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RECENTADVANCES IN IN SITU VITRIFICATION

WilliamF. Bonner
Ja-KaelLuey

INTRODUCTION

In Situ Vitrification(ISV) is an innovativemobile remediation
technologyfor soilsand other undergroundcontamination. Developedby the
U.S. Departmentof Energy'sPacificNorthwestLaboratory_ (PNL), ISV has
advancedduring the past decade from a laboratoryconcept to a remediation
technologycommerciallyavailablefor contaminatedsoils.

ISV technologyis currentlybeing developedfor remediationof DOE waste
sites at Hanford,Oak Ridge NationalLaboratory(ORNL),Idaho National
L_boratory(INEL),and other sites. Technicalstaff at each of these sites
are activelypreparingfor applicationof the technologyto contaminatedsoils
and are consideringfutureapplicationto other types of wastes.

The incentivesfor applicationof ISV are large. ISV can convert
contaminatedsitesto a solid, highlydurableblock similarto naturally
occurringobsidian. The ISV producthas been shown capableof passing_U.S.
EnvironmentalProtectionAgency (EPA)tests such as the Toxic Characteristic
Leach Procedure(TCLP). Retrieval,handlingand transportof untreated
hazardousmaterialwould normallynot be requiredafter appl_ation of ISV.
Therefore,costs,exposureto personnel,risk of releases to the environment,
and generationof secondarywastes are greatlyreducedcomparedwith remove-
and-treattechnologies.

PROCESSDESCRIPTION

The ISV processmelts contaminatedsoils in situ. Figure I illustrates
the progressivestagesof ISV treatment. An array of verticalelectrodes,
typicallyfour, is set a few inches into the soil. A conductivemixtureof
graphite and glass frit is placedon the surfacebetweenthe electrodesto
serve as an initialconductive(starter)path. As electricpotentialis
appliedbetweenthe electrodes,currentflows throughthe starterpath,
heatingit and the adjacentsoil to the meltingpoint. Upon melting,typical
soils becomeelectricallyconductiveand the molten mass becomesthe primary
electricalconductorand heat transfermedium. Most soils melt in the range
of 1600 to 2000 °C. As meltingproceeds,the electrodesare moved
correspondinglylower into the soil until the desireddepth is reached,at
which time the power is discontinued. The molten mass cools to a durable,
multi-tonneblock. Volume reductionsof 25-45%are typicallyobserved.

An off-gascollectionhood maintainedunder a slight negativepressure
gathers gases that evolvefrom the treatmentzone. During melting,water
vapor from the soiland organicpyrolysisproductsevolve and are collectedin
the hood and then passedthroughthe off-gastreatmentsystem.
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Figure I. ISV OperatingSequence

ISV INTEGRATEDPROGRAM

The U.S. Departmentof Energy (DOE) is continuingto pursue application
of ISV technology. In 1991 the DOE Office of TechnologyDevelopment
establishedthe ISV IntegratedProgramto ensure that IS, technology
developmentis Focusedand closely coordinatedamong the severalDOE sites
preparingto use ISV. The current program focus is to I) transferthe
technologyfor use on contaminatedsoils, 2) resolve issuesnecessaryto allow
ISV applicationto soils beyond the current limits,and 3) resolveissues
commonto soils as well as to advanced applications.

To completethese objectives,the program is concentratingon resolution
of near-termissues,including:

• Fate of volatileorganicsduring processing
• Vapor releasefrom wet soils and compressiblewastes
• Depth and melt shape control
• Waste minimizationfor sites with high Cs concentrations.

REGULATORYSTATU_S

The capabilitiesof ISV to permanentlytreat a site and to be performed
in situ"are consideredto be highly advantageousby the regulatorycommunity.
AlthoughISV has not yet been used for remediationof a commercialsite,
strongregulatorysupporthas developed for the technology.

CommercialISV remediationservices,as offeredby GeosafeCorporation,
have been selectedas a preferredremedy at 10 private,EPA Superfund,and DOD
siteswithin the U.S. These sites are located in the statesof Colorado,
Illinois,Michigan,Tennessee,Texas, Utah and Washington. The sites contain
a broad range of organic(e.g.,VOCs, SVOCs, herbicides,pesticides,dioxin,
and PCBs) and heavymetal (e.g.,As, Hg, and Pb) contaminants. Most include
mixturesof organicsand heavy metals. Remediationcontractsnow exist for
two of these sites. Several are contingent selections,dependingupon results
from treatabilitytestingand evaluationof alternativesby the principally
responsibleparties.
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.TECHNICALSTATUS

In the decade of ISV development,over 150 ISV tests have been conducted,
each test treatingfrom a few kilogramsto over 800 tonnesof soil. Although
severallimitationshave been identified,experienceshows that most soils and
contaminantsare processableby ISV.

RecentTechnoloqyDemonstrations

Testing of ISV on multi-tonnequantitiesof contaminatedsoil is
necessaryto understandactual operatingcharacteristicsof the technology.
To date, nine large-scaletests have been conductedin which 300 to 800 tonnes
of soil were melted in each test. Pilot-scaletests,each meltingtens of
tonnes,have been cond,_ctedat ORNL, INEL, ArnoldAir Force Base and Hanford.
/_few of the most recent of these tests are describedbelow.

ORNL Trench A collaborativeeffort betweenORNL and PNL has resulted in
successfulcompletionof a radioactivedemonstrationof ISV technologyat
ORNL. During the successfulMay 1991 5-day test, a targetdepth of 2.6 m
(8.5ft) was achievedand approximately13 tonnesof a simulatedORNL waste
disposaltrench were vitrifiedwith the PNL pilot-scaleISV unit.

Over 97.3% of the 10 mCi of 137Cswas incorporatedintothe melt, and the
remainderwas captured in a HEPA prefilterassembly. The differencesbetween
the 1987 ISV test at ORNL and other tests in which over 99.8%of the Cs was
retainedare being examined. Retentionof all other speciesin the block was
well over 99%, as is normal for ISV.

The simulatedtrench was highly instrumentedwith over 110 buried
thermocouples,pyrometers,pressuretransducers,heat fluxmonitorsand
fugacityprobes. Three geophysicalsurveyswere performedduringthe melting
process. The instrumentation,coupledwith the surveys,providessignificant
real-timedata on the !SV process.

HanfordMixed Waste The roughly800-tonneblock producedduring the April
1990 CERCLA TreatabilityTest_ on a mixed waste crib at Hanfordhas recently
been core-drilledand analyzed. This was the first large-scaletest of mixed
waste containingtransuranicmaterials,fissionproductsand hazardous
chemicals,ircludingchromium and lead. Characterizationof the site
confirmedthe presenceof wood timbersused to constructthe crib.

The test requireda total of 288 hours to reach the bottomof the wooden
crib, producinga block 11-12 m diameterand over 4 m deep. Although
pyrolysisproductswere observedin the off ga_ while meltingthroughthe area

- where the creosote-impregnatedtimberswere pr=sent,little impacton
operatingparameterswas observed. Analysis of the glass and crystalline
productshows high durabilityand a high degreeof homogeT;eitythroughoutthe
block. For example,the TCLP leacilateconcentrationsfor both Chromiumand
I.eadare each less than 0.05 rag/liter,which is two ordersof magnitudelower
Chin the permissibleleachateconcentration.
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INELBuriedWaste Since 1988 PNL, INEL, GeosafeCorporation,other private
firms,and universitieshave pursueda collaborativeeffort adapting ISV
technologyfor applicationto buriedwaste. Until recently,effortshave
focusedon evaluatingthe ISV technologyfor applicationto TRU and mixed,
contaminatedburiedwaste in the SubsurfaceDisposalArea (SDA) at the INEL.
Continueddevelopmentaleffortsfor this, and other, advancedapplicationsof
the ISV technologyare currentlyon hold pendingresolutionof issues
describedhereinconcerningthe implementationof ISV for contaminatedsoil.

In June and July 1990, two intermediate-scaleISV field tests were
conductedby PNL and EG&G Idaho staff at the INEL.3 The overallobjectiveof
the two settingswas to assess the generalsuitabilityof the ISV process to
remediatewaste structuresrepresentativeof buried waste found at INEL. In
particular,these treatabilitytestswere designed to provideessential
informationon field ISV performancewhile processingburiedwaste containing
significantcombustibleand metal content.

Two test pits were constructedcontainingscaled-down(2-gallonbuckets
for 55 gallon drums)simulatedwaste but ne radioactivenor otherwise
hazardousmaterial. Test Pit I was designedto simulatea waste region of
randomlydisposeddrums and boxes intermixedwith soil. Test Pit 2 was
designedto simulatea region of stackeddrums and stackedboxes containing
high metal content. AlthoughTest Pit 2 is not believedto be a
representativearrangementfor most of the buriedwaste at the INEL, it was
designedto representa reasonable"worstcase" boundingconditionfor the ISV
technology. The materialcontainedin the drums and boxes was similarto
waste types containedwithin the INELburiedwaste.

Tens of tons of soil and buriedwaste in the two test pits were
successfullyvitrifiedby the mobile ISV unit. An electrodefeed system was
demonstratedwhich allows processingof sites with unusuallyhigh metal
content. Up to 75% volume reductionwas achieved. Waste form durability
tests using the MCC-I leach procedureshow the durabilityof the vitrified
soil was comparableto that of naturallyoccurringobsidianand granite.
Intrinsicrate constantmeasurementsshow the dissolutionrates to be from
0.01 to 0.06 g/(mZd)at 90 °C. Over 90% of the iron is presentin the ferrus
form indicatingthe melt to be chemicallyreducing.

Comparedto previousISV tests in contaminatedsoils at other DOE sites,
however,vitrificationof buriedwaste is significantlymore dynamic. This
dynamicbehavioris illustratedin Figure 2, which sho_¢sa F,-minutesegment of
the off-gashood vacuum and the off-gashood plenum temperatureduring melting
of Test Pit I, the randomdump configuration. The pressureand temperature
surgesindicatethat containmentof off gases within the hood may requirea
more sophisticatedoff-gascontainmentsystemthan was in use at the time. An
improveddesignmay also be requiredfor other ISV applicationspotentially
capableof rapid gas generation,such as undergroundtanks.

UnderqroundTanks Althoughthe ISV programis currentlyconcentratingon
applicationof ISV to contaminatedsoils, vitrifyingundergroundtanks in situ
can in the futurepotentiallyprovidesubstantialcost savingsto DOE compared
to retrieve-and-treattechnologies. An ISV test vitrifyinga 6000-gallontank
was conductedin July 1991.4 This was the first opportunityto test the new
large-scalemoving electrodesystemwith 30-cm-diaelectrodes. The test
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proceeded well with the electrode feeding system functioning properly, and
low-density materials were observed to be effective for enhancing melt depth.
At a depth of 4 m, however, a sudden unexpected hood pressurization occurred,
and a decision was made to cease operation to better understand the cause of
the pressure buildup.

Further specific technology development for vitrification of underground
tanks is delayed until the technology is implemented on contaminated soils and
a better understanding of the causes of pressure buildup is obtained.
However, despite the hood pressurization event, the large-scale electrode
feed system was successfully tested and is ready for transfer and use on
contaminated soil applications.

Off-Gas Containment System

PNL and INEL have jointly pursued tasks to determine the fundamental
mechanism behind the dynamic behavior observed in the off-gas hood during the
processing of buried waste. Possible mechanisms leading to dynamic events in
the off-gas hood may be simplified to one, or a combination, of the following:

• Net energy increase of gases in the off-gas hood

- Addition of hot gases from the ISV melt
- Combustion of pyrolysis gases in the off--gas hood
- Increased radiant and convective heating of gases in the off-gas due

to changes at the melt surface

• Net increase in number of moles of gases in the off-gas hood.

In addition to this effort to develop an understanding of the fundamental
mechanism for transient off-gas events, PNL also evaluated suppression systems
designed to buffer and/or _itigate these transient events. This work led PNL
to a water spray suppression system which is believed capable of combating
dynamic events in the off-gas hooJ irrespective of the underlying mechanism.
Calculations show that a water spray suppression system designed to remove
energy from the gases in the off-gas hood has great potential for mitigating
the pressure increases associated with transient gas releases from the ISV
melt. The premise for this concept is as follows: during a transient event
(caused by energy and/or material addition to the off-gas hood), a fine water
spray can be rapidlyinjected into the off-gashood. Heat from the hot gas
vaporizesthe water, and the latent heat of vaporizationca_Isesa rapid
overalltemperaturedecrease in the off-gashood plenum. _Ithoughgas is
generatedby evaporationof the injectedwater,the reductionin gas volume
due to the temperaturedecrease (per the idealgas law relationship)is much
more significant. The pressurewithin the hood thereforerapidlydecreases.

During the operationalacceptancetest for the upgradedPNL engineering-
scale ISV unit, proof;of-principletestingof the water spray suppression
systemwas performed._ Figure 3 illustratesthe pressureand temperaL_re
responsein the off-gashood after two separate10-sectrials of the water
spray suppressionsystem. For both water spray trials,initiationof the
water spray system (indicatedby the asterisksin Figure3) resultedin a
dramaticdecrease in the off-gas hood pressure(an increasein hood vacuum)
within less than a second. The change in temperatureresultingfrom the onset
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of the water spray occurs in less than a second. The apparentdelayed
decrease in the recordedoff-gastemperatureis due to the slowerresponse
time of the thermocouple.

Further research is needed to gain a fundamentalunderstandingof
transientoff-gasbehavior resultingfrom rapid gas releasesduring
applicationof ISV to buried waste. This understandingwill allow development
of ISV predictivetools and design of off-gascontainmentsystemssuitablefor
applicationto buried waste. However,as the proof-of-principletestingof
the water spray suppressionsystem illustrates,engineeredsolutionsto ensure
containmentof off gases during processingneed not be complex.
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Fioure+2. Off-GasHoodConditionsDuringBuriedWasteVitrification
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