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NEED: The objectiveof this project is to develop,test, and evaluate in situ
methodsfor immobilizinginorganiccontaminants(metals.inorganicions, and
radionuclides)and destroyingnitratesorganiccontaminants,(primarily
chlorinatedhydrocarbons). This researchwork is being performedfor the U.S.
Departmentof Energy throughthe In Situ RemediationIntegratedProgramis
needed because:

• Groundwatertreatmentis the highest priorityfor the remediationof DOE
sites.

• The baselinetechnology,pump and treat is expensiveand ineffective.

• In situ remediationtechnologiesare promising,but requiredevelopment
prior to demonstrationand deployment.

CONCEPT: Chemical reagentsand/or microbialnutrientswill be injectedinto
the subsurfaceto create a reducingenvironmentin a portionof the Hanford
unconfinedaquifer. In this manner, a permeabletreatmentbarrierwill be
createdin situ, which could enhancedestructionor immobilizationof certain
contaminants(see Figure I). This type of in situ barrierhas the advantage
over other types of treatmentmethodsof placingthe contaminant-treatment
capacitywhere it is most needed. Several importantHanfordcontaminants,
includingcarbon tetrachloride,chloroform,trichloroethylene,chromate,
technetium,and uraniumare amenableto treatmentin this manner. The
ultimategodl of this projectwill be a small field test at the HanfordSite
in conjunctionwith the VOC-Arid IntegratedDemonstrationat the 200 West Area
carbon tetrachloride(CCl4) site.

BACKGROUND: Subsurfacecontaminantsat Hanfordand other DOE sites occur in
both the vadose and groundwatersaturatedzones. Commoncontaminantsin the
vadose zone includecesium,strontium,plutoniumand chlorinatedsolvents.
Common contaminantsin groundwaterplumes includechromate,uranium,
technetiumand nitrates. Chlorinatedsolventsare also found in the
groundwaterin some locations. Many of the groundwaterplumes are already
dispersedover large areas (squaremiles), and locatedhundreds of feet below
the ground surface. This type of dispersed,inaccessiblecontamination,which
is more difficultthan other types of contaminationto treat with excavation
or pump-and-treatmethods, is a prime candidatefor in situ remediation.
Therefore,the first focus for the field manipulationexperimentsis proposed
to be the saturatedzone of the Hanford unconfinedaquifer. For example,if
the aquifercan be made chemicallyreducing,chromatecould be immobilizedby
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reductionto highly insolublechromiumhydroxideor iron chromiumhydroxide
solid solution (Sassand Rai, 1987). This case is a particularlyfavorable
one, becausechromiumis not easily reoxidizedunder ambientenvironmental
conditions. In addition,nitratecould be reducedto molecularnitrogen, and
uraniumand technetiumcould be reducedto less solubleand mobile forms.
Finally,laboratorystudieshave shown that carbon tetrachlorideand other
chlorinatedsolventscan be degradedby microbes if the redox potentialis
reducedto the point where nitrateacts as an electron acceptorin place of
oxygen (Bouwerand McCarty, 1983).

INITIALPROPOSEDFIELD TESTS: Two field tests are proposedfor the initial
stage of the project. The objectiveof the proposedtests is to manipulate
the redox potentialof the Hanfordunconfinedaquifer. Parametersto be
determined includethe nature of the reactionswhich occur, and the efficiency
with which they are inducedby the reagentor nutrient. The kineticsof the
reductionand subsequentreequilibrationof the aquiferwill also be
determined. The two experimentswill be performedto comparetwo different
approaches. One will involvereductionof the aquiferredox potentialusing
abioticchemicalreagents. The otherwill involveaccomplishingthe reduction
throughstimulationof subsurfacemicroflora. The two approachesare
potentiallyapplicableto differentcontaminantscenarios. The microbial
reductionis probablymore relevantto organiccontaminants;whereas, the
abioticreductionis more applicableto inorganiccontaminants,such as
chromateand uranium. In addition,it is possible i_at the abiotic reagent
will be unable to react efficientlywith the aquifersolid phases at ambient
pH's of the Hanford unconfinedaquiferdue to a lack of adsorptionof the
reagent. In this case, bacteriallymediatedreductionwould be more
effective.

CHEMICAL-REDUCTIONTEST: The chemical-reductiontest involvesthe use of a
chemicalreductantto reduce a small volume of the saturatedzone. As shown
recentlyfor a sand-and-gravelaquiferby Barcelonaand Holm (1991),nearly
all the oxidizingor reducingcapacityof an aquifer systemresides in the
solid mineralphases that comprisethe aquifermatrix rather than in the
groundwater. However, in spite of the small contributionof groundwaterto
the aquiferredox capacity,the most practicaland non-invasiveway of
alteringthe aquifer redox status is to alter the chemistryof the groundwater
that contactsthe mineral solids.The reagentwould first act to reduce
oxidizedspeciesin the aqueousphase,and then would react to reduce ferric
iron in minerals and oxide coatingsin the aquifer. During the course of the
experiment,aqueousphase specieswill be monitoredto determinethe progress
of the reactions. Core sampleswill be taken at the end of the reaction phase
of the experimentto determinethe effectson the solid phases.

MICROBIAL-REDUCTIONTEST: Investigationof microbialsubsurfacereduction
processesfor the field manipulationprojectwill focus on the activitiesof
dissimilatorybacteria (DIRB). This group of organismswas chosen for several
reasons,including: their potentialto transformor degrademixed and
complexedradioactivecontaminants,their abilityto function in anaerobic
environments,and their abilityto use an electronacceptor [Fe(III)],which
is abundantin Hanford subsurfacesediments. As microorganismsmetabolize



organicor inorganiccompoundsin a closedor diffusion-limitedenvironment,
they use up all availableoxygen,producinganaerobicconditions. Anaerobic
microorganismsuse alternativecompounds,such as nitrate,sulfateand ferric
iron, as electron-acceptorsunder these conditions. DIRB are a little-studied
group that reduce ferric iron to ferrousforms as the terminalelectron-
acceptingreactionin their metabolism(Nealsonand Myers, 1992) . The
resultingsolubleferrousiron can diffusethrough an environment,carrying
out reductionreactions,which may help to immobilizeother metals. In
addition,recent studieshave shown that DIRB can directly reduce other
metals, includinguranium,to less solubleforms (Lovelyet al. 1991).

For the microbialreductiontest, a carbonsourcewould be added to the
aquiferto achievea reductionof the redox potential. The heterotrophic
bacteriawould metabolizethe carbon source,consumingdissolvedoxygen and
creating anoxic conditionsin the process. Once the redox potentialof the
aqueousphase is reduced,mineralassociatediron reducingbacteria could
catalyze the transferof electronsto the solid phases. The kineticsof the
reactionsand byproductsindicativeof microbialcatalysiswould be monitored.
Once again, core sampleswould be taken to determinethe effectson the solid
phases.

PROPOSEDREAGENTS:For use in the proposedexperiments,the reagentschosen
must, of course,be effectivein controllingtiledesired aquiferparameters.
In addition,the reagentsmust either be chemicallybenign (e.g. oxygen or
citrate) or must have good prospectsfor reactingto form benign products
(e.g. sulfiteor oxalate). For the abioticexperiment,the proposed reagent
is sodium dithionite. Dithioniteis highlyreactive,so its persistencein
the aquiferwill be low. lt reacts to form sulfate,which is non-toxicand
alreadypresent in Hanfordgroundwater. For the biotic experiment,the
proposed reagent/nutrient(carbonsource)is eithercitrate or glucose,
dependingon the resultsof preliminarylaboratoryexperiments. Both are non-
toxic and are metabolizedto carbondioxide.

APPROACH"The basic approach involvesinjection-withdrawal,single-weil,
reactive tracer tests. The reagent is pumped into the aquifer, allowedto
react for a period of time determinedby the bench-scaletests, and then
pumped back out. Measurementsof the aqueousphase are made periodicallyin
the monitoringwells during reactionand drift, and in the injectionwell
during withdrawal, lt is also importantfor this project to understandthe
reactionsof the solid phases in the aquifer,so after reagentwithdrawal,
cores will be drilledto obtain solid samples. This approachallows for
greater controlover the travel of the reagent,and involvementof a minimum
volu,leof the aquifer, lt is also easierto interpretbecausethe initialand
boundary conditionsare well defined. After reagentwithdrawal,the rates of
reequilibrationwill be monitoredusing indicatorspecies in the aqueous
phase. The reagentis pumped into the aquiferin a circle approximately
twenty meters (sixtyfeet) in diameter. The injectionwell is screenedover a
five-foot interval. The monitoringwells are screenedover a larger fifteen-
foot interval in case there is any verticaldiffusionof the plume. This
scale and geometrywould require injectionof approximately25,000 gallons of
water containingthe reagent, assumingtwenty-fivepercent porosityfor the
formation. The water would be withdrawnfrom the injectionwell and the
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aquiferallowedto equilibratebefore the experiment. At the end of the
reactionperiod, the reagentis pumped back out throughthe central injection-
withdrawalweil.

i PRE-INJECTIONACTIVITIES:Prior to any drillingor injection,a varietyof

I activitiesare either ongoingor planned. First are laboratoryexperiments

using the proposedreagentsand nutrientson Hanfordsediments. These
experimentswill providean understandingof the chemicaland microbiological
processesinvolvedin the reactionsas well as their rates and the efficiency
with which they occur. The experimentswill then be repeated in an
intermediate-scalefacilityin order to determinethe effects of scale and
geometry. The proposedexperimentwill be modeledusing several computer
codes in order to optimizethe experiment. Severalparameterscan be
optimized,includingmaximumreagentwithdrawal,minimumwater withdrawaland
optimumreagentconcentration. Finally,a seriesof field characterization
activitieswill be performed,includinguse of data from nearby existingand
proposedwells, characterizationof cores from drillingof the
injection/withdrawalweil, hydrologiccharacterizationtests and conservative
tracer tests.

EXPECTEDRESULTS:Expectedresultsincludedeterminationof the feasibilityof
using natural geochemicaland microbialprocessesto reduce solids in the
Hanfordunconfinedaquifer. Data will be obtainedon the processesand
kineticsof the reductionreactionsand on the subsequentreequilibrationof
the system. Quantitativeinformationon redox reactionsand the redox
capacity of Hanfordsubsurfacesedimentswill be derived. And finally,a
comparisonof the abioticand bioticmethods for controllingredox potential
in the subsurfacewill be made.

z_ SUMMARY" In summary, _ field experimentalsite to study the manipulationof
natural subsurface processes will be designed and constructed at the 200-West

I Area at Hanford. The emphasisof the initialproposedexperimentsis to test
, the feasibilityof controllingthe redox potentialof the Hanford unconfined
_. aquiferusing chemicalreagentsand microbialnutrients. The abilityto
i_ achievethis controlwill have implicationfor in situ remediationof
:I dispersedaqueouscontaminantsat Hanford. No long-termeffects on the
Ij aquiferor to groundwaterqualityare expected._I1
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