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TANKWASTECHEMISTRY- A NEWUNDERSTANDINGOF WASTEAGING

H. Babad

WestinghouseHanfordCompany

D. M. Camaioni,M. A. Lilga,W. D. Samuels,D. M. Strachan
PacificNorthwestLaboratory

" ABSTRACT

There is concern about the risk of uncontrolledexothermicreaction(s)in
HanfordSite waste tanks containingNO3"/N02_based salts and/or metal
hydroxidesludgesin combinationwith organlcsor ferrocyanides. However,
gradualoxidationof the waste in the tanks to less reactive speciesappears
to have reducedthe risk. In addition,wastes sampledto date contain
sufficientlylarge quantitiesof water so that propagationreactionsare
highly unlikely.

INTRODUCTION

Over the past 2 to 3 years a varietyof independentinformationsources
were studiedto evaluatethe risk of an uncontrolledexothermicreaction in
HanfordSite high-activitywaste tanks. The intensive,mostly theoretical
study was based on limiteddata, but led to the tentativeconclusionthat the
risk is greaterthan previouslyexpected. The wastes containedin these tanks
are NO_/NO_based salts and/ormetal hydroxidesludges. In combinationwith
these salts/hydroxidesare water solubleand/or insolubleorganicsor
ferrocyanides, lt is these combinationsthat are of greatestconcern.

Evidenceto refute those preliminaryconclusionsabout the high risk came
first from an evaluationof waste transferrecordsand flowsheet-related
documentation- an analysisthat serves to bound the inventoryof fuel in the
high-NOz/NOzwastes. Second,tests with simulatedwastes demonstratedthat
both the reactivityand energeticsof potentiallyreactive specieswere lower
than expected in systemscontainingferrocyanidesalts and in those containing
the organic species. Third, the resultsfrom tests with actualwaste
materials,either cores or "grab"samples,generallydemonstrateda lower
reactivityfor aczualwastes than for freshlymade simulants. These lower

" energy releasessuggesteddegradationof the fuel value by radiolyticand
chemicalaging of the waste. This, the gradual (over tens of years) oxidation
of the waste in the tanks to less reactivespecies,is the subjectof this
paper.
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BACKGROUND

Productionof nuclearweaponsmaterialsbegan at the Hanford Site in
1944. Productioncontinueduntil 1990, when the last productionreactorwas
shut down and processingof the irradiatedmetallicuranium fuel was
suspended. During this entire period,radioactivewastes from the
reprocessingoperationshave been stored as alkalineliquidsand slurriesin
near-surfaceundergroundtanks. Between 1943 and 1964, 149 single-shelltanks
(SST) ranging in capacityfrom 208 m3 to 3,800 m3 (55,000to 1,000,000gal)
were constructed. Currently,the SSTs containapproximately14,000 m3

. (36,000,000gal) of waste as damp salt cake (predominantlysodium nitrateand
sodiumnitrite),and metallicoxides/hydroxides,and other insolublemetal
salt sludges,plus about 2,300 m3 (600,000gal) of supernatantliquid. The
waste representsan accumulationof material from 1944 to 1980, at which time
activeuse of the SSTs ceased. Historically,67 of these tanks are known to
have leaked or are assumedto have leaked,necessitatingadditionaltreatment.
Treatmentconsistedof the constructionof new double-shellsteel tanks (DST)
and the concomitantpumpingof the remainingliquidsfrom the SSTs. As of
1992, the liquidsin all but 44 of the SSTs have been reducedto the point
that only a small non-drainablefractionremains. Of this fraction,only a
small quantitycan drain from the tank, and the remainderis held by capillary
forces. These secondgenerationtanks, the DSTs, offer better assurancethat
the environmentwill be protectedfrom leakageof stored radio)ctivewaste
(1). Since 1971, 28 of the DSTs, ranging in size from 3,720 m_ to 4,390 m3
(984,000to 1,160,000gal), have been built at the Hanford Site.

Hanford Site wastes are unique in that they resultedfrom a wide variety
of reprocessingflowsheets(e.g.,the bismuthphosphateprocess,reduction
oxidation,plutonium-uraniumextraction,and the Thorex Process, as well as
from uraniumrecoveryactivities). To reduce the volume of waste that was
generatedduring the uraniumrecoveryprocess,137Cswas removedfrom the
supernatantsolutionsby the precipitationof ferrocyanide[Na2NiFe(CN)6
(idealstoichiometry)]by which the cesium was scavengedto the sludgelayer
in the tank. The ferrocyanide-scavengingprocesswas carriedout using at
least three flowsheets(2). Wastes were also added to the tanks as part of
plutoniumrecoveryand finishingoperations,and as part of cesium and
strontiumremovaland encapsulationefforts. As a result of the use of
severalplutoniumrecoveryprocessesand a varietyof methods to manage the
volume of storedtank wastes,the chemicalcompositionand radionuclide
contentof individualtanks varieswidely.

DISCUSSION

A variety of organicsolvents,complexingagents,surfactants,and other
reagentswere used in the variousprocesses(referto Table I). The wastes in
the tanks containsome fractionof these organicspecies. In some wastes,the
existenceof significantquantitiesof either or both ferrocyanideand organic
specieswith an excess of NO3/N02oxidizersposes a potentialsafety problem,
which has been the subjectoY much recent study. These studiesare briefly
discussedbelow.
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Table I. Primary EnergyRich ChemicalsUsed In Waste
Managementand ChemicalProcessingOperations.

CompoundName Use PotentialDegradationProducts

Normal paraffin Carrier Probablycarboxylicacid fragments
hydrocarbons Solvent from carbon chain cleavage

Methyl isobutyl Extraction Acetoneand carboxylicacid
. ketone (hexone) solvent fragments

EDTA and HEDTA Complexants Sodium formateand oxalateand
other "intermediatedegradation
fragmentsfrom complexantcleavage

Tributylphosphate Extraction Butyl alcoholand possiblybutyric
solvent acid

Citric acid Complexant Sodium formateand oxalate and
other "intermediate"degradation
fragments

Sugar Denitrating Reactionin acid leads to carbon
agent dioxide and nitrousgases

Di-2-ethylhexyl Complexant 2-ethylhexylalcoholand possibly
phosphoricacid carboxylicacid fragments

Assortedorganic Decontamination Probablycarboxylicacid fragments
based surfactants operations from carbonchain cleavage

SodiumNickle Decontamination Solublesodium ferrocyanide,
ferrocyanide operations sodium formateand ammonia

EDTA=Ethylenediaminetetraacetic.
HEDTA=Nhydroxy-ethylenediaminetriaceticacid.
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Degradationof Water SolubleOrqanicsin AlkalineWastes

Water solubleorganicshave been used extensivelyin the chemical
processesused at the Hanford Site. In general,these water solubleorganics
consistof a class of organic complexants,such as ethylenediaminetetraacetic
(EDTA),N hydroxy-ethylenediaminetriaceticacid (HEDTA),nitrilotriaceticacid
(NTA),etc, and pH bufferingagents,such as glycolic and citric acids. The
generationof gases in the alkalinewastes in tank 241-SY-I01and the
knowledgethat these organicswere used in the chemicalprocesses,led to the
studiesof the mechanismsby which these organicsdecomposein alkaline
solutions. This work is part of a cooperativeeffort that has been carried
out at GeorgiaInstituteof Technology,ArgonneNationalLaboratory,
WestinghouseHanford Company,and PacificNorthwestLaboratory(PNL).

The earliestwork on the decompositionof organics in alkalinewaste
solutionswas performedby Delegard (3,4). Resultsfrom these studies
indicatethat the initialorganic,in this case HEDTA or EDTA, were degraded
by losing one and two carbon atoms from the moiety,yieldingethylene
diaminetriacetate(ED3A). More recent studiesconfirmthat these organics
decomposeby losing one- and two-carbonfragmentsfrom the molecule (5-8).
These fragmentsultimatelyyield, if the mechanismis correct,oxalate and

formateplus H_ and CO_,which, in stronglyalkalineenvironment,are
convertedImmeaiately_o C03"2. Additionally,N20, NH3, and N2 gases are
producedduring the decompositionof these organics.-As discussedbelow, this
representsan overalldecrease in the potentialenergy associatedwith the
organiccontentof the waste.

Analyticalresultsfrom the waste samplesfrom tank 241-SY-I01suggest
that the amountof parent organic (i.e.,HEDTA or EDTA) is relativelysmall
and representsless than 10% of the total organic presentin the samples (8).
At that time, the data suggestedthat there was a substantialamount of the
organicin these samplesthat was not amenableto analysisusing the
derivitizationmethods. Oxalateand formatewould not be detected using these
techniques,but would be expectedfrom the proposedmechanisms. These initial
analyticalresultssuggestedthat a substantialamountof the total organic
carbon is presentas moieties smallerthan the presumedparent compounds,but
as yet unidentifiedand/orquantified. This general degradationof the
organicsseems obvious,but withoutthe studiesperformedover the past three
years and analyticalresults obtainedover the past two years, there would
only be an ambiguousunderstanding.

Recentwork by Bryan and Pedersonand reported in reference(8) suggests
that the mechanismsthat occur at tank temperaturesmay also be effectivein
the destructionof these organicsat elevatedtemperatures. Bryan and
Pedersonhave investigatedthe autogenousdestructionof EDTA at temperatures

" between 150 and 350 °C, below the criticaltemperatureof water. In these
experiments,the NO_ in the simulatedwastes was used to destroy the organics
yielding one mole o_ NH3 per mole of organicnitrogen. Some NH3 was also
generatedfrom organicsthat containedno nitrogensand from simulatedwaste
withoutorganicsadded. The quantityof the NH3 so generatedwas, however,
small. From the resultsof these experiments,some insightto the
stoichiometrywas obtained,assumingthat the stoichiometryis approximately
the same at tank temperaturesas at the temperaturesof Bryan and Pederson's
experiments. These resultssuggestthat OH" is requiredfor the destruction
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of these organic specieswhen the oxidation_ arried to CO_"2',no OH" is
requiredfor the destructionof EDTA to C204"_s :• If this is the case, it would
suggestthat a substantialamountof the organicin tank 241-SY-101has not
been completelyoxidizedbecausethe OH- concentrationhas not changed
significantlyover the past 6 years (9,10). Becausethe OH" has not changed
significantly,it can be assumedthat the reactionshave not taken the organic
carbon completelyto C03"2or the net reactionsuggestedby Bryan and Pederson
in reference(8) is not fully operableat tank temperatures. The reactions

. proposedby Ashby et al. in references(6,7) suggestthat 4 to 10 moles of OH"
shouldbe consumedfor each mole of parent organicreactedto form oxalateand
formate.

Hydrogen,N20,NH3, and N2 are generatedin the experimentsof Bryan and
Pederson,reportedin references(6,7),and in the mechanismproposedby Ashby
et al. (5,8,11). These same gases are generatedin the waste containedin
tank 241-SY-I01. While the data from the tank are confoundingin that the
informationon the gas compositionhas only been obtainedfor the past three
years, some informationcan be extracted. If one uses the informationfrom
the simulatedwaste studiesas an indicatorof the processesthat are taking
and have taken place in the tank, one can estimatethe total amount of organic
carbon that has been affectedby the reactions. Using a generationrate of
50 toolH2/d (10) obtainedfrom the waste level data and one mole of H2 per one
or two moles of carbon (dependingon the sourceof the H2 - glyoxalateor
formaldehyde- obtainedfrom the simulatedwaste studies),the maximum amount
of organicthat could have been affected is 0.1 g/L or about 6% of the total
organiccarbon in the waste of tank 241-SY-I01. Assuming for the moment that
very little of the organicwas oxidizedto C03"2and 6% is EDTA, very little
of the originalfuel value remainsin the waste. This suggeststhat the
safetymargins used in the safetyanalysesfor the waste in tank 241-SY-I01
were quite conservative,since parentorganicspecieswere used to calculate
the energy releaseduring a hypotheticalaccidentscenario.

The most energeticreacti(_nof EDTA or HEDTA is the conversionof the
organicspeciesand NO2 to C03"_,H20,and N2. The enthalpyof this reaction
is on the order of 5 MJ/mol. If the organichad been degradedto C204" then
the energy contentof would have been degradedfrom the ori£1inal5 MJ (molof
EDTA) to the equivalentof about I MJ (5 tooloxalate). This representsa
substantialreductionin the total energythat could be releasedduring an
accidentinvolvingthe rapid decompositionof the organiccontent in the
waste.

In short, the _uel value representedby the total organiccarbon,a value
to which EDTA, C204"_,and CHO0"contribute,in tank 241-SY-I01waste and, in
fact all wastes _ontainingwater solubleorganics,is degradingwith time due
to the slow destructionof largerorganicmoieties (i.e.,as the waste ages).

" While the analyticaldata are not yet complete,if the data collectedto date
are accurate,the assumedfuel value in tank 241-SY-I01has degraded
substantiallyover the years relativeto the assumptionsmade during the

" safety analyses. The analyticaldata suggestthat the fuel value may have
decreasedby up to a factorof 4 due to aging of the organics in this and
other alkalinewaste currentlystored in HanfordSite tanks. This general
decrease in energy is furthersubstantiatedby the low exothermicvalues
obtainedfrom the differentialscanningcalorimeteranalysesperformedon
actualwaste samples._

5
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,_.gtngof Ferrocy_ntde Salts ;n Alkali-Contain;,_g Waste

Aging of ferrocyanidewaste is the processby which insolublesodium
nickel ferrocyanide,when exposedto aqueousalkaliabove pH 13, either
dissolvesand is dilutedor decomposesto a less fuel-richform. As part of
waste managementoperations,aluminumdecladdingwaste or double-shellslurry
from the concentrationof reprocessingwastes was added to tanks containing
bedded ferrocyanide(2). The ultimategoal of demonstratingaging is to
verify a mechanismthat could have taken place in the tanks over extended
periodsof time when the precipitatedferrocyanidewas exposed to these highly
alkaline wastes.

To validatethe aging conceptfor ferrocyanides,two different "proofs"
are needed. First, it must be demonstratedon both syntheticflow sheet
materialand on real wastes that the initiallyinsolubleferrocyanidesalts
dissolve and perhapsdecompose. Second,a means of "delivering"the alkali to
the beddedferrocyanidewastesmust be demonstrated.

The slow diffusionof materialsin aqueousheterogeneouswaste systems is
well known, but the time scale on which such diffusionoccurs is long.
Dissolutionof ferrocyanidesalts within one meter of a highly alkalinewaste
over a 30-year period appearsalmost certain,but questionsremain whether
such diffusion-controlledprocesscould dissolvewastes lower in the tank.
Modeling and perhapssome experimentalstudieswill be needed to determine
whether the time scale requiredfor diffusionof alkali throughthe deepest
bed of settledwaste is compatiblewith a diffusion-controlleddissolution
mechanism.

Equationsthat describe the proposedchemistryof aging and are based on
laboratoryresultsof the dissolutionof ferrocyanidesimulantsare presented
below"

(Eq I) Na2NiFe(CN)6+ 2NaOH ....> Na_Fe(CN)6 + Ni(OH)2
Sodium Nickel Ferrocyanide Sodium Ferrocyanide

(Eq 2) NaCFe(CN)6 + 2NaOH + 12H20.....> 6NaHCO2 + Fe(OH)3+ 6NH3
Sodium Formate

(Eq 3) N%Fe(CN)6 + 3NaOH .......> 6NaCN + Fe(OH)3
Sodium Ferricyanide

Too little is understoodabout destructionof insolublecomplex
ferrocyanidesalts by radiation. Althoughpreliminarydata suggestthat
solubleferrocyanidesalts producecyanide ion by radiolysis,it is not yet
known what role radiolysisplays in the aging of HanfordSite ferrocyanide
wastes.

PNLAqln_ Study Test Results

Resultsof aging studiesnow under way at PNL demonstratethat a

vendor-preparedferrocyanidesimulant,Na2NiFe(CN)6• Na2SO4 • 4.5 HRO,
dissolvesrapidly in aqueousbase. This processmay have occurred In the
tanks over the last 35 years to dissolve,dilute,and more slowlydestroythe
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ferrocyanidecompounds. Lilga et al. (12) investigatedthe effects of pH
variation,[Na+], anions presentin SSTs, and gamma radiationon
solubilization.

In the initialdissolutionscreeningexperiments,I g of the
vendor-preparedmaterialwas refluxedfor 9G h in 0.1 M (ExperimentI) or I.O
M NaOH (Experiment2). These experimentswere performedin standardlaboratory
glassware. Table II summarizesthe conditionsand resultsof the two
experiments.

The data indicatethat vendor-preparedN%NiFe(CN)6dissolvesin aqueous
. base accordingto Eq. (I) to give primarilyinsolubleNi(OH)2 and soluble

Na4Fe(CN)6. Precipitationof Ni(OH)2 apparentlydrives the f_errocyanide
dissolution.

Atomic absorptionanalysisof the reactionsupernatesshowed that
essentiallyall of the iron is in solutionafter 96 hours at reflux
conditions. Very littleof the nickel is found in the supernatesolutions.
Environmentalscanningelectronmicroscopy(ESEM),energydispersive
spectroscopy(EDS), infrared (IR)spectroscopy,and X-ray diffraction(XRD)
indicatethat Na4Fe(CN)6is the primaryferrocyanidecompound in the soluble
solids. IR, ESEM, EDS, XRD, and M()ssbaueranalysesshowed that nickel was
presentin the reactionprecipitateas Ni(OH)2. Very little iron remained in
the insolublesolids.

The presenceof NH3 was detected in both experiments. This is indicative
of cyanidehydrolysisr_actions. A greaterdegree of hydrolysisoccurs in the
more basic solution. The extent of hydrolysis,however, is very low after 96
hours with the largestyield on the order of 0.02% (0.02%of the cyanide
groupswere convertedto NH3).

A more detailed study was undertakento determinethe influenceof pH,
[Na+], and the presenceof single-shelltank (SST) simulantsalts on the rate
and extent of dissolutionof the vendor-preparedNa2NiFe(CN)6material. These
reactionswere performedat room temperaturein Teflon®labware. Solutions
were periodicallysampledduringthe reaction and analyzedfor iron using
atomic absorptionspectroscopy° At the conclusionof the experiment,the
final pH was measured and the solubleand insolublesolids were analyzed using
IR, ESEM, EDS, XRD, and occasionallyusing MGssbauerspectroscopy. In some
cases, the supernatewas analyzedfor free cyanide,ferrocyanide,and
ferricyanideusing ion chromatography(lC). Table III summarizesthe starting
and final pH for some of these experiments.

Experimentsto study the effectof initialpH on ferrocyanidedissolution
. were performedwith startingpH values of 12, 13, and 14 (0.01 M, 0.1 M, and

1.0 M NaOH, respectively). The dissolutionis 95% complete after 0.5 h
stirringin I M NaOH (pH 14) at room temperature. The reaction at pH 12 is
base-limited,but the base is rapidlyconsumedwithin O.I h. At pH 13, a
slightexcess of base is present;the dissolutionproceeds rapidlyat first,
then slows to reach about 85% completionin 144 hours. Presumably,the
dissolutionwould continueto completionat longer reactiontimes at pH 13.
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Table II. Conditions and Results for Preliminary Experiments.

Experiment 1 Experiment 2

[NaOH] O.I N 1.0 N
InitialpH 12.9 13.8

. Final pH 10.5 13.0

NazNiFe(CN)6,N_zS04,4;_HzO (g) 1.0005 1.0041 1.3. Moles Fe(CN)6TM or Ni 1.85 x 10.3 1.86 x

Weight of recoveredsolids (g) 0.3316 0.5113

Solution [Fe] (mg/L) 2030 1600
Moles Fe in solution 1.82 x ]0 -3 1.43 x 10-3
Fraction total Fe in solution 98% 77%

Solution [Ni] (mg/L) 39 3.3
Moles Ni in solution 3.32 x 10"s 2.81 x 10.6
Fraction total Ni in solution 1.8% 0.15%

[NH3] in gas (ppm) 30 375
Approx.moles NH3 produced 8.04 x 10"8 2.34 x 10.6
Approx.%-yieldNH3 0.0007 0.02
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Table III. Startingand Final Solution pH in
DissolutionExperiments.

Experiment StartingpH Final pH

Variation
0.01 M NaOH 12.0 11.6
0.1 N NaOH 12.9 12.4
1.0 M NaOH 14.0 13.4

I M[NA+] (as Na2S04)
0.1 N NaOH 12.9 12.4

SST SimulantSalts
stirred 13.0 13.0
static 13.0 12.9

Gamma Pit
irradiated 13.0 12.9
control 13.0 12.9

SST- Single-shelltank.
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Very littledissociationof free cyanideoccurredin the pH 14 experiment;the
maximum [C_] is about 6 ppm (2.31x 10.4M) comparedwith about 2000 ppm
(3.58 x 10"_M) Fe. The increasein [CN']roughlyparallelsthe [Fe]
increase.

Experimentswere performedin which the sodium ion concentrationwas
maintainedat 1.0 M by additionof NazSO4 or NaNO3 to determine if the sodium
ion concentrationinfluencesthe dissolutionof ferrocyanide. Trends in
solubilityas pH is varied at 1.0 M [Na+] are similarto those observedfor.

solutionsof differentsodiL!mion concentrations. For experimentsconducted
at the same initialpH, the extent of dissolutiontends to be lower at higher
[Na+]. Dissolutionis greatlysuppressedat pH 13 when 6 M Na+ (as the
nitrate salt) is present. This may be due to the influenceof a common ion
effect.

Experimentswere also done to probe the influenceof anions that would be
presentin the SSTs. Vendor-preparedmaterialwas dissolvedin an aqueous
solutionof SST simulantsalts (sodiumsalts of nitrate,nitrite,hydroxide,
phosphate,carbonate,and sulfate)to give 1.0 M Na+. The startingsolution
had an initialpH of 12.8 and was adjustedto pH 13. Results from these
experimentsshowed that ferrocyanidedissolvedfaster in the pH 13 SST
simulantsalt solutionthan in either of the other pH 13 solutions. Whereas
Na2SO4and NaNO3 suppresseddissolution,additionof SST salts enhanced
dissolution. The enhancedrate of dissolutionwith SST simulantsalts is
thoughtto be due to bufferingof the solutionby phosphate. Data in
Table III, which shows startingand final pH values, supportthe role of
buffering.

Becausethe tank contentsare not being activelymixed, an experiment

investigatingthe dissolutionof the vendor-preparedNa_NiFe(CN)6in th_presenceof SST simulantsalts was conductedunder statlcconditions, he
experimentwas conductedin Teflon®labwareat pH 13 with simulantsalts added
to give 1M [Na+]. To minimizedisturbance,the solutionwas sampledless
frequently(24-hourintervals)than the stirredsolutions. Prior to each
sampling,a S-secondstirringwas requiredto ensure a homogeneoussolution
phase. As expected,the rate of dissolutionis slower in the static solution.
Nevertheless,appreciabledissolutionoccurs. About 40% is dissolvedafter 24
hours with no stirringand 90% dissolutionis observedafter 6 days.

In an initialscreeningexperiment,it was found that gamma radiation
does not appear to greatlyaffect the dissolutionreaction. Similarrates
were observed in unstirredirradiatedand controlsolutions. A more complex
mixtureof iron cyanides in the insolublefractionof the gamma radiation
experimentsis obtained,suggestingthe possibilitythat an iron cyanide
speciesre-precipitatesfrom solution. Furtherwork is needed to determine
the identityof this species.

Solubilizationexperimentswill be completedin fiscalyear 1993.
Dissolutionof Cs2NiFe(CN)6and the temperaturedependenceof the dissolution
of flow sheet Na2NiFe(CN)6in aqueousbase will be investigated. More
extensivegamma pit experimentsare planned. Studiesof ferrocyanide
hydrolysisand the effectsof high ionic strengthand gamma radiationwill
also be conducted.

]O
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Degradation of Water-Insoluble Orqan..tcs

Finally,drawingupon limitedexperimentaldata and a diversearray of
literature,a case can be made that organicchemicalsof the types utilized in
waste managementand chemicalprocessingare, in general,not stable in the
alkali radioactiveenvironmentof the tankswith respectto degradation
productsor other adducts. In most cases these reactionsappearto take place
slowly,but certainreactionsappearto be quite rapid.

Radiolysisof water and nitratesgeneratesreactiveradicalsthat _ttack
organicand inorganicspecies,making organicradicals,inorganicradicals,
and higher valentmetal ions (exceptfor solvatedelectronsand hydrogen
radical,which reducemany transitionmetals to lower valent states) (13-15).
Some conditionsreducethe role of e" and hydrogenradical. Oxygen and
gaseousnitrogenoxides scavengee" and hydrogenradicalat near diffusion
limits,so if tanks are air saturatedor have dissolvedgases of nitrogen
oxide, then such reactionsshouldbe significant. Products so producedare of
intermediateoxidationstates and may be furtheroxidized or reduceddepending
on the constituentsin the tanks. For example,speciessuch as Oz',and HOz"
reduce transitionmetals such as Fe(III)while oxidizingmany classesof
organiccompounds.

Numerouscompetingreactionpathwaysare possible. Which pathwaywill
dominatedepends on the conditionsin the tanks. These pathwaysare
illustratedin Figure I. Initiationof redox chain oxidationsand
radical-inducedcrosslinkingby direct radiolysisof organicphaseswill
receiveseriousevaluationas part of the programto resolvethe organicwaste
safety issue at the Hanford Site (16).

The very low solubilityof normal paraffinhydrocarbon(NPH) in high
ionic strengthaqueoussolutionssuggeststhat direct attack by
aqueous-derivedoxidizingradicalsshould not be favorableexcept for
ionizationevents that occur at interfacesbetweenaqueousand organicphases
or organicand solid phases. In presenceof oxygen, autoxidationchain
reactionsare possiblein which hydroperoxidesare initiallyproducedand
continueto react yi_,ding alcohols,ketones,acids. Fragmentationof alkyl
chains will occur via alkoxy radicalintermediates.Organic-soluble
transitionmetal complexescatalyzeautoxidation. The generationof acetone
from hexone is illustratedin Figure 2. Acetoneis a ubiquitousmaterial
found in the condensatefrom waste volume reductionprocesses(by
evaporation).

Certaintransitionmetal ions [e.g.,Cu(II),Fe(III),Cr(III),Cr(IV),
Mn(III),Co(III),U(?), etc.] can oxidizeradicalssuch that, even if oxygen
concentrationsare low, NPH could be oxidizedvia a redox chain reaction,
insteadof crosslinked. Oxygen,hydroperoxides,and peroxidesare needed to
recyclelower valent metals to upper valentstates. Alternatively,if lower
valentmetals are transportedto aqueousphase, then they would be oxidizedby

aqueousphase radiolysisintermediates(e.g.,0", NO3., H_Oz). Transportback
to the organicphase would propagatethe redox chaln reactlon.

Work on waste simulantswill be initiatedlater this fiscal year.
Extensiveeffortsto speciatethe waste degradationproductsfound in the
wastes are also under way.

11
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Figure 1. Proposed Routes for the Degradation of Hydrocarbons.
R and R' represent groups ranging from H to C3sn-alkyl.

RCH2R* (Hydrocarbon)

• t Radiolysis
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Figure 2. ProposedRoutesfor the Degradationof Hexone.
XO. represents oxygen-centered radicals generated

by radiolysis, i.e., 0"., HO., NO]., etc.

• XO',O2/(Hexone)_ XO.,Fe(lll)

/_OOH ,_OH

HO" 1 Retro-Aldol
Condensation

LOOH.
(Acetone)

/_ + H2C=O
OH

(Acetic Acid) (Formaldehyde) 29302021.2
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CONCLUSION

Evidence presented in this report suggests that the risk of an exothermic
reactionof NO_ or NO_ with ferrocyanidesor certainorganics in HanfordSite
high-activitywaste tanks is lower then previouslyprojected. Risk is
decreasedbecauseof degradation(aging)in the tanks over the extended
storageperiod.

Evidenceto supportthese preliminaryconclusionscomes from tests with
analogsof the materialsin the tanks (i.e.,simulatedwastes) and in tests
with actual tank waste. Such studieshave demonstratedthat the reactivityb

and energeticsof potentiallyreactivespeciesare lower then expectedboth in
systemscontainingferrocyanidesalts and in those containing"complexant
concentrates." T(heresultsof tests on actualwastes, either cores or "grab"
samples,have demonstrateda ger_erallylower reactivityfor actual complexant
or ferrocyanidewastes (17,18)than for freshlymade simulants.

Finally,all tanks sampledto date contain a sufficientlylarge quantity
of water that propagationreactionsare highly unlikely,even if one assumesa
100% probabilityof initiationof an exothermicreaction. Althoughmuch work
remainsto be done, these resultsare encouraging.

Note: Teflon® is a trademarkof E. I. du Pont de Nemours & Company.
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