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1.0 Introduction

BNFL Inc. (BNFL) is under contractwith the U.S.Departmentof Energy,RiverProtection
Project (DOE-RPP) to design,constru~ and operate facilitiesfor tieatingwastesstored in the
single-shelland double-shelltanksat theHanford SitejRichlandWashington. The DOEBNFL
RPP contract identifiestwo feeds to thewastetreatmentplant 1) primarilyliquidlow-activity
waste (LAW) consistingof lessthan2 wt% entrainedsolidsand 2) high-levelwaste (HLw)
consistingof 10 to 200 g/L solids slurry.

The lU?Pcontract includesthreeoptions for dispositionof the entrainedsolids contained in
low-activitywaste feed solutions:1)washingto remove sodium, cesium,and technetiumthen
returningtiapipelineto DOBRPP, 2) vitrificationalongwith pretreatedLAW solutions,or 3)
vitrificationalongwith pretreatedhigh-levelwaste (HLW).

BNFL requestedBattelletest inhibitedwater (0.01~ NaOE!) imd causticleaching(3 ~ NaOFI)
as methods for pretreatingthe solids entrainedin the AW-101 sample.These methods aremeant
to remove certainnonradioactivecomponents (e.g.,N% Al, Cr,P, and S) from the EILW
fmction so asto reducethe volume of immobilizedHLW.

This report describesthe resultsof a test conducted by Battelleto assessthe effects of inhibited
waterwashingon the composition of the entrainedsolids in the dilutedAW-101 low-activity
waste (LAW) sample.The objective of thiswork was to gatherdataon the volubilityof the AW-
101 entrainedsolids in 0.01M NaO~ so thatBNFL can evaluatewhether these solids require
causticleaching.The work was conducted according to testplanBNFL-TP-29953-9, Rev. O,
jLAWEnfruinedSohi3WaterWmhandCawticLeachTesting.The testwent according to plan,with
no deviationsfrom the testplan.Based on the resultsof the 0.01&fNaOH washin~ a decision
was made by BNFL to not proceed with the causticleachingtest.The composition of the
wtihed solidswas such thatcausticleachingwould not resultin significantredwitionin the
immobilized HLW volume.

2.0 Personnel

The Battellepersonneland theirresponsibilitiesin performingthistestaregiven below.
........................................... .........................................................................................................................
StaffMember j D?esponsibilities

~ @gnimnt scientist.l%epaxedtest plan and d@gned j

GJ. Lumtta
~ ~e~erimmt.Supervisedperfoxmsnceof the test. Prepared ~
! &dytical service~quest. Inteqmted data and reported ~
~:

%esults.
::

........................................... ...........................................................................................................
!RC.Lettau ; JIot celltechnician.Perfomd test......................................~ ...............................................................................................

~;
!M.W.Uric ~ !Managedchemicaland radiochemicalanalyticalwork !........................................ ......................................................................... .................................::
...................................... ...............................................................................................................................
~ ~ :Technicalreviewer.

~:....~<
;KP. hOkS : ~TaskLeader....................................... ...............................................................................................................................
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3.o Experimental

%q IeDescription. The sampleused in this’testwas labeledasAW-101 CL-1. The
homogenizatio~ dilutio~ caustic adjustment,and representativesubsampling were
performed as described in test planBNFL-29953-6, Sub-Sampling and Characterization of
AN-107 andAW-101 DilutedFeedSamples (Uric et al. 1999). The totalvolume of sample
AW-101 CL1 was 85 mL and it containedapproximately5 rnLof settledsolids.This sample
was half of the materialindicatedasthe “CausticLeach” samplein Figure1.1 of Uric et al.
(1999).

ADDWtUS .The apparatusused consistedof an aluminumheatingblock placed on a hot
plate/stirrer.The hot plate/stirrerwas modified so thatseparatepower could be appliedto the
heatingand stirringfimctions.This allowed for continuous,stirringwhile the hot platewas
powered by a temperaturecontroller.The tempemturecontrollerusedwas aJ-KEM Model 270
(J-KEM Electronics, Inc., St.Louis, MO). This temperaturecontrollerconsists of ~o separate
circuits.One is the temperaturecontrol circui~while the other servesas an over-temperature
device,which shutsdown the systemif a presettemperatureis exceeded.The set point for the
over-temperaturecircuitwas set at 100”C for thistest.A duaIK-type thermocouple (model
number CASS-116G-12-DUAL, Omega Engineering Stamford,CT) was used to provide inputs
to the temperaturecontrollerand over-temperaturecircuits.Both theJ-KEM Model 270 and the
dualthermocouple were calibratedbefore use.The aluminumheatingblock containedtwo wells.
A vialcontainingwaterwas placed in one of thewells,with the thermocouplewedged beisveen
thisvialand the aluminumblock. The vialcontainingthe samplewas placed in the otherwell.

Procedure.@]The samplein AW-101 CLwas mixed by swirling.The homogenized slurrywas
then filteredthrougha pre-weighed0.45-prnnylon filtrationunit (Nalgeneno. 150-0045,Nalge

. Nunc International,Rochester,New York). The weightsof the filtrateand filteredsolidswere
determinedto be 108.127g and 2.075 g respectively.Five4-rnLaliquotsof 0.01 &i NaOH were
used to transferthe filteredsolids to a 30-rIiLhigh-densitypolyethylene(HIN?E)vial (&is vial
also contained a Teflon@-coated magneticstirbar).The weight of thewashingslurrywas 18.769
g. This valueis -15?40 less than expectedbased on theweight of the filteredsolids and the
0.01 ~ NaOH (washingsoluiton) added thiswas perhapsdue to loss of liquidthrough the
membraneduring~sferring process. The vialwas equippedwith a condenser tube,which
allowed the systemto vent duringheating but minimizedevaporation.The mixturewas heated
and stirredat 85 + 2 “C for 17 h. After cooling to room temperature,the mixturewasweighed.
The weightwas 18.242~ indicating0.527 g lost to evaporation.The washingslurrywas filtered
througha pre-weighed0.45-prnnylon fdtrationunit During the transferto the filterfunne~the <
stirbar also fell into the filterfiumel.This was lifted out and the solids stuckto itwere @rsed
into tie filterwith a smallamount of 0.01 M NaOH. The weightsof the filtrateandfiltered
solidswere determinedto be 17.461g and 1.317~ respectively.Two aliquots(-10-mL each) of
the filtratewere takenfor analysis.There were no solids in thissolution after21.5 h, indicating “
no precipitationfollowing filtration.

(a) SeeAppendixA fora copyof thetestplan andproceduralnotes.
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The washingprocedure describedabove was repeatedthreetimes for a total of four washes.The
heatingand mixingtimes for the second, thir~ and fourthwashingstepswere 16,20, and 21 h,
respectively.There was no evidenceof precipitationin thewash solutionsafterstanding
overnight The weight of thewet filteredsolidswere 1.210, 1.314,and 1.128g tier the second,
third,and fourthwashingsteps,respectively.These weights can be viewed asnearlyconstant
given the potentialfor variablewatercontent in thewet solids.After the fourth washingstep,
the solidswere transferredto a pre-weighedglassvialusing deionizedwater.Excess waterwas
evaporatedat 80°C, then the solidswere driedovernightat 105°C. The finalweight of the dried
waslied solidswas 0.058 g. This low weightwas surprisinggiven thewet weight of -1 g. The
solids apparentlyhave a strongpropensityto retainwaterwithinthe filterunit.

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.

Becauseof the smallquantityof washed solids, itwas not possible to perform allthe analyses
originallystatedin the test specification.To dissolvethe solids for analysis,5 rnL of 12 &fHCI
was added to the glassvial containingthe driedwashed solids.After heatingat 90°C for -1.5 h,
most of the solids had dissolve~ but some remained.In an attemptto dissolvethe remaining
solids, 1 rnL of 16 M HNO~was added. Again,the mixturewas heatedat 90°C. fier 1.75h, a
white solid had collected aroundthe threadsof thevial cap. The samplewas evaporatedto
drynessat 90°C, then five 5-rnLa.liquotsof 0.1 M HClwas used to quantitativelytransferthe
materialto a cleanHDPE vial.One-mL of 10 M HF was added and the mixturewas evaporated
at -80°C untilonly about 2 mL remained.bother 5 mL 0.1 ~ HC1was added and the solution
was filteredthrougha 0.2-prnnylon membrane.The filteredsolutionwas dilutedto 25 rnLwith
0.1 &l HCI. This solutionwas subjectedto”thefollowing analyticalprocedures: ICP/NX3, ICP-
MS~c-99), Sr-90,totalalph~ totaluranium,and GEA. The smallamount of grayfilteredsolid
was saved,but was not furtheranalyzed.

4.0 Results

Table 1“presentsthe concentrationof the analyzedAW-101 components in eachwashing
solution and in thewashed solids.A cavkatmustbe placed on the resultsfor thewashed solids:
the concentrations,listedin Table 1 assumethatthewashed solidswere dissolved completelyfor
analysis.As indicatedin the exper@ental secdon, a smallamount of materialdid not dissolveon
treatmentwith acid.Table 2 liststhe mass (or acdvitj) 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.,the .
valuein Table 2) by the totalamount of thatcomponent found in allthewash solutionsand the
washed solids; the resultingfinctionwas multipliedby 100 to give the percentagevalues.

AlurninuQ ~ and Na were removed reasonablywell from the AW-101 entrainedsolids.The
Na concentrationin the finalwash solution (243 pg/rnL = 0.0106M) was essentiallythe sameas
thatinthe wash solution added (0.010M NaOH) indicatingthatessentiallyallsoluble Na-
containingcomponents were removed. Only”about 40°/0of the Crwas removed by dilute

.
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hydroxidewashing.The washed solids contained3.5WWOCr.The main elementsin the residual
solidswere U (18.5wt%), Si (17.2wd!!o),Na (5.7wt%o),Fe (4.9wWo),Mn (4.5wt%), Cr (3.5
wt%), Al (2.9wt%), and Ca (2.3wt%).

The radiochemicaldataindicatednearlyquantitativeremoval of ‘i7Csfrom the AW-101
entrainedsolids.Approximately700/0of the ‘Tc was alsowashed from the solids.The wash
solution could be processed alongwith the liquid&actionof the AW-101 LAW to remove these
ttvo radioisotopes. SrnaU&actionsof the 90Srand TRU mightalso be presentin thewash
solution.

Much of the materialfound in the firstwash solution canbe attributedto dilutionof the
kterstitialliquidratherthanactualdissolutionof entrainedsolids.Table 4 illustratesthis,The
volume of interstitialliquidin the filteredsolidswas estimatedin the following manner.FirsGit
was assumedthattheNa presentin the firstwash solutionwas due only to dilutionof the
dilutedAW-101 supemateand the 0.01 M NaOH (230 pg/mL Na) used asthewashingmedium.
The Na concentrationin the firstwash solutionwas 12150 pg/mL, of which 12150– 230 =
11,920 pg/mL is attributedto dilutionof the interstitialsupemate.Given thewash solution
volume of 16.9mL and the Na concentrationin the dilutedAW-101 supernatewas 148,500
pg/mL (Uric 1999), the volume of the interstitialliquidwas estimatedas

V= (16.9 mL)(ll,920 pg/mL)/( 148,500pg/rnL) = 1.36rnL

This valuewas then used to determinethe concentrationexpected for eachAW-101 component
expected in the firstwash solutionbased on dilution~able 4). In-manycases,the difference
betweenwhatwas expected from dilutionandwhatwas actuallymeasuredwaswithin 20’?lo,
indicatingdilutionwas primarilyresponsible.Notable exceptionswere ‘Tc, Cr, Si,U, TOC,and
TIC. Thus, thewashingprocedure appearedto actuallyremove fractionsof these latter
components.

Table 5 presentsthe massrecoveriesfor the rnajorwastecomponents. These mass recoveries
were calculatedusingthe composition of the dilutedAW-101 feed materialreported by Uric et
al. (1999). In thatwork theAW-101 solidswere dissolvedfor analysisusinga KOH fixion
method. The massrecoverieswere generallylow. This is probably due to a combination of loss
of materialduringthe variousiransfersmade duringthe test (e.g.,the transferof solids from the
faltermembraneback into thetihing bottle) and the incomplete dissolutionof thewashed ~
solids for analysis.If the latterreasonis the dominantcause,we canadjustthe concentrationsin
thewashed solids for the materialnot accounted for.

For example,based on the datain Uric et al. (1999)and the massof the sampleused, the
amount of Al in the samplewas calculatedto be 31,542 pg. Ye~ only 23,454 ~ were determined
in thewash solutionsand thewashed solids (a 74?40recovery).Thus, 8,088 pg of Al was
unaccounted for. Assumingthiswas in the undissolvedportion of thewashed solids, the
adjustedAl concentrationin thewashed solids is given by (1682+ 8088 @/(0.0577 g solids) =
169,000 @g (Note: The 1682 pg is the amountmeasuredin thewashed solids and 0.0577gwas
theweight of thewashed solids). In thismanner,the following adjustedvaluesfor the washed
solidswere determined Al (16.9wF!!o),Cr (5.5wWO),Fe (6.6wt’?!o),Mn (6.7fiio), ~d U (25.6 .
wt’%). /
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Table 6 presentsfim%ercomparisonsto the datafor the entrainedsolids reported 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.,Cs, Tc, Al,
Cr, & and Na), the percent removalsobtainedin thismanneragreedwellwith those reported in
Table 3. However in most other cases,the removalsi@icated in Table 6 appearunreasonably
high.,

5.o Conclusions and Recommendations “
.

The resultsof this testsuggestthatcausticleachingwould not provide much benefit for
processing the AW-101 entrainedsolids.Washingwith 0.01 ~ NaOH appearedto remove
> 900/0d the Al flom theAW-101 solids.There is some uncertain~ in this conclusion because
of the low massrecoveryfor Al. Takingthisuncertain~into account the Al concentrationin
thewashed solidswas 2.9 to 16.9wt%. Uraniumis a major component of thewashed AW-101
solids. Causticleachingtestwith other tanksludgesindicatedthatU in not generallysoluble in
the causticmediause (buttherearesome exceptions) (seeLumettaet al. 1996 and 199%Rapko
et al. 1995).

The Cr concentration(3.5 to 5.5wt%) mightpresentsome problems in immobilizingthe
washed AW-101 solids.Previous studieswe have done with other sludgessuggestthatcaustic
leachingmightremove additionalCr, but a betterstrategywould be to add an oxidantduringthe
washingprocess. Permanganateworks verywell, but spargingwith airor ozone hasalso shown
some promise (Rapko et al. 1996and 1998).If the HLW volume is dictatedby the Cr conten~
then an oxidativeleachingprocess is recommended.

The concentitions of the major radionuclidescontainedin thewashed solidswere 4.51 pCi
TRU/g (asindicatedby the totalalphaconcentration),2.43 pCi ‘lAm/~ 1,950 pCi %r/g and
35 pCi ‘7Cs/~ indicatingthe solids should be treatedas HLW. The washed solids represented
only 0.05wt% of the dilutedAW-101 feed material.The blendingof thismaterialwith the HLW
sludgeto be processed in F’base1 Privatizationshould be considered.The impactto the overall
flowsheet assumingtheworst-case 16.9wt% Al and 5.5wt%oCr values,should be evaluated.
Perhapsevenwith theseassumedhighAl and Cr concentrationsin thewashed LAW entrained
solids, the overallimpact of thesesolids on the flowsheetwould be minimalif lheywere blended
with the bulkHLW feed.
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TaNe1.AW-101C!amponentConcentrationsintheWashSolutionsandtheWashedSolids!)

Analyte
Ceshml-137
Strontium-90
Terhneiimn-99
Am=icimn-241
Eiropium-154
Europium-155
TotalAlpha

As
Al
Es
CM
cd
co
Cr

Cu
Fe(;)

K
La

Mg

Mn
Mo
Na

N1
P
Pb
Si(d)

Ti
u
#

Zr
TOC
TIC
cl-
F
NQ-
So,z

FirstWsab
Awlol-AQ-3oA@)

1.70E+01
3.80E-02
2.35E-02
c3E-04
<2E-03
<lE-02
c3E-04

<1.9

1090

<1.3
<12.5

<1.9

<3.1

65.0

e1.9

<3.1
1615
<3.1

<12.5
<0.6

c3.8

12150
(1.4)
(12)

<7.5

74.2

<0.6

3.03

<2.5

c3.1

410

2s0

100
7300

120

Wand Wash ThiidWash FourthWash washedsolids
AW101-AQ.5OAAW101-AQ-7OAAW1OI-AQ9OAAW1OI-AQIOO

1.14E+O0 3.15E-01 1.88E-01 3.50Et01
1.75E-02
2.53)3-03
<5)3-05
<2E-04
<2E-03
<5E-05

<0.8

89.6

(0.1)

<5.0

c0.8

cM

5.36

<0.8

(0.38)

(58)
c1.3

<5.0

(0.1)

<1.5

783

c1.5
(1.2)

<3.0

62.9

<0.3

1.19

<1.0

<13

<170

190

11

6.0
360
6.5

7.19E-02
8.06E-04
<7E-04
<8E-05
<5E-04
2.70E-04

c0.8

49.6

(0.1)

<5.0

<0.8

<1.3

1.72

<0.8

(0.65)
<100

<13

<5.0

0.428

<1.5

283
<1.5
(0.57)

<3.0

72.4

(0.03)

4.45

<1.0

(0.27)
<80

120

3

<1.4
34

<2.8

6.85E-02
3.93E-04
clE-03
c2E-04
C8E-04
2.52E-04

c0.8

38.5

(0.2)

<5.0

<0.8

<1.3

(0.47)

c0.8

(0.67)
<100

c1.3

c5.0

0.382

c1.5

243
<1.5
<5.0

<3.0

61.2

(0.03)

4.16

(0.25)

(0.25)

c80

120
2.5

<1.4
2.7

<2.8

L95E+C13
3.22E+O0
2.43E+O0
6.33E-01
7.80E-01
4.51E+O0

382

29159

2803

23050

1135

159

34%5

S63

48960
(2166)
111

2080

45494
<13

56759

7149
2045

3726
172444

332

175325

6716

74%

(0

(f)

(0

(0
(f)

(0
P04* <50 <2.8 c 2.8 <2.8 (0
(a)Fortheliquid~concentrationsforradkxmclidesareinunitsofpCi/muallother’eompenentsareinunitsofp@nL.Fccthe
washedSolidgconcentrationsfwradiamelidesareinunitsofpCi/gdrysclidqallo!herecxnponentsareinunitsofpg/g&y
solids.Valuesinpsmathesesarewithin10timestheanalyticaldeteetionlimit.
~) Therepeatedvaluesfmthemetalsaretie averageoftvmduplicateICP/AESanalyses.
(c)TheproeessblsnkhadarelativelyhighFeemtmtofO.4pg/mL.
(d)‘l’heproeesablaokhadarelativelyhighSicontentof119@nL.
(e)TheproeessblsnkhsdarelativelyhighZnumtentofO.3pghnL.
(f)Notdeterminedbecauseofaciddissolutionmethodusedtoprepareanalytesolutkn.
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Table 2. Quantitiesin EachWashSolutionand in the WashedSolids(”)

Analyte
Cesium-137
Strontium-90
Teclmetium-99
Americium-241
Europium-154
Europium-155
TotalAlpha

A%
Al.
Ba
Ca
Cd
co
Cr
Cu
Fe
K
La

M3
Mil’
MiJ

L

Na

Ni

P

Pb

Si

Ti

u
Zn
Zr
TOC
TIC
cl-
F
NQ-
Soqz -
PO.%

First Wash SecondWash ThirdWash FourthWash WashedSotids
2.87E+02 2.21EtOl 5.96E+O0 3.35E+O0 2.02E+’00
6.42E-01
3.98E-01
< 5E-03
c 3E-02
< 2E-01
< 5J3-03

<32

18407
<22

<211

c 32

.<52

1098
<32

<52

27273
c 52

<211

<10

<64

205180

(24)

(203)
<127

1252
<10

51.1
<42

<52

32086

6924

4222

1689
123277

2026

3.39E-01
4.92E-02
< lE-03
< 4E-03
< 4E-02
< lE-03

<16

1741

(1.8)
<97

<16

<25

104
<16

(’7.4)

(1127)
<25

<97

(1.8)
<29

15211
<29

(23)
<58

1222
<6

23.1
<19

<25

<3303

3691

214

117
6994

126

1.36E+O0
1.53E-02
< lE-02
<2E-03
< 9E-03

5.llE-03

<15

939
(1.2)
<95
<15
<25

33
<15

(12.3)
<1893

<25
<95

8.1
<28

5358
<28

(11)
<57

1371
(0.59)

84.3
<19
(5.1)

~ 1515
2272

57
<27
644

<53

1.22E-I-00
6.99E-03
< 2E-02
< 4E-03
< lE-02

4.48E-03

<14

685
(2.7)
<89
<14
<23

(8.4)
<14

(11.9)
<1779

<23
<89

6.8
<27

4324
<27
<89
<53

1089
(0.57)

74.0
(4.4)
(4.4)

<1423
2135

44
<25

48
<50

<844 <54 <53 <50
(a)‘Radionuclidesare givenin pCt othercompoentsare in pg. Valuesin parenthesesare for

1.13E+02
1.86E-01
1.40E-01
3.65E-02
4.50E-02
2.60E-01

22

1683

162

1330

66

9

2018

33

2825

(125)

6

120

2625
<1

3275

413

118

215

9950

19

10116

388

433

0)

@

(b)

(b)
0)

(b)

0$

componen~that werewithin 10timesthe-analyticaldete%onlimit. -
(b) Not determinedbeoauseofthe aciddissolutionmethodusedto preparethe analytesolution.
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Table 3.PercentageofEachAW-101Componentin theWashSolutionsand in the WashedSolids(’)

Analyte First Wash SecondWash ThirdWash FourthWash
Cesium-137 90 7 2 1
Strontium-90 1 0 1 1
Technetium-99 61 8 2 1
Arnericium-241 <3 <1 <7 <10
Europium-154 <43 <5 <2 <4
Europium-155 <61 <14 <3 <5
Total#dphtl <2 0 2 2

43 <32 <16 <15 <14

Al 78 7 4 3

Ba <12 (1) (1) (1)

Ca <12 <5 <5 <5

Cd . <23 <11 <11 <10

co <39 <19 <18 <17

Cr 34 3 1 (0.3)

Cu <29 <14 <14 <13

Fe <2 (0.3) (0.4) (0.4)

K 85 (3) <6 <6

La <40 <19 <19 <18

M13 <34 <16 <15 <15

Mn <0 (0.1) 0.3 0.3

Mb <43 <20 <19 <18

Na 88 7 2 2

N1 (5) <6 <5 <5

P (46) (5) (2) <20

Pb <25 <11 <11 <10

Si “ 8. 8 9 7

Ti <28 <16 (2) (2)

u 0.5 0.2 0.8 0.7

Zn <9 <4 <4 (0.9)

Zr <10 <5 (1.0) (0.9)

WashedSolids
1

97
28

>79
>46
>16

96>x>94

>22

7
88>x>85

>73

>46

>7

62

>30

97

<15

>5

>20

99

>1

1
95>X>79

47>x>27

>42

67

>53

98

>82

>83

(a) Parenthesesindicatethat componentwaswithin 10timesthe analyticaldetectionlimit
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Table 4. ExpectedConcentrationsin the First Wash SolutionBased on

Dilution of the InterstitialLiquid(’)

ConcentrationinFirstWash

Analyte DilutedSupernateo) B=~ onDilution Found DiHerence,VO

Ceshun-137 230 18.5 17.0 -8
,Strontium-90 <0.5 <0.04 0.038 -6

, Technetium-99 0.094 0.0075 0.024 213

Al
Cr
K
Na
Ni

“P
Si
u
TOC
TIc
cl-

F
NOJ

16350
56.1

23000
148500

(4.8)

323

(130)

3.22

1560 “

2155

3300

830

123000

1317
4.52
1852

11959

(0.39)

26.0

(10.5)

0.259

126

174

266

. 67

9906

1090
65.0
1615

12150
(1.4)
(12)
74:2

3.03
1900

. 410
250

100
7300

-17
1339

-13
2

262

-54

608

1067

1412

136

-6

50
-26

sod= 1850 149 120 -19

(a)Radionuclidesarereportedinunitsof @3hn12allothercomponentsareinunitsof @mL.
(b)Values@cedfiomUrie1999.Eachvalueisanaverageof duplicatemeasurements.
(c) Itwasassumedthattherewere1.36mLof interstitialliquid.Thisvaluewasdetermined
assumingtheNaconcentrationinthewashsolutionwasstrictIyduetodilutionof theinterstitial
liquidplusthe0.01M NaOHusedasthewashmedium.

10
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Table 5. Mass Recoveriesfor Key
AW-101Waste Components

Component Recovery,%
Cesium-137 78
Strontium-90 . 28
Technetium-99 71
Americium-241 26
TotalA@k 20

‘Al 74
Cr 74
Fe 76
K 91
Mn 66
P 50
u. 69

— —--
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Table6.comparisonoftheCompositionsoftheWashedAW-1OISolidstotheWetUntreatedSolids

wet ~ntiain~ solids(,) DryWashedSolids
Analyte pCi/gorpg/g Ci/gFeorg/gFe ~Ci/gorpg/g Ci/gFeorglgFe
Cesium-137 192 0.138 35.0 7.141W4
Strontium-90 151
Technetium-99 0.350
Arnericium-241 ‘ 0.25
Europium-154 <0.2
Europium-155 <0.5
TotalAlpha , 0.511

Ag
Al
Ba
Ca
cd
Co
Cr
Cu
Fe
K.
La

w’
Ml
MO
Na
NI
P
Pb “
Si
Ti
u
Zn

(90)

14500

(25)

(1700)
(35)
<44

1620
<22
1390

17200
<44

(255)

1415

<44

127500

215

(38.5)

(120)

(2200)

<22

5440

<44

0.108
0.00025
0.00018

<0.0001
<0.0004
0.00037

(0.064)

10.4

(0.018)

(1.22)

(0.025)

c 0.03

1.17

c 0.02

1.00

12.4

<0.03

(0.183)

1.02

<0.03

91.7

0.155

(0277)

(0.086)

(1.58)

<0.02

3.91

c 0.03

1954
3.22
2.43
0.63
0.78
4.51

382

29159

2803

23050

. 1135

159

34965

563

48%0

(2166)

111

2080

45494

<13

56759

7149

2045

3726

172444

332

175325

6716

3.99%02
6.57E-05
4.96E-05
1.29E05.
1.59B05
9.20E-05

0.0078

0.596

0.057

0.471

0.023

0.0032

0.714

0.012

1.00

(0.044)

0.0023

0.042

0.929

<0.0003

1.16

0.146

o.&12

0.076

3.52

0.0068

3.58

0.137

Zr (220) (0.158) 7496 0.153

Removed,Y.

99

63

74
72
91
%
75

(a)Uricetrd.1999.
(b)Pereentremoved=100*(Co-C)/CotiereCOistheFe-normalizedconcentrationintheweteentrifbged

andCis theFe-normalizedwneentrationinthewashedsolids.

88

94

-218

62

7

90

39

27

100

93

77

9

99

99

6

85

12

-123

57

9

-333

3

12
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Applicability

This test plan is to be usedto determine1)theaqueous-insolublefiction of theentrainedsolids
fromBNFLLAW samplesand2) thecaustic-insolublefractionof theentrainedsolidsfrom
BNFLLAW samples.Theworkwill be conductedintheSAL hot cells.Theworkwill be
conductedby RadiochemicalProcessingGroupstaff.Thiswork is beingdoneaspartof the
TechniealSupportto BNFLfor PhaselB projeet.

Test Objectives

JustificationThisactivitysupportsconfirmationof theprocesssequence,equipment
perilormance,anddesignparametersfor causticleachingof solidsseparatedfromthelow-activity
waste(LAW) solutions.

Objective:Thistaskwill gatherdataontheinhibitedwatervolubilityof solidsentrainedinthe
LAW solutions. Causticleachingexperimentswill estimatetheremovalefficiencyfor caustic
solublecomponentsandaid in determiningthedispositionof thesesolids.

Definitions

BNFL BritishNuclearFuelsLtd.
HDPE High-densitypolyethylene
HLw High-levelwaste
RPL RadiochemiealProcessingLaboratory

Emergency Response

In the event of building audible alarms (e.g., fire or criticality) personnel should proceed in
accordance with the RPL Building Emergency Procedure. If time permits, ensure that test
materials are secured from spilling prior to exiting the area.

Quality Control

Quality ~surance for work ccmdueted under this Test Plan is governed by the Standards-Based
Management System (SBMS). The quality control for eaeh analysis will be established uer
Quali& Assur&ce Pl& MCS-033. MCS-b33 specifies the -

.
minimum ea.libration and verification

requirement for analytical systems, as well as batch processing quality control samples to
monitor preparations (i.e., blank, duplicates, matrix spikes, and laboratory control standards).

A workplace copy of this document shall be present at the’work location. Specific information
regarding each test (e.g., sample numbers) will be recorded on the workplace copy and kept as
projeet records.

As discussed in the Prerequisites seetio~ erdibded balances must be used in pefiorrning this test.
Likewise, a calibrated temperature controller is required. The calibration ID, date of czdibratio~ .
and calibration expiration date must be recorded on the workplace copy for each balance used
and for the temperature controller.

Measured weights will be recorded on the workplace copy at the indicated spot in the work
\ instructions.

BNFL-TP-29953-9 Page 2 of 19



Hand written changes or corrections made to the workplace copy will be made by means of a
single line-out. Such changes or corrections shall be initialed and dated by the Staff member
making the change and by the cognizant scientist.

EquipmentDescription

A standard laboizdory hot platehnagnetic stirrer will be used for this test. An aluminum heating

block will be placed on the hot platehirrerto heat the sample. The apparatus will be equipped

with two thermocouples. One of the thermocouples will be connected to a temperature controller,

while the other will be connected to an over-temperature shut-off device. The latter will be used
to ensure the sample is not over heate~ which could result in lose of sample.

Prerequisites

Str&petiorming the work must read and understand the entire test plan prior to beginning work.

The following are items that should be staged prior to start of the test.

Wide-mouth HDPE bottl~ size to be determined (2)
‘ 20-mL HDPE vial (14) ~

30- to 40-rnLglassvials(2)
Hot plate/stirrer
Aluminumheatingblock
Temperaturecontrollerwithtemperatureread-out
Over-temperatureshut-offdevice
0.45-pm nylonsyringefilters(2)
5-rnLsyringes(2)
0.45-pm nylondisposablefilterunits(9)
Adjustable5-mLpipette
0.01 ~NaOH
3 ~ NaOH

The temperature controller shall be calibrated by maintenance services. Record the following

ini?ormation regarding the temperature controller used. @.Al
--~”P ~

Calibration ID: 6Lo~ 2 Ozeqq bxqoo

Calibration Date: i/mjq~ [/q~ (/9‘=i

Expiration Date: i/@O l/z&-X 1/200I

A calibrated balance is required for this test. Record the following information regarding the
balance(s) used.

Cell-2

Calibration ID: 360-ob -0[ -Olb Calibration ID:

Calibration Date: ~-2- 77 Calibration Date:

Expiration Date: 2-77 Expiration Date:

BNFL-TP-29953-9
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Work Instructions

Notes
Where practki.1, catch pans should be used when working with the tank waste sampl&,
so that they eah be recovered if spilled.

Throughout this test plan bottle, vials, etc. are labeled as” .~-n.” The labels

XX and YY are defined in the text. The tank number should be filled in the blm e.g.,
“AW101;”

Part 1. Determination ofAqueous-Insoluble Frati”on

1.1.

1.2

z~~lqq o 1.3

#-

~ /%@-101 C’LI

Obtain a LAW sample containing-5 mL of stied solids, as directed by the cognizant
scientist. Stir to homogenize the sample.

Label a disposable filter unit’(0.45-~ nylon) as ~ ‘“l -AQ-1O

Weigh A@ IDl-AQ-1O

Wt. h~l~[ AQ-10 =@,77+3 g (1.3A)

Also weigh just the bottom part of the filter unit i.e., the receiving bottle and cap -

Wt. receiving bottle&cap =&,21 {W g (1.3B)

Connect Ad 1~~-AQ-1O to the vacuum line

BNFL-TP-29953-9 Page 4 of 19
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1.7
.

c,’

Filterthehomogenizedsamplethrough ~~~1 -AQ-1O

Discomeqt fromthevacuumoncetheliquidhasfiltered

CZ!.refbllyremove the fimel part Of the app~tis from the receiving bottle. rdace the caD
on the receiving bottle and weigh.

.4 .

Wt. receiving bottle&cap = i=. Wti g (1.7B)

Save the filtered solution.

Determine the total weight of the sample . “

Wt. Sample = 1.7A-1.3A= I10. ‘o[~ g (1.8A)

Determine the weight “ofthe filtered liquid

Wt. Liquid = 1.7B-1.3B = IM. la~~g (1.8B)

Determine the weight of the filtered solids

Wt. Solids = 1.8A-1.8B = ~.o~~-o g (1.8C)

Measure out the appropriate volume of 0.01 ~NaOH as instructed by the cognizant
scientist into a plastic bottle

“Vol.Used = ~0 mL (1.9A)

Label an appropriately stied wide-mouthed HDPE bottle as ~ti t01 -AQ-20. Place a stir
bar in this bottle.

Weigh “A@Iol -AQ-20 including cap and stir bar

Wt. 4@10 I -AQ-20 = 12.47$0 g (1.11A)
~qtiLti .4

Slurry the filtered solids using a portion of 0.01 ~NaOH (volume= 1.9A+ 5); transfer
this slurry to Ad 1°[ -AQ-20 SOI:JS Sk (AA? ~[[ lb * G lb ~“~

- P.6’w(.I- w sl-~, AA da OK o-w ~~ ~~d%.

\



Determinetheweightof theslurry

1.15

‘ 1.16

1.17

1.18

1.19

b 1.20

L2i

1.23

1.24

\

wt. slurry= 1.14A-1.11A= I ~“~~@-g (L14B)

Equip AUJto I -AQ-20 with a condenser, then place in an aluminum heating block at
85°C

Stir the sample in kwlot -AQ-20 at 85°C for a minimum of 8 hours

Start date/time: ylL1/$’7 IX” 20

Stop date/time: Z/I I /qq 075 I

Allow to cool to ambient temperature c/ ~0wj

Remove the condenser and replace the original cap on Adl”l -AQ-20.
Weigh 4 LUIOI-AQ-2o

V/t. A@lo( -AQ-20= 30,7198 $3 (1.18A)

Determine mass loss due to evaporation

Wt. Lost= 1.18A-1.14A= o “S-277 g (L18B)

Label a disposable filter unit (0.45-pm nylon) as A@lol -AQ-30

Weigh A-@Iot -AQ-3o

wt. ~~l?l AQ-30 = b5 */#3 ~ (L20A)

Also weigh just the bottom part of the filter uni~ i.e., the receiving bo@e and cap

Wt. receiving bottle&cap = +1.9176 g , (L20B)

A&
Connect W 1~1-AQ-30 to the vacuum line x. b 4.1[ ;A ~ [+ {..-(. *’L

@ IXd 1+ d
Filter the wash slurry

rind d:% a S-11

4w’-o@-$ y 2.01 g Mkou, -(f-t A.c.e @=s

~uo- -la Qlcuf- :- * 414’- G“*’

Disconnect from &e vacuum once the liquid has filtered
d -$- ~dlrd +t-oy~ J- ‘cq”~”

IL pA-QAU Jfk d-p 1+23 “

Place the cap on the top of the filter unit and weigh AUXDl-AQ-30

wt. Adl~l AQ-30 = f~” ‘~~ g (1.24A)

Carefilly remove the fimnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.

Wt. receiving bo~e&cap = ~q” Z7q~q (1.24B)

Transfer two 10-mL aliquots of the filtered solution to clean 20-mL HDPE sample vials
labeled as l+w[oi -AQ-30A and @@\ -AQ-30B.

q.@-
.@as
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1.25

1.26

1.28

1.29

1.30

1.31

,

1.32

1.33

1.34

1.35

\

ckc~ =& 12s.~r ~ 2/12/qq

rue M’& a< Ads ●

Note: Monitorthesolutionafter-24 h to determineif anysolidsform. A,ki-.

Determine the totalweightof theslurry

Wt. Slurry = 1.24A-1.20A= I r“ ‘~ $ ~ g (1.25A)

Determine the weight of the filtered liquid

Wt. Liquid = 1.24B-1.20B = 1‘“ q 61q g (1.25B)

Determine the weight of the filtered solids

Wt. Solids = 1.25A-1.25B = 1.3 13’+ g (1.25C)

Measureouttheappropriatevolumeof 0.01~NaOH as instructedby thecognizant
scientistintoa plasticbottle

wt. ~l,olol -AQ-20 = —- g (1.28A)
~ymLau~

Sluriythe filtered solids using a portion of O.01~NaOH (volume = 1.26A+ 5); ~fer
this slurry to Adlo I -AQ-20 Hal-e: Sb\:d& & 4 ~i~ 40 >la~v~* Lbve[uz s+ 1.J21.

Repeatstep 1.29fou~timesto ensurecompletetransferof thesolidsto A41o) -AQ-20

Weigh AwIo[ -AQ-20

Determine the weight of the sl~
~+k

wt. SIUITY=1.31A-IA?8A= ‘~”zz~~ g (L31B)

Equip Awl 01 -AQ-20 with a condenser, then place in an aluminum heating block”at
85°C :

Stirthe sample in A~1 ~1 -AQ-20 at 85°C for a minimum of 8 hours

Start datehime: ~/V9 ~ ~ IL:OO

Stopdate/time: 2- JZ.fq 07;42

Allow tocool to ambient temperature ‘1o~.+

Remove the condenser and replace the original cap on AWOI -AQ-20.
Weigh ~~1~1 -AQ-2o

Wt. @lo\ -AQ-20= 31,5136 !3

BNFL-TP-29953-9
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Determine mass loss due to evaporation
\

1.36

● 1.37

1.38

Z./l~/: 1.39
\$a

1.40

1.41

1.42

1.43

wt. Last = 1.35A-1.31A”= ~.19 I4 g (L36B)

Labela disposablefilterunit(0.45-pmnylon)as Mfol -AQ-5o

Weigh Ad lot -AQ-50

Wt. A~lo~ AQ-50 =~s,ifl++ g (1.37A)

Also weigh just the bottom part of the filter uni~ i.e., the receiving bottle and cap

Wt. receiving bottle&cap = A fIO23 g (1.37B)

Disconnect from the vacuum once the liquid has fltered

Place the cap on the top of the filter unit and weigh A-MW -AQ-50

wt. AJ[o( AQ-50 = l?r.~ I&P ~ (1.41A)

Carefi,dly remove the fimnel part of the apparatus from the receiving bottle, place the cap .
on the receiving bottle and weigh.

Wt. receiving bo~e&cap = ~1“s-”c~ g (1.41B)

Transfer two 10-mL aliquots of the faltered solution to clean 20-mL HDPE sample vials .
labeled as ~titol -AQ-50A and A@ol -AQ-50B.

p~ll~ eP~ -~~ c-+ [ l~%oo-. VIZ WI, LJP l-c{+ -A-J~’3 SJJII’A :h AQ. @ , .ra # ‘k

Note: Monitorthesolutionafter-24 h to determineif anySOlidSform. ~A4 ~ a-’--~ e
S.1 f~s. ~+. b- ;~ c~\ .

Determine the total weight of the slurry ?/J7/q Io:od Ehcti Sk. /.
AWOI-J+Q-.5O

wt. sky = 1.41A-1.37A= YO.1 3~ Yg (1.42A) ~$-~~.”

Determine the weight of the filtered liquid
@ ?d~P ‘

,> &
,, . + M ~+.

Wt. Liquid = 1.41B-1.37B = lh. J-‘q ~ “ *;:.~ (1.42B) ~.s -
k K@’-

Determine the weight of the filtered solids
.-

A.YLS
+P~

Wt. Solids= 1.42A-1.42B = ~.Z103 g “ (1.42C)

Measureouttheappropriatevolumeof 0.01 ~ NaOHas instructedby thecognizant
scientist into a plastic bottle

Vol. Used = za mL (1.43A)

ML.
+zl~q

BNFL-TP-29953-9 Page 8 of 19
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1.45 Weigh A@WI -AQ-20

wt. Ad Iol -AQ-20 : lz.6oo~ ~ (1.45A) .
*4A GA

1.46 Slurry the filtered solids using a portion of 0.01 ~ NaOH (volume = 1.43A + 5); ~fer
this Slurry to A@lcX-AQ-20 w

1.47 Repeatstep1.46 fourtimesto ensurecompletetransferof thesolidsto ~toi ‘-AQ-20 “

1.48 Weigh A@ 101-AQ-20 ‘

(1.48A)

Determine the weight of the slurry

1.51

1.52

1.53

b 1.54

1.55

z$i~j 1.56
,6

1.57

Equip A@lol -AQ-20 with a condenser, theQ,place in an ahuninum heating block at
85°C

Stir the sample in AvJlO\ -AQ-20 at 85°C for a minimum of 8 hours

&iUtdak/thUtX z-IL-99 //:13atn

stop datdtime 2-17.qq C7:4Z ah

Allow to cool to ambienttemperature-Zk~

Remove the condenser and replace the original cap on A@o[ -AQ-20.
Weigh AWIOI -AQ-20

(1.52A) ‘

Determine mass loss dueto evaporation

Wt. Lost = 1.52A-1.48A= o “~6X g . (1.52B)

Label a’disposable filter unit (0.45-pm nylon) as AWOI -AQ-70

Weigh AW@I -AQ-70 /

wt. Adl”f-AQ:70 = 65. 24’5q g (1.54A)

Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap

Wt. receiving bottle&cap =Az,I154- g (1.54B)

Connect ~~1 ~ I -AQ-70 to the vacuum line

Filter the wash slurry
+ ~., SK- ~ .:.d d:+%

c ~ *L 0.01 g A@.

Disconnect from the vacuumoncetheliquidhasfiltered

A*4‘“
BNFL-TP-29953-9 Page9 of 19 =j\7P~
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1.58 Pla~ the capon the top of the filter unit and weigh ~~i 01 -AQ-7o

wt. Adlof AQ-70 = ~s-”J-I~ g (1.58A)

Carefhlly remove the fimnel part of the apparatus from tie receiving bottle, place the cap
on the receiving bottle and weigh.

Wt. receiving bottle&cap = c1”o@o g (1.58B)

Transfer two 10-mL aliquots of the filtered solution to clean 20-mL HDPE sample vials
labeled as A@o f -AQ-70A and ~~foi -AQ-70B. (+., l.e~ WOA LIJ~ : ~ ~Q-70

@ &bS&J&&.)

Note: Monitorthesolutionafter-24 h to determineif anYsofidsfem. ~Wq~ g’+ ‘B ‘a’:d~
:R pdl,l.*B- -x

1.59 Determine the total weight of the slurry L-6A *’&’” #-
~ ~wIoI -A-Q”*B

Wt. Skry = 1.58A-1.54A= z“. @7 g (1.59A)

Determine the weight of the iiltered liquid

Wt. Liquid = 1.58B-1.54B = l? ● ax~ g (L59B)

Determine the weight of the filtered solids

I Wt. Solids = 1.59A-1.59B = I”~ ‘Ml g. (1.59C) ~

1.60 Measureouttheappropriatevolumeof 0.01 ~NaOH as instructedby thecognizant
scientistintoa plasticbottle

Vol. Used = ‘o nil. (1.60A)

1.62 Weigh A~Io\ -AQ-2o s

wt. A~l~l .AQ-20= 17. $91s”g “ (1.62A)
S-XW*L

1.63 Slurry the filtered solids using a portion of 0.01 ~NaOH (volume= 1.60A+ 5); transfer .ltK

this slurry to/4@l 01 -AQ-20

1.64 Repeat step 1.63 four times to ensure complete transfer of the solick to A~’”1 -AQ-20

1.65 Weigh W1OI -AQ-20

Determine the weight of the slurry

\
Wt. Slurry= 1.65A-1.62A= 17.3991 g (L65B)

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

Z10IQ%
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. .

1.67 Stirthesample in AU(OI -AQ-20 at 85°C for a minimum of 8 hours

1.68

1.69

1.70

- 1.71

1.72

1.74

1.75

\
1.76

Start date/time: vi 7 /$q )j$os-

Stopdate/time: 2- Ig-$9 67:42

Allow to coolto ambienttemperature 1Ah,

Removethecondenserandreplacetheoriginalcap on AtiIU/ -AQ-20.
Weigh #101 -AQ-2Q

wt. /4df~l -AQ-20 = 31.7+7 I ~

Determine mass loss due to evaporation

(1.69A)

Wt. Lost = 1.65A-1.69A= o “ZZ3s-g (L69B)

Label a disposable filter unit (0.45-pm nylon) as M1OI “-AQ-90

Weigh AUVOI -AQ-~0. .

Wt. A~jol -AQ-90 = 6fj,2L34 ~ (1.71A)

Also weigh just the bottom part of the filter uni~ i.e., the receiving bottle and cap

Wt. receiving bottle&cap = 42.0873 g (1.71B)

Disconnect from the vacuum once the liquid has filtered

Place the cap on the top of ~e filter unit and weigh Au@ -AQ-90

Wt:&~rOl - AQ-90 = g~o‘W g (1.75A)

Carefilly remove the fimnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.

Wt. receiviug bottle&cap= fl .qj-~q g (1.75B)
~ ;&

Transfer two 10-mL aliquots of the filtered solution to clean 20-mL HDPE sample vials ~~~.~oki 1’6
labeled as ~w/o I -AQ-90A and 4@wl -AQ-90B. -fia.%~

;-*,$+ *HP.
~Lw

Note: Monitor the solution after -24 h to determine if any soli~ form. W

d

‘,..V
,. &/z1/ ~(’ < Jv”’

Determine the total weight of the slurry
-$” :

/-1’,0- .~ ~>. “

— -.-—.--. —..-. .-—.. -.— .
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@t
q Id

1,77

1.78

1.79

1.80

. 1.81

1.82

1.82

1.83

1.84

1.85
.

1.86

1.87

\

Determine the weight of the filtered liquid

Wt. Liquid = L75B-1.71B = ‘n” ~L~l g

Determine the weight of the filtered solids

Wt. Solids = 1.76A-1.76B = 1.Iz ~3 g

Label a glass vial as A~@l -AQ-1OO

Dry &DIol -AQ-1OOat 105”C for a minimum of 1 h c$;4S+ l’:%

Cml ALO1~1-AQ-1OOto ambient temperature in a desiccator

Weigh tiIOI -AQ-1OO

Wt. h~lq -AQ-1OO= /b,$kL7c) g
~x~sL

(1.76B)

(1.76C)

(L80A)

Heat A@lCJ1-AQ-1OOat 80°C to evaporate excess water

Cool 14@WI-AQ-1OOto ambient temperature in a desiccator

Weigh. P# @l -AQ-1OO

Wt, ~~1~1 -AQ-1OO= 14,69+7 gca~ (1.85A)

Determine the dry weight of the washed solids .

Wt. Dry Solids = 1.85A-1.82A= ~.b<vva g(l.86A)

The washed solids are to be submitted for analysis. The cognizant scientist will prepare
the required ASR.

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

RequestedBy:Greqq J. Lumetta da Ij. 2/ 18/97 376-6911 -
Print Name

P7-25
‘Signature/Date Phone ~

Requester- Please CompleteAll Fields In This Section, Unless Specif id “Optional- or ASR is a Revision

Request IO (optional):

PHL Project Hwnber (if known):, z~qrz

Work Or&r/Pkg.:
CG>

Ust Estimate ($):

........ ......,,>y,y,.,:.:.:,:,,y<,,:.fi.:.:..... ......... ............,,<.,<+... ..............
..... .....>...,:,>.,....... ...y.,.,.,+%:,y,:,.:..,:!,/,:.fi.:*m..<::::::~,A,:.:.:.>+%,..;:=,:,,:K*:,..:.:.,.,,.,.,<,,7,...<,

.......$/. J. ./W..YW!W.<.+........ .. ....,:,:.<</<,.:.,.>,:.:,J,*.:..V. ............................ .......: : :.~..~::;:...fz.......Wyy,;tifi.:~.y.y,,,,.,.,,/ .,#,:j..... .,.,. , . ... / ..../.+..+..../.+i............................ .. ..... ............ ........... ..................................... ... ................... ....

Protocol Requirement: ~one _RCRA _CERCLA, or

Other (specify):

Hold Time Requirement: None _RCRA _CERCLA, or

Other (specify):

~MizxJ,~#yz;w:wTiv;<wm<$fl*wfi?f7<F::<y<&"`'`".'*''`.'```''fi'````"'w`<w"'"'.> .......,.+<.x+.:.:.:+:/.:,:,:<+:.:..+:::::., ,,4,,,.WY’ WA##,,...../..&+Y...../..r>/-w/..~>,?.>Y*>,,,....,..,..,..,,,,-,..J,,.V.A.....,,,,.+,,,,,.+,......................

TPA Support: ‘ , XNo, or

Other ACL QA Plan (specify):

Additional QARequirenmts: _No, or

Hatrix: #ampl es vary (specify on Request Page), or

Liquid: _Aqueous _Organic _Multi-phasic

- Solid: _Soil _Sludge _Sediment _Glass

_Filter _Smear _Metal _Organic _Other Solids

Solid\Liquid Hixture: _ Sas: _ “

Biological: _Tissue _Urine _Feces .

..~~.......==~fl<fi~*~$...!f.:::;~>~<.~:wflwxx:.::;:;.:.x..*.:,jj+*<.,q..:+,,A.,..%..%.,..,..A,.........................................................>:.>>:..w.\.>........W..f+::y<.~r.-.n?<tw~:$:+,+,:,,,,.,+..,.,,,.,,....,....,.<+.’?..,......,..................

Processkmwledge: _~ample Information Check List, or

Reference Dec.:

PCBS Present: _No _Yes

S~le Disposition . . .

Untreated Sample(s): _Return _Dispose ~StoreO or

Reference Dec.:

Prep’d Sample(s): _Oispose _Return store, or

Reference Ooc.:

M.:::::,::::.:.:+,.,.:+:.,,.,.:..,.,,—..+*-+.+..,-- ...—-*WXWX.::W.. ............... ......... ,,., .. ., ..... ............-,.,W<~~~$~~x .,:,:,:.:,,......... . ..,,. ...... ,..,.x.,.>:.:.,:,.:,,~::,. :~.:~............ ,....... +-++WWWW+. ................................ .........:.$:Y..:).:x+:.:.:<&:.;.:.,Y...................... ................. ......................................................................

Additional Instructi ens: &No, or

Reference Doc.:

.................................................y= !,.::::y>y>..:::f~.................... ........................=,x,:.>>..,......>.S::::,::::::V,::W.:.:.X+:.:.+,..,.,.>, ...................................’...::,!:..,.::.,..................:.::..,::..,.:............~,>..:,:+:.:.>:,:.:.:.~+:.....:>:~..:......,x.{:,1<:W::::j::.:.:;..........w.:>......>....>...:.:>..>::::;.:...;:........................>.......s.:.+;$:.;..:.:.:..>.>..>

Oate Report Req’d: (b)

Send Report to: G. J. Lumetta

MSIN: P7-25 Phone:

Fax (optional ):

For ACL Use Only . . . Do Hot Canplete This Section

Oate.Oelivered: Job Group (optional ):

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

Oeliv. By (if known): PNL Impact Level: –1 –2 –3

Received By: DQ Review Req’d: _No _Yes ACL Waste: _No _Yes

~ Resp. ACL flgr~: ASR Number: Revision: _Yes

Signature/Oate: ACL Numbers:

1.

@.> icPIA~S -@’ ~ %’ 31s-15q
Cfl) L0q~~8L +0 stipb~ ,&4JloJ-saL-20#41 - /wlol-sdL-~o~7.

All *S q/2/qq ,

ti~ewi J+ *II O*S

,“... —



AW101 Samples
“Laser

Acid ‘KOH Na20z “It” ICP-MS Total Fluorimctry
SampleID Description Digestion Fusion Fusion ICP/AES (anions) TOC TIC (WTC) GEA 90Sr Alpha (U)
AW101-SOL-3OA1 AWIO1Liquid

.— —
x x.x T-X- x -X-T x x

AWIOI-SOL-30A2 AW101Liquid x x x Xxx xxx x
AW1OI-SOL-4OAI AWIOILiquid x x x xxx xxx x
AW101-SOL-4OA2 AW101Liquid “ x x Xxxx xxx x
AWIOI-SOL-50AI AWIO1Liquid x x Xxxx xxx x
AW1OI-SOL-5OA2 AWIO1Liquid x x x Xxx xxx x

AWIOI-AQ-30A AWIO1WashSolution x x Xx’xx Xxx x
A v , . . ,

‘. l=! . . A A A A A A 3(Q)

AWIO1-AQ-50A AWIOIWashSolution x x Xxxx xxx x.tl~ 1? v v v v -v v v v v
7. (4)

AW1OI-AQ-7OA AWIO1WashSolution x x x Xxx xxx x
, v ., Y. vlon A x A A A v y c<}ix A.

AW101-AQ-9OA“ AW1OIWashSolution x x Xxxx xxx x’
v vA YF A v v x x -X > (4)

AW101-AQ-IOO WashedAW101Solids x’

—.-.. . . . . . . -___-_+- .—_.._..___ T_......_____________., . .



ASR 5275 Addendum

GreggLumetta
March16,1999

SampleAW101-AQ-1OOhasbeendissolvedin acidfor analysis.The solutionwiththedissolved
solidsis labeledas AW101-AQ-1OOD.Thesamplematrixis O.lMHC1.

AW101-AQ-1OOD needs to be subjeeted to the following analyses:

ICP
ICP-MS ~C)
GEA
%r
Total alpha
Laser fluorimetry (U)

\“

..... . . .. . , -nv,, --..-.,-w,-.--’ - . , ., “ . . .,,.,, ... .....----



.(+7%. .;,+ ........ .. . / . ... . .... ............. . .,>>,,+.... .,-.+ly7’Wwwmy’ . . . .. ... ... . -----~fl~~:E%a8&aw@Kegwawfi:i.:*1..:.....,..,,,/jj*....J./;~~:~~::~~: :& .
--W=.X+..>?WWX.*3?EF?>V%

:.,..::.:..., .x+:+:,:,:.:::.:::::::::>::.:.:.:.:...:.:.:.:.::+:,:,,.:,:.:.:,:...:,,................................. ..... ... ..:.....:.:....,+,...........,,,.................. .....x ,:.:.:. ; ,:,: :,:,:,:,:,: .y, . . . . . . . . . . . . . . . . . . + x.,.,,.,.,.,.,:..#,f<,..,..:..,,,.,,::::..:..:.:y.y..:.:;..::jfi.::.::,:;;..:;:.:::;;:..:..:..:..:..:.:.....~.::.:::,:.,:.:::~;.................... ..................................................................................................‘+.. ......... .. ,:....:.*.::::: .:.::::,,, ,.,.,.,........ .................................. .. ........... . ........... .. .. .. .
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From: MJohnson@bnflinc.com
Sent: Monday,March01,19997:45 AM
To: Lumetia,GreggJ; PTownson@bnflinc.com
Subject: Fwd[2]:AW-101Testing

Gregg - I concurwith your recommendation for analyzing the -0.058 gramsofAW-101 solids
remaining after washing.
Please proceed with dissolution of the solids in acid and conducting analyses for metals and
radionuclides per Table 6-1 from BNFL letter 000749 (Revision to Ultrafiltration /Solids
Dissolution Test Specification. I understand there is insuffhent solids to accomplish these
analyses in duplicate. I also understand there is insufficient solids conduct the requested anion
analyses.

Michael Johnson
Fonvard Header

Subject: AW-101 Testing
Authoc “Lumetta Gregg J“ <greaa.lumetta@. Pnl.ao*

Date: 2/23/99 2:23 PM

Paul:
This message is to u@iate you on progress made and to seek your counsel on a technical issue
we’ve encountered.
First, the volubility versus temperature test with the AW-101 IAW sample was completed. This
test proceeded according to plan (test plan BNFL-TP-29953-7) with no problems encountered.
The samples from this test have”’been submitted for analysis.
Second, the washing test with the AW-I 01 LAW entrained solids was also completed. Again, the
test when according to plan (test plan BNFL-TP-29953-9). Samples of the washing solutions
have been submitted for analysis.
However, here’s where the problem comes in. There is only a small amount (0.058 g) of residual
solids remaining. With this small amount of material, we cannot perform all the analyses originally .
planned, much less do them in duplicate. So the question is How should we proceed with
analyzing the solids?
My recommendation would be to dissolve the solids in acid (HCI with perhaps HN03 or HF
added, as needed). The resulting solution could then be analyzed, but we could not analyze for
the following constituents: TOC, TIC, Cl, F, N03, S04, P04 (although we would get the total P
concentration by ICP).
I’ll await your advice on this matter. “

Gregg

D=.--===
RFC822.TXT

. . . . . . .~-m T-,—-,,.-=- >. . . . . . ,,.., ,. , ...?. -- . . . . . . ..- ------ . .



Protocol for Dissolving Sample AW101-AQ-1OO

Purpose

The quantityof residualsolidsfromtheAW-101 LAW entrainedsolidswashingtestwas such
thatthefill suiteof analysesrequestedby BNFLmuldnotbe completed.Therewasnot enough
materialto do theKOH andNaz02fisions. Thepurposeof thisprotocol is to dissolvetheresidual
AW-101 solidsfor ICP/AESandradiochemicalanalysis.

#Q$

\
Instructions

5.

6.

7.

8.

9.

\
10.

Heat AW101-AQ-1OO at 105”C for 1 h ~~ II:1$’aJ~-12t45P.

Cool AW101-AQ-1OOin a desiccator, then weigh

Wt. AW1O1+-AQ-lOO= 1&,$379k g (2a)

Add 5 rnL of concentrated (12 ~ HC1 (Ultrex-grade) to AW101-AQ-1OO

place the cap loosely on AW101-AQ-1OO and heat in tie ahuninum heating block at %7 c,~~~$t/”0
90”C.

Occasionally, tighten the cap and swirl the vial to contact the acid with the solids on the
wall of the vial. Loosen the cap and continue to heat.

Once all solids dissolve~ remove the cap from AW101-AQ-1OO and evaporate to dryness [Gdfiea-~-fi(
at 90”C.

.

~HCl to AW101-AQ-1OOto dissolve the sample.

Transfer the solution to a volumetric flask.

Add another 4 mL of 0.1 ~HClto A -AQ-1OOto rinse the vial; transfer this rinse
liquid to the volumetric flask.

Repeat step 8 three times for a total of 4 rinses of AWIOl- 00. Note: Do not discard
vial AW101-AQ-1OO. id

g-f+ 7 - ‘o “c””
A f’w.

b> e
..4. /

31W%

-— ...,-.. ..-. ,.



Note: Take measures to ensure bottle AW101-AQ-1OOC is free of external removable
contamination when removed from the hot cell.

Use five 5-mL aliquots of O.1~ IIC1 to quantitatively transfer the material from ~ ~.12- ?7
AW101-AQ-1OO to AW101-AQ-1OOC (a 30-mL HDPE vial).

/ 8.

L/ 9.

Remove AW101-AQ-1OOC fiomthe hot cell.

Provided the dose rate (at 6“) is less than 3000 mre~ transfer AW101-AQ-1OOC to lab
511.

* 1723 Mr

sh~f- I:% pb 3-12,-?qHeat AWIO1-AQ-100 at 105”C for 1 h .

~~p 3:3DPW I*
Cool AW101-AQ-1OO in a desiccator, then weighJ 11.

Wt. AW101-AQ-1OO= 1~,77 $7 g (15a)

Determine the weight of the solids/2.

Wt. solids =2a-15a= ~“lmo’ g (15b) .

I

I/
I

l%.

3’//wi’i

\
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BatteUe

A0517
03/15/99
ASR5275

ALO#=

Client ID=

Det, Llmlt Run Date=

(u@mL) (Analyte),,,?0,,... .......................!......... ..... ....,,,
0,015 Ag

0.060 Al

0,060 Aa.............................................................
0,050 B

‘ 0,010 Ba

0.010 Be.................................... .......... .............
0,100 Bi

0,100 Ca

0,015 cd..................................... .......................
0,100 Ce

0,025 co

0,020 Cr....... ....... ..... ................... .......... ......
0,015 Cu

0.050 DY
0,100 Eu........ . .................. ...............................
0.025 Fe

2000 K

0,025 La.... ........... ............................................
0,005 LI

0,100 Mg

0.005 Mn......... ...................................................
0,030 Mo

0,100 Na

0,100 Nd

0.030 Nl

0,100 P................ .... .................. ... ...............
00060 Pb

0.300 Pd

0.300 13h................. .................................. ........
0,075 Ru

0.050 Sb

0.050 se................. ...........................................
0,100 SI

1,000 Sn

0,005 Sr........................................... .................
0.600 Te

0,800 Th

‘ 0,005 TI.............................................................
0,260 TI

2.000 u

~ 0,015 v............ ............... ................................
0.600 w

0.010 Y

0.020 Zn..... ....................................... ...............
0.025 Zr

PNNURPG/inorganic Analysis ... ICPAES Data Report Page 1 of 3

lCP/EQL

435

(ug/mL)

0,8

3.0

4.0

2.5

0,5

0,5

5.0

“5.0

0.8

5.0

1.3

1.0

0.8

2.5

5.0

1.3

100.0

1.3

0.3

5.0

0.3

1,5

S.o

5.0

1.5

5.0

20

15.0

15.0

3.8

2,5

2,5

5.0

50.0

0.3

25.0

40.0

0.3

12.5

100.0

0.8

25.0

0.5

1,0

1.3

lCP/EQL

G#12.5

(ug/mL)

1.9

7.5

10.0

6.3

1.3

1.3

12.5

12.5

1.9

12.5

3.1

25,

1.9

6.3

12.6

3.1

250.0

3.1

0.6

12.5

0.6

3.8

125

12.5

3.8

12.5

7.5

37.6

37.5

9.4

6.3

6.3

‘ 12.5

125.0

0.6

62.5

100.0

0.6

31.3

250.0

1.9

62.5

1.3

2.5

3.1

lCP/EQL

@so

(ug/mL)

7.5

30.0

40.0

25.0

5.0

5.0

50.0

50.0

7.5

50.0

12.5

10.0

7.5

25.0

50.0

12.5

1000.O

12.5

2.5

50.0

25

15.0

50.0

50.0

15.0

50.0

30.0

150.0

150.0

37.5

25.0

25.0

50.0

500.0

2.5

250.0

400.0

25

125.0

1000.0

7.5

250.0

5.0

10.O

12.5

Filtrater
Wash

Solutions

MRQ

(uglmL)

75.0

78.0

150.0

75.0

30.0

15.0

17.0

.150.0

75.0

35.0

160.0

150.0

90.0

75.0

30.0

300.0

170.0

17.0

600.0

16,5

T 50.0 50.0

9-1151-PB @l 99-1151 @2 99-1152 @i

vrocesa Blank A WIO1-SOL-30A1 A WIOl-SOL- 30A2

3n 5/89 3/15/99 3/15199

(ug/mL) (ug/mL) (ug/mL)

[0.81] [0.77]

U.3] 17,600 18,300

[12] [12]—... —...-. —“.. . ,..”...”....””....”,.”
112 95.9 71.2

[1.5] [1.6]—— .. .. .. . ..... ..............

~ [9.3] [11]
-. [2.1] [2.0]..—. . . ...”.-” .-”.” . . ........ ............... ..........

=1””-”’-”--t”-””””””””
---+ t+-i K---i

m._...__Ga.._”a._...”....”..m .........................”

+ W“--.-”.-..s...............=1”””--””-”I%B
=—””M–---”--””””””&-”””

=1--=-”E3--””””

Data (1) from Book3 3/16/99 @ 1:43 PM
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Battelle

‘ A0517
03/15199
ASR5275

Multiplier=

ALO#=

C1/ent ID=

Det, Limit Run Date=

PNNURPGLhorganic Analysis .,. ICPAES Data

ml== r 50.0

99-1155 @2

A W101-SOL-4OA1 AW101-SOL-4OA2 , A W101-SOL

3/15/89 I 3n5/99 I 3n5/99

(u@mL) (Analyte) (ug/mL) i I,,,,,.”......... ............................ ..... ...... I I (ug/mL) (ug/mL)

:: &:-&:-&!..o........................ ...............................

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

b

I l-l 1-
0.100 Ca [11]

0,015 cd,,,,,.,,.,.,,,,........!.................................... [2.1] .“,

‘ 0,100 Ce I -;”””=---””””=
0,025

0,020 . : M..# .... ...”””...”E+..””......._......E............. .. ................................... .......

E : H“----”H-”-E”-E............................................................
0,025

: kd---””””””””kdk””-””””tiiiiiii

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

0,100

0,005

: R:-:::=:::::k

.................................................... .......
0,030

0,100

0.100 Nd l-l l-l 1-
0.030

0,100

~: w ~ HH”----””&

............................................................ ..........................
0,060

0.300 1-
0.300

: &h-””””-””””’”-””””w-”-”-””””-”-=

............................................................
0,075

0,050

0,050 ‘e lJEd ...............".........lJMd...."...."......."...M.... .... ..... ............................................

E i B“”ooB----R............................................................
w,””” ,,,

I
--

4 I I I
0,005

‘: =“”””””””””””””””””””””””=’”””-”””””””””=

........... ...... .........................................
0,250

2,000

“ 0.015

~ w“””””””””””””””””@f””-”””””””””-””-”””””&

.....................................................
0,500

0,010

0,025 Zr I p.o]

. .

Repoti Page 2 of 3

50.0 12.5
99-1156 @2 99-1157 @l

~ A WIOl-SOL- 50A2 AW101-ACX

3/15/99 3/15199

(ug/mL) (ug/mL)

[0.82]

18,700 1,080

[11] ._
—“... ”....-. ... ... . .. ... . . .

94.7 31.3

[1.6] . ....—”---- —.” ——

[10]

. .... . ..... . . ... [2.0] .. .........”.. ””.....”,.

-.

66.8 64.4. . . . ..... .. .’ . .. ... . . .. .
[1.5]

. . . . .. .. ..“ .. . . .. .. . . .
[4.2]

26,000 1,590

. .. ........”-””...., .. .. . . . . .
[0.40]

.. . . . . ... -———

146,000 12,000. . .. .. ... . .. .. .. ... . . . . .. .....,

[5.5] [1.4]

364 [12]—“.- ... .. . . . . ..
42.0 [3.3]

._
,“. .. . . ..”-”...~ .. . . . .. .....

[4.9]
-.

[5.0]-“-” . .... ..”.. -......” ——. ..
269 79.8

[87’1

.. . . ....... ... .E“E..........“.” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

v

[6.7- .... .. ....”.”””.. .. ... . .. . . . .
~.1]

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

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

. ... .. ........ ...”...
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Batielle

A0517
03115199
ASR5275

Multiplier=

ALO#=

Client ID=

Det, Limit Run Date=

PNNURPGlhorganic Analysis ... ICPAES Data Report Page 3 of 3

m
99-1157-DUP @l 99-1158 @l I 98-1159 @l I 99-1160 @l I

A W101-AO-3OA-DUP A W101-AO-5OA AW101-AG7OA A W1OI:AG9OA

3/15/99 I 3/16/99 I . 3/’t5/99 I 3/15/99 i

0,060 Al ~1

(u~mL) {Analyte) (ug/mL),,,.,.,.,..,........................ ,.!............ ....” I (ug/mL) (ug/mL) (ugJmL)

0.015 Ag

69.6 49,6 38.5

0,060 As m.., .. . ... .......... ... ‘- L.. .... ................. -. ..”-- ....”..”..””.‘-: .. ... . .. . .. ............... ... ........................ ................
27.4 27.5,0,050 B

KBB : “ “

29.6 27.5

0.010 Ea [0.094] [0.066] [0.15]

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

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

0,100 Ca

0.015 cd............................................................ ..........................
0,100

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

0025 co

0,020 Cr 65.6 5.36...... . . ..... .................. ......... ....... .... 1.72.... ... . .. .. ....... .. .. . . ..... ....... . ... .... . ... [o.471 ..-..— —“.
0.015 Cu

0,050 w-
0,100 Eu............................................................ ..........................
0,025

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

.. ... “....— ... . ..—...-.-
[0.36] . [0.65] . [0.671

;’~K~l:F~F~:;....................................................................................................................... ..........................
..........................................................

I
–.

I I I

0.300
:: ~l.." . . .............l~l.." .. ...... . .... ...[+.".." .. .....Jy~ .-.--.”----,,,,,.,,",..,#..,!,#.,,.,,,.,..!,!,,!...#..!.........ee.!!.

0.075

: i E:R::R;:E:
..e?.?.....?......!o!.........o!oo..o!...##..##......o#c....

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

............................................................
0,250

2,000 : H’-’’-”-’

0,015

v a“”--ooB-”-oB-”oo---B-” ------

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

0,010

0,020

~ Hoocw”owo--o”

.......................................................... .
0,025 H[0.25] .—...” .. . . .. . .

[0.25]

.

\

Data (1) from Book3 3/16199@ 1:43 PM
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Battelle PNNU325 Bld@RPG/’horganic Analysis . ..
# ICPAES Data Report

Project: 29953
Clienti , G. J. Lumetta “

.

.“
----------------------------------------- .--.----

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

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

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

Total Samples: 3

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

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

Analyst: J. J. Wagner
,1

Analysis Date (Filename): 4-22-99 (A0524) and 4-27-99 (A0525)

U!w
\

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

I
M&TE Number: ICPAES instrument -- WB73520 /

MettIer AT400 Balance -- Ser.No. 360-06-01-029
/

{“” -“--)

“ Y’-+----- 5-” ‘7”77
~< R ewed by

Concur

Page 1



Battelle PNNU325 Bld~RPGllnorganic Analysis ...
ICPAES Data Report

One radioactive solid sample AN107-AQ-1OO(ASR 5319) was analyzed by ICPAES after
preparation by the 325 Shielded AnaIytical Laboratory (SAL) using two fusion preparation
procedures: P~-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 diIuted to a final volume of 50 nd. Additional dilution, up to 10 fold,
was performed during ICPAES analysis. All m~urement results reported have been
corrected for preparation and analytical dilution. Because of limited sample material,
duplicates were not prepared. Analytes of interest include Ag, A1,Ba, Ca, Cd, Co, Cr, Cu,
Fe, K, La, Mg, Mn, 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-fold. Analytes
of interest are the same as those listed above. Measurement results have been corrected for
analytical dilution onlv. Results are reported as pghpl as agreed upon by the client.

All quality control checks met tolerance requirements for analytes of interest except as
noted below.. FolIowing is a list of quality control check measurement results relative 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 of< 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 dilutioxi correction. All other analytes of interest in the
above sample were within 4 ?Io after dilution correction.

DuP1icate RPD (Relative Percent Difference):
(Solid samples) No duplicates were prepared because of limited sample material. “ “
(Aqueous samples) No duplicates were provided.

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

125%.

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

W4!x!
B

Page 2
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Battelle PNNU325 Bld#RPGllnorganic Analysis ...
ICPAES Data Report

Post-SPiked Samples (Grou~ B):
(Solid samples) All analytes of interest were recovered within tolerance of 75 to

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 samples) A matrix spike was not prepared.

(Aqueous samples) A matrixspike was not provided.

Qualitv Control Check Standards:
Concentration of all analytes of interes~ except for Si, was
recovered within 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. 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,
thus, measurement results for Silicon in the samples are not likely
to be affected.

High Calibration Standard Check:
Verifkation of the high-end calibration concentration for all
analytes of interest was within tolerance of * 5% accuracy except
for Ca, Fe, and U. These three analytes were slightly high,
between 6% and 7%, in the high-end cd. check standard.
Measurement results for these analytes in the samples were closer
to mid-range concentrations like those found in QC_MCVA.
Therefore, sample measurement resul~ are not likely to be
affected by the slightly high recovery for Ca, Fe, and U.

5A!22
II

Page 3
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Battelle PNNU325 Bld~RPG/..norganic 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-1OO(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 Montana Soil was
used f;r the LCS in
preparations.

(Aqueous samplw) No LCS provided.

both ALO-114 and ALO-115 fusion

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) “FinalResults”havebeencorrectedforall laboratorydilutionperformedonthesample

duringprocessingandanalysisunlessspecificallynoted.

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

3) Routine precision and bias is typically A15% or better for samples in dilute, aciditled water
(e.g. 2% v/v HN03 or less) at analyte concentrations greater than ten times detection limit up
to the upper calibration level.This aIso presumes that the total dissolved solids concentration
in the sample is less than 5000 pg/mL (0.5 percent by weight).

4) Absoluteprecision,biasanddetectionlimitsmaybedeterminedoneachsampleif required
bytheclient.

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

Page 4
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Battelle PNNURPG/inorganic Analysis ... ICPAES Data Rep&% 1‘f 1

Multlpller=

L

814.3 “

ALO#= 99-1458-Zr-PB
Client ID= AN107-AQ-1OO

Det. Llmlt Run Date= 4122199

@qlmL) (Analyte) ~ uglg..... ... ........ ........... ......... ...........
0.015 J@ [12] ~

0.060 Al [200]

0.080 I “ AS,.,#,oooooo,,,,,e.,........o.o!o!6.............e...!

B

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

0.010 Ba [9.0]
0.010 Be....................................................

B

.......................4
0.100 Bl -.

0.100 Ca 3,540

0.015 Cd
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0.100 Ce [150]

0,025 co

0.020

: HEF----””””””’

....................................................
0.015
0.050 Dy

0.100 “Eu..,.,,,,.,,,.,e,.,,,,,!,.!,...,,,,,o,,,,..e,...,....

E

........................
0.025 Fe 366

2.000 K [2,000]

0.025

: *“”””””””’

....................................................
0.005

0.100 Mg

0.005 Mn

H

V.3].................................................... .......................!
0.030 Mo .......................
0.100 Nd

B

[100] ‘

0.030 NI 439
0.100 ‘P [96].................................................... .......................
0.060 Pb [85]

0,300 Pd

0.300 Rh.................................................... .......................

- --,.--.-me ,Tv-..-m~-m-. . . . . c ,——. ,.-

0,050

= *“”””’

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

0.100

1.000

H

Sn -

0.005 Sr 56.0.,!eo,!...e......................................... ........................
0.500 Te

0.600 Th

0,005 Ti [10].,,!!,,,,,,,,,,,,.,,,..#do,..,.,.................... ........................
0.250 TI

2.000 u

0.015 v

H

[13].................................................... ........................
0,500 w

O.O1O Y

Ugfg
[52]

18,800 ~

[200] ,.....................!... ......................... , .........................
1 l-l l-l

%a-----~t=+””””””””””””
k--l t=+

=""""""""""""""'""""

s .......................... ........................# .........@.......... “

a .........................w.........................ti ........................
=..o..o...............o..M....o....................& ....................o....

0.020 Zn.,...,,,,,..,,,e,,..,,,.............................L ..:...J . . . . . ......$..........J+..e.. . ..................H....... ..................w....$.. ...............
Note: 1) Overa/1error weater tha; 10-times detection limit is estimated to be within +/ 15%.

\

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

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

multiplying ‘det. limit’ (far left column) by 8mult@ier’ (top of each column).

Data (1) from ‘A0524G.Lumetta ALO-114,1 15 BNFLAN107-AQ-I 00, -100d ASR531 9,5275 l@%WJ6v@Ek54PM



Battelle PNNURPG/inorganic Analysis . . . ICPAES Data Rep&f lofl

““’’’F=+FE+n nMultiplier=

Client ID=

Det. Limit Run Date=

(u@mL] fAnalyte) Uglg Ugfg.,,.,,,,, ,,.,.,,, ........... ,,,,............$...0
0.015 Ag [15] [90]

0.060 Al [320] 20,000

0.080 Aa [100].,,,,,,,.,,,,.,,,.,,...,.,....,,o,...,,,,,.......... ,..,,,,,.................. .......................... ...................!.....
0,050

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

0,010 Ba 1,470

0,010 Be
.,,..,.,.,.,,,., s,.., o,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. 0.100 Bi

0.100 Ca [150] [2,200]

0.015 Cd,,,o,...,,,,,eo,o,,...o.....,!,,,,,.....,..,,,,,.,.. [84].......................... .......................... .........................
0.100

..........................
Ce [4,300]

0,025 co [30]

0.020 Cr [22] 10,100 -,
.,,,,,,,,,,..,,,,,,e,!,,,,.......................... .......................... ..........................

0.015
.........................

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

[24] ~ [100]

0,050 Dy

O.1OO Eu,!,.,,.,,,,.,,,e,.,................................. .......................... ..........................
0.025 Fe

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

0.025 La [25] ......................... 1,990.................................................... .......................... .........................
0.005

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

O.1OO Mg [100] p40J

0.005 Mn 191 162,000,,e,,,,,,,,.,.,,,,e.,,,,,,,..,.o..,.,,.,,,.......... .......................... , ........................... .........................
0.030

.$$.......................
Mo

0.100 Na 3,820 26,500.,,....................... .,,,,,,,.................! .........................
0.100

..........................
Nd [100] 6,540

0.100 P..................................................... [120] [2,000].......................... .........................! .........................
0.060 Pb

..........................
[110] “’ 15,900

0.300 Pd [3,300]

0.300 Rh.,,,,,,,,,..,..,,,,,,,,,............................ ........................... ......................... ....................0....
0.075

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

0.050 Sb [82] [330] .-

0.050 Se’
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

[110] [570].......................... .......................... .........................
0.100

..........................
SI 1,640 7,470.

1.000 Sn

0.005 Sr.,,,,,,,,,,,,..,,,,.,,.,,,,,$.......,....,e,,,...... [170].......................... ..........................
0,500 Te

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

0.800 Th

0.005 Ti [14].................................................... .......................... [210] ..........................
0.250 Tl

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

2.000 u

0.015 v
. .,,,,..,,,,,,,,,,,,..of...,.,,,,,..,,............... ..........................r .........................

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

0.010 Y 652

0,020 Zn [39] 1,770.................................................... ,,.,,,,,..,.,,......0..... .,..,..,.,................ ......................... ..........................
0.025 Zr 3,190I-------------

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

2) Values In brackets flare - lo-times detection limit with errors likely to exceed 15%.

3) “--’indicate measurement is &w detection. Sample detection limit may be found by

multiplying “det. liml~ (far left column) by “mult$lie? (top of each column).
\

Data (1) from ‘A0524G.Lumetia ALO-114,1 15 BNFL AN107-AQ-IOO, -100d ASR5319,5275 l@E3W9@k&40 PM
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Battelle

Det, Limit

PNNURPGhorganic Analysis mm.

““’=P, ‘n
Multiplier=

Client 10=

Run Date=

(u~mL) (Analyte) (ug/mL)..... ,., ,..O..,...,,,........ ......... ...........
0.015 Ag 0.881

0.060 Al 87.3t *
0.080 As.....................................................

ii

[0.12] ..... ...... ....... .. ........ .............-
0.050 B 34.3

0,010 Ba 6.47

0,010 Be..................................................... [0.0571 .“.”..”.””-...”.. .... . ...... ... .. ..
0.100 Bi 2.61

0.100 Ca 63.2

0.015 Cd 2,62..................................................... ..... ...... .... . .. . .. .. .. ........ ... .
0.100 Ce [0.46]

0,026 co 0.366

0.020

:: H&l-””””””””””””””””””””B”””””””””””-””””
.....................................................

0,015

E : EI--””””-”””””-’H....................................................
0,025 La

~ IE

0.257..................................................... .......... .. ....... ... ..... ......... ........
0.005 Li ‘ 0.096

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 P 4.72............................. ........................ ..... ... . . ..... . . .. .... ...... . ....
0.060 Pb 8.60

0.300 Pd

:= ~ “lizd--””-””””””””””-””.....................................................
::; : H“--””””-”’”--”B”””””””....................................................
= ~ EE1-”””-””””’””-”””””.....................................................
=: ~ w-””””’”””””””””B”--””................................................"...
0.016

: &“””””””””-”””””B””””””””””””””””-””””

.....................................................
0,500

0.010

0,020
~ ‘ W ..............”..”......w .. . . ........-.-......................................................

ICPAES Data Report Page I of I

I I

aE
........”--...
—. —”— .

~“B
,-.......

““....””. . . . . .

. . . . . . . . . . .

3 :
.-.——...-—
aE
.-...............-”-....
=1-----l=
~-”----”----

0,025 Zr ~ 17.3 ] l-l l-l 1-.--.—
Note: 1) Overall error greater than 10-times detection limit is estimated to be iw”thin +/ 15%.

2) Values in brackets /.7are W 10-times detection limit with errors likely to exceed 15%.

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

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

““......”....”....”.

““...-” .“”-.

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

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

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

. ..” . . . ..””” . . . . .

. .. .. . ..”””””””...

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

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

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

Data (1) from ‘A0524 G. Lumetta ALO-I 14,115 BNFL AN1 07-AQ-1 00, -100d ASR531 9,5275 ICP98 WEMEJ @ 2:32 PM



Batielle PNNURPGllnorganic Analysis --- IC Repott

WO/Project: W48481&W48482/29953
Client: , G. Lumetta

. . ..---—— -------- ~- —. —--—--

ACL Nrnbr(s): 99-1151 through 99-1160
------------------------ ~ -—-----

Client ID: AW101 SOL and AW101 AQ series
—-------------- —--—. —-.-...

ASR Nmbr 5275 -”
-.. . . . . . ..----- . .. —-----. --. . . . . ..- ——----

Total Samples: 10 liquids

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

“Analyst: MJ Steele

Analysis Date: March 30-31,1999 and Reruns April 12-13,1999

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

Analyst: //q 2779

\

ASR 5275.doc Page 1 of 3
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Batfelle PNNURPG/inorganic Analysis --- IC Report

Final Results:

Ten liquid samples were analyzed by ion chromatography (IC) for inorganic anions as specified
in ASR 5275. The liquid samples were diluted 5-fold to 12.25-fold during the preparation of the
samples prior to distribution to the IC workstation, and were diluted at the IC workstation up to
200-fold to ensure that all anions were ~thin the calibration range. The samples were initially
analyzed on March 30-31, 1999. From this run, the verification standards for many analytes

. . were below the 90°/0recovery acceptance criteria. Therefore the samples were reanalyzed on
April 12-13, 1999. Only results from the final analysis run are provided in thk report. The
results from the initial analysis run are included in the data package for information only.

Based on client communications the nitrate result for AW101-SOL-4OA2 appears to be about a
factor of two higher than expected. The only other analyte in this sample at a high enough
concentration to provide reliable results nitrite, and the nitrite for sample AW1Q1-SOL-40A2 is .
only slightly higher than sample AW101-SOL-4OA1. To provide syfflcient sample for all
analyses requested, AW1 01-SOL samples had to be diluted 10-12 fold; it is possible that the
small volume sample was contaminated during the initial dilution. Both the initial run (which
failed QC) and the final run measured nitrate above 200,000 pg/ml.

The results for the samples from th{

I

‘/oRECOVERY

99-1151 I AW101-SOL-3OA1

99-1152 I AW101-SOL-3OA2

‘IoRECOVERY

99-1153#1 i AW101-SOL-4OA1
I

99-1153#1 REPLICATE I AW101-SOL-4OA1

RPD (%)

99-1153#2 ~AW101-SOL-4OA1

99-1153#2 REPLICATE AW101-SOL-4OA1

RPD (%)

99-1154 AWIOI-SOL-40A2

99-1155 AWIOI-SOL-50AI
99-1156 AW10I-SOL-50A2
99-1157 AW101-AQ-3OA
99-1158 AW101-AQ-5OA

I

99-1159 AW101-AQ-7OA
I

99-1160 AW101-AQ-9OA

‘/o RECOVERY

~RPD = RelativePercentDifference(betweens

‘April 12-13,1!

=+=

91

12.25 1,300

10 1,300

I 91

a=12.25 1,600

12.25 1,400

15

12.25 1,100
I

12.25 1,200z6

12.;5 1,600

10 1,600

10 1,500

5 100

5 6.0

5 ‘<1.4

5 <1.4

98

mple and duplicate)

99run are presented in the tabll

! I 1

115 110 I 105 111

I I 1

3,800 64,600 <300 I 125,000

22 1 nia o
4,200 72,700 <(joo 227,000

4,100 65,200 <500 126,000

4,100 63,500 <500 122,000

250 3,800 <5 7,300

11 170 <1.4 360

3.0 8.0 <1.4 34
I 1 I

2.5 -Q.8 <1.4 I 2.7
I I I

110 ‘1 108 107 103

below.

94 95 98

<1200” <1200 <1200

<1000 <1000 -=1000

100 103 107

<1200 <1200 <1200

<613 1,752 <613

nla da nJa

1,400 1,400 <600
1 I

1,400 I 1,600 I <600 I

3i
4 11 n/a

<]200” <1200 <1200

<1000 <1000” <1000

<1000” <1000 <1000

<50 120 6,400

~.8 6.5 210

c2.8 c2.8 G.8
I 1

c2.8 I ~.8 c2.8 III I
101 104 86 II

ASR5275.cloc Page2 of3
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Battelle PNNURPG/inorganic Analysis --- IC Report

Q.C. Comments:

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

Working Blank Spike/Process Blank St)ike: Process Blank Spike recoveries ranged from 91% to
100%, well within the acceptance criteriaof 75% to 125%.

Matrix Spiked Sanmle: The matrix spike recovery for SampiesAW101-SOL-3OA2 and
AW101-AQ-9OA ranged from 86% to 115’%0. Again, this is well within the acceptance criteria
of 750/0to 1250/o.

Duplicate: No duplicates were provided. However, the laboratory-dilution of sample
{

AW101-SOL-4OA1 was analyzed in replicate (i.e., two.different analysis injections) at the IC
workstation from @o different IC workstation dilutions. Two replicate analyses failed the
acceptance criteria of a Relative PercentDifference less than20Yo;nitrateon IC dilution #1 and
chloride on IC dilution #2. Based on QC performance of matrix spikes and verification
standards,no explanation can be offered for the poor precision on the one nitratefrom IC
dilution #1. However, there are significant interilerencepeaks between the fluoride and nitrite
retentiontimes than can account for the poor precision of the chloride results, since chloride peak
baselines are difficult to establish. -

Svstem BlarWProcessin~ Blanks: No anions were detected above reportable concentrations in ‘
the system blanks or in the processing/dilution blank.

Oualitv Control Calibration Verification Check Standards: Five mid-range verification standards
were analyzed throughout the analysis run. For all reported results, the concentrations of all
analytes of interest were recovered within the governing QA Plan acceptance criteria of A 10°/0
for the verification standard.

Notes:
1) “Final Results” have been corrected for all laboratory dilution petiorrned 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 betterfor non-complex’ aqueous samples
thatare free of interferenceand have similar concentrations as the measuredanions.It Sample-specific precision and bias may be determinedon each sample if required.

ASR5275.doc Page 3 of3
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~#B@dle
Putting TechnologyToWork

Date

To

From

Subject

April 6, 1999 File/LB

project No. 29953

Internal Distribution

G. Lumetta

carbon AnalVsis Results for AW-I 01 SOL .
and AW-I 01 .AQ SamDles

The analysis of the AW-101-SOL and AW-I 01-AQ samples submitted under ASR 5275 was done by
the hot persulfate wet oxidation method, PNL-ALO-381, ~ev. 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 April 1, 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.

Due to the limited quantity of original sample available and the number of different analyses requested,
the sample were diluted to provide enough volume for each of the analyses. All results are corrected
for preparative dilutions and analysis dilutions, and are reported in microgram of carbon per milliliter of
original sample.

QC Narrative

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

The QC for the methods involves calibration 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 93.9% for TIC and 97.1?40for TOC.
The calibration blanks were acceptable, averaging 16.7 pgC for TIC and 33.7 pgC for TOC.

The accuracy of the carbon measurements can be estimated by the recovery results from the
matrix spike. The matrix spike recovery from sample 99-1160 106?J’ofor TIC and 103°A for
TOC, well within the acceptance criteria of 75% to 125%. The precision, estimated by the RPD
(Relative Percent Difference) between duplicates, could not be measured since the duplicate
contained carbon less than 5 times the estimated quantitation limit.

E54-1900-001 {4196]
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G. Lumetta
April 5, 1999
Page 2

Some results are reported as less than (“c”) values. These less than values represent the
sample MDL (method detection limit), which is the system MDL adjusted for the volume of
sample used for the analysis. The system MDL is based on the attached pooled historical blank
data,

Table 1: TIC, TOC, and TC Results
.

Prep
ALO Number Sample ID Vol Dilution TIC* Tlc TOC* TOC TC* TC

* ml Factor ~gC/ml RPD pgClml RPD ~gC/ml RPD

99-1151 PB PROCESS BLANK 2.00 5.00 <25 <40 < 65*
99-1151 AWI 01-SOL-30AI 1.00 12.25 2760 1900 4660
99-1152 AWI 01-SOL-30A2 1.00 10.00 2960 1940 4900
99-1153 AWI 01-SOL-40AI 1.00 12.25 3040 2010 5050
99-1154 AWI 01-SOL-40A2 1.00 12.25 2940 1960 4900
99-1155 AWI 01-SOL-50AI 1.00 10.00 3170 2010 5180
99-1156 AWI 01-SOL-50A2 1.00 10.00 2730 2030 4760
99-1157 AWI 01-AQ-30A 0.50 5.00 410 1900 2310
99-1158 AWIOI-AQ-50A 0.50 5.00 190 <170 360’”’
99-1159 AW101-AQ-70A 1.00 5.00 120 <80 200**
99-1160 AWIOI-AQ-90A 1.00 5.00 120 <80 200-
99-1160 Dllp AWI 01-AQ-90A t)llp 1.00 5.00 120 nla <80 nfa 200* nla
99-1160 Spike AWIOI-AQ-90A Spike ( %rec) 1.00 5.00 106% 10syo 105%
* Corrected for Iaboratoty dilution performed prior to analysis
●* Maximum TC (i.e., results calculated as if “< values” present in the sample)
RPD = Relative Percent Difference between sample and duplicate (n/a= not calculated since results c5xMDL) -

Approve: 44+’

Archive Information:
I Files: Cl 24-P-701 .doc, Cl 24-701 .XIS ASR: 5275
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@BattelIe
Project Number

Pacific Northwest Laboratories

Date

To

From

Subject

Internal Distribution

329/4 File
March 10, 1999

Mike Uric

James Bramson
P“

lCP/MS Analvsis of Submitted SamDles

(ACL #99-1 151 through 99-1160)

Pursuant to your request, the 11 samples that you submitted for analysis were analyzed
by lCPMSfor ‘9Tc. The results of this analysis are repotted on the attached page.

An Amersham ‘~c standard was used to generate the calibration curve and an
independent Amersham ‘WC standard was used as the continuing calibration
verification (CCV) standard. The 1YO high-purity nitric acid solution used to dilute the
standards and samples was used as a reagent blank. ‘The samples were diluted an
extra 5x (99-1 159, 99-1160) and 20x (all others) from the dilutions provided. The
results include your dilutions and are reported in rig/ml (ppb) of the original sample.
Unless otherwise specified, the overall uncertainty of the values is conservatively
estimated at Al 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 99Tc. The fingerprint we’re seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses. Ru counts, corrected for
sample dilution, are provided for your information.

If you have any questions regarding this analysis, feeI free to call meat 372-0624 or
Tom Farmer at 372-0700.

---- ,,..< ,7- . . . . . . . . ,.. .-— -.., . ——.



/’(f<3/{G Lumetta Tc-99 Samples “
o

March 10, 1999

The results are reported in rig/ml (ppb) of original sample.
The uncertainty of the results is estimated at Al O%ZO.

~ RU ratio

Sample Client” lCP/MS
;:$.$~~

Tc-99 ~’.:; 101/102 tRu-101
Num-ber Number Number ng/m I f~~ (’0.541) ngfml

1%HN03 9309al

1

<0.05 $.$ .

IYOHN03 9309a10 <o.05”:;~
I%HN03 r .

9309a25 <0.05 i+;
.

.PB-1151 9309al 1 <o.05~:

i

!

1.5217 3
..;!, ,.x.+

99-1151 AW101-SOL-3OAI 9309a21 ~030”j$

[
1.1917 1700

99-1151 -t- spike AW1OI-SOL-3OAI 9309a24 8740 ;;J
Spike Recovery ,08%~~’

1
$)

99-1152 AWI 01 -SOL-30A2 9309al 9

I

6230 ::;j 1.1788 1800

99-1152 Dup. AWI 01 -SOL-30A2 9309a23

I

6210 &: 1.2040 1700

AW101 -SOL-40Ai
.,’‘$4

99-1153 9309a20 6320 :! 1.1136 1700
99-1154 AWI 01 -SOL-40A2 9309a22 6230’$:

[1

1.1630 1700
99-1155 AW101-SOL-5OA1 9309a17 6520 ~; 1.1806 1800

99-1156 . AW101-SOL-5OA2 9309al 8 6400 ;.:,:

1

1
1.1421

99-1157 AWI 01 -AQ-30A 9309al 5 1380 ~~ 1.1868 150

99-1157 Dupe AWI 01 -AQ-30A 9309al 6 1390$;~

i

1.0951 150

99-1158 AW101 -AQ-50A 9309a14 ,49 ~;;; 1.2497 15
99-1159 AW101 -AQ-70A 9309al 3 47.4:

1!

1.0146 0.8
99-1160

‘/#
AW101-AQ-90A 9309al 2 23.1 ? 1.6620 0.5

1ppb Tc-99 9309a7 0.9775$

10ppb Tc-99
1

9309a26 lo.3f;.p

1Oppm Co
.005fj?j

9309a5 . .:

● Natural ‘0’ Ru/’02Ru ratio.
tBased on response from yttrium.

~c -5% 0.0,79/3

.

.. .- ..,_ —.mv -7T— ,. .,, .. ?..,. . . . . . . . . . . . . . J
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@Ba~elIe
Pacific Northwest Laboratories

Project Number

Internal Distribution

329/4 File
Date ‘ April 29, 1999

To Greg Lumetta

From Tom Farmer

Subject lCP/MS Analvsis of Submitted Samdes

Pursuant to your request, the sample that you submitted for analysis was analyzed by
lCPMS 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 H O’%0,and is based on the precision between consecutive
analytical runs as well as the accutacy 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 99Tc. 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

. ..—. ... ... —-,7:7-: -.. ;. m-~~, p, .>, ,, ,x,, ,~-Y --.,-::y ~
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~ Lumetta Tc-99 Analysis (ii%
April 28, 1999

~//

/“

f

Results are reported in ng analyte/ml solution submitted.
I

The uncertainty of the results is estimated at +107..

Sample lCPIMS
r

Tc-99 ~ ‘0’ RU/102Ru tiOIRu
,

Number Number nglml “j (*.541) n glm I

1%HN03 9428al <1[:]
.

1YOHN03 9428a4 <1/::]

99-1161 ,4WIOI .AQ. Ioob 9428a5

1

431 “\ . 0.854 17

99-1161 tkI13. 9428a7 443 :;)

I

1.166 18

99-1161 + spike 9428a8 629<’

Spike Recovery 99%1 ,/
““-

5ppb Tc-99 CCV 9428a6 4.78

11

10ppb CO 9428a9 <,p:~
—.

\

Page 1
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AW101 Tank Liquids and Wash Solutions (ASR 5275)
Radiochemistry Analytical Results

Sample Preparation

Tank liquid and wash solution samples” were analyzed fromtank AWI 01. The samples were acid
digested according to procedure PNL-ALO-I28‘inthe laboratoryprior to analysis.
Radiochemistry results are shown on the attached table along with l-sigma total uncertainties.
All results are reported on a uCi per ml of liquid. Samples labeled “duplicate” are independent
analyses from separate aliquots of starting material in the hot cell; those labeled “replicate” are
separate aliquots analyzed in the laboratory.

Gamma Energy Analysis

The acid digestedsamplesweredirectlygammacountedfollowingprocedurePNL-ALO-450.
Most of thegammaemissionfromthesesamplesis fromC;-137. Theonly otherdetectable
gammaemitterswere CO-60andCS-134. Theprepblankhada negligibleamotmtof Cs-137..
All of theduplicateresultsagreewithintheexpecteduncertainties.Sincegammaanalysesdo not
involvechemicalseparations,no samplespikingis performed.Dueto thehighlevelof CS-137in
thesesamples,itwas notpossibleto detectall of theotheranalytesattherequestedMinimum
ReportableQuantityvalues. Detectionlimitsarethusieportedfor Eu-1’54,Eu-155,andAm-241.-

Gross Alpha

For gross alpha measurements, aliquotsof the digestedsampleswere evaporated on planchetsfor
counting following procedures PNL-ALO-420and421. Weak alpha activity was only detectable
in two of the wash solutions. All of the other samples ha:ddetection limitswell below the

s requested MRQ values. Sample and blankspike recoverieswere acceptable. No alpha activity
was found in either the prep blank or the lab blank.

Strontium-90

The Sr-90 analyses were conducted according to procedures PNL-ALO-476,484, and 450 using a
Sr-85 tracer to monitor the chemical yields.All of the sampleshad detectable levels of Sr-90. Sr-
90 was not detected in the hot cell blanks. The blank and sample spike recoveries were
acceptable. Duplicate results were in acceptableagreementconsideringthe uncertaintieson the
measurements.

Uranium

Uranium was measured directly in the digested samples by kinetic phosphorescence following
procedure PNL-ALO-40,14. Uranium was detectable in all of the samples with concentrations .
ranging from 1-4 ug/mL A negligible amount of uranium was seen in the prep blank; no uranium
was detected in the lab blank. No uranium was detectable in the instrument blanks. The duplicate
samples were in good agreement. All of the instrument check standards came out between 99°/0
and 102°/0.

\
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building 99-1151 Rev. 1
Radioanalytical Applications Team 3/30/99

Client: Lumetta

Cognizant Scientist
, J &$~_..

{-. Date: 3/347-,
Concur: nanfiso.

\\

ALO ID
Client ID

Measured Activities (uCi/ml)

Uranium

Alpha Sr-90 uglml CO-60 CS-134 CS-137 Am-241 Eu-154 Eu-155
Error Y. Error YO Error q. Error ‘%o Error% Error ‘?40 Error ‘%0 Error% Error-~O

99-1151PB

AW1OI-SOL-3OAI
‘

99-1151 “

AWIOI-SOL-30AI

<4. E-5 <1.E.~ 6.96 E-5
3%

<6. E-3 9.49E-I 2.73E+0
14% 2%

<6. E-3

<QE4j <8. E-6 I,55E.5 <5. E-5 c3. E-5
297,

<4. E-3 5.48 E-2 2.55E+2 c2.E-I cl. E-2
10% 2%

.

<4. E-3 5.94 E-2 2.64E+2 <2. E-1 ‘ <9. E-3

9% 2%

c3.E-3 5.68E-2. 2.67E+2 <2. E-1 <1.E.2

10% 2%

<3. E-5

<2. E-I

99-1151 Rep .
AWIOI-SOL-30AI

99-1152

AWIO1-SOL-30A2

<6. E-3 , 4.00 E-I
30%

2.80E+0
2’%0

<2. E-I

<2. E-I “

c2. E-I

c7. E-2

<7. E-2

99-1153

AW1OI-SOL-4OAI

c7. E-3 5.19E-I

24%

3.00E+O

2%

99-1154
AWIO1-SOL-40A2

<6. E-3 6.96E-I
18%

2.98E+0
2%

<4. E-3 5.73 E-2 2.64E+2 c2.E-I ‘ Cl .E-2
gyo 2%

99-1155’ ‘

AWIOI-SOL-50AI

c6. E-3 5.34 E-I
23~o

3. 15E+0
2%

~<2. E-3 5.77 E-2 2.76E+2 c7. E-2
7% 2%

<1. E-2

<9. E-3

<2. E-3

-=2.E-3

c2.E-4

<8. E-5

<2. E-4

99-1156
AWIOI-SOL-50A2

c8.E-3 3.52E-I
34%

3.08E+0
2%

c2.E-3 6.09 E-2 2.72E+2 <7. E-2
7% 270

99-1157

AWIOI-AQ-30A

c3. E-4 3.44 E-2
18%

3.00E+O
4%

c4.E-4 3.03 E-3 1.69E+I c2.E-2
16% 2%

<1.E.2

cl. E-2” ‘99-1157 DUP
AWIOI-AQ-30A

<3. E-4 4.16E-2
15%

3.05E+0

4%
<4. E-4 3.18 E-3 1.71 E+l <2. E-2

18% 2’%0

RPD 19% 2% 5% 1%

<5. E-5 1.89E-2
8%

99-1158
AWIO1-AQ-50A

1.19E+0
4%

<7.E-5 2.38 E-4 1.14E+0 <3. E-3
20% 2%

c2. E-3

99-1158 Rep
AWIOI-AQ-50A

. 1.60 E-2
9%

99-1159
AWIOI-AQ-70A

2.70E-4 7.19 E-2
1070 3%

4;45E+0
4~o

4.60E-5 6.67E-5 3.15E-1 <7. E-4
17~o 19~o . 2%

-=5.E=4

-=8.E499-1160

AWI 01-AQ-90A

2.52 E-4 6.85 E-2
11?40 3%

4.1 6E+0
4’%.

<6. E-5 c7.E-5 1.88 E-I c1.E-3
2%

Matrix Spike 93% 117’%0

Reagent Spike 88% 104~o

s3. E-6 <1. E-4Blank

Before Run UL 283-e 100%
R-283-c 99~o

<-1.78 E-5

Mid Run UL -283-f . 101%

R-283-d 10270

Post Run UL 283-e 99%

R-283-cf 102%

-—- -.-,..-,Z-’ --- — -- 7 -,-=r#L.- ,.



Battelle Pacific Northwest Laboratory .

Radiochemical Processing Group-325 Building

Radioanalytical Applications Team

99-1161

515199“

Client: Lumetta

Cognizant Scientist ,~ZJ Date: <~~~

Concur: T 1 Iumlq -k. “ate: w

Measured Activities (uCi/ml) “

Uranium

ALO ID Alpha Sr-90 uglml CO-60 Sb-125 CS-137 Eu-154 Eu-155 Am-241

Client ID “ Error ?4 Error ‘%0 Error YO Error Y. Error Y. Error ‘Yo Error % Error% Error%

99-1161 1.04E-2 4.51E+0 4.05E+2 3.64ET3 , 4.03E-3 8.07E-2 1.46E-3 1.80E-3 5.60E-3

AWIOI-AC)-100 3% 3% syo 2% 3% 2% syo 6% 5%

Matrix Spike 102% 127%

Blank Spike 103% 96% 96% .
102%

Blank c5.E-5 <8. E-6 c2.E~5

\

.
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BaCbelle Pacific Northwest National Laboratory
Radiochemical Processing Laboratory

Page ~of 1

Shielded Analy~i.cal Laboratory
9 . .

Shielded Analytical Laborato&-

W’ 32 W5jW-o.s-j

.

M&TE : ‘ Cell 2

— Cell .5

— Bench
~

Cell 5

(360-06-01-016) Mettler AE160 Balance Other

(360-06-01-039) Mettler AT400 Balance

(360-06-01-024) Sartorius Balance

(360-06-01-045) Toledo 3026 Balance

—..



Lettau, Ralph C

From: Kelly, Elizabeth F
Sent: “Friday,April 09,19991:41 PM ~
To: Lettau, Ralph C
Subject: Transfer of Samples (Lumetta)

Ralph, .

Welcome back!

Per Gregg Lumetta, he needs the following samples
scheduled to do this work on Monday, April 12th.

The work should be charged to W48481.

The samples are:

AWIOI-AQ-30B
AWI 01-AQ-50B

1.
AWIOI-AQ-70B .

hbk q 5\oy .\” 4

AWIO1-AQ-90B

AN107-AQ-30A
ANI07-AQ-50A
ANI 07-AQ-70A ,
ANI 07-AQ-90A ,

**********************
Elizabeth Kelly
509/3734146 ”(-%75 fax)
eJlzabethokelly@pnl.gov

,7. -. -.. . .
,,., ‘X T7T- .-.-r:,-:.-.:. — ‘-~,.;.-.,..,....7.- ,. ,,.. ; .-,

put intoclean vialsand transferredto lab511. You have been

.

1
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.

PCS-TP-511-2
EXHIBIT1
D.,ma1 . ..+-1

DATA SHEET FOR PIPETTOR CAL1BRATION

?rocedure Number: PCS-TP-51 1-2 Revision Number: I

1. Balance Calibration Code: 3.V’4- t~~- Ci-OCl.S~ .

!. Balance Calibration Due Date: Y/~ q

j. Thermometer Control Number: 3Kll -X-O’+-~cj-’ .

$.
7.
3,

Volume 1 = ~. -LO .

Volume 2 = 0. r~
Volume 3 = 1,00

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

[3.’ Ambient Temperature at End of Procedure: 23 “c
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PCS-TP-511-2
EXHIBIT2
page 1 Of 1

CALCULATION SHEET FOR PIPETTOR CALIBRATION

ProcedureNumber: PCS-TP-511-2

1.

7-.

3.
4.
5.

Mwn Tempe.}ature:

J3ensityofWateC c),w7~ g/mL

Mean Mass, g Std. Dev., g Accuracy, % Precision, %

Volume 1 ~.lqf 0.003 * O.ZL x 1,r\

Volumti 2 o.~55- 0. Oov i t).7G x 0.81

Volume 3 1.000 0.003 * wo*z~ ~ 4P*38
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Appendix C. Calculations
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ENGINEERING WORKSHEET
Prepared By:

~“$ . w ‘ate : v/~/fq
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