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EXECUTIVESUMMARY

Tank 241-C-112is a Hanford Site FerrocyanideWatch List tank that was

most recently sampledin March 1992. Analyses of materialsobtainedfrom

tank 241-C-112were conductedto supportthe resolutionof the Ferrocyanide

UnreviewedSafety Question (USQ) and to supportHanford FederalFacility
i

Agreement and ConsentOrderI (Tri-PartyAgreement)MilestoneM-IO-O0.

Analysis of core samplesobtained from tank 241-C-112strongly indicates

that the fuel concentrationin the tank waste will not supporta propagating

exothermicreaction, lt is probablethat tank 241-C-112exceedsthe

1,000 g-mol inventorycriteriaestablishedfor the FerrocyanideUSQ; however,

extensiveenergeticanalysisof the waste has determined a maximumexothermic

value of -9 cal/g dry waste. This value is substantiallybelow any levels of

concern (-75 cal/g)2. In addition,an investigationof potentialmechanisms

to generate concentrationlevels of radionuclideshigh enough to be of concern

was performed. No crediblemechanismwas postulatedthat could initiatethe

formationof such concentrationlevels] in the tank.

Tank 241-C-112waste is a complexmaterialmade up primarilyof water and

inert salts. The insolublesolids are a mixtureof phosphates,sulfates,and

" IEcology,EPA, and DOE, 1992, HanfordFederalFacility Agreementand
ConsentOrder, 2 vols. , WashingtonState Departmentof Ecology,
U.S. EnvironmentalProtectionAgency, and U.S. Departmentof Energy,Olympia,

, Washington.

2Jewett,J. R., 1992, "EnergyMeasurementsfor DisqualifyingWaste Tanks
from Watch Lists,"Meeting Minutes,October22, 1992, WestinghouseHanford
Company, Richland,Washington.

]Dickinson,D. R., J. M. McLaren,G. L. Borsheim,M. D. Crippen, ]993,
Credibilityof Drying Out FerrocyanideTank Waste Slude by Hot Spots,
WHC-EP-0648,WestinghouseHanfordCompany,Richland,Washington.
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hydroxides in combinationwith aluminum,calcium, iron, nickel, and uranium.

Disodiumnickel ferrocyanideand sodiumcesium nickel ferrocyanideprobably

exist in the tank; however,there appearsto have been significantdegradation

of this material since the waste was initiallysettled in the tank. Most of

the 137Csprecipitatedduring the scavengingcampaign (1955 to 1953#)4 appears

tc,still remain in the tank in an insolubleform, probably bound with the

remainingferrocyanide. Total cyanide analysessubstantiatethe energetics

results. The solubleanalytes are primarilysodium,nitrate, and nitrite

(Table ES-I).

Comparisonsof the calculatedbulk inventoriesfor various analytesof

concern show that tank 241-C-112is within establishedoperatingsafety

requirementsfor heat-load,organics,and plutoniuminventory. A substantial

amount of free liquid remains in the tank. However, no effort to remove the

remainingliquid is plannedbecause there is less than 189,000L (50,000gal)

of drainableliquid in the tank (thus meeting stabilizationcriteria).

Tank 241-C-112 is considereda sound,non-leakingtank.

Analysis of the processhistory of the tank as well as studiesof

simulantsprovidedvaluable informationabout the physical and chemical

conditionof the waste. This information,in combinationwith the analysisof

the tank waste, supportsthe conclusionsthat an exothermicreaction in tank

241-C-112 is not plausible. Therefore,the contentsof tank 241-C-112present

no credible imminentthreat to the workers at the Hanford Site, the public, or

the environmentfrom its ferrocyanideinventory. Because an exothermic

4Borsheim,G. L. and B. C. Simpson, 1991, An Assessmentof the
Inventoriesof the FerrocyanideWatchlistTanks, WHC-SD-WM-ER-133,Rev. O,
WestinghouseHanford Company,Richland,Washington.
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reactionis not credible,the consequencesof this accident scenario,as

5
promulgatedby the GeneralAccountingOffice, are not applicable.

Table ES-I.

. Estimated Major Water Na NO3" U NOz" P Fe Ca Hl A1 TOC
Analyte Inventory

" ' i" ' ' '"' "'

Wt% (we.t solids) 53.8 9.3 5.7 5.1 4.2 2.3 1.9 1.4 ,. I.Z ].0 0.4

L ,, , , ,, , i ,ii

Estimated Fission Product Inventor), '_TCI . mSr ....

Bulk Inventory, Ct 217,200 ]83,500
(.ez sotId!_ .....

Heat Generation r w, ..... ],02§ I230.

.. i , . , ,

Estimated Plutonium/ Americium Z_Pu z_/Z_pu z4z/_
Inventory ........

Bulk Inventory, Ct 5.9 57.3 330
(wt__!Icm) ............

Bulk Inventory, 9 0.34 1100 lO0
(_ _ot Idm) ., ,,

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

Analyte Safety Issue Criteria Calculated/Heasured
Value,, ,,. .,

Na_NIFe(CN)_(..t .,.ie.) 1000 9-uol ,, 8,700. 9-.o1

_H (dry basis) :75 ca1 ..... -9 .ca1

_wZ_°Pu 50 k9 1. l k9• , ,.

TewJerature 300°F (149°C) 85°F _29"C)

Heat Load 11.72 kw 2.25 kw
! ' , .,, . , ,.,,

, Organic Content 3.0 wtfl TO(; 0.75 wt'/. TOC
' (TOC, dry basis) . (1ox.Niu= .c.t.t..quivz_.nt)

J

5Peach,J. D., 1990, "Consequencesof Explosionof Hanford'sSingle-Shell
Tank are Understated,"(LetterB-241479 to C. M. Synar, Chairmanof
Environment,Energy, and Natural ResourcesSubcommittee,Committeeon
GovernmentOperations,House of Representatives),GAO/RCED-91-34,General
AccountingOffice,Washington,D.C.
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TANK CHARACTERIZATIONDATA REPORT: TANK 241-C-I12

I.0 INTRODUCTION

Analysiswas conductedon materialsobtained from tank 241-C-112to
supportthe resolutionof the ferrocyanideunreviewedsafetyquestion (USQ).
Obtainingmeasurementsthat determineoverallwaste energeticsis a key step

- in resolvingthe ferrocyanideUSQ and safety issue. In addition,severalof
the analytescontributingto the energeticpropertiesof the waste need to be
measured as a functionof position (e.g.,total cyanide and nitrate/nitrate

• present,water content, and the distributionand inventoryof 137Csand 9°Srin
the tank). Other objectivesthat these measurementsand inventoryestimates
supportare as follows.

• CompleteHanfordFederalFacilityAgreementand ConsentOrder
(Tri-PartyAgreement)MilestoneM-IO-O0 (Ecologyet al. 1992) to
sample and analyze two cores from each tank.

• Obtain estimatesof both the concentrationand total quantityof key
analytesrelating to other safety issues,such as organicsand
radionuclides.

• Provideinput to risk assessment-baseddisposaldecisionsfor the
waste.

° Implementphysicalpropertymeasurements,such as rheology,bulk
density, and particle size. These measurementsare necessaryfor
the design and fabricationof retrieval,pretreatment,and final
waste disposal systems.

1.1 PURPOSE

This report summarizesthe availableinformationregardingthe waste in
tank 241-C-112,and arrangesthis informationin a useful format for data
users in various internaland external organizations.

1.2 APPROACH

This report presents a broad backgroundof preliminaryinformationthat
was availableprior to core sampling,and which initiallyguided the

- developmentof the sampling and analysisprogram. This material includes
historical informationabout the ferrocyanide-scavengingprogram,transfer
records,observationsfrom in-tankphotographs,and inferencesfrom waste
simulantstudies. The resultsof tank 241-C-112core sampleanalysesare
summarizedand presented,along with a statisticalinterpretationof the data.
The informationobtained from historicalsourcesand syntheticwaste studies
will be comparedwith the actualwaste measurementsin this report.

I I-I
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2.0 PRESAMPLINGINFORMATIONAND EVALUATION

2.I BACKGROUND

Radioactivewastes from defenseoperationshave accumulatedat the
Hanford Site in undergroundwaste tanks since the 1940's. During the 1950's,
additionaltank storage space was required to supportthe United States
defensemission. To obtain additionaltank storagevolume within a short
period of time and to minimizeconstructionof additionalstoragetanks,

" HanfordSite scientistsdevelopeda process to scavengeradiocesiumfrom tank
waste liquids (Sloat 1954,Abrams 1956). Ferrocyanidecompoundswere used in
a carrier-precipitationprocessto scavenge137Csand other soluble

• radionuclidesfrom the HanfordSite waste tanks. This treatmentwas used on
U Plant waste effluent,bismuthphosphatefirst-cycledecontaminationwaste,
and selectedwastes that had been previouslydischargedto the tanks. The
radionuclidessettled in the waste tanks and the supernatewas dischargedto
the cribs and trenches. As a result of this process,occupiedwaste volume in
the waste tanks was greatly reduced,while minimizing the amount oF long-lived
radionuclidesdischargedto the ground.

In implementingthis process,approximately140 metric tons of

ferrocyanide[as Fe(CN)__] were added to the tanks The bulk %_l_eferrocyanidematerial is believedto remain in 18 to 24 single-
tanks (SSTs). Ferrocyanideis a stable complexof iron(II) ion and cyanide,
whose compoundsare considerednontoxic becausethey do not appreciably
dissociatein aqueous solutions(Burger1984). In the presenceof oxidizing
materialssuch as nitratesand/or nitrites,ferrocyanidecompoundscan undergo
uncontrolledexothermicreactionsin the laboratoryby heatingthem to high
temperatures(above280 °C [540 °F]). The reactivenature of ferrocyanidein
the presenceof an oxidizerhas been known for decades, but the conditions
under which the compoundcan undergoexothermicreactionshave not been
thoroughlystudied. Becausethe scavengingprocess involvedprecipitating
ferrocyanidesfrom solutionscontainingnitrateand nitrite, the potentialfor
a reactivemixture of ferrocyanidesand nitrates/nitritesin the SSTs must be
evaluated.

2.1.I Tank 241-C-112History

Groups of waste tanks that were physicallylocatedtogether and built at
. the same time are called tank farms at the Hanford Site. The original tank

farms (B, C, T, U) were built in 1943-1944. Tank 241-C-112 was placed into
service in 1946. Each tank has a diameter of 22.9 m (75 ft), an operating
depth of 5.2 m (17 ft), and a nominal capacity of 2 million liters

" (530,000gal). The basic design of a typical SST is shown in Figure 2-I. The
tank was constructedof reinforcedconcretewith a mild steel liner covering
its bottom and sides. The top of the tank is a concretedome• Tanks such as
241-C-112were all covered by at least 1.8 m (6 ft) of soil for shielding
purposes (Anderson1990). The tanks in the tank farms were connectedin
groups of three or four and overflowedfrom one to another (knownas a
cascade). Tank 241-C-112is the last tank in a cascade that includes
241-C-110and 241-C-111.

I 2-I
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Figure 2-I. TypicalSingle-ShellTank Diagram.
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Cascades served severalfunctionsin HanfordSite waste managementoperations.
By cascadingtanks, fewer connectionsneeded to be made during waste disposal;
consequently,all three tanks were usablewithout having to connect the active
waste transferline directlyto each individualt_Ik. This handlingmethod
reduced the likelihoodfor personnelexposureto the wast_ and diminishedthe
chances for a loss of tank integritydue to overfilling. Another benefitof
the cascades was clarificationof the wastes. When used in this manner,most
of the solids in the waste slurriesroutedto the tanks settledin the first
tank (241-C-II0),and the clarifiedliquidscascaded on to the other tanks in
the series (241-C-111and 241-C-I12). Supernatefrom the final tank in a

" cascade series was sometimesrouted to a disposal trench. In this way
clarificationreducedthe potentialamountof radiologicalcontaminationto
t;_eenvironment.

The first type of waste that tank 241-C-I12received and storedwas
First-cycledecontaminationwaste from the bismuthphosphateprocess (1946to
1952). This waste would be comparativelyhigh in bismuth,phosphate,and
aluminumbecause aluminumdecladdingwaste was combinedwith it. The waste
was disposed to ground in 1952, leavinga 57,000-L (15,000-gal)heel. The
tank was refilledwith unscavengeduraniumrecovery (UR) waste in 1953 and
1954 (Anderson1990). The UR waste solidswere comparativelyhigh in uranium
and iron, and low in bismuthand aluminum. The availablerecordsdo not show
whether these wastes were added directlyto the tank or throughthe cascade
overflow line from tank 241-C-III. Neitherof these waste types had any
significantfuel content,137Csor 9°Sr,that could contributeto the
exothermicpotentialposed by the ferrocyanidewastes. In late 1955, tank
241-C-I12was emptied.The tank was then used for settlingscavenged
ferrocyanidewaste until 1958. During ferrocyanide-scavengingoperations,
waste was not cascaded throughthe 241-C-110,-111, -112 series. Tank
241-C-112receivedthe waste slurry in direct transfersfrom the process
vessel (GeneralElectric1958).

Beginningin May 1955, unscavengedUR waste already stored in 200 East
Area undergroundtanks at the HanfordSite was routed to the 244-CR vault for
scavenging (referto Figure 2-2). The 244-CR vault facilitycontained
stainlesssteel tanks with chemicaladdition,agitation,and sampling
capabilities. The pH was adjustedwith HNO3 and/or NaOH to pH 9.3 .0.7, and
Fe(CN)_4 and Ni.2 ion were added (generallyto 0.005 M each) to precipitate
137Cs. If laboratoryanalysisof the feed tank indicatedadditional_°Sr
decontaminationwas necessary,calciumnitratewas also added (Sloat1955).
There was also an effort to scavenge6°Cowith Na2S. The scavengedwaste was
then routed to anothertank for settling,sampling,and decantationto a (:rib.

• The settlingtanks for this "In Farm scavenged"waste were 241-C-I08,
241-C-I09,241-C-111,and 241-C-112.

- The In Farm precipitatecomprises20 to 25 percent of the total
ferrocyanidematerial in the HanfordSite tank farms. This material is
expected to possessa much higher ferrocyanideconcentrationcontentthan the
more prevalent (70 percentof the total ferrocyanidematerial)U Plant
material. Analytesthat differentiateferrocyanidewaste from other wastes
are nickel, calcium,and 137Cs. Over time, additionalgravitysettlingmay
have compressedthe waste layers,increasingthe concentrationof some of
these analytes. However, the effect of radiationand high pH conditionsFrom
later waste additionson the waste matrix is largelyunknown.

i! 2-3
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Figure 2-2. In Farm Flowsheet.
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Exposureof the waste to these conditionsis believedto have degraded the
ferrocyanide. However, labor.atoryresultsconfirmingthat hypothesisare
still pending (Lilga et al. 1992; Babad et al. 1993).

The first transferof scavengedwaste for settlingwas in the fourth
quarterof 1955. In Farm scavengingwas completed in December 1957 (General
Electric 1958). The inventoryof solids in tank 241-C-112at the end of the
ferrocyanide-scavengingprogram, as calculatedby the Borsheim-Simpson(1991)
model, was 318,000L (84,000gal) with essentiallyno free supernate. The
scavengingrecord (GeneralElectric 1958) gives the tank level as 0.67 m

" (2 ft 2.5 in.) (323,000L 185,400gal]). A History of the 200 Area Tank Farms
(Anderson1990) reportsa total volume of 318,000 L (84,000gal), but lists
only 174,000 L (46,000gal) of that inventoryas solids.

After the end of scavengingin late 1957, tank 241-C-112remained in
active service. However,the tank had relativelylimitedactivity from 1958
to the end of its service life in 1980. The volume is shown as increasingby
189,000L (50,000gal) of liquidto approximately507,000L (134,000gal) in
the fourth quarterof 1958, but no incomingor outgoingtransferswere noted.
In the third and fourth quartersof 1960, a total of 996,000L (263,000gal)
of highly alkalinecladdingwaste (a waste known to contain substantial
amountsof solids)was added to the tank, but the reportedsolids inventory
(174,000L [46,000gall) did not change (Anderson1990). Claddingwaste
solids would have settledon top of the ferrocyanidesludge alreadypresent.

Several small transferswith relativelyhigh concentrationsof 9°Sr
occurredafter 1958, Waste from the strontiumsemiworks/hotsemiworkswas
added to the tank with the total volume listed as 2.07 M L (547,000gal) at
the end of 1964 (the reported solids inventorywas still only 174,000L
[46,000gal]). The listed volumesfor the first quarterreport in 1965 are a
total volume of 2.04 M L (538,000gal), with a solids volume of 485,000 L
(128,000gal) (Anderson1990). This solids"levelmeasurementwas apparently
the first since additionalwaste was added to the tank followingthe last
scavengingpumpoutin 1958.

The reportedwaste volume remainedessentiallyunchanged (between
2.01 and 2.04 M L [532,000and 538,000gal]) until a transfer of 1.29 M L
(340,000gal) to tank 241-C-I04in the first quarterof 1970. This transfer
left a heel of at least 727,000L (192,000gal). A floating suctionpump
transferwould not have transferredany solids becausethe maximum reported
solids level was 485,000 L (128,000gal). ]n early 1970, some B Plant ion-
exchangewaste (1.24 M L [327,000gal]) from tank 241-C-110and drainage to

" the C-301 catch tank (79,000L [21,000gall)was added to tank 241-C-112.
Between 1970 and 1975, the reported solidsvolume ranged between454,000 and
522,000L (120,000and 138,000gal), and the total volume reporteddecreased

" from 2.06 M L to 2.01 M L (543,000to 532,000gal) (Anderson1990).

Tank 241-C-112was suspectedof leakingand was emptiedof pumpable
liquid to tank 241-C-103in 1975-1976(Anderson1990); later surveillance
never confirmedthe suspectedleak. Some solids may have been transferred,as
the reportedtank solids volume decreasedfrom 485,000 L (128,000gal) to
413,000 L (109,000gal). However,the solids transferredwould have been
those that settledon top of the ferrocyanidesolids (i.e., claddingwaste
solids). The previouslycalculatedvolume of ferrocyanidesludge

-I 2-5, , ,, , , ,, , lp , , ii
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was 318,000 L (84,000gal), with reportedvolumesranging between 174,000and
323,000 L (46,000and 85,400 gal). Sludge volume in the tank may have
decreasedbetween1958 and 1975 with furthersettling and compactionfrom the
weight of overlyingsolids. However,the volume of the ferrocyanidesludge
would not have increasedduring that time frame. There was no mixing
equipmentin tank 241-C-112to move the settledferrocyanidesolids into the
overlyingsolids layer. Therefore,it was concludedthat no appreciable
volume of ferrocyanidesolids were transferredto tank 241-C-I03(Borsheimand
Simpson ]991).

The last major waste type was aluminumcladdingwaste. These materials
would be high in aluminumand silica,with a very high pH. However,the
solids volume contributionto the tank is unknownbecause the majority of the
solidswould be depositedin the first tank to receive the wastes, which was
not tank 241-C-112. The high pH of this waste is considereda significant
factor affectingthe state of the waste matrix. Other wastes had discernable
impactson th_ bulk characteristicsof the tank contents as weil. The
strontiumsemiworkswaste had a small volume of waste added, but would have a
very high 9°Srcontentbecause it includedstrontiumrecovery and purification
waste losses. TileB Plant ion-exchangewaste was primar=lyliquid and was not
expected to contributesignificantlyto the solids in the tank.

2.1.2 UnreviewedSafety QuestionDeclaration

Effortshave been underway since the mid-1980'sto evaluate the potential
oi a ferrocyanidedecompositionreactionin HanfordSite SSTs (Burger1989;
Burger and Scheele 1990; Burger 1984). In Ig81, the Final Environmental
Impact %tatement,Oisposal of HanfordDefenseHigh Level, Transuranicand Tank
Wastes, hereinafterreferredto as the HDW-EIS (DOE 1987),was issued. In the
HDW-EiS, it was projectedthat the bounding"worst-case"accident in a
fcrrocyanidetank would be an.explosionresultingin a subsequentshort-term
radiationdose to the public of 200 mrem.

A later GeneralAccountingOffice (GAO) study (Peach 1990) postulated
greater "worst-case"accidentconsequences,with independentlycalculated
aoses one to two orders of magnitudegreaterthan the HDW-EIS. A special
HanfordSite FerrocyanideTask Team was commissionedin September1990 to
_ddressall issues involvingthe ferrocyanidetanks, includingthe conse-
quencesof a potentialaccident. On October9, 1990, the Secretaryof Energy
announcedthat a supplementalenvironmentalimpact statementwould be prepared
containingan updatedanalysisof safety issues for the Hanford Site SSTs,
includinga hypotheticalferrocyanideexplosion. In October 1990, the
ferrocyanideissue was also declared an USQ because the consequencesof the
accidentscenario (as calculatedby the GAO) were outsidethe bounds of the
current safety analyses for SSTs. Furthermore,additionalmonitoringof tanks
with designatedUSQs was mandated by Public Lat_101-510 (1990).

Using a computermodel output (Jungfleisch1984),process knowledge,and
transferrecords,24 waste tanks have been identifiedat the HanfordSite as
potentially containing1,000 g-mol (465 Ib) or more of ferrocyanideas the
Fe(CN)6""ion. On further investigation,six tanks are believedto have
receivedless than 1,000 g-mol of ferrocyanidesludg_ and are therefore
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candidatesfor removalfrom the Watch List (Cash 1993). Tank 241-C-112is on
the FerrocyanideWatch List because it was a known processtank during the
ferrocyanide-scavengingcampaigns.

2.2 EXPECTEDTANKCONTENTS/CONDITIONS

Process knowledge obtained from historical records and waste simulants
produced from the scavenging process flowsheets can be used to predict the

. major constituentsand some generalphysicalpropertiesof the waste matrix in
the waste tanks. Initially,the differencesbetweenthe U Plant an_ In Farm
ferrocyanidesludgeswere not fully appreciated. However,further
investigationof the simulantsshowed that the In Farm processwould be

" expectedto precipitateapproximately1.0 to 1.3 vol% solids,and thus the
sludge would have been depositedin the receivertanks in layers approximately
3.6 to 6.1 cm (1.4 to 2.4 in.) thick. This is much less than the 4.25 vol%
and 15- to 20-cm (6- to 8-in.) layers expectedfrom the U Plant material. The
In Farm scavengedferrocyanidetanks (such as tank 241-C-112)are expectedto
containrelativelysoft sludge,which can be push-modesampled. This
expectationwas supportedby inspectionof in-tankphotographs. The other
waste solids that were added to the tank after the scavengingcampaignare
also expected to be soft. During its operatinghistory,tank 241-C-112was
never subject to any of the various in-tanksolidificationprocesses;
consequently,there was no formationof hard salt cake on top of the sludge
(as there was in the BY Tank Farm).

The most recentwaste inventorymeasurementfor tank 241-C-112reports
394,000L (104,000gal) of waste with an estimated121,000L (-32,000gal) of
drainableliquids (Hanlml1992). These figurestranslateto a waste depth of
115.1 cm (45.3 in.) at the tank centerline. Becausethe tank had less than
189,000L (50,000gal) of drainableliquid,it was administratively
interim-stabilizedin September1990, and is consideredsound. Tank Farm
Operationshas installeda second thermocoupletree in tank 241-C-112,and the
readingsbetweenthe two thermocoupletrees on opposite sides of the tank are
consistent. The presentmaximumwaste temperaturein tank 241-C-112is -29 °C
(85 °F), and the estimatedheat load in the tank is less than 2.93 kW
(10,000Btu/hr). Tank 241-C-112is consideredto have one of the highest
ferrocyanideconcentrationsof all the ferrocyanideWatch List SSTs (Borsheim
and Simpson 1991).

In summary,variousnickel ferrocyanidecomplexes(primarilydisodium)
• are expected to be mixed with an interstitialsolutioncontainingsodium

nitrate and nitrite. Cesium-137is expectedto be presentas a mixed salt
(possiblyas NaCsNiFe(CN)6);strontium-g0may be in severalpotential
compounds: phosphate,sulfate,or carbonate. Both of these radionuclides

• have decayed throughslightlymore than one half-life,and thereforeare not
as abundantas when the scavengingwaste was originallydeppsited. Other
fissionproductswith relativelyshort half-lives(such as _vCoand 1°6Ru)are
not expectedto be in abundance,especiallywith the limitednumber of waste
additionsfor this tank. Hydratedtransitionmetal oxides/hydroxides
(includingsmall amountsof transuranics)are also expecteddue to alkaline
conditions. Other ions expected to be presentare potassium,calcium,
aluminum,and uranium. The supernateand interstitialliquid is expectedto
containlarge amountsof sodium,nitrate,and nitriteions.

2-7
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2.3 ANALYTICALRESULTSFROMSIMULANTSTUDIES

Physical and chemical measurements performed on simulants of ferrocyanide
tank waste provide additional information and perspective regarding the
condition and properties of the waste in tank 241-C-112.

2.3.1 Simulant Formulation: In Farm 2 Flowsheet Material

The In Farm 2 flowsheetmaterial is consideredto be an energetically
conservativebut reasonablyclose physicaland chemicalanalogueof the
ferrocyanideprecipitatein tank 241-C-112as it was depositedin the tank
during the scavengingcampaign. The In Farm 2 flowsheetmaterialswere
preparedaccordingto the followinginstructions(Jeppsonand Wong 1993). The
feed solutioncompositionis listed in Table 2-I. Deionizedwater was used
for feed solutionand chemicaladditionmakeup.

Table 2-I. Feed SolutionCompositionfor
In Farm 2 Flowsheet.

Concentration
Component (moI/L)

Sodium Nitrate (NAN03) 3.75 M
,,

Cesium Nitrate (CsN03) 0.00025M

Sodium Nitrite (NAN02) 1.25M

Sodium Sulfate (Na2S04) 0.17 M

Sodium Phosphate(Na3P04) 0.16 M

The product sludge was the precipitateproducedwhen performingthe
followingsteps for each liter of feed solution. This proceduremimickedthe
actual In Farm 2 process that is illustratedin Figure 2-2. The feed solution
was heated to 40 °C and the pH adjustedto 9.1 -I-0.5.The sodium ferrocyanide
was then added to the solution,followedby nickel sulfate. The simulant
solutionwas agitated for I hour, then struck with calciumnitrate. After the
additionof calcium nitrate,the solutionwas agitatedfor anotherhour and
allowedto settle. The settlingwas done for eight days and the supernatewas
decanted. The remainingsludgewas centrifugedat 2,100 g for 14 hours and
1,820 g for 7 days in an attemptto simulate3.6 and 30 gravity-yearsof
settlingrespectively(Jeppsonand Wong 1993). Selectedphysicalproperties
for the two settled sludgesare presentedin Table 2-2. Table 2-3 presentsan
estimateof the chemicalcompositionof the In Farm 2 simulant.

I 2-8
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2.3.2 PhysicalCharccteristics(seeJeppsonand Wong 1993)

Table 2-2. Summaryof In Farm 2 CharacterizationData.

Property In Farm 2 sludge

Water content, sludge 51 wt_o

30 g-yr pH, supernatant 9.42

Bulkdensity, sludge 1.39 g/mL

Bulk density,supernate 1.27 g/mL

Particledensity (driedsludge) 2.38 g/mL

Particlesize distribution, 97_o< 2 /_m
(by number) median diameter**. 0.76, 0.76 /xm

AcquisitionRange" 0.5-150/xm

Particlesize distribution, 100% < 110 #m
(by volume) median diameter**. 14.3, 16.8/xm

3.6 g-yr Acquisitionrange" 0.5-150/_m

Hydraulicconductivity 4.0 x 10.7cm/s
(permeabiIity)

Total porosity 67.9%
.....

Thermal conductivity 1.82 W/m.K @ 39 °C
2.16 W/m.K @ 56 °C
2.82 W/m.K @ 68 °C
2.04 W/m.K @ 72 °C*

*Jep_sonand Wong (1993) noted an anomolousdata point,but were unable
to explainthe inconsistencyof the observation.

**Two separatemeasurements.

2-9
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2.3.3 Chemical Composition (see Jeppson and Wong1993)

Table 2-3. EstimatedCompositionof Homogenized,Centrifuged,
FerrocyanideSludge Simulant.

Sludge component Average In Farm 2
weight fraction

Disodiummononickelferrocyanide: Na2NiFe(CN)6 0.101

Sodium nitrate: NaNO_ 0.174 .

Sodium nitrite" NaNO_ 0.051

Sodium hydrogenphosphate" Na_HPO_ 0.016

Sodium sulfate: Na2SO_ 0.015 '

Calciumphosphate: Ca}(PO_)_ 0.073
Water 0.51

Percentmass balancesubtotal 94.0

Percentunknown--likelyincludesFe4(Fe(CN)6)3, Fe(OH)3, 6.0
Ni(OH)2, and other materialsfrom trace impurities

2.3.4 EnergeticsBehaviorof FerrocyanideSludge Simulant

Availablechemicalprocessinformationindicatesthat there were three
significantlydifferenttypes of ferrocyanidewaste (Sloat 1954; Schmidt and
Stedwell 1954). Nonradioactivewaste simulantshave been developedand tested
using this information. In Farm ferrocyanidewaste, accountingfor 20 to
25 percentof the total ferrocyanidewaste, was formed from treatmentof waste
that was alreadystored in the tanks. The waste in tank 241-C-112was
producedusing the In Farm process. Most of this waste had less inert solids
in the waste stream;therefore,it is believedto have been more concentrated
in ferrocyanidethan other ferrocyanidewastes. In Farm simulantsexhibit
propagatingexothermicactivitywhen examinedby differentialand adiabatic
scanningcalorimetry(DSC and ASC).

Estimatesof tank waste reactivity,developedafter the ferrocyanideUSQ
was declared,were based on thermodynamicestimates(Colby and Crippen 1991).
Severalchemicalreactionpathwayswere evaluatedand heats of reactionwere
determinedfor each possiblereactionfrom the publishedheats of formationof
the reactantsand the products. For the purposeof developingthese
estimates,the conditionof the reactantsare dry solid reagents at standard
temperatureand pressurein a stoichiometricratio. The theoreticalheats of
reactionranged in value from _H = -9.6 kJ/g to AH = +19.7 kJ/g of
Na2NiFe(CN)6, and are listed below with their correspondingchemical
reactions.

(1) Na2NiFe(CN)6+ 54NANO3 + 22H20....> 6Na2CO] + FeO + NiO + 60NO_ + 44NaOH
AH= +19.7 kJ/g of Na2NiI-_-:(CN)6

(2) Na2NiFe(CN)6+ 14NANO3 + 2H20 ....> 6Na2C73+ FeO + NiO + 20NO .F4NaOH
AH -0.7 kJ/g of Na2NiFe(CN)6

I 2-10
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(3) NazNiFe(CN)6 + 9NANOz .... > 5.5Na2C0z + FeO + NiO + 7.5N.0 + 0.5C02
_H- -6.8 kJ/g of Na2NiFe(C_l)6

(4) NazNiFe(CN)6 + IONaNO3 .... > 6Na2CO3 + FeO + NiO + 6N20 + 4NO_H -5.7 kJ/g of Na2NiFe(CN)6

(5) NazNiFe(CN)6 + 9NANO3 .... > 4Na2COz + FeO + NiO + 6N2 + 2C02
_H- -9.6 kJ/g of Na2NiFe(CN)6

At temperatures below 1700 °C (3100 °F), the carbonate product is
" thermodynamicallyfavorableand should predominate(ScheeleeL al. 1991).

Note that considerablylower energy releases are obtained if the reaction is
incompleteor if NO or NO2 is formed rather than N2 or N20. A three-component

• diagram illustratingthe _xothermicpotentialof variousmixtures of
ferrocyanide,nitrate, and inerts is presentedin Figure 2-3. Furtherdetail
regardingthe thermodynamicestimatesof these mixtures is presentedin Colby
and Crippen (1991).

Waste simulantswere preparedusing the In Farm and U Plant process
flowsheetsand were tested for chemical activity. Chemicaland physical
analysesof the In Farm and U Plant waste simulantsshow that they containan
averageof 51 and 66 wtg_water, respectively,after centrifugation. The
centrifugationwas done to represent30 gravity-yearsof compactionthat may
have occurred during storage. This amount of water in the waste matrix
presentsa tremendousheat sink that must be overcomebefore any reactionscan
become self-sustaining. During the DSC examinations,the samplesexhibited
large endothermsbetween room temperatureand 150 °C (Jeppsonand Wong 1993).
Resultsfrom thermogravimetricanalysesbeing run at the same time showed a
large loss of mass (i.e.,evaporationof water) in this same temperature
range; thus, reactionswere only able to occur in dry or nearly dry sample
material. Average ferrocyanidecontentof the In Farm 2 waste simulantsis
approximately10.1 wet wt_ (20.6wt% dry). Table 2-4 presents the AH found
for some simulantmaterials.

Table 2-4. Heats of Reactionof VariousSimulants.

AH Wt% Ferrocyanide CalculatedAH
Material (From Adiabatic (dry) per gram

Calorimetry) [Na2NiFe(CN)6] Na2NiFe(CN)6

U Plant 1 simulant -0.17 kJ/g of dry 4.3 -3.95 kJ/g
material

Plant 2 simulant -0.34 kJ/g of dry 8.6 -3.95 kJ/g
(Bottom fraction) materi al

" In Farm 1 simulant -1.20 kJ/g of dry 25.5 -4.71 kJ/g
(Bottom Fraction) materi al

The onset temperatures for propagating reactions to take ploce in the
simulants range from 244 °C to 278 °C (471 to 532 °F). However,
Arrhenius-type reactions may occur at lower temperatures (Fauske 1992).

NOTE: 4.18 J = I cal.
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Figure 2-3. FerrocyanideTank 3-ComponentDiagram.

FERROCYANIDE TANK 3-COMPONENT DIAGRAM
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3.0 CORESAMPLING

3.1 DESCRIPTIONOF SAMPLINGEVENT

Tank 241-C-112 was push-modecore sampled through three risers during a
period from March 19, 1992, to March 26, 1992. Two segmentswere expected
from each core sample. Core 34 was obtainedfrom riser #2 on March 19, 1992,
to March 22, 1992. Core 35 was obtained from riser #7 on March 22, 1992, and
March 23, 1992. Core 36 was obtained from riser #8 on March 24, 1992, to

" March 26, 1992. The core samplesfrom tank 241-C-112were obtainedusing a
speciallydesigned core samplingtruck (CST). The samplingequipmentis
mounted on a rotatingplatform on the CST. Access to the interiorof the tank
is provided by varioustank risers. These risers are pipes of various
diametersleading into the tank dome from the ground. The riser configuration
for tank 241-C-112is given in Figure 3-i. A review of the tank farm
operatingrecordsand a field inspectionof the tank risers determinewhich
risers can be used in the samplingoperation. A riser is opened and the CST
is positionedover the riser. The sampleris lowered into the tank through
the drill string and pushed into the waste.

The sampler is constructedof stainlesssteel and is 48 cm (]9 in.) long,
with a 2.2-cm (7/8-in.)inside diameter,and has a volume of 187 mL
(0.05gal). Tank Farm Operationshas determinedthat sampling eventsof one
or two segments do not requirehydrostatichead balancefluid. Therefore,
none was used in this operation,eliminatingany potentialproblemswith
sample contamination. When a segment is capturedby the sampler,it is sealed
within a stainlesssteel liner, and the liner is placed within a shipping
cask. The shippingcasks are approximately122 cm tall, 13 cm in diameter,
and have 2.5 cm of lead shielding. This degree of shieldingand containment
protectsworkers from excessiveradiologicalexposure and preventsany liquids
from the sample (or the sample itself)from being lost.

The casks were transportedto the 324 ShieldedMaterialsFacility for
gamma scanning,and then to the 325 AnalyticalChemistryLaboratoryfor
characterizationanalysis. Both facilitiesare operated by Battelle-Pacific
NorthwestLaboratoryin the 300 Area of the Hanford Site. Cores 34 and 35
arrived at the 324 Facilityon March 25, 1992, and Core 36 arrivedon
March 26, 1992.

3.2 CHAIN OF CUSTODY

A chain-of-custodyrecord was kept during the samplingevent for each
segment that was sampled. The chain-of-custodyform is a one-page record that

- is used to ensure that (I) the sample is safely and properly transportedfrom
the field to the laboratory,and (2) the correctpersonnelare involved in the
samplingoperationand transportationof the sample to the laboratory.

One of the primaryfunctionsof the chain-of-custodyrecord is to provide
radiationsurvey data. This is a record of the radiationdose that is emitted
from the shippingcask. The dose rates in mrem/hour are measured from the
top, sides, and bottom of the cask. These values are recorded on the

3-I
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Figure3-I. Tank241-C-112RiserConfiguration.
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chain of custody and representthe radiationbeing emitteddirectly from the
sample. The last item recordedunder the radiationsurveydata is the
smearablecontamination. Smearablecontaminationrepresentsthe radiation
From waste material that is not sealed within the shippingcask; values
greaterthan 100 mrem/hourare consideredunsafe. Measurementsare made both
in the field and in the laboratory. No smearablecontaminationwas found with
these samples.

The chain of custodyhas severalother importantFunctions: (I) to
providea modest descriptionof the cask, sampler,and the expectedcontents

" of the sampler (shipment,sample,and cask serial numbersfor the specific
samplingevent); (2) to providesummary informationabout the analyticalsuite
that the sample will undergoor referencethe salientdocumentation;(3) to

• providetraceabilityfor the sample during transport;and (4) to ensure sample
integrityon arrival at the laboratory. This informationis providedto
ensure that each sample can be uniquely identified.

Copies of the chain-of-custodyforms are availablein the full data
package on file at the HanfordAnalyticalServicesManagement (HASM)office.
From inspectionof the chain-of-custodyrecords,there appear to be no
irregularitiesin the samplingor transportof tank 241-C-112samplesfrom the
field that would merit a safetyor sample integrityconcern (i.e.,sample
containmentwas not breached).

3-3
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4.0 SAMPLEPREPARATION/SAMPLEEXTRUSION

4.1 DESCRIPTIONOF GAMMASCANNINGEFFORT

The 324 ShieldedMaterials Facilityhas a device that was used for
radionuclidemeasurementsof irradiatedfuel rods for the Fast Flux Test
Facility program. The fuel pin readerwas idle and there was the belief that
this effort could be an efficientand innovativeutilizationof available
resourcesin the Tank Waste Characterization/WasteTank Safety Programs.
Cores 34, 35, and 36 were transferredto the ShieldedMaterialsFacility,and
gamma scanningwas performedon tank 241-C_12 sample seqmentsusinq this
devicR_L Nine isg_opeswere scannedfor: '_Cs, IS_Eu,IS_Eu,241Am,_4Ce, 134Cs,

" °_Co,'V_Ru,and '_Gd. Of these, only the '_'Csisotopehad sufficientactivity
to be consideredvalid. The gamma scanningeffort was undertakenas a means
to obtain core sample informationprior to extrusion. The data presentedin
Figures4-I, 4-2, and 4-3 have been smoothedin a 5-pointrolling average,to
eliminateany anomalouspeaks and to aid in interpretationof the scan.

4.1.1 Core 34

Core 34 was scannedin 2.5-mm (O.1-in.)incrementsat 500 secondsper
incrementon April 4, 1992. The scan was performedwith the core in a
vertical orientation,and the scan was begun at an axial locationbelow the
bottom of the segments (referto Figure4-I). Peak count rates For _37Csin
Core 34 were 2.72 counts/sec(1,361counts in 500 seconds). Sample lengths
were estimatedfrom the activity signaturesto be 8.6 cm (3.4 in.) For segment
92-001 and 36.3 cm (14.3 in.) for segment92-002. These sample lengthswere
determinedto be relativelyreliable for the sample solids upon extrusion.
However, there remainedconsiderableuncertaintyregardingsample recovery
until the sampleswere extruded. In the case of segment92-00], it appeared
that suspendedsolidswere concentratedat tilebottom of the samplerwhile it
was being scanned;thus, their activitysignaturemasked the amount of
cohesive solids in the sampler. After filtering,the liquidswere found to
have very little activityassociatedwith them.

4.1.2 Core 35

The scanningeffort for Core 35 was subjectto multiple mechanical
difficulties. An anomalouspeak was detectedinitiallyin the First scan on
May 8, 1992. This result was suspiciousand a rescan was recommendedto
confirm the result. The second scan performedon May 15 to verify this
Findingshowed an abnormallylow count rate (differingby an order of

• magnitudewith Core 34). The peak from the first scan was attributedto a
power surge and shutdownof the device;the low count rate from the second
scan was determinedto be a calibrationerror. A third scan was performedon
May 22 with no problems (referto Figure4-2). Core 35 was scannedthe first
two times in 2.5-mm (O.1-in.)incrementsat 500 seco,,dsper increment;the
third scan was done at a resolutionof 1.27 mm (0.05 in.) and 500 secondsper
increment. The scan was performedwith the core in a vertical orientation,
and the scan was begun at an axial locationbelow the bottom of the segments.

Jl 4-1
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Figure 4-I. 241-C-112Gamma Scanning,Core 34 Results.
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Figure4-2. 241-C-112GammaScanning,Core35 Results.
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The samplevalve was found open on segment92-003 and the samplerwas presumed
empty; however,the samplerwas scannedto determine if there was any
contaminationfrom contactwith the tank contents. The gamma scanning
measurementsindicatedno activity,and the samplerwas empty upon extrusion.
Peak count rates for 137Csin Core 35, segment92-004 was 2.83 counts/second
(1,415counts in 500 seconds;comparablewith Core 34). Sample lengthwas
estimatedto be 10.2 cm (4 in.) for segment92-004. Sample lengthon
extrusionwas found to be approximately7.6 cm (3 in.) and, as with Core 34,
the liquidsfound had almost no activity.

[

4.1.3 Core 36

Core 36 was scanned in a slightlydifferentmanner than the other two.
lt was scannedin 2.5-mm incrementsand 1,275 secondsper incrementon
April I_, 1992 (referto Figure 4-3). This was done to determine if the
longerviewing time improvedthe detectionand resolutionof the
radioisotopes. There was no noticeableimprovementin the sensitivityof the
device using the longercounting times. Peak count rates for 1_Cs in Core 36
were 6.61 countsper second (8 _30 counts in 1,275 seconds). This core sample
had a much higher overallacti,ity than the other two, better samplerecovery,
and a much more distinctivesignature. Sample lengthswere estimatedto be
22.9 cm (9 in.) for segment92-005 and 47 cm (18.5 in.) for segment92-006.
Sample length on extrusionwas found to be approximately21.8 cm (8.6 in.) and
43.9 cm (17.3 in.), respectively. There were no liquids found with these
segments.

4.1.4 Tank 24_-C-112Gamma ScanningSummary

Gamma scanswere performedas a scopingprocedureon Cores 34, 35, and 36
to obtain a qualitativemeasurementof the activityof the waste and to
identifythe major contributors. The gamma activitypattern obtained From the
scans indicatedsome gross layeringof the waste in the tank
(i.e.,differencesin waste types) as well as differencesin activitybetween
individualbatches. Of the nine isotopesscannedfor, no significantgamma
emitterswere found in the tank waste except 137Cs,althoughthe samplehad a
relativelyhigh gamma background. The activityof tank 241-C-112waste
material rangedbetween0.15 and 2 R/hour, as measured throughthe drill
string. No significantradiologicalactivitywas found in the drainable
liquid in the tank. The IPCs appearedto be almost entirely associatedwith
the solids,and thus was assumednot soluble.

Each of the three cores in tank 241-C-112was expected to containone
full segmentand a partial (3/4) second segment. This expectationwas based
on calculationsbased on the inventoryvalues given in Hanlon (1992). Results
from the gamma scans indicatedthere was less than anticipatedrecovery. At
that time, alterationof the analysisplan was necessarybecausethere was not
enough sampleto performall of the requestedanalyses.



WHC-EP-0640

Figure 4-3. 241-C-112Gamma Scanning,Core 36 Results.
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4.2 DESCRIPTIONOF SAMPLEHANDLINGANDANALYTICALSCHEME

4.2.1 Sample Breakdown Procedure

Because tank 241-C-112 has been identified as a Watch List tank
(Section 2.1.2), Bore extensive analytical measurements are required to
resolve the safety concerns associated with this tank. To enhance the
resolution of the assays for key analytes, the analysis horizon for
characterization was determined to be _ of a segment.

The sampler was removed from the shipping cask directly into the hot
cell. At this time, the sampler must be placed into the horizontal position;
hence, any free liquid at the top of the sampler has an opportunity to drain
to the liner. The sample was then loaded into the mechanical extruder and
removed by pushing it out from the back of the sampler with a piston. In this
case, the sampler is pressed against a fixed piston, forcing the sample into
the extrusion tray. If a full sample has been captured, the material nearest
the valve was from a deeper part of the tank; the material near the piston was
closer to the surface. The sample and any liquids were collected on a metal
tray. Ne_t, the mass of the segment and the approximate length were recorded.
From this information, the bulk densities of the segments can be estimated.
The sample volume is determined by measuring the length of the extruded sample
using a linear unit volume of 9.85 mL/in. Each segment was divided into ]2-cm
(4_-in.)subsegments. Figure 4-4 illustrateshow the ferrocyanideSST segment
samplewas extruded and divided into subsegments. A video record of the
extrusionsof each of the segmentsfrom tank 241-C-112was made, and color
photographsdocumentingthe extrudedsegmentswere taken.

Figure 4-4. TypicalSingle-ShellTank SegmentExtrusion.

--191n. S_ment_

....t i
Extrusion Tray Sampler

Severaldifferent stylesof nomenclatureare used for distinguishingcore
samples,sample segments,and _ubsegmentsin the existingliterature.Two
major conventionsare used in the documentationrelatingto ferrocyanide(and
core samplingin general). The first is designatingthe segmentwith the last
two digits of the calendar "_ar (92-) and then numberingthe segments
sequentially(-001, -002, etc.). This system resets itselfevery calendar
year. The second system distinguishesthe tank, core, segment,and
subsegment. The first (bottom)12 cm (4_ in.) of the extruded sample is
assignedto the fourth subsegmentand is uniquely identified(Tank ID - Core
No. - SegmentNo. - D). The followingthree 12-cm (4_-in.)sectionsof the
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extruded segmentare labelled as C, B, and A, respectively. An exampleof
this naming protocol for the third subsegmentfrom the second segmentof the
first core is (24]-C-112-Core34-Segment2-B). If the extrudedsegment is
less than 48 cm (19 in.) long, then the same naming conventionappliesuntil
no solid material is left to make a complete12-cm (4_-in.)subsegment. The
first 12 cm (4_ in.) is be assignedto the D subsegment(etc.). This second
system of naming is the primaryconventionused in this report. Where no tank
identificationis given in this report,it is understoodto mean
tank 241-C-112.

4.2.2 HomogenizationTests

, The subsegmentand core compositesamplesare homogenizedusing a
mechanicalmixer prior to analysis. This is done so that aliquotsremovedfor
analysiswill be representativeof the entire subsegmentor core composite.
Aliquots of the homogenizedtank waste from Core 34-2C and 2D, Core 35-2D, and
Core 36-IC and 2D were taken to determinethe efficacyof the homogenization
procedure. The sampleswere split into duplicates,acid digested,and assayed
by inductivelycoupledplasma-atomicemi;sion spectroscopy(ICP) and gamma
energy analysis. This procedureis done to determine if the degree of mixing
achieved by the as-plannedhomogenizationprocedurewas sufficientfor the
remainingsamplesto be homogenizedand prepared for analysis. If the
analytes from the aliquots are within a relativepercentdifference(RPD) of
10 percent, the samplesare consideredhomogenized. If there are several
analytes that are not within the specifiedRPD, the samplesare mixed further
and re-assayed. Once homogenizationwas indicated,the remainingsampleswere
homogenizedand preparedfor analysis. The investigatorsreportedthat the
samples from tank 241-C-112exhibitedsubstantialresistanceto
homogenization. Generally,the sampleshad to be blendedtwice before the ICP
resultswere consideredsatisfactory. The gamma energy analysisnever showed
satisfactoryhomogenization;it indicatedthe distributionof radionuclides
remained irregulareven after the secondhomogenization. However,this
behaviorwas not unexpectedbecausethe simulantmaterialswere very resistant
to dissolution. The acid digestionpreparationwas probablyinsufficientto
completelydissolve the sample, and the 137Cswas associatedwith the
insolublematerials. In the future,homogenizationtests of suspected
ferrocyanidetanks should use a potassiumhydroxide (KOH) fusion sample
preparationprocedurebecause it providesmore complete dissolutionof the
sample.

" 4.2.3 Subsegment-LevelAnalyses

The objectivesof subsegment-levelanalysesare to provide
- (I) informationas a functionof dept_ pertainingto the overallwaste

energetics, (2) the distributionof '"Cs and 9°Sr,(3) the concentrationand
solubilityof the CN" present in the sample,and (4) a higher resolutionfor
determiningbulk tank compositionfor certain analytes. To accomplishthese
goals, the limitedsuite of analyseslisted in Table 4-I were performedon
each homogenizedsubsegment. These analyseswere conductedusing the
analyticalproceduresidentifiedin Tables 15-I and 15-2 of WHC-EP-0210,Rev 3
(Hill et al. 1991),and as amended in Hill (1991). Brief descriptionsof the
sample preparationand assay methodsare presented.

4-7
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Table 4-I. Subsegment-LevelAnalysis.

Direct FusionDissolution Water Leach

TOC/TIC ICP (Me_,als) IC (Anions)

TGA GEAgI_rCS) CN"DSC pH
Total CN" GEA

Wt% H20

DSC = Differentialscanningcalorimetry.
GEA = Gamma energy analysis.
ICP- Inductivelycoupledplasma- atomic emission

spectroscopy.
A

TGA = Thermogravimetricanalysis.
TIC = Total inorganiccarbon.
TOC = Total organic carbon.

Direct analysesare assaysperformedon the samplematrix with little or
no sample preparation. Severaldirect analyseswere performedrelatingto the
energeticpropertiesof the waste" total organiccarbon (TOC), scanning
thermogravimetricanalysis (TGA),DSC, total cyanide,and gravimetricweight
percentwater.

The TOC was determinedusing the hot persulfatemethod. That method
dissolvesa sample in a sulfuricacid solution (90 °C+) to liberateinorganic
carbon (carbonate) KSO is then added, and organiccarbon is converted• " 2 8

to CO_ whlch is measure_coulometrically. The difficultyencounteredin
solubliizingthe samplematrix in the homogenizationtests makes the results
of this assay potentiallyunreliable.

ScanningTGA and DSC are useful in determiningthe thermal stabilityor
reactivityof a material. TGA measures the mass of a samplewhile the
temperatureof the sample is increasedat a constantrate. In DSC analysis,
the heat absorbed/evolvedover and above the usual heat capacity of the
substanceis measuredwhile the substanceis exposedto a linear increasein
temperature.

Total cyanideanalysiswas done using a developmentalproceduredeveloped
at PacificNorthwestLaboratory(PNL). The samplewas dissolved in a solution
of ethylenediaminetetraaceticacid and ethylenediamineand placed in a
microdistillationapparatus. The tota| cyanidecontentwas determinedby
argentometrictitration.

The gravimetricweight percentwater was determinedby drying the sample
for 12 to 24 hours in an oven at 103 to 105 °C and measuringthe differencein
the weight of the sample.

Analysesthat were performedon fusion-preparedsampleswere ICP and
gamma energy analyses (GEA) for radionuclides. Fusion dissolutionanalyses
are assays performedon the samplematrix after,it has been fused with
potassiumhydroxidein a nickel crucible and dissolved in acid. This
preparationdissolvesthe entire sample,whereas other samplepreparation
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proceduresmay not completelydissolvethe samplematrix. However, one
significantdisadvantageof fusion preparationis that large amounts of
potassiumhydroxideare requiredto bring a sample into solution. Because of
this high dilution factor,trace elements are less likely to be correctly
quantified,if they are detected at all. Elementsthat occur in abundance
(majormetals) or are highly insolubleare likely to be detected better by the
fusionresults than by any other sample preparation. Generally,fusion
dissolutionis the preferredmethod of analyzingradionuclidecontent,with
the exceptionof 14Cand 3H (tritium). _owever, the sample preparation
specifiedin the test instructionsfor '% (waterdigestion) is likely not the

" best for the ferrocyanidewaste. Difficultywith dissolvingthe samplewith a
water leach, and volatilityassociatedwith a fusion preparation,will bias
the 14Cresults low for both sample preparations. An adequatesample

• preparationmethod for 14Cis not availablefor this samplematrix; however,
14Cis not expected to be a significantcontributorto the radionuclide
contentof the waste.

Water leach (or water digestion)analysesare assays performedafter the
samplematrix has been digested in distilled/deionizedwater; the water is
then analyzedfor solubleanalytes. The solubleanions are determinedby ion
chromatography(lC). The primaryanions analyzed in this manner are Fluoride,
chloride,nitrate,nitrite, phosphate,and sulfate. In addition,free cyanide
and pH were also analyzedfrom water digestionsamples.

4.2.4 Rheologicaland PhysicalMeasurements

Only one 25-mL aliquot (from the second segmentof Core 36) was used for
rheologicaland physicalmeasurements. Viscosity,settlingproperties,fluid
behavior,and shear strengthwere some of the primarycharacteristics
investigated. The sample tested for these propertieswas not homogenized
prior toanalysis.

4.2.5 SubsegmentLevel Archive

Severalanalyses (adiabaticcalorimetry,ferrocyanidespeciation,and
total oxygen demand [TOD])have been identifiedby the Waste Tank Safety
Programsas requiringdevelopmentalwork. A sufficientamount of sample From
each subsegmenthas been archivedto perform these analyseswhen the
proceduresfor these analyseshave been developed. The adiabaticcalorimetry
assay will be performedon each subsegmentif an exothermof predetermined
parametersis detected by DSC analysis. The boundariesFor performing
adiabaticcalorimetryhave been determinedto be when the DSC exotherm is
greater than -75 cal/g and the sample has 15 wt_ water or less; or when the

" exothermis greater than -125 cal/g, even if the samplehas greater than
15 wt% water. Because of sample consumptionconstraints,the TOD test cannot
be run for the subsegmentfrom the rheology segment.

I 4-9
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4.2.6 Core CompositeLevel Analysis

One compositefrom each core was built and analyzed in accordancewith
the completebaselinecase core compositescenariodetailed in Section6.1
of WHC-EP-0210(Hill et al. 1991) and as amendedby Hill (1991). The type and
number of analyticaltests performedare similarto the suite done on the
subsegments,but are much more extensive. The free liquid from the segments
in Core 34 was combined and analyzedas a separateliquid core composite. The
free liquid from the segment in Core 35 was also analyzedas a liquid core
composite.

Selectedradionuclideswere measuredon some of the water digestion
samplesto determinethe type and number of water solubleradionuclides.
ICP and atomic absorption (AA) spectroscopywere also performedon some of the
water digestionsamples. These assayswere performedto determinethe amount
of solublemetal cations (ICP) or arsenic,mercury, or selenium (AA). In most
cases, these analyteswere below the detectionlimits in the water digestion
samples,suggestingthat most of the analytesare not water soluble.

Acid digestionis a preparationmethod where the sample is dissolved in a
mixture of nitric and hydrochloricacids. This preparationbrings most of the
insolublemetals into a solutionwith a minimum amount of dilution,and is
usuallybest for the detectionof trace and some major metals. These
propertiesare the reason that acid digestionis generallyused as the sample
preparationfor the homogenizationtests. The analysesperformedon this
preparationwere the ICP, GEA, and AA analysis (the AA analysisused nitric
acid only). IC analysiswas not performedwith the acid digestionpreparation
solution.

Major metals that were detectedwell with fusion ICP analysisfor
tank 241-C-112were aluminum,calcium, iron, sodium, and uranium;phosphorous
is a non-metallicanalytedetected by the ICP. In the case of these elements,
the fusion result is the preferredmethod of analysis. Although the assay was
performedin a nickel crucible,nickel values from the fusion preparationwill
be reportedbecause they are importantto interpretingthe overallresults.
This is done with the understandingthat they may be biased high. A zirconium
cruciblewas initiallyrecommendedfor use with these assays to eliminateany
potentialnickel bias, but the sample matrix reactedwith the zirconiumduring
the fusion procedure. However,potassiumreadings from the ICP fusion are not
reportedbecausepotassiumhydroxidewas used to dissolve the sample and the
potassiumresultsare not importantto characterizingthe waste. Some of the
primaryradionuclidesthat are measured using this sample preparationare w

neptunium,plutonium,strontium,cesium,and technetium. A total alpha and
total beta count were performedon the fusiondissolutionsamples as weil.

A U.S. EnvironmentalProtectionAgency Contract LaboratoryProceduretype
organics speciationanalysiswas performedon the core composites. No
significantlevels of organiccompoundswere found in any of the samples, and
they were not expected to contributeto the sample matrix.

In previous characterizationsampling,the core compositeswere built
using quantitiesof segments based on a proportionof the total weight of
sample for the core (Winterset al. 19gOa,b). This method assumedthat the
sample obtained is representativeof what is in the tank. However,when

4-10
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partiallyfilled segmentsare obtained,this procedureassumesthat the tank
does not contain any waste in this area. Incompleterecoveryfor a segmentis
more likely the result of samplingproblemsrather than voids in the waste.

The approachused in this analysiseffort was to compositeequal
quantitiesof the homogenizedsubsegmentmaterial and assume that whatever is
obtained in a partialsubsegmentis representativeof a whole subsegment.
Some inaccuraciesmay be introducedfrom this method becauseof density
differencesbetween subsegments. However,the inaccuraciesintroducedfrom
density differenceswould probablybe small;those deviationsare minimal

" comparedto the other errors inherentin core samplingand analysis. If full
segmentsare obtained for the entire core, and the homogenizationprocedureis
satisfactory,there will be little differencebetweenthe two approaches.

J
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5.0 ANALYTICALRESULTS: TANK241-C-112

5.1 TANK241-C-112 CORESAMPLERECOVERY

As shown in Figure 5-I, the lasL 3.8 cs (1.5 in.) of the 48.3-cm (]9-in.)
samplerdoes not secure a sample from the bottom segment. In addition,the
locationof the risers,the dished bottom of the tank, and safetymargins in
the sampling protocolprecludeobtainingsamplesfrom the entire waste depth
in the tank. Thus, the maximum recoveryfor the top segmentfrom tank 241-C-

" 112 is 3.8 cm (1.5 in.) above the bit bottom to the waste surface. The next
segment will likewisenot obtain the lowest 3.8 cm (1.5 in.), but should
includethe 3.8 cm (1.5 in.) from the N-I segmentfor a full 48.3-cm (19-in.)
segment. Segmentrecoverieswere based on the maximumrecoverablevolume for
the segment,regardlessof solid/liquidratio. In the upper segmentsof tank
241-C-112(92-001,-003, and-005), the maximum recoverableamount of waste is
33.8 cm (13.3 in.) (131mL) and 48.3 cm (19 in.) (187mL) for the lower
segments (92-002,-004, and-006). Tables 5-I and 5-2 presentthe initial
measurementsand observationsregardingthe core sampleson extrusion,and an
estimateof the core recoveryon a volume basis.

Table 5-I. Tank 241-C-112Core Sample DescriptionSummary.

Core No. Segment Core Recovery Total Comments
(Vol. basis) Mass g

Core 34 92-001 87.0% 136.9 Liquid containedsuspended
Upper solids. Solids portionwas

1.3 cm (0.5 in.) long.

Core 34 92-002 74.9% 211.8 Grey/whitestreak at edge of
Lower solids. Solid segmentwas

36.1 cm (14.2 in.) long.
, ,..

Core 35 92-002 0% N/A No sample recovered;
Upper valve remained open.

J.....

Core 35 92-004 34.8% 109.1 Liquid contained.suspended
Lower solids. Solid segmentwas

7.6 cm (3 in.) long.
, i ,, .,

Core 36 92-005 64.9% I05.8 Medium brown color; no
Upper drainableliquid. Solid

, segmentwas 21.8 cm (8.6 in.)
long.

,,,, , ,

Core 36 92-006 90.9% 263.7 Thin brown sludge at bottom
• Lower of segmentwith the material

gainingconsistencyand
graduallychanging color to
grey/whitemoving up the

' core. Solid segmentwas
43.9 cm (17.3 in.) long.

5-I



WHC-EP-0640

Figure 5-I. CurrentConditionof Tank 241-C-112.
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Table 5-2. Tank 241-C-112Core SamplePhysicalCharacteristicsSummary.

Solids Liquid Sotids Liquid LiquidsSampte Sampte Sotids Butk
Core No. Segment Sampte Mass Sample Mass Votume Votume Oensity 8utkDensity

(g) (g) (mL) (mL) (g/mL) (g/mL)
,,

Core 34 92-001 20.99 115.89 14 100 1.5 1.2
,,

Core 34 92-002 175.75 36.07 110 30 1.6 1.2

Core 35 92-003 N/A N/A 0 0 N/A N/A

- Core 35 92-004 58.7 50.35 30 35 2.0 1.4

Core 36 92-005 105.8 0.0 85 0 1.2 None

Core 36 92-006 263.7 0.0 170 0 1.6 None
#

Sotids: wet sotids
Liquid: dra|nable (free) tiquid

Generalcharacteristicsof tank 24]-C-112waste materials are as follows.

• Drainableliquidswere all rust to dark brown in color and contained
significantamountsof suspendedsolids. After filtering,the
liquidswere dark yellow.

• Core samplesranged from grey/whiteto tan/dark brown in color. No
sharp boundarieswere observed in the samples. The changes in color
occurredgraduallyover the samplelength.

• The samplesalso ranged in consistencyfrom a thin slurry to a very
thick, chunky sludge. They appearedto be saturatedwith liquid.

• The samplesslumped somewhat,but held their shape relativelywell
(high viscosity,non-Newtonianfluids).

The next severalfigures (Figures5-2, 5-3, and 5-4) presentthe values
most relevantfor evaluationof the ferrocyanideUSQ. Summarytables of the
most significantcomponentsare also provided. Analysis of the sampleswas
performedat the PNL AnalyticalChemistryLaboratoryfacility in the 300 Area
of the HanfordSite. The full data packageis availablefrom the Hanford
AnalyticalServicesManagementOffice (HASM 1993).

, 5.2 TANK 241-C-112CORE SAMPLE RHEOLOGICAL/PHYSICALMEASUREMENTS

Measurementsof physicalpropertiessuch as shear strength,viscosity,
. particle size, and settlingpropertieswere measured. These measurementsare

necessaryfor the design and fabricationof retrieval,pretreatment,and final
waste disposal systems.

! 5-3 ...........
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Figure 5-2. Segments ] and 2, Core 34 Measurementsand Observations.

Analyles Analytes

13_s 90Sr 239/240 Pu H20 Total CN" NO2" NO3" AH
_Ci pCi _Ci Segment 1
g g g wt% wt% wt% wt% cal/g

(dry bull)

lA

• m

1B ::::::::::::::;:::;:;:'::::::::::::::::;::::::::::::;::::

!!iiii!!i!ili!i_i!i!i!i!iii!!i_!iiiiii!ii_il
IC :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_1

:::::::::::_:::i:i:::::_:::::::_i::.'.::::::::::_i_::::i'_:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
iiiiiii_!i!!iiiii!iiiiiiiii!iiWiiiiiiii_iii_.,.'_.iW_i!::

240 1300 N.M. lD 45 0.52 6.0 7.9 -5.1

Segment :).
IHg

.1o_ ..iiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii.. o.....4..o....
__:.;.;.;.;.;.;.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.v.v

800 1100 2C ___ 58 0.83 4.9 6.5 -6.1

510 2500 2D 52 0.75 4.6 6.0 -6.7

0.044 0.35 N.M. Drainabl_ Liquid N.M. 0.46 5.5 7.2 N.M.

750 3500 0.155 Core Compos lte 38 0.97 6.2 8.0 -4.4

I

Drainable Liquid N.M. : No measuroment 29304019.10

Solids
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Figure 5-3. Segments ] and 2, Core 35 Measurements and Observations.

Analytes

tTotaI ....137 _0Sr 239/240pu
Cs Segment I H20 CN" NO2" NO3- _%H

LCi _Ci ._Ci wt% wt% wt% wt% cal/g
g g g (drybasis)

=,,

lA

• 1B

No Sample

1C !
I

, , I
I

I

lD

Segment 2
I

I

2A I _
! I
i !
J ,

2B

2C _
I

i

" 2D

" .007 .23 N.M. Dmlnable Liquid N.M. 0.29 4.6 5.9 N.M.

700 3200 0.151 Core Composite 34 N.M. 3.5 4.4 -6.0
I

Drainable Liquid N.M. = No measurement 29304019.8

Solids
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Figure 5-4. Segments I and 2, Core 36 Measurements and Observations.

Analytes Analytea

137 90 2391240
Cs Sr Pu Segment I H20 Total CN" NO2" NO3" AHwt%

_Ci LLCi _Ci .... wt% (drybasis) wt% wt% cal/gg g g

lA
i

I
I

1B

i

I

560 1900 1C 49 N.M. 4.8 6.2 -5.8

"_200 15 1D 58 0.72 5.1 6.7 -8.0

I

Segment 2
i

2A __ 57 0.92 4.9 6.6 -5.2
880 20

530 70 2B i 41 0.75 3.0 4.3 -3.7

No

100 140 2C 64 0.40 3.2 4.6 Exotherm

No •

40 200 2D 56 0.56 3.5 5.1 Exotherm

Drainable Liquid

800 510 0.06 Core Composite 45 0.71 5.3 7.2 -8.6

Drainable Liquid - None N.M. = No measurement 29304019.9

_--_ Solids
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5.2.1 Shear Strength

The shear strengthof tank 241-C-112Core 36 was measured on a combined,
unhomogenizedsample obtained from both segmentsof the core. The shear
strengthmeasurementswere made at ambienttemperatureusing a shear vane
connectedto a viscometerand rotatedat 0.3 rpm. Shear strength (rs)is a
semiquantitativemeasurementof the force requiredto move the sample.
Because shear strength is dependenton sample handling,the measurementwas
taken without any sample homogenization. The rheologysamplewas generatedby
taking small aliquotsfrom the bottom segmentof Core 36 at variouspositions.

" The aliquotswere transferredto a samplejar and allowedto settle for
10 weeks to let the sample recover from the disturbanceof samplingand
extrusion. The extendeddelay between sample and analysiswas permitted

' because it is believedthat the longer the sample sits undisturbed,the more
likely it is to return to its (nearly)originalcondition; therefore,the
shear measurementis likely to be more representative. The shear stress (S,)
of the samplewas recordedas a function of time and the shear strengthwas
calculatedusing Equation 1.

[%Z/100] *S,'4.9E+05
1_s =

+

2 6

where: %T/I00 = the ratio of the total torque which is recordedas full scale
on the plot of the shear stress

ST = shear stress

4.9E+05 = maximum torque of the viscometerhead (dynes)

Hv = shear vane height (0.635cm)

Dv = shear vane diameter (0.635cm)

Shear strengthfor the sample was found to be 16,000dynes/cm2. Relative
percentdifferencebetween initialand duplicatemeasurementsof the sample
was less than I percent.

5.2.2 Viscosity as a Functionof Shear Rate

Viscositymeasurements(as a functionof shear rate) were performedon
" the composite sample and the 1"I sample'waterdilutionof the sample at

ambienthot cell temperatures29 to 32 °C (84 to 90 °F) and at 95 °C (203 °F).
At 95 °C the undilutedcore compositesampledried too quickly to obtain an
accurateviscositymeasurement;therefore,no data are presentedfor the
undilutedsample at that temperature. The rheologicalpropertiesfor the
undilutedsamplewere not characteristicof any acceptedbehaviormodels.
In addition,the undilutedsample behavior at high shear rates is considered
suspect. Viscosityof the undilutedsample at low shear ranged from 160,000
to P20,no0 rP Tho !.1 dilutionof ,h_ ,_m,_si _._ _.......,,,v te s e exhibi..... _ _ ' ' QIII F I beu

5-7
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yield-pseudoplasticbehavior. Plots of the measurementscan be found in the
summarydata packagesor in the full validateddata packages (HASM 1993).
Viscositiesas a functionof shear rate for the 1:1 dilutionsranged from
400 cP (at low shear rates) to 50 cP (at high shear rates).

Furthermeasurementsof the shear stress as a functionof shear rate were
made on the 1:3 dilution samplesat ambienttemperatureand at 95 °C (203 °F).
The ambientsampleswere run in duplicate;however,due to drying of the
sample,only a singlemeasurementcould be performedat 95 °C (203 °F). All
of the 1"3 dilutedsampleshad viscositiesnear the detectionlimit of the
apparatus(2 cP). The dilutedsamplesalso exhibityield-pseudoplastic
behavior. But, at viscositiesnear the detectionlimit, accuratemodeling of
the flow propertieswith this data becomesdifficult. The viscosityof the
samplewas observedto decreasesignificantlyas the temperatureincreased.

The data from the rheogramsfor the 1:1 dilutionwere fit to a nonlinear
yield power-lawmodel (Equation2). Sample and duplicatemeasurementswere
run at ambientand 95 °C.

S, : a + _yn (2)

where Sr= shear stress
e = yield stress (not a fit parameter)
= consistencyfactor

7 = shear rate (0 to 468 s"I)
n = flow behaviorindex

Table 5-3 presentsthe power law model parametersfor the 1:1 sample dilutions
at 29 and 95 °C.

Table 5-3. Power-LawModel Parametersfor Tank 241-C-112Material.

n, Flow
Sample Temperature Trial _, Yield _, Consistency Behavior

(°C) Stress (Pa) Factor (Pa,s) Index

1"i Dilution 29 S 6.8 0.279 0.576

1"I Dilution 29 D 5.8 0.302 0.534

1"I Dilution 95 S 3.6 0.079 0.68

I'I Dilution 95 D 4 0.097 0.648 -
...

S = Samp e
D = Duplicate.

A rheogramfor a materialwith a yield stress has two sections. The
first sectionis a straightline beginningat the origin and climbing up the
ordinate. This portion of the rheogramrecordsthe material as it acts like a
solid or gel. When sufficientforce is appliedto the material to make the
gel yield, the rheogrambreaks sharplyto the right; recordingthe material's
behavioras a fluid. The point on the rheogram at which the sample'sbehavior
transfersfrom a solid or gel to a fluid is the yield point or yield stress.

L 5-B
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The consistencyfactor in this model is analogousto viscosity. The flow
behavior index indicatesthe degreeof deviationfrom Newtonianbehavior. For
values less than 1, the behavior is consideredpseudoplastic(Bird et
al. 1960).

5.2.3 Slurry Flow Properties

Characteristicsnecessaryfor turbulentflow were calculatedfor
the 1:1 dilution slurry using the parametersdeterminedfrom measurementand a

" curve-fittedrheologicalmodel (referto Table 5-4). Turbulentflow is
necessaryto keep particlesin suspensionand prevent the accumulationof the
waste in a retrievaland/or pretreatmentprocess.

Table 5-4. TurbulentFlow Mode: Calculations.

Temp. Pipe Dia. Velocity Critical Flow Reynolds
Sample (oc) Trial (in.) (m/s) Rate (L/min) Number_

1"I Dilution 29 S 2 1.9 246 4,425

1'I Dilution 29 D 2 1.7 220 4,470

1"I Dilution 29 S 3 1.7 496 4,920

i'I Dilution 29 D 3 1.6 447 4,908

1"I Dilution 95 S 2 1.3 163 5,190,,

1"I Dilution 95 D 2 I 3 170 5,214

1"I Dilution 95 S 3 ].2 329 6,002
i,,

1"I Dilution 95 D 3 1.2 344 5,997

S = Sample
D = Duplicate.

5.2.4 ParticleSize Measurement

Particle size analysis is performedby placing a small amount of sample
in a dispersant (which is the liquid used to disperse and suspendthe
particlesfrom the solid sample). The preparedsample was placed in a
particle size analyzer. The apparatusmeasures particle size by passing a
thin beam of laser light throughthe dispersant. The diameter of a particle
of matter in the dispersantcan be determinedby the amount of light that it

" blocks as the particlepasses throughthe beam. The dimensionmeasured by
this method is the value across the short diameter of the particle. This
means that if a particle is oblong, the machine estimatesthe shortestlength

- across the particle (i.e., the width of the oblong shape, not the length).
The term "diameter"throughoutthis text will be used to describe any linear
profileof any shape.

An importantconsiderationinvolvingthe analysisof particle size is the
dispersantused. The primary concerninvolvedwith the dispersantis
dissolvingthe particle. Any particlesexisting in the tank that are soluble
in the dispersantwill dissolve or decrease in size during the analysis.

5-9
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Dependingon the dispersant,the particlesize analysismay not representthe
true particle size distributionin the tank. In the case of tank 241-C-112,a
mixture of water and glycerinwas used as the dispersingmedium. If a "true"
particlesize distributionis required,the mother liquor (drainableliquid)
of the tank shouldbe used, if possible,becausethe tank particulatesare
already in equilibriumwith the tank mother liquor. The high insolubilityof
the waste matrix suggeststhat the particlesize data acquired should be
acceptable. However, if the ferrocyanidewaste has been hydrolyzedby high-pH
waste, this assumptionmay not be completelyaccurate.

The mean particlesize in the numberdistributionranges from
0.83 micronsto 0.95 micron in diameter for the tank core samples. Table 5-5
presentsthe summaryresultsof the measurements. Plots of the distributions
are presentedas Figures5-5 and 5-6. The first graph is the probability
number density. The number densitygraph is plottedover the acouisition
range of the device (from0.5 to 150 microns). The numbersof particlesin
each size range (shownas a percentageof the whole) are graphed againsttheir
respectivesize ranges to form a distributioncurve, lt can be seen from
Figure 5-5 that the most common occurrences(modes)for particle size range
between0.5 and 1.0 microns. The majority (over 90 percent) of the measured
particlesfit within the narrow band of 0.4 to 1.5 microns, and over
97 percentof the particleshave a diameterof less than 2 microns.

Table 5-5. ParticleSize Distributionby Number:
97_ < 2_m (bothcores).

Sample Mean (_m) Median (_m)

Core 34, subsegment2D, Initial 0.83 0.76

Core 34, subsegment2D, Duplicate 0.94 0.83

Core 36, 92-005 (randomsample) 0.95 0.84

The particlesize in the volume distributionranges from 0.4 microns to
80 microns in diameterbetweenthe two cores. Table 5-6 presents the summary
resultsof the measurements. Under the assumptionthat the density of the
solid material within the tank is constant,the volume distributionis also
the best estimationof the mass particle size distributionof the tank. The
analyzercalculates'particlevolume as the cube of the diameter. These
distributionsare presentedas Figures5-7 and 5-8.

Table 5-6. ParticleSize Distributionby Volume:
100% < 30_m (34-2D);100% < 85_m (36)

Sample Mean (#m) Median (#m)

Core 34, subsegment2D, Initial 8.68 6.05

Core 34, subsegment2D, Duplicate 9.60 6.32

Core 36, 92-005 (randomsample) 33.77 33.26

'! 5-I0
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Figure 5-5. Core 34, ParticleSize
NumberDensity.
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Figure 5-6. Core 36, ParticleSize
Number Density.
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Figure 5-7. Single-ShellTank Core 34, ParticleSize
Volume Density.
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Figure 5-8. Single-ShellTank Core 36, ParticleSize
Volume Density.
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As with the number distribution,the volumedistributionis representedby a
probabilityvolume densitygraph. The averageparticle size in the volume
distributionis considerablylarger than that of the number distribution. In
Core 34 most of the particlesare within the 2.0 to 20 micron range. In
Core 36 most of the particlesare much larger,with particle volumeswidely
dispersed in the 20 to 80 micron range.

The disparitybetweenthe two core sample measurementspossibly indicates
a differencein waste type. In Core 34-2D, over 50 percent of the particles
in the sample have a diameter of less than 6 microns, with close agreement
From the duplicatemeasurement. In the Core 36 sample over 50 percentof the
particleshave a diameterof less than 33 microns. In the retrievaland
subsequenttreatmentof the tank wastes, it may be desirableto design pumping
or filtrationsystemsfor the tank particulate. Therefore,the volume
distributionof the particlesshould not be neglected(i.e., particleswith
diametersof over 33 microns should be consideredin these designs).

5.2.5 Settling Behaviorof DilutedSamples

This suctionanalyzesthe settling behaviorfor the 1:1 and 3:1
water/sampledilutionsand the viscosityas a functionof shear rate on the
3:1 dilution. All results for the as-receivedmaterial and the viscosityfor
the 1:1 dilution have been previouslyreported (HASM 1993). The physical
propertiesreportedhere includesettlingrates and volume percent settled
solids,and weight percent and volume percent centrifugedsolids for the
3:1 dilution and settlingrates and volumepercent settled solids for the
1:1 dilution. The experimentalproceduresused to performthese measurements
were reportedpreviously(HASM 1993).

The physicalpropertiesof the 1:1 and 3:1 dilutionsare summarizedin
Table 5-7.

Table 5-7. PhysicalPropertiesSummary.

Segment

Property 1"I Diiution 3'I Dilution
....

Settled Solids (vol_) 74.4 72.4
m,

CentrifugedSolids

Vol% NM 2i.i

Wt% '" NM 27.0

Density (g/ml)
,=

Sample NM 1.11

CentrifugedSupernate NM I.01

CentrifugedSolid ...... NM 1.39

NM - No measurement.

iI 5-14, ,
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No settlingwas observed in the as-receivedsegmentsamplesover a period
of 3 days. Two dilutions(1:1 and 3:1 water to sample)were prepared,and the
volume percentsettled solids for each of the dilutionsare plotted as a
functionof settlingtime (as shown below in Figures5-9 and 5-10).

The 1:1 dilutionreachesa final volume percent settledsolids
of 74.4 percent. Settling is observedthroughoutthe 3-day period, but the
majorityof the settling is observed in the first 30 hours. The 3"I dilution
reachesa final volume percentsettledsolids of 72.4 percent. The majority
of the solids settling is completewithin 24 hours. Figures 5-9 and 5-10

• illustratethe settingbehaviorover time.

• 5.3 ANALYTICALRESULTS--INDUCTIVELYCOUPLEDPLASMA-
ATOMIC EMISSIONSPECTROSCOPY

5.3.1 InductivelyCoupledPlasma
Assays--GeneralComments

No online multiple inter-elementcorrectionswere performedfor matrix
interferences. The ICP has built-incorrectioncapabilityto adjust for
moderatematrix interferences;however,this functiondoes not performwell on
samplescontainingweight percentquantitiesof iron, aluminum,or uranium.
Single pass off-line correctionswere performedto correctfor high aluminum,
iron, and uraniumcontent in the samples. Processblank values have not been
subtractedfrom the results (exceptfor nickel-fusionand Quality
Controlresults). In the water digestionand drainableliquid assays,the
singlemost prevalentelement is sodium,by at least an order of magnitude.
In the Fusion assays,some elements (lead,for example)appear to be at high
concentrationsbecause of the large dilution factorsrequiredfor fusion
samples. Those analytesmay actuallyonly be present in concentrations
marginallyabove the detectionlimit. Seleniumroutinelydemonstrateda low
bias; however, it is not a major analytein the waste matrix. An estimateof
the detectionlimit for any analytecan be obtainedby multiplyingthe
analyte'sdilution factorby the appropriatesample "_g/g Factor"found in the
data packages. Analytes reportedin the data tables are those consistently
contributingsignificantamountsto the compositionof the waste matrix;
averagevalues for the analytesare reportedto 3 significantfigures. The
full range of ICP analytescan be found in the full data packages (HASM 1993).
All reportedconcentrationvalues are based on grams of wet sample, unless
otherwisespecified.

Tables 5-8, 5-9, and 5-10 provide ICP analyteconcentrationinformation
. on the core compositesas a functionof the sample preparation.

5-15
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Figure 5-9. Settling Rate Data for Tank 241-C-112
Core 36, 1"I Dilution.
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Figure 5-10. Settling Rate Data for Tank 241-C-112
Core 36, 3"I Dilution.
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Table 5-8. Water DigestionChemicalCompositeData--ICP
AverageValues.

Analyte Core 34 Core 35 Core 36
(#g/g sample) (#g/g sample) (#g/g sample)

Al 315 330 814

Ca 240 339 385

Fe 1,630 712 1,390p ...,

Na 105,000 60,500 108,000
,.,,,

Ni 1,000 407 792

P 6,380 5,630 16,500
• , ,

U 715 460 4,600

Table 5-9. Acid DigestionChemicalCompositeData--ICP
AverageValues.

Core 34 Core 35 Core 36
Analyte

(#glg) (#gig) (#glg)

Al 23,300 44,600 5,530

Ca 21,700 11,500 17,000

Fe 20,100 26,000 19,500

Na 95,100 70,800 103,000

Ni 17,700 11,100 10,600

P 19,100 18,800 30,800

U 12,100 79,200 83,900

5-17
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Table 5-10. FusionDigestionChemical CompositeData--ICP
Average Values.

Core 34 Core 35 Core 36
Analyte (#g/g) (#g/g) (_g/g)

Al 29,800 45,000 6,410

Ca 28,900 15,000 20,400

Fe 22,800 32,400 26,000
q

Na 115,000 81,600 121,000

Ni" 30,000 19,900 12,800

P 22,000 21,200 36,800

U 14,400 89,700 105,000

Tables 5-11, 5-12, and 5-13 provide ICP analyteconcentrationsas a function
of depth, i.e., for the subsegments.

Table 5-11. Tank 241-C-112Core 34 ICP AnalyteTrending
(fusionprep on subsegments).

Al Ca Fe Na Ni* P
Subsegment

(/_glg) (/_g/g) (#glg) (/_glg) (/_glg) (/_glg)

ID 17,600 28,200 8,500 91,000 22,700 12,800
,,,

2B 32,400 21,700 14,700 89,000 22,200 11,100

2C 17,300 29,900 10,200 90,000 28,200 19,700

2D 26,900 23,800 19,700 78,600 23,500 19,500
II I

W. Leach 315 240 1,630 105,000 1,000 6,380
(Core.Comp)

I III

D. Liquid <DL <DL 1,200 85,700 790 3,800
.....

b

*Ni concentrationsare potentiallybiased high. Values are derived
from ICP fusion performedin a Ni crucible. However, in each case the blank
value was an order of magnitude (or greater) less than the measurement. The
Fusion values are comparablewith acid digestionvalues,where both are
available.

5-18

I



WHC-EP-0640

Table 5-12. Tank 241-C-112Core 35 ICP Analyte Trending
(fusionprep on subsegments).

Al Ca Fe Na Ni* PSubsegment
(/_glg) (/_glg) (pglg) (/_glg) (/_glg) (/_glg)

2D 45,000 15,000 32,400 81,600 19,900 22,2000
II IIII

W. Leach 330 339 712 60,500 407 5,630
(CoreComp.)

I

D.
Liquid <DL 410 750 69,900 440 I 3,960

Table 5-13. Tank 241-C-112Core 36 ICP AnalyteTrending
(fusionprep on subsegments).

Al Ca Fe Na Ni* P

_ Subsegment (/_glg) (/_glg) (/_glg) (/xglg) (/_glg) (/_glg)

IC 14,700 28,900 36,000 81,400 21,800 19,300

ID 4,000 28,600 7,500 81,700 23,000 19,300
,,, |,,

2A 2,900 21,400 11,300 91,800 11,000 21,200

2B 3,100 8,900 8,900 90,600 4,800 25,200

2C 2,100 3,000 15,100 106,000 1,000 33,600

2D 3,000 2,100 31,200 105,100 900 29,900
-_,

W. Leach 814 385 1,390 108,000 792 16,500
(CoreComp.)

D. Liquid None None None None None None

*Ni concentrationsare potent ally biased high. Values are derived
From ICP fusion performedin a Ni crucible. However, in each case the blank
value was an order of magnitude(or greater) less than the measurement. The
Fusionvalues are comparablewith acid digestionvalues,where both are
available.
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5.3.2 Core 34

The ICP assays for the water leach of the core composite and drainable
liquid sampleswere found to be quite similar. Becausethe drainableliquid
is in equilibriumwith the solids and the water leach is done at a
100:1 dilution,the similarityis unexpected. This similaritysuggeststhat
some solublecompoundshave crystallizedfrom the drainableliquid in the
solids in additionto the insolublematerials. The water leach of drainable
liquid sampleswere comparedand used to determineRPDs for the analytes.
RPDs were very close for all major analytes,within 2.5 percent.i m

L

The acid digestionassay for the drainableliquid gives resultssimilar
to those obtainedfrom the core compositewater leach. This treatmentwas
done on a liquidsample to solubilizeany particlessuspendedin the sample
not removedb:'filtration. The major elementsfound were sodium,phosphorus,
iron, uranium,nickel,potassium,and calcium. A full qualitycontrol suite
was performedon the drainableliquid;the percentrecovery for spiked samples
and controlswere excellentin each case (all recoverieswere greater than
92.6 percent). On the solid samples,spike concentrationsfor iron, sodium,
and nickelwere insufficientfor quantitation(i.e.,the concentrationof
these analytesin the samplewas too high for the spike to be detected).
Resultsfrom the subsegmentsand core compositescorrelatereasonablywell
with the fusionresults. RPDs are good (most are within 20 percent),except
for calcium,iron, manganese,and zinc. The calciumanomaly is believed to be
the resultof a high system blank. The iron, manganese,and zinc RPDs are
outsidethe typical20 percentprecisioncriteria. This behavior is
demonstratedthroughoutthe acid digestionanalysesand was not unexpected.
Both the In Farm simulantmatrix and homogenizdtionsampleswere highly
resistantto acid dissolution,and the sampleswere expectedto show similar
behavior. The ICP homogenizationtest resultsshowed no significant
differencebetweenthe top and bottom samplesof subsegments2C and 2D,
respectively. However,high RPDs for iron, manganese,zinc, and aluminumfor
each segmentsample indicatethe possibilityof heterogeneitydue to a
crystallineor particle inclusion.

The RPDs for the fusion ICP assay were found to be generallygood for the
subsegmentmajor analytes,routinelywithin 20 percent. However, there was
not enough sample to performa duplicatemeasurementon the core composite.
The fusionresultscorrelatereasonablywell with the acid digestionassay,
withir_30 percentfor major analytes. This differencebetween acid and fusion
digestionICP resultsfurther indicatesthe high insolubilityof the waste.
A high iron processblank was found in this sample,and its source is
undetermined.

5.3,3 Core 35

The ICP assays for the direct drainableliquid and acid digestionof the
drainableliquid sampleswere found to be almost identicaland quitesimilar
to the water leach of the core composite. RPDs were very good for ali major
analytes(within20 percent).

: ,, 5-20
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The acid digestionassay for the drainableliquid gives resultssimilar
to those obtained from the core compositewater leach. A full qualitycontrol
suite was performedon the drainableliquid percentrecovery for spiked
samples,and controlswere excellentin each case (above90 percent for major
analytes). The predominantelementsfound were sodium,phosphorus,iron,
uranium,nickel, potassium,and calcium. On the solid samples, spike
concentrationsfor iron, sodium,and nickelwere again insufficientfor
quantitation. RPDs were generallyhigher than Core 34, but within 20 percent,
except for calcium, iron, and low concentrationanalytesnear the detection
limit in the 5x dilution run (the samplewas diluted to five times its

" original volume). Concentrationsof 8 to 9 percenturanium,4 to 5 percent
aluminum,and 3 percent iron make accurateinter-elementcorrectionfor matrix
interferencesdifficult;thus, the high concentrationlevels of many

' "unlikely"analytes (suchas lanthanum,neodymium,and thallium)are probably
the result of inadequateinterelementcorrection. RPDs for most analytes
significantlyabove the quantitationlimit were within the duplicateprecision
criteria of 20 percent,except for aluminum,uranium,and plutonium.
Duplicateanalysesfor this assay were unusual--nearlyall analytes found in
the duplicateare 15 to 20 percentlower than the original. The exceptionin
this case is aluminum,which was 30 percenthigher. This behavior suggests
that the poor RPDs are the result of an aluminumcompound inclusion. The
homogenizationtest showedno significantdifferencefor subsegment2D top and
bottom. The RPDs were acceptable;consequently,the homogenizationof the
sampleswas consideredadequate. The homogenizationtest values comparedwell
with the core compositeresults. Some small siliconinhomogeneitywas
observed.

The fusion assay appearsto improvequantitationfor aluminumand
silicon. Results for analytesthat requiresignificanturanium correctionand
have low concentrationshould be consideredqualitative(chromium,calcium,
titanium,barium, lanthanum). RPDs for major analytesare good (within
15 percent).

5.3.4 Core 36

There was no drainableliquid associatedwith these samples. Water leach
RPDs of the core compositeswere found to be poor (generallyabove
25 percent). This behavioris attributedto differencesin particle size and
solubilityin the aliquotsused to make the composite.

The acid digestionvalues for the core compositecorrelatewell with the
fusion results. RPDs on Ix and 5x dilutionsare very good except for calcium
and analytes near the detectionlimit in the 5x dilution run (potassium,
lanthanum,neodymium,thallium,and vanadium). RPDs for all analytesthat are
above the quantitationlimit were within the 20 percentprocesscontrol
criteria. Percentrecovery for spiked samplesand controlswas good except
for those analytes for which the spike was less than 25 percentof the
measured sample concentration. Digestion spike concentrations for aluminum,
calcium, iron, manganese, sodium, nickel, and uranium were insufficient for
percent recovery quantitation. As previously noted, selenium demonstrates a
low bias (50 percent) for both spiked samples and controls. The
homogenization tests on subsegments IC, top and bottom, and 2D, top and

bottom,showed no significantvariationwithin the subsegment(<10% RPD).
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However,a large variationis observed betweenthe two subsegments. This
behaviorwas expected from the process historyof the tank (e.g.,the waste
heel that remained prior to adding scavengedwaste). Based on sample RPDs,
the homogenizationof the samplesappearsadequate.

The RPDs for the fusion ICP assay were found to be generallygood for the
subsegmentsand core compositemajor analytes,each within 20 percent.
RPD for iron is good, contrastedwith poor RPD for iron in the acid assay.
This also suggests a minor sample inhomogeneity.

5.4 ANALYTICALRESULTS--IONCHROMATOGRAPHY

5.4.1 Ion ChromatographyAssays--GeneralComments

IC analyseswere performedon water-leachedsamplesof the subsegments,
core composites,and diluted samplesof the drainableliquid (where
applicable). Matrix componentsin some of the sampleswere found to affect
detector performancereversiblyduring the analysisfor free cyanide; thus, a
modificationto the procedureusing pulsed electrodecleaning between sample
injectionswas incorporatedto overcome that effect. In addition,the free
cyanide assay producedmuch higher resultsthan those anticipatedFrom the
simulantstudies. No spike or control standardwas used for the free cyanide
analysis;therefore,these resultsmay not be representativeof the free
cyanide in the samples. Quantitationfor fluoride (and possibly chloride)was
compromisedby a co-elutingmatrix interference,probably organicsof some
type. This suppositionis supportedby the TOC resultsfrom the water leach
samples. The TOC values,althoughnot high, are large enough to potentially
interferewith fluoride and chloridedetection. Further informationregarding
the IC analytescan be found in the full data packages (HASM 1993).

Table 5-14 shows the concentrationof IC analytesfor each core composite
sample. Tables 5-15, 5-16, and 5-17 provide IC analyteconcentrationsas a
functionof depth. Tables 5-18, 5-19, and 5-20 provideadditional information
on other anions as a functionof depth. These anions were not determined by
the IC method. ReportedpH values for the subsegmentsand core compositesare
for 1"100 diluted samples;therefore,only the pH measurementof the drainable
liquids (directpH measurements)are meaningful. The TOC and total inorganic
carbon (TIC) assays are not consideredcapableof measuringthe total cyanide
in the waste because they depend on acid dissolutionsto perform the analyses.

5.4.2 Core 34

Fluoride spike recovery in the core compositewas 50 percent; the poor
recoverywas attributedto matrix interference. All other spike recoveries
(where applicable)ranged between87 and 139 percent, indicatingsome minor
matrix interferences(generallybiased high). Control standardrecoveries
ranged from 87 to 112 percent,indicatingthat the analysiswas in control at
the time of the assays. The drainableliquid results are similar to the core
compositeand subsegmentwater leach results. This suggestsa liquid in
saturatedequilibriumwith the solid core material. RPDs were within
!5 percentfor al! !C anions.
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Table 5-14. Ion Chromatography--CompositeData Results (waterleach).
.....

Analyte Core 34 Core 35 Core 36
(#g/g) (/_g/g) (#g/g)

,,..,, , , ,, ,

NO2" 62,000 34,500 52,500
, ,, , .....

NO3. -'I 80,000 43,500 7I,500, ..,. ..

PO43" Ig,I00 17,850 49,500
.. • • . ., __

.. SO_2"'''' 15,600 8,600 13,7O0,, . ,., ..........

c1 1,3oo 750 ,oso
F 1,0oo 3oo 4so

.,n. , ,,.. .,, ,

Free CN" 2,050 780 1,300
..,, ,,

Total CarbonI 11,700 6,100 7,000
,, ., ,.,, ,. ,.,, .. ,,, ,.

TOCI 3,I00 I,200 3,IO0
., . , ,,, . ,,.,, ,,,

TICI 8,600 r 4,900 4,000
, ,, , , ., ,. ., . .

Total Cyanide2 9,700 NM 7,100
.......

ITotalCarbon,TOC, and TIC are not IC analyses,but are
consideredanions (TOC + TIC = Total carbon). Thus, it seems
appropriateto includethem with this table.

"TotalCyanide is not an IC anion. Presentlyit is a
developmentalassay; however,the total cyanide assay is importantin
interpretingthe data.

IC = Ion chromotography.
NM = No measurement.
TIC = Total inorganiccarbon.
TOC = Total organiccarbon.
Note" All IC resultsare obtainedfrom a water leach preparation.

Table 5-15. Tank 241-C-112Core 34 IC AnalyteTrending.
,,,

NOz" NO3" PO43" S042" Cl FSubsegment
(#g/g) (#g/g) (#g/g) (/_g/g) (/_g/g) (/_g/g)

,.,,,, .,

ID 60,000 79,000 1I,650 14,400 I,I00 i,000
, i , -,,

2B 53,500 69,500 12,100 13,050 1,000 900
.........

2C 48,500 64,500 11,500 11,750 900 900
.... , ., ,, , ......

" 20 45,500 59,500 i7_500 11,150 850 950
I I II III II II

W. Leach 62,000 80,000 19,100 15,600 1,300 1,000
(Core Comp.)

I III I [II H I I IIIII

D. Liquid 55,000 72,000 11,250 11,650 1,000 600
_--,
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Table 5-16. Tank 241-C-112Core 35 lC Analyte Trending.

NO2" NO3" PO43" S042" C1" F"Subsegment
(_g/g) (#glg) (#glg) (#glg) (_glg) (_glg)

2D 34,500 43,500 17,800 8,600 850 300

D. Liquid 46,000 58,500 12,900 10,900 900 300

Tab'e 5-17. Tank 241-C-112Core 36 IC Analyte Trending

NO2" NO3" PO43" S042 CI FSubsegment
(#g/g) (#g/g) (#glg) (_glg) (_glg) (_glg)

IC 48,000 62,000 16,600 12,050 900 450

ID 51,000 66,500 17,800 13,000 1,000 500

2A 48,500 66,000 22,850 12,400 900 500

2B 30,000 42,500 20,400 8,050 600 400

2C 32,000 46,000 40,500 8,600 650 400

2D 35,000 51,000 55,000 9,500 700 1,150

W. Leach 52,500 71,500 49,500 13,700 1,050 450
(CoreComp.)

• II I

D. Liquid None None None None None None

Note: All IC results are obtainedfrom a water leach preparation.

Table 5-18. Tank 241-C-112Core 34 Misc. Analyte Trending.

TIC TOC Free CN Wt% Total pH
Subsegment (_g/g) (#g/g) (#g/g) Carbon

ID 7,700 4,900 1,900 1.3 9.77

2B 5,400 3,000 1,600 0.8 9.89
, ,

2C 5,200 3,100 1,400 0.8 9.31
,,

2D 6,600 4,000 1,200 1.1 9.72

W. Leach 8,600 3,100 2,050 1.2 10.33
(Core Comp.)

I

D. Liquid 5,600 2,000 1,600 0.7 10.30
....
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Table 5-19. Tank 241-C-112Core 35 Misc. Analyte Trending.

TIC TOC Free CN" Wt% Total pH
Subsegment (#g/g) (#g/g) (#g/g) Carbon

2D 3,700 2,500 800 0.6 9.77

W. Leach 4,900 1,200 800 0.6 9.77
(Core Comp.)

i i

. D. Liquid 4,700 1,400 1,000 0.6 10.47

' Table 5-20. Tank 241-C-112Core 36 Misc Analyte Trend ng.

Subsegment TIC TOC Free CN" Wt% Total pH
(#g/g) (#g/g) (#g/g) Carbon

IC 4,000 8,200 I,100 i.i 9.12

ID 5,400 4,900 I,200 i.0 9.57

2A 4,500 3,900 I,200 O.9 9.54

2B 2,500 2,700 700 0.5 8.92

2C 3,400 2,900 800 0.6 9.29
.......

2D 2,900 2,300 900 0.5 9.36
II

W. Leach 5,300 1,400 1,300 0.7 9.2
(Core Comp.)

D. Liquid None None None None None

5.4.3 Core 35

IC analyseswere performedon drainableliquid and core compositewater
leach samples. Samplesexhibitedcharacteristicpoor spike recovery for
fluoride (40 percent). Spike recoveriesfor the other anions indicateminimal

matrix interference_i The water leach sample spike recoveriesfor NO3, PO43,and S042"were signi cantly higher than normal (136percent, 129 percent, and
. 122 percent, respectively). This behaviorwas attributedto sample

inhomogeneityby the investigator. Control standardrecoveriesranged from
83 percentto 112 percent;chlorideshowed a recoveryof 132 percent. Other
chloridespike controls run at the same time showed96 percent and
92 percentrecovery. Analyseswere consideredin control at the time of the
assays. The drainableliquid samplesexhibitedgood RPDs for all anions,
within 5 percent. Analyte concentrationsin the drainableliquid corresponds
with the concentrationsin the water leach samples.
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5.4.4 Core 36

IC analyseswere performedon subsegmentand core compositewater leach
samples. No drainableliquid was recoveredwith the Core 36 samples.
Subsegment36-IC water leach samplesexhibitedcharacteristicpoor spike
recoveryand RPD for fluoride (37 percentand 22 percent,respectively).
Spike recoveriesfor the other anions ranged from 80 percentto 111 percent,
indicatingminimal matrix interferences. Control standard recoveriesranged
from 91 to 107 percent. The analyseswere consideredin control. Consistent
behaviorbetween subsegmentswas found for NO_',NO_',and SO42, chloride,and
free cyanide (i.e.,when NO is low, free cyanideis low, etc.), possibly• 2-

indicating a matrix interferencefor free cyanide from the other anions.
Phosphateand fluoride showed significantdifferencesand do not, in general,
track the behavior of the other anions. This is possibly associatedwith an
intrinsicsample inhomogeneityrelativeto these anions or a heterogeneity
associatedwith tank 241-C-112itself (i.e.,a waste heel)..The core
compositewater leach resultsmagnifythe effect of the sample
inhomogeneity/tankheterogeneity. This poor reproducibilityof sample and
duplicateis common for inorganicwater leach assays on this sample matrix.
RPDs are consistentlyhigh for all analytes,rangingfrom 22 to 43 percent.

5.5 ANALYTICALRESULTS--RADIOCHEMISTRY

5.5.1 RadiochemistryAssays--GeneralComments

Analyses appear to be consistent Total beta measurementscalculated
using 9°Srdetector efficienciesare largely in agreementwith the sum of the
major beta emitters,9°Srand 137Cs. Similarly,the total alpha values show
good agreementwith the sum of the neptunium,plutonium,and americium/curium
values The gamma energy analysesresultsobtainedfrom wet chemistry
correlatewith the results from the segmentgamma scans. Detectionof 137Cs
and most other radionuclideswas observedto increase as a functionof sample
preparation. This was attributedto the abilityof the sample preparationto
dissolve the waste (KOH fusion dissolvesthe sample better than acid; acid
dissolvesthe sample better than water). Uraniummeasurementswere obtained
from ICP fusion and laser fluorimetry,and show reasonablygood agreement
betweenCore 34 and 36. Core 35 has a large discrepancybetweenthe two
measurements,which can be attributedto matrix interferencesor differences
in sampleparticle size Alpha energy analysisand GEA show good agreement
for _"Am. GEA analyticalvalues are back-correctedto January I, 1992, to
account for decay.

Tables 5-21, 5-22, and 5-23 show the radionuclideconcentrationsfound in
the core compositesamples. Tables 5-24, 5-25, and 5-26 show fission product
concentrationand uranium concentrationsas a function of depth•
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Table 5-21. Core CompositeFissionProducts (fusionprep).
.....

137Cs 9°Sr IS4Eu ISSEu 60C0 Total
Beta

Core No. (_Ci/g) (#Ci/g) (#Ci/g) (_Ci/g) (_Ci/g) (#Ci/g)

Core 34 750 3,500 1.25 1.27 0.03 7,070

_Core 35 700 3,200 2.01 2.22 2.1 E_04 7,000

Core 36 800 510 0.156 ND 0.006 1,70'0
,,,

. ND = Not detected.

• Table 5-22. Core CompositeUranium.
....

238U 23SUn U_ mass
U(#g/g)i_pfU$_ (_g/g) mass fraction fraction

Core No.

core ,4oo o
Core 35 89,700 44,300 0.993112 0.006761

Core 36 105,000 94,050 0.993100 0.006780
....

FL = Uranlummeasurementby laser fluorlmetry.

Table 5-23. Core CompositeTransuranics(fusionpreparaton).

237Np 238pu 239124°pu 2"IAm a41Am Total
Core No. (#Ci/g) (#Ci/g) (#Ci/g) ,,,,(j_Ci_' E

,..,

Core 34 6.62E-04 0.0137 0.155 0.76 0.613 0.95

Core 35 1.20E-03 0.0137 0.151 1.05 0.763 1.18

Core 36 4.09E-04 0.0033 0.0593 ND 0.0612 0.17

AEA = Measurementby alpha energy analysis.
GEA = Measurementby gamma energy analysis.
ND = Not detected.
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Table 5-24. Tank 241-C-112Core 34 RadionuclideTrending
(fusionpreparaton).

137Cs 9OSr Uic.
Subsegment (_Ci/g) (_Ci/g) (_g_g)

ID 240 ],300 None

2B 610 4,900 3,000

2C 800 1,100 5,700
,, ......... ,

2D 510 2,500 20,000 "
II

W. Leach (Core Comp.) 6.16 27.88* 715
I Ill '

Acid Digestion 0.04 0.35 1,130 "
(D Liquid)

*Value from total beta analysis.

Table 5-25. Tank 241-C-112Core 35 RadionuclideTrending
(fusionpreparation).

..

137Cs 9OSr ,Uxc)_
Subsegment (/_Ci/g) (/_Ci/g) _/xg/g),,,

2D 700 3210 89,700
ml I

W. Leach 5.2 N.M. 460
(CoreComp.)

ill

Acid Digestion 0.007 0.23 928
(D Liquid).....

Drainablelicuidsare measureddirectly.

Table 5-26. Tank 241-C-112Core 36 RadionuclideTrending
(fusionpreparation).

137Cs 9OSr UxcP
Subsegment (/_Ci/g) (/_Ci/g) (/_g/g)

IC 560 1,900 4,400
....

ID 1,200 15 3,100
,,

2A 880 20 40,000

2B 530 70 17o,ooo
,m

2C 100 140 110,000

2D 40 200 58,000
III I

W. Leach (Core Comp.) N.M. 11.8" 4,600
II III I ..........

D. Liquid None None None
.....

*value from total beta analysls.
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5.5.2 Core 34 Radiochemistry

Mass fractionsfor isotopicplutoniumare 239Pu= 0.93936;24°Pu= 0.0579.
The concentrationof Z3SUwas too high to determine238pu by mass spectrometry,
thus, alpha energy analysisof the separatedplutoniumfractionwas used to
determineZ38pu. Processsample blanks show small levels of contaminationfor
selectedisotopes. However,the contaminationis negligiblewhen comparedto
the activity in the solid samples. Radiochemicalrecoveriesfor specific
analytesof interestfor all samplesare as follows. 9°Sr(92 to
105 percent),uranium (101 percent),Z37Np(94 percent),plutonium
(92 percent),and americium/curium(103 percent).

, 5.5.3 Core 35 Radiochemistry

Uraniummeasurementsfrom laser fluorimetryhad an averagechemical
recoveryof 104 percent. The neptunium,plutonium,and americiumFractions
were separatedand counted. Plutoniumconcentrationwas too low to perform
isotopicanalysis by mass spectroscopy. Alpha energy analyseswere used to
determineisotopicplutoniumratios and other alpha emitter concentrations.
Problemswere encounteredin performingthe plutoniumanalysisof the
drainableliquid;erraticresultsand behaviorof the sampleduring analysis
was observed.

5.5.4 Core 36 Radiochemistry

Mass fractionsfor isotopicplutoniumare Z39Pu= 0.95887;
24°pu= 0.03943. The concentrationof 238U 23Bpuwas too high to determine by
mass spectrometry;thus, alpha energy analysisof the separatedplutonium

Z38puFractionwas used to determine . Processsample blanks show small levels
of contaminationfor selectedisotopes,similarto Core 34. The contamination
is negligiblewhen comparedto the activity in the solid samples. These
levels are significantfor tritium and 6°Co measuredby GEA; however,neither
of those analytescontributesubstantiallyto the radiologicalcontent of the
waste Radiochemicalrecoveriesfor specificanalytesof interestfor reagent
or simulatedmatrix standardsare as follows" 9°Sr (101 percent),uranium
(107 percent), 237Np(89 percent), plutonium (96 plutonium), and americium
(100 percent).

5.6 ANALYTICALRESULTS--ENERGETICS
w

ScanningTGA and DSC were performedon subsegmentand core composite
material obtained from tank 241-C-112. These two thermalanalysistechniques

" are useful in determiningthe thermalstabilityor reactivityof a material.
In DSC analysis,heat flow over and above the usual heat capacity of the
substanceis measuredwhile the substanceis exposed to a linear increasein
temperature,i.e., dT/dt = Constant (whereT=temperature,and t=time). While
the substanceis being heated,air is passed over the waste material to remove
any gases being released. The onset temperaturefor an endothermicor
exothermicevent on a DSC is determinedgraphically. The endpointsof the
event are determinedand a line is drawn betweenthem to establisha base.
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A line tangentto the initialside of the event is drawn until it intersects
the base. From that point of intersection,a verticalline is constructedto
the temperaturescale at the bottom of the DSC curve; that temperatureis the
onset temperatureof the event.

TGA measures the mass of a samplewhile the temperatureof the sample is
increasedat a constant rate. Again, dT/dt is constant;the X-axis is
representativeof the runningtime of the analysis as well as the temperature
increaseof the sample during analysis. The Y-axis representsthe weight
percentof the sample and is effectivelyunitless. As with the DSC, air is
passed over the sample during heating. Any decrease in the weight percentof
the sample representsa loss of gaseousmatter from the sampleeither through
evaporationor through a reactionthat forms gas phase products.

DSC is often used to measurethermaldecompositiontemperatures,heats of
reaction,reaction temperatures,melting points, and solid-solidtransition
temperatures. TGA is used to measurethermaldecompositiontemperatures,
water content,and reactiontemperatures. The two methods often provide
complementaryinformation.

5.6.1 Remarkson the Interpretationof Differential
ScanningCalorimetry/Thermogravimetric
AnalysisData

Tables 5-27 and 5-28 summarizethe resultsof the thermal analyses
performedL There are three significantfeatures seen on both the DSC and
TGA plots. Severalminor endothermsappear on the DSC, but only endotherms
greater than 20 J/g were consideredas significantfeaturesof the plot. The
values presentedin the tables do not exactlymatch the values recorded on
the DSC and TGA plots. This is because interpretingthese semi-quantitative
analyses requiresconsiderableexperienceand judgementon the part of the
analyst. The values presentedrepresentthe best summaryevaluationof the
data (Tingey1993). Although the temperatureranges observedfor the various
transitionsin the DSC and TGA assaysdo not exactlymatch, the weight losses
and thermalevents in the observedtransitionsare consideredrelated and
usually in the same vicinity.

There is a concern regardingthe choice of cover gas affectingthe DSC
and TGA results. Air was used in the assays insteadof an inert gas because
that is what the test instructionsdirected. However, oxygen in the air may
contributeto the oxidationof the sample and alter the reaction (Pedersonet
al. 1993). This conditionis not consideredrepresentativeof the potential
reactionconditions in the tank; therefore,futureDSC/TGA tests will be
performedunder an inert cover gas.
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Table 5-27. ThermogravimetricAnalysis Results
from Tank 241-C-112.

.....

Core Total Wt% TransitionI Transition2 Transition 3
Sample loss Wt% loss Wt% loss Wt_ loss

...

34-ID 20.2 6.6 13.6 N.A.

34-2B 56.8 52 5.4 -0.6

34-2C 48.7 45 4.0 -0.3
,P

34-2D 39.3 33 6.3 0

, 34-Comp. 40.5 35 6.I -0.6

,,,

35-2D 48.0 42 6.0 0

36-IC 54.6 46 8.9 -0.3

36-ID 51.8 52 2.0 -0.2

36-2A 53.7 52 1.9 -0.2

36-2B 41.0 38 3.1 -0.1
.,,

36-2C 44.8 41 3.8 0
,..

36-2D 50.8 47 3.5 0.3

36-Comp. 54.2 44 2.9 0.3
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Table 5-28. DifferentialScanningCalorimetryEnergeticsResults
from Tank 241-C-112.

TransitionI Transition2 Transition3
Core
Sample Range Onset _H Range Onset _H Range Onset _H

(°C) (°C) (J/g) (°C) (°C) (J/g) (°C) (°C) (J/g)
,, ,,,

34-ID 58-110 62 30 206-312 215 515 356-444 375 -17
__ i

34-2B 30-240 30 847 260-300 276 -12 300-400 349
,,, ,,,,, ,,,,

34-2C 30-240 30 795 260-300 267 -13 300-400 360

34-2D 33-240 33 930 260-300 289 -17 300-400 347
,,,, ,,,,,

34-Comp. 34-240 34 734 260-300 276 -11 300-400 357

35-2D 34-195 34 780 225-290 230 -12
, ,,

36-IC 34-240 34 1,070 260-300 267 -11 300-380 301 31

36-ID 32-230 32 1,310 260-310 277 -16 (a) NA

36-2A 30-230 30 1,110 277-300 280 -10 300-400 305 35

36-2B 33-235 30 870 260-325 298 -9 325-400 330 28
.....

36-2C 33-240 32 830 (a) NA None 305-407 320 36

36-2D 34-172 34 1,060 (a) NA None 300-395 328 45

36-Comp. 34-172 34 880 270-325 288 -19 (a) NA
.......

(a) This transitionis not quantifiable.
NOTE' To convertfrom J to cal, divide by 4.18.
NOTE" Negative_H indicatesan exotherm.
NA = Not applicable.
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5.6.2 GeneralComments on the Differential
ScanningCalorimetry/Thermogravimetric
AnalysisBehavior of the Samples

The first transitionin each sample is endothermic,begins at the lower
temperaturelimit of the analysis (30 °C), and is essentiallycompletebetween
140 °C and 200 °C. The most likely phenomenonoccurringin this region are
the release of the bulk and interstitialwater in the core sample material.
The endothermsexhibited in this region are quite substantial(typically,
700 to 1,200 J/g). These values are per gram of wet sample; if divided by the

" mass fractionlost during analysis,they range from 1,400 to 2,600 J/g and
correspondgenerallywith the heat of vaporizationof water (2,260 J/g).
In addition,the majority of the weight percentchange observed in the TGA

' curve occurs over this same temperaturerange. The TGA water content
correspondsclosely (but not exactly)with the water loss observed in a
gravimetricweight percentsolids determination. Some of this discrepancyis
attributableto the time elapsedbetweenthe two assays. In some cases, up to
two months pass betweenthe gravimetricweight percent solids assay and the
TGA measurement. Extendedexposureto the ambienthot cell conditionsare
believedto have dried the sample somewhatin that period of time; thus, some
of the water contentmeasurementsmay be biased low. The warm, dry conditions
in the hot cell will removemoisturebetween the time of the sample assays.
However, the results from the two methods are generallyin agreement (Core35
was an anomaly).

Exothermsand additionalweight loss are routinelydetected between260
to 300 °C in all the samples. Similarexothermsand weight changes have been
observedin previous thermalanalysisstudiesof Cs2NiFe(CN)6(Scheele
et al. 1991) and other simulantmaterials (Bechtold1992; Jeppson 1993).
As reportedpreviously,the dried simulantmaterialsdemonstratemuch larger .
exothermicresponsesthan those observed in tank 241-C-112waste However,
the magnitudeof the exothermsobservedcorrelatesroughlywith the predicted
exothermsderived from the amount of cyanidepresent in the waste (reFer to
Table 5-29 and 5-30), based on the Fauske (1992)determinedvalue of
-3.95 kJ/g NaRNiFe(CN)6. The weight losses are attributedto the loss of
gaseousreactlonproducts ahd waters of hydration.

Table 5-29. lank 241-C-112Core 34 EnergeticComparison.

Wt% EquivalentWt% .........Measured
Total Total Theoretical

Subsegment Cyanide Ferrocyanide Heat of Reaction Heat of Reaction(cal/gdry
• (dry) (dry) (cal/gdry waste) waste)

ID 0.52 1.06 -10.0 -5.!
,,.,

• 2B 0.43 0.87 -8.3 -6.7
2C 0.83 1.69 -15.9" -6.1

........

2D 0.75 1.52 -14.4 -6.7
......

Composite 0.97 I.97 -18.6 -4.4
.....

NOTE" I cal = 4.18 J.
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T_ble 5-30. Tank 241-C-112Core 36 EnergeticComparison.

Wt% EquivalentWt% Theoretical Measured
Total Total Heat of Reaction Heat of Reaction

Subsegment Cyanide Ferrocyanide
(dry) !dry) (cal/gdry waste) (cal/gdry waste)

IC NM NM NM -5.8
,,,,

ID 0.72 1.46 -13.8 -8.0
,,

2A 0.92 1.87 -17.7 -5.2 "

2B 0.75 1.52 -14.4 -3.7
,,,

2C 0.40 0.81 -7.7 No exotherm '

2D 0.56 1.14 -10.8 No exotherm

Composite 0.71 1.44 -13.6 -8.6

NM = No measurement.
i,IOTE"I cal = 4.18 J.

w

There is an observablethird transitionrange, but here the energetic
behavior is not readily quantifiable. Initially,Cores 34 and 35 appearedto
have some significantexothermicbehaviordetected in the temperatlJrerange
between300 to 440 °C. In the Core 36 materials,the investigatordetected no
exothermicactivity in this temperaturerange. This differencein behavior
was unexpected,especially in light of small, but detectable,cyanide and
organic levels in the waste, suggestingthe potentialfor a corresponding
exotherm. Furtheranalysisof the DSC resultssuggeststhat the observed
activitywas the consequenceof subtractinga rapidly changingbaseline
measurementfrom the analyticalresults. Therefore, it is believedthat there
is no quantifiableexothermicactivity in that temperaturerange. This
interpretationis contraryto previouslyreleased information. A minor weight
gain was sometimesobserved in this temperaturerange, most likely an
oxidationof some type.

The propertiesrelatedto energet:csare illustratedfor each core in
Tables 5-31, 5-32, and 5-33. The res_.:itsfor the samplesfrom 34-ID, 36-2C,
and 36-2D indicatethat these samplesdiffer in thermal behavior from most of
the other samples,further suggestinga differencein waste type.

5-34
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Table 5-31. Tank 241-C-112Core 34 EnergeticsTrending.

AverageHeat
Wt% Wt% Wt% Wt_ Wt_ of Reaction
Total Total Total Water Water (kJ/gdry

Subsegment Cyanide Organic Carbon (Grav) (TGA) waste)(dry) Carbon

ID 0.52 0.49 1.3 45 20 -0.02

2B 0.43 0.30 0.8 53 57 -0.03

2C 0.83 0.31 0.8 58 49 -0.03

2D 0.75 0.40 1.1 52 39 -0.03

Composite 0.97 0.31 NM 38 41 -0.02

Table 5-32. Tank 241-C-112Core 35 EnergeticsTrending.

Wt%
Total Wt% Total Wt_ Wt_ Wt% AverageHeat of

Organic Total Water Water Reaction
Subsegment Cyanide Carbon Carbon (Grav) (TGA) (kJ/g dry waste)

(dry)

2D NM 0.25 0.6 34 48 -0.02

Table 5-33. Tank 241-C-112Core 36 Energetics rending.

Wt_ Wt_
Wt% Wt% Wt% AverageHeat of

Subsegment Total Total Total Water Water Reaction
Cyanide Organic Carbon (Grav) (TGA) (kJ/gdry waste)
(dry) Carbon

1C N.M. 0.82 1.1 49 55 -0.02

ID 0.72 0.49 1.0 58 52 -0.03

2A 0.92 0.39 0.9 57 54 -0.02

2B 0.75 0.27 0.5 41 41 -0.02

2C 0.40 O.Z9 0.6 64 45 No exothermq

2D 0.56 0.23 0.5 56 51 No exotherm

Composite 0.71 0.14 0.7 45 47 -0.04

Heats of Reactionare calculateduslng the TGA wt% water value.
NOTE" I kcal = 4.18 kJ.

The TOC and TIC assays are not consideredcapable of measuringthe total
cyanide in the waste becausethey depend on acid dissolutionsto performthe
analyses.

5-35
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5.7 ANALYTICALRESULTS- POTENTIALWASTECONSTITUENTS

5.7.1 Mass Balances

A method to aid in ensuringthat the data are acceptableis to perform a
mass balanceon the core compositesampledata. This activityfunctionsas a
rough qualitycontrolcheck, and also provides insightto some of the
propertiesof the matrix. To do this, the assumptionin performingthe mass
balanceis that the anions,cations,and water are all associatedin some
manner,but the exact chemistryof the associationis not considered.
Analytescontributingless than 0.2 wt% (generallytrace ICP analytes,
AA analytes,and radionuclides)are considerednegligiblein this assessment.
The assays that will contributeanalytesto the mass balancewill be the
ICP fusion, IC, total carbon,total cyanide assays,and the gravimetricwt%
water measurement. The ICP fusionvalue does not includenickel,which is a
significantanalytein the samplebut may be biased high. However, for the
purposeof this exercise,the nickelvalue from the respectiveacid leach
preparationswill be insertedinto the total mass of ICP fusion analytes to
accountfor it.

Withoutconsideringthe physicaland chemicalpropertiesof the waste
matrix and the contextof the processhistory,the mass balancesproduced from
these assays accountfor 77.2 to 97.9 percentof the mass. However, this
range of recovery is expectedbecauseit is known that there are analytes
presentthat were not measured in the analysisof the samples. The IC anions
only measurethe water-solublecomponents;there is a substantialinsoluble
residuethat must containadditionalanions. There is no measurementof the

sulfidecontent in any of the assays,even though it has been previously
establishedthat 28,100 g-mol of S"_,was used in scavenging6°Co. Thus, an
additionalcontributionof 2100 #g/g has been estimatedas necessaryto aid in
closingthe balance. Bismuthwas not reported in the assays, and BiPO4 first
cycle waste was recordedas being disposedhere, introducinga potential
shortfall.

Aluminum is likely presentas AI(OH)3,and other transitionmetals are
also likelypresent as hydroxidesor hydrousmetal oxides. Neitherhydroxide
ion or oxide content has been measured in the waste, introducingadditional
sourcesof shortfallin the recovery. Therefore,multipliersfor
aluminum (2.9),iron (1.6),nickel (1.6), and uranium (1.3)will be used to
accountfor the unmeasuredhydroxideor oxygen,which are assumed to be
presentin combinationwith these analytes. Only metals making weight percent
contributionsto the waste matrix will be adjusted in this manner; the trace
metals will be assumedto be lost in the error of the major constituents.
Adjustmentswill be made individuallyfor TOC, TIC, and total cyanide, lt is
assumedthat the TOC and TIC assaysdid not consumeor measure any cyanide
present. In addition,a significantdisparitycan be accountedfor by
comparinqthe solublephosphorusfrom the water leach ICP (and assumingthat
it is PO_'), PO43"values from the lC, and the phosphorusfrom the ICP fusion
assay;the phosphateis only 27 to 44 percent soluble. The water leach ICP
and lC values agree within 3 percent,strongly suggestingthat the soluble
phosphorusin the waste matrix is present as PO' The processhistoryof4 "

the tank also indicatesthat large amountsof phosphatewere used to encourage
, precip i_'_ _..... _ _ .... _........... _ ___ __a_e ,vw,,d_ion._,_r_ur_, d_ d_ump_ion t,_d__e phosphorusin the
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fuston assay represents an tnsolu_.e PO4z" is not unwarranted (convert the
phosphorus tn the ICP assay to PO_ and add it along with the water soluble
phosphate and other anions). A minor accounting shift is now necessary to
avoid double counting (subtract the ICP fusion phosphorous value).

Accounting for the analytes in this manner aids in closing agreement and
improving the percent recoveries to between 96.6 percent and 119.3 percent
(near quantitative recoveries). However, there remain someaspects of the
waste matrices that require examination. Tables 5-34, 5-35, and 5-36 present
mass balances that have been adjusted to compensate for the contributions of

" unmeasured (but likely)analytescombinedwith the measuredanalytes. There
may have been some error introducedfrom drying of the sampleduring the
preparationof the core composite,especiallyin the case of Core 34, where

, the subsegmentshave a substantiallyhigherwater content than does the core
composite,biasingthe resultslow. In the case of Core 35, the disparity
between the gravimetricwater measurementand the TGA water content also
suggests (I) drying of the sample beforethe gravimetricassay;or
(2) incompletedrying during the gravimetrictest, which biasesthe results
low.

Table 5-34. Adjusted Mass Balance" Core 34 Composite.

Assay Concentration
(/_glg)

ICP--Fusion(+ Ni from acid leach;-P; 329,000
Al, Fe, Ni, U, adjustments)

lC Anions (TOC_ TIC, and CN adjustments; 306,000
+P as P043; +S")
GravimetricWater 380,000

-Total (1,000,000/xg/g) 1,015,000

Table 5-35. AdjustedMass Balance" Cor( 35 Composite.

Assay Concentration
(#g/g)

ICP-_Fusion(+ Ni from acid leach; -P; 414,000
Al, Fe, Ni, U, adjustments)

lC Anions (TOC_ TIC, and CN" adjustments; 212,000
. +P as P043";+SL')

GravimetricWater 340,000

Totai (1,000,000#g/g) 966,000
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Table 5-36. Adjusted Mass Balance" Core 36 Composite.

Assay Concentration
(_g/g),.,

ICP--Fusion(+ Ni from acid leach;-P; 404,000
Al, Fe, Ni, U, adjustments)

ICAnions (TC)C,TIC, CN" adjustments;+P 339,000
as p043; +S_')

GravimetricWater 450,000

Total (1,000,000_g/g) I,193,000 "
,.,

5.7.2 SuggestedComponentsof Waste Matrix

The actual compositionof the waste matrix is quite complex,and trace
amountsof variouscompoundsprobablyexist in the tank. However,with some
simple assumptionsregardinghow the anions and cationswill combine,a list
of the most probablecompoundsthat exist in the waste matrix and contribute
significantlyto its overallmakeup can be developed.

Table 5-37 is a condensedversion of a more general chart found on
page D-147 in the Handbookof Chemistryand Physics64_ Ed. (Weast 1984).
lt provides solubilitydata on some of the most common anions and cations.

Table 5-37. ProbableSolids in the Waste Matrix.

CN C032- S2-NO_ NO_ PO43" S042" OH (asFe(CN):

Al+3 PPT PPT PPT NL
....

Ca+2 PPT PPT PPT

Fe+2'+] PPT PPT PPT PPT
+

Na

Ni_2 PPT PPT PPT PPT PPT
p....

U+6 NL PPT PPT PP, PPT
L.,

PPT = Precipitateforms.
NL = Precipitateformationnot likely under tank conditions.

From the earlier tables and process information, chloride, fluoride,
sulfide, and even ferrocyanide will not be significant mass contributors to
the waste matrix. Sulfide and cyanide precipitates are significant because
they provide a potential fuel source; however, it is generally believed that
the sulfides were eventually converted to sulfates. Sodium, NO_, and NO_are
highly soluble, and thus probably do not contribute much to the insoluble
solids. However, they contribute significantly to the overall solids content
of the waste (dissolved + insoluble solids). In addition, they represent
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three of the four most prevalentanalytes,after water, in the waste. No
analyticalmeasurementof hydroxidewas made, but it is known that in the
processhistory of tank 241-C-.112,basic solutionswere added routinelyto the
tank. Likely candidatesfor th_ insolublesolids are as follows"

• Aluminum hydroxide,AI(OH)3
• Aluminum phosphate,AIPO4
• Tetraaluminumferrocyanide,AI4[Fe(CN)6]3
• Calcium phosphate,Ca3(P04)2
• Calcium sulfate,CaSO4
• Calcium carbonate,CaCO3
• Iron carbonate,FeCO3
• Iron(II)hydroxide,Fe(OH)2

- • Iron(III)hydroxide,Fe(OH)3
• Iron(II)phosphate,Fe3(P04)2
• Iron(III)phosphate,FePO4
• Iron sulfide,FeS

• Iron(III)ferrocyanide,Fe4[Fe(CN)_]_
• Disodium nickel ferrocyanide,Na2NIFe(CN)6
• Nickel carbonate,NiCO3
• Nickel sulfide,NiS
• Nickel hydroxide,Ni(OH)2
• Dinickel ferrocyanide,N]2Fe(CN)6
• Uranyl phosphate,UO2HPO4.4H20
• Uranyl hydroxide,UO2(OH)2
• Uranyl sulfide,UO_S
• Uranyl sulfate,2(002S04),7H20.

The 137Cspresent is still apparentlybound with the ferrocyanide,and
the 9°Sris probablybound with phosphate,carbonate,or sulfate.

5.7.3 Comparisonto TheoreticalEstimates
and Simulant Studies

Agreementbetween syntheticsludge propertiesand observedwaste material
characteristicsis within the constraintsof the syntheticrecipesand
assumptionsregardingchemicalbehavior in tank 241-C-112. Comparisonswith
Core 35 were not made becauseof its small sample size. On this basis it was
assumedthat valid comparisonscould not be made, and that Core 35 was not a
representativesample of the tank waste. Table 5-38 compares some properties
and analyteconcentrationsof the waste materialsand comparablesimulants.
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i

Table 5-38. Tank 241-C-112Comparisonof Waste Material with Simulants for
SelectedAnalytes.

In Farm Core 34 values Core 36 values
Analyte simulant subsegmentrange subsegmentrange

values (compositevalue) (compositevalue)
,,,, ,

Ni ug/g* 18,700 22,200 to 28,300 900 to 23,000
(30,000) (12,800)

Wt% H20 51% 45 to 58% 41 to 64%
Gravimetric (38%) (45%)

,,

Wt% 9.I to 0.43 to 0.83 0.40 to 0.92
Total Cyanide 11.3% (0.97) (0.71)
dry basis

_H -1.2 -O.OI to-0.03 -0.01 to-0.03
kJ/dryg (-0.02) (-0.04)

,,

Densityg/ml 1.39 Bulk Value" 1.5 to 1.6 Bulk Value" 1.3 to 1.6

*Ni analysisis potent ally biased high. Valu(s are derived from ICP
fusion performedin a Ni crucible. However,in each case the blank value
was an order of magnitude (or greater) less than the measurement. The
Fusion values are comparablewith acid digestionvalues,where both are
available.

5-40
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6.0 INTERPRETATIONOF ANALYTICALRESULTS

6.1 TANK 241-C-112WASTE PROFILE

Tank 241-C-112received four major types of waste likely to deposit
solidsduring its operatinghistory. The waste types in order were asfollows. ' '

• Bismuthphosphatefirst cycle decontaminationwaste (IC)d

• Unscavengeduraniumrecoverywaste (UR)

. • Ferrocyanide-scavengedwaste (FeCN)from scavengingof UR waste
initiallystored in other tanks

• Claddingwastes (CW).

A small volume of strontiumsemiworkswaste subsequentlywas receivedby the
tank and a relativelylarge volume of B Plant ion-exchangewaste after that.
These last wastes would not be expectedto contributelarge amountsof solids
to the tank. The purpose of this sectionis to attemptto identifythe
locationof the tank waste solids,thereby allowingestimationof the tank
inventoryfor variousanalytesof importance.

The approachtaken to identifythe waste profilewas to examinethe
subsegmentassays for analytesdistinctto the waste types that were disposed
in the tank, and combine that informationwith what is known regardingthe
tank's processhistory. The first waste placed in the tank, via the cascade
inlet from tank 241-C-111,was BiPO4 IC waste. This waste would be
comparativelyhigh in bismuth,phosphate,and aluminumbecausealuminum
decladdingwaste was combinedwith it. The IC solids volume was measured as
57,000 L (15,000gal) in 1952 (Anderson1990). This volumewould amount to
32.8 cm (12.9 in.) in the tank bottom. The tank next receivedUR waste with
solids comparativelyhigh in uraniumand iron and low in bismuthand aluminum.
The availablerecordsdo not show whether this waste was added directly to the
tank or via the cascadeoverflow line from tank 241-C-111. Assumingdirect
addition to tank 241-C-112,the estimatedvolume of these solidswould be
approximately55,000 L (14,500gal) at 1.8 vol% of the waste input. This
correspondsto 13.5 cm (5.3 in.) distributedevenly across the tank.

The tank then receivedferrocyaniue-scave.ngedwaste. The solids from
" this waste would be high in nickel,calcium,cyanide (as ferrocyanide),

137Cs,and uranium,althoughthe uraniummay have settledout in the tank
originallyreceivingthe UR waste. Becausesome of the ferrocyanidewaste

- feed was concentrated IC waste (evaporator bottoms), the waste could also be
high in aluminum. The estimated solids volume in tank 241-C-112 at the end of
the scavenging program was between 174,000 and 318,000 L (46,000 and
84,000 gal). This would amount to 61.5 to 96.5 cm (24.2 to 38.0 in.)
distributed evenly across the tank. The last major waste type was aluminum
cladding waste. These materials would be high in aluminum and silica;
however, the solids volume is unknown because the majority of the solids would
be deposited in the first tank to receive the wastes, which was not
tank 241-C-112. The grey/whitesolids seen in the video recordingsof the
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core extrusionsare believedto be claddingwaste; the tan/darkbrown solids
are thought to be ferrocyanidesludge. Their observedpositionduring
extrusionagreeswith the historicalrecord. The volume of strontium
semiworkswaste was small and probablywould not have been visually
detectable. However, it would have a relativelyhigh 9°Srcontent because it
includesstrontiumrecoveryand purificationwaste losses. This
characteristicwould be readily observablein the radiochemistryanalyses.

6.2 REVIEW OF THE SUBSEGMENTANALYTE PROFILES
b

The followingconclusionsare drawn from review of the subsegment
analysespresentedin Section5.0.

Core 34

Chemical analysesindicatethis material is ferrocyanidewaste.
The relativelyhigh nickel,calcium,TOC, and 137Cssupportthis conclusion.
In addition,the total cyanide analysisindicatesresidualcyanide in the
waste. The DSC traces show a small exotherm in the same temperaturerange
where the In Farm simulantsbegin to show reactions;however,the overall
energy release is somewhatlower than expected fnr the measured cyanide
concentrationand much lower than that expected from simulant information.
The high uraniumvalue in subsegment2D is believedto be due to some UR waste
also being present.

Core 35

The only solids recoveredfrom this core were 7.6 cm (3.0 in.) of solids
From the lower segment lassumedto be subsegment2D); thus, the waste origin
is indeterminate. Some analytes (e.g.,nickel,aluminum,calcium, and
phosphate),match Core 34 weil. Other analytessuch as nitrate,nitrite,
uranium, and TOC/totalcarbon values agree better with Core 36. No total
cyanidemeasurementsare available.

Core 36

SubsegmentsIC and !D show high nickel, calcium,TOC, and !37Csanalyte
concentrationscharacteristicof ferrocyanidewastes. Subsegments2C and 2D
are relativelylow in these analytes but high in uraniumand phosphate,which
is typical of UR wastes. The 2A and 2B subsegmentsappear to be a mix of
these two types of waste. The total cyanidevalues trend generallylower as a
functionof waste depth. In subsegmentsIC, ID, 2A, and 2B, the DSC traces
show a small exotherm in the same temperaturerange where the simulantsshow
reactions;again the exothermswere much lower than expected. Although some
measurablecyanide is in the lower subsegments,no correspondingexotherm is
recorded in the DSC measurements. High TOC and 9°Srvalues in 36-IC may
indicatehot semiworks/strontiumsemiworks,which would have had organic
complexantso
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6.2.1 Tank Entrance/ExitEffects
on Analyte Distribution

Figure 6-I shows an elevationand plan of where the core sampleswere
taken. Importantitems to note are that Core 36 (and 35) were taken from
risersnear the ferrocyanidewaste inlet,while Core 34 was obtainednear the
waste pumpoutriser. The decant "float and flex" pump containeda 6.1-m
(20-ft)sectionof flexiblehose that could traversea relativelywide area on
that side of the tank. The cascade fill line (whereBiPO4 IC waste entered
the tank) is closer to the Core 34 sample point than to the Core 35 and 36
risers. The elevationview shows this is a shallow-dishbottom tank and the
bottom of the core sampleswere 33 cm (13.0 in.) above the centerlineinside
bottom of the tank. Also shown is the waste surface,measured from the

, centerlineas 115.1 _+1.3 cm (45.3 +_0.5 in.). The total sample and solids
recoveryfor each of the three cores is shown as well as the top and bottom of
the sample segments. If the solidsrecovery in the bottom of segmentCore 34,
is adjustedto equal Core 36, there is a 18.3-cm (7.2-in.)decrease in the top
solids surfacegoing from riser 8 across the tank to riser 2 (18.3-cm
[7.2-in.]decrease in approximately20.1 m [66 ft]). Figure6-2 shows a
representationof the overallwaste profileof tank 241-C-112and the assumed
volumes,boundaries,and positionsof the various individuallayers as they
are believedto exist.

As new wastes enteredthe tank and distributedthemselvesacrossthe
tank, the material under and aroundthe tank pumpout (Core 34) would be
routinelydisturbed(and occasionallysolidstransferred)in behaviorakin to
the last in-firstout principle. However,the materialbeneath the waste
inlet (Cores35 and 36) would be disturbedinitiallybut, over time, large
stratifiedlayers resistantto mixing would eventuallybuild up. Thus the
influenceof the waste inlet and outlet locationsprovidesinsightto the
contrast in the analyte and waste profiles betweenCores 34 and 36.

The 137Csconcentrationsare nearly uniformin the core composites.
However, the 137Csconcentrationas a functionof depth shows profiles
consistentwith the wastes believedto be associatedwith the subsegments--low
137Csvalues for unscavengedUR wastes, higher 137Csvalues for ferrocyanide
wastes. In addition,the 137Csprofilewas relativelyuniform in Core 34; it
shows a decreasing trend as a functionof depth in Core 36. The 9°Sr
concentration,however, shows a highly skeweddistributionbetweenCores 34
and 36 and unusual concentrationprofilesas a functionof depth for both
cores. Core 34 has extremelyhigh 9°Srconcentrationthroughout;Core 36 is
high in the top subsegmentand then the concentrationfalls dramatically. The

" consistentlyhigh 9VSrvalues in Core 34 are believedto be a localized
phenomenonand not representativeof the 9°Srconcentrationin the tank. This
observationis supportedby heat-loadestimatesdevelopedfrom thermalmodels

• of the temperatureprofilesin the tank. In addition,no mechanismhas been
demonstratedthat has the capabilityto concentrateradionuclidesto levelsof
concern (Dickinsonet al. 1993). The temperatureprofilemodel resultsgive a
heat load of 2.37 _+_0.06kW (AppendixC). A preliminaryheat- load estimate
developedfrom the Core 34 cesium and strontiuminventoriesrepresentingthe
bulk analyteconcentrationsis 5.63 kW. This value is not realistic,given
the temperaturemeasurementsof the tank waste. Another preliminaryestimate,
calculatedfrom Core 36 values (2.33 kW), is much more in agreementwith the
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Figure 6-I. Elevationand Plan of Tank 241-C-112.
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Figure 6-2. Waste Profileof Tank 241-C-112.

Waste
Core 36 Core 34 Surface

i
--q:lC---.__ Supernate _

. ,% F,.
_A FeCN Waste r

_i_l_---,---- i 2B
L_,_/[ C FeCN + UR Waste ,,:-r"c I4

(12.oin.)

293O4019.7

• Dished Bottom' First cycle BiPO4 waste or unscavenged uranium
recovery (UR) waste 57,700 L (15,000 gal)

" • Tank Layer I" Unscavenged UR waste 37,100 L (9,800 gal)

° Tank Layer 2" Unscavenged UR waste and ferrocyanide scavenging
waste 37,100 L (9,800 gal)

• Tank Layer 3" Ferrocyanide scavenging waste 158,000 L (41,800 gal)

• Supernatant" 137,000 L (36,300 gal).
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heat-loadmodel value for tank 241-C-112. Core 35 does not have enoughwaste
to provide a basis for a meaningfulcomparison. Using the model heat load as
a basis, a realistic9°Srconcentration/inventorymay be developed. This will
be shown in Section6.3. The high localized9°Srvalues may be attributable
to the locationof the core samplesrelativeto the waste inlet and outlet.

One of the upper subsegmentsof Core 36 (36-IC)was relativelyhigh in
aluminum,which is typicalfor claddingwastes that were depositedon top of
the ferrocyanidewastes. Aluminumshows similardistributionbehavior to
9°Sr;a high and relativelyuniformconcentrationin Core 34, and in Core 36,
a much lower concentrationthat decreasesas a functionof depth. This may be
reasonablebecausethe same tank conditionsand disturbanceswould have
affectedlater waste transfers. As noted previously(Borsheimand
Simpson 199!), some large transfersfrom tank 241-C-112in the 1970's probably
transferredsome of the uppermostsolids from the tank. None of the core
sample subsegmentsdemonstratedconvincingevidenceof being IC waste solids.
Unfortunately,the bismuthvalues that C!stinguishthis waste were not
determinedvia the ICP fusion analysis, lt is expectedthat the bulk of the
BiPO, IC waste lies below the depth that can be core sampledthrough the
availablerisers.

6.2.2 Comparisonswith the Borsheim/
SimpsonModel Estimates

Calculationsof the 137Cs,nickel,and Fe(CN)_"inventoriesare analytes
appropriatefor comparisonwith the model. Assumptionsregardingthe tank
used in the calculationsfor the analyticalestimates,and the calculations
themselves,are presentedin Appendix A. Table 6-I presentscomparisonsof
the calculatedvalues with the original and revisedBorsheim/Simpsonvalues
after scavengingwas finished.

Table 6-I. Comparisonsof Initialand RevisedBorsheim/SimpsonModel
Estimateswith Values Calculatedfrom AnalyticalResults....

Analyte Borsheim/Simpson RevisedBorsheim/Simpson AnalyticalEstimates

Retained Input 1.0 1.5 (from
(retained)vol% (retained)vol% Section6.3)

,,,,,|

Ni, moles 31,000 78,500 98,8001 93,3001 95,200

137Cs,kCi 124.8 334.8 224.7 205.9 2]7.2
(decayed to 1993)

-4 31 000 78 500 65 900 60 400 8 700Fe(CN)6 , , , , , ,
moles

.... .

IIncludesthe 6°Coscaveng'ngcontribution.
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Several assumptionsmust be made to calculatethe tank contentsbefore
making comparisonsto the Borsheim/Simpsonmodel predictionsfor selected
analytes. In addition,severalassumptionsof that model must be examined
becausethey affect the originalpredictionsregardingthe waste in the tanks,
such as (I) the assumptionof 4.25 vol% solids formation(representativeof
the U Plant materials,not the In Farmwaste); (2) no additionalsettlingor
compaction;(3) negligiblewaste transfer (input/output)effects;and
(4) transfersafter the scavengingprogramdid not meaningfullyaffectthe
conditionof the waste. However,at the time they were obtained,these data
and assumptionswere the best available. As the ferrocyanideprogramevolved,

• more and better data became available.

The developmentof the model providedsome preliminaryunderstandingto
• the conditionand distributionof the waste in the tank. Generally,the model

gave values that were within ___50%of the values calculatedfrom the
analyticalresults. Where agreementwas not good, further investigationfoJnd
reasonablesourcesfor the difference. The range of values developedfrom tile
model was adequateFor defininginitialconditions(and boundingvalues);
however,For analyteslike 9°Srand ferrocyanideitself,Furtherprocess
historycontributedmeaningfullyto the present inventoryin the tank as
determinedfrom laboratoryanalysis. Furtherclarificationwas providedby
physicaland chemicalcharacterizationof flowsheetmaterials,as well as
aging and energeticsstudies. The model functionedwell within the
constraintsplaced on its operation,and it remainsflexibleenough to run
Furthertrials with new parameters,which have been done and are presentedin
AppendixA.

As noted previously,the analyticalnickel values are biasedhigh,
perhaps as much as 20 to 25 percent, by the use of a nickel crucible in the
ICP fusion assay. Because the nickel tracer is biased high and it is unknown
how much of the ferrocyanide solids were actually transported to the cribs,
initial agreement is not ngood between the model estimates and the analytical
results. In addition, _vCo scavenging was done in several of the batches that
were settled in tank 241-C-112, adding to the nickel inventory but not
contributing to the ferrocyanide content. Approximately 32,900 g-mol of
additional nickel was added to the tank in these process runs. Therefore, the
nickel inventory determined from Borsheim/Simpson should be adjusted upwards
by that amount to account for the additional nickel; the model only accounted
for nickel deposited with ferrocyan Je. Agreement between the model values
and the analysis-based estimates closes when the analytical bias is considered
and with inventory adjustments from the cobalt-scavenging contribution.
However, with all of the caveats associated with it, the nickel assay provides
no more than a bounding condition for the ferrocyanide inventor,, as well as
indicating that ferrocyanide was (or is) present.

" Values for 137Csfrom Borsheim/Simpson adequately bound the inventories
calculated from the analytical results. The calculated inventory can vary
somewhat depending on the which core's density and concentration values are
used in the computation. No overt biases were found in the analysis, and no
other waste type that was disposed to tank 241-C-112 is believed to have a
137Csconcentration high .enough to confound inventory estimates (unlike 9°Sr).
In addition,137Csvalues provide_ potentialcheck on the waste retentionof
the tank. Cesiumwas widely dispersedin the slurry while it was settling.

-! 6-7
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and its concentrationprofile as a functionof depth is relativelyuniform in
the subsegmentsbelievedto be ferrocyanidewaste. The Borsheim/Simpsonmodel
has a significantamount of solids.._,isposedto the cribs as a result of some
of the model assumptions. If the '°'Csvaluesare used to estimatethe waste
retentionin the tank, the amount of ferrocyanidewaste retained in the tank
is much higherthan the estimated40 percentretentionfrom presentmodel
values.

A large degree of uncertaintyis associatedwith the amount of
ferrocyanidewaste that may have been disposedto the cribs. The original
model run has a large amount of solids being discharged,even though the
availablerecordsindicatethat the dischargedeffluent had only tracesof
suspendedsolids in it. The model basis of 4.25 vol% has been determinedto
be flawed for this waste type. Simulantstudies indicatethat an appropriate •
solids formationvalue for the In Farm processis 1.0 to 1.5 vol% (Jeppsonand
Wong 1993). This additionalinformationcan be used to develop bettermodel
parametersand waste inventoryestimates. A rerun of the model using these
new volume parametersgives significantlybetter agreement.

The ferrocyanideinventorycalculatedfrom the total cyanideanalysis
remains8,700 g-mol. The revisedmodel value for the estimatedremaining
ferrocyanideof 60,000 to 66,000 g-mol is significantlyhigher than that
determinedfrom experimentalresults. The model estimatedthe total
ferrocyanideused in processingwaste throughtank 241-C-112is 78,500g-mol.
Given the improvementin agreementof the other analytes,this result,along
with the energeticresults,suggestsa degradationor aging mechanismof some
type.

6.3 CALCULATEDBULKINVENTORIESOF SELECTEDANALYTES

Severalsafety issues are defined by certainbulk amountsor weight
percentof a given analyte. Tables6-2 through6-5 presentthe calculated
bulk amountsof some selectedanalytesand their weight percentcontribution
to the waste matrix. The gross waste inventoryin the tank is estimatedto be
608,000 kg (434,000kg wet solid, and 174,000kg of drainableliquid).
AppendixA presentsthe data, assumptions,and calculationsused to determine
the followingvalues.

Table 6-2 EnergeticsRelatedAnalyteValues.

TOC Total Cyanide No_ NO_ H20 .

Bulk Inventory(Mg) 1.86 1.55 27.78 37.32 355.371

Wt% (total) 0.31 0.25 4.57 6.14 58.421
q

Bulk Inventory, 1.56 1.35 18.19 24.76 233.22
wet solids (Mg)

,,

Wt% (wet solids) 0.36 0.31 4.19 5.71 53.77

IWatercontentcombines interstitialand free water (i.e.,
supernate).

TOC = Total organic carbon.
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The bulk inventoryof disodium nickel ferrocyanidein the tank is
8,700 g-mol, assumingthe calculatedinventoryof total cyanide is presentas
that analyte. Molar ratios for ferrocyanide,nitrate, and nitrite (assuming
this value for ferrocyanide)are I: 10.1 : 10.1.

Table 6-3. Fission ProductInventory.

IZTCs 9OSr
,,, , ,,

Bulk Inventory(Ci) 217,200 183,500
. (wet solids)

,--, ,,,

Heat Generation (w) 1025 1230
.......

• The total heat load of the tank is 2,255. The
volumetricheat generationfor the waste in the
tank based on the solids volume is 7.8 E-3 w/L
solids at 1.50 g/mL.

Table 6-4. Plutonium/AmericiumInventory.

Z38pu 2-_;9/2_Opu Z41Am
....... , ,,,

Bulk Inventory (Ci) 5.9 67.3 330
(wet solids)

,, ,,

Bulk Inventory(g) 0.34 1,100 100

Table 6-5. ICP Major Cation Inventory (Fusion Pre)aration)

AI Ca Fe Na Ni P U
......

Bulk Inventory (Mg) 4.34 6.08 8.38 40.12 5.52 10.08 22.09

Wt% (Wet solids) 1.00 1.40 1.93 9.25 1.27 2.32 5.09
,,

6.4 GAMMASCANNINGOF CORESAMPLESEGMENTS

Qualitativemeasurementsof the gamma emitters in the waste were
• obtained. The information,although interestingand somewhatuseful,was not

as comprehensiveas was hoped and could have been obtained at less cost
througha lower technologymethod or simply by waiting for extrusionand

, analysisof the sample. The scans showedthat radiocesiumis the only
significantgamma emitter in the waste. After evaluationof the data results
from the gamma scans from tank 241-C-112,a decisionwas made to suspendany
furthergamma scanningon the remainingferrocyanidetanks until hard salt
cake samples (e.g. tank 241-BY-I04)can be obtained. This decisionwas made
on several bases; howeverthe most significantfactorwas cost.
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The informationfrom the scan was also found to be an accurate indicator
of core condition(i.e., full, partial,or empty) and it did confirm that
there was some gross layeringof the wastes, in additionto differencesin
activitybetweenbatches. This informationis of some value because it allows
modificationsto the analysisplan prior to extrusion,if necessary,avoiding
hot cell delays. Thus, field radiographyis under considerationas a
procedureto indicatepercentrecovery. The informationregardinglayering
and variationsbatch contentis also somewhatvaluable;however, now that the
hypothesisha_ been tentativelyconfirmed,the analyticalhorizons in the
characterizationplan for core sample analysisare now believed narrow enough
to find ferrocyanideand 137Csconcentrations.

Based on the informationobtaine_from these initialscans, the cost
associatedwith this analyticaltechniquewas not thought to be good value and
drained resourcesfrom the program. Investigationof tank 241-BY-I04core
samples (salt cake and sludge)is the next gamma scanningeffort under
consideration. Those core samplesdiffer enough in compositionand process
historyfor the techniqueto be of potentialvalue.

In addition to the cost-benefitargument,PNL raised objectionsto
continuingthe gamma scanningeffort becauseof the scheduledelays caused by
logisticalproblems in sample transportbetweenthe various facilitiesand hot
cell scheduling. Given the limitedsample transport,limited hot cell and
personnelresources,and the uncertaintyregardingthe availabilityof these
resourcesat any given time, the scheduleconstraintsregardingdata package
delivery also became major considerationsin discontinuingthe effort.
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7.0 QUANTITATIVE/STATISTICAL
INTERPRETATIONOF THE DATA

This sectioncontains the statisticalanalysisof core samplestaken from
tank 241-C-112. The analysis is divided into four sections. The first
sectioncontainsmean concentrationestimatesin the form of confidence
intervalsfor each analyteof interest. Second,an examinationof samples
taken at two locationsfrom homogenizedsubsegmentswas conductedto determine
the abilityof the 325 AnalyticalChemistryLaboratoryto homogenizesolid

" core segments. The results from this examinationindicatethat the
325 AnalyticalChemistryLaboratoryis able to homogenizecore subsegments
satisfactorily. The third sectionis a comparisonof the core composite

- concentrationestimateswith a simulatedcore compositecomputedfrom
individualsubsegmentdata. In 89 percentof the cases tested,the core
compositecould not be statisticallydistinguishedfrom the simulatedcore
composite. This indicatesthat the abilityof the 325 AnalyticalChemistry
Laboratoryto make core compositesis satisfactory. The last topic in this
sectionaddressesthe issue of spatial (betweencore) variabilityand
analyticalerror. Variance componentestimatesand confidenceintervalsare
presentedand discussed. In general,the spatialvariabilityis of the same
magnitudeor larger than the analyticalerror.

Sampleswere obtainedfor subsegmentsID, 2B, 2C, and 2D from Core 34;
a single subsegment,2D, from Core 35; and subsegmentsIC, ID, 2A, 2B, 2C,
and 2D from Core 36. Drainableliquidswere recoveredfrom Cores 34 and 35.
Compositesampleswere made from the homogenizedsubsegmentsamplesfor each
core. lt should be noted that the Core 35 compositeand subsegment2D are one
and the same. Drainableliquid compositeswere also made for Cores 34 and 35.
A sample and duplicatewere taken from each core compositeand prepared for
analysis in the laboratory. Laboratoryanalyseswere conductedon additional
homogenizedsubsegmentsamplesfor the homogenizationtests.

The laboratoryresultsfrom tank 241-C-112samplesare tabulatedin
Appendix B. Sample preparations,assays,and analyteschosen for statistical
evaluationare as follows" ICP acid digestion,ICP potassiumhydroxidefusion
dissolution,and ICP water leach analyseswere conductedon all core composite
samplesand duplicatesfor aluminum,calcium, iron, sodium,nickel, lead,
uranium, and phosphorous. Core 34 compositeduplicateanalysisresultswere
not reported for ICP potassiumhydroxidefusion dissolutionand ICP water
leach methods.The potassiumhydroxide\nickelfusion dissolutionwas the only
ICP method used to analyze subsegmentresults. Radiochemistrycomposite" 23_

sample resultswere reported for137uranium.9o Pu,1239/24°Pu,1"'Cs,and 9°Sr,aswell as subsegmentresults for Cs and Sr. on Chromatographyanalysis
results for chloride,nitrite,nitrate,phosphate,and sulfatewere reported

" for core compositeand subsegmentsamples. The ICP acid digestionanalysis
resultswere used to evaluatethe homogenizationtest samples. Figuresfor
the homogenizationtest data are also found in Appendix B. Drainableliquids
were recoveredfrom Cores 34 and 35. They are includedin part of the
analysis and resultsfor concentrationestimates.

-' 7-I
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7.1 CONCENTRATIONESTIMATES

A task directedby WHC-EP-0210to tank 241-C-112was to estimatethe
constituentconcentrations(Hill et al. 1991). This task was accomplished
using means and appropriateconfidenceintervals(CI) on these means.
lt should be emphasizedthat concentrationestimateswill be obtainedrather
than an inventoryof the tank.

Each segmentwas subdividedinto subsegments. The subsegmentswere each
homogenized(laboratorycore homogenizationabilityis covered in
Section4.0). Each core compositewas formed by combiningsamplesfrom the
homogenizedsubsegments. The core compositesamplewas then also homogenized.
Two aliquotswere drawn from each core compositeand prepared for chemical
analysis. Concentrationestimateswere computedbased on the resultsof these °
chemicalanalyses. Appendix B containsthe core compositedata used to obtain
concentrationestimatesand intervals. The "NA" symbol indicatesthat the
data is not available.

The concentrationestimatesare given in the form of 95 percentCIs on
the mean concentrationof each analyte in the tank. lt is assumedthat each
sample and duplicateare analyzed independentof one anotherto yield adequate
estimatesof analyticalerror. Due to the hierarchicalstructureof the data,
the analyticalerror alone is not the appropriateerror term to use in the
Cl calculations. A linearcombinationof the analyticalerror and spatial
variabilityis the appropriatemeasureof spread for the CIs. The derivation
of the formulasused to calculatethese CIs is given in a WestinghouseHanFord
Companyinternalmemo (Jensznand Whitcher 1993).

Tables 7-I, 7-2, 7-3, 7-4, and 7-5 containthe followingsummary
statisticsfor all three ICP analyses (aciddigestion,water leach, potassium
hydroxide/nickelfusiondissolution), radiochemistry,and IC anion analyses,
respectively.

For some analytesthe lower confidencelimit L was negative. Because
concentrationsare strictlygreater than or equal to zero, any negativeL
values were set to zero.

The drainableliquid composites(DLC) were added to the solid composite
data to increasethe informationand, therefore,give more accurateCIs. Some
of the DLC resultsfrom the ICP acid digestionanalysisare quite different
from the solid core compositeresults. For this reason two sets of summary
statisticson all core compositeresultsare presented,one includingand
anotherset excludingthe DLC results. Plutonium,uranium,nickel,calcium,
and iron DLC resultsare quite differentthan the solid core compositedata.
These differenceswill inflatethe analyticalerror,which is a componentin

&_ for the CI. The DLCs do not create a problem for ICP acid digestionsodium
analysisor any of the ICP water leach analyses.

A close examinationof the ICP water leach sodium resultsrevealed a
large residualassociatedwith one of the Core 36 compositeresult of
130,962_g/g. Its duplicateresult was 85,753 #g/g, which is within the range
of the other core compositeresults. Additionalsummarystatisticsare given
excludingthis outlyingresult.
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Table 7-I. Acid Digestion InventoryStatistics(_g/g)o

ExcludingDrainableLiquid Composites

Analyte _ BMS _ df L U

Al 24.,464 7.65 E+08 1.28 E+08 2 0 73,056

Ca 16,743 5.12 E+07 8.53 Z+06 2 4,179 29,307

Fe 21,853 2.63 E+07 4.40 E+Ot 2 12,836 30,871m

Na 89,567 5.57 E+08 9.30 E+07 2 48,115 131,018

Ni 13,113 3.20 E+07 5.33 E+06 2 3 179 23 047

Pb 2,553 4.59 E+06 7.64 E+05 2 0 6,315

U 58,389 3.22 E+O9 5.37 E+O( 2 0 158,129

P 22,915 9.4 E+07 1.57 E+07 2 5,864 39,967

IncludingDrainableLiquidComposites

Analyte _ BMS _ df L U

AI 24,464 7.65 E+08 1.28 E+08 2 0 73,056

Ca 10,189 8.35 E+07 8.34 E+06 2 0 22,621

Fe 13,473 5.28 E+07 5.27 E+06 2 3591 23,354

Na 84,235 7.71 E+08 7.71 E+07 2 46447 122,024

Ni 8,084 1.95 E+06 1.95 E+06 2 2078 14,089

Pb 2,553 4.59 E+06 7.64 E+05 2 0 6,315

U 35,446 4.05 E+09 4.05 E+08 2 0 122,048

P 15,283 3.02 E+08 3.02 E+07 2 0 38,949

_" ar'thmetic mean of the concentration data,

BMS'_.estimated"between meanvariancesquares"of Y,fr°m the one-way analysis of variance,
d_': degrees of freedom associated with BMS,
L" lower limit to the 95% confidence interval on the mean, and
U" upper limit to the 95% confidence interval on the mean.
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Table 7-2. PotassiumHydroxideFusion DissolutionInventoryStatistics
(#g/g).

.,

Analyte 9 BMS _ df L U,, , ,, ,,,

AI 26,540 7.53 E+08 1.51 E+08 2 0 79,337
,,,

Ca 19,950 6.56 E+O7 1.31 E+07 2 4,367 35,533

Fe 27,915 3.62 E+07 7.23 E+06 2 16,344 39,486
......

Na 103,893 8.43 E+08 1.69 E+08 2 48,026 ]59,760 •

Ni NA NA NA NA NA NA
,,, ,,

Pb 2,937 6.51E+O 1.30 E+06 2 0 7,846 •
,,,, ,,,

U 80,730 2.87 E+O9 5.74 E+08 2 0 183,779
,,

P 27,971 1.29 E+08 2.58 E+07 2 6,135 49,808

Y" ar'thmeticmean of the concentratio_data,
BMS" "b(_tweenmean squares"from the one-way analysisof variance,
&_" estimatedvarianceof Y,
d_': degrees of freedomassociatedwith BMS,
L. lower limit to the 95% confidenceintervalon the mean, and
U" upper limit to the 95% confidenceintervalon the mean.
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Table 7-3. Water Leach InventoryStatistics(_g/g).

ExcludingDrainableLiquid Composites
,,,,

Analyte y BMS _ df L U
Al 521 i_43 E+05 2.87 E+04 2 0 1,250

Ca '"338 7.04 E+03 1.41 E+03 2 176 499

Fe 1,168 3°66 E+05 7.31E+04 2 5 2,332

Na 88,541 1.31E+09 2.62 E+08 2 18,838 158,244
#

Na #

Ni 679 1.38 E+05 2.76 E+04 2 0 1,395
....,

" Pb NA NA NA NA NA NA

U 2,166 9.87 E+06 1.97 E+06 2 0 8,211

P 10,108 6.72 E+07 1.34 E+07 2 0 25,886

IncludingDrainableLiquid Composites

Analyte 9 BMS _ df L U
AI 521 1.43 E+05 2.87 E+04 2 0 1,250

Ca 253 2.57 E+04 3.67 E+03 2 0 5]3

Fe 1,092 4.20 E+05 4.68 E+04 2 161 2,022

Na 84,078 1.34 E_09 1.49 E+08 2 31477 136,679

Na #

Ni 662 1.65 E+05 1.84 E+04 2 79 1,245

Rb NA NA NA NA NA Na

U 1,673 1.11 E+07 1.23 E+06 2 0 6,442

P 7,350 1.07 E+08 1.18 E+07 2 0 22,153

# excludingoutlierdata result.
Y: arithmeticmean of the concentrationdata,

BMS: "betweenmean squares"from the one-way analysisof variance,
_" estimatedvarianceof Y,
d_': degrees of freedomassociatedwith BMS,
L: lower limit to the 95% confidenceintervalon the mean

. U: upper limit to the 95% confidence interval on the mean.
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Table T-4. RadiochemistryStatistics (/_Ci/g).

Element _ BMS _ df L U
137Cs 747 8.38 E+03 I.68 E+03 2 571 924

9°Sr 2,189 4.74 E+06 9.48 E+05 2 0 6,380

UFL(/_g/g) 68,600 3.89 E+O9 1.30 E+O9 I 0.0 525,911
,,

239/24°pu 0.06 0.013323 0.002665 2 0.0 0.28

238pu O.06 O.025023 O.005005 2 O.O0 O.37

FL = laser fluorimetry

Table 7-5. Ion ChromatographyAnion Statistics (#g/g).
....

Compound 9 BMS _ df L U

Chloride 980 109,000 21,800 2 345 1,615
,,,

Nitrite 47,200 2.99 E+08 5.98 E+07 2 13,930 80,470
,,,

Nitrate 62,000 5.95 E+08 1.19 E+08 2 15,080 108,921
.....

Phosphate 30,760 5.86 E+08 1.17 E+08 2 0 77,337

Sulfate 12,040 2.09 E+07 4.19 E+06 2 3,237 20,843

Y" arithmeticmean of the concentrationdata,
BMS' "betweenmean squares"from the one-wayanalysis of variance,

d&_• estimatedvarianceof Y,• degreesof freedomassociatedwith BMS,
L' lower limit to the 95% confidenceintervalon the mean, and
U' upper limit to the 95% confidenceintervalon the mean.

The radiochemistryU confidencelimits should be viewedwith caution.
This intervalis based on three sample resultsfrom Cores 34 and 36. The CI
for 9 uses a t-statisticwith one degree of freedom,which inflatesthe
CI width due to the uncertaintyof the U results.

7.2 HOMOGENIZATIONTESTS

A secondtask, directed by WHC-EP-0210Rev I (Winterset a_. 1990a) to
core samplesfrom tank 241-C-112,was to evaluatethe abilityof the
325 AnalyticalChemistryLaboratoryto homogenizecore subsegments. Each
subsegment(from Cores 34, 35, and 36) was homogenizedand arbitrarilydivided
into two parts (top and bottom). One subsamplewas obtained from each part.
Two aliquotswere taken from each subsampleand prepared for chemical
analysis. The homogenizationtest data describedabove are tabulatedin
AppendixB. ICP acid digestionanalyseswere conductedon the aliquotsfor
the followinganalytes: aluminum,iron, sodium,nickel,lead, uranium,and
phosphorus.
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Due to the structureof the data, a hierarchicalmodel can be fit to the
data. This model is used to separatedifferentcomponentsof variabilityin
the data. The total variabilityin the data is composedof three separate
components" one due to variabilitybetweenthe segments;one due to the
variabilitybetween samplesfrom the homogenizedmaterial (_) within the
segments (this componentof variabilityis referredto as belng due to
homogenization);and one due to analyticalerror. The analyticalerror is the
variancecomponentthat measuresthe variabilitybetweenduplicate
measurementsfrom aliquotspreparedfrom the same sample. Appendix B contains
a descriptionof the hierarchicalmodel. From the analysisof variance

' (ANOVA)results of the hierarchicalmodel, a test can be conductedto
determineif _ is significantlygreater than zero If _ is significantly
greaterthan zero, then it can be concludedthat the laboratorydoes not have

2 is• the abilityto homogenizecore segments. If it cannot be concludedthat _h
significantlygreaterthan zero, then the laboratorydoes have the abilityto
homogenizecore segments. The F-statisticp-valuefrom the ANOVA was used to
test if c_ is greaterthan zero. If the p-value is smallerthan 0.05, it is
concludedthat the _>0.

The results of the homogenizationtest are given in Table 7-6. For all
analytestested (aluminum,calcium, iron, sodium,nickel, phosphorus,lead,
uranium),the p-valuefrom the F-test was greaterthan 0.05. lt cannot be
concludedthat the variabilitybetweenthe sampledlocationsof the mixed
subsegmentsis significantlydifferentfrom zero. The overall conclusionis
that the abilityof the 325 AnalyticalChemistryLaboratoryto homogenizecore
samplesis satisfactoryfor this material, lt is interestingto note that
segment-to-segmentvariabilityalways accountsfor more than 77 percentof the
total variability,and analyticalerror claimsmost of the rest. The percent
of the variabilitydue to the homogenizationis usually less than I percent.

Table 7-6. HomogenizationTest Results.
..

% Variabilitydue to:
Analyte p-value

segment homogenization analytical

AI 0.65 94.82 0.00 5.18
Ca 0.10 99.45 0.34 0.21
Fe 0.58 77.10 0.00 22.90
Na 0.72 92.95 0.00 7.05
Ni 0.42 99.17 0.04 0.79
P 0.26 96,55 0.74 2.71

, Pb 0.22 99.73 0.87 2.40
U 0.08 99.55 0.21 0.24

.....

An observation with a large residual was found for Core 34, subsegment 2D
iron data. The removal of this observation did not change the results of the
homogenization tests.
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7.3 COMPARISONBETWEENTHE SIMULATEDCORE
COMPOSITEAND THE CORE COMPOSITE

Another task directed by WHC-EP-0210(Winterset al. IggOa,b)was to
evaluatethe abilityof the 325 AnalyticalChemistryLaboratoryto prepare
core compositesamples from the individualsubsegmentsamples. A core
compositesample was formed by combiningequallyweighted individualsamples
from each homogenizedsubsegmentin the core. The core compositewas then
homogenizedand a sample and duplicatewere taken. A simulatedcore composite
was constructedto comparewith the core compositesamples. The simulated
core compositeis the mean of the resultsfrom the chemical analysisof the
individualaliquots from each segment.

For the chemical analysismethods reportingsubsegmentresults
(ICP potasiumhydroxidefusiondissolution,radiochemistry,IC), Core 34 did
not have core compositeduplicateresultsreported. For this reason,the
method used to compare the core compositewith the simulatedcore composite
for Core 36 is slightlydifferentthan the method used for Core 34.

7.3.1 Core 36 StatisticalMethods

The comparisonfor Core 36 is made by computinga CI on the difference
betweenthe twc means. If zero is in the CI, the simulatedcore composite
mean cannot be statisticallydistinguishedfrom the core composite sample
mean. If zero is not in the CI, the two means are significantlydifferent.

The CI on the differencebetweenthe simulatedcore compositeand core
compositemean is (L, U), where the lower (L) and (U) values are

L : (_, -yc) -t_/_(_, -yc) , U : (_,+_c) -t_/_(_W -_=)

and where

Yw: subsegmentdata mean (simulatedcore composite)

Yc: core compositesample mean

t" 97.5 percentilepoint from Student'st distribution

_2(9w-9c)" estimatedvarianceof the difference.

Appendix B containsa discussionon how _2(9w-9c)is calculated. The
calculationof _2(_,-_c)uses the data from all three cores becauseof the
limiteddata available. The "t" has degrees of freedom (df) associatedwith
it, which was calculatedusing Satterwaite'sapproximation(Snedecorand
Cochran 1980).
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7.3.2 Core 34 StatisticalMethods

A Cl for thY"eis calculatedto make the comparisonbetweenthe corecompositeand simulatedcore composite. If the compositesample result is
containedwithin the CI, then Yw cannot be statisticallydistinguishedfrom
the core compositesample result. If the core compositesample resultsare
not containedwithin the CI, then Yw and the core compositesampleare
statisticallydifferent.

The CI on Yw is (L, U) where the lower (L) and (U) valuesare

and where &Z(_w)is the estimatedvariance of Yw" AppendixB containsa
discussionofhow _Z(gw)is calculated.

7.3.3 Resultsfrom Cores 34 and 36

Tables 7-7 and 7-8 presentthe resultsof the simulatedcore composites
mean versus the core compositemean for Cores 34 and 36 respectively.
Appendix B containsfiguresof the segmentand core compositedata for all
three cores,which may aid in the understandingthe resultsfrom the tables.

Only three analytes (sodium,chloride,sulfate)had compositesamples
that were outsideof the Yw confidenceintervalfor Core 34 In all three
cases, the compositesample exceedsthe upper limit of the CI. For Core 36,
all the Cls of the difference Yw-gc contained zero, indicating that there was
no significant difference between g. and g Overall the simulated core,W C" '

compositecould be statisticallydlstinguishedfrom the mean in 89 percentof
the cases tested. On this basis, lt can be concludedthat the 325 Analytical
ChemistryLaboratoryis able to make core compositessatisfactorily.

7.4 SPATIALVARIABILITYAND ANALYTICALERROR ESTIMATION

Using the hierarchicalstructureof the data (coresselectedrandomlyand
two aliquots selectedper core composite),the spatialvariabilityand the
analyticalerror can be separatedfrom each other. The spatialvariabilityis

" the variabilityfrom core compositeto core composite. The analyticalerror,
as it is called here, is not only true analyticalerror. Confoundedwith it
is segmenthomogenizationand samplingvariability. Variabilityfrom all

- three of these sourceswill be referredto as analyticalerror.

The size of the analyticalerror comparedto the spatialvariabilityhas
an impacton the analyteconcentrationCls from Section3.0. The variance
used in the CI calculationsis a linear functionof estimatesof spatialand
analyticalvariability. Becausethe size of the analyticalerror can
potentiallybe controlled,this comparisonis an interestingfactor.
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Table 7-7. Segmentvs. CompositeStatisticsfor Core 34.

95% CI for _
Analyte Yw _z()w) Composite df*

L U

Al 23,549 5.24 E+07 29,798 2 0 54,708

Ca 25,894 1.89 E+O7 28,984 8 15,864 35,923
,,

Fe 13,295 1.95 E+07 22,848 8 3,107 23,483

Na # 87,128 1.35 E+07 114,891 g 78,806 95,451

Pb 3,220 1.10 E+06 3,326 3 0 6,559

U 20,098 6.98 E+O8 14,369 5 0 88,039

P 17,318 6.50 E+06 21,956 6 11,076 23,561

Chloride# 963 4,464 1,300 6 799 1,126

Nitrite 51,875 1.88 E+07 62,000 5 40,740 63,010

Nitrate 68,125 2.80 E+07 80,000 5 54,528 81,722

Phosphate 13,200 3.37 E+07 19,100 7 0 26,922
,,

Sulfate# 12,587 8.57 E+05 15,600 6 10,322 14,852

Cs-137 539 17,666 750 9 238 840

Sr-90 2,456 5.37 E+05 3,510 4 422 4,490

# Significantdifferencebetween segmentdata and composite.

units" _g/g" Al, Ca, Fe, Na, Pb, U, P, chloride,nitrite, nitrate,
phosphate,sulfate

#Ci/g" Cs-137,Sr-90

! 7-10
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Table 7-8. Segmentvs. CompositeStatisticsfor Core 36.

95% CI for Yw-Yc
Analyte Yw _: _2(_w-_c) df*

L U

Al 4,948 6,410 4.29 E+08 3 -67,364 64,439

Ca 15,484 20,391 5.17 E+07 5 -23,393 13,580

Fe 18,355 26,012 3.76 E+07 7 -22,158 6,844

" Na 92,724 120,730 4.35 E+08 2 -117,756 61.,744

Pb 1,788 1,049 4.36 E+06 3 -5,902 7,379
r

U 96,380 104,910 2.13 E+O9 4 -136,748 119,688

P 24,733 36,761 7.10 E+07 2 -48,288 24,232

Chloride 783 1,050 58,964 2 -1,312 778

Nitrite 40,750 52,500 1.68 E+08 3 -53,025 29,525

Nitrate 55,667 71,500 3.25 E+08 2 -93,463 61,796
,,

Phosphate 28,858 49,500 3.27 E+08 2 -98,414 57,130

Sulfate 10,600 13,700 1.13 E+07 2 -17,576 11,377

Cs-137 559 793 21,857 11 -559 92

Sr-90 384 508 2.90 E+06 3 -7,462 7,214

# significantdifferencebetween segmentdata and composite

units" #g/g" Al, Ca, Fe, Na, Pb, U, P, chloride,nitrite,
nitrate,phosphate, sulfate

#Ci/g. Cs-137,Sr-gO

v •

! 7-11



WHC-EP-0640

Estimatesof the spatialvariability(_2s)and analyticalerror (_2a)were
obtained for each analyteby solvinga systemof equationsusing AN0VA results
and expectedmean squares (Snedecorand Cochran 1980). Snedecor and Cochran
(1980)also explainhow Cls for G2 and G2a were obtained. An approximate
Cl for G2s was obtained using the _NOVA resultsand four F-statisticvalues.
Exact Cls were obtained for G2a using _2a and a chi-squarestatistic.
Tables 7-9, 7-10, 7-11, 7-12, and 7-13 containestimatesand 95 percentCIs
for G2s and G2a for all 14 analytesand chemical analysismethods. Using the
variancecomponentestimationmethods describedabove, it is possibleto
obtain negativeestimates. When negativevariancecomponentsestimateswere
obtainedthey were set equal to zero. Lower limits (L) on the 95 percentCIs
were also set equal to zero if the were negative.

Includingor excludingthe DLC resultsgreatly affected .2 ^2 foras and aa the
acid digestionand water leach ICP analyses (referto Tables 7-9 and 7-10).
When the DLCs were excluded,_2 was generallylarger than _2a. When the DLCs
were included,_2_was generall_of the same magnitudeor larger than &_. For
the radiochemist_-yanalysis,an estimate and approximateCI for G2s were not
obtained due to the small number of data reported.

In general,the upper limits (U) on the approximate95 percentCIs for O_s
were larger than the 95 percent c.Iupper limits for G2a (88 percentof the
cases). From this result it can be generallyconcludedthat the spatial

variability(G2s)is of the same magnitudeor larger than the analytical
error _a"

I 7-12
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Table 7-9. Acid DigestionSpatialand AnalyticalError Estimates.

ExcludingDrainableLiquidComposites

.2 , 95% CI for .2.2 .2 95% Cl for as %Analyte °rs _ra ....
L U L U

Al 3.67 E+08 3.10 E+07 9.69 E+07 7.44 E+O9 9.93 E+06 4.30 E+08

Ca 2.49 E+07 1.44 E+06 7.11 E+06 4.98 E+08 4.62 E+05 1.20 E+07
I-

Fe 0 2.76 E+07 0 2.43 E+08 8.85 E+06 3.83 E+08

Na 2.66 E+O8 2.39 E+07 6.91 E+07 5.42 E+09 7.66 E+06 3.32 E+08

Ni 1.55 E+07 1.06 E+06 4.28 E+06 3.11 E+08 3.41 E+05 1.48 E+07

Pb 2.28 E+06 24,113 7.43 E+05 4.47 E+07 7,737 3.35 E+05

U 1.56 E+09 1.10 E+08 4.28 E+08 3.14 E+IO 3.54 E+07 1.53 E+09

P 4.52 E+07 3.83 E+06 1.19 E+07 9.17 E+08 1.23 E+06 5.32 E+07

IncludingDrainableLiquidComposites
-2

-2 , 95% CI for oa95% CI for (Ts^2 ^2
Analyte os o-a

L U L U

AI 3.67 E+08 3.10 E+07 9.69 E+07 7.44 E+09 9.93 E+06 4.30 E+08

Ca 12,440 8.34 E+07 0 4.82 E+08 3.65 E+07 3.46 E+08

Fe 0 1.55 E+08 0 2.73 E+08 6.77 E+07 6.41 E+08

Na 2.31 E+08 3.28 E+07 4.63 E+07 4.69 E+09 1.43 E+07 1.36 E+08

Ni 0 5.82 E+07 0 1.00 E+08 2.55 E+07 2.41 E+08
b,

Pb 2.28 E+06 24,112 7.43 E+05 4.47 E+07 7,736.657 3.35 E+05

U 9.72 E+08 9.39 E+08 0 2.44 E+IO 4.11 E+08 3.89 E+09

P 7.36 E+07 6.70 E+O/ 0 1.82 E+09 2.93 E+07 2.77 E+08

*Approximate 95% confidence interval (el).,m

7-13



WHC-EP-0640

Table 7-10. Water Leach Spatialand AnalyticalError Estimates.

ExcludingDrainableLiquid Composites
^2

.z , 95% CI for _a95% CI for _s-2 -2
Analyte _s _a

L U L U

Al 70,595 30,458 0 1.73 E+06 8,254 120,388

Ca 0 37,798 0 61,606 10,243 149,400

Fe 2.26 E+05 3,433 7.28 E+04 4.45 E+06 930 13,569

Na 5.01 E+08 5.11 E+08 0 1.57 E+IO 1.38 E+08 2.02 E+09

Ni 85,597 1,287 2.76 E+04 1.68 E+06 349 5,087

Pb NA NA NA NA NA NA

U 4.55 E+06 2.60 E+06 0 1.19 E+08 7.03 E+05 1.03 E+07

P 3.50 E+07 1.13 E+07 2.27 E+06 8.12 E+08 3.06 E+06 4.46 E+07

IncludingDrainableLicuid Composites

-z , 95% Cl for .z.z .z 95% CI for _s %Analyte _s aa

L U L U

AI 70,595 30,458 0 1.73 E+06 8,254 1.20 E+05

Ca 0 41,181 0 2.29 E+05 14,840 3.40 E+05

Fe 1.38 E+05 22,384 25,347 2.83 E+06 9,327 ].08 E+05

Na 3.86 E+08 2.31 E+08 0 g.o0 E+09 9.63 E+07 1.12e+09

Ni 54,992 6,588 12,290 1.11 E+06 2,745 3.19 E+04

Pb NA NA NA NA NA NA

U 3.50 E+06 9.30 E+05 3.11 E+05 7.43 E+07 3.87 E+05 4.50 E+06

P 3.52 E+O/ 4.94 E+06 7.18 E+06 7.17 E+08 2.06 E+06 2.39 E+07

*Approximate 95% confidence interval (CI).

,r
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Table 7-11. PotassiumHydroxide/NickelFusionDissolutionSpatialand
AnalyticalError Estimates.

.2, 95% CI for _95% CI for _sA2 -2

Analyte _s _a L U L U

Al 4.70 E+08 5.67 E+05 1.57 E+08 9.17 E+09 1.54 E+05 2.24 E+07

Ca 4.09 E+07 1.56 E+05 1.37 E+07 7.99 E+08 42,269 6.16 E+06

Fe 1.65 E+07 9.81 E+06 7.56 E+06 4.34 E+08 2.66 E+06 3.88 E+08

Na 5.24 E+08 3.96 E+06 1.76 E+08 1.03 E+I? 1.07 E+06 1.57 E+08

Ni NA NA NA NA NA NA

" Pb 3.98 E+06 1.47 E+05 1.36 E.06 7.92 E+07 3.99 E+04 5.82 E+06

U 1.78 E+09 1.64 E+07 5.99 E+08 3.49 E+IO 4.44 E+06 6.48 E+08

P 8.04 E+07 1.37 E+05 2.69 E+07 1.57 E+09 37,210 5.43 E+06
,,

*Approximate95% confidenceinterval(CI).

Table 7-12. RadiochemistrySpatial and Analytical !rrorEstimates.

.z , 95% C I for _95% CI for _s ' '^2 ^2

Analyte _s _a L U L U

137Cs 4,949 463 1,752 1.02 E+05 125 18,281

9°Sr 3.56 E+06 1,360 9.91E+05 5.78 E+07 369 53,767

U 0 2.76 E+07 7.47 E+06 1.09 E+09

239124°pu 8.29 E-03 5.4 E-05 2.78 E-03 1.62 E-01 1.5 E-05 2.13 E-03

23BPu 1.56 E-02 3.2 E-05 5.23 E-03 3.05 E-01 0.9 E-05 1.27 E-03

*Approxlmate95% confidenceinLerval (CI).

Table 7-13 Ion ChromatographyAnion Spatialand AnalyticalError Estimates.
-2

.2 , 95% CI for _a95% CI for _s^2 -2
Analyte _s _a L U L U

" Chloride 52,500 25,000 22,784 1.31E+06 6,775 9.88 E+05

Nitrite 1.04 E+08 1.33 E+08 6.25 E+07 3.56 E+09 3.59 E+07 5.24 E+09

" Nitrate 2.21 E+08 2.41E+08 1.24 E+08 7.09 E+09 6.52 E+07 9.51 E+09

Phosphate 2.97 E+08 1.10 E+08 1.22 E+08 7.07 E+09 2.99 E+07 4.36 E+09

Sulfate - 9.17 E+06 6.25 E+06 4.37 E+06 2.51 E+08 1.69 E+06 2.47 E+08

*Approximate95% confidenceinterval (CI .
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8.0 CONCLUSIONSANDRECOMMENDATIONS

8.1 ANALYTICALRESULTS

Analyses of the waste show a very small number of analytes comprising a
large portion of the waste. Water is the singlelargest analyte,making
up 58.4 percent of the total mass. Seven elements (aluminum,calcium,iron,
sodium,nickel, phosphorus,and uranium)constituteapproximately22.3 percent
of the solidsmass. They also representover 95 percent of the total cations.

" Two anions (NO_and NO_) constituteapproximately10 percentof the mass The
fraction of the total anions that nitrate and nitrite representc_nnotbe
adequatelydeterminedbecause the analyticalmethod measured only soluble

o anions. The total cyanidecontentwas measured and found to be less
than ] percent (dry basis) in each core and for the tank as a whole.

The only significantgamma emitterfound in the waste was IZTCs
Although 6°Cowas also precipitatedduring the scavengingprocess,it has
decayed below any level of concern and does not contributeto the heat load of
the tank. No meaningfulregionalconcentrations(hot spots)of radioisotopes
or fuel were detected along the verticalaxis in either core. The 137Cs
concentrationwas relativelyconstantbetweenCore 34 and Core 36 and the
regionswith high nickel concentrationscorrelatedwith the 137Cspeaks in the
gamma scans. These observationsare consistentwith the historical
informationregardingthe ferrocyanide-scavengingprocess,the gamma activity
patternobtained from the scans, and the ICP elementdistributionthroughthe
subsegments. The other major sourceof radiologicalactivitywas Q°Sr,which
had a very skewed distributionbetweenCore 34 and Core 36, probablyarising
from the later waste transfersinto tank 241-C-112after the ferrocyanide
scavengingruns were completed. This is not a "hot spot" type phenomena,but
an artifactof samplingnear the waste inlet and outlet. There is no evidence
of a self-concentrationmechanism(Dickinsonet al. 1993). Heat-load
calculationsare furtherevidence supportingthe contentionthat the
relativelyhigh 9°Srconcentrationsare believedto be a local phenomenon.
The bulk waste temperaturein the tank, obtainedfrom two thermocoupletrees,
is 29 °C (85 °F). Comparisonsof heat-loadcalculations using the

' 9OSrtemperatureprofiles from the thermocoupletrees and the higher
concentrations,do not agree with the tank waste temperaturemeasurementsand
other observationsof the tank waste. The radiologicalactivityof tank
241-C-I12waste materialwas relativelylow (rangingfrom 0.15 to 2 R/hr,
measured through the drill string). No significantradiologicalactivitywas
found in the drainableliquid in the tank or in the water or acid digestionof

" the samples. This suggeststhat 9°Srand IZTCsare quite insoluble.

Indicationsfrom Core 34 data show that materialhas physicaland
chemicalpropertiescorrespondingto those expectedfor ferrocyanidewaste.
Water content, nickel concentration,and densityvalues are consistentwith
the simulant values. Indicationsfrom Core 36 data show that material appears
to have ferrocyanidewaste overlyinga bismuthphosphatefirst cycle
decontaminationand/or UR waste heel. However,no firm evidenceof BiPO4
IC waste was ever found from the assays. The concentrationof nickel,
calcium, 137Cs,and uraniumas a functionof depth appearsto confirmthis
observation. In addition,this behavior is consistentwith historical
information. However, in both cases DSC resultsfrom the suspected

8-I
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ferrocyanidewaste in tank 241-C-112indicatethat the material is
considerablyless energeticthan the correspondingwaste simulant. Core 35 is
indeterminate, lt may be a combinationof ferrocyanidewaste and unscavenged
UR waste. Resultsof aging studiesnow underwayon flowsheetsimulantsmay
demonstratethat radiolytic,hydrolytic,and thermalprocesses in the tanks,
over the last 35 years, have combinedto dissolve,dilute, and destroythe
reactiveferrocyanidecompounds. The data from tank 241-C-112strongly
'i',dicatethat the waste lacks the fuel concentrationto sustainany
p_pagating exothermicbehavior,and a heat source intenseenough to trigger a
reactionis absent.

8.2 ENERGETICSANALYSIS
v

Thermodynamic and kinetics (propagation) studies of simulants are
bounding the reactivity of the ferrocyanide/oxidizer reactions. Results
indicatethat U Plant ferrocyanidewastes cannot create a propagatinghazard;
T Plant waste is expectedto behave similarly. Ferrocyanidesimulantsmade by
the In Farm flowsheetare more reactive.The waste in tank 241-C-112and the
other C Farm tanks, representing20 to 25 percentof the ferrocyanide
inventoryadded to the tanks,was made by a similarprocess and was a
potentialcause for concern. However, if the In Farm simulantscontainedat
least 15 weight percentwater, that moisturecontent precludedan
uncontrolled,propagatingreaction (Fauske1992).

Three core sampleswere obtainedfrom tank 241-C-112,a tank considered
to containone of the highestconcentrationsof ferrocyanide. All three cores
were brokendown into smallersubsegmentsand examinedfor reactivity
using DSC; none of the samplesexhibitedany propagatingbehavior. The
sampleshad a moisture contentrangingfrom 34 to 64 wt% water and a _H
rangingfrom -0.02 kJ/g of dry materialto -0.04 kJ/g dry material (4.4 to
8.6 cal). The onset temperaturesfor the exothermsranged between275 °C and
290 °C--closeto that predictedby the simulants. The simulantmay have
representedthe waste as it was initiallyprecipitatedin the tank; severalof
the physicaland chemicalpropertiesof the simulantsare quite close to those
of the tank waste. However,furtherchemicalanalysisindicatesthat the
waste materialhas a total cyanidecontentmuch lower than expected from the
simulantformulationsand, correspondingly,tank 241-C-112waste material is
not as energeticas the analogouswaste simulants. Tank 241-C-112sample
material is nearly 30 times less chemicallyreactivethan the comparableIn
Farm simulantmaterial (tank241-C-112waste" -0.04 kJ/g; In Farm
simulant" -1.20 kJ/g). The causes of this behavior are hypothesizedto be
long-termexposureto radiationfieldsand high pH claddingwaste. Both of
these conditionsare believedto degrade the ferrocyarlidecomplexes. Further
testingof simulantmaterials,as well as resultsfrom other ferrocyanide
tanks,will aid in confirmingthis hypothesis.
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Calculationsof the bulk waste inventoryand inventoriesfor several
analytesof interestto the varioussafety issues (ferrocyanide,NO_, NO_,
137Cs,9°Sr,plutonium,and water) were made. The calculatedbulk inventoryof
ferrocyanide(8,700g-mol) was far in excess of the 1,000 g-mol Ferrocyanide
Watch List criteria,but the energeticsresults indicatethat particular
criteriado not account i_r the dispersionof the ferrocyanidein the waste
(i.e.,the concentrationmay be too low to supporta self-sustaining
reaction). None of the other calculatedbulk inventoryvalues exceededany
level of concern (referto Table 8-1).

" Experimentaland analyticalevidencefrom tank 241-C-112suggeststhe
risk from ferrocyanidecompoundsin HanfordSite high-levelwaste tanks is
acceptableand that a propagatingexothermicferrocyanidereaction is

- incredible.

Table 8-I. Comparisonof Tank 241-C-112Analyte Values to
Safety Issue Criteria

Analyte Safety Issue CriteriaI Calculated/MeasuredValue

Na2NiFe(CN)6 1,000 g-mol 8,700 g-mol

_H (dry basis) -75 cal/g -9 cal/g

239/24°pu 50 kg I.1 kg

Temperature 300 °F (149 °C) 29 °C (85 °F)

Heat Load 11.72 kw 2.26 kw

Organic 3.0 wt% TOC 0.75 wt% TOC
Content (TOC, (10% sodium acetate equivalent)

Dry basis)

1(Lindsey1986; RHO 1988; Boyles 1992 Reep 1992)

8.3 RECOMMENDATIONS

The followingrecommendationsare made based on the data and analyses
presentedin this report and the goals of the characterizationeffort.

• Gamma scanning assay of segmentsshould be discontinuedfor SSTs
until an adequatecore samplefrom tank 241-BY-I04is obtained.

" ° The Watch List criteria for the Ferrocyanidewaste tank USQ should
be expanded so that it includesconcentrationor energeticsbased
measurements.

• Tank 241-C-112should be removedfrom the FerrocyanideWatch List.
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4,

• A statisticalcomparisonbetweenthe results from tank 241-C-I09
(when available)and tank 241-C-112should be performedto determine
the degree of similaritybetweenthe tanks.

• An analysisfor the formateanion shouldbe done on the water
solublematerial to aid in confirmingthat the ferrocyanidehas
degraded.

• The DSC analysis should be performedunder an inert atmosphereto
better representthe waste conditionsin the tank. 4
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APPENDIXA

CALCULATIONS

TheoreticalEnergeticBehaviorof C-112 Waste:

Assume 1.0 and 1.5 vol% precipitateformation;use waste volumesgenerated
" from Borsheim-Simpsonspreadsheetmodel.

Ferrocyanidewaste volume: @ 1.0 vol% = 31,000gallons
- @ 1.5 vol% = 42,600gallons

Input mole of ferrocyanide: 78,445 g-mol Na2NiFe(CN)6

Calculatedmoles

ferrocyanideremaining" @ 1.0 vol% = 65,900 g-mol Na2NiFe(CN)_
@ 1 5 vol% 60,400 g-mol Na2NiFe(CN

Analyticalestimate 72,100g-toolNa2NiFe(CN)6
derivedfrom Ni content
(discountingNi from 6°Coscavenging)

Bulk Mass of Ferrocyanidewaste (Density= 1.50 g/mL):

(31,000gai)*(3785mL/gal)*(].50g/mL) = 1.76E+08g waste
(42,600gai)*(3785mL/gal)*(1.50g/mL) = 2.42E+08g waste

Mass of Ferrocyanidein Ferrocyanidewaste"

@ 1.0 vol% = (65,900g-moi)*(316.7g/g-mol) = 2.09E+07g Na2NiFe(CN)e
@ I 5 vol% (60,400g-moi)*(3167 g/g-mol) I 91E+07 g Na2NiFe(CN)6

Weight Percent Ferrocyanidein waste (range):

@ 1.0 vol% : 2.09E+07q Na2NiFe(CN)6*(IO0) = 11.88 wt%
1.76E+08g waste

@ 1.5 vol% : 1.91E+07q Na2NiFe(CN)6*(IO0) = 7.89 wt%
2.42E+08g waste

Assume 51% averagewater content,49% solids
(In Farm-1 simulants;Jeppson and Wong 1993)

Weight Percent Ferrocyanide(Dry basis)

@ 1.0 vol% • 2.09E+07q NazNiFe(CN)6*(IO0) = 24.24 wt%
I 76E+08 g waste (0.49)

@ 1.5 vol% • 1.91E+07q NazNiFe(CN)6*(IO0) = 16.10 wt%
2 42E+08 g Waste (0.49)

-I' APPA- ]
I ii 1 , II



WHC-EP-0640

Table A-I EnergeticPropertiesof Waste Simulants(Fauske 1992).

Simulant FerrocyanideContent _Hsi_t_n t _Hferr_ n
(Dry basis) (kJ/g dry slmulant) (kJ/g Na2_1_ei_N)6)

U Plant-1 4.3 wt% -0.17 -3.95

U Plant-2 8.6 wt% -0.34 -3.95

In Farm-1 25.5 wt% -1.20 -4.71

A direct,linear relationshipcan be assumedbetweenthe ferrocyanide(or
cyanide)content of the waste and the energy contentof the material.

_Hsa_L e = (Wt% Na2NiFe(CN)6)*(-3.95KJ/g NazNiFe(CN)6)

Therefore,the theoreticalenergeticbehaviorof the waste as it was initially
stored in tank 241-C-112is between:

(16.1%)*(-3.95)= -0.64 KJ/g waste; or 152 cal/g waste

(24.24%)*(-3.95)= -0.96 KJ/g waste; or 229 cal/g waste

The basis for the exothermicpotentialof the reactionis -3.95 KJ/g
NazNiFe(CN)6.This value is used for severalreasons. The measurementof the
two U Plant simulantswas performedon much larger samples,thus is not as
sensitiveto rounding and experimentalerror. In addition,the measured
gaseousproducts from the U Plant reactionwere 0.075 moles produced out of a
theoretical0.11 moles; this representsa releasefractionof 68.2%,
suggestingincompleteor less efficientcombustion. There are several
alternativereactionpaths, however,the most reactivethermodynamicpathway
has a _Hof -9.6 KJ/g Na2NiFe(CN)6. Therefore a reactionefficiencyfor this
waste matrix is (-3.95/-9.6)'100= 411%It.. can be assumedthat the release
fractionand reactionefficiencyin the waste matrix would not be any greater
than that exhibitedby the simulants. However, greaterheats of reactioncan
be expectedfrom mixtureswith higher fuel contents,as long as there is
sufficientoxidizer. This behavioris expectedbecause factorscontributing
to combustionefficiencyare more favorable"(I) a higher fuel/oxidant
interfaceand (2) fewer solid diluents. This may be why the In Farm-I
simulantexhibits a higher heat of reactionthan the U Plant simulants.

Determinationof 137Csvaluesfrom Revised Borsheim/SimpsonModel'

The approximateamountof I]7Csprocessedthrough241-C-112during the
. . f 137Csscavenglngcampalgnwas 748,000Ci. The half-lifeo is 30.17 years. ,

The decay period for the waste is assumedto be 35 years (1958-1993).
The decay factor for this timespan is thus"

e-(tn 2/30.17)'35= 0.4475

Therefore, the 137Csremaining from the scavenging campaign is
(748,000 Ci)*(0.4475) = 334,700 Ci

-I APP A-2UI



WHC-EP-0640

The amount of 137Cscaptured in the tank is assumedto be directly
proportional to the amount of ferrocyanide waste solids retained.

Gallonsof ferrocyanidesolids produced: @ 1.0 vol% = 46,200 gallons
@ 1.5 vol% = 69,300 gallons

Calculatedvolume

ferrrocyanidewaste retained: @ 1.0 vol% = 31,000 gallons
@ 1.5 vol% = 42,600 gallons

Calculatedtransfer losses: @ 1.0 vol% = 15,200gallons
- 12,600g-mol Na2NiFe(CN)6

to BC-18 and/or BY-lO8

@ 1.5 vol% = 26,700 gallons
18,000 g-mol Na2NiFe(CN)
to BC-IO, BC-18, and/or6BY-108

137Csretained in 241-C-112:

@ 1.0 vol% = 31,000 Qallons*(334,700Ci) = 224,600Ci
46,200 gallons

@ 1.5 vol% = 42,600 gallons*(334,700Ci) = 205,700Ci
69,300 gallons

Comparisonof Actual Waste Values with TheoreticalEstimates

Total cyanide values can provideestimatesof ferrocyanidecontent;and this
derived ferrocyanidecontentcan be used to determinethe energy contentof
the sample (assumingall cyanidedetected is presentas ferrocyanide).

(316.7q/q-mol N%NiFe(CN_)*(Wt% cyanide) = Wt_ Na2NiFe(CN)6
(156g CN/g-molNa2NiFe(CN)6

and using the derived ferrocyanidevalue in the previouslydescribedenergetic
relationship:

_HsampLe= (Wt_oNa2NiFe(CN)6)*(-3.95KJ/g Na2NiFe(CN)6) (I)

' Conversely,the energy contentof the waste is a reasonableindicatorof the
ferrocyanidecontent in the waste. By rearrangingEquation (I)

__H = Wtr;Na2NiFe(CN)6

N%NiFe(CN)6
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However,becauseof the semi-quantitativenature of the DSC assay, values
obtainedin this manner are likely no better than qualitativeresults (±100%)
for low fuel concentrations/smallexotherms. For sampleswith high fuel
contents (and consequently,exhibitingstrong exotherms),the values are
consideredmuch more accurate.

Calculationof Bulk Inventoriesfor Analytesof Importance

From the distributionof the solids and liquids in the samples,the
measurementsfrom tank farm surveillance,and the analyteprofilesfrom the
quarter-segments,a representationof the overall tank profilecan be
visualized(FigureA-I). These observationsfrom the tank suggestthat there
are 5 distinctregions in the tank, each possessinga specificvolume and
characteristiccompositions.These regionsare.

• Dished Bottom:First Cycle BiPO4 waste or UnscavengedUranium
Recovery (UR)waste

• Tank Layer I: UnscavengedUraniumRecovery (UR) waste

• Tank Layer 2: UnscavengedUR waste and FerrocyanideScavenging
Waste

• Tank Layer 3" FerrocyanideScavengingWaste

• Supernatant

The volumes for each regionwere derivedas follows:

• Dished Bottom" 15,000 gallons (57,700L)

The volume of the dish is accepted as 12,500gallons; in addition it is
believedthat an additionalinch of the same waste (2,750gallons) rests on
top of the materialin the dish. This gives a volume of approximately
15,000 gallons.

• Tank Layer I: 9,800 gallons (37,100L)

Calculatea volume using a slab 1.5 subsegmentshigh on one side and
0 subsegmentshigh on the other. (2,750gallons/inch)*(4.75in./
subsegment)*[O.5*(1.5+Osubsegments)]= g,800 gallons.

• Tank Layer 2: 9,800 gallons (37,100L)

Same as Tank Layer ]

• Tank Layer 3: 41,800 gallons (158,000L)

Calculatea volume using a slab 2.5 subsegmentshigh on the Core 36 side and
3.9 subsegmentshigh on the Core 34 side. (2,75_gallons/inch)*[(4.75in./
subsegment)*(2.5subsegments)+ (0.5)*(4.75)*(1.4subsegments)]=
41,800 gallons.
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FigureA-I. Waste Profileof Tank 24!-C-112.
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• Tank Layer 3: FerrocyanideScavengingWaste
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Total SolidsVolume = 76,400 gallons (289,000L)

• Supernatant: 36,300 gallons (137,000L)

Calculatea volume using a slab 6.4 inches high (45.3-38.9)on the Core 36
side and 13.6 incheshigh (45.3-31.7)on the Core 34 side.
(2,750gallons/inch)*(6.4in.)+(0.5)*(2,750gallons)*(13.6in.) =
36,300gallons.

Total Waste Volume: 112,700gallons

Check calculatedvolumewith tank surveillancerecords" 104,000gallons

PercentDifference= 112,700- 104,000"100= +8.4%
104,000

Using these volumes and a bulk densityof 1.50 g/mL for the solids and
1.27 g/mL for the supernatant,masses for the various regionscan be
calculated. Also, representativeconcentrationsfor the various analytesFrom
each of the regionscan be developed.

Table A-2" Basis for Bulk InventoryCalculations.

Volume Mass ConcentrationValues Used
Tank Region

(gallons) (Mg) for InventoryEstimate

Dished Bottom 15,000 85.2 Core 36-2D
,,,

Tank Layer I 9,800 55.6 Avg. Core 36-2C and 36-2D

Tank Layer 2 9,800 55.6 Core 36-2B

Tank Layer 3 41,800 237.3 Avg. Core 36-2A, 36-1D,
36-IC and Core 34-2D, 34-2C,
34-2B

Supernatant 36,300 174.5 Avg. Core 34 and Core 35
Drainableliquid

Total 112,700 608.2

Tables A-3, A-5, and A-7 show the concentrationvalues used to calculatethe
inventories. Tables A-4, A-6, and A-8 show the calculatedbulk inventories
for selectedanalytes.
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Table A-3. Bulk InventoryBasis for EnergeticsAnalytes.
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Table A-4. Calculated Inventoriesfor EnergeticAnalytes.
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Table A-5. Bulk InventoryBasis for Cesium-137and Strontium-90.
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Table A-6. CalculatedInventoriesfor Cesium-137and Strontium-90.
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Table A-7. Bulk InventoryBasis for ]:CPCations (wet solids).
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Table A-8. Calculated Inventory for ICP Cations (wet solids).
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Compare ICP water leach phosphorousvalue with IC phosphatevalue.

Formulaweights" P" 31 ; PO4:95

Multiplierto
convertP to PO4 • 95 g PO4/q-mol = 3.1

31 g P/_-mol

. Table A-9" Comparisonof Water Leach ICP PhosphorousValue with IC
PhosphateValue.

Water Leach P ConvertedPO4 value IC PO4 Value Percent• Sample ICP value derivedfrom ICP
(_g/g) (/_glg) (#g/g) Difference

Core 34 6380 19600 19100 2.6

Core 35 5630 17300 17800 -2.8

Core 36 16500 50600 49500 2.2
,.,

Since phosphateswere used extensivelyin waste processing,assume all
insolubleP is present as PO4;subtractfusion ICP P value and _dd corrected
amount to PO4.

To correctmass balance for unanalyzedhydroxidecontent,multiply analyte
concentrationby multiplier.

Other multipliers"

Aluminum;assume aluminum is presentpredominantlyas AI(OH)3.

Formulaweights: Al: 27 ; AI(OH)3:78

Multiplierto
convertAl to AI(OH)3 • 78 q Al(OH),/q-mol = 2.9

27 g Al/g-m61

Iron; assume iron is presentpredominantlyas Fe(OH)2.

• Formulaweights: Fe: 56 ; Fe(OH)z:90

Multiplierto
, convert Fe to Fe(OH)2• 90 g Fe(OH)jg-mol = 1.6

56 g Fe/g-mol

Nickel; assume nickel is presentpredominantlyas Ni(OH)2.

Formulaweights: Ni: 58 ; Ni(OH)z:92

APP A-13
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Multiplierto
convert Ni to Ni(OH)2• 92 q Ni(OH)2/q-mol = 1.6

58 g Ni/g-tool-

Uranium; assume uranium is presentpredominantlyas UO2(OH)2.

Formulaweights: U" 238 ; UO2(OH)2"304

Multiplierto
convertU to UO2(OH)2• 304 g U02O__O_H_2/q-mol= 1.3

238 g U/g-mol

Total Carbon; assume carbon is present in three forms, and that the TOC and
TIC assaysdid not consumeor measureany cyanide"

Organic carbon (as acetate)" C2H302
Inorganiccarbon (as carbonate)" COm
Ferrocyanidecarbon (as cyanide)" CN

Formulaweights" C" 12 ; CN: 26; C2H302"59; COs• 60

Multiplierto
convertTOC to acetate" 5g q C2H_302/cj-mol= 2.45

24 g Clg-mol

Multiplierto convert
TIC to carbonate" 60 cjC03/cl-mol= 5

12 g C/g-mol

Multiplierto
convert C to CN • 26 q CN/q-mol = 2.2

12 g C/g-mol
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Table A-lO: Energetic Calculations.

Measured Heat Wt Fraction Measured Heat Measured Heat
Sample o6 Reaction of Reaction of Reaction

(J/wet g) Solid (J/dry g) (cal/dry g)

34-1D -17 0.8 -21.25 -5.08

34-2B -12 0.43 -27.91 -6.68

34-2C -13 0.51 -25.49 -6.10

34-2D -17 0.61 -27.87 -6.67

34-Comp. -11 0.59 -18.64 -4.46a

35-2D -12 0.52 -23.08 -5.52

36-IC -11 0.52 -21.15 -5.06

36-ID -16 0.45 -35.56 -8.51

36-2A -10 0.48 -20.83 -4.98

36-2B -9 0.46 -19.57 -4.68

36-2C No Exotherm No Exotherm No Exotherm

36-2D No Exotherm No Exotherm No Exotherm

36-Comp. -19 0.53 -35.85 -8.58
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Table A-]I. Borsheim-SimpsonModel Run at 1.0 vol%. (2 sheets)
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Table A-11. Borsheim-Simpson Nodel Run at 1.0 void;.

TOTAL MOLES MOLES MOLES

WASTE Fe(CN)6 Fe(CN)6 Fe(CN)6 DISPOSAL
REMAIN. REMAIN. PRECIP'D TRANS. LOCATION

92371 0 0 0 C-112
- 103388 8783 8783 0 BC-4

62075 17982 9200 0 C108
133683 27052 9069 0 BC-3

" 53812 34557 7506 0 BC-10

37287 30902 8939 12595 BC-18,BY108
56566 40492 9591 0 BY102
74468 40492 0 0 BC-6
70336 49327 8835 0 BC-6

115780 58031 8704 0 BC-21
84107 65850 7818 0 BC-22

84107 65850 78445 12595

ii
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Table A-12. Borsheim-SimpsonModel Run at 1.5 vol_. (2 sheets)
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Table A-12. Borsheim-Simpson Model Run at 1.5 vol_o.

TOTAL MOLES MOLES MOLES

WASTE Fe(CN)6 Fe(CN)6 Fe(CN)6 DISPOSAL
REMAIN. REMAIN. PRECIP'D TRANS. LOCATION

92371 0 0 0 C-112
. 103388 8783 8783 0 BC-4

62075 17982 9200 0 C108
133683 27052 9069 0 BC-3

. 53812 32688 7506 1870 BC-10
37287 25488 8939 16139 BC-18,BY108
56566 35078 9591 0 BY102
74468 35078 0 0 BC-6
70336 43913 8835 0 BC-6

115780 52618 8704 0 BC-21
84107 60436 7818 0 BC-22

84107 60436 78445 18008
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APPENDIXB

STATISTICAL INTERPRETATIONS
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Westinghouse Internal
Hanford Company Memo

From: Process Laboratories and Technology 12]O0-PLT93-020
Phone: 3-4034/3-2779 T6-07
Date: March 15, 1993
Subject: STATISTICALANALYSISOF TANK241-C-]12 DATA

To: B.C. Simpson 'R2-]2

, cc: D. A. Dodd T6-50
J. G. Hill R2-12
L. M. Sasaki R2-12
J. P. Sloughter T6-07
R. L. Weiss H4-23
T. L. Welsh T6-07
W. I. Winters T6-50
KMR:LJFtle/LB

References: (]) Internal Memo,L. Jensen and B. J. ghttcher to
A. F. Noonan, "Statistical Analysis of Tank 241-U-]10
Data, IV: Concentration Estimates," dated
July 23, 1993.

(2) WHC-EP-0210, W. I. Winters, et al., Waste
CharacteriCatlon Plan fQr the Hanford Site SlnQ1e-She11
Tank_, Revision 1, dated August ]990.

(3) Book, G. W. Snedecor and W. G. Cochran, Statistical
Method_, Seventh Edition, Iowa State University Press,
Ames, Iowa, dated I980.

Summary

This memo containsthe results of a statisticalanalysisof data from three
core samples taken from Slngle-ShellTank (SST) 241-C-112. The resultsare
divided into four parts.

• The first part containsmean concentrationestimatesof several
analytesfound in the SST. In addition,95% confidence

" intervals(CI) on the mean concentrationare also given.

• The second part containsthe resultsof a statisticaltest
o conductedto determinethe AnalyticalChemistryLaboratory's

(325 Building)ability to homogenizesolid core segments. The
statisticalresults indicatethat the AnalyticalChemistry
Laboratorycan Satisfactorilyhomogenizecore segments.

• Part three containsthe resultsof a statisticaltest conductedto
determinethe AnalyticalChemistryLaboratory'sabilityto
constructcore compositesamples from quarter segment samples.

Hanford Oper-,tione m_d Engineering Contractor lot the US Department of Energy
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Eighty-nine percent (25 out of 28) of the comparisons showed that
the Analytical Chemistry Laboratory's ability to _onstruct core
composite samples was satisfactory. The only analytes showing
test results to the contrary were Ha, C1, and SO4 from core 34.

• The fourth part containsa comparisonof the spatialvariability
(variabilitybetweencores) and the analyticalerror associated
with the core samples taken from SST 241-C-I12. CIs are given for
both sourcesof varlabllity. In general,the spatlalvariability
in the core compositesamples is of the same order of magnitude,
or larger, than the analytlcalerror.

Introduction

Three cores samples (cores 34, 35 and 36) were taken from SST 241-6-112.
The results from a chemical analysis of the cores are used Lo obtain mean
concentration estimates for analytes in the waste. In addition, the data
is used to evaluate the Analytical Chemistry Laboratory's ability to
homogenize quarter segments and Lo construct core composite samples.

The core sample recovery for SST 241-C-112 was incomplete. Quarter segments
lD, 2B, 2C, and 2D represent core 34. Quarter segment 2D represents core
35. Quarter segments lC, lD, 2A, 2B, 2C, and 2D comprise core 36. There
were also dratnable liquids from cores 34 and 35.

Composite samples, for each core, were made from homogenized quarter segment
waste. The core composite sample from core 35 is quarter segment 2D.
Drainable liquid composite samples were also made for cores 34 and 35. A
sample and duplicate were taken from each core composite and quarter
segment. For the homogenization test, additional samples and duplicates
were taken from two different locations on each quarter segment.

The laboratory results from SST 241-C-112 samples are tabulated in
Attachment ]. The analytes of interest from the Inductively Coupled Plasma
(ICP) analyses are Al, Ca, Fe, Na, Ni, Pb, LI, and P. The ICP Acid Digestion,
and Water Leach analyses were conducted on all composite core samples. The
ICP KOH/Ni Fusion Dissolution analyses were performed on the quarter
segments and core composite samples from all three cores. The Core 34
composite duplicate results were only reported for the ICP Acid Digestion
analyses (seeTables l, 2, and 3).

Radio chemistryresultsfor U, Pu-238, Pu-239/240,Cs-137, and Sr-g0 were
reportedfor core compositesamples.The quarter segmentswere only analyzed
(RadioChemistry)for Cs-137 and Sr-90 (see Table 4).

Each quartersegment and core compositesample was analyzed(Ion
Chromatography)for CI, NO2, NO3, PO_, SO_ (see Table 5) Table 6 contains
ICP Acid Digestionanalysisresults for the homogenizationtest.
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March 15, 1993

Attachment7 shows graphicallythe ICP KOH/NI Fusion Dissolutlon,Radio
Chemistry,and Ion ChromatographyAnalysesresults for core compositeand
quartersegment samples. Graphs of the quarter segmenthomogenizationtest

" data are also found in Attachment7.

Mean Concentration Estimates
P

A task in applying the Waste Characterization Plan to SST 241-C-112 data was
to estimate the constituent concentrations (Reference 2, Section 3.3.3).
This task was accomplished by computing mean concentrations and 95%Cim on
the meanconcentrations, lt should be emphasized that mean concentration
estimates of the analytes were computed, not estimates of the inventory of
the analytes in the tank.

Tables I through 5 contain the core composite data used to compute the mean
concentration estimates and the Cim. The "NA" symbol indicates that the
data was not available.

Statistical Method_

The concentration estimates are given in the form of 95%Cim on the mean
concentration of analytes. It is assumedthat each sample and duplicate are
analyzed independently of one another to yield adequate estimates of
analytical error. Due to the hierarchical structure of the data, the
analytical error alone is not the appropriate error term to use in the CI
calculations. A linear combination of the analytical error and spatial
variability is the appropriate variance measure for the Cim. The discussion
of the formulas used to calculate these Cim is given in the Appendix of
Reference 1.

StatisticalResults

Tables 7, 8, 9, 10, and 11 containsummary statistics,by analyte, for ICP
Acid Digestion,ICP Water Leach, ICP KOH\NI Fusion Dissolution, Radio
Chemistry,and Ion ChromatographyAnion analysesrespectively. The summary
statistics are as follows:

_: arithmetic mean of the concentration data

mMS: "betweenmean squares"from the one-way analysisof variance
(see Reference1)

* 2
Op: estimatedvarianceof

df: degrees of freedom associatedwith mMS

L: lower limit to the 95% CI on the mean

U: upper limit to the 95% CI on the mean
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For some analytesthe lower confidencellmlt (L) was negative. Since
concentrationsare strictlygreaterthan or equal to zero, ,anynegativeL
values were set equal to zero.

ICP Acid Digestiondralnableliquid composite (DLC)results for Ca, Fe, NI,
U, and P were one or two orders of magnitude smaller than the soltd core
composite results. For this reason, two sets of summarystatistics are
given for ICP Acid Digestion and ICP Water Leach analysis methods. One set
includes the DLC results and the other set excludes them. In ali but two
cases, the upper confidence limit for the analysis including the DLCs was
smaller than upper confidence limit for the analysis excluding the DLCs.

The concentration confidence l imtts for uranium should be viewed with
caution. This interval is based on only three core composite sample results
from cores 34 and 36. The upper confidence limit is far beyond the range of
the three sample results due to the small sample size.

Homogen:zation Test

A second task in applying the Waste Characterization Plan to core samples
from Tank 241-C-112 was to evaluate the ability of the Analytical Chemistry
Laboratory to homogenize quarter segments (Reference 2, Section 3.3.4).

Each quarter segment, from cores 34, 35, and 36 was homogenized and
arbitrarily divided into two parts. One sub-sample was obtained from each
part. Two al iquots were taken from each sub-sample and prepared for chemical
analysis. The homogenization test data described above is tabulated in
Table 6 (Attachment ]). ICP Acid Digestion analyses were conducted on the
al iquots for the following analytes" Al, Fe, Na, Ni, Pb, U, P.

StatisticalMethods and Results

Due to the hierarchicalstructure(sub-sampleswithin quarter segments,
aliquotswithin sub-samples),a hierarchicalstatisticalmodel was fit to
the data. Reference3 (page 284) contains a descriptionof the hierarchical
statisticalmodel. This model is used to separatedifferentcomponentsof
variabilityi,_the data. The total variabilityin the data is decomposed
into three components:one due to variabilitybetweenquarter segments,one
due to the variabilitybetween samplestaken from different locationson
each homogenizedquarter segment (OL),and one due to the analyticalerror.
The analyticalerror accountsfor the differencesbetween aliquots taken
from the same location. These three componentsof variability,as a percent
of the total, are given in Table 12. lt should be noted that the largest
contributorto the total variability,is the between segment variability,
not that due to the homogenizatlon.

To quantifythe contributionof o_ (the componentof variabilitydue to
locationor homogenization),the analysisof variance(ANOVA)corresponding
to the hierarchicalmodel is used. From thz ANOVA, a test can be

2 2
constructedto determineif oL is signlflcantlydifferentfrom O. If o, is
significantlydifferentfrom Zero then it is concludedthat the laboratory
does not have the abilityto homogenizoquartersegments. If o_ is not

i
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significantlydifferentfrom zero, lt is concludedthat the laboratoryhas

. the ability to homogenize core segments. An F-test was used to test
significance of oL. The p-values (the attained level of significances),
from t_ese tests are given in Table 12. If the p-value is smaller than 0.05
then o_ is significantly d!fferent from zero. For each analyte, the F-test

" indicated that o_ is not significantly different from zero. This indicates
that the Analytical Chemistry Laboratory can adequately homogenize core
segments.

Core Composite Construction Test

Another task in applying the Waste Characterization Plan to core samples
from Tank 241-C-112 was to evaluate the ability of the Analytical Chemistry
Laboratory to make core composites from the individual quarter seg_nt
samples (Reference 2, Section 3.3.7.2). Core composites were formed by
combining equally weighted samples from each homogenizedquarter segment in
the core. Each core composite was then homogenized. A sample and duplicate
were then taken from each core composite.

A simulated core composite (SCC) was statistically constructed to compare
with to the corresponding core composite result. For each core, the SCCs
are the average of all quarter segment results for each analyte of interest.
This mean or average is denoted by ),. The subscript "w" is used since ), is
generally a weighted mean. However, in this case the weights are all equal.
An "i" subscript should be included for )wt° denote the different SCCs
calculated for each core. This subscript-is excluded to simplify notation.

Statistical Methods

The chemical analysis methods used to analyze quarter segment samples (ICP
KOtt/Ni Fusion Dissolution, Radio Chemistry, Ion Chromatography) did not
report duplicate core 34 colnposite results. For this reason, the method
used to compare the core composite with the SCC for core 36 is different
then the method used for core 34.

Core 34 Statistical Methods

' A CI on the SCC ts calculated to make the comparison between the core
composite and the SCCfrom core 34. If the core composite sample result is
contained within the CI, we conclude that the laboratory can satisfactorily

o construct a core composite (i.e., SCCcannot be statistically distinguished
from the core composite). If the core composite result is not contained
within the Cl, we conclude that the laboratory cannot satisfactorily
construct core composites (i.e., there is a significant difference between
the core composite sample and SCC).

I APP B-5
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The CI on the SOC is (L, U) where the lower (t) and (U) values are

t =yw -t Z w ) , U =yw +t 2(,)

where OZ(9,)is the estimatedvarianceof 9., _;_d"t" ts the appropriate
percentilepoint from Student'st-dlstrJbuflon.The Appendix (Attachment6)
outlines the method used to calculate a_(_,).

Core 36 Statistical Methods

For Core 36, the comparison between the core composite and SCC is made by
computing a CI on the difference between the SCCand the meanof the
composite sample. If zero is in the CI, it is concluded that the laboratory
can construct core composites satisfactorily (i.e., the SCCcannot be
statistically distinguished from the core composite sample mean). If zero
is not in the CI, it is concluded that the laboratory cannot satisfactorily
constructcore composites(i.e.,the two means are significantlydifferent).

The Cl for this differenceis (L, U) where the lower (L) and (U) values are

L: - U :

where

Yc: mean of the two core compositesample results,

t: percentilepoint from Student'st distribution,and

_2(_-_c): is the estimatedvarianceof the difference.

The Appendix(Attachment6) outlinesthe method used to calculate_2(___).
The estimatedvariancea'(_,-_,)was calculatedusing the data from all tfiree
cores becauseof the limited informationavailable. The degrees of freedom
(dr) associatedwith "t" were calculatedusing Satterhwaite'sapproximation
(Reference3, page 228).

StatisticalResults

Table 13 (Attachment4) contains summarystatisticsfor core 34, including

the g5% Cl (L,U)on the SCC There were only three analytes(Na, Cl, SOl)which had compositesample resultsthat were outside of the CI limits.
all three cases the compositesampleexceededthe upper limit of the CI. In
other words, the core compositesample is significantlygreater than the SCC
for core 34 Na, Cl and SO4.

Table 14 (Attachment4) containssummarystatisticsfor core 36, including
the g5% CI interval (L,U)on the differencebetween the SCC mean and the
core compositemean. All of the CIs on this differencecontainedzero.
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This indicatesthat there were not significantdifferencesbetween the two
means (i.e.,the AnalyticalChemistryLaboratorycanconstruct a core
composite sample from material similarto core 36).

Attachment7 containsfigures of the segmentand core compositedata for all
- three cores which may aid in understandingthe resultsfrom Tables ]3

and ]4.

, Overall, the simulated core composite could not be statistically
distinguished from the core composite in 8g% (25 out of 28) of the cases
tested. We generallyconcludethat the AnalytlcalChemistryLaboratory's
ability to constructcore compositesis satisfactory.

Spatial Var|ability and Analytical Error Estimation

Using the hierarchical structure of the core composite data, the spatial
variability and the analytical error can be separated from each other. The
spatial variability is the variability between cores. The analytical error
includes amongother things, the segmenthomogenization error, the sample
handling error, and the chemical analysis error.

The size of the analytical error relative to the spatial variability has an
impact on the mean concentration CIs for each analyte. The variance used in
these CT calculationsis a linear functionof spatlaland analyticalerror
estimates. Since the size of the analytlcalerror can potentiallybe
controlled,this comparisonis interestingto discuss.

StatisticalMethods

Estimatesof the spatial varlabillty(a_)i and analytlcalerror (O_ were
obtained for each analyteby solvinga systemof equationsusing the
expectedmean squares from hierarchicalmodel ANOVA results. This method is
explained in Reference3 (page 246).

z andR@ference3 (pagK 246) also explainsmethodsused to obtain CIs for o,
o;. The CT for o; is approximate. The CT for o, is exact.

_.t__LEt_calResult_

Tables 15, 16, 17, 18 and 19 (Attachment5) contain95% Cls for o_ and o_ for
. all 14 analytesand chemicalanalysismethods. For the ICP Acid _Igestion

and ICP Water Leach analysesresultswere tabulatedincludingthe DLCs and
excludingthe DLCs.

- Using the variancecomponentestimationmethodsdescribed above, it is
possible to obtain negativevarianceestimates. Negativevarianceestimates
and negative lower CT limitswere set equal to zero.

ian estimateof a variancecomponent is indicatedby a "^" over the
variancecomponentsymbol o_.
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For the Actd Digestion anal_sts (]_bles 15), including and excluding the
DLCschange the values of 0_ and 0,. Whenthe DLts were Included, _'.
generally decreased tn magnitude and O_ generally increased tn magnitude.

F_r the Radio Chemistry uranium analysis, an estimate and approximate CI for
o; were not obtaineddue to the small amount of data.

In general,the upper 11mlts (U) onthe approximate95% Cls for_ were
larger than the 95%CI upper limits for o_ (86% of the cases). From this
result tt can be generally concluded that the sparta1 varJabtltty (_) ts
the same magnitude or larger than the analytical error (o;) from the core
composite samples.

K. M. Remund,Advanced Statistician ttsttctan
Process Laboratories and Technology Process Laboratories and Technology

llu
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Table 1. Acid Digestion Core Composite Data

Core ICP Analysts (#g/g)

. A1 Ca Fe Na

34* NA 307 1055 82310
NA 297 1059 828]6

34 24173 22462 26227 97347
22378 20838 13920 928]5

35* NA 394 741 70213
NA 433 750 69613

35 37836 12422 27893 76362
51345 ]0673 24]66 65283

36 5385 ]6174 ]9600 102729
5667 17888 19315 102864

Core ICP Analysfs (#g/g)

N! Pb U p

34* 637 NA 1136 3709
636 NA 1132 37]2

34 18242 3128 12412 19319
17202 2793 11809 18878

35* 437 NA 932 3977
I, 447 NA 924 3941
li 35 ]]707 3904 89549 20996
,_ ]0397 3739 68790 ]6622

36 9620 840 91473 31796
11511 913 76301 29882

* .... quid composite

i
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Table 2. KOH/Ni Fusion Dissolution Core Composite and Quarter
Segment Data

Core Quarter ICP Analysts _g/g)
Segment A1 Ca Fe Na Pb ' U P

34 ]D ]9074 2604] 8743 90862 ]494 NA ]]987
16222 30357 8297 91101 NA NA 13523

26 32484 21620 14862 86858 3768 NA 11551
32241 21787 14592 91136 3477 NA

2C 14143 30638 9798 79272 NA NA ]9738
20495 29142 ]0701 ]0068] NA NA ]9752

2D 26418 23631 18483 78902 2791 20464 ]9809
273]8 23936 20887 78213 2842 19732 ]9]0]

Comp. 29798 28984 22847 114891 3326 ]4369 21956

35 2D 45791 14676 2994] 81974 4261 86289 21854
44289 15310 34764 81]42 5001 93172 22526

36 ]C 14990 29758 34125 82377 2733 NA ]9]55
14372 28]09 38006 80370 2830 NA ]9349

]D 4013 28897 7364 82799 NA NA ]9480
3898 28246 7656 80602 NA NA 19155

2A 2999 22411 ]1750 91675 NA 41400 22300
2857 20289 ]0847 9]998 NA 38267 20053

26 3040 8710 8881 90051 NA 171775 24748
3088 9113 8940 91138 NA 177587 25720

2C 21]I 3001 15655 105515 NA 115926 34517
2039 3020 14605 105889 NA ]08452 32602

2D 2944 2123 30859 104335 77l 5796l 29587
3023 2]34 3]572 105942 817 59672 30]27

,,

Comp. 6356 20155 2801l 118784 1151 107042 36604
6464 20626 24012 122576 947 102778 36917

Comp." core compos sam_ ta
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Table 3. Water Leach Core Composite Data

Core ICP Analysts (/_j/g)

A1 Ca Fe Na

34 315 240 ]630 ]04939
34* NA NA )210 860]6

NA NA ]196 85326
" 35 333 304 703 60689

327 374 722 60364
35* NA 44 788 71152

NA 37 791 71500
36 988 194 ]452 130962

639 577 ]336 85753....

Core ICP Analysts (#g/g)

Ni Pb U P

34 999 NA 7]5 6380
34* 793 NA ])48 3796

784 NA 1123 3820
35 403 NA 476 5705

411 NA 444 5556
35* 491 NA 978 3986

493 NA 981 4111
36 827 NA 6207 19807

756 NA 2986 13093
* drainable 1 quid composite
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Table 4. Radio Chemistry Core Composite and Quarter Segme_ht Data

Core Quarter (pCl/9)

Segments U Pu-238 Pu-239/240 Cs_137 Sr-g0

34 lD NA NA NA 169 ]640
NA NA NA 316 99l

2B NA NA NA 613 4950 .
NA NA NA 611 4770

2C NA NA NA 801 ]]30
NA NA NA 788 1150

, .... ,,,

2D NA NA NA 513 2450
NA NA NA 502 2570

, ....

Comp, ]7.7 0.0137 0.1550 750 3510

35 2D NA 0.1470 0.0]30 686 3220
NA 0.1550 0.0]43 716 3200

36 1C NA NA NA 579 ]800
NA NA NA 546 ]910

]D NA NA NA 1250 14
NA NA NA 1230 16

2A NA NA NA 933 15
NA NA NA 835 24

2B NA NA NA 529 71
NA NA NA 535 70

,,, , ,,

2C NA NA NA 105 148
NA NA NA lO0 139

2D NA NA NA 35 195
NA NA NA 35 203,,,

Comp. 88.9 0.0033 0.0644 795 543
99.2 0.0034 0.054] 790 472

Comp.: core com)osite sam)le data
i
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Table 5. Ion Chromatography Data

Core Quarter (/_g/g)

Segment Cl ..NO_ NO_ PO, SOA

34 ]D ] ]00 6]000 80000 ]0800 14200
] ]O0 59000 78000 ] 2500 14600

" 2B 1000 53000 69000 12000 13100
1000 54000 70000 ]2200 ] 3000

2C 900 48000 64000 ] ]200 ] 1600
900 49000 65000 ] 1900 11900,,,,

2D 800 44000 58000 ]6500 10700
900 47000 61000 18500 ] 1600

,,

Comp. 1300 62000 80000 19100 ]5600

DLC 1000 55000 72000 ] 1700 ] ] 700
)000 55000 72000 ] ]600 ] 1600

35 2D 800 34000 43000 18100 8600
700 35000 44000 17600 8600,,,,,

DLC 900 46000 58000 12900 ]0900
900 46000 59000 13000 ] 0900

36 1C 900 50000 64000 17700 ]2600
900 46000 60000 ] 5500 ] ] 500, ,,

] D 900 49000 64000 16600 12500
]000 53000 69000 19000 13500

2A 900 48000 66000 23300 12500
900 49000 66000 22400 ] 2300

2B 600 3]000 43000 20400 8300
600 29000 42000 20400 7800

2C 700 33000 48000 38000 8900
600 3] 000 44000 43000 8300

2D 7O0 35000 51000 54000 9500
• 7O0 35000 51000 56000 9500

Comp. ] 200 64000 87000 60000 16200
900 4] 000 56000 39000 ] ] 200

Comp: core composite sample data
DLC: dratnable liquid composite
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Table 6. Homogenization Test Data

Page 1 of 2

h

Core Quarter Location ,,, ICP Ac|d Digestion (Pg/9)

Segment A1 Fe Na Ni

34 2C ] 11920 12426 85165 18605 .
12234 7064 83680 ]6778

2 ]1418 9984 80119 ]7283
10536 6236 83402 16830

2D 1 34578 15055 74795 ]4072
22444 14867 82802 15580

2 2779] 30159 7929] ]5501
23400 15230 84930 16406

35 20 1 35097 28603 68701 11287
35751 25806 69416 10978

2 30843 23400 66797 10211
31431 2548l 71332 10758

36 lC ] ]0520 24343 74657 ]837]
10423 ]925] 75027 18404,!

2 11613 27043 73045 ]7505
10401 19227 71706 18540

2D 1 2782 29671 95604 75]
2826 30210 97629 769

,,,

2 3307 29656 93803 777
3667 32875 99336 854,,
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Table 6. Homogenization Test Data
Page 2 of 2

Core Quarter Locatton ICP Actd Dtgestto_ (pg/g)

Segment Pb U P

. 34 2C 1 ]32] 5978 ]7980
1140 5796 17803

2 1166 6248 17574
1066 5660 ]7488

2D ] 2594 18947 16581
2480 20339 18483

2 3130 20285 18355
2661 22038 19544

35 2D 1 3865 86499 19290
3796 84819 18972

J

2 3461 77991 17638
3978 81653 18879

36 lC l 2196 4519 18505
2168 4498 18561

2 2356 4276 ]7332
2135 4449 18109

2D 1 966 56633 28234
963 57462 28989

_

2 1237 55873 28721
]337 6]867 31131
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Table 7. Acid Digestion Inventory Statistics (pg/g)

Excludtn9 Dratnable Liquid Composites ,

BMS O_ df L UAnalyte

A1 2.45e+04 7.65e+08 ]. 28e+08 2 0.00 7.3 le+04
•

Ca ....1.67e+04 5. ] 2e+07 8.53e+06 2 4.18e+03 2.93e+04

Fe 2. !9e+04 2.63e+07 4.39e+06 2 1.28e+04 3.09e.04

Na 8. g6e+04 5.57e+08 9.28e+07 2 4.8]e+04 ]. 31e+05

Ni ]. 3]e+04 3.20e+07 5.33e+06 2 3. |8e+03 2.30e+04

Pb 2.55e+03 4.59e+06 7.64e+05 2 O.O0 6.31e+03....•

U 5.84e+04 3.22e+Og 5.37e+08 2 O.O0 ]. 58e+05

P 2.29e+04 9.42e+07 1.57e+07 2 5.86e+03 4.00e+04--,

Includtn 9 Drainable Ltquid Composites
2

AnalyL.e .y BMS 0_, df . L U

A1 NA NA NA NA NA NA, ,

Ca ]. 02e+04 ]. 87e+08 ]. 87e+07 4 O.O0 2.22e+04

Fe ] .35e+04 2.77e+08 2.77e+07 4 0.00 2.8]e+04....

Na 8.42e+04 4.25e+08 4.25e+07 4 6.6]e+04 ] .02e+05

Ni 8.08e+03 I. 1]e+08 ]. ] ]e+07 4 0.00 ]. 73e+04

Pb NA NA NA NA NA NA

U 3.54e+04 3.59e+09 3.59e+08 4 0.00 8.80e+04

P 1.53e+04 2.66e+08 2.66e+07 4 9.78e+02 2.96e+04,
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Table 8. KOH/Ni Fusion Dissolution Inventory Statistics (pg/g)

- Analyte _ ....BMS _ df L U

A1 26540 7.53.e+08 ].5]e+08 2 0 79337

. Ca ]9950 6557088] ]3114176 2 4367 35533

Fe 27915 36153926 7230785 2 ]6344 39486

Na 103893 8.43e+08 ].69e+08 2 48026 ]59760

NI NA NA NA NA NA NA
1

Pb 2937 6508141 1301628 2 0 7846

U 80730 2.87e+09 5.74e+08 2 0 183779

P 2797] ].29e+08 25753724 2 6]35 49808
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Table 9. Water Leach Inventory Statistics (pg/g)

Excludin 9 Drainable Liquid Composites
- 2

.Anal_te _ BMS O_ df L U
A1 5.21e+02 1.43e+05 2.87e+04 2 0.00 ].25e+03

Ca 3.38e+02 7.04e+03 1.4le+03 2 1.76e+02 4.gge+02

Fe ].]7e+03 3.66e+05 7.31e+04 2 4.87e.00 2.33e+03

Na 8.85e+04 ].3]e+09 2.6Ze+08 2 1.88e+04 1.58e+05, ,, ,,, ,

NI 6.79e+0Z 1.38e+05 2.76e+04 Z 0.00 ].3ge+03

Pb NA NA NA NA NA NA

U Z.]Te+03 9.87e+06 ].97e+06 2 0.00 8.21e+03
i

P ].0]e+04 6.72e+07 ].34e+07 2 0.00 2.5ge+04
.. ,.,

Includin 9 Drainable Liquid Composites
z

Anal_te _ BMS Op df L U
A_ NA NA NA ,NA NA NA ,,

Ca 2.53e+02 4.68e+04 6.69e+03 3 O.00 5.13e+02
, ,,

Fe ].0ge+03 2.42e+05 2.69e+04 4 6.37e+02 ].55e+03

Na 8.4]e+04 7.63e+08 8.48e+07 4 5.85e+04 ].]Oe+05

Ni 6.62e+O2 9.20e+04 ].02e+04 4 3.81e+02 9.43e+02

Pb NA NA NA NA NA NA

U ].67e+03 5.62e+06 6.25e+05 4 0.00 3.87e+03
,,,,, ,, ,,

P 7.35e+03. 5.50e+07 6.]1e+06 4 4.86e+02 ].42e+04 ,,,
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Table 10. Radio Chemistry Statistics (pCi/g)

Z L -
. E1ement _ BHS 0_ df L U t

CS-137 747 8380.7 1676.]4 2 571 924

Sr-gO 2189 4742404 948480.5 2 0 6380

U 68.6 3886.2]5 1295.405 1 0.0 223.5

Pu-239/240 0.06 0.013323 0.002665 2 0.0 0.28

Pu-238 0.06 0.025023 0.005005 2 0.00 0.37

Table 1 1. Ion Chromatography Anion Statistics (pg/g)
, ,

Z
Analyte _ BMS 0_ df L U

C1 980 109000 2]800 2 345 ]6]5

NO> 47200 2.99e+08 59780000 2 13930 80470

NO_ 62000 5.95e+08 1.19e+08 2 ]5080 108921

PO_ 30760 5.86e+08 1.17e+08 2 0 77337

SOL 124040 20926000 4185200 2 115237 132843
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Table 12. Homogenization Test Results

Test: OL2=0 % VarJabilit_ due to:Analyte
p-value

segment homocjentzation analytical

A1 0.55 g4.82 0.00 5.18
Ca 0.10 99.45 0.34 0.21
Fe O.58 77. ]0 O.O0 22.90
Na 0.72 92.g5 0.00 7.05
Nt 0.42 99.17 0.04 0.79
P O. 26 96.55 O.74 2.71
Pb O. 22 99.73 0.87 2.40
U 0.08 99.55 0.21 0.24

f
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Table 13. Segment versus Composite Statistics for Core 34

Analyte _w _z(_w) composite df* .,, .95% C. I. for the SCC

,L U

A1 23549 52434015 29798 2 0 54708 •

Ca 25894 18916814 28984 8 15864 35923,,

Fe 13295 19518529 22848 8 3]07 23483,,,

Na # 87128 13536665 114891 9 78806 95451

Pb 3220 1101497 3326 3 0 6559

U 20098 6.98e+08 14369 5 0 88039

P ]7318 6507390 21956 6 11076 23561,,

C1 # 963 4464 1300 6 799 1126

NO_ 5]875 18756838 62000 5 40740 630]0,,,,

i NOx 68125 27969779 80000 5 54528 81722

POL ]3200 33665294 19100 7 0 26922

SO_# ]2587 856924 15600 6 10322 14852

Cs-]37 539 17666 750 9 238 840

Sr-gO 2456 536927 35]0 4 422 4490
# ;ignificantdifference'between segmentdata an composite

units' vg/g: Al, Ca, Fe, Na, Pb, U, P, C1, NOz, NOz, PO4, SO4

pCi/g: Cs-137, Sr-g0
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Table 14. Segment versus Composite Statistics for Core 36

_Z(yw-yc) dr* 95% C. I. for differenceAnalyte Y, Y=
L • U

A1 4948 6410 4.29e+08 3 -67364 64439

Ca 15484 20391 51702254 5 -23393 13580

Fe 18355 26012 37595492 7 -22158 6844 "

Na 92724 120730 4.35e+08 2 -]]7756 61744.......

Pb 1788 1049 4355567 3 -5902 7379,,,,

U 96380 ]049]0 2.]3e+09 4 -136748 ]19688

P 24733 36761 71007390 2 -48288 24232

C1 783 1050 58964, 2 -1312 778

NO2 40750 52500 1.68e+08 3 -53025 29525,

NO_ 55667 71500 3.25e+08 2 ,. -93463 6]796 ....

PO_ 28858 49500 3.27e+08 2 -984]4 57]30

SOL 10600 .13700 11319924 2 .... -17578 ]]377

Cs-]37 559 793 2]857 1] -559 92

Sr-gO 384 508 2908128 3 -7462 72]4
# significant c:i_ference between segment composite

units: pg/g" Al, Ca, Fe, Na, Pb, U, P, C1, NOz,NOz, PO4, SO4

FCi/g: Cs-]37,Sr-g0

I APP B-22
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Table 15. Acid Digestion Spatial and Analytical Error Estimates.

Excluding Drafnable Liquid Composites

. z , 95%C. I. for o,Analyte _ 8_ 95%C. [. for o, . z

L U L U

A1 3.67e+08 3.]0e+07 7.85e+07 7.44e+09 g.93e+06 4.30e+08

Ca 2.49e+07 ].44e+06 6.26e+06 4.98e+08 4.62e+05 2.00e+07•

Fe 0.00 2.76e+07 0.00 2.43e+08 8.85e+06 3.83e+08.,

Na 2.66e+08 2.39e+07 5.50e+07 5.42e+09 7.66e+06 3.32e+08

Ni ].55e+07 ].06e+06 3.65e+06 3.11e+08 3.4]e+05 ].48e+07

Pb 2.28e+06 2.4]e+04 7.28e+05 4.47e+07 7.74e+03 3.35e+05

U ].56e+Og ].]Oe+08 3.63e+08 3.]4e+]0 3.54e+07 ].53e+09

t P 4.52e+07 3.83e+06 9.64e+06 g.]le+08 ].23e+06 5.32e+07

Includtn 9 Drainable Liquid Composites

z , 95% C I for zAnalyte _ az, 95% C. I. for o_ . . o,

... L U L U

AI .. NA . NA NA NA NA NA

Ca g.2ge+O7 8.64e+05 3:.84e+07 5.25e+08 3.37e+05 5.20e+06

Fe ].30e+08 1.65e+07 4.02e+07 /./le+OB 6.45e+06 g.g/e+07

Na 2.05e+08 ].44e+07 7.39e+07 ].]ge+O9 5.61e+06 8.67e+07

Ni 5.5]e+07 6.38e+05 2.27e+07 3.12e+08 2.48e+05 3.84e+06

Pb NA NA NA NA NA NA

U ].76e+Og 6.6]e+07 6.84e+08 ].01e+]O 2.58e+07 3.g8e+O8

P ].32e+08 2.30e+06 5.35e+07 7.47e+08 8.96e+05 ].3ge+07
* approxlmate9i% confidenc_interval

,.
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Table 16. Water Leach Spatial and Analytical Error Estimates

Excludin 9 Dratnable Liqutd Compos!tes

z , _)SZC. [. for oz.Ana]yte Ozm @z ....g5_ C. I. for o,

L U L U -

AI 7.06e+04 3.05e+04 0.00 I. 73e+06 8. Z5e+03 l. 20e+05
,... ,,

Ca O.O0 3.78e+04 O.00 6.16e+04 I. 02e+04 I. 50e+05 ,
, .

Fe 2.26e+05 3.43e+03 6.28e+04 4.45e+06 9.30e+02 ]. 36e+04

Na 5.01e+08 5. ] |e+08 0.00 ]. 57e+10 ]. 38e+08 2. O2e+09
...

Ni 8.56e+04 1.29e+O3 2.38e+04 ]. 68e+06 3.49e+02 5.09e+03
.,

Pb NA NA NA NA NA NA

U 4.55e+06 2.60e+06 0.00 I. 19e+08 7.O3e+05 1.03e+07
..

P 3.50e+07 1.13e+07 0.00 8.12e+08 3.06e+06 4.46e+07
..

Includtn 9 Drainable, Liquid Composites

z , 95_ C. I. for oz"Analyte O_ O,z 95% C. I. for.o,

L U L U

A1 NA NA NA NA NA NA

Ca ]. 26e+04 2.52e+04 O.O0 2. ]9e+05 8.09e+03 3.44e+05

Fe ]. 35e+05 1.74e+03 5.48e+04 7.66e+05 6.26e+02 1.45e+04
,,,,, .....

Na 2.86e+08 2.56e+08 0.00 2.29e+09 9. ]8e+07 2. ]3e+09,,,

Ni 5. [4e+04 6.53e+02 2.08e+04 2.g]e+05 2.34e+02 5.44e+03,,,,,

Pb NA NA NA NA NA NA

U 2.43e+06 ]. 30e+06 O.O0 ]. 72e+07 4.66e+05 ]. 08e+07

P 2.78e+07 5.64e+06 4.51e+06 [.71e+08 2.03e+06 4.70e+07
* a)pr0xtmate 95% conl_idence interval
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Table 17. KOH/Ni Fusion Dissolution Spatial and Analytidal
Error Estimates

. Analyte O_ _ 95% C. I. for _ * , 95% C. I. for O_

L U L U

A1 4.70e+08 566681 1.55e+08 9.17e+09 153572 22398455
q

Ca 40884317 155973 13086831 7.99e+08 42269 6164933

Fe 16463951 9811603 0.00 4.34e+08 2658971 3.88e+08

Na 5.24e+08 3961112 1.60e+08 1.03e+10 1073472 1.57e+08

Ni NA NA NA NA NA NA

Pb 3975509 147327 775277 7.92e+07 39926 5823204.,

U 1.78e+09 16386526 5.34e+08 3.49e+10 4440793 6.48e+08

P 80394573 137305 2637]200 1.57e+09 37210 542709]
• 'apl)roxlmate95% confidenceinterval

Table 18. Radio Chemistry Spatial and Analytical Error Estimates

Analyte 0z" #z 95% C. I. for _),z, 95% C. I. for 0z

L U L U

Cs(137) 4949 463 0 101843 125 18281

Sr-90 3555783 1360 985902 57797174 369 53767

U 27573096 7472384 1.09e+09

Pu-239/240 0.008293 0.000054 2.57e-03 ] .62e-01 0.000015 0.002]3
,,,, ,,,

Pu-238 0.015619 0.000032 5. ]0e-03 3.05e-01 0.000009 0.001265
* approximate 9!% confiden(e interval

APP B-25

,ll lj.... I_



WHC-EP-0640

12100-PLT93-020
ATTACHMENT5

Page 4 of 4

Table 19. Ion Chromatography Anion Spatial and Analytical
Error Estimates

Analyte O_ 0z 95%C I for _ * 95% C l for O_

L U L U

C1 52500 25000 0 1312401 6775 988142, ,,

NO_ 1.0.4e+08 1.33e+08 0 3.56e+09 35907859 5.24e+09 ,

NO3 2.21e+08 2.41e+08 0 7.09e+09 65176152 9.51e+09

PO3 2.97e+08 1.10e+08 . 0 7.07e+09 29894986 4.36e+09

SO_ 9172500 6250000 0 .2o51e+08 1693767 2.47e+08
• approximate 95% confidence interval
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APPENDIX

This appendix contains the derivations of Oz(_=)=and oz(gw-_c). For the formulas in thisappendix we define the following equalities: y,, 9wi and 9c=]/;.

Three statistical models are used in the calculation of these two _artance estimates. The
. first model, for the core and quarter segmentdata is

Yijk= P + cl + slj+ eijk. (I)

The mean of the two allquotsfrom the jthquarter segmentof the ithcore is _I]'A
statlstlcalmodel for this mean is

Ylj. = p . C| +EIj (2)

where

YIj. - mean of the two aliquots .fromthe jthquarter segmentof the it"core,

/J - overallmean of all the data,

ci - the effect of the ithcore,

Eli = s|j -I- eli.,

s_j = the effect of the jth quarter segment In the i th core, and

_lj. = the residual of the jth quarter segment mean in the ith core.

The subscrlpts=i,j, and k have the followingranges: I=1, at_a-numberof cores or core
composites),J l,...,bi (bi=number of quarter segmentsIn "t'he'icore), k=l,...,n
(n=numberof aliquotstaken from each quarter segment).

The third model, for core compositesampledata is

/ = pl i / (3)Yik + Ci +eik

where

" Yl = kth aliquot of the ithcore compositek

#' = the overallmean of the all core compositealiquots,

cI = ithcore compositeeffect, and

ei_' = kthresidualof the ithcore composite

The subscriptranges are the same as those used for the previousmodel.

4

i
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The varianceof J/ii.is

V(_j.) -- V(p + c_ + E_j)
0 2 2 2

= _ +0 s +0 c
n

z is the variance between quarter segments andwl_ere oz is the variance between cores, os
o_ is th_ analytical error.

A weightedmean representingthe simulatedcore composite(SCC) is

bi

y;, - 1]"j _,J."
j-1

The variance of 9wi is

v(L,) :v wj_,j. =_w_ Vl_,j.)
j-1

Wj2 2:_ +0 2. +o c .
J-|

The between mean squares (BMS) from model (2) has expectation

0 2 2 2
E(BMS) = -- +o, +booc

n

where

•
a

I.I ][_ bl
! ,,1

b°- a-] "

The within mean squares (WMS) from model (2) has the expectation

APP B-28
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02 Z
E(WMS) :-- +a,.

n

By solvinga systemof two equationswith two unknowns,we obtain ,

" z BMS - WMS
(_C ----" t

bo
#z az =WMS

m -- + I.
n

z and (oZ/n + aas estimatesof oc o,,) respectively.

From the results above we can obtain an estimateof oZ(_wi)which is

a2(_.,) : Q(_.,)

= l_.IW +08 +0
bl

BMS - WMS
=_E_w_ _MS .

j-1 bo
bi

: w: BMS+(bo-1)WMS
j-1 bo

The variancefor _i., using the structurefrom model (3), Is

2I
021 + I10c--/

V(yl.) =
n

where oz' is the analyticalerror and 02_' is the variabilltybetweencores. The between
mean squares (BMS') expectationfor moc_el(3) is

4 2/
E(BMS/) =ozI +noc•

. Using this expectation,an estimateof the variancefor _;. is

,, - / BMS/
V(y,.)- .

n
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The estimated variance of 9wi-Y;. ts

-i 02 Ozo2(_,,-y,.)- (_,,)• (_,.)

= w bo

We have assumedthat the covarlancebetweenthe two means Is zero.
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MEETING MINUTES

subject:ENERGY MEASUREMENTS FOR DISQUALIFYING WASTE TANKS FROM WATCH LISTS

to. Distribution_ _UtLO_,G.M0-037
1.

_,OM. J. R. Jewett__

Mee'.ing Date Number Atterw:ling

10/22/92 6 "
w

Oislribut ion:

" H Babad R2-08" R. P Marshall T6-I4 _L_: ,,j,__.l)p_"'

D B. Bechtold T6-50" A. F Noonan R2-12 _. ]_,,c,:..._:-C:
M L. Bell T6-16 J. C Person T6-50"

R J. Cash R2-32 J. P Sloughter T6-O/ _ _ (_,).:uJ_
D A. Dodd T6-50 H. E Smith R2-12"
D J. Hert T6-30" J. H Tillman T6-30 (3L /_,e_._4_,,
J R. Jewett T6-50" W. I Winters T6-50 _'3 C_,?r_-=_-

_t.j. 'CASH ,.lP r'-'sa°_t_e"

* Attendees .,r..., 'lqgE I_ _" _,_J_S_ _' -J'_ '_e_-,_:"
'4. "(R I;::P- I' ''P_ " _ '-'"+ +L L G __ ?4VE.53L

Harry Babad is preparing to develop a criterion based on energetic measurements For.
removing tanks from the watch lists. He wants the labs to be prepared for the sample
loads which may occur as a result of this criterion. Initial thoughts about the criterion
are as follows'

If the exotherm of the material is < 75 cal/g, there should be no further concern. If
moisture is > 25_, the limit of concern may be raised to ]25 cal/g. These are figures
determined by Babad in consultation with a number of nationally recognized experts in the
Field.

The suggestion is that if the differentialscanning calorimetry exotherms exceed this
level, then more in-depth examination, such as adiabatic calorimetry, would be necessary.
Adiabatic calorimetry would give such information as initiation temperature, reaction
rate, and propagation rate. Babad estimates that perhaps there might be 20 tanks that
exceed these limits. (This number is, of course, open to debate.) There would also be
need for measurements to support studies of synthetic materials.

- A number of deficiencies of adiabatic calorimetry and thoughts about improvement were

mentioned during the meeting. Keeping in spiri_ of the meeting, which was by and large a
brain storming session, the ideas are presented here in no particular order.

" I. Do we have enough tools? Adiabatic is slow, labor intensive, dose rate high.
lt uses too much sample; we have just one. Does the Accelerating Rate
Calorimeter (ARC; by Columbia Scientific) offer any advantage over the Fauske
Reactive System Screening Tool? If it is too big, could it be modified?

5_.-]000-100 (4/58) (EF) GEF011

Meeting Minutes
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2. Do we have the right tools to work up the results? We shou
computer. Would Chemometrictools help? (Eric Wyse at PNL
Could data work-up be more automated?

3. Do we have enough capacity?

4. Do we have properdocumentationfor our measurements? We u'
test reportsnow. When sample load increases,we will need
efficientsystem to get data to engineers,programs,and ex'
The "data package"system used for single-shelltank charac'
fast enough.

5. We need to developback-upsto current thermal analysissta_

6. We need to have a low-temperaturedrying method for adiabat_ "
controlledwell enough to allay any suspicionthat the sampl
chemical energybefore the actual adiabaticmeasurement.

No Formal actionswere taken or assignedat this meeting. These minut
way to raise general awarenessthat needs for direct measurementof wa
energeticshas the potentialFor dramaticgrowth. The laboratoryshou
respectto knowledgeof methods,manpower,and equipment.

54-3000-100 (_/58) (EF) GEF011
Meeting Minutes
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Westinghouse Internal
Hanford Company Memo

From: Waste CharacterizationAnalysis 23230-93-JMM-O]O
Phone: 6-.I63g H0-34
Date: March 23, 1993
Subject: HEAT LOAD DETERMINATIONOF TANK 241-C-112

To: B.C. Simpson R2-]2

cc: R. J. Cash R2-32
, W.L. Knecht H0-34

JMM File/LB

On February2, Igg3,you requestedthat I performa heat
load determinationon tank 24]-C-l]2. You providedthe
thermocouplereadingsand placementdepths. Accordingly,an
analysiswas performed. The value determinedfor the heat
load of the tank was 8,100 Btu/h (2.374kW). The
conductivityof the waste was determinedto be
.70 Btu/h-ft-°F. The accuracylimits of the heat load
determinationwere consideredto be plus or minus
1,000 Btu/h.

The analyslsutilized the data you provided as the primary
data. The boundaryconditionsfor the surroundingsoil were
a conductivityof .6 Btu/h-ft-°F,and a constanttemperature
of 55 °F at 200 feet below the soll surface,and a forced
convectionheat sink of 54 °F at the soil surface. These

values are those used in previousanalyses,except for the
soil conductivity,which is that for sllghtlybetter than
10% saturatedsand. This value is the best estimateof soil
conductivityto date. A copy of the workbookis includedin

/C''//////_/ ''__'_-this letter.. _Fd___//
_J. M. McLaren Checked by: G.K. Allen

Senior Engineer PrincipalEnlneer

. bab

Attachment

' CONCURRENCE:

W. L. Knecht,Manager
Waste CharacterlzationAnalysis

Hmnford Operattonl and En_inHrtng Contrleto¢ for the US Department of Energy
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Tank 241-C-112 workbook

Breit Simpsoncalled and wanted a heat load on tank C-I12. I have
aquiredprintsH-2-37gI2,Riser Elevations,and H-2-1744,Tank Farm Riser and

Nozzle Elevations. I also have printW-138/, 75 Ft DiameterTanks Building
No, 24l Concrete Detailsof Tank. DrawingW-7387 shows that the distance
from the bottomo.fthe tank wall to the top of the liner is 18 ft, and the

distancefrom the top of the liner to the bottom center of the dome is ]2 ft.
The distancefrom the centerof the bottom to the bottom of the tank wall is t

ft, as is the thicknessof the concretedome. DrawingH-2-1744 shows the same

dimensions,except for the distancfrom the top of the liner to the bottom

center of the dome, which is not shown at all. The drawing shows that the
elevationof the bottomcenter of the tank is 608 ft, and the elevationof the

top of the riserson the south side is 646.]2 ft, and on the north side 645.69

ft. The averageelevationis 645.9! ft.

The distanceto the top of the tank From the bottom is ] + 18 + 12 + i
ft = 32 ft. The elevationis 608 + 32 = 640 ft. The depth of the dirt cover
is 645.9! - 640 = 5.9] ft. This is a littleless than usuallyconsidered.

The depth of soil cover is usuallyfrom 7 to g feet. DrawingH_2-379]2,shows
that the bottom elevationof the tank is 607.00 ft. This would give a soil

cover depth of 6.9! ft. I think that this is more probable,and that print H-
2-37912 is more accuratethan H-2-]744in this respect. So I will use a depth
of 6.91 ft.

The model will be developedby modifyingthe C-lO9 model I built fdr the
heat load analysisfor WHC-SD-WM-ER-13g,Heat Load and ThermalCharacteristics

Determinationfor SelectedTanks. The developmentof the C-lOg model is

covered in detail in WHC-SD-WM-TI-502,the Task Record (EngineeringNotebook)

For the above report. This model's nodingdiagram is shown as on Page 2. The
first thing to do is to get the top and bottom dimensionscorrect. From
measurementstaken from Drawing W-7387,the top of the tank dome is 22.89 ft

above the referencellne. The programVOLUME2.BASwas developedto calculate
the volumeof the tank above and below the drawing referencefin for various

radii. This program is shown on Page 3, and the input tables are shown on
Page 4. RunningVOLUME2.BASfor the radii 0 to lO.II ft gives an average
height of 22.62 ft. The differenceis .27 ft. So the undersideof the tank

top is 6.gl . l (concretethickness)= 7.gl ft below the surfaceof the soil.
The elevationof the region is 7.gl + .27 = 8.18 ft. The model showed 8.05
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Tank 241-C-112workbook

TANK 241-C-I09MODEL

0 0 10.11 18.19 23.25 28.30 31.33 35.38 39.10 51 O0
.......

R1
RIO

• DIRT RII
DIRT RI2

8.05 .. DIRT RI3
DIRT RI4

" 9.12 DIRT Rf5 R2
DIRT

10.55 DIRT DIRT

12.06

13.55
R4

15.27 RI6
AIR Rf7 37.50

17.57 AIR Rf8
AIR RI9

AIR R20
AIR R21

AIR
AIR R

6
32.96

C
R8 CRUST K=.23 0

N
35.46 C

Rg SLUDGE K=.27 R
36.46 E

T
R25 SLUDGE K=.27 E

40.96 ,,

R26 SLUDGE K=.27

45.96 ,
• R27 SLUDGE K=.27

47.10 ....
R22 SLUDGEK=.27 R5 CONCRETE R

47.96 - 7
• 48.10 R23

CONCRETE R24 DIRT
48.96 .........

12.13

R3

DIRT

200.0 .........
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5 DIM D(39), R(39)
I0 PRINT "IS DATA ABOVE OR BELOWREFERENCE LINE?"
15 INPUTAS

20 OPEN "C:DATA.R"FOR INPUTAS #I
25 IF A$-"ABOVE"THEN GOTO 45
26 IF A$="above'THEN GOTO 45

30 OPEN "C:DATA.D'FOR INPUTAS #2
35 GOSUB 145
40 GOTO 55

45 OPEN "C:DATA.H"FOR INPUTAS #2
50 GOSUB 145

55 INPUT "RADIUS FROM" ; A

60 INPUT" TO" ; B
65 V=O!

70 FOR I-I TO 39: IF A-R(1) THEN J-I
75 NEXT I

BO FOR I=l TO 39: IF B=R(1) THEN K=I
85 NEXT I
90 FOR I-J+l TO K

95 RI=R(I-I):R2=R(I)

I00 DI=D(I-I):D2=D(1)
I05 RAVG=R2^2-RI^2

IlO DAVG=(D2+DI)/2
I15 V=V+RAVG*DAVG
120 NEXT I

125 VOL=V*3.14159

130 DEPTH=VOL/((B^2-A^2)*3.14159)
135 PRINT "VOLUME IS DEPTH IS"

136 PRINT VOL;" FT3 ";DEPTH;"FT" .
140 END

145 FOR I=l TO 39

150 INPUT#1,R(1)

155 INPUT#2,D(1)
160 NEXT I
165 RETURN

APP C-6
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INPUT FOR VOLUME2.BAS

RADIUS DEPTH BELOW REFERNCE HEIGHT ABOVE REFERENCE

0 7 43 22.89

I OI 7 43 22.89
2 02 7 43 22.89

3 03 7 39 22.89
4 04 7 38 22.84

, 5 05 7 38 22.79

6 06 7 35 22.74

7 08 7 33 22.64
8 O9 7 33 22.54
9 IO 7 33 22.39

tO ]! 7.30 22.29

]1 ]2 7 28 22.]4

12 13 7 26 22.01
13 14 7 23 2].83

]4 ]5 7 20 2].63
15 16 7 18 21.48

]6 ]7 7 ]3 2].28
]7 ]8 7 ]3 21.02

]8 ]9 7 08 20.77 -
]9 20 7 05 20.57

20 22 7 02 20.27

2l 23 6 97 20.01

22 24 6 92 ]9.76

23 25 6 87 ]9.46

24 26 6.82 19.15
25 27 6.77 18.85

26 28 6.72 ]8.45

27 29 6.67 18 14

28 30 6.62 17 74

29 31 6 57 17 33

30 32 6 52 ]6 93

31 33 6 45 ]6 53

32 35 6 42 16 ]2

33 36 6 36 ]5 46

34 37 6 25 ]4 8I

35 38 5.86 14 10
36 39 5.10 13 19

37 40 3.54 12.13

37 50 O. ]2.08

4

i APP C-7
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ft. So change all the dome regionsby 8.18 - 8.05 = .13 ft. The bottom is done
similarly. VOLUMEZ.BAScalculatesthe averagedepth below the referenceline for the
radii 0 to 12.13 ft to be 7.33 ft. Thebottomcenter is 7.43 ft. the difference is 7.33 -

7.43 = -.I0 ft. The tank bottom is 645.gi - 607 = 38.gi ft. The depth of the region of
the tank bottom center is 38.91 - .10 = 38.8! ft. The differencebetween the two tank

bottom regionsis 47.g6 - 47.10 - .86 ft. So the second region is at 38.81 - .86 - 37.95

ft. These regionsare .5 ft thick.

So now constructthe model. Using the noding diagram on Page 2, add .13 to all the

verticaldimensionvalues in the airspaceregions. The tank bottom verticaldimensions
will be 38.81 to 3g.31 for the lower tank bottom, and 37.g5 to 38.45 for the outer (upper)

tank bottom. All the waste regions above the tank bottom can be consolidatedinto
oneregion,for two waste regions,the one over the "step" in the bottom, and the one above
the entire bottom. Also, in the interestof better continuity,renumberall the regions.

To determinethe waste depth for the model, take the provideddata which shows a
depth of 3.7g ft. This is measured at the outer riser location,taken to be 33.5 ft from
the tank center. At that locationthe measurementsfrom drawingW-7387 show the tank
bottom to be 6.36 ft below the referencellne. The center position is 7.43 feet below the
referenceline, a differenceof 1.07 ft. There is a differenceof 6.36 - 3.79 = 2.57 ft

between the measuredtop of the sludgeand the referenceline. RunningVOLUME2.BASfor

the volume below the referenceline gives a volume of 28ggl ft3. With a tankd diameter of
75 ft and a height of 2.57 ft, there is a volume of II_53.gIft3 between the referencefin

and the top of the sludge. This means there,is 28991./5 - I1353.gi= 17637.84ft3 of

sludge. Region 23 of the model, the small sludge volv,meat the center bottom is 12.13 Ft
in radius and .86 ft high for a volume of 397.53 ft_. This means there is 17637.84-

397.53 = 17240.3lft_ of sludge in Region 22. This region is 3.90 ft high. So the top of
the sludge is at 37.95 - 3.g0 = 34.05 ft. The thermoc)uplepositionsshould be placed to

be correctwhen measured from the top of the sludge. There will be an error of .ll ft at
the bottom,but this shouldbe acceptable. The noding diagram is shown on Page 6

Now to work up the data. The temperaturedata from the T/C trees in Risers l and 5

is shown on Page 7, with the elevationsof the individualthermocoupleson Page 8. Plots
of the data, with the data locationsmeasuredfrom the sludge surface are shown on Page g.

The averageswill be used to make the data string to be matched.

Now start the iterationprocess. From the temperaturedata I will start at 7500
BTU/hr,and use a waste conductivityof .65 BTU/hr-ft-°F. The run shows this is pretty

low. Try again at go00 BTU/hr. This one is too high, but in the ballpark. Drop down to

7750 BTU/hr. This one shows we're gettingclose. Try 8000 BTU/hr. Real close. Now
change the conductivityto somethinga ]ittlehigher to better match the slope of the
data. Try .70 BTU/hr-ft-°F.Just aboutdead on. Looks like the power is 8000 BTU/hr

with a conductivityof .7 BTU/hr-ft-°F. Plots of the results of these runs are shown on

Page IO. The accuracyspread is the spreadof the data. A 7000 BTU/hr run is plotted

with the 8000 BTU/br run and the go00 BTU/hr run, against the data on page 12. Looks like

a ±lO00 BTU/hrwill do the trick. So I will use that.

5

I APP C-8
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TANK 241-C-112 MODEL
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15.40 R]6
AIR R17 37.50
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AIR R20
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AIR R
AIR l
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C
0
N
C
R

34.05 .... E
T
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37.95
R23 SLUDGEK-.2/ R12 CONCRETE wRl3

38.45
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RII CONCRETE Rg DIRT
39.31

12.13

R10

DIRT

200.0
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241-C-112 a litter 1: Extxtino Probe ItaYto Level - 3.79 feet _,_x

I hermocoqp]e # Relative Elevation {ft) Monitor by TMACS :_._.I

U

1.7 Yes• • mi ii
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II II I
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i ii
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' m ' • ..... , m ...... _ III I

, T .... . .
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II ....
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. i i

S 4.6 Yes
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