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1.0 INTRODUCTION

Beginningin late 1954, significantquantitiesof potassium(later
sodium)ferrocyanideand nickelsulfatewere added to aqueousliquidwastes
from the uraniumrecoveryprocess. The uraniumrecoveryprocess (TBP Process)
[Sloat lg54] extractedand decontaminateduraniumfrom the metal waste
producedin the BismuthPhosphate(PlutoniumRecovery)Process. A large
volumeof aqueouswaste, approximatelyequal in volumeto the metal waste
itself,resultedfrom this operation. Virtuallyall the radioactivefission
productswere present in the TBP Processwaste stream. Productionestimates
of the quantityof highly radioactiveliquidwastesfrom the this process
rangedup to 35 milliongallons. This quantitywould have exceededthe
storagecapacityof the existingtanks.

Testing [Burns 1954, and Smith 1954] had shown that metal ferrocyanides
have a good affinityfor cesium. If introducedinto slightlybasic waste
solutions,these compoundscause the cesiumto be precipitatedas mostly
sodium nickelcesium ferrocyanide[NaCsNiFe(CN)6]. An excessof ferrocyanide
was added to ensure completescavengingof the cesium. The resulting
supernatewas then removedand cribbedto the soil column. Estimatesof
scavengingefficiencyindicatedthat virtuallyall the cesium (and remaining
strontium)would precipitatein a small sludgevolume. A sludge volume of
only ten percentof the aqueouswaste volumewould free up large amountsof
tank space.

The above processwas conductedprimarilyat the U Plant (TBP Plant) in
the 200-W area, and with tank wastes associatedwith T Plant (200-W)and B
Plant (200-Earea). Tanks selectedto receivethe sludgewere chosen
primarilyfor their proximityto availablecribbage. The availabilityof
sludge removalfacilities,for possiblefuturerecoveryof the cesium,was
also a consideration. The ferrocyanideprecipitateis currentlyestimatedto
be distributedamong twenty-fourof the singleshell tanks (SSTs).

In IgB4, work done at the PacificNorthwestLaboratory(PNL) [Burger
1984] indicatedthat potentiallyexplosivemixturesof ferrocyanide,nitrates,
and nitritesmay reside in these tanks. Follow-upwork is currentlydefining
these explosiveparameteT's[BurgerIggO]. None of the known or suspected
"ferrocyanidetanks," however,is believedto be at a temperaturesufficiently
high to cause a reaction.

I-I
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2.0 GOALSANDRESULTS

2.1 STUDYOBJECTIVES

In 1985, core samples of tanks 241-TY-101 (101-TY) and 241-TY-103
(I03-TY),both suspectedferrocyanidetanks,were obtainedand transferredto
the 222-S Laboratoryfor analysis. In both cases, core compositeswere
blendedfrom weightedfractionsof the recoveredcore segments. All
analyticalwork was performedon these composites. Analyseswere not
performedon individualsegmentsor observedlayers,in accordancewith the
waste characterizationplan [Bowton1985] for the 1985 work. Analyses
performedand resultsobtainedare detailedin two supportingdocuments[Weiss
1987a,Weiss, 1987b,and Winters,1988]. Copies of the core compositefinal
resultsare attachedas AppendixesA and B. Althoughsix cores were obtained
from I03-TY,analyticaldata was obtainedonly from composites31XC000and
32XC000. Samplesof core composites(I01-TYand I03-TY)were separately
packagedand storedfor archivepurposesin the 222-S Laboratory.

The objectiveof the analyticalplan is to performanalysesthat were
not done in 1985 or since,especiallythose which may help in the speciation
the cyanidecompoundspresent. Syntheticcesiumnickel ferrocyanideand
reagent-gradepotassiumferrocyanidealso have been analyzedby several
methods,to guide evaluationand interpretationof the analyticaltechniques
and results. Previousanalyticalwork [Weiss1987a,Weiss 1987b, and
Mitchell 1980] indicatesno attemptwas made to determinethe actualcyanide
compoundspresent in the sludge. Of course,this work predatedthe current
hazard concerns. The chemistryand energeticsof the ferrocyanideoxidation
reactioncan change with the form of the cyanidecomplex. Attemptsto
speciatethe cyanide in the samplehave been made.

Overall,these additionalanalyticaltests will be used to gain a
preliminaryunderstandingof the reactivityof the ferrocyanidewaste in a
SST. Valuableadditionalinformationon ferrocyanidewaste behavioris a
furtherobjective. It must be understoodby the reader,that since these
samplesare composites,the informationpresentedbelow may not be
representativeof any particulartank layer (ie. sludgeor cru_t),and the
data must be viewedwith this fact in mind.

2.2 A NOTEONTHE COMPARISONOF 1985 ANDCURRENTRESULTS

The 1985 results [Weiss 1987a and Weiss 1987b] were reported on a wet
weight basis while the current results are reported on a dry weight basis.
The reader may wish that the results for the 1985 set of analyses and the
current round of analyses were reported in the same format, i.e. wet or dry
weight basis. The reason for this apparent loss of information is that the
percent water determinations were performed very differently, and so what
constitutes the "dry" or "wet" sample is defined differently by the methods
used, as explained below. To compare values based on either wet or dry sample
weights for both the 1991 and 1985 sets of data _uld be misleading. The 1985
"weight loss" was measured from ambient to 400° C, at which temperature there
is appreciable non-water loss (see thermal analysis section). The current
(1992) round of analyses were based on sample dried at 120° C, which would

2-1
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only drive off water and lighterorganicvolatiles. The percentwater was
derivedfrom drying at 120° C and so is differentthan a "weightloss" derived
from heatingto 400° C. However,one can make the assumptionthat the two
"percentwater" numbersare comparable. This assumptionyields the conversion
factorsshown in Table 2-I.

Table 2-I. ApproximateConversionFactorsfor the Comparisonbetween1985 and
CurrentData.

i f i i , , , ,,i ,, ,, , , i

TY-I01 TY-I03

1.77 g wet "1985 results"solids/g 2.05 g wet "1985results"solids/gdry
dry "1992 results"solids "1992 results"solids

3.12 g wet "1985 results"solids/g 3.53 g wet "1985results"solids/gdry
dry soluble"1992 resultssolids soluble"1992 resultssolids

4.09 g wet "1985 results"solids/g 4.89 g wet "1985 results"solids/gdry
dry insoluble"1992 results"solids insoluble"1992 results"solids

Example" nitrite,TY-I03

7510 #g nitrite/gwet solids* 3.53 g wet solids/gdry soluble"1992 results"
solids= 26000 pg nitrite/gdry soluble"1992 results"solids

These conversionfactorshave errors associatedwith them, that are not
well known,and so must not be used to generatecomparisondata with more than
two significantfigures. The errors associatedwith these conversionfactors
include,but are not limitedto, the weight loss abovethe 120° C drying
temperature,NaNO3 weight loss and decompositionabove 300° C (seethermal
analysissectionfor furtherdetails).

2-2
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3.0 ANALYTICALPLAN

3.1 OVERVIEW/SCOPE

As indicatedin the previoussection,many analyseshave alreadybeen
performedon the core compositesample [Weiss1987a and Weiss 1987b]. In
1988, portionsof archivesampleswere used to determinethe cyanide
concentrationin the two tanks [Winters1988]. The total cyanidefound by a
low acid distillationand pyridinebarbituricacid spectrophotometricmethod
was 3580 ± 242 #g/g wet solids in I01-TYand 2660 ± 663 _g/g wet solidsin
I03-TYwhere the standarddeviationsare used to representthe uncertainties.

The 222-S Laboratory(WHC) and PNL performed(in late 1991) additional
sample analyseson the archivesamplesremainingfrom the tank core composites
of I01-TY and I03-TY and also performedanalyseson syntheticand
reagent-gradeknown materials. The syntheticand reagentmaterialanalyses
are summarizedschematicallyin Figure3.1. The tank compositeanalysesare
summarizedschematicallyin Figures3.2 and 3.3. Syntheticsamplesand
reagent-gradematerialscontainingferrocyanidewere analyzedby many of the
same methodsas the tank samples,to providetechniquevalidationand result
evaluationdata.

Each archivesamplewas dried to a constantweight at 120° C, and a
small portion (0.5 - 0.8 gram) was set aside for variousanalyses. A water
leach was performedon the remainingmaterial. The insolublefraction,
remainingafter the water leach,was dried and weighedto determinethe
percentdissolved. Both the solubleand insolublefractionsunderwent
additionalanalyticalanalysesto determinethe thermodynamic,kinetic,and
chemicalpropertiesof the sample. Similaranalyseson the syntheticand pure
reagentsare comparedto those from the tank core composites. The soluble
fractionwas made up to 100 mL prior to furtheranalyses.

3.2 QUALITYASSURANCEANDLABORATORYPROCEDURES

The data producedby the tests describedin this reportmay be used to
supportwaste tank safetydecisions. ImpactLevel 4 is assigned,accordingto
WHC-CM-I-3,ManagementRequirementsand Procedures,MRP 5.43, "ImpactLevel."

The samplingand analysiswork performedfor this plan conformsto
WHC-SD-CP-QAPP-O01,"222-SQualityAssuranceProjectPlan." This document
describesthe laboratoryprocedures,laboratoryrecords,and the controlof
records,equipment,materialsand measurementsfor analyticallaboratories.

Specificanalyticalproceduresfor those analysesperformedwithin the
222-S Laboratoryorganizationare detailedi'nSection4.0 and listed in the
referencesection. There were no major deviationsfrom any of these approved
procedures,except the eliminationof carbonatebecauseof insufficient
sample.

3-I
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The followingdesk instructions(BechtoldIg90b,Bechtold1990c,
BechtoldIggod)governedthe generallaboratorywork by the ProcessChemistry
Laboratory(PCL) at the time that the analyseswere performed:

• ProcessDevelopmentGroup LaboratoriesTesting
• LaboratoryNotebookDocumentation
• Identificationand Controlof Items

Additionalspecificdesk instructionsgovernedindividualproceduresperformed
by the PCL for analysessuch as differentialscanningcalorimetry(DSC),
scanningthermogravimetricanalysis(STG),and others. ProcessChemistry
Laboratoryis no longerusing these documentsfor qualityassuranceand
laboratoryprocedurepurposes,and is in the processof convertingthese
documentsinto formal laboratoryprocedures(LO-xxx-xxx,and LA-xxx-xxxtype
documents).

Proceduresused by the 222-S Laboratory(ProcessDevelopmentSupport
Unit and other 222-S organizations)are listed in Section6.1.

The methods used to submitsamplesfor analysisto PNL, and the
proceduresused for the variousanalyses,are given in the PNL document,
PNL-MA 70, "Proceduresfor QualityAssuranceProgram." This is the PNL
laboratoryQualityAssurancemanual,and it addressesthe issuesdelineatedin
the NQA-I manual [ASME 1989]. The total organiccarbon (TOC)analyses
performedby PNL did not meet the requirementsof the WestinghouseHanford
Company (WHC) test plan [Smith1991]. WestinghouseHanfordCompanydelivered
the test plan to PNL. PacificNorthwestLaboratoryfailed to use the WHC test
plan during the developmentof the PNL test instructions.

3.3 ANALYTICALPRIORITIES

The quantityof sampleavailablefrom each tank was limited,estimated
to be less than 5 grams for each tank. The analyseswere performedaccording
to the prioritiesset forth in the test plan [Smith1991]. The WHC Senior
Chemists'Panel discussedthese prioritiesin March 1991 [Brehm1991].

3.4 SPECIFICS

3.4.1 Descriptionof RemainingI01-TYCompositeSample

The archivedsample of I01-TYcomposite(51XC0000)[Weiss1987b]
consistedof approximately3-5 grams of a relativelydry powder. Previous
analysesdone on this materialindicatethat it is indeeda composite;all
layer-specificinformationhas been lost in the compositingprocess. The
remainingutilityof the sample is chieflyits use in attemptsto speciatethe
cyanidecontentinto likelycandidates.

3.4.2 Descriptionof Remaining103-TYCompositeSample

The archivedsampleof I03-TYconsistedof a composite(31XC0000)of
approximately5 grams. Prior analysesof this material [Weiss1987a and

3-5
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Winters1988] indicatethat it containsseveralcrystalsand may not be
homogeneous. Previouscyanideanalysesby Winters[Winters1988] showed an
unusuallywide variationbetweenduplicates,which may be an indicationof
such inhomogeneity.

3.4.3 Preparation of Archived Samples

1. Test Plan [Smith 1991, Appendix C] instructions were followed to
dry and prepare the archive material for further analyses.

2. The remaining sample was weighed out. Aliquots (approximate total
0.6 gm) were set aside for analyses on the direct solids.

3. The remaining material was weighed and an overnight water leach
performed and test plan [Smith 1991, Appendix D] instructions used
for detailedguidance.

4. The filterwith solidswas dried to constantweight and the
solubilitypercentageof the compositedmaterialwas calculated.

5. The dried materialremainingafter step 4 was weighedout for
analyseson the insolublewater leach residue.

3.4.4 Descriptionof Syntheticand ReagentMaterials

Syntheticand reagent-gradematerialscontainingferrocyanidewere
analyzedby severalmethods. It was intendedthat the resultsobtained
provide insightand informationon the speciationof cyanidecompoundsin the
core compositesamples. Reagentgrade potassiumferrocyanide[K4Fe(CN)6.3H20]
and a syntheticcesium nickel ferrocyanide[CszNiFe(CN)6.xH20]were used for
these tests. The Cs2NiFe(CN)6.xH20was preparedas describedin WHC-N-421
pages 8 and 9 and WHC-N-341-1pages 40-42 (SeeAppendixF). Neitherthe
reagentgrade potassiumferrocyanidenor the synthetic[Cs2NiFe(CN)6]were
treated (dried,centrifuged,etc.) in any way.
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4.0 ANALYTICALMETHODS/TECHNIQUESANDASSOCIATEDRESULTS

This sectionprovidesbrief descriptionsof the analysesperformedby
the 222-S Laboratoryand PNL on the samplesdescribedin Section3.0. All
analysesperformed,and the associatedresults,are listed here in order of
priority.

4.1 THERMALANALYSES:TGAANDDSC

Thermogravimetricanalysis(TGA) is a measurementof weight changesof a
systemor compoundas a functionof increasingtemperature. This method heats
a portionof the sample from ambientto 450° C while measuringthe mass as a
functionof time and temperature.

Differentialscanningcalorimetry. The amountof electricalheating
energy requiredto keep the sampleand an inert referenceat the same
temperatureas they are both heated at a constantrate. Energy is evolvedin
the sample if the organic-nitratereactioncommences. Energy is absorbedwhen
water is driven off and in melting. The instrumentrecordsthe heating
differenceas a milliwattchange, (allowingeasy conversionto joules).
Differentialscanningcalorimetrycan providean observedreactionstarting
temperature,an onset temperature,and the enthalpyof the reaction. The
techniqueis similarto that used previouslyto determinesofteningpoints for
the originaltank samples[Weiss Ig87a and Weiss 1987b]. To provide
additionalinformationon ferrocyanidewaste reactivity,the test was extended
to higher temperatures.

The followinginformation,taken from Bechtold[Igg2a],reportsthe
resultsof DSC and TGA of the archivedsamplesfrom ferrocyanidewatchlist
tanks TY-I01 and TY-I03,as preparedaccordingto Smith [1991]. Also included
are the resultsfor a syntheticcompoundcesium nickelferrocyanide,
Cs2NiFe(CN)6.xH20[Smith1991]. The TY-I01 and TY-I03 samplesare composites
from cores taken in 1985, stored at 222-S since that time. Smith []gg]]
discussesthe origin of these samplesin detail. The syntheticcesiumnickel
ferrocyanidewas preparedby PCL as describedin Jewett [1990] (see
Appendix F).

ProcessChemistryLaboratoryutilizedits own thermalanalysis
instrumentin this work, (Perkin-Elmermodel DSC-2/TGS-2)and loggedthe
analysesin WHC-N-522[Bechtold]9go]. Aliquotsof each sample between3 and
10 mg in size were analyzedin duplicate. The aliquotswere placed in open,
pre-firedstainlesssteel or platinumpans under 40-50 cc/min flowingnitrogen
cover gas, and analyzedfrom 40 to 500° C at a temperaturescan rate of
10° C/min.

Tables 4-I, 4-2, and 4-3 identifythe specificsamplesanalyzedby
number and description. The tablesalso providethe averagesof significant
resultsof duplicateanalysesand their associatedstandarddeviations. The
instrumentaltracesfrom which these resultswere derived are attachedfor
your edificationas AppendixD.
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The TGAand DSCtraces show in general that the tank waste composites
retain approximately 10%moisture to temperatures as high as 275° C in some
cases. Above that, the next prominent event is associated with the melting
of sodium nitrate, which is accompaniedby significant weight loss in the
vicinity of 225--320 ° C. This event has been noted before in thermal analyses
of synthetic ferrocyanide sludges in Bechtold [1992b], Bechtold [1992c], and
Bechtold [1991], where the associated weight loss has been shownto involve
cyanide. It is interesting to nrte the feature is more prominent in the
TY-IO1 samples, which have been _hown in Winters [1988] to contain the greater
amount of total cyanide.

Furthermore,only the TY-I01 samplesshowed any exothermictendency.
This was a small exotherm,it occurrednear 400° C, and it was not
reproduciblein duplicateto any precision.

Otherwise,the tank compositesamplesunderwenta generaldecomposition
and weight loss above 300° C which gave no indicationof completionat the
500° C analysislimit. There was also a discreteendothermwithin this range
which remainsunassigned.

Water leachesof the TY-I03tank waste samplesweakenedthe
nitrate-meltingfeaturesin the remainingresidue,as expected. However,
water leachingmade these same featuresmore prominentin the residuesof
TY-I01 composite--asurprisingresult.

The TGA and DSC tracesof Cs2NiFe(CN)6.xH20have very few identifiable
featuresother than probablemoistureloss to 275°C followedby general
high-temperaturedecomposition. These are even less informativethan the
trace of syntheticsodiumnickelferrocyanide,discussedin Smith [1991]. The
percentmoisture in this material is consistentwith a hydration
number x _ 2.2 It shouldbe noted that Cs2NiFe(CN)6.xH20is known to have
variablestoichiometry[Loos-Neskovic1984] and variablewaters of hydration,
and as such is not an ideal referencematerial.

In conclusion,the thermalanalysisof TY-I01 and TY-I03 compositesshow
the presenceof moistureand sodiumnitrate,and indirectlyinfer the presence
of total cyanide. Also, some tracesare consistentwith, but do not prove,
the presenceof AI(OH)3. The significanceof the weak tendencyfor TY-I01
samplesto exotherm is unknown,due to the fact that these are composites.
The thermalanalysisof cesiumnickelferrocyanidedoes not yield a useful
featurefor identifyingit in actualwaste samples.

4.2 CYANIDE

Cyanidewas determinedusing a micro-distillationtechnique,followedby
the chloramineT-pyridine-barbituricacid spectrophotometricdetermination
(WHC procedureLA-695-102). The detectionlimit of the procedureis dependent
on the distillationblank. With carefulcontrolto minimizeblank values,a
lower detectionlimit of 0.01 #g CN'/mLis possible. This method is sensitive
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Table 4-I. TY-I01ThermalAnalysisResults.

....Assignment 51XC0110 51XC0110 51XCb310............:_ 51XC0310
TY-I01 Dried Standard TY-I01 Dried Standard :
Composite Deviation. Water iLeach- Deviation
Duplicate _iinso]Uble
Average _ Res]du

i

TGA Temp. Range (°C)
Total H20 Weight ambient--235 ambient-,225
Loss

TGA Total HzO Weight 9.88 0.71 12.46 0.04
Loss (%) i_r, ,

TGATemp. Range (°C)
Melt 8a80s Weight 235--320 225--325
Loss

TGA Melt NaNO3
Weight Loss (_) 2.52 0.25 4.07 0.33,,

TGA Temp. Range (°C)
DecompositionWeight 320--499 325--499
Loss

TGA Decomposition 3.62 0.18 1 75 0.06
Weight Loss (%)

DSC Temp. Range (°C) 44--150 44--225
Total HTO Endotherm ......

DSC Total H20
Endotherm 33.33 5.22 57.56 10.83

(calorie/_ram)

DSC Temp. Range (°C) 237--316 215--335
Melt NaNO_Endotherm, i iJ i JJ iii i i i

DSC Melt NaNOs
Endotherm 30.06 3.02 50.20 28.60

(calorie/gram)
DSC Temp. Range (°C)
Decomposition 357--391 393--479
Endotherm , ,i

DSC Decomposition
Endotherm 2.6 ® 23.32 9.16

(calorie/gram) _.

DSC Temp. Range (°C) 389--429 none
Exotherms

DSC Exotherms -3.23 5.54 none
(calorie/gram) .....
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Table 4-2. TY-I03ThermalAnalrsisResults.
, ,, i ,, ii , r i ii .-.... , ....,, . i i ii. .

Assignment 31XC0110 31XC0110 ii:: 31XC0310 31XC0310
TY-I03Dried Standard TY.I03:Dried Standard

Water Leach- Deviation
Composite Deviation I::Insoluble IDuplicate ......
Average :i Residue ..

i i [ '1 L

0 '

TGA Temp. Range (C) ambient--175 ambient--210
Total HpO Wei_lhtLoss .... iii,i ,,i i ii [i il " i .... •..........

TGA Total HzO Weight .... •;11,15 0.11
Loss (%) 10.49 0.05, , , " l i ii i l,,, i. " "

TGA Temp. Range (°C)
Melt NaNO3 Weight 210--320
Loss

, , ii i| i i [£_1 i iii ii i i L , [

TGA Melt NaNO3 Weight 2.19 0.11
Loss(%) .... , ...... .
TGATemp. Range (°C)
Decomposition Weight 175--499 320--499
Loss .: ........

TGA Decomposition 9.45 0.24 2.65 0.30
WeiBht Loss (%) ........

DSC Temp. Range (°C) 44--162 44--215
Total.HTO Endotherm

DSC Total H20
Endotherm 20.90 O.95 55.26 1.16

Icalorie/gram) ............ .....

DSC Temp. Range (°C) 213--318 240--303
Melt NaNO_ Endotherm ..

DSC Melt NaNO3
Endotherm 32.36 I.52 6 26 O.77

(calorie/_Iram) .................... ..........

DSC Temp. Range (°C)
Decomposition 338--435 336--440
Endotherm ...... _.
DSC Decomposition
Endotherm 11.35 6.BI 22.67 3.26

(calorie/gram) .....

DSCTemp. Range (°C) none none i
Exotherms

, " [] LIII I llllll _ I I ]l I I

DSC Exotherms none none
(calorie/uram) ,, .i, i ii,.,. , .
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Table 4--m3.The.rrealAnalysisResults S_/ntheticCs_NiFe(CN),.xH?O.ii iiiiii iii i _ l |iii ii ii tii ii

A_signment KMAI01 KMAI01
Synthetic StandardDevelopment

Cs2NiFe(CN)6.xH20
DuplIcateAverage

TGA
iiii _ imll'li iii T- i ,i T ll[ |II _ i_ III I II I I

Temp. Range (°C) ambient--275
Total H_ Weight Loss .......

TGA Total H20 Weight Loss 6.84 0.14
(_) i

TGA Temp. Range (°C) Not Applicable
Melt NaNOx Weight Loss
TGA Melt NaNO3 Weight
Loss (%)_ Not Applicable

TGA Temp. Range (°C) 275--499
DecompositionWeight Loss

TGA DecompositionWeight 4.58 0.g6
Loss (%)

DSC Temp. Range (°C) Not Integratable
To.tal.H_OEndotherm

IIDSCTotal H20 Endotherm
l(calorie/gram) Not Integratable

DSC Temp. Range (°C) Not Applicable
Melt NaNO_ Endotherm

DSC Melt NaNO3 Endotherm
.(calorie/gram) Not Applicable

DSC Temp. Range (°C) Not Integratable
DecompositionEndotherm

DSC Decomposition
Endotherm Not Integratable
(calorie/gram)

DSC Temp. Range (°C) Not ApplicableExotherms

DSC Exotherms Not Applicable
(calorie/gram) .. i. i....... . .. ....

to certaintypes of ferrocyanidecompounds,which give a low value for CN'.
The reader is remindedthat this method is a modificationof the Environmental
ProtectionAgency (EPA)ContractLaboratoryProgrammethodfor cyanides,and
as such, may not be suitablefor high alkalinity,high cyanidetank wastes.
It's use is predicatedon the fact that it is the acceptedlaboratory
procedure.

In 1988, total cyanidewas measuredon the compositeIOI-TY and I03-TY
archive samples,using a low-acidhydrogencyanidedistillationprocedure
[Winters1988]. The total cyanidefound in the 241-TY-101and 241-TY-I03
sampleswas 3580 + 242 and 2660 ± 663 /_gCN/g wet solids,respectively.
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Table 4-4. 1992 Cyanide Analysis Results.
ii,, ,r- ,, ,, ,, ,, r ,,, ,, ,"'" .= =., i' i1'

Laboratory PCL Sample Results
Sample.....#Sample# Description............

TY-I01 R736 51XC0210 Water Leach 4.2ppm as filtrate
730 pg/g dry solublesolids,m i ii

R744 51XC0320 iLeachResidue9920 /_g/gdry insoluble
solids

,,, ,, ,.,,,,, ..,,i , i i,,|

R741 51xc0120 Dire.ct 3390 Pg/9 dry solids .......
TY-I03 R737 31XC0210 Water Leach 5.4 ppm as filtrate

. 900 #g/9 dry soluble,solids
R745 31XC0320 Leach Residue8240 #g/g dry insoluble

solids
,, , ,, , ,,,,,,

R742 31XC0120 Direct 2430 /_g/9dry solids
.... ,, i i,. '-'L ql,!l ,_ ...........

All instrument standards were acceptable (all within 5%of the nominal
value, with a slight bias towards low recovery), and all blanks were free from
contamination. No good estimate of precision is available, as only one run
was done for each of the samples. AI] of the above numbers have been
arbitrarilyadjustedto 3 or fewer significantfiguresbecauseof the lack of
informationon data precision. (SeeTable 4-4.) A check for precision,
performedby comparingthe weight correctedsum of the insolubleand soluble
materialcyanidevalues againstthe value for the direct solid, revealsthat
the sum of the two (insolubleand soluble)values is greaterthan the value
for the direct solid. For both TY-I01 and TY-I03 the "sum" value is about
1500 /_g/gdry solids higherthan the direct solidsvalue.

A known material (potassiumferrocyanidetrihydrate)was also analyzed
by this procedure,to test method'sabilityto recovera stoichiometricamount
of cyanide in the ferrocyanidecomplex. The potassiumferrocyanideyielded
26.3 weight percentCN (262500/_g/gdry solids),which representsa 71%
recoveryof cyanidefrom this compound. Note that the samplesfrom the tanks
have not been correctedfor this recovery. The actualsamplerecoveriesare
likelyto be higher,as the method is optimizedfor smalleramountsof
cyanide,and could be overloadedby the very high cyanidecontentfound in a
pure known material. The potassiumferrocyanidevalue is usefulmainly as a
cautionarynote for cyaniderecoveries.

It can be seen that a majorityof the cyanidein these samplesis in an
insolubleform, which could be, but is not limitedto, ferrocyanidetype
complexes.

4.3 TOTALORGANICCARBON/WHCMETHODLA-344-101; PNLMETHODPNL-ALO-380, REV0

In the WHCmethod, TOCconcentrations are determined when liquid samples
are heated to 850-900 ° C in the presence of oxygen after a sample preparation
of acidification and sparging. This sample preparation removes carbonate and
may remove somecyanide (see preparation method for cyanide analyses) in the
process. Any carbon remaining in the sample aliquot is converted to carbon
dioxide and swept by the oxygen stream to a coulometer. Several traps are
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employed in the gas flow to remove interferences from sulfur oxides, hydrogen
halides, and oxides of nitrogen. The carbon dioxide is collected and
quantitatively measured with the coulometer. The coulometer generates base to
automatically tttrate the carbonic acid. (See Table 4-5 for results.)

Sol td samples were analyzed by the PNL, apparently using a method
without sample preparation. The PNLmethod is therefore effectively a total
carbon method, and cannot be directly compared to the WHCmethod. Cyanide is
demonstrably part of what is quantitated (see knownmaterial results), and at
the temperatures used somecarbonate may be detected [Schiefelbein 1992].
Additional TOCanalyses were conducted on the synthetic samples to determine
to what extent this method recovers any of the cyanide complex as organic
carbon. The method used was not the method requested in the WHCtest plan
[Smith 1991], but was specified in PNL test instruction #124.

Table 4-5. 1992 Total Organic Carbon Analysis Results from WHCand PNL
Laboratories.

-, ,,, iii r , ,,,, ill T I I, ,,, rlll,,',llJ[ i..... i i l'i ,,iii, 'i_ T_ "-

Laboratory Sample PCL Sample Dncdptlon Results

# Sample #
--, , , ,

TY-101 92-04437 51XC0130 Direct Solids 0.683% C dry solids

6830 pg/g dry solids
,,.,, ,,, ,,,. --

R750 51XC0220 Water Leach Filtrate 0.0182 g/L filtrate aolution

0.32 % C dry soluble solids

3200 pg/g dry soluble solids
,. , i ,m .,, i ,,,, ,,,

92-04338 51XC0330 Leach Residue 0.078% %C dry insoluble solids

7,800 pg/g of dry insoluble solids
.... _ ....... . .., , i

TY-103 92-04339 31XC0130 Direct Solids 0.893% C dry solids

8903 pglg dry solids
, , ,., , i ,,

R748 31XC0220 Water Leach Filtrate 0.0265 g/L filtrate solution

0.44 % C dry soluble solids

4400 pg/g dry soluble solids
, , , i ,,,m, ., ,, ,, ,,,, --

92-04_40 31XC0330 Leach Residue 0.925% C dry insoluble solids

9250p/g dry insoluble solids
., ,,i , ,, ,, --

Cs2NIFeiCN) 6 92-04_1 KMA-102 Cs2NIFe(CN) 6 10 % C dry solids
100,000 pg/g dry solids

,,., ,.,,| i ,i. , , --

_(4Fa(cN)6 92-04_2 KMA'2()2 K4Fe(CN) 6 14.6 % C
• 3H20 Reagent Grade 146,0(0) pg/g reagent grade material

The R750 and R748 values have been corrected for the method blank
(supplied by PCL) value as well as the instrument blank, and as such, do not
reflect WHCLaboratory Customer Communication System output. All PNLvalues
(92-xxxxx) were reported as blank corrected values.

Total organic carbon analyses were previously performed on the water
leach and acid leach fractions of the original 101-TY and 103-TY core
composites, with the following 1985 results [Weiss 1987a and Weiss 1987b]"

-103 CC31XC_1
FRACTION 241-TY-10.1 CC51XC 241-TY 241-TY-103 CC32XC

WATER 253 Pg/9 ..... 219 .g/gACID 410 pg/g I 501 #g/g

The results for the synthetic CszNiFe(CN)6 and reagent grade (K4Fe(CN)6)
materials show that considerable CN is being quantitated as total organic
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carbon. The fraction of carbon in K4Fe(CN)6.3H20measured as TOC is 85.7%.
CszNtFe(CN!6 is unsuitable for precise measurement of method accuracy, because
tt cannot De prepared stoichtometrtcally pure form [Loos-Neskovtc 1984] and it
also has variable numbersof waters of hydration. The relative standard
deviation varied from 0.3% to 7%.

4.4 CARBONATE/[WHCPROCEDURELA-622-101]

In this method, carbon dioxide is sparged from an acidified sample and
absorbed in a solution of weak organic base. Base is electrically generated
in a coulometer to titrate the acidic carbon dioxide. Carbonate analyses were
conducted on the water ]each solution and synthetic samples to determine if
any of the cyanide complexes are recovered as carbor-_tes.

Table 4-6. 1992 Carbonate' Analysi s Results. '..........
....... Laboratory .... PCL _ Sample Results

Sample # Sample # Description ....
TY-101 R763 51XC0230 Filtrate, 0.0499 g/L

Water Leach 0.00867 g/g dry soluble
solids

0.004929/9 dry solids, ,,,, ,

TY-I03 R764 31XC0230 Filtrate, 0.0340 g/L
Water Leach 0.00569g/g dry soluble

solids
0.00331g/g dry solids

, , ,, , ,

K4Fe(CN)6 R785 KMA-203 K4Fe(CN)6.3H200.019 g/L
ReagentGrade 0.19 g/g K4Fe(CN)6

*3HpO

No carbonateanalyseswere performedon the solid tank samples,due to a
lack of samplematerial. (SeeTable 4-6 for results.) Carbonatewas detected
in the pure potassiumferrocyanide,indicatingthat cyanideis detectedby
this method. Cyanideis spargedfrom the sampleas hydrogencyanide,an acid,
and titratedby the coulometricallygeneratedbase, thus giving a false
indicationfor carbonate.

Some carbonatedata was obtainedfrom the originalcore compositewater
leaches,with the following1985 results[Weiss1987a and Weiss 1987b]"

241-TY-101 CC51XC 241-TY-103 CC31XC 241-TY-103 CC32XC,,.--. . __

Not determined 7320 /_g/g 4780 #g/g

4.5 PERCENTWATER(SAMPLEDRYINGAT 120" C)

Drying the samples to constant weight before taking sample aliquots
provides a commonground for comparing the analytical data. (See Table 4-7
for results, see Appendix E for raw data). While in storage, these archive
samples lost moisture, making direct comparisons of recent and early data
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difficult. Although the drying conditionsare only expectedto remove
entrainedand hydratedwater, any originallypresentvolatileorganic
compoundsare likely to have been lost, if they had not alreadybeen lost
during storage. See Smith [1991,AppendixC], for detailson the method used.

Table 4-7. PercentWater Results.
, _ ,_ ,,, ill -- _ , ,, 11, ]i ,1 ilia| ,lIii I

Tank PCL Sample Results
........ Sample#..........Desc...ript.ion_
TY-I01 51XC0100 DirectArchive 5.87 % ave. water loss

0.19 Std. Dev.
. i ii i i iii. ,.,, .

TY-]03 31XC0100 Direct-Archive 4.78 % ave. water loss
0.07 Std. Dev.

,, , , ii J i, _ i ,,, , , _ ,,, ,. ,,, ,,,

4.6 SOLUBILITY (WATERLEACH)

The sample(s)were dried and weighedbefore and after the water leach,
to determinepercentwater solubility. The methodused may be found in
Smith [1991,AppendixD]. (SeeTable 4-8 for results.)

Table 4-8. Solubilit_Results.=,L_ ..... '" , .' ' , ,. _=' ,,,, r ,,,,, , J ..... _ , ', -, , ,, , _,,,,,, - j' - ""

Tank PCL Sample Results
......... Sample# Description .......
TY-I01 51XC0100 Archive,Direct43.27 % insolubles

Dried 56.73 % solub]es
........ =,,, ,. , . ,.. ,,,,, --__ ,., ,.,

TY-I03 31XC0100 Archive,Direct41.94 % insolubles
Dried 58.06 % solubles

........._ , ,', ,,'...... ', _ ,_f', ' " '" '" '=' z ,m , , ,,,

4.7 ATOMICABSORPTIONSPECTROSCOPY/[WHCPROCEDURESLA-505-121, -121, -122, -
123, and -124]

Atomic absorption spectrometry (AAS) was be used to determine the
solubleconcentrationsof alkalimetals in the water leach fraction,including
cesium. In atomic absorption,the sample is aspiratedinto a flame.
Absorbanceof the resonanceline by the sampleis proportionalto the
concentrationof the elementin the liquid sample. Quantitativeanalysesare
performedby comparingthe absorbanceof the unknownsampleto absorbenciesof
known concentrationsof that particularelement. (SeeTable 4-9 for results.)
Spikes,containingknown quantitiesof the elementsof interest,can be used
to correctfor variousspectralinterferences.See AppendicesA and B for
comparisonsto earlierwork.

These less-thanvalues are consistentwith the cyanideconcentrations
listedelsewherein this report. Assumingthat the cesium is in the form of

CszNiFe(CN)6, the expectedcesiumconcentrationbased on cyanideis 900 ug/g
dry sollas. Duringthe cesium precipitationprocess,ferrocyanidewas added
in excess to ensurecesium scavengingso one would expect an excess of cyanide
(and therebyferrocyanide). The cyanideand cesium concentrationsare
consistentwith this assumption.
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Table 4-9. AtomicAbsorptionSpectrometryResultsfor Cesium.,1, _ l_i , " ,,,, ,, .. _ [ ?. , ,,, , , _i _ zz _ !

Tank Laboratory PCL Sample Results
Sample# Sample# Description

TY-I01 R753 51XC0260 Filtrate, <0.0001M as
Water Leach filtrate

<2000 /_g/gdry
solublesolids
<1300 /_g/gdry
solids

., __ ,,,i, i,, i ,

TY-I03 R754 31XC0260 Filtrate, <0.00001M as
Water Leach filtrate

<200 /_g/gdry
solub]esolids
<100 /_g/gdry
solids

_ ,,, ,,,,, ,, _ f ," . ,, " .... ,__, .

4.8 ION CHROMATOGRAPHY/[WHCPROCEDURELA-533-105]

Ion chromatography (IC) was used to determine the nitrate/nitrite
concentrations in the water leach solutions. Inert (non-oxidizers) anions
present (phosphate, sulfate, etc) can also be determined. (See Table 4-10 for
results.) In IC, anions of interest are separated by a strong basic anion
exchanger. They are then directed to a strongly acidic cation exchanger, and
are changed to a high conductivity acid form. The anions separated in their
acid form are changed to a weak acid with eluent and measured by a
conductivity cell during elution. Someanions are bound more tightly than
others and can be identified by their retention times on the column.

Nitriteconcentrationsare used to determinethe oxidizingpotentialof
the tank contents.

Table 4-10 1992 Ion ChromatographyResults.
_, ,,. - ,,,,, , ,,, ; ,,, ,,; , ,, _ .,-- _, -- _

Tank Laboratory Sample # PCL iSample Description Results _ ppm as filtrate polo dry soluble

Sample # Anions solids
.... ,, , , ,,,, •

TY-101 R728 51XC0240 Filtrate, Water Leach Fluoride 141 24520
Chloride 16.3 2830

NO 2" (Nitrite) 71.4 12400

NO 3" (Nitrate) 3640 i633OO0
(63% Nitrate by weight

dry solubles)

PO4"3 (Phosphate) 391 68000

iSO_'2 (Sulfate) 91.1 15800' ' J' ' " --

TY-103 R726 31XC0240 Filtrate, Water Leach Fluodde 116.3 2730
Chlodde 23.6 3960

NO 2" (Nitrite) 181 30340

PO4 "3 (Phosphate) 494 82810
SO4 "2 (Sulfate) 228 38200

__J _ ',"_,"'_ ' , -- ... _ '" , ,,
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Nitrate and nitriteconcentrationsdeterminedon the originaltank core
compositesare detailedbelow.

.L-.E ...... ..... L,........241-TY-101 CC51XC_;241-TY.103 CC31XC_:: 241.TY.103 CC32XC
i1 i |, ILl II " " " " ' " "......... ' _ " " '1 IJll IJl I I '"'" " '"- " " " II r Jltl ' " J r , , i J i

,me tl IT , . l , ,. i i , i . . - el i e ! I I H i, r i , , I .....

NO," I._.Not:Determlned;"I_I_17:51:i:E3'pg/g :8.zo E3 #g/g.

NO3/NOz NA 17.2 18,4

.. ACIDIWASHFRACTION 4 _ _ _ .... "_r

ill i i J i ii ii ±ll I i[ _ [ i I.L_,I I i t illl ii ill , If.[i ii I IllL_L Ill. [r [I I [_ I Ii .... J" ' : ..... : ...... ' :'" .: .::: "

,, ANALYT,E....... 241-:TY-..101.cc51xc.. 241_TY,103 cc31xc 241-TY-103 CC32XC

NO._" ... Not Determined • 6,04 E3:k_glg . 6....95.iE3#919......

NO_ .......Not Determined Not De..termined._:.NotDetermined....

NO3/NO2" NA NA NA

4.9 ICP SPECTROMETRY/[WHCPROCEDURELA-505-151]

Inductivelycoupledplasma (ICP)analysiswas used to determinethe
concentrationsof metals presentin the water-solublefraction. The
cation:anionbalanceis essentialin verifyingthe accuracyof the analytical
data. (SeeTable 4-11 for results.) See AppendixA for comparisonswith
previousresults.

The blanks showed some contaminationor interferencesfor aluminumand
silicon. The high concentrationof sodiumfound in R758 (a TY-I01 filtrate
sample) is consistentwith the high level of nitratefound by IC.

4-11



l

WHC-SD-WM-DTR-025REV 0

Table 4-11. InductivelyCoupledPlasmaResultsFrom the FiltrateSolutionof
the Water Leach.

i , ,,, i i i i i, ,

Tank Laboratory PCL Results #g/L of _g/g dry
Sample# Sample# Elements filtrate soluble

solids

TY-I01 R760 51XC0250 Aluminum 420 1699
Barium <7.8 <1.3
!Chromium 6840 1190
Iron 1300 226
Phosphorus 121000 21000
Silicon 18100 3150

R753 51XC0260 Aluminum 13000 2260
Boron 4730 823
Chromium 12500 2170
Iron 3150 547
Calcium 20600 3580
Phosphorus 156000 27100
Silicon 36500 6350
Sulfur 45800 /964
Zinc 23100 4020
Magnesium i44100 7670
Sodium !2040000 355000
(35% Sodium
by weight-
dry soluble
solids)

TY-I03 R758 31XC0250 Aluminum 927 162
Barium <7.8 <1.3
Chromium 16700 2800
Iron 2040 341
Nickel 1100 184
Phosphorus 156000 26150
Silicon 7740 1240

R754 31XC0260 Aluminum 972 126
Chromium 13000 2180
Nickel 1280 214
Calcium 13300 2230
=Phosphorus 162000 27160
Sulfur 99300 16600
Silicon 23100 3870
Zinc 3210 538

4-12
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4.10 X-RAYDIFFRACTION/[WHCPROCEDURESLA-507-151]

X-ray diffraction (XRD) is primarily used in the identification of
crystalline compounds. The crystalline substance produces a characteristic
diffractionpatternthat is a fingerprintof its atomic and molecular
structure. While this techniquecan qualitativelydeterminewhich speciesis
present, it is limitedto crystallinephases that constitutegreaterthan 10%
of the sampleby weight. Quantitationby this method is fraughtwith
uncertainty,and no quantitationwas attempted.

Diffractionpatternsof syntheticcesiumnickel ferrocyanideand
potassiumferrocyanidewere collectedand comparedto patternsreportedin the
literature. They also were comparedto patternsof the dry core composite
samplesand insolublefractions.

The samplesthat were washed (insolubleresidue,51XC0340and 31XC0340)
tended to be amorphousin character,with only AI(OH)3likelybeing presentin
the TY-I01 sample (51XC0340). The direct samples(51XC0140and 31XC0140)
containedAI(OH)3 and NaNO3, with the TY-I01 sample being the only one with an
unambiguouscorrelationbetweenthe peaks and libraryassignments(See
Appendix C for raw data). No evidencefor Fe(CN)6 specieswas seen, which is
not surprising,since cyanide (andthereforeFe(CN)6 ) is a minor constituent
<1% in these samples,and thereforewould not be seen in an XRD.

4.11 X-RAY FLUORESCENCE

Bombardmentof many substances by x-rays often causes emission, or
fluorescence, of secondary x-rays specific to the elements within the
substance. Qualitative and semi-quantitative analyses of the original samples
and insoluble fractions were attempted, specifically to identify and determine
the metals present (Cs, Ni, Fe). (See Table 4-12 for results.) Comparable
data were collected for the synthetic and reagent-grade materials and used for
comparison and evaluation. (See Table 4-13 for results.) The values for
direct solids (51XC0130 and 31XC130) are in terms of the dry solids, while the
values for the insoluble solids (51XC0330 and 31XC330) are in terms of dry
insoluble water leach residue.
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Table 4-12. X-Ray Fluorescence Anal_,sis.
LAB SAMPLE #: ..........g2"04'337 ' ' 92-04338 ' ' 92"_t339 " 92"(_0 '"

i ,

PCL SAMPLE#: 51XCO130 51XC0330 31XCO130 31XC0330

 ANK: .... T -101 '-103
, , ,, , , i i ,,i

'SAMPLEDESCRIPTION: Direct Solid, In,oluble Solid, Direct Solid, Inloluble Solid,

.... TAROET .......
,,,,

UNITS EL Re,ult, ± Re,ults ± Results ± Results ±

AL 6.79 0.57 13.83 0.95 1.57 0.39 2.60 0.53
,

% sl 4.27 0128 7.53 0.43 2.89 0.19 3.21 0.24
P 8.58 0.45 14.16 0.73 5.58 0.29 4.39 0.24

% CA 0.080 0.005 O.159 0.009 O. i 10 O.006 O.153 O.009
,,,

TARGET Ag

UN ......ITS EL Re,ults + Results + Results + Results +
, , ,, ,, ,

CA 0.091 0.023 0.212 0.050 0.172 0.077 < 0.20

PPM CR 1880 140 2890 220 2780 210 2200 180

PPM MN 105 18 352 44 369 46 512 63
,,

% FE 2.47 O.17 7.31 0.51 6.03 0.42 9.57 0.67

% NI 0.370 0.026 1 .O92 0.077 0.590 0.042 0.875 0.062

PPM CU 41.3 6.8 100 17 48 13 < 41

PPM ZN 51.3 4.7 156 13 206 17 384 31
, ,,

% BI 3.88 0.27 10.57 0.74 3.70 0.26 10.85 0.76
, ,, ,, ,,,

% U O.178 0.012 0.430 0.030 3.27 O.23 8.80 0.62
,,

PPM SR 172 12 446 32 688 49 1392 100
, , ,

PPM ZR 369 26 970 68 696 49 2630 1O0

TARGE_ Gd "

UNITS EL Results + Results + Re,ult, + Results +
, , ,,,, , ,,, ,,,, ,,,

PPM RU < 5.3 < 8.6 < 12 < 27
,,

PPM AG < 4.2 < 5.6 < 5.4 < 11
,, , ,, ,,,

PPM CD < 4.7 < 6.7 < 3.8 < 6.9

PPM SN 7.1 2.8 < 7.0 9.9 2.3 14.3 4.1
, , i,,,

PPM SB < 6.4 < 8.7 < 5.4 < 9.0
,,,,,, , ,

PPM TE < 7.5 < 8.7 < 6.0 < 9.7
, , ,

)PM I < 9.3 < 11 < 7.6 < 13
,, , ,, ,,,,, ,,

PPM CS 14.1 5.1 < 13 < 8.6 < 15

PPM BA 33.9 7.3 33.7 9.2 91.2 8.9 268 22
,

PPM LA < 16 < 20 < 13 27 11
, ,,i

PPM CE 377 29 832 61 317 25 886 65
,,,, ,, , ,, ,i , ,
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Table 4-13. X-Ray Fluorescence Analysis/Standards.
i i i iml i i iii i lq i i i _l i i ilqll ,,, ,,,,,,,,,,

USGS-AGV-I 1633A FLYASH

AI % 6.83 0.47 % 8.9 % 14,50 0.83 % 14

m _ 27.5 1.4 _ 27.6 _ 26.1 1.3 _ 22.8
ii ii

P % 0.112 0.046 % (.21) % 0.136 0104

Ca % 3.50 0.18 % 3.55 % 1.338 0.06 % Illil11
i m i ii i +

ii + ...... i : TAROETAo ] ' i : + +
+i + .. ii II I ] , + ' I . . . + ; ,_++ 1'11 +]'+] ..... + , , + i i _ . i + + i , i .... + + _ + ] +] + . + , m + ]+']_ + +++ m_+ ..... .... + i + .

Ca % 3.50 0.25 % 3.55 % 1.339 0.099 % 1.11
i ,, ....

Cr PPM < 53 PPM 12.2 PPM 188 ;i PPM 196

Mn PPM 697 53 PPM 763 PPM 298 32 PPM 190

Fe % 4.32 0.30 % 4.73 % 9,36 0.66 % 9.40
, , ,, ,,

Ni % < 0.001 PPM (1S15) % 0.012 0.002 % 127
,

Cu PPM 64.7 5.6 PPM 59.7 PPM 126 10 PPM 118
,

Zn PPM 83.9 6.5 PPM 84 PPM 232 17 PPM 220

Bi % < 0.001 PPM .057 % < 0.001
, ,, .....

U % < 0.001 PPM 1.88 % 0.00 0.00 PPM 10.2
,,,

Sr PPM 659 46 PPM 657 PPM 772 54 PPM 830

Zr PPM 220 16 PPM 225 PPM 237 17
,, ,m . . ,, , ,

" TARGET Gd
, ,, _ , , _lt i ;i _i ,,, , r , , , , _, , ,i i

Ru PPM < 4.4 PPM < 3.2
,,, ,,,,,,, i , ,

,, ,,

Cd PPM < 5,8 PPM .09 PPM < 4,1 PPM 1.0
,,

Sn PPM < 6,9 PPM 4.2 PPM 5.4 2.5
, ,,

Sb PPM < 8.1 PPM 4.5 PPM < 5.8 PPM 7

To PPM < 9,0 PPM < 1 PPM < 6.5
,

i PPM < ii PPM < 82
,

Cs "PPM < 13 PPM 1.4 PPM < 9.1 PPM 11
,, ,,

Ba PPM 1206 86 PPM 1208 PPM 1222 86 PPM 1500
ii

La PPM 35.4 9.8 PPM 25 PPM 69.9 8.9
" " ' '1

Ce PPM 57 12 PPM 63 PPM 157 15 PPM 180
, ,, ,,, +r ,,,, ,,

Since the accuracy of the data is often not as good as the reported
precision for the standards (which are well behaved, well characterized,
materials), the accuracy of the sample data is also probably less than the
reported precision. As a result, care should be exercised when using this
data to the full reported number of significant figures.
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5.0 CONCLUSIONS

The data presentedin this report clearlysupportthe following
conclusions:

• There is littlecyanide (andthereforelittle ferrocyanide)in these
tanks.

• The thermalactivityof these samplesin the form of exothermsis
minimal.

• The major molecularconstituentsin these tanks are sodiumnitrate,
other nitratesand aluminumhydroxide.

• The major water solubleconstituentis sodiumnitrate.

• The cyanidethat is present,is largelyin an insolubleform. This
impliesthat the cyanide is largelyin the form of ferrocyanide
complexes,but does not prove that ferrocyanideis the form in which
cyanideexists.
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6.0 222-S LABORATORYANALYTICALPROCEDURES

WHC
ANALYSIS PROCEDURENO. TITLE

Cyanide (CN') LA-695-I02 Microdistillationand
SpectrophotometricDetermination
of Cyanide

Total OrganicCarbon LA-344-101 Determinationof Carbon in
Solutionsand Solidsby
Combustionand Coulometry

Carbonate(C03) LA-622-101 Determinationof Carbonatein
Solutionsand Solidsby
Coulometry

Atomic Absorption LA-505-122 SamplePreparationand Analysis,
Spectrometry High ActivityAA-6 Atomic

AbsorptionSpectrophotometer

LA-505-121 OperatingProcedurefor the High
ActivityAA-6 Atomic Absorption
Spectrophotometer

LA-505-123 ProcessQualityControland the
Atomic Absorption
Spectrophotometer

LA-505-124 Applicationof the Method of
StandardAdditionsto Atomic
Absorption

Ion Chromatography LA-533-105 Anion Analysison DIONEX Model
[NOz',NO3"] 4000i

Inductively-CoupledPlasma LA-505-151 InductivelyCoupledPlasma (ICP)
Spectrometry EmissionSpectrometerOperations

and Analysis

X-Ray Diffraction LA-507-151 Operationof the D/MAX
Diffractometer

X-Ray Fluorescence LA-507-131 QualitativeElementalAnalysis
Using the Rigaku S/MAX

LA-507-121 Sample Preparationfor X-Ray
Fluorescence

, , , ,,_ , : ,, ,, , ' i, ,,,,, i i i , i r , '' :

6-1



II

WHC-SD-WM-DTR-025REV 0

7.0 REFERENCES

ASME, 1989,QualityAssuranceProgramRequirementsfor NuclearFacilities,
ASME-NQA-]-1989,American Societyof MechanicalEngineers,New York, New
York.

Bechtold,D. B., IggOa,ProcessDevelopmentThermalAnalysis,Controlled
LaboratoryNotebook,WHC-N-522,WestinghouseHanfordCompany,Richland,
Washington.

Bechtold,D. B., 19gOb,DifferentialScanningCalorimetry(DSC) of SST Waste,
ProcessChemistryLaboratoryDesk Instructions,T042 A01 712 F,
WestinghouseHanfordCompany,Richland,Washington.

Bechtold,D. B., 1990c,Operationof ThermalAnalysisSystem, Process
Chemistryand EngineeringLaboratoryDesk Instructions,T043 AOI 712 F,
WestinghouseHanfordCompany,Richland,Washington.

Bechtold,D. B., ]ggod,ParticleSize Analysisof SST Waste, ProcessChemistry
LaboratoryDesk Instructions,T044 A01 712 F, WestinghouseHanford
Company,Richland,Washington.

Bechtold,D. B., C. A. Jurgensmeier,1991, InternalMemo to J. J. Wong, WHC,
"Analysisof Vendor-PreparedSodiumNickel Ferrocyanide,"Westinghouse
HanfordCompany,Richland,Washington.

Bechtold,D. B., 1992a, InternalMemo to M. A. Beck and H. E. Smith, WHC,
"ThermalAnalysisof TY-I01 and TY-I03ArchiveSamples,"Westinghouse
HanfordCompany,Richland,Washington.

Bechtold,D. B., C. A. Jurgensmeier,Igg2b, InternalMemo to J. J. Wong,
"Analysisof In-PlantFerrocyanideSolids,"WestinghouseHanford
Company,Richland,Washington.

Bechtold,D. B., C. A. Jurgensmeier,1992c,WHC-SD-WM-TRP-07],Rev. O, Report
of Beaker Tests of FerrocyanideScavengingFlow Sheets,Westinghouse
HanfordCompany,Richland,Washington.

Bowton,E. J., J. M. Hiller, 1985,SD-WM-LB-O04,Waste Tank Characterization
ProgramSample Handlingand AnalysisPlan, RockwellHartfordOperations,
Richland,Washington.

Brehm,W. F., 1991, InternalMemo, WFB:gI-07,to Distribution,"Senior
Chemists'Panel MeetingDiscussions,"WestinghouseHanfordCompany,
Richland,Washington.

Burger,L. L., 1984, ComplexantStabilityInvestigation,Task ] - Ferrocyanide
Solids,PNL-5441,PacificNorthwestLaboratory,Richland,Washington.

Burger,L. L. and R. D. Scheele,199], The Reactivityof CesiumNickel
FerrocyanideTowardsNitrateand NitriteSalts: a StatusReport, PNL-
7550, PacificNorthwestLaboratory,Richland,Washington.

7-I



4 •

WHC-SD-WM-DTR-025REV 0

Burns, R. E., R. L. Brandt, and W. E. Clifford, 1954, Removal of Cesium from
UraniumRecoveryProcessWastes,HW-31442,GeneralElectricCompany,
Richland,Washington.

Jewett,J. R., 1990, I01-SYSyntheticSolutionInvestigations,Controlled
LaboratoryNotebook,WHC-N-421,WestinghouseHanfordCompany,Richland,
Washington.

Loos-Neskovic,C., M. Fedoroff,E. Garnier,P. Gravereau,1984, Zinc and
Nickel Ferrocyanides:Preparation,Compositionand Structure,Tantala,
Volume 31, No. 12, pp. 1133-1157,PergamonPress.

Mitchell,M. E., 1980, InternalMemo to D. J. Flesher,"Physicaland Chemical
Characteristicsof Tanks I05-TY,I03-TY,and I02-TY,"RockwellHanford
Operations,Richland,Washington.

Schiefelbein,G. F., 1992, A LetterReportto R. J. Cash, WHC, "Analysisof
I01/I03-TYArchiveSamples,"PacificNorthwestLaboratory,Richland,
Washington.

Sloat, R. J., 1954,TBP Plant Nickel FerrocyanideScavengingFlowsheet,
HW-30399,General ElectricCompany,Richland,Washington.

Smith, R. E. and E. A. Coppinger,1954,Nickel FerrocyanideScavenging
Flowsheetfor NeutralizedConcentratedRAW, HW-33536,GeneralElectric
Company,Richland,Washington.

Smith, H.E., 1991,WHC-SD-WM-TP-113,Rev. O, AnalyticalTest Plan for Archived
Core Composite Samples from Tanks 241-TY-I01 and 241-TY-103,
Westinghouse Hanford Company,Richland, Washington.

Weiss, R. L., 1987a, SD-RE-TI-184, Data Transmittal Package for 241-TY-I03
Waste Tank Characterization, Rockwell Hanford Operations, Richland,
Washington.

Weiss, R. L., 1987b, SD-RE-TI-185, Data Transmittal Package for 241-TY-101
Waste Tank Characterization, Rockwell Hanford Operations, Richland,
Washington.

Winters, W. I., 1988, Internal Memoto D. M. Nguyen, "Analysis of Archive
Samples from Tanks 241-TY-101 and 241-TY-103 for Total Cyanide,"
Westinghouse Hanford Company, Richland, Washington.

7-2



J

WHC-SD-WM-DTR-025REV 0

APPENDIXA

CORECOMPOSITERESULTSFROMTHE 1985 ANALYSES-
TANK241-TY-1012

2
Abstracted from [Weiss 198/b]
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Table A-1. TY-101CoreComposlte_ - 51ZCXXXX.i i i , , j , , I I II I

COMPONENT REPORT REPORT REPORT REPORTVALUE REPORT REPORTTOTAL MAXIMUM
UNIT VALUE VALUE Acid VALUE TOTAL

Direct Water Ft.mton
Hi l i, i ill |

Density . @/he.... ,......................

Atumint/n #g/g 3.90E+01 1.36E+04 1.56E+04 2.91E+04 2.91E.04
Barium #g/g ¢ 3.92E-01 1.67E+01 1.91E+03 1.92E+03 1.92E.03
Bismuth #g/g < 8.63E'_0 2.65E+04 7.17E+02 2.72E.04 2.72E.04
Cadmium #g/g < 1.96E+00 3.14E+00 5.52E+00 8.66E+00 1.06E+01
Chromium #g/g 4,24E+02 5.00E+02 7.48E+03 8.40E+03 8.40E+03

Iron #gig 5.31E+01 1.30E+04 2.71E+04 4.02E+04 4.02E+04
Lead #g/g < 6.36E+00 1.57E+02 6.08E+01 2.18E+02 2.24E+02

Manganese #gig < 1.57E+01 3.83E+01 5.04E+02 5.42E+02 5.58E+02
Ntcket #g/g 7.67E+01 8,95E+02 4,12E+03 5.10E+03 5.10E+03

Phosphorus #g/g 5,39E+03 1.91E+06 7.56E+02 2,53E+04 2.53E+04
Sittcon #g/g 3.22E+02 6.57E+02 3.77E+04 3.87E+04 3.87E+04
Sitver #gig < 7.85E-01 < 9.81E-01 < 2.08E+00 O.OOE+O0 3.85E+00
Sodium #gig 7.50E+04 3.33E+04 1.30E+04 1.21E+05 1.21E+05

Zirconium Fg!g ......... <,,3.61E+00 <4.51E+00 ........3.TTE+02 3.77E+02 3.85E+02

Arsenic #g/g O,OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
Mercury #g/g O.OOE.O0 O.OOE+O0 O.OOE.O0 O.OOE+O0 O,OOE+O0
Seten|um _g/g .... O.OOE+OO O.O0.E,+O0........O.OOE+O0' O.OOE+O0 O.OOE+O0

Uranium F_/_ 1.12E+0! 2.29E+03 3.74E+01 2.33E+03 2.33E+03

Chtoride #g/g 7.57E+02 7.57E+02 7.57E+02
Ftuoride #g/g 3.37E+03 O,OOE+O0 3.37E+03 3.37E+03
Nitrate #gig 1.65E+05 O.OOE+O0 1.45E+05 1.45E+05
Sutfate _@/_ < 5.49E+03 O.OOE*O0 O.OOE*O0 o.OOE+O0 5.49E+03

Nitrite #gig O.OOE+O0 O.OOE+O0 O.OOE+O0
Cyanide Fg/g O.OOE+O,O O.OOE+O0,,. O.OOE+O0 O,.OOE+O0,,_ OrOOE+O0

Carbonate wglg O.OOE+O0 O.OOE+O0 O.OOE+O0
TOC _/_ 2.53E+02 4.10E+02 6,63E+02 .... 6.63E+02

Free Hydroxide _g/g 2.12E-01 2.12E-01 _ 2.12E-01

, Ph togCl,/M) ...... 8.20E+00 . .. 8.20E+00 8.20E+00

EDTA #g/g O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
HEDTA #g/g O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0, ,,_ ,,

Mass Loss
Roomto 400 C #g/g 4.35E+05 4.35E+05 4.35E+05
400 to 1000 C #g/g 1.60E+05 L 1.60E+05 1.60E+05
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!...... - L _ 11 III IIIII-- III

COMPONENT R_PORT REPORT REPORT REPORTVALUE REPORT REPORTTOTAL klkJ(IMt34
UNIT VALUE VALUE Acid VALUE TOTAL

Direct Water .,,Fuslon ...........................
i,ii tiii,, ii

Pu-Z39,40 _Ct/g < 5.73E-04 1.19E-01 7.17E-02 1.90E-01 1.91E-01
TotalALpha , _cIlg , , o.ooE.oo, ,,o.ooe+o0 o.ooe+o0 o.ooE+O0.....0.oo_.oo

C-14 _ClIB < 3.88E-04 < 4.85E-04 O.OOE+O0 8.72E-04
Pu-241 #CI/g O.OOE+O0 O.OOE+O0 O.OOE+01 O.OOE+O0 O.OOE+O0 '
Sr-90 _Cl/g < 1.93E-04 1.22E+01 2.79E-01 1.2ke.01 1.24E+01
Tc-99 _Ct/g 4.35E-03 3.01E-03 < O.OOE.01 7.36E-03 7.36E-03

Total Beta _C!/g ....... O.OOE+O0 ....O.OOE+O0 O.OOE+O0 ,,, O.OOE+O0 O.OOE+O0

Am-241 _C!/g < 3.65E-04 < 2.21E-03 < 1.05E-02 O.OOE+O0 1.30E-02
Co-60 #Cllg < 1.11E-04 < 5.09E-03 < 4.T'/'E-03 O.OOE+O0 9.97'E-03
Ce-137 _CIlg 2.63E-04 Io63E-01 1.21E-01 2.84E-01 2.84E-01
1-129 _CIlg < 4.70E-05 O.OOE+O0 4.70E-05

Total Gamma #Ci/i 2.63E-04 1.6]E-01 1.21E-01 2.84E-01 2_84E-01

Visual NOTE1 NOTE2 NOTE3 NOTE4
Volume (totaL) mL O.OOE+O0 O.OOE+O0 O.OOE+O0
Mass (total) g 3.65E+01 3.65E+01 3.65E+01
Photograph
Radiation mR/h 1.00E_01 1.00E+O0 4.OOE+O0 < 7.20E+01 1.00E+01 1.00E+01

specific Heat Jig dog 6.00E-01 6.00E-01 6.00E-01
Soft. Point C 2.76E+02 2.76E+02 2.76E+02

.......(:legC ..........

BuLk Density g/mL 1.(_E+OO 1.64E+00 1.(_E+O0
Part. Density .... Q/mL 9.24E-01 ...... 9.24E-01 9.24.E_01

viscosity
25 c cP > 1.00E.04 • 1.00E+04
40 C cP • 1.00E+04 • 1.00E+04
70 C cP > 1.00E.04 ....... • 1.00E+04

ParticLe Size ._m NOTE5 ....
-- _ ,i mH !H i i ........ i ..... i

NOTE1: Butterscotch colored, creamy
NOTE2: Only two Mater Mashes, sot|ds MouLdnot centrifuge out of third Mash, continued with acid Mashes.

YeLLowsotut|on.
NOTE3: Bright yellow solution.
NOTE4: Green solution, green gel-Like solids scraped off fitter.
NOTE5: 8.2 MEANPOPULATION;12.5 AT 50X OFTOTALBYWEIGHT
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APPENDIXB

CORECOMPOSITERESULTSFROMTHE_1985ANALYSES-
TANK241-TY-1033

3Abstracted from [Weiss, 1987a]
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Table B-I. TY-I03Core Com)osite- 31XCXXXX
i _ii_II_ I ii J ii_II_Ii__ II iii_ i i _I I ........ III-I i i III iiii_ i i i i iiii. i.

COMPONENT REPORT REPORT REPORT REPORT REPORT REPORT MAXIMUM
UNIT VALUE VALUE VALUE VALUE TOTAL TOTAL

Direct Water Acid Fusion
. , , ,,, ,. ,

Densit Y , @(mL ..............

ALuminum #g/g 1.32E+01 1.43E+01 1.46E+03 1.48E+03 1.48E+03
Barium #gig 3.19E-01 5.54E+01 5.32E+02 5.79E+02 5.79E+02

Bismuth #g/g <6.88E+00 2.41E+04 2.29E+01 2.42E+04 2.42E+04
Cadmium #gig <1.56E+00 3.04E+00 < 1.12E+00 3.04E+00 5.72E+00

Chromium #gig 3.53E+02 4.80E+02 3.80E+01 8.71E+02 8.71E+02
Iron #gig 7.07E+01 2.14E+04 6.93E+02 2.22E+04 2.22E+04
Lead #gig <5.07E+00 5.14E+02 7.15E+00 5.21E+02 5.26E+02

Manganese #gig <1.25E+01 1.40E+02 < 8.94E+00 1.40E+02 1.62E+02
Nickel #g/g 4.34E+01 1.39E+03 5.32E+02 1.97E+03 1.97E+03

Phosphorus #g/g 9,88E+03 1,89E+04 2.97E+02 2.91E+04 2,91E+04
Silicon #g/g 7.01E+01 3.84E+02 1.05E+03 1.50E+03 1.50E+03
Silver #g/g < 6.26E-01 1.25E+00 1.70E+00 2.95E+00 3.57E+00
Sodium #g/g 7.82E+04 3.30E+04 3.98E+03 1.15E+05 1.15E+05

Zirconi_ , #g/_ .... <2.88E+00 < 4.11E+00 4r16E+02 4.16E+02 4_23E+02

Arsenic #gig O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
Mercury #g/g O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Seleni_ ....... #g/_ ........ O.OOE+O0 O.OOE+O0 O:OOE+O0 O.OOE+O0 O_OOE+O0

Uranium #g/_ 5.82E+01 1.92E+04 2.:18E+01 1.9]E+04 1.93E+04

Chloride #g/g 1.04E+03 1.04E+03 1.04E+03
Fluoride #g/g 1.91E+03 O.OOE+O0 1.91E+05 1.91E+03
Nitrate #g/g 1.29E+05 6.04E+03 1.35E+05 1.35E+05

........ Sulfate _g/@ 7.81E+03 < 4.57E+02 O.OOE+O0 7.81E+03 8:27E+03

Nitrite #g/g 7.51E+03 7.51E+03 7.51E+03
Cyanide _/_ O.OOE+O0 . O.OOE+00 O_OOE+O0 O.OOE+O0 O.OOE+O0

Carbonate #g/g 7.32E+03 7.32E+03 7.32E+03
TOC.......... _g/g 4.96E+02 . 2.19E+02 . 7.15E+02 7.15E+02

Free Hydroxide #_/g 1.08E+02 , 1.68E+02 1.08E+02

pH tog(l/M) 1.12E+01 ............ 1.12E.01 .... 1_12E+01

EDTA #g/g O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
NEDTA #g/_ O.OOE+O0 O.OOE+O0 ....... o.OOE+O0 O.OOE+O0

Mass Loss
Room to 400 C _g/g 5.12E+05 5.12E+05 5.12E+05
4oo to lOOOc .,._/9 1.48E+05...... 1.4BE+05 1.48E+05

Pu-239,40 #Ci/g < 1.77E-04 1.84E-01 5.59E-03 1.90E-01 1.90E-01
• Total Alpha _Ci/g < 1.56E-03 O.OOE+O0 O.OOE+O0 O.OOE+O0 1.56E-03

C-14 #Ci/g < 7.57E-04 O.OOE+O0 O.OOE+O0 7.57E-04
Pu-241 #Ci/g O.OOE+O0 O.OOE+O0 O.OOE+01 O.OOE+O0 O.OOE+O0
Sr-90 #Ci/g 1.]1E-02 1.15E+02 6.17E-02 1.15E+02 1.15E+02
Tc-99 _Ci/g 1.01E-02 5.00E-03 < O.OOE+O0 1.51E-02 1.51E-02

Total Beta _Ci/g .... O.OOE+O0 4.83E+02 1.71E+01 5.00E+02 5.00E+02
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COMPONENT REPORT REPORT REPORT REPORT REPORT REPORT MAXIMUM
UNIT VALUE VALUE VALUE VALUE TOTAL TOTAL

Direct Water Acid Fusion

Am-241 #Ci/g < 1.28E-03 < 3.73E-02 < 9.36E-04 O.OOE+O0 3.95E-02
Cn-60 #Ci/g !.19E-03 1.35E-03 < 1.15E-03 1.19E-03 3.69E-03

Cs-137 #Ci/g 1.15Eo03 9.03E-01 9.87E+00 1.08E+01 1.08E+01
1-129 #Ci/g < 4.90E-02 O.OOE+O0 < 4.90E-

Total Gamma #Ci/g 2,31E-03 1.13E+00 9.87E+00 1.10E+01 02
1.14E+01

, ,, ,, ,

Visual NOTE 1 NOTE 2 NOTE 3 NOTE 4
Volume _totat) mL O.OOE+O0 O.OOE+O0 O.OOE+O0

Mass (total) g 3.86E+01 3.86E+01 3.86E+01
Photograph
Radiation mR/h 5.00E+01 3.50E+00 5.00E+O0 7.20E+01 5.00E+01 5.00E+01

Specific Heat J/g deg C 2.91E-01 2.91E-01 2.91E-01
Soft. Point deg C 2.87E+02 2,87E+02 2.87E+02

BuLk Density g/mL 1.70E+00 1.70E+00 1.74E+00
Part. Density _/mL , 6.89E-01 , , ,6.89E-01 6.89E-01

Viscosity
25 C cP > 1.00E+04 > 1.00E+04
40 C cP > 1.00E+04 • 1.00E+04
70 C cP • 1.00E+04 • 1.00E+04

ParticLe Size _,m NOTE 5

NOTE 1: Brown sludge with a few octahedral crystals
NOTE 2: Yellow solution. Only two Mater washes--the third would not centrifuge out the solids
NOTE 3: Dark yelLow-gold solution.
NOTE 4: Light yellow solution.
NOTE 5: 12.2 MEAN POPULATION; 30.1 AT 50% OF TOTAL BY WEIGHT
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Table B-2. TY-]03 Core Composite - 32XCXXXX., . r " , ,, i ,

COMPONENT REPORTUNIT REPORT REPORT REPORT REPORT REPORT MAXIMUM
VALUE VALUE VALUE VALUE TOTAL TOTAL

Direct Water Acid Fusion
,

Density g/mL

Aluminum #g/g 2.24E+00 3.78E+03 4.28E+02 4.22E+03 4.22E+03
Barium #g/g 7.07E+00 4.13E+01 4.52E+02 5.01E+02 5.01E+02

Bismuth _g/g <7.07E+00 2.74E+04 5.51E+00 2.76E+04 2,74E+04
Cadmium _g/g <1.61E+00 4.87E+00 < 1.15E+00 4.87E+00 7.62E+00

Chromium _g/g 4.06E+02 5.88E+02 8,73E+00 1.00E+03 1.00E+03
Iron #g/g 1.56E+02 2.26E+04 1.05E+03 2.38E+04 2.38E+04
Lead #g/g <5.21E+00 6.41E+02 < 2.23E+01 4.41E+02 4.68E+02

Manganese #g/g <1.29E+01 1.38E+02 < 9.18E+00 1.38E+02 1.60E+02
Nickel _g/g 6.36E+01 1.35E+03 1.12E+03 2.53E+03 2.53E+03

Phosphorus #g/g 6.31E+03 1.46E+04 5.28E+01 2.10E+04 2,10E+04
Silicon _g/g 7.26E+01 5.14E+02 8.82E+03 9.40E+03 9.40E+03
Silver #g/g < 6.43E-01 7.44E+00 < 9.18E-01 7.44E+00 9.00E+O0
Sodium #g/g 7.39E+04 2.86E+04 3.42E+03 1.06E+05 1.06E+05

Zirconium _9/_ <2.96E+00 < 4.22E+00 4.45E+01 6.65E+01 5.16E+01

Arsenic _g/g O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
Mercury #g/g O.OOE+O0 O,OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Selenium _9/_ .... O,OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Uranium F_/_ 4.14E+01 1.62E+04 6.06E+00 1.62E+04 1.62E+04

Chloride Ag/g 1.20E+03 1.20E+03 1.20E+03
FLuoride #g/g <8.60E+02 O.OOE+O0 O.OOE+O0 8.60E+02
Nitrate _g/g 1.49E+05 6.95E+03 1.56E+05 1.56E+05
Sulfate Ag/g ,,, 9.26E+03 5.,r33E+02 O.O0,E+O0 9.80E+03 9.80E+03

Nitrite _g/g 8.10E+03 8.10E+03 8.10E+03
Cyanide F9/9 O.OOE+O0 O,OOE+O0 O.OOE+O0 ....o.OOE+O0 O.OOE+O0

Carbonate #g/g 4.78E+03 4.78E+03 4.78E+03
.... TOC Fg/g 9.90E+02 5.01E+02 .... 1.49E+03 1.49E+03

Free #g/g 8.68E+01 8.68E+01 8.68E+01
Hydroxide .........

pH Log(l/M) 1,09E+01 1.07E+01 1,09E+0!

EDTA #g/g O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
HEDTA #g/g O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Mass Loss
Room to 400 C #g/g 5.25E+05 5.25E+05 5.25E+05
400 to 1000 C #g/g 1.53E+05 1.53E+05 1.53E+05, .... ,, ,,

1.75E-01
Pu-239,40 #Ci/g < 1.72E-04 O.OOE+O0 1.35E-03 1.77E-01 1.77E-01

Total Alpha FCil_ < 1.60E-03 O.OOE+O0 O.OOE+O0 1.60E-03

C-14 _Ci/g < 7.78E-04 < 4.55E-04 O.OOE+O0 1.23E-03
Pu-241 #Ci/g D.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
Sr-90 #Ci/g 8.94E-03 1.05E+02 2.38E-02 1.05E+02 1.05E+02
Tc-99 #Ci/g 1.13E-02 5.07E-03 < O,OOE+O0 1.64E-02 1.64E-02

Total Beta wCi/g < 4,91E-02 4.44E+02 3.48E+01 4.82E+02 4.82E+02
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COMPONENT REPORTUNIT REPORT REPORT REPORT REPORT REPORT R/D(IMLIM
VALUE VALUE VALUE VALUE TOTAL TOTAL

Direct Water Acid Fusion

Am-241 #Ci/g < 9.6_E-04 < 2.48E'02 < 1.02E'03 O.OOE+O0 2.68E'02
Co'60 #Ci/g 9.00E-04 < 2.76E'03 < 1.01E'03 9.00E-04 4.67E'03

Cs-137 #Ci/g < 5.14E'04 2.00E+O0 2.27E+01 2.47E.01 2.47E+01
1-129 _Ci/g < 2.70E-03 O.OOS+O0 2.70E'03

Total Gamma ;Ci/g 1.41E-03 1.91E+00 2.27E+01 2.46E+01 2.46E+01

Visual NOTE 1 NOTE 2 NOTE 3 NOTE 4
Volume mL O.OOE+O0 O.OOE+O0 O.OOE+O0

(total) g 4.58E+01 4.5BE+01 4.58E+01
Mess (total)

Photograph mR/h 1.00E+02 3.OOE+O0 4.50E+01 7.20E+01 1.00E+02 1.00E+02
Radiation

Specific Heat Jig deg C 3.37E-01 3.37E-01 3.37E-01
Soft. Point deg C 2.87E+02 2.87E+02 2.87E+02

Bulk Density g/mL 1.70E+00 1.70E+00 1.70E+00
Part. Density _/mL 7.54E-0! 7.54E-01 7.54E-01

Viscosity
25 C cP > 1.00E+04 > 1.00E+04
40 C cP > 1.00E+04 > 1.00E+04

, 70 C cP > 1.00E+04 > 1.00E.04

ParticLe Size Fm NOTE 5

NOTE 1: Brown sludge with octahedrat and needle crystals
NOTE 2: YeLLow
NOTE 5: Dark yeLLow-goLd solution.
NOTE 4: SoLution: Faint yeLLow color. FiLter: yeLLow film which would not scrape off.
NOTE 5:8.3 MEAN POPULATION; 12.0 AT 50% OF TOTAL BY WEIGHT
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X-RAY DIFFRACTIONDATA
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t I I I I " I I t I
(ll.m if.Be 5B.m le&m 15a._ 2g&M 25&W _m 35&_ 48&M 45&M

-'-/-/S FIL6 5IJIB. TG TemperaEure (C) . _

ATF: qP/Pll/1 .'5 TIME, __0B,/34__.

, in III



DUP51XC0110 1BITYDRIEDSOLID WT, 4.4114 mg SCAN RAT_ IB. Bg ,:l.g/mln

lee.w

I i I I I I I I I

FHS FILEt 5DIJB. TG TemperaEure (C) .T,C,,

IATF= qP'/R 1I1 4 ,'I1MIT_.... tlg_Pl__



m.Bg

NORMALIZED 51XC0110 101TY DRIED SOLID SAM

WT, 6.4e.9 co_,_-_,_'__'Y-_'c_/,-;_I

SCAN RATE, 1_1.@@dt9/mln

MAX, 3_8. 35

A

"J PEAK FROM, 44
TO, 150

i ONSET, 43. 54
CAL/GRAH, 37.B2 1{:

,-t-
PEAK FROM, 235 I

TO, 315 u_

)- ONSET, 3_2. 62 o
! CALIGRAM, 32.19 _-_

j PEAK FROM, .23 --I
TO,/E_[4a 77. 74 / _ I ! . ,° / \)ii , o' ] ONSET= 3 r,_

1.4.

;:0
rrl
,¢=

f¢¢/_ _r_," 3,//.'t9 o

pnSe._" ' 3qt._

c_ [//_ ,9_.. --0.69



I.Sg

NORMAL IZEO DUP51XCO I 10101TYDR IEDSOL IO

WT, s.2g"9 _-_w..,--._.._'A/,_VO_..,,_
SCAN RATE= 10.OB cleg/min

MAX= 308. 34
A
"J PEAK FROM= 44
,_3,_ TO= 16g
" ONSET= 56. B2

CAL/GRAM= 2g. 64

i¢:
PEAK FROM= 238 "I"

TO= 317 o

j. ONSET= 302. 72 _¢'n

,I CAL/GRAM, 2/_92 -- II / '
=E

') IL25 :¢

'.j PEAK FROM=/31_BIAX= 80. 7g n

- i/.;:t /\J ! / °
II ! i

:- TO= -.--ii - ONSET= 3 I
o

CAL/GRAM=//-'7. 15 N
¢jl.I

_o

o

MINI 4lg. g4

I I I I I I I I I
ill lm _l X_ll i_m 2fl.U 2SZ.II 3m.ll _m ,ill. I l._ll

FHS FILEs 501]g i£7# _T.EqV(PF_ T _ D S C___

lATE= g21_ I/P_- ....IT2[PJJEZ:::CBc_L



51XC0310 101TY H20LEACHDRIEDRE WT, 5.3822 reel SCAN RATE, 10.00 deg/mi,',

lu.m

2z

82.41Z



DUP51XC0310 101TYH20LEACH DRIE WT, 3.8732 m9 SCAN RATE, 10.00 cleg/min

iw, m

4lZ

FROM, 41
TOm 225

WT. X 12.43

FROM= 225
TOm 325 I

WT. X CHANGE, 83

I

•- FROM, 325 x
-I TOm 4gg I

j WT. % CHANGE, [.7
9B.mI I

0

. 88. gBZ

0

e3. lSX

i[,W I_/&W I_&B llIW 21_.M _Sa.W _ W 35ii.M 4B&W 4_ W l_Ii._

FHS FILEs 5D3.I_t. TG TemperaEure (C)

1ATF': .q_'/PI1/1 .'5 }IMIL_'-TTTT_4.x-J_7-_





B.W

NORMAL IZEO 51XCB310 101TY H2OLEACH

WT= B.57 m9 C,_-"",_,z.g A,/L L/O_/J--,_
SCAN RATE. IS. @0 d.B/mtn

"_ PEAK FROM, 44
_- TO= 225

ONSET. 43. 57
CAL/GRAM= BS.22

T °
PEAK FR MAX= 471.6, I

ONSET, 26_. gB o

, / ,MAX. 283.37 /_ ' '
! CAL/GRAM. 2g. g7 _:
I il, ll _'

] PEAK FROM. 42B / _ iTO,497 ::_
i j i_o ONSET= 423 oPoCAL/ u't

i-i-i

o

+ += 4=_=_---=--.-=_ . 4 F + +
ILm J.B _J,m lmm lira 2_lJ,W 25Lm 3_1 3tM 4_s 4_&BB

FHS FILG 5131_. D4 XEMPER.ATURE X,C,) [}SC

IATF- DP/BI/2_ ,'f/IML_--_-_cJ_,'a--I_-





.... i

DUP31XC0110 103TY DRIED SOLID WT, 7.5903 m9 SCAN RATE, 11_.0i]cleB/mlr,

lffR BB g_

FROM= 41
TO, 1'75 _.

WT. % CHANGEr 11_1_3

FROMs 175 Bg. 4B% ",r-
TO, 4gg c'_

WT. ]C CHAN_, g_F_ _ I

,o _ _

I

. --I

! I

u'l
7g. 85%

o

I I I I I I I I I
7R_ ff.W 51ft.ffff I_RW 15RW 2_R_ 25RW _M _RW 4gRW 41M _&*

FH.9 FILE." 3ZTII_F. TG Temperature (C) aT_

lATE'_: g2/_l I/ 13 .... ,'1"IMEL___g,,-30__

_ II



L_
NORMALIZED 31XC0110 103TY DRIED SOLID

WT, 7.es ._ c_r _ •_ _d _/_,_
SCAN RATEr 1B.0_ deg/mln

MAXo 385.41
_ PEAK FROHt 441

TO. 15_
ONSET= gS.B3
CAL/GRAM= 2_.22

".r-
PEAK FRONt 20B s

TOm 315
ONSET= 293.58 I

, CAL/GRAM, 31.28
• L_ I

PEAK FROM= 325
I TO= 42B I _ J

ONSETm
CALl 114.17

o



&_ !
NORMALIZED DUP31XCOIIO 103TYDRIEDSOLID

SCAN RAT_ IE. BE deg/mtn MA_ 3B7. B4

%
Q
3 PEAK FROM, 44

TO, 175
ONSET= 94.94
CALIGRAM= 21.57

PEAK FROM, 225
TO, 32B o

ONSET, 292.84
j CAL/GRAM, 33.43 I'
•} &_ xI
j PEAK o

0 _ TO, 45B
ONSETe 368.82 A_ I I s
CAL/ m 112.44 o

o

I ! I I ! I I I I
mum tm 5B,m lmm 15E,m 2el,,m 25E,N )gB,N _l ,¢fLN 45LN

,-71S FfLEx 3033B. Z_ TEMPERATURE (C) DSC

IATE= 92/B2/I_5 TIME= B8:47

,b



31XC0310 103TYH20LEACHDRIEDRES WT= 8.493g m9 SCAN RATE= 10.00 Jeg/,-In

lgB.m

I I I I I I I I I

BB.N II.BI 5_.N Im.IB 158.B _8.m LSl.m 3R.M 358.M 480.m 4_I.U _d.ll

,T.G.
-HS FILEs 31310. TG TemperaEure (C) -

^ TE.- g_/ta I./14 .... ,r IME'_L--_-_'7,,/t_L--



8g.gB o u o o o o o I I
ILW 5B.W IIILB ISR.W 2W.W 25B.W 9W.W 35g.W 4W.W 45LU 5re.It

_,T._
.HS FILE, ,._731_ TG TemperaEure (C) _

ATEu g2/01/14 T I ME__-__t=__



&SI
NORMAL IZEO DUP31 XC0310 103TYH20LEACHDR IED

¥T, 7.06 "9 _ r- ,_ •A/i_ _ l-t_9/'_,;yl
SCAN RATE0 10.OB d.,91mlr_

a PEAK FROM, 44/%
• _ _/-_ MAX, 114. 87_- TO,

! ONSET, 88.#B9 ../

\
FRail, 24B/ \

PEAK N/IX, 421 3 t

ONSETa/25B. B4/ _ - i

'J i1,_ i
j PEAK -_

Ei - TO, 44B i _o
I J t IONSET, 394. 08 o- N

o_ CAL/GRAM, 24. g7 I_

0

I I I ! I I I I 1

DSC
°7tS FILEt 3D31B. 04 TEMPERATURE (C) --

IATEI g2/B2/05 __ ll:.l'til__tl--



il.Si I
NORMAL IZED :31XC0310 103TY H20LEACHDR IEO

WTo 8._0 mg C-d_ve'",_a.,i;"A/z_ qO c_/_/_

SCAN RATE, I_. 88 daB/mt

.%

c_ PEAK FROM, 44

5 To,ONSETo 47. 3

 C^x'.1,,.
PEAK FR_ _4_ _ c'_"r!

\ ONSET, _51.81 _ /_ ,__ u'Jo

J CAL/_ _ /I\NAX, 271.4MAX, 421._g_ II'_ 8.25 3=

o _ PEAK _'FROM, 34B _ _ 0
a j TOa 433 :_ONSETe 387. 82

CAL/GRAM, 2_. 38 o

o

_¢im I I I I I I I I I

,--/,'..¢ FJ'L_ 313.,,g. D4 TEMPERATURE (C) __ DSC

1ATE', g2/02/_5 TIMEL _ 0g,_52__





RERUN DUPCSNIFE (CN) 6 KMA101 WT, B 354g mg SCAN RATE, 10 Og d.g/.,i,,

]_ W g_6z

FROM, 41
TO, 2

WT. % CHANGE:
275 g3. 28X

FROM, =E:

TOm 4gg _ J ::z::WT. ,Y,CHANGE, 5,26 - ' ('_I

I
- =E:
J :3:

I
I ¢Zl

c:_ " 9_B -I
Il,,,a
tO _ I0

U'Ie

19"I

0

_.M I I ! I I I I I I
LW 5&W IM.m liW 2W.B _.W 9m.W 35_.W 4_.W 41W 5_.L

.;[.C_
•-/IS FILEt RHAI_. TG TemperoEure (C) _ .



NORMAL I ZED CSN I FE (CN) 6 SYNTHET I C KMA 101

WT, 4.81 mg

SCAN RATE, Ie. BB deB/mln C#Ve-F- _a..._ /1/L 90 c.._/K_../. /1

- NORMALIZED DUPKMAI_I SYNCSNIFE(CN)B

m
"tl

. ¢.)
I

.J

I °

°
_ o

LM : : ". _ . ! ! | !

.7-IS FILEt A'NAI_ D4 ,,T,EMPERAI:URE .((:3) DSC.

1ATE, g2/l_;_'@_
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FeCN ARCHIVE SAMPLE -- % INSOLUBLES(WATER LEACH)

INPUT DATA COMMENTS

Allweightsgiveningrams o_,= ,=mp_intou_=o,*o
at 9:40 am/11-6-91

Tare Weight (W1) = I 113.48878 I
Remove from ul_'uonio

Tare + Sample(W2) = I 114.50237 I = lo:4o,rn/11_91
Blank0N6) =

FilterJar Tare (W6)= I 120.48767 I I 119.10969 I Filter umpte = 8:15 _m/11-7-91

Blank (W7) = Dry filter/ruidue 11-8-91
Smpl,Fltr,Jar (W7) = I 120.94104 I I 119.12451 I

RESULTS
NetWgt = W2 - W1 = W5

Net SmplWgt (W5) = I 1.01359 I Gross PptWgt= W7- W6

Net FilterWgt (WB) R_du°Wgt=WT-WS-W8
GrossPptWeight= I 0.45337 I i 0.01482 / Wgt%lnsolublee=

((wT.ws-we)/w5)*l0o

Net ResidueWeight = I 0.43855 I

Wgt% Insolubles= 43.27%]
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FeCN ARCHIVE SAMPLE -- % INSOLUBLES (WATER LEACH)

s,,m_No./D==rip.o.: 131XC0000/+_WARCHNE SAMPLE I Ode: I NOVi, 1991 I

INPUT DATA COMMENTS

All weights given in grams o_,_ _ _,to.,,=,o._
a 9:40 am/11-6-91

Tare Weight (W1) = I 113.35190 I
Removefromulmwonic

Tare + Sample (W2) = I 114.37935 I itlo:40am/11-6-91

Blank (W6) =
FilterJar Tare (W6) = [ 118;93218"] [ i22.32187 I Filterlwzrnpleate:1511m/11-7-91

Blank(VV7)= Drv.br/,,,,,_u,,11-a-m

Smpi,Fltr,Jar (W7) = ! 119.37777 J [ 122.33657 J

RESULTS
Net Wgt = W2 -Wl = W5

Net SmplWgt (W5) = 1.02745 I Grou PptWgt = W7-W6
Net FilterW_lt(W8) R_duewgt=W7.w6.we

GrossPptWeight = I 0.44559 I I 0.01470 I Wgt%m,olub_=
(tw7-w6-we)/ws)*'mo

Net Residue Weight = I 0.43089 I

Wgt % Insolubles= ! 41.94%]
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FeCN ARCHIVE SAMPLE - % WATER ANALYSIS

s,.._,.o._: is,xco_oo/,o,-_A.C._S*M_ I 0.,.:I OCT_,,,ul ]

INPUT DATA Aliquot A Aliquot B COMMENTS

All weights given in grams

Tare Weight (Wl) = I 16.89260 I I 16.94841 I or_w.awnp_zoov_
It 2:50 pm/10-31-91

Tare + Sample ON2) = i 19.26426 ] I 18.95620 I
Remove from oven

DryWeight (VV3)= l 19.12197] i e.8,osi ,,o:,=_,,-,.o,

Dry Weight 2 0N4) = I 19.11568 I I 18.83548 I _ ,,-h_,=
1".20pnl/11-1-91

RESULTS

NetWgt ,, W2 - Wl

Net Sample Weight = t 2.37166 J I 2.00779 J WatLo==W2.W'J
Wgt -, W4 - Wl

Weight Loss = i 0"142291 0.11515 I wet_,moL(m- ((W=-W'J)/0N=-Wll) • 100
% [)iff -,. (ON3- W4)/W4) • 100

Net Residue Weight = I 2.22308 J 1.88707 I su. Day. Rm_,/(,qr=(2))

Weight % H20 Loss = I 5.99960 J 5.73516 ] 5.87 = Average% H20 Loss
0.19 = Std Dev

% Difference = I 0.0331 I 0.0301
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FeCN ARCHIVE SAMPLE - % WATER ANALYSIS

.-_..=_..===: i=,x==o,,o_,_.,_P.. I o..:I ocT.,.,., I
INPUT DATA AliquotA AliquotB COMMENTS

Allweightsgiveningrams

Tare Weight(W1) = I 16.84161 I 1 16.88581 I o,_l_,,_,ntoo..n
It 3:10 pm/lO-31-gl

Tare + Sample (W2)= [ 19.69567 I t 19.42461 I
Removefromoven

Dry Weight (W3) = I 19.56057 J [ 19.30208 I ,t ,o:,,.,,/,,.,.e,

DryWeight 2 (W4) - ! _984924I ! 192Q282I =-_.._'=
1:20 pro/11-1-g 1

RESULTS
NetWgt- W2-Wl

Net Sample Weight = I 2.85406 I I 2._S801 w,=.w=w_
I:tl_:lueWgt,, W4-Wl

WeightLoss= I 0.13510J i olzz_l w,,_,o=.(_,w=,,_w,,,.,oo
%o_ = (O,'va.w4.)m4)• too

Net ResidueWeight = I 2.70763 I [ 2.40701 I s=.o,,. _,t_)

Weight% H20 Loss = I 4.73361 J [ 4.82630 I 4.78 = Average% H20
0.07 = StdDev

% Difference= I 0"0581 [ 0"0481
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APPENDIXF

PROCEDUREFORPREPARINGA MIXTUREOF Cs2NiFe(CN)6ANDNaNO2/NaNO3
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.. _j,M _,,,._r -,..,,_,_,,,,_ _s z N: g, ¢c_6, ._,.1p,,.rL_ ._,_ "D • t(_.e_ o.,, _._,r.,,_4

.... ._] _ ('*IW_,,_ I prot&d_t.ct,.

Procedure for preparing a mixture of CsaNiFe(CN), and NaNOz/NaNO=

I. Begin by water-washing Cs=NIFe(CN),.

a. Add about 30 ml water to the sample in a 50 cc centrifuge
cone and shake the mixture. (Not vigorously, but enough to
mix.)

b. Centrifuge the mixture and decant water from precipitate.

c. Repeat water-washing at least two more times.
. .

2. Prepare a sample of Cs=NiFe(CN), for the oven. Place 16 g on a
watchglass and set ia a oven preheated to II0"C. Dr), until a constant
weight is obtained.

" 3. Cs:NiFe(CN), will need to be ground into a fine powder using the
mortar and pestle method. If the Cs=NIFe(CN). mixture is too hard to
break up, place In triple-lined ba_ an<l pound with a hammer until pieces
are broken up enough to grind.

4. The total amount of m_xture needed Ls 20 g. A rat_o of 2.2
Cs=NiFe(CN). to I NaN0=/NaN0_ is desired so combine 6.25 g of a 50% by
mole mixture of NaNO=/NaN0= to a 13.75 g mt_ure of Cs=NiFe(CN)..

a. (HAZARD)
The mxxture required has a slight potentlal for ignition so

" do not slide pestle in the mortar. Instead, rock the

- pedestal in the mortar to gr_nd the Cs=NiFe(CN),.

b. Stir the mixture with a spatula to ensure that the material

is thoroughly homogenized.

.... $_ _-_,, ?. 4<, - s-,_._, _.._J_

............ _- Ir_t :i,,l_ .._l._,'t- _,tt_.#_ ,..t ,._ :_.._T._. _ .r-- J,t. _ _r ._,,_._,_._ For _._,.s_-t_ ._._' .-

.................. _ ...._"k.,.-,,.,,L- "_r' ..................................................

.................... _.:q_" _,_.... _,t__ _*,r _'_,_ t- _'.''''_ _,r,_,_. -..........
......... -y.._..I.._._ t_-_-_,_.....................
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