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SUMMARY

The Hanford Site Protective Barrier Development Program was jointly developed by Pacific North-
west Laboratory (PNL) and Westinghouse Hanford Company (WHC) to design and test an earthen
cover system(s) that can be used to Inhibit water Infiltration; plant, animal, and human intrusion; and
wind and water erosion. The joint PNL/WHC program was initiated in FY 1986.

To date, research findings supportthe initial conceptsof barrier designs for the Hanford Site. A fine-soil
" surface is planned to partition surfacewater into runoffand temporary storage. Transpiration by vegetation

that grows in the fine-soil layer will return stored water to the atmosphere as will surface evaporation. A
capillary break created by the interface of the fine-soil layer and coarser textured materials below will further
limit the downward migration of surface water, making it available over a longer period of time for cycling to
the atmosphere. Should water pass the interface, it will drain laterally through a coarse textured sand/gravel
layer. Tested barrier designs appear to work adequately to prevent drainage under current and postulated
wetter-climate (added precipitation) conditions. Wind andwater erosion tasks are developing data to predict
the extent of erosion on barrier surfaces. Data collected during the last year confirm the effectiveness of
small burrowing animals in removing surface water. Water infiltrating through burrows of larger mammals
was subsequently lost by natural processes. Natural analog and climate change studies are under way to
provide credibility for modeling the performance of barrier designs over a long period of time and under
shifts in climate.
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1.0 INTRODUCTION

Protective barrier and warning marker systems are being developed to Isolate wastes disposed of near
the Earth's surface atthe Hanford Site in southeastern Washington. The protective barrier and warning
marker systems use engineered layers of natural materials to create an integrated structure with
redundant protective features. The natural construction materials (e.g., fine soil, sand, gravel, riprap,
clay, and 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 and warning marker system
that isolates wastes for up to 10,000 years by limiting water drainage; reducing the likelihood of plant,

• animal, and human intrusion; controlli.g the exhalation of noxious gases; and minimizing erosion-
related problems.

FUNCTIONAL PERFORMANCE OF PROTECTIVE the atmosphere, a low-permeabilitylayer (or layers)
BARRIERS would directwater away from the wastes. The low-

permeabilitylayer(s)wouldalsofunctionto checkthe
Protective barriers consist of a variety of materials upwardmovement of noxiousgases from the waste
placedinlayerstoformanabove-grademounddirectly zone.
overawastezone. Atypicalprotectivebarrier,illustrated
in Figure1.1 consistsof (fromtoptobottom)a fine-soil Coarsematerialssuchas pitrungravelsand crushed
layer, a sand/fine-gravel layer, and a layer of coarse basalt riprap are used in the protectivebarrier as a
materials such as pitrun gravels or crushed basalt deterrentforburrowinganimals,deep-rootingplants.
riprap. A layer of crushed basalt riprap also may be and human intruders. Crushed basalt riprap also
used on the shoulder, side slopes, and toe of the may be used to provide wind and water erosion
structure. Each layer serves a distinct purpose protectionofthebarriershoulder, sideslope, andtoe.
(Figure 1.2).

Surface markerswillbe placedaroundthe periphery
The fine-soillayeracts as a medium inwhich moisture of the waste sitesto informfuturegenerations of the
can be stored untilthe processes of evaporationand natureand hazardsof theburiedwastes. Inaddition,
transpirationcan recycle excess water back to the throughoutthe protectivebarrier, subsurface mark-
atmosphere. The fine-soil layer also provides the ers will be placed to warn any inadvertent human
medium for establishingplants,which are necessary intrudersof the dangers of the buriedwastes.
fortranspirationtotakeplace. Gravelsmaybeadmixed
intoor spreadonto the surface of the fine soillayer to Because of the need for the barrier to perform for
minimizewind and water erosion. The surface of the thousands of years without maintenance, natural
fine soil layer also may be engineered with a slight constructionmaterials (e.g., fine soil, sand, gravel,
slope or crown to maximize runoff while minimizing cobble,crushedbasaltriprap,clay,andasphalt)have
erosion, been selected to optimize barrierperformance and

longevity.These naturalconstructionmaterials,most
The sand/fine-gravel layer serves a dual purpose, of whichexist inlargequantitieson the Hanford Site,
First, the textural difference at the interface between are knownto have existed for thousands of years.
the sand/fine-gravel layer and the fine-soil layer cre- Humanmade constructionmaterialscannotbe relied
ates a capillarybreak. Thiscapillary break inhibitsthe on at this point, because it is not currentlyknownif
downward movement of moisturefrom the overlying they could survive and function properly for thou-

" unsaturatedfine-soillayer pastthe interface. Second, sandsof years.
the sand/fine-gravel layer acts as a filter layer to
prevent fine soilsfrompenetratingintothevoid spaces HANFORD SITE PROTECTIVE BARRIER
of the coarser materialsbelow. DEVELOPMENT TEAM

Layers of low-permeabilitymaterialsare beingtested Before implementingprotectivebarrierand warning
as redundant infiltrationbarriers. Shouldthe fine soil markersystemsfor the finaldisposalof wastes atthe
layer fail to capture and recycle precipitationback to Hanford Site, much development and evaluation
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Figure 1.1. Typical Protective Barrier and Warning Marker System

work mustbe conductedto assess barrierand marker development and testing of protective barrier and
system performance. To accomplishthis, engineers warningmarker systems. Eleventechnicaltaskgroups
andscientistsfrom PacificNorthwestLaboratory(PNL) anda projectmanagementtask havebeen identifiedto
and Westinghouse HanfordCompany (WHC) formed resolve the technical concerns and complete the
the HanfordSiteProtectiveBarderDevelopmentTeam development and design of protective barrier and
in FY 1986. The team is responsiblefor planningand warningmarker systems (Figure 1.3).
directingthe performance of barrier and marker sys- The task groupsare listed below.
tem development activities.

• Projectmanagement
The Protective Barrier and Warning Marker System • Biointrusioncontrol
DevelopmentPlan (AdamsandWing 1986) organizes • Water infiltrationcontrol
and coordinates activities associated with the • Erosion/depositioncontrol
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Figure 1.2. Functional Performance of Barriers

Figure 1.3. Barrier and Marker System Development Task Groups

• Physical stabilitytesting and report on each of the technology development
• Human interferencecontrol activitieswithin these task groups. The resultsof
• Barrierconstructionmaterials activities performed are being used to develop de-

procurement tailed, final barrierand marker system designs.
, . Prototypebarrierdesign andtesting

• Model applicationsand validation Section 2.0 of this document summarizes the tasks
• Natural analog study and activities, identified above that were conducted
• Long-term climate change effects during FY 1990.
• Final design.

Specific test plans and other detailed documents have
been_r are being prepared to plan, schedule, execute,
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2.0 STATUS OF INDIVIDUAL TASKS

2.1 PROTOTYPE BARRIER DESIGN

Designing protective barriers is an evolving process. Each year, as tasks are performed, new data and
information are collected, valuable experience is acquired, and Insights into the approaches for solving
barrier design problems are gained. As the Barrier Development Program progresses, conceptual
barrier designs are frequently revised and modified.

" Periodically during the life of the Hanford Site Protective Barrier Development Program, full-scale
prototypes of the latest barrier designs are planned for construction and field testing. This approach
enables engineers and scientists to momentarily freeze the barrier design(s) and obtain field experience
in constructing protective barriers. Constructibility Issues that are not readily apparent on the original
engineering drawings may be more easily detectable inthe field. Another valuable,benefit of construct-
ing prototypes in the field is that they allow ali the components of the barrier to be brought together into
an Integrated system. This is particularly Important because several barrier components are being
developed Independently.

PROTOTYPE BARRIER DESIGN informationcollectedatthe HMS tobeusedinassessing
N. R. Wing (WHC) the prototype'sperformance.

The design of a prototypebarrierwas initiatedduring The location of the site selected for constructingthe
FY 1990. A barrier design team (BDT) has been prototypebarrier is ideal for obtaining accurate esti-
assembledto designthe prototypebarrier. The BDT matesofthecostsassociatedwith¢c,nstructingprotec-
(seeAppendixA) includesrepresentativesfrom WHC, tive barriers. Barrierconstructioncosts are very.sen-
PNL, and Kaiser EngineersHanford (KEH), the archi- sitiveto andcomprisedlargelyofthe costs associaied
tect/engineerfor the HanfordSite. The BDT has met with hauling construction materials. Most potential
frequentlywithandreceivedtechnicalSUpDOrtfromthe protectivebarriers sitesthat are being consideredfor
harriertechnicaladvisoryboard(BTAB) --- a groupof waste remediation activities at Hanford are in the
engineers and scientistson the barrierdevelopment 200 Areas. Because the prototype barrier will be
teamwhorepresentvariousareasof technicalexpertise constructedata site locatedbetweenthe 200 Eastand
intheBarrierDevelopmentProgram.Reviewcomments the 200 West Areas, representativeand supportable
anddesignsuggestionsfromotherbarrierdevelopment costsforconstructingbarrierson the200 Area Plateau
team members alsohave been solicitedand incorpo- can be estimated.
rated when appropriate.

Some of the requireddocumentationfor constructing
The KEH has been responsiblefor transformingcon- theprototypebarrierhasalreadybeen completed. For
ceptual ideas from the BDT/BTAB intodefinitive, de- example,culturalresourcereviewsand bioticsurveys
tailedconstructiondrawings.The drawingshavebeen have been conducted. The applicabledocumentation
subjected to numerous technical reviews and repre- was prepared not only for the construction site se-
sent the optimal designfor meeting the objectives of lected, but forthe borrowpitsfrom which construction
the prototypebarrierproject. These drawingswil_be materials willbe obtained.
cleared for publicrelease when they are completed.

Prototype Barrier Testing
• Siting the Prototype Barrier

Once the barrier isconstructed,a numberof tests and
The prototypebarrier is planned to be constructed on experiments are planned for it. These tests and
the 200 Area Plateau between the 200 East and 200 experimentswill assess the prototype'sperformance
WestAreasandjust northeastofthe HanfordMeteoro- vis a vis water infiltrationcontrol, erosion control,
logical Station (HMS) (Figure 2.1). The prototype's biointrusioncontrol, and physicalstability. The tests
proximity to the HMS enables the meteorological and experiments will use instruments, transducers,
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Rgure 2.1. Locationof the ProposedBarrierConstructionSite

and nonradioactive/nonhazardous tracers placed during FY 1990. Detailed conceptual designs, a
throughoutand aroundthe prototypebarrier, comprehensiveoutlineconstructionspecification,and

a letter repon documenting the design bases and
lt shouldbe emphasized that constructingthe proto- engineeringcalculationsforthe prototypeharrierwere
type isa test. Constructibilityissuesraisedduringthe completedduringthe year. Futureeffortswill focuson
constructionof the prototypewill be learned from and ccmpleting definitive design drawings, preparing
incorporatedintofuture barrierdesigns, detailed constructionspecifications,and constructing "

theprototypebarrier. An"enhanced"prototypebarrier
Status may be designed and constructedinthe future. This

enhanced prototype would build on lessons learned

The majorityofthe designeffort forthe firstlarge-scale fromthedesignand constructionof thefirstprototype.
prototypebarrier for the Hanford Site was performed
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2.2 BIOINTRUSION CONTROL

Protective barriers with vegetated earthen covers will be Inhabited by many animal species over their
10,000-year design life. lt is possible that animals ranging In size from anls to badgers and coyotes will
burrow into the barrier surface. Burrowing animals may Impact barriers b)' 1) constructing burrows that
act as conduits for water penetration through the upper layer of the barrier, which could erode the sloped
barrier shculder or permit water to enter the waste zone; 2)moving loose soilto the barrier surface where
it is available for accelerated wind or water erosion; and 3) directly transporting contaminants to the
surface with excavated soil.

The two biointrusion control tasks conducted during FY 1990 Involved ¢xperiments that assess the
Impacts of animal burrows on water infiltration. One experiment focused on burrows created by small
mammals and one on burrows created by large mammals.

The objc-ctlveof the animal intr'.._sf3n studies was to provide information for evaluating and predicting
potential Impacts of animal burruwing on barrier performance. They assess the Impacts under current
climatic conditions as well as under conditions simulating a wetter climate. Wetter climatic conditions
may resu;t in changes in species composition and thus Increases in biomass.

ANIMAL INTRUSION STUDIES: SMALL MAMMALS time and alsoat the end of each test. Throughout the
D. S. Landeen and C. J. Kemp (WHC) test pedod, soil moistureis measured with a neutron

moistureprobe.
Introduction

One small burrowingmammal is introduced into each
AnAnimalIntrusionLysimeterFacilitywas constructed offourlysimeters,the othertwoserveas controls. The
in FY 1988 to assess the effects of small-mammal smallmammalsusedinthisstudyweretheGreatBasin
burrows on the infiltrationof meteoricwater through pocketmouse,Perognatusparvus, thenorthernpocket

•protective barriers. The facility, located next to the gopher,Thomomys talpoides, andTownsend'sground
HMS, consistsof two steel outerboxes with plywood squirrel, Spermophilus townsendii. Two species of
sides buried inthe groundsothat the top of each box animalswere used per test. Animalswere allowed to
is flush with the original grade. These outer boxes burrowfor3to4months.Duringeachtest,supplemental
serve as receptacles for six animal intrusionlysim- precipitationwas added to three of the six lysimeters
eters: three lysimetersare housed ineach outer box usingarainfallsimulator(rainulator).Thesupplemental
(Figure 2.2). Each lysimeterhas been structurally precipitationwas applied once a month at a rate
engineered so that itcan be ;inedout of the outer box equivalentto a 100-year storm event at the Hanford
witha crane. The sidewallsofthelysimetersalsohave Site (0.55 in.of water in 13 rain).
been designed so they can be disassembled.

Results
The animal intrusionlysimeterswere designedsothat
a seriesof3-to 4-month-longtestscouldbeconducted To date, four sets of tests have been completed.
atthe facility. The followingparagraphs describehow Preliminaryresultsfromthe firsttestusingpocketmice
the lysimeterstudyis beingused to assess the effects andgroundsquirrels,conductedduringthe summer_f
of animalburrowingon the infiltrationof waterthrough 1988, indicatethat water added with the rainulatorto

• a protectivebarrier, two lysimeters with burrowing animals was being
removed. The water inthe soilsofthe lysimeters(even

Eachlysimeterislinedwitha 28-milpond linerand then those lysimetersreceivingsupplementalprecipitation)
filled with soil excavated from McGee Ranch, the was not beingstored, but was evaporating.Over 3 to
borrow pit site for soils used to constructprotective 4 months, the data did not indicate a significant
barriers. After the lysimetersare filled with soil, two differenceinthe water contentsof the soilsat depth in
hydroprobeports are installedineach lysimeter. Soil the lysimeterswith animalburrows,compared withthe
moisturesamplesare collectedat6-in. intervalsatthis watercontentof soilsatdepthinthecontrollysimeters,
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Hardware explainedbythedegreeof burrowingactivity,whichfor

Cloth Screen some reasonwas significantlyhigher duringtest two.
Covering

Summary

_iiiiiiiiiiiiiiiii!iiiiii!_iiiiii!i!iiiiiii_ii!;iiii_ Informationcollectedfrom the first four tests indicate
the followingtrends:1) duringsummer months,water
is lostinali lysimeters,includingthe additionalprecipi-
tationaddedwiththerainulator;2) duringwintermonths,

I I "4" 5 ,-;.D. lysimeters(animalsandcontrols)gainwater: and3) no •
Lysimeters Fit into Outer Box ft | ft significantwater infiltrationhas occurredbelow 36 in.

_l _ , _ even thoughburrowdepths always exceed 48 in.
!!iiiiii!i!iiiiii,, ii!ii iiii',iiiiiiii!ii i  '  ';......i!i!iii!iiiiiii!ii,, i!ii!iiiii!iiiiiiiiiiiii    " '......i!iiiii!iiiii , iiiiiiiiiiii!iiiiiiiiiiiiili       '......

i_ Thelackofany significantwater infiltrationatdepthand

the overallwater loss inthe lysimetersoccurs despite
the following worst case conditions that have been
imposedon the lysimeters: 1) no vegetativecover (no

Outer Box Houses Three Lysimeters evapotranspiration),2) no water runoff (ali water con-
$9109042.12 tained), 3) higher than normal animal and burrow

densities,4) supplementalprecipitationadded at rates
Figure 2.2. Configurationof Lysimetersat the not normallyexpectedto occur,and 5) animals usually
Animal IntrusionLysimeterFacility burrowto the bottomof the lysimeters.

which did not have animalburrows. Preliminary conclusionsfrom the data indicate that
little difference exists between control and animal

Data from the second test using pocket gophers and lysimeters in the amount of waier stored. This would
pocket mice, which was conducted during winter !988/ indicate that small mammal burrowing does not affect
1989 indicated that ali the lysimeters (controls and soil moisture content. If this isthe case,then the overall
animals) gained water. Lysimeters with animal bur- water loss must be attributed to processes that occur
rowsgained almost twice as much water as the control equally in control and treatment lysimeters (surface
lysimeters. The greatest changes were observed at evaporation), lt appears that other variables such as
the 18-in.-depth level in ali lysimeters, soil turnover from burrowing activities and burrow

ventilation effects, which help remove moisture, may
Results of test three (summer treatment 1989), which be influential, but, in the final analysis, make no differ-
used ground squirrels and pocket gophers, indicated ence as far as water content at the end points (times)
that the additional 1.5 in. of precipitation that was used in this study.
addedwiththe rainulatorwas lostduringthistest. The
lysimetersthatdid notreceiveany additionalprecipita- ANIMAL INTRUSION STUDIES: LARGE MAMMALS
tion ali lost water. The hydroprobe readings also L. L. Cadwell, L. E. F_berhardt, M. A. Simmons,
confirmedthis overall trend of water lossthroughout P. B. Test, V. Parks, and M. J. Harris (PNL)
the test period.

Burrowinganimals ranging insize from small inverte-
T_=.stfour was a winter treatment (1989/1990) using brutessuchas ants to medium-size mammals, inctud-
pocketgophersand pocketmice. Resultsshowedthat ing badgers, coyotes, and marmots may impact pro-
alilysimetersexceptone(animalwithno supplemental tective banter effectivenessin three important ways.
precipitation)gainedwater. The hydroprobedata also First,0urrowsmay providea preferredpathfor surface
confirmedthe trend of increasingsoilmoisturecondi- water to enter the upper layers of the barrier, thus
tions. The two controllysimeters (no animals)gained reducing the effectiveness of the barrier in limiting
themostwater. Thiswasadifferentresult than shown infiltration. Second, burrowing animals, by casting
in test two, also conducted in winter,which indicated excavatedsoilto thebarriersurface, may contributeto
thatthe controllysimetersshowed the least amount of increased erosion of the fine-soil cover and thereby
gain in soil moisture. The differencecan probablybe decrease barrierlongevity. Finally,burrowinganimals
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have the potentialto dig throughsoil covers, contact increased infiltrationin the soil around burrow open-
buriedwastes,andmove contaminantsto thesurface, ingsor both.

Observationsmadewith simulatedrainfallinprevious ROOT INTRUSION STUDIES: DESIGN AND INITIAL
years showed that large burrowsdug by coyotesand SAMPLES
badgers can divert surface water deep into barrier J.L. Downs, S. O. Link, and L.L. Cadwell (PNL)

. soils. Measurementsmade in FY 1989 and FY 1990 and M. Ft.Sackschewsky (WHC)
documentthatundernaturalrainfall,precipitationpen-
etrates deep beneath and around badger burrows. Studiesrelatedto plantrootdistributionand plant root

• However,thewater issubsequentlywithdrawn(Figure uptakecapabilitieswere initiatedin F"Y1990 to support
2.3). In disturbed soils near burrows,the vigorous barrierdesignactivities.Knowledgeof rootingdistribu-
growth of invading plant species may result in the tionand depth for plantsexpected to establishon the
preferentialextractionofwaterthroughplanttranspira- barrier is needed to evaluate barrier design with re-
tion. Enhanced evaporation from the soil surfaces spectto depthof thefine-soillayer and the abilityof the
exposed byburrowingmay alsopreferentiallyremove barrier to inhibit root intrusionbeyond the fine-soil
soilwater nearburrows. Ourdata showedthatthe soil layer. Understandingthe role that rootsplay in recy-
beneath burrows in mid-summer was actually drier cling moistureto the atmosphere throughuptake and
than inadjacentareasaway fromburrows. Vegetation transpirationwillaid hydrologicmodelingofthe barrier.
samplingshowed that plantdensities(mustards)were
significantlygreater in the vicinityof badger burrows Atestplanforevaluatingthe roleof plantrootsinbarrier
afterthe 1989growingseason thaninnearby locations designwas drafted inFY 1990 to guide in addressing
away fromburrows.Studiesarecurrentlyunderwayto these concerns. The studiesoutlined in the test plan
determine whether the preferential drying occurs in will support barrier design by 1) providing soil water
soilsbeneaththeburrows intheabsenceofvegetation, dynamicsand rootinteractiondata formodeling unsat-

urated flow in the fine-soillayer, 2) producing design
Studiesalsowere conductedtoquantifythe amountof criteria to ensure that planned and inadvertent com-
runoffentering badger burrows. A runoffgenerator pactionof thefine-soillayerdonotadverselyaffectroot
was used to applywater alongthe slopeabovebadger exploitation of the soil layer, and 3) assessing the
burrows. Results from these studies showed that effectivenessof barriercomponentsin preventingroot
burrows intercept a considerably greater amount of intrusion.
runoff than expectedbased solelyonthe surfacearea
of the burrow. Thus, it seems clear that runoff may Studies in support of the first issue were initiatedat
either be funneled into burrows, or there may be several sites that had vegetative cover similarto that

expected on the barriers. Small-diameter (1-in.) root
andsoilcoreswere collected at the Lower Snivelyold
field, which is dominated by cheatgrass, Bromus

o . • Ma_ i tectorum. This studysite is similarinsoilsandvegeta-
-2o o June J tion cover to the old-fieldsite at McGee Ranch. Rep-

• S,_ember ! licate cores were obtainedfrom plots receivingdiffer-4O I entwatur andnitrogenenhancementtreatments.These

-6o II samples are processedby washingthe rootsfromthe

i soil,stainingthe rootsto measure length and area on-ao
,-, adigital image analysissystem,and weighing*he roots

-loo . to determine root biomasswithdepth. Samples were

,_1, I, i' __ I gathered early in the springseason (March 1990) and
• -12o at the end of the spring growing season (May 1990) to

-1_ I .., I ,. compare root growth response to the enhanced condi-
-4 -3 -:, -1 o 1 2 tions with root growth response to normal growing

Percent Soil Moisture (Contro_- Treatment) conditions.
solo9o42.21

Studies were also initiated at the McGee Ranch fine-
Figure 2.3. Mean Seasonal Change (%) in Soil soilsiteto determine rootdistributionwith depth under
MoistureAroundBadger Burrowsat the End of Each the mixed shrub and grass cover. A 1-m2 area of a
of the FourCalendar Quarters for 1989 trenchwallwas mapped to evaluate rootdistributionin
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each of these areas: directly below big sagebrush, .s_;]
Artemisia tridentata, directly below spiny hopsage, -,0mr I
Grayia spinosa, and in the intershrubspaces where .,s ]
annual and perennialgrassesdominate. Examplesof .20
thesemaps (Figures2.4, 2.5, and 2.6) showthat grass .=5
rootsdominatethesoillayersabove20 cm,whileshrub .=
rootsare presentthroughoutthe1-msoilprofilemapped ._ _ _ s,_,-, IC_IIM J

even under the grass cover. _o

__so

-s j _o
-tO

-15 _

-20 -70

-2S -75 mm

.30 41o |

.40 _1 .9o

"5 _ .al
_.so__1
_. .Ioo 1 I I I t '.$5

._ I I o so too 1so 2o0 25o 3o0 ",_
I III Nom=,of_o, 5110S04.2.* '

7° _ Figure 2.5. Root Distributionin Interhummock Area
.,sm McGee Ranch Sagebrush Cover
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Figure 2.4. RootDistributionin HummockArea .==
McGee Ranch Hor sage Cover _ _ G,,.s'_°=ii

_mB

=Bm

Root and soil cores were taken in addition to these E ,o m
maps to better delineate root distribution beneath the } ,, BB
shrubcover. These 2-in.-diameter cores were taken 4=mB.=•
on hummockswhere hopsagedominates, in swales .70•
wtlere sagebrush is found, and in swales where no .,_m
sagebrush occurs. Processingthese soil/rootcores 4=
providesquantitativeinformationonrootlengthdensity = m
and distributionclownto 2 m. This informationwillbe .= _
valuable in evaluating the potential for root intrusion ,5 •
and in efforts to model water movement throughthe -,oO J _. L _ _ J _ _ =
fine-soil layer, o ,® _ =o _ _ _ 7= _ _o ,o= .Nume_ o( Room

qSlgN41.1II

Figure 2.6. Root Distribution in Interhummock Area
McGee Ranch Grass Cover
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2.3 WATER INFILTRATION CONTROL

Percolatlng surface water can carry contamlnants from waste dlsposal sites through the biosphere
unless the waste sites are Isolated by 1) barrlers, 2) vltrlflcatlon, or 3) deep repository dlsposal. This
sectlon descrlbes results of tasks deslgned to study the effectiveness of barriers In isolatlng wastes
from percolatlng surface water.

a

FIELD LYSIMETER TEST FACILITY drainage. Water removalto about 10 vol%was appar-
M. D. Campbell (PNL) ent on ali vegetated treatments with silt loam soil,

• irrespectiveof irrigation.
The Field LysimeterTest Facility(FLTF) designed by
PNLand WHC was builtbyKaiser EngineersHanford Drainageoccurredfrombothirrigatedandnon-irrigated
during FY 1987. The FLTF is operated by PNL to lysimeterscontainingsiltloam soil,but onlyduringthe
measure the effectiveness of protectivebarriers in driest period of the year, apparently as a result of
isolating radioactive wastes from percolatingwater vapor-phasetransportalone. The observeddrainage
(Kirkhamet al. 1987; Gee et al. 1989; Campbell et al. closely approximatedthe predicted downward vapor
1990; Campbell and Gee 1990). transport computed from data on thermal gradients

and ambient water contents. Liquid transportwas
The Recordof Decision53 FR 12449-53 that commits ruledout becausedrainagewas equal fromlysimeters
to placement of protectivebarriersprovidesfor isola- receivingambientandtwice-averageprecipitation,and
tionof the radioactivewaste fromthe biosphere. The the ambient treatment soils never reached water
FLTF lysimeters test seven protective barrier treat- contentsabove 2Cvol%, thus precludingliquid-phase
mentcombinationsforwaterexclusion. Detailedmea- drainage. Figure2.7 shows that lysimeters drained
surementsof precipitation,evaporation,storage, and onlyduringthe driestpart of the year and onlyfollowing
drainage are being made. the maximumfavorable thermal gradients.

Hydraulicbarriersatthe FLTF areatthe interfaceof silt
loamsoilwithsand. This texturalbreak increasesthe PLANTTRANSPIRATION/EVAPOTRANSPIRATION
water-holdingcapacityof theoverlyingsoil. Resultsof S.O. Link, M. E. Thlede, J. L. Downs, D. J. Lettau,
recentstudiesshowedthatgravitymovedwaterdown- and T. R. TwadcleII (PNL) and R. A. Black
ward when the upper profile of the silt loam soils (Department of Botany, Washington State
exceeded 26 vol%. The texturalbreak stoppedwater University)
fromdrainingfrom the silt loam soil untilthe soilwas
wetter than about 38 vol%. Thus, soilwater capacity Evapotranspirationis the combinedlossof water from
increasedabout 12 vol% above normalas a resultof plants and soil surfaces to the atmosphere and is a
barrierinfluence.Water lossfrombaresoilwas halfas processthat mustbe predictableto adequately model
fast and half as much as loss from vegetated lysirn- soilwaterdynamics. Thissectiondescribestheresults
eters, of technologicaldevelopmentsandexperimentsatthe

Tube Lysimeter Experiment (TULE) , Lower Snively
Subsequent observations with clear tube lysimeters Field, Snively Canyon, and the Field LysimeterTest
showedthat rootsfromArtemisia tridentatagrow tothe Facility(FLTF) forresearch leadingto thepredictionof
depthof moist soil,andthatwithouta hydraulicbarrier, evapotranspirationin supportof the ProtectiveBarrier
rootsfroma small transplantreachthe bottomof 3-m Development Program. We were able to measure
deep lysimetersinone season. Thus, rootspenetrated evaporation, evapotranspiration,anclcarbon dioxide
to the bottoms of 3-m lysimetersand extracted avail- exchange rates from the TULE lysimetersin the soil

" able moisture,even withthree"times average precipi- surfacewithandwithoutcheatgrass,Brornus tectorurn.
tation. Notably, no liquidwater drainage occurred Evapotranspirationwas higher on the lysimeterswith
throughthe hydraulic barrier, even with three times cheatgrassthan on the lysimeterswith bare soil (Fig-
average precipitationand no vegetation. However, ure 2.8). Leaf area of cheatgrasswas positivelycor-
lysimetersconfigt:=redwithouta barrier,butwith sandy relatedwith evapotranspirationrates.
soilanda 20-cre gravelcap,yieldednearlyquantitative
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Figure 2.7. Lysimeter Drainage Linked to Temperature, Except for Sand Without a Hydraulic
Barrier Present. Clear tube lysimeters 1,2, 4, and 5 had sand and no hydraulic barrier.
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TubeLysimelers4/g0 The whole plant gas exchange system was used to
2.0 . develop simple models of transpiration and carbon

- 1.s a gain for cheatgrass growingat Snively Canyon. The"T

1.s . T relationshipsbetween stomatalconductance and net

_= 1.4 t photosynthesisandthe drivingvariablesof light,vapor

- pressure gradient, temperature, and xylem pressure
_E 1.2 -- potential were parameterized. These equationswerev

._ 1.o - used to predict transpiration (Figure 2.10) and net._

•_. o.8 . a photosynthesisfordays inJune. The modelssuccess-
. _ o.s - fullypredicted these processes.

o.4- ilI.g
0.2 "" '

o.o I I I ""- _'="-- -4-.

Chealgnum Bare Soil
Cover _ _

SelOW)4_.lo _
E

Figure 2.8. Tube Lysimeters April 1990 |, _
l

Growthdynamicsof cheatgrassas a functionof water | -i=

and nitrogentreatments were documented at Lower , -
Snively Field from October 1989 through May 1990.
Green leafarea index andgreen shoot biomasswere

nthly ' ' ' ' ' ' ' ' ' ' ' '=' ' ' 'o'' ' ' ' ,measured mo over that period. Very little change Oo , , . . ,o , ,, , ,, _ = =,
in shoot growth was observed until April when tem- _,, , ....
peratures warmed. Adding water and nitrogen in-
creased growth when they were added singly, but FIGURE 2.10. Cheatgrass in Snively Canyon
when added together,growth increased much more. June 1990
Plantsize isonefactorthat influencesthe rate atwhich
water istranspiredbacktotheatmosphere(Figure 2.9). Finally,we initiatedresearcheffortswith R. A. Blackof
Thus, we initiated studiesto develop simplegrowth WashingtonState Universityto measuretranspiration
models that will support efforts to predict soil water of big sagebrush, Artemisia tridentata, growing on the
dynamics for the protective barrier. FLTF precision weighing lysimeters. The heat flow

technique that measures stem flow in woody plants
7 was able to measure transpirationrates in sagebrush.

- ---o--- comrm The techniquewill make itpossible to observe transpi-
8 - ; w=_ :1" rationratesof sagebrushcontinuouslywithout disturb-

s" "-'-'O-,--- Nitrogen /_, ingthe environmentof the shootor the roots.

4 Future research will entail the parameterization of
_= relationships between evapotranspiration, transpira-

tion,soilevaporation,carbondioxideexchange,growth,
._ and the abiotic and biotic factors that drive these

2 processes for model development for cheatgrass,
bunchgrasses, and shrubs.

• 1

DIVERSION BARRIER TESTING
O

0 23 so 86 123 1_ 171 2o6
T_me(_m Asphalt Layer Tests

s=looo_.le H. D. Freeman (PNL)

Figure 2.9 Plant Size as a Factor Influencing Activitiesfor the asphalt barrierstask during FY 1990
Transpiration consisted mainly of monitoring existing small tube
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lysimeters,installingfive new lysimetersusinga clear
acrylictube,and definingspecificationsforthe asphalt _2R Storage
layer of the prototypebarrier, le -- _ Drainage

14 -- BB Pre-

The eight asphaltand two controllysimetersinstalled 12- L i L i:'_itaD°nj_._'

at the Small Tube Lysimeter Facility (SLTF) in 1988 108 BB

were monitored monthly for weight changes and s
drainage. Four lysimeters contained a 1.5-cm 4
rubberized asphalt membrane, four contained an 2
admixtureof asphaltemulsionandconcretesand, and o _
the two control lysimeters contained only concrete .2 -

"4 "

sand. Ali lysimetershad a 15-cm surfacetreatment of _ o_

gravelmulch, which enhances water infiltration.The _¢p--',,"_'__,,>_._,,_','t'_P@_ v_ oo_'_lysimeterweightanddrainagedata were usedwiththe _"
measuredprecipitationatthe nearby HMS to estimate sQ,ogo_.s
water balance of each lysimeter. A summaryof these Figure 2.12. Water Balance for Asphalt and Control
datafortwotimeperperiods,beforeandaftersagebrush LysimetersDuring November 1989 - July 1990
plantedon fourof the lysimeters,areshownin Figures
2.11 and2.12. These figuresshow thatthecumulative
storage in ali lysimeters from July 1988 through conductivitywas compared withdrain water collected
November 1989 was positive, while the lysimeters from each lysimeterbefore the saturated salt solution
containing sagebrush from November 1989 through was injected. As of October 1990, the conductivity of
July 1990were ali negative. These results illustrate the the collected drain water from the asphalt lysimeters
importance of vegetation in recycling infiltrating water had not changed significantly from the base period.
back to the atmosphere. This indicates the origin of the drain water was not from

above the asphalt seal. The control lysimeter that had

25 tracer injected, however, showed extremely high con-
"E _ ET ductivity inthe drain water. This proves that the tracer
c=_ Precipitation_ Storage salt isfree to movethrough the Hanford sand and is not
8. 20
E ... _ Drainage immobilized through adsorption or reaction with the

8 ON 15 soil.
_:z:

_ _ lo Five new lysimeters, constructed of clear acrylic tonn
allow any leaks and root intrusion to be visually moni-

s tored, were added to the STLF during FY 1990. Four
of the new lysimeters contained rubberized asphalt

......

o membranes with the same layering sequence as theRubberized Admix Control

Treatment existingrubberized asphalt lysimeters, and one con-
sg_o_o,z2 tained HanfordSite sand foruse as a control. No leaks

or drainage was observed during the first 2 months of
Figure 2.11. Water Balance for the Asphalt and exposure. Sagebrush was transplanted to ali of the
Control Lysimeters During July 1988-November 1989 new lysimeters in November 1990. The control and

oneother lysimeterwerealsoinstrumented with therTno-
Smallamountsofdrainagewereobserved inseveralof couples at 1,15, 50,100, 125, and 150 cm to monitor
the asphalt lysimeters. The source of the drainage the temperature profiles for comparison with a similar
could be from water originally added to sand below the set of thermocouples placed in the soil outside of the
seal or from the water in the asphalt emulsion used for lysimeter. Comparing the temperature profiles of the
the admix seals. Because the origin of the water was lysimeters in relation to natural soil allows the mag-
difficult to discern, a solution of saturated NaCI was nitude of warming and cooling of the lysimeters from
injected above each seal to act as a tracer. The drain the air gap around each lysimeter to be evaluated, lt is
waterwas then collected and monitored each month by hypothesized that the thermal cycling of the lysimeters
measuring the conductivity of the drain water. The may affectthewaterbalanceobservedinthelysimeters.
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Clay and Chemical Grout Tests I

M. J. Sackschewsky and C. J. Kemp (WHC) 2xppL I_ ST
Storage

L L. Cadwell and M. E. Thlede (PNL) 4o _ Drainage

Usingclay and chemicalgrout componentsto control ....30
infiltrationof water through the protective barrier is
currentlybeingevaluatedby the HanfordSite Protec- _ 2oe

tive Barrier Development Program. Tests are being
conductedin srnalitube lysimetersat the SmallTube ._,
Lysimeter Facility. The purpose of these lysimeter __ lO

• tests is to evaluate the performanceof a clay compo- a
nent (25% bentonite clay, 75% McGee soil) and a o o
chemicalgroutcomponent (25% sodiumsilicatesolu-
tion mixed with McGee soilto form a pourablegrout
mixture, about 30% water by volume) under twice .lo Graded BimodaJ Clay Grout
average precipitation. Five small tube lysimetersare Treatment
being used to test each of these alternative barrier s=1o=_.4

components. FIGURE 2.13 AlternativeBarriersComp<)nent

Each lysimeterused in the tests of clay and chemical Values from July 1989 - July 1990
grout consists of a 15-cre-thick course pitrungravel
layer covered with a 30-cre layer of either clay or evapotranspirationexceeded total water input for ali
chemicalgrout.A 120-cm layerof McGee soilisplaced treatments, thusthe observeddecrease intotalwater
on top of the infiltrationbarrier. The performance of storage over the period July 1989 to July 1990. No
these infiltrationbarrier lysimeters is comparedwith drainagewas observed from any of the lysimeters.
control treatments consisting of either a "bimodat"
capillarybreakconfigurationora gradedsandconfigu- From these results, we conclude that the infiltration
ration. Ali lysimetersin thisexperimentare kept free barriersandthe differentcapillary breakconfigurations
of vegetationandreceive enough irrigationto resultin aliperformvery wellunder twice average precipitation
a totalwater inputequalto twicethe long-termaverage conditions. We also conclude that these subsurface
precipitation, infiltrationbarriers have not been "stressed" by the

amount of precipitationapplied. Futureplans include
In FY1990, nosignificantdifferenceswere foundinthe increasing the amount of irrigation to increase the
totalevapotranspirationortotalstoragechangeamong probabilityofdetectingperformance differencesamong
any of the treatments (Figure 2.13). Total the treatments.
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2.4 EROSION/DEPOSITION CONTROL

Several studies funded by the Protective Barrier Development Program are testing surface additions of
gravel mulches and admixtures for long-term control of wind and runoff erosion. Althoughadding gravel
to the barrier topsoil may control erosion, lt was uncertain as to whether lt would also compromise the
capacity of a barrier to cycle water back into the atmosphere.

FIELD STUDY OF GRAVEL ADMIX, VEGETATION, 1= _ m To_v,m=_,

AND SOIL I r_ wh,_.,,,(_o, s_.a.)

L. L. Cadweil, M. E. This<le, M. J. Harris, P. B. Test, ao _ ch.-_... (,,_., T._o_ml
<_ _ RussianThlmtlm(Sao_, Ka,)V. Parks, and S. O. Link (PNL), C. J. Kemp (WHC) ao

W. J. Waugh (Geotech) _' " • =

L. LL.I
This fieldstudywasdesignedto measurethe effectsof 2o
gravel admixtures on soil water storage and plant o _"" " " :'" "1987

abundance. Field plotswere installedinthe fallof 1986 /

on the siteselectedasa sourceoftopsoilforprotective loo
barrier experiments,and ultimately,for the full-scale ao
constructionof barriersat Hanford. Gravel admixture, _ ___ _

vegetation,andenhancedprecipitationtreatmentswere _ ao = =
randomlyassignedto the fieldplotsusinga split-split- 4o ,, =, = =
plot design structure. The admixture treatments in- 2o b b
cludedno gravel, a 20-cm admixtureof 15% byweight o
p_-a gravel (1.0 cm), and 30% pea gravel. Twice 1_
average precipitationwas added monthlyto half the /

plotsto simulate a wetclimate. Changes insoil water ,0oF b
storage have been monitored monthlywith neutron ao " =' =-- •

moisture meters since 1986. Spring and fallplant ! ao_ _ I _ L L_.._

coverhave been sampled usingan ocularpoint-inter- " • • a
cept methodsince 1987. 4o , • =

2O

Vegetationcoverhas increasedannuallythrough1989 o "'" °" :"
onbothsoilandgraveladmixsurfaceswithonly slightly _0 _,=,,_ so, a,=,,,Ambleet IgS0 TwiceAwmmge

greater, but not significantly different, cover on the P"==",,', _,===_
graveladmixtreatedsurfaces(Figure2.14). However, ,,o,,==,
twicethe normalprecipitationresulted in significantly Figure 2.14. Vegetation Cover (%) for Soil and 30%
greater cover. Water storage for the plots receiving AdmixTreatment Plotsforthe Years 1987, 1988, and
only ambient precipitation has, in general, declined 1989
sincetheinceptionofthe studyin1986. Howeverthere
are seasonal variationsinsoilwater storageaswell as SMALL TUBE LYSIMETER TESTS
year-to-year variations. For the period July 1, 1989, M.R. Sack$chewsky and C. J. Kemp (WHC)
throughJune 30, 1990, total profile storage actually L.L. Cadwell and M. E. Thlede (PNL)
increased (the top 1.25 m plusthe underlying1.5 m -
Figure2.15). The increase appears to be the resultof The Small Tube Lysimeter Facility (SLTF) was
variationsinthe amountandtimingofprecipitationand constructedtomoasurethe influenceof erosioncontrol
is likelyto be transient. Vegetated plots with gravel practicesand alternatebarrier layerconfigurationson
admixtureshaveshownstoragechangesequivalentto soil water balance. The facility was completed in
the plotswith soil-onlysurface treatments. Thus, our September1988, anddata havebeen collectedforthe
data suggestthat admixturescan be includedinwaste last2 years. To improvethe facility,in 1990 insulating
cover designs to controlsoil loss without influencing collarswereinstaUedaroundeachlysimeter.Thecollars
the extractionof soilwater, allow the lysimeter soil temperature to more closely
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Tw,==,_.,,,_,.,q,,=.,_.c._,m-_._ uniformlymixedinto the top 20 cm of soil) and gravelii

• ,..v,_r, mulch, sand deposition, twice the average monthly
• = aa,.,rm precipitation,presence or absence of vegetation,andI ct 1-,.vqtt'w

,-, ,,=,,,r® twOtypesof subsurfacecapillarybreakconfigurations
[ b on water storage, evapotranspiration,and drainage.4

_i i The arrayof small tube lysimetersforthe experiments

. _=_° =.= consistof 21 rows of 5 lysimeterseach that are irri-
" _ == gated, weighed, and checked monthlyfor drainage,

o

In tests conducted in FY 1989 and FY 1990, 60
• , L _ J _ lysimeterswere used to examine the effectsof gravel

o 1S 30

•.oM .__,.,, admixturesandgravel mulch. Ten tubeswere used to
test the effects of a surface sanddepositionlayer, and
10 to test the effects of pitrungravel versusa graded-

I.s m =_ _de romp marqe (cml Ju_ lm- Ju_ 1he

, filter layer as a capillary break. The remaining 25
• .. a.v•_,,, lysimeterswere used in a companionalternate barrier

[] ='-="_' test of asphalt, clay, and chemical grout infiltration
3 _l I=-VeOPIIM

1,.,_ barriers.

&b a,b, _ '_=-- '_' In the surfacetreatment experiment,the total amount
a.b a.I) I.b

of evapotranspiration exceeded the total amount of
, precipitation in ali the plain soil and gravel admix

= _ ' treatments,resultingin a net decrease in soilcolumn
," waterstoragefromJuly1989toJuly1990 (Figure2.16).

o o ,, = Ali the gravel-mulch-covered lysimeters had a net
•.a,,,., "="." increase in total water storage over this time period,

exceptthe vegetated, ambientprecipitationtreatment.
T==,,,,=,.,=,=,_._,,.-._,,- These lysimetershad increased in storageduring the

,o • = =..v_., I previousyear, and we believethatthe vegetationtook
ca .._,,.,r= advantageof thisexcessmoisture. Overall,vegetative
El 1=.v_l"=c

, ,-_I.-=,,,T= biomasswas relativelylow, but vegetationresultedin
a small but significant amount of water loss by

' ' transpiration.
b.P. b.¢

t d b.¢d

b,¢_ 40
d 2Xlm&

0 .,
o 11 I

%Oravl 8m_ !

2O AmelenlIml.\
Figure 2.15. Soil Moisture Storage ChangeWithinthe 1 .... B-_ .... l-- -_
Top (125 cm), Bottom(150 cm), andTotal Profile(275 _ 1o -

. cm) for Vegetated andBare Surface with Natural (1X) , _
and Twice Average (2X) PrecipitationTreatments for 0 _ _ ,.i - _1 _1 _ _
0,15, and 30 Percent Gravel inthe Surface Soil

. .10
Sd _lmll G_ml S_i /_Vlm G.Iv_ _ ,_mwacGdrav_ Se_ _dnUl G_vel

track the ambient soiltemperatures,thus decreasing _ "-*'="-'-_ ,.."--"_'---"_ "-""-': ,,,_,--------"--'_'-"
biasbecauseoftemperaturedifferentialsand gradients. T,,.,..,=-,--.,, ,,.,,...

Experiments conducted in the facility are devised to Figure 2.16. Surface Treatment Component Values
measure the effects of surface gravel admix (gravel from July 1989 - July 1990
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Increasedprecipitationalso permittedan increasein Ii ET

evapotranspiration,but hadlittleeffectontotalstorage I_1_ Storagefor either the plain soil or the gravel admix surface 2xppt. Drainage

lysimeters. Therefore, these treatmentseventuallylost 4o

almost ali the additionalwater by evapotranspiration.
Gravel mulch surface lysimeters had a significantly ._ 30

gi'eater amount of storage with irrigationcompared o_with ambientprecipitationlysimeters,sugge,=tingthat _ 20
mostoftheadditionalwaterinput isinitiallystoredinthe -_ 10
column and will eventually be lost throughdrainage, a:3
Drainage was only observed in the irrigatedgravel _ o
treatments, o

-10

A sand deposition layer on the lysimeter surface had Bare Veg Bare Veg
much the same effect as a surface layerofgravelmulch Graded Bimodal
(Figure 2.17). The total evapotranspirationwas less Treatment $9109042.3
than the total amount of irrigation plus precipitation,
resultingin a net increase intotal storage. The pres- Figure 2.18. Surface Treatment Component Values
ence of vegetation increased the amount of evapo- from July 1989 -July 1990
transpirationand decreased the amountof total stor-
age. Drainage was detected from lysimetersin both In future studies, the amount of irrigation will be in-
the vegetated and bare sand-coveredlysimeters, creased, allowingustodetect performancedifferences

amongthe varioustreatments, especially the bimodal
and graded-filtercomparisons.

2X ppL 1 ET

4o _ _ S_age WIND EROSION
Drainage M. W. Ligotke, D. C. Klopfer, and J. F. Cline (PNL)

I--- - Maintainingan intact, erosion-resistantsurface layer

i I '- over waste sites isespecially importantduring times

of extended climatic stress such as droughts
2O and

_ i climates postulatedto be caused by increased CO2
levels in the atmosphere (the greenhouse effect).

_ _ __._.__ _:---- Three eolianprocessescause erosionand transport

10

o 121 rd _ _i _ _. _, ofsoilparticlesbywind: surfacecreep, saltation, andsuspension. Surface creep is the wind-influenced
sliding and rolling of particles along the surface.

-lo Saltation is the short-distance hopping of very fine
Bare Veg Bare Veg Bare Veg sandparticlesandoccursaswind suctionovercomes

soa Grave4 Sand gravity and electrical charges holding particles on
Treatment Combination the ground. Suspensionisthe long-distancetransportS9109042.7

of soil particlesfromexposed suefaces.Soilparticles

Figure 2.17. Bimodal Versus Graded LayeringCom- are even smaller than very fine sand grains, and
ponent Values from July 1989 - July 1990 while gravity plays little role, the electrical charges

between these particles and the ground are very

At this point, nodiscernible differences in soil moisture strong, and thus difficult to overcome by wind alone.
dynamics exist between the bimodal (McGee soilover- Soil particles are dislodged from the surface by the
lying pitrun gravel) orgradedfilter(McGeesoiloverfine process of saltation andto a lesser degree of creep
sand) capillary break configurations (Figure 2.18). and wind turbulence.
Evapotranspiration from ali treatment lysimeters ex-
ceeded total water input, and no drainage was de- The objectives of wind erosion studies in support of
tected from any of these lysimeters, natural material protective barriers are to: 1) develop
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a surface layer composition that will protect the about 2% of those from unprotectedsoil surfaces,
undedyingfinesoiireservoirduringperiodsofclimatic the inclusionof fine and medium sands increased
stress, 2) investigate the formation processes of deflation ratesto between3 and 10 timesthosefrom
sand dunes and blowouts,and 3) provide data for unprotectedsoilsurfaces. This isimportantbecause
and develop a predictive model of wind erosion, wind-depositedsand grainsare particularlysuscep-
Thes_ objectivesare furtherdescribedbelow, tible to winderosion and can, in saltation, increase

- erosionratesof soilparticles. An initialseriesof soil
1. A windtunnel is beingused to studythe stability moisturetests provideda relationshipbetween the

of surface layers. Surfacescontainingsilt-loamsoil moisturecontentof the surfacelayer (SMC in%) and
. andvariedgravels,soilmoistures,andsurfacecrusts surface deflation rates (DR in g/[m2-s])• DR =

havebeen tested. Measuredsurface deflationrates 14.7(SMC) -1.73, R2 = 0.88. The measurements
are comparedwith the wind-caused surface shear were performed over a surface SMC range of 0.7 to
stresses. In addition,a methodto characterizethe 5.5%, measured to a depth of 3 mm, and deflation
shear stress caused by saltating sand grains was rates rangedbetween31g/(m2-s)and<0.6g/(m2-s).
initiatedinFY 1990. Continuedtestsof these eolian The deflation rates from simulatedraindrop-impact
andsurfaceparametersare planned, as are tests of crustsexposed to only wind stresswere too lowto
the influence of windbome sand deposits, plant measure, but were estimated to be less than about
canopies and roots (post-wildfiresimulation), bur- 0.01 g/[m2-s]). One crust was then exposed to
rowinganimals, and surface microterrain, inducedsandsaltationata rateof 28 g/(m-s) forthree

2-min periods, and deflation rates of 7, 14, and
2. Large-scale eolian structures such as sand 21 g/(m2-s)were measured. The saltationrate used

dunes and blowoutsmay provide a threat to the inthe test was comparableto driftingdune sand at a
integrity of long-term protective barriers. If sand 10-m wind speed of about 14 n'Vs(32 mph). Thus,
dunesformonthe surface,plantcommunitieswould the stress caused by saltating sand particles was
be displaced, and water from precipitationcould shown to cause raindrop impact crusts to fail and
migratethroughthe waste zone. Blowoutscaused deflationratesto approachthoseof unprotectedsoil
by scouringwinds could reduce the water storage surfaces.
capacity of the fine soil reservoir, provide depres-
sionsforwateraccumulation,andpotentiallyexpose Sand transport potentials at and near the Hanford
lowerbarrier layers. Studiesare plannedto investi- Site were estimated and reported as sand roses.
gate the formationprocessesandmethodsofcontrol Wind rose data were modifiedusing the resultsof
of dunes and blowouts. Potential controlmethods sand transportequations to provide sand drift rate
include stabilizingupwind source sands and using estimates. At the HMS, for example, the yearly
gravel admixtures, averagesanddriftpotentialestimateisO.125 g/(m-s),

andthe yearlyresultantsanddriftpotentialestimate
3. The developmentof a predictivewind erosion is0.082g/(m-s)fromthewest. Althoughtheprevailing

modelisplanned.Themodelwiilbeusedtodetermine winds are usuallythe northwestdrainagewinds,the
the predominance of deflationary or inflationary fastest wind speeds are associated with the
f_ctors,toestimatetheimpactofdunesandblowouts, southwesterly wind vector, and as shown in
and to determinepotentiallossrates of the fine-soil Figure 2.19, can contributegreatly to the resultant
reservoirasinfluencedbyclimaticfactorsandanimal yearly average sand drift potential vectors.
intrusion.Althoughmodificationofexistingagricultural
modelswill be considered,the parameters used in Contributionswere made to the plan to construct a
suchmodelsmay notbe applicableto awind erosion prototypeprotectivebarrier. Designissuesincluded
model for long-term, natural-material protective the location and orientationof the barrier, the com-

. barriers. Input requirements for a wind erosion positionof the surface layer, and the geometry and
model willinclude long-termclimate scenarios, composition of the upperedge region of the barrier.

Fieldstudieswereplannedto measuresurfaceshear
Results of FY 1990 wind tunnel studies included stresses using boundary layer anemometers and
1) comparisonsofthe influenceof sandsandgravels surface deflation rates using erosion pins or scour
on surfacedeflationrates,2) initialsoilmoistureand chains and saltationtraps. These field studieswill
surface crust data, and 3) the influenceof induced provideinformationon eolianerosionprocessesand
saltation. Althoughthe addition of small-diameter the long-termstabilityof protectivebarriers.
gravels (0.2 to 1 cre) decreased erosion rates to
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-, _ The highestrunoffrates (Figure2.20a) and the lowest
3o- -.'rr' "_ "" sedimentconcentrations(Figure 2.20b) were derived

='- _!I from the gravel admix plots that developed a surface

i armor layer as fines were lost to erosion. The gravel
,°_ armor reduced raindrop splash. Raindrop splash

appeared to be a significanterosional process that
,=- occurredduringa, stormevents. Some movement of .

thepea gravel-sizedparticlesoccurred. Crustand seal
, - formation appeared to be promotedby proportionally

_. highersiltcontenton plotsurfaces.Crustingdeveloped
o - through a wetting and drying process. Sealing was
e- destroyed during a subsequent storm by raindrop

i impact and crusts by re-hydration. Crusts alone

'=- ""_" i !_ appeared to inhibit infiltration and promote runoff,

'. which occurredeven in the absence of saturated soil
" - conditions.

24 --

=,._u_ 2.5

2.0
FIGURE 2.19 AnnualSand Rosesforthe Hanford

== 1.5

Site. A line lengthof 0.5 cm representsan annual- _=
average sand drift potential of 0.1 g/lm-s). The " 1.o
Hanford Meteorological Station is located just east --e.-- Unmod_t=ed
of the 200 West Area (after Glantz et al. 1990). o.s -4-- Gravel

--o-- Si_

WATER EROSION 0 5 10 15 20 2_5 30

'_/. Waiters K. A. Hoover, and L. L. CadweU (PNL) Time from Start ofStorm (rain)
S9109042.15

Pacific Northwest Laboratory is conducting water
erosionstudies to investigatethe abilityof the barrier Figure 2.20a. Runoff Rates for Plot Group 4 During
top surface, composedof Wardensilt loam andbasalt Storm4
rock sideslopes, to withstand the erosional and
destabilizingeffectsof rainfalland runoff. 3.o0olo 4

Field tests initiated to assess the erosion potential of _=o¢ n.soolo 4 ,,, , I , , , , l -,

barriertop surfaceswere conductedat McGee Ranch,
the source location for fine-textured soils planned for "" 2.000lo 4

use on the barder's gently slopingtop surface. Tests 4
consisted of applying stormsof known rainfall charac- _ 1.soolo
teristics to soils in 1-m2 plots equippedwith flumes to 4

lti l'fl_

collectrunoffwalerand sediment.The testsused o I.ooo1o

Warden silt loam with three different surface treat- ,,"_T,lsl
ments: 1) unmodified silt loam, 2) silt loam soil sooo 0 5 10 15 20

enriched with upto 80% silt, and3) siltloamwith gravel TimefromStartoiStorm(min)

admix (soil amended with 30% byweight pea gravel). $9109042.14

Thefreshly prepared test surfaceswere uncrusted and Figure 2.20b. Sediment Concentration in Runoff
lacked vegetation growth. Plot Group 4 During Storm 4
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The_e preliminaryresultssuggestthat gravel admix barrier life by protectingthe surface covering of the
surfaceshave at leastone very desirablepropertyfor barrier. Additionaltests and/or modeling efforts are
barrier performance. The reduced soil erosion that required to predict amounts of soil that may be lost
resultsat leastinpartfromreduced raindropsplashwUl throughtime and relationshipsbetween soil loss and
contributeto greater surface stability and extended vegetationestablishmentfor these surfaces.
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2.5 MODEL APPLICATIONS AND VALIDATION

The model applications and validation task uses computer models to predict barrier performance (Fayer
1990). The water balance portion of the task, particularly the drainage component, has been the major
focus of the modeling effort. In FY 1990, major efforts were to 1)solve the barrier edge problem with the
TOUGH and PORFLO-3 computer codes, 2) verify the ability of PORFLO-3 to simulate infiltration in
animal burrows and root channels, and 3) use the TOUGH code to study temperature effects on lysimeter
drainage.

MODEL APPLICATIONS AND VALIDATION PORFLO-3 werecomparedwith generalizedsolutions
M. J. Fayer, M. L. Rockhold, and D. J. Holford (PNL) forinfiltrationfroma surfacepointsource. Comparisons

of the two solutionswere qualitative, given that the
The barrieredge problem involvesstudyingthe effect code configurations (e.g., node density and
ofwaterflowingunderthebarrieredgefrombeyondthe arrangement, internodal conductance calculation,
barrier. The resultsofthisworkwiileventuailybeused surface boundary description) were not identical.
to optimize the distance that a barrier must extend Despitethedifferencesinhowthe problemwassolved,
beyonda waste zone to limitflowpast thewaste. The the comparisons showed that PORFLO-3 predicted
results, usingthree codes, indicate that for a 76-m- wetting front positions that were comparable to the
thickunsaturatedzone, acommonwater-contentsolu- generalized solutions. For a more quantitative
tion is obtainable, but not a commonfluxsolution as benchmark of PORFLO-3, the TOUGH code will be
seen inFigure 2.21. The TOUGH code predictedthat used to solve this problem. Some difficultiesin the
within500 years,the fluxmovingpastthewastewillbe comparisons reported here (e.g., node density ancl
3.5xthatpredictedwithPORFLO-3. Astimeprogresses arrangement and internodalconductance calculation)
beyond500 years, alithree codespredictedfluxesthat can then be eliminated.
would be less than the current barrierdrainage stan-
dard of 0.05 cm/yr. Additional work is planned to The TOUGH code was usedto test the hypothesisthat
narrowthe predictiondifferences, temperaturechangesalongthe sidewallsof smalltube

lysimeterscouldinducedrainageofinsituwaterlocated
A verification test of PORFLO-3 Version 1.1 was beneath supposedly impermeable asphalt layers
conducted in preparationfor usingthe code to study (Figure 2.22). Drainagefrom the lysimetershas been
infiltrationintoanimalburrowsand rootchannels. Axi- observed yearround,and the peak occurs duringthe
symmetric solutions of water infiltration using summer. The proposed mechanism for producing
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Figure 2.21. Estimated Flux Past the Bottom-Lelt Figure 2.22. Comparisonof Drainage Predicted by
Cornerof the Waste Zone Versus Time TOUGH and Measured from AsphaltBarrier

Lysimeter
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drainageof insituwater isredistributionofwater inthe any lysimeterthat has belowgroundsurfacesexposed
liquidand vapor phases in response to temperature to uneventemperaturechanges may be subjectto the
gradients. Using mean monthly soil temperatures same effect. The resultsalso implythat temperature
measured at a nearby site, TOUGH predicted that effects on protectivebarrierscouldbe significantand
someofthe insituwaterwould drain,andthatthepeak shouldbe calculated.
wouldoccurduringthe summer. The resultsimplythat
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2.6 NATURAL ANALOGS

The natural analogs tasks of the Hanford Protective Barrier Development Program use natural and
anthropogenic environments to obtain evidence for projecting the long-term performance of engineered
structures. During FY 1990, this project consisted of six tasks. As part of one task a draft report, Barrier
Analogs: Long-Term Performance I_sues, Preliminary Studies, and Recommendations was prepared
describing the applicability of analogs to long-term performance issues. A test plan was written for a
second task to study analogs of the dynamics of future plant communities and its effect on the
effectiveness of barriers at preventing water infiltration. Three of the remaining four tasks entailed field
and/or literature studies and are described in detail below.

PEDOGENIC CARBONATE STUDIES
A. J. Busacca (Department ofAgronomy, Washing- LAYER INTERFACE INTEGRITY
ton State University) J.C. Chatters (PNL)

In the soils of arid regions, carbonates tend to be This task considers the possibilitythat pedoturbation
washed from near-_;urfacesediments and precipitate processes might disrupt the textural boundary be-
belowthe surfacer s soilwaterevaporates. Over long tween layers in protectivebarriers,compromisingthe
periods of uniforrr climate, these carbonates tend to capillary break those layers are intended to create.
build up, forming carbonated horizons. This task Two subtasks were conducted during this year. The
explores the effects that the formation of carbonate first was a search for analog sites with layering that
horizons in soils may have on the hydraulic character- resemble protective barriers and in which some sort of
istics of barriers dudng the planned period of perfor- pedoturbation isevident. The second was an analysis
mance. Two subtasks were conducted in FY 1990. of the possibility that cryoturbation (mixing due to
The firstwas publication of a report, A Feasibility Study freeze-thaw cycles in permafrost soils) might occur at
of Modeling Pedogenic Carbonates in Soils and Sedi- Hanford in the next 10,000 years, and a search of
ments at the U. S. Department of Energy's Hanford analog sites. The search for analog sites, which is
Site. (Hunter, Busacca, and Waugh 1990). The second described in a letter report, Evaluation of Long- Term
subtask was a pilot project conducted to assess the Stability of Layer Interfaces in Protective Barrier De-
impact pedogenic carbonate in shallow subsoil hod- sign: RecommendedNaturalAnaiog Sites for Detailed
zons may have on infiltration rates of water into the Characterization, resulted in discovery of three sites,
soils, relative tosimilar soilhorizonswithoutcarbonate, where the effects of biotrubation and illuviation of fine
Two naturally occurring soils whose histories began sediment intogravelscan be studied. Thecryoturbation
around 13,000 years agowere described, infiltration of study, described ina letter report, Evidence and Poten-
water under natural field conditions was measured tiai for Cryogenic Alteration of Soils within the Pasco
using a disk permeameter, and samples were col- Basin, included a literature review on cryogenic effects
letted for laboratory analysis of their physical proper- in soil, and anevaluation of evidence for cryoturbation
ties and moisture release characteristics. Two calcic inthe PascoBasin. The conclusion is thatcryoturbation
horizons in the soils had steady-state infiltration rates has not been a significant process here during either
that were 3-5 times lower than similar, noncaicic soil glacial or interglacial periods.
horizons. One gravelly calcic horizon showed no
difference in infiltrationfrom its noncalcic equivalent. HUMMOCK/SWALE TOPOGRAPHIC EFFECTS ON o
These findingsshowthatvariationinhydraulicproper- SOIL WATER PATTERNS
ties resulting from spatial variability of texture and S.O. Link, JoC. Chatters, J. L. Downs, P. B. Test, M.
pedogenic carbonatecontent withinindividualsoilho- E. Thiede, and G. W. Gee (PNL), W. J. Waugh
rizons isan importantconsideration inthe designand (C;eotech)
operation of proposed engineered earthen protective
barriers. A draft report was preparedon the FY 1990 One purpose of waste containment structures is to
progressof that study, minimizethe infiltrationof water intothe buried waste.
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An importantfactorinfluencingthe possibilityof drain- Three conditionswere apparent at this site. These
age through a soil cap is the structure of the soil. hummockswere dominated by spiny hopsage, bare
Current constructiionpractices impose an unnatural swales, and swales populatedby big sagebrush and
microtopographyon a closurecap. Intime, though, it grasses. There were 7 replicates in the bare swales
is thoughtthat the surface microtopographyof a con- andsagebrushswalesand14 replicatesinhummocks.
structed cap could return to the form occurring in To test the hypothesis that additional water would

. undisturbedsites. Many sitesfrom whichclosurecap increase soilwater patterndifferentiationwith respect
soilsmay be obtained have a complexsurface struc- to surfacetopographywe usedthe same experimental
ture that may influence drainage patterns and the design described above, but without spiny hopsage
distributionof soilwater. The area inwhich thisstudy hummocksandsagebrush swales. The sitechosenfor
wasconductedhasasurfacestructurethatiscomplex, irrigation with the rainfallsimulatorwas similarto the
characterized by coppice dunes in associationwith unirdgated area.
spiny hopsage, Grayia spinosa, shrubs.

Coppice dune topography and related vegetational
The objective c,f this study was to determine if pattems (Figure 2.23) appeared to cause patterns in
r_,lationships ex=slt between hummock/swale soilwater storage and soilwater content with depth.
topographyandsoil__aterdynamicsunder normaland
enhanced precip_h;tionregimes. Addressing this Bare swales were wetter than either hopsage
objective required detailed information about the hummocks or sagebrush swales while hopsage
topography (e!ectronic distance measurement), hummocksandsagebrushswaleswerenotsignificantly
abovegroundplantcommunity(digitizedaerialphotos), different. Sagebrush swales were similar to bare
the soil water profile (neutron probe), and the root swales with respect to soil water storage patterns in
distributionand densr_, (rootprofile mapping) below time (Figure2.24). This observation has implications

,. groundin relationto the topographyof the area. Totest for hydrologymodels. Accurate representation of soil
the hypothesis that surface topography was related to water dynamics requires the use of multidimensional
soil water content we used an experimental design in models. These models have to consider the effect of
the field that concentrated on apparent major effects, plantson soil water dynamics The effect of enhanced

Figure 2.23. Contour Map of the Study Area Showing Hummocks, Swales, and Cover Classification
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precipitationonend-of-seasonsoilwaterstorageand _,y=.1_
profile patterns in this studywas negligible. This =..
semi-aridecosystemcan recycleto the atmosphere ""
at least twice the normal precipitation given that r,o
additionalwater comes inthe spring(Figure 2.24).
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Figure 2.24. Soil Water Storage DynamicsinBare .... ".
Swales (n = 7 ), IrrigatedBare Swales (n = 7 ) Spiny 50 - "'°-" _" ' _'_'.."_"' --6-- e=oI,,_,< "%\ ,,
Hopsage Hummocks (n = 14), Irrigated Spiny .-0-. G.sp=o=

--.-- Q.so==,,-_,=_./ l
Hopsage(n= 7) Humrnocks,andSagebrushSwales _ .loo --4,-- _T,_ ,_,!

(n = 7). Barsare one standard error of the mean. _._-
i

The soilwater profile15 days afterirrigationindicated _ m_H--_=--_

that the maximal depth of the wetting front was _\
between 80 and 125 cm (Figure 2.25). ._o

The soil water profile on day 215 showed that ali .250 , , _ , _ I , , I , ,
irrigation water had been recycled tothe atmosphere, o = _ _ _Votuman¢ Sod Water Content (%)

No clear evidence existsof drainage (Figure 2.26.). s,,o=,=._o
The main active zone for soil water and rootswas

above 125 cm. Below 125 cm little change was Figure 2.26. Volumetric Soil Water Content (%) Pat-
apparentinsoilwatercontent overthe periodvarying terns with Depth on Day 215, 1990
between 6 and 9%.

Futureresearchatthissitewill investigatehow much low activitylevels. Furtherworkwilluse stableisotopes
additionalwater can be added to the system before to determineifthe soilwater below 125 cm is more like
the wettingfront passes the deepestobserved root- recentprecipitationor is derived from older waters (old
ing depth, creatingthe potential for drainage. This precipitationor groundwater).
water willbe added in the fall while the plants are at
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2.7 LONG-TERM CLIMATE CHANGE EFFECTS

The Long-Term Climate Change Assessment Task is a multlyear program to assess long-term climate
change effects on protective barrier performance. The work is being performed in support of the
objectives and tasks out,ned in the Protective Barrier and Warning Marker System Development Plan
and the Protective BarrierClimate Change Assessment Study Plan. The effort Is a collaboration between

• scientists and engineers from PNL andWHC to design and test barrier performance In limiting movement
of radionuclides and other contaminants to the accessible environment for at least 1,000 years and
possibily as long as 10,000 years.

LONG-TERM CLIMATE CHANGE EFFECTS The tasks and subtasks inthe climate program have
K. L. Petersen (WHO and J. C. Chatter_ (PNL) been numbered as follows:

Amulti-discipUnaryapproachtoclimaticdataacquisition 0. Task Administration
isbeingreliedontoobtaindefensibleclimaticinformation 1. Identificationof ClimaticData Needs
that will aid in satisfying1) design and regulation 2. Synthesisof ExistingInformation
requirements, 2) barrier performance assessment 2.1 Modern ClimaticPatterns
requirements,and 3) hydrologicandotherbarriertask 2.2 Holocene Paleoclimate Literature
inputneeds. The strategyapplied to accomplishthis 2.3 Late Quaternary Literature
is a series of task studiesthat providefor an under- 2.4 Flood Records
standingof the rangeand probabilityfor recurrenceof 2.5 Global Climate Modeling
past climate change and for a projectionof potential 3. Pollen and Lake Sediment Studies
futureclimate at the HanfordSite. These tasks focus 3.1 Scablands Pollen Site Transect
onidentifyingandcharacterizinghistodcandprehistoric 3.2 FullGlacial Pollen Study
climatic patterns through literature review and 4. FluvialSediments and Ground Water Studies
specialized field studies. A local climate forecast 4.1 Fluvial Indicators
model is being developed that will couple the past 4.2 EpisodicGround Water Recharge
climate patterns with models of regional and global 5. Terrestrial Sediment Studies
climate change to providetest scenarios that can be 5.1 Studies of Eolian Processes
used inbarrierperformanceassessment. The ultimate 5.2 Faunal Indicators
objectoftheseeffortsistoobtaindefensibleprobabilistic 6. Past Climate/VegetationVariations
projectionsoftheIong-termclimatevariabilityinHanford 7. Future Climate/VegetationProjections
Site and Pasco Basin region. 8. Local Climate ForecastModel

9. Model Calibrationand Validation
Late in FY 1989 an independent third-partytechnical 10. Projectionof FutureClimates
peer panel revieweda draft studyplan forthe climate 11. Generation of Weather Statistics
change task. That draft study plan reflected an 12. Identificationof FutureSpatial Analogs
integrationofplansfirstdevelopedforthe BasaltWaste 13. Inputto Barrier PerformanceAssessment
IsolationProject(BWlP)withthe needsofthe Protective
BarrierDevelopmentProgram. In FY 1990, the study Notable highlightsfor FY 1990 includethe completion
planwascompleted. The studyplancontainstask and of an article entitled Paleoeco/ogy and Paleoclimates
subtask descriptions, preliminary budget estimates, of the Co/umbia Basin Region by J. C. Chatters to be
andschedules. Basedlargelyonthe recommendations submittedtoa professionaljournal.This effort supports
of the third-party review, the program has become Task2 (Synthesisof Existinglnformation),Subtask2.1
morefocused, andthecostof pedormingtheworkhas (Holocene PaleoclimateLiterature). Inthe article,the
been reduced from an initial estimate based on author summarizes and synthesizes existing proxy
applicableBWlP costs in FY 1988 of $3.4 millionto a evidence for climatic and ecological change in the
currentestimateof about$1.9 millioncontainedinthe Columbia Basin of northwesternAmerica since 10 ka
current study plan. This amount could be reduced to 13 ka (thousandsof years ago). Inferences based
evenmoredependingontheoutcomeofcriticaldecision on glacial and fluvial geomorphology, cave and
points inthe work strategy, lacustrine sedimentationpatterns, palynology, fossil
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timberlines,subfossilpaleontology,andstableisotope (near Cheney, Washington), Wildcat (near Hooper,
studyof inland lakes are integrated into a detailed Washington),and Sulphur(near Connell,Washington)
record of environmentalchange. Findings identifya that extend from the present forest zone into the
terminalPleistoceneenvironmentkeptcoolanddryby steppe, zone of eastern Washington (Figure 2.27).
masses of ice and glacial meltwater, supporting a This was expectedto provide detailed informationon
mosaicofnow-allopatricplantandanimalcommunities, the distributionsof vegetation types and levels of
Thiswasfollowedbetweenl 0 kaand8.5 kabya period ground water in the Pasco Basin and vicinity. The
ofwarmer-than-modemsummers,colder-than-modem pollenanalysiscompleted inFY 1990 forthe 13-kyear
winters and low, but spring-dominantprecipitation, recordfromWildcat Lake showsthat climaticchanges
supporting extensive grasslands and the faunas associatedwith the end of the last glaciationwere
associatedwiththem. By8kasummerandwinterwere consistently at least as rapid, if not more rapid, than
both relatively warm, and precipitationwas at least those predictedto result from the buildup of green-
33% belowmodem levels. Thisclimatepatternresulted housegases. The 13-kyear recordfromWilliamsLake
in reducedstreamflows with late springflow maxima exhibits a similar transition, but in more detail and
andextensivedevelopmentofshrub-steppevegetation extendedovera longerperiod. Effortstocore Sulphur
throughout most of the region. Climate cooled but Lake below Mazama volcanic ash (which dates ap-
remaineddrybetween5.4kaand4.5ka, thenunderwent proximately 6.8 ka) in FY 1990 were unsuccessful.
aperiodoftransitiontowetter,coolerconditionsbetween The sedimentspost-datingthe Mazama ash layer had
4.5 ka and 3.9 ka. Rivers flooded frequently, and abandedcharacterthat mayhave resultedfrom rapidly
forestsexpandedintosteppezones. From 3.9 ka until fluctuatingwater levels that may prove to be an espe-
2.4 ka the climate was cool in summer and cold in ciallygoodindicatorof ground-waterlevels inthe area
winter,with winter-dominantprecipitationat least30% just east of the Hanford Site.
above modem amounts. Alpine glaciers underwent
thefirstsynchronousadvance ofthe Holocene.Rivers Subtask3.2 (FullGlacial PollenStudy) wasdirected at
stabilized,andtheirpeak flowswere delayed intomid- coring Carp Lake, near Goldendale, southeastof the
summer; steppe vegetation increased in density as Hanford Site. This site completes the northeast to
subalpine and probably montane forests expanded southwest transect of pollen that cuts through the
beyondtheirmodernmargins.Warmer,drierconditions PascoBasin(Figure2.27). Ageophysicalsurveyofthe
returnedbetween 2.4 ka and2ka, reducingvegetation bottom of Carp Lake was performed to locate the
density and bringing a renewal of severe flooding, deepestsedimentsectionofthe lake,butthe effortwas
Climatethenimprovedsomewhat,andmodem climates not completelysuccessful. The lake coringoperation
were established.The Little IceAge, althoughevident has been successfulin recoveringover 19.3 m of lake
in alpinecirques, had littleapparenteffecton regional sediment.Theage ofa 15-cmvolcanicashlayerat8 m
environments except for a slightdrying around 550 depth isknownto be 33 ka based on the earliercoring
years ago. Figure 2.27 compares modern and efforts at the lake. This gives a deposition rate of
reconstructionvegetationfor varioustime periods, approximately4.0 k yearsper meter and suggeststhat

the age of the recoveredsediments may be as old as
Under Task 3 (Pollen and Lake Sediments Studies), 75 k years at 18 m and because of compaction could
subcontractswere put inplace withWashingtonState possibly be as old as 125 k years. A number of
University,Pullman,andGolderAssociates,Seattle,to volcanic ash layers occur in the recoveredsediment
collect, date, and analyze fossilpollenand other lake core.
sedimentdata obtainedfrom long sediment cores to
allow further refinement of the developing climate Another subcontractto Washington State University
historyof the Pasco Basin region highlightedabove supportsTask 5 (Terrestrial Sediment Studies),Sub-
andprovidemorelocation-specificclimaticinformation task 5.1 (Studies of Eolian Processes). This subtask
withspecial emphasis on the periods 125 ka, 18 ka, studiedthe relationshipbetweeneolianprocessesand
9 ka, 6 ka, and3.5 ka. The taskhas been dividedinto climaticconditionsduringthe postglacial period (last
twosubtasks. 10 ka to 13 ka) on and aroundthe Hanford Site.

Subtask 3.1 is a transect of pollen sites across the The FY 1990 research involved 1) assessing aerial
scablandsof the centralColumbia Basin. In FY 1990, photographyandlocationof appropriateeoliansample
the subtaskfocusedonthe pollenrecordscontained in locales; 2) performing trench studies and sampling
the lacustrine sediments from three lakes, Williams eoliandeposits;3) conductingreconnaissancestudies
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fordune depositscontainingdatable volcanicash and site-widesand dune reactivationwas not breached for
archaeologicalsites;4) analyzingtexture and compo- long. Fourth,texturalanalysesof samplesfromsouth-
sitionof eolian samples; and 5) locating, describing, em portionsof the site showed a crude, fining down-
and samplingHolocene-aged alluvialand alluvial/eo- wind trend from southwestto northeast across the
lian sediments in the Dry Creek Canyon, along the HanfordSite. Concentrationsof coarse-grained sedi-
"horn" of the Yakima River and on the northeastern ment (mean grain sizes from medium- to course-
flanksof RattlesnakeMountain. grained sand) occurred on and adjacent to the 200

Areasand near the easternmostflanksof Rattlesnake

Initialfindingsindicatedfirstthat individualactivedunes Mountain. Concentrations of fine-grained sediment
in the limited area of studyhave both increased and (mean grain sizes fromfine- to medium-grainedsand)
decreased in size and area during the last 40 years, occurred between the old Hanford townsite and the
Second, ingeneral, there has been an apparent trend Washington Public Power Supply System reactors.
towardincreasedstability[decrease in(approximately Finally,two radiocarbonsamplesfrom the Dry Creek
40-year)] dune migration rates range from approxi- localitywere analyzed and returned dates of 9.3 ka
mately 2 to 4 m/yr, but relationships are complex, fromthe baseof the sequence and6.4 ka within3 m of
Third, rapid restabilizatlonof the previouslystabilized the surface. These results indicatethat fluvialdeposi-
dune surfacefollowing a 1984 wildfiresuggestedthat tion was rapid during the early Holocene, but has
the climatic threshold needed to promote wholesale slowed substantiallysince 6.4 ka.
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Protective Barrier Development Teams

. Barrier Design Team (BDT)

N. Richard Wing (WHC, Task Leader)
• JerryW. Cammann (WHC)

Sheryl D. Consort (KEH)
DavidL. Fort (KEH)
Giendon W. Gee (PNL)
Dennis R. Myers (WHC)
StevenJ. Phillips(WHC)

Barrier Technical Advisory Board (BTAB)

ProjectManagement Jerry W. Cammann (WHC)
BiointrusionControl LarryL. Cadweil (PNL)
Water InfiltrationControl Giendon W. Gee (PNL)
Erosion/DepositionControl Wallace H. Waiters,Jr. (PNL)
PhysicalStabilityTesting Steven J. Phillips(WHC)
Human Interference Control Kenneth t, Petersen (WHC)
BarrierConstructionMaterials Dennis R. Myers (WHC)
PrototypeBarrier Designsand Testing N. RichardWing (WHC)
Model ApplicationsandValidation MichaelJ. Fayer (PNL)
NaturalAnalog Studies James C. Chatters (PNL)
Long-termClimate Change Effects Kenneth L. Petersen (WHC)
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Final Design Barri_'rDesign Team
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