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GI,OSSARY

Modified from Gary et al. (1974).

AaaradatiQ_: The buildingof the Earth'ssurfaceby deposition.

Air-fall tqff: A compacteddepositof volcanicash that settledfrom the air.

, Allqvial fan: A low, outspread,relativelyflat to gently slopingmass of
loose rock material,shapedlike an open fan or a segmentof a
cone, depositedby a stream at the place where it issues from

• a narrow mountainvalley upon a plain or broad valley.

Anastomosing: Braidedstream channelgeometry.

Anticline: Folded rock that convexesupward.

Bar: A ridge-likeaccumulationof sand or gravel formed in a
channel,along the banks,or at the mouth, of a stream where a
decreasein velocityinducesdeposition.

Basalt: Dark volcanicrock eruptedupon the surfaceof the Earth.

C_]_l_l_: A rock fragmentor particlesmallerthan 1/256mm.

Conqlomerate: A coarse-grainedsedimentaryrock composedof larger fragments
(>2 mm) set in a fine-grainedmatrix of sand and silt.

Cross-bed: A single,thin-bedded,often lenticularlayer of homogeneous
or gradationallithology,depositedat an angle to the
originalsurfaceof deposition.

Diaqenetic: Pertainingto the chemical,physical,and biologicchanges
undergoneby a sedimentafter its initialdepositionand
during and after its transformationinto a rock.

DjiI_: The maximum angle that a surfacemakes with a horizontal
plane.

" En echelon: Geologicfeaturesthat are in a staggeredarrangement.

Epiclastic: Pertainingto sedimentaryrock whose fragmentsare derivedby
• weatheringor erosion.

Facies: The sum of all primaryrock characteristicsexhibitedby a
sedimentaryrock and from which its origin and environmentof
depositionmy be inferred.

Fanqlomerate: Sedimentaryrock depositedby an alluvialfan.
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GLOSSARY(Continued)

Foreset bed: A gently inclined layer of material deposited upon an
advancing and relP,tively steep frontal slope of a sand wave.

Fluvial: Pertaining to, produced by, or formed in a river.

Glaciofluvia]: Pertaining to the meltwater streams flowing from a glacier.

Gradinq: The gradual reduction, in a progressively upward direction •
within an individual stratification unit, of the upper
particle-sizeIimit.

Interbed: A thin bed on one kind of rock occurringbetweenbeds of
anotherkind.

Isopach: A line drawn on the map connectingpoints of equal thickness.

l,acustrine: Pertainingto, producedby, or formed in a lake.

Lamination: Sedimentarylayer less than I cm thick.

Mud: A mixture of silt- and clay-sizeparticles.

Overbank: Fine-grainedsedimentdepositedfrom suspensionon a flood
plain by floodwatersthat can not be containedwithin the
stream channel.

Overturned: Pertainingto the limb of a fold that has tilted beyond
perpendicular.

Paleocurrent: An ancientcurrentwhose directionis inferredfrom
sedimentarystructures.

Plunqe: The inclinationof the axis of a fold.

Shale: A fissile,laminatedrock formedby consolidationof clay,
mud, and silt.

_j_l_t_: A rock fragmenthaving a diameterbetween 1/256 and 1/16 mm. ,

Suprabasalt: Sedimentarystrata that overliethe Columbia River Basalt
Group.

S.yncline: Folded rock that concavesupward.

Tectonic: Pertainingto the forces involvedin deformingthe earth.

Tholeiitic: Silica-richbasalt.

Tuffite: A compacteddepositof volcanicash and detritalmaterial.
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APPENDIXA

T_CHNICALBASISFORA GROUNDWATERTRANSPORTANALYSISAT THE HANFORDSITE

21B-E-12BBURIALGROUND



A.I INTRODUCTIQN

This appendixdescribesthe technicalbasis for a groundwatertransport

analysisthat was conductedto evaluatemigrationof potentiallyhazardous

materialsfrom the Hanford Site 218-E-12Bburial ground. The analysis

characterizedthe geologic,chemical,and hydrologicpropertiesof the

disposal site, and used that informationto performa screeninganalysisfor

" transportof materialsfrom the burialground to downgradientgroundwater

locationsand to the ColumbiaRiver. Subsequentsectionsof the appendix

" describe the geologic setting,geochemistry,and hydrologyof the disposal

site and their relationshipto the transportanalysis.
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A.2 GEOLOGICSTRUCTURI_AND PHYSICAL-HYDRAULICPROPERTIESOF SEDIMENTSBENEATH

THI_HANFORD SITE 218-E-I2BBURIAL GROUND

This sectionof the appendixpresentsthe resultsof a geologicand

hydrologicstudy of the 218-E-12BBurialGround,locatedwithin the 200-East

Area of the HanfordSite in south-centralWashingtonState (FigureA.I). lt

includesa descriptionof the burial ground,discussionsof the local geologic

• and hydrologicsettings,and the geohydrologyof t_e saturatedand unsaturated

zones beneaththe site. A key task in this projectwas the collectionof

outcrop and boreholesamplesfor physicalanalysis. These data are presented

in Appendix B, along with as-builtdiagramsand well historysheets for the

two groundwatermonitoringwells adjacentto the 218-E-12BBurial Ground. The

geohydrologyin the vicinityof the 218-E-12BBurial Ground is influenced

primarilyby unsaturatedflow within the vadose zone; generallyonly a few

feet of unconfinedaquifer is presentabove the top of basalt.

A.2.1 _TRATIGRAPHY

Four principalstratigraphicunits are representednear the 218-E-12B

Burial Ground (fromoldest to youngest): I) the Miocene ColumbiaRiver Basalt

Group (SaddleMountainsBasalt),interbeddedwith 2) sedimentarydepositsof

the EllensburgFormation; 3) the Mio-Pliocenefluvial-lacustrineRingold

Formation; and 4) the glacio-fluvialHanfordformation(FigureA.2). This

stratigraphyis based on hundredsof boreholesdrilled in the area.

Stratigraphicinformationfor this reportwas compiled from regionalstudies

(Tallmanet al. 1979; Last et al. 1989; DOE 1988; Lindseyet al. 1992),as

well as ongoinglocal studiesused to characterizeand monitor several

site-specificResourceConservationand RecoveryAct (RCRA)projectsthat are

" close to the burial ground (withinI to 2 mi). These latter sourcesof data

includethe Low-LevelBurial Grounds (Lastet al. 1989; Barton 1990),

" 216-B-Pond,the Liquid EffluentRetentionFacility (Doremusand Pearson1990),

and 216-B-63Trench (Bjornstadand Dudziak!989). Stratigraphicsectionsused

in this reportwere gatheredfrom the previousreports. Their interpretations

were updated,where necessary,based on a combinationof drillers'and

geologists'logs, gross gamma geophysicallogs, and particle-size/CaCO3 data

A.2.1



iii I

WASHINGTON

Richland

N _ 0 5 Miles Portland '
! !

Study Area

- /
_°°-_°,tN N'Area 200-East

Area

Hanford Site
Boundary

I i

FIGUREA.I. LocationMap of the 218-E-12BBurialGroundStudyArea

A.Z.Z



-- lO.5-

Elephant
= Mountain Member
c
:= _ Rattlesnake• 0

= _ _ Rid_geInte_.___..,....,,.._¢_ 12.0-

Pomona
Member

FIGUREA.2. GeneralizedStratigraphicColumnforthe 200-EastArea

A.2.3



from the ROCSANdatabase (WHC Iggl). The wells used and the characterization

data associatedwith each well are listed in Table A.I. FigureA.3 is a

locationmap of the boreholesIn the vicinityof the burial ground. Cross

sections,locatedin FigureA.3, that show the interpretedsubsurface

stratigraphybased on the data from these wells are presentedin FiguresA.4

and A. 5.

In addition to borehole studies, detailed observations were made and

samples were collected from the excavated exposures of the 218-E-12B Burial

Ground itself. A geologic map (Plate A.1) of the exposed burial ground wall

was prepared and samples of the different lithologic types present were

collected for a variety of laboratory analyses. These analyses include

grain-size distribution, moisture content, porosity, permeability, bulk

density, clay mineralogy, and bulk geochemistry. The analyzed samples are
listed in Tables A.2 and A.3 and were collected from locations shown in Plate

A.1 and Figures A.6 and A.7. Data from the completed analyses are provided in

Appendix B (Parts 1-5). For comparison with outcrop samples, similar analyses

were performed on selected samples of borehole cuttings obtained from two

wells immediately adjacent to the 218-E-12B Burial Ground (299-E35-1 and

299-E34-7, Figure A.4). Completed analyses are reported in Appendix B

(Parts 4-6).

A.2.1.1 Columbia River Basalt Grouo

The Columbia River Basalt Group is an assemblage of tholeiittc,

continental flood basalt flows of Hiocene age. These flows cover much of the

Columbia Plateau, which includes an area greater than 163,700 kmz (63,000 mi2)

tn Washington, Oregon, and Idaho, and have an estimated volume of about

174,000 Iona (40,800 mta) (Tolan et al. 1989). Isotopic age deteminations

indicate that basalt flows were erupted from approximately 17 to 6 million

years before present (Ha). More than 98%of thts volume was erupted in a 2.5-

million-year period between 17 and 14.5 Ma (Reidel et al. 1989). The youngest

basalt flows in the vicinity of the 218-E-12B Burial Ground belong to the

Elephant Mountain Memberof the Saddle Hountains Basalt, which is about 8.5 Ha

(HcKee et al. 1977).

A,2.4



3

= _ _ 00o0o0=

-- Z

o

_ _ _ _ _ m m mm m _ m _ m m _ _ _ <<<

,

m m _ _ _ _ o _ m m _ m_. _ _ _ _ " > > >< < <
m _ m m m m _ _ _ _ _ o m = m o m m z Z Z Z

, _ _

1 -!I
" _ =_z

_ _________ =_ _ _ _ _ _ _ _ _ _ _ _ _ _ II
& & & & & & & & & & & & & & & & & _ _ _ _ <Z_

A.2.5



A.2.6



0006_' 00081_ O00L_' 0009_' O00St_ O001rl_=

A.2.7



i

ii - Im_.--'b_

I 'ii' J"
(ioo0

ev_

_< _, _o-O_o,°_, ° ° ,o,°__ ':'

_- _ ::I'_Z_1_; o,-"'_"_'_

r
Z

'1 0

' _ _

__._,_p II" 0_I

__,_;_ I'_II_T_"-_-._' '/_ .--

u.i

;pi I

I _i _ __o:o:o_-,

_ '_ _ _- _:_,,, ,...,..,..!. ,_ _m._ :__l._j._ "
_-_ ®_

I I I I , I -.--J I I I I I I

('3b"lNo^Oqllli) UOllllAOFJ ('lSiqo^oql1111UO!ISAet3

A.2.8



A.2.9



>.

<

_ia= x:x x
•d _z:X

0 X_X X X X X X X X

0 ,,,,_ 0
•i_ m_

0 _

..l _ XX X XX XXXX

IB

_ . XX X XX XXXX
I.U'

_.,- ILl:

,--- Wl

--N!I_ X X XIX!X X X X

m

! _,l IJJiI., i e,'_.
Ld,..-. _LI__.: "---

Glq- _ "
•_ 0 "

A.2.10



A.2.11





r,- e- c-
O 0 0

s_!unpeddRl_l
A.2.13



A.2.1.2 _llen_burqFormation

The EllensburgFormationconsistsof all sedimen+_ryinterbedsthat

separatethe basalt flows of the ColumbiaRiver BasaltGroup in the central

Columbia Basin (DOE 1988). Tilefrequencyand thicknessof these interbeds

increasestratigraphicallyupwardwithin the basalt sequence,reflectingan

increasingtime span separatingthe younger flows. Interbedsin the vicinity

of the 218-E-12BBurial Ground generallyconsistof fine-grainedfluvialand

overbankdeposits.The uppermostinterbedbeneaththe burial ground is the

RattlesnakeRidge interbed (see FigureA.2). Regionallyit has been divided

into four facies ('_ ascendingorder): I) a clayey basalt conglomerate, 2)

an epiclasticfluvial-floodplainunit, 3) an air-falltuff, and 4) a tuffite

composedof reworked tuff and epiclasticdetritus (Grahamet al. 1984).

A.2.1.3 RinqoldFormation

Th_ RingoldFormationconsistsof interbeddedclays, silts, sands, and

gravelsdepositedby the ancestralColumbiaand Salmon-ClearwaterRivers

subsequentto basaltic volcanism(DOE 1988). The RingoldFormationis

restrictedto topographicand structuralbasins of south-centralWashington.

Within the Pasco Basin, it is subdividedinto a numberof facies associations,

includingfluvialgravel;fluvialsand; and overbank,lacustrine,and alluvial

fan facies associations(Lindsey1991).

The RingoldFormationis presentto the south and east of the study area

but is not presentwithin the study area or to the northwest(FigureA.8).

During the late Pliocene,severalhundredfeet or more of RingoldFormation

filled this portionof the Pasco Basin. At the end of Ringoldtime, however,

a period of downcuttingensued, first by the ColumbiaRiver and later by a

series of cataclysmicfloods. These erosionalepisodesremovedmuch of _he

RingoldFormationfrom the centerof the basin and locallystr;ppedaway the

entire Ringold Formation,as well as the underlyingElephantMountainMember.

A.2.1.4 Hanford Formation

The Hanford formation(informalname) is the principalsuprabasaltunit

in the study area, averagingabout 61 m (200 ft) in thickness(FigureA.g).

The Hanford formationwas depositedintermittentlyduring periodsof

cataclysmicfloods,unmatchedby any others on Earth, that inundatedthe Pasco

A.2.14
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Basin dozens or more times duringthe Pleistoceneepoch. The earliest floods

occurredprior to 800,000years ago (Bjornstadand Fecht 1989), and the last

flood took place approximately13,000years ago (Mullineauxet al. 1978). The

floodwaterswere derivedfrom huge ice-dammedlakes situatedalong the

northernand easternboundariesof the ColumbiaPlateau(Baker and Nummedal

1978; Waitt 1980). These lakes dischargedat intervalsrangingfrom tens to

hundredsof thousandsof years and coursedthroughthe Pasco Basin forminga

. seriesof anastomosingflood channels. The 200-EastArea and the 218-E-12B

BurialGround lie along the margin of one of the principalflood channels.

Adjacentto this channel,within the study area, huge levee-typebar deposits

(ColdCreek Bar, Figure A.IO) composedof mostly coarse-grainedsand and

gravel were deposited.

Facies_Distributionand SedimentaryStruG_qres

The Hanford formationis divided intothree facies associations

principallyon the basis of texture: I) gravel dominated, 2) sand dominated,

and 3) slackwater. While all three facies are presentwithin the study area,

the gravel-dominatedfacies is predominant. Characteristicsof the

gravel-dominatedfacies,in contrastto the other facies,includea generally

higherbasalt content, poorer sorting,and characteristiclarge-scaleforeset

bedding(FigureA.11). Less commonly,the flood gravelsshow horizontal

bedding. The beds are usuallydiscernibleby minor gradationsin particle

size, of which maximum sizes range from pebbles to bouldersgreaterthan I m

in diameter. Sedimentsin the subsurfacegenerallyare finer grained to the

south and west of the 218-E-12BBurial Ground,as a result of the decreasein

currentenergy away from the flood channelaxis. This gradationis apparent

in the regionalgeologic cross section (FigureA.12),where the proportionof

sand-dominatedfacies increasesto the south of the burial ground. A similar

" gradationoccurs with increasingdistanceto the west toward the interiorof

Cold Creek Bar, as shown in cross sectionsA-A' and B-B' (see Figure A.4).

Although sand-dominatedfacies are not common in the study area, a well

exposedsand-dominatedsequenceis preservedin the northeastwall of the

218-E-IZBBurial Ground (FigureA.13). Sand-dominatedfacies are better

sortedthan the gravel-dominatedfacies and have a "salt and pepper"

appearanceresultingfrom a relativelyhigh percentage(30 to 50%) of dark
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(A)

(B)

FIGUREA.II. Gravel-DominatedFaciesof the Hanford Formation-- Close-up
photo (A) shows the coarse-grained,poorly sorted nature of
this sedimentarytype. Large-scaleforesetbedding [indicated
by dashed lines in (B)], is common in the gravel-dominatedfacies.
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FIGUREA.13. Sand-DominatedFaciesof theHanford Formation--Slackwater
bedsaboveand belowthe sand-dominatedfaciesare indicatedby
arrows. Mappableunits(Qha,Qhb, andQhc)withinthe pit are
indicatedin the lowerphotograph.
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basalticgrains. Structurally,the sand-dominatedfacies generallydisplay

planar subhorizontallaminations;less commonly,these facies have large-scale

tangentialcross bedding. Both types of sedimentarystructures,planar

laminationand tangentialcross bedding, are representedin Figure A.13.

Slackwaterfacies (predominantlysilt- to fine sand-sizedparticles)

compose a relativelysmall proportionof the Hanfordformationin the study

area. Slackwaterdeposits,however,are no less significantbecausethey tend

to concentrateand controlvadose-zonetransportof moisture as a result of

their higher moisture-retentioncapacity. In the study area, slackwater
w

deposits representlate-floodsedimentationduring the final, waning stages of

floodingas currentslost energy. Elsewhere(southof the 200-EastArea, for

example),slackwaterflood deposits are the predominantfacies becauseof less

vigorouscurrentsthroughoutflood duration.

Two thin (a few feet or less) beds of slackwatersand and mud

(undifferentiatedsilt- and clay-sizedparticles)occur in the exposedupper

15 m (50 ft) of the 218-E-12BBurial Ground and are traceablearoundmost of

the excavation(see Plate A.I). Characteristicsof these slackwaterbeds,

besidestheir fine-grainedtexture,are small-scaleclimbingripplesor

horizontallaminations,grading,and a relativelylow percentageof basaltic

particles (<10%). These deposltsgenerallycontainmore moisture than do

adjacentcoarser-graineddepositsof sand and gravel. The lower slackwater

bed is shown in FigureA.14, the upper bed in FigureA.15.

Several interestingstructuralfeaturesare displayedin the exposed

north wall of the E18-E-IEBBurialGround (see FigureA.15). Of particular

interestis a set of three giant currentwaves composedof coarser-grained

(i.e., higher-energy)sand and gravel. Wave crests are approximately45 m

apart and preservedapproximately10 m below the undisturbedsurface. Draped

over the tops of these waves are slackwaterdepositswhose thicknessesvary

. significantlyover relativelyshort distances. The deposits are thinner

toward the crest of the wave and thickerin the troughs,especiallyon the lee

sides of the waves. The measured axis of one of the waves strikesN20E, a

directionconsistentwith other paleoflowindicatorsthat suggestdeposition

by floodwatersmoving from northwestto southeast. Waveformsof similarscale
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and ortgin, left behtnd by the most recent flood (approximately 13,000 years

ago), are well documented at the surface within the Pasco Basin and Channeled

Scabland (Baker 1978).

Heteroaeneity

Unlike conditions within the Ringold Formation, lateral continuity and

correlation of individual strata within the Hanford formation are more

difficult. Correlations within the Hanford formation are uncertain because

1) multiple floods occurred that inundated the Pasco Basin from different

directions, 2) sedimentation occurred rapidly under an extremely complex and

constantly changing system of flood channels and bars, and 3) samples

collected during drilling may be unrepresentative. Interpretations based on

borehole cuttings and geophysical logs of varying relevance and quality are

open to question because drilling with a hard-tool bit tends to homogenize

samples, thus obscuring heterogeneities.

Heterogeneity within the Hanford formation occurs at such a scale that
strata identified in one borehole often cannot be correlated to adjacent

boreholes, partially as a result of the complex history of flooding. Dozens

of floods, or more, probably have occurred during the 1ast million years

(Waitt 1980) with the floodwaters coming from many directions. The last

flood(s) appear to have inundated the Pasco Basin from the northwest, but good

evidence suggests that other floods also entered the Pasco Basin from the

north (Baker and Nunanedal1978; Waitt 1980) and the east (Malde 1968; Scott et

al. 1983). Successive floods tended to destroy or cloud the evidence from

previous floods, particularly near high-energy flood channels. This is true
for boreholes near the 218-E-12B Burial Ground, with the possible exception of

a slackwater bed located 10 to 15 m below the surface. (This bed will be

discussed further tn the structure section of this report.) Another

complicating factor is the extremely rapid rate of sedimentation and lack of

reworking of the sedimentary deposits. Often, the end result of erosion and

backfilling in proximity to the flood channels is a single sequence of

undifferentiated gravels (i.e., gravelndominated facies) with occasional

lenses of sand or gravelly sand (i.e., sand-dominated facies).
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Limitations and Uncertainties Rela)Qd )Q Using SomeData

As indicated previously, hard-tool samples may not be representative of

the formation. Unlike samples collected via the drive-barrel tool,which

provide relatively representative samples, those collected with a hard tool

may be significantly altered during drilling; commonlythey are pulverized.

The degree of pulverization varies inconsistently, depending on the driller

and formation characteristics. Thus, physical properties such as grain-size

distribution, sorting, and structure are altered or destroyed in the process

of hard-tool drilling. Another limiting factor is that hard-tool samples

represent a homogenization of several or more feet of formation so that

thinner strata often go unnoticed. Therefore, more credence should be applied

to those interpretations based on core-barrel samples versus those from

hard-tool samples. The sampling methods are identified on the geologic cross

sections (see Figures A.4 and A.5).

Gross gammageophysical logs are sometimes useful for differentiating

slackwater facies from coarser-grained facies. However, their utility is

limited by the lack of contrast in natural radioactivity between the

slackwater beds and the coarser facies. Under these conditions, the

slackwater beds must be several feet thick to be detected, a criterion which

is not often satisfied.

As a test to determine how borehole cuttings compare to in situ samples

from outcrop exposures, characterization samples were collected from two

boreholes immediately adjacent (within a few tens of feet) to the Z18-E-1ZB

Burial Ground and from the burial ground walls themselves. Results, based on

available data, indicate significantly more variability and heterogeneity in

the outcrop than can be deciphered from borehole cuttings, or from the present

generation of gross gammageophysical logs collected at Hanford (Figures A.16

and A.17).
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A.2.2 STRUCTURE

A.2.2.1 Reqiona] Structure

The Hanford Site lies along the eastern margin of the Yakima Fold Belt

(DOE 1988). The fold belt is characterized by long narrow anticlines,

generally cappedby basalt, separated by broad synclines filled with fluvial
and lacustrine sediments. The anticlines trend west or northwest. They are

typically asymmetric with one steep, commonlyoverturned limb; the opposing

limb is gently deformed. The UmtanumRidge structure is one of these

anticlines. Its eastern terminus is marked by a series of doubly plunging, en

echelon anticlines. Gable Mountain, north of the study area (Figure A.18),

lies along the easternmost end of this structure. The southern limb of the

Gable Mountain Anticline dips gently (average 2 degrees), to the south (Fecht

1978) toward the axis of the Cold Creek Syncline. The 218-E-12B Burial Ground
lies on this southern limb.

A.2.2.2 Lo¢_1 Structure

In the study area, the tectonic structure at the top of the Columbia

River Basalt Group is dominated by a plunging anticline and a pothole.

Tectonic structures within the Hanford formation, if any are present, are

difficult to discern because of tts relatively young age with respect to

folding and the lack of correlatable units.

A probable anticline at the top of the basalt occurs within the

northwestern part of the study area (Figure A.19). It strikes northwest and

plunges to the southeast, directly toward the 218-E-12B Burial Ground. Up to

20 m of the basalt flow has been removed locally by erosion during the

cataclysmic Hanford flooding (Graham et al. 1984). Nevertheless, this

anticline and another larger one to the northeast (Figure A.20) both persist

after restoration to a pre-erosion thickness of 30 m. Within the study area,

the smaller fold has an amplitude, measured on eroded basalt, of around 6 m.
o

Several small plunging anticlines occur adjacent to the Gable Mountain

and Gable Butte structures (see Figure A.18). Fecht (1978) considered these

structures to be parasitic to the eastern extension of the UmtanumRidge
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structure. The presenceof R4ngoldfanglomerates along the southern flank of

GableHountain suggeststhat these structures were present during Ringold
time. It is not possible to detemJne whether the Hanford formation has been

folded by these structures. However,such a situation is unlikely becausethe
Hanford formation near the channels is probably late Pleistocene (<30,000

years ago).

A distinctive depression forms the northeastern boundaryof the
t

anticline within the study area (see Figure A.lg). W.ll control for the shape

of the depression is weak toward its northwest; however, it appears to be
circular and steep sided, with a maximumdiameter of 490 m and a minJmu=depth
of 10 m. The maximumdepth is around30 m. The shapeand size are similar to

those of potholes, geomorphicfeatures formed during the cataclysmic floods.

The mechanicsof pothole formation within the ChanneledScabland are not

well understood. Potholes probably developed from macroturbulent flow -- very

large-scale turbulent flow typified by the developmentof secondary

circulation, flow separation, and birth anddecay of vortJcity around

obstacles and along irregular boundaries (Baker 1978). The most important
form of erosion tn macroturbulence is the "kolk" (Hatthes 1947), an intense

energy dissipation by upwardvnrtex action that can produce ph_nomenal
hydraulic lift forces. Theseforces would be capable of plucking out large

pieces of basalt from irregular surfaces to form potholes.

Potholes would be expected in zones of very high fluid flow and

relatively low sedimentcontent (Baker 1978). The flow of the floodwaters

within the study area was probably initially confined to the pre-existing main
channel of the ancestral ColumbiaRiver (see Figure A.ZO). As the floodwaters

eroded downward,the top of the basalt was encounteredand erosion continued.

. In the region near the study area, the channelwas localized by small
anticlines, andthis initial confinement of the floodwaters probably promoted

. the local developmentof potholes (see Figure A.20).

A single slackwater sand andmudbed similar to the two exposedwithin
the Z18-E-lZB Burtal Groundwas traced from the burial ground to manyof the

wells within the study area (Figure A.21). This bedwas recognized from a

combination of geologists' logs, drillers' logs, motsture content data, and
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drill-penetration data. The bed was not recognized in somewells drilled with

a hard tool; either the bed was not present at these locations or the drilling

process obliterated any evidence.

The variabilityof thicknessof the slackwaterbeds within the ZI8-E-IZB

Burial Ground suggests it is highly unlikelythat a single bed occurs

continuouslythroughoutthis region. However,the well evidencesuggeststhat

bed continuitycannot be dismissed. The aggradationalnature of the overlying
J

sands and gravels, in concertwith the cohesivenessof the shale within the

slackwaterbed, may have protectedit from erosion.

The structureat the top of the slackwaterbed dips gently to the

northeastand mimics the local topography(FigureA.22). This is consistent

with the aggradationalnature of the Hanfordformationexpressedalong Cold

Creek Bar, and the lack of erosionat its surfacesubsequentto depositionof

the Hanfordformation.

A.2.3 HYDROLOGY

Regionalhydrologywill be discussedin a separatesectionof this

appendix. Severalpublishedreportsalso cover this subject (Newcombeet al.

Ig72; LaSala and Dory Ig7S; Gephartet al. Ig7g; Graham et al. 1981). The

presentdiscussionwill be limitedto hydrologyof the study site.

Groundwaterin the vicinityof the study area exists under both

unconfinedand confinedconditions. The unconfinedaquiferis generally

containedwithin the Hanford formation,the lower confininglayer being the

ElephantMountainMember of the Saddle MountainsBasalt (see FiguresA.4, A.5,

and A.12). A generalizedstratigraphiccolumn of these units was shown in

Figure A.2. Althoughthe ElephantMountainflow generallyacts as a confining

• layer betweenthe unconfinedand uppermostconfinedaquifers,there are areas

where these aquifersare hydrologicallyor physicallyconnected(see the

• sectionon aquiferintercommunication).Saturatedhydraulicconductivities

for the Hanfordformation,based on aquifertests, range from 25 to 27,500

m/day (80 to go,o00 ft/day) (Grahamet al. 1981; Last et al. 1989, Borgheseet

al. IggO). The highesthydraulicconductivitiesare associatedwith matrix-

depleted boulderygravels,which are generallynot present beneaththe
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218-E-12BBurial Ground. In contrast,the saturatedhydraulicconductivityof

basalt underlyingthe unconfinedaquifer is less than I m/day in the

horizontaldirectionand 3 x I0"sm/day in the verticaldirection (Lumet al.

199o).

Confined aquifersexist beneaththe study area within sedimentary

interbedsand/or interflowzones betweenbasalt flows of the ColumbiaRiver

Basalt Group. The uppermostconfinedaquifer is the RattlesnakeRidge

Interbed. lt is boundedby the ElephantMountainflow interiorand the Pomona

Member of the Saddle MountainsBasalt. Saturatedhydraulicconductivitiesfor
b

the RattlesnakeRidge Interbedrange from 0.01 to 10 m/day (0.03 to 30 ft/day)

(BWIP 1982; Graham et al. 1984).

A.2.3.I GroundwaterFlow Direction

FigureA.23 is a regionalwater-tablemap with presumedflow directions

for the area surroundingthe 200 Areas. A mound in the water table beneath

216-B-Pond (B Pond) causesthe predominantwestwarddirectionof groundwater

flow within the study area. B Pond is a seriesof unlined,interconnected

waste water disposal ponds that receiveeffluentfrom the 200-EastArea. In

the northernpart of the study area, groundwaterappearsto flow south to

southeastthroughthe divide betweenthe two basalt highs south of Gable

Mountain. FigureA.24 presentsa more detailedwater-tablemap for the

218-E-12BBurial Ground.

The saturatedthicknessof the unconfinedaquiferis shown in

FigureA.25. Beneaththe 21B-E-12BBurial Ground,this'thicknessranges from

O.G to 1.3 m (2 to 4.2 ft). Adjacentto the northernboundaryof the 200-East

Area, the saturatedthicknessof the unconfinedaquifer increasessharply,to

a maximumof at least 15 m. This circular area correspondsto an erosional

" "hole" in the underlyingElephantMountainMember (FigureA.26) that was

filled with flood depositsof the Hanford formation.

Maps of the elevationof the potentiometricsurfaceof the Rattlesnake

Ridge Interbedin Graham et al. (1984),Jensen (1987),Poston et al. (1991),

and Kasza et al. (1991)show a dominantlywestwarddirectionof groundwater

flow. Also, comparisonof potentiometricsurfaceswith the corresponding

water-tablemaps of the unconfinedaquiferin these four reports indicatesa
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slight upward potentialfrom the uppermost confinedaquiferto the unconfined

aquifer in the study area.

A.2.3.2 Aquifer Intercommunication

Strait and Moore (1982)and Graham et al. (1984)have investigated

aquifer intercommunicationat the HanfordSite near the study area and

identifiedan area of possibledownwardflow from the unconfinedaquiferto

the confined aquifer. They also mapped areas where the ElephantMountain

Member has been completelyeroded,includingthree erosionalholes aligned

along the axis of a probablepaleochannel(see FigureA.20) and an area west

of Gable Mountain that includesWest Lake.

One of these holes betweenthe confinedand unconfinedaquifers is

believedto occur just north of the 218-E-12BBurialGround (see FigureA.26).

Low barometricefficienciescalculatedby Graham et al. (1984)for well

699-47-50suggestlocal intercommunicationbetweenthe two aquifers. A

potentiometricmap by the same authorscalculatesan upward potentiometric

gradient,indicatingthat the confinedaquifershould flow upward into the

unconfinedaquifer. Furthermore,the water table atop the pothole is higher

than for any other region on the local water-tablemap (see FigureA.24) and

directsgroundwaterflow to the south,toward the burial ground.

A.2.3.3 GroundwaterChemistry

The two groundwater-monitoringwells nearestto the 218-E-12BBurial

Ground are designated299-E34-7and 299-E35-I. These wells are part of the

RCRA monitoringnetwork for the 200-EastArea Low-LevelBurial Grounds.

Analyticalresultsfrom groundwatersamplescollectedfrom these two wells and

severalother nearby wells are availablein RCRA quarterlyreports (DOE 1990a,

1990b). Other sources of groundwateranalyses includeannual reportsof the

HanfordSitewideMonitoringProject(Bryceand Gorst 1990; Evans et al. 1990).

Reportscontaininginformationon the hydrochemistryof the uppermostconfined

aquifer in the study area includeStrait and Moore (1982),Graham et al.

(1984),and Jensen (1987).
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A.2.4 SUMMARYOF GEOLOGICALFEATURES

Within the 218-E-12BBurial Ground the vadose zone is comprised

exclusivelyof the Hanfordformation, lt consistspredominantlyof

transmissivesands and gravels. There are some slackwaterdeposits,composed

of fine-grainedsands,silts, and clays,that are barriersto the downward

movementof moisture. They typicallyhave higher moisturecontentsand lower

hydraulicconductivities(seeAppendixB). Within the study area, these

depositsmay be laterallycontinuous(FigureA.21), and they could providea

pathway for migrationof contaminants. Excavationof the trench removedthe

slackwaterdeposits,thus removingthis barrierto transportof materials

buried in the trench.

Groundwatertransportin the 21B-E-12BBurial Ground area is dominated

by dischargeto B Pond and the inferredintercommunicationbetweenthe

confined and unconfinedaquiferswithinthe pothole (FiguresA.23, A.24, and

A.26). Presently,there are no groundwaterwells that can discriminate

betweencontaminationintroducedinto the pathway betweenthe two aquifersand

that introducedby the 218-E-12BBurial Ground.
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A.3 CONCEPTUALMODELS OF CONTAM]_NANTADSORPTION

Solute (includingcontaminar_) transportin the subsurfaceis controlled

by advection,hydrodynamicdispersion,moleculardiffusion,and geochemical

interaction. Advectionand hydrodynamicdispersionrefer to movementof

soluteat a rate dependenton the variouswater pathwaysand velocities.

Moleculardiffusionrefers to the gradualmixing of moleculesof two or more

• substancesas a result of randommotion and/or a chemicalconcentration

gradient. Diffusiondispersessolute via the concentrationgradient (i.e.,

. Fick's law). Diffusionis generallyonly importantin the absenceof

advection,and is usuallya negligibletransportmechanismwhen water is being

advected in responseto variousforces. Variabilityin the advectionprocess

gives rise to the transportprocesscalled hydrodynamicdispersion.

Hydrodynamicdispersionis a result of variabilityin travel paths, or

velocities,taken by the advectedsolute. Geochemicalinteractionscover all

reactionsthat are driven by chemical and biochemicalforces.

Once contaminantsare leachedfrom the buried wastes,they may

chemicallyinteractwith the soils and sediments. The major processes

affectingtransportincludethe following: dissolution/precipitation,

adsorption/desorption,filtrationof colloidsand small suspendedparticles,

and diffusioninto microporeswithin mineralgrains. The former two processes

are consideredmore important. Furthermore,for HanfordSite low-levelwaste

(LLW) disposal applications,precipitationis likely to be importantonly for

cases where significantpH and/or redox changesoccur when leachatesmigrate

away from the wastes. In most HanfordSite LLW situations,it is assumedthat

adsorptionprocessesare the key to contaminantmigration,especiallyoutside

areas where the waste has dramaticallyalteredthe sediment'snaturalchemical

• environment.

Adsorptionreactionshave been identifiedas the most important
e

contaminantretardationprocess in far-fieldtransportanalysesfor hazardous

waste disposaloptions. Adsorptionprocessesare known to increasethe travel

times for some contaminantsby 103 to 10e times relativeto the groundwater.

Sufficientlylong travel times allow many radionuclidesto decay before

reachingthe accessibleenvironment(i.e.,the biosphere).
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A.3.1 DISTRIBUTIONCOEFFICIENT

To predict the effectsof retardationusing safety-assessmentcomputer

codes, adsorptionprocessesmust be described in quantitativeterms. An

empiricalparameter,the distributioncoefficient(oftencalled Rd or Kd), is

readilymeasured by laboratoryexperimentationand allows a quantitative

estimate of nuclidemigration. Knowledgeof the Rd and of media bulk density

and porosity (for porous flow), or of media fracturesurfacearea, aperture

width, and matrix diffusionattributes(for fractureflow), allowscalculation

of the retardationfactor,Rf. The retardationf_ctor is delined as

V,
Rf = ----- (A.3.1)

V,

where V, is the velocityof water through a controlvolume and Vn is the

velocityof the contaminant.

For one-dimensionaladvection-dispersionflow with che_;icalreaction,

the transportequationcan be writtenas:

OC, [ aZC, OCt]----- = Dx vx _ (A.3.2)
at 8X2 8X

Rft

where C, = concentration of a particular radioactive species (i) in solution
l

(mass/unltvolume)

Dx = dispersioncoefficientof species (i) (lengthZ/time)

vX = pore velocityof groundwater(distance/time)

Rfl= retardationfactor for species (i).

(For simplicity,radioactivedecay has not been includedin this formula.)

The retardationfactor is a functionof all contaminantretardation

mechanisms:I) chemicalprecipitation/dissolutionof bulk solid phases, 2)

chemicalsubstitutionof one elementfor anotherin a solid phase, 3) exchangeB

of a stable nuclideof an elementwith a radioactivenuclide in solution,4)

physicalfiltrationof colloids,5) cation and anion exchange,and

6) adsorption (Mulleret al. 1983). Typically,all these mechanismsare
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folded into a singleempiricaldistributioncoefficientthat implicitly

assumesthat the reactionsgo to equilibriumand are reversible,and that the

chemicalenvironmentalong a solute flow path does not vary in either space or

time. The limitationsassociatedwith this assumptionare well known to

investigators,but the paucityof site-specificgeochemicaldata at most

disposal sites usuallyprecludesa more rigorousconceptualmodel, especially

for boundingor preliminaryperformanceassessmentcalculationssuch as

• presentedin the final report. Geochemicalprocessesmay also be irreversible

or at least directionallydependent(e.g.,adsorptionand desorptionmay be

• representedby differentmodel parameters),and yet the assumptionof

reversibilityand single values for model parametersare generallyemployed,

with the justificationthat the approachbuilds conservatisminto the

analysis.

In the constantRd model, the distributionof the contaminantof interest
between solutionand the solid adsorbentis assumedto be a constantvalue.

There is no explicitaccommodationof dependenceon characteristicsof the

sediments,groundwater,or contaminantconcentration. Typically,an Rd value

for a given contaminantis determinedin the laboratoryusing sedimentfrom

the study area and actual or simulatedgroundwaterto which a radioactive

tracer is added at low concentration. Then,

amount of radionuclideadsorbedon solid per gram
Rd - (A.3.3)

amount of radionuclidein solutionper milliliter

The term "tracer"typicallydenotesthat a low mass is added; however,

the final activity in soil and solutionmust be sufficientto facilitategood

• countingstatistics. The experimentsare often equilibratedby contactingthe

solid with severalaliquotsof water before adding the radiotracer,in an

• attemptto approachthe conditionexpected in the field. Severalstandardized

laboratorytechniques (ASTM 1984; Serne and Relyea 1983) are commonlyused to

determinethis ratio. In experimentswhere a radioactivetracer is not used,

the Rd value can be calculatedusing chemicalanalysisof the influentand

effluent solutionsin the followingequation:
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(Cinf - Ceff) V . C Soil V

Rd m -- . -- (A.3.4)
Ceff W C Solutlon W

where Cinf - contaminantconcentrationor tracer activityin influent
solution {g/mL or counts/mL)

Caff m contaminantconcentrationor tracer activityin effluent
solution {g/mL or counts/mL)

C,oll -contaminant concentrationor tracer activity in soil
(g contaminant/gsoil or counts tracer/gsoil)

Csolution m contaminantconcentrationor tracer activity in solution
(g/mL or counts/mL)

V - volume of solution used (mL)

W = weight of soil used (g).

Because lt is an empirical measurement, the Rd value does not necessarily
denote an equilibrium value or imply someof the other assumptions inherent in

the more rigorous use of the term "Kd." The term "Rd" wtll be used to
represent the observed distribution ratio of nuclide between the solid and

solution. The term "Kd" is reserved for true equilibrium reactions that show

reversibility. Furthermore, lt is customary with the constant Rd model to
measure the total concentration or radioactivity of the tracer and thus to

treat the tracer as being one chemical species. This assumption is not an

inherent requirement, but lt is generally applied for convenience. If one

knows that the tracer distributes amongseveral species and one can measure or

predict the distribution, separate Rd values can be, and should be, calculated
for each species.

The constant Rd model is mathematically very simple and readi'ly
incorporated into transport models and codes via the retardation factor term.

That ts, for porous flow
e

Pb
R = 1 +------ Rd (A.3.5) •

or

1-_e
R = 1 + pp Rd (A.3.6)
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where R m the retardationfactorv,/vn (velocityof water + velocity of
solute)

Pb " porous media bulk density (mass/unitvolume)

¢( - effectiveporosityat saturationof media or volumetricmoisture
content for unsaturatedmedia (dimensionless)

Rd = distributioncoefficient(mL/g)

pp = particledensity (mass/unitvolume).

• A large Rd value leads to a large retardationfactor,which signifies

that the contaminantis not very mobile comparedwith water percolating

• throughthe soil. An Rd value of zero means there is no adsorptionand the

equivalentretardationfactor equals I. That is, no adsorptionleads to no

retardation,R = I, and the contaminanttravels at the same velocity as the

pore water through the sediment (see Bouwer 1991 for more discussion).

For the constant Rd model, the retardationfactor (Rf)is a constantfor

each layer of geologicmedia; each layer is assumedto have a constant bulk

densityand saturatedeffectiveporosityor volumetricmoisture contentfor

unsaturatedsediments. Thus, this transportequationdoes not require

knowledgeof any other parameterssuch as pH or surfacearea, and it is easily

solvedto determinethe solutionconcentrationas a functionof time and at

any given point.

A.3.2 ISOTHERMADSORPTIONMODELS

The resultsof a suite of experimentsevaluatingthe effect of nuclide

concentrationon adsorptionwhile other parametersare held constant are

called an "adsorptionisotherm." Two adsorptionisothermmodels used

frequentlyare the Langmuirand Freundlichmodels.

The Langmuirmodel has been used to describe adsorptionof gas molecules

onto homogeneoussolid surfaces(crystallinematerials)that exhibitone type

of adsorptionsite (Langmuir1918). Many investigatorshave tacitly extended

" the Langmuir adsorptionmodel to describe adsorptionfrom solutiononto solid

adsorbatesincludingheterogeneoussolids. The Langmuirmodel for adsorption

is

bXmC
X = (A.3.7)

1 +bC

A.3.5



where X - amount of solute adsorbed per unit weight of solid

b = a constantrelatedto the energy of adsorption

Xm- maximumadsorptionconcentrationof the adsorbate

C - equilibriumsolutionconcentrationof the adsorbate.

SubstitutingI/B for b, we obtain

XmC
X - _ (A.3.8) .

B+C

A plot of values of X {y-axis) versus values of C (x-axis) passes

through the ortgtn and is nearly ltnear at low values of C. As C increases, X

should approach Xm. One can rearrange Equation (A.3.8) by taking its

reciprocal and multiplying both sides by X.Xm, to yield X = -B(X/C) + Xm.
Then by plotttng X on the y-axts and (X/C) on the x-axis, we can determine the

value for -B from the slope of the best-fit line and the value of Xm from the
intercept. For radionuclide adsorption onto heterogeneous soils and

sediments, the Langmuir model is typically a weak predictor of actual

adsorption events, although Salter et al. (1981a) cite several instances where

the Langmuir isotherm has successfully fit adsorption of trace solutes on

natural substrates. Furthermore, Salter et al. (1981b) discuss recent

modifications of the Langmuir model to accommodatetwo distinct sites and

competition of two adsorbates (the nuclide and the ion lt replaces on the

adsorbent), which should further extend this conceptual model's usefulness on
natural substrates.

The Freundlich isotherm model (Freundlich 1926) is defined as

X - KCN (A.3.g)

where X = amount of solute adsorbed per unit weight of solid

C - equilibrium solute solution concentration
o

and K, N = constants.

The Freundltch model does not account for finite adsorption capacity at

high concentrations of solute, but when considering trace constituent

adsorption, ignoring such physical constraints is usually not critical. The
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Freundlich isotherm can be transformed to a linear equation by taking the

logarithms of both sides of Equation (A.3.9):

log X = log K + N log C. (A.3.10)

Whenlog X is plotted on the y-axis and log C on the x-axis, the best-

fit straight line has a slope of N, and log K is its intercept. WhenN = 1,

• the Freundlich isotherm represented by Equation (A.3.9) reduces to a linear

relationship, and because X/C is the ratio _i= the amount of solute adsorbed to

• the equilibrium solution concentration (the definition of Rd), the Freundlich

K is equivalent to the value of Rd.

Because adsorption isotherms at very low solute concentrations are often

linear, either the Freundlich isotherm or the Langmuir isotherm (when the

product bC is muchsmaller than 1) can be used to fit data at low solute

concentrations. The value of N for the adsorption of many radionuclides is

often significantly different from 1. In this case, Kd values are not
constants, but are functions of the solute concentrations.

Both isotherm models can be compared to data from experiments that

systematically vary the mass of trace constituent or radionuclide while

holding all other parameters as constant as possible. It is important to

consider the total mass of the element present, including all stable and other

radioactive nuclides, when evaluating isotherms. It is incorrect to calculate

isotherms based on only one nuclide if +,he system includes several nuclides

(both stable and radioactive) for a particular element. For convenience,

isotherm experiments generally consider only the total concentration or

radioactivity for a given contaminant, combining all species present in the

system_

The isothermconcept is a step up in sophisticationover the constant

. distributioncoefficient(Rd)model, lt must be stressedthat isothermmodels

as expressedby Equations(A.3.8),(A.3.9),and (A.3.10)explicitlyconsider

dependencyof the distributioncoefficientonly on the concentrationof the

contaminantof interestin a solution. Isothermmodels do not considerother

solid and solutionparametersthat can influenceadsorption• Serne and Muller

A.3.7



(1987) describe additional detailed adsorption conceptual models that are
rarely used in scoptngperformance assessmentactivities.

A.3.8



A.4 ADAPTATIONOF THE GROUNDWATERFI_OWMODEL

The Coupled Fluid, Energy,and Solute Transport(CFEST)code (Gupta

et al. 1982, 1987) was appliedto model groundwaterflow in the unconfined

aquiferat the Hanford Site under post-closureconditionsfor dry- and wet-

climatescenarios. Resultsfrom the model for this study are describedin

Sections2.3 and 4.3 of the main report and consistof groundwaterstreamlines

' and travel times from the 218-E-12BBurialGround to a 100-m weil, a 5000-m

weil, and finallyto the ColumbiaRiver. This informationis used as input to

the transportmodel. Evans et al. (1988)and Jacobsonand Freshley (1990)

developeda model of the unconfinedaquiferat the HanfordSite using CFEST

and describedconstructionand calibrationof the model in detail. They

selectedCFEST becausethe code allows simulationof groundwaterflow and

contaminanttransportin two or three dimensions,includingsteady-stateor

transientconditions,rechargeand dischargefrom the aquifer,and radioactive

decay of transportedspecies. The present study of lead migrationis based on

this earliermodel. The followingsectionsdescribemodificationsto the

finite-elementgrid, boundaryconditions,and aquifertransmissivitythat were

requiredto simulatedry- and wet-climatescenariosfor HanfordSite

performanceassessments.

A.4.1 CFEST MODIFICATIONSTO GRID AND BOUNDARYCONDITIONS

The CFEST finite-elementgrid of Jacobson and Freshley(1990)for the

unconfinedaquifer is shown in FigureA.27. They based their calibrationon

water levels for the year 1979. The finite-elementmodel grid was designed

with high resolutionin areas of high waste-waterdischargeand areas of rapid

changes in hydraulicconductivityand hydraulicgradient. The finite-element

' grid design was based on the distributionof transmissivityand other

hydraulicproperty data from a previousmodel of the unconfinedaquifer

' (referredto as the VariableThicknessTransientor VTT model, Kipp et al.

1972; Reisenauer1979a, Ig7gb, 1979c;DOE 1987). The VTT model utilized a

finite-differenceapproachwith a constantgrid spacingof 2000 ft (610m).

The VTT-modelgrid was designedto ensure that the distributionof hydraulic

conductivitywas adequatelyrepresented(i.e.,valueswere not averagedover
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large elements in areas of rapid change). Although the spatial resolution

provided by the CFESTgrid in somelocations is much coarser than 2000 ft, all

knownvariations in hydraulic conductivity are well represented. Larger

elements were used where spatial resolution was not required.

Boundary conditions were specified for two specific postclosure cases

used in analysis of the 218-E-12B Burial Ground: a drier climate case (0.5-

cm/yr recharge rate) and a wetter climate case (5.0-cm/yr recharge rate).

Present-day boundary conditions are the same as those applied to the VTT

model; they are described here because someof the boundary conditions are

commonto the two postclosure cases.

Boundary conditions for the postclosure cases were developed

iteratively. Because operational discharges to the ground were not included,

and overall recharge was reduced for the 0.5 cm/yr recharge case, lower water

levels reduced the volume and area occupied by the aquifer. Areas in the

model with zero aquifer thickness do not contribute to groundwater flow.

Prescribed head conditions are specified along the Columbia River and Yakima

River boundariesof the model. The prescribedheads are equal to the yearly

average river level at each boundarynode during 1979, generallyrangingfrom

about 400 ft to 350 ft above mean sea level throughthe Hanford Reach.

Prescribedflux distributionswere differentfor the two postclosure

cases and will be describedin detail. Prescribedfluxeswere specifiedalong

the Cold Creek and Dry Creek valleysto incorporateinflowof groundwaterfrom

these valleysto the study area. The contributionfrom springdischarges

along the northeastside of RattlesnakeMountainwas also accountedfor by

specifiedflow rates. No-flowconditionswere assumedin areas where the

aquifer is borderedby basalt outcrops and subcrops (wherethe basalt surface

. intersectsthe water table) near Gable Mountainand Gable Butte. The

locationsof the no-flowboundaryconditionsvaried betweenthe two post-

, closurecases.

The finite-elementgrid used for the simulationsof postclosure

conditionswith 5.0-cm/yrrechargeis similarto the present-daygrid

(FigureA.27), with the exceptionof two additionalelements locatednear

Gable Mountain. The additionof these two elementswas necessarybecauseof
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the higher water table elevationsin this area. The flux values used for Cold

Creek were generatedbased on the volume of water entering the aquiferfrom a

watershedwith an area of 140 km2 with 5.0 cm/yr recharge. A flux of 19,200

m_/d (677,000ft_/d)was distributedacross three nodes. The flux for Dry

Creek was calculatedin a similarmanner. The watershedarea for Dry Creek is

260 km2, providinga flux of 35,600m3/d (1.26million ft3/d),also

distributedacross three nodes.

FigureA.28 shows the finite-elementgrid used for the simulationsof

postclosureconditionswith O.5-cm/yrrecharge. Becauseof the small volume

of recharge,the water table drops considerably,leavinga larger portionof

the basalt exposed in the area of Gable Mountain and Gable Butte, including

the vicinityof the 218-E-12BBurial Ground. The additionalarea of exposed

basal, is assumedto be removedfrom the aquifersystem and is not modeledas

part of the aquifer. The fluxes for Cold Creek and Dry Creek were calculated

in the same manner as for the 5-cm/yrrechargecase. Becausethe finite-

elementgrid for the low rechargescenariowas differentfrom that in the 5.0

cm/yr case, the flux from Cold Creek (1920m3/d or 67,700 ft3/d)was

distributedacross four nodes and that from Dry Creek (3560 m_/d or 126,000

ft_/d)was distributedacross three nodes.

A.4.2 AQUIFERTRANSMI$SIVITYDISTRIBUTION

An early model of groundwaterflow in the unconfinedaquiferwas

developedduring the IgTOs. The model was calibratedwith an iterative

routinedevelopedby Cearlocket al. (1975). Calibrationgenerallyconsists

of adjustmentsin transmissivityand other hydraulicpropertiesin order to

best reproducemeasuredhydraulicheads (water-levelelevations)in the

aquifer. The iterativetechniquewas based on numericalintegrationof the
e

unconfinedgroundwaterflow equation along streamlinesin the unconfined

aquiferdrawn on a hand-contouredwater-tablemap for 1973. A transmissivity

value obtained from aquiferfield-testdata was required in each streamtube,

definedby bounding streamlines. For streamtubeswhere no aquifer test data

were available,transmissivityvalues were estimatedby interpolation.
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The transmissivitydistributionfrom the VTT model was transferred

directly into the CFEST model. However,an attemptto improvethe calibration

was made by applicationof an inversemethoddevelopedby Neuman (1980)and

modified by Jacobson (1985). This method requiresuse of steady-state

informationabout the aquiferbeing modeled. Review of waste-waterdischarge

informationat the major disposal facilitieswithin the 200-Eastand 200-West

Areas suggestedthat, comparedwith other time periods, the discharges

remained relativelyconstant from 1976 through1979 (Jacobsonand Freshley

1990). Applicationof the inversemethod requiredboth hydraulic-head

measurementsand previousestimatesof transmissivity. The water levels for

the unconfinedaquifermeasured during DecemberI979 were used for the

calibration. The transmissivitydistributionfrom the VTT model calibration

was Osed to provideprior estimatesof the transmissivities.Applicationof

the inversemethod with prescribedhead conditionsin the Cold Creek Valley

(Case 3 in Jacobsonand Freshley 1990) yieldeda reasonablecalibration. The

transmissivitydistributionfrom the inversecalibrationis shown in

Figure A.29.

The calibratedtransmissivitydistributionwas used as the basis for

investigationof the dry- and wet-climatescenariosfor analysisof

groundwaterflow from the 218-E-12BBurialGround. Applicationof the CFEST

model required that the transmissivitiesin the model be separatedinto

aquiferthicknessesand hydraulicconductivities. The separationwas made in

order to adjust aquiferthicknessesfor the two differentrechargerates that

were simulatedfor the dry- and wet-climateconditions. As the hydraulic

heads in the unconfinedaquifer increasedor decreased in responseto

variationsin recharge,the simulatedaquiferthicknesseschangedwith

correspondingchanges in the areas of the saturatedand unsaturatedregions.
t

The hydraulichead distributionsfor both the O.5-cm case and the 5.0-cm

case and the resultingstreamlinesare describedin detail in Sections2.3 and

4.3 of the final report. The detailedbreakdownof groundwatertravel time

through the vadose zone (Section4.2) and then in the aquiferto a 100-m weil,

a 5000-m weil, and to the ColumbiaRiver are also described.
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A.5 SOFTWAREVERIFICATIONAND VALIDATION

The followingsectionaddressesquality assuranceactivitiesconducted

to verify or validate softwareused for the analysisdescribedin this report.

The current versionof each computercode is brieflydescribed,includingthe

qualityassurancerequirementsappliedduring the developmentof each package

(if any) and effortsto verify and validatethe models implementedin the

" software.

• A.5.1 MINTEO

Estimatesof lead and nickel solubility,and the chemical forms of these

elementsthat are expectedto be stable in Hanfordgroundwater,were obtained

by applicationof the computercode MINTEQA2version3.0 (Allisonet al.

1991). This code is a U.S. EnvironmentalProtectionAgency adaptationof the

originalMINTEQ computercode (Felmyet al. Ig84a). Two test cases, a

seawatertest case and a river-watertest case, were run to verify the

originalversionof the code as described in Felmy et al. (1984b). The MINTEQ

outputwas benchmarkedagainstthe publishedresultsfrom severalother

geochemicalmodels (Nordstromet al. 1979). A discussionof the comparison,

includingan explanationof any differencesbetweenthe MINTEQ resultsand

those from other codes, appearsin Felmy et al. (1984b).

A.5.2 CFEST

The CFEST code (CoupledFluid, Energy,and SoluteTransportcode, Gupta

et al. 1987) was developedto analyzecoupledhydrologic,thermal,and solute

transportprocesses, lt treats single-phaseDarcy ground-waterflow in a

horizontalor verticalplane, or in fully three-dimensionalspace under
o

nonisothermalconditions. The code has the capabilityto model discontinuous

and continuouslayering,time-dependentand constantsources/sinks,and

transientas well as steady-stateground-waterflow. The version of the code

used to developthe HanfordSite hydrologicmodel for this applicationwas
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CFEST VersionSC-OI, an adaptationof the originalcode for use on

supercomputers.I

The CFEST code was developedin accordancewith NUREG-0856(Silling

1983) for development,improvement,verification,validation,and

documentationof performance-assessmentcomputercodes. Verificationtests

have been conductedfor the major processesmodeled by the CFEST code. The

code has a proven track record;ten applicationsto nationaland international

problemsare discussedin Gupta et al. (1987). In addition,the CFEST code

was benchmarked,verified,and partiallyvalidatedusing test cases identified

by HYDROCOIN(HydrologicCode Intercomparison),an internationalproject

organizedby the SwedishNuclear Inspectorate. The objectivesof HYDROCOIN

were I) to verify the numericalaccuracyof codes by code intercomparisonand

by comparisonwith analyticalsolutions,2) to comparemodel predictionswith

experimentalresults, and 3) to investigatethe importanceof different

phenomenaand uncertaintiesinherentin the modelingand site-characterization

processthroughsensitivityand uncertaintystudies.

A.5.3 TRANSS

The TRANSS code (Simmonset al. 1986) was designed as a simplified

ground-watertransportmodol to estimatethe migrationrate of radionuclides

and other inorganiccontaminantsthat are subjectto sorptiongovernedby a

linear isotherm. Transportis modeledas a contaminantmass transmittedalong

a collectionof streamlinesconstitutinga streamtube,which connects a source

releasezone with an environmentalarrivalzone. The probability-weighted

contaminantarrivaldistributionalong each streamlineis representedby an

analyticalsolutionof the one-dimensionaladvectiondispersionequationwith

constantvelocity and dispersioncoefficient. The appropriateeffective o

constantvelocity for each streamlineis based on the exact travel time

requiredto traversea streamlinewith a known length. An assumptionused in

iCole,C. R., S. B. Yabusaki,and C. T. Kincaid. 1988. CEEST-SC,
CoupledFluid, _nerg_Y_and SoluteTransportCodeLSu_omputer Version'
Documentationand User's Manual. Battelle,PacificNorthwestLaboratories,
Richland,Washington.
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the model to facilitatethe mathematicalsimplificationis that transverse

dispersionwithin a streamtubeis negligible.

Releaseof contaminantfrom a source is describedin terms of a

fraction-remainingcurve providedas input information. However,an option

includedin the code is the calculationof a fraction-remainingcurve based on

four specializedreleasemodels: I) constantreleaserate, 2) solubility-

controlledreleaserate, 3) adsorption-controlledrelease,and 4) diffusion-

controlledreleasefrom beneath an infiltrationbarrier. To apply the code, a

user suppliesa minimalnumber of parameters: a probability-weightedlist of

travel times for streamlines,a local-scaledispersioncoefficient,a sorption

distributioncoefficient,total initialradionuclideinventory,radioactive

half-life,a releasemodel choice, and the size dimensionsof the source. The

code is intendedto providescopingestimatesof contaminanttransportand

does not predict the evolutionof a concentrationdistributionin a ground-

water flow field. Moreover,the requiredtravel times along streamlinesmust

be obtained from a separategroundwaterflow simulationcode.

The TRANSS code containsa wide varietyof optionsand models. The

model has been tested againsta varietyof problemsand has been used in a

wide variety of performance-assessmentevaluationsat Hanford. Becausethe

code contains a wide varietyof releaseoptions,resultsof specific

applicationsare generallycheckedby hand calculationto ensure correct

conceptualizationof the problem and correctapplicationof the code. Hand

calculationsfor applicationsin the 281-E-12BBurial Ground evaluationwere

consistentwith the TRANSS results.
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_lneraloglcal/lexturnl Analyses of Sediment SNples

. Amonette 24-Feb-g2

Sample Ioent_ficatlon

Trench Sample Number Well 299-[35-]

Hineral 13 14 16 17 21 20 Ft 35 Ft 49 Ft 75 Ft IIS Ft ]80 rt

" rXTURE OF ¢8m FRACTIOfl ................................................................ wt _ ..............................................................

Gravel i2-8 m,) 50 --" 17 2 c I 33 9 < l lO 23 )2

I _al|d (53-_00U .m) 32 81 62 43 51 48 61 ?6 56 53 _]

)/ Silt (2-53 um) 16 16 18 52 46 16 22 21 28 20 19

Clay (¢2 um) °" 2 4 3 3 4 3 8 3 ? 4 )

AY FRACTION HINERALOGY ................................................................ wt k ..............................................................

IIItte 13 8 16 20 13 4 S 9 3 4 3

Talc -- I .......... I ......

Hornblende I i I < I -- 2 2 I 2 2 I

Kaolinite 2 3 4 4 I0 < I < I 2 I c I I

Chlorite 2 2 3 4 I 2 2 2 3 ) 2

Verltculite 6 8 5 2 5 2 2 4 3 2 4

Smectite 49 53 45 36 64 35 49 63 41 38 35

Ouertz 8 S 8 12 3 IS lO 7 12 II 14

Plagioclase 20 20 19 23 3 40 31 11 36 39 41

Layer Silicates Only ................................................................ wt k ..............................................................

Illite IB II 21 31 14 I0 9 II 6 8 6

Talc -- 2 .......... I ......

•aolinlte 3 4 5 5 I0 l I 3 I I 2

hlorite 2 3 4 7 I 6 4 3 6 5 5

• ermiculite 9 II 7 2 5 4 3 5 6 5 9

_ectlte 69 )I 62 G5 6) 90 9a "9 °I ") _9

m

ii nonedetected

llculeted by difference (lOO-S:Gravel-kSand-kSilt • kClay)
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O Battelle AS-BUILTDtAGRAM
Pl=mC _1 L,aowlm'lm

i

S. Brand•ni=ergot,T. Gilmore,
Well Nu_r 299-E34-7 Geologist M.Chamness.B.B}om=ad. Page _ of

LKenneay.FLMiller,= Jensen
Well Started: 08/03/89

• Reviewed I:)y .V. L McGhan 10-10-89 Date Weft Completed: 10/I 7/89

i

Construction Data Depth I Geotogic/Hyclroioglc Data|

Trw=

II1 o om=_
Description Diagram Feet • ,mT=, Lltl_ologlc Descrll:)tionA soulsmm

= u i ||

1 }_-_=.=-.;._.._.=..
Cement Pad (+0.5-2.0')-----""'_l_ DO I 5 o ,:.:,_;.;,-.'_'.,.,GravellySand

B .b_-'=,..:_,w'e'
12 dia .rT_r'_onsteelcasin 10 o!,_:_=,,a_,,,Sandy Gravel
(0'- 19.75")- re ..-- 15 • _,,;'_._.,,._:,

• _,-_.-._...__.MuOOYSanDyGravelCement Grout_ I '_, _,!x_ 20 ....j;._..._-"_-
(2.0' - 20.2') _ 25 o i_,"_,_._"E._,_. ° . ,

ca ingce====.=, I ;' i:'
_ i _.. ;! HT 35 • i_P-_., _,L,__..._.._._'
_asing Joint--'-_---- I ,::1 ;_ I 40 • _:_;_,: SandyGravel

. . . I_, _.e ._. _ "o

8"dia ¢ar"_n stee_casing . _ .;, I 4S •[=_._...:_¢o&_.=
.p;,q.'_.e;_. d. o

(0'- 205.53 - removed I 5_ i:4. [ 50 • [,P._._(::,'L*.•
_ pI_I"O'O;Q O'O;:35 • r,_'_'-o::.,-.

4" alia _ainless steel final ¢asin,_ 80 • Et_,_¢'_ Mu OySa Gra el
(+1.5"- 193.9')

I 70 ,o=_._',,_.,,.. Sa Gra el_. @,.e;e °'O

[B__'ob-_.• 0
_l.'_'t;Q'q"o

I ,%1 _;_--_ _'_'_._.._$'='_
P'__.'B-e;_ DiD _8 - 20 mest_bentonitecrumbles_ ,'; Del 85 o _._:;'-,-, .;

(20.2' - 186.3') _ _j --i _"_';'"_3"_'_"_ip-',,-_',,."°'o.
o," 'O b..-_.t_L"_o. .. • .__:_ ":9 _'-'_"_.'. O'a

,,',_-- ,, 95 • _,.'?.__'_.t_;,

,';:1 :,_ 100 • _.,,;,,,,_"_-. MuddySandyGravel

• f,P.,.-_,o., Sandy Gravel_:;:J :,$ HT 105 _"....°°_'_:
• DB= DriveBarrel _ i; : P'_""="='_':=

HT = Hard Tool _,_ _,_ ; 110 • _,_=_,._..%._'_._MucloySandyGravel
p;_'=,.,.e;_, o;°i

".._ _ ' 115 • r,_,_:__-,: SanDyGravel
_t'_"_'_,;_ a"_'

120 • f,;,;.'..',;._,'_:;. " "
p._.=_.=.m-'.=.

125 • "__--,_. Mu0oySanDyGravel_.;¢G•o..._..,°
_"_,._1"tpe, q'. Q'_'.

• 130 •r,;._.'.:i_,,a,;,SandyGravel
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Battelle AS-BUILT DIAGRAM
1_ _ t,Jmwmmm

i i i i ,m

S. Brand•no•rg•r. 1".Gilmore.
Well Nurr_et 299-E34-7 Geologist M.Chamness.B. Biomstad. Page 2 of 2

LKenneay,FLMill•t, F..Jensen

Well Started: 08/03/89
Reviewed by V. L McGhan 10-10-89 Date Well Completed: 10/17/89

i i i

Construction Data Geologic/Hydrologic Data "
Depth _,-,,. Tm-

ne o oe_ 8am_Description Diagram F t o,_,_T=.. LltNologlc Description
& ff4al _

i "_ •J | iii_,;I t.A r__ ?o.._,..,..a_ P-_" ¢Pe.'_ _'e:,
_._..,;_ 135 • _....'_;':_8_,; Sancy Gravel

8 c[,a.cart>on steel ¢as=ng---.---- _. ,J t';'¢1"0"e"q Q"O'

" ii "° "_ _*q"O"t'.Q Q"o
145 ' I ..... " n '• ,,.,.:.:__,_,

4- cda stainless steel final casing-=---_ • -, D ,_(p_ • qmQ'.,
150 MuOn/Sa_ Gravet...... E¢,_..s t(,-1= - 193.9') I ,"." _

I

,_,, _ _ 155 • _.'_;._,; Sar_ Grave,_.=._.=
8- 20 mesh bentonite c_m_les -.P--.--_._="

. ,,,, ,, 160 Muddy Sandy -Gravel
(20.2' - 186.33 I _,; ,-_ ------ _.,.=_'s._ =_ 5 _- _:', _'o:I _,, ,J 1S5 • i-._'G• ,-'* -'=,.;..._, _=,,, Sar_ Gravel
DB = Drive _arrel I _; _,_"HT

HT - HaKI Tool I _,'," ":; --'-" _'_*_'_=--,,---_'-
I "_'_'"_'" 175 • _._=_'_"_:_''._...,,., Muddy Sandy _-avel

I ... ",'_,"t _'"_;i Sandy C_'avei "

• "" "" -------- .,:,,-_._:s _*3/8 Volctay pellets _ I ¢; _1 180 • p_;_"
. _,, Sa , ';._"¢Po:_'_" -"

- ,;,.,: •
20 - 40 mesh Colorado silica _ 190 • _.__,_"_E_ Muddy Sandy Gravel

saJlClS/22/89(189.3"- 204.05"_ ,I"¢")";.L."],v_:'...__ 'i_... 195 • I,_:_.,..'_.t,_:, . Sa_ Gt'a;el
Static Water TaJole (195 Z') '_ ----"i_::]_ 9:_":_ 200 . I_._:._?";='°"'"=_"°"*_.;

. . ... _ ";, ,_._,:,, _:,
. . . _,':_ .._ ,, 205 * _..:;_:'_.,.

4. d|a. stmnless steel Jonnson j,]_:_.,,.,_,.: __ I._,.,,,,_,,,,, Basalt
continuous wrap, 10 slot screen /_

m,==._iM,,MmMi=

(193.9' - 204.553 _ / TD-205.5"/*/

,ortom ot weil, 204.,._I/
' Backfill (204.05" - 2.05.5"_"

Well Con'_letion Symt_ls
las oer PNL-60921 ......

Cement Grout _

Granular Bern•nit• .........

_emonite Pellets

Sand Pack

9ac_fill _."_-_,:_:-3:.']
i i i

a-IKXI-IIMI (2/8;I
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•. I

WELL _MPLETION/IRSPECTION REPORT(governingprocedureDO-l,RO)

Soecification No. _m-°s-o,e Rev. No. 3" Well No. _:=aE;_= Temp. Well:No.=-,:._v_,_
,O_.oject_ _J -o,"- _-,_w_-_ _--,'-Jr..,_,_. Coordi'nazes • '
_:atio__- .__._._.-..,__.._ Casing'."Elev. Groun_E)ev.

Orilling Co. ,.-=:.^_..: :_._. D-:_I:-.
Driller " .."Z_..__,./_qo_-__-_--Y DRILLINGMETHOD
Other (c6mpanies) _a_ Rotary" Air _,(# Mud _I_ .

_eolo_ist(s)s._-=-_,-_---_ " c_.I.... _., Cable Tool "D-_:T_-,,'_o_o_._-H,,C'-__--_'._._-'
. | c_-_,. _._'o.._.--_:--._,---_y_Drilling Flui_ =_ ,'.__o__

I a._,'_e- _. :._=e_ Other _.

GEOPHYSICALLOGGING _LL:TION DATA AQUI_ T:.._TING
• Sondes Interval Date DrilledDepth _o_._ ' wType_.,_P

- Date Started K/_/_ Leng_:
- Date Completed _o/,_/_ VolumePumped
- StaticWater LeV'e_/Da:e,.,..:,=' Drawdown
- 81.=_ Date of _ /_/q--/_=

_

INSPECTIONRF.SULTS
. mm,., ,

C:LEANING MA_IAL STORAG_PACI(ING

inspectionMethod • V,s_.l .. InspectionMethod 4/,-,:_
Acceptance Criteria_-s-_. :.:-: _," AcceptanceCriteria,_,_',_,-.--. .

AcCepz Reject Date Ac:ep= Reject Da-o.
DrillingTools/Rig_v_L _/,_/_ Mtl 'Handling/Storage "_ ' '",_'_,,_._. =_/-..._/_,

TemporaryMaterials_,,_ _/--_ Material Packing _Z_-:. ...... _/_/_,
PermanentMaterials-^_ 8/--_/e_

?' - LUBRIr.ANTS/ ADDITiV
"!k SCREEN Slot inspectionMethod _j,._=(

Type Length Size AcceptanceCriteria =; r.u _-_,-_ :_.
_._,_ _,v "_.'r-_°__":"" /_:'-_ /'_ Identify ' AcceptReu=_. _aze

. ,._..o.__,._, ._._(_',_ -- -- Additives _/_ /_= _/_ _;_

InspectionMeznoa V,_, w....0 , STRAIGHTNESSTE_'T
Acceptance_:riteria_ ,,.._.,,;.._ _,'.=._ InspectionMethod@_'Io_. 7"_'-_._, '_ I.._

Accep_t___ Reject ' Oa_:ed_/--=/_ AcceptanceCriteria r-._ _--._. _
, _ - Accept../T_ Reject Daze @/._:/;.e

.- _ING (permanent)
Type Size Placement WZIJ.PROI-ECI'ION

.:,s_._D_v.-_.__v _v" . _,_,/'-./._'...InspectionMethod Vcs_

-. _'_I .... AcceptanceCriteria _ _ _ _o- _._._-_._.,,
_ _": Metnoc__ '" Accept Reject DazeInspect_on

Acceptance,Criteria _...._._-_.? _;_-.__ ProtectivePosts _1_._ ,,/,/_.,
• Ac:ep_ Reject Dal:e_e Locks _^_.... ;-.,,',_

ANNULAR S_AL

InspectionMethod /_A_._Ji_/s_--__-_-_- AcceptanceCriteria_ r-_ .,._o,., _._-_.=._

' Type in_ervai Volume AT_cepz Reject Daze

• _a,"

_)_ OTIIER(_n_al if performed)

• Well Abandonment -_'_ DownholeTV Inspection Com,_leteAs-BuiltDiagram,
WelI Development , ----- DriIIer's/Geologist's Logs

,,

_..C__.__ yo-,_-_ ' For all blanksmark NIA if not a'pplicaol_..
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Battelle AS-BUILT DIAGRAM

' S. Bratldenl_Jer. T. Gilmore. r-
Well Nurl_er 2 9 9- E 35-1 Geologist Jensen. B. Biom_ad. M. Chamness,Page 1 of 2

L Kanneay,FL Bklgatl. FL Miller "---- --
Well Sta_ed: 08/07/89

Reviewed by V.L. McGhan 10-10-89 Date Well Comoleteg: 17J14,/89

Construction Data De-rh Geologle/Hyarologlc DataP
T_in

=.=,p,,o. I ="'=" _..t : =_ u,,o,og,°o.=,=,o°
. a:._ '_, DB _°.;.;;.;....1

_,'_" _"._ .-_i" e , • •

1

CasingJoint_ '_ I;, ! 65 . g_.__, SiigmlyMuc_/GravellySane
v s , _,;_P'_.t.q. a- e

_,,_ __,_ ' m: _ ".._._,
;:" ; O t,_,_ _'," :,_ID

8-20 mesh bentonite crumOles _:t |',_ HT =n • _q.:,.5"-_"_4"'e,=_-_vGravel

- o7 •..,...,._,_ e_ -
I _21 I- 8S _,,,,,co.:.,:,

,, - 90 • I:. ,=..-"..--._..:_Gravelly Sar¢loA .,.o,._ ........

I i_,,l I'o_ _,,_ i, r, '._';,'_,.'_.',_._.:_ ,I _:::1 LL_.,,, ff'.'T_r_ _:
I - 10 0 * I_#-,.., = ,. Sa GrovelN i, .___..... _.,_._oo..,.._ r_DB - Drive Barrel I ,,_,_, ,,,._,..,,,.....

. ..-,- .... ,---, I _'_I l;," _ e 105 ,_,_#_..'_*;-_,:_ MuC 5anGy (3ravel, ni I _'IZal13_ /UUI 1 _.,_ fl,_ ,,,ai,_ i,,,,.', .'_'_.,_',_' (_Jt

s_.s=,s=0° I _t Ii! -r" ,,o .E__ " " " '
I ¢_1 b". / ' [,,'._._,__.,,

Ilr ,, '-""- . ." "._, ;I I _ *__ "
,. • _ " ,,;.;,._'_'._

• • ,_,_ _"

I _-.,'_, f,._ = _._ _'_
I _ I;_ 125 . __ 8oulc3er@- 12.5'-12_" (No Samole)

,I,.t ICG. t ill :?,/171
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Ba elle AS-BUILT DIAGRAM
PaUhe Neelmmm l.aem'mm'lm

i

S. Btar_or'.bergor.T. Giimore.E.

Well Number 2 9 9-E 3 5-1 Geologist Jenmn. B. Biomslid. bl. Chamnou, Fage _ of
LKonneoy,Pi.Blegan, FLbliller

' Well Started: 08/07189

Reviewed Dy V.L. McGhan 10-10-89.. Dme Well ComPleted:..12/14/89 .

41

Construction Data Goologlc/HyOrologtc Data
Deptl

°='__" Llthologlc DescriptionDescription Diagram F t • ,,_-,& lee Ilum

• . IIO't '14 D e,;_e _'_ V

8" d_a.cartoon steel casnng ¢,, ;_ 135 • ,,-_.r.__._.,,, Mud0y SanOy Gra!el

v,_ ',,'4 D_ ;l=,qnE,9,'_,_

(0'- 191.55") - removed "----"_! x: ._" 140 • ,_--_.r..-_._ w,._;. _e-e_¢_ 'o

4" dia. stainless steel final casing----_, ,,, 145 i• __ "
(-_-2.03' " 181.45') _', I5_ - ':'="_'*" q='*"

,-, t,, 150 - _--.:'-j:o_. Sa Gra el
,i l_;,llr,,,o _ _)'_'IPqP._Q'a e8 - 20 mesh bentonite crumbles -----.._,, ,: 155 ,, ',,".-,,.¢'-,:o: o0".% li ¢'0 u'

_'_'_ " _" _ ,, ,, ! 160 • ;_--_.-.r..__. Mu Sa Oy Gravel
li,*',_ _4 __ _:_ _'_

HT = Hard Tool _ _
1_ _',_1 _ "_;;°

3/8" Volclay pellets _ 175 • i _"_'_-_r-_'_',,_.__..4.
_,,;,_."_.l;_._

__ I _.'.'.=== _i'_ ='"_,;,,=,',=,_=,_V"_,_,
20 - 40 rne_ Colorado s_Tca'----'----_..._._ :"-_:.; - _':_'_

sand(_78._-_9_.s_ _ !:'::'-_:}i_ _s - ,.-_..-,=._.=.'_"_"-_"-_'_.,_...=..
zt IStatic Water Table

- 08131/89 - _t""
TD-lg3.B'

4" dia. stainless steel Johnson ///

continuous wra,o, 20 slot sE_ /

(18"t.45- 192.1') //
Bottom otweil = 192.1" "

. gacXfiXi (192.1 - 193.8')
Well Completion Symbols . !

" (asper PNL-63921 !

Cement Grout
Granular Bentonite I'.:e:::'_'_']

Bentonite Pellets _

Sand Pack
_". :._::._.:.

_ _l¢o,,t86 CN.'/_
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Hl I .

/--- W_.L COP@L_'TION/INSPECTIOtl_ORT(gGvern.ingprocedureDO-I, ROi
/ lr l

:irate:ionNo. uHc-S-o,Y Rev. Nc. 3 Well No.T__-._.7_--ITemp. Well No._-',z-_w/s
ject ,_' _.C- _ Coordi'nktes • •
arian _;_ e.:- _."_- Casi.ng"Elev. Ground_)ev.
fling Co. -,_..._ _,o_ o_,,_;.,

DRILLINGMETHOD

eriler(companies)_*x'_:o_.,. " RetorT"Air _/_. Mud _/_
Cable Teel _ _.=s"_'s" H;,-_. 5_.--,'ot./._:-/,:t,vlegist(s)s,s._.-.-o---.-'-_""'_-,

_- : _ _:,_,--.-__ cxo--r, DrillingFluia Z_ _'- _,,_ ,j__._-_:al_ j¢_ f_ . , • , ,

--_..,=,,ca.,_':,,,=_._._w.II(_ . Other._._;'__=,., //,/-/_?')

GEOPHYSICALLOGGING COMPt._IOHDATA AQLII_-_RT-_'_'L_Gi _ ".ondes Interval Date DrilledDepth /e._.a"_-'-s-_ Type _J/_
•_ _,,_ 0 _. /_" _/_/_ CompletedDepth _:_._' , /

. . Date Star_ed _/_/_e Lengtho'fTp_z
_ Date Completed,-./,_/_._. Voiume_m_'ped
. - StaticWater Level/O'ate/._e.oz/ Draw_ "
. - - _I_1_; Da_ of Test

IHSPE_'TIONRF._ULTS

CI._JL_ING_ MAI'L_IALSTORAGE/PACKI/_G

;nectionMethod :/:'_:,,,_V ..[nspe_ion Method v%..,,,.l
i , m _ _'_:eptanceCrite,-_a_ _ .,.e_,- 7." AcceptanceCritema _, _., . -; = -"

Accept Reject Date Accept Reject _ate

ailingToolsjRig_,_._ _ em/e_ Mtl 'Handling/Storage-_ _/_,/_,_ora_/ Mat.rialsC,'_- _ _ e_.',l._. MaterialPacking e-,'_ _',_,,e,
_anent Materials _ _ _. .. _/-,_'*

I ,I LUBP,I_S/,_D TTIY'£S _;I
S_-_---_ Sl ot Inspe_ion Met,_od v "?_

Type Length Size Acceptance Criteria _, _._ ._,-.,. -.=
;x_,_--._;v.=,._o,_ _:_-' /o._,_" ._o Identi_y ' Ac:eprReject Date I

. .._ .- -- .....Additives _',_ --'N_ ,',/_,I_
_,_ _ _ _b _ " -- . I ,

o

:spection Metnoa ,/, s ,,,,,; -- STRAIEFIT_.RTEST
::eptanceCriteria _, _._ _',- y =.s _ InspectionMethod_ 'Io.. _"..':.,~;'-____!,,- '
Accept _ Reject_..L.._.Date 81._I_; AcceptanceCriteria _. _ .,-,..,,,.._o, 9

--A_cept _ Reject Date 8./_I_'i

.. CA_IN_ (permanent)

T_rpe Size Placement WELL PROT_.."TION
T':;,,,w.,. ,Jcv. _ _ v" +%.0_'- _ t._¢ Inspec=:_ionMethod !,/,'s,.._
-o_ _x,,o_, ._.+-,.._ -- - -__.:__AcceptanceCriteria -,;._,._=--,-_.:.=-- :..,o
_specti on MetnocL '/:- 'IfVe _ i Accept Reject Date .
::eptance Criterla .A,_ ,,..,,...,-a-_'-:,-,_.:.v =Protec_civePosts _c t,/, le,

ANNULAR SE_d.
• __o • .,_. ..,

.nspec._on Method m;_._,]l _ ,..s.'-:_._'."_._-i--c,-"_ Acceptance Criteria _ =_, _=;,,,., ,-,- _,- e
Type interval Volume Accept Reject Date

_. _ _o,,_, <;:_:,._.:=.j _. _-_.._ C..,,.,:- s i,_,_ a/-..o/_e
'/_ _.!_t_,, ___Ike_. ,'_ - " " _.,_,,_

_.'¢,. .=._,,-.v.,_.C.,';',_'_ I_ V -_ _ _ .'''_ "_"_ _'_ "
• '-- .. ,PO . __. I=.-' -:=_ _b_ =' _/-"=

OTI4_ (initialif pe._o_ned)

_/_ Well Abandonment --_,,.DownholeTr'Inspe_.ion ComoleteAs-Built Diagr__m,
•" " " "--'- Driller's/Geologist'sLees

_ Well Development ' - ,

-- --_ //I -7" ' For all blanksmark _/A if no: a._pliczb_=._:._.,_-_ _ _.,,_.n,_---. /s.,o
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Columndefinitions for Table B.7.1

A- Sampleidentification.

B - Initialweightof sedimentin grams.

C - Weightof solutionleftin contactwithsedimentafterequilibration
steps.

D - Weightof addedsolution.

E - Initialsolutionconcentrationof lead in non-radioactiveexperiments ,
(_g/Lor ppb).

F - Initialsolutionconcentrationof Zz°Pbin tracerexperiments(;_Ci/mL).

G - Seven-dayequilibriumsolutionconcentrationof lead in non-radioactive
experiments(_g/Lor ppb).

H - Ten-dayequilibriumsolutionconcentrationof Zz°Pbin tracerexperiments
(_Ci/mL).

I - Ten-dayequilibriumsoilconcentrationof 2z°Pbin tracerexperiments
(_Cilg).

J - LeadR,valuesdeterminedfornon-radioactiveexperimentsusingequation
(A.3.4),(mL/g).

K - LeadR_valuesdeterminedfortracerexperimentsusingequation(A.3.4),
(mL/g)°.

L - LeadRevaluesdeterminedfortracerexperimentsusingequation(A.3.3),
(mL/g)°.
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plate I. Geologic Map of the 218-E-12BBurialGround ShowingMapped Units
, and locationof SamplesObtainedfor LaboratoryAnalysis
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