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PREFACE

Changesto the Tri-PartyAgreementwere recentlynegotiatedand are now
undergoingpublicreview and comment. Includedin the changeswas
identificationof a numberof SafetyInitiativeswhich establishgoals for
achievingimprovedoperationalsafety. Safety Initiative#Sg directs
WestinghouseHanfordCompanyto "Accelerateevaluationand demonstrationof
barriertechnologiesbeginningdemonstrationsby October1995." This
initi_itivewas championedby the Tank FarmsOperationsorganization.

The effect of this changeis to increasethe scope of the subsurface
barrierprogram. Use of barrierswas previouslylimitedto confiningleaks
from single-shelltanks duringwaste retrieval. Other applicationsof
barrierswill now be considered,such as confiningleaks from single-shell
tanks used for interimwaste storage. Planningfor the subsurfacebarrier
programis being revisitedat this time. The functionsand requirementsin
this documentwere developedbased on usingbarriersto supportsingle-shell
tankwaste retrieval;no other applicationswere considered. As the program
scope is furtherdefined,the need for additionalfunctionsand requirements
will becomeapparentand this documentwill be updated.
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1.0 INTRODUCTION

The missiono_ the Tank Waste RemediationSystem (TWRS)Programis "to
store,treat, and immobilizehighlyradioactiveHanfordwaste in an
environmentallysound,safe, and cost-effectivemanner" (RL Igg3a). The scope
of the TWRS Programincludesprojectand programactivitiesfor receiving,
storing,maintaining,treating,and disposingonsite,or packagingfor offsite
disposal,all Hanfordtank waste. Hanfordtank waste includesthe contentsof
149 single-shelltanks (SSTs)and 28 double-shelltanks (DSTs),plus any new
waste added to these facilities,and all encapsulatedcesium and strontium
storedonsite and returnedfrom offsiteusers. A key elementof the TWRS
Programis retrievalof the waste in the SSTs. The waste stored in these
undergroundtanks must be removedin order to minimizeenvironmental,safety,
and healthrisks associatedwith continuingwaste storage.

Waste retrievalis also requiredto supporttank closure. Some
componentsof the waste in the SSTs are hazardouswaste as definedin the
ResourceConservationand RecoveryAct of 1976 (RCRA)and/orthe Washington
State "DangerousWaste Regulations,"in the WashingtonAdministrativeCode
(WAC) 173-303. The SSTs are classifiedas treatment,storage,and disposal
units that must meet certainoperatingand closurerequirements. Becausethe
SSTs do not meet currentinterimstatus standards,an agreementhas been
reachedwith the WashingtonState Departmentof Ecology(Ecology)to proceed
directlyto closureratherthan to upgradeand permit the SSTs for operation.
The closureregulationsrequirethe owner or operatorof a tank systemto
remove or decontaminateall waste residues,contaminatedcontainmentsystem
components,and contaminatedsoils. The regulationsalso providefor closure
of a tank systemunder the landfillrequirementsif completeremovalor
decontaminationis not practicable. Closureof the SST sites is not included
in the TWRS Program. Tank closurewill be addressedin the Environmental
Restoration(ER) Program. Closureinterfaceresponsibilitiesfor the TWRS
Programwill be negotiatedwith the ER Programon a case-by-casebasis.

Subsurfacebarriersare being consideredas a means to mitigatethe
effectsof tank leaks includingthose occurringduring SST waste retrieval.
Some optionsfor waste retrieval,such as past-practicesluicing,have the
potentialfor increasingtank leakage(Squireset al. 1991).

1.1 PURPOSE

Functions are specific actions or processes that achieve or support the
achievement of objectives (i.e., _ must be done). Requirements are
criteria that set acceptable limits on functions and their products (i.e., b__
eLll a function must be performed).

A mission analysis defines the function that a system as a whole must
perform. This top-level function can be decomposedinto subfunctions that are
both necessary and sufficient to accomplish the mission. Requirements may be
general in nature and apply to an entire system, or they may themselves be
decomposedand allocated to subfunctions at a lower level.
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The purposeof the Functionsand Requirementsfor SubsurfaceBarriers
Used in Supportof Single-ShellTank Waste Retrievalis to describethe
functionsto be performedby subsurfacebarriersbased on their role in
retrievingwaste from the SSTs, and to identifythe requirementswhich
constraintheir application.These functionsand requirementstogetherdefine
the functionalbaselinefor subsurfacebarriers.

The functionsand requirementsfor the TWRS Programare providedin the
TankWaste RemediationSystemFunctionsa_d Requirements,DOE/RL-92-60
(RL 1993a). The functionsand requirementsfor SST waste retrievalare
providedin the "Single-_hellTank Waste RetrievalSystemFunctionsand
Requirements,"AppendixD, Reviewof Prior Single-ShellTank Waste Retrieval
ProcessStudies,WHC-SD-WM-ES-252(Sabinet al. 1993). Barriersare included
in SST waste retrieval,which is in turn part of the TWRS Program. General
requirementsallocatedto upper-levelfunctionsof SST waste retrievaland the
TWRS Programalso apply to barriers.

1.2 BACKGROUNDINFORMATION

The officialinventoryfor the waste storedin undergroundtanks on the
• HanfordSite is providedin TankFarm Surveillanceand Waste StatusSummary

Reportfor May 1993, WHC-EP-0182-62(WHC Igg3a). This report is issued
monthlyand providesdata on each of the undergroundwaste storagetanks, and
supplementalinformationregardingtank surveillanceanomaliesand ongoing
investigations.

The geologyof the HanfordSite is complex. Significantvariationsexist
both locallyand acrossthe site as a whole. The most currentdescriptionand
interpretationof the Hanfordsitegeologyis providedin Delaneyet al.
(1991),Lindseyet al. (1992a),Lindseyet al. (Igg2b),and Reidelet al.
(1992).

1.2.1 Single-ShellTank PhysicalDescription

There are 149 SSTs and 28 DSTs on the HanfordSite which contain
radioactiveand hazardouswaste from the reprocessingof irradiatedfuel
elementsbeginningin 1944. These undergroundstoragetanks are groupedin
tank farms locatedin the 200 East and West Areas.

There are 133 SSTs classifiedas 100 seriestanks. Tanks in this series
are 75 ft in diameterwith dome tops. Tank volumesare either500,000gal,
750,000gal, or I milliongal. These tanks have a minimumof 6 ft of soil
cover on the dome and a below grade invertelevationof 37 ft to 51 ft. The
500,000gal and 750,000gal tankswere originallyarrangedin cascadesof
three,four, or six tanks such that when the first tank in a cascadefilled it
overflowedto the next tank, and so on. Tank farms with this arrangement
include241-B, 241-BX,241-BY,241-C,241-S,241-T, 241-TX,241-TY,and 241-U.
The I milliongal tanks are locatedin the _41-A,241-AX,and 241-SXtank
farms.

The other 16 SSTs are classifiedas 200 seriestanks. These tanks are
20 ft in diameterwith flat tops. Tank capacitiesare all 55,000gal. The

2
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tanks all have a minimumof 12 ft of soil cover and a below grade invert
elevationof 32 ft. The tanks are arrangedin groups of four and locatedin
the 241-B,241-C,241-T, and 241-U tank farms.

Many of the SSTs have leakedor are assumedto have leakedin the past
for variousreasons. An interimstabilizationprogramto reducethe waste
volumesand removeall SSTs from liquidstorageserviceis ongoing. Free
liquid is pumpedout to the extentpossibleto minimizethe potential
environmentalimpact in the event of a tank leak. Statusof each of the SSTs
and estimatesof the leakedvolumesare providedin WHC (Igg3b).

1.2.2 Single-Shell Tank Waste Description

A total of 37 million gal of waste is stored in the SSTs. About
600,000gal is supernatant,23 milliongal is salt cake, and 12 milliongal is
sludge (WHC Igg3a). The salt cake consistsof the varioussalts formed from
the evaporationof alkalinewaste and is approximately93 wt% sodiumnitrate
(NAN03)and sodiumnitrite(NaNO_. The sludgeconsistsof the solids
(hydrousmetal oxides)precipitatedfrom the neutralizationof acid waste
beforebeing transferredto the SSTs. On transferof the evaporatorslurry
into the SSTs, some of the salt precipitatedwith the sludge. As a result,
roughly50% of the reportedsludgevolumeis salt cake. The liquidsolution
exists as supernatantand interstitialliquid in the tanks. An estimated
6 milliongal of drainableinterstitialliquid is presentin the SST salt cake
and sludge.

The SSTs containprimarilyinorganicwaste, althoughrelativelysmall
amountsof plant solventswere entrainedduring fuel reprocessing. Also,
water-solublecomplexingagentsand carboxylicacids added in the 221-B Plant
fractionationprocessare in someSST wastes. A listingof all nonradioactive
chemicalsknown to have been usedat productionplantsand supportfacilities
that transferredwaste to the SSTs is documentedin Inventoryof Chemicals
Used at HanfordProductionPlantsand SupportOperations(1944-1980),
WHC-EP-0172(Klem 1990). Specificchemicalsthat may have been transferredto
the SSTs and that appear on the "DangerousWaste SourcesList,"
WAC 173-303-9904,includecarbon tetrachloride,methylenechloride,hexone,
acetone,and ethyl ether. Chemicalreactions(e.g.,oxidation-reduction,
neutralization,precipitation)and radiolysismay have convertedmany of these
chemicalsintoother compoundswith differentphysicaland chemical
properties.

Core sampleshave been taken from relativelyfew of the 14g SSTs to date.
Additionalinformationis neededabout the waste propertiesand compositionto
evaluatethe applicabilityof the differentbarrierconceptsbeing considered.
The transportof contaminantsin the soil column to the groundwater is also
dependenton the soil chemistry. The mobilityof key waste componentsvaries
greatlyunderdifferentconditions(e.g.,alkaline,acidic,or organic).
Tri-PartyAgreementmilestoneshave beenestablishedfor characterizingthe
contentsof the SSTs. Future fundingplans give priorityto waste
characterizationefforts.
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1.2.3 Hanford Site Geology

The geologyof the vadose zone beneaththe tank farms is highlyvariable.
In the 200 EastArea the most importantsuprabasaltstratigraphicunit
underlyingthe tank farms is the Hanfordformation. Hanfordformationstrata
also form an importantpart of the vadosezone beneaththe tank farms in the
200 West Area. However,a significantpartof the vadose zone in the 200 West
Area also consistsof units underlyingthe Hanfordformation,the Plio-
Pleistocene/earlyPalouseintervaland the RingoldFormation.

Throughoutthe 200 East and West Areasthe Hanfordformationis the
uppermoststratigraphicunit underlyingthe tank farms. Hanfordformation
strata consistof uncementedgravel,sand, and silt depositedby Pleistocene
cataclysmicflood waters. The Hanfordformationvaries from 200 to 300 ft
thick in the 200 EastArea to 100 to 150 ft thick in the 200 WestArea.
Hanforddepositsare dividedinto three faciesthat are gradationalwith each
other and summarizedas follows:

• Gravel-dominatedfacies: Generallyconsistsof cross stratified,
coarse-grainedsand and granuleto bouldergravel that containminor
intercalatedsilt-richhorizons. This faciesgenerallyis
uncementedand matrix-poor,displaysan open-frameworktexture,and
has high saturatedhydraulicconductivities.

• Sand-dominatedfacies: Well stratified,fine- to coarse-grained
sand and granuleto pebblegraveldominate. Silt contentis
variable,but where it is low an open-frameworktextureis common.
Lenticularpebblegraveland silt interbedsmay be present.
Hydraulicconductivityvaluesfor this facies are dependanton silt
contentand as such are variable.

• Silt-dominatedfacies: Interbeddedsilt and fine- to coarse-grained
sand formingwell stratifiedfiningupwardsbeds are characteristic.
Perchedwater is commonwhere this faciesoccurs becauseof the
abundanceof low hydraulicconductivitysilt horizons.

In additionto the three facies,clasticdikes are also commonlyfound in
the Hanfordformationas well as locallyin other sedimentaryunits in the
Pasco Basin. These clasticdikes are structuresthat generallycross-cut
bedding,althoughthey do locallyparallelbedding. The dikes usuallyconsist
of thin, alternatingverticalto subverticallayersof silt, sand, and
granulesthat can combineto form a dike severalfeet across. Where the dikes
intersectthe groundsurfacea featureknownas patternedground may be
observed. Clasticdikesmay act as both barriersto lateralflow as well as
conduitsfor verticalflowdependingon their composition.

Strata comprisingthe Plio-Pleistocene/earlyPalouse(PP/EP)intervaland
the RingoldFormationform the lower halfof the vadose zone in the 200 West
Area. In addition,RingoldFormationdepositslocallycomprisethe lowermost
few tens of feet of the vadosezone in the 200 East Area. The PP/EP interval
underliesthe Hanfordformationbeneathmost of the 200 West Area. It is up
to approximately40 ft thick and consistsof (1) lenticularbeds of uncemented
silt, sand, and gravel,(2) calciumcarbonatelensesand concretions,and
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(3) calciumcarbonateand silicacementedsands and gravels. Perchedwater
can occur locallyon silt-richand cementedzones withinthe PP/EP interval.

RingoldFormationstratain the 200 East and West Areas are dominatedby
partiallyconsolidatedto cemented,clast to matrix supported,pebble to
cobblegravelswith a fine- to coarse-grainedsandmatrix. Localizedsand-
rich intervalsalso occur in the RingoldFormation. Silt contentin Ringold
gravelsand sands generallyis low (<5%),althoughthe presenceof cementation
and local silt-richzones may produceperchedwater conditions. About 50 to
90 ft of Ringoldstrataoccur in the vadosezone in the 200 West Area.

1.3 TANK WASTE REMEDIATIONSYSTEMRETRIEVALPROGRAM

The TWRS RetrievalProgramis describedin the IntegratedRetrieval
ProgramPlan, WHC-SD-WM-PLN-067(WHCIgg3b). The plan describesthe scope of
the RetrievalProgramand how it integrateswith other elementsof the TWRS
Program. It also describesthe approachto meetingthe technical,quality,
and safetyobjectivesof the program.

• 1.3.1 Missionand Scope

The missionof the RetrievalProgramis to removethe waste from the SSTs
and DSTs for subsequentinterimstorage,treatment,immobilization,and
disposal. Key elementsof the RetrievalProgramare as follows:

• Supportresolutionof safety issues

• Transferwaste from SSTs to DSTs for safe interimstorage

• Transferwaste betweenDSTs to facilitatetank space management

• Transferwaste to treatmentand disposalfacilities

• Complywith regulatoryrequirementsand commitments.

1.3.2 ProgramPlanning

To managethe hazardouswaste at the HanfordSite, the U.S. Departmentof
Energy (DOE) has enteredinto the HanfordFederalFacilityAgreementand
ConsentOrder (referredto as the Tri-PartyAgreement)(Ecologyet al. 1990).
The agreementprovidesfor oversightby the U.S. EnvironmentalProtection
Agency (EPA) and Ecologyof environmentalrestorationactivities. Specific
milestonesin the Tri-PartyAgreementapply to retrievingwaste from the
undergroundtanks. These are the drivingforce behindthe scheduleof
activitiesin the RetrievalProgramPlan.

• M-06-O0: "Developsingle-shelltank waste retrievaltechnologyand
completescale-modeltesting,"scheduledfor June 1994.

• M-07-O0: "Initiatefull-scaledemonstrationof waste retrieval
technology,"scheduledfor October1997.

5
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• M-QB-O0: "Initiatefull-scaletank farm closuredemonstration
project,"scheduledfor June 2004.

In addition,milestoneM-O9-O0,"Completeclosureof all 14g single-shell
tanks,"scheduledfor June 2018,will be directlyaffectedby the successof
the retrievaltechnologiesand systemsemployedto satisfythe earlier
milestones.

Programplanningis based on the identification,development,and
deploymentof multipletechnologiesthat are requiredfor retrievalof the
diversetank wastes at the HanfordSite. Proventechnologiesare considered
first when evaluatingretrievalalternatives. Other potentially-improvedand
cost-effectiveretrievaltechniquesare evaluatedas they becomeavailable.
This approachoffers the highestprobabilityof successin meetingprogram
objectivesat a reasonablecost and withinthe scheduleconstraints. The
focus in the near term is to supportresolutionof tank safety issues,which
have the numberone priorityat the HanfordSite. In the longerterm,
attentionshiftsto developmentand implementationof projectsto satisfythe
Tri-PartyAgreementmilestones.

1.4 BARRIERDEVELOPMENTACTIVITIES

Subsurfacebarriershave been identifiedas a possiblemeans to confine
tank leaksduring the SST waste retrievalprocessand slow the migrationof
contaminationthroughthe soil column. As such, they are includedin the top-
level RetrievalProgramplanningand requiremore thoroughevaluationof their
applicabilityand benefit. Barrierscould be deployedunder individualtanks
or entiretank farms to confinepotentialleaks. Severalworkshopshave been
conductedand engineeringstudieshave been completedfor the specific
applicationof barriersto tank 241-C-I06and/orthe 241-C tank farm. Various
technologiesare being evaluatedfor applicationselsewhereon the Hanford
Site.

Demonstrationtests are plannedto be performedon selectedbarrier
technologiesunder existingHanfordSite soil conditions. Featuretests will
establishbarrierconstructability,with monitoringto verify barrier
performanceand integrity. A full-scaledemonstrationis plannedto be
conductedafter testingis completedand a preferredbarrierdesignis
selected.

1.4.1 Need for Barriers

There are no regulationswhich specificallyrequirethe use of subsurface
barriers. The regulatorydriversfor subsurfacebarriersare more of the form
found in the Code of FederalRegulations(CFR)Title 40, Part 265.196(c)(I),
which statesthat for tank systemsin interimstatusfrom which there has been
a leak the owner or operatormust "Preventfurthermigrationof the leak or
spill to soils or surfacewater." Similarly,the DOE Order 5400.5
[chapterII, paragraph3c(2)],RadiationProtectionof the Public and the
Environment,states that "Liquiddischarges,even thoughuncontaminated,are
prohibitedin inactivereleaseareas to preventthe furtherspreadof
radionuclidespreviouslydeposited." Areas of localizedcontaminationexist
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in the tank farms as a resultof previousleaks and spills;while these do not
presentan immediatehazard,the contaminationcould be mobilizedby adding
liquidsto the soil column.

Other driversfor the use of barriersinclude:

• A TWRS NationalTechnologyWorkshopconvenedin 1992 brought
togetherexpertsin variousaspectsof the TWRS Program(Anttonen
1992). The RetrievalTechnologyWorkingGroup developeda program
strategyfor waste retrieval,and performedan analysisto determine
the functionsneededto retrievewaste from the undergroundstorage
tanks. Retrievaltechnologieswere identifiedwhich were considered
mature and having low technical,regulatory,and programmaticrisk.
Enhancementsto these "reference"systemswere identified;
subsurfacebarrierswere specificallyincluded. These enhancements
are now subjectsfor retrievaltechnologydevelopment.

• The extentto which any contaminationwhich leaks out during
retrievalmust be cleanedup is unclear. Ecologyhas taken the
positionthat if contaminationwhich leaks during retrievalis
cleanedup down to any barrier,then the tank farms may be closed as
landfills(Anderson1993). Closingthe tank farms as landfills
would offer significantcost savingscomparedto clean closure.

• The EngineeringStudy of Tank Leaks Relatedto HydraulicRetrieval
of Sludge from Tank 241-C-I06,WHC-SD-WM-ES-218(Loweet al. 1993)
showedthe benefitof subsurfacebarriersin delayingthe migration
of leakedcontaminantsto the groundwater. The bulk of the
contaminantswould remainin the vicinityof the tank, allowingfor
follow-upremediationif needed.

• The TWRS ProgramLeadershipCouncilincludedin their guidancefor
selectinga new technica'istrategythe directionto "Developand
implementbarriersto reduce soil contamination"in managingthe SST
waste. This recommendationis documentedin the meetingminutesfor
the February4-5, 1993meeting(DOE et al. 1993).

• The DOE-HQOffice of TechnologyDevelopmentissuedthe following
need statementto solicitproposalsto demonstratesubsurface
barriertechnologies: "Subsurfacebarriertechnologiesare being
soughtto providesecondarymeans of confinementfor underground
storagetanks. The proposedtechnologiesshould be sufficiently
matureto be capableof beingdemonstratedas a total systemwithin
a two year time frame (independentof regulatoryissues). The total
systemshouldincludebarriertuchnology(e.g.,thermalor polymer),
deploymenttechnology(e.g.,horizontaldrilling),testing
technologies(i.e.,barrierintegrity)and performancemonitoring.
Individualtechnologiesmay be proposed,but will be requiredto be
integratedinto a total systemdemonstration. Conditionsat the
host site includearid soils with minimalwater content,cobble,
severesoil contamination(not in the demonstrationsite),and
restrictedaccess to proximityto the tanks" (Gibson1993).
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1.4.2 BarrierTest Site

An area has been tentativelyidentifiedon the HanfordSite for
conductingfuturesubsurfacebarriertests. The test area is locatednorth of
the WNP-I site on DOE propertyleasedto the WashingtonPublicPower Supply
System (WPPSS). The sitewas selectedbecauseits geologyis similarto that
aroundthe 241-CTank Farm (primarilysands and gravels),and for its
accessibility.Other sites are continuingto be investigatedwith the
assistanceof WHC Site Planningshouldthe WNP-I site be unavailable.
Barriersfor singletanks and entiretank farms will be tested. Bore holes
will be drilledthroughoutthe test site for instrumentsto monitorbarrier
performanceand integrity. A separatebarriertest site descriptiondocument
is plannedthatwill describethe localgeology,model scale factor,installed
instrumentsand monitoringcapability,and site servicesand utilities
availableat the test site.

A categoricalexclusion(CX)is being pursuedfor barriertestingin
accordancewith the NationalEnvironmentalPolicyAct of 1969 (NEPA). An
existingCX alreadycoversintrusivesite characterizationand environmental
monitoringactivitieson the HanfordSite includingthe installationand
monitoringof groundwaterand vadosezone wells (Wagoner1992). No adverse
environmentaleffectsare anticipatedas a resultof testing. The site is not

• presentlycontaminatedwith radioactiveor hazardousmaterial_,and none will
be introduced. When testingis completed,the bore holes are plannedto be
sealedin accordancewith WAC 173-160,"MinimumStandardsfor Constructionand
Maintenanceof Wells,"so as to not providea pathwayto the groundwater.

1.4.3 BarrierTest Plans

Constructabilityof severalbarriertechnologieswill be demonstratedat
the test site. The effectsof subsurfacebarrierson surroundingsoils and
structureswill be determined. Instrumentsin the bore holes will measurethe
horizontaland verticaldisplacement,and local accelerationforcescaused by
the barrier(e.g.,due to drivingsheet pilings). Barrierintegrityand
physicalcontinuitywill be investigatedby excavatingin and arounda barrier
after it is installed. Performanceof the barriertechnologieswill also be
measured. A test strategydocumentis being preparedthat will more fully
describethe differenttestingthat is planned. A separatetest specification
documentwill establishthe criteriato be used to evaluatebarrier
performance.

Laboratorytestingof barriermaterialsis plannedas a parallelactivity
to supportbarrierdevelopment. Degradationof barriermaterialsdue to high
temperature,freezecycling,chemicalattack,and radiationexposurewill be
investigated.The physicalstrengthof barriermaterials,their permeability
and hydraulicconductivity,and parametersthat affecttheir application
(e.g.,shrinkageor swellingon curing,injectability,plasticity)will be
evaluated. Testingwill also verifythat barriermaterials(andproductsof
their decomposition)are environmentallyacceptable.



WHC-SD-WM-FRD-011Rev. 0

1.5 ISSUESANDUNCERTAINTIES

Use of barriersto supportretrievalof waste from the SSTs is a new
conceptin remediation. As with many new concepts,there are a numberof
issuesassociatedwith the use of subsurfacebarriers. There are also
uncertaintiesin the requirementsfor closureof the SSTs (in general),and
the role of barriersin tank closure. Closureof the SSTs is to be in
accordancewith an approvedclosureplan. The TPA milestoneM-09-02,"Submit
closureplan to Ecologyfor approval,"is scheduledfor December2003. This
date is too late to supportretrievalplanning. Until these issuesand
uncertaintiesare resolved,certainassumptionsare needed in order to
proceed:

.. The regulators'(i_e.,Ecology,EPA, DOE) positionon subsurface
barriersis not defined. There are no regulationswhich
specificallyapply to barriers.

EnablingAssumDtioa: The overallperformanceof the entirewaste-
tank-soil-barriersystemwill be measuredagainstestablished
standardsand criteria. The requirementsin Section3 are those
which apply to the entire systemand have direct implicationsfor
barriers.

• The soil coiumnaroundmany SSTs is contaminatedby radioactiveand
hazardouswaste as a resultof previousleaks and spills. Whether
subsurfacebarriersmust confineboth existingcontaminationand
leakswhich may occur duringretrievalis unclear.

EnablinqAssumption: The primarypurposeof subsurfacebarriersis
to confineleaks which may occur duringretrieval. The extentto
which existingcontaminationis confineddependson the particular
barriertechnologyemployed.

• The WAC 173-303-640(8)(a,b)requiresthe removalor decontamination
of all waste residuesand contaminatedcontainmentsystem
components,soils, structures,and equipmentat closureof a tank
system. If this is not practicable,then the tank systemmay be
closed in accordancewith requirementsthat apply to landfills.
What is practicablein terms of removingthe waste and cleaningup
the single-shelltank farms is unknown.

EnablinqAssumption: Waste will be removedfrom the SSTs and the
tank farms cleanedup to the extentthat it can be shown there is no
threatto human healthor the environment. Use of barriersshall
not precludethis.

° Contaminationbetweena tank and any subsurfacebarriermay need to
be recoveredprior to closure. This could prove difficultand may
entail removalof the SSTs themselves;the added cost would be
significant. Ecology,in a preliminaryresponseto a proposalto
close the single-shelltank farms as landfills,requiresthat "A
tank farm can be closedas a landfillprovidedthat it is cleanedup
down to the waste barrier." Some cleanupwill likelybe needed,but
to what extentis unknown.

g
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EnablinQAssqmol_iQn"Contaminationbetweenthe tank and barrier
will be cleanedup to the extentrequiredto supportclosureof the
SSTs.

]0
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2.0 BARRIERFUNCTIONS

The missionof subsurfacebarriersis to:

Confinetank leaksduringwaste retrievalto protect the environment
and ensure the safetyof workersand generalpublic.

This is representedby the function"ConfineTank Leaks." Functionalanalysis
was used to decomposethis top-levelfunctioninto subfunctionsand identify
the functionaldependencies. The functionalanalysisproducedthe following:

• FunctionHiezarchY: A diagramshowingthe breakdownof functions
into subfunctionsas developedin the functionalanalysis.

• F_pcti.onFlow Diaqrams: Diagramsshowingdependenciesamong
functions(i.e.,enablinginputs,requiredoutputs),and constraints
that act on the functions.

• FunctionDescriptions: A list of all the functiontitles,
descriptions,dependencies,and upper-levelfunctionsand
subfunctions.

• Inputand Output Descriptions:A list of the inputsand outputs,
sourcefunctions(for inputs),and enabledfunctions(for outputs).

The functionhierarchy,functionflow diagrams,functiondescriptions,and
input and outputdescriptionsare containedin the appendix. The functions
were integratedverticallyto ensureall the functionsand the inputsand
outputswere decomposedproperlyand are traceable. The functionswere
horizontallyintegratedat each level to ensure all the inputsand outputs
flow betweenfunctionsand all functionalrelationshipswere described.

2.1 FUNCTIONHIERARCHY

The overall function hierarchy is shown in Figure 1. The Level 0 to
Level 3 functions and function numbers are from the Tank Waste Remediation
System Functions and Requirements, DOE/RL-92-60 (RL 1993a). The retrieval
functions at Level 4 and Level 5 are from the "Single-Shell Tank Waste
Retrieval System Functions and Requirements," Appendix D, Review of Prior
Single-Shell Tank Waste Retrieval Process Studies, WHC-SD-WM-ES-252(Sabin
et al. 1993). Only those TWRSProgram and retrieval functions which pertain
to subsurface barriers are shown. The functions for subsurface barriers begin
at Level 6. The barrier functions are numbered beginning with "X" until the
upper-level retrieval functions are further developed.

2.2 FUNCTIONDESCRIPTIONS

The barrier function names and their descriptions are listed in Table 1.
More complete descriptions of the barrier functions are provided in the
appendix.

11
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FigureI. FunctionHierarchyfor Barriers.
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Table 1. Function Descriptions for Barriers.

FunctionName FunctionDescriotion

[X] ConfineTank Leaks Operateand maintaina systemto confine
tank leaks duringretrievalof waste from
SSTs. Preventmigrationof existing
contaminationdue to tank leaks. Verify
that effectiveconfinementIs provided.

IX.]] MinimizeSpread Preventthe movementof leakedwaste from
the vicinityof a leak site. Leakedwaste
includeswaste from tank leaks and existing
contaminationfrom previousleaks and
spills.

[X.I.1] InhibitFlow Preventor restrictthe physicalmovementof
leakedwaste (e.g.,reducedpermeability).

[X.].2] Remove Liquids Removethe liquidportionof leakedwaste or
limit the volumeof liquidavailableto
cause movementof leakedwaste (e.g.,waste
drying).

[X.2] MaintainConfinement Monitorand controlsystemoperationto
ensureeffectiveoverallconfinement.
Generateoperatingrecords.

[X.2.1] Monitor Integrity Monitoroperationto determineintegrityof
confinementsystem. Compareresultsto
standards. Identifyneeded integrity
adjustments. Report integritydata.

[X.2.2] MonitorPerformance Monitoroperationto determineperformance
of confinementsystem. Compareresultsto
standards. Identifyneededperformance
adjustments. Reportperformancedata.

[X.2.3] RepairDefects Adjust confinementsystemto meet integrity
and performancestandards.

13
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3.0 BARRIERREQUIREMENTS

Requirementsanalysisis the systematicidentificationand allocationof
requirementsfor each functionand subfunction. The processidentifies
potentialsourcesof requirementsfor each function,dividesthe sourcesinto
discretestatementsof individualrequirements,and allocatesthe requirements
to functions. Requirementsthat apply to subsurfacebarriershave been
classifiedas eitherexternalor internalto the mission,commitmentsand
other negotiatedrequirements,or mission-driven.A broad selectionof
requirementsis initiallyneededwith all the variousbarriertechnologies
being considered. As the scope of the RetrievalProgram is furtherdeveloped,
a uniqueset of requirementswill evolve.

3.1 EXTERNALREQUIREMENTS

External requirements are imposed on the program by outside sources.
These requirementsconstrainthe programregardlessof its missionor
configuration.Their generalpurposeis to protectthe environment,ensure
the safetyand healthof workersand the generalpublic,and providefor
effectivemanagementcommensuratewith risk. Sourcesof externalrequirements
includefederal,state,and local codes and regulations;DOE orders,
directives,and implementingprocedures;company-widepracticesand
procedures,etc. A list of the externalrequirementswhich apply to
subsurfacebarriersis providedin Table 2.

3.2 INTERNALREQUIREMENTS

Internalrequirementsdefine the interfaceswithin the program,and
betweenthe programand the remainderof the HanfordSite cleanupmission.
The work to be accomplishedat the HanfordSite has been brokendown into the
followingmissionareas: EnvironmentalRestoration,Waste Tank Operationsand
Disposal,Solid and LiquidWaste,NuclearFacilities,Scienceand Technology,
Site Support,and SpecialInitiatives(RL Igg3b). The RetrievalProgramwill
interfacedirectlywith severalof thesemissionareas (e.g.,closureof the
SST farms by the ER Program). A list of the internalrequirementswhich apply
to subsurfacebarriersis providedin Table 3.

3.3 COMMITMENTSANDOTHERNEGOTIATEDREQUIREMENTS

Commitmentshave previously been made to regulatory agencies as to the
scope and schedule of the cleanup effort at the Hanford Site. The Tri-Party
Agreement (Ecology et al. 1990) contains milestones which specifically apply
to retrieval of waste from SSTs. However, the Tri-Party Agreement is
presently being renegotiated and these milestones are subject to change.
Waivers may be sought to existing regulations or the compliance approach
negotiated with the lead agency in ordeF to provide a more expedited cleanup.
Requirementsmay also be imposedby regulatoryagenciesin the courseof
issuingconstructionand operatingpermits;these then becomeconditionsof
the permit. A list of the commitmentsand other negotiatedrequirementswhich
apply to subsurfacebarriersis providedin Table 4.

15
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3.4 MISSION-DRIVENREQUIREMENTS

Mission-drivenrequirementsare uniqueto the RetrievalProgram. They
imposeperformance,design,and other technicalconstraintson the systemand
its configuration.Mission-drivenrequirementsresultfrom analysisof the
missionand are generallyderivedfrom engineeringstudiesand evaluations.
Includedare extendedrequirementsto allow for uncertaintiesin the program
(e.g.,robustness,contingency). A list of the mission-drivenrequirements
which apply to subsurfacebarriersis providedin Table 5.
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Table 2. ExternalRequirementsfor Barriers.

SOURCE i REQUIREMENT i!__ i FUNCTION• .... _ iiii! i

40 CFR 265 Migrationof Leaks. For tank systemsin interim X.I
status fromwhich therehas been a leak,the owner X.2
or operatormust preventfurthermigrationof the
leak or spill to soils or surfacewater.

Basis: 40 CFR 265, "InterimStatus Standardsfor
Owners and Operatorsof HazardousWaste Treatment,
Storage,and DisposalFacilities,"Code of Federal
Regulations,as amended. [Sec265.1g6(c)(I),
"Responseto Leaksor Spillsand Dispositionof
Leakingor Unfit-for-UseTank Systems"]

DOE Order Miqrationof Leaks. Liquiddischarges,even X.I
5400.5 though uncontaminated,are prohibitedin inactive X.2

releaseareas to preventthe furtherspreadof
WHC-CM-7-5 radionuclidespreviouslydeposited,unlessthe
Sec 6.0 dischargeis partof an interimor final cleanup
Para 6.3.2.1 response.

Basis: DOE Order 5400.5,RadiationProtectionof
the Public and the Environment,U.S. Departmentof
Energy,Washington,D.C. [Ch II, para 3c(2),
"Managementand Controlof RadioactiveMaterials
in LiquidDischargesand Phaseoutof Soil
Columns"]

WHC-CM-7-5,EnvironmentalCompliance,Westinghouse
HanfordCompany,Richland,Washington.

DOE Order RadionuclideLimitsin Groundwater. The liquid X.2.1
5400.5 effluentsfrom DOE activitiesshall not cause X.2.2

privateor publicdrinkingwater systems
downstreamof the ferilitydischargeto exceedthe
drinkingwater radiologicallimitsof 40 CFR 141.
These systemsshall not cause personsconsuming
the water to receivean effectivedose equivalent
greaterthan 4 mrem/yr. Combined_6Ra and 2ZSRa
shall not exceed 5E-OgpCi/mL and gross a activity
(including_6Ra but excludingradon and uranium)
shall not exceed 1.5E-08pCi/mL.

Basis: DOE Order 5400.5,RadiationProtectionof
the Public and the Environment,U.S. Departmentof
Energy,Washington,D.C. [Ch II, para Id(3),
"Impacton Other Systems"]

17
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Table 2. ExternalRequirementsfor Barriers(cont'd).
.....

i_;;SOURCE i .........i _ _REQUIREMENT FUNCTION
!

i

WHC-CM-7-5 RadioactiveAirborneEmissions. The annual X.2.1
Sec 2.0 averageconcentrationof radionuclidesreleasedto X.2.2
Para 2.5.2.2 the environmentshall not exceedan administrative

controlvalue (ACV)of I times the DCG public
value (unityrule applies)at the point of
emission,as specifiedin WHC-CM-7-5,
EnvironmentalCompliance,AppendixC.

Basis: The ACVs are WHC ALARA goals. The ACVs
restrictemissionsof airborneradionuclidesto
ALARA levelsusing currentlyavailable,reliable,
effluenttreatmenttechnology. The ACVs also
ensurethat WHC airborneradionuclidesemissions
are well below the requiredlevelsfor compliance
with all applicablefederal,state,and local
authorityairborneradionuclidesemissionlimits.

DOE/EV/1830-TS,"A Guide to ReducingRadiation
Exposureto As Low As ReasonablyAchievable,"
U.S.Departmentof Energy,Washington,D.C.

40 CFR 61, "NationalEmissionsStandardsfor
HazardousAir Pollutants,"SubpartH, Code of
FederalRegulations,as amended. [40 CFR 61.93]

DOE Order 5400.5,RadiationProtectionof the
Public and the Environment,U.S. Departmentof
Energy,Washington,D.C. [Ch II, para Ib,
"AirborneEmissionsOnly,All DOE Sourcesof
Radionuclides"]

WHC-CM-7-5 RadioactiveAirborneEmissions. The weekly X.2.1
Sec 2.0 average(anyconsecutive7-dayperiod) X.2.2
Para 2.5.2.2 concentrationof radionuclidesreleasedto the

environmentin airborneemissionsshouldnot
exceed 10 times the annualaverageACV
concentrationspecifiedfor that stack at the
pointof emission.

Basis: WHC best managementpractice. Imposedto
ensurethat minor plant upsetsand degradationof
emissionsabatementsystemsare not allowedto
persistto the point of violatingthe ALARA goals.

18
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Table 2. ExternalRequirementsfor Barriers(cont'd).

SOURCE IREQUIREMENT FUNCTION

WHC-CM-7-5 RadioactiveAirborneEmission@. Individual X.2.1
Sec 2.0 airborneemissionsshall not result in the annual X.2.2
Para 2.5.2.1 averageconcentrationat any ground-levelambient

locationor other occupiedareaexceedingany
derivedconcentrationguides (DCG)publicvalue
specifiedin WHC-CM-7-5,EnvironmentalCompliance,
AppendixC. Facilitiesshall enforceappropriate
administrativecontrolsthat consideratmospheric
conditionsrelativeto operationsfor the purpose
of ensuringcompliancewith this requirement.

Basis" WHC bestmanagementpractice. Imposedto
assurecompliancewith the radiationexposure
limitto the publicof 100 mrem for all exposure
modes as specifiedin DOE Order 5400.5. [Ch II,
para la, "DOEPublicDose Limit--AllExposure
Modes,All DOE Sourcesof Radiation"]

WHC-CM-7-5 Other AirborneEmissions. Emissionsof X.2.1
Sec 2.0 contaminantswhich do not have specifiedmaximum X.2.2
Para 2.4.1.1 permissibleemissionstandardsfor work

environmentsshall be controlledto ensurethe
thresholdvaluesfound in WHC-CM-4-40,Industrial
HygieneManual,are not exceededin work places
anywhereoutsidean emissionsunit.

Basis: WHC best managementpractice. Emissions
may occur as a resultof barrierinstallationand
operation.

,,,,,,,,

WHC-CM-7-5 RadioactiveAirborneEmissions. Work involving X.I
Sec 2.0 expecteddispersalof airborneradioactive
Para 2.5.1 materialsshall be performedin an enclosed

facilityor in a temporaryenclosure. Outdoor
work involvingequipmentor emissionsunits too
large to reasonablyencloseshallbe regulatedby
the applicablerequirementsof WHC-CM-I-6,WHC
RadiologicalControlManual,and by the radiation
work permit(RWP) controllingthe equipmentand/or
work to be performed.

Basis: WAC 246-247,"RadiationProtection- Air
Emissions,"WashingtonAdministrativeCode, as
amended.
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Table 2. ExternalRequirementsfor Barriers(cont'd).

SOURCE REQUIREMENT FUNCTION

WHC-EP-O063 Solid Waste. Radioactivesolidwaste (which X.I
includeslow-levelwaste,transuranicwaste,high-
level waste,spent nuclearfuel, and radioactive
mixed waste)must meet the characterization,
packaging,and acceptancecriteriain WHC-EP-O063
for on-sitestorageand disposal. Hazardous-only
contaminatedsolidwaste must be disposedof off-
site.

Basis" Radioactivesolidwaste may be generated
as a resultof barrierinstallation,operation,
and (if needed)removal(e.g.,contaminatedsoil,
failedequipment).

WHC, 1991,HanfordSite SolidWaste Acceptance
Criteria,WHC-EP-O063-3,WestinghouseHanford

• Company,Richland,Washington.

DOE Order Waste HinimiIation.The quantityof waste being X.I
5820.2A sent to storageshall be reduced.

Basis: Significantvolumesof radioactivesolid
waste may be generatedas a resultof barrier
installation,operation,and (if needed)removal.

DOE Order 5820.2A,RadioactiveWaste Management,
U.S. Departmentof Energy,Washington,D.C.
[Ch I, para 3b(7)(a),"WasteTreatmentand
Minimization"]

,,

WAC 173-160 Well Drilling. Monitoringwells and other bore X.I
holes shall be appropriatelysealedafter use so
as to not providea pathwayfor contaminationto
the groundwater.

Basis: Barrierinstallationwill likely involve
some type of drilling(e.g.,vertical,angle,or
horizontalbore holes).

WAC 173-160,"MinimumStandardsfor Maintenance
and Constructionof Wells,"Washington
AdministrativeCode, as amended.

20



WHC-SD-WM-FRD-01]Rev. 0

Table 2. ExternalRequirementsfor Barriers(cont'd).

SOURCE REQUIREMENT FUNCTION

DOE Order Leak Detection. Monitoringand leak detection X.I.1
5820.2A capabilityshall be incorporatedin engineering X.I.2

systemsto providerapid identificationof leaks X.2.]
and to assesssystem integrity. X.2.2

X.2.3
Basis: DOE Order 5820.2A,RadioactiveWaste
Management,U.S. Departmentof Energy,
Washington,D.C. [Ch I, para 3b(3)(a,c)]

RCRA BarFierMaterials. Hazardousmaterialsshall be X.I
managed in accordancewith the requirementsof
RCRA. Hazardousmaterialsshallnot be appliedor
placedon the land in a manner that constitutes
disposal.

Basis" ResourceConservationand RecoveryAct of
1976, as amended,42 USC 9601, et seq.

,, ,

NEPA, EnvironmentalProtection. The environmental X
SEPA impact associatedwith a projectshall be

considered. Materialsintroducedduring barrier
installation,operation,and testingshall be
evaluated.

Basis: NationalEnvironmentalPolicyAct of 1969,
as amended,42 USC 4321, et seq.

State EnvironmentalPolicyAct of 1971, Revised
Code of Washington,RCW 43.21C,Olympia,
Washington.

WHC-CM-4-9 RadiologicalDe_iqn. The radiationsafetydesign X.I
requirementsin WHC-CM-4-gshall be incorporated
in the designof barrierequipmentand facilities
which store,handle,or processradioactive
materials.

Basis: Existingcontaminationfrom past leaks and
waste which leaks duringretrievalwill affect
barrierinstallation,operation,and (if needed)
removal.

WHC-CM-4-g,RadiologicalDesign,Westinghouse
HanfordCompany,Richland,Washington.
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Table 2. ExternalRequirementsfor Barriers(cont'd).

SOURCE REQUIREMENT FUNCTION
,,i ,,, , ,,

WHC-CM-4-11 RadiationProtection. The "as low as reasonably X
achievable"(ALARA)guidelinein WHC-CM-4-11shall
be implementedin the designof equipment,
components,or assemblies,and in the planningof
construction,installation,operation,
maintenance,and decommissioningactivities.
Evaluationsand cost-benefitanalysesfor
determiningthat the radiationexposurelevelsare
ALARA shall used the methodologiesestablishedin
InternationalCommissionon Radiological
Protection37, "Cost-BenefitAnalysisin the
Optimizationof RadiationProtection."

Basis" WHC-CM-4-1I,ALARA ProgramManual,
WestinghouseHanfordCompany,Richland,
Washington.

WHC-CM-I-3 SafetyClass. The safetyclass shall be X
determinedin accordancewith the criteriaand
methodologyin MRP 5.46, "SafetyClassificationof
Systems,Components,and Structures."

Basis' WHC-CM-I-3,ManagementRequirementsand
Procedures,WestinghouseHanfordCompany,
Richland,Washington.

,

WHC-CM-4-2 Qualit.yAssurance. Qualityassuranceprogram X
requirementsfor project-typeactivities
associatedwith design,procurement,and
constructionshall be definedand documentedin a
project-specificqualityassuranceprogramplan
(QAPP). Applicablerequirementsshall be selected
from ASME NQA-I, "QualityAssuranceProgram
Requirementsfor NuclearFacilities." Quality
assuranceplanningshall be commensuratewith the
safetyclass of the items involved.

Basis" WHC-CM-4-2,QualityAssuranceManual,
WestinghouseHanfordCompany,Richland,
Washington.

,,
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t

Table 2. ExternalRequirementsfor Barriers(cont'd).

SOURCE REQUIREMENT FUNCTION

DOE Order Conductof ODeratiQn@. Directives,plans,and X
5480.19 proceduresshall be developedrelatingto the

conductof barrieroperationsfor the purposeof
improvingqualityand to ensure uniformityof
operations.

Basis: DOE Order 54B0.19,Conductof Operations
Requirementsfor DOE Facilities,U.S. Department
of Energy,Washington,D.C.
,, ,,,,,,,,,

RL Order NaturalPhenomena. The design shallmeet the X.I
6430.IC naturalphenomenaloadingcriteriain Standard X.2

Design Criteria(SDC)4.1, "DesignLoads for
Facilities,"Revision11, as requiredby the
safetyclass of the items involved. The equipment
is not requiredto operateduringor immediately
followinga safe-shutdownearthquake.

Basis" RL Order 6430.IC,HanfordPlant Standards
(HPS)Program,U.S. Departmentof Energy-
RichlandField Office,Richland,Washington.

, ,, ,,,,

RL Order Desiqn BasisAccidents. The systemshall be X.I
6430.IC designedto withstandthe effectsof design basis X.2

accidents(DBA) includingseverenaturalphenomena
and man-madeevents,with confinementof
radioactiveand toxic materialswithinallowable
limits.

Basis" RL Order 6430.1C,HanfordPlant Standards
(HPS)Program,U.S. Departmentof Energy -
RichlandField Office,Richland,Washington.

RL Order All-weatherOperation. Equipmentlocatedoutdoors X.I
6430.IC and exposedto the elementsshall be designedto X.2

operateunder adverseopen-fieldconditions
identifiedin SDC 4.1, "DesignLoads for
Facilities,"and SDC 5.1, "Heating,Ventilating,
and Air Conditioning."

Basis: RL Order 6430.1C,HanfordPlant Standards
(HPS) Program,U.S. Departmentof Energy -
RichlandField Office,Richland,Washington.
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Table 3. InternalRequirementsfor Barriers.

SOURCE REQUIREMENT FUNCTION
,,, ,, , ,, , , , , ,

TBD Tank Desian. Barrierdesignshall accommodatethe X.I
differentsingle-shelltank designsand tank farm
configurations.

Basis: SSTs vary in size from 55,000gal to
I milliongal. Tank farm configurationsvary from
4 tanks to 18 tanks.

,,,,,, ,,

WHC-EP-182 LeakedWaste. Barrierdesign shall accommodate X.]
-60 the differentwaste compositions,and potential

leak volumesand leak rates.

Basis: The compositionand volumeof drainable
liquid in the SSTs variesconsiderablyfrom tank-
to-tank. The structuralintegrityof each tank
will dependon its past operatinghistory.

WHC, 1993a,TankFarm Surveillanceand Waste
StatusSummaryReportfor May 1993, WHC-EP-182-62,
WestinghouseHanfordCompany,Richland,
Washington.

TBD Interferences: Interferenceswithin and around X.I
the tank farms (e.g.,buriedtransferlines,site
servicesand utilities,etc.) shall be considered
in the barrierdesign.

Basis: Interferencesmay impairbarrierintegrity
and are potentialpathwaysfor contaminationto
migrate.

WHC-SD-EN Site Geoloqy. Barrierdesign shall accommodate X.I
-TI-012, variationsin subsurfacegeologywhich occur both

WHC-SD-EN locallyand acrossthe HanfordSite.
-TI-OOB

Basis: Lindsey,K. A., et al., Igg2a,Geologic
Setting of the 200 East Area: An Update,
WHC-SD-EN-TI-012, Revision TBD, Westinghouse
Hanford Company,Richland, Washington.

Lindsey, K. A., et al., 1992b, Geologic Setting of
the 200 West Area: An Update, WHC-SD-EN-TI-OO8,
Revision TBD, Westinghouse Hanford Company,
Richland, Washington.
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Table 3. InternalRequirementsfor Barriers(cont'd).
...., .

SOURCE REQUIREMENT FUNCTION
,, , ,, ,, ,,,,

PL 101-510 Tank FarmOperations. Installationand operation X.1
of barriersshallnot interruptor otherwise
conflictwith essentialtank farm operations.
Safety measuresidentifiedfor watch-listtanks
are included.

Basi_: DefenseAuthorizationAct, PublicLaw
101-510,"SafetyMeasuresfor Waste Tanks at
HanfordNuclearReservation,"Section3137 (also
known as the Wyden Amendments). [Paraa, Ensure
that "...continuousmonitoringto detecta release
or excessivetemperatureor pressure..."is being
carriedout.]

OSD-T-151 Tank pome Loadina. Total live loads on the tank X.I
-00013 dome are limitedto a maximumof 50 tons for 20-ft

diametertanks,and 100 tons for 7S-ftdiameter
tanks. These loads are assumedto occur on the
soil coveringthe tank within a 10-ft radiusof
the tank center. Loads in excessof these shall
be evaluatedon a case-by-casebasis and require
approvalby Single-ShellTank ProcessEngineering
and Tank Farm Operations. Loads imposedduring
barrier installationand operation,and other
loads (e.g.,waste retrievalequipment)shall be
considered.

B_B.__t_:WHC, 1992,OperatingSpecificationsfor
Single-ShellWaste StorageTanks,OSD-T-151-O0013,
RevisionD-I, WestinghouseHanfordCompany,
Richland,Washington. [Sec 13.2.1,para C(2),
"StructuralLimitations- DynamicDome Loading"]

,,,

TBD Loadinqof Tank Sidewalland Bottom. Live loads X.I
imposedon the tank sidewalland bottomduring
barrierinstallationand operationare limitedto
a maximumof (TBD).

Basi@: Load limitsare set to preventstructural
damage to the tank which could cause the tank to
leak.
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Table 3. InternalRequirementsfor Barriers(cont'd).
,. ,i i . ,, , .... _..... ,, .

SOURCE REQUIREMENT FUNCTION
i. ,..,,, , , i ,,,ill i,,,i iii.,i, ,,,.,i i , ,,, i i ,i

OSD-T-I5] Temperatureof Concr_tQEn¢a@ement. The X.I
-00013 temperatureof the concreteencasementduring

barrierinstallationand operationis limitedto a
maximumof 250'F (HOLD). The rate of temperature
change is limitedto a maximumof 20'F/day(HOLD).

Basis: Temperaturelimitsare set to prevent
structuraldamageto the tank which could cause
the tank to leak.

WHC, 1992,OperatingSpecificationsfor Single-
Shell Waste StorageTanks,OSD-T-151-O0013,
RevisionD-I, WestinghouseHanfordCompany,
Richland,Washington. [Sac ]3.2.1,para E(]),
"WasteTemperatures"]

TBD _xistin9ContBmination.Barrierdeploymentand X.I
operationshall not exacerbateor cause existing
contaminationto spread (e.g.,mud rotary
drilling).

_: Significantportionsof the tank farms are
contaminatedfrom previousleaksand spills.

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

RCRA, Closure. Use of barriersto confineleaks during X.]
WAC 173-303 waste retrievalshall not precludeclosure

actions.

Basis: ResourceConservationand RecoveryAct of
1976, as amended,42 USC 9601, et seq.

II

"DangerousWaste Regulations,WAC 173-303,
WashingtonAdministrativeCode, as amended.

.,
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Table 4. Commitmentsand Other NegotiatedRequirementsfor Barriers.
i i ,,

SOURCE REQUIREMENT FUNCTION
,,,,, ,, ,,,, ,,,,,,

Tri-Party RetrievalSchedule: Barrierdesign,installation, X
Agreement and operationshallsupportthe retrievalschedule

as definedby the Tri-PartyAgreementmilestones
(HOLD).

Basis: Ecology,EPA, and DOE, IggO,Hanford
FederalFacilityAgreementand ConsentOrder,
WashingtonState Departmentof Ecology,
U.S. EnvironmentalProtectionAgency,and the
U.S. Departmentof Energy,Olympia,Washington.
[MilestonesM-06-O0,M-07-O0,M-08-O0,M-O9-O0]

,,

RCRA Permittina. Treatmentactivitiesother than X_

interimstabilization(e.g.,SST waste retrieval)
will requireissuanceof a Notice of Intentand
revisionof the Part A RCRA permit.

Basis" ResourceConservationand RecoveryAct of
1976, as amended,42 USC 9601, et seq.

Clean Air permi_tinq. Any new stationarysourceof X
Act radionuclideemissionsor modificationof an

existingsourcethat will result in an increasein
emissionsof radioactivepollutantsto the
atmosphereis subjectto a pre-constructionreview
and approvalby the EPA.

B__.__J_E:40 CFR 61, "NationalEmissionStandards
for HazardousAir Pollutants,"Code of Federal
Regulations,as amended.

Wash. Clean permittinq. Constructionshall not commenceon X
Air Act any new or modifiedsourceof radioactiveair

emissionsuntil a noticeof construction(NOC) has
been approvedby the WashingtonState Department
of Health. Use of best availableradionuclide
controltechnology(BARCT)is requiredfor all new
sourcesof radioactiveair emissions.

Basis"WAC 246-247,"RadiationProtection- Air
Emissions,"WashingtonAdministrativeCode, as
amended.
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Table 4. Commitmentsand Other NegotiatedRequirementsfor Barriers(cont'd).

SOURCE REQUIREMENT FUNCTION
, , , i ,, ,,,,,

Wash. Clean _. A NOC shall be approvedby Ecology X
Air Act prior to construction,installation,or

establishmentof any new sourceof toxic air
pollutants.

Basis: WAC 173-460,"Controlsfor New Sourcesof
Toxic Air Pollutants,"WashingtonAdministrative
Code, as amended.

,,,
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Table 5. Mission-DrivenRequirementsfor Barriers.
, i ii.i.ii

SOURCE REQUIREMENT FUNCTION
.,.,,,,,, , ,,,,,

TBD Deqree of Confinement. The confinementprovided X
by the combinationof existingtank(s),subsurface
barriers,and any other constraints(e.g.,surface
barriers)shall be such that soil contaminationis
minimized,and limitson radionuclidesand
hazardouschemicalsin groundwaterare not
exceeded.

Basis: WHC best managementpractice. Imposedto
assurecompliancewith 40 CFR 265 and DOE Order
5400.5.

TBD Desiqn Life. The barriersystemshall provide X.I
effectiveconfinementof tank leaks for a period X.2
of 30 years.

Basis: Barriersare being consideredto support
retrievalof waste from SSTs. Barriersmay also
be needed after retrievalto confineexisting
contaminationand waste residuesuntil closure.

Harrington,R. A., 1993, "SubsurfaceBarrier
Workshop,StudyAnalysisSessionReport (letter
9305205to S. S. Lowe, WestinghouseHanford
Company,June 21, 1993),KaiserEngineersHanford
Company,Richland,Washington.

, i

TBD _aintenance. The barriersystemshall permit X.I
repairor replacementof activecomponentsto X.2
maintaineffectiveconfinementof tank leaks.

aJ_.a}__:Harrington,R. A., 1993, "Subsurface
BarrierWorkshop,Study AnalysisSessionReport
(letter9305205to S. S. Lowe, Westinghouse
HanfordCompany,June 21, 1993),Kaiser Engineers
HanfordCompany,Richland,Washington.

,,

TBD LeachateCollection. The barriersystemshall X.I
providefor leachatecollectionand removal. X.2

Basis: Harrington,R. A., 1993, "Subsurface
BarrierWorkshop,Study AnalysisSessionReport
(letter9305205to S. S. Lowe, Westinghouse
HanfordCompany,June 21, 1993),Kaiser Engineers
HanfordCompany,Richland,Washington.
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4.0 ITEMSNEEDINGRESOLUTION

Followingis a list of issuesrelatedto the use of subsurfacebarriers
to confinele_kswhen retrievingwaste from SSTs. These issuesneed to be
resolvedin the course of barrierdevelopmentand testing.

• RetrievalSchedule. The currentretrievalscheduleis definedby
the TPA milestones. However,the TPA is presentlybeing re-
negotiated. The time availableto implementbarriersis uncertain.
Some promisingbarrierconceptsare not being consideredbecauseof
the limitedtime availableor the technologiesare not sufficiently
mature.

• ClosureRequirements. The closureplan needs to be developed
including(I) whethercontaminationthat leaks betweenthe tank and
barriermust be cleanedup, (2) the functionof barriersafter
retrievaluntil closure,and (3) other follow-onremediationwork
(e.g.,waste residueremoval,removalof barriers,clean-upgeneral
contaminationin and aroundthe tank farms.

• Waste Characterization.Informationis needed as to the physical
and chemicalpropertiesand radionuclidecontentof the SST waste.
This data is crucialto effortsto evaluatealternativesfor waste
treatmentand disposal,includingsubsurfacebarriers.

• LeakAssessment. Futuretestingand full-scaledemonstrationwill
providea measureof the effectivenessof barriers. The overall
performanceof the entiretank-barriersystemwill be evaluated
againstestablishedstandardsfor environmentalprotection. An
assessmentof the potentialleak rate and volumeis needed to
completethe evaluation.

• Tank Monitorinqand Leak Detection. Criteriamust be established
for detectingtank leaks and controllingthe spreadof leakedwaste.
This is a prerequisiteto evaluatingtechnologiesfor the purposeof
confiningtank leaks.

• StructuralIntegrity. Assessmentof the integrityof the SSTs is
neededto determinethe range of operatingconditionsto prevent
structuralfailure. The allowableloads that may be imposedon the
tank sidewalland bottom,and the minimumand maximumtemperatures
of the concreteencasementduring barrierinstallationand operation
shouldbe determined.

• Site Characterization.Investigationis neededto determinethe
extentto which the tank farms are contaminatedby previousleaks
and spills. This will affectbarrierselectionand could be a major
cost driver.

• Solidwa@te. Clarificationis neededas to what constitutes'clean'
soil. This will permitconsiderationof optionsfor disposingof
contaminatedsoil (e.g.,soilwashing)which may be less costly than
currentsolid waste handlingpractices.
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• SafetyClassification.The safetyclass of items providesa graded
approachto applicabledesign and qualityassurancerequirements.
Requirementsare assignedto itemscommensuratewith the functionof
each system,component,and structurein preventingor mitigating
the consequencesof hazardsand postulateddesign basis accidents.
The safetyclassificationcriteriaand a summaryof safetyclass I
and 2 determinations(at the systemand major-structurelevel) is
includedin preliminarysafetydocumentation{e.g.,the preliminary
safetyevaluation(PSE)]for new projectsand facilities. A more
completeset of requirementswill be availableonce the safetyclass
of barriersis determined.
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APPENDIX

FUNCTIONALANALYSIS
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FUNCTIONHIERARCHY

Hanford
Level 0 Mission
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Remediate
Level 1 Tank Waste
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Move
Level 3 Waste
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Level 4 Waste

[TED]

Confine
Level 5 Waste
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q •

Confine
Level 6 Tank Leaks

IX]
I

[ l
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[X.1] [X.2]

1 I I1 I
Inhibit Remove Monitor Monitor Repair
Flow Liquids Integrity Performance Defects

[X.1.1] [X.1.2] [X.2.1] [X.2.2] [X.2.3]
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FUNCTIONDESCRIPTIONS

Function: [X] CONFINETANK LEAKS

Description: Operateand maintaina systemto confinetank leaks during
retrievalof waste from SSTs. Preventmigrationof existing
contaminationdue to tank leaks. Verifythat effective
confinementis provided.

Enabling Tank Leaks
Inputs:

Required ConfinedTank Leaks
Outputs: BarrierOperatingRecords

Constraints: CompatibilityRequirements
ConfinementRequirements

Resources: BarrierSystem

• Upper-Level [TBD] ConfineWaste
Function:

Subfunctions: [X.I] MinimizeSpread
[X.2] MaintainConfinement

Function: [X.I] MINIMIZESPREAD

Description: Preventthe movementof leakedwaste from the vicinityof a
leak site. Leakedwaste includeswaste from tank leaks and
existingcontaminationfrom previousleaks and spills.

Enabllng Tank Leaks
Inputs: BarrierAdjustments

Required ConfinedTank Leaks
Outputs: BarrierIntegrityData

BarrierPerformanceData

Constraints: CompatibilityRequirements

Resources: PhysicalBarrier
BarrierInstruments

Upper-Level [X] ConfineTank Leaks
Function:

Subfunctions: [X.I.]] InhibitFlow
[X.].2] RemoveLiquids
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Function: [X.l.I] INHIBITFLOW

Description: Preventor restrictthe physicalmovementof leakedwaste
(e.g.,by reducedpermeability).

Enabling Tank Leaks NeedingFlow Inhibited
Inputs: Flow InhibitingBarrierAdjustments

Required Tank Leaks with Flow Inhibited
Outputs: Flow InhibitingBarrierIntegrityData

Flow InhibitingBarrierPerformanceData

Constraints: CompatibilityRequirements

Resources: PhysicalBarrier
Barrier Instruments

Upper-Level IX.I] MinimizeSpread
Function:

Subfunctions: (None)

Function: [X.I.2] REMOVE LIQUIDS

Description: Remove the liquidportionof leakedwaste or limitthe
volume of liquidavailableto cause movementof leakedwaste
(e.g.,by waste drying).

Enabling Tank Leaks NeedingLiquidRemoved
Inputs: Liquid RemovingBarrierAdjustments

Required Tank Leaks with LiquidRemoved
Outputs: Liquid RemovingBarrierIntegrityData

Liquid RemovingBarrierPerformanceData

Constraints: CompatibilityRequirements

Resources: PhysicalBarrier
Barrier Instruments

Upper-Level IX.I] MinimizeSpread
Function:

Subfunctions: (None)

Function: IX.2] MAINTAINCONFINEMENT

Description: Monitorand activelycontrolbarriersystemoperationto
ensure effectiveoverallconfinement. Generateoperating
records.

Enabling BarrierIntegrityData
Inputs: BarrierPerformanceData
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Required BarrierOperatingRecords
Outputs: BarrierAdjustments

Constraints: ConfinementRequirements

Resources: BarrierControls

Upper-Level [X] ConfineTank Leaks
Function:

Subfunctions: [X.2.I] Monitor Integrity
[X.2.2] MonitorPerformance
[X.2.3] RepairDefects

Function: [X.2.1] MONITOR INTEGRITY

Description: Monitoroperationto determineintegrityof confinement
system. Compareresultsto standards. Identifyneeded
integrityadjustments. Reportintegritydata.

Enabling BarrierIntegrityData
Inputs:

Required BarrierIntegrityRecords
Outputs: BarrierIntegrityAdjustmentsNeeded

Constraints" ConfinementRequirements

Resources" BarrierControls

Upper-Level [X.2] MaintainConfinement
Function:

Subfunctions: (None)

Function: [X.2.2] MONITORPERFORMANCE

Description: Monitoroperationto determineperformanceof confinement
system. Compareresultsto standards. Identifyneeded
performanceadjustments.Reportperformancedata.

Enabling BarrierPerformanceData
Inputs:

Required BarrierPerformanceRecords
Outputs: BarrierPerformanceAdjustmentsNeeded

Constraints: ConfinementRequirements

Resources: BarrierControls

Upper-Level [X.2] MaintainConfinement
Function"

Subfunctions: (None)
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Function: [X.2.3] REPAIRDEFECTS

Description: Adjustconfinementsystemto meet integrityand performance
standards.

Enabling BarrierIntegrityAdjustmentsNeeded
Inputs: BarrierPerformanceAdjustmentsNeeded

Required BarrierAdjustments
Outputs:

Constraints: (None)

Resources: BarrierControls

Upper-Level [X.2] MaintainConfinement
Function:

Subfunctions: (None)
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INPUTANDOUTPUTDESCRIPTIONS

Input/Output: BARRIERADJUSTMENTS

Description: Adjustmentsto barrieroperationby barriercontrolsto
better confinetank leaks based on assessmentof barrier
integrityand performance,and minimumconfinement
requirements.

Source [X.2] MaintainConfinement
Function:

Enabled [X.I] MinimizeSpread
Function:

Input/Output: BARRIERCONTROLS

Description: Deviceswhich controlbarrieroperationto betterconfine
tank leaks. Data obtainedfrom barrierinstrumentsis
comparedwith valuesestablishedfor acceptablebarrier
performanceand integrity,and minimumconfinement
requirements,to generatebarrieradjustments.

Source (External)
Function:

Enabled [X.2] MaintainConfinement
Function: [X.2.1] MonitorIntegrity

[X.2.2] MonitorPerformance
[X.2.3] RepairDefects

Input/Output: BARRIERINSTRUMENTS

Description: Devicesused to measureproperties(e.g.,temperature,
moisturecontent)of the barrieror surroundingsoil.

Source (External)
Function:

Enabled [X.I] MinimizeSpread
Function: [X.I.1] InhibitFlow

[X.l.2] RemoveLiquids

Input/Output: BARRIERINTEGRITYADJUSTMENTSNEEDED

Description: Identifiedneed to improvebarrierintegrity. Determinedby
comparingmeasuredbarrierintegritydata with values
establishedfor acceptableintegrityand minimumconfinement
requirements.

48



' WHC-SD-WM-FRD-011Rev. 0

J

Source [X.2.1] MonitorIntegrity
Function:

Enabled [X.2.3] RepairDefects
Function:

Input/Output: BARRIERINTEGRITYDATA

Description: Data and measurementsby barrierinstrumentswhich are
indicativeof barrierintegrity.

Source [X.I] MinimizeSpread
Function:

Enabled [X.2] MaintainConfinement
Function:

Input/Output: BARRIERINTEGRITYRECORDS

Description: Barrierintegritydata which has been collected,analyzedby
comparingto confinementrequirements,and the results
verifiedand validated. The resultsestablishthe
confinementeffectivenesswith regardsto barrierintegrity.

Source [X.2.1] MonitorIntegrity
Function:

Enabled (External)
Function:

Input/Output: BARRIEROPERATINGRECORDS

Description: Barrierintegrityand performancerecordswhich together
establishthe overallconfinementeffectiveness.

Source [X.2] MaintainConfinement
Function:

Enabled (External)
Function:

Input/Output: BARRIERPERFORMANCEADJUSTMENTSNEEDED

Description: Identifiedneed to improvebarrierperformance. Determined
by comparingmeasuredbarrierperformancedata with values
establishedfor acceptableperformanceand minimum
confinementrequirements.
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Source [X.2.2] MonitorPerformance
Function:

Enabled [X.2.3] RepairDefects
Function"

Input/Output: BARRIERPERFORMANCEDATA

Description: Data and measurementsby barrierinstrumentswhich are
indicativeof barrierperformance.

Source [X.]] MinimizeSpread
Function:

Enabled [X.2] MaintainConfinement
Function:

Input/Output: BARRIERPERFORMANCERECORDS

Description: Barrierperformancedata which has b_en collected,analyzed
by comparingto confinementrequiremeL_ts,and the results
verifiedand validated. The resultsestablishthe
confinementeffectivenesswith regardsto barrier
performance.

Source [X.2.2] MonitorPerformance
Function:

Enabled (External)
Function:

Input/Output: BARRIERSYSTEM

Description" Consistsof the physicalbarrier,barrierinstruments,and
barriercontrols.

Source (External)
Function:

Enabled [X] ConfineTank Leaks
Function"

Input/Output: COMPATIBILITYREQUIREMENTS

Description: Criteriawhich ensurethe use of barriersis compatiblewith
other TWRS and HanfordSite activities. These define
interfacesand establishlimitson the barrierdesign and
operation.
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Source (External)
Function:

Enabled [X] ConfineTank Leaks
Function: [X.]] MinimizeSpread

[X.I.]] InhibitFlow
[X.].2] RemoveLiquids

Input/Output: CONFINEDTANK LEAKS

Description: Tank leaks whose movementhas been effectivelyconfinedby
inhibitingtheir flow and/orremovingor limitingthe
availableliquidwith a physicalbarrier. Includesleaked
waste, contaminatedsoil, and the barrier(if not removed).

Source [X.]] MininLizeSpread
Function:

Enabled (External)
Function"

Input/Output: CONFINEMENTREQUIREMENTS

Description: The degreeof confinementneeded. Providesthe basis for
determiningwhat constitutesacceptablebarrierperformance
and integrity.

Source (External)
Function:

Enabled [X] ConfineTank Leaks
Function: [X.2] MaintainConfinement

[X.2.1] MonitorIntegrity
[X.2.2] MonitorPerformance

Input/Output: FLOW INHIBITINGBARRIERADJUSTMENTS

Description" Adjustmentof flow inhibiting-typebarriercontrolsto
betterconfinetank leaks based on barrierintegrityand
performancedata, and minimumconfinementrequirements.

Source [X.2.3] RepairDefects
Function:

Enabled [X.I.I] InhibitFlow
Function:

Input/Output: FLOW INHIBITINGBARRIERINTEGRITYDATA

Description: Data and measurementsby barrierinstrumentswhich are
indicativeof flow inhibiting-typebarrierintegrity.
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Source [X.I.I] InhibitFlow
Function:

Enabled [X.2.1] MonitorIntegrity
Function:

Input/Output: FLOW INHIBITINGBARRIERPERFORMANCEDATA

Description: Data and measurementsby barrierinstrumentswhich are
indicativeof flow inhibiting-typebarrierperformance.

Source [X.I.1] InhibitFlow
Function:

Enabled [X.2.2] MonitorPerformance
Function:

Input/Output: LIQUID REMOVINGBARRIERADJUSTMENTS

Description: Adjustmentof liquidremoving-typebarriercontrolsto
better confinetank leaks based on barrierintegrityand
performancedata, and minimumconfinementrequirements.

Source [X.2.3] RepairDefects
Function:

Enabled [X.I.2] Remove Liquids
Function"

Input/Output: LIQUIDREMOVINGBARRIERINTEGRITYDATA

Description: Data and measurementsby barrierinstrumentswhich are
indicativeof liquidremoving-typebarrierintegrity.

Source [X.I.2] RemoveLiquids
Function:

Enabled [X.2.I] Monitor Integrity
Function:

Input/Output: LIQUIDREMOVINGBARRIERPERFORMANCEDATA

Description: Data and measurementsby barrierinstrumentswhich are
indicativeof liquidremoving-typebarrierperformance.

Source [X.I.2] Remove Liquids
Function:

Enabled [X.2.2] MonitorPerformance
Function:
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Input/Output: PHYSICALBARRIER

Description: That portionof the barriersystemwhich physicallyconfines
tank leaks by inhibitingtheir flow or removingthe liquid.

Source (External)
Function:

Enabled [X.I] MinimizeSpread
Function: [X.I.I] InhibitFlow

[X.I.2] Remove Liquids

Input/Output: TANK LEAKS

Description: Leakagefrom SSTs duringwaste retrievaloperations.
Includesexistingcontaminationfrom previousleaks and
spills.

Source (External)
Function"

Enabled [X.I] MinimizeSpread
Function:

Input/Output: TANK LEAKS NEEDINGFLOW INHIBITED

Description: Tank leakswhose movementcan be preventedor minimizedby
inhibitingtheir flow.

Source (External)
Function:

Enabled [X.I.1] InhibitFlow
Function"

Input/Output: TANK LEAKS NEEDINGLIQUIDREMOVED

Description: Tank leaks whose movementcan be preventedor minimizedby
removingor limitingthe availableliquid.

Source (External)
Function:

I

Enabled [X.I.2] RemoveLiquids
Function:

Input/Output: TANK LEAKS WITH FLOW INHIBITED

Description: Tank leakswhose movementhas been preventedor minimizedby
inhibitingtheir flowwith a physicalbarrier.
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Source [X.I.I] InhibitFlow
Function:

Enabled (External)
Function:

Input/Output: TANK LEAKS WITH LIQUIDREMOVED

Description: Tank leaks whose movementhas been preventedor minimizedby
removingor limitingthe availableliquidwith a physical
barrier.

Source [X.].2] RemoveLiquids
Function:

Enabled (External)
Function:

54






