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EXECUTIVESUMMARY

This document is a testing and monitoring plan for a prototype barrier

to be constructed at the Hanford Site in 1993. The prototype barrier is an

aboveground structure engineered to demonstrate the basic features of an

" earthen cover system, designed to permanently isolate waste from the

biosphere. These features include multiple layers of soil and rock materials

and a low-permeability asphalt sublayer. The surface of the barrier consists

of silt loam soil, vegetated with plants. The barrier sides are reinforced

with rock or coarse earthen-fill to protect against wind and water erosion.

The sublayers inhibit plant and animal intrusion and percolation of water. A

series of tests will be conducted on the prototype over the next several years

to evaluate barrier performance under extreme climatic conditions.

Prototype testing will include studies of water balance, wind and water

erosion, and biointrusion. The prototype barrier will be sectioned into four

major study plots, two of which will receive water at extreme application

rates (either irrigation water or snow, depending on the season). Water bal-

ance testing will include detailed measurements of water content of surface

soils using a combination of vertical and horizontal access ports for neutron

probes. Continuous logging of time-domain reflectometry sensors will provide

detailed water storage information on each of the four study plots. Drainage

measurements will be made from pan-type drainage lysimeters installed under

each study plot. There will be individual monitoring sections for soil and

side slope areas on each plot, providing documentation of drainage from each

area.

Thermal profiles will be obtained by data logging of strings of

thermocouples. Other sensors, including thermal conductivity and heat dis-

sipation sensors (calibrated for water content and water potential), will be

installed at reference stations on each plot. The prototype will also be

available for testing other non-intrusive sensors, such as ultrasound and

ground-penetrating radar, for efficiency in documenting water movement in the

soil profile.
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Wind erosiontestingwill includecharacterizingthe wind and saltating

sand profilesover the barrierand evaluatingerosionfrom the surfaceusing

erosionpins and surveyingtechniques. Water erosionwill also be documented

for each plot and the erosionpotentialof the steep side slopes carefully

assessed,particularlyafter the water applicationtests. Biointrusion

testingwill be confinedprimarilyto observationof root penetrationinto "

soil and sublayersusing mini-rhizotronsystems,which allow for root obser-

vationsduring and after plant establishment.

The effectivenessof an asphaltsublayerto shed water will be

investigated. This layer,placed beneath the entire barrier,will be designed

to perform as a low-permeabilitybarrier,divertingthe water that infiltrates

the barrier on the sideslopes. This divertedwater will be capturedat the

toe of the barrierslope and will be used by riparianvegetationgrowing

there, lt is intendedthat all water on the barrierwill cycle back into the

atmospherevia evapotranspiration.Assessmentof how well this processworks

will be an importantfeatureof the prototypetestingand monitoring.

Design of the prototypewas completedin June 1993. Constructionis

anticipatedto begin in August 1993 and be completedin May 1994. Under this

schedule,testingof the prototypewill begin in May 1994 and will continue

for a minimum of 3 years.

The design,construction,and testingof a prototypebarrier is just one

part, albeit an importantone, of a largerprogramdesigned to addressthe

technicalissuesassociatedwith the performanceof permanentisolationbar-

rier systems. The utilityof the prototypeprojectis most readilyunderstood

by consideringits role within the frameworkof the overallbarrierdevelop-

ment program.
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1.0 INTRODUCTION

The exhumationand treatmentof wastes may not always be the preferred

' alternativein the remediationof a waste site. In-placedisposal alterna-

tives ultimatelymay be the most desirablealternativeto use in the protec-

" tion of human health and the environment. The implementationof an in-place

disposal alternativewill likelyrequire some type of protectivecovering

that will provide long-termisolationof the wastes from the accessible

environment. (Even if the wastes are exhumedand treated,a long-termbarrier

may still be needed to adequatelydispose of the wastes.) Currently,no

"proven"long-termbarriersystem is available. The HanfordSite Permanent

IsolationSurface BarrierDevelopmentProgram (BDP)was organizedto develop

the technologyneeded to providea long-termsurfacebarriercapabilityfor

the HanfordSite. Initialwork on barriers at the Hanford Site was begun in

the early 1980s and focusedprimarilyon constructibilityof surfacecovers

(Phillipset al. 1985). Since 1986, WestinghouseHanfordCompany (WHC) has

providedthe overallengineeringdesign and constructionexpertisefor surface

barriers,and the PacificNorthwestLaboratory(PNL) has provided technical

supportand expertisein testingof barrier performance. The currentprogram,

buildingon experiencegained at Hanford and elsewhere,is designed to look at

all aspectsof long-termbarrierperformance.

The design of permanentisolationbarriersis an evolving process. Each

year, as new data and informationare collected,valuableexperienceis

acquiredand insightsinto the approachesfor solvingbarrierdesign problems

are gained. During the developmentof a design for permanentisolationbar-

riers, the need to constructand test full-scaleprototypesof the latest

barrierdesigns has become apparent. Such testingenablesengineersand sci-

entiststo obtain field experiencein constructingprotectivebarriersand

evaluatlngtheir performance. Constructionissuesthat were not readily

apparenton the engineeringdrawingsmay be more easily detectablein the

field. Another valuablebenefitof this approachis that the constructionof

• prototypebarriersforces all of the componentsof the barrierto be brought

togetherinto an integratedsystem. This integrationis particularlyimpor-

. tant becausesome of the componentsof the protectivebarrier have been
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developed independently of other barrier components. The integration also

allows evaluation of the performance of the prototype barrier as a functional

system.

Permanent isolation surface barrier systems are being developed to iso-

late wastes disposed of near the earth's surface at the Hanford Site. The

permanent isolation surface barrier systems use engineered layers of natural

materials to create an integrated structure with redundant protective

features. Natural construction materials (e.g., fine soil, sand, gravel,

riprap, asphalt) have been selected to optimize barrier performance and

longevity. The objective of current designs is to use natural materials to

develop a protective barrier system that isolates wastes for at least

1000 years by limiting water drainage; reducing the likelihood of plant, ani-

mal, and human intrusion; controlling the exhalation of noxious gases; and

minimizing erosion-related problems.

Direction for the overall Hanford Site Permanent Isolation BDPis

provided by the Barrier Development Plan. The Barrier Development Plan is the

baseline planning document for the development of protective barrier systems

on the Hanford Site. The plan identifies, describes, and relates logically

the tasks required to resolve the technical concerns regarding protective

barrier systems. The document is intended to provide information regarding

technical developments, cost estimates, and scheduled completion dates of

barrier and marker development tasks. The plan also provides general

direction to and integration of all Hanford Site barrier studies. The

prototype testing, as described here, is one part of the comprehensive plan

for barriers at the Hanford Site. This plan was first written in 1986 (Adams

and Wing 1986) and is currently under revision to reflect the present scope

and direction of the barrier development efforts.

Thirteen groups of tasks identified in the Barrier Development Plan are

intended to resolve technical concerns and complete the development and design

of protective barrier systems. These task groups are listed below:

I. Biointrusion control

2. Water infiltration cor,trol

3. Erosion/deposition control
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4. Physical stability testing

5. Humaninterference control

6. Procurement of barrier construction materials

' 7. Prototype barrier designs and testing

8. Natural barrier analog studies

• 9. Long-term climate change studies

10. Model applications and validation

11. Interface with regulatory agencies

12. Technology implementation and transfer

13. Final barrier design.

Figure 1.1 illustrates the organization of the 13 task groups that are

input into the final design of the barrier and marker system. Specific test

plans and other detailed documents have been or are being prepared to plan,

schedule, execute, and report on each of the technology development activities

within these task groups. The results of the tasks performed are documented

and used I) as input to other tasks whose activities are dependent on the

results, 2) to improve computer simulation models, and 3) to develop detailed,

final barrier and marker system designs. The appendix lists BDPdocuments

published to date. Recent research activities related to barrier studies have

been summarized by Cadwell et al. (1991).

This document focuses on the Prototype Barrier Designs and Testing task

group. The design, construction, and testing of a prototype barrier at this

stage of the BDPis an important activity. The current program began in 1986.

Since then, the program's efforts have been focused on the development and

testing of various barrier components that are based on preliminary barrier

conceptual designs. For the most part, these development and testing efforts

have been performed either in the laboratory or on relatively small-scale

field plots. The issues being addressed pertain to protective barrier per-

formance with respect to water infiltration, biointrusion, erosion and dep-

osition, human interference, physical stability, and climate change. Studies

of natural analogs of various barrier components are also being conducted. In

addition, climate change studies are being used to predict future climatic

conditions and to assess the performance of preliminary conceptual designs for

barriers.
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The informationand insightsgained from these developmenttasks have

enabledthe BDP to progressto a point where the design and constructionof a

prototypeis vital to continuedbarrierdevelopment. Although the resultsof

developmentand testing effortsconductedso far are not final and additional

work must be performed,enough informationand data exist to allow the design

" and constructionof a prototype. A full-scaleprototypeprotectivebarrier

will allow engineersand scientiststo gain insightsinto and experiencewith

issuesregardingbarrierdesign, construction,and performancethat have not

been possiblewith the individualtests and experimentsconductedto date in

the program.

This documew,tprovidesa testingand monitoringplan for evaluatingthe

performanceof the prototypepermanentisolationsurfacebarrier.
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2.0 SCOPE

The design,construction,and testingof a prototypebarrierwill

" requireseveralyears to complete. The design of the prototypewas completed

in June 1993. Constructionof the prototypeis scheduledto begin in FY 1994.

" Testingand monitoringof the prototype'sperformancewill be requiredfor at

least 3 years followingthe constructionof the prototype. ApproximatelyI

year is expectedto be requiredfor the prototypebarrier to stabilizeafter

constructionis completed,instrumentsare installed,and experimentsare

initiated. Once the prototypestabilizes,a minimumof 2 years of testingand

monitoringthe performanceof the prototypewill be required. During that

time, measurementof water infiltration,redistribution,and drainagefrom all

componentsof the barrier, includingthe side slopes and subsurfaceasphalt

layers,will providequantificationof barrierperformancein terms of

isolatingwaste from meteoric water sources,both under ambientand increased

precipitationconditions. Effectsof wind and water erosion as well as

biointrusionwill also be carefullydocumented. Details of the required

testingand monitoringof the prototypeare provided in the following

sections. Continuedmonitoringof prototypebarrierperformanceover extended

periodsof time is desirablebut will be subjectto the availabilityof

fundingas well as to the types of monitoringtechniquesused (i.e.,destruc-

tive sampling). Additionalperformancedata would provideincreasedconfi-

dence in long-termpredictionsof barrierstabilityand performance.

2.1 PROTOTYPETESTINGAND PERFORMANCEMONITORING

Once constructed,the prototypebarrierwill be tested and monitoredto

evaluate its performanceover a range of conditions. A series of tests and

experimentswill be conductedon the prototypebarrierto assess its perform-

ance with respect to water infiltration,biointrusion,erosion, and physical

stability. Becausethere is only a relativelyshort time to test a prototype

barrierthat is intendedto functionfor 1000 years or more, the testingpro-

" gram will be designedto "stress"the prototypeso that barrierperformance

can be determinedwithin a reasonabletime frame.
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Followingprototypeconstruction,it is expectedto take about I year

for the prototypeto stabilize. During this year, the soil in the prototype

barriermay experiencea small but measurableamount of settlement. (Note

that becauseof the locationof the barrierover a stable crib, with an

extremelystable coarse sand and gravel subbase, it is not expectedthat there

will be significantdifferentialsettlementor subsidence). The actual amount

of settlementwill be fully documented. In addition,the moisture contents of

the soils are expectedto adjust from constructionlevels to more natural

field conditions,and vegetationwill become establishedon the barrier

surface. Once the protutypebarrierhas stabilized,a baselinewill exist

from which test data on prototypeperformancecan be collected. Performance

data on water redistribution,drainage,erosion,stability,and intrusionby

plants and animalsshould then be collectedover a minimum of two complete

growingcycles (fall and winter rainfallseasonsand spring and summergrowing

seasons). Thus, a minimumof 3 years of rigorousmonitoringand analysisof

test data is required.

Other processesthat will affect a protectivebarrier, including(but

not limitedto) successionof vegetationtypes, the full developmentof root

profiles,and the naturalcolonizationof the barriersurfaceby burrowing

animals,occur over a longer period of time. Consequently,it is desirableto

maintaina reduced level of monitoringbeyond the 3-year period of rigorous

monitoring. Fundingwill be sought to maintainthe prototypeas a long-term

monitoringfacility,because it should prove to be invaluablein hydrologic

model validationstudiesand in the assessmentof the long-termperformanceof

cover systemsat Hanford.

lt should be noted that the constructionof the prototypeis, in itself,

a test. Constructionissuesraised during the constructionof the prototype

will be analyzed and resolved in future barrierdesigns.

2.2 OBJECTIVES

There are severalobjectivesfor testingand monitoringthe performance

of a prototypebarrier:

° Evaluatethe effectivenessof variousbarriercomponentsindividually
and as they interactto form a complete/wholeengineeredsystem.
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° Providelarge-scaletestingof phenomenathat are not adequatelytested
on small field plots, in laboratories,or with lysimeters.

• Determineparametersto be evaluatedand the performancecriteriato
• determinesuccessand failure.

• Evaluatemultiple,but limited,design alternativesfor such factors as
• edge configurationand surfacetreatments.

• Identifyinstrumentationand measurementsystemsthat enable quantifi-
able evaluationof barrierperformancecriteria (e.g.,water infiltra-
tion throughvarious layers).

• Providea performancebaselineby demonstratingbarriersystem function-
ality under stressedand ambientconditions. This involvesplanning
methodsto stressthe barriercomponentsby simulatingextremes in envi-
ronmentalconditionsand evaluatingthe desirabilityof stressingcer-
tain componentsto failure.

• Documentthe testing and monitoringactivitiesfor the purposes of peer
evaluationand critique,regulatoryreview, and technologytransfer.

• Obtain "buy-in":fromregulators,end users, and technicalpeers regard-
ing barrierperformance.

° Providea more accuratebasis for estimatingthe costs associatedwith
constructingpermanentisolationbarriers.

° Use the informationand insightsgained from testing activitiesto
direct future barrierdevelopmentactivities.

These objectivesprovidegeneralguidance for testingthe prototype

barrier. How these objectivesin both general and specificways will be met

are describedin subsequentsectionsof this report, lt is anticipatedthat

the successof the prototypetests, as measured by fulfillmentof these objec-

tives,will determinethe ultimatesuccessfuluse of surfacebarriers for

waste isolationat the HanfordSite.
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3.0 PRELIMINARYACTIVITIESAFFECTINGPROTOTYPETESTING

Two "criticalpath" activitiesin the overallplan for the prototype

' barrierprecedethe actual testingand monitoringof the prototype• These two

activitiesare I) the siting of the prototypebarrier,and 2) the construction

• of the prototypebarrier. Appropriatesiting considerationsand construction

timing are criticalto the successof the prototypebarrier'stesting and

monitoringprogram. The followingtwo subsectionsdiscussthese activities•

3.1 SITING OF THE PROTOTYPEBARRIER

The prototypebarrier, as currentlydesigned,will be constructedon the

200 Area Plateau--atthe 200-BP-IOperableUnit. This operable unit (a desig-

nation for major cleanupareas at the HanfordSite) is locatedin the north-

west quadrantof the 200 East Area. A detaileddescriptionof this site is

provided in a report by Kaiser EngineersHanford (KEH)(Igg3). The prototype

barrierwill be locatedover the B-57 Crib. A completedescriptionof the

siting of the barrier is given by KEH (1993).

The sitingof the prototypeat this locationhas severaladvantagesand

some disadvantagesthat should be recognized. A major advantageof the pro-

posed site at the 200-BP-I locationis the connectionof the prototypewith an

operable unit, and by associationwith this unit, an increasedinterestin the

constructionof the prototypeby the regulatorycommunity. A second advantage

is the potentialfor an overall cost savingsby using the prototypetest as

part of a "treatabilitytest" for the operableunit. Locatingthe prototype

over a crib provides a opportunityfor study of surface isolationtechnology

over an actualwaste site. The prototype,built over an actual,.wastesite, at

field scale,will provideconstructibilityinformationthat eventuallymay be

transferableto larger constructionactivitiesfor surfacebarrierson the

Hanford Site. Authenticationof barrierperformanceover an actual waste site

is consideredto be highly valuable informationthat may be needed to justify

the plannedconstructionof extensivesurfacebarriers at Hanford. In this

respect,the 200-BP-Iprototypeis a criticaltest and should be regardedas a

very high priority.
w
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The prototype'slocationat 200-BP-I (on the 200 Area Plateau)is suit-

able for obtainingaccurateestimatesof the costs associatedwith construct-

ing protectivebarriers. Barrierconstructioncosts are very sensitiveto and

compriselargelythe costs associatedwith haulingconstructionmaterials.

Most of the protectivebarriersthat are being consideredfor waste site

remediationactivitiesat Hanfordwill be constructedon the 200 Area Plateau.

Becausethe prototypebarrierwill be constructedat the 200-BP-I location,

representativeand supportablecosts for constructingbarrierson the 200 Area

Plateaucan be estimated.

A distinct disadvantageof the placementof the prototypeover the

200-BP-Ilocation is the inflexibilityin modificationsof testing and

monitoring. Flexibilitymay be needed to ensure a final and satisfactory

design. The 200-BP-Ilocationis a "hot" site and, as such, requires

additionalprecautionsin construction,testing,and monitoring. There are

underlyingwastes at the 200-BP-Ilocation;therefore,failure testingmay be

prohibitedbecauseof the associatedrisks. The use of the prototypeas a

test pad for innovativetechnologiesin nondestructivetesting and monitoring

in the vadose zone also might be easier at a site that is more accessiblefor

Hanford scientistsand offsite subcontractors. Finally,it should be

recognizedthat the costs for testing and monitoringat a "hot" site such as

the 200-BP-Ilocationwill be higher than at a "cold" site.

lt should also be noted that the siting of the prototypebarrierhas

been discussedwith upper managementin the environmentalrestoration(ER) and

waste management(WM) programsat WHC. These discussionswere necessary

becausemany of the potentialclientsneedingbarriertechnologyare in the ER

and WM programs (i.e.,macroengineering,grout, single-shelltanks, solid

waste burial, ResourceConservationand RecoveryAct (RCRA) and Comprehensive

EnvironmentalResponse,Compensation,and LiabilityAct remediationactivi-

ties, and decontaminationand decommissioning).The constructionand testing

of the prototypebarrier,along with other barrierdevelopmenttasks, will

chart the course of barrierdevelopmentactivitiesthroughoutthe remainderof

the program. Consequently,having personnelin the ER and WM programs

understandand concurwith the proposed courseof action at this early stage

is essential.
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3.2 CONSTRUCTIONOF THE PROTOTYPEBARRIER

A comprehensivedesign for the prototypehas been completedby KEH. An

engineeringreport by KEH (1993)outlines the major featuresof the design and

the schedulefor completionof the barrier. The prototypeis designed to

representa cover having two distinct side slopes (Figure3.1). One side

slope will be a relativelysteep (2:1 horizontalto vertical)basalt rip-rap

while the other side slope is "clean fill" material (consistingof local

gravel/sandbackfill)at a shallow (10:1) slope. The plan view of the proto-

type (Figure3.1) shows an area of approximately6000 m2 for the four test

sections.This area is underlainby a compositeasphaltlayer that is divided

into a series of lysimeterpads leadingto collectorsthat will be monitored

over the course of the testingand monitoringperiod. Confirmationof the low

permeabilityof the asphaltsublayeris made in two ways. First, a test pad

of compositeasphaltlayer will be constructedcoincidentwith the construc-

tion of the asphaltsublayer (but adjacentto the prototype). The pad will

be tested for permeabilityand by inferencethe asphaltsublayerwill be

determined. Second,on a northeasternsectionof the test site, a

geomembrane-typepan lysimeterwill be constructedthat will allow collection

of all water that may seep throughthe asphalt sublayer. The pan lysimeter

will be locatedunder a sectionof the sublayer asphaltthat is locatedunder

the coarse (basaltrock) side slope where maximumwater infiltrationis

expected. Detaileddesign featuresof these sublayerstructures,the

diversionchannels and the collectionsystem for the entire barrier are

providedby KEH (1993).
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4.0 PROTOTYPEBARRIERTESTINGANDMONITORINGACTIVITIES

A number of tests and experiments will be conducted on the prototype

' barrier to assess the prototype's performance with regard to water infiltra-

tion, erosion, biointrusion, and physical stability. The following subsec-

' tions provide detailed descriptions of I) objectives of various types of tests

that will be performed, 2) the techniques and equipment used, 3) the duration

of the tests and experiments, 4) the expected results, and 5) any special con-

siderations that needed to be input into the desig_ of the prototype barrier.

Information pertaining to the costs associated with the tests is contained in

Section 5.0.

4.1 WATER INFILTRATIONTESTS

A considerableamount of informationabout water balance (e.g., infil-

tration,drainage)is currentlybeing obtainedat the HanfordSite. At the

Field LysimeterTest Facility (FLTF)and the Small Tube LysimeterFacility

(STLF),studiesare under way to quantifysurfacewater balanceboth under

conditionsthat are currentlyfound at Hanfordwaste sites and under condi-

tions that may exi.t when surface isolationbarriersare emplaced (Gee et al.

1989, 1992; Campbellet al. 1990; Campbelland Gee 1990; Sackschewskyet al.

1991; Waugh et al. 1991). These lysimeterstudies are perhapsthe most exten-

sive and precisewater balance studiesconductedat an arid site to date.

The HanfordSite lysimeterstudiescited above show, for presentclimate

conditions(i.e.,160 mm annual averageprecipitation)as well as for accel-

erated precipitation(up to 480 mm/yr),that surfacebarriers consistingof

more than I m of fine soil over coarse subsurfacematerialsare capable of

preventingwater from draining into underlyingwastes. The lysimetertests

also demonstratethat without a surfacebarrier,underlyingwastes could be

subjectedto leaching,becauseone-halfor more of the annualprecipitation

has been shown to drain throughcoarse surfacesoils at Hanford (Gee et al.

1992).

Lysimeterstudies,using containersrangingin size from 0.3 m diameter

by 2 m deep to 2 m diameter by 3 m deep, are adequatefor evaluatingone-

dimensionalflow processes. Lysimeterstudieshave aided in initialselection

4.1



of cover materialsand quantificationof water balance (underpresentclimate

conditions)for a combinationof selectedsoil-layersequences. However,

under increasedprecipitation,such testingbecomesless useful,becauseflow
t

is often two-andthree-dimensional(e.g.,runoff and subsurfacelateral flow

become more important). Studiesthat properlyaccountfor surfacerunoff and

subsurfacelateralflow are best carriedout using larger-scaletests.

A prototypebarrier,with subplotson the order of hundredsof square

meters in size,will providea facility in which field-scaleprocessesof run-

off and lateralflow can be studisdin detail. The large-scaletest areas

will allow for direct comparisonsof water infiltrationinto rock-coveredside

slopes and vegetatedsoil surfacesunder differentrates of water application

(ambientand enhancedprecipitationconditions).

The water infiltrationtests will focus on surfacewater balanceof rel-

ati,elyflat terrain (silt loam soil surfaces,vegetatedwith nativegrasses)

and steep rock-coveredside slopes. These tests will also be designedto

quantifysubsurfacelateral-flowcomponents. The introductionof an asphalt

subsurfacelayer will be tested for water diversionto the side slopes and for

redundancyin preventingdrainage of water below multi-layeredsoil covers.

The prototypebarrier is an ideal facilityfor testingthe effectiveness

of water infiltrationcontrol. Two major issuesmust be addressedin the pro-

totype testing' I) the effectsthat extremeprecipitationevents have on

water infiltration,and 2) the effect of water infiltrationon side slope

stabilityand subsurfacewater contentchanges.

The first of these issues has been partiallyaddressedwith lysimeter

tests at both the FLTF and STLF (Waughet al. 1991; Gee et al. 1992). What

has not been addressedin the earliertestingis the performanceof a scaled-

up barriersystem. Can we expect the same response (of no water drainage)

under elevated (up to 3 times) precipitationon large-scalebarriersystems?

Will the spatialvariabilityof the barrierbe controlledsufficiently(by

carefulconstruction)so that the barrierwill perform in a manner similarto

what we have seen with the lysimetertests?
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The second issue (side-slopeinfiltration)is one for which the proto-

type will provideunique and importantdata for final design of the protective

barriersystem. A key considerationin the final barrierdesign is how the

side slopeswill performin protectingagainsterosion and internalwater

drainage.
i

4.1.1 Objective

The objectiveof the water infiltrationtask is to measure the complete

water balanceon the prototypebarrier and, specifically,to identifythe var-

iationsin water balanceand drainagethat occur on the soil-coveredsurfaces

and comparethese variationsin drainagewith those occurringon rock-covered

side slopes. Furthermore,this task is designedto evaluate all factorsthat

influencewater balanceof the prototypebarrierunder conditionsthat reflect

both currentand possiblefuture climateconditions.

4.1.2 Technique(s)/Equipment

A series of techniqueswill be used for measuringand monitoringvarious

componentsof the water balance. This includesmeasures of water application,

drainage,water content,water potential,and temperature. Key measurements

will be water application,collectedby a series of recordingand manual rain-

gages; drainage,collectedfrom subsurfacedrains;and soil water content,

measured by both neutronprobes and time-domainreflectometry(Wierengaet al.

1993). In addition,measurementsof water potentialwill be made using

thermalconductivityprobes,and possiblyresistanceblocks,while temperature

measurementswill be made using thermocouples.

4.1.3 Water Applicationand Measurement

Water will be appliedin severalextreme-eventscenariosusing irriga-

tion or snow. Figure 3.1 shows the plannedtre_tmentson the prototype

barrier. Plots I and 2 will receivesupplementalwater, while plots 3 and 4

will receive ambientprecipitation. Water will be appliedusing a specially

designed irrigationsystem that can apply as much as 50 mm/h. A snow machine

. also may be used to test the prototype. A commercial,portablemachinewill

be tested on an area adjacentto the barrierfor performanceand application

of snow under HanfordSite conditions. If successful,it will be used for

wintertimeapplicationsof precipitation. Rates representativeof extreme
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events,up to 68 mm in I day (28 mm in I h), will be appliedin March of each

year. If tests in FY 1993 prove feasible,snow cover applicationsof 1200 mm

(withfour applications,one each in November,December,January, and

February)will be made using snow-makingequipmentin the winters of FY 1994,

1995, and 1996,to simulateextremewinter precipitationsevents.
6

Measurementof rain and irrigationwater will be by standardraingaging.

Measurementof snow will be in two ways. Snow depth will be recorded for each

test plot by makir3 a series of measurementsat least weekly during snow sea-

son for naturallyoccurringsnow events. Snow depth will also be measuredfor

each test plot where artificialsnow is applied (on irrigatedplots). Snow

will also be measuredusing speciallyconstructedsnow pillowsor by use of

heatedraingages. In addition,there will be an effort to improveon standard

raingagingfor the prototypetest. Mini-lysimeters,constructedof approxi-

mately 20-L containers,will be d_signed,built and tested to measure Frecipi-

tation in the form of rain and snow. The mini-lysimeterswill collectrain

and snow in a removalbucket that is placed on a load cell. The load cell

will measureweight changesover time End record precipitationevents as they

happen. Evaporationwill be preventedby using a light oil film on the sur-

face of the water and also by having a containercover that will readily

collectwater and snow at the containerdepth (at least 40 cm deep). Tests

will be conductedbefore installationof the mini-lysimetersto ensure that

they will not lose water to evaporationduring the storm events. The increase

in weight during snow or rain eventswill be treatedas precipitation.

Changesduring periods of no snow will be discounted(i.e.,weight loss caused

by slow evaporationor weight gain from dust accumulation), lt is also

possiblethat the mini-lysimeterswill be useful in some of the wind erosion

testingthat is planned for the prototypebarrier.

4.1.4 DrainaqeMeasurementsfrom Soil Layers

A drainage system will be installedat depth under the soil surface.

This will be a part of the prototypedesign,which includesan asphalt liner

and collectorpipes that allow separatemeasurementsof drainagethrough the

silt loam. A water metering systemwill be set up in an outflowtank (still-

ing weil) with a drain-down-type"siphonsitter"that will allow measurement

of drainagefrom a subsurfacearea of 300 m2 or more with a precisionof ±2 L
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(equivalentto +0.001 mm or less per recordedevent). For low-flow situa-

tions, it will be necessaryto preventevaporationfrom the stillingwell to

ensure accuracy in drainage measurements. While negligibledrainage is

' expectedfrom the soil layer even under extremeevents (e.g.,winter snow

melt, chinookwinds, thunderstorms),the drainagecollectionsystemwill be

' designed to collectwater from the four major test areas (see Figure 3.1),

both from side slopes and from soil layers locatedin these test areas.

4.1.5 DrainaqeMeasurementsfrom Side Slopes

A water collectionsystemwill be installed(asphaltbarrier and collec-

tor pipes, etc.) under rock side slopes to measure drainage. A water metering

systemwill be set up in an outflowtank (stillingweil) to allow measurement

of drainage from collectorpipes. This will be an integralpart of the

prototypebarrierand will collectdrainage from an area of 400 m2 or more to

within a precisionof +_2L (equivalentto +_0.001mm or less per recorded

event), lt is expectedthat there will be more than 5 x 105L of water per

year drainedfrom each side-slopeplot. Because it is importantto ensure

that water penetrationthroughthe asphalt layer is minimized, it will be

importantto documentjust how much water, if any, seeps throughthe asphalt

layer placed under the rock side-slope,where maximumwater infiltrationis

expectedto occur. To accomplishthis a speciallyconstructed"pan lysimeter"

will be located under a sectionof the rock side-slope. The pan lysimeter

will _._constructedof geomembranematerial that is expectednot to leak dur-

ing the course of the experiment. Detailsof this collectionsystem are pro-

vided by KEH (1993) in the protectivebarrier prototypeengineeringreport.

Becausethe "pan lysimeter"will be well below grade, it will be necessaryto

use a sump-typecollectionsystem to measurethe drainage water. A tube for

ventingand a tube for vacuum extractionof the water will be installedand

tested. Such a systemwill provideverificationof drainage/orlack thereof

from the asphaltpad. In additionto the pan lysimeterand its water removal

system,a total of 12 drainagesystems and collectionunits will be used to

measurethe drainagewater from the test areas.
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4.1.6 Water Diversion Observations

Water diversion from the non-test areas of the side slopes will be chan-

nelled to the toe of the slope. Beyond the toe of the slope there will be a

relatively extensive area for water accumulation, where it is expected that

riparian vegetation (shrubs and small trees) will become established over J

time. Wewill study the effects of the water diversion on the establishment

of this vegetation. Neutron probe access ports will be installed in at least

three key locations to document the water content changes that occur as a

result of the water diversion and subsequent water uptake by the riparian

vegetation. While this part of the barrier is not considered a critical

component of the barrier, and the diversion of the drainage water can be

accomplished in other ways (such as by underdrains and sumps), it is expected

that vegetation may be a critical component to water removal and the drainage

water should be available for vegetation. Such a system is not unlike the

water-harvesting techniques that have been tried at the Hanford Site in the

past (Sauer and Rickard 1982). Water harvesting relies on the concentration

of water in wet periods of the year that can be available for crop production

during periods of low rainfall. Sauer and Rickard (1982) showed that alfalfa

and grapes could be grown on the Hanford Site, without irrigation, using

water-harvesting techniques (where mounds of soil, covered with water

repellent covers, diverted water into soil filled valleys between the mounds.

In the case of the prototype, there will be no attempt to produce com-

mercial crops from "water harvesting" that will occur as water is diverted to

the toe of the slope. Instead, native vegetation will use the water. The

removal of water by vegetation, through transpiration processes, will be con-

sidered a positive factor in the isolation of wastes from water infiltration.

A series of tests will be conducted at the toe of the slope using a selected

set of plant communities that will be expected to be efficient in removing

water from the soil during the course of the year. Howmuch water will be

supplied and how efficient the native plants will be in removing water from

this zone will be the subject of tests of this component of the barrier water

balance.
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4.1.7 Soil Water ContentMeasurements

Horizontalaccess tubes will be installedin the prototypebarrierto

measure soil water with neutronprobes. The access tubes will be placed in aI

layer sequenceto measurethe variationin water contents and water storage

. changeswith time at the 1.8 m depth (in the silt loam soil, just above the

silt loam-sandfilter interface)and in the fill material underlyingthe

asphaltlayer at the base of the barrier. Verticalaccess tubes will also be

used in selectedlocationsin the upper 2-m of the barrier (in the silt loam

soil) to profilethe water storageconditionsfor each of four test plots.

At selectedmonitoringlocations,surfacewater contents,to depths of

0.15 m, will be monitoredusing thermalconductivityprobes that have been

calibratedin terms of water content. This will allow for more precisemeas-

urementof water balance in the soil profile. In addition,as the testing

proceedsthere will be an effort to use the barrierprototypeas a calibration

site for non-invasivewater contentmeasurements. Such techniquesas

electromagneticinductionusing commerciallyavailablegeophysicallogging

equipmentwill be tested and comparedto the neutronprobe for profilingwater

--- contentin the top 2 m of the barrier. We will also test commerciallyavail-

able capacitanceprobes for water contentprofiling. The capacitanceprobes

are rapidlybecomingan alternativeto neutronprobes for water contentmeas-

urementsin soils.

We will also test tim_-domainreflectometry(TDR) for water content

profiling. TDR is a relativelynew techniquefor measuringwater content in

soils, and it relies on the measurementof dielectricpropertiesof materials

that surrounda baried cable or set of parallelrods. Becausewater has a

dielectricconstantof about 80 and soil minerals have dielectricconstantsof

about 4, the measure of dielectricpropertiesof a soil can be a reliable

measure of its water content (Topp et al. IgBO). The advantageof using TDR

over neutronor capacitanceprobes is the ability to electronicallylog the

water contenton a nearly continuousbasis. This allows for remote sensingof

. water contentprofiles and can reduce monitoringcosts and virtuallyeliminate

manual operationof probe equipment. Once the TDR probes (stainless-steel

. rods connectedto coaxial cable) are placed in the ground they do not require

retrievalnor calibration. There is no need to individuallycalibratethe
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probes,providedthe probes all have the same cable length and are properly

connectedto the electronicswitchingdevicesand the data logger. Because

this is a relativelynew techniquesome testingwill be requiredto determine

the optimumprobe length and how well the soil and gravel admixtureat the

surfaceof the barrierand the silt loam below the surfaceconformto the

standardcalibrationcurve. Some of the testingrequired to evaluatethe use

of TDR for monitoringof the barriercan be accomplishedat the FLTF. Part of

the overalltest plan will be to use the FLTF for such testing,becausewater

contentis known with great precisionat the FLTF, and calibrationof the

probes over a range of water contentsshould be a relativelystraightforward

task. This can be accomplishedduring and after installationof the TDR

equipmenton the barrier. Timing for such testingwill depend on the final

cover placement, lt is anticipatedthat there will be nearly one full year

from the initiationof barrierconstructionbefore the TDR equipmentis

emplaced,because it will be one of the last things that will be done on the

surfaceof the barrier (excavationfor probe placementwill be done rather

than placementduringconstruction).

4.1.8 Simple TracerTest for Leakaqe

As an additionaltest, we also plan to evaluatethe use of a borate

tracer placed in the water to test for water contentchanges,particularly

under the barrier. Geophysicaltestingequipmentmay be used that has a fast

energy neutrongeneratorthat can detect low concentrationsof borate-spiked

water. If leaks occur in the asphalt,we anticipatethat the fast neutron

generator,coupledwith capacitanceprobes,will be a useful diagnosticmethod

for verifyingwater contentchanges. Water contentchangesunder the asphalt

can eitherbe from leaks or simplythe result of water accumulationunder a

low-permeablesurface. The coupledmeasurementshould identifythe sourceof

the water. (If boratedwater is detectedunder the asphalt, it can be assumed

that leaks have occurred. If water content increasesbut no borate is found,

it will be assumed that no leak has occurred.)

4.1.9 TemperatureMeasurements

Temperaturesensorswill be installedalong the horizontalaccess tubes

to monitortreatmenteffects on soil thermalregime. A total of about
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50 temperaturesensors (thermocouples)will be installedat four depths at

four locations(at least one array of thermocouplesin each of four plots).

Thermalprofileswill be used to documentthe effectsof treatmentson each

' plot and to identifypotentialcontributionsof non-isothermaleffects on

water movement in the cover throughoutthe year. The computer code, UNSAT-H

" (Fayerand Jones 1990) has the capacity to analyzefor effectsof temperature

on water flow. Having thermalprofileswill be valuable input into the com-

plete analysisof water movementand water balanceon the barrier.

4.1.10 Water PotentialMeasurements

Thermalconductivity(heat dissipation-type)sensors (that have been

calibratedin terms of water potentialor suction)will be installedat

selectedlocations. These sensorswill be installedat the base of the silt

loam. A few (6 to 10) will be installedin at the base of the riprap layer.

The purposeof these sensorsare to documentchanges in the water potentialat

the soil/sandinterfaceand to identifyconditionswhen drainage is likely to

occur. If water potentialincreases(suctiondecreases)to values approaching

zero, there is a high probabilitythat drainagewill occur from the soil

(silt)layer into the sand. The water potentialmeasurementsare expectedto

change littlewith time becausethe design will be sufficientlyengineered

that water contentswill change little over time at depth. These measurements

coupledwith water contentmeasurementswill be treatedas confirmatory

measuresof the directionof flow and the possiblelack of drainage from the

soil during the testingperiod.

4.1.11 EquipmentNeeds

The followingequipmentwill be needed for water balancetesting"

I neutron probe with downwell and horizontalaccess capability
(2 lengthsof cable required)

I capacitanceprobe--capableof being used in downwelland horizontal
access holes

4 horizontalaccess tubes for neutronprobe (emplacedduring
constructionof the prototype)

20 vertical access tubes (2 m length) (emplacedduring constructionof
. the prototype).

50 thermal conductivity(heat dissipation)blocks for measurementof
soil water potential

100 TDR probes and associatedelectronicsfor measuringwater content
• 50 thermocouplesfor temperaturemeasurement
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14 stillingwells and "siphonsitters"
4 tippingbucket raingages
10 manual rain gages
4 small mini-lysimetersfor measuringwater content changesin soil

profile (and can be used for precipitation-rainand snow)
I irrigationsystem for wet treatments
I snow-makingmachine for snow cover tests.

4.1.12 Duration

The equipmentwill be installedconcurrentwith and immediatelyafter

the constructionof the prototype. The experimentsare expectedto begin in

early FY 1994 and run through FY 1996. Although a 3-year testingperiod is

currentlyplanned,it is anticipatedthat the tests for water balance could

continuethroughthe next decade,as funding is made available. From our

extensivestudiesat the FLTF and other test locationsat the Hanford Site

(Gee et al. 1992),we have determinedthat the longerthe period of record

that is available,the better the inferencesof surfacewater balance can be.

Three years is a minimum time period in which to draw any inferenceabout

water movement into and througha surfacebarrier.

The tests will providekey informationon responseof a surfacebarrier

to extremeevents and some inferencescan be made about long-termwater bal-

ance parameters. Such data on a large-scalefield study are currently

unavailable.

4.I.13 ExpectedResults

lt is expectedthat the prototypetests for water balancewill confirm

the generalconclusionsfrom our earliertests using lysimeters. The fine

soil should act as a sponge and recycleand evaporatewater even under extreme

event situations. There shouldbe no drainage from the soil cover when

exposedto either ambientor elevatedprecipitation. However,we expect there

will be a sizableamount of drainagefrom the rock side slopes, lt will be

importantto test how well the asphaltsublayerperforms in divertingwater.

We anticipatethat the rock side slopeswill contributemost, if not all, of

the drainage. The system'scapacityto handle subsurfaceflow and drainage

will be quantifiedin our testingprocedures. Such quantificationis neces-

sary for final barrierdesign considerations.

4.10



4.1.14 _DesiqnConsiderations

lt will be importantto documentthe leakagerate from the asphaltsub-

. layers that act as the primarydrainage barrier. A pan-typelysimeterunder

the primaryasphaltlayer will be necessaryfor documentingthe performance

• of the asphalt layer. Such a system is designed into the prototype• This

double-layersystemmay not be needed in the final design of a permanent

isolationbarrier• However,the asphaltlayers must be tested for perme-

ability. Cores can be taken after initialplacementand tested for durabil-

ity, permeability,etc.

Some considerationwill have to be given to handlinglarge snowmelt

events. Snow can be producedartificiallyby use of a snow-makingmachine.

The effect of snow distribution,snow density,etc., will have to be

evaluated. Quantitiesof water (in the form of snow) placed on the soil

surfacesas well as side slopeswill have to be carefullydocumented.

4.2 WATER EROSIONMONITORING

The plan for monitoringthe barrier'sexposed soil cap proposesto col-

lect data and informationon the erosionalbehaviorof the cap under natural

rainfalland snowmeltconditions. The dominanterosionalprocessesare those

of rainsplashand overland runoffwhere rainsplashloosenssoil particlesand

makes them availablefor transportby runoff. The prototypebarrierwill use

both gravel admix and vegetationto reducerainsplasherosion. A percentage

by weight of gravel admix will be mixed with the soil during construction,and

vegetationwill be establishedafter construction• The combinedeffectsof

rainsplashand runoff should be reducedby the processof gravel armoringand

the interceptionof rainfallby a vegetationcanopy.

Another factor contributingto runoff volume is the length of top sur-

face slope, becausea longer slope increasesthe cumulativeeffect of rain-

fall. The prototypeprovidesthe opportunityto monitor a representative

length of barriersurfaceunder local climaticconditions.

The plan for evaluatingthe gravel admix, vegetation,and slope length

involvestwo separatedata collectionefforts" 1) the samplingand measure-

ment of runoff and sedimentyield from a 3-m-widecontrolledstrip (controlled
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area monitoring)and 2) the observationand documentationof the effectsof

precipitationover the larger surfacearea outside of the controlledstrip

(barriersurfacemonitoring). Implementationof the monitoringsystem can be

delayeduntil completionof construction. However, an evaluationof the loca-

tion and placementof the controlledarea should be done during construction.

As part of the barriersurfacemonitoringeffort,the interfaceof the

soil surfaceand rock riprap sideslopewill be includedin the observations.

The rock sideslopewill not be subjectto erosion but erosionalproblemsmay

developat the interfacecaused by the loss of soil and filter material

throughthe larger interstitialareas of the mounded rock. Such losses could

lead to acceleratederosionof the barriersoil surface.

4.2.1 BarrierSurfaceMonitorinq

4.2.1.1 Objective

The objectiveof this monitoringis to developa baselinedata base for

the top surfacesoil/admixsystem with respectto erosionand soil surface

"aging"under naturalconditions. The data and informationcollectedwill be

combinedwith resultsfrom an offsitetest plot (locatedat the McGee Ranch)

to identifydesign problemsthat developover the life of the prototype,

finalizetop surfacedesign criteria,and to providesupportingdata and

informationto other tasks.

The data base will includemeasurementsof the changes in engineering

and soil propertiesat the surface,documentationof erosionalpatterns,the

establishmentof vegetationas it affectserosion,and disturbanceby animals.

4.2.1.2 Technique(s)/Description

A permanentgrid systemwill be establishedon the top surfaceon both

sides of the center crown using standardengineeringsurveyingmethods. The

grid will be designed based on data needs of both the wind and water erosion

study tasks. Profile-levelsurveyingmethodswill be used to collecteleva-

tion data at the grid points for analysisof consolidationand settlement.

Engineeringand soil propertieswill be collectedmonthlyor seasonallyto

includewet and dry densities,percentcompaction,and moisture content.
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Surfacesoil changes,such as crackingand rill development,will be monitored

with photographyand locatedwith respectto the grid systemby engineering

surveys.

Surveyingequipmentfor layoutof grid system and establishbenchmarks

is availableat PNL. Surveyingstakes,flagging,benchmarks,andother such

materialwill be purchased. A Troxlergauge will be used to measure surface

soil moistureand density and is availableat PNL. Photographicrecordsusing

35-mm cameraswill document surfacechanges. Aerial photographymay be added

but is not planned at this time.

4.2.1.3 Duration

The monitoringwill be conductedon an as-neededbasis, to be modified

as needed (dependingon observederosionevents). The grid system will be

establishedimmediatelyfollowingconstructionand initialdata taken at that

time. The data collectionwill continueuntil immediatelybefore any destruc-

tive samplingor investigationsof the barrier. Four data collectionevents

are scheduledfor each year on a roughlyseasonalbasis.

4.2.1.4 ExpectedResults

Contourmaps of the soil surfaceelevationsand post-constructionsoil

propertieswill be developed. Seasonalor annual changes in the elevations

and propertieswill be documentedusing contourmappingover the life of the

prototypebarrier. Maps of changes in vegetationcover and animal burrowing

will be developedto relate those changes to erosionaltrends. The mapping

will documentthe degree of non-uniformityof near-surfacemoisture (localized

accumulations)togetherwith the other soil propertiesand any changes in

those propertiesover the barrierlife. Their relationshipto erosion and

infiltrationwill be investigatedin cooperationwith other tasks.

4.2.1.5 Desiqn Considerations

No specialconsiderationsare required.

4.13



4.2.2 ControlledArea Monitorinq

4.2.2.1 Objective

The objectiveof this testing is to quantifythe amountof overland rut-

off from both rainfall and snowmeltand the associatedsedimentyields fro,a

the top surfaceas a functionof time.

4.2.2.2 Technique(s)/Eauipment

A 3-m-widestrip runningthe length of one side of the top surface from

the crown to the side slope will be constructedin the 10-m-wideaccess area

located in the center of the barrier. Runoff and sedimentyield at the down

gradientend of the strip will be collectedin a systemwith a data logger. A

separategrid system will be establishedfor the controlledarea. Changes in

surfaceelevationwill be documentedusing point-gagesurveying,photography,

or other field measurementtechniques. Essentiallythe same data will be

collectedon the plot as on the barrier surface,but in more detail, and

relatedto the water and sedimentyield data measuredover time.

A sedimentcollectorwill be installedat the downstreamend of the

flume to accumulaterunoff and sediment. Flow meters will measure the inflow

and outflowat the collectorand a transducerwill monitor the water levels in

the collectorsystem. This will providecross-checkingof the measured inflow

and a recordof low-volumerunoffevents. Soil moistureprobes,thermocouple

temperatureindicators,and a snow gage will document snowmeltevents. A rain

gauge will be used as a backup systemto validate rainfallat specific

locations. A moisture sensor/relayturns the data logger on during storm

events to reduce the amount of unwantedrecorded information.

The followingequipmentwill be used in this task:

2 automaticstormwatersamplersw/flow meters
2 rain gages
4 thermocouplesoil temperatureprobes
2 ambientair temperatureprobes
4 soil moisture probes
2 snow gages
2 leaf moisture sensors °
2 fiberglassenclosuresfor equipment
2 6-V tape decks
I tape reader card and softwarefor PC
2 galvanizedmetal collectionflumes
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solar panels with appropriatepower suppliesfor data logger/samplers
2 transducers
2 data loggers
I electronicdistancemeter (EDM).

l

4.2.2.3 Duration

. This test will last for the same period as that on the top surfacearea.

The onsite servicingof the collectorsystem will depend on the extent of

precipitationand snowmelt events.

4.2.2.4 ExpectedResults

Time-varyingmeasurementsof overlandrunoff from rainfalland snowmelt

events and correspondingsedimentyield will be obtained. The data will be

used to analyzeerosionfrom precipitationfallingon the barriersurfaceand

the correspondingchanges in erosivityas the surfaceages. These results

will provide informationthat will enable evaluationof the surfacelayer's

capacityto resistwater erosion.

4.2.2.5 Design Considerations

No specialconsiderationsare required.

4.3 WIND EROSIONTESTS

Constructionof a prototypebarrieron the 200-BP-Isite will providea

usable locationto obtain field informationabout eolian erosive stressesthat

will impact actualwaste site barriers. This work is needed to compare full-

scale field conditionswith the resultsof physicalmodels tested under

controlledconditionsin the wind tunnel (Ligotke1993). Opportunitiesexist

to I) monitorthe surfacelayer after constructionand as it ages while

exposed to naturalconditions;2) measure actual rates of surfacedeflationor

inflation;3) obtain micro-meteorologicalinformationabout erosive shear

stressesthat impact the barrier,includingthe influenceof the pile height

and edge design on wind patterns;4) obtain informationabout abrasivesand

particle scouring(saltation);5) create a sand dune and monitor its impacton

• surface erosion,plant communityviability,and soil reservoirwater balance;

and 6) study erosiveimpactsafter an artificialwildfire removesall surface

• vegetation. The first four eolian erosionmonitoringtasks can be performed
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immediatelyfollowingconstructionand during the early years of the prototype

study without impactingconstructionor other monitoringactivities. Tasks 5

and 6 would be valuablefor identifyingthe impactsof extremeclimateand

surfaceconditions. Task 5 should be performedduring the period immediately

followingcompletionof other monitoringactivities(perhaps3 to 5 years

after constructionof the barrier). Task 6 may not be feasiblegiven the

locationof the monitoredbarrierover and adjacentto an actual waste form,

but would provide importantinformationand should be considered.

4.3.1 Surface Layer Desiqn_ Placement_and Monitorinq

4.3.1.1 Objective

This study will develop informationthat can be used to providea sur-

face layer that will protectthe soil reservoirfrom eolian stresses, lt will

provideanswersto questionssuch as" Are practicaldifficultiesencountered

during construction? Is it possibleto maintaina uniform admixture

composition?

4.3.1.2 Technique(s)and Equipment

The surfacelayer designwill be based on water storageneeds, animal

intrusion,and water and wind erosiontest results. A 15% (by weight) admix-

ture of peagravelwill be used in the top I m of the soil reservoir, lt is

importantthat all or most of the gravel pass a 3/8-in. sieve and be retained

on a No. 10 sieve. "Protectfrom eolian stresses"is defined as the maximum

acceptabledeflationloss under worst-caseconditions(perhaps10 cm). Sieves

will be used to test batchesprocessedby the pug mill used to blend gravel

with soil.

4.3.1.3 Duration

The period of the study will extend from pug mill operationthrough

placementof the admixtureto form the surfaceof the prototypebarrier.

4.3.1.4 ExpectedResults

We anticipatethe admixturewill be placed accordingto the design and

that its compositionwill stabilizethe surfaceand protect it from eolian

stresses. Quantificationof the compositionand the stabilityof the surface

will be reported in monitoredbarrierstatus reports.
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4.3.1.5 Desiqn Considerations

The admixturebatch compositionmust be verifiedduring construction.

Meetingthe admixturedesign specificationsconstitutesa hold-pointrequire-

ment in the constructionprocess

, 4.3,2 SurfaceDeflation/InflationMonitorinq

4.3.2.1 Objective

This test will measure surfacedeflationor inflationrates and the ini-

tial and aging surfacelayer compositionand morphology. The questionsto be

answeredwill reveal the impactsof erosion. Does the surfaceperform ade-

quatelyunder eolian stresses? If deflationaryconditionsprevail, are meas-

ured rates comparableto wind tunnel test results,does _ gravel armor form,

and do scouredareas form near upwind edges or in other areas? If inflation-

ary conditionsprevail, are sand depositsforming? What erosion is occurring

on the side slopes? How does orientationand slope influencesideslope

erosion?

4.3°2.2 Technique(s)and Equipment

The techniquesused will follow the lead of the water erosion task to

the extentthat data needs are similar. The verticaldistributionof gravel

and sand in the surfacelayer will be measured. Immediatelyfollowingcon-

struction,the task will documentthe uniformityof the admixtureby sampling

the surfacelayer at about 20 evenly or randomlyspacedlocations. Sampling

devicesand sieveswill be used. For other types of equipmentto be used in

this activity,refer to the water erosionmonitoringtask (Section4.2).

4.3.2.3 Duration

Surveysand samplingrelatedto wind erosionmonitoringshould be per-

formedonce immediatelyafter construction,and then approximatelyyearly

throughoutthe life of the monitoredbarrier.

4.3.2.4 ExpectedResults

• A comparisonwill be made betweenactual and design surface admixture

gravel concentrations. Subsequentdata are expectedto show changes in the

• compositionof the surfacelayer and changes in gravel and sand concentrations
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that may impactthe resistanceof the surfaceto eolian erosion. These

changeswill be documented, lt will be determinedwhethercorre|ationsexist

betweensurfacecharacteristicsand deflation,inflation,and surfaceshear

stresses(wind and sand saltation). We expect to find that the prototype

surfaceperforms as well as wind tunnel tests predict.
d

4.3.2.5 Desiqn Considerations

Care will be requiredto ensure that the initialsurfaceconditionsfor

gravel admix meet the design specification. The appliedadmix should have a

concentrationof 15% (by weight)pea gravel. This should be considereda

hold-pointin construction.

4.3.3 Wind StressMonitorinq

4.3.3.1 Objective

This test will measurewind stresseson the approach,top edge, and top

centerof the prototype. The followingquestionswill be addressed: Are peak

valuescomparable,but less than, publishedvalues and those selected for wind

tunneltests? How much largerare wind stressesat the prototypetop eleva-

tion than at ground level? Is the differencesignificantwith respect to the

abilityof the barrier to resistdeflation?

4.3.3.2 Technique(s)and Equipment

The verticalprofileof wind will be measured using three masts having

wind speed sensorsat 0.25, 0.5, 1.0, and 2.0 m above the surface. Mean wind

speed, peak gust intensity,and wind directionwill be measured. Surface

shear stresseswill be calculatedfrom boundarylayer profiles. A single or

multipledata loggerswill also provideinformationneeded for other studies

by measuringtemperatureand soil moisture. The equipmentto be used for this

test includes12 wind speed sensorsand three wind direction,temperature,and

soil moisture sensors,data acquisitionsystem(s),masts, and supports.

4.3.3.3 Duration

Continuoussamplingwill be performedthroughoutthe duration of the

wind erosionmonitoringeffort.

d
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4.3.3.4 ExpectedResults

Relativeto their return period,peak wind shear stressesare expected

to be comparableto those appliedto physicalmodels in a wind tunnel. The

maximumstressesshould range betweenroughly2 and 4 N/m2. Stresses near the

center of the barrierare expectedto be greaterthan those at grade level and

less than those near the edges. The relativelystrongedge-regionshear is

expectedto be greatestnear the steep basalt sideslopeand least near the

graded sideslope. Althoughthe surfacelayer should be able to resist wind

stresses,the stressespresentduring the failureof any componentof the

barrier (surfacelayer, vegetation,sideslope,etc.) during any extremewind

eventswill be characterized.

4.3.3.5 Design Considerations

The optimumdesign and orientationof a monitoredbarrier,based on pre-

vailingwind directions,is along a southeast-northwestor southwest-northeast

axis. For a two-sideslopebarrier,the steeperriprap sideslopewould be

placed on the southernand westernperimeter. However, becausethe waste form

in the 216-57-Bcrib is arrayedalong a north-southaxis, it is logicalto

constructthe barrierin a similarorientation. Site topographyalso dictates

that the steep riprap sideslopebe locatedon the eastern half of the moni-

tored barrier. Wind stressmonitoringcan be performed,however,regardless

of this less than optimalorientation,by strategicallypositioningthe top-

edge sensormast near the southeastcorner, lt is importantthat the access

ramp not be locatedto the west or south of the top surface, its currently

plannedlocationto the northwestis acceptable. Mast installationwill be

performedafter constructionis complete.

4.3.4 MonitorinqSaltationStressesand Sand Drift Potentials

4.3.4.1 Objective

This test will measure saltationstressesand sand drift potentialsnear

and on the monitoredbarrier. A seriesof questionswill be addressed: Are

• peak values comparableto, but less than, the publishedvalues selected for

wind tunnel tests? Are sand particle saltationstressesand sand drift poten-

tials at the top surfaceof the monitoredbarriergreater or less than those4
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at ground level? Is the differencesignificantwith respectto the capacity

of the barrier to resistdeflation?

4.3.4.2 Technique(s)and Equipment

Measurementswill be made on the approach,to the top of the western

graded sideslope,and on the monitoredbarriersurfacebetweenthe center and o

the downwindedge. This arrangementwill provideuseful informationfor

westerlywinds from southwestto northwest. Two momentumprofilingdevices

and/or four or six conventionalsaltatingsand traps will be used.

4.3.4.3 Duration

Intermittentand seasonalmeasurementswill be performedthroughoutthe

durationof wind erosionmonitoringof the barrier.

4.3.4.4 ExpectedResults

Saltationstressesare anticipatedto be greater on the surfaceof the

monitoredbarrierthan on the surroundingdesert, becauseprevailingwinds are

likely to drive saltatingsand along the graded sideslopeand to the top of

the barriersurface. (lt is possiblethat some or much of this sand would be

preventedfrom being transportedto the barriersurfaceif a steep riprap

sideslopewere locatedon the westernand southernperimeters;becauseof the

plannedorientationof the barrier,however, it is unlikelythat this possible

benefitcan be investigated.) If present,saltatingsand could providethe

dominanterosive force on the surfaceof the barrier. Monitoringdata will be

used to quantify and evaluatethe presenceand influenceof saltatingsand

grain shear stresseson the barriersurface. These stresses are expected to

be equal to or less than the sand flux rates appliedto physicalmodels in a

wind tunnel. Measuredrates of sand transportwill be correlatedwith

meteorologicaland surfaceconditionsand comparedwith publishedestimates.

4.3.4.5 Desiqn.Considerations

The plannedgraded sideslopeon the westernperimeteris the optimum

design to providea worst-caseconfigurationfor plannedsaltationmonitoring

on the surface of the monitoredbarrier. On the other hand, the use of only a

steep basalt riprap sideslopemight be the optimumchoice to reducesand
o

4.20



saltationimpactson above-gradebarriers. This would of course,precludethe

currentobjectiveof testingtwo sideslopeconfigurations.

4.3.5 Monitorinqan ArtificialSand Dunei

4.3.5.1 Objective

• Create an artificialsand dune on the surfaceof the barrier and monitor

the resultingincreasein saltationstress and sand drift potential. The

questionsto be answered impact surfaceerosion, vegetation,and water

• storage. Is a gravel armor formed and does it become stabilized? Does the

sand dune migrateor cause a blowoutto form? Is the stress sufficientto

physicallyreduceor abrade plants? Do plants grow on the dune? Is the water

balancein the underlyingfine soil reservoirimpacted?

4.3.5.2 Technique(s)and Equipment

This test will be performedafter initialdata cycles and any 1000-year

floodingtests have been completedand the surfacebecomesdry. Clean dune

sand havinggrain sizes predominantlybetween50 and 500 #m will be pl,aced on

= a portionof the surfaceon the west side so that a long fetch is presentedto

the northeast,east, and southeast. Sand drift and surfacestresswill be

monitoredas describedin Section4.3.4, and the same equipmentwill be used.

After completionof the study the dune could be removedor enlargedand/or

irrigatedto providea test of water balance in supportof lysimeterdata, if

needed.

4.3.5.3 Duration

The test will last approximately2 years, beginningabout 3 to 5 years

after constructionof the monitoredbarrier.

4.3.5.4 ExpectedResults
m

lt is expectedthat some sand from the dune will be blown off the bar-

rier in saltationand some will be incorporatedinto the surfacelayer.

Resultsof this activitywill includea descriptionof sand dune evolutionon

• the top of the barrier and a characterizationof saltatingsand rates,m _

= stresses,and impactson_.surfacecrusts and vegetation. If the dune dis-

. sipateswith time, the abilityof the surfaceto recoverwill be described.

_
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4.3.5.5 Desiqn Considerations

No specialdesign considerationsare needed.

4.3.6 Denudationof VeqetativeSurfaceCover

The monitoringactivity is recommendedbecauseof its importancein

addressinga near worst-caseenvironmentalconditionthat may periodically

impactwaste site barriers, lt is recognizedthat one early challengewill be

to identifya practicaland acceptablemethod of removingvegetationfrom the

surface,especiallyif the initialestablishmentof that vegetationis

difficult. Removalof vegetationfrom the entire surfaceis preferredto

removalfrom just a portionbecauseit would allow continuedtestingof an

irrigatedconditionand enhancethe value of water balanceand drainage

studies.

4.3.6.1 Objective

In this test, the barrierwill be stressedby burningor otherwise

denuding the vegetativecover off all or part of the surface. Questionsthat

will be addressedimpact surfaceerosion,vegetation,and water storage. Is a

gravel armor formed and does the surfacestabilize? Is the water balance in

the fine soil reservoirimpacted? Is drainagemeasured from the asphalt

layer? What type of vegetativecover becomesreestablished,and how long does

it take? Shouldrevegetationbe influencedby seeding?

4.3.6.2 Technique(s)and EQuipment

Initialwork will require identifyinga period for testing,determining

which portionof the monitoredbarrierto test, and obtainingapprovalof the

use of fire or anotherdenudationtechnique. Monitoringof surfaceerosion,

vegetativere-establishment,and water balancewill use techniquesand equip-

ment developedand obtained in the completionof other monitoringactivity

tasks.

4.3.6.3 Duration

The test will last approximately3 years, beginningabout 3 to 7 years

after constructionof the monitoredbarrier. By using selectedportionsof

the barrier,the test can be performedeither in conjunctionwith the artifi-

cial sand dune test or after its completion.
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4.3.6.4 ExpectedResults

Removalof vegetationby wildfire is expectedto increasethe impactof

erosiveforces. The evolutionof the surfaceunder wind and water stresses

will be described. Rates of surfacemorphologychange and surfacedeflation

are expectedto increasein the absence of vegetationand will be compared

with those occurringwhen vegetationis present (usingresultsof the annual

surfacesurveys).

4.3.6.5 Desiqn Considerations

No specialdesign considerationsare needed.

4.4 BIOINTRUSIONTESTS

4.4.1 VeqetationEstablishmentand Monitorinq

Vegetationwill functionas an importantcomponentof the protective

barrierdesign. For the prototypebarrier, a preferredvegetationcover must

be determinedand establishedas quickly as possibleto ensure that other

tests of water infiltrationand surfaceerosionmimic expectedbarriercon-

ditions as closely as possible. Successfulvegetationestablishmentdepends

stronglyon the carefulreconstructionof the ecosystem.

4.4.1.1 Objective

Objectivesof this subtaskare to I) determinea preferredvegetation

cover for the prototypethat will representthe vegetationexpectedto develop

on fine soils under climateconditionson the 200 Area Plateau,2) establish

this fully functionalvegetationcover as quicklyas possible,and 3) monitor

vegetativestructure,dynamics,and water uptake characteristics. Issuesthat

must be addressedto successfullyestablishthis vegetationcover include

topsoildeposition,fertilization,irrigation,appropriatemicroflora,

seeding,and transplanting.

4.4.1.2 Technique(s)/Equipment

o Instrumentationrequiredto monitor and test the vegetationcover

includesplant growth monitorsand water relationsmonitoringdevices (pres-

sure bombs, porometers,and gas exchange equipment). Arrangementswill have

to be made to providewater at the prototypesite for light irrigation.
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4.4.1.3 Duration

Vegetationestablishmentwill begin immediatelyafter the construction

of the prototypeand continueduring the followingyear. The prototype

constructionschedulecalls for completionof the prototypebarrierduring

FY 1993. Becauseof the seasonalityassociatedwith most effectiveplant
J

establishment,it is importantthat all constructionactivitiesbe completed

on scheduleso that vegetationestablishmentwork can begin promptly in early

fall of the year that the barrieris completed•

Monitoringof vegetationwill be conductedannuallyafter construction

and shouldbe continuedthroughoutthe testingperiod on the prototype

barrier. Monitoringefforts are neededto determinethe effectivenessof

vegetationto recyclewater out of the barrier surfaceand to aid in the

developmentof hydraulicmodels.

4•4.1.4 ExpectedResults

A method of establishingvegetationwill be identified(e.g.,topsoil

seed banks, seed, seedlings)that will enable rapid establishmentof a plant

communityon the barrier surface. Successof the vegetationestablishment

task will be monitoredby means of observationsand measurementson the

vegetationcover establishedon the prototypebarrier. Standardquantitative

measuresof canopy cover will be used. The resultswill be used to support

modeling and erosionevaluationsof the prototypesurfaceand will be compared

with similarmeasures in comparablenative vegetationstands and with measures

of other vegetationestablishmenteffortson the HanfordSite.

Becauseother tasks depend on the establishmentof the vegetationto

acquire realisticdata, the methodsof establishingvegetationthat will pro-

vide such cover in the shortesttime frame will be given considerationfirst.

The fastestmeans of establishmentof a native communityis to remove and

store the top 30 cm of soil, which containsvegetationmaterial,the seed

bank, organics,and nutrients. This topsoilwill be placed on the surface

after the top 70 cm of fine soil has been deposited. Becausewe have not done

a test of the effect of topsoil depositionon revegetation,we propose to test

this techniquebefore the prototypeis built. If there is not enough time to

completethis test, we will, in additionto topsoiling,place nutrientsand
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seeds and/or seedlingson the surfaceto increasethe chancesof a successful

revegetationeffort. The topsoilmethod will allow annual weeds to be

represented;therefore,to better establishthe deep-rootedperennials,the

' revegetatedarea will requirewatering into the summer season of at least the

first year. However,while transplantingseedlingsfrom native sourcesmay

• seem a reasonableapproachfor establishingperennialcover on the prototype,

it would not be reasonablefrom either a cost or labor standpointfor

constructionof full-sizeprotectivebarriers.

4.4.1.5 SpecialDesiqn Considerations

During constructionof the prototype,three points are importantto the

establishmentof vegetation" I) the top meter of the fine-soillayer with 15%

gravel admix may not exceed soil bulk densitiesof 1.6 g/cm3, 2) nutrient

amendments(yet to be determined)can be added to the top 15 cm of the fine-

soil layer on the barrier (beforeto vegetationestablishment),and 3) a

source of water will be requiredfor light irrigationduring plant

establishment.

4.4.2 Root Intrusion/RootDistribution

Vegetationwill functionas an importantcomponentof the protective

barrierdesign, both to stabilizethe soil surfaceand to extractsoil mois-

ture from the soil and recycleit to the atmospherethroughevapotranspira-

tion. For the prototypebarrierdesign,in which fine soils overliegraded

layers,we believethe optimal root distributionfor barrierfunctionwill be

one in which roots fully exploitthe fine-soillayer. However, the establish-

ment and growth of deep-rootedplantson the barrier presentthe possibility

of intrusionof plant roots into the wastes and subsequentbiotic transportof

hazardousmaterials. Knowledgeof root growth, root/soilinteractions,and

water uptake patterns is needed to model and predict the removalof soil water

throughevapotranspiration.

4.4.2.1 Objective

. The main objectivesof this subtaskare to I) evaluate the extent to

which plant roots exploitthe depth of the fine-soillayer under actual bar-

. rier constructionconditions,and 2) determinewhether the roots of estab-

lished vegetationpenetratethe variousbiointrusioncontrollayers.
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4.4.2.2 !echnique(s)/Equipment

To monitorroot distributionon the prototypebarrier,a set of standard

mini-rhizotronswill be placed in each moisturetreatmentto monitor plant

root developmentand growth rates. These mini-rhizotronswill not penetrate

past the fine-soillayer and will be augeredinto the fine-soillayer at a 45°

angle after constructionof the prototypeis complete. A field-portabledown-

hole video camerawill be requiredto record root distributionswithin the

mini-rhizotrons.

To determinewhether roots of establishedvegetationpenetratebelow the

fine-soillayer, a layer of nonhazardoustracer (e.g.,bromide) above the

ge.textilewill be required.

4.4.2.3 Duration

Root distributionsin the fine-soillayer will be monitoredfor at least

2 years after prototypeconstruction. Dependingon the successof plant

establishmentand rootingdepths observed at that time, monitoringof root

growth and developmentwill continue as deemed necessaryto documentexplora-

tion of the fine-soillayer.

Most root intrusiontestingwill be conductedduring FY 1994, 1995, and

1996. During FY 1995, data will be compiled,analyzed,and summarizedin a

final report on plant root distributionsand intrusionin the barriersystem.

4.4.2.4 ExpectedResults

Data from these endeavorswill be used to constructa clear under-

standingof root distributionwithin the barrierunder differentmoisture

conditionsand will be correlatedwith the abovegroundvegetationstructure.

Analysis of leaf material sampledon an annualbasis will determinewhether

tracermaterialshave been taken up by roots growingbeyond the fine-soil

layer. These data will be valuablein provingthat anti-bi.intrusionlayers

preventplant root intrusioninto wastes, as well as providinginformation

necessaryfor adequatemodel predictionsof plant water uptake from barrier

systems.
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4.4.2.5 Desiqn Considerations

During construction,the emplacementof a tracer layer above the high-

densitypolyethylene(HDPE)layer will requirea break in constructionQ

activities.

. 4.4.3 Animal IntrusionSubtask

The prototypebarrieris not a convenientvehiclefor testing the

effectivenessof barriercomponentsas deterrentsto animal burrowing.

(This should be done through independenttestingwhere burrow stress can be

maximized.) Nevertheless,evaluationsof animalburrowingimpactson the

prototypeare desirableto parameterizethe extent and nature of burrowing

that occursduring the test life of the prototype.

4.4.3.1 Objectives

The objectiveof this testing is to documentthe extent of colonization

of the barrier surfacethroughthe years when exposednaturallyto burrowing

animalsof the ColumbiaBasin.

4.4.3.2 Techniques/EQuipment

Periodic surveysof the barriersurfacewill be made to record the types

and locationsof natural burrowing. This activitywill be initiatedonly

after completionof the prototypebut should continuefor many years.

4.4.3.3 Instrumentation

Mappingof burrowingactivitywould be greatly facilitatedby use of

accurate,automatedposition-findingand recordinginstrumentationthat keys

to a referencelocation.

4.4.3.4 Duration

Measurementsshould be made quarterlyat first, and then less frequently

if the developmentof new burrowsis found to be low. Measurementsshould

continue to be made for the durationof the prototypetestingand observation

period,which is expected to be from 3 to 10 years.
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4.4.3.5 Expected Results

Data collectedwill documentburrowinganimal invasionof the prototype

barriersubsurfaceduring the first severalyears after construction. Records

of the animal species,numbersof burrows,the extent of burrowingdistur-

bance, and the specificlocationsof burrowswill aid in the overall evalua-

tions of barrierperformance. The recordswill aid in assessingresultsfrom

other barrierperformancemeasurements,such as water infiltration,should

acceleratedor enhanced infiltrationoccur in the vicinityof or as a result

of animalburrowing.

4.5 ASPHALTTESTING

The majority of asphaltresearchperformedat the HanfordSite has been

for barriersused in the UraniumMill Tailingsand HanfordGrout Technology

programs (Buelt1983; Vallerga 1992). An asphaltcompositesystem is being

consideredas an alternativeto the RCRA bentoniteclay/HDPEbarriers as the

low-permeabilitycomponentin the HPB program. The asphaltcompositebarrier

is composedof an asphalt-aggregatecomponentoverlayedwith a polymer

modifiedasphalt-geotextilemembrane. Carefulevaluationof the material

properties(includinglong-term)and constructionrequirementsfor the

compositeasphaltbarrierwill be criticalfor constructinga successful

prototypebarrier.

There is an urgent need to develop a substitutefor the standardRCRA

clay/HDPEbarriercap system. RCRA barrierdesigns are only requiredto

demonstratea 30-yearlife cycle. These RCRA barriersmay not be applicable

for radioactivewaste sites that requireextremelylong-termisolationor

those located in arid sites where clay layerscan becomeeasily desiccated

and susceptibleto failure.

Clays are subjectto desiccationcrackingand root penetrationand can

be breachedeasily by animals and man. Clays also have finite hydrauliccon-

ductivities. The lowest conductivitiesexpected in a typicalRCRA-typeclay

cap are on the order of severalcentimetersper year. A clay-cap (based on

currentU.S. EnvironmentalProtectionAgency [EPA]design)that is subjected

to prolongedwetting (such as would occur at humid sites,or under climate
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changesthat are likelyto occur at arid and semi-aridsites in the future)

would not be effectiveas a water isolationbarrier. There is a high pro-

babilitythat in time, water transmittedthroughthe clay will leach through

' the waste and carry contaminantsto groundwater.

Asphalt/aggregatemixtures exhibita range of permeabilitiesand physi-

cal stabilitycharacteristics(Hartleyet al. 1981; Periasamyet al. 1990;

Tuffour and Ishai 1990). The higher asphaltcontent is expectedto improve

the hydraulicconductivityand physicalpropertiesof the barrier. Liners

with high asphaltcontents also have been tested successfullyand shown to

minimize leachatelosses from stored liquidwastes (Fitzgeraldet al. 1970;

MRM Partnership1988; Terrel 1991). Asphalts have excellentbinding,

elongation,and shear stresspropertieswhen used in aggregatemixtures. Such

mixtures are routinelyused extensivelyin constructionand their engineering

propertiesare well documentedfor pavementconstructionapplications.

Equipmentis readilyavailablefor large-scaletesting and demonstration.

Asphaltsoffer an attractivealternativeto clay, provided the asphaltbarrier

system can be shown to be "RCRA equivalent"to clay barriersand the longevity

of the asphaltsystem can be demonstratedthroughappropriateanalysis.

Determiningthe RCRA equivalencyand longevityof the asphaltcomposite

barrieris crucialfor obtaining"buy-in"from monitoringagenciessuch as the

EPA and WashingtonState Departmentof Ecologyfor this new technology.

Determiningthe RCRA equivalencyof the asphaltcompositebarriersystems

requiresthat"

• data be obtainedfrom the prototypeand test pad characterizingthe
in situ propertiesof the asphaltcompositebarrierand

° data be obtained in the laboratorycharacterizingthe long-termphysical
propertiesof the proposed barrier.

Data obtainedfrom the prototypeand test pad will provideinformation

on field performance,constructabilityand field conditionsnecessaryfor

successfulbarrierinstallations. Long-termphysicalpropertieswill be

. determinedby conductingacceleratedaging tests in the laboratoryto estab-

lish a defensibledesign life criteria. In these tests barriercomponents

will be exposedto gases at elevatedtemperatureand pressureto simulate

severalhundredto severalthousandyears of exposure in the subsurface
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environment. These conditionedmaterialswill then be characterizedfor phys-

ical and permeabilityproperties. Analog samples,in the form of asphalt

artifacts(500 to 4000 years old), will be studied in the lab to provide

insightinto the physicalpropertiesof extremelyaged asphalts (Heizer1943;

Forbes 1955; Gutman 1979). The measuredpropertiesof the aged materialswill

be used to performstructuralanalysisof the barrier systemsto determineif °

they will remaineffectiveunder the anticipatedsite conditions.

4.5.1 Permeabilit.yTestingof Asphalt on the Protot.ypeBarrier

4.5.1.1 Ob.iective(s).

The objectiveof this testingis to determinethe field performanceof

the asphalt-aggregate/asphalt-geotextilecompositebarrier. This information

is crucialfor determiningif laboratorypermeabilityand longevitybehavior

can be duplicatedon a large-scalebarrierplacement. This informationis

criticalto the determinationof RCRA equivalency.

4.5.1.2 TechniQue(s)/EQuipment

A test pad will be installedas part of the prototypebarrier. This

test pad is analogousto test pads requiredas part of RCRA compliancefor

clay/HDPEbarriers. The test pad will be constructedof 15 cm of the asphalt-

aggregatemixturewith no asphalt-geotextilemembrane. Constructionof the

test pad withoutthe asphalt-geotextilecomponentwas selectedto duplicate

the requirementsoutlinedby RCRA for testingthe clay layer of RCRA barriers.

A pan lysimeterwill be installedunder the test pad. The lysimeterwill be

configuredso that a HDPE liner will be in direct contactwith the bottomof

the asphaltbarrier. A double-ringinfiltrometerwill be installedon the

test pad. The test pad will also be designedto "flood"the entire structure,

if this approach is approach is deemed beneficial. The test pad will be

designedso that intrusivetesting,such as coring,can be performedwithout

compromisingthe integrityof the lysimeter.

Asphaltcontent and aggregategradationof the asphalt-aggregatemixture

will be determinedaccordingto WashingtonState Departmentof Transportation

(WSDOT)QualityAssurance/QualityControl (QA/QC)procedures. In situ air

void contentwill be determinedwith Traxler-NuclearDensitygages, as
h
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outlinedin WSDOT specifications. Laboratoryhydraulicconductivitymeas-

urementswill be performedon cores retrievedfor the test pad.

The prototypewill be constructedby the same methods used on the test

pad. Neutronprobe access tubes will be includedin the barrierdesign for

monitoringmoisture under the asphaltcompositebarrier. A double-ring

infiltrometerwill be installedin the 3X side slope area of the prototype.

The 3X side slope area of the prototyperepresentsan area where the potential

for moisture intrusionis extremelyhigh.

In situ permeabilityof the prototypewill be monitoredwith permea-

meters that are an adaptionof field permeametersused to measure the hydrau-

lic conductivityof unsaturated-compactedsoils as describedby Fallow et al.

(1993). These field resultswill be comparedwith laboratoryhydrauliccon-

ductivityexperimentresults.

4.5.1.3 Duration

Monitoringshould occur quarterlyfor the first few years t_ determine

if there were any catastrophicfailuresattributableto constructiontech-

niques. After the first few years monitoringshouldoccur twice a year.

Additionalmonitoringshouldoccur in the event of any extreme climaticor

geologicevents (100-yearstorm, earthquake,etc.). Monitoringshouldcon-

tinue for the durationof the prototypetestingand observationperiod (3 to

I0 years).

4.5.1.4 ExpectedResults

If the asphaltcompositebarrierperformsas expected,no measurable

moistureover the saturatedsoil conditionsshouldbe detected. There is the

possibilitythat moisturewill condenseunder the asphaltlayers as a result

moisture intrusionfrom the sides of the barrier. This phenomenonwill be

evaluatedas a possible interferenceto moisturemeasurements.

4.5.1.5 Desiqn Considerations

QA/QC considerationsduring design and constructionof the asphaltcom-

ponentsof the barrierare critical. Materialsand constructionspecifica-

tions derived from the pavementconstructionindustrywill likelymake up the

' backboneof these specifications. These specificationswill be evaluatedto
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determinetheir applicabilityto the barrier system. Extremecare will be

taken to insurethat the prototypebarrieris installedas developedin the

laboratory. This will be accomplishedthroughthe use of a stringentfield

QA/QC monitoringprogram.
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5.0 COSTS OF TESTINGAND MONITORINGTHE PROTOTYPEBARRIER

Testingand monitoringof the performanceof the prototypebarrieris a

• criticalelementof the BDP. The estimatedcosts of this effort are based on

the most current personneland overheadrates available.

The prototypeprojecthas been funded by both the Office of Technology

Development(OTD) and the EnvironmentalRestoration(ER) programsof DOE's

Office of EnvironmentalRestorationand Waste Management. Fundingof the

prototypeconstructionis expectedto be availablefrom the ER program, lt is

anticipatedthat both OTD and ER will supportthe testing and monitoringcost

for the prototypebarrierover the next 4 years.

Table 5.1 provides a cost summaryby task for the testingand monitoring

of the prototypebarrier.
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TABLE 5.1. Cost Summaryby Task (Thousandsof Dollars)

FY FY FY FY FY

Activity 1993 1994 1995 1996 1997 Total

Water Infiltration

Instrumentsand 407 0 0 0 0 407
Installation 0 495 475 475 450 1895

Testing/Monitoring 0 100 75 75 50 300
Side Slope-Evaporation

Water Erosion

Soil SurfaceMonitoring 0 48 66 69 73 256
ControlArea Monitoring 0 93 59 62 65 279

Wind Erosion

SurfaceMonitoring 10 20 0 0 0 30
Surface Deflation 0 30 20 20 25 95
Wind Stresses 20 85 60 60 75 300
Saltation 5 65 50 50 60 230
Sand Dune 0 0 0 5 50 55
Denudation 0 0 0 15 15 30

Biointrusion

Root Intrusion 0 65 65 65 40 235
VegetationWork 30 70 70 30 30 230
Animal Intrusion 0 20 30 30 20 100

Asphalt Testinq

RCRA Tests 80 400 30 30 30 570

Total 552 1491 1000 986 983 5012
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6.0 OUALITYASSURANCE

All testingand monitoringtasks supportedby the prototypebarrier

project shall be performedin such a manner that the applicableQA program

requirementsare met. Throughoutthe testingand monitoringof the prototype
b

barrier,varioustypes of engineeringand scientificinformationwill be

generated. This informationwill be analyzed,reviewed,and documentedin

status reportsor other documents. The documentation_,ll be cleared for

public release (as applicable)and placed in archivesaccordingto approvedQA

procedures.

Data managementfor testingand monitoringof the prototypewill be

under PNL QA control. Data from water infiltrationtests, includingneutron

probe data, water application,and water outflowdata will be collectedand

input into laboratoryrecord books (LRBs)and into data loggersand electronic
t

data files. These files will be formattedfor subsequentgraphicaldisplay

and analysis. Detailed recordswill be kept and LRBs will be reviewedas

specifiedin the PNL-MA-70QA Manual and as specifiedin the QA plan (OHE-O02,

o Rev. 3) for the barriers program.

Data analysiswill focus on quantifyingbarrierperformance. Water

balanceof the test areas will be evaluatedon an annual basis (or more fre-

quently as necessary). Permeabilityof the compositeasphalt layer (as dis-_

-_ cussed previously_will be analyzedimmediatelyafter testingand the data
=.

used to determineperformanceand design specifications. Acceptablelimitsof

performancewill be specified. In the case of the permeability,a 95% confi-

dence interval,using standardstatisticalanalysis,will be used to test

againstthe hypothesisthat the asphaltlayer cannot meet the permeability

limit of 0.5 mm/yr. If such a hypothesisis disproved(i.e., if the layer-

permeabilityis lower that 0.5 mm/yr) then the layer designwill be determined

to be acceptable. All other testing (waterbalance,water erosion,wind ero-

sion) will be observationalonly. Limitationin design of the barrierdoes

not allow for rigorous statisticaltestingof differences. Water balance test
i

data will be used in model validationtestingand verification.
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