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GLOSSARY

Modified from Gary et al. (1974).

Aggradation:

Anastomosing:
Anticline:

Conglomerate:

Cross-bed:

Diagenetic:

Dip:

En_echelon:
Epiclastic:

Facies:

Fanglomerate:

The building of the Earth’s surface by deposition.

A compacted deposit of volcanic ash that settled from the air.
A Tow, outspread, relatively flat to gently sloping mass of
loose rock material, shaped like an open fan or a segment of a
cone, deposited by a stream at the place where it issues from
a narrow mountain valley upon a plain or broad valley.

Braided stream channel geometry.

Folded rock that convexes upward.

A ridge-1ike accumulation of sand or gravel formed in a
channel, along the banks, or at the mouth, of a stream where a
decrease in velocity induces deposition.

Dark volcanic rock erupted upon the surface of the Earth.

A rock fragment or particle smaller than 1/256 mm.

A coarse-grained sedimentary rock composed of larger fragments
(>2 mm) set in a fine-grained matrix of sand and silt.

A single, thin-bedded, often lenticular layer of homogeneous
or gradational lithology, deposited at an angle to the
original surface of deposition.

Pertaining to the chemical, physical, and biologic changes
undergone by a sediment after its initial deposition and
during and after its transformation into a rock.

The maximum angle that a surface makes with a horizontal
plane.

Geologic features that are in a staggered arrangement.

Pertaining to sedimentary rock whose fragments are derived by
weathering or erosion.

The sum of all primary rock characteristics exhibited by a
sedimentary rock and from which its origin and environment of
deposition my be inferred.

Sedimentary rock deposited by an alluvial fan.
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Eoreset bed:

Fluvial:
Glaciofluvial:

Grading:

nter

Isopach:
Lacustrine:
Lamination:
ud:

=

|

Overbank:

Overturned:
Paleocurrent:

Plunge:
Shale:

EE

Suprabasalt:

Syncline:
Tectonic:
Tholeiitic:
Tuffite:

GLOSSARY (Continued)

A gently inclined layer of material deposited upon an
advancing and relatively steep frontal slope of a sand wave.

Pertaining to, produced by, or formed in a river.
Pertaining to the meltwater streams flowing from a glacier.
The gradual reduction, in a progressively upward direction
within an individual stratification unit, of the upper
particle-size limit.

A thin bed on one kind of rock occurring between beds of
another kind.

A line drawn on the map connecting points of equal thickness.
Pertaining to, produced by, or formed in a lake.
Sedimentary layer less than 1 cm thick.

A mixture of silt- and clay-size particles.

Fine-grained sediment deposited from suspension on a flood
plain by floodwaters that can not be contained within the

stream channel.

Pertaining to the 1imb of a fold that has tilted beyond
perpendicular.

An ancient current whose direction is inferred from
sedimentary structures.

The inclination of the axis of a fold.

A fissile, laminated rock formed by consolidation of clay,
mud, and silt.

A rock fragment having a diameter between 1/256 and 1/16 mm.

Sedimentary strata that overlie the Columbia River Basalt
Group.

Folded rock that concaves upward.

Pertaining to the forces involved in deforming the earth.
Silica-rich basalt.

A compacted deposit of volcanic ash and detrital material.
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A.1 INTRODUCTION

This appendix describes the technical basis for a groundwater transport
analysis that was conducted to evaluate migration of potentially hazardous
materials from the Hanford Site 218-E-12B burial ground. The analysis
characterized the geologic, chemical, and hydrologic properties of the
disposal site, and used that information to perform a screening analysis for
transport of materials from the burial ground to downgradient groundwater
locations and to the Columbia River. Subsequent sections of the appendix
describe the geologic setting, geochemistry, and hydrology of the disposal
site and their relationship to the transport analysis.
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A.2 OLOGIC_ STRUCTURE AND P CAL-HYDRAULIC PROPERT OF SEDIMENTS BENEATH
THE HANFORD SITE 218-E- BUR ROUND

This section of the appendix presents the results of a geologic and
hydrologic study of the 218-E-12B Burial Ground, located within the 200-East
Area of the Hanford Site in south-central Washington State (Figure A.1). It
includes a description of the burial ground, discussions of the local geologic
and hydrologic settings, and the geohydrology of tie saturated and unsaturated
zones beneath the site. A key task in this project was the collection of
outcrop and borehole samples for physical analysis. These data are presented
in Appendix B, along with as-built diagrams and well history sheets for the
two groundwater monitoring wells adjacent to the 218-E-12B Burial Ground. The
geohydrology in the vicinity of the 218-E-12B Burial Ground is influenced
primarily by unsaturated flow within the vadose zone; generally only a few
feet of unconfined aquifer is present above the top of basalt.

A.2.1 STRATIGRAPHY

Four principal stratigraphic units are repre§ented near the 218-E-12B
Burial Ground (from oldest to youngest): 1) the Miocene Columbia River Basalt
Group (Saddle Mountains Basalt), interbedded with 2) sedimentary deposits of
the Ellensburg Formation; 3) the Mio-Pliocene fluvial-lacustrine Ringold
Formation; and 4) the glacio-fluvial Hanford formation (Figure A.2). This
stratigraphy is based on hundreds of boreholes drilled in the area.
Stratigraphic information for this report was compiled from regional studies
(Tallman et al. 1979; Last et al. 1989; DOE 1988; Lindsey et al. 1992), as
well as ongoing local studies used to characterize and monitor several
site-specific Resource Conservation and Recovery Act (RCRA) projects tnat are
close to the burial ground (within 1 to 2 mi). These latter sources of data
include the Low-Level Burial Grounds (Last et al. 1389; Barton 1990),
216-B-Pond, the Liquid Effluent Retention Facility (Doremus and Pearson 1990),
and 216-B-63 Trench (Bjornstad and Dudziak 1989). Stratigraphic sections used
in this report were gathered from the previous reports. Their interpretations
were updated, where necessary, based on a combination of drillers’ and
geologists’ Togs, gross gamma geophysical logs, and particle-size/ CaCO, data

A.2.1
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from the ROCSAN database (WHC 1991). The wells used and the characterization
data associated with each well are listed in Table A.1. Figure A.3 is a
location map of the boreholes in the vicinity of the burial ground. Cross
sections, located in Figure A.3, that show the interpreted subsurface

stratigraphy based on the data from these wells are presented in Figures A.4
and A.5.

In addition to borehole studies, detailed observaticns 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 1ithologic 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 Group

The Columbia River Basalt Group is an assemblage of tholeiitic,
continental flood basalt flows of Miocene age. These flows cover much of the
Columbia Plateau, which includes an area greater than 163,700 km® (63,000 mi2)
in Washington, Oregon, and Idaho, and have an estimated volume of about
174,000 km® (40,800 mi®) (Tolan et al. 1989). Isotopic age determinations
indicate that basalt flows were erupted from approximately 17 to 6 million
years before present (Ma). More than 98% of this 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 Member of the Saddle Mountains Basalt, which is about 8.5 Ma
(McKee et al. 1977).
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A.2.1.2 Ellensburg Formation

The Ellensburg Formation consists of all sedimen*:ry interbeds that
separate the basalt flows of the Columbia River Basalt Group in the central
Columbia Basin (DOE 1988). The frequency and thickness of these interbeds
increase stratigraphically upward within the basalt sequence, reflecting an
increasing time span separating the younger flows. Interbeds in the vicinity
of the 218-E-12B Burial Ground generally consist of fine-grained fluvial and
overbank deposits. The uppermost interbed beneath the burial ground is the
Rattlesnake Ridge interbed (see Figure A.2). Regionally it has been divided
into four facies (?7 ascending order): 1) a clayey basalt conglomerate, 2)
an epiclastic fluvial-floodplain unit, 3) an air-fall tuff, and 4) a tuffite
composed of reworked tuff and epiclastic detritus (Graham et al. 1984).

A.2.1.3 Ringold Formation

The Ringold Formation consists of interbedded clays, silts, sands, and
gravels deposited by the ancestral Columbia and Salmon-Clearwater Rivers
subsequent to basaltic volcanism (DOE 1988). The Ringold Formation is
restricted to topographic and structural basins of south-central Washington.
Within the Pasco Basin, it is subdivided into a number of facies associations,
including fiuvial gravel; fluvial sand; and overbank, lacustrine, and alluvial
fan facies associations (Lindsey 1991).

The Ringold Formation is present to the south and east of the study area
but is not present within the study area or to the northwest (Figure A.8).
During the late Pliocene, several hundred feet or more of Ringold Formation
filled this portion of the Pasco Basin. At the end of Ringold time, however,
a period of downcutting ensued, first by the Columbia River and later by a
series of cataclysmic floods. These erosional episodes removed much of :.he
Ringold Formation from the center of the basin and locally stripped away the
entire Ringold Formation, as well as the underlying Elephant Mountain Member.

A.2.1.4 Hanford Formation

The Hanford formation (informal name) is the principal suprabasalt unit
in the study area, averaging about 61 m (200 ft) in thickness (Figure A.9).
The Hanford formation was deposited intermittentiy during periods of
cataclysmic floods, unmatched by any others on Earth, that inundated the Pasco

A.2.14



(1661 Aaspul] woay patjipow) ealy 3se3-00Z ‘uoijewdoj pobury ayy jo dey yoedosj

87V JundId

*
¢ 00 ealy “mmm~_7
T 1 \\ \/ ° 002
1984 0009 0 051 /
o
N

siod eleq ejoyssog ¢

[9AS B8g UBSW SI winjeq

199} 0G [eAIsiu] INOJUOD

a|qe Jelep 8Aoqe Jeseq

o

A.2.15



uotjewao] paojuey ayjy jo dey ysedosy °§°V JUN9IJ

$81euIp1007 ueld pIojuey

0oost oowmv \

L ]

SlOM 8SOpEA ¢

sjiem Guuonuopw
Jelempunoss +

L] ¥ L L]

1884 000} 0

NY

joAe]
Beg UBBK St WNeq

106} 02 [eAI8U] INOJUOD

0004y

ooosy

0006t

A.2.16



Basin dozens or more times during the Pleistocene epoch. The earliest floods
occurred prior to 800,000 years ago (Bjornstad and Fecht 1989), and the last
flood took place approximately 13,000 years ago (Mullineaux et al. 1978). The
floodwaters were derived from huge ice-dammed lakes situated along the
northern and eastern boundaries of the Columbia Plateau (Baker and Nummedal
1978; Waitt 1980). These lakes discharged at intervals ranging from tens to
hundreds of thousands of years and coursed through the Pasco Basin forming a
series of anastomosing flood channels. The 200-East Area and the 218-E-12B
Burial Ground lie along the margin of one of the principal flood channels.
Adjacent to this channel, within the study area, huge levee-type bar deposits
(Cold Creek Bar, Figure A.10) composed of mostly coarse-grained sand and
gravel were deposited.

Facies Distribution and Sediment ctures

The Hanford formation is divided into three facies associations
principally on the basis of texture: 1) gravel dominated, 2) sand dominated,
and 3) slackwater. While all three facies are present within the study area,
the gravel-dominated facies is predominant. Characteristics of the
gravel-dominated facies, in contrast to the other facies, include a generally
higher basalt content, poorer sorting, and characteristic large-scale foreset
bedding (Figure A.11). Less commonly, the flood gravels show horizontal
bedding. The beds are usually discernible by minor gradations in particle
size, of which maximum sizes range from pebbles to boulders greater than 1 m
in diameter. Sediments in the subsurface generally are finer grained to the
south and west of the 218-E-12B Burial Ground, as a result of the decrease in
current energy away from the flood channel axis. This gradation is apparent
in the regional geologic cross section (Figure A.12), where the proportion of
sand-dominated facies increases to the south of the burial ground. A similar
gradation occurs with increasing distance to the west toward the interior of
Cold Creek Bar, as shown in cross sections A-A’ and B-B’ (see Figure A.4).

Although sand-dominated facies are not common in the study area, a well
exposed sand-dominated sequence is preserved in the northeast wall of the
218-E-12B Burial Ground (Figure A.13). Sand-dominated facies are better
sorted than the gravel-dominated facies and have a "salt and pepper"
appearance resulting from a relatively high percentage (30 to 50%) of dark
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FIGURE A.11. Gravel-Dominated Facies of the Hanford Formation -- Close-up
photo (A) shows the coarse-grained, poorly sorted nature of
this sedimentary type. Large-scale foreset bedding [indicated
by dashed lines in (B)], is common in the gravel-dominated facies.
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A.13. Sand-Dominated Facies of the Hanford Formation -- Slackwater
beds above and below the sand-dominated facies are indicated by
arrows. Mappable units (Qha, Qhb, and Qhc) within the pit are
indicated in the lower photograph.
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basaltic grains. Structurally, the sand-dominated facies generally display
planar subhorizontal laminations; less commonly, these facies have large-scale
tangential cross bedding. Both types of sedimentary structures, planar
lamination and tangential cross bedding, are represented in Figure A.13.

Slackwater facies (predominantly silt- to fine sand-sized particles)
compose a relatively small proportion of the Hanford formation in the study
area. Slackwater deposits, however, are no less significant because they tend
to concentrate and control vadose-zone transport of moisture as a result of
their higher moisture-retention capacity. In the study area, slackwater
deposits represent late-flood sedimentation during the final, waning stages of
flooding as currents Tost energy. Elsewhere (south of the 200-East Area, for
example), slackwater flood deposits are the predominant facies because of less
vigorous currents throughout flood duration.

Two thin (a few feet or less) beds of slackwater sand and mud
(undifferentiated silt- and clay-sized particles) occur in the exposed upper
15 m (50 ft) of the 218-E-12B Burial Ground and are traceable around most of
the excavation (see Plate A.1). Characteristics of these slackwater beds,
besides their fine-grained texture, are small-scale climbing ripples or
horizontal laminations, grading, and a relatively low percentage of basaltic
particles (<10%). These deposits generally contain more moisture than do
adjacent coarser-grained deposits of sand and gravel. The lower slackwater
bed is shown in Figure A.14, the upper bed in Figure A.15,

Several interesting structural features are displayed in the exposed
north wall of the 218-E-12B Burial Ground (see Figure A.15). Of particular
interest is a set of three giant current waves composed of coarser-grained
(i.e., higher-energy) sand and gravel. Wave crests are approximately 45 m
apart and preserved approximately 10 m below the undisturbed surface. Draped
over the tops of these waves are slackwater deposits whose thicknesses vary
significantly over relatively short distances. The deposits are thinner
toward the crest of the wave and thicker in the troughs, especially on the lee
sides of the waves. The measured axis of one of the waves strikes N20E, a
direction consistent with other paleoflow indicators that suggest deposition
by floodwaters moving from northwest to southeast. Waveforms of similar scale
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and origin, left behind 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).

Heterogeneijty

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 last 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 Nummedal 1978; 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 in 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., gravel-dominated facies) with occasional
lenses of sand or gravelly sand (i.e., sand-dominated facies).
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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; commonly they 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 gamma geophysical 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 218-E-12B
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 gamma geophysical logs collected at Hanford (Figures A.16
and A.17).

A.2.32



I-$c3-662 9|oyadog
yjim punoayg |etang g21-3-81¢ 3J0 LLeM uadyinos buo v vmmoeﬁ aosu&:@ J0 :om_.hwn_.:ou ‘91° 309
Mmm»,.m% | A o 9 peserc) 0s
R oy T oy
18A0 [BARIY) Apueg
eul4 jo speq pepes) 3 sv
SN ApUBS oIS T e mem i e e e
pueS pereurue] sueld
oY
A PUES peppeq-sso1)
1eae1n) Apueg Ge
U8 ¥ u.m.mm - 8uL.
]
s eneso Apues peppeg o€
S AaES
i
SorEs 02
Srss pues Ateaery Appnyy Apybis
b vox speq pepe:5 jo seuss
1eneit) Apueg Appnyy - Gl
-y ot
{eaesn) Apueg ¢ da __“HM g»?nm eamsep pUe .
pueg Ajjoaein) . et s)
90T JIDOTOHLT ® NOILLONHLSNOD T1aM 507 YWAVYD JT10H3H0g AD0T03D d0OYILN0
vE€3-66C2 T1IIM

(4) wdeqg

A.2.33



1-G€3-66¢ 2|0yadog

Y3iM punoay [erang g921-3-812 40 |[eM uuadlse] Buojy pasodx3y doading jo uosiaedwo) -71°V JUN9

{eae1) Apueg Appniy

pueg Ajjeaein

|eAeID) Apueg

jeaeID) ure

Apueg Appnpy Anybis

j{eAeIn) Apuesg ;

joAein) Apues Appnpy

urzL-

jsae1) Apueg

S2iowe

907 JAD0TOHLT ? NOLLONYLSNOD TIIM

1-GE3-66C TISM

907 YWNVYD JTOH3HOg

0s
peserc)
L N s¥
PTG AR ———
pUEg pejeuLLE| Tl ov
pueg peppeq-ssc1) [~1%
pueg Agerery ,
PUR jeARI9) jo sieseI0) Suneuseyy oe
Ge
Oc
pueg Lgearrn
St
ot
toawse) Apueg sasseyy pue
1sarsg) Apues peppeq Airewozuo
s 0

A901039 dOHILNO

(4) wdeq

A.2.34



A.2.2 STRUCTURE
A.2.2.1 Regional Structure

The Hanford Site 1ies along the eastern margin of the Yakima Fold Belt
(DOE 1988). The fold belt is characterized by long narrow anticlines,
generally capped by basalt, separated by broad synclines filled with fluvial
and lacustrine sediments. The anticlines trend west or northwest. They are
typically asymmefric with one steep, commonly overturned 1imb; the opposing
1imb is gently deformed. The Umtanum Ridge 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 1imb 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 Local 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 its 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.

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 Umtanum Ridge
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structure. The presence of Ringold fanglomerates along the southern flank of
Gable Mountain suggests that these structures were present during Ringold
time. It is not possible to determine whether the Hanford formation has been
folded by these structures. However, such a situation is unlikely because the
Hanford formation near the channels is probably late Pleistocene (<30,000
years ago).

A distinctive depression forms the northeastern boundary of the
anticline within the study area (see Figure A.19). Well control for the shape
of the depression is weak toward its northwest; however, it appears to be
circular and steep sided, with a maximum diameter of 490 m and a minimum depth
of 10 m. The maximum depth is around 30 m. The shape and size are similar to
those of potholes, geomorphic features formed during the cataclysmic floods.

The mechanics of pothole formation within the Channeled Scabland are not
well understood. Potholes probably developed from macroturbulent flow -- very
large-scale turbulent flow typified by the development of secondary
circulation, flow separation, and birth and decay of vorticity around
obstacles and along irregular boundaries (Baker 1978). The most important
form of erosion in macroturbulence is the "kolk" (Matthes 1947), an intense
energy dissipation by upward vortex action that can produce ph-nomenal
hydraulic 1ift forces. These forces 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 sediment content (Baker 1978). The flow of the floodwaters
within the study area was probably initially confined to the pre-existing main
channel of the ancestral Columbia River (see Figure A.20). As the floodwaters
eroded downward, the top of the basalt was encountered and erosion continued.
In the region near the study area, the channel was localized by small
anticlines, and this initial confinement of the floodwaters probably promoted
the local development of potholes (see Figure A.20).

A single slackwater sand and mud bed similar to the two exposed within
the 218-E-12B Burial Ground was traced from the burial ground to many of the
wells within the study area (Figure A.21). This bed was recognized from a
combination of geologists’ logs, drillers’ logs, moisture content data, and
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drill-penetration data. The bed was not recognized in some wells drilled with
a hard tool; either the bed was not present at these locations or the drilling
process obliterated any evidence.

The variability of thickness of the slackwater beds within the 218-E-128B
Burial Ground suggests it is highly unlikely that a single bed occurs
continuously throughout this region. However, the well evidence suggests that
bed continuity cannot be dismissed. The aggradational nature of the overlying
sands and gravels, in concert with the cohesiveness of the shale within the
slackwater bed, may have protected it from erosion.

The structure at the top of the slackwater bed dips gently to the
northeast and mimics the local topography (Figure A.22). This is consistent
with the aggradational nature of the Hanford formation expressed along Cold
Creek Bar, and the lack of erosion at its surface subsequent to deposition of
the Hanford formation.

A.2.3 HYDROLOGY

Regional hydrology will be discussed in a separate section of this
appendix. Several published reports also cover this subject (Newcombe et al.
1972; LaSala and Doty 1975; Gephart et al. 1979; Graham et al. 1981). The
present discussion will be Timited to hydrology of the study site.

Groundwater in the vicinity of the study area exists under both
unconfined and confined conditions. The unconfined aquifer is generally
contained within the Hanford formation, the lower confining layer being the
Elephant Mountain Member of the Saddle Mountains Basalt (see Figures A.4, A.5,
and A.12). A generalized stratigraphic column of these units was shown in
Figure A.2. Although the Elephant Mountain flow generally acts as a confining
layer between the unconfined and uppermost confined aquifers, there are areas
where these aquifers are hydrologically or physically connected (see the
section on aquifer intercommunication). Saturated hydraulic conductivities
for the Hanford formation, based on aquifer tests, range from 25 to 27,500
m/day (80 to 90,000 ft/day) (Graham et al. 1981; Last et al. 1989, Borghese et
al. 1990). The highest hydraulic conductivities are associated with matrix-
depleted bouldery gravels, which are generally not present beneath the
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218-E-12B Burial Ground. In contrast, the saturated hydraulic conductivity of
basalt underlying the unconfined aquifer is less than 1 m/day in the
horizontal direction and 3 x 107 m/day in the vertical direction (Lum et al.
1990).

Confined aquifers exist beneath the study area within sedimentary
interbeds and/or interflow zones between basalt flows of the Columbia River
Basalt Group. The uppermost confined aquifer is the Rattlesnake Ridge
Interbed. It is bounded by the Elephant Mountain flow interior and the Pomona
Member of the Saddle Mountains Basalt. Saturated hydraulic conductivities for
the Rattlesnake Ridge Interbed range from 0.01 to 10 m/day (0.03 to 30 ft/day)
(BWIP 1982; Graham et al. 1984).

A.2.3.1 Groundwater Flow Direction

Figure A.23 is a regional water-table map with presumed flow directions
for the area surrounding the 200 Areas. A mound in the water table beneath
216-B-Pond (B Pond) causes the predominant westward direction of groundwater
flow within the study area. B Pond is a series of unlined, interconnected
waste water disposal ponds that receive effluent from the 200-East Area. In
the northern part of the study area, groundwater appears to flow south to
southeast through the divide between the two basalt highs south of Gable
Mountain. Figure A.24 presents a more detailed water-table map for the
218-E-12B Burial Ground.

The saturated thickness of the unconfined aquifer is shown in
Figure A.25. Beneath the 218-E-12B Burial Ground, this thickness ranges from
0.6 to 1.3 m (2 to 4.2 ft). Adjacent to the northern boundary of the 200-East
Area, the saturated thickness of the unconfined aquifer increases sharply, to
a maximum of at least 15 m. This circular area corresponds to an erosional
"hole" in the underlying Elephant Mountain Member (Figure A.26) that was
filled with flood deposits of the Hanford formation.

Maps of the elevation of the potentiometric surface of the Rattlesnake
Ridge Interbed in Graham et al. (1984), Jensen (1987), Poston et al. (1991),
and Kasza et al. (1991) show a dominantly westward direction of groundwater
flow. Also, comparison of potentiometric surfaces with the corresponding
water-table maps of the unconfined aquifer in these four reports indicates a
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slight upward potential from the uppermost confined aquifer to 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 intercommunication at the Hanford Site near the study area and
identified an area of possible downward flow from the unconfined aquifer to
the confined aquifer. They also mapped areas where the Elephant Mountain
Member has been completely eroded, including three erosional holes aligned
along the axis of a probable paleochannel (see Figure A.20) and an area west
of Gable Mountain that includes West Lake.

One of these holes between the confined and unconfined aquifers is
believed to occur just north of the 218-E-12B Burial Ground (see Figure A.26).
Low barometric efficiencies calculated by Graham et al. (1984) for well
699-47-50 suggest local intercommunication between the two aquifers. A
potentiometric map by the same authors calculates an upward potentiometric
gradient, indicating that the confined aquifer should flow upward into the
unconfined aquifer. Furthermore, the water table atop the pothole is higher
than for any other region on the local water-table map (see Figure A.24) and
directs groundwater flow to the south, toward the burial ground.

A.2.3.3 Groundwater Chemistry

The two groundwater-monitoring wells nearest to the 218-E-12B Burial
Ground are designated 299-E34-7 and 299-E35-1. These wells are part of the
RCRA monitoring network for the 200-East Area Low-Level Burial Grounds.
Analytical results from groundwater samples collected from these two wells and
several other nearby wells are available in RCRA quarterly reports (DOE 1990a,
1990b). Other sources of groundwater analyses include annual reports of the
Hanford Sitewide Monitoring Project (Bryce and Gorst 1990; Evans et al. 1990).
Reports containing information on the hydrochemistry of the uppermost confined
aquifer in the study area include Strait and Moore (1982), Graham et al.
(1984), and Jensen (1987).
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A.2.4 SUMMARY OF GEOLOGICAL FEATURES

Within the 218-E-12B Burial Ground the vadose zone is comprised
exclusively of the Hanford formation. It consists predominantly of
transmissive sands and gravels. There are some slackwater deposits, composed
of fine-grained sands, silts, and clays, that are barriers to the downward
movement of moisture. They typically have higher moisture contents and lower
hydraulic conductivities (see Appendix B). Within the study area, these
deposits may be laterally continuous (Figure A.21), and they could provide a
pathway for migration of contaminants. Excavation of the trench removed the
slackwater deposits, thus removing this barrier to transport of materials
buried in the trench.

Groundwater transport in the 218-E-12B Burial Ground area is dominated
by discharge to B Pond and the inferred intercommunication between the
confined and unconfined aquifers within the pothole (Figures A.23, A.24, and
A.26). Presently, there are no groundwater wells that can discriminate
between contamination introduced into the pathway between the two aquifers and
that introduced by the 218-E-12B Burial Ground.
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A.3 CONCEPTUAL MODELS OF CONTAMINANT ADSORPTION

Solute (including contaminar") transport in the subsurface is controlled
by advection, hydrodynamic dispersion, molecular diffusion, and geochemical
interaction. Advection and hydrodynamic dispersion refer to movement of
solute at a rate dependent on the various water pathways and velocities.
Molecular diffusion refers to the gradual mixing of molecules of two or more
substances as a result of random motion and/or a chemical concentration
gradient. Diffusion disperses solute via the concentration gradient (i.e.,
Fick’s Taw). Diffusion is generally only important in the absence of
advection, and is usually a negligible transport mechanism when water is being
advected in response to various forces. Variability in the advection process
gives rise to the transport process called hydrodynamic dispersion.
Hydrodynamic dispersion is a result of variability in travel paths, or
velocities, taken by the advected solute. Geochemical interactions cover all
reactions that are driven by chemical and biochemical forces.

Once contaminants are leached from the buried wastes, they may
chemically interact with the soils and sediments. The major processes
affecting transport include the following: dissolution/precipitation,
adsorption/desorption, filtration of colloids and small suspended particles,
and diffusion into micropores within mineral grains. The former two processes
are considered more important. Furthermore, for Hanford Site low-level waste
(LLW) disposal applications, precipitation is likely to be important only for
cases where significant pH and/or redox changes occur when leachates migrate
away from the wastes. In most Hanford Site LLW situations, it is assumed that
adsorption processes are the key to contaminant migration, especially outside
areas where the waste has dramatically altered the sediment’s natural chemical
environment.

Adsorption reactions have been identified as the most important
contaminant retardation process in far-field transport analyses for hazardous
waste disposal options. Adsorption processes are known to increase the travel
times for some contaminants by 10° to 10° times relative to the groundwater.
Sufficiently long travel times allow many radionuclides to decay before
reaching the accessible environment (i.e., the biosphere).

A.3.1



A.3.1 DISTRIBUTION COEFFICIENT

To predict the effects of retardation using safety-assessment computer
codes, adsorption processes must be described in quantitative terms. An
empirical parameter, the distribution coefficient (often called R, or K,), is
readily measured by laboratory experimentation and allows a quantitative
estimate of nuclide migration. Knowledge of the R, and of media bulk density
and porosity (for porous flow), or of media fracture surface area, aperture
width, and matrix diffusion attributes (for fracture flow), allows calculation
of the retardation factor, R.. The retardation factor is defined as

R, = (A.3.1)

v

n

where V_ is the velocity of water through a control volume and V, is the
velocity of the contaminant.

For one-dimensional advection-dispersion flow with cherical reaction,
the transport equation can be written as:

— =l — -y, — (A.3.2)

where C, = concentration of a particular radioactive species (i) in solution
(mass/unit volume)

D, = dispersion coefficient of species (i) (1ength?/time)
v, = pore velocity of groundwater (distance/time)
Re; = retardation factor for species (i).
(For simplicity, radioactive decay has not been included in this formula.)

The retardation factor is a function of all contaminant retardation
mechanisms: 1) chemical precipitation/dissolution of bulk solid phases, 2)
chemical substitution of one element for another in a solid phase, 3) exchange »
of a stable nuclide of an element with a radioactive nuclide in solution, 4)
physical filtration of colloids, 5) cation and anion exchange, and
6) adsorption (Muller et al. 1983). Typically, all these mechanisms are

A.3.2



folded into a single empirical distribution coefficient that implicitly
assumes that the reactions go to equilibrium and are reversible, and that the
chemical environment along a solute flow path does not vary in either space or
time. The limitations associated with this assumption are well known to
investigators, but the paucity of site-specific geochemical data at most
disposal sites usually precludes a more rigorous conceptual model, especially
for bounding or preliminary performance assessment calculations such as
presented in the final report. Geochemical processes may also be irreversible
or at least directionally dependent (e.g., adsorption and desorption may be
represented by different model parameters), and yet the assumption of
reversibility and single values for model parameters are generally employed,
with the justification that the approach builds conservatism into the
analysis.

In the constant R, model, the distribution of the contaminant of interest
between solution and the solid adsorbent is assumed to be a constant value.
There is no explicit accommodation of dependence on characteristics of the
sediments, groundwater, or contaminant concentration. Typically, an R, value
for a given contaminant is determined in the laboratory using sediment from
the study area and actual or simulated groundwater to which a radioactive
tracer is added at low concentration. Then,

amount of radionuclide adsorbed on solid per gram ( )
R, = A.3.3
d amount of radionuclide in solution per milliliter

The term "tracer" typically denotes that a Tow mass is added; however,
the final activity in soil and solution must be sufficient to facilitate good
counting statistics. The experiments are often equilibrated by contacting the
solid with several aliquots of water before adding the radiotracer, in an
attempt to approach the condition expected in the field. Several standardized
laboratory techniques (ASTM 1984; Serne and Relyea 1983) are commonly used to
determine this ratio. In experiments where a radioactive tracer is not used,
the R, value can be calculated using chemical analysis of the influent and
effluent solutions in the following equation:
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(Cine - Cope) _V_ - is:m v

Ry = = —_— — (A.3.4)
ceff W C Solution
where C, . = contaminant concentration or tracer activity in influent
soclution (g/mL or counts/mL)
Cots = contaminant concentration or tracer activity in effluent
solution (g/mL or counts/mL)
Coot = contaminant concentration or tracer activity in soil

(g contaminant/g soil or counts tracer/g soil)

Coolution ™ CoOntaminant concentration or tracer activity in solution
(g/mL or counts/mL)

v = volume of solution used (mL)
W = weight of soil used (g).

Because it is an empirical measurement, the R, value does not necessarily
denote an equilibrium value or imply some of the other assumptions inherent in
the more rigorous use of the term "K,." The term "R," will be used to
represent the observed distribution ratio of nuclide between the solid and
solution. The term "K," is reserved for true equilibrium reactions that show
reversibility. Furthermore, it is customary with the constant R, 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 it is generally applied for convenience. If one
knows that the tracer distributes among several species and one can measure or
predict the distribution, separate R, values can be, and should be, calculated
for each species.

The constant R, model is mathematically very simple and readily
incorporated into transport models and codes via the retardation factor term.
That is, for porous flow

Py
R=1+ R, (A.3.5)
Pe
or
1-¢
R=1+—p R, (A.3.6)
Pe



where R = the retardation factor v /v (velocity of water + velocity of
solute)

pp, = porous media bulk density (mass/unit volume)

¢e = effective porosity at saturation of media or volumetric moisture
content for unsaturated media (dimensionless)

Ry = distribution coefficient (mL/q)
P, = particle density (mass/unit volume).

A large R, value leads to a large retardation factor, which signifies
that the contaminant is not very mobile compared with water percolating
through the soil. An R, value of zero means there is no adsorption and the
equivalent retardation factor equals 1. That is, no adsorption leads to no
retardation, R = 1, and the contaminant travels at the same velocity as the
pore water through the sediment (see Bouwer 1991 for more discussion).

For the constant R, model, the retardation factor (R;) is a constant for
each layer of geologic media; each layer is assumed to have a constant bulk
density and saturated effective porosity or volumetric moisture content for
unsaturated sediments. Thus, this transport equation does not require
knowledge of any other parameters such as pH or surface area, and it is easily
solved to determine the solution concentration as a function of time and at
any given point.

A.3.2 ISOTHERM ADSORPTION MODELS

The results of a suite of experiments evaluating the effect of nuclide
concentration on adsorption while other parameters are held constant are
called an "adsorption isotherm." Two adsorption isotherm models used
frequently are the Langmuir and Freundlich models.

The Langmuir model has been used to describe adsorption of gas molecules
onto homogeneous solid surfaces (crystalline materials) that exhibit one type
of adsorption site (Langmuir 1918). Many investigators have tacitly extended
the Langmuir adsorption model to describe adsorption from solution onto solid
adsorbates including heterogeneous solids. The Langmuir model for adsorption
is

bX,C
1+ bC
A.3.5

X = (A.3.7)



where X = amount of solute adsorbed per unit weight of solid
b = a constant related to the energy of adsorption
X,= maximum adsorption concentration of the adsorbate
C = equilibrium solution concentration of the adsorbate.

Substituting 1/B for b, we obtain
XC

m

B+C

X = (A.3.8)

A plot of values of X (y-axis) versus values of C (x-axis) passes
through the origin and is nearly linear at low values of C. As C increases, X
should approach X . One can rearrange Equation (A.3.8) by taking its
reciprocal and multiplying both sides by X-X , to yield X = -B(X/C) + X .
Then by plotting X on the y-axis and (X/C) on the x-axis, we can determine the
value for -B from the slope of the best-fit 1ine and the value of X from the
intercept. For radicnuclide 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 accommodate two distinct sites and
competition of two adsorbates (the nuclide and the ion it 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 = Kc" (A.3.9)

where X = amount of solute adsorbed per unit weight of solid
C = equilibrium solute solution concentration
and K, N = constants.

The Freundlich 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)

When log X is plotted on the y-axis and log C on the x-axis, the best-
fit straight 1ine has a slope of N, and log K is its intercept. When N = 1,
the Freundlich isotherm represented by Equation (A.3.9) reduces to a linear
relationship, and because X/C is the ratio ¢f the amount of solute adsorbed to
the equilibrium solution concentration (the definition of R,), the Freundlich
K is equivalent to the value of R,.

Because adsorption isotherms at very low solute concentrations are often
linear, either the Freundlich isotherm or the Langmuir isotherm (when the
product bC is much smalier 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, Ky 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 the 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 isotherm concept is a step up in sophistication over the constant
distribution coefficient (R,) model. It must be stressed that isotherm models
as expressed by Equations (A.3.8), (A.3.9), and (A.3.10) explicitly consider
dependency of the distribution coefficient only on the concentration of the
contaminant of interest in a solution. Isotherm models do not consider other
solid and solution parameters that can influence adsorption. Serne and Muller
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(1987) describe additional detailed adsorption conceptual models that are
rarely used in scoping performance assessment activities.
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A.4 ADAPTATION OF THE GROUNDWATER FLOW MODEL

The Coupled Fluid, Energy, and Solute Transport (CFEST) code (Gupta
et al. 1982, 1987) was applied to model groundwater flow in the unconfined
aquifer at the Hanford Site under post-closure conditions for dry- and wet-
climate scenarios. Results from the model for this study are described in
Sections 2.3 and 4.3 of the main report and consist of groundwater streamlines
and travel times from the 218-E-12B Burial Ground to a 100-m well, a 5000-m
well, and finally to the Columbia River. This information is used as input to
the transport model. Evans et al. (1988) and Jacobson and Freshley (1990)
developed a model of the unconfined aquifer at the Hanford Site using CFEST
and described construction ard calibration of the model in detail. They
selected CFEST because the code allows simulation of groundwater flow and
contaminant transport in two or three dimensions, including steady-state or
transient conditions, recharge and discharge from the aquifer, and radioactive
decay of transported species. The present study of lead migration is based on
this earlier model. The following sections describe modifications to the
finite-element grid, boundary conditions, and aquifer transmissivity that were
required to simulate dry- and wet-climate scenarios for Hanford Site
performance assessments.

A.4.1 CFEST MODIFICATIONS TO GRID AND BOUNDARY CONDITIONS

The CFEST finite-element grid of Jacobson and Freshley (1990) for the
unconfined aquifer is shown in Figure A.27. They based their calibration on
water levels for the year 1979. The finite-element model grid was designed
with high resolution in areas of high waste-water discharge and areas of rapid
changes in hydraulic conductivity and hydraulic gradient. The finite-element
grid design was based on the distribution of transmissivity and other
hydraulic property data from a previous model of the unconfined aquifer
(referred to as the Variable Thickness Transient or VTT model, Kipp et al.
1972; Reisenauer 1979a, 1979b, 1979c; DOE 1987). The VIT model utilized a
finite-difference approach with a constant grid spacing of 2000 ft (610 m).
The VTIT-model grid was designed to ensure that the distribution of hydraulic
conductivity was adequately represented (i.e., values were not averaged over
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large elements in areas of rapid change). Although the spatial resolution
provided by the CFEST grid in some locations is much coarser than 2000 ft, all
known variations 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 VIT
model; they are described here because some of the boundary conditions are
common to 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 boundaries of the model. The prescribed heads are equal to the yearly
average river level at each boundary node during 1979, generally ranging from
about 400 ft to 350 ft above mean sea level through the Hanford Reach.

Prescribed flux distributions were different for the two postclosure
cases and will be described in detail. Prescribed fluxes were specified along
the Cold Creek and Dry Creek valleys to incorporate inflow of groundwater from
these valleys to the study area. The contribution from spring discharges
along the northeast side of Rattlesnake Mountain was also accounted for by
specified flow rates. No-flow conditions were assumed in areas where the
aquifer is bordered by basalt outcrops and subcrops (where the basalt surface
intersects the water table) near Gable Mountain and Gable Butte. The
Tocations of the no-flow boundary conditions varied between the two post-
closure cases.

The finite-element grid used for the simulations of postclosure
conditions with 5.0-cm/yr recharge is similar to the present-day grid
(Figure A.27), with the exception of two additional elements located near
Gable Mountain. The addition of these two elements was necessary because of
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the higher water table elevations in this area. The flux values used for Cold
Creek were generated based on the volume of water entering the aquifer from a
watershed with an area of 140 km? with 5.0 cm/yr recharge. A flux of 19,200
m’/d (677,000 ft3/d) was distributed across three nodes. The flux for Dry
Creek was calculated in a similar manner. The watershed area for Dry Creek is
260 km?, providing a flux of 35,600 m’/d (1.26 million ft3/d), also
distributed across three nodes.

Figure A.28 shows the finite-element grid used for the simulations of
postclosure conditions with 0.5-cm/yr recharge. Because of the small volume
of recharge, the water table drops considerably, leaving a larger portion of
the basalt exposed in the area of Gable Mountain and Gable Butte, including
the vicinity of the 218-E-12B Burial Ground. The additional area of exposed
basal* is assumed to be removed from the aquifer system and is not modeled as
part of the aquifer. The fluxes for Cold Creek and Dry Creek were calculated
in the same manner as for the 5-cm/yr recharge case. Because the finite-
element grid for the low recharge scenario was different from that in the 5.0
cm/yr case, the flux from Cold Creek (1920 m’/d or 67,700 ft3/d) was
distributed across four nodes and that from Dry Creek (3560 m’/d or 126,000
ft3/d) was distributed across three nodes.

A.4.2 AQUIFER TRANSMISSIVITY DISTRIBUTION

An early model of groundwater flow in the unconfined aquifer was
developed during the 1970s. The model was calibrated with an iterative
routine developed by Cearlock et al. (1975). Calibration generally consists
of adjustments in transmissivity and other hydraulic properties in order to
best reproduce measured hydraulic heads (water-level elevations) in the
aquifer. The iterative technique was based on numerical integration of the
unconfined groundwater flow equation along streamlines in the unconfined
aquifer drawn on a hand-contoured water-table map for 1973. A transmissivity
value obtained from aquifer field-test data was required in each stream tube,
defined by bounding streamlines. For streamtubes where no aquifer test data
were available, transmissivity values were estimated by interpolation.
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The transmissivity distribution from the VTT model was transferred
directly into the CFEST model. However, an attempt to improve the calibration
was made by application of an inverse method developed by Neuman (1980) and
modified by Jacobson (1985). This method requires use of steady-state
information about the aquifer being modeled. Review of waste-water discharge
information at the major disposal facilities within the 200-East and 200-West
Areas suggested that, compared with other time periods, the discharges
remained relatively constant from 1976 through 1979 (Jacobson and Freshley
1990). Application of the inverse method required both hydraulic-head
measurements and previous estimates of transmissivity. The water levels for
the unconfined aquifer measured during December 1979 were used for the
calibration. The transmissivity distribution from the VIT model calibration
was used to provide prior estimates of the transmissivities. Application of
the inverse method with prescribed head conditions in the Cold Creek Valley
(Case 3 in Jacobson and Freshley 1990) yielded a reasonable calibration. The
transmissivity distribution from the inverse calibration is shown in
Figure A.29.

The calibrated transmissivity distribution was used as the basis for
investigation of the dry- and wet-climate scenarios for analysis of
groundwater flow from the 218-E-12B Burial Ground. Application of the CFEST
model required that the transmissivities in the model be separated into
aquifer thicknesses and hydraulic conductivities. The separation was made in
order to adjust aquifer thicknesses for the two different recharge rates that
were simulated for the dry- and wet-climate conditions. As “the hydraulic
heads in the unconfined aquifer increased or decreased in response to
variations in recharge, the simulated aquifer thicknesses changed with
corresponding changes in the areas of the saturated and unsaturated regions.

The hydraulic head distributions for both the 0.5-cm case and the 5.0-cm
case and the resulting streamlines are described in detail in Sections 2.3 and
4.3 of the final report. The detailed breakdown of groundwater travel time
through the vadose zone (Section 4.2) and then in the aquifer to a 100-m well,
a 5000-m well, and to the Columbia River are also described.
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A.5 SOFTWARE VERIFICATION AND VALIDATION

The following section addresses quality assurance activities conducted
to verify or validate software used for the analysis described in this report.
The current version of each computer code is briefly described, including the
quality assurance requirements applied during the development of each package
(if any) and efforts to verify and validate the models implemented in the
software.

A.5.1 MINTEQ

Estimates of lead and nickel solubility, and the chemical forms of these
elements that are expected to be stable in Hanford groundwater, were obtained
by application of the computer code MINTEQA2 version 3.0 (Allison et al.
1991). This code is a U.S. Environmental Protection Agency adaptation of the
original MINTEQ computer code (Felmy et al. 1984a). Two test cases, a
seawater test case and a river-water test case, were run to verify the
original version of the code as described in Felmy et al. (1984b). The MINTEQ
output was benchmarked against the published results from several other
geochemical models (Nordstrom et al. 1979). A discussion of the comparison,
including an explanation of any differences between the MINTEQ results and
those from other codes, appears in Felmy et al. (1984b).

A.5.2 CFEST

The CFEST code (Coupled Fluid, Energy, and Solute Transport code, Gupta
et al. 1987) was developed to analyze coupled hydrologic, thermal, and solute
transport processes. It treats single-phase Darcy ground-water flow in a
horizontal or vertical plane, or in fully three-dimensional space under
nonisothermal conditions. The code has the capability to model discontinuous
and continuous layering, time-dependent and constant sources/sinks, and
transient as well as steady-state ground-water flow. The version of the code
used to develop the Hanford Site hydrologic model for this application was
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CFEST Version SC-01, an adaptation of the original code for use on
supercomputers.’

The CFEST code was developed in accordance with NUREG-0856 (Silling
1983) for development, improvement, verification, validation, and
documentation of performance-assessment computer codes. Verification tests
have been conducted for the major processes modeled by the CFEST code. The
code has a proven ftrack record; ten applications to national and international
problems are discussed in Gupta et al. (1987). In addition, the CFEST code
was benchmarked, verified, and partially validated using test cases identified
by HYDROCOIN (Hydrologic Code Intercomparison), an international project
organized by the Swedish Nuclear Inspectorate. The objectives of HYDROCOIN
were 1) to verify the numerical accuracy of codes by code intercomparison and
by comparison with analytical solutions, 2) to compare model predictions with
experimental results, and 3) to investigate the importance of different
phenomena and uncertainties inherent in the modeling and site-characterization
process through sensitivity and uncertainty studies.

A.5.3 TRANSS

The TRANSS code (Simmons et al. 1986) was designed as a simplified
ground-water transport model to estimate the migration rate of radionuclides
and other inorganic contaminants that are subject to sorption governed by a
Tinear isotherm. Transport is modeled as a contaminant mass transmitted along
a collection of streamlines constituting a streamtube, which connects a source
release zone with an environmental arrival zone. The probability-weighted
contaminant arrival distribution along each streamline is represented by an
analytical solution of the one-dimensional advection dispersion equation with
constant velocity and dispersion coefficient. The appropriate effective
constant velocity for each streamline is based on the exact travel time
required to traverse a streamline with a known length. An assumption used in

1Cole, C. R., S. B. Yabusaki, and C. T. Kincaid. 1988. C(CFEST-SC,

Coupled Fluid, Enerqgy, and Solute Transport Code, SuperComputer Version:

Documentation and User’s Manual. Battelle, Pacific Northwest Laboratories,
Richland, Washington.
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the model to facilitate the mathematical simplification is that transverse
dispersion within a streamtube is negligible.

Release of contaminant from a source is described in terms of a
fraction-remaining curve provided as input information. However, an option
included in the code is the calculation of a fraction-remaining curve based on
four specialized release models: 1) constant release rate, 2) solubility-
controlled release rate, 3) adsorption-controlled release, and 4) diffusion-
controlled release from beneath an infiltration barrier. To apply the code, a
user supplies a minimal number of parameters: a probability-weighted list of
travel times for streamlines, a local-scale dispersion coefficient, a sorption
distribution coefficient, total initial radionuclide inventory, radioactive
half-life, a release model choice, and the size dimensions of the source. The
code is intended to provide scoping estimates of contaminant transport and
does not predict the evolution of a concentration distribution in a ground-
water flow field. Moreover, the required travel times along streamlines must
be obtained from a separate groundwater flow simulation code.

The TRANSS code contains a wide variety of options and models. The
model has been tested against a variety of problems and has been used in a
wide variety of performance-assessment evaluations at Hanford. Because the
code contains a wide variety of release options, results of specific
applications are generally checked by hand calculation to ensure correct
conceptualization of the problem and correct application of the code. Hand
calculations for applications in the 281-E-12B Burial Ground evaluation were
consistent with the TRANSS results.
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s T —————

4inerslogical/Textural Analyses of Sediment Samples

. Amonette 24-Feb-92

Sample laentrfication

Trench Sample Number Well 299.£35.1

Minera) 13 1" 16 17 21 20 Ft 35 Ft 49 Ft 75 £t 115 ft 180 Ft

EXTURE OF <Bmm FRACTION -

Gravel (-8 mm) 50 .t 17 2 < 33 9 <1 0 2] k)
Sand (53-2000 um) 3 81 LY] 43 51 48 61 76 96 53 ER)

' 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 7 4 k)
AY FRACTION MINERALOGY Wt X eemmcmmemmcmcecacccevencioneiiiianaes B B
Nlite 13 8 16 20 13 4 5 9 3 4 3
Talc - 1 .- -- - - . ! - -- --
Hornblende 1 i 1 <1 - 2 2 1 2 H !

! kaolinfte 2 3 4 4 10 <1 <1 2 1 < | 1

. Chlorite 2 2 3 4 1 2 2 2 3 3 2

_ Vermiculite 6 8 s 2 5 2 2 4 3 2 4

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

;

: Oualr‘tl 8 5 8 12 3 15 10 7 12 1 14
Plagioclase 20 20 19 23 k] 40 31 11 36 39 a1
Layer Silicates Only wt % -

\ 1114te 18 1 22 k) 14 10 9 11 6 8 6
Tale - 2 - - - - - 1 . .- -
~aolinite 3 4 * 5 5 10 1 1 3 1 1 2
hlorite 2 3 4 7 1 6 ) 3 6 H 5

i
srmiculite 9 1 7 2 5 . 4 3 H 6 H 9
mectite 5 ’1 62 55 €3 an g -e °| Rl 9

= none detected
\lcutated by difference (100-%Gravel-%Sand-kSi1t = %Clay)
i
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Part 5
BULK GEOCHEMICAL ANALYSES OF SELECTED SAMPLES FROM THE
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10/17/88

Page
Lithologic Description

Well Started: 08/03/89

3 Muddy Sandy Gravel

Muddy Sandy Gravel

Muddy Sandy Gravel
ndy Gravel

Gravelly Sand
Sandy Gravel

7l Sandy Gravel

Muddy Sandy Gravel

1 Sandy Gravel

Geologic/Hydrologic Data

3 .:e Sandy Gravel

==
Lo OO0 g,

e

T

.%fp'o%,‘xi

'
Fo

FE

L. Kenneay, R. Miller, £. Jensen

10-10-89 Date Weli Compieted:

S. Brandenberger, T. Gilmore,

Geologist _M. Chamness. B. Biornstad.

AN INIATRININ

TOAITNNINIAITA TV TN I
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AS-BUILT DIAGRAM
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ATTTXTTTATRRTCN

299-E34-7
V. L. MeGhan

Construction Data

Description

Paotic Nortrrmat LADO! 300rme

Battelle

(C*-18.75") - removed

Well Number

Reviewed by

12° dia. ~arbon steel casing s

4* dia. stainless steel final casing

1«15 -193.9)
8 - 20 mesh bentonite crumbles =~

8° dia. caroon steel casing
(20.2" - 186.3")

Cement Pad (+0.5 - 2.0"
Cement Grout

(2.0 - 20.2"

Casing Centralizer
Casing Joint

(0" - 205.5" - removed
DB = Drive Barrel

HT = Hard Tool

A-1800-186 [VET

B.6.l



#£% Battelle

AS-BUILT DIAGRAM

Paafic Nortvweest Latar sorse
S. Brandenoargaer, T. Giimore,
Well Number _298-E34-.7 Geologist M. Chamness. 8. Biomstad. Page _2 of _2
L Kenneay, A. Millar, £. Jensan
Well Started: 08/03/89
Reviewed by _V.L. McGhan 10-10-89 Date Well Completed: 10/17/88
Construction Data Depth Gaologic/Hydrologlc Data
Description Diagram Lithologic Description
il ’7 3
Ea % 3% Sanay Gravel
8" dia. caroon steel casing ———T—>7 4 ) .
(0 - 205.5") - removed % ;
v 23 h .
- : _— v S
4 dl_a'. stainless steel tinal casing —-d“, % Mucdy Sandy Gravei
(+1.5' - 193.9) v "3 0]
v 23 | Sandy Gravel
8 - 20 mesh bentonite crumbles 1 |5 Grav
(20.2' - 186.3) Z Iz Mucay Sandy Grave!
g, 7 ] Sandy Gravel
D8 = Drive 3arral % 2 ur . .
HT = Hard Tool % ;
:‘5 2; Muddy Sandy Gravel
) 2 9 - - v
3/8° Voiclay pellets % 2
(186.3' - 183.3") \ \: 2 Sandy Gravel
4 [t
20 - 40 mesh Colorado silica ==y} |3 Muddy Sandy Gravel
sand (189.3° - 204.05) 4 Al
( - EJLHJI _195 Sandy Gravel
Static Water Table (195.2" e 200 . -
- 8/22/89 - =" - . .
¢ dia. stainless steel Johnson — | ai=ta v | 203
) Basatt
continuous wrap, 10 slot scraen -
(193.9" - 204.55")
Sottom of well = 204.55° - -
Backfill (204.05 - 205.5" —mm
Well Completion Symbols
(as per PNL-8392) —
Cement Grout s B—
Granular Bentonite  pzzzzzzs; -
Sentonite Pellets
Sand Pack K
Sackfill
A-1800-188 (V87

B-

(o)}




WELL TOMPLETION/INSPECTION REPORT(goverming procedure DO-1, RO)

‘Specification No. wwme-S-0/4 Rev. No._3 (Well No. 29e &+v 5  Temp. Well iNo. 2. @
1orpject W=t Lay bevel Rueial Luons |Coordinates - - —
cation i~ T <ueg Casing Elev. Groung E)ev.
Oritling Cow__gen nwe Smane Drillina
Driller 2 Touean NCopuet Pely DRILLING METHOD l
Other (companies)_yomé ' Ro\.ary Air o/A Mud /e
lGeologist(s) $. Brandenumar T Gilaore ~. Cable Tool "D gt soxszeas B 1740 i5-80 A5 yos
) Cnammass & Tiornacad. o Kewnesy, D!‘ﬂhng Fluid 2 Sacr =ao, eed S u? oL
R. M/ ler &E. JTensem Other nNOw &
GEOPHYSICAL LOGGING COMPLETION DATA AQUIFER TESTING
Sondes Interval Date |[Drilled Depth_Jos. s’ TYPe_ Slus withgrmuse! |
lrges ramma. O =203 Z/=/89 |Completed Depin jov cs. . D |
o - Date Started ﬂu/°° : . |Lengtn of Test
- Date Completed io /;4 /a4 Volume Pumped
- Static Water Level/Date /a-'- Drawdown
- /A2/89 Date of Test o /c/¢ ‘
INSPECTION RESULTS ' |
CLEANING MATERIAL STORAGE/PACKING |
inspection Method - Viswal Inspection Method YVisual
Acceptance Criteria_fs msc seesiom 7. Acceptance Criteria_ac o co2ion 7 2
Ac"eot Reger Oate Accept  Keject  Daze
orilling Tools/Rig -, g2/z/@ |Mt1. Handling/Storage ~u< /e |
Temporary Mat =r1alsnp q/=2/s4 |Material Packing = o/ 25/54 ]
Permanent Materials 5/28/0s '
. LUBRICANTS/ADDITIVES i
) SCREEH Siot |Inspection Method (/al !
Type Length Size |Acceptanca Criteria  ~: ~= cocivpr 7. 2 E
= re Dy Tocz 309 Coctin- s /0 IdentiTy Accept Reject Llate |
ve sieng cton gy cteg | (4") — — Additives N /A ~iz i iz |
Depin(s) oy Tz - /933" Lubricants 2y Sy =m - 2& trare |
Inspection Metnod __ V. sual . STRAIGHTNESS TEST
AAcceptanc?ffriteria B¢ won -_.;-[-),-. 4,/:.5 inspegtmn Pé“:“ 23 lpme 7 L mmrden ol lew
Acce & Reject ate g/:a/29 cceptance Critera_ 2. ae, gecimo= 7 2
9‘;,,_ — —— Accept~ 72 Reject Date_g/:z/29
CASING (permanent) —
Type Size Placement | WELL PROTECTION
Tohwsow OW. = g 304 v " 194,97 '= = ;.5 | Inspection Method  Viguel
voam e S bee) - —~ = — |Acceptance Criteria Ae g4. sarow 4.2.5-9.2.10
Inspection Metnod Yi<wal . Accept Reject Daze
Acceptance Criteria__ A« pes seeiion #.2 Protective Posts _ WA /il e
c*esqj&___ Reject_ Date_s_'/_.-_gi Locks Bal R E——
ANNULAR SEAL
Inspection Methed Men s unad u/swwl —nsa Acceptance Criteria_As aum <uciow ¥ 2.0-42.9
Type Interval | Yolume BpT  Reject Date
2040 Lolmmdo S )ice Samd  ov.0S - /853 168 253 A7 a/zz/4a
e Uplclay *nole=s 9.3 = 186.3 12y ex3 paa S/ 2% /5
T A0 Rgmiyenie Crimslas e D = 20-2° 57.7) 423 LS S /2d /s
Crmg .= - any* JC.2 - -l'_ [RAIA -—’ M7 ?/’5/9*
e - —Sm S /’H ,:7 |
OTHER (1mua1 if performed) i
~/a Well Abandonment =07 Downhole TV Inspection Complete As-Built Diagram,
TZA_ Well Development - ' Driller's/Geologist's Logs g

fM.&«r

7;{)110_4&-_— Jo-10-P9

For all blanks mark N/A if not applicable.

B.6.3



£% Battelle

Pactic Nortfrees! Laoorasores

AS-BUILT DIAGRAM

Well Numper 299-E35-1

S. Brandenberger, T. Gilmorae, E
Geologist Jensan. B. Biornstad. M. Chamnass, Page 1 ot

Reviewed by _V.L. McGhan

2
L Kanneay, R. Blegan, R. Miller
Well Started: 08/G7/89

10-10-89 Date Well Compieted: 12/14/89

Construction Data Depth Gaoclogic/Hydrologic Data
Samase Type
Q
Description : Lithologic Description
Cement Pad (0.5 - 2.0 = | o [23:%20.3% Sandy Gravel
12° gia. caroon steel casing * o,_;': ) )
(0" - 20.0" - removes o [F3$ T Muddy Sandy Gravel
/ L] b-e:'?'p-%: “ * ®
Cament Grout Z Fasan
(2.0' - 20.00 7 . f:ffsa:&:' Sandy Gravel
Z pivoesaal . .
8" dia. carcon steel casing ————r—->" 30 _|® >
(0" - 191.55") - removed Z IR 35 |e 4 Slightly Muddy Gravelly Sand
Il 40 _|o 9] Sanay Gravel
% 7 -
v ;2 o8 45 o i1 Gravelly Sand
4° dia. stainless steel final casing ~——8 %3 = T
(+2.00' - 181.45) 4 b l 50 |oE35ETS Muddy Sandy Gravel
1 [ 55 |oENZET:el - . .
Casin ize cd BT 330aN%
g Camralizer I = | Ez 50 |o ] Sandy Gravel
Casing Joint = ¢ ; 65 |eE 4 Stightly Mucdy Gravelly Sanc
E gz 70 |ef: 3% Sandy Gravel
[ A ]
5.20 — o v ; 75 |eE .| Slightty Muddy Gravelly Sand
-20 mesh bentonite crumbles ———— %3 HT .
(20.0° - 173.4) & et 1 80__|® '3 Sandy Gravel
73 1 85__|e . .
q B '
s 2 90 |- Gravelly Sand
v 23 B - -
I el i <20
D8 = Drive Barrel ey X~ | P EEARES Sandy Gravel
:'Is' = Hard Tool 5';‘ éi ss| 105 {& 35 o E Mucdy Sandy Gravel
= Split Spoon 52 é; T 110 |oE3TEHE - - .
q Syt
I IR RS T
91 15 HT| 120 |eE3ZETR - -
e bty
% ;z 125 |e 5T Boulder @~125'-125" (No Sample)
‘4 12 " O
a B e 130 | e (FRFF=* Mucdyv Sanav Gravel

41800~ 186 (/87

B.6

H




£% Battelle AS-BUILT DIAGRAM

Pacihc horwveas! Lacoraserwe

$. Brandenberger, T. Giimore, E
Well Number 299-E35-1 Geologist Jensen. B. Biomstad. M. Chamness, F age 2 of 2
- L Kenneay, FL. Blegan, R. Miller e —
Well Started: 08/07/88

Reviewed by _V.L. McGhan 10-10-80 Date Well Completed: 12/14/89
Construction Data Depth ‘ Geologic/Hydrologic Data
Samme T
Fll'l ' o Un:.‘m otl
Hard Tool
Description Diagram ee : Som Somon Lithologic Description
ZIRE CRTAIR
8" dia. carpon steel casing Z Y 135 |o EFRSEZ| Muddy Sandy Gravel
(0' - 191.55") - removed — 3 140 |o E—e;?f__;: . . .
i SR
4" dia. stainless steel final casing - : ;; 145 |e ; ,:’3‘-,?: :
o ’. ’ 0 90 .0,
(+2.03' - 181.45) 4 |a 150 |efi%%258%) Sandy Gravel
[ A4 1'4 s v— ’,'“:. : .... ) )
8 - 20 mesh bentonite crumbles -—-% A 155 |e [ K S
(20.0' - 173.4") 1 |5 pIRies =2 Muddy Sandy Gravel
eq 174 g | 160 |eFsT=a Muddy Sandy
o o houot
¢q |a 165_ |ekerzxl :
v 78 Pos DR, . .
HT = Hard Tool g% 22 170 . ;-%o-:-_::‘s -
4 ] hoe: ors w0 o - - -
3/2" Volclay pellets : o 175 _ |* kel
1(173.4 - 178.4) j ; 180 e E—:';vg.::: . . .
¥ 4 b2 oaror
20 - 40 mesh Colorado silica "—"_" : 185 |e :Eo;;?é - - -
sand (178.4-191.8") g 3 —1;0—' . e . . .
‘ 4 Prat’d
Static Water Table (189.02) = =1 s
- 08/31/88 - AR X | 195 (e deIT
TD=193.8"

Bottom of well = 192.1°
Backfill (182.1' - 193.8"

4" dia. stainless steel Johnson /]
continuous wrap, 20 siot scre:
(181.45 - 192.1") /

Well Completion Symbols

(as per PNL-8392)
Cement Grout PRRLRA

Granular Bentonite
Bentonite Pellets

Sand Pack
Backfll

A~1800-186 (V&7

B.6.
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3]

/ WELL COMPLETION/INSPECTION REPORT(gcverming procedure 0D0-1, RO)

Well No.7ed-£25-1

Temp. Well No.Z12-4w /o
Coordinates .- -

Casing Elev, Ground cjev.

~ification No. ¥Mc-5-01Y Rev. Nc. 3
jeet  -+8f=

ition "D Bae = Mrea.

’.hng Co. =3t A Ron-z Dr.l\{u:

iler Romerr Porry

DRILLING METHQD

ar (companies)

. emimere

'sog1 St(S) $. 3 ranacn gereer

Rntary Air_nfe  Hud_nle
2etas——

= Sencen. 3. T aeriond s Zhamaets

Cable Tool "Dy 3 Hp-385si00i0z a9y
Orilling Fluid_Zm Zaa= mrsgt yom—es

- <grmeds R._2iecan R.mMilleer Other Sali= $oeem (r0/=707")
GEOPHYSICAL LOGSING COMPLETION DATA AQUIEER TESTING
.ondes Interval Date [Orilled Depth__ /92.3° ¥.15-29 Type N/~
go rrmma O’= 193 3/27/3%|Completed Deptn 2.1 . —
~ - Date Startad 3/7/49 LengTn o7 rest 'I
- Date Completed = /1u /ae Voiume Puriped !
- Static Water L°vel7Date /29, oz/ Drawd i
- Tow7er |Daxé of Test :
INSPECTION RESULTS
i
CL..ANING MATERIAL STORAGE/PACKING :
spection Method Jisnad Inspection Method Yisual
zsntance Critena_r New 7.5 Acceptance Criteria_ R« n:( csemion 7 2
Ac»-ept Reject Da1/:e MET HandTing/S Accent Reject Ca:ze
11ing Tocls/Ri # 3/u /a9 . Handling/Storage _-A~2 3/%1 /g
maraay Mat~r1agls o5 ai+ /ey |Material Packing ) PYEY ,;%
rmanent Matarials Ra& g/iles ;
LUBRICANTS/ADDITIVES :
SCREN Slot |Inspection Method \ieued :
Type Length ~ Size |Acceptance Criteria_As aw ny-=ow 7.2 !
Savasw Div. by ag 304 CLoms e /0-65 20 [denti7y Accept Reject (Qate |
rrgud wend Stase wee 3ovel - — _|Additives ANons ) 2/34/99
E‘—:n(s) 192.10 - 181.%5 Lubricants ‘_ao-'-——vai'; ol BArs 3/31/8 4
-spection Metnod 1S mal . STRAIGHTNESS TEST
-zentance Criteria__ As ce. gec™ow & 3.2 Inspection Method 29 ' /ome 7 'Jinmstex o ler
Accent_A~@3 Reject___ Data d/ae/87 |Acceptance Criteria_A. A4 <e-"ow 2 3
— Azcept ZSaA Reject Date a/.4/2%
CASING (permanent)
Type Size P1acemen-. WELL PROTECTION
—asaie DV, . az v  +1.01’- 11lys]Inspection Method 1)iguaml
30¢ svasnirae Sl -— - - - Acceptance Criteria e= r~;. Age=pm #.3.6=~2,0
1spection Metnod__ vicgel ) Accent  Rejecs Date
scaptance Criteria_As egs seo~ien 227 Protective Posts _uac L/ e
Acc-at g Reject Date &-/1+/7% |Locks PIT= PYREL
ANNULAR SEAL \
“nspection Method Meacusd pi'ds sieel La s Acceptance Criteria__2e i, sigiiow 226-7 39
Type Intervai Volume Accest Aeject Daze
An sy Ca’av“a S Vieca ‘eJ 18, L- 173.9 §.ow =~ R 2/10/4‘?
w Vialotma,  Agile =t (78 &4 = 7% o -4 ) 2 34, 72
Aett SanTeves Pl ;v".w\s'—nl‘; 17 Ll 0 3 At 3 AAA 23, 2
Zowm ena™ 3 =ga i'i - - ::— S 2.2 ".*} ‘3':? = -3“ =,-.:
B FT - R

~/s Well Abandonment .
‘—"3 Well Development )

. OTHER (mwtnl if performed)
=451, pownnole TV Inspection

Comolete As-Built D1agr.m
Drilier's/Geologist's Locs

/W"/J.j-/m“d._ /0 -10-2°
B.6.6

For all blanks mark ¥/A if not

arplicadia
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Column definitions for Table B.7.1

A - Sample identification.
B - Initial weight of sediment in grams.

C - Weight of solution left in contact with sediment after equilibration
steps.

D - Weight of added solution.

E - Initial solution concentration of lead in non-radioactive experiments
(ug/L or ppb).

F - Initial solution concentration of 2%b in tracer experiments (uCi/mL).

G - Seven-day equilibrium solution concentration of lead in non-radioactive
experiments (ug/L or ppb).

H - Ten-day equilibrium solution concentration of 2°Pb in tracer experiments
(uCi/mL).

I - Ten-day equilibrium soil concentration of 2!%Pb in tracer experiments
(uCi/g).

J - Lead R, values determined for non-radioactive experiments using equation
(A.3.49, (mL/g).

K - Lead R, values determined for tracer experiments using equation (A.3.4),
(mL/g).

L - Lead R, values determined for tracer experiments using equation (A.3.3),
(mL/g).

B.7.2
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Plate 1. Geologic Map of the 218-E-12B Burial Ground Showing Mapped Units
* and location of Samples Obtained for Laboratory Analysis
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