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DISCLAIMER.

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liabili~ or responsibility for
the accuracy, completeness, or usefulness of anY
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.
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Introduction

BNFL Inc. @Nl?J-) is under contractwith the U.S.Departmentof Energy,RiverProtection Project
(DOERPP) to design,construc~and operatefacilitiesfor tieatingwastesstored in the single-shell
and double-shelltanksat the Hanford Site,RichlandWashington. The DOEBN13L RPP contract

, identifiestwo feeds to thewaste treatmentplanti1) primarilyliquidlow-activitywaste (LAW)
consistingof lessthan2 wi%o entrainedsolidsand 2) high-levelwaste (HLW) consistingof 10 to 200
g/L solids SkllTJC

The RPP contract includesthreeoptions for dispositionof the entrainedsolids contained in low-
activitywaste feed solutions:1)washingto remove sodium, cesium,and technetiumthen returning
h pipelineto DOERPP, 2) vitrificationalongwith pretreatedLAW solutions,or .3)vitrification
alongwith pretreatedhigh-levelwaste (HLW).

BNFL requestedBattelletest inhibitedwater (0.01M NaOH) and causticleaching(3 M NaOH) as
methods for pretreatingthe solids entrainedin the AN-107 sample.These methods aremeantto
“removecertainnonradioactivecomponents (e.g.,N% Al, Cr,J?,and S) from the HLW fraction so as
to reduce the volume of immobilizedHLW.

This report describesthe resultsof a test conducted by Battelleto assessthe effects of inhibited
waterwashingon the composition of the entrainedsolids in the dilutedAN-107 low-activitywaste
&4W) sample.The objective of thiswork was to gatherdataon the volubilityof the AN-107
entrainedsolids in 0.01 M NaOH, so thatBNFL can evaluatewhether thesesolids requirecaustic
leaching.The work was conducted accordingto testplanBNFL-TP-29953-9, Rev. O,L4W
EntruinedSo&isWaterWashaadCawtichach Testing:Some deviationsfrom the testplanwere
requireddue to the natureof the AN-107 material.These deviationswill be discussedin the
J?xperimenti Section.Based on the resultsof the 0.01M NaOH washing a decisionwas made by
BN17Lto not proceed with the causticleachingtest The composition of thewashed solidswas such
thatcausticleachingwould not resultin significantreductionin the immobilizedHLW volume.

Personnel

The Battellepersonneland their’responsibilitiesin pe~orming thistestaregiven below.

, StalYMember

r G.J.Lumetta

F.V. Hoopes

M.W.Uric “

B.M.Rapko

K.P.Brooks

—-

Responsibilities

Cognizantscientist.Preparedtestplananddesigned
experiment.Supervisedperformanceof thetestPrepared
analyticalservicerequestInterpreteddataandreportedresults.

Hotcelltechnician.Performedtest.

Managedchemicalandradiochemicalanalyticalwork

Technicalreviewer.

Task Leader.
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Experimental

Smp IeDescrbtl“on.The sampleused in thistestwas labeledas AN-107 CL-1. The homogenization,
dilution,causticadjustmen~and representativesubsamplingwere performed as describedin test
planBNFU29953-6, Sub-Saz@%gandCbanacteri~ation@41V-107 andAW-101 DiZzitedFeedSaz@es
(Uric 1999).The totalvolume of sampleAN-107 CL1 was 78 mL. This samplewas half of the
materialindicatedas the “CausticLeach” samplein Figure1.2 of Uric et al. (1999).Becausethe
materialwas very dark itwas not possible to accuratelydeterminethe volume of setded solids in the
sample.

ADD~ tus.The apparatus”usedconsistedof an ahminum heatingblock placed on a hot
plate/stirrer.The hot plate/stirrerwas modified so thatseparatepower could be appliedto the
heatirigand stirringfunctions.This allowed for continuousstirringwhile thehot platewas powered
by a temperaturecontroller.The temperaturecontrollerusedwas aJ-KEM Model 270 (J-KEM
Electronics, Inc., St.Louis, MO). This temperaturecontrollerconsistsof tsvoseparatecircuits.One
is the temperaturecontrol circui~while the ofier servesas an over-temperaturedevice,which shuts
down the systemif a presettemperatureis exceeded.The setpoint for the over-temperaturecircuit
was set at 60°C for thistest A dualK-type thermocouple (model number CASS-116G-12-DUAL,
Omega Engineerin~ Stamford,CT) was used to provide inputsto the temperaturecontrollerand
over-temperaturecircuits.Both theJ-KEM Model 270 and the dualthermocouplewere calibrated
before use.The aluminumheatingblock contained~o wells.A vialcontainingwaterwas placed in
one of thewells,with the thermocouplewedged betweenthisvialand the aluminumblock. The vial
containingthe samplewas placed in the otherwell.

Procedure~)The samplein AN-107 CL was mixed by shaking.@)Previous experiencewith theAN-
107waste indicatedthatitwas very difficultto filterthrough0.45-pm membranes.Accordingly, a
47-mm diameter1.2-prnnylon membranefilterheld in an appropriatevacuum filterholder was used
to falterthe sample.The filtermembranewas pre-wetted,with10 ti of 0.1 M NaOH (washing
solution), then the homogenized slurrywas poured into the filterfiumel.As had been observedwith
previousattemptsto filterthe AN-107 waste,the fihrationprocess was very slow. After pulling
vacuum on the filterunit for 17 h, only about half of the materialhad filtered,and flow throughthe
filterhad essentiallystopped. The fluidmateri~remainingin the filterfunnelwas transferredlo a
centrifugetube and centrifugedat 1,200G for 2 h. The centrifugedliquidwas decanted.

Five 4-mL fliquots and one 2-mL aliquotof 0.01~ NaOH were used to ~sfer the filteredand
centrifugedsolids to a 30-mL high-densitypolyethylene(HDPE) viii (thisvialalso containeda
Teflon@-coated magneticstirbar).The weight of thewashingslurrywas 21.759 g. The vialwas
equippedwith a condenser tube,which allowedthe systemto vent duringheating but minimized
evaporation.The mixturewas heatedand stirredat 85 * 2 ‘C for 19 h. The washingslurrywas
falteredthrougha pre-weighed0.45-pm nylon fikrationunit.The solution filteredrapidly,with no
filterpluggingas observed with the bulk dilutedAN-107 sample.The weights of the filtrateand
falteredsolidswere determinedto be 20.230g and 1.800g respectively.Two aliquots’(-lO-r& each) .

‘(.) SeeAppendixA for a copyof the test plsn andproceduralnotes.
(w The materialfoamedsomeuponshaking.
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of the filtratewere takenfor analysis.The washingsolution remainedclearafter 11 days,indicating
no precipitationafterfiltration.

The washingprocedure describedabove was repeatedthreetimes for a total of four washes.The
heatingand mixingdurationsfor the second, third,and fourthwashingstepswere 22,22, and 18 h,
respectively.There was no evidenceof precipitationin thewash solutionsafterstandingovernight.
The weight of thewet filteredsolidswere 1.471,1.226, and 1.266g afterthe second, third,and
fourthwashingsteps,respectively.These weightscan be viewed as nearlyconstantgiventhe
potentialfor variablewatercontent in thewet solids.After the fourthwashingstep, the solidswere
tra&ferredto a pre-weighedglassvialusing deionizedwater.Excess waterwas evaporatedat 80”C,
thenthe solidswere driedovernightat 105”C. The finalweight of the driedwashed solidswas
0.106 g. This low weight~ surprisinggiventhewet weight of -1 g. The solids apparentlyhavea
strong propensityto retainwaterwithinthe fiIterunit

The wash solutionswere subjectedto the following analyticalprocedures: IC(anions),TOC/TIC,
acid digestion,ICP/AES, ICP-MS(TC-99),Sr-90,totalalph%totaluranium and GEA. The washed .
solidswere dissolved for analysisby KOH and NzOZ fusion me~ods. The NZ02 fbsion allowed
for the determinationof K andNi, which could not be determinedf?om the.KOH fbsion method
alone.

Results

Table 1 presentsthe concentrationof the analyzedAN-107 components in eachwashingsolution
and in thewashed solids.Table 2 liststhe mass (or activity)of eachanalyzedcomponent presentin
eachwash solution and thewashed solidsand Table 3 givesthe percentageof each component
found in each solution and thewashed solids.These valueswere obtainedby dividingthe amount of
the given component found in a particularsolution or thewashed solids (i.e.,thevaluein Table 2)
by die totalamount of thatcomponent found in allthewash solutionsand thewashed solids; the “
resultingfi-action,wasmultipliedby 100 to give the percentagevalues.

Aluminum,~ N% Cs, andTc were removed reasonablywell from the AN-107 entrainedsolids.The
Na concentrationin the fird wash ~olution(243 pg/niL = 0.0106M) was essentialitythe sameas
thatin thewash solution added (0.010~ NaOH) indicatingthatallsolubleNa-containing
components were removed. About 60°/0of ‘theCrwas removed by dilutehydroxidewashing.The
washed solids contained -1 wt%oCr. Improved Cr removal could likelybe achievedby treatmentof
thewashed solidswith permanganateor other oxidant (Rapko et al. 1996and 1998).The washed
solidswere dominatedby the presenceof Fe (25.9wt’Yo)andMn (15.2wt%o). Other elementsof
note were Na (2.6wd!!o), Al (1.9wWo), andPb (1.7wWo).

The radiochemicaldataindicatednearlyquantitativeremovalof 137Csfrom the AN-107 entrained
solids.Approximately900/0of the ‘9Tc was alsowashed from the solids,and a sigriificantfraction
(23%) of the ‘OSrwas also removed. The wash solution could be processed alongwith the liquid
fmction of theAN-107 LAW to remove theseradioisotopes.

Because of the limitedquanti~ available,TOC, TIC, and IC analysescould not be performed on the
washed solids.Analysesof thewashingsolutionsindicateda steadydecreasein the TOC
concentrationsuch thatthe TOC in thewashingliquidwas below detection by the thirdwashing
step,The TIC concentition leveledout at about 100 pg/mL atthe thirdwashingstep.The fact that

3
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the TIC content did not decreasetier mighthavebeen due to the presence of carbonatein the
0.01 ~ NaOH solution used inwashing.The anion concentrationsalldecreasedsteadilyfrom one
wash step to the next. Consistentwith the TOC results,IC indicateda steadydecreasein the oxalate
concentrationwith each subsequentwashingstep.

Much of the materialfound in the firstwash solution canbe attributedto dilutionof the interstitial
liquidratherthanactualdissolutionof entrainedsolids.Table 4 illustratesthis.The volume of
interstitialliquidin the filteredsolidswas estimatedin the following manner.First itwas assumed
thatthe Na presentin the firstwash solutionwti due only to dilutionof the dilutedAN-107
supernateand the 0.01 M NaOH (230 pg/mL Na) used astie washingmedium.The Na
concentrationin the fist wash solutionwas 32,900 pg/mL, of which 32,900– 230 = 32,670 pg/mL
is attributedto dilutionof the interstitial.supernate.Given tie wash solution volume of 18.84mL .
and theNa concentrationin the dilutedAN-107 supernatewas 173,500pg/niL (Uric 1999), the
volume of the interstitialliquidwas estimatedas

V = (18.84mL)( 32,670 pg/mL)/( 173,500pg/mL) = 3.55 mL

This value(’)was then used to determinethe concentrationexpected for eachAN-107 component
expected in the firstwash solution based on dilution(T’able4). For manycomponents, the
concentrationdeterminedin thewash solutionwas lessthanthatexpectedbased on dilution
(negativepercent difference).This is likelydue to the inherentuncertain~associatedwith this
analysisof the dat+ However, the concentrationswere notablyhigherthanexpected for certain
components (e.g.,Al, Cr, Si,TOC, and CZOA2],suggestingthatthesecomponents were actually
d~solved duringthewashingprocess. It appearsthatthe concentrationof U in the firstwash
solution is due primarilyto dilutionof U in the startingsample.This U is probably bound to either
organic complexantsor carbonateforming a soluble complex.

Table 5 presentsfirther comparisonsto the datafor the entrainedsolidsreported in Uric et al.
(1999). The concentrationscould not be compared directlybecausethe composition for the
untreatedentrainedsolidswere reported on awet-weightbasis,whereasthewashed solidswere
analyzedon a dry-weightbasis.For thisreason,the datawere normalizedto the Fe content. The
percent of each component was determinedbased on the differencesin the component
concentrationsrelativeto Fe before and afterwashing.For certaincomponents (e.g.,*37CS,‘Sr, ‘9Tc,
Al, Cr, N% Ni, and l?), the percentremovalsobtainedin thismanneragreedwellwith those reported
in Table 3. However in most other cases,agreementbetweenthe two methods is not verygood.

Conclusions and Recommendations

The resultsof this test suggestthatcausticleachingwould not provide much benefit for processing
the AI+107 entrainedsolids.WashingWith0.01M NaOH appearedto remove >90Y0of the Al and
-90’Yo of theP from the AN-107 solids. Iron andMn appearto be the dominantelementspresent

(4 It shouldbe notedthatthereisanapparentdiscrepantbetweenthevalueof 3.55mL of interstitial
liquidandthetotalweight(21.7592g) of thefirstwashingslurry.Giventhefxt that22mL of
0.01M NaOHwasusedin &ansfAg thesolidsto thewashingvessel,a slurryweightof -26 g
wouldbe expected.Thisdiscrepancyisperhapsdueto physicallossof liquidduringthetramfe~e.g.,
passageof liquidthroughthefker membrane.
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I

in thewashedAN-107 solids. Causticleachingwould not be expectedto impact Fe and Mn (see
Lumettaet al. 1996and 199%Rapko et al. 1995).

The Cr concentration(1wt%) mightpresentsome problems in immobilizingthewashed AN-107 .
solids.Previous studieswe have done with other sludgessugyst thatcausticleachingmightremove
additionalCr, but a better strategywould be to add an oxidantduringthewashingprocess.

~Permanganateworks verywell, but spargingwithairor ozone hasalso shown some promise (Rapko
et al. 1996 and 1998). If the HLW volume is dictatedby the Cr content then an oxidativeleaching
process is recommended

The concentrationsof the major radionuclidesconfied in thewashed solidswere 68.6 ~Ci/g
‘lb, 4,33o pCi/g 90Sr,and 61.3 pCi/g ‘7CS, indicatingthe solids should be treatedas HLW. The I
washed solids representedonly 0.1wt%oof the dilutedAN-107 feed material.The blending of this
materialwith the HLW sludgeto be processed in Phase 1 Privatizationshould be considered.

I
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TabIe 1.AN-107ComponentConcentrationsmthe WashSolutionsandtheWashedSolids*)

Analyte
Cesium-137
Stmntium-90
Technetium-99
Americium-241
Europium-154
Europium-155
Total Alpha

Ag

Al

Bs
&o)

cd

co

Cr

Crr

Fe

K

La

Mg

Ma

Mo

Na
Nip)

P

“ Pb
Si(d)

Ti

u

B

a

TOC

TIC

cl-

F

NOs-

So,=

P04>

First Wash

AN107-AQ-3O
4.13E+01
7.68E+O0
1.17E-02
< 4E-02

1.17E-02
< 4E-02

7.96E-03

<0.1

1140

<0.1

70.0

7.26

(0.55)

59.8

3.76

3.06

183

(0.48)

<0.5

0.978

<0.2

32900

58.6

73.9

46.0

17.3

(0.03)

(16)

2.36

<0.2

7550

3070

230

1050
26150

1530

1240

SeccndWash Third Wash FourthWash Washed Solids

ANI07-AQ-50 “AN107-AQ7O AN107-AQ-9O AN107-AQ-1OO
1.41E+01 1.92E-01 9.00E-02 6.13E+01
2.67E-02
1.84E-03
< 8E-04

2.95E-04
c 8E-04

6.86B04

<0.1

83.4

<0.1

(1.3)

(0.29)

<0.2

17.1

(0.27)

(0.62)

<10

<0.2
< ().5

(0.15)

<0.2

1500

2.14

(3.0)

(1.9)

24.9

c 0.03

c 10

(0.26)

<0.2

244

286

12

75.0
960

65

55

2.70E-02
5.03E-04
9.82E-04
1.04E-03
6.36E-03
1.23E43

<0.1

44.6

<0.1

c 0.6

<0.1

c 0.2

10.2

(0.11)

4.86

<12

<0.2

c 0.6

0.833

<0.2

354

(0.2)

(2.8)

<0.35

23.9

<0.03

<12

<0.2

c 0.2

<35

127

2

23
58

5

3

45

4.66E-02
1.85E-04
1.82E-03
1.86E-03
1.39E-03
2.02E-03

<0.1

28.2

<0.1

(0.62)

<0.1

<0.2

5.94

<0.1

9.02

-=10

<0.2

<0.5

1.57

c 0.2

243

<0.2

(1.7)

(0.43)

16.6

<0.03

<10

(0.14)

(0.18)

<35

110

3

12

7

3

3

14

4.33E+03
1.86E-01

6.86E+01
5.70E+01
4.22E+01
6.91E+OI .

(71)

19400

1440

2200

(76)

<50

9630

(m
259000

<3800

1965

(970)

152500

<60

26500

749

(1650)

17300

6930

197

1270

1290

2430

(f)

(0

(9

(0
(0

(0

(0

(0

(a) For the liquid%conceatiationsfbrradimnrclidesareinunitsof@huQ all other componentsare in units of pg/mL Fortbe
washedSolid%e&entratioos fm radionuclidesare in units of ~Ctig dry aolid$ all other compcmmtsare in units of pg/g dry
solids,Vrduesin parenthesesare witiln 10times the analyticaldeteethmlimit.
(b) BecauseofbighprocessMmkfatheNaKhfinioo,oalytheCavalueilom the KOHfirsionwasused.
(c) TheNi contest oftbe washedsolidsw determinedcdythrough theNaz02 fusicmmeihedjbecausea Ni crucibleis
required fw the KOHfision. The proeeasblankfw the NaQ fision had a relativelyhigh NI eontmt of 439 p~g.
(d) The processblank fw the liquid ssmpleshad arelativelyhigh Si centeat of22.4 pghnL For the snrdysisof the washed
Solidgonly the Si value !lom the Na202fissionw used becauseofhigh processbhmkfw the KOHfirsioa.
(f) Not determinedbecauseinadequatesampleavailable.
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Table 2. QuantitiesinEachWashSolutionandintheWashedSolids(a)

Analyte FirstWash SecondWash ThirdWash FourthWash WashedSolids
Cesium-137 7.78E+02 2.51E+02 3.47E+O0 1.65E+O0 7.12E+O0
Strontium-90 1.45E+02 4.76E-01
Teebnetium-99 2.21EOI 3.27E-02
Americium-241 < SE-01 < lE-02
Europimn-154 2.20EOI 5.26E-03
Eumpium-155 < SEO1 <113-02
Total~phfl 1.50E-OS 1.22E-02

Ag <1 <1

Al 21474 1487
Ea <2 (1.8)

Ca <1319 <23

Cd <137 <5

co <10 <4

Cr 1126 305

.Cu -
Fe

K
La

M8
Ma
MO
Na

Ni

P
Pb
Si

Ti
u

Zn

Zr
TOC
TIc
cl-

F
NO;
so,=

PQ*

<71
<58

3447
<9
<9

<18
<4

619724

(1104)

(1392)
< &j6

326
<1

301.4
<44

<4

142216
57828

4332
19778

492577
28820
23357

<5

(11.1)

(178)
<4
<9

(2.7)
<4

26736
<38

(53)
<34

444
<1

178.2
<5

<4
<4349

5089

214
1337

17111
1159
980

4.87E-01
9.08E-03
1.77E-02
1.88E-02
1.15E-01
2.22E-02

<2

805
(1.8)
<11

<2
<4

184
<2

(87.7)
<217

<4
<11

15.0
<4

6391
<3

(51)
<6

431
(0.54)

216.7
<4

(3.6)
<632

2284

36
415

1047

8.54EOI
3.40E03
3.34E-02
3.41E-02
2.55E-02
3.70E-02

<1

517
(L8)
<11

<2
<4

(108.9)
<2

(165.3)
<183

<4
<9

28.8
<4

4453
<4

<31

<8

304

(0.55)
183.3

(2.6)

(3.3)
<641

2016

55
220
128

90 “ 55

54 55

5.03E+02
2.16E-02
7.97E+O0
6.62E+O0
4.SOE+OO
8.03E+O0

(8)

2254 “
167

256

(9)
<6

1119
(11)

300%
<442

228
(113)

17721
<7

3079
87

(192)

2010
805

23
(148)

150

282 ‘

(b) “
(b)

@)
(’b)
(b)
(b)
(b) ~

qo,’ 177535 7308 812 257 (b)
(a) Radionuclidesaregivenin IICLothereompoentsarein pg. Valuesin parenthesesare fm

componentsthatwerewithin10timestheanalyticaldetectionlimit.
(b) Notdeterminedbeeauseinadequatesampleavailable.
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Table 3. PercentageofEachAN-107Componentin the WashSolutionsand in the WashedSolids(”)

Analyte First Wash SecondWash ThirdWash FourthWash
Cesium-137 75 24 0 0
Strontium-90
Technetium-99
Americium-241
Europium-154
Europium-155
TotalAlpha

Ag

Al

Ba

Ca

Cd

‘co

Cr

Cu

Fe

K

La

M3
,Mn ‘

MO

Na

Ni

P

Pb

Si

Ti

u

Zn

22
77

<9
3

<13
2

< 1(I

81
<1

<81

<89

<38

40
<78

<0

77
<4

<6

<()

<17

94

(89)

(81)
<30

14
<2

29.3
<22

0

11
0
0
0
0

<10

6

(1.0)
<1

<3

<13

11 ,
<5

(0.0)

(4)
<1

<6

(0.0)
<17

4
<3

(3)
<1

19
<2 -

17.4
<2

0

3
0
0
2
0

<11

3

(1.0)
<1

<1

<13

6
<2

(0.3)
<5

<1

<7

0.1
<17

1
<(l

(3)
<0

19

(2)

21.1
<2.

0

1
0
0
0
0

<10

2

(1.0)
<1

<1

<14

(3.8)
<2

(0.5)
<4

<1

<6

0.2
<17

1
<0

<2

<cl

13

(2)

17.8

(1.3)

WashedSolids
1

77
8

>91
96

98>x>84
97

>59

8

96
>16

>6

>22

39
>12

99
19>X>9

>92

>75

100
>32

0
11>X>7

11
>69

35
>91

14 .

>73 .

Zr <1 <1 (1.2) (1.1) >95.

(a) Parenthesesindicatethat componentwaswithin 10timesthe analyticaldetectionlimit.

8
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Table 4. Expeeted Ccmcentrations in the First Wash Solution Based on

Alalyte
Cesium-137
Stmntium-90
Technetium-99
Americium-241
Eumpium-154
Eumpium-155
Total Alpha

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

Ni

P

Pb .

Si

Ti

u

Zn

Zr

TOC ,

TIC

cl-

F
NQ~
so,2-
P04*

Dilution of the Interstitial Liquid(’)
Concentration in First Wash

Diluted Supemate@) Based on Dilution Found Difference, %
256 48 41 -14

76
0.074
0.379
0.612
0.356
0.447

.<3

3930

(4.1)

439

47

<4

146

(21)

1140

(1270)

(23)

c 12

107

<6

173500

392

497

256

<4.4

<3

73.1

(19)

(43)

29900

16300

1400

6350

161000

7650

14.3
0.0139
0.0713
0.1152
0.0670
0.0841

<0.6

741

(0.8)

83

8.9

<0.8

27

(4)

214.8

‘ (q9)

(4)

<2

20.2

<1.1

32698

74

94

48

<8

<0.6

13.8

(4)

(8)

5635

3072

264

1197

30343

1442

565

245

7.7
0.0117
0.0400
0.0117
0.0400
0.0080

<0.1
1140
<0.1
70.0
7.26

(0.55)
59.8
3.76
3.06
183

(0.48)
<0.5
0.978
<0.2

32900
58.6
73.9
46.0
17.3

(0.03)
(16)
2.36

“<0.2
7550
3070
230

1050
26150

1530
1240
9425

-46
-15
-44
-90
-40
-91

54

-15
-18

118

-5

-99

-24

-89

-95

1.
-21

-21

-5

109

16
-34

34
0

-13
-12
-14

6
119

3747&of 1300

(a) Radionuclides are re~rted in units of pCi/m~ all other eempemmts are in units of p#mL.
~) Values taked from Uric 1999. Each vaiue is aa average of duplicate measurements.
(c) It was assumed that there were 3.55 mL of interstitial liquid. This value was determined
assuming theNa ecmoentrationin the wash solution was strictly due to dilution of the interstitial
liquid plus the 0.01 MNaOHused as the wash medkrn. J

9
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Table5. ComparisonoftheCompositionsoftheWashedAN-107Solidsto theWetUntreatedSolids

WetEntrainedSolids(a) DryWashedSolids

Analyte pcifgor pglg Ci/gFe org/gFe pCi/gor pg/g CilgFe orgfgFe Remov@%
Cesium-137 165 0.018 61 2.37E-04 99
Strontium-90 ~ 192 0.021
Technetium-99 0.065 0.00001
Americium-241 1.47 0.00016
Europium-154 1.31 0.0001
Europium-155 0.82 0.0001
TotalAlpha 1.830 0.00020

Ag
Al

Ba
Ca
Cd
co

Cr
Cu
Fe
K
La
Mg
Mn
Mo
Na

Ni
P,
Pb
Si
Ti
u
Zn

<25 <0.003

7500 0.805

(44) (0.005)

(650) (0.070)
(37) (0.004)
<50 <0.005
722 ‘0.0775

<25 <0.003
9315 1
(659) (0.071)
(63) (0.0067)

<100 <0.011
5020 0.539
<50 < ().()1

136500 14.7

277 0.030

(510) (0.055)
(610) (0.065)
<510 <0.1
<25 <0.003
103 0.0111

<50 < ().01

(101) (o.oli)

4330 1.67E-02 19
0.186 7.19E-07 90
68.6 2.65E-04 -68
57.0 2.20E-04 -57
42.2 1.63E-04 -86
69.1 2.67E-04 -36

(71) (0.0003) “ -
19400 0.075 91
1440 0.006 -18
2200 0.008 88
(76) (0.0003) 93
<50 < ().0()02 . -

9630 0.037 52
(97) (0.0004) 86

259000 1-
<3800 <0.015

1965 0.0076 -13
(970) (0.0037)‘ -

152500 0.589 -9
<60 < ().0002 -

26500 0.102 . 99

749 0.0029 90
(1650) (0.0064) 88
17300 0.0668 -2
6930 0.0268 -

197 0.0008 -
1270 0.0049 56
1290 0.0050 “-
2430 0.0094 13Zr

(a) Uricet al. 1999.
(b)Pereentremoved=100*(CO-C)/COwhereC. is theFe-normalizedconcentrationin thewetcent.rifiged

10
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Applicability

Thistest planis to be usedto determine1) theaqueous-insolublefktion of theentrainedsolids
fromBNFL LAW samplesand2) thecaustic-insolublefiction of theentrainedsolidsfrom .
BNFLLAW samples.The workwill be conductedintheSALhot cells.The workwill be
conductedby RadiochemicalProcessingGroupstaff.Thisworkis being doneaspartof the “
TechnicalSupportto BNFLfor PhaselB project:

Test Objectives

Justification:Thisactivitysupportsconfirmationof theprocesssequence,equipment
performance,anddesignpaveters for causticleachingof solidsseparatedfromthelow-activity
waste(LAW) solutions.

Objective:Thistaskwill gatherdataontheinhibitedwatervolubilityof solidsentrainedinthe
LAW solutions, Causticleachingexperimentswill estimatetie removalefficiencyfor caustic
solublecomponentsandaid in determiningthedispositionof thesesolids.

Definitions

BNFL BritishNuclearFuelsLtd.
HDPE High-densitypolyethylene
HLw High-levelwaste
RJ?L RadiochemicalProcessingLaboratory .

Emergency Response

In the eventof buildingaudibleaim” (e.g., fire or criticali~)personnelshouldproceed“in
accordancewiththeRPL BuildingEmergencyProcedure.If timepermits,eriswet?.?at test

materialsaresecuredfrom spillingprior to exitingthearea.

Quality Control.

Qualityassurancefor work conductedunderthisTestPlanis governedby theStandards-Based
ManagementSystem(SBMS).Thequalitycontrolfor eachanalysiswill be establishedper
QualityAssurancePkmMCS-033.MCS-033 specifiestheminimumcalibrationandverification
requirementsfor analyticalsystems,aswell asbatchprocessingqualitycontrolsamplesto
monitorpreparations(i.e., blanks,duplicates,matrixsp~es, andlaboratorycontrolstandards).

A workplace copy of thisdocumentshallbe presentattheworklocation.Specificinformation
regardingeachtest(e.g., samplenumbers)will be recordedontheworkplace copy andkeptas

“ projectrecords.

As discussedinthePrerequisitessectio~ calibratedbalancesmustbe used in performingthiste~.
Likewise,a calibratedtemperaturecontrolleris required.ThecalibrationID, dateof calibratio~
andcalibrationexpirationdatemustbe recordedontheworkplace copy for eachbalanceused
andfor thetemperaturecontroller.

\
Measuredweightswill be recordedontheworkplace wpy attheindicatedspotinthework
instructions.

..:
. .

BNFL-TP-29953-9 Page 2 of 19

\

-..

— .— —. .-. ._ —.-. -——



Handwrittenchangesor correctionsmadeto theworkplace copy will be madeby meansof a
singleline-out.Suchchangesor correctionsshallbe initialedanddatedby thestaffmember
makingthe changeandby thecognizantscientist.

.

Equipment Description
,

A standardlaboratoryhotplatehnagneticstirrerwill be usedfortbis test..Analuminumheating
block will be placed on thehotplatehirrerto heatthesample.Theapparatuswillbe equipped
withtwo thermocouples.Oneof.thethermocoupleswillbe connectedto atemperaturecontroller,
whilethe otherwillbe connectedto anover-temperatureshut-offdevice.Thelatterwillbe used
to ensurethesa.inpleis not overheate~whichcould resultinlose of sample.

Prerequisk

Staffperformingtheworkmu~ readandunderstandtheent~etestplanpriortobeginningwork. .

Thefollowing areitemsthatshouldbe stagedpriorto startof thetest.

,

.

Wide-mouthHDPEbottle;sizeto be determined(2)
20-mL HDPEvial (14)
30- to 40-niL glassvials(2)
Hot platekthrer
Aluininumheatingblock
Temperaturecontrollerwithtemperatureread-out
Over-temperatureshut-offdevice
0.45-pm riyloiisyringefilters(2)
5-rnLsyringes(2)
0.45-pm nylon disposablefilterunits(9)
Adjustable5-mLpipette
0.01 ~ NaOH
3 ~ NaOH

Thetemperaturecontrollershallbe calibratedby maintenanceservices.Recordthefollotig
informationregardingthetemperaturecontrollerused. *wwupGs

-

CalibrationID: “ 2oq3 “ 2ti’3 2$09

CalibrationDate: 1/12/?5 1/f4 I/e

ExpirationDate: 1/?.0=3 I/zeal 1/200 I

A calibratedbalanceis required’forthistest.Recordthefollowinginformationregardingthe .
balance(s)used.

\ . CalibrationID: 360- 06-bl -0/6 CalibrationID:

CalibrationDate: a/z/qq CalibrationDate:

ExpirationDate: ~/49 ExpirationDate: “ ‘

.. .,.___ , . .. .-— .,, ., ,,. , ..-.,% ,m. , . . . ,. _,., ,., . ,., ,?7------- -.-—- --
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Before be~”nningwork a routinepe~ormance checkshouldbeperjormedanddoamented in the
space below.

,

\

--- .

.-. . . . ..

.Notes “
Wherepr&tical,catchpa& shouldbe usedwhenworkingwiththetankwastesamples,
so thattheycanbe recoveredif spilled.

Throughoutthistestplanbottle,vials,etc.arelabeledas” “,_:2GGYY.” fielabels
~ andYY aredefinedinthetext.Thetanknumbershouldbe filled inthebl.~ e.g.,
“AW101.”

Part 1. DeterminationofAqueous-Insoluble Frati”on

1,1.

1.2

1.3

\

1.4

p h+ ~ MI07 CL-) “
Obtaina LAW samplecontaining-5 mL of settledsolids, as directedby th~comt ~ ‘,{
scientist.Stirto homogenizethesmpleo ~ ~ ~+: ~k sti + ~~i-I&. .,



1.8

1.10

. 1,11

1.12

1.13

1.14

\

z> 4- LJOLJIJj:lc+ -ax-d + c+d~ d= & J.qb-ce .
. .

>
~ %.@@pv3,,~144

* (1 712\-.

Savethefilteredsolution. .-



Determinetheweightof theslurry

Wt. Siurry= 1.14A-1.11A= z.1.7r9Zg . (1.14B)

1.15 Equip WI07 -AQ-20 witha condenser,thenplacein an aluminumheatingblock at “
850C’.

1.16 Stirthesamplein Ad [“~-AQ-20 at 85°C for aminirnumof 8 hours $

StartdateAime: 2/l@#l ~3:j< “
,,

Stopdatehirne: :1/01G4. $=:[&9

1.17 Allow to cool to ambienttemperature

—. ,-. --.-,

1.19

1.20

1.21
. .

1.22

1.23

1.24

\

Labela disposablefilterunit(0.45-pm nylon)as W(O7 -AQ-30

Weigh @ l~? -AQ-3o
.

wt.- wlm-AQ-30 = W , 3’?6Z g (1.20A)

Als’oweighjust thebottompartof thefiber uni~i.e., thereceivingbottleandcap

Disconnectfrom thevacuumoncethe liquidhastitered

Placethecap onthetop of thefilterunitandweigh #07 -AQ-30 \

wt. Wm “AQ-30 = ~~ .q~g “ (1.24A)

Careiidlyremovethefimnelpartof theapparatusfromthereceivingbottle,placethecap
on thereceivingbottleandweigh,

Wt. receivingbottle&cap= C(. ~ 7 q5g (L24B) .

Transfertsvo10-mLaliquotsof thefilteredsolutionto clean20-rnLHDPEsamplevials
labeledas Nm -AQ-30A and~.

.-— —.=. ?-—. .. ...=. ,



1.25

1,26

1.28

, 1.29

1,30

1.31

. . 1.32

1,33.

1,34

\ 1.35

.501JW- (As Cl---
Note: Monitorthesolutionafter-24 h to determineif any solidsform. 3/Ittc.I $-..00

Determine”thetotalweightof theslurry
Q[*’U.- +4 c- . .

3/zf/+f 13:Ga &ml.%’& Ssl(
) c(-

Wt. sky = 1.24A-1.20A= 2 Z. 0~0 ~g (1.25A)

Determinetheweightof thefilteredliquid

. Wt. Liquid= 1.24B-1.20B= ;o. Z30S.-g (1.25B)

Determinetheweightof thefitered solids

Wt. Solids= 1.25A-1.25B= i. 7 q~7 ~ (1.25C)

Measureouttheappropriatevolumeof 0.01 ~NaOH asimitructedby thecognizant
scientistintoa plasticbottle

.uti ~ x 4.-L

Vol. Used= ~ “d (1.26A)

Slurrythefilteredsoli~ usinga portion’of0.01 ~NaOH (volume = 1.~~A~+7)~~fer ~
thissIurryto “~ 107-AQ-20 .

Repeatstep 1.29fourtimesto ensurecompletetransferof tie SOlidSto @/”T -AQ-2o

Weigh @~OT -AQ-20

wt. AAI07 -AiQ-20= 3 Z, 073-( ~ (1.31A) .

Determinetheweightof theslurry “ Q ( ,Z.K7”5J

P
~w \.\\Aj-~

Wi. Sluh-y= 1.31A-1,8A = 19.8191 R (L31B)

.Equip ~~1~? -AQ-20 witha condenser,thenplacein analuminumheatingblock at
85°C

Stirthesamplein 4~107 -AQ-20 at85°C for aminimumof 8 hours

Allow to cool to ambienttemperature

Remove the conde~er andreplacetheoriginalcapon WJ07 -AQ.20, ‘ .
Weigh wl 07 -AQ-2o

wt. “4’w~7 .AQ.20= 3[. t704 ~(1.35A)

B~-TP-29953-9 P2uP7rtfl Q’-.



,

1.36

1,37

1.38”

1.39

1.40

1,41,

1.42

\ 1,43

Determinemass loss dueto evaporation
.

wt. Lost= 1.35A-1.31A= o 7~7 g (L36B)

Label a disposablefi~ter~t (0.45-w nylon)as filoq -AQ-50

Weigh A+J(OV-AQ-50
\

Wt. ~l”~ AQ-50 = 6LI. L172 (L37A)

Also weighjust thebottompartof thefiker.uni~i.e.,thereceivingbottleandcap

Wt. receivingbottle&cap= ~ 10tg 3 Ig “(1.37B)

Connect ~ ‘I”v -AQ-50 to thevacuumline

Filterthewashslurxy

Disconnectfrom thevacuumoncetheliquidhasfiltered -..

Placethecap on thetop of thefilterunitandweigh wI07-AQ-50

wt. W107-AQ-5O= 84.0187 g (1.41A)

Carefullyremovethefhnnelpartof theapparatusfromthereceivingbottle,place~e cap
on thereceivingbottleandweigh.

Wt.receiving bottle&cap= xq. -@@g (L41B)

Transfertwo 10-mL aliquotsof thefilteredsolutionto clean20-mLHDPEsamplevials ~
labeledas NJm -AQ-50A and ~. Illqfsl ~;&

(. &—”& i=++,:.-&?-x~G* obv~-1 Ac+s- # c~-
Note: Monitorthesolutionafler-24 hto determineif anysolidsform.

. .
Determinethetotalweightof theslurry

Wt. slurry= 1.41.A-L37A= I~. ~“ls~ g (1.42A) -

Determinetheweightof thefilteredliquid

Wt. Liquid= 1.41B-l.37B =. / 7’. 93cJ9g (1.42B) .

Detepninetheweightof thefilteredsolids

Wt. Solids= 1.42A-1.42B=“ Io‘qoL g (1.42C)

Measureoutthe appropriatevolumeof 0.01~NaOHas instructedbythecognizant

-.. -.—. ... .-77 ---- . . . -,-..rvTm .-

. . . . . . .
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1.45

1.46

1.47

1,48

1.49

1.50

1.51

1.52

‘ 1.53

1.54

\ 1.55

1.56

1:57

Weigh ~lo~ -AQ-2o

wt. WI”7 -AQ.20= 31.7130 ~ (1.48A)

Determine the weight of the slu~ -

Wt. slu~ = 1.48A-1.45A = ‘[I “96J~ ~ (1.48B)

Equip A01D7 -AQ-20 with a condenser, then place in an aluininum heating.block at
85°C “ --- .

Stirthesamplein A+U1D7-AQ-20 at85°C for a minimumof 8hours

Allow to cool to ambienttemperature

Removethecondemerandreplacetheoriginalcapon AAO? -AQ-20.
Weigh tyw~ -AQ-20

wt. f+’fJm -AQ-20 = 3 f “7 Iu g (1.52A)

Determinemassloss dueto evaporation

Wt. Lost= 1,52A-1.48A= : ~.~”b- g (1.52B)

Labela disposablefilterunit(0.45-pmnylon) as @/07 -AQ-7o

Weigh w[m -AQ-70

Wt. /@I”7-AQ-Xl = 6+e993~g (1.54A)

Also weighjust thebottompartof thefilteruni~i.e.,thereceivingbottleand&ip ~ ~

Wt. receivingbottle&cap= ~~.g~-~~ g (1.54B) ~

DiscoWect from thevacuumoncetheliquidhasfiItered A.,- v
“@@
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1,58 Placethecap on thetop of thefilterunitandweigh @f~> -AQ-70
# 15/%

wt. WID7”AQ.7CI = v q. 3123 ~ ‘“~”’“ (1.58A)

Carefullyremove the fi.mnelpart of theappmzdus fiomthe receiving bottle, place the cap
on the receitig bottle andweigh.

Wt. receivingbottle&cap= fi .6q7sg (1.58B) ‘

Transfertwo 10-mLaliquotsof thefilteredsolutionto clean20-mLHDPEsamplevials
‘ labeledas @lD7 -AQ-70A and W? .AQ~. w-:* ~fi j. mt,,.~ Q-70 w ~% .=~o~.. . .

3jzf/f{ 13:00 @[dF* . .

Note: Monitorthesolutionafter-24 h to determineif~y solidsform. Lw.

1.59

1.60

1,62

e 1.63

1.64

1.65

\

1.66

Determinethetotalweightof theslurry

Wt. Slurry= 1.58A-1.54A= jq .37”5” ~ (1.59A) .

Determinetheweightof thefalteredliquid
--- .

Wt. Liquid= l.58B-l.54B = t%. 14 ~s=g (1.59B)

Determinetheweightof thefalteredsolids

Wt. Solids= 1.59A-L59B = I-tzf.o ~ (1.59C)

Measureouttheappropriatevolumeof 0101~ NaOHasinstructedby thecognizant
scientistintoa plasticbottle ~ti ~-x ~~L@.-[(

VO1.Used=
la

mL (1.60A)

Weigh A-MO-I-AQ-zo , .

wt. ~[~7-AQ-20= 12-~Ic?s= ~ (1.62A)
~%q...l. .

Slurrythefilteredsolidsusinga portionof 0.01~NaOH (volume= 1.60A+ 5); tmusfer
thisSlurryto WI07 -AQ-20 .W

Repeatstep1.63 fourtimesto ensurecompletetransfer.of thesolidsto NJ07 -AQ-20

Weigh 4M07 -AQ-2o

wt. @Jo7 -AQ.20= 3z.~n4 g (1.65A)

Determinetheweightof theslurry

Wt. Shiny= 1.65A-1.62A= zO.03qq g (L6&I ?cL#44~;

(

Equip A+JI07 -AQ-20 with a condenser, then place in an aluminum heating block at
85°C

~;” ‘+ti “
/,@/$@

RNFT -TP.’)OOS3r~ P... lrlnfl Q
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1.67

1.68

1.69

1.70

“ 1.71

1.72

L73

1.74

1.75

\
1.76

Stirthesamplein #lu? -AQ-20 at 85°CYora minimumof 8 hours

Sk-t datehirne: 3/2$/46 *“ 13:P

Stopdatehime: st?~l~~. 7:30

Allow to cool to ambienttemperature

Removethecondenserandreplacetheoriginalcap on 4N1OY-AQ-20.
Weigh PIO? -AQ-20 .

(1.69A) <

Determinemassloss dueto evapo@ion

Wt. Lost= 1.65A-1.69A= “*22% ~ (1.69B)

Labela disposablefilterunit(0.45-ymnylon)as @IO~ -AQ-90

Weigh N1OV -AQ-90

Wt. #~b3-AQ-90 = 6Li.ZF3V ~ (1.71A)

Also weighjustthebottompartof thefalterunit;i.e., thereceivingbottleandcap

Wt. receivingbottle&cap= 41~3uLz g (1.71B)

Comect Nloq -AQ-90 to thevacuumline

Filterthewashslurry

Discomect fromthevacuumoncetheliquidhasfiltered

Placethecap orithetop of thefilterunitandweigh NJ 07 -AQ-90

wt. *)07”AQ-90= ~3”~37~ g (1.75A)

Carefhllyremovethefiumelpartof theapparatusfromthereceivingbottle,placethecap
onthereceivingbottleandweigh.

I

---

Wt. receivingbottle&cap= ~-q.’~q’g “ (1.75B).

Transfertwo 10-mLaliauotsof thefilteredsolutionto clean”20-mLHDPEsamplevials

Note: Monitorthesolutionafter-24 h to dete~e if anysolidsform.
ca~di~ #lJ C[a

~ 10:LO& ~/s/99

Determinethetotalweightof theslurry ~+h.

Wt. Shiny = 1.75A-1.71A= l%● G~qi g (1.76A) “ ,

/~.v #
,/#1

PalY!-l lof19 ________



3/3@ Determine the weight of the faltered liquid .

1.77 “’.

1.78

1.79

1,80

1.81

1.82

1.82

1.83.

1,84

1.85

1.86

1.87

,\

Wt. Liquid= 1.75B-1.71B= /~. w ~~- g

Determinetheweightof thefilteredsolids

Wt. Solids= 1.76A-1.76B= Js7L@ g

Label a glassvialas @lOT -AQ-1OO

Dry N107 -AQ-1OOat 105”Cfor aminimumof 1h

Cool Mm -AQ-1OOto ambienttemperaturein a desiccator

Weigh N107 ~AQ-100

Wt. H107 -AQ-1oo = 22.035-3 ~

(1.76B)

(1.76C)
I

Weigh tilo? -AQ-1OO . .

Wt. A@107-AQ-1OO= q[ . 12?4 g (1.82A)

Heat @’~ -AQ-1OOat 80°Cto evaporateexcesswater

Heat @07 -AQ-1OOat 105”Covernight

Cool @lm -AQ-1OOto ambienttemperatureina desiccator

Weigh HIo~ -AQ-1OO

Wt. w1~7 -AQ-1OO= Z! ./q/q g - (1.85A).

Determinethe dryweightof thewashedsolids “ “
(4>

Wt. Dry Sofids= 1.85A-L8~A= 0.[061 g(l.86A)
?@.. 4/fAq

The washedsolidsareto be submittedfor analysis.Thecognizantscientistwill prepare
therequiredASIL

d !.
-T

. ._ ., ... ., .,.>. .. . .. . . -.<, —.—. ..- ..—
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Analytical Chemistry Laboratory (ACL) Analytical Services Request (ASR)
(Cover Page . . . information applicable to al 1 samples in series)

Requested By: Greua J. Lumetta /9-+?74 3/3// 99. 376-6911 P7-25
Print Name Signature/Date Phone MSIN

Requester - Please Coqlete All Fields In This Section. Unless Specified “Optional- or ASR is a Revision

Request ID (optional):

PHL Project Msnber (i f”known):
Lqw 3

Work Order/Pkg.:

Cost Estimate ($):

Matrix: &amples vary (speci.fyon Request Page), or

Liquid: ‘_Aqueous _Organic _Multi-phasic

Solid: _Soi 1 _Sludge _Sediment _Glass

_Filter, _Smear _fletal _Organic _Other Solids

Solid/Liquid Hixture: _ Gas: _

Biological: _Tissue _Urine _Feces

v$s$:Hx:*.:k:;.:..$:::::%,:*=.,.:.:.:.r...........~....<<<:+iw,..A...,..,.w...............w....wq.s . ....... ...is,/..A+y!w?+:H+;$H:;:\:.:\................... ... ....+.....>..-//+% ......... ..............................<.:M.:Mwtiw@M.:<*w~f<m.,;.,.,,.:...,.....................,,,,,,,

Process ffiowledge: _~mple Information Check List, or

Reference Ooc.: S4 &s& rt~r

Untreated Sample(s): _Return XOispose _Store. or

Reference Ooc.:

Prep’d Sample(s): ~Oispose _Return _Store, or

Additional Instructions: &-#o, or

Send Report to: G.J. Lumetta

MSIN: P7-25 Phone:

Fax (optional):

6

For ACL Use Only . . . DO Hot Complete This Section

Oate Oelivered: Job Group (optional):

Time Delivered (optional): Sample Group (optional):

Oel{v. By (if known): “ PNL Impact Level: –1 –2 –3

Received By: OQReview Req’d: _No _Yes ACL Waste: _No _Yes

.\
Resp. ACL Mgr.: ASR Number: Revision: _Yes

SignatureiOate: ACL Numbers:

— ——.-



. .

Analytical Chemistry Laboratory (ACL) Analytical Services Request (ASR)
-. (Request Page . . . information specific to individual samples)

I
ACL Number Client Sample Number Sample Description Analyses Requested Test Name Library
(forACLuseonl y) (1 i st each sample separatel yl (forACL use only)

ANlo7-AQ-3b @4!lt st81d+*
~

Ati&.&3M’eq -tCP/AES8 ZC(Cni6mSJ, -

-s0 ( TOL,TIL , CCP-IMS(4’TC), 6EA, .

t
I

/+JIo?.AQ -10f9 ‘q) . LALA sA’LtJ KOH I=Won , Ahtoz l=u$b- >xC?/A.t-s

I I

W
I J

—

<

ASR Number (for ACL use’ only):

‘G) &17tzJ + L O& :- c+l:~ ●

I

t---1

+-+

Page_ Of_

.—___ ,. —-—--.---—— .—--—.- .. . . . .- . . _._. .



Kfiw6HMr&i3@&3w%H$?mfwlwxE$sRwmRxm73iiw#:Mi~%~m~;y,j;,. ..’/ , ~, ,, ,,

... . . . . . . . . . . ,.’..’#.. .,.’.. . . . . . . . . . . . . . . . .

From:
.,...:..’.’...,:......’,.%%...’.’....~.+.... . ..A’.’. ... ......’......’..’.’.. .

Lumetta,GreggJ
.. ....................... ........ ....... ...... ...s\}.....\>}..+........\..........

Sent: Thursday,April08,19992:13 PM
To: Steele, Rick T
cc: Uric, Michael W
Subject: SampleAN107-AQ-I00

Rick

Thismessageisto documentour conversation this morning.

Thereis only-0.1 g of solids in sample ANI 07-AQ-I 00, therefore you oannot do all the analyses
originally requested on the ASR.

Regarding sample prep for this material, the priorities are to do the 1) KOH fusion and 2) the
Na202 fusion (forget about doing duplicates).

Accordingly, weigh out -0.05 g for the KOH fusionand-0.05 g forthe Na202 fusion.If youoan’t
getthe latteramountfor the Na202 fusion, get all that you can and use it for the KOH fusion. “
Note: To the extent possible, use reduced dilution volumes from the fusion preps so as not to
over-dilute the samples.

Thanks.

Gregg



Battelle PNNU325 Bldg/RPG/inorganic Analysis ... .
ICPAES Data Report “

Project: 29953
Client: G. J. Lumetta

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

ACL Number(s): 99-1295 through 99-1297,99-1300 and
99-1454 through 99-1457

-------------------------- -----------------------

Client ID: “AN107-SOL-3O-1” through “AN107-SOL-4O-1”, “AN107-SOL-5O-2” and/
“AN107-AQ-3O” through “AN107-AQ-9O” .

...........------------- -------------------------
ASR Number: 5294& 5319

-------------------------------------------------

Total Samples: 8

------------- ------------------------------------

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

Analysti J. J. Wagner

Analysis Date (l?ilenarne): ‘4-15-99 (A0523)

See system file: “ICP.325-405-1” for traceability to Calibration,
Quality Control, Verification, and Raw Data.

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

<----

Concur

4!2W!2
\

Page 7



Battelle PNNU325 Bld~RPG//norganic Analysis ...
/CPAES Data Report

Four radioactive liquid samples, AN107-SOL-3O-1 through AN107-SOL-5O-2, were -
analyzed by ICPAES after preparation by the Sample Receiving and Preparation
Laboratory (SRPL) using PNNL-ALO-128 Acid Digestion procedure. The liquid content
of each sample vial was transferred to a digestion vessel prior to treatment using a plastic
transfer pipette and distilled deionized water. Individual sample weights were obtained by
subtracting the empty, dry sample vial weight from the weight of the vial containing the
original liquid sample. Approximately 1.6 to 2.6 grams of aqueous sample (AN107-SOL-30-
1 through AN107-SOL-5O-2) was digested and diluted to a final volume of 25 ml. Sample
AN107-SOL-5O-2 contained a small amount of solids and liquid. The solids dissolved on
contact with water during sample transfer. Additional dilution, up to 30 fold, was “
performed during ICPAES analysis. All measurement results reported have been
corrected for preparation and analytical dilution. Analytical results are reported as pg/g as
agreed to by the client. Analytes of interest (ASR 5294} include Al, Cr, Fe, Mn, Na, Ni, P,
and Si. “

Sample AN107-AQ-3O through AN107-AQ-9O was also prepared by SRPL using PNNL-
ALO-128 Acid Digestion procedure. Approximately 4.5 or 5rnl aliquots of aqueous sample
was pipetted (and weighed), digested an’ddiluted to a final volume of 25 ml. Additional
dilution up to 10 fold was performed during ICPAES analysis. Analytes of interest for
ASR 5319 include Ag, Al, Ba, Ca, Cd, CO,Cr, CU, Fe, K, La, Mg, M% Mo>NayNi~p>pb~ Si$
Ti, U, Zn, and Zr. All measurement results reported have been corrected for preparation
and analytical dilutions and reported as @ml.

All quality control checks met MCS-033 QC tolerance requirements for analytes of interest
except as noted below. Following is a list of quality control check measurement results
relative to ICPAES analysis requirements under MCS-033.

Five fold serial dilution:
(Solid samples) --
,(Aqueous samples). All results are within tolerance Iifit ofs 10% after correcting for

dilution except sample 99-1296 @10 and 99-1296 @2 dilution
(AN107-SOL-3O-2). The following analyte concentration was
recovered within 11% after dilution correction: Chromium, Iron,
Manganese, and Nickel.“

4/20/99 “
I

.

Page 2



Battelle PNNU325 BldgYRPG/inorganic Analysis ...
ICPAES Data Report .

Duplicate RPD (Relative Percent Difference): ,
(Solid samples) ‘ --
(Aqueous samples) Duplicate samples were within MCS-033 tolerance limit ofs 20%

RPD (Relative Percent Difference) except Silicon (32% RPD) in
sample AN107-SOL-3O-1. Silicon concentration in all samples was
low and similar to the concentration found in the process blank.

The source of Si is probably from Iabware used to digest samples.

Post-SPiked Samples (Group A):
“ (Solid samples) --

(Aqueous samples) All analytes of interest were recovered within MCS-033 tolerance
of 75 to 125 %.

Post-SPiked Samples (Group B):
(Solid samples) --
(Aqueous samplw) All analytes of interest were recovered within MCS-033 tolerance

of 75 to 125 %:

Blank Spike:
(Solid samples) --
(Aqueous samples) A blank spike was not prepared. .

Matrix Spiked Samde:
(Solid samples) --
(Aqueous samples) A matrix spike was not prepared.

Qualitv Control Check Standards: o
Concentration of all analytes of interest with one exception, was
recovered within MCS-033 tolerance of * 10 % accuracy in the”
standards: QC.MCVA, QC.MCVB, and QC_SSTMCV.
Calibration Blank (ICP98.0) concentration was less than two times
IDL. The one exception was Silicon which was slightly high
(about 11%) in QC_SSTMCV. All Si concentrations found in
samples were about the same as that found in the preparation
blank

Page 3



Battelle PNNU325 Bldg./RPG/lnorganic Analysis ...
ICPAES Data Report

High Calibration Standard Check:
Verification of the high-end calibration concentration for all
analytes of interest was within MCS-033 tolerance of* 5 %
accuracy.

Process Blank:,
(Solid samples) --
(Aqueous samples) All analytes of interest were within MCS-033 tolerance limit of <

EQL or e 5% of sample concentration except Silicon. The
concentration of Silicon in all samples was about the same as that
found in the process blank. Silicon contamination is low in
concentration and probably due to Iabware (glass) used in
preparing samples.

Laboratory Control Standard:
(Solid sampks) --
(Aqueous samples) LCS not supplied.

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

Comments: i
1) “FinalResults”havebeencorrectedfor alllaboratorydilutionperformedonthesaxnple II

duringprocessingandanalysisunlessspecificallynoted.

2) Detection limits (D’L)shown are for aciditled water. Detection limit+ for other matrices may !
be determined if requested.

.,

3) Routine precision and bias is typically* 15?Z0or 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. Thii ako presumes that the total dissolved solids concentration
in the sample is less than 5000 I.LghnL(0.5 percent by weight).

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

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

Page 4
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Battelle PNNLIRPG/inorganic Analysis . . . ICPAES Data Report paw I of 2

Multiplier= 10.0 I 19.6 19.7 23.2 31.3

ALO#= PROCESSBLANK 98-1295 @2 99-1296 @2 99-1297622 99-1300 @2

C/lent ID= P9129S&-IW ~W ANlo7-soL- 30-1 ANlo7-soL- 30-2 AN107-SOL-4 0-1 ANlo7-soL- 50-2

Det, Limit Run Date= 4/15/99 4/15/99 4/15/99 4/15/99 4/15/99

p@mLj (Analyte) Uglg Uglg Uglg
.,,,, ,,! ........ ..................!.............. @9 WJ9

0,015 Ag

0,060 Al [2,5] 2,900 3,000 3,100 3,320

0,060 As.................. .................................. [5.0]... ..... ................ [5.3],.....”.”””. ...”..... [5.0]. . ..... .. ... .... [4.9]... . . .. .... ....... .
0,050 B

.... . ........ ...........
26.8 41.5 38.4 47.2 63.2

0,010 Ba 2.33 2.47 2.44 [2.8]

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

.. . . ...””.””....””.. ... .. .. .. ... ........ ............ . ............

0.100 Ca [3.2] ‘ 330 341 351 376

0,015 Cd 35.8 36.9.....................................................
38.0.... ..................... 40.5,...”.””.......”.”.... ...... .. .. .. . .... . .. .. .. ... . ........... ................... .......

0.100 Ce [19] 20.5 [20] [22]

0,025 co [2.6] [2.7’j [2.8] [3.0]

0,020 Cr 106 110 113 123
............ ........................................ .......... ............... .. ... ....... ........ ....... ........... ......

0,015
... . ..... ..............

Cu
...........................

15.4 16.0 16.6 17.8

0,050 Dy

0.100 Eu......................... ........................... .... . . ............. . ..... ... ...... ......... ... ... ... .............. ... . ....... ............
0,025 Fe 709

...........................
752 739 833

2,000 ‘K 894 931 963 1,030

0,025 La 14.3 15.0.....................................................
15.1’... ... ... ......... .... . 16.6... ....... ..............

0,005 Li
.... ... ................. .. ... .... ............ ...........................

[0.39] [0.39] [0.44] [0.471

0,100 Mg

0,005 Mn 55.7 58.7...... . .............................. ............. 57.9 63.3............”.”..””... ... ... ... ............ ...“.-A---- .. . . ...... . .. .. ... .... . .... ......
0.030 Mo

0,100 Na 30.6 133,000... ...... .............. . 143,000 136,000 147,000,...””...”..”.....”..
L1OO Nd

-“” .. ...”... .. ... ... .. ...... ... ..... ................
48.4 50.5 50.0 “ 53.7

0,030 Ni 289 298 307 328

0.100 P 375 389
............. .......................................

396 420........ ............... . .... ... .. .............. ....... ... ...... .. ....
0,060

...—””... ”........
Pb ‘ - 181

.. ... ......... . ........
189 192 207

0,300 Pd [271 [28] [28] [30]

0,300 Rh [6.8]...... .......................................... ... ............ ............. . l’7.3] ~.6] “......... .... ........... .... .... . .............. ... . ..... . ........ .. .... ......................
0,075 Ru 21.1 21.8 22.4 24.0

0,050 Sb [1.8] [1.71 [1.8] [2.2]

0.050 Se........... ... ............... .....................
[2.4] [2.6] [2.71 [2.9]...... . . ............ .. ....... .. ....... ....... ....—”” . ... ... . .... . .. . .........

0,100
..... .....................

Si 44.8 55.3 40.2 56.6 79.9

1.000 Sn

0.005 Sr 1.81
.....................................................

1.87 1.92 2.09..... ..... ............. ,..-. . ... ....... ....
0.500

.. . ..... ........ .....
Te

.... ................... ...........................
- ,

0,800 Th

‘ 0.005 l-i [0.471
............ ........................................

[0.49]... ............ ......... [0.51].. . .................... . ..........”.. ”-..... [0.58]... . .. . .. ........... ...........................
0.250 TI

2,000 u m [83] [85] [90]

0.015 v. [0.40]
........ ..... ......................................

[0.42].......................... . [0.461... . ............... [0.48]... .... ..... .... .... . . . ....... ......,
0.500 w

.... ......................
~ [96] 99.5 [100] [110] ‘-

0,010 Y 7.90 8.23 8.30 8.73

0,020 Zn 11.0 11.4 11.6
.....................................................

13.7........... ............. .... . . .. . ........... ... . ....... .. ...... ... . ... ... .......... ............. .............
0.025 Zr 32.3 33.7 . 33.3

.. . . . . . . . . . . . . . . . . . ..-
36.0

--...... —----- —-.-— --.-——
Note: 1) Ovetall error greater~h= lo-times detection limit is estimated to be within +A ;~k~

.——---- . . ..-. -.-.. -----—----

2) Values in brackets I are _ lo-times detection limit w.th errors likely to exceed 15%.

3) ‘--” indicate measurement is -w detection. Sample detection limit maybe found by
II multiplying ‘det. limit” (far left column) by ‘multiplied (top of each column).

Data (1) from ‘A0523 G. Lumetta ALO-128 BNFL AN107-SOL&AQ ASR5294 & 5319 ICP98 IOW.XIS4/19/99 @ 9:06 AM

. .. . .-.— .. . . . . .



Batiellq PNNURPG/inorganic Analysis mm. ICPAES Data RepofiPage 2 of2

“0’=E’” Pi ‘P, F,
Multiplier=

Client ID=

Det. Limit Run Date=

5.0

99-1457 I
AN107-AQ-9O

4/15199 -1

(u@mL) (Analyte) (ugfmL) I I (ug/mL) I !( ug/mL) I I I I................,....0.0...,,....,.,.,,,,....... ! (ug/mL) (ugfmL)

0,015 Ag

0.060 Al [1.2] 1,140 83.4 44.6 “ 28.2

0,080 As.................. . ................................
[1.3]. ........................ ...... . ..... .. .. .. ““....”.........”.- .. .. .... . ......... ..... ... .................

0.050 B 13.4 18.0 16.4 16.9 11.8

0,010 Ba

0,010 Be -.
..................................................... .......................... ..... . ................... .... . .... ...... .....

0,100
.. . ... ... ............ ......... .................

Bi , -

0,100 Ca [1.6] ‘ 70.0 [1.3] [0.62]

0,0)5 Cd 7.26.,,,,,",,,,,..,.,,,,,............................... ........................... [0.29].... .. .... ............ .“”... .. ..”.””.”....
0.100 Ce

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

0.025 co [0.55]

0,020 Cr 59.8 17.1
................. ...................................

“ 10.2 5.94........... .... ......... ..... .............. . ... ..... .......... ..
0.015 Cu

.. .. . . ........
3.76

... . .....................
[0.271 [0.11]

0,050 Dy

0.100 Eu ‘..................................................... .......................... ... ........ . ........... .. .. ...... .... .. . ... . . . ... ......... ... .................... ..
0.025 Fe 3.06 [0.62] 4.86 9.02 .

2,000 K 183

0,025 La........... ......................................... .......... . ............. . [0.48] .... ................... . .... . . . . . . .. .
0,005 Li

... . .. .. .. .... . ..... .... ................
[0.072]

0.100 Mg -.

0.005 Mn ‘- 0.978,..,,,......... ... .. ......................... ... [0.15] 0.833 1.57....... ........ ......... ,........””...”...”.” ..”..””......””......
0,030 Mo

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

0.100 Na 15.3 32,900 1,500 354 243............ ......... .. >“”...”..”.....””... ... ... .. .......... ...
1.100 Nd

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

0,030 Ni 58.6 2.14 [0.18] ‘

O.1OO P 73.9 [3.0] [2.8] [1.71 “..................-............ ........................................... .. ........... ........... ..... . ......... ... . .“... ... ... . . .
0,060 Pb

... . . ...........
46.0 [1.9] [0.43]

0,300 Pd

0,300 Rh........... ......................................... ...... ....... ........... . ........ ................. . . ...... . ..
0.075

. . ... .. . . ........
Ru

...”.”.........”...”.”
-’ 4.07

0,050 Sb [0.44]

0,050 Se [o.571............ ........................................ ... ...................... .... . .................., ...”.......”.””.””..
0.100 Si

. ..-............”.. . ................ .........”
22.4 17.3 “ . 24.9 23.9 16.6

1.000 Sn

0.005 . Sr................... ................ ................ .... ..................... [0.25] ,...”.- ..... .. ......- . ...-.”””_””.”- -

0,500
....”. .“— .......

Te
.. ... ............... ....

0,800 Th

0.005 Ti [0.029]..................................................... ....... .............”.... ...”..”.”.”....””.“ .. ............. .
0.250

.. . . .... . .........
TI

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

2.000 u [16]

0,015 v....................................................! ........................!. ...... .. .................. .““.”.”.....”””-
0,500

. . .. . ... ..........
w [24]

.....................”..”

0,010 Y 0.530

0.020 Zn 2.36
.....................................................

[0.26] [0.14]........... .............. ........ ................ “-......”. .. ......
0,025

. . . . .. . .........
Zr

...................””....
[0.18]

,... —-. -.-... - . . ..-—-----------— —--- . . ..----.. —-——-.—-—- — .—
Note: 1) Overall error areater than lo-times datection limit is estimatad to be within +/- 15;.

—-..------.——— .— —-..— .

2) Valuas in brackets Dare @ id-time> detection limit Wh errors Iikaly to exceed 15%.

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

multiplying ‘dat. Ilmlt=(far left column)by ‘multiplier (top of each column).\

Data (1) from ‘A0523 G. Lumetta ALO-128 BNFL AN107-SOL&AQ ASR5294 & 5319 ICP98 Iow.xls 4/1 9/99 @ 9:06 AM
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.qacifi~ NoI.. west National Laboratory “
Radiochemical Processing Laboratory
Shidrid Faeilitv ~nsratinn Tsam-. ... .. . . . . . ....J -y-, -.,”,, , w.., ,,

SAMPLE PREP .SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

T1/ARF NO.: ASR 5319 PROJECT NO.: 29953 WBS NO.: . SAMPLE TYPE Solids

ISSUED BY: RT Steele DATE: 4/14/99 PREP lYPE: NilKOH Fusion (ALO-I 15)

DATE: 4-/ 7- . CHAIN OF CUSTODY RQD: No

REVIEW
DATE’&

QA PLAN: MCS-033 IMPACT LEVEL
/

CLIENT

. .

GJ Lumetta ‘ CORE ID: NIA TANK ID: ANI07

WORK ALO SAMPLE ANALYTE SAMPLE $P.G.l WATER TOTAL “ SPIKE SPIKE DILUTION DILUTION PIPET MISC
PACKAGE NUMBER IDENTIFICATION OR WT WT (g) VOL ID VOL FACTOR MATRIX CALIB

NUMBER ANALYSIS (g/mL) (mL) (mL) “ (mL)

W48481 99-1458-PB PROCESS BLANK SEE ,.:,’” K\J

BELOW >“-0

99-1458- ANI07-AQ-100 b.o>-d.?” ‘ 1

SRM 2710 LCS/99-1458/Ni 9. 0(45-9

ICP-AES

ICP-MS
(Tc-99) .

GEA

Sr-90

GROSS
ALPHA

U-LASER

(1) SpG of ORIGINAL material.

i-.—–.-– —” . ... . . . . . . ----------- --- . - ------- . --- -- -- - . --–- --- . ---------- . . . .. .v. -...-.-.- ——-
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2NL.ALO.I ~5 --..,,<S-n-,.....”-...”.<..<.:;:..
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ACL order number or Crucible Crucible CrucIblc + sample Sample . Final solutlon

ACL Sample ID

Procoss ‘

Client sample ID Identifier weight (g) weight (g) weight (g) Vol. (ml) Wclght. (g) . Volumo (ml) Foctor (1)

1 99-1458-PB Process Blank (3.’
. . .

2 99-1458 ANI07-AQ-100 ~ :3, ]:,$j-~ -33.[7~b /-),f-)~()~ .:.“.”. . .‘. qqq*t9#
3 SRM 2710 LCS199-14581Ni ..% 3~/t ~33 0 ;~q./y $“:) (),fl~

.
,?>- 75f ● 73

4
.,.......*. .

9...’

5
. . . ...,. .”..

. .

6 : 0 .’..

7 ,. :

8
.,

9

10 “ ., .

11
,..,, .,.,

12 ,. “.”

13 .’.

14
,,.,

Analyst% sample preparation comments: DOSE RATE: SplkoSOU~O:——
. hldIc) 7 5/[ M+ .$....k.ct.ct: y–Jd.lL- fl!i”!*l.?~~-=h~ ~&~~~>_rdJ&a:!~do~_~_~-~~d ,Q ( PNL spike ID numbo~ “

. [q] Lf /$~. C/r&’%7/ti tz’.~!c...-,- *__&-ed_;:c.J_$-Lc’/ti,LddA ~~,”(~ ~
‘-7.

Anal. balanco M&TE~@A~. 6J~.~.—
..-’ . .

.. ........----- .—-.. ———-— —-—— . .

HCl volumo added (ml): / &. ...- . . . ... .. .. . .._ ——-.—......—-—
, SoluUon hoatod (yotdno):. .. ... . --- —————

(1) Process faclor = Final volume (ml) /[ Crucible & sample weight (g) - Cru~ible weight (g)] “
—V

Sampfo filtered (yoslno):= ~

O(her sample preparation worksheets maybe subsliluled at the discretion of the Cognizanl Scien!isl. Use one worksheet per client.
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SAMPLE PREP SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

TUARF NO.: ASR 5319 PROJECT NO.: 29953 WBS NO.:

ISSUED BY’- RT Ste.eje DATE: 4/14/99

CLIENT GJ Lumetta CORE ID: NIA

SAMPLE TYPE $:ilis .

PREP TYPE: Zr/Na202 Fu@on (ALO-1 14)

CHAIN OF CUSTODY RQD: . No

QA PLAN: MCS-033 “ IMPACT LEVEL:
J

TANK ID: ANI 07

WORK ALO !: SAMPLE ANALYTE SAMPLE $p.G.f WATER TOTAL SPIKE SPIKE DILUTION IIDILUllON PIPm MISC
PACKAGE NUMBER IDENTIFICATION OR WT w-r (g) VOL ID VOL FACTOR MATRlx CALIB
NUMBER ANALYSIS (g/mL) [mL) (mL) {ml.). . 1. ,. . .

W48481 99-1458-Zr-PB PROCESSBLANK ICP JG

99-1458-Zr AN107:AQ-I 00 4 ~
.-

,4
xv
,//~ f f )

SRM 2710-Zr LCS/99-1458/Zr /-),()<>0
/

.

.

(1) SpG of ORIGINAL material. PAGE J_ OF 4

;. .,.,,,. ..1.- J
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Shklrterl AnalvIit.nl 1nhnm!nw---------- . ........... ... .........”....-.

>NL.ALo.qq4 Solubilization of Metals from Solids Using a Na202-NaOH Fusion

Client name: GJ Lumctta . . .‘... . ..
-,... ... ... . . . . . . . . .Work package number:. ... W48481

Work Auth. Doc (WAD): ASR 5319 ,,: . .. . . .. . . . .
Projcct,numbec,

TankfCore/Projecti -BNFL

.“.”. . . 29953.“
. . ... . .,,.

—
., .,.. .: . .,.,: . . .’ .. ... . ‘. .. .. ‘, PNL QA plan: MCS-033:

Special instructions

.. .... . . . ... .
.--. —

,. . . “ PNL impact level:
:.,.
,;

. — -2-.,,
..- —. ....____________________ . . . . . . ~ Prep. lab (SAL/SRP,Uothcr): SAL ‘.. .

. . .
,.’ Preparation batch number: - .“%

ACL ordor number or Cruciblo Cruciblo Crucible + sample Samplo
ACL !%rmploID

Final solution Pr6ccss

Client sample. ID Identifier weight (g) weight (g) weight (g) ‘ Vol. (ml) Weight. (g) Volume (ml) Factor (1)

1 99-1458 -Zr-PB Process Blank “6” * >-d
\

2 99-1458-Zr AN107-AQ-I 00 “/ :?qt 6294 3q. 7.3 i o o.o(41f Y/#* 33

3. SRM 2710-Zr LCS199-14581Zr < ~~’3~J-a 34”.346 :L 0. (27s0 C[)y. @
*

4
.

5

6 .,
.

7
\

8
.

9

10

11

12

13

t4

Analyst’s samplo preparation comments: DOSE RATE: Spike source:
—-. — ——

. .... .. . . . . .-. --— .—.-—— PNL spiko ID number:

. .. .... -.. .-- —- —-— —.
AnaL balanco M&TEg~~.dL.d/.6l~--— -

.. . ... —. .-..—..._ —. —--
HCI volumo added (ml): ---~

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

Solution heated (yeslrto):. ., . ... . ---------
(1) Process faclor = Final volume (ml) I [ Crucible & sample weight (g) - Crucible weight (g) ] Sarnplo filtorod (yotrlrto):------

Olher samplo preptrralion workshools may be strbshlufed at (Ire discret;orr of fhe Cognizant Scierrtis(. Use one worksheet perclierrt,

—-

/2 a IIIL
// / //. . ..U ‘ -,J. “1,.6

..

.!.+.-
-1

L-..,-. . . . . ..——.. ————-— ------- ------- .. .---m --.— .-----— ----------- ------- .
.. ___ . ----- . ..-. .. -—..- . . . .. . . . . . . -- . . . . . .
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Battelle PNNU325 Bld~RPG/inorganic Analysis ...
ICPAES Data Report

Project:”
Client:

29953
G. J. Lumetta

-------------------------------- -----------------

ACL Number(s): 99-1161, 99-1458-Zr & 99-1458-N1
. . -------------- ------------------------- --------

Client ID: “AWIO1-AQ-100d”, “AN107-AQ-100’’(Zr) & “AN107-AQ-100’’(Ni)
---. -.--. --. -.:------------------ ----------------

Procedure:

Analyst:

ASR Number: 5275& 5319
--------------------- . . . . . . . . . . . . . . . . . . . . . . . . . ..-

Total Samples: 3.

-------------------------------------------------

PNL-ALO-211, “Determination of Elements by Inductively Coupled
Argon Pl~ma Atomjc Emission Spectrometry” (ICP-AES).

J. J. Wagner

Analysis Date (Filename): 4-22-99 (AO$24) and 4-27-99 (A0525)

See system file: “ICP-325-405-1” for traceability to Calibration,
Quality Control, Verification, and Raw Data.

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

Y-”+-
/ .... 5-- 4“?7

& R ewed by

“. Pago 1



Battelle PNNU325 BlciglRPG/inorganic Analysis ...
ICPAES Data Report ‘

One radioactive solid sample AN107-AQ-1OO(ASR 5319) was analyzed by ICPAES after
preparation by the 325 Shielded Analytical Laboratory (SAL) using two fusion preparation
procedures: PNNL-ALO-114 Na202-NaOH/Zr and PNNL-ALO-115 KOH/Ni.
Approximately 0.05 to 0.06-gram aliquots were used for each procedure. After samples
were fused they were diluted to a final volume of 50 ml. Additional dilution, up to 10 fold,
was performed during ICPAES analysis. All measurement results reported have been
corrected for preparation and analytical dilution. Because of limited sample material,
duplicates were not prepared. Analytes of interest include Ag, Al, Ba, Ca, Cd, Co, Cr, Cu,
Fej K, Laj Mg, Mnj Mo, Na, Ni, P, Pb, Si, Ti, U, Zn and Zr.

Sample AWIO1-AQ-100d (ASR 5275) was prepared by the client and analyzed by ICPAES
without further processing other than necessary analytical dilution up to 5-foId. AnaIytes
of interest are the same as those listed above. Measurement results have been corrected for
analvtical dilution onlv. Results are reported as ~ghrd as agreed upon by the client.

All quality control checks met tolerance requirements for analytes of interest except as
noted below. Following is a list of quality control check measurement r@sultsrelative to
ICPAES analysis tolerance requirements under MCS-033.

Five fold serial dilution:
(Solid samples) All results are within tolerance limit of< 10% after correcting for

dilution.

(Aqueous samples) All results were within tolerance limit ofs 10% after correcting ,
‘ for dilution except Mg in-sample AWIO1-AQ-100d @5 and

AWIO1-AQ-100d @l. Mg concentration was recovered within “
13% after dilution correction. All other analytes of interest in the
above sample were within 4% after dilution correction.

Duplicate RPD (Relative Percent Difference):
(Solid samples) No duplicates were prepared because of limited sample materiaI.
(Aqueous samples) No duplicates were provided.

Post-SPiked Samdes (Group A):
(Solid samples) All ,analytes of interest were recovered within tolerance of 75 to

125%.

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

W!!E
\,

‘. Page 2

.—.. —-. . ---- —. —v -.—. .. ...= . —1
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Battelle PNNU325 BldgVRPG/inorganic Analysis ...
lCPAES Data Report

Post-SPiked Samples (Group B):
(Solid samples) A1l analytes of interest were recovered within tolerance of 75 to

r 125%.

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

Blank Spike:
(Solid samples) A blank spike was not prepared.

(Aqueous samples) A blank spike was not provided.

Matrix Spiked Sample:
(Solid samplw) A matrix spike was not prepared.

(Aqueous samples) A matrixspike was not provided.

Qualitv Control Check Standards:
Concentration of all analytes of interest, except for Si, was
recovered wittiln tolerance of ~ 10 % accuracy in the standards:
QC_MCVA, QC_MCVB, and QC.SSTMCV. Calibration Blank ‘
(ICP98.0) concentration was 1+s than two times IDL. Silicon was )
slightly high (about 14%) in one determination of QC_SSTMCV. ,
Silicon in QC_MCVA check standard was within 5% of the true ~

value of 20 pghnl, which was run several times during the analysis, I

thus, measurement results for Silicon in the samples are not likely
1

to be affected. 1

1

High Calibration Standard Check:
Verification of the high-end calibration concentration for all
analytes of interest was within toleranceofA570 accuracy except
for Ca, Fej and U. These three analytes were slightly high,
between 670 and 77o, in the high-end cal. check standard.
Measurement results for these analytes in the samples were closer
to mid-range concentrations Iike those found in QC_MCVA.
Therefore, sample measurement results are not likely to be .
affected by the slightly high recovery for Ca, Fe, and U.

W!!z?
\

Page 3
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Battelle PNNU325 BldcJRPG/inorganic Analysis ...
ICPAES Data Report .

Process Blank:
(Solid samples) All analytes of interest were within tolerance limit of < EQL or <

5% of sample concentration except Ca in ALO-114 prepared
samples and Na in ALO-115 prepared samples. Concentration of
Cain the process blank for sample AN107-AQ-1OO(Zr) was about
52% of that in the sample. Concentration of Na in the process
blank for sample AN107:AQ-100 (Ni) was about 12% of that in “
the sample. .

(Aqueous samples) No preparation blank provided.

Laboratory Control Standard:
(Solid samples) All analytes of interest at a concentration equal to or greater than

EQL were recovered within tolerance of 75% to 125% in both
fusion prepared LCS standards. SRM-271O Monti,na Soil was
used for the LCS in both ALO-114 and ALO-115 fusion
preparations.

(Aqueous samples) No LCS provided.

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

Comments:
1) “Final Results” have been corrected for all laboratory dilution performed on the sample

during processing and analysis unless specifically noted.

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

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

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

5M.!M

\

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

Page 4
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Battelle PNNURPG/lnorganjc Analysis ... ICPAES Data i?epbfff1‘f1

‘Lo’=E??””R
Multlpller=

Cllent ID=

Det. Limit Run Date=

(u~mL) (Analyte) Ugfg......... ........ .,..!..,,,0,,.,,,,..,,,,,..,,,!, I i Ugfg I

,

0.015 Ag [12] [52]

0.060 Al [200] 18,800

0.080 As.,,,,..o?.,,.,...,,o!,,.,,oo.!.,,!,,,,,.,,,.,,,,,.., [200].,.,,..,.,,.,...,$....,,,. ..........................
0,050

.........................
B [49]

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

0.010 Ba [9.0] 1,410

0.O1O Be.................................................... ,,,,,,.................... ..........................,
0.100 . BI

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

O.1OO Ca 3,540 6,820

0,015 Cd.................................................... [69].......................... . ,.,.,..,..................
O.1OO Ce

......................... ..........................
[150] 5,820

0.025 co !_

0.020 Cr [35] 9,160..,,.,,,,,,.,o,,.............................!...... .......................... ..........................
0.015 Cu

.........................
[28]

..........................
[94]

0.050 Dy

0.100 “Eu,,,,,,.o,,,,,,.,,,,,..,,,,,,.,,,,,,...,.,,,,....o.., .......................... ......................0..
0.025

.........................
Fe 366 245,000

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

2.000 K [2,000]
0.025 La [30] 1,940.................................................... .......................... , ..........................
0.005 “ Li

......................... ..........................
[29] [571

0.100 Mg [1,200]

0.005 Mn.................................................... [7.3] 143,000.......................... ..........................
0,030 Mo

......................... .......................$$.
. ........................... ..........................

0.100 Nd
...................!.....

[100]
..........................

6,710 .

0.030 NI 439 749

0.100 P,.......!!.o!....................................... [96] [1,300].......................... .........................
0,060 Pb

.........................
[85]

..........................
18,700

0.300, Pd “- [3,300]

0,300 Rh,.,,,,...oo.,...o,o.,,.,e..!,..,,..,,,,,..,,,,.,.,.. .......................... ...........................
0.075 Ru

.............. . ........ ..........................
[450]

0.050 Sb [96] [210]

0,060 Se ~6] ........................ [350] /.
.................................................... .........................

0.100 sl
......................... ..........................

[380] 6,930
t

1.000 Sn [3,500]

0.005 Sr 56.0 220,,.,..,,o!,.!,,,,......!............................ .......................... ......................... .........................
0,500

..........................
Te -.

0,800 Th

0.005 TI [10] 185 -.................................................... .......................... .........................
0.250

.........................
TI

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

2.000 u [4,000]

0.015 v [13],,,,,,,...,,,.,..,,,,,,,,.,,,...,,,,....!,,...o..... . [45].,.,,.,,,.,............... .........................
0.500

.........................
w

..........................
,

0.010 Y 811

0.020 Zn 1,670do,.,,,,,.,,,...!...,.,,...,,$.,,..,,............... ------------ ......................... ..........................
Note: 1) Overall error greater than 10-times detection limit is estimated to be within +1- 15%.

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

2) Values in brackets U are m 10-times detection limit with errors likely to exceed 15%..

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

multi~lying ‘det. limit’ (far left columnj by ‘rn.ultiplier’ (top of each column).

.

Data (1) from ‘A0524 G. Lumetta ALO~l 14,115 BNFL AN1 07-AQ-1 00, -1 00d” ASR531 9,5275 IW2WXWW$:54 PM

I

I

I

I
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Battelle PNNURPG/inorganic Analysis .m. ICPAES Data Rep&%’ ‘f’

Multiplier= 994.0 1 4970.2 1
ALO#= 99-1458-NI-PB 99-1458-NI 625

Client ID= AN107-AQ-IOO AN107-AQ-1OO

DeL Limit Run Dete= 4/22/99 4r22199

(ugfmL) (Analyte) Ugfg Ugfg,..,,,,,.!,..,...!,...,.,.,.,,,,,,.,,.,.!,.,....
0.015 Ag [15] [90]

0.080’ Al [320] 20,000

0.080 As “ [100].,.,,,...?.....e........oo...,...................... ,,.,...,,,.,,,,.,......... .........................
0.050

..,,,... ................
B

..........................
[200] [400]

0,010 .Ba, - 1,470

0.O1O Be.................................................... .......................... ‘ ..........................
0,100

...................”....
Bl

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

0.100 Ca [150] [2,200]

0.015 Cd [84] . - ‘,,,,..o,.,,!.!`.̀.,,,̀ ,,...,..,,..,,,.,..,,......... .......................... ......................... . ......................... ..........................
0.100 Ce [4,300] ‘ -

0,025 ‘ co [30]

0.020 ‘Cr [22] 10,100 -,
.................................................... .......................... ..........................

0,015 Cu
.........................

[24]
.........................

[100]

0.050 Dy

0.100 “ Eu.................................................... .......................... ...........................
0,025

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

..........................
388 273,000

0,025 La [25] 1,990.................................................... .,,....................... .........................
0.005

.........................
Li

..........................
[15] [68]

0.100 Mg ‘ [100] V40]

0.005 Mn 191 162,000c,,,,.,.?.e,.e..!,,,,,,,,,,,,.....,.,,,,,.....,,,,.. .......................... ........ ...... .......... “
0.030

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

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

0.100 Na 3,820 26,500.......................... ..........................
0.100 Nd [100]

......................... ..........................
6,540

0.100 P [120] [2,000] ...........o...e!,,...,,,,,,.,..,,,,.,,.,....,.,..... .......................... ..........................
0.080

....................”...
Pb

..........................
[110] 15,900 -.

0,300 Pd [3,300]

0.300 Rh..,.,..,o,e.,...co.,.,.,,..#,,,o,,.................. ..........................
0,075 Ru

.......................... ......................... ..........................
[530] -.

, 0.050 Sb [82] [330]

0.050 Se [110] [570].................................................... .......................... , ......................... .............. ..........
0.100 ‘ St

..........................
1,640 7,470 -.

1.000 Sn

0,005 Sr.................................................... [170].......................... .........................
0.500

.........................
Te

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

0,800 Th
r

0.005 Ti [14] [210].,,,,ooo,,o!.......o................................ ..........................
0,250

.......................... .........................
TI

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

2.000 u.
0.015 v....................................................

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

0.500 w
......................... .......................... .

0,010 Y 652 .-

0.020 Zn [39] 1,770.,,..,,..oo.ol...,,,,,,,,,,,.,,...,,,.,.#..,,,,.,,.. .......................... .....................’.... .,...,.,.,...,., ........!
0,025

..,,...,..............!...
Zr ------:----- 3,190

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

2) Values in brackets U are &n 10-times detection limit w.th errors likely to exceed 15%.

\
3) “--’ indicate measurement is -w detection. Sample detection limit maybe found by

multiplying ‘det. limit’ (far left column) by “multiplied (top of each column).

Data (1) from ‘A0524 G. Lumetta ALO-I 14,115 BNFL AN1 07-AQ-I 00, -1 00d ASR531 9,5275 IGIF2X!3W2M8:40 PM

——.- ,. .Y, . . . ,. ~r. , . . . .. .. .. .... . . . .,. , . ,,, ,,. -<.1-..!.. . ..1.... . ,., -., .. -—. . —
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Baftelle PNNURPGBnorganic Analysis mmm ICPAES Data Repo~Page I of I

“~~fliizi!rnDet. Limit Run Date=

@#mL) (Anelyte) (ug/mL).,,,, ... .“,,.,!.,.,.,..,.,...... .. . .........
0,015 Ag 0.881 ‘

0.060 Ai 67.3

0.080 As [0.12]..................................................... .. .. ... ... ... .... .. ... ..-—-.,
0.050 B 34.3 “

0,010 Ba 6.47 .

0,010 Be [0.057J........... .. . ............... .. .. ..... ........ .. . . .. .. . . —.—. . .....!
0,100 Bi 2.61

0.100 Ca 53.2

0,015 cd 2.62..,.,...",.,..,,..,,,....... ...... .......... ..... . . . . .......... . “.....——
0.100 Ca [0.46]

0,025 co 0.366

0.020 Cr 80.7.,,,,,,,”........................ . .... ...... .... ... ... . .. ........... . .. ...... . . ......“.
0,015 Cu 1,30

0,050 Dy [0.11]

0.100 Eu [0.15]......... . ....................... ................. .. .. ...... ........ . . .. . . . . ...
0.025 Fe 113

2,000 K [5.0]

0,025 La 0,257...................................... .............. .............”..”.....” ........................
0,005 Li 0.098

0.100 Mg 4.80 -.

0.005’ Mn 105..................................... . ............. ... ...... .. . ......... .“”...”..”..”.”...
0,030 Mo

0.100 Na 131 .-... ”””....”...... . .. . . .. .
0.100 Nd [0.46] -.

0,030 Ni 16.5

0.100

:, M-””””-”””””’”””””B-””””-”-”--

............ ........................ ... ...........
0.060

0.300 Pd

0,300 Rh .-
..................................................... ............. ............ .... . . ...-. ...”..-.

0.075 FM [0,34]

0.050 Sb [0.090]

0.050 se [0.23] -.
..................................................... .........””..”..”..... . . . . ... . . . ..

0,100 Si 398

1.000 Sn [3.5]

0,005 Sr 0.734............. ....................................... .... ..... .............. .“”..””... .. ........
0,500 Te

0,800 Th [4.5]

0.005 Ti 0.766.................................. . ................ .. ............... ....... ..”.”..... .. ..... ...:
0,250 71

._

2.000 u 428

0,015 v [0.058]..................................................... .... ........ .......... . .. ...... ..... ....... .
0.500 w. -

0.010 Y [0.021]

0.020 Zn 15.5..................................................... ,..-..””... ”......” ... ....... ........ . ...
0,025 Zr 17.3.-... -.--—...

Note: 1) Overall error greater than 104imes detection tin

I

~-E
.“” . ..”..””-. . . . . . . . . . . . . . . . . . . . . .

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

. . . . . . . . . . . . . . ..””...--

3HS
—........””..””.. .“ . . . . . ...”-””-

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

“......... ””..”.”.” . . . . . . . . . . . . . . . . . . . . . . . . .

3=..................... ..........-.”..-

.-

. . . . . . . . ..— .—.. . . . . . . . ...”....

=!”””””””””””
=t””””””---”””bt”””

I

=l--”-’---S””””
=t-””-”-””-l=f
=t”-”””””””””--””t=

=l--””””’-E
I“”-”””””””--”””*-”””””””””-””””-

I is estimated to be within +/- 15%.

2) Values in brackets I are m 10-timesdetection limit wi”therrors likely to exceed 15%.

3) *--” indicate measurement1s-W detection. Sample detection limit maybe found by

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

A

Data (1) from ‘A0524G.Lumetta ALO-114,1 15BNFLAN1O7-AQ-1OO,-100d ASR5319,5275 ICP98 %@W9”@ 2:32 PM
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Baffelle PNNURPG//norganic Analysis -==IC Report

WO/Project:
Client:

W48481129953
G. Lumetta

. . . . . ..----. -——--—-. - . . ..--. -----—

ACL Nmbr(s): 99-1454 through 99-1457

Client ID: +107 AQ series

ASR Nmbr 5319
..-—-- .. . . ..----- . . . . . . . . .. —-------------

Total Samples: 4 liquids
—-.. —-— ----—-— ..-----—..

Procedure: PNL-ALO-212, “Determination of Inorganic Anions by Ion
Chromatography” PC).

Analyst: MJ Steele

Analysis Date: May 7,1999

See Chemical Measurement Center 98620: IC File for Calibration and
Maintenance Records.

M&TE Number: IC instrument -- WD25214
Mettler AT400 Balance - Cal. No. 360-06-01-031
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Batte//e PNNURPG/inorganic Analysis --- IC Repoti

Final Results:

Four liquid samples were analyzed by ion chromatography(IC) for inorganic anions’as specified
inASR5319. The liquid samples were diluted at the IC workstation up to 200-fold to ensure
thatall anions were within the calibrationrange. The anion resultsarepresentedin the table
below.

:y%%i-- “w.,’ f’.,y. .- .+:f.p-..,-<?.-+ .<.:’qc-l:; :;,: :;$No#,; :’:: ~B&$:+ :::. “
, .T,:,34..!llq&;j::‘“,$ ‘- Clien@:i~: .+~,-.~,+ %,,->,

;“XWME%’.?.’?:L“y;:: ““f,,
. 452 &KK#~$ g.;@.&*

,*
3. .... + 26:R?*2

:S’..ew< *.A7*,$’;J-, e.,.-:-- : ‘- ,.>,>+,.,+. r.., ..-” “’=
,.:..: <T-

. .

Z5’!!oi=;’
.:.:-p-o:~”~- -.-y::,~,...*)C~..,~

-.,,$:?’,ig/lnl!,‘q;ggfm!~:tJ@rnl;::-:pglg’11~fifi$p’llj:$;.:pgrrl$:.@@&’ll&j:#@@$#i. ,.--.-,
99-1454 ANI 07-AQ-30 1,050 230 7180 <5(J 26,300 1,220 1,510 9,620 ‘“

99-1454 Rep ANI 07-AQ-30 . 1,050 230 7150 <50 26,000 1,260 1,550 9,230

RPD 0.1 0.8 0.5 NA 1.0 3.6 2.8 4.2

99-1454 Spike’ 0/0 Rec 94 94 92 94 103 97 100 102

Blank Spike 0/0 Rec 98 98 101 100 98 97 99 103

99-1455 ANI 07-AQ-50 75 12 31 <3 960 55 65 410

99-1456 ANI 07-AQ-70 23 2 19 <1 58 .3 5 45

99-1457 AN I 07-AQ-90 12 3 5 <1 7 3 3 14

RPD = Relative Percent Difference (between sample and duplicate)

Q.C. Comments:

Following are results of quality control checks pefiormed during IC analyses. In general, quality
control checks met the requirements of the governing QA Plan, MCS-033.

Working Blank S~ike/Process Blank S~ike: Process Blank Spike recoveries ranged from 98’XOto
103’XO,well within the acceptance criteria of 75% to 125%.

Matrix Spiked %urmle: The matrix spike recovery for samples AN107-AQ-3O ranged from 92%
to 103’XO.Again, this is well within the acceptance criteria of 75’XOto 125’XO.

Duplicate: No duplicates were provided. However, the laboratory-dilutionof sample
AN107-AQ-3O was analyzed in replicate (i.e., two different analysis injections) atthe IC “
workstation from two different IC workstation dilutions. The RPDs ranged from 0°/0to 4°/0,
whicli is within the acceptance criteriaof 20°i0.

Svstem Blank/Processin~ Blanks: No anions were detected above reportable concentrations in
the system blanks or in the processing/dilution blard(

Oualitv Control CalibrationVerification Check Standards: Four mid-range verification
standardswere analyzed throughoutthe analysisrun. For all reported results,the concentrations
of all analytes of interestwere recovered within the governing QA Plan acceptance criteriaof
-&lO% for the verification standard.

ASR5319.doc Page2 of 3

—



Battelle PNNURPG/inorganic

Notes:

Analysis --- IC Repoti

1) “Final Results” have been corrected for all laboratory dilution pefiorrned on the sample
during processing and analysis. ‘

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

3) Routine precision and bias is typically+ 15% or better for non-complex aqueous samples
that are free of interference and have similar concentrations as the measured anions.
Sample-specific precision and bias may be determined on each sample if required.

ASR5319.doc Page 3 of 3
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~) Ballelle
Putting Technology To Work

Date

To

From

Subject

project No. 29953

Internal Distribution

May 14, 1999 File/LB

:;;~..9&

Carbon Analvsis Results for AN I 07 AQ

Samdes

The analysis of the AN-107-AQ liquid samples submitted under ASR 5319 was performed by the hot
persulfate wet oxidation method, PNL-ALO-381, rev. 1. The hot persulfate method uses acid
decomposition for TIC and acidic potassium persulfate oxidation at 92-95 “C for TOC, all on the same
weighed sample, with TC being the sum of the TIC and TOC.

The samples were analyzed on May 12, 1999 and Table 1 below shows the results, rounded 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.

All samples were analyzed directly (i.e., no preparative or analytical dilution), and are reported in
microgram of carbon per milliliter of original sample. The samples are reported on a weight per weight
basis due to the difficulty in pipetting the liquids (i.e., there appeared to be significant residuals
remaining in the pipet tips). Since there was insufficient sample to perform density measurenient on
the samples, the pipet volume are provide along with the weights for your evaluation.

QC Narrative

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

The QC for the methods involves calibra~on blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type. The QC system calibration standards were all
within acceptance criteria, with the average recovery being 98.5’?40for TIC and 94.6% for TOC.
The calibration blanks were acceptable, averaging 12.3 ~gC for TIC and 56.5 pgC for TOC.

The accuracy of the carbon measurements can be estimated by the recovery results from the
matrix spike. The matrix spike recoveries from sample 99-1454 were 98?J0for TIC and 103%
for TOC, well within the acceptance criteria of 75% to 125%. The precision (estimated by the “
Relative Percent Difference between duplicates where the carbon concentration .is greater than
5 times the method detection limit) was good, with RPDs being well within the acceptance

~criteria of 20°/0.

E54-1900.001 (4/96)

. .. ... ..-. ,.. ?-, - ,—...m..- S.-. —----



G. Lumetta “
May 14, 1999

Page 2

Some results are reported as less than &“) values. These Iess,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.

Table 1: TIC, TOC, and TC Results

Vol
ALO Number Sample ID (mL)

99-1454 ANI 07-AQ-30 0.10

99-1454 Dup ANI 07-AQ-30 0.10

99-1454 Spike ANI07-AQ-30 MATRIX SPIKE 0.10

99-1455 ANI 07-AQ-50 0.30

99-1455 DUP ANI 07-AQ-50 0.30

1199-1456 IAN107-AQ-7o I 0.50

99-1456 Dufl ANI 07-AQ-70 0.35

99-1457 ANI07-AQ-90 0.50

99-1457 Dup ANI 07-AQ-90 0.30

RPD = Relative Percent Difference: Calculated when sam

Wt I TIC I TIC RPD I TOC I TOC RPD I TC I TC RPD ]

(9) IL9E!d (%) M&!91 (%) Ill!lfclgj (%)

0.1066 2,970 7,090 10,100

0.0929 3,170 6 8,010 12 11,200 11

0.1087 98 103 100

0.3022 I 291 I II
0.3002 280 4 255 nla 535 2

0.5028 127 <35 127

0.3532 126 nia <50 nla 126 nla,
0.4983 99 <35 99

0.2986 121 rr/a <59 nla 121 I n/a

l[e and dupficate results exceed five times the method detection fimit .

Review/Approve: Jy=’t q?

Archive Information:
I Files: ASR 5319 Lumetta.dot, ASR 5319 Lumetta.xls
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Date

To
●

From

Subject

Pacific Northwest Laboratories

Project Number

Internal Distribution

329/4 File ““
April 22, 1999 “

1
!

Greg Lumetta
.

Tom Farmer

lCP/MS Analvsis of Submitted Samdes 1

Pursuant to your request, the samples that you submitted for analysis were analyzed by
ICPMS for ‘9Tc. The results of this analysis are reported on the attached page. .

An Amersham ‘~c was used to generate the calibration curve. An independent
Amersham ‘Wc standard was used as the continuing calibration verification (CCV)
standard. Unless otherwise specified, the overall uncertainty of the values is
conservatively estimated at +1 OYO,and is based on the precision between consecutive
analytical runs as well as the accuracy of the CCV standard results.

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. The fingerprint we’re seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses. Approximate 101Ru
concentrations are provided for your information.

If you have any questions regarding this analysis, feel free to call meat 372-0700 or
James Bramson at 372-0624

.,

.. -- 7 r- - — .,— X.=-,7- - - -.----.----.-, ,. -=.—-7?7, -m . . . ,m.-TrTr ,.. —- . . . . . . . . —..-.—.—, -——



LumettaTc-99 Analysis
April 22, 1999

The uncertainty of the results is estimated at H OYO.

Sample lCP/MS ALO Tc-99 n
‘0’ Ru/’02Ru t’O’Ru

Number Number Number ~;;.~ (’.541)

I%HN03 9421 a_Bl

II

cO;05 ng/mI ~%.:

1%HN03 9421 a_B7 <0.05 rig/ml .;
IYOHN03 9421 a_Bl 9 , .~
Process Blank 9421 a_PB2 99-1458-PB
SRM 2170 9421 a20 LCS/99~1458/Ni’ <500 nglg ‘.-”’,

ANI07-AQ-100 9421a13 , 99-1458 11400 nglg ,“ 1.182 ‘ 3000 rig/g

ANI07-AQ-100 Dup. 9421a15 99-1458 10500 nglg “:

AN I 07-AQ-I 00 + s@ke 9421a18 99-1458 31900 nglg “.;

Spike Recovery
.?.,...

Blank 9421 a21 DDI-H20 2.2+0.9 nglml
.

AN I07-AQ-90 9421a9 99-1457 10,9* 1.4 nglrnl 1.175 0.4 rig/ml

AN I07-AQ-70 9421a10 99-1456 1.161 2.4ng ml

ANI07-AQ-50 9421 all 99-1455 1.161 40 rig/ml

AN107-AQ-3O 9421a14 99-1454 1.192 1400 rig/ml

AN107-AQ-3O DUP. 9421a16 99-1454

AN107-AQ-3o + s~ike 9421 a23 99-1454 ,
Spike Recovery

2.5ppb Tc-99 CCV 9421 a_C5

2,5ppb Tc-99 CCV 9421 a_C22 ::::;i~~

20ppb CO <0.05 rig/ml\ ~
-.

* Natural 101Ru/102Ru ratio.

*Based on response from iridium

Page 1
.- Date:~d /40KT9 Pages:
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Battelle Pacific Northwest National Laboratory

Rad~chemical Processing Group
Radioanalytical Applications Team -325 Bldg.

99-1454U
4127199

Client: G. Lumetta
Wp#k W48481

+’
Cognizant Scientist: ~Y Date: 9/27 I+

Concur:
——

I \ R4Xvm - L Date: ~l~~fq~

Measured Activities (uCi/ml)

Sample Client ID Alpha Sr-90 Uranium CO-60 CS-137 Eu-154 Eu-155 Sb-125 Am-241
Error +/- Error +1- uglml Error +/- Error +1- Error +/- Error +/- Error +/- Error +/- .

99-1454 ANI 07-AQ-30 . 7.96E-3
11%

7.68E+0
5%

1.52E+I
4%

1.83E+0
4?4

3.IIE-I
2?’!0

2.63E-I
8?J!0

<3. E-5

1.89E-2
3~o

4,13E+I

2%
1.17 E-2 c4.OE-2 c4.oE-2 c4.OE-2

1170

99-1455 ANI07-AQ-50 6,86E-4
13%

2.67 E-2
13%

5.55E-4
4~o

1.41 E+O
2%

2.95E-4 <8.OE-4 ‘q .fjE.3 <8.OE-4
1o%

ANI07-AQ-70 ‘ 1.23E-3
3%

1.04E-3’ 6.36E-4 6.28E-4 9.82 E-4
3% 8?’0 15% 1o%

2,70E-2
5%

7.07E-5
7%

1.92E-I

2%
99-1456

1.86E-3 1.39 E-3 .3.61 E-4 1.82 E-3
1y. 3% 8% 570

99-1457 ANI07-AQ-90 2.06E-3
270

4,73E-2
5%

2.41 E-5
9~o

9,00E-2

2%

99-1457 Rep ANI07-AQ-90 I,98E-3
2%

4.59 E-2
5%

RPD

Blank

3%

“ <3,E.6

Process Blank

Matrix Spike

<2&4

110%

<2. E-5

104%

Blank Spike 106% 97% 100%
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Battelle Pacific Northwest Laboratory

Radii5chemicaI Processing Group-325 Building
Radioanalytical Applications Team

Client: Lumetta

Cognizant Scientist . “

ALQ ID
Client ID

99-1458 PB
Process Blank

99-1458
ANI07-AQ-100

Matrix Spike “

Blank Spike

Blank

Measured Activities (uCi/g)

Uranium
Alpha Sr-90 ug/g CO-60 Eu-152 Sb-125 CS-134

. ,

99-1456
515199

Date:

Date:

CS-137 Eu-154 Eu-155 Am-241
Error YO Error % Error % Error ?4. Error% Error% Error Y. Error % Error YO Error Y. Error Y.

3.73E-2 6.77 E-I 3.45E+0 8.93E-3 <2. E-2 ~2.E-2 4.56 E-2 1.32E+0 <2. E-2 <2. E-2 c2.E-2

5% 3% 2$40 20% 5% 2%

6,91 E+l 4,33E+3 . 1,27E+3 2.15E-I 9.47 E-I 8,18 E-I c9.E-2 6.13E+I . 5.70E+I 4.22E+I 6.86E+I
2% 3~o 2% 6?40 6% 12% 2% 1% 3~o ‘ 4?40 .

702%’ 127%

1oil% 96% 97%
102% “

c5. E-5 c2. E-4 c2.E.5

I



~$BdtW
Page _ of_

P~cillc Nnrthwwt Labora!or!c$ ENGINEERING WORKSHEET
Prupared By:

A.{. w

Date: ~ ,3,99 Pmiect: ~ 9s~3

o, Ooz
. .

0.003

‘d,dw
...+. . .....

0.03

0.063

I
I,C72 l,o>y

1.aob
. . ... . . .... . . -.-. -.-z... .

1*W

I

!
-WA : !..011

. .. . -+ . .. ., ... --~-.-”- -- , “-’’’. ’-’--
, -70x+ !/, @tif

! . . . . .

i

“.
r

i

i

I .. .

].w-
t. C+”2

‘f

:
i
1.....:.-...---.%-.
!

I
;
I:.
I

1
. . ... .. .. ..
!’

:
;
:

~
1
: ..- ..
\

1

!

1, Co.j
j

1 -504i,
.,

), Gos-

~

.. ..-,s%. -. ,.

1

:-

~
a

,

.,>F

,

i

I

.. ... . -
!

!

. . . . .

,,,-—.,-
! ... . .... .--”.--..> . . . ...->- . .

,.,. .,.....4 . . . . ../”..” - .. A-u- . . ..

. .

. . .

. ..

-.,

.:

,

..---= - - . e -... .
- “.=. . .I

.. -...,

-1
-.

1

I
!

., . . .

. .—.- .. .. ...... .
..

.. .. ... ,.

. .... .. -.

i

.. .
t

.. .... ..--.
I

-,-. .,
‘

.-.

I. . :

,

i
I
!

Lb $% Ah (yl W05++JA ~ . ...!..?+’+l.
%

,. e. .,----... .. ... . . . ... ... . ... -. - ,.=--- .
{“

I

1.

I

I

1 I

I b
I

. .

~.t(x)7.114 [1/831
1997-592-715

00 E.flL RICIIIO-4 WA
* U.S. GPO.

.— .— —.>- - -- —--- . .



.

c

PCS-TP-511-2
EXHIBIT1
D.-a 1 mf 1.-*- .”,.

>ATA SHEET FOR PIPETTOR CAWRATION

~rocedure Number: PCS-TP-5 11-2 R&vision Number: 1 ~

. Date Performed: q/G/Gq

10 Balance Calibration Code: 3Y+- ~JL-@;-~~s- .
1. Balance Calibration Due Date: Y/q q

;0 Thermometer Control Number:,.
3Kq -T<-O+-~Cj-” .

i. Volume 1 = ~.ze

1. Volume 2 = o.r~

1. Volume 3 = 1.00

). Ambient Temperature at Start of Procedure: 23 ‘c

13. ”Ambient Temperature at End of Procedure: 23 ‘c

Performed by: ~+ /. Date: V/7 /9+

Date: 2-/0 -99

. .
1
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PCS-TP-51 1-2

EXHIBIT 2
pa~~ 1 of 1

CALCULATION SHEET FOR PIPETT-OR CALIBRATION

Procedure Number: PCS-TP-5 11-2

10 Mean Te’mpe;ature: 23 ‘C

7-, Density of Water: dt’3974 g/mL
..

Mean Mass, g Std. Dev., g Accu;acy, % Precision, %

3. Volume 1 *$IW 0.003 k e.z~ XI,rl .

4, Volums 2 u.~’is- 0. 00Y ~ a.7L =“0.8/

5, Volume 3 I ,000 a$oa3 * ~o.z~ .&47&*.3~

~.4.L. +A.

Performed by: ~.{. Date: ~/~/ 9q

Reviewed by: Date: F-7*9 5’

‘e.

:..“

,.. .. .,. .
. . . ..” .

..

. .

.. ..

\

.

.= --,-? --...- .,-..s. -— -- -.. ..-. .



Appendix C. Calculations
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