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1.0 Introduction

This report describes the respks of a test conducted by Battelleto assessthe effects of inhibited
water washing and caustic leachingon the composition of the Hanford tank C-106 high-level waste
(HLW) solids. The objective of this work was to determine the composition of the C-106 solids
remainingafterwashing with 0.01M NaOH or leachingwith 3M NaOH. &other objective of this
testwas to determinethe solubili~ of variousC-106 components asa function of temperature. The
work wasconducted accordingto testplimBNFL:TP-29953-8,Rev. O,DetmninAon ofthe%lddityof
HL WSludge Solids. The testwent accordingto plan, with only minor deviationsfrom thetestplan.
The deviations from the testplan are discussedin the experimental section.

2.0 Personnel

The Battellepersonnel and their responsibilitiesin performing this test are @en below.

StaffMember Responsibilities

Cognizantscientist.Preparedtestplan and designed
G.J.Lurnetta experiment.Supervisedpefiormanceof thetest.Prepared

analyticalservicerequest:Interpreteddataandreportedresults.

I?.V.Hoopes

RC. Lettau

D.J.Bates

G.F.Piepel

M.W. Uric

B.M. Rapko

K.P.Brooks

Hotcelltechnician.Performedtest.

Hotcelltechnician.Pe:onned test.

Statisticalanalysisof data.

Statisticalanalysisof data.

Managedchemicalandr@iochemical analyticalwork.

Technicalreviewer. ‘“ - “

TaskLeader,

3.0 Experimerital

Sample Descrbtion. The”sample used in this test was labeled as C-106-B. This material was a
portion of the homogenized C-106 initialcomposite materialprepared from twen~ grab samples
delivered to PNNL in’June 1996. Upon storing in the High-LevelRadiochernicalFacility (HLRF)
for”3 years, the materialhad dried and consisted of dried chunks. A spatulawas used to breakup
the largerchunks and rnixthe material.A 60-gsubs~ple wasplaced into ajarlabeledasC-106-B1,
and this sub-sample was transferredto the Shielded Analytical Laboratory (SAL) for testing.

Amxu-atus. The apparatusused consisted of an aluminum heating block placed on a hot
plate/stirrer. The hot plate/stirrer was modified so that separatepower could be applied to the
heatingandstirringfunctions. This allowed for continuous itirring,while the hot platewaspowered
by a temperature controller. The temperature controller used was a J-KEM Model 270 (J-KEM
Electronics,kc., St.Louis, MO). This temperaturecontroller consistsof two separatecircuits. One
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is the temperature control circuit, while the other servesasan over-temperaturedevice, which shuts
down the system if a preset temperature isexceeded. The setpoint for the over-temperaturecircuit
was setat 100°C for this test. A dualK-type thermocouple (model numberCASS-116G12-DUAL,
Omega Engineering, Stamford, CT) was used to provide inputs to the temperature controller and
over-temperature circuits. Both the J-KEM Model 270 and the dualthermocouple were calibrated
before use. The aluminum heatingblock contained two wells. A vialcontaining waterwasplacedin
one of the wells, with the thermocouple wedged between this vial and the aluminum block. The
vessel containing the sample was placed in the other well.

Procedure.@ In writing the testplan, it was assumedthe HLW sludgematerialwould existasawet
solid. Thus, the test plan calledfor mixing the slurryto homogenize 0.1 ~ NaOH wasto be added
to assistin homogenization if necessary. However, because the C-106 sold..shad dried, reasonable
homogenization could be achieved by breaking up the chunky materialand mixingwith aspatula.
Weighed aliquots of the homogenized dry solids were then taken for the various tests:1)volubility
versustemperature,2) determination of aqueous-insoluble fraction, and 3) determination of caustic-
insoluble fraction.

Volubility Verws Temperature. A 10.1157-g aliquot was transferredfrom C-106-B1 to a60-mL high
density polyethylene (HDPE) bottle (thisbottle alsocontained aTeflonQcoatedmagnetic stirbar).
Aqueous 0.1 ~ NaOH ~50 mL, 49.43 g) was added and the bottle was capped. The sample was
then heated and stirred at 30 * 20C for 19 h. During this time, stirringwas inconsistent and atone
point had stopped. A largerstirbar was added which lead to more consistent stirring. The sample
stirredat 30 + 20C for another 3 h. Two aliquots (4-mL each) weretaken for analysis. Each aliquot
was immediately filtered through a 0.45-pm nylon syringe filter that had been preheated by
immersion in aboiling waterbath. The filterwaspreheatedto reducethe possibility of precipitation
during the filtration step. The temperaturewas increasedto 40 * 20C and the samplewasstirredfor
18.5 h. The mixture was sampled in the same manner as described above. The temperature was
increased to 50* ZOC and the sample was stirred for 24 h. Again, the mixture was sampled in the
same manner asdescribed above. The filtered sampleswere subjected to the following analytical
procedures ion chromatography (IC) for anions, total organic carbon ~OC), total inorganiccarbon
(TIC), acid digestion, inductively-coupled plasma atomic emission spectroscopy (ICP/AES),
inductively-coupled plasmamassspectrometry (ICP-MS)for ~Tc, Wr, totalalpha,totaluranium,and
gamma energy analysis (GEA).

Determination ofAqwous-hsolubleFraction. A 23.4777-galiquotwastransferredfrom G1OGB1to a
125-mL high density polyethylene (HDPE) bottle (this bottle also contained a Teflon@-coated
magnetic stirbar). The bottle was filled to capacity with aqueous 0.01 ~ NaOH (104.41 g added).
The bottle was equipped with acondenser tube, which allowedthesystemto vent duringheating,but
minimized evaporation. The mixture was heated and stirred at 85 * 20C for 18 h. The testplan
indicated that the washing slurry should be cooled prior to filtration, but per instructions from
BNFL, the slurrywas filteredwhile hot. The hot washing slurrywasfalteredthrough apre-weighed
0.45-pm nylon filtration unit. The weight of the filtrate was 102.76 g.

Several m10-mL aliquots of 0.01 ~ NaOH were used to transfer the filtered solids back into the
HDPE bottle. The total slurry volume was made to” 100rnLwith additional 0.01 ~ NaOH (total
slurry weight = 108.83 g). The mixture was heated and stirredat85 + 20C for 23 h. The washing
slurry was againfiltered while hot, yielding 94.oo g of washing solution. This process wasrepeateda
third time. For the final washing step, the slurry was heated at 85 &2°C for 27 h, and 125.92 g of

(a) See Appendix A for a copy of the test plan and procedural notes.
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washingliquidwas collected. A composite sampleof the threewash solutionswas preparedfor
analysis.

After the finalwashingstep,the filteredsolidswere transferredto a pre-weighedglassjarusing
demonized water. Excess waterwas evaporatedat 80”C, then the solidswere dried overnightat
105”C yielding2.0286 g of driedwashed solids. However, a significantfraction of thewashed solids
could not be recovered in thismannerbecause theywere stuckto themagneticstirbar (Figure1).
These magneticsolidswere treateddifferently. The stirbarwith the solidswas placed in a glassjar
and the gross weightwas determined(99.8543 g). Concentrated(12 ~ 10 niL) HC1was added and
the mixturewas stirred. After -3.5 h, therewas stilla smallamount of solid remaining. Most of this
solid dissolvedupon gendy heatingfor -1 h. However, dilutionof thissolution led to precipitation
of solids thatwould not redissolve, evm ~ HCWN03. Aft~ ~msf- to a b~~, -cess aud
was boiled off and the resultingdried solidswere submittedfor analysis.The weight of the empty
glassjar+stirbarwas determinedto be 99.7529 g, so theweight of themagneticsolidswas deduced
to be 0.1014 g.

Determinationof Camtic-InsokbleFraction.A 24.7022-g aliquotwastransferredfrom C-106-B1 to a 125-
mL high densitypolyethylene(HDPE) bottle (thisbottle also containeda Teflon@-coated magnetic
stirbar). Aqueous NaOH (3 ~ 108.08 g) was added. The bottle was equippedwith a condenser
tube,which allowedthe systemto vent durbg heatin~ but minimizedevaporation. The mixturewas

heatedand stirredat 85 + 2°C for 20 h. As per instructionsfrom BNFL, the leachingslurrywas
filteredwhile hot. The hot slurrywas filteredthrough a pre-weighed0.45-p.mnylon iikrationunit
The weight of the filtratewas 104.07 g. A sampleof thisleachingsolutionwas takenfor analysis.

,:.- #=._,./
.. .x. .+- * ““““’a’

Figure 1. MagneticSolids on StirBar from Dilute-HydroxideWashingTest
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Most of the filtered solids were transferredbackintothe HDPE botdeusing aspatula. Several“l0-
mL aliquots of 0.01 ~ NaOH were used to transferthe remaining filtered solids back into the
HDPE bottle. The slurry volume wasmadeto “1OOmL with additional0.01 ~NaOH (totalslurry
weight = 114.88 g). The mixture was heated and stirredat 85 + 2°C for 23 h. The washing slurry
was againfilteredwhile hot yielding 91.73 g of washingsolution. The washing process wasrepeated.
For the final washing’step,the slurrywasheatedat 85+20C for28 h, and 123.95 g of washing liquid
was collected. A composite sample of the two wash solutions was prepared for analysis.

,.

After the final washing step, the filtered solids were transferredto a pre-weighed glassjar using
deionized water. Eicess water wasevaporatedat80°C,thenthesolids were driedovemight at105oC
yielding 5.8149 g of dried leached solids. The appearanceof thesesolidswas unusual. A white solid
had collected aroqnd the walls of the jar, while a brown solid remained in the bottom of the jar.
Before analyzing, the white solid wasscrapedfrom the wallof thejarandmixedwiththe brown solid
using a spatula.

As with the washing test, a significant fractiori of the leached solids could not be recovered by
filtration becausethey were stuck to the magnetic stirbar. These magnetic solidswere dissolvedin
HC1/HNOJ, then excess acid was boiled off and the resulting dried solids were submitted for
analysis. The weight of the magneticsolidswasdeducedto be 1.9464g. Note thatthis lattervalue is
much greaterthan what was obtained for the maWetic washed solids. &the amount of magnetic
solids left afterdilutehydroxide washingvisuallyappearedto be sirnilartothat leftafterleachin~ the
value for the washed solids is suspect.

4.0 Results

4.I Sdubility Versus Temperature

Tables 1,2, and 3 present the concentrations of various waste components at 30,40, and
500C, respectively. Two sets of values are presented’in each table. The first set of values is the
analyte concentrations as determined directly on the.aliquotsanalyzed. k the second setof values,
the concentrations have been adjustedfor lossin&e sampleweight thatoccurred between the time
the aliquot was taken and the time the analyseswere initiated. These adjustments were made
assuming the weight losses were due to evaporation.@

Tables 4 and 5 show the changes in the concentrations at 40 and 500C relative to those at
300C. Because aliquot C106-SOL-5O-1 appearedto have leaked, only the concentration values
obtained for aliquot C106-SOL-5O-2 were usedto determinethe adjustedconcentration changesat
50°C.relative to 30”C. Appendix D discussesa graphical analysisof the data, as well as linear
regression resultsof fitting component concentrations versustemperature. Based on this dataset,
only limitedconclusions can be drawn. The following discussionwill belimitedto those analytesfor
which meaningful conclusions can be drawn. The discussionisorganized according to the following
types of components: 1) radionuclides, 2) bulk metals and carbon, and 3) anions.

(a) k the case of aliquot C106-SOL-5O-1,there was solid encrusted on the outside of
the vial suggesting that material actually leaked from the sample vial, which probably
contributed more to the weight loss than did evaporation.

4.
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Radionuclides. The dataindicate thatthe ~zCsconcentration increasedwith temperature. Basedon
the adjustedconcentration values,the ~TCsconcentration increased16% when the temperaturewas
increasedfrom 30 to 400C. A 30% increasein the M’CSconcentration occurred in going from 30 to
SOOC.Linear regressionsof the adjusted lJTCSconcentrations versustemperaturehad a statistically
significant positive slope (see Appendix D). However comparison of the percent change in the
concentration to the standarddeviation in the percent.change suggeststhe increaseisnot statistically
significant at the 90% confidence level (Table 5). Results for the other radionuclides were not
statisticallymeaningful.

Bulk Metals and Carbon. Only linear regressions of the adjusted Cr, Cu, Ni, P, Si, and U
concentrations versustemperaturehad statisticallysignificantpositive slopes (seeAppendix D). The
analysispresented in Table 5 indicates the increase in the U concentration is not statistically
significant atthe 90% confidence level. The considerable variabilityobserved for many of the other
components might have been due to precipitation of these components. Visual inspection of the
analyticalsamplesimmediately prior to processing@lie.atedthe presenceof precipitates.Chromium,
Cu, and Ni all showed substantialincreases,with concentrations more than doubling ingoing from
30 to 500C. Phosphorus and Sidisplayedmore modest concentration increases.The increasesforSi
should be viewed as qualitative because the analytical process blank contained a relatively high Si
content.

Linear regressions of the total organic carbon (1’OC) and total inorganic carbon @IC)
concentrations versustemperatureshowed no statisticallysignificanttrends(Appendix D). Thus, no
conclusive trend was seen in these data.

Anions. In all cases,F-, NOS-, S0.+2-,and PO& were below the analytical detection limit. Linear
regressions of the adjusted Cl- and C2042-concentrations versus temperature had statisticfly
significant positive slopes (see Appendix D). Based an the adjustedconcentration values, the Cl-
concentration increased lZPXO when the temperature was increased from 30 to 400C and a 20%

increase in the Cl- concentration occurred ih going from 30 to 50°C. Similarly, the C2042-
concentration increased 16% when the temperature was increased from 30 to 400C, and 27?40in
going from 30 to 50°C.

4.2 Dilute Hydroxide Washing

Table 6 presentsthe concentration of the analyzed C-106 components in a composite of the three
wash solutions. The composite wash samplewai prepared by mixing measured quantities of each
wash solutio~ the relative weight of each wash solution used corresponded to the fraction of the
total wash solution represented by each. The composite wash solution was weighed immediately
before analyticalwork was begun. The totalweight of the samplehad decreased6.39!osincethe time
the composite wasfirstprepared. The concentratio~ determinedwere adjustedfor thisweight loss,
assumingthe weight losswas due to evaporation. The adjustedconcentrationswere then multiplied
by the total combined weight of the three washing solutions (322.68~to yieldthe quantity of each
component present in the wash solutions. . .

Table 7 present.ithe results of the a+ysis of the non~magnetic fraction of the dilute hydroxide
washed C106 solids. The solids were solubilized for ICP/AES analysisby KOH and NazOz fusion
methods. Duplicate fusions and ICP/AES analyseswere done for eachtype of fusion. Mean values
from these determinations are presented in the table along with the standarddeviation from the
mean and the relativeerror. The relative error was obtained by the following formuku YoRSD =
100(Std.Dev./Mean). Inmost casesthe relativeerror is lessthan 20% for the elements determined
by ICP/AES, indicatinggood agreementbetxveenthe duplicatemeasurements.ForthoseICP/AES
analyteswhere the relative error was significantly greater than 20Y0,the concentrations of these

c I9
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analytes were typically low or near the detection limit. Closer inspection of the P data indicates
differences betweentheKOH andNazOz fusion methods. Analysis of the solutions obtainedbythe
KOH fusion indicatedhigherP concentrations thanobtainedbytheNazOzfusion. This suggest.sthe
NazOz fusion failed to completely dissolve the P coimi.ned in the non-magnetic washed solids.
Indeed, for most analytesexamine~ the Na20z fusion method resuhedin concentration valuksless
than those obtained by the KOH method. For thisreason,onlythevalues obtained from the KOH
fusion were usedto determinethe quanti~ of eachcomponent in the washedsolids. The exceptions
to this were K and Ni, which were only availablefrom the NazOz fusion.

The Hg concentration was determined on the non-magnetic washed solids by cold vapor atomic
absorption spectrophotometry following an oxidative acidic leaching of the solids. The mean Hg
concentration was 35I pg/g and good agreement was achieved between duplicates.

TIC/TOC determination on the non-magnetic washedsolidswasperformedusingthe hot persulfate
method. This analysiswas performed directly on the washedsolids (not on fused material). Very
good reproducibility was achieved between duplicate TIC/TOC analyses. To date, no reliable
method has been developed to quantify the anio”mpresentin Hanford tank solids. hion (Cl-, F-,
N03-, S042-, PO#, and C2042~analysis was done by IC on a solution obtained by leaching the
washed solids with deionized water. This in essenceyieldedthe water-solubleanionsnot completely
removed by the washingtest. The resuksindicatesignificantaddition~ solubleCl-,N03-, and C2042-
remained in the washed solids (or was present in interstitiidliquid prior to drying), although
reproducibility between duplicate measurementsw&poor. The IC resultsfor CC106-AQ-8DUP”
were approximately a factor of two lower than those for ‘C106-AQ-8.” Review of the sample
preparation bench sheetsrevealedno obvious causefor thisdiscrepancy.The C20A2-concentration
of 20,300 pg/g (thevalueobtained for C106-A’Q-8) correspondsto 5,54o pg/g organic carbon. Thus,
“19Y0of the TOC in the non-magnetic fraction of~e washed solids is attributableto oxalate. The
low PO& concentration revealedby IC suggeststhatP’found by ICP is indeed due to some water-
insoluble P-containing phase(s).

Cyanide analysis on the non-magnetic fraction of the washed solids revealedvery little CN- to be
present. Reproducibility between duplicate CN- analyseswas poor. This might have been due to
sample inhomogenei~. kunonia was determinedby ion-selectiveelectrodeusing water-slurriesof
the solids.Very little (“4 pg/g) NF& was indicated however the valueshould be treatedwith caution
since the solids were dried at 105oC prior to analysis,which would likely havevolatilized any NH3
present.

Radiochernical analyseswere performed on the solutions prepared by KOH fusion. Cesium-137,
zAIAm,15AEu,~d lSSEuwere determined by gamma spectroscopy. Atnericium-241 was dsO
determined by alpha spectroscopy following Pu separation, as were 23SPU,23s’+2~Pu,z4zCm, and
zAs+z44Cm.The total alphavaluesreported were obtainedby summing the alphaactivityindicatedby
the activities of the various alpha-emittersindicated@ the alpha spectrum. Direct-mount
determination of the totalalphaactivity wasnot reliabledueto self-attenuation.Technetium-99, wI,
23W, 23W, wNp, 23SPU,and z~Pu were determined by ICP-MS. Strontium-90 was deteni.ined by
proportional beta-counting following separation of this isotope.

With the exception of zAzCm,agreement between duplicatemeasurementswas good. The values
obtained for M&n by gamma and alpha spectroscopes agreedwithin 20Y0. On the other hand,
there were inconsistencies between the ICP-MS rkuks and the alpha spectroscopic results. The’
combined activities for 23gPuand z~Pu asdeterminedby ICP-MS were 3.81 pCi/g, yet the 239+2*Pu
value obtained by alphaspectroscopy was 27% lower (2.78 pCi/g). To be conservative, the higher
value should probably be used. There wasalsoinconsistencyregardingthe U analysis. The ICP-MS
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analysisrevealed“275 @g (23W+ 23W), but only 176pg total U was indicatedby laserfluorimetry
analysis.

Table 8 presentsthe resultsof the analysis of the magnetic fraction of the dilutehydroxi&washed
C-106 solids. TIC/TOC, IC, CN-, and NFL analys~ werenot performedonthismaterkd asthe acid
dissolution conducted upon the magnetic solidswould have influenced the resultsof theseanalyses.
AS expected, the magnetic solids were very rich in Fe (“50 wt%). The values for Ag, Ca, P, and Si
had relativelyhigh relativeerrors (> 20%) betweentheKOHandNazOzfusions. Thereasonforthe
relativelyhigh error for Ag ismost probably the useof HC1 in the solubilization of the fusion fluxes.
The process blank had a high value for Ca, so the Ca value is suspect. Phosphorus was near the

“analytical detection limit, so high uncertainties are expected for this element. The error in Si is
possibly due to incomplete dissolution of this element in the NazOz fusion preparation. Similarto
the analysisof the nonmagnetic fraction, for most analytes examined, the NazOz fusion method
resultedin concentration valueslessthan those obtained by the KOH method. For thisreason,only
the valuesobtained from the KOH fusion were usedto determinethe quantityof eachcomponent in
the washed solids.

Table 9 presentsthe composition of the dilute hydroxide-washed C-106 solids (magneticplus non-
magnetic fractions) and the percent of each component removed by dilute hydroxide washing. In
addition, the composition of the ‘untreated” C-106 sample used in this testis presented. These
valueswere obtained by summing the amount of the given component foundinthe wash solutions
(Table 6), the non-magnetic washed solids (Table 7), and magnetic washed solids (Table 8), then
dividingihis total by the weight of the C106 sampleused. The washed solidswere dominatedbyFe
(28.6 wt%), Si (10.5 wt%), Al (6.2 wt%), Na (5.4wt%) andCa (1.5 wt%). The concentrations of the
major radionuclides contained in the washed solids were 5.7 pCi TRU/g (asindicated by the total
alpha concentration), 2.6 pCi zqlAm/g, 3.0 pCi ngPu}g, 908 pCi nSr/g, and 377 pCi lJTCs/g,
indicating the solids should be treated as HLW. ,:

Upon standingfor six days,awhite precipitate formed in the firstwash solution. This solid material
was collected by filtration so that it could be analyzed. The mass of this solid was 0.765 g after air-
drying atambienttemperature. The solid was readilysoluble in water. ICP/AES analysisindicated
this materialto be 22.3 wWo Na. No other metalswere detected above trace levels: IC analysis
indicated the solid was 49.5 wt%oC2042-. Th~, it can be concluded that this material is
predominantly NazCzO.4@2Hz0 (Theoretical: 27.Owt% Na, 51.8 wFXoC204).

4.3 Caustic Leaching

Table 10presentsthe concentration of the analyzed.C106 components in the causticleach solution
and in a composite of the two washsolutions. The coriipositewash samplewaspreparedby mixing
measured quantities of each wash solution, me rela@e’ weight of each wash solution used
corresponded to the fraction of the total wash solution represented by each. The samples were
weighed immediatelybefore analyticalwork wasbegun. The weight of the leachsolutionsamplehad
decreased34.6% and that of the composite wash solu~on sample had decrease6.3% since the time
the sampleswere firstprepared. The concentrations determined were adjustedfor thisweight loss,
assumingthe weight losswas dueto evaporation. The adjustedcon~trations were then multiplied
by the weight of the leach solution (104.07 g) or the combined weight of the two wash solutions
(215.68 g) to yield the quantity of each component present in the leach and the w~h solutions,
respectively.

Table 11presentsthe resultsof the analysis of the non-magnetic fraction of the causticleached C-
106 solids. Analysis of these solids was conducted in the same way as for the dilute hydroxide-
washed solids. In most casesthe relative error is lessthan 20% for the elements determined by
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ICP/AES, indicating good agreementbetween duplicate measurements. In some cases(Cu audP
from the NazOz fusions) where the relative error was significantly greaterthan 20%, the
concentrations were near the detection limit. However, this isnot the case for some of the other
analyteswith high relativeerrors. For example, Ag had a55% relativeerror (Na20z fusion). In this
case, the value of 1,460 pg/g obtained for one of the NazOz fusion duplicates seems
disproportionately high. (Again, this is likely due to use of HC1 in the solubi@ation procedure.)
There are also significant differences in the duplicate Zr analyses. The reasons for these
discrepancies are not clear. The Sivalues are also inconsistent. In this case,thevahms obtai.nedby
the KOH fusion method appearto be “2 times higher than those obtained by the NazOz fusion
method. Perhaps not allthe Siwas solubilized by the NazOz fusion. As was done with the dilute
hydroxide washed solids, only the valuesfrom the KOH fusion were usedto determinethe amount
of each component in the leached solids.

The IC results indicate sign&cant additional soluble C@A2- remained in the washed solids (or
interstitialliquid prior to drying). This reflects dependence of sodium oxalatevolubility on the Na
concentration. The C2042-concentration of 394,500 pg/g corresponds to 148,000 pg/g organic
carbon. Thus, virmally allthe TOC in the non-magnetic fraction of the leachedsolidsisattributable
to oxalate.

Cyanide analysis on the non-magnetic fraction of the leachedsolids revealed very little CN- to be
present. Ammonia was determinedbyion-selective electrodeusingwater-slurriesof the solids. Very
little (“10 pg/g) NH3 was indicated; however the value should be treated with caution since the
solids were dried at I050C prior to walysis.

The relativeerrors for many of the radionuclides (fiSEu,14C,W, Pu isotopes, and Cmisotopes) were
greaterthan 20Y0, indicatingpoor reproducibili~ betieen duplicates.The valuesobtainedforzq%n
by gamma and alphaspectroscopiesagreedwithin 20%. Again, the combined activitiesfor23gPuand
240Puasdetermined by ICP-MS were significantlyhigher thanthe 239+MPuvalue obtained by alpha
spectroscopy. To be conservative, the higher value should probably be used. Mso like the washed
solids, the U values obtained by ICP-MS [“285 pg/g (23W + 23W)], disagreedwith the value of 176
pg total U indicated by laser fluorimetry analysis.

Table 12 presents the resultsof the analysis of the magnetic-fraction of the caustic-leached C-106
solids. TIC/TOC, IC, CN-, and NEb analyses were not performed on this material asthe acid
dissolution conducted upon the magneticsolidswould haveinfluencedthe resultsof theseanalyses.
As expected, the magnetic solids were very rich in Fe (“44 wt%). There was more residual Na
presentin these solidsthan in magneticsolids from the @ute hydroxide wash (compareTables 8 and
12), which attributed to the slightly lessFe weight percent. However, the nature of the magnetic
solid obtained from the causticleachingtestisundoubtedly the sameasthat obtainedfrom the dilute
hydroxide washing test (except that the Na saltswere not washed out to the same extent).

Table 13presents the composition of the caustic-leachedC106 solids(magneticplusnon-magnetic
fractions) and the percent of each component removed by caustic leaching. In addition, the
composition of the “untreated” C-106 sample used in this testis presented. These values were
obtained by sumrningthe amount of the given component found in the wash solutions (Table 10),
the non-magnetic leached solids (Table 11), andmagneticleached solidsTable 12),thendividingthis
total by the weight of the C-106 sampleused. The Ieachedsolidswere dominated byFe (17.2wt~o),
Si (7.8 wtYo),Na (13.6 wt%), Al (2.6 wd%o) and Ca (1.0 wt%). The higher relativeNa content in the
leached solids (compared to the dilutehydroxide-washed solids)is largelyattributableto the sodium
oxalatein the leached solids. The concentrations of the major radionuclidescontainedin the washed
solids were 1.7pCi TRU/g (asindicatid by the total alphaconcentration), 0.8 pCi zqlAm/g, 1.0 pCi
239Pu/g,260 pCi 9’JSr/g,and 90 pCi lqzCs/g, indicating the solids should be treated as HLW.
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It should be noted thatthe composition for the original C-106 solid listed in Table 9 should agree
with that listed in Table 13. However, the compositions vary widely. This suggestssample
inhomogeneity. That is,the aliquottakenfor dilutehydroxide washingwas difFerentfromthattaken
for caustic leaching.

“ 4.4 Comparison to Previous Work

Table 14 presents a comparison of the current work to previous studies of C-106 sludge. To
facilitatecomparisons between the variousdatasets,the concentrations have been normalizedtothe
Fe concentration. This treatmentof the dataassumesthat no Fe is removed by washing orleachin~
this assumption is validated by the low Fe concentrations in the washing and leaching solutions.
Clearly, therearedifferencesin the composition of the dilutehydroxide-washed solid determinedin
1996 compared to the current work. This could be due to differencesin the samplealiquotsusedor
the different conditions usedinthe earliertest. Alternatively, the difference might beduetosomeof
the Fe being “missed” in the earliertest. In the test conducted in 1996, amagnetic stirbar wasused
to agitatethe washing slurries. Presumably, that sample aliquot contained magnetic Fe like the
sample used in the current work. As no attempt was made to recover the magnetic Fe in the
previous work, that fraction of the Fe would have been missed in the analysis of the solids. This
would leadto the concentrations relativeto Fe that arehigher than those found in the currentwork.
Indeed, the relativeconcentrations reported in 1996areconsistentlyhigher than those found in the
current work. Furthermore, theya.re generally high by afactor of ‘2. For example, the relativeAl
concentration from 1996 (491,747 pg/gFe) is about 2.3 timesthatfound in this work (214,892pg/g
Fe). Similarly, the Cr concentration (7,399 pg/g Fe],from 1996is 1.9times that found in thiswork
(3,894 pg/g). However, some of the other anal~es (e.g.,”Ca andSi) differ by factors other than 2.

...

Similartrendsareseenfor the caustic-leachedsolids. That is,the concentrations relativeto Fe tend
to be lessin the currentwork compared to the work conducted by Lumetta et al. in 1996. However, “
the concentrations relativeto Fe in the current work also tend to be less than those found in the
bench-scale caustic”leachingtest conducted by Brooks et al. (1997). In the latter test, no magnetic
stir bars were used. So, at leastin this case, the differences must be due .to differences in the
composition of the startingsampleor to differences in the specific leaching conditions used in the
mm tests.

5.o Conclusions and Recommendations

The solubili~versus temperaturetestindicatedthat&eco&entratioris of ~Ks, Cr, C% Ni, P, Si,Cl-
and C2042-increasedwith temperature. Data for many of the other amdytes were scatteredto the
point that statisticallymeaningful conclusions could notbe drawn. The considerable variabilhy
observed for many of the components might have been due to precipitation of these components.
Also, the apparent evaporation of the samples during storage might have also contributed to the
experimental uncertainty. It is recommended that the solubility.versus temperature test plan be
revised for futuretests. The revisedtestshould allow for largersamplesizes, immediate acidiiiation
of analytical samples (where appropriate), and should describe actions to be taken to minimize
sample evaporation during interim storage.

Dilute hydroxide washinglargelyremoved the Na saltsfrom the C106 sludge. Only 14% of the Al,
8% of the Cr, and 36% of the P were removed by dilutehydroxide washing. Surprisingly,86?40of the
U was removed in the dilute hydroxide washing process. Cesium-137 (56%) and fiTc (76?10)were
appreciably removed by dilutehydroxide washing, whereasthe trammnic elements (asrepresented
by the total alpha data)showed little volubility in the washing solutions... .
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Caustic leaching resulted in only modest increasesin Al (22%), Cr (27%), P (41%), and WCS (68Yo)
removal. The amount of $E’Tcremoved appearedto drop slightly, but the changes observed are
within the experimental uncertainty. The caustic-leachedsolids contained considerable sodium
oxalate. More extensivewashing of the caustic-leachedsolidswould be requiredto remove this. For
future tests, it is recommended that the caustic leaching test plan be revisedto include more
extensive washing of the leached solids.

Considerable uncertainty was introduced in the washing andleachingtestsby usingamagnetic stir
bar. A large fraction of the solids was magnetic in nature and adhered to the stir bar. It is
recommended that future testswith C-106 sludgeavoid the use of magnetic stirbars. IIIaddition,
future washing and leaching tests shouldallow for acidification of analyticalsamples (where
appropriate) to prevent precipitation, and should describe actions to be taken to minimize sample
evaporation during interim storage. Samplingof dry solidsshould not be done in the future because

,this apparently can resultin significantsampleinhomogeneity. Rather,drysludgesample-sshould be
slurried in dilute hydroxide or water prior to pulling samples for testing.
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Table 1.G106 Component Camenlretiom in Solution at 30W!)
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Table 2. C-106 Component Corroenlrations in Solution at 40~(o
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Table4. ConcentrationChangesRelativeto30”CUsiugtheUnad@iteclValues(a)
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As
“Al

Ba

Ca

cd

(l!

Cr

Cu

Fe

K

.~

Mg

Mn,

Mo

Na

Ni

P

Pb
.#)

Ti

u
2s
2
TOC
Trc
cl-
F
NO;
So,b

Po4’-

Go,=

54
-4.1
(d)

(0
(d)
27

(51)

-7.4

-(2)

(d)

(d)

(d)

(82)

(32)

(d)

(d)

(d)

(d)

(d)

(d)

23

(44)

5.0
(0
5.1

-(3)

9.3

(d)

(d)

Z3

-1.1

8.2

(d)

(0

(d)

(d)

10

102

8.6

(d)
(d)

(d)

131

(145)

17

(91)

(d)

(d)

(d)

(189)

(140)

(d)

(d)

(d)

(d)

(d)

(0

42

(13q

60

(d)

61

(100)

26

(d)

(d)

14

16

15

(d)

(d)

(4

(d)

22

33.7
15.6

30.0

35.6

85.1

26.2

8.1

11.9

5.1

13.7

6.3

3.8

25.9

8.2

5.5

5.8

4.7

4.0

73.1
21.1

53.9

76.1

111.5

36.4

20.9

221

7.3

27.8

93

5.7

35.4

1Z6

8.0

8.1

7.3

6.2

96.3
239

98.0

123.2

141.3

70.7

33.1

40.2

-.

10.1

45.6

14.2

8.7

73.3

14.6

8.9

9.5

7.7

6.9

0/d3b8ngc/SD of 0/0Cbsnge(e)

WC 50’%2

1.83 422
0.73
-o.19

0.50

0.67

-0.07

-0.05

394

1.44

0.32

1.58

0.54

0.90

-0.09

0.74

0.28

-0.14

1.13

1.64

1.06
0.36

1.33

1.17

0.12

1.28

5.7

3.47

4.22

2.98

4.21

7.0

1.36

1.78

1.59

1.72

1.97

3.22

(a) Values inparcnthcses arc foranalytcs that were&thin 10 times the analytical detection lirak

(b) The percent change is givcnby %Change = 100”(~ - ~)/~m where ~ is the average concentmtionat

tm@a@rc T (40,0r 50’W) midGO istheaverageconomtrationat30W.

(c) Pooled YtD is the pooled percent relative stamkd dcviatioq obtained as the rootmcsm square of tbe %RSD

vsdocs at 30~ 40°~ and50”C.SD of % change is the standsrd deviation of the % change values at40W sod

50~ bothrdative to 30W Using propagation of crrortcchuiqucs it is computed as C#~O*Sqrt(2)Vo01cd

%RSD. % Cbangr&D of ‘/ochangeis thenumberof standarddeviationsthe‘/ochangevalueishsn zero.

Assuminga stadstioalt-distributionwith3 degreesof ficrdoq % Change/SD of % Change values must be larger

than 1.64 to be signitksat tithe 90% (one-sided) cafldcnce ICVCLSU&vsdur+ and their WmrapOndissg% Cbmlge

Vallq arc Showllin boldface.

(d) Analytc not &tccted.

(c) ‘Ile valom for Si shooldbcveiwcdwith ~onbcoausc of thehighproocssblank.

. —-- —. .



Table5. ConcentrationChangesRelativeto 30”CUsingtheAd@stedValues(’)

~& MQ) Poclcd SDOf%cbangc(c) Q/GChrmgcI SD of 0/0Chmgc(c)

Analyts 40%2 50’JC O/aRSDO WC 500c 4WC 50%!
Ccskm-137 —716 9.4 15.5 17.2 1.06 1.72

Strontinm-9tl

Tcchnetivm-S9

Amsricimn-241

Europium-154
Europium-155
Total~pbS

J%
Al

Ba

Cn

cd

&

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

N1

P

Pb
Si(C)

Ti

u

Zn

B

TOC

TIC

cl-

F

NO;

so,=

58
-0.6

(d)

(d)
(d)
31

(54)

-6.1

(3)

(d)

(0

(d)

(91)

(37-)

(d)

(d)

(d)

(d)

(0

(d)

7.2

(51)

10.1

(0

10.5

(2)

15.6

(d)

(d)

7.7

4.0

14

(4

(d)

(d)

(d)

36
-26

(d)

(d)
(d)
104

(90)

-70

(30)

(d)

(d)

(d)

(39’S)

(120

(d)

(d)

(d)

(d)

(d)

(0

35

(163)

48

(d)

58

(40)

23

(d)

(d)

8

13

20

(d)

(d)

(d)

(d)

31.3
24.5

39.1

43.5

76.1

8.6

11.4

19.5

119

15.3

9.9

9.7

14.2

7.8

6.3

10.2

5.7

70.2
34.4

722

94.9

101.1

125

30.9

37.8

18.1

326

15.3

15.1

20.4

128

7

9.6

15.1

9.1

60.1

33.7,

1128

116.6

321

15.7

47.7

622

229

57.0

20.6

21.6

28.0

13.6

9.7

16.4

9.6

0.83
-0.02

0.42

0.57

-0.06

0.2s

2.95

098

0.40

1.55

0.66

0.69

0.08

1.22

0.80

0.27

1.53

0.59

-0.08

0.92

0.77

-219

1.88

4.09

2.02

1.54

2.86

2.32

2.68

1.42

1.68

0.84

0.81

2.10

,—,7- . . . . . . . .. . . .-, - . . . , r. .-.,

P04%

%0,> 16 27 5.2 8.5 9.3 1.89 2.93

(a) Valuesinparmtbesesamforanalyb=tbatwcmwithin10timrstbeanalyticaldetrctionlink

(b)’@ -t Ctige is givcnby ‘?4Cbmge= IOO*(CI- G,J)lG~ whrrs~is theavrmge concentrationat40’Z or

tbesinglemram.rcat 50°C) andGO istbeav~ge concmtrationat30°C.

(c) Pooled %RSD is tbepookdpaccnt rrlativestsndarddcviaticsqobtainedastherootmean_ of the%IWD
valua at30°C and40’W. SD of %cbangs isthestaudarddcviationof the% Chmgcvrducsat40Wand 50~ Lmth

relativeto 30%. Usingpropagationof crrcrtcchniqtusit iscamputcd= C#~O*Sqrt(2)*Pooled ‘/’D. ‘/o

Cbangr/SDof Y. Changeis tbenmnberof standarddeviationstbcY. Changevalueisfiumzrro. Assmninga
statktiraltdistriiutionwith2 dsgrccsof frrcdonsj% Cbangc/SDof Y. changevaluesmtsstbcIa.rgrrthan1.89to bc

significantattie 90% (one-sided)confidmcclsveL Snchvalq sndthsircmmspcmdingv. CbangcVfdly=+arc

Sbovminboldfiwc.
(d) Analytcnotdckctcd.
(e) TbcvalursforSi shouldbevriwcdwitbcwtionbecsusc ofthcbighprnr-= blank.



Table 6.DiluteHydroxideWashingof C-106 Sludge

Analysisof theCompositeWashSolution

. . kount (pCi or ~g)

Andyte Direct Adjustedo) - inWashSolutions

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

Hg

K

La

Mg

Mn

Mo

Na

Ni

P

Pb
Si(c)

Ti

u

Zn

Zr

TOC

TIC

cl-

F

NO;

so~=

Poq>

qo~

CN

NH~

(1.3)

75:9

(0.16)

(5.0)

<0.2

<0.3

(0.78)

(1.2)

(1.2)

NotMeasured

<20

<0.3

(1-9)
<0.1

<0.3

16500

(2.3)

17.8
<0.6

25.6

(0.1)

9.39
<0.2

<0.3

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

(1.2)

71.1

(0.15)

(4.7)
<0.2

<0.3

(0.73)

(1.1)

(1.1)

<19

<0.3

(1.8)
<0.1

< ().3

15453

(2.2)

16.7
<0.6

24.0

(0.1)

8.8 ‘
<0.2

<0.3

393

22937

48

1511

60

91

236

363

363

6044

91

574

30

91

4986241

695

5379

181

7736 .

25

2838

60

91

--

--



Analyte

137CS
‘Sr

‘Tc

‘lAm(y)

241Am(a)

1%3
15%3
14c(e)

129

“;

%

‘7Np

‘%

“%

‘“%
243+244

cm

‘2cnl

—.. ---
‘l’able6. contd

Direct Ad-o)

3.41

Not Measured

4.40E-04

< 4E-03

NotMeasured

1.55E-03

< 4E-03

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

NotMeasured

3.19E-FOO

4.12E-04

< 4E-03

1.45E-03

< 4E-03

. -—— — . . .

Amount(@or pg)
in Washsolutions ~

/

1.03E+03

1.33E-01

< lE+OO

4.68E-01’

< lE+OO

TotalA@h?l 9.81E-04 9.19E-04 2.96E-01

(a) tincentrationsforradionuclidesareinunitsof @/g all other
componentsarein unitsof pg/g. Valuesin parenthesesarewitbin10times
theanalyticaldetectionlimi~andthushavea potentialmeasurement
uncertainty>15%.
(b) Valueadjustedfor the6.3% lossin sampleweightthatocmrredbe%ore
analys@ thisweightlosswasassumedtobe dueto evaporation.
(c) The processblankhad a Si contentof 32 pg/g, so the Si datafor the
sampleis notreliable.



Amdyte

AI!

At

Ba
Ca(c)

Cd

co

Cr

Cu

Fe.

Hs
@

La

Mg

Mn

Mo
Na(*)

N1

P

Pb

Si

Ti

u

Zn

Zr

TOC

TIC .

Cr

F

NO;

so,’”

Po/

qo:

CN

NH,

Table 7. Dilute Hydroxide Washing of C-106 SIudgcxAnalysis of the Non-Magnetic Fraction of the Washed Solids(’)

KOHFusion

106-AQ-8 CI06-AQ-8DUP Mean Std Dew 0%RSD—.
289

70500

548

13900

(87)

(68)

1200

524

217000

369

(150)

2840

5060

<60

57400

3820

3270

126000

2740

178

(280)

3420

31300

6410

12000

300

3000

<400

c 400

20300

10,4

285

64200

4%

15800

(88)

(68)

1210

513

214000

332

(160)

3180

5110

<60

52100

3260

93700

2760

173

(310)

3320

28300

6470

5800

360

1300

<400

c 400

9700

18.5

287

67350

522

14850

(88)

(68)

1205

519

215500

351

..

(155)

3010

5085

<60

54750
..

4390

3265

2750

176

(295)

3370

29800

6440

8900

330

21s0

<400

<400

15000

14.5

3.6 4.3 4.0

3

4455

37

1344

1

0

7

8

2121

26

. .

7

240

35

. .

3748

806

7

22840

14

4

21

71

2121

42

4384

42

1202

7495

5.7

0.5

1

7

7

9

1

0

1

2

1

7

5

8

1

..

7

18

0

21

1

2

7

2

7

1

49

13

56

50

40

13

Na202Fusion Amount(pCi or pg)

!106-AQ-8 CI06-AQ-8DUP Mean StdDev, % RSD inC106.AQ-8OJ——
591

62800

432

16400

(58)

c 50

982

415

181000

(3800)

(120)

4240

3940

<60

1260

(890)

3200

108000

2670

(240)

391

54200

387

12900

(40)

<50

948

390

157000

‘ (5300)

(120)

2710

3810.

<60

1050

(1400)

2750

104OOO

2500

(250)

491

58500

410

14650

(49)

<50

%5

403

169000

(4550)

(120)

3475

3875

c 60

1155

1145

2975

1o6000

2585

245

141

6081

32

2475

13

24

18

16971

1061

0

1082

92

148

361

318

2828

120

7

29

10

8

17

26

2

4

“10

23

0

31

2

13

31

11

3

5

3

582

136626

1059

30125’

(178)

(138)

2444

1052

437163

711

(9230)

(314)

6106

10315

<12’3

111066

2343

8906

6623

222842

5579

356

(598)

6836

60452

13064

18055

669

4361

811

811

30429

29

8



Table 7, Contd.

Am71yte
137~~

‘Sr

‘To

~km(y)

‘lAm(a)

‘nEu

lSSEU
14(50

1291

‘%

X18u

‘7Np

‘8PU
239pu

240PU

‘mOPu
2434244cm

wcm

Total Alpha

KOH Fusion

:106-AQ-8 C106-AQ-8DUP Mean Std Dev. ‘ARSD

401 3.54E+02 3.78E+02 3,32E+01 9

935 9.16E+02 9.25E+02 1.31E+01 1

1.70E-02 2.04E-02 1.87E-02 2.40E-03 13

2.74 2,60E+O0 2.67E+O0 9.90E-02 4

2,42 2.22E+O0 2.32E+O0 1.41E-01 6

3,67 3.39E+O0 3.53E+O0 1.98E-01 6

2,41 2,33E+O0 2.37E+O0 5.66E-02 2

7.73E-03 7.73E-03

4,43E.03 3,35E-03 3.8933-03 7.64E-04 20

4.18E-06 5,28E-06 4.73E-06 7.78E-07 “ 16

9.72E-05 8.77E-05 9.25E-05 6.72E-06 7

1.70E-03 1.81E-03 1.76E-03 7.78E-05 4

5.19E-01 4.96E-01 5,08E-01 1.63E-02 3

3,1 lE+OO 2.87E+O0 2.99E+O0 1,70E-01 6

7.59E-01 8.74E-01 8.17E-01 8.13E-02 10

2.84E+O0 2,72E+O0 2.78E+O0 8.49E-02 3

5.18E-02 6,15E-02 5.67E-02 6.86E-03 12

5.83E-03 3,34E-03 4.59E-03 1.76E-03 38

5,84 5,50E+O0 5.67E+O0 2.40E-01 4

(a) Concentrations for mdionuclides are in units of ~Cilg dry solidv nll other components are

Nq02 Fusion Amount (pCi or pg)

:106-AQ-8 C106-AQ-8DUP Mean Std Dew ‘ARSD in CI06-AQ-8

..

..

..

..

..

..

. ..

..

..

766

1877

3.79E-02

5.42

4.71

7.16

4.81

1.57E-02

7.89E-03

9,60E416

1.88E-04

3.56E-03

1.03E+O0

6.07E+O0

1066E+O0

5.64E+O0

1.15E-01

9.30E-03

I 11!50

units of ~g/g dry solids.Values in parentheses me whhin 10 times the analytical detection limit and
;hus have a potential measurement uncertainty>15~o. TICktC nnd cynnidenna~ses was performed directlyon the washed solids; tilon (IC) analysis was done on n water Ieachate of the washed
solids, sottisdus notaccurately represent theanions present inthe solids. .
(b) Because the values obtoincdfrom the Nq02 fusion method are generallylower than those obtained by the KOHfusionmethod,themeanvaluesfromtheKOHfusionswereusedtodeterminethe
amountofeachcomponentinthewashedsolids(seediscussioninthetext).Nickeland K are exeep~ons, becausethese were only available from the N%02 fusion.
(c) The process blank for the NqO, fusion had a Ca content of -2,500 pg/g,
(d) The prows blank for the N%OZfusion had a K eontent of4,100 pg/g, so the reported K concentrationvalues in the sample can be largely attributed to the sample preparation.
(e) The process blank for the KOH fusion had a Na eontcnt of-2,500 pglg.

(t) Samplerecoveriesfor the “C analysis were low and not reproducible thus, 14Cdata are suspect.



&
As

Ba
~(c)

cd

co,

Cr

Cu

Fo

m

K

La

Mg

Mn

Mo
Na(~

Ni

P

Pb

Si

Ti

u

‘m

Zr

TOC

TIC ~

Cr

F

NO;

so,’”

PO,’”

Go:

CN

NH,

Table 8. Dilute HydroxideWashing of GI06 S1udgtiAnalysis
of the Magnetic Fraction of the Washed Solids(’)

CI06-AQ-8BI An20unt(pCi or pg)

Andyto KOH Fusion NAO, Fusion Mean StdDew 0%RSD inclo6-AQ-8Bl@)

496

7770

(110)

4640

(29)

(80)

384

(190)

508000

NotMeasured

. .

(45)

(1700)

3320

(56)

7880

(1600)

‘ (1000)

12800

1430

221

(240)

(360)

Not Measured

Not Mcaaurcd

Not Measured

Not Mcasurod

Not Measured

Not Meaaurcd

Not Messund

Not Measured

Not Meaaorcd

Not Mcaaumd

338

6950

(loo)

6950

<35

(65)

(370)

(200)

446000

<4400

c 55

(1900)

2950

c 70
.-

(620)

(980)

(1200)

9030

1300

(250)

417

7360

(105)

5795

<32

(73)

(377)

(195)

477000

c 4400

<50

(1800)

3135

<63

7880

(620)

(1290)

(1100)

10915

1365

221

(245)

(360)

112

580

(7)

1633

(11)

(lo)

(7)

43841

<7

(141)

262

(438)

(141)

2666

92

(7)

27

8

7

28

15

3

4

9

14

8

8

..

..

..

34

13

24

7“

3

229

3580

(51)

2138

(13)

(37)

177

(88) ‘

234086

c 2028

“ (21)

(783)

1530

(26)

3631

286

(737)

(461)

5898

659

102

(111)

(166)

.-

..

..

..

..

..



Table 8. Contd.

Analyte
137~~

‘Sr

‘Tc

Zd’+l(y)

24’Am(u)

lxEu
“h
14c(e)

‘2T
23~
2Bu
‘7Np

23PU
w%
24%2
239+24

h

243+2UCm

242Cm

C106-AQ-8B1

KOHFusion Na202 Fusion Mean

8.08E+01

1.23E+02

< 9E-03

4.35E-01

4,1OEO1

5.80E-01

5.40E01

Not Measured

7.74E-04

2.64E05

1.281344

c 7E-04

2.00E-01
8.80E-01
3.68E-01
7,43E-01
3.16E-02
2.49E-03“

TotalAlpha 1,39E-uIO

< 2)3-04

3.06E-05

1.37E-04
< 7E-04

8,12E-01
3.45B01

8.08Etol
1.23E+02

< 9E-03

4.35E-01
4.1OE-O1
5.80B01
5,40E01

7.74E-04
2.85E-05
1.33B04
< 7E-04

2.00B01
8,46E-01
3.57E-01
7,43E01
3,16E-02
2.49E-03

Std))(2V. Rel’%Emor

-.

..

3.82E04

2.97E-06
6.36E-06

< OE+OO

4.81E-02
1,63E-02

.-

..

49
10
5
0

6
5

Amount (pCi or pg)

in C106-AQ-8B1

3.72E+01
5.67E+01

< 4E-03

2.00E-01

2.67E4M
2.49E-01

3.57E-04
1.31E-05
6.1lE-05
c 3E-04

9.22E-02
3,90E-01
1,64E-01
3.42E-01
1.46E-02
I,15E-03

1.39EtO0 .- 0.64 ‘
(a) Concentrations for radionuclides are in units of pCi/g dry solid% all other components are in units of pg/g dry solids.
Values in parentheses are within 10 times the analytical detection limit, and thus have a potential measurement
uncertainty >15Y0,Anion (IC) analysis was done performed on this sample.

(b) Because the values obtained from theNazO* fitsion methti, ye generally lower than those obtained by the KOH

fusion method, the mean values from the KOH fusions were used to determine the amount of each component in the
washed solids (see discussion in the text), Nickel and K are exceptions, because these were only available from the
Na202 fusion.

(c) The process blank for the Na,02 fusion had a Ca content of -2,500 pg/g.

(d) The process blank for the KOH fusion had a Na content of -2,500 pg/g.

(e) Sample recoveries for the “C analysis were low and not repmduciblq thus, “C data are suspect,



Table 9. Concentrations in The Washed and Untreated Solidsand the
RelativeAmount of Each ChmponcntRemovedby DlhrteHydroxideWashing

Pl#s@’sotids or ~Ci/g &y solids

Psardo 95% CL (ii Pseudo95% CL (ii Pseudo 95% C.L (ii

Analytc WashedSolids(o %RsDs=lo)@) ti”ginal Ssrr+(’) %RsD5=lo)@) Rermed,%(o %RsDs=lo)~)

As 381 44r 51 5.2r 33 7.3r

Al

Ba

Cs

cd

co

Cr

Cu

Fe
~(fl

K

La

w

MIS

Mo
N#)

N1

P

Pb

Si

m

u

Zn

Zr

‘roc(fJ
TIC(O
clfJ
F.(O

NQ.<o

sop
P04340

~QwJ

cr@

65825

521

15147

90

82

1231

535

315141

334

5285

157

3234

5561

69

53848

1234

4527

3326

107390

2928

215

333

3287

28381

6133

8476

314

2048

381

3s1

14286

14

9078r

7or

2olor

12r

lor

163r

70s

36409r

47r

642r

21r

412r

7oor

8r

7382r

158r

595r

442r

14806r

3’16r

2Sr

41r

454r

4014r

867r

119%

44r

290r

54r

54r

2020r

2r

6949

49

1439

11

11

122

64

28606

30

737

18

318

506

10

217267

142

640

309

111372

267

140

33

302

2575

556

769

29

186

35

35

12%

L2

0.3

846r

6.4r

183r

L2r

1.2r

15r

7.lr

3303r

4r

78r

2.lr

38[

63r

I.lr

42482r

15r

71r

407

1345r

34r

24r

3.8r

4k

364r

79r

109s

4.or

26r

49r

W%

183r

o.2r

0.05r

14

4

4

24

34

8

24

0
..

35

21

8

0

38

98

21 .

36

2

3

0

86

8

1

..

..

3.3r

l.or

l.lr

5.5r

7.7r

1.9s

5.5r

O.or

. .

7.9r

4.9r

1.8r

O,lr

8,6r

27r

4.8r

8.2r

0.6r

0.8r

O.lr

23r

1.8r

0,3r

I

I



Table 9. Contd.

I@i?dsy solids or pCi/g dry solids

Pseudo 95% C.I.
Washed Solids(s) (if YoRSDs=lO)O) OriginalSamp!o(c)

3.77E+02 5.10E+Olr 7.81E+01

9.08E+02 l,25E+02r 8,24E+01

1.96E-02 2.55E.03r 7.45E-03

2.64E+O0 3.60E-Olr 2.88E-01

2.21E+O0 3.12E-Olr 2.00E-01

3.49E+O0 4.76E-Olr 3.36E-01

2.37E+O0 3.20E-Olr 2,67E-01

7.36E-03 1.47E-03r 6.68E-04

“ 3.87E-03 5,25E-04r 3,51E-04

1.07E-05 1,39E-06r 9.68E-07

1.17E-04 l,37E-05r 1.06E-05

1.83E-03 2,38E-04r i .66E-04

5.27E-01 6.89E-02r 4.78E-02

3.03E+O0 4.04E-Olr 2.75E-01

8,55E-01 l.llE-Olr 7.75E-02

2.81E+O0 3,76E-Olr 2.55E-01

6,08E-02 7e75E-03r 5.52E-03

4.91E-03 6.27E-04r 4.45E-04

Pseudo 95% C.L (if Pseudo 95% CJ. (if

Removtx3,%(d)

56

YoRSDs=lO)O) YoRSDS=l0)0)

13s’

Analyte
137& 9,92E+OOr

l,13E+Olr

1.16E-03r

3.41E-02r

2,83E-02r

4,34E-02r

3.08E-02r

1.34E-04r

4,76E-05r

1.26E-07r

l,24E-06r

2.16E-05r

6,25E-03r

3,67E-02r

1.OIE-02r

3.41E-02r

7,03E-04r

5,69E-05r

S%&(s)

Wc

%u(y)
‘lAm(a)b)

l“Eu

‘55Eu
14C(9

1291Q)

qJts)

238@) “

337Npf.5)

zap”(s)

‘9Pu@)

‘OPu~)

‘wOPu@
‘243+i44cm(s)

242cm(s)

76 19r

17 4.Or

6 1.4r

19 4.5r

,_

-

Total Alpha 5,70E+O0 7,66E-Olr 5,30E-01 6,95E-02r 2 0.6r

(a) The concentrationin the washed solids was determined by summingthe quantity found in the non-magneticsmdthe magnetic fractions and dividing
by the total weight(2.13 g) of the washed solids.
(b) Pseudo 95% Gmtidenee Intervals (CA) were approximated using propagationof error techniquesfor the case where the %RSD of all analytical ‘
measures used is 10°~and Sillmeasures are independent The’readercan reviewother potentisd%R5D vnhscsby multiplyingthe cell value by r, where r
is YoRSD/10.
(c) The concentrationin the untreated solids was determined by summingthe quantity found in the wash solution, the non-magneticand the magnetic
solid fhctions and dividingby the total weight (23,4777 g) of samp!e used.
(d) The percent removedwas determined by the followingformula: %Removcd=100*FJ(FW+F~+F~] where FWis the fiction in the wash solution,
Fm is the fraction in the non-magneticsolids, and Fmis the fraction in the magneticsolids.

(e) The values forNa are not wrrcctcd forNa added as NaOH during the washing process.
(f) Only the material in the non-magneticsolids are accounted for in these values,
(g) In calculatingthe wncentration in the untreated solids, only the material in the washed sotids am accounted for in these values.



Table 10. CausticLeachingof C-106 Sludge Analysisof the Leachiig Solutionandthe CompositeWash Solution(’)

LeachSolution C106-OH-3

Anal@ Dkct Adjusted@) Amount (vCi or pg)

&
Al

Ba

Ca

Cd

co

Cr

Cu

Fe

Hg

K

La

Mg

Mn

Mo

Na

Ni

P

Pb
si(O

Ti -

u

Zn

Zr

TOC .

TIC

Cr

F

NO;

So,z.

PO?

GO:

CN

NH,

(2.5)

778

(0,1)

(2,4)

c 0,2

<0,3

11.0

(2.6)

9.81

Not Measured

(66)

<0.3

<1

(0.09)

(0,87)

62400

(0.38)

78,1

16,9

350

(0,13)

35.3

(2,3)

(0.6)

Not Measured

Not Messurcd

Not Measurtd

Not Measured

Not Measured

Not Messurcd

Not Mcasurcd

Not Measured

Not Mcssurcd

Not Measured

(1.6)

S09

(0,1)

(1.6)

<0.1

<0.’2

7.2

(1.7)

6
..

(43)

<0.2

<1

(0,06)

(0,57)

40796

(0,25)

51 “

11.0

228

(0,08)

23,1

(1.5)

(0,4)

(167)

52936

(8)

(163)

<13.6

<20.4

748

(174)

667

(4491)

<20.4

c 68

(6)

(59)

4245746

(26)

5314

1146

23780

(9)

2402

(159)

(38)

Composite Wash Solution C106-OH-9

Direct Adjusted[’) Amount (vCi or pg)

(0.53)

66.6

c 0,2

<5

<<0.3

<0.5

(0,96)

(0.90)

(1.7)

Not Measured

<40

<0.5

<2

<0,1

<0,6

15900

c 0.6

(14)

<2

49.9

<0,1

0,534

<0.4

<0.5

Not Measured

Not Messurcd

Not Measured

Not Measured

Not Measured

Not Measured

NotMeasured

Not Messmd

Not Mcssurcd

Not Messumd

(0,50)

62.4

<0,2

<5

<0.3

<0.5

(0,90)

(0.84)

(1.6)

c 37

<0.5

<2

<0.1

<0.6

14904

<0.6

(13)

<2

46.8

<0,1

0.501

<0.4

<0,5

(107)
13464

c 40

c 1011

<61

<101

(194)

(182)

(344)

<8086

<101

<404

<20

<121

3214381

<121

(2830)

<404

10086

<20

108

<81

<101
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Analyte

‘137CS

%r

‘Tc

241Am(y)

24’Am(a)
ls~u

155Eu
14c(e)

,129
I

235u
238u

237Np
238PU

239PU

24%3

23*24%1

243+244Cm

242Cm

Table 10. Contd,

Leach SolutionC106-OH-3
Direct Adjustedo) Amount (~Ci or ~g)

1.78E+01 1.16E+01 1.21E+03

Not Measured -. -.

1.84E-03 1.20E-03 1,25E-01

< 8E-03 < 5E-03 < 5E-01

Not Measured . . ..

7.00E-04 4.58E-04 4,76E-02

8.00E-03 5.23E-03 5.44E-01

Not Measured . . -.

NotMeasured . . ..

Not Measured -- -.

Not Measured .- -.

NotMeasured .- -.

Not Measured .- .-

Not Measured .- . .

Not Measured . . . .

Not Measured . . -.

NotMeasured .- . .

Not Measured . . . .

CompositeWash SolutionC106-OH-9

1.70E+O0 3.66E+02

Direct Adjusted(c) Amount (pCi or pg)

L81E+O0

Not Measured

9.OIE-05

c 3E-03

Not Measured

2.00E-04

3.00E-03

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

. .

8.45E-05

c 3E-03
. .

1.87E-04

2.81E-03

-.

. .

. .

-.

-.

-.

. .

. .

1.82E-02

< 6E-01
.-

4,04E-02

6,06E-01
-.

. .

. .

. .

. .

. .

. .

. .

. .

. .

-.

TotalAlpha 7,82E-03 5,llE-03 5,32E-01 L29E-03 1,21E-03 2,61E-01

(a) Concentrationsfor radionuclidesare in units of pCi/g; all other componentsare in units of pg/g, Values in parenthesesare within 10
times the analyticaldetectionlimit, and thus have a potential measurementuncertainty>15Y0,
(b) Valueadjustedfor the 34.6% loss in sampleweight that occurredbeforeanalysiq this weight loss was assumedto be due to evaporation,”
(c) Value adjustedfor the 6.3% loss in sampleweight that occurredbefo~eanalysiq this weight loss was assumedto be due to evaporation,
(d) The processblank had a Si contentof-60 pglg.



,.::
‘,!i. Table 11. Caustic Leaching of C-106 !?ihrdg~Analysisof timNon-Magnetic Fraction of the Leached Solids(’)

As
Al

Ba
fla(c)

cd
~.

Cr

Cu

Fc

Hi!
K(d)

La

MS

Mn

Mo
Na(,)

Nt

P

Pb

Si

Ti

u

Zrr

2r

TOC

T2c
Cr
F’
NO;
so,’”

Po4’”

CN

NH,

KOH Fusion

‘106.OH-8 C106-OH.8DUP Mean Std Dcv. % RSD—.
285

384

16200

(38)

< 4s

(260)

(130)

74200

153

(74)

2490

1890

<55

160000

(1300)

1140

134000

1810

144

(110)

651

150000

1400

c 8000

c 8000

c 15000

c 15000

<15000

355000

5

327

31600

324

(37)

<50

(280)

(140)

85300

121

(94)

2930

18S0

<60

183000

1650

208

(120)

1780

121OOO

c 1700

c 8000

<8000

c 15000

<15000

<15000

434000

4

306

35100

354

12560

(38)

<48

(270)

(135)

79750

137

(8Z

2710

1870

<58

171500

(1400)

1395

118000

1910

176

(115)

1216

135500

<1700

c 8000

<8000

<15000

<15000

<15040

394500

4,5

30

4950

42

5148

1

14

7

7849

23

14

311

28

16263

141

361

22627

141

45

7

798

20506

55861

0,7

10

14

12

41

2

5

5

10

17

17

11

2

9

10

26

19

7

26

6

66

15

14

9,5 13.2 11.4 2,6 23

NqOz Fusion Arnorw(@i orpg)
!I06-OH-8 CI06-OH-8DUP Mean . SrdIkv. % RSD in Clod-oH-s@)

639

29500

290

11700

(31)

c 50

(300)

(140)

87300

. .

<3850

(71)

2630

1830

<60

841

(680)

1550

68800

2050

(120)

1460

263

10400

(37)

<51

(340)

(250)

99100

<4065

(72)

(1900)

2120

<61

951

(970)

1800

59400

1960

(160)

1050

28900

277

11050

(34)

c 51

(320)

(195)

93200

<4065

(72)

(2265)

1975

<61

8%

(825)

167S

64100

2005

(140)

581

849

19

919

4

28

78

8344

1

516

205

78

205

177

6647

64

28

..

55

3

7

8

12

9

40

9

1

23

10

9

25

11

10

3

20

1991

228382

2303

81723

(244)

c 309

(1757)

(878)

518901

891

C26449

(547)

17633

12167

<374

1115882

5830

(9109)

9077 .

767779

12428

1145

(748)

7909

881644

<11061

<52053

<52053

<97599

<97599

<97599

2566854

29

74

I



‘i,.,.’
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Table11.Contd.

I

Analyte
137~~

‘Sr

Wc

~lh(y)

‘lAm(a)
lnEu
ls5~u

14~(e)

129I
Z3+J

238*

‘7Np

‘8PU
239PU

*OPu
n“?wop”

243+z44cm

z42cm

Total Alpha

KOH Fusion

:106-OH-8 C106-OH-8DUP Mean

9.90E+01

2.66E+02

< 9E-03

9.76E-01

8,34)3-01

1.09E+O0

6.48E-01

1.76E-03

1.OIE-03

5.08E-06

8,50E-05

< 7E-04

1.69E-01

1.54E+O0

4,83E-01

1.50E+O0

2,23E-02

1.63E-03

1.12E+02

3.20E+02

< 9E-03

1.04E+O0

8.34E-01

1.38E+O0

9.08E-01

5.95E-04

1,44E-03

5,94E-06

1.09E-04

< 2E-03

1.88E-01

8,74E-01

2:07E-01

8.33E-01

3.08E-02

1,09E-03

1.06E+02

2,93E+02

I.OIE+OO

8,34E-01

1.24E+O0

7.78E-01

1.18E-03

1.23E-03

5,51E-06

9.70E-05

1.79E-01

1,21E+O0

3,45E-01

1.17E+O0

2.66E-02

1,36E-03

Std Dev. %RSD I

9 9

38 13

0.05 4
0.00 0
0.21 17
0.18 24

3.04E-04

6,08E-07

1.70E.05
..

1.34E-02

4.71E-01

1,95E-01

4.72E-01

6,01E-03

3.82E-04

25

11

17

8

39

57

40

23

28

N%02 Fusion Amount (pCi or pg)

!106-OH-8 CI06-OH-8DUP Mean Std Dev. ReI% Error in CI06-OH-8

._

..

..

..

..

..

..

..

..

686

1906

< 6E-02

6,56

5.43

8,04

5,06

7.66E-03
.. 7.97E-03

3,59E-05
.. 6.31E-04

c IE-02
.. 1.16E+O0

7.85E+O0
.. 2,24E+O0

7.59E+O0

1.73E-01
.. 8,85E-03

2,23E+O0‘ 1.89E+O0 2.06E+O0 0.240 12 -. . . 13.4

(a) Concentrationsfor radionuclidesare in units of p% dry solidwall other components INOin units of pgk dry solids. Values in parentheses are within 10 times the analytical detection limit and
thus have a potential measurement uncertainty >15Y0, TIC/1’OC and cyanide analyses was performed dircdly on the washed solids, Anion (IC) analysis was done on a water leachate of the leached
solids, so this does not accuratelyrepresent the anions present in the solids.
(b) Because the values obtained horn the N~Oz fiisionmethod arc generally lower than those obtainedby the KOH fusion method, tho mean values from the KOH fusions were used to determine
the amount of each component in the washed solids (SCOdiscussion in the text). Nickel and K are exceptions,becausethese were only availablofrom the N~Oz fusion.

(c) The process blank fortheN%02 fusion had aCa content of-2,500 p~g.
(d) The process blank for theN%Oz fusion had a K content of -4,100 pg/g, so the reported K concentmtionvalues in tho sampIe can be largelyattributed to the sample preparation.
(e) The process blank for the KOH fusion had aNa content of-2,500 pglg.
(f) Samplorecoveriesfor the 14Canalysis were low and not reproducible thus, 14Cdata are suspect.



ii Table 12. Caustic Leachingof G106 SIudgctAnalysis
of the MagneticFraction of the Leached Solids(a)

C106-OH.8BI Amount (pci 02 pg)

Anslyte KOH Fusion NatOt Fusion Mean Std Dcv. % RSD in clo6.oH-8Bl~)

& (290) (505) 303

Al
Ba
~a(c)

Cd
co
Cr
Cu
Fe

Hs
K
La
Mg
Mn
Mo
Na(d)

NI
P
Pb

Si

Ti

u

Zn

Z2

TOC
TTc
Cr
r
NO;
S042.

PO:

qo,z.

CN

NH,

719

6210

(110)

2680

(33)

(90)

392

(200)

472000

Not Measured

,(54)

(700)

3110

c 60

1s000

(1200)

(1470)

22200

1040

210

(340)

(110)

Not Measured

Not Mesaumd
Not Measured

Not Measured

Not Measutvd

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

6810

(150)

5160

<30

<50

(380)

(170)

<4000

c 50

(840)

2700

<60

719

(980)

1420

33100

1100

(350)

6510

(130)

3920

(33)

<100

(386)

(185)

437000

<4000

<60

(770)

2905

<60

15000

719

(1090)

(1445)

27650

1070

210

(345)

(110)

-)-

424

(28)

1754

(q

(21)

49497

..

(99)

290

(156)

(35)

7707

42

(7)

60
7

22

45

2

11

11

..

..

13

10

..

.-

14

2

28

4

..

2
..

1462

12630

(224)

5451

(67)

(183)

797

(407)

959954

<8135

(110)

(1424)

6325

<122

30507

1462

(2441)

(2990)

45150

2115

427

(691)

(224)
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Table13.Contd,

,;

‘1

I

fkralyte

137CS
W#iJ

‘Tc

“Am(Y)
z41~(a)(s)
134EU

15SEU
14fJ(9

q(s)

z3+J@)

Us@)

~7NP@)

Zq+Js)

z9nr3)

240pJs)

2394z40~(s)

z434c44(3Js)

Z4zcm(s)

w%diysolidsor~Ctigdrysolids

Pseudo95%C.L Pseudo95%C.I.(if
LeachedSolids(o) (if‘YoRSDs=lO)@)OriginalSample(c) OARSDs=lO)O)

8.90E+01 1.16E+Olr 9.42E+OI l.10E+Olr

2.57E+02 3.25E+Olr 8,80E+01 l.llE+Olr

8.59E-03 1.OIE-03r 8,73E-03 L08E-03r

8.59E-01 l.llE-Olr 3.39E-01 3.85B02r

7.07E-01 9.17E-02r 2.42E-01 3,14E-02r

1.02E+O0 1.35E-Olr 3.53E-01 4,63E-02r

6,47E-01 8,52E-02r 2.68E-01 2.99E-02r

9.06E-04 1.28E-04r 3.IOE-04 6,20E05r

1.00E-03 1.34E-04r 3.43E-04 4.58E-05r

6.09E-06 7,05E-07r 2,09E-06 2,41E07r

1.06E-04 1.23E-05r 3.63E-05 4,20E-06r

1.48E-03 l,88E-04r . 5,06E-04 6.44E05r

1.50E-01 1.96E-02r 5.13E-02 6.71E-03r

1.02E+O0 1.33EOlr 3,49)?-01 4,54E02r

3.04E-01 3.83E-02r “ 1.04E-01 L31B02r

9071E-01 1.28E-Olr 3.32E-01 4.37E-02r

2.17E-02 2.90E-03r 7.44E-03 9,93E-04r

1.16E-03 l,50E-04r 3,98E04 5.13E-05r

Removed,%(c)

68

66
13

1
17

..

..

..

..

Pseudo95%0 C.L (if
O/oRSDs=10)@)

13r

14r
2.4r

0.2r
3,1r

..

--

..

..

TotalAlpha 1.74E+-00 2,26E-Olr 6.27E01 7,76E-02r “ 5 l.or

(a)Theconcentrationintheleachedsolidswasdeterminedbysummingthequantityfoundinthe.non-magoeticandthemagneticfractionsanddividing
bythetotalweight(8.453g)of the leachedsolids,
(b) Pseudo95%contidencaIntervals(C.L)wereapprordmatedusingpropagationoferrortechniquesforthecasewherethe%RSDofallrmalytica!
measuresusedis 100/0andallmeasuresarcindependentThereadercanreviewotherpotentialOARSDvaluesbymultiplyingthecdl valuebyr, wherer
isVORSD/10.
(c)Theconcentrationintheuntreatedsolidswas determinedby summingthe quantityfoundin the leachand wash solutions,the non-magneticaodthe
magneticsolidfractionsand dividingby the total weight(24.7022g) of sampleused.
(d) The percentremovedwas determinedby the followingformula:%Rcmovcd=100*(FI+FW)l(Fl+FW+Fm+FJ,whereFIis the fractionintheleach
solutionjFWisthefractioninthewashsolutiowFmisthefi’actioninthenon-magneticsolids,endFmisthefractionin the magneticsolids.
(e) The valuesfor NaarcnotcorrectedforNaaddedasNaOHduringtheleachingprocess.
(!) Onlythematerialin the non-magneticsolidsare accountedfor in thesovalues,
(g) In calculatingthe concentrationin the untreatedsolids,only the materialin the washedsolidsare accountedfor in thesevalues.



Table 14. C-106Washing/LeachingComparisonto PreviousStudies

Annlyte

As
Al

Ba

Ca

cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

Ni

P

Pb

Si

Ti

u

Zn

Zr

lTWater-Washedll Caustic-Leached Solids

w! dry solids

Lumetta 1996 Lumetta 1999

1260

86400

580

3900

110

Not Reported

1300

Not Reported

175700

<4685

c 150

858

4215

Not Reported

101700

2140

1460

4020

86500

640

191

315

381

65825

521

15147

<90

82

1231

535

315141

<5285

157

3234

5561

<69

53848

1234

4527

3326

107390

2928

215

333

I’MFe

Lumetta 1996 Lumetta 1999

7171

491747

3301

22197

626

Not Reported

7399

Not Reported

26665

854

4883

23990

Not Reported

578828

12180

8310

22880

492316

3643

1087

1793

1208.

208874

1653

48064

284

260

3905

1697
..

16771

499

10264

17647

220

170871

3916

14365

10554

340767

9293

682

1056

Pllhdry solids M3k?Fe

3020

49100

398

5480

78

Not Reported

711

58

136000

Not Reported

Not Reported

1320

2850

Not Reported

113000

1090

3480

3310

66600

995

Not Reported

Not Reported

Lumetta 1999 Lumetta 1996 Brooks 1997 Lumetta 1999Lumetta 1996 Brooks 1997 -
----- .--. — . . ..— - ----

630

69100

630

6505

125

Not Reported

1046

Not Reported

187000

6710

229

1060

4235

Not Reported

89700

2020

2553

5107

87400

787

613

155

409 3369

28512

299

10313

(37)

<58

302

152

174950

c 4009

<78

2254

2188

<59

135619

863

1366

1427

96170

1720

186

170

369519

3369

34786

668

Not Reported

5594

Not Reported

35882

122s

5668

22647

Not Reported

479679

10802

13652

27310

467380

4209

3278

829

22206

361029

2926

40294

574

Not Reported

5228

426

Not Reported

Not Reported

9706

20956

Not Reported

830882

8015

25588

24338

489706

7316

Not Reported

Not Reported

2335

162972

1709

58947

210

333

1727

869

22913

444

12886

12505

336

775187

4931

,.7810

8159

549702

9834

1063

974

3860 3287 21969 10432 6210 1050 962 33209 7721 5499

(a) Lumetta 1996= PNNL-11381;Brooks 1997= PNNL-11433 Lumetta 1999= current work.

I
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Applicability

——..

This test pIan is to be used to determine1) the aqueous-insoluble i%wtionof BNFL HLW sludge
samples, 2) the caustic-inkolublefraction of BNFL HLW sludge samples,and3) the effkct of
temperatureon the volubility of solids in the BNFL ~W sludge samples.The work will be
conducted in the SAL hot cells. The work will be condutied by Radiochetical Processing Group
W. This work is being done as partof the TechnicaISupportto BNFL for Phase lB project.

Test Objectiv&

Justification This activi~ supportsconihnation of the process sequence,equipmentperformance
and dtiign basis for the HLWentrainedsolids removalprocess. BF?F’Lmust completeresearch
and testing activities conductedto confirmsystem designbases before 14April 1999.

Objective:The purpose of this task is to obtainthe informationneeded in the filtration and
washing of the EnvelopeD material,The specific objectiveof this testis to determinethe relative
mass and compositionof the water-insolublesolids and of the caustic-insolublesolids (at 85”C)
and to determinethe componentsin the liquid portion of the HLW sampleat 30,40, and 50°C
and their concentrations.

Defiitio~

BNFL BritishNuclear FueisLtd.
HDPE High-density polyethylene
HLw High-level waste
RPL “Radiochemical Processing Laboratory “

Emergency Response

In the event of building audibleaIarr& (e.g., fire or criticality) personnelshouldproceed in
accordancewith the RPL BuildingEmergency Procedure. If time permits, ensurethat test
materials are secured from spillingprior to exiting the area.

Quality Control

Qualityassurance for workconductedunder this Test Plan is govemedbythe Standards-Based
Management System (SBMS). The quality control for each analysis indicated’inTable 1 will be
establishedper QualityAssurancePlan MCS-033. MCS-033specifiesthe minimumcalibration
and verificationrequirementsfor analyticalsystems, as well as batchprocessingquality control .
samplesto monitor preparations(i.e.,blanks, duplicates, matrix spikes, andlaboqitory control
standards).

A workplace copy of this document shallbe present atthe work location. Specific information
regarding each test (e.g., samplenumbers) will be recorded on the workplace copy apd kept as
project recorik.

As discussedin the Prerequisitessectio~ calibrated balances must be used inpefiorrning this test.
Likewise, a calibratedtemperaturecontroller is required. The calibrationID, dateof calibratio~
and calibrationexpirationdatemustbe recorded on the workplace copyfor eachbalance used
and for the temperature controller.

BNFL-’IT-29953-8 Page 2 of 21 .
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Measured weights wi~ be recorded on the workplace copy at the indicated spot in the work
instructions.

I%nd written changes or correctionsmadeto the workplace copywilI be made by means of a
single line-out. Such changes or corrections shall be initialedand dated by the stafFmember
making the change and by the cognizant scientist.

Equipment Description
.,

A standardlaboratory hot platehnagnetic stirrerwill be used for this test. b aluminumheating
block will be placed on the hot pkitektirrerto heat the sample. The apparatuswill be equipped
with two thermocouples. One of the thermocouples will be connected to a temperaturecontroller,
while the other will be connected to an over-temperatureshut-off device. The latterwill be used
to ensurethe sample is not over heate~ which could resultin lose of sample.

??rerequisk

Staff petiorming the work muktread andunderstandthe entiretest plan prior to beginning work.

The following are itemsthat should be stagedprior to startof tie test.

Wide-mouth HDPE boti~ sizeto be determined (2) ~
● 30-mLHDPE bottle
~ 20-mLHDPE vial (8)
1 30-to 40-mL glass vials (2)
* Hot platehirrer
. Aluminum heating block

, - Temperature controller with temperatureread-cyt
Over-temperatureshut-off device “ - “

: 0.45-prn nylon syringe filters (6)
5-mL syringes (6)
0.45-~ nylon disposable filter units (8)
Adjustable 5-mL pipette “
Boiling water bath .
Smallplastic bag

The temperaturecontroller shallbe cd.iirated by maintenance services. Record the following
information regarding the temperaturecontroller used.

*A..p LJ
Calibration ID: 020q3 62*55 /~z~-

CaIibrationDate; i/Iz/q9 1/$7

Expiration Data l/~@ l/Lwl

A calibratedbalance is requiredfor this test. Record the followinginformation regardingthe
balance(s)used.

tzt+ z
CalibrationID: 360-Q4+I -OIb CalibrationID:

CalibrationDate: 3/#99 @ 9/99 CalibrationDate:

Bh~-TP-29953-8 Page3 of21

-— — ..—.-.... - — -T.. 7. . .. ~.>.. —.—- .... -



Expiration Da& .8/4~ Expiration Date:

Before be~”nningwo;k a routinepeformance checl%houldbepe~oi~ed ddommented in the
space below. ..

Work Instructions

Note .
Where practi~ catchpans shouldbe used when working withthe tank waste samples, . .
S?that they can be reeovered if spilled.

. d
.

Part 1. SoluWty Versus Temperature

~ ]Zop$ 1.1. Preparethe sample vials accordingto the followingtable. All vials should be HDl?E.

SampleID(*) Tm>5 .
L (c)6 -S0L30-l &:Qve
C to~ -SOL-30-2 c. Y?$r

Lie% -SOL-40-1’ g. Y69s-

C(C)16-SOL-40-2 4. ~~ q5
c106 -SOL-50.1 6. 49t8

ClrJ6.sOL-50.2 rj. f-f?er
(a) ‘1’heprefixto thesampleIDsshouldbe

the tank nu@eq e.g.“C106.”

BNFL-TP-29953-8
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1.5. Place CtbL -SOL-TEST into an alun@urn heatingblock thermostattedat”30°C ~}”‘~~~,~qff%
-.

1.6. +Stir the contents of C.10~ -SOL-TEST ,
- zi-,77

99. Yz67

1.8. Preh-=ttwo syringe/fiIter assembliesby placing themin a plasticbag and submersingthe
plastic bag with the syi-ingehlkersinto a boiling waterbath SIO.V”Jp, )l-~d

1.9. Withdraw a}-niL aliquot of the slmzy and filter intovial C I DL .SOL-30-1 .
+b’ly.

2

d+. ~-+p~. Io.qszl-c. ~~~~ ‘ Y.~~3g
~ J, c,o&fOt-30-,

= /0.3 s-q

1.10. Withdraw a second -mL aliquot of the slurry and filter into vial C 10L -SOL-30~2
W. s_,~=10.71r*--L.Y~$r-Y.z[~

{
_ 0+. c@L. QIL-~ -Z

1.11. Adjust the temperature of aluminum heating block assembly to 40°C =-1~.71sr
.

1.12. Once the temperature has equilibrated at 40°C, stirthe sample for 1h . S&mf LJ#..d b~
G[( ~“$,ti.

Start datekirne: 4/2[[+5 “ j3 :35-

Stop dateitime: 4[ .z’i#~4 &:oe

1.13. Preheattwo syringe/filter assemblies by placing them in a plasticbag and submersing the
plastic bag with the syriuge/filters into a boiling waterbath

1.16. Adjust the temperature of aluminumheating block assembly to 50°C

1.17. “ Oncethe temperature has equilibrated at 50°C, stir the samplefor 1h

Rid date/time: ~/ ‘VW r: 1~-

Stop datdtime: ?1 ~~/9=1 r:.#

1.18. Preheattwo syringe/filter assembliesby placing them in a plasticbag and submersing the
plasticbag with the syringehllters into a boiling waterbath

9
~.l.<. W.+9

1.19. Withdraw a&nL aliquot of the slurry and filter into vial C]OL -SOL-50-l + ~= 1o“‘.4 ~~
w“. AI+l+,J * QILJ O* & <.3 ,“.+.M ~[*t~.# ..* *+ -+= [o. o~by

~~~ 3-L ~ ~’1~~. -$ ~fi ~s ~ ~%.~
- 6. WiV~

,. $976

d-’.! %J; AC -L .+I)AJ :- +s 41:@-. &

B~-ll?-29953-8 Page 5 of21
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. .

4

1.20. Withdraw a second~-mL tiquot of tie slu~ md filter irltovi~ c IC)L .s0L5&2 A ~ ‘ ‘d.‘L 4 ‘~w~q

(“
(A. SMPL - 10.zLY1-g. Yqe,Je.Y. Z~”L

1.21. The samplescollectedduring the test are to be submittedfor the analyseslisted in Table “ “

( L The cognizautscientist will prepare the requiredASR

2.1.

2.2

2.3

2.4

2.5

2.6
.

2.7

2.8

2.9

.

7Homoge “zethe stockHLW sample by stirring 3d. I-J34 ~ “

!Label a disp sable iilter unit (0.45-P nylon) as C. 1t% -AQ-1

-+

Weigh “Cl o -AQ-1

\

Wt. Cl O& AQ-1 = g (2.3A)

Also weigh just the ottom part of the filter III@ i.e., the receiving bottle and cap

Wt. receivingbotie&cap = g (2.3B)

Connect C 106 -A line, but do not yet applyvacuum . .

Transfer enough of sampleto give-25 g solids to the filter
fimneI of ~lo~ -AQ-1

Apply vacuum to fiomthe vacuum once the liquid has iiltered, .
. . .

Place the cap on weigh c [QL -AQ-1

-AQ-1 = ~ (2.7A)

\

Careiidly removethe funnel part of th appaiatusfromthe receivingbottle, place the cap
on the receivingbottle and weigh.

.!Wt. r~ei . g bottk%zcap= g (2.7B)

Determinethe total weight of the sample

\

Wt. Sample= .7A-2.3A= g (2.8A)

Determine the weight of the filtered liquid

Wt. Liquid = 2.7B- .3B = “ g “ (2.8B)

Determinethe weight of the filtereclsolids

\-
Wt. Solids= 2.8A-2.8B g ~ (2.8C)

4Measure out the appropriate volume of 0.01 ~NaOH as - cted by the cognizant
scientist into a plasticbottle

Ft uust + c+o~ $~?b ‘c a ‘)



‘ 2.10

@4f
● 2.11

2.12

/ +@
M 41

Izs-.td-
Label an appropriatelysized wide-mouthed~PE bottle as c 10L -A@2 “ “

.-

Weigh C1% -AQ-2

2.14 Weigh C1% -AQ-2
z.1~% r%ll Clowam

● 2.19

* 2.20

2.21

I
-wt. Clob 4Q-2= sS- l~x ‘ ~ (2.14A)

Determinethe weight of the G CM++

% ~ ,kw~to==214A-211A=23’777,“(~1,.j
Equip

= fJ-i. r33v-31. cpv = [-&7. ~~o
C i“~ -AQ-2Wi&a conclcnser, then place in an album heating block at 85°C

Stirthe samplein ~lob -AQ-2 at 85°C for a minimum of 8 hours
>.“*,<<

An9-. r? (7 lgfg)---

,.

9 lQ

Label a disposablefilter unit (0.45-pmnylon) as C10~ -AQ-3

Weigh c IOL -AQ-3

W,. eio~ AQ-3 = 6 ~. ti~~ , (2,20A)

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

Wt. receiving bottle&cap = ~i- “o~ g (2.20B)

co~ect ~lOL -AQ-3 to the vacuum line

~@ @4q

u+.

BNFL-TP-29953-8 Page7 of21
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2.22
$/A[@

2.23 “

2.24

wt. C106-AQ-3= // g (2.24A)

Carefidly removethe fimnelpart of the app&-atusfiomthe receivingbottle, place the cap
on the receivingbottle andweigh.

(k> &;+# * C[w:cu’ SOI** L
?a Gp:bk 40wd”~=JV,G,~~30~,u.~,e. Wt. receivingbottle&cap= i‘y’ ‘Z1 ‘g (2.24B)

., 2.26

2.28

2.29

2.30

2.31

2.32

Determine the weight of the filtered liquid

Wt. Liquid= 2.24B-2.20B= Io‘. 75-&~ .(2.25B)
.

Determine the weightof the filtered solids

M=ZWG) .-Wt. Solids=2.
.

Measure out the appropriatevolume of 0.01~lXaOH as instructedby the cognizant
.scientist into a pkstic bottle

(2.26A)

Weigh ~lob -AQ-2
.

wt%/-”””’@2’A)

Slurry the filtered solidsusing a portionof 0.01 ~NaOH (vohune= 2.26A + 5); transfer
this Shlrryto CI06 -AQ-2 +o-wc .\:6OO+SQ&. -I-.*(& & s#-ic &s S.S4W

&/-f% .(+ Le-ti + et ~ s%+ ~~ -d.

Repeat step 2.29 fourtirnes to ensure completetransfer of the solidsto cl o~ -AQ-2

weigh CIO& -AQ-Z

wt. clo.L -AQ-2 = l’-l~ “ ~7’~ g (2.31A)

Determine the weight of the slurry ## (3 ‘.
@-o~>~

Wt. Slurry=2.3iA-~?iA= 1°%- ‘z?% (2.31B)

Bquip c 10b -AQ-2 with a condenser, then place in ah aluminumheating block at 85°C

BNFL-TP-29953-8 Page 8 of 21
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.

.

2.33 Slirthe sample in CIOL. -AQ-2 at 85°C for aminimurn of 8 hours—.

Start datehirne: s/YFi ~?3 d 23 h . .

stop datekime v?/q9 %:30

g 2.36

● 2,37

2.38

2.39

2.40

2.41

J

Label a disposablefilter unit (0.45-pm nylon) as cl~~ -AQ-5

Weigh CI06 -AQ-5

Wt. CI06 AQ-5= ~ds ? ‘Lq & (2.37A)

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

Wt. receivingbottle&cap = q 1.‘“q g (2.37B)

Disconnectfrom the vacuum once the liquid has fltered “~~ “<Ij]ak

Pkice the capon thetop of the filter unit and weigh C /&b -AQ-S #-J
~1> @fl *h”

Wt. CID6 AQ-5= x (24.)

Carefullyremove the funnel part of the apparatusfromthe receiving bottle, place the cap
onthe receivingbottle and weigh.

Determinethe weight of the iiltered liquid
~%000% ~. C[+9

Wt. Liquid = 2.41B-2.37B = ~ g“y (2.42B)

A.k /
<1 ‘-@

BNFL-TP-29953-8 Page9 of21



“

@

e
.

2.44

2.45

2.46

2.47

2.48

. 2.49

2.50

Determinethe weight of the filtered solids “ -
*(J d

/~ @.457;’”’ ~
Wt. Solids = 2.42A-2.42B

Measure out the appropriate volume of 0.01 ~ NaOH as instru~edby the cognizant
scientist into a plastic bottIe

@
Vol. Used = J00 ~ (xJ+-

(2.43A)

,* ~ *~/qh
rl.{.~”

Mm-ythe filtered solids using a portion of 0.01 &$NaOH(volume=2.43A+ 5); transfer
this Am-yto ~1~L .AQ-2 O& ~ sp+h +3 +r+,s Lw XSI- ●4 e soL.4s +’ AQ-z. ~

Qs.d ~1 *.WAJ .6 C=.QI & ~dl.1 -% b.-+- + va-&.AA-.

~peat step 2.46 four times to ensure complete tmnsferof fie SOJMS to C 106 -AQ-2 -AA -z * ‘~,~.* 4:I)4J

Weigh ‘et04 -AQ-2 +’* &.&l!<
Mu.

wt. U06 -AQ.2= f~~ . 03%g (2.48A)

Determinethe weight of the slurry .“4)
(>,.~J

o.t’~.

wt. Slurry = 2.48A-2.#A = I IZ. s ~$z ~ . (2.4~13) . -

@uip Cl o~ -llQ-2 with a condenser, then place in an aluminum heating block”at 85°C

Stirthe sample in L( o L -AQ-2 at 85°C for a minimumof 8 hours

%% An ~
.—

‘ 2.53 Label a disposablefilter unit (0.45-pIn nylon) aS c@L -AQ-7

● 2.54 Weigh CI06 -AQ-T

Wt. C/06 ‘AQ.7z &-t.Y363 ~ (2.54A) ~
)?+ /

<(4(’1
B~-TP-29953-8
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.

/“

. 5/6@

2.55

2.56

2.57

2.58

AIso weighjust the bottompart of the fiker ur@ i.e., the receivingbottle and cap

Wt. receiv~g bottle&cap= qf. fr 19 g (2.54B) ‘

Carefbllyremovethe fimnelpart of the appa.mtusfiomthe receivingbottle, place the cap
on the receivingbottleandweigh. #ok: NW *. @ujL &..ja L .b++k $W.+A+

* : ~#kvkf7 4%..W 6’/4+ > p-r solJ%~ bui+f Cb.+ r

rjtq.rq II: co sf+~d~~ I~QJ ‘ L:+ L+%>,

f-t. ‘%f;B’/?.”:,::

wt. receiving bottletkc.ap= f67. Vqvg .
(. A*+ u t~ ?~tip;w wt~.

2.59

‘ 2,60

2.61

2.62

2.63

2.64

2.65

2.66

2.67,

Determinethe toia.1weight of the slurry
&.J- &:” ’16P

wt. shlrry=2 .~ g (2,59A)

Determine the weight of the fStered liquid ~

Wt. Liquid = 2.5~B-2.54B”= j~-.qzz? ~ (2.59B) “

Determine he weiglit ofthe”filtered solid
~+~ hti-’~ #.#. syc/Qf

(2.59C)

Label a glass ~ as c JOL-AQ-8 ~~t~ -A J* %5 c2106-A~-?13

d ““%8
(4-+.’s .:II L *.SJ

Dry C(OL-AQ-8~at105”Cfor a minimumof 1 h -4- w Sk- 4C”.t --.-j.J+c
.“

~ -$-B
COL4 )

Cool QOL -AQ-8Ftoambienttemperature in a desiccator

Weigh Q06 -AQ.8 o-J -~’~

wt. C(OJ -AQ-8 = [27. rfzf g (2.63A)
d-. c106 -A-Q-~~ z Qz.oTq{

Using severaIportionsof deionizedwater, quantitatively transfer the washedsolids from
the filter membraneto UOL .-AQ-8

A +g
Heat c‘’~ -AQ-~at 80°Cto evaporateexcess water

.
Heat ~106-AQ-8h$l;”C overnight

~ -Pa
COOI c1’6 -AQ-$to ambienttemperature in a desiccator

BNFL-TP-29953-8 Page 11 of21
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a

o

2.68 Weigh c iob -AQ-8 & -~fl

wt. C{OL +()-g= I z.~.6\l rg (2.68A)
. Ci06. #-&R = 100,DJ-.3~

2.69 Determine the dry weight of the ~;hed solids

Wt. Dry Solids= 2.68A-2.63A= Z.OZg~ g(2.69A)
@-. q *fd$ + $~>~ = -j.q-Jq [

2.70 Determine the relative amounts of each wash solution needed to preparethe composite
liquid sample ,5’$ #~ ..a++q

MOK %“ #.. ~%>

x~~v~s ~ ~“~ Total Wt. Liquids =x+ 2$5B + 2.42B + 2.59B =
i. ~ + ~ s.la~~

(2.70A)

● 2.71

2.72

2.73

2.75

2.76

2.77

Wt Fraction AQ-3 = 2.25B/2,70A= o.s lW (2.70C)

Wt Fraction AQ-5 = 2.42B12.70A = 0S’~ (2.70D)

Wt Fraction AQ-7 = 2.59B/2.70A= o. 3f~ 2 (2.70E)

Label a 20-mLHDPE sample vial as C106-AQ-9 ~1.J+=L,v7fz

place ~lo6 -AQ-9 on the balance and tareto 0.000g

-.

w! r- lfif i m
“— ~ k’ +=)’.

Place cl OL -AQ-9 on the balance and tareto 0.000g

Add the following quantity of the solutionin bottle CIO 6 -AQ-3to LIO L -AQ-9

Quantityfrom CI@ -AQ-3 = 10*2.7OC = ~ 3.lsa ~ U,* (2,75A)
*-7 - --.4 69 5L~3

Record the weight of cto6 -AQ-9 fo s.d# so1.’4s.

Place U06 -AQ-9 on the balance and tare to o.000g”

Add the folIowingquantity of the solution in bottle C(OL -AQ-5 to LIO6 -AQ-9

Quantity from c.Io~ -AQ-5 = 10*2.7OD = Z -9 ~? R (2.77A)

BN?L-TP-29953-8 ??age 12 of 21
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2.78

2.79

Record the weightof c 106 -AQ-g “ .

wt. C106:-AQ.9= z.~zW g (2.77B)

Place L/06 -AQ-9onthe balance and tare-to 0.000g

Add the followingquanti~ of the sohltion in bottle c106 -AQ-7 to CIOL -A().9

Quantityflom C/D6 -AQ-7 = 10*2.70E = z.~o~ ‘g “ ~2.79A)

Record the weight of clob -AQ.9

Wt. C)ob -AQ-9= 31t 141 ~ (2.79B)
m~l UN-.~-,~ ~ 3.l%t-L*z.qz*& 3.41~L= 10.0237 (e~ + d+. J,satz ,.5.0,377 C.’i7i2~ ,,.,-a,,j)

2.73 The washed solidsandthe compositewash solutionare to be submittedfor&e analyses
- listed in Table 1. The cognizantscientistwill prepare the required ASIL

Part 3. Determination of Cauti”c-Insolub!e Fra&”on

3.1.

3.2

. . 3.3

3.4

3.5

3,6

3.7

\

omogenize the stock HLw sampleby stirring

,
Lab a disposable fiker unit (0.45-”pmnylon) as C10J -oH-l

.
.

-4Weigh CI -OH-1 ““
.

\

wt. ~IbL -OH-1= ~—. (3.3A)

Also weighjust the b ompart of the filter unit i.e., the receivingbottIe and cap

Wt. receiving 130tie&up = g (3.3B)

Connect C104 -OH-1 to the cuum line, but do not yet apply vacuum

\

Transfer enoughof tbe homogeniz HLW sampleto give -25 g solids to the filter
funneI of CfOL -oH-l

\

AppIy vacuumto the filter unit. Disconn t fiomthe vacuum once the liquid has filtered.

Place the-ip onthe top of the filter unit an eigh C@ -OH-1

wt. “006 -o -1= g (3.7A)

L
Carefilly remove the finnel part of the apparatusfio the receiving botde, place the cap
on the receiving bottle and weigh.

Wt. receiving bottle&cap
) (3.7B)

/~> “Pk ~\b\k$

B~-TP-29953-8
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3.8
\
De rmine the total weight of the sample .

3.10

3.11

3.12

3.13
. .

.. . 3.14

\

Wt. Sample= 3.7A-3.3A= g (3.8A).-

Determinethe eight of the fikered liq@d --

\

Wt. Liquid = 3.7B-3.3B= ~ (3.8B)

Determinethe weight of th tered solids

“7. Solids= 3.8A-3.8B = ~ (3.8C)

Measure out .fie appropriate volume of

@ ‘ .ol.ux:~:?y:

into a plastic b

n .).~.
>./19’44

Label an appropriately sized wide-mouthed HDPEbottleas C/06 -OH-2

Weigh C(D4 -OH-2 .,

(3.11A) .
. . . .

~~

.

C-tOb-i 1 :d-o f-[d6- O/f-z .

3 19~i~ . .
L

Weigh CIOL “-OH-2 0-.

(3.14A)

3.15 Equip Cmb -OH-2 with a condenser, then pIacein an aluminumheatingblock at 85°C

3.16 Stir the sample in cl% -OH-2 at 85°C for a minimumof 8 hours

BNFL-TP-29953-8

— -————
Page14 of 21



.

@dq~ 3.19

3.20

3.21

3.22

3.23

3.24

. . .

--

Label a disposablefilterunit (0.45-p”mnylon)-as cto6 -OH-3

Weigh cioL -OH-3

Wt. C/0~ .OH-3 = LY.PL~~ g (3.20A)

Also weighjustke bottompart of the filter unit; i.e., the receivingbottle and cap

Wt. receitig bottle&caP= y 1“q”~g ~ (3.20B)

Connect ~ 106 -OH-3 to the vacuum line

FiIterth~~eachingSluny- !$~$

Disconnectfromthe vacuum oncethe liquid has fikered
A-1.

Placethe cap on the top of the filter unit and weigh c~a~ -OH-3 ~.d ‘“’-” w

—~
~ .[.6. $/l@+

wt. CIC%-~ g (3.24A)

Carefidlyremovethe fimnelpart of the apparatus fiomthe receivingbottle, phicethe cap .
on the receivingbottle andweigh. “ “

M*: 8tidb* % ckr;~~ sold+- 6- ?W+wa . 4

3.25

3.25a

3.25b

3.26

Wt. SlurryyA = g (3.25A). .
Determinethe weight of the filtered liquid

Wt. Liquid = 3.24B-3.20B= 10+ ‘~lllg (3.25B)

Determinethe weight of the fikered solids

wt. sdm--25A-3.mj = . ~ (3.25C)

Label a 20-mLHDPE samplevial as C~G~ -OH-3A ~ LJi. = 6. ~Lf8X

Transfer-15 mL ofthe filtered leachate solutionto clok -OH.3A -‘+= Z3” y~ 14

LLvY]6- (.q7f-3 : 16. Y5339 =pc
Measureout the appropriatevolume of 0.01 ~NaOHas instructedby the cognizant
scientistinto a plastic bottle

BW-TP-29953-8 Page 15 of21



3.29

3.30

3.31

3.32

3.33

Shu-rythefiltered solids using a portion of 0.01 ~NaOH (voIurne= 3.26A + 5); transfer
this slurryto C16~ -OH-2 l-r L.4 4s+ >+ * %.I:d>&:h & s+~le , + X1.w;d

* “4,+’ @“* 8.014 +aw.
Repeat step 3.29 four timesto ensure complete transfer of the sofids to ~“~ -OH-2

Weigh C106 -OH-2

Wt. cto~ -OH-2= IY6, 6~~’f ~ (3.31A)

Determinethe weight of the slurry @ff
%“ ~,.!lfi>P

Wt. Sluny= 3.31A-3#8A = 119.#,~Lg (3.31B)

Equip CIOL -OH-2 with a condenser,then place in an aluminumheating block at 85°C

Stir the sample in C@6 -OH-2at 85°Cfor amininmm of 8 hours

<II d@ 3.36

3.37

3.38

3.39

3.40

n
. .

6 .(-:35%)

Label a disposablefilter unit (0.45-prnnylon) as CJ04 -OH-5

Weigh Q06 -OH-5 - ~.%[~~:J~[a
Wt. CfO ~ -OH-5 = ~~.~”q~ ~

~~%’.
- (3.37A)

AIso weighjtist the bottompart of the filter unit; i.e., the receiviugbottle and cap

Wt. receiving bottIe&cap = ~’- Y‘1 ~g (3.37B)

Connect c1oL -OH-5to the vacuumline
& p.f.k 3]1(/45

Filter thefiwashsluny

Disconnectfrom the vacuum once the liquid has iiltered

BNFL-TP-29953-8 Page 16 of21
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,%,4$ 3.41 pIace the cap onthe top of the filter unitand weigh ~J06 -OH-5

Carefidlyremove the fimnel part of the apparatusfiom~e receiving bottle, place.the cap
on the receiving bottle and weigh. M: s.iJH- w% q Q/..& C&l& +&+ *ff-3) .

M-t : tid.bfl * c~i.fiJ SO\+ib (+- y j.td#* .

5-/1~l%j SS(J’H.+ k +-~ . Wt. receivingbottle&cap = 133-!Y6qg (3.41B)

3.42 Determinethe totaI weight of the sluny

wt. Shlrry= 3.41A-3.37A= lox. 3 z37g (3.42A)

Determine the weightof the filteredliquid

Wt. Liquid= 3.41.B3.37B = 91.?ZS-~ ~ (3.42B)

Determine the weight of the filteredsolids .

3.43

3.45

3.46

3.47

3.48

3.49

3.50

Wt. Solids = 3.42A-3.42B = IO.s$7q g (3.42C)

Measure out the appropriate vohune of 0.01 ~lJaOH as instructed by the cognizant
scientist into a pktic bottle

(3.43A)

Weigh cfb~ -OH-2

wt. CI06 -OH-2= lq3,6g60g (3.48A)
“.

Determine the weight of the sluny
“;,,k..>’. (%/

Wt. shy = 3.48A-~45A = JI[. g’GqZg (3.48B)

Equip Cl06 -OH-2with a condenser,then place in an ahunin~ heating block at 85°C

Stir the sample in C106 -OH-2 at 85°C for a minimum of 8 hours

B~-TP~29953-8

Start datehime: ~-/JZ/44 q:oo

Stop datehime: _f713/4+ j2 >;~, Z? h
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“ n

. .

5/\3Yl 3.53

3.54

3.55

3.56

3.57

3.58

5

;:\

(co flq
. e

f5 .

Label a disposablefilter unit (0.45-pm nylon) as CI04 -OH-7—,

Weigh clo~ -C)H-7

Wt. cfo~ -OH-7= 5$, %’763~
@i,k@ c~ P)

(3.54A)

Also weighjust the bottom part of the titer unit i.e., the receivingbottIeand cap

Wt. receivingbottIe&eap= J//J +.73f?g (3.54B)
. .

Connect M ~L -OH-7 to the vacuum he

“3*L.Filterthe~$ashslurry >l,,lfi
,tM rv SW Z~S-4> ~ ~luh ‘id c~o> ‘d h

-&!ti vv~ ~w’

Disconnect from the vacuum once the liquid has iiltered

PI- the cap on the top of the filter unit and weigh ctoc -OH-7 .

wt. .0L-OE.W;:8F” .

Carefilly removethe fimnel part of the apparatusfiomthe reeeivingbottle,place the cap
on the receivingbottle and weigh. “ ~~~ - + ~ r.e(,3 q@ (&s 4+A’9 ~’~”>

b Cli’-:@d A+’- &# W+”* , !q’07qJ- (~>.

S71VIG5 (LJJ54 SJdr p-?-&4- “ Wt. receivingbottIe&cap= ~~ “ (3.58B)

3.59 Determinethe total weight of the slurry

Wt. Shiny = 3.58A-3.

Determinethe weight of the filtered Iiquid

Wt. Liquid= 3.58B-3.54B= lzx.~rl~

Determinethe weight of the filtered soIids

Wt. Solids= 3.59A-359

3.60 Labelaglms~~a C-106 -oH-8 4 -+ ~s ~106. OH.&~

~~. +=’% ““

Page 18 of 21B~-’I’P-29953-8
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J L\o&-M+8t3 .

3.61 Dry QoJ -OH-8@ 105”C for a minimum of 1 h -
~ ~log. ~1~.%B

3.62 Cool C106 -OH-8zto ambienttemperature in a desiccator
.-

3.63 Weigh @6 -oH.8 ~ C(O6-o@-$D --

Wt. DqYSs)Iids= 3.68A-3.63A= . g“~”GG g(3.69A)
3.70 Determinethe relativeamounts of each wash solutionneededto preparethe composite

liquid sarnpIe qz# ~@ .
A% *;\. ~%.

Z$ .- ~~1:~~’ ~:~ ToM Wt. Liqui& = 3.42B + 3.59B =. z{ ~. 6774 ~
i. * dafi~ , ‘ (3.70A)

At{ G~. ~V& “ Wt Fmction OH-5 = 3.42B/3.70A = d .~ ‘~-3
(3.70B)

Wt Fraction OH-7= 3.59B/3.70A = s t >-V47 (3.70(2)

3.71 Label a 20-niL HDPE samplevial as C 10L -OH-9

“3.72 Place CIOA -M-9 onthebalance and tareto 0.000g

3.73 Add the following quantityof the solution in bottle do~ -OH-5 to C1~G -OH-9

Quantityfiom ctt16 -OH-5= 10*3.70B = ~.ZS-3 g (3.73A)

Record the weight of L1OL -OH-9

wt. Cfo/ -OH-9= q.z~a? ~ . (3.73B)

3.74 Place ‘f’~ -~~9 on the balance and tare to 0.000g

3.75 Add the followingquantityof the solution in bottIe clog -OH-7to c 10 c -OH-9

Quantityfrom ~1~~ -OH-7= 10*3.70C= S,?Y 7 g (3.75A)

BNFL-TP-299S3-8 Page19 of21
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.

Recordthe weightOf LI04 .OH-g

The washedsolids,the leaching solutio4 and compositewash solutionare to be
submittedfor the analyses listed in Table 1. The coguizant scientistwilIpreparethe
requiredASR. “

p7s.&.

Ov:ynl 4-.

.!i. 126$

I

B=’I’P-29953-8
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TABLE 1. Sample Matrix

Acid KOH NIIIQ xc lCP-MS ICP-MS Total Flucrimctry 2’4Aml .
SampleID ~&@h ~shn Fhsica ICP/AES (anicns) T(3C TIC (WTG] @uhf’) GEA ‘Sr ~pha ~ “~+z”cm l’c Tfithmlc~ To~lCN Ammonia ,
SOL-30-1

.— —
x x x TT x Txx x ‘—

——

SOL-30-2 x x XxXx’ xxx x
SOL-4(I-1 x x Xxxx xxx x
SOL-O-2 x x Xx xx”” xxx x
SOL-SO-I x x Xxxx x Xx, x
SOL-SO-2 x x Xxxx xxx x

AQ-8 x x x xxx x xxx
AQ-9 x

x Xxx”x:
x

,X. x
xxx x xxx x xxx x x x

OH-3A . x x xxx x xxx x
OH-8 xx

xxx x x x
X“xxx x xxx x

OH-9 x
xxx

x
x

x
x ,x

‘x x ‘
(a)IncludmTG99,1-129,NP-237,U-isotopi~ ~-isotopia

x xxx x xxx x x x

BNFL-TP-29953-8



Protocol for DissolvingSample C106-AQ-8B

Purpose

The purpose of this protocol is to dissolve the magnetic solids stuck to the stir bar fiomthe C-106
washing test so that they can be aualyzed.

Instructions

qlq(l~ 1. Weigh C106-AQ-8B

wt. C106-AQ-8B = qfj. Fr’43 g (la)

2. Add 10ti of concentrated(12 ~ HC1(Ultrex-grade)to C106-AQ-8B
.l+4k.-~P..:> 6“ * $“s%

3. Place the cap looselyon C106-AQ-8Band stir gentiy to dissolvethe sofids ~e’--d; ;d~~ ~ ‘-”

4.
%1h.

Once all solids are dissolve~ transferthe solution to a 25-niL volumetric flask.(~h~ ~~~’y~. ~,.\#
F; /k-i. tie-y O..ii’.. -G’I& (~

5. Rihse C106-AQ-8Bwith several smallportions of deionizedwater, transferring the rinse
:.-

&
-%0

liquidtothe volumetricflask. <b[:~s +-A i- rot. -@t GS A fJW ~:% tizo. - “ ~

/’8. Allow C106-AQ-8Bto dry, then weigh

1
wt. C106-AQ-8B = ‘=i@l,7s2~ g (8a)

9. Determinethe weight of the solids

- -@ “
Wt. solids=la-8a= ‘01013‘g

10. C106-AQ-8B1will be submittedfor analysis as prescribedin au ASR prepared by the
cognhnt scientist.



Protocol for Dissolving Sample C106-OH-8B

Purpose

The purpose of this protocol is to dissolve the magnetic solids stuck to the stir bar fiomthe C-106
washing test so that they can be ana.l~ed.

Instructions

1.

y/ ZV4

2.

3.

4.

5.

6.

7.
. .

. 8.

9.

10.

11.

Weigh C106-OH-8B

wt. C106-OH-8B= qq “~~-”~ g (la)

Transfer stir bar with solids to a pyrex beaker

Add 10 mL of concentrated (16 ~ HNOS(Ukrex-grade)to the beaker

~Rl$ *A d+ *\l ~$~~~ - “4~w ~~L -. ~cl
H@ to near boilingto dissolve the solids ~ ~ ~ ,*. L-, w s~h~. c.#~ ~ Q. MA

@*pk 06, G.-$ <h+ 41[Cal:ti ~ ~~$~~.
I+&!A b’ &L:& ~OncealI solidstie dissolve~ transfer the sol..tionto a 25-mLvoltietric flask. ~xc ~~,~ -

J
Rinse the beakerwith several small portions of deionized water,~ferring the rinse Ga w b=
liquidto the volumetricflask. -p lpv+~ ~ .

Fill the volumetricflask to the 25-mL mark with deionizedwater,then mix. ~-%Z5-.L ~.1~ t+cr.
. u+M/s@-J . “

Transfer”thesolutionfrom ~e volumetric flaskto a cl&mvial labeledas
C106-OH-8BL sp+5dl:ds L@ cfcgafi-~!?l.

‘~ .%’:”’::”’

/
.Transferthestir bar from the beaker back into C106-OH-8Band allowto dry @

/ E qo.m b +.c5

Weigh C106-OH-8B

wt. C106-OH-8B = ~~-”-y ~ g (lOa)

Determinethe weight of the solids

Wt. solids = la - 10a= l.’l’!b~ g (ha)

C106-OH-8B1 will be submitted for analysis as prescribed in an ASRprepared by the
cognizagt scientist.

. .
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Protocol for IsolatingSoIidFrom C106-AQ-3
.

Purpose
.-

The purpose of this protocol is to isolate the precipitated solids from solution C106-AQ-3 so ~t
they can be analyzed.

Instructions
“$s.

1. Label a 0.45-prnNylonfilterunit as C106-AQ-3*
sol’

/
~u’v

2. Swirl the solutionin C106-AQ-3to suspendthe.solids then filter in C106-AQ-3*

3. Disassemblethe filter unit andput the cap on the reservoir with the clarified liquid.

4. Label a glass vial as C106-AQT3Solidand weigh

Wt. C106-AQ-3Solid = %[, 9~177 ~

5. Using a spatul~ transferthe fifiered solidsto C106-AQ-3Solid.

6, Allow solids to air-dry,then weigh . .

Wt. C106-AQ-3Solid= z~~71z“ g .

Wt. Dry Solid= 0.7&

7. C106-AQ-3Solidwill be submittedfor analysis as prescribed in an ASR prepared by the
cognizant scientist.

...__ ._m - . . . .. --
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Analytical Chemistry Laboratory (ACL) Analytical Services Request (ASR)

@
./ (Cover Page . . . information applicable to all samples in series)
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~ Time Sampled (optional):
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_Filter _Smear _Metal _Organic _other Solids

Solid/Liquid Mixture: _ Gas: _
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Process ffiowledge: _Sample Information Check List, or
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Untreated Sample(s): _Return- &Dispose _Store, or
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TABLE1. SampleMatrix(Revised6/3/99)

KOH NaiOt
Laser

Acid lC ICP-MS lCP-MS Total ~UOtiChy “ACall “w
SamploIO Digmtion IWaion Fccaion ICP/AES (aniona) TOC TIC (WTC) @“u)(’) GEA %r Alpha (U) “’WCm *J*%% “C Trithma CVAA Hg Total CN Ammonia

44- i8& I clo6-50~30-l — — ‘—x x 7-X- T-X-- —Y-xx —— .—
/@Z C106-SOL-3O-2

x
——

x x Xxxx x
( ~$3 CI06.SOL-40-1 x x Xx xx.

$

x
1~ C106-SOL4O-2
/W Clod-sobsO-l ;

x x xxx x
x x xxx x

P&k clo6-sob50.2 x x Xxxx x

I ~~~ C106-AQ-3Solido) x x

l’lW C106-AQ.8(’) x x x xxx x x
1$* C106-AQ-8B1 x x x x x
t++o cl@j.AQ9 x x x

xx
xx
xx
xx
xx

x
x
x
x
x

xx
xx

x

x x
x x
x

xx (d) X . X
x

x

x
xx
xx ..

x
x x
x x..

x ,x ‘(d) X x x
x

I @~ CI06-OH-3A x
.,

x x

i w 2-C106-OH-8(C) x x x xxx x x
1%’?3 C106-OH.8BI

@“j W C106-OH-9

x x x x x
x x’ x A A

(a) IncludesTc-99,1-129,NF237,LMaotopic,Pwiaotopic
(b)Thismatccialiawakr-soluble,Wciglacdomoonlacanbediisolwdinwat,crforanalyacs,asappropriate,
(c)Analyacashouldbcperformedinduplicate,
(d)Althoughoriginallyapccilicdin!hckatapccificalio~trithoraanafyacawillnotbepccformcdbccausaanytrilhonoriginallyprcacntwouldhavebeenrcanovcdduringprcviouadayingcycles.



Special Instructions

L

2.

3.

4.

5.

6.

7.

Plastic samplevial shouldbe used wheneverpractical.

All samples shouldbe shakento mix thoroughlybefore sub-sampling. < &s#J@]f)~~ so~~ b 5)

Visual checksfor solidsshould be pefiormedfor the liquid samples.

Before transferringliquid samplesto cleanvials for removaIfromthe SAL, gross weights
should be obtainedonthe original samples.This will allowus to assesswhether evaporation
has occurred.

Dilutions shouldbe based on volume.For dilutionsmade in the SAL,the weight of each
aliquot used willbe recordedalong withthe volumeused.

Solid samplesshouldbe dried at 105”Cimmediatelyprior to processing.

Iflirnited samplequantitiesrequire eliminationof analysesor a compromiseon detection
limits, the followingpriorities are establishedfor this sample set

L ICP/AES
2. Total ~ph
3.
4.
5.
6.
7.
8.
9.
10.

GEA
Sr-90
TOCLIItC
IC (tiOnS)
ICP-MS (Tc-99)
ICP-MS (FUn)
241~ 243+244Cm
238p~239t24@u

11; Laser Fluorimetry(U)
12. CVAAHg
13. Total CN
14. Ammonia
15. C-14

—..———- .



ASR 5397: Additional Special Instructions

Recommended sample sizes and final volume & recommended distribution volumes

Dilution 0.5 mL to 5 mL TOCITIC 2 mL

IC 2 mL

Acid Dig. 2 mL to 20 mL ICP 7 mL
ICP/MS (Tc-99) 7 mL
Rad (Note A) 5 mL

;olutions: 99-1890, 99-1891, 99-1894
Acid Dig. 4 mL to 20 mL ICP “7mL

ICP/MS (Note B) 8 mL
Rad (Note C) 5 mL

Note A: Rad = GEA, Sr-90, Gross alpha, and U-laser

Note B: ICP/MS = Tc-99, 1-129, Np-237, U-iso, Pu-iso

Note C: Rad = GEA, Gross alpha, and U-1aser

Note D: Rad = GEA,”Sr-90, Gross alpha, U-laser,

Am/Cm, Pu-238, Pu- 239+240

Dilutions 0.5 g to 10 mL ICP 4 mL

IC 3mL

)ried Solids: 99-1889,99-1893

KOH Fusion 0.2 g to 20 mL ICP 7 mL

Scale FIUX to ICP/MS (Note B) 8 mL

0.2 Sample Size Rad (Note D) 5 mL

Na202 Fusion 0.2 g to 20 mL ICP 7 mL

Scale FIUX to

0.2 Sample Size

)ried Solids:. 99-1888**, 99-1892**

KOH Fusion 0.15 g to 20 mL ICP 7 mL

Scale Flux to ICP/MS (Note B) 8 mL

0.15 Sample Size Rad (Note D) 5 mL

Na202 Fusion 0.15 g to 20 mL ICP 7 mL

Scale FIUX to

0.15 Sample Size

Water Leach 0.25 g to 10 mL IC 5 mL

Ammonia 5 mL

Direct TOC/TIC ().1 g

Mercury ().1 g

C-14 0.1 g

Total CN 0.15 g

‘*Perform all analysis in duplicate. More 99-1892 material
avai[able, sample sizes maybe increased per RT Steele

If prepared in the SAL For TOC/TIC, C-14, Hg, and CN attempts should be made to pre-weigh samples in appropriate

“containers” prior to distribution (e.g., CN in distillation tubes, TOOTIC in weigh bottles, etc)
Contact MJ Steele for TOC/TIC & C-14, JJ Wagner for Hg, and PK Berry for CN.

If dose levels prove to be too high for safe distribution of samples contact appropriate cognizant analyst for
additional dilution levels: JJW for ICP & Hg, OT Farmer for ICPIMS, MJ Steele for IC & TOClllC & C-14,

CZ Soderquist for Rad & Ammoni~ PK Berry for CN

If insufficient quantities of sample are available for processing or distribution contanct MW Uric

.——..



1.
..

.. .

Table 4.2 Analytical Requirements for Filtrate, Washed Solids, and Wash Solutions
Analyte V/ashedSolids Filtrate,lvashSolutions

MinimumReportableQuantity MinimumReportableQuantity
(~Rtll IICilom (MRQ) uCi/ml

9.OE+OO
1.5E-01
1.5E-03 .

, ----- , r---- ~---

F - Cesium-137 6.OE-02

* Strontium-90 7.OIE+O1
Y Technetium-99 6E+O0 Ugmf.m

Americium-241 1.2E-03 I 7.2E-04
~.f3E.03 I

w Na 1.5E-I-02 I
* Ni 1.6E+02

Pb 6.0E+02
* Si 3.0E+03

9.OE-02
2.3E-01

Europium-154 6.OE-02
Europium-155 6.OE-02

F Total Alpha “ 1.OE-03
~Om/gm

& Al 3.3E+02
Ao 9.0E+02
Ba 6.0E+02
Ca 1.8E+’02
Cd 1.lE+OI
co 3.OE-I-00

& Cr 1.2E-I-02 I
Cu 1.8E-I-01 1“

9 Fe 1.4E+02
K 1.5E+03 I
La 6.OE+OI
M% 5.4E-!-02 I
Mn 3.0E+02
Mo 6.OE+OO I

1.-/5J$Wl
7 R!?+(-)1

% u I 6.OE+’02 I ‘-
Zn 6.OE-I-00 I
Zr 6.0E+02

* TOC 6.OE+OI I
TIC 3.OE+O1 I
c1 2.3E+02
F 7.5E+03

x N03 4.5E+02
. mm’ , al-. na /.-e\

I@lh-nl
7.5E+01
------

,------
1.5E+02
7.5E+O0
3.OE+O1

s 1.5E+OI
1.7E+OI
1.5E+02
7.5E+01 I
3.5E+01 I

3iH
=

3.OE+OI
3.0E+02
1.7E+02
1.7E+OI
6.0E+02
1.65E+01

1.5E+03
1.5E+02

~ 3.OE+OO
1.5E+02
3.OE-S-03

* 1 au+ I L.AJ3-W3 {as b) I 2.3E+03

\\

.
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Battelle Pacific Northwest Natiobal Laboratory
Radiochemical ProcessGroup Page~of~
ShieldedFacilityOperationsTeam

. .

Shielded Analytical Laboratory
C-14

.-

.-

Tank C106 “ Core(s) N/A

ProjectId: 29953 ‘
.,.

TI/ASRNumber: ASR 5397 “ -

WP Number: W48486

Sample Sample Sample “ Spike Spike Spike
Sample Tare Gross Net Tare Wt Gross Net Spike
Ident. Wt “(g) Wt (g) Wt (9) Wt (g)(9) -. . Wt (g) Ident.

99-1888
C106-AQ-8 43.$714 q&943/ Q4917 .’
99-1892 “
C106-OH-8 +2.4733 42. $/35 ~, /3D7 -

..
I-1892-DUP

. .

:106-OH-8 44,ok %q 44./77/ (!L{CW7

99-1892-MS1
‘.

/
C106-OH-8~ q2s3// +%i’,~yx+ (j,/ gq>- “.” ~

99-iyfz-/wz ~ !
Ciob-oll-$ ~~1 ga~~ q4f.94yar&mf7

M&TE: / CeJ1 2 (360-06-01-016) Other

Cell 5 (360-06-01-019)

Denver

Mettler-

(360-06-01-040)

AT201 (51O-O6-O1-O14)

.727,

malyst: Date: Reviewer:“ Date:

‘2 “--
/ *

-—-.,----—— ....— —-.



PacificNorthwestNationalLaboratory Page> of~
RadiochemicalProcessingLaboratory
ShieldedFacilityOperationsTeam

Shielded Analytical Laboratory
Bench Sheet.. .. .

Client: GJ LUMEITA ., WP Number:. W48486

TI#/ASR:
.-

ASR 5397 .. procedure:. BENCH INSTRUCTION

C106 Zr FUSIONDILUTIONS

SAMPLEIDENTIFICATION

PIPET PERFORMANCECHECKDATA....

SAMPLEPIPET o/fJ 4) 25- “c; DILUENTPIPET-.,..Z,.

M&TE: Y Cell 2 (360-06-01-016)

Cell 5 (360-06-01-019)

Bench (510-06-01-014)

MettlerAE160 Balance Other .(

SartoriusLP4200SBalance

MettlerAT201 Balance

,X Bench (360-06-01-040)DenverA160 Balance

Analyst:



PacificNorthwestNationalLaboratory
Radiochemical,ProcessingLaboratory
ShieldedFacilityOperationsTeam

ShieIded Analytical Laboratory
Bench Sheet . -.

Client: GJ LUMEITA .WPNumber:

TI#/ASR:
.=

ASR 5397 -- Procedure:

AQUEOUSSAMPLE DOSE RATES

SAMPLEIDENTIFICATION

Page_l_ of 1

W48486

BENCHINSTRUCTION

{-------------------.--------CP.Readings-----------------------------------

SampleIdent. Open Closed Open Closed Open Ciosed
Window@ Window@ Window @ Window@ Window@ Window@
Contact Contact 6“ . 6“ “ 12” 12”

C106-SOL-5O-1 &“ c?%’ &3- ‘3.J— /“y /

C106-AQ-9 .50 ““ 4~J— % / . 4
C106-OH-3A 4$

..
Iv 2$J- /.3-

Yd9/!!/?f/#, ///9 Cd-fcc?cl I I

APPROXIMATESAMPLEVOLUMESIN mL:

M&TE: Cel1 2 (360-06-01-016)

Cel1 5 .(360-06-01-019)

Bench (510-06-01-014)

Bench (360-06-01-040)

Date:

.,

“-
..

-.. ”..*
-,
.. C106-SOL-5O-1

C106-AQ-9
$$ ~ ;dkJ5 .*:~tnt;

C106-OH-3A
--+-

MettlerAE160 Balance Other

SartoriusLP4200SBalance

MettlerAT201 Balance

DenverA160 Balance

/-3- 72’.

.

-. .,.- “ .—- ..--.. ——.-———



PacificNorthwestNationalLaboratory
RadiochemicalProcessingLaboratory ~
ShieldedFacilityOperationsTeam

Shielded Analytical Laboratory
Bench Sheet .

Client: GJ LUMEITA WP Number:. W48486“

TI#/ASR:’ ASR 5397
>“

Procedure: BENCHINSTRUCTION..

AQUEOUSSAMPLEPRE-PROCESSINGWEIGHTDATA

SAMPLEIDENTIFICATION ‘

.. ~“ .- .
I -. , . . . ,

Vial.Gross
ACL No. Sample Identification Weight(g)

99-1881

99-1882

99-1883

99-1884

99-1885

99-1886

99-1887

99-1890

C106-SOL-3O-1

C106-SOL-3O-2

C106-SOL-4O-1

C106-SOL-4O-2

C106-SOL-5O-1

c106-SOL-5O-2

C106-AQ-3SOLID

C106-AQ-9

I99-1891 IC106-OH-3A

a’” .
/6.3Mf6 I

“.

. .

..”

99-i894 IC106-OH-9 1J3, J-W7

. .

M&TE: / Cel1 2 (360-06-01-016~

Cell 5 (360-06-01-019)

Bench (510-06-01-014)

Bench (360-06-01-040)

..:.
Mettler”AE160Balance Other

SartoriusLP4200SBalance

MettlerAT201Balance

DenverA160 Balance - , -

Analyst: Date: Reviewer:

y-*



Bnttcllc Pncific Northwest Lnbomtorics PAGE 1of 1
Armlyticrd Chcmisky Laboratory

.

01.!-13-.1 A--1..,: --1 1 “L..--...-.
C.lllGIUCU f\ IIill)’llGill LIIUUISILUIY

PNL-ALO-114 Solubilization of Metals from Solids Using a ~a202-NaOH Fusion

.Client’narne:,.G;J.LLf,MEITA,:x, .1,.‘~,; .. ;Jf.”!.“ Y'j'f"::fiy;<;:. X!::;fi'~;Yy~<:~i{V~~~T~I!."j':~~'17;.:.:~.;~t:~l..~~Jy}!{~$$~;.::.......:..:.~;,:...,..$::
‘ +wor{;~ck,~%:n;Y.rn!;e;f;~~&w4~4~6;{;i.

,:, , ., :,,, .:::”::+.”...:..$::.::“..,::,:,

‘Work Auth;’$oc (fiA~\:.~SR5397~’”’” ‘“:..’, “’..’~ “:”:’.’::f’..:f’;~’ .f~$"!Y~"`~~~~!<%~2~$~$s~.~F"~~`~:~.;';~$x$`~j$$~~<~~~3~:Y%$$~~$fC;Cf;'''.:.:::,,,,.:x:.,:,:,,,~rojFctnurntiLr:tj\~~;zq9$3~;y~

ITarik/CoreiPioject: *CTOF. ~~ ,J: ~:.::’”!i,: . Y f.’: ;“.,:;::::?Y${;i{<$4<ij;l$$J$$:?:~?~j~;ij.~"$*~.~{@Z~~j$.<$.~2$:l; <~<'~~x@~{~$$$$~%%$$Gti6 Aplan:~.~:J{M~$~033~~<
. .:.,.::.,::...:,...{;

.... ... . .. -—,. :...... .:.,.:,.,
,:. S’*cial instruction: _,.: ,.ly. ..’..:.:;”:.:~:’:;.”~?.i.;,.”..:: .....~J...jJ.J. ....Y...fi;/;<~~~~~;,; :~:;I;.;~::.,. .......... .::J..+.:.;:...:,..$:~s.T.w..;:I;.<!\Jx.::..:.:,J~J,J,:,firJ,$::J,,:,,.:,,

,. ,,,.’,.,,.,. ,, ‘w:.,..:.’:’<:,:.:......:.:.,.......... :.......:..... ....: ,..,,,::.:.:,.{,.:,:.... $>,.,:,..,,,,::,::::,:.<.:,:,:: ,,.,$,; .,.,:.:y:,~:::,:.,:,.:::,..,.,,.::,.%... ...:1::,:,’,::::.:,:::::....<,..:y....i,.,;..,
.....:Y,}:.::..:::;: ,:;.,:,.,.,<.::.,:.,:;:,.,,.,, ,.,.,,,.,,,,,,,,,,..,...,...,.:.,,. ‘x..’! :“”::fi~”::.”.~.:PNLtmpac~level:;l$ j~jj2$~~{>~~ti:., ...... ,:,...,: ........~.f.~.:;:,::!,;,:,:.:,:.::,:: ,, .,,:

f’:..:.:‘. .,:.,., ... .,,. ,:, . . .,,, . ,., . ,,,. ‘,. . . . : ,:.:..:...:..::.:: ,,’,..i.,:w::.:::,...:..,., ... ,:,::,..:.:...::>...~...%,.,:.,:,,,,,,,.,,::.,::,,,,:,:.,:..%................................:.,.,..:,, .: ,:,.,,........,, : ;::..$. “ ‘,::,:,,,.:.:..... ,.,.,.:........:,;..:,:4,:..:.;:..:...:.:::,..,.,.....,.:,.,.,,,:.;.,,,,,,,:.,,,,..,,,.,+:..::,:..*,.:,:$,*..:::::.,.::: ...::.::.::.:.:.,.:.,..::.,...,,.:,,.,.,.,.,, ,,..,,,,.,.,:<;,,:,:;:,:””:.“ ,’ ‘.:’.,’ “.:,
. ., ......::.. ,.::,::.,,i.:::..:,:,;,:;.,.,.. . .. .... . ,,,. .:

-:.7~reP(#N/$JusNFUoth&r~. f:fii;J~jSA&j~iji~,:,:.:<,,..,.,..:.:::.:::.: ... ..... :,...:., .:.:&.,., ,, .. ,$::.:.,..... . ...’’.... :’’.:.,.,.’:... . ... ...... ,,..>,..........:..:::.,:... ., ,,,,:,::,:,:,.,., .::..::,,,:..:::.,,,.;,,,.,: ,:: :..::.,,,.,,::.,:,.,,::........................::::::......, .,,.; :$.,..,.:..,,::....... .. ........... .......
.:,.,.,.,:,,. :,; ,.,:.,,..,,: .. .,,, .,,,,, ,..:::...,.,,. :... .. .... ,.; .: ......:,:.J,.:.:. .. ,.::.......... ,.. ....................:.::$,:,.;*,::::;;~,::~,fi,..,.,,.:.,,{::,~,,~:::.::+,.<::::,;,:.,:::$:,::,.<::.:..$:,:::::::.:.:<:.:,..::~,::;,.: .. ::::,,.:’,::::::,.::,.:.:.:.:.:.,.:......y..::::y: .$’:.;.:.,,:.,,,.,.,,;,,,.,.<..:.:,,,,.,:

...............:.;.:.. . ... .
,:,:::j:.;:::;:,.:.;;:::~,:.:::::::.,~:,:::,,........,,,,,..,.,,,, \,,,:.:,.::.,::::,::.. ::.:.:.,,:.,,,:::.,.,.,. .....

.. ... ..‘.,.....<.......+,,,.,. .. :..::..::::,.}.:.:.<.:.::.:.:...,,,..... .,,,.,,.,.,.<:.,,,,,,,,:;:::::..,,.:,., ,,,:.,.,,.,.... ,.,,.,,;........ ;+,::\,::.::\.:.:::~;~::; .... ,.:..:. ... :..~,,.:,.;:,:),:,:.::,,:,,:,:.:,,,.:.,:,:;:,.:,(::: :,.:,.:: :.:.. ,..,., ,.. ,..:.:.,.:..........,........... . .. .,............ ........ ........,,., ,,. ,, ,,,. ,,,,,,,.........., ,.,.,.,.,,.,......,,.,,,.,,.,,,,.,. >:.:.3..:.............. .. h.,. ...................... ............ . . ., .. . . . . ..::.:>:;;y~w!jj{;fij;+x:.~;~;;~..,.....?~l~mb~tc~~tc~rn~mbevt-::~~$!~~w;:~,,:,::::.:<...::..,:,,,,.,,... .X................— ".`:~:/e.i.::..,iw.:.::*,''t.x:s:i:.."$w..\:;;:.:.;;:.::.:;:.. . ... . . . ..
. . ........... .......... .............................. ... ..... .....

ACL ordernumberor Crucible Crucible Crucible+ sample Sample Finalsolution Procass
ACL Sample ID Client sample ID Identifier weight (g) weight (g) weight (g) Vof, (ml) Weight. (g) Volume (ml) Factor (1)

1 99-1888-Zr-PB PROCESS BLANK & 5’0

2 99-1 888-Zr CI06-AQ-8 t 3?, 3LUJ 3qt 462/ 0. Id($ s—

3 99-1888-Zr-DUP CI06-AQ-8 a 3; 2 t.~ A JS-, J~47 h/D4 I 4“7 Y ,47

4 99-1889-Zr CI06-AQ-8BI . “.3 3~0 JTb-1 34, 77&& b:o ?):- - 5Y6.4 5
5 99-1892-Zr cl 06-OH-8 ‘4 39!>-60y 34.~ ~~’~ “ fi/ d4r q~”?r/o
6 99-1892-Zr-DUP CI06-OH-8 Y “ ~/, 5f~ y 3/,495’7 r5: o 7?0 . “ ,50,T,05,
7 99-1 893-Zr CI06-OH-8BI 6 337 1#61 @ 24(T o, ///7

3’1’5435 31/;~33D s
ff( ,& ’-l

8 SRM2710-Zr . LCS/99-l 8881Zr 7 !00Y95- ,w
r. ““’ 55fJ, r$6

9
.,

10 1

11

12

13

~4

Analyst’s sample preparation comments: ‘ . DOSE RATE: . Spike source:

PNLspike IDnumber:

Anal. balance M&TE~~~L.tr/.ti~

,,
HCI volume added (ml): —1

Solution h;ated (yeshro): ~

(1) Process factor = Final volume (ml)/ [ Crucible& sample weight (g) - Crucibieweight (g)] Samplo fiitcred (yes/no): ~ .

Olhersample preparation worksheels may be subs!;luled al lhe discretion of lhe.Cognizanf Sc[entkit. Useone worksheet per client,
./ A // - Ilcl . -.4.-.’-, , ill
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Pacific Nor, National Laboratory
Radiochemical processing Laboratory , \
Shielded Facility Operation Team

SAMPLE PREP SHEET
(325SHIELDED ANALYTICAL LABORATORY)

T1/ARF NO.: ASR 5397 PROJECT NO.: 29953 WBS NO.: SAMPLE _WPE: SOLIDS

ISSUED BY: RT STEELEL DATE: 617199 PREP lYPE Ni/KOH FUSION (ALO-I 15)
/’ / >

DATE: d. 72Y “ CHAIN OF CUSTODY RQD: NO

/) ‘ATE:+ “ “
QA PLAN: MCS-033 “ “ IMPACT LEVELREVIEW.

/ CLIENT GJ LUMEITA CORE ID: ‘ NIA ‘ TANK ID: C-106

WORK
PACKAGE
NUMBER

W48486 99-1 888-PB “ IIPROCESS BLANK

99-1888 II CI06-AQ-8

-w=!!LII c106-AQ-8

99-1092 II CI06-OH-8

2WH!LII “06-0”-8

ANALYTE SAMPLE ~p.G.l WATER
OR WI- WT (g)
ANALYSIS (g/mL)

SEE
BELOW

o jb@3.
6*//3( “

.//34

L5J/a7
08/0/3
L$:/o??

GEA

Sr-90

GROSS
ALPHA

U LASER . .

Am, Cm

PuIAEA

TOTAL SPIKE SPIKE DILUTION DILUTION PIPET MISC
VOL ID VOL FACTOR MATRIX CALIB
(mL) . (mL) . (mL)

(1) Specific Gravity of ORIGINAL material. SEE ASR 5397 TABLE 4.2 FOR MRQs.



Pacific NomIL . National LaboratoV
Radiochemical Processing Laboratory
Shielded Facilitv O~eration Team-J —r-.—..-...-—...

SAMPLE PREP SHEET
(325SHIELDED ANALYTICAL laboratory)

T1/ARF NO.: ASR 5397 PROJECT NO.: 29953 “ WBS NO.: .. SAMPLE TYPE: SOLIDS

ISSUED BY: RT STEELE , DATE: 617/99 PREP TYPE Zr/Na202 FUSION (ALO-I 14)

DATE: ~ .. /5+7 CHAIN OF CUSTODY RQD: NO

REVIEW DATE: 6/14/?3 QA PUN: MCS-033 IMPACT LEVEL
,.

CLIENT GJ LUMETTA CORE ID: NIA ~ TANK ID: C-106

(1) Specific Gravity of ORIGINAL material. SEE ASR 5397 TAB.LE 4.2 FOR MRQs PAGE + OF d

,.



Battelle Pacific Northwest National
Radiochemical ProcessGroup
Shielded.FacilityOperationsTeam

LaboratorY
Page~ofl

Shielded AnalyticaI Laboratory
WATER LEA~H

Tank C106

ProjectId: 29953

TI/ASRNumber: ASR 5397

Core(s)

99-1888-PB
PROCESSBLK

99-1888
!C106-AQ-8

99-1888-DUP
C106-AQ-8

Sample
Tare
w (g)

., .-.

I

.-

-- N/A

WP -Number: W48486

DIW DIW DIW
Tare Wt Gross Net “ Spike
(g) Wt (9) Wt (g) Volume

‘.5-.s437 p’. 3W71 7, f4@71
i 1 I

SpikeId: ~ “ “ - .

. .

. .

Cell 2 (360-06-01-016) Other

Cell 5 (360-06-01-019)

Denver (360-06-01-040)

Mettler AT201 (510-06-01-014)

Analyst: Date: Reviewer: Date:

/4./+7? // v-u *

r .T-?--’—.—r—r—?r— . -T- ,
(....-.. ...,..>....--.<.—,, ~-. . .- .



Pacific NOI,,: National Laboratory
Radiochemical Processing Laboratory
Shidhvl Facilitv (%w=ratinn T~am

,

-. -------- . . . ..... - r-, .-..-,. , -----

SAMPLE PREP SHEET
(325 SHIELDED ANALYTICAL LABORATORY) ,

T1/ARFNO.: ASR 5397 PROJECT NO.: 29953 WBS NO.: SAMPLE 11’PE: SOLIDS

ISSUED BY: , RT STEELE DATE: 6/7/99 PREP TYPE; Water Leach (ALO-I 03)

DATE: ~ . /.-’-99 CHAIN OF CUSTODY RQD: NO .

REVIEVIL
/ ‘ATE’+%@-

QA PLAN: MCS-033 IMPACT LEVEL:

CLIENTI GJ LUMEITA CORE’ ID: N/A TANK ID: C-106
.

“,

(I) specific Gravity of ORIGINAL material. SEE ASR 5397 TABLE 4.2 FOR MRQs
.

.

.:



Pacific Non,,, National Laboratory 1

Radiochemical Processing Laboratory
Shielded Facilitv ODeration Team.. ---------

SAMPLE PREP SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

TIIARF NO.: ASR 5397 PROJECT NO.: 29953 WBS NO.: SAMPLE TYPE: SOLIDS

ISSUED BY: RT STEELE DATE: 617199 PREP TYPE: Water Leach (ALO-I 03)

DATE: K$.-/~’- ~Y. CHAIN OF CUSTODY RQD: NO

REVIEW
‘ATE’+ “

QA PLAN: MCS-033 IMPACT LEVEL:

CLIENT GJ LUMEITA CORE ID: NIA TANK ID: C-106

(1) Specific Gravity of ORIGINAL material. PAGE + OF ~.

—



BattellePacificNorthwestNationalLaboratory
RadiochemicalProcessGroup
ShieldedFacilityOperationsTeam

Page_l_ of ~

Shielded Analytical Laboratory
TIC/TOC

. . . . .- .
..

Tank C106 Core(s) N/A

Project Id: 29953 WP Number: W48486

TI/ASR Number: ASR 5397

Sample Sample Sample Spike ~ Spike Spike
Sample Tare Gross Net TareWt Gross Net Spike
Ident. W (g) W (9) Wt (g)”: (9) Wt (g) Wt (9). Ident....

99-1888
C106-AQ-8 3}*7773 3/~‘%5X ;,0LJ3

. .
99-1888-DUP
C106-AQ-8 43.3$ y% q3, qb3i ~,D7rf .-

$~ G@f “

99-i892 . .
C106-OH-8 y~ sT6,B w ~f74D .oo7&Y ~

. .

99-1892-DUP
C106-OH-8 33. 33-J 7 33,35.45- J)U’JT

99-1892-MS
C106-OH-8 3~- ?5W Zq.ysw .~obo

M&TE: .x Cel1 2 (360-06-01-016) Other

Cell 5 (360-06-01-019)
. . .

Denver (360-06-01-040) “

MettlerAT201 (510-06-01-014)

Reviewer: Date: “

.::9,. ,&@@&L , $..~/,,



Battelle”PacificNorthwestNationalLaboratory
RadiochemicalProcessGroup
ShieldedFacilityOperationsTeam

Shielded Analytical “Laboratoi-y
Cyanide Analysis-“

. .

Tank C106 Core(s) N/A .
.

ProjectId: 29953 WP Number: W48486
. . . .

TI/ASRNumber: ASR 5397
..”

Sample Sample Sample - Sample Sample Sample
Sample Tare Gross Net Sample . Tare Gross Net
Ident. Wt (g) Wt (g) Wt (g) Ident. Wt (g)” wt.(g) - W (9)

99-1888 -99-1892-MSD
C106-AQ-8 )qt59qq /~. 74p/ ~ ).5-3JY C106-(-JH-8 1~.q=r /&. Wr 0, 1.5-W

99-1888-DUP
C106-AQ-8 14,74 yy #,9&j7 ~J5-~ 7 .

-1892
:106-OH-8 /49&-f /3:05’70 6C /5>7 ~ .

. . . .
99,1892-DUP
C106-OH-8 >sybTg lj:+/7q O,/~ 74

99-1892-MS
.“

/ -
C106-OH-8 j>: 7/7f lb.D3-Pq (j,/4/5

.-

.

M&TE: ~ Cel1 2 (360-0.6-01-016) Other

Cell 5 (360-06-01-019) ,

Denver (360-06-01-040)

MettlerAT201 (510-06-01-014)

,,,]alyst:

J-

Date:
-“.

/f- .77-

Reviewer: Date:

..
.-,

— ...——--— — I



BattellePacificNorthwestNationalLaboratory
RadiochemicalProcessGroup
ShieldedFacilityOperationsTeam

Shielded Analytical Laboratory
Mercury Digestion ~

.-

.-

Tank C106 “ ~ k ! Core(s)

29953

N/A

ProjectId: Number: W48486

TI/ASR Number: ASR 5397

Sample Sample
Tare Gross
Wt (9) Wt (g)

.Sample
Net
.Wt (g) .

Spike
Tare Wt
(9)

Spike
Gross
Wt (g)

Spike
Net
Wt (g).

Sample
Ident.

Spike
Ident. .

99-1888 “
C106-AQ-8 0, P3?

99-1888-DUP 27,342?S- lj7845-7 iC106-AQ-8

)-1892
X06-OH-8

99-1892-DUP
C106-OH-8

99-1892-MS
C106-OH-8

I

.
:.

-M&TE:-,x Cell 2 (360-06-01-016) Other

Cell 5 (360-06-01-019)

Denver

Mettler

(360-06-01-040)

AT201 (510-06-01-014)

,Ialyst:

/-/

Date: Reviewer: Date:

7.97
/ m

——— . .. ---- ———-——
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Radiochcmistry Bench Sheet

I . .

Spike, Tracer ID
Isotope

Concentration
Ref Date

Analyst/Date Reviewer/Date u~Lz-..s/ (z-/r-Y?



Radiochemistry Bench Sheet

Client
WorkOrder#

.

ASR S.?97

Procedure

Bahmcc 3&#6d/+~G

Pipet ID Numbers

I

I

I

I

Spike,TracerID
Isotope
Concentration
RcfDate

,
Analy;t/Date M 6“7? #- Reviewer/Date ML

/ ..fl/~- %-q f



Radiochemistry Bench Sheet

Client

Work Order # -
ASR

Juz-’-J

Pipet ID Numbers

Spike, Tracer ID
Isotope
Concentration
Ref Date

Analyst/Date b a?
4A

Reviewer/Date c ●s,&& 4 “22-+71. v

(r’

Id--



Racliochemistry Bench Sheet

Client

Work Order # u q9fLz’
ASR 3-397

Procedure ,PdL-/w .%9
Pipet ID Numbers

Sample ID Dilutions and Aliquot Sizes Pipet Checks
/D&. H375”-Y //, dm

/$lRy . (
A?%”MW ~

/i7. /z@9
z’ ● /“Z3S
/i/ /2/2

/fF72 /d, //97

I

I

1

I

Spike, Tracer ID
Isotope
Concentration

Ref Date

Analyst/Date 6 /{9
4.

Reviewer/Date 6-/l “? 7



Radiochemishy Bench Sheet

Client
Work Order # MV-6
ASR 5397

Procedure /?L.&-. f~

Balance 3%Ad64-a7

Pi~et ID Numbers

I

I

Spike,TracerlD
Isotope
Concentration
RefDale

Analyst/Date Q+@f?v’497y*. Reviewer/Date *~.~b-/~7?,

,;



Racliochemistry Bench Sheet

Client
Work Order #

ASR

Procedure

& kyL-

Pipet ID Numbers
1UL1U11O CUIU l-ulquub QILGa

.
r lpGL G1lc+.Aa

— ..— — -..

1

Spike, Tracer ID ti-zls--54

Isotope PL4 Zw I Id
Concentration J5-Lu)(ot 7.q d$wl/t’lAl < Lt.Nq?
Ref Date .s=/447 a

‘, ~ .,CJ+j
Analyst/Date 1 Reviewer/Date ~J 6CZ(--? 7

/



Radioclmmistry Bench Sheet

..

J

.,,III~
S.i

‘1~.

Client
Work Order #
ASR

Procedure PtiL. I’UD. 470
Pipct ID Numbers

1

v b’ v u
Spike, Tracer ID d. z/5.5
Isotope a & O* IA
Concentration (0% 7,4 C!pwld
Rcf Date

w b ‘//”79 A@LiA?@.7J4!wf ~Analyst/Date Rcvicwcr/Dale



Client
Work Order ii
ASR

Proccclurc

Am/l

I A i

(7 v v o
Spike, Tmccr ID hJ. z15.5
Isotope e GO*I4 .
Conccnt ration ,~< 7,4 &p~/&
Rcf Dote 7

Annlyst/Date &//4y Rcvicwcr/Date -&/../ f&z2+’5



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalyticai Applications Team

99-1881
8/1 1/1999

Client: Lumetta

CognizantScientist

Concur:

ALO ID
Client ID

99-1881
CI06-SOL-30-I

99-1882
CI06-SOL-30-2

99-1883
CI06-SOL-40-I

99-1864
CI06-SOL-40-2

99-1885
CI06-SOL-50-I

99-1886
.Cl 06-SOL-50-2

99-1890
CI06-AQ-9

PB-1891
Process Blank

99-1891
Cl 06-OH-3A

99-1891 DUP
CI06-OH-3A

RPD

99-1891 Rep

99-1894
CI06-OH-9

99-1894 REP
CI06-OH-9

RPD

Lab Blank

Matrix Spike

Reagent Spike

.

.-

..

“
Measured Activities (uCtiml)

Alpha CO-60 CS-137 Eu-154 Eu-155 AM-241
* Is *Is *Is & Is *Is *Is

2.25E-3
7%

1.50E-3
8%

1.70E-3
7%

3.09E-3
6%

4.87 E-3
6%

3.92E-3
5%

1.03E-3
7~o

<8E-5

9.16E-3
2%

8.56E-3.

2%

7%

1.31 E-3

6%

1.40 E-3

6’%0

7%

<ZE-6

88’Y.

10i’%

8.30E4 4.78E+0
1o% 2%

7.64 E-4 . 4.84E+0
10% 2%

1.08 E-3 5.60E+0
8% 2%

1.23E-3 5.13E+0
7% 2%

1.20E-3 6.26E+0
12% 2%

1.22E-3 6.31E+O
8% 2%

1.47E-3 3.58E+0
5% 2%

<5E.5 <5E-5

9.54E4 2.04E+I
10’70 2%

1.04E-3 1.98E+I
8% 2%

9% 3%

1.00E-3 2.02E+I
8% 2’%0

6.00E-4 1.90E+0
8% 2%

c4E-4

‘=6E-4

<6E4

c4E4

<1E-3

<7E4

1.63E-3
9%

<2E4

<&4

<7E4

c7E4

c2E4

<6E-3

<6 E-3

<7E-3

<6 E-3

<1E-2

<7E-3

c4E-3

<2E4

<9 E-3

<9 E-3

<9E-3

<3E-3

<6E-3

<6E-3

c7E-3

<6E-3

cIE-2 :

c7E-3

c4E-3

c2E4

<9E-3

<9E~3

<9E-3

c3E-3

Page 1 of 1
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client: Lumetta

99-1881
8/11/1999

.-

Cognizant Scientist -.

Concur: c’ 5b’l@ ,F

1/”

Date: d/5 7
Date: &().qq

ALO ID
- Client ID

99-1881
CI06-SOL-30-I

99-1882
Cl 06-SOL-30-2

99-1883
CI06-SOL40-I

99-1884
Cl 06-SOL-40-2

99-1885
CI06-SOL-50-I

99-1886
Cl 06-SOL-50-2

99:1890
cl 06-AQ-9

PB-1891
Process Blank

99-1891
CI06-OH-3A

99-1891 DUP
CI06-OH-3A

RPD

99-1891 Rep

99-1894
CI06-OH-9

99-1894 REP
CI06-OH-9

RPD

Lab Blank

Matrix Spike

Reagent Spike

r Measured Activities (uCtig)

Alpha CO-60 CS-137 Eu-154 Eu-155 AM-241
*-IS ~Is *IS *Is *Is *Is Vol,ml w g

2.1 5E-3
7%

1.43 E-3
8%

1.61 E-3
7%

2.93E-3
6%

4.55 E-3
6%

3.71 E-3
570

9.81 E-4
7%

<7 E-5

8.08E-3
2%

7.56 E-3 ,

7.94E4
10%

7.28E-4
21%

1.02E-3
9%

1.16E-3
7%

1.12 E-3
12%

1.15 E-3
8%

1.40E-3
syo

4E-5

8.41 E4
1o%

9.19E4

4.57E+0
2%

4.62E+0
2%

5.31 E+O
2%

4.86E+0
2%

5.85E+0
2%

5.96E+0
2%

3.41 E+O
2%

4E-5

1.80E+1
2%

1.75E+I
2% 8% 2%

7~o 9% 3~o

8.85 E-4 1.79E+I
8% 2%

1.25E-3 5.71 E-4 1.81 E+O
6Y. 8% 2%

1.33E-3
6%

7~o

<2 E-6

88% “

107yo

4E4

<6E4

<6 E-4

4E4

c9E4

<7 E-4

1.55E-3
9~o

<2E4

<6 E-3

<6E-3

c7E-3

c6E-3

c9E-3

<7 E-3

4E-3

<2E4

c7E4 “ <8 E-3

<6E4 -=8E-3

c6E4 <8 E-3

<2 E-4 <3 E-3

<13E.3

<GE-3

c7E-3

<6E-3

<9E-3

<7E-3

4E-3

<2E-4

<8E-3

<BE-3

<8E-3

<3E-3

2.00

2.00

2.00

2.00

1.00

2.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

2.0901

2.0969

2.1084 .

2.1124

1.0697 ~

2.1159

4.1998

4.5360

4.5360

4.5275

4.5208

4.2058

4.2058

Page 1 of 1
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.

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Radioanalytical Applications Team

Client : Lumetta

g@j@%_ss.-
Cognizant Scientist: -.

Concur : c.sJW-W_.

Measured Activities

ALO ID

Client ID

99-1881 PB

Process Blank

Uranium Sr-90

pg/mL @i/mL

* Is * 1s

3.89 E-1 < 2E4
2?40

99-1881

C106-SOL-3O-1

2.45E + 1 9.87 E-2

4y0 370

99-1882

CI06-SOL-30-2

2.83E+1 6.70 E-2

4’%0 8%

99-1883 .

Cl 06-SOL-40-1 .

3.09E+ 1 1.05 E-1

4% By.

99-1884
CI06-SOL-40-2

2.72E+ 1 1.51 E-1
4% 4%

99-1885
C106-SOL-5O-1

99-1886
C106-SOL-5O-2

3.50E+ 1 2.26 E-1

4’%0 3%

3.26E+ 1 1.15 E-1

4% 3%

99-1890

CI06-AQ-9

9.86E+0

4%

99-1891

C106-OH-3A

4.03E + 1

4’%.

99-1891 DUP

C106-OH-3A

3.97 E-F 1

4yo

99-1894
C106-OH-9

5.61 E-1
2%

99-1894 REP
C106-OH-9

99-1881

7!9/99

.

‘ate: -EML

Vol, ml Wt, g
2.00 2.0901

2.00 2.0901

2.00 2.0969

2.00 2.1084 .

2.00 2.1124

1.00 1.0697

2.00 2.1159

4.00 4.1998

4.00 4.5360

4.00 4.5275

4.00 4.2058

4.00 4.2058

Lab Blank

Matrix Spike

Reagant Spike

< 2.00E-5 < 3E-5 .

ggyo

Paga 1 of 1

. . ,. .-. . ,-.----,.. -- .-.,.- ,,.. .... .-, , ..... .... ... T.- ~.. - -a.,



.

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building ~

Radioanalytical Applications Team

.
Client : Lumetta

Cognizant Scientist:

Concur :

ALO ID

Client ID

99-1881 PB

Process Blenk

99-1881

C106-SOL-3O-1

99-1882

C106-SOL-3O-2

99-1883

‘Cl 06-SO L-40-I “ .

99-1884
C106-SOL-4O-2

99-1885

C106-SOL-5O-1

99-1886

Cl 06-SOL-50-2

99-1890
C106-AQ-9

99-1,891

C 106-OH-3A

99-1891 DUP

C106-OH-3A

99-1894
Cl 06-OH-9

99-1894 REP
C106-OH-9

Lab Blank

Matrix Spike

Reagent Spike

Measured Activities

Uranium Sr-90

/Kyg pCi/g

* Is k 1s

3.72 E-1

2%

2.34E + 1
a~o

2.70E + 1
a~o

2.93E+I
a%

2.58E i- 1
a%

3.27E+ 1
a%

3.08E + 1
a%

9.39E+0
4?40

3.55E+ 1
4%

3.51E+1
4%

5.34 E-I
2 ‘%0

< 2E-5

< 2E-4

9.44E-2

s’%.

6.39 E-2

8% “

1.00 E-1

S’+fo

1.43 E-I
4%

2.11 E-1
3%

1.09 E-1
370

<1 E-2

99%

Page “1 of 1

99-1881

719199

‘ate‘ 2537
Date : 7-4.+

----- ..., ..---, . . ,! .,...,. -------- -., . ...+ -. —.. . —



.
Battelle Pacific Northwest Laboratory

“ Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

99-1888
719199

Client: Lumetta

Cognizant Scientist

ALO ID
Client ID

Concur: c .Q,ep/op ..
Measured Activities (uCtig)

Cm-243/ Pu-2391
Alpha* AM-241 Cm-244 Cm-242 Pu-240
Error Y. Error YO Error % Error ‘7. Error Y.

Pu-238 Pu-236 Alpha*
Error % Error ‘?4. Sum

99-1 888PB
Process Blank

99-1888
CI06-AQ-8

99-1888 DUP
CI06-AQ-8

RPD

99-1889
CI06-AQ-8BI

99-1892
CI06-OH-8

99-1892 DUP
CI06-OH-8

RPD

99-1893 *
CI06-OH-8BI

99-1893 REP
CI06-OH-8BI

RPD

Matrix Spike

Blank Spike

Blank

1.20E-2
24%

4.89E+0
2%

4.67E+0
2%

5%

1.26E+0
270

1.47E+0
2%

1.62E+0
2%

10%

4.91E-I
3%

4.89E-I
3~o

o%

75~o

105%

<3.E-6

7.20E4 5.43 E-4 <7. E-6 7.28E-4 8.72E-4
8?40 9yo 8% 7%

2.42E+0 5.18E-2 5.83E-3 2.64E+0 5.19E-I
5% “ 10% 27yo 4yo 4%

2.2ii 6.15E-2 3.34E-3 2.72E+0 4.96E-I
-IOYO 36% 4yo 4~o

9% 17yo 5W0 . 4% 5%

4.1OE-I 3.16E-2
s~o : 8%

8.34EvI 2.23E-2
s~o 9%

8.34E-I 3.08E-2
s~o 8%

o% 32%

2.69E-1 5.31 E-3
5% 13%

2.68E-I 5.59E-3
s~o 8%

o% 5%

92%

2.49E-3
Za’%o

1.63E-3
30%

1.09E-3
38%

40% ..

3.93E-4
45%

5.78E-4
22%

38%

7.43E-I
‘@o

1.20E+0
4~0

8.33E-I
4%

36%

3.16E-1
4~0

2.90E-1
3%

9%

2.00E-I
5%

1.69E-I
5%

1.88E-1
5%

1170

5.54E-2
5%

4.96E-2
4%

1170

9i~o 108%

c3.E4 <2. E-4 c7.E-5 <2. E-5 <2.E-5

<2. E-5 2.86E-3

<1. E-3 5.84E+0

<2. E-3 5.50E+0

6%

<3. E-4 1.39E+0

4. E-4 2.23E+0

c5.E4 1.89E+0

17%.

c2.E-4 6.46E-I

c2.E4 6.14E-I

c9.E-6

●Due to alpha self-absorption effects, the sum of the alpha emitters is a more reliable estim?te of total alpha activity.

.-— - ---,-.~y .,, . ... . rmn-- . . . .. . . . . . . . .-



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building .
Radioanalytical ApplicationsTeam

99-1888
6122199

:{::
i
I...

:.

;~

.1,:.

Client: Lumetta

Cognizant Scientisk

--r ~Ea~ . lJl-
V

Measured Activities(uCi/g)

Alpha CO-60 Sb-125 Cs-134 CS-137 Eu-154

Concur:.

ALO ID
Client ID

99-1888PB
Process Blank

Eu-155 Am-241 Ru/Rh-106 Ce/Pr-144
Error ‘+!o Error $40 Error ?40 Error % Error ?40 Error % Error ?40 Error YO Error % Error.%

1.20E-2
24%

4.89E+0
2%

4.67E+0
2%

5%

1.26E+0
2%

1.47E+0
2%

1.62E+0
2%

10%

4.91 E-I
3%

4,89E-I
3%

o%

75%

105%

<3.E-6

<5,E-4 c2, E-3 4.67 E-3
4%

I,04E-I c2, E-3 <2.E.3

2!40
<2. E-3 <5. E-3 <4;E-3

<7.E.I <5,E.I

<6,E.I <5.E.I

99-1888
cl 06-AQ-8

2,95 E-I 3.70E-I
3% 23%

2.82E-2
32%

4,01E+2 3.67E+0 2,41 E+O
2% .1% 4?’!0

2.74E+0
5%

99-1888 DUP
CI06-AQ-8

2.94 E-I 4.50 E-I
3% 17%

2.52 E-2
39%

3.54E+2 3.39E+0 2,33E+0
2% 1% 4%

2.60E+0
5%

RPD o% 2oy0 11% 12% 8% 3!40

99-1889
CI06-AQ-8BI

7.28E-I <2. E-I
2%

9.03E-2
7%

8.08E+I 5,80 E-I 5.40E-I
2% 2% ,,6%.

4.35 E-I

/10%
3.89E-I 4,90E-I

15~o 16%. .

<4, E-I <30E.I

<4. E-1 <3, E:l

99-1892
. CI06-OH-8

1.20E-I 1.13E-I
3?40 “ 38%

I,58E-2
30%

9,76E-I
6%

99r1892 DUP
CI06-OH-8

1.42E-I 1,61 E-1
3% 30%

3.71 E-2
16%

I,12E+2 ‘ 1.38E+0 9.08E-I
2% 2% 5!40

1.04E+0
7%

RPD 17% 35% 81% .12% 23% 33% 6%

99-1893
CI06-OH-8B1

4.55E-2 <I,E.I

5%

<8.13.3 3.25E+I 2.89E-I 2,00 E-I
2% 3% 10%

3,47E-I
10%

<2. E-I<2, E-’

99-1893 REP
CI06-OH-8BI

RPD ,.
,,,

Matrix Spike

Blank Spike

Blank



Battelle Pacific Northwest Laboratory
Radiochemical ProWssing Group-325 Building 99-1888
Radioanal@”calApplicationsTeam 7/9/99

Client: Lumetta

CognizantScientist ~g A Date: 7/7/9 ~ “

ALO ID
Client ID

99-1888PB
Process Blank

~ 99-1888 “
CI06-AQ-8

99-1888 Rep
CI06-AQ-8

RPD

99-1888 DUP
CI06-AQ-8

RPD

99-1889
CI06-AQ-8BI

99-1892
CI06-OH-8

99-1892 DUP
CI06-OH-6

RPD

99-1893 “
CI06-OH-8BI

Matrix Spike

Blank S~ke

Blank

Measured Activities (uCtig)
Uranium

Uglg Sr-90
Error -tl- Error +/-

1.18E+I
2%

1.78E+2
2%

1.73E+2
2%

3yo

2.21 E+2
2%

1.44E+2
2%

2.08E+2
2%

36%

2.1 OE+2
2%

1.25E-I
4%

9.13E+2
3%

9.56E+2
3%

5%
9.16E+2

3%

o%

1.23E+2
3%

2.66E+2
3%

3.20E+2
370

18%

1.32E+2
3%

..— , ,7.-.. \. , -T...,h,. , ,,<,. , .. .... .,X-.7 --—— — . . . . . . . . ,,. . . . ..i_. -., <.., .
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client: Lumetta

Cognizant Scientk

concur :

99-1888
8/1 2199

.- Date:

-.
Date:

Measured Activities (uCi/g)

c-1 4
Error +1-

7.73 E-3
2%

1.76 E-3
494

5.95 E-4
8%

RPD 99~o

Matrix Spike 82%

Matrix Spike Dup 25%

Blank Spike 65%

Blank Spike Dup 41%

Note: Sample recoveries were very low and not reproducible. The duplicate of sample Cl 06-OH-8
disagrees with a high RPD of 99%. The reason for these poor results are not understood.



~~Battelle
Pacific Northwest Laboratories

Date June25,1999
.-
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ProjectNumber

InternalOiitribution
.

329 File
LSO

To MikeUric

From Tom Farmer

Subject ICPMS Analvsis BNFL samples

(ALO#99-1881 through 99-1894) .

Pursuant to your request, the samples that you submitted for analysis were analyzed on
our radioactively-contained ICPMS for the selected analytes; semiquantitative analysis
was necessary on certain isotopes for which a standard was not available (see below).
The concentration results for the isotopes of interest are displayed on the attached .
spreadsheets.

Dilutions of isotope Products standards for ‘291;2=U, 237Npand 239Pu,an Arnersham ‘~c
standard and an NET isotopic uranium standard (4321 B) were used to generate the -j
calibration curves. Independent standards, from the same vendors, of each analyte -
were used as the continuing calibration verification (CCV) standards.” A duplicate and a
spike sample were also analyzed. The 1YO high-purity nitric acid solution used to dilute
the standards and samples was used as a reagent blank. “

The ‘9Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to ‘9Tc. From the appearance of th’e Ru isotopic abundance, this appears to be a
reasonable assumption; the fingerprint exhibited is obviously not natural. Approximate
‘0’Ru concentrations have been provided for your information. >

Interference corrections were performed on the following iso~opes: 1291(xenon
corrected), 239Pu(Uranium hydride corrected). Printouts of the spreadsheet calculations
for these corrections have been provided in the data package.

The results are reported in pg analyte /g (ppm) of original sample material for the fusion
samples and ng analyte /g (ppb) of original sample material for the acid digestion
samples. The overall uncertainty of the values is conservatively estimated at AIOYO,

and is based on the precision between consecutive analytical runs as well as the
accuracy of the CCV standard results.

Values for the followingisotopes were obtained using responses from related isotopes:
23%J(obtained from 238U), and 240Pu(obtained from 239Pu). Because standards were not
used and the concentrations of the isotopes were determined indirectly, these results
should be considered semiquantitative. Printouts of the spreadsheet calculations are
provided in the data package.

If you have any questions regarding this analysis, please give me a call at 372-0700 or
James Bramson at 376-0624.

, ,,~.r,-,. -,- > ....: - ,.,”... >A ,.

,,
,.? ,. ET’--x- .,, .. . ,..J.L.>..,.... ._. -J.., . .<,.,A< -7X--- -1



,...,.

Lumetta Analysis
June 24, 1999

Results are reported in yg/g (ppm) of original sample.
The uncertainty of the resufts Is estimated at klO%.

Sample ICPIMS Client *Tc-99 ●Ru-1OI I-129 U-233 U-234 U-235 tU-236 U-238 Np-237 Pu-239 Pu-240
Number Number Number Uglg ~iglg Uglg uglg ugig Uglg Uglg uglg uglg Uglg Uglg
I%HN03 9623al <0.5 <1,4 <1 <0.5 <0.5 <0.5 <0.5 <1 <0,5 <0,5

1%HN03 9623a10 <0.5 <1.4 <1 <0.5 <0.5 <0.5 <0.5 <1 <0,5 <0.5
i yoHNOs 9623a23 <0.5 <1,4 <1 <0.5 <0.5 <0.5 <0.5 <1 <0.5 <0.5 .

99-1888-PB 9623all Process Blank <0,5 0.1 4,8 <1 <0.5 <0.5 <0.5 2.21 <1 <0.5

99-1888 9623a15 CI06-AQ-8
99-1888-DUP 9623al 6 Cl 06-AQ-8

99-1889 9623al 7 ,C106-AQ-8B1
99-1889 (Duf).) 9623a21 CI06-AQ-8B1

99-1892 9623a12C106-OH-8
99-1892-DUP 9623a13C106-OH-8

99-1893 9623a19C106-OH-8Bl
99-1893 (Spike) 9623a22C106-01-t-8Bl
Spike Recovery

1.0*0,2 33
1.2*0.2 30

<0.5 1
<0.5 1

<0.5 13
<0.5 15

<0,5 3
25.1

106yo

24.6
18.6

4.3
<1,3

5,6
8.0

<1,4
11,4

106%

<1 <0.5
<1 <0.5

<1 <0.5
<1 <0.5

<1 <0.5
<1 <0.5

<1 <0.5
9,4* I .2

101%

1.9k0.8 <0.5 286.
2.4k0.8 <0.5 258

12k2 <0.5 375
13.9 <0.5 403

2,31 <0.5 250
2.7f0.5 <0,5 320

3.5* I .7 <0.5 382
522

110?’!0

2,4h0.7 50,1
2.55 46.3

<1 14.2
<1 13.1

<1 24,9
2.4+0,5 14.1

<1 6.08
6.96 35.2

101% : 79Y0

<0.5

3.3*0.5
3.8k0.4

1.6*0.5
1,5*0.3

2.ltO.6
0,9*0. I

0.7k0.2

SRM 2710 9623a20LCS/99-1888 . cO.5 <1.4 <1 <0”,5 0,5*0.5” <0.5 49.1 <1 0,5*0,4 <0.5

2ppb Tc-99 9622a9 . 1.92
2ppb Tc-99 9622a23 2.04 f

10ppb Co . 9622a24 <0,5

1-129 2ppb 9623a8 2,20
1-129 2ppb 9623a24 2,03 +

20p~b U 9623a8 20,0

20ppb U 9623a24 19.4

MultiCCV 9623a9 0:99*0.13 0.735 5.26
MultlC@J 9623a26 “ 0.98*0.12 0.789 5.07

True Vnlue 1.00’ 0.740 5.00

●Results are from procedure 9622a.
*Calculated using response of iridium. Forlnformallon only.
t No standard available, results calculated from response of different Isotope.

-.
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Lumetta Tc-99 Analysis-
June 24, 1999

/

f-

R,esults are reportedin rig/g (ppb)of ofiginalsample.
61 $/77z

The uncertainty of the results is estimated at +10!/..

Sample lCPJMS Tc-99
r
:~;$ cRu-101

Number Number rlglg ““AI rlglg‘x&G-
I%HN03 9621al

I
.%2”1 “<1 ,&:& .

I%HN03 9621a6
*;*:;<

Y<l*$. .
1%HN03 9621a26 “ <1 f;;??

Prep Blank 9621a8

I

3+1 p$ij 1
BS -1881 9621 a20

99-1881 Clok-w”m”l
2;0;: $$

9621a9 -+..: 2700 “
99-1881 (Dup.) 9621a18 l12y$#j

F

2900,+

99-1882 clob~%-~-z 9621 a10. 82.4 $ti 2100
99-1883 CIOb&,.qo-l 9621a~l 97.3$53 2200
99.1884 C106-$W-W”-2 9621 a12 920 +&!

, ;,~$
2000

99-1885 c~~b-SOL‘$”-’ 9621a13

99-1886 C)Ob-@L .Sa-t 9621 al 4 ‘W “2800

F

97:4$$ 2000
99-1886 (Spike) 9621 a22 196 “&&j
Spike Recovery q o4yo;!:ij

99-1890 Cldb-Aa-q 9621a15
25 J&$ ‘

.
t
~:~ 400 ..

99-1891 c10~-aH-3~ 9621a23 1() 8 ,+&;

I

2100 “ :
Dupe -1891 9621a24 108&~ 2100
MS -1891 9621 a25

‘1
109 :;$ 2100

E%j .
99-1894 ~lo~-~~-q 9621a19 5.30&”%j 50

.

‘J;+.-
10ppb Tc-99 9621 a7 9.78~;@

10ppb Tc-99 9621a30
~ ,6#q

. $$$

10ppb Co 9621 a27
50ppb Co 9621 a28

~;!#j

~.:>.,f

●alculated using response of iridium. For information only.

-DATAREVIEW-
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July 9, 1999

G. Lumetta

.-

..

Carbon Analvsis Results for C-106 SOL.

PiojectNo. 29953

Internal Distribution

File)LB

AQ, and OH Sam”rdes

The analysis of the C-106 liquid and solid samples submitted under ASR 5397 was performed by the
hot persulfate wet oxidation method, PNL-ALO-381, rev. 1. The hot persulfate method uses acid
decomposition for TIC-and acidic potassium persulfate oxidation at 92-95 ‘C for TOC, all on the same
weighed sample, with TC being the sum of the TIC and TOC.

The samples were analyzed on June 28-30, 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.

Most liquid sample were analyzed directly (i.e., no preparative or analytical dilution), and are reported in
microgram of carbon per milliliter of original sample. Sample C-106-SOL-50-I appeared to have a
high solids conten?and was diluted approximately 10 fold with DIW prior to carbon analysis. It should
be noted that all liquid samples contained visible quantities of solids. Although the liquid samples are
reported by volume, the liquid samples were also weighed and the. results can be corrected to
micrograms of carbon per gram of sample, if required. .

Per instructions, sample C-106-AQ-3Solids was dissolved in DIW prior to carbon analysis. The carbon
results on the resulting solution are adjusted for the dissolution and reported in micrograms of carbon
per gram of sample. All solids samples were analyzed directly and reported in micrograms of carbon
per gram of sample.

Inadvetiently, carbon analysis of the water leaches of the solids C-106-AQ-8 and C-106-OH-8 was also
performed. Although carbon analysis of the water leaches was not requested, the results are reported,
as microgram of leached carbon per gram of sample, for information only. Since these carbon
analyses were not request, no project funds were use for the analysis.

QC Narrative

The TIC standard is calcium carbonate and TOC standard is c+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).

E54-1900.001 [4/96)
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G. Lumetta
.

July 9, 1999

“ Page 2

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 98.9% for TIC and 96.6% for TOC.
The calibration blanks were acceptable, averaging 15.pgC for TIC and 39 pgC for TOC.

The accuracy of the carbon measurements can be estimated by the recovery results from the
matrix spike. The matrix spike recoveries from liquid sample C-106-SOL-30-I were 99% for
TIC and 80% for TOC, both within the acceptance criteria of 75% to 125%. The matrix spike
recoveries from solid sample C-106-OH-8 were 131 ~0 for TIC and 77% for TOC. Since
C-106-OH-8 has very little TIC, the TIC spike should demonstrate nearly 100% recovery. Both
the TIC and TOC spikes are added to the sample at the same time. The recovery of the “total
carbon” added to C-106-OH-8 was 112%, suggesting a significant matrix effect on the TOC
spike. The high variability of the TOC result for C-106-OH-8 also adversely affects the TOC
spike recovery.

The precision (estimated by the R:lative Percent Difference between duplicates where the
carbon concentration is greater than 5 times the method detection limit) was good, with RPDs “
being well within the acceptance criteria of 20Y0,except for sample C-106-0H:8. The poor
precision on C-106-OH-8 was demonstrated in both the direct solids analysis and on the leach
solutions from the solids, suggesting significant sample heterogeneity.

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 or mass

-of sample used for the analysis. The system MDL is based on the attached pooled historical
blank data. c

..
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..,..r,. .,,..-

—.,



G. Lumetia

July 9, 1999

Page 3

.“

Table 1: TIC, TOC, and TC Results
.-

. .-
““.VOI :yc--:.- TIC RPD : LTOC ‘“. TO.C’RPD .Tc :; TC RFX)

ALO Nu-mber Sample ID (ml) Dilution”. “(jlg”clnil) : fi) ,:: (~g clmij :: :(%) (pg c[mlj -v@)-

99-1881 C106-SOL-3O-1 0.10 1.00 1,810 6,740 8,550

99-1881 Rep Cl 06-SOL-30-I 0.10 1.00 1.820 1 6.630 2 8.440 1. . . I t I I I 4 I I III ---------- ------ ---- .- 1 ---- ---- ---- II

. .

.

.-

YY-IWIMS W 05-SUL-3U-I 0.10

99-1882 CI06-SOL-30-2 0.10

99-1882 Rep CI06-SOL-30-2 0.10

99-1883 CI06-SOL40-1 0.20
99-1883Rep CI06-SOL-40-1 0.20
99-1884 CI06-SOL-40-2 0.20
99-1884Rep CI06-SOL40-2 0.20
99-1885 CI06-SOL-50-1 0.40

1199-1885Rep ICI06-SOL-50-I I 0.38

99-1886 C106-SOL-5O-2 0.20
99-1886Rep CI06-SOL-50-2 0.10

Vol

ALO Number “. Sample ID (mi)

99-1887 PB Prep Blank 2.00
99-1887 C106-AQ-3Solid 0.20

1199-1892Dup ICI06-OH-8 (Leached) I 0.10

99-1892 Dlrfl ]cio6-oH-8 I 0.0038

99-1892 SDike lcI06-OH-8 0.0060

Review/Approve:

Ygyo 80”/0 90yo

1.00 1,900 . 6,880 8,780

1.00 1,940 2 7,780 12 9,710 10

I 8,020 j 1 10,200 I II
1.00 2,020 I 6 7,560 I 6 9,580 6

1.00 I 1.760 I 7.120 I 8.890 I

1.00 1,740 1 7,060 1 8,800 1

10.86 2,110 8,220 10,300

1o.86- 2,240 6 8,260 1 10,500 2

1.00 I 2,150 I I 7,560 I I 9,710 I II
J

1.00 2,180 1. 7,950 5 10,100 4

Leach . ‘Tic:;:> ~lc IWD ~ay:?: Toc RPD
., ..Tc ,::, -TC”RPD“

Ultion (P9 CJ9)““-.-(W ““ - (P9 CJ9)‘- ‘: “(’m“. :(IJ9 CJ9)< -:~M-
20.43 <140 <400 c 540 .

1 I I I I I

20.43 2,120 140,000 143,000 II

20.43 j 1,700 I nla I 140,000 I 0- ] 142,000 I 1 II

38.99 I
<600 I I 9,580 I I 9,580 I

38.70 <600 n/a 6,790 rrla 6.790 tia II
I I I I I I

30.09 I <4500 96,700 96,700 II
29.54 ! c 4500 I Ma I 122,000 I 25 I 122,000 I 25 II

Tic .- ‘ TK/RPD ‘:...TW --‘ ~OCRPD -TC ‘.. TC RPD

-: (pg Clg) : : .:(%)” (p~clgj :!: --, ~i) ~pg C/g) .--+A)

6.410 31.300 37.700.– I

6,470 1 28,300 10 34,70s 8

1,400 150,000 151,000 I

I <1700 I nfa 121,000 1 22 Izl,om 23

131% 77% 112%
A

JtZL 7–9-77

Archive Information:
I Files: ASR 5397 Lumetta.doc. ASR 5397 Lumetta.xls

.. .... .,-x.’...,, ;,..->%:- 7.’,,,..,.,,>*..
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I I I I I TIC !TIC RP I XiCf ITOC RP I TC ]TC RPDI\
ALO Number Sample ID VJt(g) Dilution (Ugclg) (%) (Ugclg) (%) (Ugclg) (%)

99-1881 C106-SOL-3O-I 0.1042 1.00 1,732 6,471 8,203

99-1881 Rep CI06-SOL-30-I 0.0977 1.00 1,857 7 6,785 5 08,642 5

99-1881 MS CI06-SOL-30-I 0.1063 99% 79% $)Oyo

99-1882 CI06-SOL-30-2 0.1047 1.00 1,811 6,568 8,379

t99-1882 Ren lcI06-soL-30-2 I 0.1035 I 1.00 1:871 I 3 7:514 I 13 I 9:385 [ 11 i

99-1883 C106-SOL-4O-1 0.2276 1.00 1,881 7,051 8,932

99-1883 Rep CI06-SOL-40-I 0.2074 1.00 1,943 3 7,293 3 9,236 3

99-1884 CI06-SOL-40-2 0.2123 1.OO 1,660 6,711 8,370

199-1884 Re~ ICI06-SOL-40-2 I 0.2044 I 1.00 I 1,704 I 3 ! 6.904 I 3 I 8,608 I 3 I

199-18fiii IcI06-SOL-504 I 0.4014 I 10$86 I 2,106 I I 8.188 I I 10.294 I I
199-18Ei ReD ]CI06-SOL-50-I I 0.3796 I 10.86 I 2.241 I 6 I 8.273 I 1 I 10.515 I 2 I
lgg:j8Ei6-- ‘IcI06-soL-50-2 I 0.2114 I 1.00 I 2.035 I I 7.155 I I 9.190 I I
199-188~Reo ICI06-SOL-50-2 I 0.1047 I 1.00 I 2.081 I 2 I 7,596 I 6 I 9.677 I 5 I

,. /
1

.

1
Tab: Liquid - ug per g Archive ‘Fiie:ASR 5397 Lumetta.xis Page 1 of 1



v

Procedure: PNL-ALO-381 Analyzer M&TE:WA92040--7OI Balance M&TE: 360-06 -01-023~

TIC STD: Calcium Carbonate CMS-132985- TOC STD: Glucose CSM-53219—

iniec~lon# Lab ID I Client ID volume sample wt (g) TIC (ug) TOC (ug) comments I

,
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46 ., /
47 ‘
48
49
50 0L b
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Gregg Lumetta

Pam Berry %+ 7449,

Cvanide Results for Samdes Cl 06-AQ-8
and Cl 06-OH-9 ~

“ Project No. 29953

Internal Distribution

ALO#
.

Client-lti-:.- --‘-. :“ ‘.:. ($gjg j:’+ :::-(~gfg)=<’l~;(?o)<t
99-1888 cl 06-AQ-8 10.4 18.5 56

99-1892 CI06-OH-8 5.0 4.0 23
II99-1892 s~ike I CI06-OH-8 s~ike I 12.0 ‘---1 I I 99 II

II 99-1892 spike I CI06-OH-8 spike I 10.5 I --- 93

The CN results for two Cl 06 tank samples analyzed on July 2, 1999 per ASR 5397

are reported in the table above. The sample aliquots were weighed in the Shielded
Analytical Laboratory and delivered, ready for distillation, to Laboratory 400.in the’
Radiochemical Processing Laboratory. The samples were distilled with the-addition of
sulfamic acid to ensure there would be no interference if nitrates were present in the’

sample. The samples were analyzed using a Lachat QuickChem AE Autoanalyzer
(WC3651 7). The reporting limit is estimated to be 0.2 mg/kg. .

An independent calibration check solution run at the beginning and end of each
analysis batch gave an average recovery of 109Y0. Both samples were prepared and

analyzed in duplicate. In addition, sample Cl 06-OH-8 was prepared in duplicate for
matrix spikes. The spike recoveries were within the” control limits (+1 5Yo). The solid

laboratory control standard (ERA-LSC) recovery was 116Y0, which is greater than the “
control limit (85$%0to 115Yo). A rerun of that same control standard a week later
gave a 113% recovery. The distilled standard recoveries are slightly high, which may

indicate a slightly high bias in the reported results. The sample, duplicate, and matrix
spike results are reported in the table above.

The matrix spike recoveries, i.e., 99% and 93Y0, are well within the acceptance
criterial of 75% to 125Y0. The relative percent difference (RPD) between the samples

and duplicated exceed the acceptance criteria of 20°A for both samples. Both

E5&1900-001 (4/961

..
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Gregg Lumetta
July 19, 1999

Page 2

samples, but particularly Cl 06-AQ-8, appears to have-significant sample

heterogeneity. The Cl 06-AQ-8 duplicate was outside the original calibration curve so

it was diluted and rerun. The analysis of the &luted sample verified the initial

analytical result. .-

All sample preparation sheets, standard preparation information, and analytical data

are included with this report. .
.

“fla?zz& *
Concur

I Memo File: CN ASR 5397 Lumetta.doc Spreadsheet File: CN ASR 5397 Lumetta.xls I

.
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Battelle PNNURPG/inorganic Analysis --- [C Report

WO/Project: W48486129953 ;
Client: G. Lumetta .- .

--.-—- —- —-—

ACL Numbers: 99-1881 through 99-1888,99-1892
----n- -—

Client ID: C106 SOL and AQ Series
— —m--

ASR Number: 5397
---—~—---.

Total Samples: 6 liquids, 3 solids

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

Analysfi MJ Steele

Analysis Date: June 16-22,1999 .. . .

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

M&TE Numbe~ IC instrument -- WD25214
Mettler AT400 Balance - Cal. No. 360-06-01-031

Approval:

ASR 5397 Lumeti.doc p~f-~ 1 of 3
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Battelle PNNURPG/.norganic Analysis -=- lC Report

.

Final Results:
.-

Four liquid samples were analyzed by ion. chromatography (IC) for inorganic anions as specified

in ASR 5397. The liquid samples were diluted at the IC workstation up to 1,000-fold to ensure
that all anions were within the calibration range. The solids samples were dissolved

(C106-AQ-3Solids) or leached (C106-AQ-8 and C106-OH-8) with DIW, and then diluted at the

IC workstation similar to the liquid samples. The anion results are presented in the table below.

LIQUIDS
.- --F-_<‘.:-cl -‘ -.-N02 . J.;~Br;:;--:;.NOJ, ‘ .:PO:;: -----s0;’ .- :“~o, :

LABm-: --sA.h&E.b: ‘..Ugkl :- Ughl: .u@d . ““u#/d_ mihill.. -’ughd ., ‘ilghm :ug/ml

99-1881 C106-SOL-3O-1 <250 410 970 <250 <500 <500 <500 21,400

99-1882 C106-SOL-3O-2 <250 440 980 <250 <500 <500 <500 22,700

99-1883 C106-SOL-4O-1. <250 470 <500 <250 <500 <500 <500 24,300

99-1884 C106-SOL.-4O-2 <250 450 950 <250 < 50Q <500 <500 24,300

99-1885 C106-SOL-5G1 <250 470 1,000 <250 < 5W <500 <500 25,900

99-~885MS ....50-1 MS 101% losyo 101% lo5~o 101% 102940 lo3~o lo7%

199-1886 I C106-SOL-5O-2I <250 -[ 510~- 1,100 [ <250 I <500 I <500 I <500 I 28,000 “[

SOLIDS

I 19.4 199-1887 . I C106-AQ-3Solid I <5,000 I <5,oOO I <10,000 I <5,000 I <1O,CUO

I
I I -, 1 I I I (

34.3 199-1888I?B I DIWLeaehBlk I <9 I 10 <17 <9 <17

39.0 99-1888 CIO&AQ-8 300 12,000 <400 <200 3,000

38.7 99-1888 Dllp C106-AQ-8d 360 5,8(N <400 <200 1,300

I I I RPDI 18% I 709f0 I n/a I n/a I 79%

30.1 99-1892 C106-OH-8 <8,000 < 8,CQ0 <15,000 <8,000 <15,000

29.5 199-1892Dup C106-OH-8d <8,000 <8,000 <14,800 <8,000 <15,000

I KPD da da da I da I da

RPD= Relative Percent Difference (be&veen sample and duplicate> n/a= sample and/or duplic?

<10,000

<17

<400

<400

da

< 15,W0

<15,000

da

e less than

<10,000 I 495,000
I

41 29

xda I 71%

n/a
I

20%
MDL.

Q.C. Comments:

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

Matrix Spiked SamrJe: The matrix spike recovery for samples C106-SOL-5O-1ranged from
101’XOto 107Yo,well within the acceptance criteria of 75% to 125%.

Dut)licate: No liquid sample duplicates were identified. Solid sample C106-AQ-8 and
C106-OH-8 were leached and analyzed in duplicate. Sample C106-OH-8 barely met the relative

ASR 5397 Lumetta.doc Page 2 of 3
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Baitelle PNNL/RPG/inorganic Analysis --- lC Report

.
percent difference (RPD) acceptance criteria of 20%, and sample C106-AQ-8 demonstrated very
poor reproducibility. The duplicates of C106-AQ-8 a~pear to be’d~erent by a factor of two;
however, reanalysis of the leach solution verified the concentration of both the sample and the
duplicate. Basically, the leach reproducibility of the solids samples appears to be very poor; this
was also demonstrated in other analyses (e.g., ICP and TOC/TIC).

Svstem Bkmk/Processin~ Blanks: Twenty system blanks were analyzed during the analysis of
all of the sample. Only bromide on two system blanks and nitrate on one system blank were
measured above the lowest calibration standard. However, no bromide was detected in any of
4he samples, and the blank nitrate values was the initial system blank and does not effect the
sample reported values.

C)ualitv Control Calibration Verification Check Standards: Twelve mid-range verification
standards were analyzed throughout the analysis run. For all reported results, except on chloride
result, the concentrations of all analytes of interest were recovered withih the governing QA Plan
acceptance criteria of 90°/0to 110% for the verification standard. The single chloride failure
(80%) had no effect o%fie reported results; a immediate reanalysis of the chloride standard
demonstrated nearly 100’XOrecovery. “

Notes:
1)

2)

3) .

“Final Results” have been corrected for all laboratory dilution petiormed on the sample.
during processing and analysis.

.. ..

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

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

ASR 5397 Lumetta.doc p~~~ 3 ~f3
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Ammonia Analvsis

Project No.

Internal Distribution

We’ve completed the ammonia analysis of samples Cl 06 AQ-8 and Cl 06 OH-8. The results are
in the attached report.

Ammonia was measured by ion selective electrod& in water solutions of the samples (slurries for

the solids). The high dissolved solids in these samples required that we measure ammonia by
standard addition. The samples were made strongly basic before ammonia measurement, so that
all ammonium ion was converted to ammonia and ~ccurately measu”red. Certain organic amines
will interfere and show up as ammonia; if any such amines are present in these samples, then the
data is biased high. (Metals complexed by ammonia, such as zinc, cadmium, copper, and
mercury, do not interfere in this method.)

The ammonia probe gave a highly linear calibration over the range of 10-2 to 104 molar ammonia,
and the slope dropped only slightly down to 10-5 molar. The slope went to zero a little below 10s

molar. The detection limits on the report are conservatively based on 10s molar, although the
probe will measure down to about 5 x 10-7 molar with a smaller, non-linear slope.

The ammonia probe’s slope was measured before, after, and periodically throughout the analysis.
Between 10“5 molar and 10-2 molar, the slope was reproducible to & 5Y0, 1s. Deionized water

blanks were also taken periodically throughout the analysis to confirm that the probe was
uncontaminated with ammonia.

Uncertainty estimates were based on the uncertainty in the voltage change from the standard
addition and the uncertainty of the electrode slope. The other sources of uncertainty are from
volume and weight measurements, which are small compared to the uncertainty in the voltage
and slope measurements. 1s uncertainty was calculated by adding 0.2 mV to the voltage change
from standard addition and adding 5?0 to the slope. .

The two samples have detectable ammonia, but the accompanying hot ceil blank has about the
same amount. The two sample solutions, their duplicates, and the accompanying blank solution
had between 2.7 x 10-5 and 5.0 x 10s molar ammonia, not much above the detection limit of 1 x
10s molar. The ammonia concentration for sample Cl 06-AQ-8 is suspiciously close to the hot

cell blank ammonia concentration. Sample Cl 06-OH-8 has about 5 times as much ammonia as

the hot cell blank.

E54-1900401 (4/961
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The duplicates of sample Cl 06-AW-8 agree well, considering how close the results are to the

detection limit. The duplicates of sample Cl 06-~-8, however, are about 3s apart.
..
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Battelle, Pacific Northwest National Laboratory
Richland, WA
Radiochemical Processing Group

,“

.-

Client: Lumetta
.- .,

CognizantScientist c -5J..wqj@ 3-23Y7
r

Concuc “~ 7-z3-ff

Lab “ NH~ Concentration,

Sample Number pg perg* Is

Hot Cell Preparation Blank 99-1888 PB 2.2 “ -* zoy~

CI06-AQ-8 99-1888 3.6 + 20%

99-1888 DUP . 4.3 * 2(3% :

cdo6-oH-8 99-1892 9.5 * ?Yo
99-1892 Dup 13.2 *6%

●

.. .

The detection limit is 10+ molar NH3, corrected for the particular sample’s

dilution, converted to pg NH3 per gram sample.
I,.
I

Periodic checks of the electrode slope gave a stability of A 5% (1s)
over the time the samples were analyzed. Each sample was measured “
by standard addition.

99-1888 NH3
7122199

Detection

Limit

0.4

‘0.6
0.6

0.5
0.5

Page 1 of 1
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BattellePNNU325 Bld~RPMnorganic Anafysis...
ICPAES Data Repo@

.-

Projecc. 29953”
Client: “ G. J. Lumetta ‘-

—.-----—-- ..-———------.------— —————

ACL Number(s): 99-1881 through 99-1894
-..——--—-——-——---—..-—-——-------------

Client ID: “C106-SOL3O-2” through “C106-OH-9”
----—------—------——-—--—---——---——

“ ASR Number: 5397
------------—----—--—-------——-—--

Total Samples: 14

------- —--------—-— --------------- —-—

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

Analyst: DR Sanders
. .

Analysis Date (Filename): 7-2-99 (A0532), 7-9-99 (A0534), 7-14-99 (A0535) o .

See Chemical Meas~ement Center 98620: ICP-325-405-1 File for Calibration and
“ Maintenance Records.

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

2-3+%’,
concur

ZEQ@

Page 1
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BattellePNNU325Bld@RPG/h?organicAnalysis ...
ICPAESDataReport-

Nine radioactive liquid samples, C106-SOL3O-1 throggh C106-SOL-5O-2, C106-AQ-9, C106-
OH-3A and C106-OH-9 (ACL# 99-1881 through 99-1886, 99~1890, 99-1891, and 99-1894),
were analyzed by ICPAES after preparation by the Sample Receiving and Preparation Laboratory
(SRPL). Samples were prepared by SRPL using PNLALO-128 acid digestion procedure.
Approximately 2ml to 4ml of sample (weighed) was processed and diluted to a final volume of
20ml. Most of the liquid samples contained some visible solids before processing. Sample
C106-OH-3A (ACL# 99-1891) was completely clear (no visible solids) before processing. After
digestion all samples were clear and did not require ffltering.

One radioactive solid sample, C106-AQ-3Solid (ACL# 99-1887), was halyzed by ICPAES after
preparation by SRPL. Approximately 0.5g of sample was dissolved in water using an ultra-sonic
water bath, ffltered through 0.45pm membrane falter and diluted to a final volume of 10ml with
water.

Four radioactive samples of dried solids: C106-AQ-8, C106-AQ-8B1, C106-OH-8 and C106-
OH-8B1 (ACL# 99-1888,99-1889,99-1892 and 99-1893), were analyzed by ICPAES after
preparation by the Sarnple Receiving and Preparation Laboratory (SRPL). Approximately O.lg
aliquots were used to prepared samples using both fbsion procedures PNL-ALO-114 Na202~
and PNL-ALO-115 KOH/Ni. After’samples were fused they were diluted to a final volume of 50 “
ml. Samples were diluted approximately 2-fold before moving to the analytical laboratory by
SAL because of ALA.M radiation dose concerns. Additional dilution, up to 10 fold, was
performed during ICPAES analysis because of high aluminum, calcium, iron and sodium “-
concentration levels. Duplicate samples were also prepared of C106-AQ-8 and C106-OH-8 .-
using both fusion procedures.

All measurement results reported have been corrected for preparation and analytical dilution. ‘
Analytes of interest.include Ag, Al, Ba, C% Cd, Co, Cr, Cu, Fe, K, k Mg, Mn, Mo, Na, Ni, P,
Pb, Si, Ti, U, Zn and Zr. All results reported are in pg/g including liquid samples as requested by
the client. Volumes and weights have been recorded on bench sheets (included with raw dat%
etc.). ‘

All quality control checks met tolerance requirements for mialytes of interest except as noted
below. Following 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.

Page 2
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BatteIlePNNU325 Bld~RPGAnorganicAnalysis ...
/CPAES DataReport-

(Aqueous samples) All results were within toierance limit of S 10% after correcting for
dilution except Al (approximately 11%) in sample C106-SOL-3O-2
(ACL# 99-1886). Other analytes in the same dilution were off by
about the same, percentage. The discrepancy is likely due to a pipetting
error. Seven other diluted samples prepared similarly were all within
fie < 10% toler~ce tit.

Duplicate RPD (Relative Percent Difference):
(Solid samples) AU analytes of interest were recovered within tolerance limit of < 20%

relative percent difference @PD) except for Ag (41%), Ca (23%),
Mg (44%) in sample C106-AQ-8 (ACL# 99-1888 Nti fusion) and
Si (29%) in the KOH/Ni fision of the same sample.

Also Ag (78%) in sample C106-OH-8(ACL#99-1892NzJ21fusion)
and Ca (58Yo),Pb (37%), Si (27%) and Zr (93%) in the KOWNi fusion
of the same sample exceeded the tolerance limit of <20% RP.

(Aqueous samples) AU analytes of interest were recovered within tolerance limit of S 20%
relative percent difference (RPD). ~

Post-SPiked SarnPles (Group A):
(Solid S~pkS) 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%.

Post-SPiked Samrdes (Group BY
(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 is not require for ~sion prepared samples.

m!Q!n
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BattellePNNLL325Bld@RPGBnorganicAnalysis ...
ICPAES DataReport- ~

(Aqueous samples) All analytes of interest in the blank spike were recovered within
tolerance limit of 80% to 120.%except Ag (33%) in sample C106-

SOL30-1 (ACL# 99-1881 -BS). Chloride from the sample or from the
hydrochloric acid used to prepare the sample using PNL-ALO-128
digestion procedure may have precipitated the silver resulting in low
recovery.

Matrix Spiked Sample:
(Solid samples) A matrix spike is not require for fusion prepared samples.

(Aqueous samples) All analytes of interest in the matrix spiked sample C106-SOL3O-1
- (ACL# 99-1881-MS) were recovered within tolerance limit of 75% to

125% except Ag (63%). Chloride from the sample or from the
hydrochloric acid used to prepare the sample using PNL-ALO-128
digestion procedure may have precipitated the silver resulting in low
recovery.

Qualitv Control Check Standards:
Concentration of all analytes of interest within tolerance limit of &
10% accuracy in the standards: QC.MCVA, QC_MCVB, and .
QC_SSTMCV. Calibration Blank (ICP98.0) concentration was”less
than two @es IDL. “

High Calibration Standard Check
Veri~cation of the high-end calibration concentration for all analytes
of interest was within tolerance of A 5% accuracy except for K
Potassium was slightly high, between 6% and 7%, in the high-end
calibration check standard measurements of QC_SST. The slightly
high measurement results were likely due to sample carry-over from
analysis of KOIVNi fhsion reagents. Since potassium is not reported
for KOH/Ni fision prepared samples, measurement results are not
.affected.

.-r - -c-v-.. -T- ........ ..,s ..-C=C---- ,.., ,.., . . .’---.% . . . . .. . ., - —. . . . . . . . . . . . . .

ZM!@
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BattellePNNU325BldgYRPG/’lnorganicAnalysk ...
ICPAES DataReport-

Process Blank .-
(Solid samples) All analytes of interest were within tolerance tit of S EQL or-e 5%

of sample concentration except Mn (<1270of saniple concentration)
and Na (< 32% of sample concentration) in PNL-ALO-1 15 KOH/Ni
fusion prepared samples.

No signii3cant blank contribution found for PNIALO-114 Na/Zr
fusion prepared samples.

(Aqueous samples) All analytes of interest were within tolerance limit of S EQL or e 5%
of sample concentration except Si (similar in concentration to the
samples) in PNIALO-128 acid digestion prepmed samples.

Laboratory Control Standard (LCSI
(Solid samples) All analytes of interest at a concentration equ~ to or greater than EQL,

except Ni, were recovered within “tolerancelimit of 75% to 125% in
both fhion prepared LCS standards. SRM-271OMontana Soil was
used for the LCS in bothPNL-ALO-114 and PNL-ALO-1.15 fusion
preparations. Nickel recovery in theNa/2k(PNL-ALO-114) fusion
prepared LCS was unusually high, about four times greater than.the
process blank concentration. Previous LCS measurement results have”
‘d been below EQL for nickel. Contamination during sample
preparation of the LCS is suspected since the concentration is so much - -
higher than normal.

(Aqueous s~ples) No LCS was prepared for PNIALO-128 acid digested samples.

Analytes other ~an 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%.

Page 5
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BatiellePNNU325Bld~RPG/inorganicAnalysis ...
lCPAES DataReport-

,.
Comments:

.-

1) “Final Results” have been corrected for all laboratory ddution performed on the sample during
processing and analysis unless specifically noted.

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

3) Routine precision and bias.is typically* 15% or better for samples in dilute, akditied water (e.g.
2% v/v HN03 or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. ‘Ilk also presumes that the total dissolved solids concentration in the
sample is less than 5000 @nL (0.5 percent by weight).

4) Absolute pr&cision,bias and detection limits maybe determined on each sample if required by the
client.

5) The maximum number of si.ticant figuresfor all ICP measurements is 2.

Zm.M!

,.
. .

Page 6
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Bat~ellePNNURPGlhorganic Analysis ... lCPAES Data

19.0
99-1883622 I

Client ID= ltJreParationBhmk lC70&SOL-3~7 IC1OGSOL4G2 -“ /C10&SOL4H

Report ‘a$Je1

n
18.9 ‘

99-1864622
/C10&SOL4;2 .

“eL Limit l?trn Date= “7/’2/99 7/2/99 7/2/99 7/2/99 712189

@#mL) (Analyte) (uglmL) Uglg-! ,“ .“”... .“””- ””””.... ......... Ugfg Uglg ugIg

0.015 Ag 1.81 [o.97j- [1.6] [2.6]

0.060 Al [0.34] 286 147-- 67.9 333

0.080 As.. ... .. . . ... . .. .... . . .... .. ...... . ........... . . .. .... ..
0,050

—.—
B

.. . . .. .
2.08 25.6

—“.
25.7 27.3 27.3

0.010 Ba [0.028] [o.27’j [0.271 [0.271 [0.26]

0.005 Be. . . . .. ... ...... .... ... .... ......... .. . . . . ... . ——.. —.-.
0.100

——
Bi “-

0.250 Ca [3.2] ,. [5.2]

0.015 Cd
. .

. ... . . . .. . . ..... .. . . .. .... ... .. . .. . .... . ,——”
0.100

.——. , —...
Ce

0.025 co .-

0.020 Cr..”. ...”- ”.....”.”.. ”....”” .. .... ... [1.7’I. . . . .. .. [1.71—-” - —-... [2.8] [3.4]

0.015
.—- . . .

Cu
—. ..

[0.92] [o.751 [1.0] [1.2]

0.050 Dy . -

0.100 Eu -.. . . . .......... . ... .... ... ..... .... .. . .. ... . . . . ... ——..
0.025 Fe [0.066]

—-----
[0.m [1.0] “ [3.6]

2.000 K -,

0.025 La. .. . ...-.......-........”.”-. . . . .. ... .... — . . . .
0,005

. . .
Li

.—.— ——... ..
. .

0.100 Mg

0.005 Mn. .. . . . ...... . . ... ....... . . . . .
0.030

“....—”-....
Mo [0.82] ‘-—.

.—”
[0.73]

—L.
[0.76] [0.81]

0.100 Na 2.70 17,800 16,700. . . . .. 18,200———. 17,100—. .——
0.100

,—-
Nd .- -’

.).030 Ni [1.3] [1.2] [Ml ““ [2.0]

0.100 P . 43.9 42.2—..”... ”.......—” ... ..”.”.. ””..... 44.7 45.7.~.—.........”. ... -—...-.
0,060

——— ——-
Pb ‘-

0.300 Pd -.

0.300 Rh. .. ..... .. . .. . ...... .. .......... .. . . . .. . . ....
0.075

—.—.
Flu

.—. . . .
[3.2] ‘—”” [3.3]

..
[3.!q [3.1]

0.050 Sb

0.050 Se..——” .......”..........””””.....”.. ..——... ---- —“-—. ———
0.100 Si

. ...”...
3.36

—-
29.1 29.2 32.0 29.3 “

1.000 Sn

0.005 Sr “ -
&

. .. .. . ...... . ... . . . . ... ..... .. .. . . “. !—-.
0.500

. .. . .
Te

.- —.”.

0.800 Th

0.005 Ti... ...... . ..... . ...... ... ... .. ....... [0.021] [0.l!q..—-..” .. . [0.lq [0.16]—.—..-” [0.13]

0.250
. .

TI

2.000 u [G

0.015 v............ ..... ................................. .... .. ........... .“—”.”. —”.. .-
0.500

-....-......””
w

.. . . ... .... ——.. .“..

0.010 Y

0.020 Zn. ... . . . ... . .. .. . .. ... .... . ...... .—.”. ”... —..”- . -—— .. .. . .
0.025 Zr

. . ...--..

.—--.—
Note: 1) Ovecall error c?reater than lo-times defection limit is estimated to be w-thin +/- 15%.

2) Values in brackets O are - 10-fimes detection limit w“th errors likely to exceed 15%.

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

multiplying ‘det. limit” (farlek column) by ‘multiplier (top of each column).

G.Lumetta Acid Dig. Data ASR539 from .A0532 G.Lumetta ALO-128+ BNFL CY06-SOL-30-1... ASR5397 ICP98 Iow.xls 7120199 @ 2:50 PM
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Battelle PNAIURPGAhorganicAnalysis ... ICPAES Data Report ‘age2‘f3

t.
Mult!pliei= 37.4 18.9 “ 19.4 I 38.9 9.5

ALO#= 99-1885622 99-1886 @2 98-1887-PB (DRY SOLIDS) 98-1887 @2 98-1890622

Clfent ID= cl 06&OL-5 o-i CI06-SOL-5 o-2 Prep. BIank - C106-AO-3 Solid C106-AO-9

-et. Limit Run Date= 712199 7/2/99 7/2/99 712199 7f2f99

(u@mL) (Analyte) ugfg Ugfg Ugfg. . .. ...”... .........”................””.. Ugfg Ugfg

0,015 Ag [4.1] [2.7’J ,, . -- [4.4] [1.3]

0,060 Ai 442 66.2 - .- [16] 75.9

0.080 As.. . .. . .. ........ . ... ..... .. ... ...... ..... . .. . ... . ,——” . . ... . [10].—---
0.050 B 74.0

—..-.
40.6

. ...
[9.2] 14.8

0.010 Ba [0.68] [0.351 [0.16]

0,005 Be.... .. ........ . . . ...... . ..... —-.- .. ...” . .. . . . .
0.100 Bi

. .. . .. . .-.

0.250 . Ca
..

[4:9] [40] ““ [5.0]

0.015 Cd.. .. . .. .. ....”.......-.........”...”..”...”.. . . .. ..... . —...-...
0.100 Ce

— .—- “.... .
[6.0]

0.025 co -.

0.020 Cr [4.8] 5.02. . . ...-. -. ...-.. ”.”. -.”. ””...... .. . . . .. . ..—....--. [1.51 [0.78]—...—
0.015

-—..
Cu [2.1] [1.9] [5.0] [1.2]

0.050 Dy

0.100 Eu.. . . . . ..... .. . . ... .. . . . .. ... . ........... . . . .. . .... .—..
0.025 Fe [1.2]

—..—... ———..,..
[1.2]

2.000 K [170]

0.025 La.... . ...... .... . ...... . .... . —“”.” .. ..... ——.-. ....”.... [1.4]

“-&oo5 Li
.——..” . . . . . .

.- [0.98] .

0.100 Mg [9:9] [1.9]

0,005
.

Mn.. ....... ..... . . ... ..... ... ..—”” ....”””... . . .. .. . . [0.351

.7030 Mo
.— . ..—

[1.1]
.— —.

[1.q

0.100 Na , 25,500 23,400“.———... [2.0] 223,000—— 16,500

0.100 Nd
——... —.

[5.7y

0.030 Ni [2.6] [3.3] [6.8] [2.3]

0.100 P 73.8 63.7 265. . . .... .. ...... . .. ....... .——.. ,—— 17.8

“0.060 Pb
— .——-.

. [5.3]

0.300 Pd [171

0,300 Flh
._

..—— ......”.-””.”.. ”........ -. ... ... ........ .. .. . . .. . .
0.075

..— . ...-.
Ru [4.4]

. . . . . . ..
[4.9]

. .
-“ [6.71 [0.99]

0.050 Sb [3.73 “

0.050 Se .-
. .. . ... ... .... ...... . . .......... ... . .. . . .. . . . ... . [5.0]

0.100 Si 47.6
.—.——.

46.1 25.6

1.000 Sn

0.005 Sr. . ... ... .. . ... .... ... .. ....... .—— . . ....” — [0.42]

0.500 Te
—... ... .. -—..

0.800 Th

0.005 Ti [0.39] [0.21] [0.31] ___-”_ [0.0841..... ..... ....... ... .. . . .... .......... . .. . . . ..... .. .—.— ...——.
0.250 TI

2.000 u [44] [140]

0.015 v [0.76] ._-._.”.. -..... .... ..................................... . . ... . ...... .... ... . . . . . ..... . .—....-.
0.500 w

..—”— -----
.-

0.010 Y [0.49] [0.14]

0.020 Zn [0.42]. . .. ........ ...... .. .. .......... .... .. ..-” ....””..”. ,“—-— . . . . .-—.
0.025 Zr

. . . . . . . .. .-—.-
[1.0]

%;: 1) Ovedl error greater than lWimes detection limit is estimated to be within +/- 15%.’

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

3) “-”. indicate measurement is -w deted.on. Sample detection limit maybe found by

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

G, Lumetta Acid Dig. Data ASR539 from .A0532 G.Lumetta ALO-128+ BNFL C108-SOL-3O-1... ASR5397 ICP98 IOWXIS 7120[99 @ 250PM
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ALO#= 99-1891 @2 99-1891 DUP @4 99-1894 @4

CllentID= CI06-OH-3A Cf06-0H3A
.

Ci06-OH-9

Uet. Limit Run Date= 7/2/99 “ 7/2199 7f2/99

(ug/mL) (Analyte) Ugg Uglg
. . . .. .—. . ... .. . .. . ....... @

0.015 Ag 2.41 [2.5] [:.5:]

0.060 Al 765 791 66.6 ‘- ‘“

0.080 As [1.4]- .. . . . ..”.--.”.....”-.. [’f.71 —..... - .——
750 B 12.9 ‘“-- 12.6

——.
12.0

0.010 Ba [0.12] .

0.005 Be..”. ......”... ””...”.”...”.-.”””..”...” .— . . . . . . . ...- — —- .—
0,100 Bi

0.250 Ca [2.4] -“.
.... .

0.015 cd -
.. ... . ....... . . . . . .... ......... “....- .. . . . . . . .. . ———
. 0.100 Ce

0.025 CO

0.020 Cr 10.8 11.2“...”!. . ... . . .... .. . .... .. ... ......
[0.96].-—. . . ... .. . . ...... .. . . . . . . . .. . . ——— . . .

0.015 Cu . 2.51 [2.6] [0.90]

0.050 Dy

0.100 Eu -. . -
. . . . . . . . . ... ..... .. —-”... —.

0.025 Fe 9.72 9.90 “ ‘--—.
.—

[1.71

2.000 K [671 [651 -’. . . .
0.025 La.— . .. . .. ... L..-....”.”-.-.”.. . . ... ....”... ,—... —...... . ..- . . .—— . .
0.005 Li [0.13] [0.12]

0.100 Mg

0.005 Mn [0.0851.. .. .. .. . .. . . .. . ..... [0.090] -____-:”. - __”_ ,. . . ...
0.030 Mo [0.88] [0.851 -.

0.100 . .Na. . 66,400 58,400 . 15,900. . . .. .~—.-.. ——

0.100 Nd

0,030 Ni [0.38] . . -*

0.100 P 7T.6 78.6 [14] “- -
. .

—. —-— . . . ......
.-

... . . . ,-—— . .. . — . . .
0.060 Pb 16.6 17.1

0.300 Pd

0.300 Flh. . .. .. ....... .... .. . ... ........ . . .. . . . . . .--..-- ....”..... .—-... — . . .
0.075 Flu [3.0] [3.2]

0,050 Sb

0.050 Se [0.74].... .... . .. . . ... . . . .. . . .. ...... ~ ——. . ,—— . . .. . . . . . . .
0.100 Si 346 353 49.9 -,

1.000 Sn

0.005 Sr -.
.... — . ...”..-.. ”””. . .. .... ... .. . . . . ..— . .. .. . .—...— ———

0.500 Te

0.800 Th

0.005 Ti [0.13] . .__.. [0.12] __... -- ,_. . ... . ... ... .. . . . . . . ...... .-.—. —.

0.250 TI

2.000 u [43] [44] -.

0.015 v [0.76]
.... .......... .............. ...... ..... ......

[0.76]““.””. ... .... .. ... . ... .... .....”..... . .. .. “.”— .—
0.500 w p.5]

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

0.010 Y

0.020 Zn 2.27 [2.4]
. . . . .. . ... . ... . “-. .. .—-— . .. . ——.— . . . .

0.025 Zr .......... [o.551 [0.q.- —..-—
Note: f) Overall emvr ureater than lo-times detection limit is estimated to be w-thin +/- 15%.

2) Values In brackets ~ are - lo-times detection limit w“th errora IikeIy to exceed 15%.

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

mult@ying ‘det. limi~ (farlefi wlumn) by ‘multiplier (top of each column).

G. Lumetta Acid Dig. Data ASR539 from .A0532 G.Lumetta ALO-126+ BNFL C106-SOL-3O-1... ASR5397 ICP9810W.XIS 7120199 @ 250PM
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Multiplier=mmmm

Report PageI of 2

m
ALO#= 98-1888-DB-Zr 98-1886-PBZr @2 98-1888-Zr 622 - 99-1888-DUP-Zr @2 99-1888-Zr @2

ClientID= Diluent Blenk Process Blank C106-AO-8 C106-AO-3 C106-AWB7

W. Limit Run Date= 7/14/99 7/14/99 7/14189 7114199 7n4i99

@fmL) (Analyte) (ug/mL) Ugig @9 Uglg. ..”. ... ........ . .. . . .... ..... ... Uglg

0.015 Ag 591 391 338

0.060 Al 62,800 54,200 6,950

0.080 As -.. . . ......... .... . ... .... .. .... — .“—.. r —...- [160] —-——
0,050 B

.. . .. .. . .

0.010 Ba 432 “ 387 [100]

0.005 Be. .. .....”- . . . . .. .. . .. .... .. .. . . .. . .. . ,— . . . . ..— . . .
0.100 Bi

. . . .

0.250 Ca [2,500] 16,400 12,900 6,950

0.015 cd [58] [40] -.
. . . .... . . . .. .. .... . .. . .. .—..”..

Tloo
—. ——

Ce [300] [250]

0.025 co [651

0.020 Cr 982 948. . . . . .. .. . . .. .. . ..... . ... . —“.— ,—— .. .. . —.....”. [370]—— . ...
0.015 Cu 415 390 [200] ‘-—

0.050 Dy

0.100 Eu.. . .. . . . . . .... .. ... . —...-” - —- ——...”
0.025

—— .
Fe [190] 181,000 ‘“-- 157,000 446,000

2.000 K [4,100] [3,800] [5,300]

0,025 La“.——” .”......””-.. ”.”..””.... [120] [120] .-
.“.— —... . . . .. . .. .. .

0,005 Li [lq ‘-.—- [22] [29] [271 .

0.100 Mg “- 4,240 2,710 [1,9001

0.005 Mn 3,840 3,810 2,950. . . . .. . . . ... ——””.. .“— ...—. .—— —..—.
““xo30 Mo . . .. —...-”

.-
.. . . . .... . —.

0.100
. ..”. .. ... .

Nd [290] [260] [290]

‘“” ‘).030 Ni [220] 1,260 1,050 [620]

0.100 P. . . . . ... . ... .. ... . .. ... . . [890] _. r [1,400].— —. [980].—..
0.060 Pb - . 3,200 2,750 [1,200]

0.300 Pd .-

0.300 Rh.. . . . . .... . ... .. ... .... ——... ——-. —.. . .. .
0.075 Flu

.~—
[300] [310] [660]

0.050 Sb [100]

0.050 Se.. ... . . . .. . . . . . . . . .... .... [160] .._ . [260] [250]—..-... [350]—— —-..”.
0.100 Si

.-—— —.
108,000 104,000 9,030

1.000 Sn [1,900] [~ooo] [5,600]

0.005 Sr [40] 204 168...—..” . . . . ..””. . .. . ..”.”-”... . . . .. .. .. Uo] ._._. . . . ...”... —.....-” —.........”.
0.500 Te

——

0.800 Th

0.005 Ti [11] 2,670 2,500 . 1,300.. .. . . ....... ... . . . . .... ... .... .“—. —. .“—” ..... ... —
0.250

. . .. —.”... .
Ti

2.000 u

0.015 v.. ... .. ......... ............. . ............ .. . . ........ . [61] [5q [52],—.— .. .. . . .. . ...”..... -—... ....
0.500 w

.. . . . .. .

0.010 Y [471 [32j [271

0.020 Zn. . . ... .. .. .... . .. . . ... .........
[240] [250] [250]. . . ..—.-. . . . . . .. ..

Note: 1) Overall error areater than 10-times detecL”on limit is estimated to be w-thin +/- 15%.
.“— .“”.. . . . .

2) Va/ues in brackets Dare - 10-times detection limit m.therrors iikely to exceed 15%.

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

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

G. Lumetta Na-Zr Data ASR5397 from ‘A0535 G.Lumeita ALO-1 14 BNFL C106-ACt-8, -OH-8 ASR5397 ICP98 [OWXIS 7119199 @ 4:24 Pht
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“0’=R l=%”E “ nMultiplier=

ClientID=

uet. Limit Run Date=

RepO~page 2 of2

n
@~mL) (Analyte) Uglg Uglg ug/g... ... . . . . . . . . . .. .... . ..

0.015 Ag 639 1,460 [290]

0.060 Al 29,500 28,300 6,8i6

0.080 As... .....”— . ......-..—... -.”.. —— —-
0.050 “B

0.010 Ba 290 263 [150]

0,005 Be... . ... . ... . .. ... . ... .. —... . . ..-. —.
0.100

—“
Bi

0.250 Ca 11;700 10,400 5,160

0.015 cd [31] _“e_ [371. .. ... ..— . . . .. .. . .... -. . . .
0.100 c’s [200]

0.025 (% .-

0.020 Cr [300] [340]... .... .— “—......”........”. [380]

0.015 Cu [140] [250] [170]

0.050 Dy

0,100 - Eu.. .. .. . .. .. ... .. ..... .....
-.

. .. ——
0.025 Fe “87,300 99,100 402,000

2.000 K

0.025 La t71] l’72]———.”. -.&..””””.”.” “ . . .. . . ,—“-...
0.005 ,Li [20] [20] [16] “

0.100 Mg 2,630 [1,900] [840]

0.005 Mn 1,830 2,120. . .. . ... .... ...” 2,700.. ...
O.wo Mo —-... —...
0.100 Nd

‘).030 Ni 841 951 719

0.100 P [680] [9701 __.: [980] .. .. . .. .. . . .... .. .. . . . . .. .. —.
,. -

.-—.”
0.060 Pb 1,550 1,800

0.300 Pd

1,420 .

0.300 Rh.“”. .....—”... -... - .......-.” . . .. .. . —— ... ..- . . . . .
0.075 Ru [170] [190] [600]

0.050 Sb

0.050 Se [150] [180] [230].... . . . .. . ...... . .. .. —— .. ....”
0.100 Si 68,800 59,400 33,100

1.000 Sn [4,400]

0,005 Sr 176 “ 122 t72J. .. . . . .. . . . . ... —“...... —
0.500 Te

0.800 m

0.005 Ti 2,050 1,960 1,100.... .. . . . . . .. . . ..... . . . .. —..
0.250 m

2.000 u

0,015 v [31]. [31]. ..... . .. . .. . ... . . ......... . . ..— .—” . . ., ,——.. ““-
0.500

.—.
w

0.010 Y [40] [43] “

0.020 Zn [120] [160].. —-—— ... . ...”.”. ”. .....I-. . . . . . .. . [350]

Note: 1) Overall etror greater than 10-times detetion limit is estimated to be within +A 15%.

2) Values in brackets U are@@ 10-times detection limit wlh errots likely to exceed 15%.

3) ‘-” indicate measurement is Ww detection. Sample detection Iimitmaybe found by

multiplying ‘det. lim~ (farleft column) by ‘multiplier (top of each column).

G.Lumetta Na~Zr Data ASR5397 from ‘A0535 G.Lumetta ALO-1 14 BNFLC106-AQ-8, -OH-8 ASR5397 ICP98 IOW.XLS 7119199@ 424PM
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““’=R R’ w -EFT’
Multiplier= .

Chent ID=

Det. Limit Run Date= r1787.3

98-1889 @’

C106-AG8B1

7/9/99 I

Jq/mL) (Analyte) (ug/mL) ug/g“ .“ .“”.” .-”” . .. . . .... ..... Uglg . Uglg Ugfg “

0.015 Ag 289 285 496

0.060 Al [200] 70,500 ‘- 84,200 7,770

0.080 As. . . . . . . .. . . . . ... .... . .... —. . . .. . [160] [170]

0.050 B “- [110] . “-- - ‘.-

0.010 Ba 548 496 [110]

0.010 Be“.—... ”.. ..””””..........””- . . ...”...
-.

——... .. . . ... . .
0.100 Bi

.——. . . . . ....

0.100 Ca [0.23] [230] 13,900 15,800 4,840

0.015 cd -“
. ...”. ”.”...”. . .. ..-.”””.. . ...””...”... —“— . ...- —. [871 [88]. . . . [29]

0.100 Ce
.. . .. - .. ... .....

[440] [470] [190]

0.026 Co [68] [68] [80]

0.020 Cr 1,200.. ... ..... . ..... ... .. . ...... —..”” 1,210.——.. 384

0.015 Cu
. . . . —— . .....

524 513 [190]

0.050 Dy

0.100 Eu. . .. . . .. ... . . . ..... .... .. . —“—. . . .. .
0.025 Fe [300]

. . . . .
217,000

——...
214,000 508,000

0.025 La—.”.”-” ”.....”.”......”...”.....””. .. . ..... . —-. [150] [160].——. ~ [451

0.005 Lf [16] [23]
—.”

[251 ‘. [16]

0.100 Mg 2,840 3,180 [1,700]

0.005 Mn 213 5,060——— .... . . . ...-” “— . 5,110—.— 3,320

0.030 Mo
-—.—- . ——..

[56]

0.100 Na. 2,510 57,400—— . . 52,100. . . . 7,880

0.100
—. . ..

Nd
—....-. .

[450] “ [480] [280]

.100 P -. 3,820. . .. . . . .... ..— -.—. 4,960—.— . . . .. [1,600]

0.060 Pb [120] . 3,270
.-”—....”

3,260 [1,000]” . . .

0.300 Pd
..

.

0.300 Rh
... ~

.. . . ... . . .. .. .. ..... ... . . . . .. . .. .——.—
0.075 Ru

...”
[480]

— .. --------
[5;01 [1,000]

0.050 Sb [110] [89]

0.050 Se -“
.. . ..... . .. ... ...... . . ........ .. ... . . .. . . . .. .. [120] [200].—...” -.... -.. . . .. [200] __.”” [200] ___

0.100 Si [520] 126,000
—.

93,700 12,600

1.000 Sn [2,700] [2,900] [6,300]

0.005 Sr. . . .. .. . ... ... .. .. . .. .. [10] 161 .—...—” . . . 120 - [30]

0.500 Te
. . —..—

0.800 Th

0.005 Ti [16] 2,740...... . ........ . ...... .. . . ... . ....... .. .. .. .. 2,760. . . . ... . 1,430...——. .
0.250

.— .... .. . . ... .
TI

2.000 u

0.015 v.. .. . . ... .. ... .. ..... . . . . [58]-......—— [651 [m

0.500 w ‘-
..”. ——. .“

0.010 Y ‘G [82] [28]

0.020 Zn. .. . . . ..-—......-...-””.”..... .. . . . . . . . .. . . [280] [310] ... .. [240] __””_”.-

0.025 Zr 3,420 3,320 [360]

;ote: 1) Overall error areater than 10-times detection limit is estimated to be w-thin +/ 15%. -

2) Values in brackets I are - 104imes detection limit w“lh errors likely to exceed 15%.

3) “-’ indicate measurement is ~W detection. Sample detection kmit may be’ found by

multiplying ‘det. limit’ (far left column) by ‘multiplier (top of each cakrmn).

G.Lumetta KOH-NiData ASR5397 from‘A0534 G.LumettaALO-115 BNFLC108-AQ-8,-OH-8 ASR5397ICP98Iow.xls 7/19/99 @23o PM
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Multipl;ef= 17626 1964.5 I 1844.3

ALO#= . 99-1892 @2 99-1892-DUP 622 I99-1893622 ~

ClientID= C108-OH-8 C.106OH-8 C106-OH-8B1

Det. Limit Fhrn Date= 7/9199 7/9199 7/9/99

@/mL) (Analyte) Uglg Uglg.. . “.,.. .... ... . ... .. . ... ... ... ugIg

0.015 Ag 285 327 719

0.060 Al 38,600 31,600 6,210

0.080 As. ...””.......”... ”. . . ..-”””- ..... ...”. —“. .. .... .. .. .
0.050 B

. ...

0.010 Ba 364 324 [110]

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

.——.

0.100 Ca 16,200 8,920 2,680 .-

0.015 cd [38] [371. .. . . .. . .. .. .. . .... [33]. . . —... .—
0.100 Ca [190]

——.
[310] [210]

0.025 co ‘- [90]

0.020 Cr [260] [280] 392..... ....-”.......... ”---” . ... .-.. . .
0.015 Cu [130] [140] [200]

0.050 Dy .-
0.100 Eu. ... . .. .. . .. . . . . . . ..... -——-..
0.025 Fe 74,200 85,300

.——
472,000

0,025 La p4] [94]“...”.... .. . .. . .. ... [54].——— . .
0.005

.. .
Li ------- [14] [24] [23]

0.100 Mg 2,490 2,930 poo]

0,005 Mn 1,890 1,850 3,110
.

.. . . . . . . . . . . ... —.. .—.. . . . ...
0.030 Mo

0.100 Na 160,000 163,000 16,000. ...--.”. . .. . .... . . .. . . .
0.100 Nd [200] [290] — [210]

.100 . P [1,300] [1,500].. ........ ..... ......... . ... .......... . . . .. . [1,200].—.-... .——
0.060 Pb 1,140 1,650 1,470 .

0.300 Pd lmo] -. ,-

0,300 Rh.. .. . .... . ...... . .. .. . .... .. ..— -. .. . .... ... .. ——
0.075 Ru [200]

——
[270] . 1,590

0.050 Sb [130] [150]

0.050 se [120] .“_ [180]. . . . .. . . . . . . . . ... . [300]——” .. ......”
0.100

.—.—...
Si 134,000 102,000 22,200’

1.000 Sn [8,000]

0.005 Sr 182 156 [38]. .. .... .. .. . . . . . . .... . . . . —- . . . .
0.500 Te

——..
~

0,800 Th

0.005 Ti 1,810 2,010 1,040. . .. ... . . . .... . . . . .. ......... . .. . ,—... -.”...”. .
0.250 TI

.—..

2.000 u

0.015 v [40] _....”. [48]... ....... .. . .... . . . ...... . ........ [59]... . . . . . ...
0.500 w.

. “ .— . ...”

0.010 Y [371 [44] [24] .“ -

0.020 Zn [110] [120]. . ... .. . .. . ... . ... . ... [340],———. .——
0.025 Zr

,-..” . .
651 1,780 [110]

~;te: 1) Overall error areater than lcl-times detectiin limit is estimated to be within +/ 15%.

2) Values in brackets 1 are - 10-times detection limit wlh errors likely to exceed 15%.

3) “-* -indicate measurement is ew detection. Sample detection limit maybe found by. .

multiplyrrg “de.t fimit’ (far left column) by ‘multiplied (top of each m!umn).

G.Lumetta KOH-Ni Data ASR5397 from.A0534 G.Lumetta ALO-1 15 BNFL CI06-AQ-8, -OH-8 ASR5397 ICP98 IOWX!S 7119199 @ 230PM
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BatteUePNNL/RPG/Inorganic Analysis ---Hg”Report

WO/Projech W48486/29953 .-
C.Iienti G. Lumetta .-

ACL Nbbers: 99-01888 and 99-01892
ASR Number 5397

Procedure: PNNIALO-131, “Mercury Digestion”
PNNLALO-201, “Mercury Analysis”

page 1 of 2

Analysti J.J. Wagner

Digestion Date: October 21,1999 Analysis Date: October 27,1999

M&’I’E: Hg system (WD14126); Mettler AT400 Balance (360-06-01.-029) See Chemical
Measurement Center 98620 RIDS for Hg File for Calibration, Standards Preparations; and
Maintenance Records.

Analyst:

Approval: Date~

Final. Results:

The samples were analyzed by cold vapor atomic absorption spectrophotometry for inorganic
mercury as specified in ASR 5397. The solids samples were diluted an additional 250 to
500-fold following sample digestion per procedure ALO-131. The mercury concentration results
are presented in the table below.

ASR 5397 Log-402 Hg Analysis Lurnetta.doc 11/03/99 @ 1:19 PM
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..

Lagrq’;::i;: SolidMplezD”” .$b~~~....y.>.w.-,.,,.>.,~<>>,
99-1888F’13 SolidsProcessBlaok 0.1153 216.8 1 <0.043

99-1888 C106-AQ-8 0.1029 243.0 500 369

99-1888Dup CI06-AQ-8Dup 0.0876 285.4 500 332

RYD(%) ll%

99-1892 C106-OH-8 0.1253 199.5 250 153

99-1892Dup , C106-OH-8Dup 0.1454 171.9 250 121

RPD(%) 2W0

RFD = RelativePercentDifference(betweensampleand duplicatdreplicate)
“Sampleweight”usedfor the processblankis an averageweightof the samples.

Notes:
1) “Final Results” have been corrected for all dilution performed on the sample during processing or analysis.
2) The low calibration standard is defined as the estimated quantikition limit (EQL) for the reported results and .

assumes non-complex aqueous matrices. Actual detection limits or quantitation limits for specific sample
matrices may be determined, if requested.

3) Routine precision and bias is typically* 15% or better for non-complex aqueous samples that are free of
interference.

Q.C. Comments:

Following are results of quality control checks perfoxmed during Hg analyses. In general, quality
control checks met the requirements of the governing QA Plan.

Working Blank Spike/Process Blank S~ike: Process Blank Spike recovery is 112%, well within
the acceptance criteria of 80% to 120%.

Matrix Spiked SarnPle: A matrix spike was prepared for the samples subinitted under this ASR.
However, the concentration of the matrix spike processed and analyzed with this batch of

sample was too low in concentration relative to the high concentration of mercury in the samples
measured. As a result, matrix spike recovery could not be assessed.

Duplicate: Except for one duplicate that demonstrated an RPD of 23%, RPDs were within the
acceptance criteria of 20%.

Svstem Blank/Processin~ Blanks: A system blank was process during the analysis of the
sample. All reportable sample concentrations were many times greater than that measured in the
system blank or in the processing/dilution blank.

ouality Control Calibration Verification Check Standards: Over 4 mid-range verification

standards were analyzed throughout the analysis run. All were within the acceptance criteria of
80% to 120% recovery for the verification standard.

ASR 5397 Log-402 Hg Analysis Lumetta.doc 11/08/99 @ 12:09 PM
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Appendix D. Statistical Analysis of the Data

.



Statistical analyses were performed on the dataincludedinthis report. b general, simple summary

statistics were provided throughout that ticluded estimates of averages (means), standard deviations

(std. dev.) and percent relative standard deviations (%RSD = IOO*Std. &v./rnem). More Specific

statistical analyses included:

. Volubility versus Temperature Study Regression &mlyses

. Volubility versus Temperature Study Tests for Changes due to Temperature

. Washing and Leaching StudiesEstimatesof Uncertainty for analyteconcentrations in the
washed and untreated solids and the percent removal

For all of he following analysesit should be kept in mind that alldatain eachstudyaretaken &om
one run of the experiment on a single sample. This means that they provide no sense of the
additional uncertainty that would result from running different samplesor from repeating the
experiment on similar samples. The only sources of variability present in these studies are
subsampling variabili~ and measurement variabili~. Consequently, the uncertainty statements
developed in this report arelikely anunderestimateof thevariabilitythat will be experiencedinthe
real world application of these conclusions. .

Volubility Versus Temperature Studv Rezmssion Analvses “

The regression analysesperformed here are a quantitative ayessment.of the nature of the
relationship between analyteconcentrationsandtempenmu.re.Sincethereareonlythreetemperature
points (3o, 40, and 50”C), the maximum model that can be fit as a funtion of temperature is a
quadratic. The two concentration values per temperatureprovide for estimatingsubsamplingand
measurement uncertainty and for testing the lack-of-fit of the linear regression. The general
approach taken wasto firstfit and testalinearregression,i.e., isa linearregressionstatisticallybetter
than no model. This was followed by a test of the lack-of-fit of the linear regression model, or
equivalently in this case, whether adding the quadraticterm would be useful in describing the
solubility-temperature relationship.

The following analyseswere done using the evaporation-adjusted concentrations from Tables I, 2
and 3 with the exception that the C106-SOL-5O-1datawere not used because of suspectedsample
leakagethat wouldrenderits resultsunrepresentative.The dataweretakenfiomthe originalExcel@
spreadsheet and have additional digitscompared to the’formattedtable values. These analyseswere
done using the StatisticalAnalysis System (SAS Ii@tute Inc. Cary, NC).

Table D.1 presents the resultsof the regressionanalyses.Included arethe estimatesof the intercept
and slope for the linear re~ession. ALSOincluded are&e probabilities (p-values)for the test of the
linear regression and for the test of the lack-of-fit of the linear regression. A significance level of
0.10 was used. Those analytes that have a si@ficant linear regression will have a simple linear
p-value <0.10. Those analytesthathave asignificantlack-of-fit from the linearregressionwill have
a lack-of-fit/quadratic pvalue <0.10. Those analytesthat did not haveasignificantlinearregression
or had a significant lack-of-fit are grayed out in the table to indicate that their linear regression
estimates are not considered useable.



TableD.1. C-106VolubilityVersus Temperature

Data Regression Analysis “

Estimated p-value
Estimated Increaseper Sunple

f@aVte Intercept “c Linear
Cesmm-137 . 4 . 383 (1.U5>

I Cul -0.601/ 0.04191

I Sil 3.821 0.6481
, ,.

;---y,-, -m-S.7Am.~--’’--.,%:..., ,....s... --#.,’/...$\<.2..7=m--~,~.;,~<.,----. ., - ,. .......,...... .. ...:_.......... ... . .,,. . ------- . . . ..... . .

I
cl-1 .247 3.82

c2042- 10,913 ‘258 I

0.390
0.925
0.130
0.163
0.465
0.117
0.239
0.002
0.024
0.855
0.122
0.106
0.013
0.052
0.052
0.172
0.082
0.278
0.316

0.047

0.014
P w 1 I

Radionuclides are in units of pCi/& all other components are in u
The regression estimates are grayed~out (judged unusable) if tie estimated
increase is not significantly different from ztio (linear p-value> O.1) or the

lack-of-fit of the linear regression is significant (lack-of-fit p-value< 0.1).

Lack-ot-klt

/Quadratic

. 88

0.363

0.976

0.665

0.858

0.711

0.284

0.175

0.739

0.317

0.284

0.370

“0.455

0.220

0.274

0.188

0.305

0.672

0.612

0.815

0.560

0.672

its of pg/g.

Plots for d analytesin Table D.1 areincluded. me following plotting symbols areusedforthe dat.z

. filled diamond– datathat was 310-times the detection limit
● empty diamond— datathat was K lWirnes the detection limit
. descending triangle-detection limit

The plots also show the linear regressionwith a solid line, 90% confidence intervals on the mean
with dashedlines,andthe quadraticregression.witha dotted line. Occasionally aconfidence interval
is so wide it goes off the plot.

..
The aliquot variabilityissurprisingfor some analytes~~ ~ongwith .smallsamplenumbers, leadsto
‘%on-sigtilcant” testsfor some analytesthat appearto show a relationship. Nine of the analytes
showed linear p-values K 0.1 and quadratic p-values >0.1. Three of these had all of their data
reported as ‘()”, but none had DL dataincluded.



Solubilitv Versus Temperature Study Tests for Chatwes Due to Temperature

Concentration changesin the Solubilityversus Temperaturestudyareexpressedasthe concentmtion
change at each temperature relative to the concentration at 300C. This is calculated as
100*(Or-CqO)/CqOor equivalently as 100*(CT/CXI)-100, where CT is the average concentration at
temperature = T and C30isthe averageconcent@on at30”C. Table 4 shows theseestimatesof the
change in coricentrations (volubility) for detected analytesfor all the unadjusted dataand Table 5
shows them for the adjusted data without C106-SOL-5O-1 (for reasons given previously).

The following method wasusedto indicate whether the reportedchangeswere significantlydifferent
from Oor couldinsteadsimply be an artifactof subsarnplingandmeasurementuncertahq, especially
with so few datapoints. There isinsufficient datato estimatethe variability atany one temperature
with any confidence, so apooled estimateof uncertahq was obtained bypoolingthe ~oRSDsatthe
three temperatures (or only two temperaturesfor the evaporation adjusteddatawiththe one sample
removed). This assumesthe RSDS are relatively constant ateach temperature. This resultin turn
was used asinput to standardpropagation-of-errors calculationsfor the variance of the estimation
formula 100*(CT/CqO)-100. This resultsin an estiqate.of the standarddeviation of the YoChange as
CT/CqO*sqrt(2)*pooled %RSD. The estimateof the percent change ateach temperaturewasthen
divided by the standard deviation estimate at that temperature. This ratio was compared to a
one-sided 9070t-statisticand any ratio that was Lirge; than the appropriate t-statisticis considered
strong evidence of apositive change in solubili~. ‘These significantchangei arebold-faced in Tables
4 and 5. For the unadjusted datathere were 3 degre&~offreedom in the estimateof variability and
the t-statisticvalue was 1.64. For the adjusted datathere were only 2 degrees of freedom in the
estimate of variabilhy and the t-statisticvalue was 1.89:

Washhw and Leaching Studies-Estimates of UncertaintvforAnalvte Concentrations in the Washed
and Untreated Solids and the Percent Removed

The ability to derive estimatesof uncertainty for the valuesreported in Tables 9 and 13was even
more hampered than the percent change estimatesdiscussedin the previous section. The calculation
of the concentrations in Washed Solids and Original Samplewere made using a number of sample
weights and fraction constituent amounts. Only one of these inputs, namely the non-magnetic
fraction of the washed solids, had duplicate ~ta~at could be used to estimatesubsampling and
measurement variability. The percent removed cal~ation in these two tables is even more
problematic because of the useof even more termsmidbecauseit isthe rhtio of two other estimates.

In an attempt to get at least some handle on the uncertainty of these estimates the following
approach was takerx

. Treat all weights used in the estimation formulas asconstants (without error) under the
assumption that their uncerminties are much smallerthan the uncertainties in the
concentration measurements and CM be safely ignored.

. Present a “pseudo” 95% confidence interval for at leastone value .of a %RSD that is
assumed to be equal for all measurements that were used in any equation. A ~oRSD of 10
was chosen asthe initial candidate asit appearedto be somewhat lower thanthe median of
?40RSDSseen in this study and seems to.represent a reasonable lower bound. This
reasonable lower bound on the imcertaiq”can be adjustedto determinethe effectsof o~er
YoRSD values by multiplying the “pseudo” 9s% confidence interval valuesby the ratio of
any other practicable 70RSD divided by 10... “ . .



As input to the “pseudo” 95% confidence intervals it was necessary to again use propagation of
errors techniques to develop approximate standarddeviations. These standard deviations were then
multiplied by 2 (close to 1.96 from a standard normal distribution) to give the confidence interval
half widths. . . .

For concentrations in Washed Solidsand Original Sample,the calculations aresimpleadditions of
fraction amounts divided by the sum of the corresponding fraction weights. The following
propagation-of-error ruleswere usedto develop propagation-of-errors formulas fortheirstandard
deviations:

. Variance of a mean is the variance of the measurement/n (the number of values usedinthe
mean)

. The variance of a sum is the sum of the variances
● Constants (sample weights in this case) carry through.

This resultedin a general form for thesetwo concentration estimatesas:

Std.Dev. = sqrt @@.r(f)/nJ)/weights, “

where f= each fraction used in the calculation of the concentration. Each var(f) term in the
propagation-of-errors formula can be replace~ by definition, with (meanP%RSD)z. Also, since the
same ~oRSDis assumedfor all measurements,?40RSDcan be factored out, resultingin the following
general fornmk

Std.Dev. = %RSD*sqrt @(mean#/nf))/weights

The actualversion of this general formula used for each analyte for each concentration estimate
depends on the fratiions that were usedto calculateit and the number of subsamplesavailable for
each fraction.

For % Removal, the calculations involve 100times-~e ratio of two terms, each of which isthe sum
of fraction amounts. The initialstandardpropagation-of-errors form of the std.dev. for this ratio of
two terms is:

std. dev. = 100*nurn/den*sqrt(var(hu&)/n~z”+ var(den)/denz)
,.

where num = the numerator term, den= the denoniinator term, and varo is the variance of each.
Both the numerator and denominator also need to have propagation-of-errors applied to them.
Again, each varo term in their propagation-of+rrors formula can be replace~ by definition, with
(mean*96RSD)z. Also, since the same%RSD is assumedforallmeasurements, %IUD can again be
factored out, resulting in the following general fornmkx

Std.Dev. = Klt)*tiean#~dmeand*%RsD*
sqrt@f(meanf2/nJ/(beanf)2 + Xd(meand2/nd)/(Zdmeand)2)

where f = each fraction used in the numerator and d = each fraction used in the denominator.

AS for the concentration estimates discussed above, the actual version of this general formula used

for each analyte depends on the fractions that were used to calculate the numerator anddenorninator

and the number of subsamples available for each fraction.
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