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EXECUTIVE SUMMARY

This data package discusses the geology, hydrogeology, geochemistry, and mineralogy of the
Hanford Site.

Chapter 1.0 introduces the Hanford Site and the Columbia Plateau. The Hanford Site lies within
the Pasco Basin of the Columbia Plateau (often called the Columbia Basin), a broad plain located
between the Cascade Mountains to the west and the Rocky Mountains to the east.

Chapter 2.0 presents the physiographic setting of the Hanford Site. Millions of years of
cataclysmic flooding, eolian activity, and landsliding have modified the surface topography of
the Columbia River Basalt Group and overlying sediments of the Ringold Formation to create
the current physiography of the Hanford Site.

Chapter 3.0 describes the geology of the Pasco Basin and the Hanford Site. Principal rocks
exposed at the surface come from the Columbia River Basalt Group and intercalated sedimentary
rocks of the Ellensburg Formation. Younger sedimentary rocks from the Ringold Formation and
Pleistocene catastrophic flood deposits overlay the older deposits. The tank farms on the
Hanford Site feature this general stratigraphy.

Chapter 4.0 presents the geologic structures of the Pasco Basin and the Hanford Site.

The Columbia Plateau consists of a structurally and topographically low area surrounded by
mountains ranges to the west and east. The Columbia Plateau has two major geologic structures:
the Yakima Fold Belt subprovince (anticlinal ridges and synclinal valleys) and the Palouse
subprovince (westward tilting paleoslope). The Hanford Site and the tank farms sit on the
eastern edge of the Yakima Fold Belt. The eastern boundary of the Hanford Site extends to the
western boundary of the Palouse subprovince.

Chapter 5.0 describes the surface and subsurface geology of the single-shell tank farms

located on the Hanford Site. The S, SX, T, TX, TY, and U tank farms are located in the

200 West Area of the Hanford Site. The A, AX, B, BX, BY, and C tank farms are located in the
200 East Area of the Hanford Site.

Chapter 6.0 presents the tectonic development of the Hanford Site. North-south compression has
deformed the Columbia Plateau producing the Yakima Fold Belt. Deformation rates have
declined over time, and earthquake events do not appear related to known faults.

Chapter 7.0 presents vadose zone characterization data for the single-shell tank farms.
Principal data comes from extensive analysis of soil samples taken from boreholes drilled near
the tank farm waste management areas.

Chapter 8.0 describes the groundwater hydrology and geochemistry beneath the single-shell tank
farms. It presents historical and recent groundwater data relating to the uppermost, unconfined
aquifer in the Hanford Site vicinity. It also presents historical water level and flow direction
measurements.
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Chapter 9.0 presents groundwater geochemistry for the areas beneath the single-shell tank farm
waste management areas. It describes data collected between 1989 and 1993, and more recent
data collected specifically for the purpose of evaluating groundwater.

Chapter 10.0 lists reference materials cited in this document.

The metric system is used in this document. However, English units are used for descriptions
and discussions of drilling activities and samples since that is the system of units used by drillers
to measure and report depths and well construction details. To convert feet to meters, multiply
by 0.3048; to convert inches to centimeters, multiply by 2.54; to convert meters to feet, multiply
by 3.28.

il
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1.0 INTRODUCTION

The Hanford Site lies within the Columbia Plateau, which is a broad plain situated between the
Cascade Range to the west and the Rocky Mountains to the east, and is constructed from the
Miocene Columbia River Basalt Group (CRBG) (Figure 1-1). The Columbia Plateau is often
called the Columbia Basin because it forms a broad lowland surrounded on all sides by
mountains. In the central and western parts of the Columbia Plateau and Pasco Basin where the
Hanford Site is located, the basalt is underlain predominantly by Tertiary continental
sedimentary rocks and overlain by late Tertiary and Quaternary fluvial and glaciofluvial
deposits. All these were folded and faulted during the Cenozoic to form the present landscape of
the region.

Figure 1-1. Geologic Setting of the Columbia Basin and Pasco Basin
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20 PHYSIOGRAPHIC SETTING OF THE HANFORD SITE

The physiography of the Hanford Site is dominated by the low-relief plains of the Central Plains
physiographic region and anticlinal ridges of the Yakima Folds physiographic region

(Figure 2-1). The physiography of the Columbia Basin is controlled by the late Cenozoic
faulting and folding of the CRBG and overlying sediments of the Ringold Formation.

Surface topography has been modified within the past several million years by geomorphic

processes related to: 1) Pleistocene cataclysmic flooding, 2) Holocene eolian activity, and
3) landsliding.

Figure 2-1. Physiographic Map of the Pacific Northwest
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Cataclysmic flooding of the Hanford Site occurred when ice dams in western Montana and
northern Idaho were breached, allowing large volumes of water to spill across eastern and central
Washington. The last major flood occurred about 13,000 years ago, during the late Pleistocene
Epoch. Anastomosing flood channels, giant current ripples, bergmounds, and giant flood bars
are among the landforms created by the floods and are readily seen on the Hanford Site. Most of
the large landslides in the region occurred when these flood waters eroded steep slopes of the

ridges. The single-shell tank (SST) farms are located on one major Pleistocene flood bar, the
Cold Creek bar.

Since the end of the Pleistocene, winds have locally reworked the flood sediments, depositing
sand dunes in the lower elevations and loess (windblown silt) around the margins of the

Pasco Basin. Generally sand dunes have been stabilized by anchoring vegetation except where
the sand dunes have been reactivated where vegetation is disturbed.
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3.0 GEOLOGY OF THE PASCO BASIN AND HANFORD SITE

The stratigraphy of the Pacific Northwest is a collection of accreted terrane rocks added onto the
North American craton between the Precambrian and early Cenozoic that are now mostly
covered by extensive Cenozoic volcanic rocks. Intercalated with the volcanic rocks in structural
basins and along the evolving continental margin are sedimentary rocks derived from eroding
uplands areas. Section 3.1 provides a summary of the regional geologic history and evolution of
the Pacific Northwest and will not be repeated here. The remainder of this chapter concentrates
on geology specific to the Pasco Basin-Hanford Site and SST farms.

The generalized stratigraphy of the Pasco Basin and Hanford Site is shown in Figure 3-1.

The principal rocks exposed at the surface are the CRBG and intercalated sedimentary rocks of
the Ellensburg Formation. These are overlain locally by younger sedimentary rocks of the
Ringold Formation and the Pleistocene catastrophic flood deposits of the Hanford formation
(informal). This is the general stratigraphy present at the tank farms.

3.1 REGIONAL GEOLOGY

The Hanford Site contains all the main geologic elements of the Columbia Basin (DOE 1988,
Consultation Draft: Site Characterization Plan, Reference Repository Location, Hanford Site,
Washington). The Columbia Basin is the area bounded by the Cascade Range to the west, the
Rocky Mountains to the northeast, and the Blue Mountains to the southeast (Figure 3-2).

Four major geologic processes, occurring over millions of years, formed the soil, rocks, and
geologic features (ridges and valleys) of the Columbia Basin and, therefore, the Hanford Site.
The area was flooded with numerous basaltic lava flows between 17 and 6 million years ago,
followed by tectonic forces that folded the basalt. In this landscape, the ancestral Columbia
River meandered across the area leaving behind layers of sediment called the Ringold Formation.
About 13,000 years ago, the area was inundated by a series of Ice Age floods (including the
Missoula floods), which deposited more sediment in what is referred to informally as the
Hanford formation.

3.1.1 Lava Flows

Lava flows erupted over a period of time from 17 to 6 million years ago. Under the Hanford
Site, basaltic lava deposits (CRBG) are over 4 km (13,000 ft) thick (Reidel and Hooper 1989,
“Volcanism and Tectonism in the Columbia River Flood-Basalt Province”), spreading over
portions of Idaho, Oregon, and Washington. The Columbia Basin encloses the CRBG.

A depression in the lower part of the Columbia Basin is referred to as the Pasco Basin

(Figure 3-3). The Pasco Basin is bounded by the Saddle Mountains to the north, Naneum Ridge
to the west, Rattlesnake Hills to the south, and the Palouse Slope to the east, generally the area
north of where the Snake River flows into the Columbia River. Geographically, the ridges
surrounding the Hanford Site and vicinity define the Pasco Basin, which contains Ringold
Formation sediment from the ancestral Columbia River and sediment deposited by the Ice Age
floods.
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Figure 3-1. Generalized Stratigraphy of the Pasco Basin and Vicinity
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Figure 3-2. Geologic Elements of the Pasco Basin Portion
of the Columbia Basin, Washington
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Figure 3-3. Geologic Structures of the Pasco Basin and Vicinity
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3.1.2 Crustal Folding

During and after the eruption of the lava flows, the Earth’s tectonic forces buckled and folded the
basalt in the western Columbia Basin into generally east-west trending, long, narrow ridges
(anticlines), and intervening valleys (synclines). Collectively, this is identified as the Yakima
Fold Belt (YFB).

3.1.3 Ancestral Columbia River Deposits

The ancestral Columbia River repeatedly changed its course over the past 15 million years,
depositing gravel, sand, silt, and clay (Tallman et al. 1981, “Suprabasalt Sediment of the Cold
Creek Syncline Area”; Fecht et al. 1987, “Paleodrainage of the Columbia River System on the
Columbia Plateau of Washington State — A Summary”’; DOE 1988; Reidel et al. 1994, “Late
Cenozoic Structure and Stratigraphy of South Central Washington”; Lindsey 1996, The Miocene
to Pliocene Ringold Formation and Associated Deposits of the Ancestral Columbia River
System, South-Central Washington and North-Central Oregon). Uplifting basalt ridges diverted
the course of the Columbia River from a southerly direction (toward Goldendale) to an easterly
direction (toward Wallula Gap) and left behind the Ringold Formation (Fecht et al. 1987).

Later regional uplift associated with the Cascade Mountains caused the river to cut through its
own earlier deposits (the Ringold Formation) exposing the White Bluffs.

Within the Hanford Reach, the Columbia River continues to erode the White Bluffs.
Groundwater seepage from irrigation along the bluffs makes them unstable. Consequently, the
White Bluffs are landsliding and sloughing into the Columbia River along much of the shoreline
(Fecht et al. 1987).

3.1.4 Ice Age Floods

The last major geological event was the Ice Age floods. The Ice Age floods began as early

as 2.5 million years ago (Bjornstad et al. 2001, “Long History of Pre-Wisconsin, Ice Age
Cataclysmic Floods: Evidence From Southeastern Washington State”) with the most recent
occurring 18,000 to 13,000 years ago. During the freezes and thaws that occurred in the Ice Age,
an ice dam across the Clark Fork River in Montana formed and failed many times, each time
releasing a wall of water that surged southwest through the Columbia Basin, inundating the area
that is now the Hanford Site. As the water moved across eastern Washington, it eroded the
basalt, forming channels of barren rocky land referred to as the Channeled Scabland. At other
localities, such as away from the main flood channels, the water deposited bars of gravel and
sand. The waste management facilities in the 200 Areas of the Hanford Site are located on one
prominent flood bar of sand and gravel, the Cold Creek bar (Bretz et al. 1956, “Channeled
Scabland of Washington: New Data and Interpretations”; DOE 1988). Where the waters pooled
behind obstacles such as Wallula Gap, they left behind deposits of sand and silt known as the
Touchet Beds. Examples of Touchet Bed silt deposits are found in the Central Plateau of the
Hanford Site at the U.S. Ecology, Inc. site near the 200 Areas.

Ice Age floods became hydraulically dammed behind Wallula Gap, forming Lake Lewis.

The largest and most frequent floods came from glacial Lake Missoula in northwestern Montana.
Other floods may have escaped down-valley from the glacial lakes Clark and Columbia along the
northern margin of the Columbia Basin (Waitt 1980, “About Forty Last-Glacial Lake Missoula
Jokulhlaups through Southern Washington”; Baker and Bunker 1985, “Cataclysmic late

3-5



RPP-23748, Rev. 0

Pleistocene flooding from glacial Lake Missoula: A review”) or down the Snake River from
glacial Lake Bonneville (Malde 1968, The Catastrophic Late Pleistocene Bonneville Flood in the
Snake River Plain, Idaho; O’Connor 1993, “Hydrology, Hydraulics, and Geomorphology of the
Bonneville Flood”) or from subglacial outbursts (Shaw et al. 1999, “The Channeled Scabland:
Back to Bretz?”).

3.1.5 Geologic Structure

This section briefly describes the geologic structure of the Columbia Basin; for additional
information on the geologic structure see Chapter 4.0. The Columbia Basin has two structural
subdivisions or subprovinces: the YFB and the Palouse Subprovince (Figure 3-2). The YFB is a
series of anticlinal ridges and synclinal valleys in the western part of the basin that has
predominantly an east-west structural trend. The Palouse Subprovince is the eastern part of the
basin and shows little deformation with only a few faults and low amplitude, long wavelength
folds on an otherwise gently westward dipping paleoslope (DOE 1988). The Hanford Site lies
within the Pasco Basin, which is a smaller basin in the YFB along the western margin of the
Palouse Subprovince. The Saddle Mountains form the northern boundary of the Pasco Basin,
Rattlesnake Mountain is the southern boundary, and the Hog Ranch-Naneum Ridge anticline
forms the western boundary (Figure 3-3). The main Hanford Site waste management areas
(WMA), 200 East and 200 West Areas, lie in the Cold Creek syncline between Yakima Ridge
and Umtanum Ridge in the southern portion of the Pasco Basin (Figure 3-3).

3.1.6 Stratigraphy

This section summarizes the strata and structure of the sediment and rocks that affect the
Hanford Site/Pasco Basin. Figure 3-1 shows the various strata, their age, and epoch names for
those geological periods of time.

Columbia River Basalt Group: The bedrock of the Hanford Site is volcanic rock (basalt).
Beneath the Hanford Site lay a minimum of 100 basalt flows with a maximum combined
thickness of more than 4 km (almost 13,000 ft) (DOE 1988), all part of the CRBG.

To organize the many basalt deposits into a consistent nomenclature, geologists have named and
grouped them based on their physical and chemical properties. The basalt deposit closest to the
surface at the Hanford Site is Saddle Mountains Basalt (Figure 3-1). Saddle Mountains Basalt
consists of 10 distinct basaltic lava deposits (members). The most recent basalt flow underlying
most of the Hanford Site is the Elephant Mountain Member of the Saddle Mountains Basalt.

A younger basalt flow, the Ice Harbor Member, is found in the southern portion of the site near
the 300 Area (DOE 1988). This unit forms the base of the unconfined aquifer.

In addition to basalt, the Hanford Site has sedimentary formations. These are sediment (material
that settles to the bottom of a liquid) that often has hardened into rock. Some of the sediment at
the Hanford Site is found between the basaltic lavas and is called the Ellensburg Formation.

The majority of the sediment is above the basalt with the Ringold Formation on the bottom,
overlain by the Cold Creek unit, and topped with the Hanford formation (Figure 3-1).
Understanding the formations, along with clastic dikes and the soil of the Hanford Site,
contributes to understanding of how, for example, contaminants might travel through the vadose
zone and unconfined aquifer in the 200 Areas.
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Ellensburg Formation. This is the sediment found interbedded with the CRBG.

The Ellensburg Formation formed as early as 15.6 million years ago, although the youngest
portion on the Hanford Site may have formed as recently as 8 million years ago (DOE 1988).
The Ellensburg Formation was created when volcanic rock and sediment from uplands
surrounding the Columbia Plateau interfingered with the basalt of the CRBG

(Swanson et al. 1979a, Reconnaissance Geologic Map of the Columbia River Basalt Group in
Eastern Washington and Northern Idaho; Swanson et al. 1979b, Revisions in Stratigraphic
Nomenclature of the Columbia River Basalt Group). The thickest accumulations of the
Ellensburg Formation lie along the western margin of the Columbia Basin. While deposition
along the western margin was primarily from volcanic debris flows and related stream and sheet
floods, no volcanic debris flows have been identified at the Hanford Site (Reidel et al. 1994).
Volcanic rock (formed from falling ash known as tuff) is the dominant material in the Hanford
Site portion of the Ellensburg Formation. The Ellensburg Formation is commonly exposed along
the ridges of the YFB. The confined aquifer system underlying the Hanford Site is found in the
basalt breccia or flow tops of this formation.

3.1.7 Ringold Formation, Cold Creek Unit, and Hanford formation

Sediments overlying basalt in the Pasco Basin and Hanford Site, known as the suprabasalt,
include the Ringold Formation, Cold Creek unit, and the Hanford formation. These formations
are primarily exposed in the lower elevation areas around the Hanford Site, including White
Bluffs.

Ringold Formation. The lower half of the Ringold Formation is the main unconfined aquifer
under the Hanford Site and contains five separate stratigraphic intervals dominated by the fluvial
gravels facies. These gravels, designated units A, B, C, D, and E (Figure 3-1), are separated by
intervals containing deposits typical of the overbank and lacustrine facies (Lindsey 1991,
Revised Stratigraphy for the Ringold Formation, Hanford Site, South Central Washington).

The lowermost of the fine-grained sequences overlying, unit A, is designated the lower mud
sequence. The uppermost gravel unit, unit E, grades upwards into interbedded fluvial sand and
overbank deposits that are in turn overlain by lacustrine-dominated strata.

The upper part of the Ringold Formation, informally called the member of Taylor Flat

(Lindsey 1995, Miocene-to Pliocene-Aged Suprabasalt Sediments of the Hanford Site, South
Central Washington) consists of the sequence of fluvial sands, overbank deposits, and lacustrine
sediments overlying unit E. This corresponds to the upper unit as originally defined by
Newcomb (1958, “Ringold Formation of Pleistocene Age in Type Locality, The White Bluffs,
Washington™) along the White Bluffs in the eastern Pasco Basin. The fluvial sand facies is the
principal facies of the upper part under the tank farms at the Hanford Site.

Cold Creek Unit. The Cold Creek unit (DOE-RL 2002, Standardized Stratigraphic
Nomenclature for Post-Ringold-Formation Sediments within the Central Pasco Basin) includes
all material underlying the Hanford formation, overlying the Ringold Formation in the vicinity of
the 200 West Area, and may extend over most of the central Pasco Basin. The Cold Creek unit
distinguishes itself from the Hanford and Ringold formations because it was formed when the
Ringold Formation was eroding and relatively little was being deposited at the Hanford Site.

This subunit is found locally in the Cold Creek syncline in the subsurface. Distribution of the
Cold Creek unit depends in part on erosion and weathering of the underlying Ringold Formation
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and post-depositional erosion by the Ice Age floods (Slate 1996, “Buried Carbonate Paleosols
Developed in Pliocene-Pleistocene Deposits of the Pasco Basin, South-Central Washington,
U.S.A.”). The thickness of the Cold Creek deposit ranges from 0 to 20 m. Locally, the Cold
Creek unit contains very hard rock that formed as precipitation evaporated and left behind
minerals forming what geologists call caliche or hardpan. This layer can influence contaminant
migration by slowing its rate of downward movement and potentially diverting contaminants
laterally (Slate 1996). However, this layer has no more influence than other layers.

Thin, fine-grained layers in the Hanford formation also cause lateral migration (Serne et al. 2002,
Characterization of Vadose Zone Sediment: Uncontaminated RCRA Borehole Core Samples and
Composite Samples).

Hanford formation. The Hanford formation is the informal name for the strata that lie on top of
Cold Creek unit above the Ringold Formation. The Ice Age floods inundated the Hanford Site a
number of times beginning as early as 1 to 2 million years ago (Bjornstad et al. 2001). The last
major flood sequence occurred about 13,000 years ago. When the Ice Age floodwaters entered
the Pasco Basin, they quickly became impounded behind Wallula Gap, which was too restrictive
for the volume of water involved. Floodwaters formed temporary lakes with shorelines up

to 381 m (1,250 ft) in elevation. The lakes lasted not more than a few days (O’Connor and
Baker 1992, “Magnitudes and Implications of Peak Discharges from Glacial Lake Missoula™).
The deposits, known as the Hanford formation, that were left after the floodwater receded
(Figure 3-4), blanket low-lying areas over most of the Hanford Site.

The Hanford formation is thickest in the vicinity of the 200 Areas where it is up to 100 m

(300 ft) thick (DOE-RL 2002). Gravel, sand, and silt (Touchet Beds) dominate the Hanford
formation (Reidel et al. 1992, Field Trip Guide to the Hanford Site). The different sediment
types of the Hanford formation commonly interfinger laterally. The relative proportion of each
sediment type at any given location is related to its distance from main high-energy flows at the
time of deposition (DOE 1988). Generally, gravel was deposited in the center of the Pasco
Basin, while finer-grained sand and silt were deposited along the margins of the basin.
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Figure 3-4. Isopach Map of the Ice Age Flood Deposits (Hanford formation)
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3.2 COLUMBIA RIVER BASALT GROUP

The CRBG, the principal bedrock unit in the YFB and under the Hanford Site, is a sequence of
tholeiitic flood basalt flows that were erupted between 17 and 6 Ma. The CRBG now covers
approximately 230,000 km? and consists of 200,000 km” of basalt (Camp et al. 2003, “Genesis of
Flood Basalt and Basin and Range Volcanic Rocks from Steens Mountain to the Malheur River
Gorge, Oregon™). The flows were erupted from north northwest trending fissures or linear vent
systems in north-central and northeastern Oregon, eastern Washington, and western Idaho
(Swanson et al. 1979b).

The CRBG has been divided into five formations (Swanson et al. 1979b) (Figure 3-1); only the
Grande Ronde Basalt, the Wanapum Basalt, and the Saddle Mountains Basalt are exposed on the
Hanford Site. The Imnaha Basalt occurs at the base of the Columbia River basalt under the
Hanford Site. The Picture Gorge is not present on the Hanford Site.

The basalt flows of the CRBG are recognized using a combination of lithology, chemistry, and
paleomagnetic data (Swanson et al. 1979b). Chemical composition and paleomagnetic data have
proven to be the most reliable criteria for flow recognition and correlation; lithology is reliable
for many flows primarily within the Wanapum and Saddle Mountains basalts but chemical
compositions are still used to confirm identifications.

Over 65% of the CRBG was erupted in a 1-million year span of the Grande Ronde Basalt. In the
field, the Grande Ronde Basalt is divided into four magnetostratigraphic units, which, from
oldest to youngest are: Reversed 1, Normal 1, Reversed 2, and Normal 2 (Swanson et al. 1979b).
The Grande Ronde Basalt is further subdivided into 17 groups of flows based on chemical
compositions (Reidel et al. 1989b, “The Grande Ronde Basalt, Columbia River Basalt Group;
Stratigraphic Descriptions and Correlations in Washington, Oregon, and Idaho”).

The younger basalt flows of the Wanapum and Saddle Mountains Basalts on the Hanford Site
have been locally eroded to various degrees. Uplift along anticlinal ridges has resulted in erosion
to different depths along the margin of the Pasco Basin and Cold Creek syncline. Within the
synclines where the basalt surface is covered by sediment fill, the upper basalt flows have been
locally eroded by fluvial activity and proglacial flooding. North of the 200 Areas near Gable
Gap, the Saddle Mountains Basalt has been eroded down to the oldest member, the Umatilla
Member. The Elephant Mountain Member is suspected of being eroded near the northeast
corner of the 200 East Area.

3.2.1 Ellensburg Formation

The Ellensburg Formation is intercalated with the CRBG in the Pasco Basin and includes
epiclastic and volcaniclastic sedimentary rocks that are intercalated with and overlie the CRBG
(Waters 1961, “Stratigraphic and Lithologic Variations in the Columbia River Basalt”;
Swanson et al. 1979b). The Ellensburg stratigraphy of the Hanford Site has been discussed in
Fecht et al.(1987). At the Hanford Site, the Ellensburg Formation consists of sediments
deposited by the ancestral Clearwater and Columbia Rivers.

3-10



RPP-23748, Rev. 0

3.3 POST-COLUMBIA RIVER BASALT GROUP SEDIMENTS

The Hanford Site and tank farms are situated on a sequence of sedimentary units that overlie the
CRBG. These sediments are confined largely to the synclinal valleys and basins of the western
Columbia Basin. The sedimentary record is incomplete, but it is a direct reflection of the
structural development of the area (Fecht et al. 1987). The upper Miocene to middle Pliocene
record of the Columbia River system in the Columbia Basin is represented by the upper
Ellensburg, Ringold Formation, and Snipes Mountain conglomerate. Except for local deposits
(e.g., the Cold Creek unit [CCU] [DOE 1988; DOE-RL 2002]), there is a hiatus (lack of
sedimentation or erosion) in the stratigraphic record between the end of the Ringold (3.4 Ma) and
the Pleistocene (1.6 Ma).

Pleistocene to Recent sediments overlying the CRBG at the Hanford Site include: cataclysmic
flood gravels and slackwater sediments of the Hanford formation; terrace gravels of the
Columbia, Snake, and Yakima Rivers; and eolian deposits including the Palouse Formation in
eastern Washington. Two main Late Neogene sedimentary units occur in the region, the
Ellensburg Formation and the Ringold Formation (Figure 3-1).

3.3.1 Ringold Formation

Sediments continued to be deposited in most synclinal valleys of the central Columbia Basin and
Hanford Site long after the eruptions of the CRBG; these sediments are the Ringold Formation.
Although exposures of the Ringold Formation are limited to the White Bluffs on the east side of
the Hanford Site and isolated exposures on the west side, and the Smyrna and Taunton Benches
within the Othello Basin, extensive data on the Ringold Formation are available from boreholes
at the Hanford Site (e.g., Tallman et al. 1979, Geology of the Separations Areas, Hanford Site,
South Central Washington; DOE 1988).

The Ringold Formation at the Hanford Site is up to 185 m thick in the deepest part of the Cold
Creek syncline south of the 200 West Area and 170 m thick in the western Wahluke syncline
near the 100 B Area. The Ringold Formation pinches out against the Gable Mountain, Yakima
Ridge, Saddle Mountains, and Rattlesnake Mountain anticlines. It is largely absent in the
northern and northeastern parts of the 200 East Area.

The Ringold Formation consists of semi-indurated clay, silt, pedogenically altered sediment,
fine- to coarse-grained sand, and granule to cobble gravel. Ringold strata typically are below the
water table and the textural variations influence groundwater flow. The Ringold Formation
historically has been divided into a variety of units, facies types, and cycles (Newcomb 1958;
Newcomb et al. 1972, Geology and Ground-Water Characteristics of the Hanford Reservation of
the Atomic Energy Commission, Washington; Myers et al. 1979, Geologic Studies of the
Columbia Plateau — A Status Report: October 1979; Tallman et al. 1979; DOE 1988;

Lindsey 1995). However, these terminologies have proven to be of limited use because they are
too generalized to account for significant local stratigraphic variation or they were defined in
detail for relatively small areas and do not account for basin-wide stratigraphic variation
(Lindsey 1991, 1995).

Recent studies of the Ringold Formation in the Pasco Basin indicate it contains significant
stratigraphic variations (Lindsey 1991, 1995) that are best described on the basis of sediment
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facies. Sediment facies in the Ringold Formation, defined on the basis of lithology,
stratification, and pedogenic alteration, include the following:

e The fluvial gravel facies consists of clast-supported granule to cobble gravels with a
sandy matrix and intercalated sands and muds. Clast composition is variable, but
typically includes basalt, quartzite, porphyritic volcanics, and greenstone. Sands
generally are quartzo-feldspathic, with <25% basalt content. Bedforms have low angle to
planar stratification, massive bedding, wide shallow channels, and large scale cross
bedding. The facies was deposited in a gravelly fluvial braidplain characterized by wide,
shallow, shifting channels.

e The fluvial sand facies consists of quartzo-feldspathic, cross-bedded and cross-laminated
sands that are intercalated with lenticular silty sands, clays and thin gravels. These sands
usually contain <15% basalt lithic fragments and fining upwards sequences are common.
Strata comprising the association were deposited in wide, shallow channels.

e The overbank facies consists of laminated to massive silt, silty fine-grained sand, and
paleosols containing variable amounts of pedogenic calcium carbonate. Overbank
deposits occur as thin lenticular interbeds in the gravels and sands and as thick laterally
continuous sequences. These sediments record deposition in proximal levee to more
distal floodplain conditions.

e The lacustrine facies is characterized by plane-laminated to massive clay with thin silt
and silty sand interbeds displaying some soft-sediment deformation. Deposits coarsen
upwards. Strata were deposited in a lake under standing water to deltaic conditions.

e The alluvial fan facies is characterized by massive to crudely stratified, weathered to
unweathered basaltic detritus. These deposits generally are found around the periphery
of the basin and records deposition by debris flows in alluvial fan settings and in
sidestreams draining into the Pasco Basin.

The lower half of the Ringold Formation is the main unconfined aquifer under the Hanford Site
and contains five separate stratigraphic intervals dominated by the fluvial gravels facies.

These gravels, designated units A, B, C, D, and E (Figure 3-1), are separated by intervals
containing deposits typical of the overbank and lacustrine facies (Lindsey 1991). The lowermost
of the fine-grained sequences overlying, unit A, is designated the lower mud sequence.

The uppermost gravel unit, unit E, grades upwards into interbedded fluvial sand and overbank
deposits that are in turn overlain by lacustrine-dominated strata.

Fluvial gravel units A and E correspond to the lower basal and middle Ringold units,
respectively, as defined by DOE (1988). Gravel units B, C, and D do not correlate to any
previously defined units (Lindsey 1991, 1995). The lower mud sequence corresponds to the
upper basal unit and lower unit as defined by DOE (1988).

The upper part of the Ringold Formation, informally called the Ringold Formation, Member of
Taylor Flats (R¢) unit (Lindsey 1995) consists of the sequence of fluvial sands, overbank
deposits, and lacustrine sediments overlying unit E. This corresponds to the upper unit as
originally defined by Newcomb (1958) along the White Bluffs in the eastern Pasco Basin.
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The fluvial sand facies is the principal facies of the upper part under the tank farms at the
Hanford Site.

3.4 PLIOCENE TO PLEISTOCENE TRANSITION

There are two main alluvial units of the Pliocene to Pleistocene transition recognized at the
Hanford Site: the CCU and the pre-Missoula gravels. Recently, the pre-Missoula gravels have
been tentatively incorporated into the CCU (DOE-RL 2002). Overlying the tilted and truncated
Ringold Formation in an unconformable relationship in the western Cold Creek syncline in the
vicinity of 200 West Area, is the laterally discontinuous CCU (DOE-RL 2002). The CCU
appears to be correlative to other sidestream alluvial, eolian, and pedogenic deposits found near
the base of the ridges bounding the Pasco Basin on the north, west, and south. These
sedimentary deposits are inferred to have a late Pliocene to early Pleistocene age on the basis of
stratigraphic position and magnetic polarity of interfingering loess units (DOE 1988).

3.4.1 Pre-Missoula Gravels

Fluvial deposits as old as the late Tertiary from major rivers (i.e., Yakima, Snake, Columbia) are
represented in the Pasco Basin (DOE 1988; Baker et al. 1991, “Quaternary Geology of the
Columbia Plateau™). In the central Pasco Basin, mainstream alluvium lies stratigraphically
between the Ringold Formation and the Hanford formation. A thick sheet of well-rounded and
well-sorted gravel, informally called the “pre-Missoula gravels” (PSPL 1981, Skagit/Hanford
Nuclear Project, Preliminary Safety Analysis Report), disconformably overlies the Ringold
Formation in much of the central basin. Based on magnetic polarity and stratigraphic position,
this unit is interpreted to be early Pleistocene. Mainstream alluvium of probable early
Pleistocene age is exposed along Cold Creek and the Yakima Bluffs.

The pre-Missoula gravels are quartzose to gneissic clast supported pebble to cobble gravel with a
quartzo-feldspathic sand matrix that underlie the Hanford formation in the east-central Cold
Creek syncline and at the east end of Gable Mountain anticline east and south of the 200 East
Area. These gravels are up to 25 m thick. The nature of the contact between the pre-Missoula
gravels and the overlying Hanford formation is not clear. In addition, it is unclear whether the
pre-Missoula gravels overlie or interfinger with the CCU. The pre-Missoula gravels are
interpreted as mainstream deposits in the Columbia River.

3.4.2 Cold Creek Unit

The CCU is the name given to the stratigraphic units that occur between the Ringold Formation
and the Hanford formation. The deposits are greatly different between the 200 West Area and
the 200 East Area. In the 200 West Area, there are two subunits: the lower calcrete unit and the
upper silt-dominated unit. In 200 East Area, there is not a clear definition or separation of the
CCU and the overlying Hanford formation and underlying Ringold Formation.

3.4.2.1 Lower Cold Creek Unit Calcrete — 200 West Area

The lower Cold Creek unit (CCUj) in the 200 West Area is a highly weathered paleosurface that
developed unconformably on top of the Ringold Formation (Brown 1959, Subsurface Geology of
the Hanford Separation Areas; Brown 1960, An Eolian Deposit Beneath 200-West Area)
following a period of downcutting and degradation within the central Pasco Basin. Other names
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used to describe this facies have included “caliche” (Brown 1959) and “calcrete” (DOE 1988).
The CCUj consist of basaltic to quartzitic gravels, sands, silt, and clay that are cemented with one
or more layers of secondary, pedogenic calcium carbonate. The concentration of calcium
carbonate within the CCUj 1s generally 20 to 30 wt% but can range from 5 to 70 wt%.

Considerable variability is found within the CCU because of natural heterogeneity inherent in
soils and soil-forming processes, which vary under different physical, chemical, and biological
conditions (e.g., moisture, grain size, aspect, mineralogy, bioturbation, microbial activity).

An additional complicating factor is that the land surface during late Pliocene time was locally
undergoing changes via fluvial and eolian activity, which resulted in variable rates of
aggradation, degradation, and soil development (DOE 1988; Slate 1996, 2000, Nature and
Variability of the Plio-Pleistocene Unit in the 200 West Area of the Hanford Site;

Wood et al. 2001, Subsurface Conditions Description of the T and TX-TY Waste Management
Areas). The calcium carbonate overprint is superimposed onto a variety of rock types, including
silt, quartz-feldpsar-rich sand and gravel, and locally derived basaltic sand and gravel

(Slate 1996, 2000; Lindsey et al. 2000, Vadose Zone Geology of Boreholes 299-W22-50 and
299-W23-19 S-SX Waste Management Area, Hanford Site, South-Central Washington).

The upper boundary of the CCU]j is usually sharp and distinct in contrast to the lower boundary,
which is commonly gradational and overprinted onto the underlying Ringold Formation within
the west-central Pasco Basin. The upper CCU is easily distinguished from the CCU; based on a
contrast in color, degree of cementation, as well as natural gamma activity. The top of the CCU;
is well defined by an increase in calcium carbonate content and decrease in mud content and
sorting, accompanied by a sudden drop in total gamma activity (i.e., potassium-40) on borehole
geophysical logs (Bjornstad 1990, Geohydrology of the 218-W-5 Burial Ground, 200 West Area,
Hanford Site; DOE-GJO 1997, Hanford Tank Farms Vadose Zone: TX Tank Farm Report).

In this data package, the top of the CCU; is defined as the top of the first pedogenically altered,
carbonate-rich, cemented zone accompanied by a sudden drop in natural gamma activity.

3.4.2.2 Upper Cold Creek Unit Silt-Dominated — 200 West Area

A distinctive silt-rich interval, referred to as the silt-dominated facies of the CCU

(DOE-RL 2002) and as Hanford formation/Cold Creek unit (Hf/CCU) deposits, overlies the
CCU calcrete facies over most of the 200 West Area (Brown 1960; Tallman et al. 1979;

DOE 1988). Recent investigators have included the “early Palouse soil” (Hanford formation/
Plio-Pleistocene deposits) as a subunit of the CCU (Lindsey et al. 1994, “Geohydrologic Setting
of the Hanford Site, South-Central Washington). Unlike the lower boundary of these strata,
which is easily differentiated from the underlying Cold Creek calcrete, the upper contact with the
overlying Hanford formation in the vicinity of these WMAs can be difficult to identify in well
cuttings. Because the upper portion of these deposits may appear similar to or grade upward into
the Hanford formation, this interval is referred to in places as Hf/CCU deposits.

Historically, these silt-dominated deposits have been described as a massive, unconsolidated,
micaceous, brown to yellow, loess-like silt and minor fine-grained sand (Price and Fecht 1976g,
Geology of the 241-S Tank Farm; Price and Fecht 1976h, Geology of the 241-SX Tank Farm;
Price and Fecht 19761, Geology of the 241-T Tank Farm; Tallman et al. 1981; DOE 1988;

Last et al. 1989, Hydrogeology of the 200 Areas Low-Level Burial Grounds — An Interim Report;
DOE-RL 1993, Phase I Remedial Investigation Report for 200 BP-1 Operable Unit).
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Brown (1959) originally reported this well-sorted, buff colored, eolian unit to be up to 21 m

(70 ft) thick in the southern portion of the 200 West Area. The silt-dominated deposits generally
were thought to be derived from the eolian reworking of the underlying R and/or the CCU
calcrete facies (Brown 1960; DOE 1988).

More recent investigations have shown that the silt-dominated deposits may contain facies other
than eolian silt and fine sand (Lindsey et al. 1994, 2000; Slate 1996) (Figure 3-5). For example,
at WMA S-SX, these deposits are composed of mostly intercalated layers of fine sand and silt,
more characteristic of alluvial deposits (Lindsey et al. 2000), at least at this location. It appears
then that this interval may consist of a mixture of fine-grained deposits from both eolian and
alluvial depositional environments. Regardless of its exact stratigraphic relationship and origin,
the silt-dominated sediments are a distinctive lithostratigraphic unit that significantly influences
the moisture and contaminant distribution within the vadose zone.

The silt-dominated deposits can be correlated across most of the 200 West Area using
fine-grained texture and high natural gamma activity on geophysical logs (DOE 1988;

Last et al. 1989). These deposits generally are absent away from the 200 West Area. The top of
the silt-dominated interval is identified based on an increase in background gamma activity on
geophysical logs (DOE-GJO 1997) and an increase in mud content (up to 75 wt%).

Calcium carbonate content often is a few weight percent more than the overlying fine-grained
Hanford formation (H2 unit), and usually is significantly less than that for the underlying
pedogenic calcrete facies of the Plio-Pleistocene unit. The basal contact is distinct, indicated by
a sharp drop in total gamma activity and percent mud content. Also, compared to the
pedogenically altered and cemented Cold Creek calcrete, the silt-dominated deposits are
relatively loose and friable. While the Hanford formation/Plio-Pleistocene interval often
contains moderate to high concentrations of calcium carbonate, it appears to be evenly
disseminated and therefore probably is of detrital origin. This is in sharp contrast to the
underlying Cold Creek calcrete, where the calcium carbonate is concentrated within discrete
calcic horizons.

The age of the silt-dominated deposits is bracketed by the Pliocene CCU calcrete (3.4 Ma) and
the well-established overlying Missoula flood deposits of the Hanford formation (Pleistocene
Epoch). This age bracket is the same assigned to the CCU. The age, combined with
well-established criteria that can be used to distinguish the silt-dominated sediments that lie
above the CCU calcrete facies from the Hanford formation, indicates that these sediments can be
reliably mapped in the subsurface. The intercalation of these silt-rich sediments with other
alluvial and fluvial sediments farther south in Cold Creek suggest that these sediments are
probably not associated with the main Missoula flood. Based on these criteria, this report will
refer to these silt-dominated sediments as the CCU silt-dominated facies (upper Cold Creek unit
[Cold Creek fine-grained unit] [CCU,]).
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Figure 3-5. Lithologic Facies of the Cold Creek Unit Near the 200 West Area ®
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3.4.2.3 Cold Creek Unit - 200 East Area

The CCU is largely absent from the 200 East Area. The exact origin of the sedimentary deposits
overlying the CRBG and underlying the Hanford formation, H3 unit is uncertain and still open to
interpretation. These deposits beneath the Hanford formation, H3 unit have been called the
Hf/CCU (Wood et al. 2000, Subsurface Conditions Description of the B-BX-BY Waste
Management Area) and Hanford formation/Cold Creek unit/Ringold Formation unit

(Lindsey et al. 2001a, Vadose Zone Geology of Boreholes 299-E33-45 and 299-E33-46 B-BX-BY
Waste Management Area Hanford Site, South-Central Washington). In this data package, they
are placed in the CCU or lower Hanford gravel/CCU undifferentiated because they represent
sediments deposited between the late Pliocene and early Pleistocene. This is the age range of the
CCU in the 200 West Area. By assigning these deposits to this unit, only the age is implied, not
the origin of the deposits. Wood et al. (2000) recognized two facies of the Hf/CCU beneath the
200 East Area tank farms: a fine-grained eolian/overbank silt (silt facies Cold Creek unit), up to
10 m thick, and a sandy gravel to gravelly sand facies Cold Creek unit. The thick, silt-rich
interval is believed to be a pre-Pleistocene flood deposit, since silty layers associated with

Ice Age flood deposits of the Hanford formation in this area are generally much thinner

(i.e., a few centimeters or less) (Wood et al. 2000). Where the silt unit is absent, the gravel
sequence below the silt unit is indistinguishable from similar-appearing facies of the overlying
Hanford formation, H3 unit (Wood et al. 2000). If the thick silt layer predates the Hanford
formation, however, then the underlying gravels must also predate the Hanford formation.

Thus, the gravel sequence beneath the silt layer must belong to either a mainstream alluvial
facies of the ancestral Columbia River (CCU time) or the Ringold Formation, which was
deposited by the ancestral Columbia River.

3.5 QUATERNARY STRATIGRAPHY OF THE PASCO BASIN

Quaternary sediments, as much as 100 m thick within the Pasco Basin, overlie the Ringold
Formation and are the main units at the tank farms. The most extensive of these is the
Pleistocene-aged Hanford formation (Figure 3-1), but also include eolian deposits and recent
alluvium.

3.5.1 Eolian Deposit

Loess deposits at Hanford contain a detailed Quaternary record; five units are represented within
the Pasco Basin (Reidel et al. 1992). These units are informally referred to as L1 through L5,
and differentiated on the basis of: 1) position relative to other stratigraphic units, 2) color, 3) soil
development, and 4) paleomagnetic polarity.

3.5.1.1 Hanford formation

The Hanford formation is the informal name given to all cataclysmic flood deposits of the
Pleistocene. This is the main stratigraphic unit at the surface of the tank farms. The Hanford
formation consists of pebble to boulder gravel, fine- to coarse-grained sand, and silt.

These deposits are divided into three facies: 1) gravel-dominated, 2) sand-dominated, and

3) sand-and silt-dominated. These facies are referred to as coarse-grained deposits,
plane-laminated sand facies, and rhythmite facies respectively in DOE (1988). The rhythmites
also are referred to as the Touchet Beds. The Hanford formation is thickest in the vicinity of the
200 West and 200 East Areas, where it is over 100 m thick. Hanford deposits are absent on
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ridges above approximately 385 m above sea level, the highest level of cataclysmic flooding in
the Pasco Basin (DOE 1988).

3.5.1.2 Gravel-Dominated Facies Association

This facies generally consists of coarse-grained basaltic sand and granule to boulder gravel.
These deposits display massive bedding, plane to low-angle bedding, and large-scale planar
cross-bedding in outcrop. The gravel facies dominates the Hanford formation in the 100 Areas
north of Gable Mountain, the northern part of the 200 East and West Areas, and the eastern part
of the Hanford Site including the 300 Area. The gravel-dominated facies was deposited by
high-energy flood waters in or immediately adjacent to the main cataclysmic flood channelways.

3.5.1.3 Sand-Dominated Facies Association

This facies consists of fine- to coarse-grained sand and granule gravel displaying plane
lamination and bedding and, less commonly, plane bedding and channel-fill sequences in
outcrop. These sands may contain small pebbles and rip up clasts in addition to pebble-gravel
interbeds and silty interbeds <1 m thick. The silt content of these sands is variable, but where it
is low, a well-sorted and open framework texture is common. These sands typically are basaltic,
commonly being referred to as black, gray, or salt-and-pepper sands. This facies is most
common in the central Cold Creek Syncline, in the central to southern parts of the 200 East and
200 West Areas. The laminated sand facies was deposited adjacent to main flood channelways
during the waning stages of flooding. The facies is transitional between the gravel-dominated
facies and the rhythmite facies.

3.5.1.4 Interbedded Sand- and Silt-Dominated Facies Association

This facies consists of thinly bedded, plane-laminated and ripple cross-laminated silt and fine- to
coarse-grained sand that commonly display normally graded rhythmites a few centimeters to
several tens of centimeters thick (Myers et al. 1979; DOE 1988; DOE-RL 2002). This facies is
found throughout the central, southern, and western Cold Creek syncline within and south of the
200 East and 200 West Areas. These sediments were deposited under slackwater conditions and
in back-flooded areas (DOE 1988).

3.5.1.5 Volcanic Ash Deposit

Volcanism in the Cascade Range has been active throughout the Pleistocene Epoch
(approximately 2 million years before present [BP] to 10,000 years BP), through the Holocene
Epoch (10,000 years BP to present). The eruption history of the Holocene best characterizes the
most likely types of activity in the next 100 years. Many of the volcanoes have been active in
the last 10,000 years, including Mount Mazama (Crater Lake) and Mount Hood in Oregon, and
Mount St. Helens, Mount Adams, and Mount Rainier in Washington. The Quaternary sediments
recorded these eruptions in the form of ash deposits that are interlayered with the sediments.
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3.6 CATACLYSMIC FLOODING IN THE PASCO BASIN

Cataclysmic floods inundated the Pasco Basin several times during the Pleistocene when ice
dams failed in northern Washington. Net erosion by these floods was minimal and probably
associated with only the earliest floods; later floods only partially incised into older flood
deposits before backfilling. During the three major flood episodes distinguished by stratigraphic
criteria discussed above, there were probably numerous individual flood events. Deciphering the
history of cataclysmic flooding in the Pasco Basin is complicated, not only by floods from
multiple sources, but also because the paths of Missoula floodwaters migrated and changed
course with the advance and retreat of the Cordilleran Ice Sheet. The best preserved record is
that of the last Missoula flood, which apparently came down the Columbia River.

Evidence for cataclysmic flooding in the Pasco Basin, besides the sediments, includes high-water
marks and faint strandlines along the basin margins. These were created because of the
hydraulic damming and formation of Lake Lewis behind Wallula Gap. Formation of this lake
and its overflow may have initiated in the Columbia Gorge, as indicated by similar high-water
marks both upstream and downstream of Wallula Gap. High-water mark elevations for

Lake Lewis, inferred from ice-rafted erratics on ridges ranges from 370 to 385 m above sea level.
Several weak strandlines are interpreted from photolineaments between 245 and 305 m above
sea level along the northeastern flank of Rattlesnake Mountain. A flood origin is inferred based
on exposures in trenches that cross these features. The lack of well-developed strandlines and
the absence of typical lake deposits overlying flood deposits suggest that Lake Lewis was
short-lived.

The coarse-grained flood facies is generally confined to relatively narrow tracts within or near
flood channelways. The plane-laminated sand facies, on the other hand, occurs as a broad sheet
over most of the central basin. Paleocurrent indicators within beds of plane-laminated sands are
unidirectional, generally toward the south and east, within the Pasco Basin.

Rhythmite facies occur in slackwater areas around the margins of the basin and were deposited
by multidirectional currents, including upvalley currents. Individual rhythmites become finer
and thinner both laterally and vertically.

Recent work on subdividing the Missoula flood deposits at the Hanford Site has shown that
paleomagnetic polarity is a useful technique (Pluhar 2003, Paleomagnetic and Geochemical
Applications to Tectonics and Quaternary Geology: Studies at Coso Volcanic Field, CA and
the Channeled Scabland, WA). In a detailed study at the 200 East Area, four magnetic polarity
reversals were recognized (Figure 3-6). These reversals were equated to the Brunhes

normal subchron (present to 780,000 years BP) and the Matuyama reversal subchron

(780,000 to 1.76 Ma). The Matuyama reversal has a normal excursion at 1 Ma which Pluhar
attributed to the normally magnetized sediments between the upper and lower reversal. The age
of the lowest reversal is constrained by the lower limit of 1.76 Ma of the Matuyama subchron.

In the 200 West Area, mainly normally polarized sediments were found with two possible
reversed horizons. Pluhar (2003) interpreted the Hanford formation at the 200 West Area as
being deposited during the Brunhes normal subchron (present to 780,000 years BP) and the two
possible reversals as short magnetic excursions during the Brunhes subchron.
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The results of the Pluhar (2003) study suggest that the Hanford formation sediments at the

200 East Area are older than those in the 200 West Area. This further implies that the Hanford
subdivisions H1, H2, and H3 are not the same flooding event in both areas and, thus, cannot be
correlated across the Cold Creek bar.

Figure 3-6. Stratigraphic Correlations in the 200 East Area Based on
Stratigraphy and Magnetic Polarity *
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3.6.1 Clastic Dikes in Stratigraphic Units

Clastic dikes are vertical to subvertical sedimentary structures that cross-cut normal sedimentary
layering and could affect the vertical movement of water and contaminants. Clastic dikes are a
common geologic feature of Pleistocene flood deposits of the Hanford formation although they
also have been found in the underlying Ringold Formation and in CRBG and intercalated
sedimentary interbeds. Clastic dikes on the Hanford Site have been described in detail in Clastic
Injection Dikes of the Pasco Basin and Vicinity — Geologic Atlas Series (Fecht et al. 1999).

Clastic dikes typically occur in swarms and occur as regularly shaped polygonal patterns,
irregularly shaped polygonal patterns, pre-existing fissure fillings, and random occurrences.
Regular polygonal networks resemble 4- to 8-sided polygons. Dikes in irregular-shaped polygon
networks generally are cross-cutting in both plane and cross-section, resulting in extensive
segmentation of the dikes. Clastic dikes often occur in zones of pre-existing weakness.

Clastic dikes typically show a wide range in width, depth, and length. They are especially
notable within the sand- and silt-dominated facies of the Hanford formation where they have
been observed to be a few centimeters to more than a meter thick and extend to depths of 36 m
(120 ft) or more. The vertical extent of clastic dikes has been observed to range from 30 cm to
>55 m (180 ft). Clastic dike widths ranges from about 1 mm to >2 m and their length varies
from as little as 0.3 m (9.8 ft) to more than 100 m (328 ft).

In general, a clastic dike is composed of an outer skin of clay with coarser infilling material.
Clay linings are commonly 0.03 mm (0.012 in.) to 1.0 mm (0.039 in.) thick, but linings up to
about 10 mm are known. The clay skins may have a great influence on transport both within and
adjacent to the clastic dikes. The width of individual infilling layers ranges from as little as

0.01 mm (0.0039 in.) to more than 30 cm (11.8 in.) and their length can vary from about 0.2 m
(0.66 ft) to more than 20 m (65.6 ft). Infilling sediments are typically poorly- to well-sorted
sand, but may contain clay, silt, and gravel.

Clastic dikes have been reported at several of the SST WMAs. Price and Fecht (1976g, 1976h)
stated that clastic dikes were detected in the S and SX tank farms but that they could not be
mapped. Clastic dikes (and/or polygonally patterned ground often associated with clastic dikes)
have also been observed at a number of locations surrounding the 200 West Area SST farms,
including the SY tank farm to the north, the Environmental Restoration and Disposal Facility to
the east, and throughout Cold Creek Valley to the south and west (including the former 216-S-16
pond). Tallman et al. (1979) indicated that identification of clastic dikes in the 200 West Area
was also based on examination of cable-tool drilling samples. It was reported in Borehole Data
Package for Wells 299-W22-48, 299-W22-49, and 299-W22-50 at Single-Shell Tank Waste
Management Area S-SX (Horton and Johnson 2000) that possible clastic dikes had been
encountered by at least two Resource Conservation and Recovery Act of 1976 (RCRA)
groundwater monitoring wells (i.e., 299-W22-48 and 299-W22-50). Lindsey et al. (2000) also
noted a few structures suggestive of clay skins on clastic dikes in splitspoon samples from well
299-W22-50. Clastic dikes have also been found in the 200 East Area at the Integrated Disposal
Facility and the Waste Treatment and Immobilization Plant.
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Some clastic dikes were noted during excavation of the T, TX, and TY tank farms

(Price and Fecht 19761; Price and Fecht 1976, Geology of the 241-TX Tank Farm;

Price and Fecht 1976k, Geology of the 241-TY Tank Farm) and clastic dikes were previously
reported for two boreholes (299-W15-134 and 299-W15-180) within the TX tank farm
(Wood et al. 2001). Borehole C3381 intersected a dike in the Hanford formation, H2 unit;
borehole 299-W10-27 appears to have intersected two dikes, one in the Hanford formation,
H2 unit and another in the Ry

Clastic dikes probably are present in all SST WMAs. In order to estimate the potential
intersections, a plausible network of clastic dikes for the S and SX tank farms (Figure 3-7) was
projected in Subsurface Physical Conditions Description of the S-SX Waste Management Area
(Johnson et al. 1999) based on polygonally patterned ground mapped between Army Loop Road
and State Highway 240 and scaled based on the best cell size estimate from Fecht et al. (1999).

Figure 3-7. Projection of Clastic Dikes into S and SX Tank Farms
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3.6.2 Surface Soil Characteristics

Soil Survey: Hanford Project in Benton County Washington (Hajek 1966) lists and describes the
15 different soil types on the Hanford Site, varying from sand to silty and sandy loam.

The 200 East Area consists of the Burbank Loamy Sand, the Ephrata Sandy Loam, and the
Rupert Sand. The Rupert Sand has now been reclassified as the Quincy Sand

(Neitzel et al. 1996, Hanford Site National Environmental Policy Act (NEPA) Characterization).
The 200 West Area consists of the Quincy Sand and the Burbank Loamy Sand. The SST WMAs
in 200 East Area are developed in the Burbank Loamy Sand and the Ephrata Sandy Loam.

The SST WMAs in the 200 West Area are developed mainly in the Quincy Sand.

The Burbank Loamy Sand is dark colored, coarse-textured soil underlain by gravel. The surface
soil is usually about 40 cm (16 in.) thick but can be 76 cm (30 in.) thick. The gravel content of
the subsoil ranges from 20 to 80%. The surface of the Ephrata Sandy Loam is dark colored and
the subsoil is dark grayish-brown, medium-textured soil underlain by gravelly material, which
may continue for many feet. The Quincy Sand (formerly Rupert Sand) is brown to
grayish-brown coarse sand grading to dark grayish-brown at about 90 cm (35 in.). Quincy Sand
developed under grass, sagebrush, and hopsage in coarse sandy alluvial deposits that were
mantled by wind blown sand.
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4.0 GEOLOGIC STRUCTURES OF THE PASCO BASIN AND HANFORD SITE

41 STRUCTURAL SETTING

The structure of the Pacific Northwest is controlled by a basement rock assemblage of accreted
terranes fused onto the structurally complex North American craton from the early Mesozoic to
early Cenozoic. The accreted terranes form the backbone of the Cascade Range, Okanogan
Highlands, and the Blue Mountains. The terranes east of the Cascades are now mostly covered
by an extensive cover of Cenozoic rocks that were folded and faulted in a north-south oriented
compressive regime. North-south compression is continuing today east of the Cascades and this
pattern of Cenozoic deformation is expected to continue into the future.

The Columbia Basin is a structurally and topographically low area surrounded by mountains
ranging in age from the late Mesozoic to recent (Figure 1-1). The Columbia Basin has two major
structural subdivisions or subprovinces, the YFB subprovince and the Palouse subprovince
(Figure 1-1). The YFB is a series of anticlinal ridges and synclinal valleys in the western and
central parts of the Columbia Basin. The Palouse Slope forms the eastern part of the Columbia
Basin and is mainly a westward tilting paleoslope.

The Blue Mountains subprovince of the Columbia River flood-basalt province is a northeast
trending anticlinorium that extends 250 km from the Oregon Cascades to Idaho and forms the
southern border of the Columbia Basin and the southern part of the Columbia Plateau.

The Hanford Site and tank farms are in the eastern part of the YFB. The western boundary of the
Palouse Slope is at the eastern boundary of the Hanford Site.

4.2 MAJOR STRUCTURAL FEATURES OF THE COLUMBIA BASIN

Three major structural features are present in the Columbia Basin. The YFB forms the western
part of the Columbia Basin. Two features cross-cut the Columbia Basin and influence the
geology of the Hanford Site. These are the Olympic Wallowa lineament (OWL) (Figure 1-1 and
Figure 4-1) and the Hog Ranch-Naneum Ridge (HR-NR) anticline. The OWL passes along the
southern boundary of the Hanford Site and the HR-NR anticline forms the western structural
boundary of the Pasco Basin and Hanford Site.

4.2.1 The Olympic-Wallowa Lineament

The OWL (Figure 1-1 and Figure 4-1) is a major topographic feature in Washington and Oregon
that crosscuts the Columbia Basin and forms the southern boundary of the Hanford Site

(Raisz 1945, “The Olympic-Wallowa-Lineament). This alignment of structural features
parallels pre-basalt structural trends along the northwest margin of the Columbia Basin but it has
not been linked to any individual structure (Campbell 1989, “Structural and Stratigraphic
Interpretation of Rocks under the Yakima Fold Belt, Columbia Basin, Based on Recent Surface
Mapping and Well Data”; Reidel and Campbell 1989, “Structure of the Yakima Fold Belt,
Central Washington™).

4-1
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Figure 4-1. Main Structural Features of the Pasco Basin and Surrounding Area
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The portion of the OWL that crosses the Columbia Basin is called the Cle Elum-Wallula
(CLEW) deformed zone; (Figure 4-1) (DOE 1988). It is a 10-km-wide, moderately diffuse zone
of anticlines that have an N50°W orientation. As defined in “Late Cenozoic Tectonics of the
Pacific Northwest with Special Reference to the Columbia Plateau” (Davis 1981), the CLEW
deformed zone consists of three structural parts: 1) a broad zone of deflected or anomalous fold
and fault trends extending south from Cle Elum to Rattlesnake Mountain on the Hanford Site;
2) a narrow belt of topographically aligned domes and doubly-plunging anticlines extending
from Rattlesnake Mountain to Wallula Gap; and 3) the Wallula fault zone, extending from
Wallula Gap to the Blue Mountains.

4-2
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Northwest of the CRBG margin, numerous northwest- and north-trending faults and shear zones
of the Straight Creek fault system lie subparallel to the OWL (Tabor et al. 1984, “Ages and
Stratigraphy of Lower and Middle Tertiary Sedimentary and Volcanic Rocks of the Central
Cascades, Washington: Application to the Tectonic History of the Straight Creek Fault™).

The Snoqualmie batholith intrudes these faults but is not cut by them, indicating that any
possible movement along the OWL at the western margin of the Columbia Basin must be older
than the batholith, 17 to 19.7 Ma.

The structural significance of the OWL has been called into question by two recent geophysical
studies. Neither a seismic profiling survey (Jarchow 1991, Investigations of Magmatic
Underplating Beneath the Northwestern Basin and Range Province, Nevada, Seismic Data
Acquisition and Tectonic Problems of the Columbia Plateau, Washington, and the Nature of the
Mohorovici¢ Discontinuity Worldwide) nor a gravity survey (Saltus 1993, “Upper-Crustal
Structure Beneath the Columbia River Basalt Group, Washington: Gravity Interpretation
Controlled by Borehole and Seismic Studies™) could find any obvious geophysical signature for
the OWL below the CRBG.

4.2.2 Hog Ranch-Naneum Ridge Anticline

The western structural boundary of the Pasco Basin, the basin containing the Hanford Site, is the
HR-NR anticline (Figure 4-1). The HR-NR anticline is a broad south-trending anticline in the
CRBG that crosses the YFB in a north-south direction. This south plunging-structure passes
through five Yakima Folds and the OWL. The HR-NR anticline was active in late to middle
Miocene as demonstrated by thinning of basalt flows across it (Reidel et al. 1989a, “The
Geologic Evolution of the Central Columbia Plateau’) but the east-trending Yakima Folds show
no apparent offset by the cross structure (Campbell 1989; Tabor et al. 1984; Reidel et al. 1989a)
nor is the HR-NR anticline offset where the OWL-CLEW deformed zone crosses it. Growth of
the HR-NR anticline continued from the Miocene to Recent and is now marked by the highest
structural points along the ridges that cross it.

4.2.3 The Yakima Fold Belt

The YFB subprovince covers about 14,000 km® of the western Columbia Basin (Figure 1-1 and
Figure 4-1) and formed as basalt flows and intercalated sediments were folded and faulted under
north-south directed compression.

The Hanford Site lies in the Pasco Basin, which is one of the larger structural basins near the
eastern limit of the YFB. The YFB gives the Hanford Site its principal physiographic features
and has been the primary factor influencing the geohydrologic conditions at the Hanford Site.

4.2.3.1 Characteristics of the Yakima Folds

The YFB consists of asymmetrical anticlinal ridges and synclinal valleys. The anticlines are
typically segmented and usually have a north vergence, although some folds have a south
vergence. Synclines are typically asymmetrical with a gently dipping north limb and a steeply
dipping south limb. Fold length is variable, ranging from several kilometers to over 100 km;
fold wavelengths range from several kilometers to as much as 20 km. Structural relief is
typically about 600 m but varies along the length of the fold. The greatest structural relief along
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the Frenchman Hills, the Saddle Mountains, Umtanum Ridge, and Yakima Ridge occurs where
they intersect the north-south trending HR-NR anticline (Reidel et al. 1989a).

In general, the axial trends produce a “fanning” pattern across the fold belt (Figure 4-2).
Anticlines on the western side of the fold belt generally have a N50°E trend

(Swanson et al. 1979a). Anticlines in the central part of the fold belt have east west trends
except along the CLEW deformed zone where a N50°W trend predominates. The Rattlesnake
Hills, Saddle Mountains, and Frenchman Hills have overall east-west trends across the fold belt,
but Yakima Ridge and Umtanum Ridge change eastward from east-west to NS0°W in the zone of
the CLEW deformed zone. In the central part of the fold belt, the Horse Heaven Hills, the
Rattlesnake Hills, and the Columbia Hills have eastward terminations against the CLEW
deformed zone. There is no evidence for continuation of any anticline to the northeast across the
CLEW deformed zone.

Figure 4-2. General Trend of Yakima Folds Across the Pacific Northwest and
the Locations of Deep Boreholes that Penetrate the Basalt
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4.2.3.2 Fold and Fault Geometry

Within the Hanford Site and surrounding area, the geometry of the anticlines typically consists of
steeply dipping to overturned north flanks and gently dipping (<5°) south flanks (Figure 4-3).
Exceptions, however, include the doubly-plunging anticlines within the Rattlesnake-Wallula
alignment of the CLEW deformed zone and the conjugate box-fold geometry of parts of the
anticlines such as the Smyrna segment of the Saddle Mountains (Reidel 1984, “The Saddle
Mountains: The Evolution of an Anticline in the Yakima Fold Belt””). The main variable in fold
profiles is the width of the gently dipping limb. The widths of the gently dipping limbs vary
from as little 5 km to as much as 35 km (Figure 4-3).
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Figure 4-3. Generalized Cross-Section through the Yakima Fold Belt
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Segmentation of the anticlines is common throughout the fold belt and is defined by abrupt
changes in fold geometry or by places where regional folds die out and become a series of
doubly-plunging anticlines. Segment lengths are variable but average about 12 km (7 mi)
(ranging from 5 to 35 km [3 to 34 mi]) near the Hanford Site; some of the larger segments
contain subtler changes in geometry, such as different amplitudes, that could also be considered
segment boundaries. Segment boundaries are often marked by cross or tear faults that trend
N20°W to north and display a principal component of strike-slip movement (e.g., Saddle
Mountains) (Reidel 1984). Near the Hanford Site, these cross faults are confined to the anticlinal
folds and usually occur only on the steeper limb, dying out onto the gentler limb.

Segment boundaries may also be marked by relatively undeformed areas along the fold trend
where two fold segments plunge toward each other. For example, the Yakima River follows a
segment boundary where it crosses the Rattlesnake-Wallula alignment at the southeast
termination of Rattlesnake Mountain (Figure 4-1).

The steep limb of the asymmetrical anticlines is almost always faulted (Figure 4-3). Near the
Hanford Site, the steep limb is typically the northern flank, but elsewhere, as at the Columbia
Hills (Swanson et al. 1979a), the south limb is faulted. Where exposed, these frontal fault zones
have been found to be imbricated thrusts, as, for example, at Rattlesnake Mountain, Umtanum
Ridge near Priest Rapids Dam (Bentley 1977, “Stratigraphy of the Yakima Basalts and Structural
Evolution of the Yakima Ridges in the Western Columbia Plateau”; Goff 1981, Preliminary
Geology of Eastern Umtanum Ridge, South-Central Washington), the Horse Heaven Hills
(Hagood 1986, Structure and Evolution of the Horse Heaven Hills in South-Central
Washington), and the Saddle Mountains near Sentinel Gap (Reidel 1984).

Yakima Folds have emergent thrust faults at the ground surface. The tops of the youngest lava
flows at the surface of the earth serve as a plane that becomes a low-angle thrust fault; the
structural attitude of the surface flow controls the angle of the emergent fault plane. This type of
apparent structural control led many investigators to conclude that faults associated with the
Yakima Folds are low-angle thrust faults with detachment surfaces either within the CRBG, in
the sediments below the basalts, or at the basalt-sediment contact. Where erosion provides
deeper exposures into the cores of folds, the frontal faults are observed to be reverse faults

(e.g., the Columbia water gap in the Frenchman hills, 45° S [Grolier and Bingham 1971,
Geologic Map and Sections of Parts of Grant, Adams and Franklin Counties, Washington]; the
Columbia Hills at Rock Creek, Washington, 50 to 70° N).

4-5
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Hydrocarbon exploration boreholes provide direct evidence for the dips of these frontal faults
(Figure 4-3). Reidel et al. (1989a) have shown that the Saddle Mountains fault must dip more
than 60° where the Shell-ARCO BN 1-9 borehole was drilled. Drilling of the Umtanum fault
near Priest Rapids Dam (PSPL 1981) suggests that this fault dips southward under the ridge with
a dip of at least 30° to 40° (PSPL 1981) but perhaps as high as 60° (Price and Watkinson 1989,
“Structural Geometry and Strain Distribution Within Eastern Umtanum Fold Ridge, South
Central Washington”).

4.3 STRUCTURE OF THE HANFORD SITE

The Cold Creek syncline (Figure 4-4) lies between the Umtanum Ridge-Gable Mountain uplift
and the Yakima Ridge uplift, and is an asymmetric and relatively flat-bottomed structure.

The 200 Areas lie on the northern flank, and the bedrock dips gently (approximately 5°) to the
south. The 300 Area lies at the eastern end of the Cold Creek syncline where it merges with the
Pasco syncline.

The Wahluke syncline (Figure 4-4) is the principal structural unit that contains the 100 Areas.
The Wahluke syncline is an asymmetric and relatively flat-bottomed structure similar to the Cold
Creek syncline. The northern limb dips gently (approximately 5°) to the south. The steepest
limb is adjacent to the Umtanum-Gable Mountain structure.

The Umtanum Ridge-Gable Butte-Gable Mountain structural trend (Figures 4-1 and 4-4) is a
segmented anticlinal ridge extending for a length of 110 km in an east-west direction and passes
north of the 200 and 300 Areas and south of the 100 Areas. This structure consists of five
segments. From the west, the Umtanum Ridge plunges eastward and joins the Gable Mountain-
Gable Butte segment just east of the western boundary of the Hanford Site. The easternmost
segment, the Southeast anticline, extends southeast from the eastern boundary of the Gable
Mountain-Gable Butte segment.

Umtanum Ridge is an asymmetrical, north-vergent to locally-overturned anticline with a major
thrust to high-angle reverse fault on the north side (Figures 4-1 and 4-4) (Goff 1981;

Price and Watkinson 1989) that dies out eastward toward Gable Mountain. Gable Mountain and
Gable Butte are two topographically isolated, anticlinal ridges that are composed of a series of
northwest trending, doubly-plunging, en echelon anticlines, synclines, and associated faults.

The Yakima Ridge uplift extends from west of Yakima, Washington, to the center of the

Pasco Basin, where it forms the southern boundary of the Cold Creek syncline south of the
200 West Area (Figure 4-4). The easternmost surface expression of the Yakima Ridge uplift is
represented by an anticline that plunges eastward into the Pasco Basin (Myers et al. 1979).

The eastern extension of Yakima Ridge is mostly buried beneath late Cenozoic sediments, and
has much less structural relief than the rest of Yakima Ridge.

The 200 and 300 Areas are situated on the south flank of the Umtanum-Gable Mountain anticline
where the Miocene-aged basalt bedrock dips to the southwest into the Cold Creek syncline.

The deepest parts of the Cold Creek syncline, the Wye Barricade depression and the Cold Creek
depression, are approximately 7.5 mi southeast of the 200 Areas and southwest of the 200 West
Area, respectively (Figure 4-4).
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Figure 4-4. Geologic and Geomorphic Map of the 200 Areas and Vicinity
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4.3.1 Structural Setting of the 200 West Area Tank Farms

The 200 West Area sits on the western part of the Cold Creek bar, which is along the north flank
of the Cold Creek syncline (Figure 4-4). The Cold Creek syncline began developing during the
eruption of the CRBG and has continued to subside since that time. A deep structural low, the
Cold Creek depression, developed along the Cold Creek syncline southwest of the 200 West
Area and greatly influences the structural attitudes of the sedimentary layers that overlie the
basalt.

The surface of the Columbia River basalt bedrock under the 200 West Area has an overall strike
to the northwest and is tilted to the southwest into the Cold Creek depression. Locally, under the
S, SX, T, TY, TX, and U tank farms, the surface of the Ringold Formation and the CCU in the
200 West Area (Figure 4-5) is a northwest-southeast trending trough (Slate 1996, 2000).

The trough probably formed by a combination of several processes. These include erosion after
deposition of the Ringold Formation by Cold Creek and later by the Missoula floods, and
structural subsidence of the Cold Creek syncline and Cold Creek depression. In the southern part
of the 200 West Area near WMASs S-SX and TX-TY, a smaller north-south oriented trough with
about 10 m of relief on the CCU is superimposed on the larger trough.
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Figure 4-5. Structural Surface of the Cold Creek Unit
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4.3.2 Structural Setting of the 200 East Area Tank Farms

The 200 East Area sits on the eastern part of the Cold Creek bar, which is along the northern
flank of the Cold Creek syncline (Figure 4-4). The Cold Creek syncline began developing
during the eruption of the CRBG and has continued to subside since that time. A deep structural
low, the Wye Barricade depression, developed along the Cold Creek syncline southeast of the
200 East Area. The May Junction fault is a normal fault that marks the deeper part of the
depression.

The 200 East Area sits at the southern end of a series of doubly-plunging anticlines and
synclines that are associated with the Umtanum-Gable Mountain anticlinal structure

(Figure 4-4). WMAs A-AX, B-BX-BY, and C in the northeast corner of the 200 East Area lie
near the southern flank of the closest secondary anticline. No faults have been reported in the
200 East Area.
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5.0 GEOLOGY OF THE SINGLE-SHELL TANK FARMS

SST farms S, SX, T, TX, TY, and U are located in the 200 West Area; SST farms A, AX, B, BX,
BY, and C are located in the 200 East Area (Figure 5-1). This chapter describes the geology of
those tank farms.

Figure 5-1. Activities in the 200 Areas
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5.1 SOURCE OF DATA

Data used in this compilation was obtained from published reports, unpublished data on surface
geologic studies, and from borehole data.

5.1.1 Surface Data

The surface geology and geomorphology of the Hanford Site has been mapped and published in
Geologic Map of the Richland 1:100,000 Quadrangle, Washington (Reidel and Fecht 1994b)
and Geologic Map of the Priest Rapids 1:100,000 Quadrangle, Washington

(Reidel and Fecht 1994a). The principal geologic units exposed at the surface are fluvial and
eolian sands (Reidel and Fecht 1994a, 1994b).

5.1.2 Subsurface Sources

Borehole data consisting of drilling logs, archived samples, and geophysical logs are the
principal data sets used to interpret the subsurface at the SST farms. In addition, numerous
reports describing the geology of the area and vicinity are available and are a valuable source of
information (e.g., Tallman et al. 1979; DOE 1988; Connelly et al. 1992a, Hydrogeologic Model
for the 200 East Groundwater Aggregate Area; Williams et al. 2000, Revised Hydrogeology for
the Suprabasalt Aquifer System, 200-East Area and Vicinity, Hanford Site, Washington;
Williams et al. 2002, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-West Area
and Vicinity, Hanford, Washington). Older geophysical logs include some logs from
surrounding waste disposal sites obtained prior to discharge of effluent and provide an additional
source of information for stratigraphic correlations.

5-1
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Particle size distribution and calcium carbonate content information are available for some
boreholes from the ROCSAN database and studies on the Interim Disposal Facility well samples.
The ROCSAN database is a database of particle size distribution data that was maintained by
Rockwell Hanford Operations and Westinghouse Hanford Company. The database is no longer
maintained but is on file at Pacific Northwest National Laboratory (PNNL) and available through
the Virtual Library maintained by the integrating contractor. ROCSAN data was only considered
for intervals in boreholes sampled by drive barrel because hard tool drilling pulverizes the
sediments so that results are not representative of actual particle size distribution. Chapter 3.0 of
the SST performance assessment (DOE-ORP 2006, Single-Shell Tank System Performance
Assessment for the Hanford Site) reports particle size data from the disposal sites and should be
referred to for the best compilation of data.

Calcium carbonate and moisture contents are available for some boreholes. Available data are in
the borehole packages on file at PNNL and various reports. The data were obtained from
discrete samples collected by the borehole geologist during drilling. The moisture data were
used to supplement the geologist’s log and the gross gamma-ray log in determining lithologic
variations. For obvious reasons, moisture data is only valuable for samples collected above the
water table. Chapter 3.0 of the SST performance assessment (DOE-ORP 2006) reports moisture
data from the disposal sites and should be referred to for the best compilation of data from these
sites.

Gross gamma-ray logs and neutron moisture logs exist for many of the boreholes used for the
ROCSAN database and the information in Chapter 3.0 of the SST performance assessment
(DOE-ORP 2006). These logs were used in the interpretation of the geology at the SST farms.

Finally, drill cuttings are available from most of the boreholes used for the ROCSAN database
and the information in Chapter 3.0 of the SST performance assessment (DOE-ORP 2006).

The same precautions pertaining to the ROCSAN data pertain to the physical samples. That is,
drill cuttings obtained from hard tool drilling methods will yield an unrepresentative particle size
distribution; lithologies however, remain unchanged. All available physical samples are on file
in the Hanford Geotechnical Sample Library under custody of PNNL.

5.2 UNCERTAINTY IN STRATIGRAPHIC INTERPRETATIONS

The principal source of uncertainty for the lateral continuity of the layers and thickness of the
beds is borehole data. Surface mapping is well controlled at the Hanford Site and has been done
by geologists with extensive mapping experience at the Hanford Site and in the Columbia Basin.
The quality of subsurface data is related to the drilling technique, the logging of the borehole,
and the sample collection. Subtle differences between some stratigraphic units such as silty
sandy layers of the Hanford formation and units of the underlying Ringold Formation

(e.g., upper Ringold and intercalated silty units) make identification of the contact difficult.

The quality of the driller’s and geologist’s logs, archived samples, and use of geophysical logs
becomes crucial to reducing this type of uncertainty.

In addition to the uncertainty in borehole data, there is uncertainty in the geometric shape of the
sediment body. Because of the nature of the cataclysmic flooding that produced the Hanford
formation, very few analogs are available for comparison to the Hanford Site. Borrow pits in the
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Pasco Basin and excavations at the Hanford Site provide a glimpse into the geometric shape of a
sediment body, but often the nature of the sediment body must be interpreted from boreholes.

5.2.1 Uncertainty Due to Drilling Techniques and Logging

Most boreholes at the Hanford Site have been drilled using cable-tool techniques and, less often,
air rotary techniques. Newer boreholes now are drilled using the Becker-Hammer technique that
allows high quality core samples to be recovered. The principal source of uncertainty here is in
the depth and thickness of the sedimentary beds due to straightness of the boreholes, which have
not been surveyed for straightness. However, this is deemed to be minor because most boreholes
have shown to have only minor deviations when the groundwater pumps and risers were
installed.

Cable-tool drilling has been the standard technique from earliest drilling at the Hanford Site
because drilling can be done without adding water. Drilling advances by use of drive barrel or
hard tool and driven temporary casing. However, drillers routinely added water when using hard
tool. The technique generally provides acceptable sample control and has proven successful.
More recently, in uncontaminated areas, air rotary has been the preferred technique.

There are several disadvantages to cable-tool drilling:

e Samples can be difficult to retain in the drive barrel, especially samples from very dry
Zones.

e Gravels are not easily retrieved because they are not easily retained in the drive barrel.

e Cemented units or large gravels must be drilled with a “hard tool,” which breaks up the
sample and alters the grain size distribution of samples.

The disadvantages to air rotary drilling are:

e Samples can be difficult to retrieve. The quantity of sample is often related to the air
pressure used.

e Low pressures of the air line can result in excessive grinding of particles by bits and,
thus, the sample may not be representative of the sediment body.

Most boreholes prior to the 1980s were drilled without a well site geologist present to log the
samples. Thus, the only records of early drilling are driller’s logs that vary in the quality of the
sample description. Driller’s logs are extremely inconsistent because the driller’s attention is
focused on operating the rig and not on describing the samples. The quality of the geologist’s
logs also varies from borehole to borehole. For example, a geologist new to the site will
recognize the major sediment changes in drill cuttings but may not recognize the subtler changes
that also represent changes in stratigraphy.

Many boreholes at the Hanford Site were completed without the benefit of being geophysically
logged. Geophysical logging can be an important tool for determining the depth of lithologic
changes. Geophysical logs show subtle lithology differences stemming from differing amounts
of natural gamma-ray emitters (most commonly potassium-40). Gamma-ray logs typically are
proportional to clay and silt abundance and can provide information on changes in grain size.
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When geophysical logs are used along with the well site geologist’s logs and archived samples,
the uncertainty in the depth of lithologic changes is reduced.

5.2.2 Uncertainty Due to Borehole Coverage

Borehole coverage is usually dictated by factors other than addressing a geologic problem.
Therefore, the coverage of boreholes is generally inadequate to address many geologic problems.
For the Hanford Site 200 Areas, borehole coverage is good because characterization studies for
various projects were conducted and because of the installation of groundwater wells.

5.2.3 Uncertainty Due to Sampling

Sample retrieval is often difficult and sample quantities are limited. Vadose zone drilling is
difficult for sample recovery because the samples are typically dry and are not easily retained in
the drive barrel. As indicated above, the grain size of the sample can also be affected by the
drilling technique, such as in hard tool drilling that generates an increase in the fine-grained
portion of the sediment samples.

In order to perform certain tests, samples from several depths often must be composited.

Also, certain tests performed on samples in the past may have destroyed the integrity of the
sample. In the past, particle size testing resulted in loss of fines when the samples were returned
to the Hanford Geotechnical Sample Library.

5.3 GEOLOGY OF THE 200 WEST AREA SINGLE-SHELL TANK FARMS
5.3.1 Geology of Waste Management Area S-SX

Geologic characteristics of WMA S-SX (Figure 5-2) have been extensively studied. Price and
Fecht (1976g, 1976h) presented an initial detailed interpretation of the geology. Vadose Zone
Characterization Project at the Hanford Tank Farms: SX Tank Farm Report (DOE-GJO 1996)
presented an interpretation of the geology that was based primarily on groundwater monitoring
wells constructed around the perimeter of the tank farm in the early 1990s. In Results of Phase I
Groundwater Quality Assessment for Single-Shell Tank Waste Management Areas S-SX at the
Hanford Site (Johnson and Chou 1998), Johnson and Chou updated and refined the geologic
interpretation. Johnson et al. (1999) further described the geology and other subsurface
contaminants. Lindsey et al. (2000) provided additional interpretations on the geology.

Most recently, in Subsurface Interpretation of the SX Tank Farm Hanford Site, Washington
Based on Gamma-Ray Logging (Sobczyk 2000), Sobczyk presented a reinterpretation of the
geology based on gross gamma-ray logs of 98 boreholes within the SX tank farm and the most
recently published geology reports of the area by Johnson et al. (1999) and Lindsey et al. (2000).
The main source of geologic information for the S and SX tank farms is borehole information.
The key boreholes used for the compilation of geologic data on the S and SX tank farms are
given in Table 5-1.

The S and SX tank farms were constructed into the upper Hanford formation sediments
underlying the 200 West Area, along the north limb of the Cold Creek syncline (Figure 4-4).
Stratigraphic units in the vadose zone underlying or adjacent to these tank farms include CRBG,
the Miocene- to Pliocene-age Ringold Formation, the CCU, the Hanford formation, and backfill

5-4
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materials (Figure 5-3 and Table 5-2). More detailed cross-sections of the geology of
WMA S-SX are shown in Figures 5-4 through 5-9.

All but the surface of the Hanford formation have a general tendency to dip west to southwest
toward the axis of the Cold Creek syncline (Figure 5-10). The water table lies in the Ringold
Formation, and the unconfined aquifer is located entirely in the Ringold Formation.

5.3.1.1 Columbia River Basalt Group

The 10.5 million year old Elephant Mountain Member of the CRBG is the youngest lava flow
and lies at an elevation of approximately 26 m (85 ft) above mean sea level beneath the S and
SX tank farms (a depth of approximately 175 m [575 ft]) and dips gently to the southwest toward
the axis of the Cold Creek syncline (Price and Fecht 1976g, 1976h; DOE-RL 1993;

Johnson et al. 1999).

5.3.1.2 Ringold Formation

The Ringold Formation lies directly on top of the CRBG and is approximately 125 m (410 ft)
thick beneath the S and SX tank farms (Figure 5-3 and Table 5-2). The group locally consists of
the Ringold Formation, Member of Wooded Island (Ry;) unit and the Ris. At WMA S-SX, there
are three principal stratigraphic facies in the Ry unit: 1) the fluvial gravels of unit A,

2) a fine-grained, paleosol-lacustrine sequence referred to as the lower mud unit, and 3) fluvial
gravels of unit E (Table 5-2). The Ringold unit E gravels, grade upwards into fluvial sands of
the Ryr. Ringold unit E forms the main unconfined aquifer beneath the 200 West Area.

The thickness of fluvial Ringold unit A is approximately 30 m (100 ft) (DOE-RL 1993).
Tallman et al. (1979) describe this unit as silty-sandy gravel that is composed predominantly of
gravel supported by a coarse-to-fine sand matrix with intercalated, lenticular beds of sand and
silt.

The thickness of the overlying lower mud unit is approximately 12 to 30 m (40 to 100 ft)
(Tallman et al. 1979; DOE-RL 1993). This unit consists of predominantly mud (i.e., silt and
clay); the lower portion contains well-developed argillic to calcic paleosol sequence

(DOE 1988).

The thickness of unit E is estimated to be approximately 75 to 85 m (250 to 280 ft)

(Tallman et al. 1979; DOE-RL 1993). This unit consists of well-rounded, clast-supported
pebbles and small cobbles in a matrix of sand and mud. The amount of cementation is variable,
with the lower portion of this unit described as moderately to well-indurated conglomerate
(Tallman et al. 1979). However, zones of poorly indurated gravel and sand also occur within this
zone. The upper part of the unit is generally poorly indurated. Borehole data in the immediate
vicinity of the S and SX tank farms indicate that this upper portion is dominated by sandy gravel
and muddy sandy gravel, with sand to muddy sand beds becoming more prevalent toward the top
of the unit.
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Table 5-1. Contact Elevations of the Boreholes in Waste Management Area S-SX ? (2 pages)

Ground Surface

Contact Picks (Elevation in ft)

Well No. w{;ﬁg Elevagion Top | Baseof | Topof | Top | Top | Top Top | Top | Top | Top | Top | Top | Top of
ft Hl1 | GB GA H2 | H3 | CCU, | CCU, | Ry | RG | Ruie | Rim | Rwia | Basalt

W22-15 672 672 | NP 630 622 NP 534 522 495

W22-17 671 671 | NP 632 614 NP 528 528

W22-027 681 681 | 665.7 640 605 NP | 545.7 524 489 226 | 174 | 120

W22-038 684 684 | NP 636 NP 555 539 545 | 497 497

W22-039 665 665 | 659.5 615 608 NP 547 518 518 | 515.1 | 515

W22-044 675 675 | 669.3 639.8 615 NP | 541.4 | 485 485

W22-45 663 663 | 659 630 625 NP | 544.6 | 517 508 | 515 490

W22-046 668 668 | 659.5 620 598 NP | 544.6 | 530 515 | 515

W23-001 662 611 | NP 620 595 NP | 545 505 500

W23-002 661 611 | NP 611 600 NP

W23-003 661 611 | NP 604 584 NP | 536 516 489

W23-004 663 663 | 624.6 549 544 NP 544.6 | 514 497 497

W23-005 664 664 | 650 609.2 594.2 | NP 541 514 494

W23-007 664 664 | NP 623 614 NP | 543.7 | 504 488.7

W23-009 664.5 664 | 624 564 554 NP | 544 509 504 494.5

W23-010 664.8 664 | 609.8 569 559 NP | 544 530 509

W23-011 664 664 | 616 575 554 NP | 554 514 501 501

W23-013 663 663 | 6234 590.6 622 NP | 5381 | 510 508.6 | 508.6

W23-014 661 661 | 626.7 584 561 NP 538.1 | 508.6 508 508

W23-015 652 652 | 639.8 595 577 NP 528 502 502 502

W23-016 670 670 | 625 588 583 NP | 545 516 510

W23-017 666 666 | 641 551 548 NP | 541 521

W23-057 | A7893 664 664 | NP 620 586 NP | 542

W23-062 | A7898 665 613 | NP 613 596

W23-064 | A7900 663 613 | NP 595 570 NP | 544

W23-068 | A7904 664 612 | NP 590 575

W23-073 | A7909 661 611 | NP 611 587

W23-074 | A7910 661 611 | NP 611 597

W23-094 | A7930 662 612 | NP 590 573

W23-100 | A7936 661 610 | NP 596

0 'A%y ‘8YLET-ddd
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Table 5-1. Contact Elevations of the Boreholes in Waste Management Area S-SX ? (2 pages)

Ground Surface

Contact Picks (Elevation in ft)

Well No. I—xgﬁgj Elevagion Top | Baseof | Topof | Top | Top | Top Top | Top | Top | Top | Top | Top | Top of
ft Hl1 | GB GA H2 | H3 | CCU, | CCU, | Ry | RG | Ruie | Rim | Rwia | Basalt

W23-105 | A7941 661 611 | NP 594

W23-108 | A7944 661 611 | NP 592 567

W23-109 | A7945 661 611 | NP 597

W23-113 | A7949 661 611 | NP 589

W23-117 | A7953 661 609 | NP 588

W23-119 | A7955 661 610 | NP

W23-121 | A7957 661 608 | NP 582 570 538

W23-125 | A7961 660 611 | NP 611 592 NP | 531

W23-132 | A7968 661 661 | NP 606 598 NP | 546

W23-133 | A7969 661 611 | NP 606 594

W23-141 | A7977 661 611 | NP 607 587 NP | 534

W23-143 | A7979 661 611 | NP 600 580 NP 532

W23-163 661 620 | NP NP 580

W23-171 661 620 | NP NP 580

 Johnson et al. (1999)

® Multiply by 0.3048 to convert feet to meters.

CCU; = lower Cold Creek unit
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)
GA = Gravel unit A, Hanford formation (lower gravel-dominated) (Figures 5-5 through 5-9)
GB = Gravel unit B, Hanford formation (upper gravel-dominated) (Figures 5-5 through 5-9)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
NP  =not present

RG  =Ringold Formation, gravel undifferentiated

Rin = Ringold Formation, lower mud unit

Ry =Ringold Formation, Member of Taylor Flats
Ry = Ringold Formation, Member of Wooded Island, unit A
Ryie = Ringold Formation, Member of Wooded Island, unit E

0 'A%y ‘8YLET-ddd
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Figure 5-3. Fence Diagram of Stratigraphy Underlying Waste Management Area S-SX
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Table 5-2. Stratigraphy Terminology for the S and SX Tank Farms

Stratigraphic

Formation Facies/Subunit Description Thickness
Symbol
Poorly-sorted gravel to medium sands and silt
Holocene/Fill |NA Backfill derived from the Hanford formation 18.6 m
(Price and Fecht 1976g, 1976h).
2;?11(; PlIllb;rgravelly Top coarse sand and gravel sequence
» upper equivalent to the Johnson et al. (1999) 12 m
gravel-dominated « P
. Gravel Unit B.
Hla unit
Unit Hla — slightly
silty sand; upper Upper fine sand and silt sequence 9-12m
Hanford sand-dominated unit
formation ;
Unit HI — lower Mlqdle coarseisand and g.rave,:’l sequence
H1 gravel-dominated equivalent to “Gravel Unit A” described by 1—10m
unit Johnson et al. (1999) and “Hanford Unit A”
described by Sobczyk (2000).
Unit H2 — slightly
H2 silty sand; lower Lower Fine Sand and Silt Sequence 243 m
sand-dominated unit
Very fine sand to clayey silt sequence is
interstratified silt to silty very fine sand and
clay deposits at least partially correlative with
the “early Palouse soils” described by
CCU, and/or Upper Tallman et al. (1979) and DOE (1988) and the [ 10.7 m
Hf/CCU “ .
Cold Creck unnamed Hanford formation [?] or
old Lree Plio-Pleistocene Deposits [?]” described by
unit Lindsey et al. (2000), and the Hf/PP deposits
in Wood et al. (2001).
Carbonate-rich sequence. Weathered and
naturally altered sandy silt to sandy gravel,
CCu Lower moderately to strongly cemented with I-4m
secondary pedogenic calcium carbonate.
Interstratified sand and silt deposits,
R Member of equivalent to the Upper Ringold unit 0-5m
i Taylor Flats described by Tallman et al. (1979) and
Ringold DOE (1988).
Formation .
Member of Moderate to strongly cemented, well-rounded |Unit E: 75 — 85 m;
Ruie Wooded Island gravel and sand deposits, and interstratified Lower Mud: 12 -30 m;
finer-grained deposits. Unit A: 30 m
CCU; = lower Cold Creek unit
CCU,  =upper Cold Creek unit (Cold Creek fine-grained unit)

Hf/CCU = Hanford formation/Cold Creek unit

H{/PP
NA
Ry
Ryie

= Hanford formation/Plio-Pleistocene
= not applicable
= Ringold Formation, Member of Taylor Flats

= Ringold Formation, Member of Wooded Island, unit E
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Figure 5-4. Location Map for Cross-Sections ?

RPP-23748, Rev. 0

Eo‘wzs-w
1
1
1
\ R
1
H !_'l | 241-SY
S ele
‘|‘ i_-_'Tar?I:IF-(frm |. O
216-5-4
(?rii) ‘|‘ | O
1
216-5-21
Crib
B Jv23-11
N\ 2168-25Crib 3

~ /.‘/'—%Farm O C
No-="" W23-9

17 B
—" / “ON22-15
W23-10 %( 216-5-1&2
W23-108 @ 216-5-8  Cribs
W23-105 Trench
W23-234
W23-64
W23-94 W22-39
W23-68
W23-117
W23-119

O Single-Shell Tank

Suspected/Confirmed
Leaking Single-Shell Tank

W22-38

® Existing RCRA Wells
@® Non RCRA Wells
0

A A
B————- ~B'
C———- C'

50
Meters

100

All Well names prefixed by 299-

D———D

* Johnson et al. (1999)

C

!
‘.
‘.
‘.

2004/DCL/S-SX/004 (04/15)



Elevation (m)

Cl-¢

Figure 5-5. Geologic Cross-Section A-A' from the S and SX Tank Farms
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Figure 5-10. Elevation Contour Maps on Top of Stratigraphic Unit
Underlying Waste Management Area S-SX
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A relict erosional and weathered surface occurs at the top of the Ringold Formation beneath the
tank farms (DOE 1988; Slate 1996, 2000). The uppermost portion of this paleosurface is highly
weathered and often cemented with secondary pedogenic calcium carbonate, referred to in this
report as the carbonate-rich facies (subunit CCUj) of the CCU (Table 5-2). The northwest-
southeast trending trough-shaped surface appears to conform to an ancestral Cold Creek channel
and drainage system that developed as part of, or following, late Pliocene incision of the Ringold
Formation, and prior to early Pleistocene cataclysmic flooding, during the period between
approximately 2 to 3 Ma (DOE 1988). The S and SX tank farms lie north of the ancestral Cold
Creek paleochannel and the eroded Ringold paleosurface dips to the southwest beneath the tank
farms. The attitude on this surface may have increased since late Pliocene early Pleistocene time
as a result of tectonic deformation associated with the Cold Creek syncline (Slate 1996, 2000),
but most evidence indicates that the Cold Creek syncline has been subsiding since the Miocene
(Reidel et al. 1994).

5.3.1.3 Cold Creek Unit

The CCU lies unconformably on the tilted and truncated Ringold Formation that formed
following incision and downcutting of the Ringold Formation, which began about 3.4 Ma

(DOE 1988). At WMA S-SX, the CCU includes all material overlying the Ringold Formation,
including the weathered horizon at the top of the Ringold Formation, and beneath cataclysmic
flood deposits of the Hanford formation (DOE-RL 2002). Here, the CCU includes the “unnamed
Hanford formation [?] or Plio Pleistocene Deposits [?] and Plio Pleistocene unit” and Hanford
formation/Plio-Pleistocene deposits described in Wood et al. (2001).

Two distinct facies of the CCU are recognized beneath the SX tank farm; these consist of an
upper (CCU,) and lower (CCUj) subunit (Table 5-2). The upper subunit CCU, is characterized
by an abundance of silt, and the lower subunit CCUj is characterized by an abundance of
pedogenic calcium carbonate cement. The combined total thickness of the CCU is up to 13.1 m
(43 ft) in the vicinity of the S and SX tank farms (Figure 5-3 and Table 5-2). Subunit CCU,, is
relatively thick (up to 10.7 m [35 ft]), compared to the subunit CCU;, which measures only

1 to 4 m (4 to 13 ft) in thickness.

5.3.1.3.1 Lower Subunit CCU,. The lower subunit CCU; represents a highly weathered
paleosurface that developed atop the Ringold Formation (Brown 1959, 1960), which represents a
long period of surficial weathering in a semiarid climate, similar to climatic conditions that exist
today. Root traces and animal borrows, as well as other relict soil structures, point to a
pedogenic origin for the calcium carbonate, although Slate (1996, 2000) also suggests the
calcium carbonate could be associated with precipitation from paleo groundwater levels.
Calcium carbonate contents as high as 70 wt% have been reported within subunit CCUj
elsewhere within the 200 West Area; however, the calcium carbonate content generally does not
exceed 25 wt% in the vicinity of the S and SX tank farms. Considerable internal variation exists
within subunit CCUj (Table 5-2), often with multiple carbonate cemented zones present

(Slate 1996, 2000; Johnson et al. 1999).

The calcium carbonate overprint may occur on a variety of lithologies including silt, sand, felsic
sand, and gravel as well as basaltic sand and gravel (Lindsey et al. 2000). In places, pedogenic
alteration occurs directly on top of Ringold gravels of the Ry, unit or sands of the Ry. In other
places, the carbonate horizons occur within younger, pedogenically altered, fine-grained, eolian
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or sidestream-alluvial deposits overlying the Ringold Formation. The top of subunit CCUj is
well defined by a coincident significant increase in calcium carbonate and decrease in mud
content and sorting accompanied by a sudden and sustained decrease in total gamma activity
(i.e., potassium-40) on borehole geophysical logs (DOE 1988; Last et al. 1989;

Johnson et al. 1999).

While the top subunit CCU; is relatively easy to recognize, there may be considerable variation
within the subunit due to natural heterogeneity inherent in soils and soil processes. Added to this
is the complicating factor that the land surface during Plio-Pleistocene time was undergoing
many changes under the influence of local fluvial and eolian activity, resulting in variable rates
of aggradation, degradation, and soil development. Normally, only a single paleosol horizon is
present within the CCU; within the S and SX tank farms, suggesting slow or negligible
aggradation and/or subsequent erosion during paleosol development. This is in contrast to other
areas to the west and south, which show up to five separate calcic horizons separated by
relatively noncalcareous, uncemented sand, silt, and even indigenous, basaltic sand and/or gravel
(Slate 1996, 2000). Multiple carbonate horizons within the subunit CCUj are indicative of
several periods of calcic-soil development interrupted temporarily by periodic aggradational
events (e.g., localized overbank flood, eolian accumulation, channel fill). The evolution of calcic
paleosols and their morphogenetic development are discussed in Slate (1996, 2000).

In WMASs T and TX-TY, north of the S and SX tank farms, the top of subunit CCU; dips to the
southwest at about 1° (Wood et al. 2001). At least some of the tilt reflects the paleotopography
that existed during subaerial weathering of the eroded Ringold Formation surface. This is
inferred based on the relief on top of subunit CCUj, which is almost double that of the underlying
Ringold Formation lower mud unit. Therefore, it appears that during development of subunit
CCUj, there was a gentle dip to the land surface to the southwest toward the Cold Creek valley
axis. Since Plio-Pleistocene time, this surface has been steepened further by continued long-term
downwarping along the north limb of the Cold Creek syncline (DOE 1988; Reidel et al. 1994).

Another recognized facies of the CCU is a coarse-grained, side-stream alluvial facies

(DOE 1988; Slate 1996, 2000), which is laterally equivalent to subunit CCU; to the south and
west of the S and SX tank farms. The side-stream alluvial facies (gravel facies in Figure 3-2)
fills and is restricted to the northwest-southeast trending, ancestral Cold Creek channel, located
south and west of the 200 West Area. The eastern edge of this gravel facies occurs along the
southwest boundary of the 200 West Area near the S and SX tank farms (Figure 3-2). North and
east of the 200 West Area, the CCU is generally not present, having been scoured away during
either post-Ringold erosion and/or Pleistocene cataclysmic flooding.

5.3.1.3.2 Upper Subunit CCU,. Unconformably overlying subunit CCU; is the upper subunit
CCU, which consists of interstratified, uncemented fine sand, silt, and/or clay that only displays
occasional, very weak soil development in the vicinity of the S and SX tank farms. Based on its
fine-grained texture and relatively high natural gamma activity on geophysical logs, this unit can
be correlated across most of the 200 West Area (Wood et al. 2001). Subunit CCU, sediments
appear to be predominantly fluvial overbank type deposits intercalated with some eolian deposits
(Johnson et al. 1999; Lindsey et al. 2000; Slate 2000). Subunit CCU, is at least partially
correlative with the “early Palouse soils” described by previous reports (Brown 1960;

Tallman et al. 1979; Last et al. 1989; DOE 1988); the “unnamed Hanford formation [?] or
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Plio-Pleistocene Deposits [?]” described in Lindsey et al. (2000); and the Hanford
formation/Plio-Pleistocene unit described in Wood et al (2001).

The CCU, contains moderate amounts (up to a few weight percent) of calcium carbonate,
generally more than the overlying Hanford formation. As discussed previously, however,
subunit CCU, may also locally have more calcium carbonate than the underlying subunit CCUj if
samples from subunit CCU; come from noncalcic zones between paleosols within subunit CCU;.

The source of the calcium carbonate within the two subunits appears distinctly different.

Within subunit CCUj, most of the calcium carbonate appears as stringers or in massive horizons,
which formed in situ as a result of pedogenesis (Wood et al. 2001). Within subunit CCU,, on the
other hand, the calcium carbonate is evenly disseminated and does not occur in discrete zones;
therefore, it is interpreted to be detrital in origin (Wood et al. 2001).

The contact between subunits CCU, and CCUj is distinctive and easily identified. Subunit CCU,
consists of relatively loose, stratified, non-pedogenically altered, well-sorted silt to very fine
sand in contrast to poorly-sorted, weathered, and carbonate-cemented deposits of subunit CCU,.
Also distinctive is a sudden increase in total gamma activity upward across the contact

(DOE 1988; Last et al. 1989; Johnson et al. 1999). The upper contact of subunit CCU, with the
overlying Hanford formation, on the other hand, often appears gradational, both texturally and
structurally, and thus is often difficult to identify based on lithologic observations alone,
especially in the vicinity of the S and SX tank farms. Because of this uncertainty, subunit CCU,
has been combined and queried with the lower Hanford formation in some recent reports
(Lindsey et al. 2000; Wood et al. 2001). For the purposes of this report, the total gamma activity
on borehole geophysical logs is effectively used to identify the upper contact for the CCU
(Johnson et al. 1999; Wood et al. 2001). Accordingly, a subtle decrease in total gamma activity
appears to be associated with the top of subunit CCU,, probably as a result of lower silt/clay
content within the Hanford formation. Therefore, this change in total-gamma activity and grain
size is used to define the upper contact for subunit CCU,,.

5.3.1.4 Hanford formation

Pleistocene-age deposits of the Hanford formation overlie the CCU and represent the dominant
vadose zone materials directly beneath the S and SX tank farms. The Hanford formation is the
informal name given to all deposits from Ice Age cataclysmic floods including any intercalated
non-flood deposits. Paleomagnetic polarity data collected from the Hanford formation at the

S and SX tank farms have all been normal polarity and, thus, do not provide a means to further
subdivide the sediments based on age as has been done at the 200 East Area (Pluhar 2003).

The Hanford formation beneath the S and SX tank farms is mostly represented by
sand-dominated unit consisting of fine-grained sands intercalated with coarse sand and gravel
and thinner lenses of silt. The basal portion of the Hanford formation is predominantly silty fine
sand, described by DOE-GJO (1996), Johnson et al. (1999), and Lindsey et al. (2000) as Hanford
subunit H2 (Figure 5-3 and Table 5-2). A sandy gravel to coarse sand facies dominates the
middle portion of the Hanford formation, which is then overlain by a slightly silty medium sand
and, finally, by a gravelly coarse sand. The middle coarse sand to gravel facies makes up the
Hanford subunit H1 described in DOE (1988), Johnson et al. (1999), and Lindsey et al. (2000).
The slightly silty medium sand and overlying slightly gravelly coarse sand is equivalent to the
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Hanford subunit Hla (Johnson et al. 1999; Lindsey et al. 2000). The surfaces of the H2, HI, and
H1a units of the Hanford formation dip to the west (Figure 5-10) into a trough west of the S and
SX tank farms.

5.3.1.4.1 Subunit H2. The lower fine sand and silt sequence of the Hanford formation,

H2 subunit, consists primarily of interstratified silty sands. This sequence generally thins from
about 24.3 m (80 ft) east of the S and SX tank farms to approximately 10.7 m (35 ft) west of
these tank farms. Johnson and Chou (1998) suggest that this thinning may signify some scouring
on top of the subunit, perhaps associated with a secondary flood channel similar to the
north-south trending flood channel that bisects Cold Creek bar. The grain-size within the
Hanford H2 subunit appears to coarsen upward slightly. Johnson et al. (1999) and

Sobczyk (2000) report that the top of this unit generally dips about 6° to the southwest with some
local relative highs and lows present throughout (Figure 5-10). Below subunit H2 are slightly
finer-grained deposits of interstratified very fine sand, silt, and clay associated with the upper
subunit CCU,, as defined by a diagnostic increase in total-gamma activity on borehole
geophysical logs (Johnson et al. 1999; Sobczyk 2000; Wood et al. 2001).

5.3.1.4.2 Subunit H1. Subunit H2 is bounded above by subunit H1, which is a coarse unit
dominated by gravel to gravelly sand and intercalated coarse sand that can be correlated

beneath the S and SX tank farms. This middle sequence is referred to as “Gravel Unit A” in
Johnson et al. (1999) and as “Hanford Unit A” in Sobczyk (2000) and is equivalent to the

H1 unit described in DOE-GJO (1996) and Lindsey et al. (2000). Subunit HI ranges in thickness
from 1 m (3 ft) to nearly 10 m (30 ft) beneath the S and SX tank farms. Sobczyk (2000) reports
subunit H1 to be thickest beneath tank SX-102, where coarse-grained flood deposits backfilled
an apparent channel eroded into the top of the underlying subunit H2.

Particle size results using dry sieving for 100 selected samples from 7 wells drilled in and around
the tank farm show that this unit averages approximately 30% gravel, 66% sand, and only

4% mud. This is compared to the materials directly above and below it, that both average

<1% gravel, nearly 90% sand, and 9% mud. Based on the modified Folk/Wentworth
classification scheme, the classification of the average particle size for subunit H1 falls near the
boundary between the sandy gravel and gravelly sand classes.

5.3.1.4.3 Subunit Hla. Above the middle coarse facies of the subunit H1 lies an upper fine
sand to silty-sand sequence (Johnson et al. 1999) equivalent to subunit Hla described in
Lindsey et al. (1994, 2000), and the “silty sand” described in Sobczyk (2000). This sequence
consists predominantly of interstratified slightly-silty medium to very fine sands and ranges in
thickness from 0 m (0 ft), where it was removed during excavation of the tank farm, to about

9 to 12 m (30 to 40 ft) to the southwest. Johnson et al. (1999) and Sobczyk (2000) reported that
the top of this unit dips slightly (approximately 2°) to the southwest. Sobczyk (2000) also
suggested that this unit may become coarser textured to the west.

A coarse-grained sand to gravelly sand unit overlies the fine sand sequence of subunit Hla and
appears to be intercalated with sandy gravel to the west. This unit is equivalent to Gravel Unit B
(Johnson et al. 1999) and Hanford Unit B (Sobczyk 2000). It is the uppermost stratigraphic unit
in the tank farm area, but is completely missing beneath the tank farm, where it was removed
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during construction. In surrounding boreholes, however, this unit ranges from a few meters in
thickness to east to up 12 m (40 ft) to the west.

5.3.1.5 Backfill

Price and Fecht (1976g, 1976h) describe the backfill surrounding the SSTs as consisting
predominantly of poorly-sorted cobbles, pebbles, and coarse to medium sands to silt derived
from the Hanford formation. Lindsey et al. (2000) describe the backfill as relatively
non-cohesive, friable, massive sand with variable amounts of silt and pebbles. A hardened zone
at the base of the backfill was also observed, extending to a depth of approximately 18.6 m

(61 ft) that was significantly harder and drier than the overlying materials.

5.3.2 Geology of Waste Management Areas T and TX-TY

The geology of the T, TX, and TY tank farms and vicinity is well understood as a result of
several decades of site characterization activities. It has been described in numerous

reports (Price and Fecht 1976g, 1976h, 1976i; Tallman et al. 1979; Last et al. 1989;
Connelly et al. 1992b, Hydrogeologic Model for the 200 West Groundwater Aggregate Area,
DOE-GJO 1997; Wood et al. 2001).

The T, TX, and TY tank farms (Figure 5-11) were constructed into the upper Hanford formation
sediments underlying the 200 West Area, along the north limb of the Cold Creek syncline
(Figure 4-4). The main source of geologic information for the tank farms is borehole
information (Table 5-3). Stratigraphic units underlying or adjacent to these tank farms

(in ascending order) include CRBG, the Miocene- to Pliocene-age Ringold Formation, the CCU,
the Hanford formation, and backfill materials (Figure 5-12 and Table 5-4). Detailed
cross-sections through the tank farms are shown in Figures 5-13 through 5-15. All but the
surface of the Hanford formation have a general tendency to dip west to southwest toward the
axis of the Cold Creek syncline (Figures 5-16 and 5-17).

5.3.2.1 Columbia River Basalt Group

The bedrock underlying the T, TX, and TY tank farms is the CRBG; the bedrock strikes
northwest-southeast with a southwest dip into the Cold Creek syncline. The uppermost basalt
unit is the Elephant Mountain Member of the Saddle Mountain Basalt, which is also the base of
the suprabasalt aquifer. The Elephant Mountain Member was not encountered in any boreholes
in the area of WMASs T and TX-TY. Based on logs from a well northeast of TY tank farm, the
elevation of the top of the Elephant Mountain Member is at about 57 m (187 ft) above sea level;
the basalt is about 60 m (197 ft) above sea level southeast of T tank farm.
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Figure 5-11. Well Location Map for Waste Management Areas T and TX-TY
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Table 5-3. Contact Elevations of the Boreholes in Waste Management Areas T and TX-TY ? (2 pages)

Ground Surface

Contact Picks (elevation in ft) b

Well No. I\-/I\?;Tolgi Elevagion Top | Top Top Top Top Top | Top | Top | Topof
ft H1 H2 CCuU, | ccy, Ry Ruie Rim | Ruwia | Basalt

W10-001 | A7136 672 672 | 610 596 578 562 531

W10-003 | A4897 671 6438 586 578 561 544

W10-008 | A4899 677 677 | 633 592 583 561 552

W10-012 | A4889 672 673 | 612 590 582 559 537

W10-015 | A4892 672 662 | 612 599 579 557 537

W10-016 | A4893 670 664 | 615 587 575 565 541

W10-017 | A4894 671 671 | 629 581 571 559 543

W10-018 | A4895 671 665 | 627 584 574 556 541

W10-023 | B8545 678 670 | 635 598 590 568 547

W10-024 | B8546 686 633 | 644 603 588 578 558

W10-026 | B8548 672 669 | 630 584 575 562 545

W10-027 | C3125 672 668 | 628 583 574 559 547

W10-196 | A7274 671 663 | 663 589 579 566 550

WI11-012 | A4902 679 679 | 651 588 576 NP 552

W11-026 | A7287 690 690 589 563 552 281 | 264 | 190

W11-027 | A4907 681 671 | 646 596 586 561 554

W11-028 | A4908 689 639 | 649 592 584 565 546

W11-039 | C3117 639 684 | 655 601 589 570 558

W11-040 | C3118 687.9 635 | 656 600 585 570 554

W11-041 | C3119 687.9 635 | 651 597 588 568 557

W11-042 | C3242 689.6 637 | 651 597 590 574 564

W14-005 | A5475 665 663 | 636 577 564 NP 541

W14-006 | A7331 665 665 | 623 577 562 NP 549

W14-012 | A4914 667 662 | 633 573 565 NP 541

W14-013 | B8549 670 665 | 637 581 572 558 545

W14-014 | B8547 671 671 | 638 577.5 563 561 548 269 | 233

W14-015 | C3114 671 669 | 633 5839 | 567.6 |554.5 | 5479

W14-018 | C3396 667 665 | 636.5 | 580.7 | 574.1 | 557.77 | 544.6

0 'A%y ‘8YLET-ddd



Y

Table 5-3. Contact Elevations of the Boreholes in Waste Management Areas T and TX-TY ? (2 pages)

Ground Surface Contact Picks (elevation in ft) °
Well No Hanford Elevation
. Well ID b Top | Top Top Top Top Top | Top | Top | Top of
ft H1 H2 CCU, | CCy, Ryt Ruwie Rim Ruia | Basalt

W15-022 A4925 667 667 620 565 557 547 541
W15-040 B8550 673 673 606 576 564 548 541
W15-041 B8815 666 666 614 573 562 554 545
W15-071 A7372 671 622 622 568 559 NP 539
W15-075 A7376 670 640 621 570 562 NP 539
W15-126 A7425 671 626 616
W15-128 A7427 670 621 617
W15-134 A7433 671 622 622
W15-166 AT7464 671 622 618 571 561
W15-765 C3397 670 668 629.9 | 580.7 580.7 561 544.6

 Bjornstad (2004).

® Multiply by 0.3048 to convert feet to meters.

CCU; = lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

NP  =not present

Rin = Ringold Formation, lower mud unit

Ry =Ringold Formation, Member of Taylor Flats
Ry = Ringold Formation, Member of Wooded Island, unit A
Ry,ic = Ringold Formation, Member of Wooded Island, unit E
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Figure 5-12. Fence Diagram Showing the Relationship between Stratigraphic Units at the T, TX, and TY Tank Farms
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Table 5-4. Stratigraphic Terminology and Thickness of Units
beneath the T, TX, and TY Tank Farms (2 pages)

Stratigraphic

Formation Facies / Subunit Description Thickness
Symbol
Gravel-dominated consisting of poorly to
moderately sorted cobbles, pebbles, and coarse
to medium sand with some silt derived from
Backfill — coarse-grained Hanford formation (H1 unit)
Backfill NA Anthropogenic excavated around tanks (Price and Fecht 19761, 18 m
19767, 1976k; Wood et al. 2001); occasional
layers of sand to silty sand occur near the base of
the backfill sequence.
Gravel-dominated flood sequence; composed of
mostly poorly-sorted, basaltic, sandy gravel to
Unit H1 silty sandy gravel. Equivalent to the upper
(Gravel-dominated |gravel sequence discussed by Last et al. (1989),
Hi facies association). |the Qg documented by Reidel and Fecht 10-12m
Cataclysmic flood  |(1994b), Hanford Gravel Unit A of
deposits Johnson et al. (1999), coarse-grained sequence
(high-energy) (H1 unit) of Wood et al. (2001) and gravel facies
of unit H1 of Lindsey et al. (2001b), and gravel-
dominated facies association of DOE-RL (2002).
Hanfor.d Sand-dominated flood sequence; composed of
formation mostly horizontal to tabular cross-bedded sand to
gravelly sand. Some sand beds capped with thin
Unit H2 layers of silty sand to sandy silt. Equivalent to
(Sand-dominated Hanford Sands of Johnson et al. (1999),
2 facies association). |Fine-Grained Sequence (H2 unit) of 9_18m
Cataclysmic flood |Wood et al. (2001) and unit H2 of
deposits (moderate  |Lindsey et al. (2001b), the sandy sequence of
energy) Last et al. (1989) and Lindsey et al. (1992), and
to Qg documented by Reidel and Fecht (1994b),
and sand-dominated facies association of
DOE-RL (2002).
I[iggllcg;rennated Silty sequence. Similar to Cold Creek unit but
Hf/CCU P . NA distinguished by having a lower natural gamma |2 —5m
ormation and
Cold Creek unit response.
Silty sequence; consisting of interstratified
well-sorted silt and fine sand. Uncemented but
may be moderately to strongly calcareous from
Upper subunit detrital CaCOs. Equivalent to the “early Palouse
Post-Ringold soil” (Tallman et al. 1979; DOE 1988;
CCU, Cold Creek unit  |Formation eolian DOE-GJO 1997) and the Hf/PP deposits of 2-7m

and/or overbank
alluvial deposits

Wood et al. (2001). Also equivalent to the upper
Plio-Pleistocene unit in Lindsey et al. (2001b)
and the fine-grained, laminated to massive
lithofacies of the Cold Creek unit

DOE-RL (2002).
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Table 5-4. Stratigraphic Terminology and Thickness of Units

beneath the T, TX, and TY Tank Farms (2 pages)

Stratigraphic

Formation Facies / Subunit Description Thickness
Symbol
Calcic paleosol sequence; consisting of
interbedded layers of pedogenically altered to
unaltered gravel, sand, silt, and/or clay,
Lower subunit cemented together with one or more layers of
Calcic paleosols secondary CaCO:s, originally referred to as
developed on eroded |“caliche” (Brown 1959). Since then the name
CCUj, Ringold or post- has evolved from the Plio-Pleistocene unit 0-8m
Ringold Formation |(DOE 1988; DOE-GJO 1997; Slate 2000), the
eolian and/or fluvial |Plio-Pleistocene calcrete facies (DOE 1988;
deposits Wood et al. 2001), the lower Plio-Pleistocene
unit (Lindsey et al. (2001b), and the coarse- to
fine-grained, CaCOs;-cemented lithofacies of the
Cold Creek unit (DOE-RL 2002).
Member of Taylor
ilszses tral Columbia Fine—graiped Ringold sequence consisting of
. . |interstratified, well-bedded fine to coarse sand to
Ry River System fluvial | . . . . 10 m
channel, crevasse silt. Equivalent to the upper Ringold unit
splay, and overbank (DOE 1988).
Ringold deposits
Formation Member of Wooded Coarse-grained Ringold sequence':,'consisting of
Island mostly querately sorted, quartzitic sandy .
Ancesiral Columbia gravel to silty sandy gravel. Equivalent to Unit E: 85 m;
Ry unit . middle Ringold unit (DOE 1988) and the LM: 6-11 m;
River System . : . N
braided-stream Ringold unit E and uplt A gravels Unit A: 20 m
deposits (Wood et al. 2001; Lindsey et al. 2001b).
Contains mud (LM).
CaCO; = calcium carbonate
CCU; =lower Cold Creek unit
CCU, =upper Cold Creek unit (Cold Creek fine-grained unit)

Hf/CCU = Hanford formation/Cold Creek unit

H{/PP
LM
NA
Qs
Qs

= lower mud unit
= not applicable
= Quaternary flood gravels

= Quaternary flood silt and sand

= Hanford formation/Plio-Pleistocene
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Figure 5-13. Cross-Section through the T, TX, and TY Tank Farms
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Figure 5-14. Cross-Section through the T Tank Farm
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Figure 5-15. Cross-Section through the TX Tank Farm
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Figure 5-16. Structure Contour Maps on Selected Units beneath the T Tank Farm
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Figure 5-17. Structure Contour Maps of Selected Units beneath
Waste Management Area TX-TY
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5.3.2.2 Ringold Formation

The Ringold Formation was deposited on the CRBG and is up to 185 m (600 ft) thick in the Cold
Creek syncline. Under the T, TX, and TY tank farms, the Ringold Formation consists mainly of
fluvial gravels and sands; these belong to the Ry unit and the R (Lindsey et al. 2001b, Vadose
Zone Geology of Boreholes 299-W10-27 and 299-W11-39 T-TX-TY Waste Management Area
Hanford Site, South-Central Washington).

The Ringold Formation, member of Wooded Island, unit A overlies the Elephant Mountain
Member beneath WMAs T and TX-TY (Table 5-4). Unit A is a pebble to cobble gravel with up
to 15% sand and very little silt. Some interstratified sand horizons occur within the gravel and
there are some highly cemented zones. Unit A is approximately 23 m (75 ft) thick.

The Lower Mud overlies Ringold unit A and is a fine-grained lacustrine deposit. The Lower
Mud is between 6 and 11 m (20 and 36 ft) thick (DOE-RL 1993; Lindsey et al. 1994;

Lindsey 1996). The lower mud unit appears to be continuous under the WMAs but pinches out a
few thousand feet to the east. The top of the lower mud unit generally conforms to the top of
basalt, dipping gently (0.6°) to the southwest.

The lower mud unit is equivalent to hydrogeologic unit 8 of Williams et al. (2002) (Figure 5-18).
They describe hydrogeologic unit 8 as separating the suprabasalt aquifer into an upper
unconfined aquifer in the sediments above the lower mud unit and a lower, confined aquifer in
the Ringold Formation unit A. Groundwater in the unconfined aquifer and the confined

Ringold Formation unit A aquifer does not flow vertically through hydrogeologic unit 8
(Williams et al. 2002). Where the lower mud unit is not present, the suprabasalt aquifer is a
single system.

Overlying the lower mud unit is the Ringold Formation, Member of Wooded Island, unit E
(Rwic). The contact between the two is easily distinguished on natural gamma logs by a
considerable drop in gamma activity in going from the lower mud unit into unit E. Unit E is
described as a pebble to cobble gravel with a fine- to coarse-grained sand matrix. Gravel content
is usually >60 to 70%. Occasionally, features interpreted as large boulders were encountered
during drilling. The sediments are variably consolidated, usually poorly-sorted, and show
variable amounts of calcium carbonate. Iron oxide staining is common. “Slow drilling,”

“hard drilling,” “switched to hard tool” are common comments on the geologists’ logs when
drilling in unit E sediments. Unit E is between 39 m and 85 m thick; the upper boundary of

unit E dips slightly toward the west or southwest beneath WMA T.

Unit E is overlain by bedded sandy silt, sand, and silty sand of the Ry. These sediments are

unconsolidated to consolidated and poorly- to well-sorted. Local pebbly areas occur. In places,
calcium carbonate occurs as stingers and nodules of calcite, whereas in other places, no calcium
carbonate exists. The lower boundary of the Ry is easily recognized by the difference in texture
between the fine-grained member and the underlying unit E gravels (Figures 5-16 through 5-18).
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Figure 5-18. Hydrologic Units for Waste Management Areas T and TX-TY
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The Ry is as much as 10 m (30 ft) thick in the area. It consists of interstratified, well-bedded fine
to coarse sand to silt belonging to a mixture of fluvial-sand and overbank facies associations.
Pebbly areas occur locally. The member is discontinuous across the study area because of
post-Ringold erosion and pedogenesis. The Ry ranges in thickness from 0 to 10.3 m, but is
generally thicker than 3 m. Like the underlying units, the Ry has a general, gentle dip toward the
southwest.

Slate (1996) interpreted the surface of the Ringold Formation as a trough-like structure trending
northwest-southeast parallel to the Cold Creek syncline and plunging to the southeast

(Figure 4-5). Slate (1996) interpreted the trough as a paleo-Cold Creek drainage developed in
the slowly subsiding Cold Creek depression. The surface of the Ry is irregular but has an overall
dip to the southwest. The irregularities have been suggested to be the result of post-Ringold
fluvial incision and cataclysmic flooding (DOE 1988). The irregularities in the surface result in
thickening to the northeast and pinching out at the southern end of the TY tank farm.

5.3.2.3 Cold Creek Unit

The CCU lies unconformably on the tilted and truncated Ringold Formation that formed
following incision and downcutting by the ancestral Columbia River toward the end of the
Pliocene Epoch. Weathering and soil development associated with the overlying CCU is often
overprinted onto the Ry and/or the Ryi.. Because the degree of post-Ringold pedogenesis
decreases with depth, the contact with the overlying CCU is gradational and generally defined by
an upward decrease in gamma activity from naturally occurring radionuclides, increase in
calcium carbonate content, and/or decrease in mud content (indicative of more cementation).

Two distinctive subunits of the CCU are present beneath the T, TX, and TY tank farms and most
of the 200 West Area (DOE-RL 2002). The Cold Creek paleosol sequence consists of calcium
carbonate-cemented silt, silty sand, and sandy silt with some gravel in places (Table 5-4).

In most wells, the calcium carbonate is fairly continuous throughout the unit, but in others there
are caliche-rich and caliche-poor zones. In one well, well 299-W11-38, three distinct caliche
zones were recognized. In places, the sediment becomes well-cemented with calcium carbonate
so that the driller changes from drive barrel to hard tool in order to continue drilling. The CCU
calcic paleosol sequence ranges in thickness from 2.4 to 9.8 m (7.9 to 32.1 ft) with an average
thickness of 5.3 m (17.3 ft) under the WMAs.

The Cold Creek silt-dominated unit overlies the calcic paleosol sequence at WMAs T and
TX-TY. It consists of unconsolidated, fine-grained, fluvial-overbank and/or eolian facies
sediments generally thought to be derived from the eolian reworking of the underlying Ry and/or
the CCU calcrete facies (Brown 1960; DOE 1988). These sediments are slightly to well
consolidated, moderately to well-sorted silt and sandy silt. They may contain calcium carbonate
but lack the cementation found in the underlying calcic paleosols. The Cold Creek fluvial and/or
eolian sequence is between 1.8 and 6.7 m (6 and 22 ft) in thickness (Figures 5-19 and 5-20).

The surface of the unit dips gently to the southwest.
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Figure 5-19. Thickness of Selected Stratigraphic Units in Waste Management Area T
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Figure 5-20. Thickness of Selected Stratigraphic Units in Waste Management Area TX-TY
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The driller’s log for well 299-W10-2, located about 35 m (115 ft) southwest of T tank farm,
noted perched water from 26 to 31 m (85 to 102 ft) depth. This closely corresponds to the top
and bottom of the Cold Creek fluvial and eolian sequence in the well. Perched water also was
found just above the contact of the Cold Creek fluvial sediments and the overlying Hanford
formation in well 299-W10-22, north of WMA T. Although perched water has not been found
beneath WMA T, the Cold Creed fluvial sediments extend throughout the area so that perched
water may occur locally in areas that have not been drilled.

The CCU silt-dominated facies has been called the Hanford/CCU by some workers because of its
indeterminate age; that is, it appears to have some characteristics similar to the CCU and some
characteristics of the silt-rich part of the Hanford formation. Regardless of its exact age and
origin, the CCU silt-rich facies is a distinctive lithostratigraphic unit that can be correlated across
most of the 200 West Area based on its fine-grained texture and high natural gamma activity on
geophysical logs (DOE 1988; Last et al. 1989). Although the exact age of the CCU silt-rich
facies is in question, the upper and lower contacts of the unit can be readily established. Thus for
this report, the CCU silt-rich facies will be retained for all deposits defined by the criteria above.
The age, however, is not necessary to map the unit.

5.3.2.4 Hanford formation

The Hanford formation at the T, TX, and TY tank farms is about 27.4 m (90 ft) thick

(Figure 5-12 and Table 5-4) and consists of a series of massive sands intercalated with beds of
sand and gravelly sands, and thinner lens of silts and clayey silts. It can be subdivided into a
lower sand-dominated unit and an upper gravelly unit. These are the Hl and H2 units of
Lindsey (1991). The contact between the two is marked by a sharp increase in total natural
gamma from the upper gravelly unit to the lower sandy unit. A Hanford formation
sand-dominated sequence overlies the Cold Creek fluvial sediments beneath WMA T.

The sequence is equivalent to the sandy sequence of Geologic Setting of the 200 East Area:
An Update (Lindsey et al. 1992) and the Hanford formation, H2 sequence of

Lindsey et al. (1994).

5.3.2.4.1 H2 Unit. The Hanford formation sand-dominated sequence (H2) is described on
borehole logs of cuttings as variably bedded silty sand, sand, and slightly gravelly to gravelly
sand. The sediments are poorly- to well-sorted and unconsolidated. Fine-grained, silt-rich lenses
are common and range from about 5 to 10 cm up to about 30 cm in thickness. Based on
observations of outcrop and intact core, the sand-dominated sequence is interpreted to have been
deposited during the waning stages of glacial flooding.

The Hanford formation sand sequence ranges from about 4 to 20 m (13 to 66 ft) in thickness
beneath WMAs T and TX-TY (Figures 5-19 and 5-20). The sandy beds are “salt and pepper”
sands ranging from about 30% basaltic and 70% felsic sand to 70% basaltic and 30% felsic sand.
The sequence is not cemented but does contain zones with calcium carbonate as small
concretions and as coatings on grains. Thin silt lenses cap some individual beds within the
Hanford formation sand-dominated sequence. These lenses are generally 0.15 m or less in
thickness but range up to about 0.3 m (0.9 ft) thick. The silt lenses cannot be correlated among
boreholes.
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The base of the Hanford formation sand-dominated sequence is recognized as a change from the
finer-grained silty sand to coarser-grained deposits and is reflected by a decrease in natural
gamma activity when going upward from the sediments of the CCU to the Hanford
sand-dominated sequence. The top of the sand-dominated sequence is more difficult to
distinguish and is usually picked at the top of the shallowest sand bed that is >3 m (10 ft) thick,
beneath gravel-dominated deposits. In some wells, this corresponds to an increase in natural
gamma activity within the sand-dominated sequence. The Hanford formation sand-dominated
sequence tends to be thicker beneath the eastern part of WMAs T and TX-TY and has a slight
dip toward the west or southwest.

5.3.2.4.2 H1 Unit. The HI1 unit overlies the H2 unit everywhere beneath the T, TX, and

TY tank farms, except where the H1 unit has been removed by excavation. The H1 unit
generally is thicker in the western portion of WMASs T and TX-TY, perhaps because of higher
energy deposition associated with the north-south trending paleochannel. The gravel-dominated
sequence is described as consisting of silty sandy gravel and sandy gravel with some interbedded
sand and silty sand. The Hanford formation gravel-dominated sequence varies from 6 to

17 m thick in the area. At some wells, the sequence lies at the surface, whereas in other wells,
the sequence is covered by a thin layer of Holocene sediment. Much of the entire unit was
removed from most, if not all, of the tank farm during construction and replaced as backfill after
construction was complete. The base of the gravel-dominated sequence was picked at the top of
the first sand or silty sand sequence that is at least 3 m (10 ft) thick. This contact may be
somewhat arbitrary, particularly in boreholes with only a driller’s log and no natural gamma log
available.

5.3.2.4.3 Holocene. Holocene deposits overlie the Hanford formation at WMAs T and
TX-TY. These deposits are limited to windblown silt and sand. Eolian sheet sands occur
sporadically at the surface and generally are <1 to 2 m thick. Eolian sediments do not occur in
the tank farm where they were removed during construction. Backfill material occurs to about
the 15-m (50-ft) depth in the tank farm. The backfill is poorly-sorted, gravelly sand to sandy
gravel (Price and Fecht 19761, 1976j, 1976k) from the gravel-dominated sequence of the Hanford
formation.

5.3.3 Geology of Waste Management Area U

WMA U is located on the Hanford Site in the south central portion of the 200 West Area
between WMA S-SX to the south and WMASs T and TX-TY to the north (Figures 5-1 and 5-2).
The geology of WMA U is well understood and has been described in several reports.

These reports include Geology of the 241-U Tank Farm (Price and Fecht 19761);

Groundwater Quality Assessment for Waste Management Area U: First Determination
(Hodges and Chou 2000); Groundwater Quality Assessment Plan for Single-Shell Tank Waste
Management Area U (Smith et al. 2001); Lindsey (1991, 1995); and DOE-RL (2002).

Geologic characterization of WMA U is principally based on borehole logs (i.e., geologic and
drillers’ logs) from 13 boreholes near the tank farm (Table 5-5). The logs describe the physical
and chemical characteristics of the subsurface system and include data such as grain size
distribution, calcium carbonate content, and moisture content. Interpretation is also based on
existing reports that describe the regional, Hanford Site, 200 Areas, and local geology.
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WMA U lies within a shallow, north-south oriented topographic low. This low formed within
the southwestern extent of a flood bar deposit known as the Cold Creek bar and likely represents
a braided stream channel that cuts across the bar (Figure 4-4). Within the U tank farm, isolated
anthropogenic topographic depressions occur just southwest of tank U-110 and northwest of
tank U-109. Until run on and run-off controls were recently constructed around the site, these
depressions were conducive to the collection and subsequent infiltration of surface run-off.

WMA U is located on a sequence of sediments that overlie bedrock of the CRBG. Stratigraphic
units beneath WMA U from (oldest to youngest) include: Miocene age CRBG; late Miocene- to
Pliocene-age fluvial gravel; sand and silt of the Ringold Formation; Pliocene- to Pleistocene-age
gravel, sand, and silt, including calcic paleosol of the CCU; Pleistocene age flood gravels and
sand of the Hanford formation; and recent Holocene sediments (Table 5-6 and Figure 5-21).
Figures 5-22 through 5-24 show more detailed geology of WMA U. The sequence of suprabasalt
sediment is about 170 m (560 ft) thick at WMA U (Wood and Jones 2003, Subsurface
Conditions Description of the U Waste Management Area; Smith et al. 2001). Boreholes used in
the analysis are shown in Figure 5-22.

Except for the surface of the sediments, the most sedimentary layer tilts gently to the southwest
(<1°) (Smith et al. 2001). This is consistent with other 200 West Area WMAs where the layers
tilt southwest into the Cold Creek syncline.

5.3.3.1 Columbia River Basalt Group

The CRBG forms the bedrock beneath WMA U. The Elephant Mountain Member of the Saddle
Mountain Basalt Formation is the uppermost and youngest basalt beneath WMA U. Depth to
basalt is about 170 m (560 ft) beneath WMA U. The Elephant Mountain Member is about 25 m
(80 ft) thick in the 200 West Area (Myers et al. 1979).

5.3.3.2 Ringold Formation

The Ringold Formation overlies the Elephant Mountain Member and consists of fluvial
lacustrine sediments that were deposited by the ancestral Columbia River drainage system.
Near the WMA, three units of Ry, unit (Lindsey 1995) are present: (in ascending order) unit A,
the lower mud unit, and unit E. The Ry is absent from WMA U.
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Table 5-5. Contact Elevations of the Boreholes in and around Waste Management Area U # (2 pages)

Hanford

Ground Surface

Contact Picks (Elevation in ft) b

WellNo. | \ven 1D EIevatEion Top | Top | Top | Top | Top | Top | Top | Top | Top | Topof
ft H1 H2 | CCU | CCU, | CCy, Ry Ruwie | Rm | Rwia | Basalt
E13-001 740 740 390 390 | 390
E13-013 724 724 390 390 | 390
E13-018 728 728 388 388 388 328 | 273
727 727 443 443 | 443 328 | 273
W19-003 | A7733 693 693 591 515 500
W19-004 | A4958 713 708 546 470 | 451 210 191 176
W19-008 | A7736 700 700 525 490 | 490 | 267 | 235 140
W19-010 | A7738 680 680 540 509 | 509 | 221 195 125
W19-013 | A7740 693 693 583 523 513 513
W19-014 | A4946 691 691 579 529 519 | 519
W19-015 | A4947 691 691 586 | 541 515 515
W19-016 | A7741 693 693 602 553 526 | 526
W19-017 | A7742 695 695 590 | 535 510 | 510
W19-018 | A7743 699 699 591 539 516 | 516
W19-022 | A4951 686 686 | 608 | 546
W21-001 A4963 699 699 528 502
W22-27 679 679 | 604 | 544 524 | 489 | 226 174 120
W19-1 672 672 | 622 547 522 | 522
W19-32 A4957 674 674 | 629 549 524 | 524
W19-31 661 661 616 | 541 521 521
W19-42 B8553 674 674 | 630 | 554 532 | 532
W18-30 669 669 | 609 546 529 | 529
W15-5 A4930 675 675 615 560 542 542 | 247 196
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Table 5-5. Contact Elevations of the Boreholes in and around Waste Management Area U # (2 pages)

Ground Surface Contact Picks (Elevation in ft) b
Well No Hanford Elevation
| Well ID b Top | Top | Top Top Top | Top | Top | Top | Top | Top of
ft H1 H2 | CCU | CCU, | CCy, Ry Ruwie | Rim | Rwia | Basalt
W19-41 B8551 675 675 | 631 548 529 | 529
W18-19 670 670 | 624 | 545 525 | 531
W18-31 661 661 637 | 546 531 531
? Bjornstad (2004)
® Multiply by 0.3048 to convert feet to meters.
CCU = Cold Creek unit
CCU; = lower Cold Creek unit
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

Ryn = Ringold Formation, lower mud unit
Ry =Ringold Formation, Member of Taylor Flats

R,z = Ringold Formation, Member of Wooded Island, unit A
Ryie = Ringold Formation, Member of Wooded Island, unit E
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Table 5-6. Stratigraphic Terminology and Thickness of Units
beneath the U Tank Farm (2 pages)

Stratigraphic

Formation Facies / Subunit Description Thickness *
Symbol
Gravel-dominated consisting of poorly to
moderately sorted cobbles, pebbles, and
coarse to medium sand with some silt
Backfill — derived from coarse-grained Hanford
Backfill NA Anthropogenic formation (H1 unit) excavated around tanks 12m
(Price and Fecht 19761; Wood et al. 2001);
occasional layers of sand to silty sand occur
near the base of the backfill sequence.
Gravel-dominated flood sequence; composed
of mostly poorly-sorted, basaltic, sandy
gravel to silty sandy gravel. Equivalent to
Unit H1 — the upper gravel sequence discussed by
(Gravel-dominated |Last et al. (1989), the Qg, documented by
H1 facies association). |Reidel and Fecht (1994b), Hanford Gravel ’7m
Cataclysmic flood |Unit A of Johnson et al. (1999), coarse-
deposits grained sequence (H1 unit) of
(high-energy) Wood et al. (2001) and gravel facies of unit
HI of Lindsey et al. (2001b), and gravel-
dominated facies association of
DOE-RL (2002).
Hanford
formation Sand-dominated flood sequence; composed
of mostly horizontal to tabular cross-bedded
sand to gravelly sand. Some sand beds
. capped with thin layers of silty sand to sandy
Unit H2 — . .
(Sand-dominated silt. Equivalent to Hanfprd Saqu of
facies association) Johnson et al. (19.99), Fine-Grained
H2 Cataclysmic floo d. Sequence (H2 unit) of Wood et al. (2001) 24 m
deposits (moderate and unit H2 of Lindsey et al. (2001b), the
energy) sandy sequence of Last et al. (1989) and
Lindsey et al. (1992), and to Qg documented
by Reidel and Fecht (1994b), and sand-
dominated facies association of
DOE-RL (2002).
ggggf;e;entlated Silty sequence. Similar to Cold Creek unit
Hf/CCU : NA but distinguished by having a lower natural |4 —8 m
formation and
Cold Creek unit gamima fesponse.
Silty sequence; consisting of interstratified
well-sorted silt and fine sand. Uncemented
but may be moderately to strongly calcareous
Upper subunit from detrital CaCOs. Equivalent to the
post-Ringold “early Palouse soil” (Tallman et al. 1979;
CCU, Cold Creek unit  |Formation eolian DOE 1988; DOE-GJO 1997) and the 3-6m

and/or overbank
alluvial deposits

Hf/PP deposits of Wood et al. (2001).

Also equivalent to the upper Plio-Pleistocene
unit in Lindsey et al. (2001b) and the
fine-grained, laminated to massive lithofacies
of the Cold Creek unit DOE-RL (2002).
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Table 5-6. Stratigraphic Terminology and Thickness of Units
beneath the U Tank Farm (2 pages)

Strg;[,'r?:;igh'c Formation Facies / Subunit Description Thickness *
Calcic paleosol sequence; consisting of
interbedded layers of pedogenically altered
to unaltered gravel, sand, silt, and/or clay,
Lower subunit cemented together with one or more layers of
Calcic paleosols secondary CaCQ;, originally referred to as
develo pe don eroded “caliche” (Brown 1959). Since then the
ccu Rin olg of DOSk name has evolved from the Plio-Pleistocene 1-2m
1 Ringol q Foﬁnation unit (DOE 1988; DOE-GJO 1997;
eoliin and/or fluvial Slate 2000), the Plio-Pleistocene calcrete
denosits facies (DOE 1988, Wood et al. 2001), the
p lower Plio-Pleistocene unit
(Lindsey et al. 2001b), and the coarse- to
fine-grained, CaCOs-cemented lithofacies of
the Cold Creek unit (DOE-RL 2002).
Member of Taylor
Flats
Ancestral Fine-grained Ringold sequence consisting of
R Columbia River interstratified, well-bedded fine to coarse Absent
. System fluvial sand to silt. Equivalent to the upper Ringold
channel, crevasse unit (DOE 1988).
. splay, and overbank
Ringold deposits
Formation bor of Wooded
ﬁi?d et ot Yoode Coarse-grained Ringold sequence, consisting
of mostly moderately sorted, quartzitic sandy . .
Ancestral . . Unit E: 90 m;
R.. Columbia River gravel to silty sandy gravel. Equivalent to LM: 15 m:
W middle Ringold unit (DOE 1988) and the PN
System . : ) Unit A: 30 m
braided-stream R'mgold unit E gravels (Wood et al. 2001;
deposits Lindsey et al. 2001b).

* Multiply by 3.281 to convert meters to feet.

CaCO; = calcium carbonate

CCU = Cold Creek unit

CCU;  =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

Hf/CCU = Hanford formation/Cold Creek unit

Hf/PP = Hanford formation/Plio-Pleistocene

LM = lower mud unit

NA = not applicable

Qre = Quaternary flood gravels

Qg = Quaternary flood silt and sand

Ry = Ringold Formation, Member of Taylor Flats
Ry = Ringold Formation, Member of Wooded Island
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Figure 5-21. Fence Diagram Showing the Relationship between Stratigraphic Units at Waste Management Area U
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Figure 5-22. Location of Boreholes Used in this Report and Cross-Section Lines
of Waste Management Area U for Figures 5-23 and 5-24
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Figure 5-23. North-South Geologic Cross-Section of Waste Management Area U ¢
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Figure 5-24. Northwest-Southeast Geologic Cross-Section of Waste Management Area U 2

I Diteha Locatian U TANK FARM AREA STRUCTURAL CROSS-SECTION B-B° 161 2 Ot
MNORTH-WEST - SOUTH-EAST
. L  ,
North-West South-East
2P 1811 291819 291821 299-WI9-21 299.W19-42 29WiR2r 299-WIR15
210 T Ground Surdoce 1 20
P ST Wik, U
—Geound Sutace A
= Hy Undifferenticted 20
Hy Undiferentiated
150 F 190
Hy e
15 | [ieo
T ater
Pesched Woler Hy Reporied
7 /"""l’ 170
T _________
k'l' __________ PRI,
fh,
140 ] L™ 160
Ui = Upper Kingold
150 Eingold Uril £ Ringedd Unit E L
- Tor e |?__i____.___1m1 e i L e TI9E L‘i::—_;;i;;;-: 140
t=g- k- el ety ] s -] Py et U B R st T 0 oA R ——— i e i =2
- Csona [
sy Sand
:Ik:'rdq- S
120 Ds.and : SHF L 30
ah Wertical ¥ OO DL A
E E | txoggenation ] Casicha
- = 4% 0 ity Sandy Geavel
) Gravety saral
15
.Ir-g:.!:-:\! I'u! - :-'IELiiL'L‘G

* Smith et al. (2001)

0 A9y ‘8YLEC-ddd



RPP-23748, Rev. 0

Unit A, the lowest subunit, consists of fluvial gravels with intercalated sands. Unit A is up to

30 m (98 ft) thick and dips to the south-southwest (WHC 1991, Geology and Hydrology of the
Hanford Site: A Standardized Text for Use in Westinghouse Hanford Company Documents and
Reports; Smith et al. 2001) (Table 5-6 and Figure 5-21). The lower mud unit, a lacustrine mud
deposit, overlies unit A, and is approximately 15 m (50 ft) thick. The lower mud unit is an
aquitard and forms the bottom of the unconfined aquifer beneath WMA U. It is characterized by
well-stratified clay and interbedded silt and silty sand (Singleton and Lindsey 1994,
Groundwater Impact Assessment Report for the 216-U-14 Ditch). Unit E is the uppermost
sequence of the Ringold Formation beneath WMA U. Like unit A, unit E consists of fluvial
gravels with intercalated sands. Where the lower mud unit is not present outside of the WMA,

it is commonly undistinguishable from unit A. Unit E is about 90 m (295 ft) thick and is the host
strata for the unconfined aquifer.

5.3.3.3 Cold Creek Unit

The CCU unconformably overlies the Ringold Formation (Wood and Jones 2003) and is divided
into two subunits. The lower subunit (CCU)) is a caliche rich zone about 1 to 2 m (3 to 6 ft)
thick that developed on the paleo-surface of the Ringold Formation. It is a calcium
carbonate-rich layer with locally derived basalt detritus, silt rich deposits, and reworked Ringold
Formation material. The calcium carbonate zones are probably discontinuous and occur as
layers, nodules, and clast coatings. The upper subunit (CCU,) is a silt-rich, sandy soil about 3 to
6 m (9 to 15 ft) thick that is relatively uniform and shows little depositional structure.

Both subunits dip slightly to the southwest (Figure 5-25). The fine-grained nature of this unit
has significant influence on the vertical movement of moisture in the vadose zone.

5.3.3.4 Hanford formation

The Hanford formation consists of sediments deposited during several episodes of cataclysmic
flooding and consists of pebble-to-boulder gravel, fine- to coarse-grained sand, and silt.

The Hanford formation is divided into two major sequences based on lithology beneath WMA U,
lower sand-dominated (H2) and upper gravel-dominated sequences (H1).

The lower sand-dominated sequence (H2) consists primarily of a sand layer that averages about
24 m (79 ft) thick across WMA U (Figure 5-26) (Wood and Jones 2003). It thins to the east and
northeast. Repetitive sequences of very thin, flat-lying lamina of silt and sand have been
observed in intact core samples and may provide a sedimentary structure that influences moisture
movement in the vadose zone.

The upper gravel-dominated sequence (H1) is distinguished from the sand-dominated sequence
by marked difference in grain size distribution. A significant fraction of the upper unit is gravels
with less sand, indicating deposition in a higher energy environment. In the vicinity of WMA U,
the contact between the two units is irregular and appears to dip to the northeast. The unit varies
between 2 and 7 m (8 and 22 ft). Beneath WMA U, the contact between the two sequences is
near the base of the original excavation along the eastern edge of the tank farm. The contact is
closer to the surface toward the west and northwest and therefore, has had little influence on tank
waste migration.
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Figure 5-25. Structure Contour Maps of Waste Management Area U
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(A) Structure contour map on surface of Hanford formation, unit H2; equivalent to middle

sand-dominated.

(B) Structure contour map on surface of upper Cold Creek unit.
(C) Structure contour map on surface of lower Cold Creek unit.

(D) Structure contour map on surface of Ringold Formation, Member of Wooded Island, unit E.
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Figure 5-26. Isopach Map of the Hanford H2 Unit at Waste Management Area U
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5.3.3.5  Holocene Deposits

Holocence-aged deposits in the 200 West Area are dominated by eolian sand. These sands tend

to consist of very fine- to medium-grained, occasionally silty sands. Eolian deposits were

removed from WMA U during construction of the tank farm. The tank farms were excavated to
a depth of about 12 m (40 ft) during construction and backfilled with silt, sand, and gravel of the

Hanford formation and eolian sand.
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54 GEOLOGY OF THE 200 EAST AREA SINGLE-SHELL TANK FARMS
5.4.1 Geology of Waste Management Areas A-AX and C

This section provides a detailed description of geologic and stratigraphic relationships beneath
the A and AX (Figure 5-27) and C SST farms (Figure 5-28) and adjoining areas of the

200 East Area (Figure 5-29). The discussion of these parameters is based on a compilation of
historical information and some original interpretations allowed by new borehole emplacement
and research conducted in calendar year 2003 (Williams and Narbutovskih 2003, Borehole Data
Package for RCRA Wells 299-E25-93 and 299-E24-22 at Single-Shell Tank Waste Management
Area A-AX, Hanford Site, Washington; Williams and Narbutovskih 2004, Borehole Data
Package for Four CY 2003 RCRA Wells 299-E27-4, 299-E27-21, 299-E27-22, and 299-E27-23
at Single-Shell Tank, Waste Management Area C, Hanford Site, Washington). The earliest
geologic descriptions that include the A, AX, and C tank farm areas specifically appear to be
those of Brown (1959) who used well logs available at that time to prepare a cross-section
intersecting the A and AX tank farm areas. Geology of the 241-A Tank Farm

(Price and Fecht 1976a); Geology of the 241-AX Tank Farm (Price and Fecht 1976b); and
Geology of the 241-C Tank Farm (Price and Fecht 1976f) provide the first detailed geology of
the tank farms. Since that time, several general and specific studies have been conducted on the
geology, stratigraphy, and hydrogeology of these tank farms (Table 5-7). The most recent,
detailed description of the A, AX, and C tank farms is that in Subsurface Conditions Description
of the C and A-AX Waste Management Area (Wood et al. 2003), and most of the discussion
presented below is built on that report.

Because of the proximity of these two units, the discussions of both are combined here.

Where data are available in sufficient quantity, structural isopachs and contour maps

(Figures 5-31 through 5-38) are used to illustrate the distribution and thicknesses of primary
lithologies. These maps are updated after Wood et al. (2003) using the new borehole
information. Likewise, the cross-sections (Figures 5-30 and 5-39 through 5-47) were constructed
based on a combination of data from Preliminary Performance Assessment for Waste
Management Area C at the Hanford Site, Washington (Mann and Connelly 2003) and the new
borehole data.
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Figure 5-28. Well Location Map for Waste Management Area C
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Figure 5-29. Fence Diagram of the A, AX, and C Tank Farms
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Table 5-7. Chronological Summary and Annotations for Principal Sources of Geologic
Information for Waste Management Areas A-AX and C through April 2004

Author Date Published Coverage Area or Focus
One of the earliest interpretations of suprabasalt stratigraphy in the 200 East
Brown 1959 and 200 West Areas, with cross-section and Ringold surface map in the

vicinity of the A and AX tank farms.

Price and Fecht

19764, 1976b,
1976f

Contains numerous cross-sections of tank farms A, AX, and C at a very
detailed scale (approximately 1:4,000) using all borehole data available to
this date. Brief tabulation of grain size distribution and general geologic
maps of the exposed (excavated) surfaces beneath the farms.

Tallman et al.

1979

The most comprehensive, generalized stratigraphic analysis to this date of
the 200 East Area, with two east-west (approximately 1:40,000)
cross-sections through the A and AX tank farms.

Lindsey et al.

1992

Describes suprabasalt sediments and provides 10 approximately 1:17,500
cross-sections of the 200 East Area and vicinity with some transecting A,
AX, and C tank farms vicinity.

Jones et al.

1998

Appendix A provides a unique description of types of information used to
construct geologic conceptual models for SST farms, their applicability and
limitations. One 1:4000 scale, composite north-south cross-section of A,
AX, and C tank farms.

Williams et al.

2000

Hydrogeology of the 200 East Area and vicinity above the basalt.
Cross-sections and unit descriptions incorporating A, AX, and C tank farms
at scales of 1:9,600 and 1:28,000. Smaller-scaled sections make intensive
use of geophysical logs for correlation.

Wood et al.

2003

Contains the most detailed cross-sections (scale approximately 1:4000) and
stratigraphic interpretations thus far for A, AX, and C farms (presented in
modified form in the current report).

Williams and
Narbutovskih

2003

Detailed lithologic and construction data for two new wells in the A and
AX tank farms with lithologic and geophysical logs and stratigraphic unit
identification for each well.

Williams and
Narbutovskih

2004

Detailed lithologic and construction data for four new wells in the C tank
farm with lithologic and geophysical logs and stratigraphic unit identification
for each well.
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Figure 5-30. Well and Cross-Section Locations for the A, AX, and C Tank Farms
and Adjoining Areas of the 200 East Area
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Figure 5-31. Structure Contour Map of the Top of Basalt at the A, AX, and C Tank Farms
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Figure 5-32. Isopach Map of the Cold Creek Unit/Ringold Formation
at the A, AX, and C Tank Farms ?

+ Groundwater-Monitoring Well

-¢r- Vadose-Ione Borehole
@ Characterization Borehole

218-E-12A Burial Ground

s
~
; o N

NP,
% o "\
T Of% %
e Ox%

YL e T T
(//\/ O O //, /
L meey

mﬁ\Tonk Farm o NP
.}:-I e + 241-AN Tank Farm
NPT |
|

i /\ (Double Shell Tanks)
| S~

] ~ -:’

] s

241-A1 Tank Fam'

/ & +? 4 (Double shell Tanks)

216-A-37

Crib
241-AY Tank Farm ~241-AX -|
(Deuble Shell Tanks) ,/Tcmk Farm|

. -
P

241-AW Tank Farm
(Double Shell Tanks)

Thickness (m) in

A Co}owl.lm _g.?/ Well/ Borehole \

Litholegic Unit 273-AW

Thickness (m) Bulkdin

241-AF Tank Fdrm

+ s
N NP~ 2— +
N Not Present (Double shell fanks) "B 4

Contour Interval =1 m
o 25 50 75 Meters
——i—

—_——
0 75 150 225 300 Feet \

2004/DCL/A-AX-C/003 (02/27)

* Adapted from Wood et al. (2003)

5-60



RPP-23748, Rev. 0

Figure 5-33. Structure Contour Map of the Cold Creek Unit
at the A, AX, and C Tank Farms ?
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Figure 5-34. Isopach Map of the Lower Coarse Sequence (H3) of the

Hanford formation at the A, AX, and C Tank Farms 2
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Figure 5-35. Structure Contour Map of the Lower Coarse Sequence (H3) of the
Hanford formation at the A, AX, and C Tank Farms ?
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Figure 5-36. Isopach Map of the Sand-Dominated Sequence (H2) of the
Hanford formation at the A, AX, and C Tank Farms ?
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Figure 5-37. Structure Contour Map of the Sand-Dominated Sequence (H2) of the
Hanford formation at the A, AX, and C Tank Farms ?
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Figure 5-38. Isopach of the Upper Coarse Sequence (H1) of the
Hanford formation at the A, AX, and C Tank Farms ?
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Figure 5-39. Cross-Section A-A' at the A, AX, and C Tank Farms #
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Figure 5-40. Cross-Section B-B' at the A, AX, and C Tank Farms ?
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Figure 5-42. Cross-Section C-C' at the A, AX, and C Tank Farms
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Figure 5-43. Cross-Section D-D' at the A, AX, and C Tank Farms ?
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Figure 5-44. Cross-Section E-E' at the A, AX, and C Tank Farms ?
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Figure 5-45. Cross-Section F-F' at the A, AX, and C Tank Farms
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Figure 5-46. Cross-Section G'-G" at the A, AX, and C Tank Farms
G G::

Northwest Southeast
E27-4 E27-23 E27-21
El. 204.6m El. 205.7m El. 205m
CZSG CZSG 1_CZ!-|'E|'-|G
0
_ Hy
100—_‘“
Ha
200
300 —

50m - Clay, Silt, Sand, Gravel v
< —— Water Table
100 Clay FFe] Gravelly Sand Open Interval
i =1 g : Well
s E=] sil Silly Sandy Gravel | § 8¢
Sandy Silt to Silty Sand 7] Sandy Gravel : Perforaled
‘ . | | | Sand Gravel
50m 0 100 ) Slightly Gravelly Sand F=7] Boulders
Feet
VE. =2x Il Besat
G0E050033 4

0 'A%y ‘8YLET-ddd



SL-S

Figure 5-47. Cross-Section G-G' at the A, AX, and C Tank Farms
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Table 5-8 lists wells used in the A, AX, and C tank farms area to construct stratigraphic
cross-sections, fence diagrams, structure maps, and isopach maps. For some wells, several
interpretations of stratigraphic contacts or “picks” have been rendered by various authors over
the years. Most of the illustrations presented here reflect picks represented by

Wood et al. (2003) with some modification arising from new well logs.

54.1.1 Geology of Waste Management Areas A-AX and C

Overlying the basalt are the post-Miocene accumulations of alluvial accumulations of the
Ringold Formation, CCU, and the Hanford formation (Table 5-9). These sediments comprise a
100 m or greater blanket of sand, gravel, and silt strata beneath WMAs A-AX and C.

These three major units are generally separated by significant time intervals, although some
indistinctness arises from reworking processes at the base of the Hanford formation, thus making
a contact pick difficult locally.

5.4.1.2 Stratigraphy

Based on Wood et al. (2003), seven stratigraphic units lie within WMAs A-AX and C.

In that report, the CCU is identified with the previous designation of “Plio-Pleistocene Unit.”
Maps (Figures 5-27 through 5-31) and cross-sections (Figures 5-32 through 5-43) illustrate the
distribution and thicknesses of these units. From oldest to youngest, the primary geologic
units are:

CRBG

Undifferentiated CCU fine unit and/or Ringold Formation
Undifferentiated CCU gravel and/or Ringold Formation, unit A
Hanford formation — lower gravelly sequence (H3 unit)
Hanford formation — sand sequence (H2 unit)

Hanford formation — upper gravelly sequence (H1 unit)

Recent deposits.

5.4.1.2.1 Columbia River Basalt Group. The Miocene Elephant Mountain Member of the
CRBG is the uppermost lava flow beneath the A, AX, and C tank farms, and lies at an elevation
of approximately 26 m (85 ft) above mean sea level (a depth of approximately 175 m [575 ft])
and dips gently to the southwest toward the axis of the Cold Creek syncline (Figure 5-31)

(Price and Fecht 1976a, 1976b, 1976f; DOE 1988). The top of the member lies at depths
between 250 to 360 ft (75 to 110 m) below ground surface (bgs) within WMAs A-AX and C and
dips south toward the axis of the Cold Creek syncline (Connelly et al. 1992a). Up to 50 ft (15 m)
of topographic relief exists on the basalt surface as a result of tectonic deformation and/or
erosion.

Four boreholes (299-E25-2, 299-E26-8, 299-E27-3, and 299-E27-6) in WMAs A-AX and C
extend to the top of basalt. One borehole (299-E26-8) (Figure 5-43) fully penetrated the
Elephant Mountain Member and advanced through the first sedimentary interbed (Rattlesnake
Ridge) into the underlying Pomona Member of the CRBG (Figure 5-31). In this borehole, the
Elephant Mountain Member and the Rattlesnake Ridge Interbed were 90 ft (27 m) and 50 ft
(15 m) thick, respectively.
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Table 5-8. Stratigraphic Contact Picks for Suprabasalt Sediments beneath

and in the Vicinity of A, AX, and C Tank Farms *

Ground Surface Contact Picks (Elevation in m) "

Well No. Hanford Elevation
Well ID m P Top H1 | Top H2 | Top H3 | Top CCU/R | Top Ryia | Top of Basalt
E24-005 | A5899 65.0 193.2 120.1
E24-013 | A4749 63.7 172.5
E24-018 | A4753 66.9
E24-020 | A4756 64.0 179.5 126.2
E24-022 | C4123 63.8 176.7 128.6 126.0
E25-001 | A4759 63.9 202.1 185.6 132.3
E25-002 | A4766 62.7 202.1 128.0 123.4 97.2
E25-006 | A4796 61.5 192.6 145.4 125.6
E25-013 | A4762 63.3 206.3 130.1 121.6
E25-017 | A6031 63.8 124.1
E25-018 | A4764 62.8 119.2 117.7
E25-019 | A4765 62.6 204.2 121.6
E25-035 | A4781 62.3 180.1 134.4 116.1
E25-040 | A4789 61.6 171.6 141.1
E25-041 | A4790 62.4 171.3 143.9 125.6
E25-042 | A4791 63.2 182.9 137.2 126.5
E25-046 | A4793 64.3 186.5 128.6
E25-048 | A4795 63.5 180.7 139.6 124.4
E25-93 C4122 63.2 204.0 168 144.5 126.2
E26-004 | A4804 60.4 192 155.4 128.0
E26-005 | A6641 60.6 192.6 153.0 125.6
E26-006 | A6642 60.9 178.6 151.2 135.9
E26-008 | A4805 57.5 179.5 126.2 120.1 128.6 110.9
E27-003 | A6671 63.5 191.4 125.9
E27-004 | C4125 62.4 197.0 172.6 134.4
E27-010 | A4808 57.8 189.6 116.4
E27-012 | A4810 61.1 177.5 130.1
E27-013 | A4811 62.2 192
E27-014 | A4812 61.2 176.5 127.7
E27-015 | A4813 60.7 180.7 125.0
E27-22 C4124 58.7 162.2 133.2 122.5
E27-23 C4190 62.7 202.3 169.7 131
* Bjornstad (2004)

® Multiply by 3.281 to convert meters to feet.
CCU/R = Cold Creek unit/Ringold Formation, undifferentiated

H1
H2
H3
Rwia
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Stratigraphic Formation Facies / Description A-AX C
Symbol Subunit Thickness | Thickness
Gravel-dominated consisting of poorly to
moderately sorted cobbles, pebbles, and
coarse to medium sand with some silt
Backfill — derived from coarse-grained Hanford
Backfill NA Anthropogenic formation (H1 unit) excavated around 10 m 10 m
tanks (Price and Fecht 1976a, 1976b,
1976f; Wood et al. 2003); occasional
layers of sand to silty sand occur near the
base of the backfill sequence.
Gravel-dominated flood sequence;
composed of mostly poorly-sorted,
Unit H1 — basa.ltic, sandy gravel to silty sandy gravel.
(Gravel-dominate Egulvalent to the upper gravel sequence
d facies discussed by Last et al. (1989), the Qg,
S documented by Reidel and Fecht (1994b),
H1 association). . 25-30m [10m
Cataclysmic flood Hanford Gravel Ur'nt A of Johnson et al.'
deposits (high- (1999), coarse-grained sequence (H1 unit)
energy) of Wood et al. (2003) and gravel facies of
unit H1 of Lindsey et al. (2001a), and
gravel-dominated facies association of
DOE-RL (2002).
Hanford Sand-dominated flood sequence;
formation composed of mostly horizontal to tabular
cross-bedded sand to gravelly sand. Some
Unit H2 — sand beds capped with Fhin layers of silty
(Sand-dominated sand to sandy silt. Equivalent to Hanford
facies lE?lndsG of 'JO}?ZOH et al. ((1339),. o
. ine-Grained Sequence unit) o
H2 E(ljs:t(; Ccllatég?i)c' flood Wood et al. (2003) and unit H2 of 50-60m 140-350m
deposég Lindsey et al. (2001a), the sandy sequence
(moderate energy) of Last et al. (1989) and
Lindsey et al. (1992), and to Qg
documented by Reidel and Fecht (1994b),
and sand-dominated facies association of
DOE-RL (2002).
Undifferent
iated . .
Hanford Gravel sequence cannot be differentiated
H3/CCU and formation between Hanford gravel and Cold Creek
possibly and Cold NA unit gravel. Could also be reworked 0-20m |0-20m
CCU/R Creek unit Ringold gravel as suggested by
Possibly Wood et al. (2003).
Ringold

5-78




Table 5-9. Summary Descriptions of the Stratigraphy and Thickness of Units

at Waste Management Areas A-AX and C (2 pages)

RPP-23748, Rev. 0

Facies /
Subunit

Stratigraphic

Symbol Formation

Description

A-AX

C

Thickness

Thickness

Silty sequence; locally thick layer of silt
overlying the gravelly sediments of the
lower subunit. Silt facies is light olive-
brown to tan colored, massive, well-sorted,
fine, calcareous silt to sand with
pedogenetic traces (i.e., root casts).

CCU, Upper subunit

0-10.5m

0-10.5m

Lower gravel sequence; sandy gravel to
gravelly sand beneath the silt-dominated
facies and above the top of basalt. In core,
this sediment occurs as muddy, sandy
gravel to sandy gravel, consisting of an
estimated 30 to 80% gravel, 15 to 65%
sand, and up to 15% mud. The matrix
ranges from mostly very fine sand to
poorly-sorted coarse to medium sand, with
variable mud content. Moderate to
uncemented with some caliche fragments.

Cold Creek
unit

CCU, Lower subunit

0-10m

0-10m

Coarse-grained Ringold sequence,
consisting of mostly moderately sorted,
quartzitic sandy gravel to silty sandy
gravel. Equivalent to middle Ringold unit
(DOE 1988) and the Ringold unit E
gravels (Wood et al. 2003;

Lindsey et al. 2001a).

Ry; unit —
Ancestral
Columbia River
System
braided-stream
deposits

Ringold

Probably
not
present

Probably
not
present

CCU = Cold Creek unit
CCU/R = Cold Creek unit/Ringold Formation, undifferentiated

CCU; =lower Cold Creek unit

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
NA  =not applicable

Qfe = Quaternary flood gravels

Qg = Quaternary flood silt and sand

Ry = Ringold Formation, Member of Wooded Island

5.4.1.2.2 Undifferentiated Cold Creek unit/Ringold Formation. Where not eroded away,
the Ringold Formation overlies Columbia River basalt in the central Pasco Basin (DOE 1988).
The Ringold Formation in this area consists of multi-lithic, clast-supported to matrix-supported,
variably cemented and/or limonitic-stained, sandy gravel sequences. Ringold Formation gravel
sequences are occasionally separated by thinner sequences of horizontally laminated, laminated
and/or massive, locally calcareous sand, silt, and clay in various shades of blue, olive, gray, and
brown (Lindsey 1995). Sands are generally well-sorted and predominantly quartzo-feldspathic
(i.e., light colored). The gravels represent fluvial channel-fill and braidplain deposits while
intervening fine-grained deposits are interpreted as lacustrine and/or fluvial overbank-paleosol

deposits.
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At present, it is uncertain how much, if any, of the Ringold Formation is present beneath

WMAs A-AX and C (Figures 5-32 and 5-33). This area lies at or near the axis of a paleochannel
that removed most or all of the Ringold Formation from the northern half of the 200 East Area
(Williams et al. 2000). Thus, most or all the Ringold Formation may have been removed from
beneath the study area, either by fluvial processes that postdate the Ringold Formation and/or by
Ice Age cataclysmic flooding. Some previous workers, however, include erosional remnants of
the Ringold Formation beneath WMAs A-AX and C (Lindsey et al. 1992; Horton and
Narbutovskih 2001, RCRA Groundwater Monitoring Plan for Single-Shell Tank Waste
Management Area C at the Hanford Site; Narbutovskih and Horton 2001, RCRA Groundwater
Monitoring Plan for Single-Shell Tank Waste Management Area A-AX at the Hanford Site).

The southeast-trending paleochannel underlying WMAs A-AX and C postdates regional incision
of the Ringold Formation and marks the path of the ancestral Columbia River as it flowed
through a topographic low at Gable Gap starting sometime after 3.4 Ma (Fecht et al. 1987).

The shift of the Columbia River to its present path along the north side of Gable Mountain
probably occurred at the onset of the Ice Age and associated cataclysmic flooding. These floods,
which began about the beginning of the Pleistocene Epoch 1.5 Ma (Pluhar 2003), led to further
erosion as well as development and progradation of flood bars over the former course of the
river. Prior to the Pleistocene floods, however, there was a 1 to 2 million-year period where
“normal” fluvial processes might have occurred within the central basin where the ancestral
Columbia River continued to flow through Gable Gap and to the southeast. It is during this
period that the CCU deposits developed locally on either the eroded Ringold Formation or
directly on top of basalt bedrock within the study area.

Similar to the Ringold Formation, CCU deposits in the central basin consist of multilithic,
clast-supported sandy gravel. These deposits, previously referred to as Pre-Missoula Gravels,
have more recently been included as a mainstream-alluvial facies of the CCU. Unlike the
Ringold Formation, mainstream facies of the CCU are generally unconsolidated, have a whitish
or bleached appearance, and lack limonitic staining, characteristic of the Ringold Formation.
Because mainstream facies of the CCU consist of essentially reworked fluvial sands and gravels
of the Ringold Formation, it is often difficult to distinguish the two units from one another.

Another facies of the CCU beneath the 200 East Area consists of a well-sorted silt to fine sand.
The thickness of this unit, referred to as the Hanford formation/Plio-Pleistocene unit (now
Hanford/CCU) silt by Wood et al. (2000), appears be too great for the Hanford formation and
thus is probably entirely of Cold Creek age. A fine-grained layer, at about the same relative
depth, is also present beneath most of WMA A-AX. The fine-grained layer is discontinuous,
however, between this area and the northern portion of the 200 East Area, as it is missing
beneath WMA C. Some of the sample descriptions of the fine-grained unit from WMA A-AX
are more like those for the lacustrine/overbank/paleosol facies of the Ringold Formation

(i.e., gray-, blue-, or green colored clay). In other boreholes, however, sample descriptions are
more like those for the Cold Creek silty facies (brown silt to fine sand). Therefore, it is uncertain
at this time as to whether this fine-grained unit beneath WMA A-AX represents fine-grained
facies of the Ringold Formation or CCU or both.

Where present, the top of the fine-grained unit, near the 250-ft (7-m) depth, defines the top of the
undifferentiated Cold Creek silt/Ringold Formation mud unit and the base of overlying flood
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deposits of the Hanford formation. Below the unit is an undifferentiated sequence of Cold Creek
gravel and/or Ringold Formation unit A. Where the fine-grained layer is missing (e.g., beneath
WMA C), it is not possible to differentiate between similar, coarse-grained facies of the Ringold
Formation, CCU, and flood gravels of the Hanford formation with the information available.

5.4.1.2.3 Undifferentiated Cold Creek unit Gravel and/or Ringold Formation unit A.
Gravelly facies immediately overlying basalt within the study area belong to either the Ringold
Formation unit A and/or the CCU. An exception is at the northeast in the vicinity of borehole
299-E26-8, where the top of basalt rises above the depth of post-Ringold-age scouring by

Ice Age floods. It is probable that the undifferentiated CCU gravel and/or Ringold Formation
unit A was completely removed during flooding so that flood deposits of the Hanford formation
lie directly on top of basalt bedrock (Figures 5-32 and 5-33).

The undifferentiated CCU gravel and/or Ringold Formation unit A consists of predominantly
sandy pebble- to cobble-sized gravel with occasional boulders. As a whole, the unit shares
characteristics of both coarse-grained facies of the Ringold Formation and the CCU. In some
boreholes, the unit is described as tight, cemented, and brown colored with oxide coatings
(characteristics of the Ringold Formation), whereas borehole logs describe the unit as loose,
caving to heaving, losing water, gray colored, and clean/unweathered (more characteristic of the
CCU). Mineralogically, the sand fraction consists of 15 to 60% basalt grains with generally
<1 wt% calcium carbonate. The total thickness of this unit is <90 ft (27 m), based on a limited
number of boreholes where the upper and lower boundaries are represented. The top of CCU
gravel or Ringold gravel undifferentiated unit ranges from about 390 to 425 ft (120 to 130 m)
elevation above mean sea level.

5.4.1.2.4 Undifferentiated Cold Creek Silt and/or Ringold Formation Mud. A fine-grained
unit, occurring at a depth of about 250 ft (75 m), is described for most boreholes beneath

WMA A-AX. The fine-grained unit is described on borehole logs of cuttings and samples as
clay, silt, sandy silt, and/or silty sand. Some gross gamma-ray logs show a moderate increase in
activity occasionally accompanied by an increase in moisture. No perched water was noted on
top of the sequence (Caggiano and Goodwin 1995, Interim Status Groundwater Monitoring Plan
for the Single-Shell Tanks), but the water table was higher in the past. Thus, the increased
moisture content may be a remnant of a higher water table.

The undifferentiated Cold Creek silt and/or Ringold Formation mud unit is thickest (up to 24 ft
[7.3 m]) in the vicinity of WMA A-AX. This unit disappears to the north and is absent beneath
WMA C. Descriptions of this unit on drilling and geologic logs vary significantly, which may be
due to: 1) different subjective descriptions and/or interpretations by different drillers and
geologists, 2) heterogeneities within the unit, which may include multiple lithologic units

(e.g., CCU silts overlying Ringold Formation mud), or 3) a combination of the above.

Where present, this fine-grained unit is described in about half the boreholes as a blue, gray, or
olive colored clay or mud; remaining borehole logs describe the unit as a tan to brown sandy silt
to “heavy” silt, which may display a laminated to mottled structure. The former description fits
that of Ringold Formation paleosol facies (DOE 1988), whereas the latter fits descriptions for the
Cold Creek silt facies (Wood et al. 2000), interpreted as eolian-overbank in origin. Unlike most
other fine-grained units in the 200 Areas, the undifferentiated Cold Creek silt and/or Ringold
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Formation mud unit is generally noncalcareous, containing only a few weight percent or less
calcium carbonate.

The top of the undifferentiated Cold Creek silt and/or Ringold Formation mud unit ranges from
about 400 to 435 ft elevation. The top of the unit was probably scoured and eroded during

Ice Age flooding as suggested by a southeast-trending trough present at the top of this unit.
The undifferentiated Cold Creek silt and/or Ringold Formation mud unit may have extended
further north prior to flooding but was subsequently removed during Ice Age flooding in the
vicinity of WMA C.

5.4.1.25 Hanford formation. The Hanford formation makes up the majority of the
suprabasalt sedimentary sequence beneath WMAs A-AX and C, ranging in thickness from 43 to
73 m (140 to 240 ft). The Hanford formation has been divided into three informal units (i.e., H1,
H2, and H3) in the 200 East Area. The Hanford formation, H1 and H3 units are gravelly units
consisting of predominantly sandy gravel to gravelly sand. The H2 unit is predominantly sand,
with occasional beds of slightly gravelly sand.

5.4.1.2.6 Hanford formation — Lower Gravelly Sequence (H3 Unit). The Hanford
formation lower gravelly sequence (H3 unit) locally overlies undifferentiated Cold
Creek/Ringold deposits. This sequence is equivalent to the lower coarse-grained unit of the
Hanford formation of Last et al. (1989), to the lower gravel sequence of Lindsey et al. (1992),
and to the Hanford formation, H3 sequence of Lindsey et al. (1994).

The H3 unit consists of predominantly gravelly facies of clast-supported, sandy, pebble to
boulder gravel to matrix-supported pebbly sand. This unit appears to be present everywhere
except within the central and southwest portions of the study area; it is generally missing from
beneath most of WMA A-AX. The unit is probably absent from these areas because of lateral
facies changes that take place between gravel-dominated facies to the north and sand-dominated
facies to the south away from the axis of primary flood channel that exists north and east of the
study area. The greatest thickness (94 ft [28.7 m]) occurs several hundred feet east of

WMA A-AX (Figure 5-34). The exact thickness of the Hanford formation, H3 unit beneath
WMA C, on the other hand, is uncertain because the underlying undifferentiated Cold Creek silt
and/or Ringold Formation mud unit, used to define the base of the unit, is missing.

A structure contour map of the top of the Hanford formation, H3 unit is shown in Figure 5-35.
The surface of this unit slopes to the south and west with the highest elevations occurring in the
northeast and east portions of the study area.

5.4.1.2.7 Hanford formation — Sand Sequence (H2 Unit). The Hanford formation sand
sequence overlies the lower gravel sequence (H3 unit). This sand sequence is equivalent to the
middle sand unit (Last et al. 1989), the fine sequence of Lindsey et al. (1992), and the Hanford
formation, H2 sequence of Lindsey et al. (1994).

The H2 unit consists of predominantly sand-dominated facies of the Hanford formation. Fine- to
coarse-grained sand dominates with lenses of silty sand to slightly gravelly sand. Minor sandy
gravel to gravelly sand beds occur sporadically. Consolidation ranges from loose to compact.
Cementation is very minor or absent. Silt lenses and thinly interbedded zones of silt and sand are
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common but are not abundant in the Hanford formation, H2 unit. These thin (<1ft [0.3 m])
fine-grained zones generally cannot be correlated between boreholes and are not reflected in the
gross gamma-ray logs or moisture data. This is probably because moisture samples are normally
collected every 5 ft (1.5 m) during drilling; this sampling interval is too large to detect most thin
zones. The fine structure observed in some older gross gamma-ray logs may reflect changes in
the silt content that were not detected during drilling.

The Hanford formation sand sequence (H2 unit) underlies the entire area beneath WMAs A-AX
and C. The base of the Hanford formation, H2 unit is identified as the top of gravelly H3 unit or
the top of the fine-grained undifferentiated Cold Creek silt and/or Ringold Formation mud unit,
if the H3 unit is missing. The H2 unit thickens to south and west (Figure 5-36), except beneath
WMA A-AX, where the upper portion may have been scoured by a southeast trending Ice Age
flood channel, perhaps associated with deposition of the overlying gravelly sequence (HI unit).
This is indicated by a south to southeast-trending trough present at the top of the H2 unit
(Figure 5-37). Furthermore, over 130 ft (40 m) of relief exists on top of the H2 unit at right
angles to the axis of this trough.

5.4.1.2.8 Hanford formation — Upper Gravelly Sequence (H1 Unit). The Hanford
formation upper gravel sequence overlies the Hanford formation sand sequence (H2 unit).
This sequence is equivalent to the upper coarse-grained unit of Last et al. (1989), the upper
gravel sequence of Lindsey et al. (1992), and the Hanford formation, H1 sequence of
Lindsey et al. (1994).

The Hanford formation, H1 unit consists of predominantly loose, sandy gravel to gravelly sand,
with minor beds of sand to silty sand. Coarser beds may contain boulder-sized materials.
Occasional thin, discontinuous lenses of fine sand and silt may also be present.

The isopach map of the Hanford formation, H1 unit (Figure 5-38) suggests the unit thickens
along a northwest-southeast trending trough, which includes WMAs A-AX and C. The H1 unit
appears to be missing in the northeast and extreme southwest portions of the study area.

The maximum thickness (approximately 100 ft [30 m]) of the H1 unit underlies WMA A-AX.
The HI unit is thinner in the immediate vicinity of the tanks because much of the Hanford
formation, H1 unit was removed and replaced with backfill during tank farm operations.

5.4.1.2.9 Recent Deposits. Two types of recent deposits are present in WMAs A-AX and C:
1) eolian sand and silt, and 2) backfill material. Fine to medium sand to silty sand naturally caps
the sedimentary sequence in WMAs A-AX and C. These relatively fine-grained deposits are
derived from the reworking of uppermost flood deposits by winds since the last Ice Age flood
(approximately 13,000 years BP). These poorly-sorted eolian deposits contain up to 10 wt%
calcium carbonate associated with recent soil development.

Eolian sand and silt forms a relatively thin (up 20 ft [6.1 m]) blanket over the study area.

The thickness of the eolian deposits appears greater along a northwest to southeast trend
extending from WMA A-AX toward the southeast. Most or all of the eolian material has been
removed and replaced with backfill in the immediate vicinity of tank farm operations.

Backfill materials consist of unstructured, poorly-sorted mixtures of gravel, sand, and silt
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removed during tank excavation, and then later used as fill around the tanks. Backfill materials
extend to depths of 50 ft within the tank farms.

5.4.2 Geology of Waste Management Area B-BX-BY

The geology of the B, BX, and BY tank farms (Figure 5-48) and vicinity is well understood as

a result of several decades of site characterization activities. It has been described in numerous
reports (Price and Fecht 1976¢, Geology of the 241-B Tank Farm; Price and Fecht 1976d,
Geology of the 241-BX Tank Farm; Price and Fecht 1976e, Geology of the 241-BY Tank Farm;
Tallman et al. 1979; Last et al. 1989; Connelly et al. 1992a; DOE-GJO 1997; Wood et al. 2000);
Lindsey et al. 2001a, Vadose Zone Geology of Boreholes 299-E33-45 and 299-E33-46 B-BX-BY
Waste Management Area, Hanford Site, South-Central Washington.

The B, BX, and BY tank farms were constructed into the upper Hanford formation sediments
underlying the 200 East Area, along the north limb of the Cold Creek syncline (Figure 4-4).
The upper surface of the bar in the 200 East Area forms a broad plain at about 210 m (700 ft)
elevation. The WMA is located on the grade that slopes gently to the northeast from the Cold
Creek bar.

The main source of geologic information for the WMA is borehole information (Table 5-10).
Stratigraphic units underlying or adjacent to these tank farms (in ascending order) include
CRBG, the Miocene- to Pliocene-age Ringold Formation, the CCU, the Hanford formation, and
backfill materials (Figure 5-49 and Table 5-11). More detailed geologic cross-sections through
the WMA are shown in Figures 5-50 through 5-54.
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Figure 5-48. Well Location Map for Waste Management Area B-BX-BY
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Table 5-10. Contact Elevations of the Boreholes in Waste Management Area B-BX-BY # (2 pages)

Hanford

Ground Surface

Contact Picks (Elevation in ft) P

Well No. Well ID Elevagion
ft TopH1 | TopH2 | TopH3 | Top CCU | Top Ry | Top Ryie | Top Rim | Top Ryia | Top of Basalt
E28-005 670 665 380 380 380 380 380 363
E28-008 | A6788 670.51 654 446
E28-016 | A6794 703 410 410 410 410
E28-017 | A4820 708 708 415 415 415 415 415
E28-018 | A4821 692 692 438 438 438 438 438
E28-022 | A6798 700 700 430 430 430 430 430 337
E28-026 | A4822 688 388 388 388 388 362
E28-027 | A4823 678 678 598 483
E33-001 A4838 629.5 605 430
E33-002 | A4846 632.51 613 448
E33-003 A4854 631.36 ? 444
E33-004 | A4865 627.18 597 437
E33-005 | A4870 632.1 582 452
E33-006 | A6852 628.44 578 443
E33-007 | A4871 627.15 577 435
E33-008 | A4872 650.69 621 441
E33-009 | A4873 650 597 450
E33-010 | A6853 668 613 428
E33-011 | A6854 618 604 423
E33-012 | A4839 623 623 596 438 391 391 391 391 391 391
E33-013 | A4840 626 606 441
E33-014 | A4841 623 603 457
E33-015 | A4842 628 458
E33-016 | A6855 642 618 439
E33-017 | A4843 633.3 613 433
E33-018 | A4844 652.7 607 443
E33-019 | A4845 648.59 627 444
E33-020 | A4847 652.15 616 443
E33-021 A4848 663.7 620 444
E33-022 | A6856 626 603 564 454
E33-024 | A4849 639.32 609 459
E33-025 | A6858 631.13 606 491
E33-026 | A4850 630.4 600 490
E33-027 | A4851 659.71 612
E33-028 | A4852 663 663 613 503
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Table 5-10. Contact Elevations of the Boreholes in Waste Management Area B-BX-BY # (2 pages)

Ground Surface Contact Picks (Elevation in ft) °
Well No. Hanford Elevation
Well 1D ft° TopH1 | TopH2 | TopH3 | Top CCU | Top Ry | Top Ryie | Top Rim | Top Ryia | Top of Basalt
E33-031 | A4856 647.71 598 205
E33-032 | A4857 657.2 627 230
E33-033 | A4858 640.74 604 211
E33-036 | A4861 643.85 614 435
E33-037 | A4862 653 653 628 473 458 385
E33-038 | A4863 633.27 573 190
E33-039 A4864 623.76 594 449
E33-040 | A4866 621 572 425
E33-041 A4867 651.4 616 242
E33-042 | A4868 654.16 626 416
E33-043 | A4869 662.47 617 225
E33-044 | B8554 643 620 210
E33-045 | C3269 657 623 623 487 438.5
E33-046 | C3360 657 618.5 614 471 437
E33-057 | A6865 657 618 599
E33-334 | B8810 656 656 608.5 433.5 381 381
E33-335 | B88l1 656 656 598 430 375.5 375.5
E34-002 A4877 629 629 388 388 388 388 388 388
E34-004 | A4879 585 585 409 409 409 409 409 409
E34-008 A4883 640 640 383 383 383 383 383 383
E34-011 | A4876 618 402
E35-001 A4885 595 595 402 402 402 402 402 402
E35-002 | A4886 599 599 399 399 399 399 399 399
* Bjornstad (2004)

® Multiply by 0.3048 to convert feet to meters.
CCU= Cold Creek unit
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

H3 = Hanford formation, unit H3; equivalent to lower sand-dominated

Rin = Ringold Formation, lower mud unit
Ry =Ringold Formation, Member of Taylor Flats
Ryia = Ringold Formation, Member of Wooded Island, unit A
Ryie =Ringold Formation, Member of Wooded Island, unit E

0 'A%y ‘8YLET-ddd



88-¢6

Figure 5-49. Fence Diagram Showing the Relationship between Stratigraphic Units at the B, BX, and BY Tank Farms
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Table 5-11. Stratigraphic Terminology and Thickness of Units
beneath the B, BX, and BY Tank Farms (2 pages)

Stratigraphic

Formation Facies / Subunit Description Thickness *
Symbol
Gravel-dominated consisting of poorly to
moderately sorted cobbles, pebbles, and
coarse to medium sand with some silt derived
Backfill from coarse-grained Hanford formation
Backfill NA Anthropogenic (H1 unit) excavated around tanks 12m
& (Price and Fecht 1976¢, 1976d, 1976e;
Wood et al. 2001); occasional layers of sand
to silty sand occur near the base of the
backfill sequence.
Gravel-dominated flood sequence; composed
of mostly poorly-sorted, basaltic, sandy gravel
to silty sandy gravel. Equivalent to the upper
Unit H1 - gravel sequence discussed by
(Gravel-dominated | Last et al. (1989), the Q¢, documented by
H1 facies association). | Reidel and Fecht (1994b), Hanford Gravel Up 020 m
Cataclysmic flood Unit A of Johnson et al. (1999),
deposits coarse-grained sequence (H1 unit) of
(high-energy) Wood et al. (2001) and gravel facies of unit
H1 of Lindsey et al. (2001a), and
gravel-dominated facies association of
Hanford DOE-RL ('2002).
formation Sand—domlpated flood sequence; composed of
mostly horizontal to tabular cross-bedded
sand to gravelly sand. Some sand beds
. capped with thin layers of silty sand to sandy
Unit H2 - ) .
(Sand-dominated silt. Equivalent to Hanford Saqu of
facies association) Johnson et al. (1999), Fine-Grained Sequence
H2 . " | (H2 unit) of Wood et al. (2001) and unit H2 30-60 m
Cataclysmic flood .
deposits (moderate ofIAndseyetaL(2001a)§hesandysequence
energy) of Last et al. (1989) and Lindsey et al. (1992),
and to Qg documented by
Reidel and Fecht (1994b), and
sand-dominated facies association of
DOE-RL (2002).
Hf/CCU Unit is gravel-dominated but age is uncertain
H3 HOCCU | ndifferentiated) | (Wood et al. 2000) 0-30m
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Table 5-11. Stratigraphic Terminology and Thickness of Units
beneath the B, BX, and BY Tank Farms (2 pages)

Stratigraphic Formation Facies / Subunit Description Thickness *
Symbol
Silty sequence; consisting of interstratified
well-sorted silt. Uncemented but may be
moderately to strongly calcareous from
Upper subunit detrital CaCOs. Equivalent to the “early
Post-Ringold Palouse soil” (Tallman et al. 1979;
CCU, Formation eolian DOE 1988; DOE-GJO 1997) and the Hf/PP 0-10m
and/or overbank deposits of Wood et al. (2001). Also
alluvial deposits equivalent to the upper Plio-Pleistocene unit
Cold Creek in Lindsey et al. (2001a) and the fine-grained,
unit laminated to massive lithofacies of the
Cold Creek unit DOE-RL (2002).
Lower subunit
gravel resulting
from eroded Gravelly sequence; consisting of sandy gravel
CCuU, Ringold or to gravelly sand; composed predominantly of | 5—15m
post-Ringold unconsolidated basaltic sands and gravel.
Formation fluvial
deposits

# Multiply by 3.281 to convert meters to feet.
CaCOs; = calcium carbonate

CCU; =lower Cold Creek unit

CCU, =upper Cold Creek unit

Hf/PP = Hanford formation/Plio-Pleistocene
NA  =not applicable

Qg = Quaternary flood gravels

Qs = Quaternary flood silt and sand
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Figure 5-50. Location of Cross-Sections through Waste Management Area B-BX-BY
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Figure 5-51. Cross-Section A-A'

299-E33-5 299-E33-38
a6

Hy/Cold Creek Units

at Waste Management Area B-BX-BY

6=

{unditterentiated)
00 500
Cay S8 Sand Geawel
00 W 0 40 Sommes e

299-E133-32
ELBST

frrdory L Water Table

[ sand [5T] Gravel

=ET [E7] Gravelly Sand
Eo snyswma [ Sandy Gravel

Hy/Cold Croek Units
(undifferentiated)

Figure 5-52. Cross-Section B-B' at Waste Management Area B-BX-BY
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Figure 5-53. Cross-Section C-C' at Waste Management Area B-BX-BY
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5.4.2.1 Columbia River Basalt Group

The bedrock underlying the B, BX, and BY tank farms is the CRBG; the bedrock strikes
northwest-southeast with a southwest dip into the Cold Creek syncline. The uppermost basalt
unit is the Elephant Mountain Member of the Saddle Mountain Basalt which consists of two
flows. It is also the base of the suprabasalt aquifer in the WMA B-BX-BY area. The Elephant
Mountain Member is at about 70 to 100 m (230 to 320 ft) bgs; there is about 8 m of relief on the
surface of the basalt which is mainly the result of post-basalt erosion. However, the orientation
of the relief on the top of basalt also corresponds in orientation with the secondary anticlines of
the Yakima Folds reported by Reidel and Fecht (1994b).

5.4.2.2 Ringold Formation

The Ringold Formation was deposited on the CRBG and is up to 185 m (600 ft) thick in the Cold
Creek syncline. However, under the B, BX, and BY tank farms, the Ringold Formation is
largely absent. The Ringold has been removed by fluvial downcutting of the ancestral Columbia
River and cataclysmic Ice Age flooding (Lindsey et al. 2001a). The Ry, unit is present south of
the WMA (Figure 5-49).

5.4.2.3 Hanford formation H3/Cold Creek Unit

The exact origin of the sedimentary deposits overlying the CRBG and underlying the

Hanford formation, H3 unit is uncertain and still open to interpretation. Recent reports have
designated deposits beneath the Hanford formation, H3 unit as the Hf/CCU (Figure 5-55)
(Wood et al. 2000) and Hanford formation/Cold Creek unit/Ringold Formation unit

(Lindsey et al. 2001a). Wood et al. (2000) recognized two facies of the Hf/CCU beneath the

B, BX, and BY tank farms: a fine-grained eolian/overbank silt (silt facies), up to 10 m thick
(Figure 5-56), and a sandy gravel to gravelly sand facies (Figure 5-57). The thick silt-rich
interval is believed to be a pre-Ice Age flood deposit, since silty layers associated with
Pleistocene flood deposits of the Hanford formation in this area are generally much thinner

(i.e., a few centimeters or less) (Wood et al. 2000). The texture, structure, and color of the thick
silt layer are all identical to that of the early Palouse soil (Tallman et al. 1979; DOE 1988), more
recently referred to as the CCU,, which is widely distributed beneath the 200 West Area
(Johnson et al. 1999; Wood et al. 2000; DOE-RL 2002).

Where the CCU, is absent beneath the B, BX, and BY tank farms, the gravel sequence below the
silt unit is indistinguishable from similar-appearing facies of the Hanford formation, H3 unit,
which overlies the CCU, (Wood et al. 2000). Prior to the discovery of the thick silt layer,
reported in Wood et al. (2000), gravels overlying basalt bedrock were always included in the
Hanford formation (Tallman et al. 1979; Last et al. 1989; Connelly et al. 1992a;

Lindsey et al. 1992). If the thick silt layer predates the Hanford formation, however, then the
underlying gravels must also predate the Hanford formation. Thus, the gravel sequence beneath
the silt layer must belong to either a mainstream alluvial facies of the ancestral Columbia River
(CCU time) or the Ringold Formation, which was deposited by the ancestral Columbia River.

5.4.2.3.1 Sandy Gravel to Gravelly Sand-Dominated Facies (Hf/CCU)). A sequence of
sandy gravel to gravelly sand occurs beneath the silt-dominated facies and above the top of
basalt that either represents cataclysmic flood deposits or ancestral Columbia River deposits.
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In core, this sediment occurs as muddy sandy gravel to sandy gravel, consisting of approximately
30 to 80% gravel, 15 to 65% sand, and up to 15% mud (Lindenmeier et al. 2003,
Characterization of Vadose Zone Sediment. RCRA Borehole 299-E33-338 Located Near the
B-BX-BY Waste Management Area). The gravel clasts consist of a mixture of mostly quartzite,
basalt, and some highly weathered friable granite. Where unbroken, the gravel clasts are
subrounded to rounded and range up to at least 60 mm in diameter (intermediate axis).

The matrix ranges from mostly very fine sand to poorly-sorted coarse to medium sand, with
variable mud content. These materials are moderate to uncemented with some caliche
fragments.

The gravel-dominated sediments are similar to the basaltic sands and silts of an overlying
silt-dominated layer. The thickness of the gravel-dominated sediments ranges from 5 to 15 m
(20 to 50 ft) (Figure 5-57). It is thinnest and structurally low near the same point suggesting that
it was eroded before the depression was back filled (Wood et al. 2000). The gravel can only be
differentiated from the overlying Hanford formation, H3 unit where the silt layer is present.
However, geophysical logs have been able to detect a calcium carbonate layer in several wells
suggesting that, locally, it can be distinguished from the Hanford formation in the absence of the
silt-dominated sediment. The upper surface of the sandy gravel to gravelly sand has
approximately 10 m of relief (Wood et al. 2000). There is a depression in this unit over the
northwest corner of the B tank farm. The depression appears to be filled with the overlying
silt-dominated sediments.

5.4.2.3.2 Silt-Dominated Facies (Hanford formation/Upper Cold Creek Unit). A locally
thick layer of silt locally overlies the gravelly sediments of the Hanford formation/upper

Cold Creek unit (Figure 5-56). The silt has an irregular surface (Figure 5-58). The silt facies of
the Hf/CCU is divided into two distinctive beds. The upper bed consists of a light olive-brown
to tan colored, massive, well-sorted fine calcareous silt to sand. Pedogenetic traces (i.e., root
casts) occur locally. The silt bed is present locally mainly in the B tank farm area where the silt
layer is up to 10 m (30 ft) thick. In well 299-E33-338, it is 3 m (9.9 ft) thick (Figure 5-49).
Elsewhere, it was either not deposited or was eroded.

5.4.2.4 Hanford formation

The Hanford formation at the B, BX, and BY tank farm ranges from about 43 to 73 m (140 to
240 ft) thick (Figure 5-49) and consists of a series of massive sands intercalated with beds of
sand and gravelly sands, and thinner lens of silts and clayey silts. In WMA B-BX-BY, it can be
subdivided into a lower gravel-dominated unit (H3), a lower sand-dominated unit (H2), and an
upper gravelly unit (H1). The contacts between the three are marked by a sharp increase in total
natural gamma from the gravelly units to the sandy unit.

5.4.2.4.1 Lower Gravel-Dominated H3 Unit. At WMA B-BX-BY, the Hanford formation,
H3 unit locally overlies either the basalt bedrock or the Hanford formation/CCU/ Ringold silt.
The H3 unit is not continuous beneath the WMA (Wood et al. 2000). It ranges from 0 m thick to
as much as 30 m in the northeast part of the WMA. There is approximately 20 m (70 ft) relief on
the H3 unit and the relief is missing from the central part of the WMA.
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Figure 5-55. Thickness of the Undifferentiated Hanford H3 Gravel/Cold Creek Unit
Gravel Sequence in Waste Management Area B-BX-BY
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Figure 5-56. Thickness of the Silt Sequence of the Hanford formation/Cold Creek Unit
in Waste Management Area B-BX-BY
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Figure 5-57. Thickness of Gravelly Sequence of the Cold Creek Unit
in Waste Management Area B-BX-BY
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Figure 5-58. Surface of the Silt Sequence of the Hanford formation/Cold Creek Unit
in Waste Management Area B-BX-BY
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5.4.2.4.2 Sand-Dominated H2 Unit. The Hanford formation, H2 unit consists of a
sand-dominated sequence. The H2 unit either overlies the Hanford formation/CCU/Ringold silt
layer or the H3 sediment. The H2 unit is predominantly a poorly- to well-sorted, medium- to
coarse-grained sand with some silt layers (Wood et al. 2000). The upper part of the H2 unit is
slightly coarser with occasional matrix-supported pebbles floating in a coarse sand matrix.
With depth, the medium to coarse sand becomes more frequently interstratified with layers of
fine- to medium-grained sand. Distinctive is the “salt and pepper” appearance of the sand
imparted by the approximately equal concentrations of dark colored basalt and light colored
quartz and feldspar. The H2 unit (Figure 5-59) ranges from 30 m (110 ft) in the north to 60 m
(200 ft) in the central and southern parts of the WMA (Wood et al. 2000). Two thin (<0.5 ft),
fine-grained silty layers were observed within the Hanford formation, H2 unit in

borehole 299-E33-338 (Lindenmeier et al. 2003).
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5.4.2.4.3 Upper Gravel-Dominated H1 Unit. The upper gravel-dominated unit consists of
mostly sandy gravel to silty sandy gravel, with lesser amounts of gravelly sand. Thin (0.5-ft) silt
layers are locally present within this sequence. The gravels are multi-lithologic but generally
containing a high percentage of basalt. The gravel clasts were generally subrounded to well
rounded and the finer fraction was described as mostly very coarse to coarse sand with perhaps
as much as 5 to 7% mud. The samples generally displayed no cementation or obvious
sedimentary structure.

5.4.2.4.4 Subdivisions of the Hanford formation at the B, BX, and BY Tank Farms Based
on Paleomagnetic Data. Paleomagnetic data has been use to subdivide the Hanford formation
based on magnetic polarity reversals. Four polarity reversals have been identified at the
Integrated Disposal Facility site south of WMA B-BX-BY. Pluhar (2003) determined the
polarity for samples from boreholes 299-E33-335 and 299-33-338 in the WMA B-BX-BY area.

Figure 3-3 shows the polarity intervals and the correlations with the Integrated Disposal Facility
site. The H3 sediments have normal polarity. The H2 sediment has three polarities. The lower
part and the middle have normal polarity and the upper part of the H2 unit has reversed polarity.
The H1 unit has primarily reversed polarity. Although the upper part of HI unit was not
sampled, it probably has the normal polarity of the current Earth magnetic field. The polarity
sequences correlate well with the Integrated Disposal Facility site. The lowest reversed polarity
at the Integrated Disposal Facility site appears not to be present at WMA B-BX-BY.

5.4.25 Holocene

Locally up to 10 m (32 ft) of backfill is present at WMA B-BX-BY. The backfill is
poorly-sorted, gravelly sand to sandy gravel (Price and Fecht 1976¢, 1976d, 1976¢) from the
gravel-dominated sequence of the Hanford formation.
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Figure 5-59. Surface of the Sand-Dominated H2 Hanford formation

in Waste Management Area B-BX-BY
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6.0 TECTONIC DEVELOPMENT OF THE HANFORD SITE

A seismic hazards analysis of the Hanford Site (Geomatrix 1996, Probabilistic Seismic Hazard
Analysis DOE Hanford Site, Washington) has shown that the geologic history of the Hanford
Site from the Precambrian to the present and the resulting geologic structures significantly
impact the hazards analysis. This chapter summarizes the principal tectonic events in the
development of the Hanford Site and their hazards.

6.1 SUMMARY

The present structure of the Columbia Basin is the product of north-south compression that
began in the early Tertiary prior to the eruption of the CRBG and continues today.

The Columbia Basin is composed of two fundamental subprovinces, the Palouse Slope and the
YFB (Figure 1-1). The Palouse Slope is a stable, undeformed area overlying the old continental
craton. The YFB overlies a large pre-basalt basin that has been subsiding since the early
Tertiary. The edge of the old continental craton lies at the junction of the two structural
subprovinces and is presently marked by the Ice Harbor dike swarm of the CRBG.

The pattern of deformation in the Columbia Basin has been dominated by north-south
compression and subsidence; the YFB is the principal product of these. This deformation has
controlled the location of the Columbia River system since the late Miocene, and the
depositional pattern of the post-basalt sediments.

The rates of deformation in the Columbia Basin have declined since early Tertiary
(Reidel et al. 1994). The present rate of ridge growth is estimated at 0.04 mm/yr and the rate
of subsidence in the basin is estimated at 3 x 10” mm/yr.

Microseismicity, high in situ stress conditions, and the geometry of Quaternary-Holocene
faulting indicate that the basin is still experiencing north-south compression. Although known
late Cenozoic faults are found exclusively on the anticlinal ridges, earthquake focal mechanisms
and strain measurements suggest that most stress release is occurring in the synclinal areas.

No earthquake events have been shown to be related to known faults.

6.2 CONTEMPORARY STRESS AND STRAIN
6.2.1 Seismicity

Seismic monitoring at the Hanford Site began when the U.S. Geological Survey installed a small
array of seismograph stations around the Hanford Site in the summer of 1969. In 1982, a closely
spaced seismic network was installed at the Hanford Site to characterize the microseismicity on
the Hanford Site for a possible high-level waste repository. This operated until 1988. In 1988,
the network was reduced in the number of stations. Earthquakes of magnitudes 1.0 (Coda
Amplitude Magnitude) and larger are currently being located at the Hanford Site and earthquakes
of magnitude 2.5 and larger are located throughout most of eastern Washington. Figures 6-1,
6-2, and 6-3 summarize the location of historical and more recent seismic activity in the
Columbia Basin.
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Figure 6-1. Earthquake Swarm Areas in the Pasco Basin
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Figure 6-2. Historical Seismicity of the Columbia Basin and Surrounding Area
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Figure 6-3. Seismicity of the Columbia Basin and Surrounding Areas
as Measured by Seismographs
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6.2.2 Earthquake Environments

Past seismic hazard studies at the Hanford Site have shown that earthquakes can be related to
three crustal layers (Table 6-1) and five general sources (Table 6-2). All layers and sources are
monitored at the Hanford Site except the Cascadia Subduction Zone, which is monitored by the
University of Washington.

Table 6-1. Depths of Earthquakes

Layer Depth
Columbia River Basalt Group 0—-5km
Prebasalt sediments 5-10km
Crystalline basement >10 km

Table 6-2. Principal Locations of Earthquakes

Area Layer
Major reverse faults on ridges Mainly basalt, also prebasalt sediments
Secondary faults on ridges Basalt
Swarm area Basalt
Basement Crystalline basement
Cascadia subduction zone Lithosphere - plate tectonic boundary

6.2.3 Vertical Patterns

There are three horizontal layers of seismicity (seismic stratigraphy) related to the stratigraphy
of the Hanford Site and vicinity (Table 6-1): the CRBG, the prebasalt sediments, and the
crystalline basement. About 75% of the earthquakes originated in the CRBG layer.

The prebasalt sedimentary layer has had 8% of the events and the crystalline basement has
had 17%.

6.2.3.1  Shallow Earthquakes in the Basalts
The majority of the seismicity at the Hanford Site and the surrounding area comes from the
basalt layer, which extends from the surface to approximately 4 km under the Hanford Site.

6.2.3.2  Earthquakes in Sedimentary Rock below the Basalt

The seismicity in the pre-CRBG sedimentary rock appears to be confined to the top 3 km.

The seismicity of this sedimentary layer at the Hanford Site is relatively low when compared to
the basalt layer but may be related to localized detachment zones related to the growth of the
anticlinal structures.

6.2.3.3  Earthquakes in the Crystalline Basement

Deep earthquakes below 10 km appear to be concentrated in the west and southwest portion of
the Hanford Site. The deepest earthquakes located below the Hanford Site are shallower than
30.0 km.
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Using first motion data from the Eastern Washington Regional Network and from the Basalt
Waste Isolation Project, focal mechanisms show faulting that strikes between N30°W and
N80°W. While the west-northwest strike is consistent, the throw on the assumed faults are not.
These data indicate reverse faults or strike-slip faults.

6.3 SPATIAL PATTERNS

Past studies at the Hanford Site have concluded that there are five different tectonic
environments (earthquake sources) where earthquakes can occur near the Hanford Site and in the
Columbia Basin of eastern Washington (Table 6-2):

e Reverse/thrust faults in the CRBG associated with major anticlinal ridges such as
Rattlesnake Mountain, Yakima Ridge, and Umtanum Ridge (Figure 4-1).

e Secondary faults occurring on the major anticlinal ridges.

e Small geographic areas of unknown geologic structure that produce clusters of events
(swarms), usually in the CRBG in synclinal valleys.

e Basement Source structures are the fourth tectonic environment. Because very little is
known about geologic structures in the crystalline basement beneath the Hanford Site,
earthquakes cannot be directly tied to a mapped fault.

e The fifth source structure is the Cascadia Subduction Zone. This source recently has
been postulated to be capable of producing a magnitude 9 earthquake.

6.3.1 Floating Earthquakes

A special tectonic environment covering the entire Columbia Basin, including the Hanford Site,
is considered to be a “floating” earthquake. A floating earthquake is one that, for seismic design
purposes, can happen anywhere in a tectonic province and is not associated with any known
geologic structure. It can be floated anywhere in the province.

6.3.2 Earthquake Swarm Areas

The major source of earthquakes at the Hanford Site is swarm activity. There are three areas of
significant swarm activity: the Wooded Island Swarm Area, Coyote Rapids Swarm Area, and
the Saddle Mountains Swarm Area. Several less active areas are shown in Figure 6-1.

These swarm areas are located in synclinal areas in the YFB and the majority of earthquakes
located at the Hanford Site occur in these swarms.

Although the swarm earthquakes (magnitude O to 4) are geographically correlated with the YFB,
they do not tend to align along the projections of the fault traces (Figure 6-4). The Wooded
Island Swarm Area, located near the 300 Area, occurs at the eastern edge of the YFB where it
abuts against the Palouse Slope. This boundary marks the suture zone between the old accreted
terranes to the west and the stable Precambrian-Paleozoic craton to the east (Reidel et al. 1994).
This zone also is marked by an abrupt increase in thickness of basalt and sub-basalt sediment
over the accreated terranes and abrupt thinning of basalt and sediment over the craton.

The Coyote Rapids Swarm Area is located at the horn of the Columbia River between the 100 K
and 100 N areas; it occurs over no known geologic structure. The swarm lies at the intersection
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of two paleoslopes that make a northeast-southwest trough extending from Spokane,
Washington, to the Columbia Gorge. This zone may be an old basement weakness zone but
there is no known reason for the swarm to occur in its present position.

The Saddle Mountains Swarm Area is located along the north side of the Saddle Mountains.
The swarm area is located north of the Saddle Mountains fault zone in an area that has no
mapped geologic structures. There is evidence for recent (post 13,000 years) faulting but this
faulting is part of the Saddle Mountains fault zone. The cause of the earthquake swarm is not
known at this time.

6.3.3 Magnitude of Earthquakes

Earthquake activity at the Hanford Site and in the Columbia Basin is summarized in Tables 6-3
and 6-4, and in Figures 6-2 and 6-3. There is no direct comparison between Richter magnitude
(not calculated as Coda Amplitude Magnitude), Modified Mercalli Intensity, and ground
accelerations.

The largest magnitude earthquake on the Hanford Site was a 3.8 magnitude earthquake on
October 25, 1971, in the Coyote Rapids Swarm Area (Figure 6-1 and Figure 6-3). The largest
recent, felt earthquake was a 3.3 magnitude earthquake on June 12, 1995, in the Wooded Island
Swarm Area (Figure 6-1). The largest regional earthquake was the 5.7 Milton-Freewater
earthquake on July 16, 1936 (Figure 6-2); this earthquake occurred 100 km southeast of the
Hanford Site. The 1936 Milton-Freewater earthquake was estimated to have a peak acceleration
of 0.03g.

Although the swarm earthquakes (magnitude 0 to 4) are geographically correlated with the YFB,
they do not tend to align along the projections of the fault traces (Figure 6-4).
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Figure 6-4. Relationship of Small Earthquakes to Geologic Structures

The Yakima Folds and Thrust Faults are shown in red, tick marks are on the upthrown
side of the faullts.
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Table 6-3. Earthquakes Equal to or Greater than Modified Mercalli Intensity V in

Columbia Plateau and Surrounding Area from 1870 through 1980 & ¢
Universal Epicen_tral ; ;
Date Time Intenglty d Coordinates Location/Remarks
Magnitude
March 5, 1892 LT VI 46.6°N 120.5°W North Yakima, Washington
March 5, 1893 LT VI 459°N 119.3°W Umatilla, Oregon
July 5, 1911 08:00 \Y 47.0°N 120.5°W | Ellensburg, Washington
February 28, 1918 23:15 \Y 46.5°N 120.5°W | Yakima, Washington
November 1, 1918 17:20 VI 46.7°N 119.5°W Corfu, Washington
September 14, 1921 | 11:00 VI 46.1°N 118.25°W | Dixie-Walla Walla, Washington
September 18, 1934 | 24:00 LT \Y 47.0°N 120.5°W | Ellensburg, Washington
September 26, 1934 | 16:15LT \% 47.0°N 120.5°W | Ellensburg, Washington
September 26, 1934 | 16:45 \Y 47.0°N 120.5°W | Ellensburg, Washington
September 26, 1934 | 21:15 \% 47.0°N 120.5°W | Ellensburg, Washington
October 19, 1934 23:31 LT \Y 47.0°N 120.5°W | Ellensburg, Washington
November 1, 1934 07:28 \% 47.0°N 120.5°W | Ellensburg, Washington
November 2, 1934 15:17 LT \Y 47.0°N 120.5°W | Ellensburg, Washington
July 16, 1936 07:07:490 | {5 ?}IILMS 46.2°N 118.20°W ?&%"giﬁgg‘g Oregon
July 18, 1936 16:30 \Y 46.9°N 118.4°W Milton-Freewater, Oregon
August 4, 1936 09:19 \Y 45.8°N 118.6°W | Helix, Oregon
August 28, 1936 04:39 \Y 45.9°N 118.4°W Milton-Freewater, Oregon
February 23, 1942 14:03 \ 47.6°N 120.2°W | Wenatchee-Chelan Falls, Washington
October 31, 1944 11:34:28.7 \% 47.8°N 120.6°W Fish Lake, Washington
January 13, 1948 06:55:00 \ 47.9°N 120.3°W | Lucerne-Waterville, Washington
January 7, 1951 22:45:00 \ 45.9°N 119.2°W McNary, Oregon
January 20, 1959 About 23:15 | V 46.2°N 118.2°W | Milton-Freewater, Oregon
July 23, 1966 01:57:08.8 4.3 MB 47.2°N 119.5°W | Ephrata, Washington
December 20, 1973 01:08:28.2 V., 4.4 MC 46.9°N 119.35°W | 2.4-km depth Corfu, Washington
April 8, 1979 07:29:37.8 4.2 MC 46.0°N 118.4°W Walla Walla, Washington (UW)
* Davis (1981)
° DOE (1988)

¢ Latitude and longitude are used to define the location of historical earthquakes. Some times and coordinates have been
modified from the original source times and coordinates to better reflect the possible error of these early earthquakes.

4 Modified Mercalli Intensity

LT =local time

MB = body-wave magnitude

MC = coda-length magnitude

ML = local magnitude

MS = surface-wave magnitude

UW = University of Washington
WCC= Woodward-Clyde Consultants
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Table 6-4. Earthquake Listing for the Columbia Plateau and Surrounding Area

from 1866 to 1966 * ¢ (4 pages)

Date Ur];}/ﬁ];sal :\;I];Z?]SI'H ch Coordinates Remarks
Earthqguakes with Magnitude >3 or Intensity 21V, 1866 to 1966

November 24, 1866 | 18:10 v 45.6°N 121.2°W The Dalles, Oregon
December 15, 1872 | 05:40 VIII 49.0°N 121.0°W Lake Chelan, Washington
September 2, 1891 10:30 LT v 47.1°N 118.4°W Ritzville, Washington
September 17, 1891 | 04:30 v 44.9°N 121.0°W Salem, Oregon
February 29, 1892 10:45 v 45.6°N 121.2°W The Dalles, Oregon
March 5, 1892 LT VI 46.6°N 120.5°W North Yakima, Washington
March 5, 1893 LT VI 459°N 119.3°W Umatilla, Oregon
December 15,1897 | LT A% 47.8°N 120.0°W Lakeside, Washington
October 18, 1905 23LT A% 47.8°N 120.0°W Chelan, Washington
January 2, 1906 LT VI 48.7°N 117.8°W Stevens County, Washington
November 2, 1906 01:49 v 48.5°N 117.9°W Reported felt information
February 18, 1907 12:20 LT v 47.8°N 120.0°W Chelan, Washington
January 21, 1909 O5LT v 47.8°N 120.0°W Chelan, Washington
May 24, 1909 22 LT A% 47.7°N 120.4°W Chelan-Leavenworth, Washington
June 12, 1908 Unknown \% 45.0°N 117.25°W | Cornucopia, Oregon
July 5, 1911 08:00 v 47.0°N 120.5°W Ellensburg, Washington
October 14, 1913 23:00 \Y 457°N 117.1°W Seven Devils, Idaho
March 5, 1915 05:10 v 47.8°N 120.0°W Lakeside, Washington
March 5, 1915 05:30 v 47.8°N 120.0°W Lakeside, Washington
July 18, 1915 20:54 v 47.8°N 120.0°W Lakeside, Washington
August 18, 1915 14:05 A% 48.5°N 121.4°W | Felt over 78,000 km” (30,000 mi®)
December 10, 1915 | 20:45 v 47.7°N 117.4°W Spokane, Washington
February 21, 1918 LT v 46.9°N 121.3°W Bumping Lake, Washington
February 28, 1918 23:15 v 46.5°N 120.5°W Near Yakima, Washington
March 12, 1918 03:26 A% 47.6°N 117.0°W Spokane, Washington
April 18, 1918 21:13 v 47.6°N 117.4°W White Bluffs Prairie, Washington
November 1, 1918 17:20 VI 46.7°N 119.5°W Corfu, Washington
October 7, 1920 02LT \Y 47.6°N 120.1°W Waterville, Washington
November 28, 1920 | 11:30 v-v 45.7°N 121.5°W Hood River, Oregon
September 14, 1921 | 11:00 VI 46.1°N 118.2°W Dixie-Walla Walla, Washington
June 1, 1922 23:30 v 47.77°N 117.4°W Spokane, Washington
January 6, 1924 13:09 v 46.1°N 118.3°W Walla Walla, Washington
January 6, 1924 23:10 v 45.8°N 118.3°W Milton and Weston, Oregon
May 27, 1924 00:19:00 v 46.1°N 118.3°W Walla Walla, Washington
November 28, 1925 | 01:25:00 430 ML 47.5°N 116.0°W —
April 23, 1926 13:56:00 v 46.1°N 118.3°W Walla Walla, Washington
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Table 6-4. Earthquake Listing for the Columbia Plateau and Surrounding Area

from 1866 to 1966 * ¢ (4 pages)

Date Ur];}/ﬁ];sal :\;I];Z?]SI'H ch Coordinates Remarks
Earthqguakes with Magnitude >3 or Intensity 21V, 1866 to 1966

October 17, 1926 02:45:00 \Y% 45.7°N 121.5°W White Salmon, Washington
November 27,1926 | 18:25LT \Y 47.5°N 116.0°W Near Rathdrum, Idaho
December 30, 1926 | 17:57:00 VI 47.7°N 120.2°W Chelan-East Central Washington
January 3, 1927 04:58:00 VI 47.6°N 120.6°W Leavenworth, Washington
April 8, 1927 05:00 A% 44 8°N 117.2°W Richland, Washington
September 3, 1930 13:00:00 \Y 47.3°N 117.8°W Near Lamont, Washington
December 8, 1931 14:25:00 v 47.8°N 120.0°W Lakeside-Chelan Falls, Washington
May 31, 1933 20:20:00 v 47.8°N 120.0°W Chelan, Washington
May 31, 1933 20:30:00 v 47.8°N 120.0°W Chelan, Washington
March 9, 1934 16:00:00 v 47.8°N 120.0°W Lakeside, Washington
September 18, 1934 | 24 LT v 47.0°N 120.5°W Ellensburg, Washington
September 22,1934 | 11:30 LT v 47.0°N 120.5°W Ellensburg, Washington
September 22, 1934 | 17:37 LT v 47.0°N 120.5°W Ellensburg, Washington
September 26, 1934 | 16:15 LT A% 47.0°N 120.5°W Ellensburg, Washington
September 26, 1934 | 16:45 LT A" 47.0°N 120.5°W Ellensburg, Washington
September 26, 1934 | 21:15 LT v 47.0°N 120.5°W Ellensburg, Washington
October 4, 1934 02:26 LT v 47.0°N 120.5°W Ellensburg, Washington
October 11, 1934 21:19LT v 47.0°N 120.5°W Ellensburg, Washington
October 19, 1934 23:31 LT v 47.0°N 120.5°W Ellensburg, Washington
October 29, 1934 18:36 LT v 47.0°N 120.5°W Ellensburg, Washington
November 1, 1934 07:28 LT A% 47.0°N 120.5°W Ellensburg, Washington
November 2, 1934 15:17LT A% 47.0°N 120.5°W Ellensburg, Washington
July 9, 1935 22:45:00 v 47.7°N 120.0°W Near Chelan Falls, Washington
October 12, 1935 01:03 \Y 47.7°N 120.2°W Entiat, Washington
November 1, 1935 03:35 v 47.5°N 115.9°W Wallace, Idaho
July 16, 1936 07:07:49.0 27171561\/113 MS 46.2°N 118.2°W Milton-Freewater, Oregon
July 18, 1936 16:30 A% 45.9°N 118.4°W Milton-Freewater, Oregon
July 30, 1936 11:20 v 45.9°N 118.4°W Freewater, Oregon
July 30, 1936 12:00 v 45.9°N 118.4°W Freewater, Oregon
July 30, 1936 12:20 v 46.1°N 118.3°W Walla Walla, Washington
August 4, 1936 09:19 v 45.8°N 118.6°W Helix, Oregon
August 28, 1936 04:39 v 45.9°N 118.8°W Milton-Freewater, Oregon
February 9, 1937 22:20 v 46.1°N 118.3°W Walla Walla, Washington
June 4, 1937 14:43 v 46.1°N 118.3°W Walla Walla, Washington
August 11, 1938 18:52 v 45.9°N 118.4°W Milton, Oregon
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Table 6-4. Earthquake Listing for the Columbia Plateau and Surrounding Area

from 1866 to 1966 * ¢ (4 pages)

Date Ur];}/ﬁ];sal :\;I];Z?]SI'H ch Coordinates Remarks
Earthqguakes with Magnitude >3 or Intensity 21V, 1866 to 1966

October 27, 1938 23:10 v 45.9°N 118.4°W Milton, Oregon
January 26, 1939 07:59 v 45.7°N 118.7°W Mission, Oregon
November 29, 1939 | 04:39 A% 47.7°N 120.0°W Chelan Falls, Washington
March 24, 1940 03:04 v 46.0°N 121.2°W Mt. Rainier, Washington
April 7, 1941 09:25 VI4.50 ML | 48.3°N 119.6°W ﬁ;;ggﬁ;&i,gggﬁ;;f ,500 mi%)
April 12, 1941 17:40 v 47.6°N 120.1°W Waterville, Washington
February 23, 1942 14:03 A% 47.6°N 120.2°W Wenatchee-Chelan, Washington
June 12, 1942 09:30 A% 449°N 117.1°W Halfway and Pine, Oregon
October 14, 1942 11:30 \Y% 48.3°N 120.6°W Stehekin, Washington
November 1, 1942 18:50:06.0 VI5.50 ML 48.0°N 116.7°W Sandpoint, Idaho
April 24, 1943 00:10:46.0 | VI 47.3°N 120.6°W Ezgv‘gfvf/ féi?;ﬁ;%ﬂf 00 m)
September 22, 1943 | 21:50 LT v 48.0°N 119.0°W Grand Coulee, Washington
September 2, 1944 | 01:25:14.0 v 46.1°N 118.3°W Walla Walla, Washington
September 20, 1944 | 03:00 v 44 9°N 116.9°W Rockville, Oregon
October 31, 1944 11:34:28.7 A% 47.8°N 120.6°W Fish Lake, Washington
December 25, 1944 | 13:12:08.8 v 47.7°N 120.2°W Entiat, Washington
January 4, 1945 02:34:48.7 \% 47.7°N 120.2°W Entiat, Washington
February 27, 1945 11:00 v 48.5°N 121.2°W Winthrop, Washington
March 2, 1945 07:54:59.3 v 47.7°N 120.2°W Entiat, Washington
September 23, 1945 | 02:40 v 46.1°N 118.3°W Walla Walla, Washington
February 5, 1946 16:12:42.0 v 47.8°N 120.2°W Chelan-Ardenvoir, Washington
February 6, 1946 03:20 v 48.5°N 121.4°W Marblemount, Washington
December 22, 1947 | 10:30 v 47.7°N 120.2°W Entiat, Washington
January 13, 1948 06:55 A% 47.9°N 120.3°W Lucerne-Waterville, Washington
August 28, 1948 22:25 v 48.0°N 117.5°W Deer Park, Washington
October 25, 1948 19:50 v 47.8°N 120.0°W Chelan, Washington
December 20, 1948 | 16:18 v 45.0°N 120.2°W Fossil, Oregon
March 15, 1949 20:53:11.0 4.80 ML 45.5°N 117.0°W Joseph, Oregon
October 20, 1949 16:00 v 48.5°N 120.5°W Lost River, Washington
March 8, 1950 06:25 v 47.6°N 120.2°W Entiat, Washington
June 25, 1950 23:45 v 47.5°N 117.6°W Cheney, Washington
January 4, 1951 13:45 A% 47.7°N 120.0°W Chelan-Waterville, Washington
January 7, 1951 22:45 v 45.9°N 119.2°W McNary, Oregon
March 4, 1951 13:45:00.0 A% 47.7°N 120.0°W Chelan-Waterville, Washington
March 4, 1952 19:42 \% 47.77°N 117.4°W Spokane, Washington
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Table 6-4. Earthquake Listing for the Columbia Plateau and Surrounding Area

from 1866 to 1966 * ¢ (4 pages)

Date Ur];}/ﬁ];sal :\;I];Z?]SI'H ch Coordinates Remarks
Earthqguakes with Magnitude >3 or Intensity 21V, 1866 to 1966
September 9, 1952 | 09:30 v 48.7°N 116.3°W Felt Bonners Ferry, Idaho
September 9, 1952 | 09:45 v 48.7°N 116.3°W Felt Bonners Ferry, Idaho
September 9, 1953 09:30 v 48.7°N 116.3°W Felt Bonners Ferry, Idaho
May 23, 1954 13:41:420 |V ‘SO}T;NW Twisp, Washington
June 8, 1954 00:16:13.0 \% 47.5°N 116.0°W Mortaern-Coeur d’Alene, Idaho
February 6, 1955 LT v TZ;SZ):)I‘\’IW Grand Coulee, Washington
May 31, 1955 23:35 v 47.7°N 116.8°W Felt Coeur d’Alene, Idaho
February 24, 1956 22:00 v 47.9°N 119.1°W Electric City, Washington
November 1, 1957 10:12:02.0 42 ML 46.7°N 121.5°W Mt. Rainier, Washington
December 18, 1957 | 25:25 5.0 ML 47.5°N 116.0°W —
April 12, 1958 00:00 v 47.9°N 119.1°W Electric City, Washington
April 12, 1958 22:37:11.0 4.1 ML 48.0°N 120.0°W Chelan, Washington
January 20, 1959 About 23:15 | V 26.2°N 118.2°W Milton-Freewater, Oregon
January 21, 1959 07:15 v 46.1°N 118.3°W Walla Walla, Washington
July 11, 1959 I5LT v 47.6°N 119.3°W Deep Lake, Washington
August 6, 1959 03:44:32.0 4.4 ML 47.8°N 119.9°W Chelan, Washington
November 9, 1959 21:10 v 45.4°N 119.6°W Heppner, Oregon
May 22, 1961 01:57:51.4 v 47.6°N 120.2°W —
June 28, 1961 1022:529 | 1V oW Rocky Reach Dam, Washington
October 31, 1961 02:35 4.3 ML 48.4°N 120.0°W —
October 31, 1961 03:34:29.8 |V 48.4°N 120.0°W | Felt over 3,000 km?* (1,200 mi®)
January 15, 1962 05:29 43 ML 47.8°N 120.2°W Chelan, Washington
December 22, 1963 | 02:54:04.9 V 4.4MB 48.59°N Reported felt information
119.76°W
April 28, 1965 19:00 4.3 ML 48.6°N 116.9°W —
November 7, 1965 16:41:47.4 4.3 MB 44 9°N 117.0°W —
July 23, 1966 01:57:08.8 4.3 MB 47.2°N 119.5°W Ephrata, Washington
December 30, 1966 | 03:51:40.3 4.2 MB 44 9°N 117.0°W —
* Davis (1981)
° DOE (1988)

¢ Latitude and longitude are used to define the location of historical earthquakes. Some times and coordinates have been
modified from the original source times and coordinates to better reflect the possible error of these early earthquakes.
4 Modified Mercalli Intensity

LT =local time

MB= body-wave magnitude

ML = local magnitude

MS = surface-wave magnitude
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6.3.4 Contemporary Stress in the Cold Creek Syncline

Geodetic surveys (DOE 1988) were performed across the Pasco Basin to determine rates of
shortening. The data suggest north-south shortening but the rate of shortening is not statistically
significant at the 95% confidence level, however, and the measurements are within the error
limits of the recording instruments.

Contemporary stress measurements were performed at the Hanford Site as part of the Basalt
Waste Isolation Project. Core disking and spalling in boreholes drilled in the Cold Creek
syncline indicate relatively high in situ stress (DOE 1988). Hydraulic fracturing tests were
conducted in boreholes in the Cold Creek syncline at about 1 km depth (DOE 1988). The results
also indicated high in situ stress. The maximum horizontal stress ranges from 52.6 to 67.4 MPa
(7,630 to 9,780 1bf/in®) and the minimum horizontal stress ranges from 30.3 to 35.7 MPa

(4,400 to 5,180 Ibf/in®) with a mean horizontal to vertical ratio of 1.77+ 0.20. The mean
orientation of induced fractures, and the direction of the maximum horizontal stress, is consistent
with north south compression (Reidel et al. 1994).

6.4 GEOLOGIC HAZARDS
6.4.1 Volcanic Hazard Assessment
Two types of volcanic hazards have affected the Hanford Site in the past 20 million years:

e Continental flood basalt volcanism that produced the CRBG, which underlies the
Hanford Site, outcropping in the surrounding ridges

e Volcanism associated with the Cascade Range.

Volcanoes in the Cascade Range are currently considered to be active, but activity associated
with flood basalt volcanism has ceased. The flood basalt volcanism that produced the CRBG
occurred between 17 million and 6 million years BP. Most of the lava was extruded during the
first 2 to 2.5 million years of the 11 million-year volcanic episode. Volcanic activity has not
recurred during the last 6 million years, suggesting that the tectonic processes that created the
episode have ceased. The recurrence of Columbia River basalt volcanism is not considered to be
a credible volcanic hazard (DOE 1988).

Volcanism in the Cascade Range has been active throughout the Pleistocene Epoch
(approximately 2 million years BP to 10,000 years BP) through the Holocene Epoch

(10,000 years BP to present). The eruption history of the Holocene best characterizes the most
likely types of activity in the next 100 years. Many of the volcanoes have been active in the last
10,000 years, including Mount Mazama (Crater Lake) and Mount Hood in Oregon, and Mount
St. Helens, Mount Adams, and Mount Rainier in Washington. The Hanford Site is
approximately 150 km from Mount Adams, 175 km from Mount Rainier, and 200 km from
Mount St. Helens, the three closest active volcanoes. At these distances, the tephra (ash) is the
only hazard. Mount St. Helens has been considerably more active throughout the Holocene than
Mount Rainier or than Mount Adams, which is the least active of the three. Probabilistic
volcanic hazard studies of the Cascade Range have been completed by the U.S. Geological
Survey (DOE 1988; Scott et al. 1995, Volcano Hazards in the Mount Adams Region,
Washington).
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6.4.2 Seismic Hazard Assessment

A seismic hazard analysis was completed for the Hanford Site (Geomatrix 1996). Previous
seismic hazard analyses were done for Washington Public Power Supply System WNP 1/4 and
WNP/2, which are also located on the Hanford Site.

The following discussion is based on the current seismic hazard analysis (Geomatrix 1996) that
incorporates seismo-tectonic data and interpretations that postdate the earlier assessment of the
Washington Public Power Supply System and are discussed in previous chapters of this report.
For details of the source models and attenuation relationships used in the hazard assessment, see
Geomatrix (1996).

The following potential seismic sources were determined to be the major contributors to the
seismic hazard in and around the Hanford Site:

e Crystal Sources
— Fault sources related to the Yakima Folds

— Shallow basalt sources that account for the observed seismicity within the CRBG and
not associated with the Yakima Folds

— Crystalline basement source region

e (Cascadia Subduction Zone earthquakes.

The total seismic hazard for the 200 West Area and 200 East Area is shown in Figure 6-5.
Proximity to the Yakima Fold sources is the chief reason for differences in seismic hazard across
the Hanford Site. The hazard for the 200 West Area exceeds that for the 200 East Area.

The difference between the 200 West and 200 East Areas hazard curves is chiefly related to the
distance from the Yakima Ridge buried extension.

The seismic hazard exceedance probabilities for each performance category are derived in
Natural Phenomena Hazards Characterization Criteria (DOE 1996), and presented in Table 6-5.
The peak horizontal ground acceleration for the 200 East and 200 West Areas are also shown
(Geomatrix 1996).
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Figure 6-5. Total Mean Seismic Hazard for 200 Area Plateau, Hanford Site
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Table 6-5. Seismic Hazard Exceedance Probabilities

Performance Exceedance Return Period | 200 West Area | 200 East Area
Category Probability years g g
1 2x107 500 0.13 0.13
2 1x10° 1,000 0.19 0.18
3 5% 10 2,000 0.26 0.24
4 1x10™ 10,000 0.48 0.440
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7.0 VADOSE ZONE CHARACTERIZATION OF THE SINGLE-SHELL
TANK FARMS

This chapter provides additional information on vadose zone characterization in support of the
SST performance assessment (DOE-ORP 2006). Field characterization studies were completed
at WMAs B-BX-BY, C, S-SX, T, and TX-TY to increase understanding of the background
conditions of the vadose zone as it presently exists in SST WMAs. Field characterization data
have not been obtained yet for WMA A-AX, and are partially completed for WMA U.
However, WMAs B-BX-BY and C are typical of WMA A-AX, and WMA S-SX is considered
representative of WMA U. The results of these studies are summarized in this chapter.

The primary information obtained from these activities resulted from extensive analyses of soil
samples taken from the RCRA boreholes near the WMA where vadose zone soils have not been
subjected to tank leaks or crib and trench discharges. The boreholes that were used in this effort
are listed in Table 7-1.

Table 7-1. Boreholes for Vadose Zone Characterization
of the Single-Shell Tank Waste Management Areas

Waste 200 West Area 200 East Area
Management Area S-SX Tand TX-TY U B-BX-BY C
299-W22-48 | 299-W10-27
Borehole 299-W22-50 | 299-W11-39 299-W19-44 | 299-E33-338 | 299-E27-22

The characterization information summarized in this chapter includes brief descriptions of
geology and mineralogy at the borehole, moisture content, and soil water chemistry. In the
interest of brevity, data reported here are those that have the most direct bearing on contaminant
characteristics and migration potential. More detailed discussions of the analytical results are
provided in Serne et al. (2002) and Lindenmeier et al. (2003).

7.1 VADOSE ZONE CHARACTERIZATION OF THE 200 WEST AREA
SINGLE-SHELL TANK FARMS

7.1.1 Vadose Zone Characterization of Waste Management Area S-SX

This section summarizes the data collected from the clean boreholes 299-W22-48 (B8812) and
299-W22-50 (B8814) (Figure 5-2). These boreholes were drilled as part of an integrated effort
to: 1) collect intact subsurface core samples for detailed vadose zone characterization,

2) complete installation of downgradient RCRA groundwater monitoring wells in the uppermost
unconfined aquifer, and 3) create a composite sample for geochemical characterization.

The details of vadose zone characterization were reported in Serne et al. (2002), and the
additional well completion, aquifer testing, and water sampling information and results were
reported in Horton and Johnson (2000).

The two RCRA boreholes (i.e., 299-W22-48 and 299-W22-50), drilled between October 11 and
November 22, 2001, provided approximately 104 m (340 ft) of vadose zone core for
characterization; 50 m (164 ft) and 54 m (176 ft) of core from boreholes 299-W22-48 and
299-W22-50, respectively. The stratigraphy and lithology in these boreholes are summarized in
Section 7.1.1.1. Discrete sampling data for geochemical analysis were selected from the cores
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with emphasis on delineating the range and magnitude of differences observed within the various
lithologies whenever possible. The results of geophysical, geochemical, and mineralogical
analyses are summarized in Sections 7.1.1.2 to 7.1.1.3.

7.1.1.1  Geology at Boreholes 299-W22-48 and 299-W22-50

This section summarizes the geologic characterization for clean boreholes 299-W22-48 and
299-W22-50. The details of the drilling, geophysical logging, and aquifer testing were reported
in Horton and Johnson (2000) and Serne et al. (2002).

7.1.1.1.1 Borehole 299-W22-48. Borehole 299-W22-48 was drilled for the RCRA
Groundwater Monitoring Project. Samples were collected via continuous splitspoon to a depth
of 59 m (193.5 ft) bgs.

7.1.1.1.1.1. Hanford formation. Sediments of the Hanford formation were penetrated from the
surface to 41.3 m (135 ft) bgs. Subunits H1 an H2 were present.

e Subunit H1 — Two distinct coarse-grained intervals (gravelly sand to gravel) were
identified within relatively uniform medium-grained sand; an upper zone at
12.5to 15.3 m (41 to 50 ft) bgs and a lower zone at 17.7 to 18.6 m (58 to 61 ft) bgs.
These gravelly intervals have been identified in surrounding vadose zone boreholes and
wells based on geophysical log correlations (Johnson et al. 1999; Sobczyk 2000) but have
not been readily identified in the geologic grab samples. The base of subunit H1 is
estimated to lie at 18.6 m (61 ft) bgs.

e Subunit H2 — Subunit H2 extends to 41.3 m (135 ft) bgs, and has been described as a
fine- to medium-grained sand which becomes finer with depth. Numerous silt laminae
are noted in the splitspoon samples collected from this subunit at this location.

7.1.1.1.1.2. Cold Creek unit. The two Cold Creek subunits include the upper subunit, CCU,,
characterized by a relatively high silt content, and the lower subunit, CCUj, characterized by
secondary, pedogenic, calcium carbonate cement.

e Subunit CCU, — Subunit CCU, is recognized on the gamma logs and is present from
41.3 to 44.6 m (135 to 146 ft) bgs. This gamma signature reflects the downward
decreasing grain size from silty sand to silt typical of the unit in this area.

e Subunit CCU; — Subunit CCU;j is present from 44.6 to 45.5 m (146 to 149 ft) bgs at this
location. The carbonate-rich unit is at a moderately higher elevation at this location than
at sites further south.

7.1.1.1.1.3. Ringold Formation. Two subunits of the Ringold Formation have been tentatively
identified at borehole 299-W22-48, the R and the Ry; units.

e Ri— At borehole 299-W22-48, a fairly uniform, silty, sandy, gravel unit extending from
45.5 to 58.6 m (149 to 192 ft) bgs has been tentatively identified as the Ry. This unit has
not been identified elsewhere in the near vicinity and may actually be representative of
the more commonly identified Ryje.

® Ryi. — Ryic silty-sandy gravels have been identified by an increase in moisture at 58.6 m
(192 ft) bgs that extends to the water table at 69 m (226 ft) bgs.
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7.1.1.1.2 Borehole 299-W22-50. The vadose zone portion of borehole 299-W22-50
penetrated strata belonging to the Hanford formation, the CCU, and the Ringold Formation.

The upper 6.1 m (20 ft) of this borehole were not sampled, drilling in this portion of the borehole
was done with a cable-tool deployed core barrel, and no intact samples were available for
geologic logging. Field descriptions of that portion of the borehole indicate it penetrated fine
sand, coarse sand, and gravel/sand facies.

7.1.1.1.2.1. Hanford formation. Sediments of the Hanford formation were penetrated from the
ground surface to an estimated depth of 39.3 m (129 ft) bgs. Subunits H1 and H2 were present.

Subunit H1 — From a depth of 6.1 m (20 ft) bgs to approximately 16.1 m (53 ft) bgs, the
sediments logged consist of fine sand facies with lesser coarse sand facies. Stratification
commonly observed in this interval includes planar laminae, normally graded bedding,
and silty interbeds. Some evidence of planar and trough cross-bedding in the form of low
angle bedding intersections were observed. A few structures suggestive of clay skins on
clastic dikes were noted. Minor pebble gravel, occurring as isolated clasts, is found in the
lowermost 0.9 m (3 ft) of the interval. Approximately 2.9 m (9.5 ft) of the gravel/sand
facies underlies the sandy strata. The contact between these intervals is relatively sharp.
Evidence of poorly developed planar and low angle bedding, suggested by coarse-fine
grain size alterations is present. No clast-supported pebble gravel was observed in this
interval.

Subunit H2 — A sandy interval from 19 to 39.3 m (62.5 to 129 ft) bgs is interpreted to be
subunit H2. The upper 1.7 m (5.5 ft) consist predominately of well-stratified, friable,
coarse sand. This sand appears to be unweathered and displays a mixed mafic/felsic
mineralogy similar to the matrix sand in the overlying gravelly interval. The remainder
of this sand interval consists predominantly of planar-laminated to ripple cross-laminated
fine sand facies. Other observed stratification includes normally graded bedding, planar
cross-bedding and trough cross-bedding. Two paleosols are present in the sandy interval
at 22.9 m (75 ft) bgs and 31.4 m (103 ft) bgs. Poorly developed blocky peds, possible
burrow traces, organic debris, and increased calcium carbonate content are evident in the
uppermost of the two paleosols. The deeper paleosol is less well developed, displaying
poorly developed traces of burrowing and mottling.

7.1.1.1.2.2. Cold Creek unit. The two Cold Creek subunits include the upper subunit, CCU,,
characterized by a relatively high silt content, and the lower subunit, CCUj, characterized by
secondary, pedogenic, calcium carbonate cement.

Subunit CCU, — A fine sand/silt facies becomes dominant at 39.3 m (129 ft) bgs.

This facies is consistent with the unit described as subunit CCU, in other boreholes in the
vicinity of borehole 299-W22-50. This facies displays an increase in the occurrence of
silt and the appearance of intercalated silt facies horizons >0.15 m (0.5 ft) thick.

Ripple cross-lamination and planar laminae are well developed in the sandy portions of
the interval, which extend to 41.9 m (137.5 ft) bgs.

Subunit CCU; — A well-developed paleosol at 41.9 m (137.5 ft) bgs marks the top of
subunit CCU,. This paleosol is 0.15 m (0.5 ft) thick and displays moderately well
developed beds, bedding is disrupted to massive, and Stage I/II calcium carbonate is
present. The remainder of the carbonate-rich interval consists of approximately 1.4 m
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(4.5 ft) of silt, sand, and gravel divided into: 1) approximately 0.46 m (1.5 ft) of
conglomerate with a carbonate overprint, 2) somewhat >0.3 m (1 ft) of silty paleosol, and
3) a basal conglomerate with carbonate overprint. The presence of Stage II/III carbonate
in the form of clast coatings, discontinuous stringers, and concretions indicates this is the
CCU carbonate-rich subunit CCU;.

7.1.1.1.2.3. Ringold Formation. The top of the Ringold Formation is encountered at 43.4 m
(142.5 ft) bgs where calcium carbonate content decreases markedly. The uppermost Ringold
Formation strata encountered in this well consist of variably indurated conglomerate about

3.7 m (12 ft) thick that has a mixed basaltic/felsic sand matrix. The more felsic portions of the
interval display yellow to yellow-brown color typical of many Ringold Formation deposits.
However, the mafic content of these sediments is high enough to give the sand matrix a
nontypical salt and pepper appearance.

In the interval 47.1 to 49.7 m (154.5 to 163 ft) bgs, coarse, variably indurated, crudely stratified
sand with minor pebbles is present. The mineralogy of this sand is similar to the matrix sand in
the overlying conglomerate. From 49.7 to 50.5 m (163 to 165.5 ft) bgs, another conglomerate
unit is penetrated. From 50.5 to 53.8 m (165.5 to 175 ft) bgs, a sandy unit is present. This sandy
unit is locally silty and displays abundant evidence of disrupted bedding and a white-gray color
in the silty parts. The sand is calcium carbonate-poor and the mafic content is >25%.

At 53.5 m (175 ft) bgs, conglomerate was again encountered, and at 53.8 m (176.5 ft) bgs,
splitspoon sampling was suspended. Based on the abundance of gravel and absence of paleosol
facies in the Ringold Formation in this borehole, the entire interval is assigned to the Rye.

7.1.1.2  Geophysical and Moisture Content Measurements at Boreholes 299-W22-48
and 299-W22-50

Downhole geophysical and physical measurements (Figures 7-1 and 7-2) for the RCRA borehole
sediments analysis included high-purity germanium spectral gamma logs, laboratory
measurements of soil moisture content, and neutron-neutron logs from the surface to the
unconfined aquifer of both boreholes (249 ft [76 m] and 247 ft [75m] for 299-W22-48 and
299-W22-50, respectively). Outstanding geophysical data that distinguish stratigraphic units in
the vadose zone include high moisture content and low natural gamma levels in subunit CCU;.
Subunit CCU, shows relatively high natural gamma levels and low moisture content. Small silt
rich zones are indicated in subunit H2 by high moisture content.

Moisture samples were collected at least every 1.6 m (5 ft) in the field from the drive shoe of the
splitspoon during drilling. Thus, a relatively complete moisture profile is available for

borehole 299-W22-48. Moisture data for borehole 299-W22-48 are listed in Table 7-2, and
illustrated in Figure 7-1. In Figure 7-1, moisture samples collected in the field from the drill
shoe are distinguished from those collected later in the laboratory from the core liner.

The moisture data show two zones of higher moisture within the Hanford formation, H2 unit at
about 27.4 m and 32 m (90 and 105 ft) bgs. These are probably associated with thin lenses of
fine sand and/or silt that often occur at the tops of graded sand beds within the Hanford
formation. The CCUj subunit between 44.4 to 44.9 m (146 to 149 ft) bgs displays relatively high
moisture content, as does a clastic dike within the upper R at 151.8 m (170 ft) bgs

(Serne et al. 2002).
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For borehole 299-W22-50, every core segment between 6.04 and 53.9 m (20 and 177.5 ft) bgs
was opened and sampled for moisture content (Table 7-3). The moisture profile, along with the
lithology, total gamma log, and neutron-neutron moisture log, is illustrated in Figure 7-2.

The moisture content is fairly uniform (5 to 15%) between 6.04 and 36.6 m (20 and 110 ft) bgs,
with the exception of the coarser-grained Hanford formation, H1 unit, which ranges between 2 to
8%. Several moisture spikes occur at depths of about 115, 127, and 140 ft bgs. The former
appears to be within a finer-grained lens within the Hanford formation, H2 unit, the middle spike
in the CCU, subunit just below the contact with the Hanford formation, H2 unit. The lower
moisture spike (30%) lies within a finer-grained lens of the CCUj subunit. Below the CCU,
within the Ry, the moisture content is consistently very low. However, the neutron-neutron log
indicates moisture increases again with depth within the gravels of Ry (Serne et al. 2002).

7.1.1.3  Soil Water Chemistry Measurements at Boreholes 299-W22-48 and 299-W22-50

In addition to soil physical property measurements, an extensive water chemistry analysis

has been completed for samples collected between the surface and 59 m (192 ft) bgs in

borehole 299-W22-48, and between the surface and 53 m (174 ft) bgs for borehole 299-W22-50.
The primary means of measuring porewater composition was to add deionized water to soil
samples to generate enough water for performing analyses. By back-calculating for the dilution
introduced by the added water, “true” concentrations were derived. For a few samples,
porewater was directly separated from the same soil sample or one nearby and analyzed directly.
By comparing the dilution-corrected water extract data with the porewater data in these few
samples, an indication of the closeness of the water extract chemistry to original water chemistry
was determined. In general, comparisons were not exact but concentration values were generally
within a factor of two or better, agreement improved with increasing constituent concentration,
and both sets of data showed similar concentrations versus soil depth correlations.
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Figure 7-1. Vadose Zone Stratigraphy for Borehole 299-W22-48
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Figure 7-2. Vadose Zone Stratigraphy for Borehole 299-W22-50
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Table 7-2. Moisture Content of Sediment in Borehole 299-W22-48 (2 pages)
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Source Sample ID D?tpath MoLs/c')cure Source Sample ID D?tpath MoLs/c')cure
Core Liner B8812-1 1 3.87 Core Liner | B8812-155 155 2.11
Core Liner B8812-6 6 9.12 Core Liner | B8812-158.5 158.5 2.18
Core Liner B8812-9.5 9.5 4.86 Core Liner | B8812-163.5 163.5 1.88
Core Liner B8812-12 12 6.21 Core Liner | B8812-167.5 167.5 1.87
Core Liner B8812-14.5 14.5 7.63 Core Liner | B8812-168.5 168.5 16.98
Core Liner B8812-17 17 5.92 Core Liner | B8812-170 170 2.99
Core Liner B8812-19.5 19.5 7.70 Core Liner | B8812-171 171 2.06
Core Liner B8812-22 22 5.03 Core Liner | B8812-172.5 172.5 4.97
Core Liner B8812-24.5 24.5 2.22 Core Liner | B8812-176 176 2.84
Core Liner B8812-27 27 6.04 Core Liner | B8812-182 182 1.84
Core Liner B8812-29.5 29.5 10.60 Core Liner | B8812-187 187 2.32
Core Liner B8812-32 32 533 Core Liner | B8812-192 192 2.21
Core Liner B8812-34.5 34.5 3.85 Core Liner | B8812-235 235 10.47
Core Liner B8812-37 37 5.58 Drill Shoe | B8812-10.5 10.5 9.10
Core Liner B8812-39.5 39.5 7.90 Drill Shoe | B8812-15 15 6.55
Core Liner B8812-42 42 2.80 Drill Shoe | B8812-20 20 9.36
Core Liner B8812-44.5 44.5 2.53 Drill Shoe | B8812-25 25 2.31
Core Liner B8812-47 47 1.88 Drill Shoe | B8812-30 30 8.64
Core Liner B8812-50 50 5.25 Drill Shoe | B8812-35 35 5.96
Core Liner B8812-53.5 53.5 2.41 Drill Shoe | B8812-40 40 391
Core Liner B8812-56 56 391 Drill Shoe | B8812-45 45 3.03
Core Liner B8812-57.5 57.5 2.83 Drill Shoe | B8812-50.5 50.5 5.20
Core Liner B8812-62 62 2.56 Drill Shoe | B8812-55 55 3.22
Core Liner B8812-64.5 64.5 2.23 Drill Shoe | B8812-60 60 2.77
Core Liner B8812-67 67 3.68 Drill Shoe | B8812-65 65 344
Core Liner B8812-69.5 69.5 2.43 Drill Shoe | B8812-70.5 70.5 2.09
Core Liner B8812-72 72 2.64 Drill Shoe | B8812-75 75 2.28
Core Liner B8812-74.5 74.5 6.56 Drill Shoe | B8812-85 85 7.14
Core Liner B8812-77 77 3.55 Drill Shoe | B8812-90 90 3.08
Core Liner B8812-79.5 79.5 3.24 Drill Shoe | B8812-95 95 4.30
Core Liner B8812-82 82 3.90 Drill Shoe | B8812-100 100 4.42
Core Liner B8812-84.5 84.5 4.46 Drill Shoe | B8812-105 105 12.65
Core Liner B8812-86.5 86.5 543 Drill Shoe | B8812-110 110 2.83
Core Liner B8812-91.5 91.5 19.14 Drill Shoe | B8812-115 115 4.37
Core Liner B8812-96.5 96.5 9.62 Drill Shoe | B8812-120 120 4.56
Core Liner B8812-101.5 101.5 21.62 Drill Shoe | B8812-125 125 2.79
Core Liner B8812-106.5 106.5 5.50 Drill Shoe | B8812-130 130 2.15
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Table 7-2. Moisture Content of Sediment in Borehole 299-W22-48 (2 pages)

Source Sample ID D?tpath MoLs/c')cure Source Sample ID D?tpath MoLs/c')cure
Core Liner B8812-111.5 111.5 3.14 Drill Shoe | B8812-135 135 7.71
Core Liner B8812-115.5 115.5 5.29 Drill Shoe | B8812-145 145 3.72
Core Liner B8812-120.5 120.5 3.81 Drill Shoe | B8812-150 150 4.16
Core Liner B8812-124 124 2.66 Drill Shoe | B8812-155 155 2.17
Core Liner B8812-126.5 126.5 2.60 Drill Shoe | B8812-160 160 1.90
Core Liner B8812-131.5 131.5 2.88 Drill Shoe | B8812-165 165 2.16
Core Liner B8812-134 134 3.51 Drill Shoe | B8812-170 170 14.11
Core Liner B8812-136 136 5.70 Drill Shoe | B8812-175 175 2.06
Core Liner B8812-143.5 143.5 3.83 Drill Shoe | B8812-180 180 2.42
Core Liner B8812-146 146 14.86 Drill Shoe | B8812-185.5 185 2.58
Core Liner B8812-148.5 148.5 13.58 Drill Shoe | B8812-190.5 190.5 2.11
Core Liner B8812-151 151 2.81 Drill Shoe | B8812-192 192 2.22

* Multiply by 0.3048 to convert feet to meters.
Table 7-3. Moisture Content of Sediment in Borehole 299-W22-50 (3 pages)
Sample ID D]?tpath MOE;:)ZUFG Sample ID D]?tpath Mof;;ure
B8814-20 20 7.33 B8814-98.5 98.5 4.51
B&8814-21 21 7.01 B8814-100 100 6.15
B8814-22.5 22.5 14.46 B8814-101 101 3.36
B8814-23.5 23.5 8.55 B8814-102.5 102.5 5.79
B8814-25 25 5.80 B8814-103.5 103.5 7.57
B8814-26 26 5.51 B8814-105 105 7.55
B8814-27.5 27.5 11.47 B8814-106 106 6.16
B8814-28.5 28.5 2.76 B8814-107.5 107.5 11.52
B8814-30 30 12.56 B8814-108.5 108.5 7.14
B8814-31 31 4.64 B8814-110 110 7.18
B8814-32.5 32.5 8.72 B8814-111 111 13.86
B8814-33.5 33.5 4.30 B8814-112.5 112.5 6.99
B8814-35 35 8.94 B8814-113.5 113.5 5.88
B8814-36 36 5.15 B8814-115 115 10.17
B8814-37.5 37.5 6.86 B8814-116b 116 22.36
B8814-38.5 38.5 5.92 B8814-117.5 117.5 5.42
B8814-40° 40 4.74 B8814-118.5 118.5 7.46
B8814-42.5 42.5 7.14 B8814-120 120 8.09
B8814-43.5 43.5 5.36 B8814-121 121 10.77
B8814-45° 45 7.87 B8814-122.5 122.5 4.95
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Table 7-3. Moisture Content of Sediment in Borehole 299-W22-50 (3 pages)
Sample ID D?tp}h Moi;(t)ure Sample ID D?tp}h Mof;;ure
B8814-46 46 8.64 B8814-123.5 123.5 3.81
B8814-47.5 47.5 10.60 B8814-125 125 4.93
B8814-48.5 48.5 9.26 B8814-126 126 3.45
B8814-50 50 10.37 B8814-127.5 127.5 10.61
B8814-51 51 7.62 B8814-128.5 128.5 19.69
B8814-52.5 52.5 2.55 B8814-130 130 6.31
B8814-53.5 53.5 2.08 B8814-131 131 5.33
B8814-55 55 8.26 B8814-132.5 132.5 10.85
B8814-56 56 4.25 B8814-133.5 133.5 10.60
B8814-57 57 2.35 B8814-135 135 10.00
B8814-58 58 1.96 B8814-136 136 17.01
B8814-60 60 3.02 B8814-137.5 137.5 16.14
B8814-61 61 1.62 B8814-138.5 138.5 14.08
B8814-62.5 62.5 3.50 B8814-140 b 140 29.88
B8814-63.5 63.5 2.43 B8814-141 141 8.29
B8814-65 65 5.10 B8814-142.5 142.5 2.59
B8814-66 66 3.69 B8814-143.5 143.5 2.45
B8814-67.5 67.5 7.51 B8814-148 148 6.74
B8814-68.6° | 68.5 5.53 B8814-149 149 2.86
B8814-70 70 6.38 B8814-150.5 150.5 3.14
B8814-71 71 4.50 B8814-151.5 151.5 2.60
B8814-72.5 72.5 5.60 B8814-153 153 3.14
B8814-73.5 73.5 4.48 B8814-154 154 2.80
B8814-75 75 8.37 B8814-155.5 155.5 2.28
B8814-76 76 10.30 B8814-156.5 156.5 2.18
B8814-77.5 77.5 5.74 B8814-158 158 2.50
B8814-78.5 78.5 7.32 B8814-159 159 2.03
B8814-80 80 6.94 B8814-160.5 160.5 2.26
B8814-81 81 3.61 B8814-161.5 161.5 1.90
B8814-82.5 82.5 6.48 B8814-163 163 1.84
B8814-83.5 83.5 6.92 B8814-164 164 1.89
B8814-85 85 5.48 B8814-165.5b | 165.5 1.95
B8814-86 86 3.99 B8814-166.5 166.5 3.48
B8814-87.5 87.5 5.29 B8814-168 168 2.44
B8814-88.5 88.5 3.65 B8814-169 169 1.78
B8814-90 90 6.01 B8814-170.5 170.5 1.67
B8814-91 91 2.28 B8814-171.5 171.5 1.61
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Table 7-3. Moisture Content of Sediment in Borehole 299-W22-50 (3 pages)

Sample ID D?tp}h Moi;(t)ure Sample ID D?tp}h Moj;;ure
B8814-92.5 92.5 5.15 B8814-173 173 1.63
B8814-93.5 93.5 7.66 B8814-174 174 1.74
B8814-95 95 430 B8814-175.5 175.5 1.84
B8814-96 96 8.97 B8814-176.5 176.5 1.92
B8814-97.5 97.5 8.65

* Multiply by 0.3048 to convert feet to meters.
® Average of duplicate samples

Moisture content, water extract pH, electrical conductivity (EC), and total alkalinity
measurements of the core samples with depth are listed in Table 7-4 and graphed in Figure 7-3
for borehole 299-W22-48 and listed in Table 7-5 for borehole 299-W22-50. The distributions of
moisture content, pH, EC, and total alkalinity measurements of the core samples are further
summarized by stratigraphic unit as box plots in Figure 7-4; the ranges and means are listed in
Tables 7-6 and 7-7 for boreholes 299-W22-48 and 299-W22-50, respectively, and in Table 7-8
for the two boreholes combined. The pH values in both boreholes fall into a normal range

(7 to 8.5) except at 18 to 21 m (60 to 68 ft) bgs in borehole 299-W22-50 where elevated pH
values (about 10 and 9) are measured. The reason for this increase is not known. EC values
appear higher in the Ringold Formation R compared to the CCU and the Hanford formation,

H2 unit, but not significantly different from those of the Hanford formation, H1 unit. A range of
1.32 to 18.01 mS/cm is present in these samples. The differences of total alkalinity
measurements are not significant among stratigraphic units, with a range of 33 to

5,738 mg calcium carbonate (CaCO;)/L and a mean of 1,590 mg CaCOs/L (Table 7-8).

Water extract cation concentrations as a function of depth are listed in Table 7-9 and graphed in
Figure 7-5 for borehole 299-W22-48. Table 7-10 provides cation concentrations for borehole
299-W22-50. The distributions of water extract cation measurements are summarized with
ranges and means by stratigraphic unit in Tables 7-11 and 7-12 for boreholes 299-W22-48 and
299-W22-50, respectively, and in Table 7-13 for both boreholes combined. Water extract anion
concentrations are listed in Table 7-14 and illustrated in Figure 7-6 for borehole 299-W22-48,
and listed in Table 7-15 for borehole 299-W22-50. The distributions of water extract anions
measurements are summarized with ranges and means by stratigraphic unit in Table 7-16 and
Table 7-17 for boreholes 299-W22-48 and 299-W22-50, respectively, and in Table 7-18 for both
boreholes combined. The data in Tables 7-9 through 7-18 show that the water extract cations
and anions are dominated by calcium, magnesium, sodium, potassium, bicarbonate (based on the
pH and alkalinity data), sulfate, and nitrate. The water extract data from the CCU; show elevated
levels of natural uranium and strontium as well as calcium, magnesium, sulfate, and nitrate
compared to the other geologic units. In contrast, the water extract data from the Ringold
Formation show lower alkalinity, sodium, and uranium concentrations compared to the data from
Hanford formation and CCU. A calcium enrichment anomaly occurs at 60 ft (18 m) bgs in
borehole 299-W22-50, which is unexplained. Other than enrichment of subunit CCUj in nitrate
and sulfate, the profiles are undistinguished. In borehole 299-W22-50, anion data have no
distinguishing features other than slight elevations of nitrate and sulfate in subunits CCU; and
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CCU,. More discussions on the soil water chemistry measurements from boreholes 299-W22-48
and 299-W22-50 are presented in Serne et al. (2002).

Table 7-4. Moisture Content, Water Extract pH, Calculated Porewater
Electrical Conductivity and Total Alkalinity Values for
Core Samples from Borehole 299-W22-48

Sample ID D?,Ep;h Dilution Factor Mo:;(t)ure 1:1 pH Prﬁgicic rr'?glkc"ﬂ:gg/tl’_

Hanford formation, Hla Unit

B8812-29.5 29.5 9.44 10.60 7.38 2.12 271.6

B8812-32 32 18.78 5.33 7.97 3.21 468.6

B8812-39.5 39.5 12.66 7.90 7.39 2.28 251.7

Hanford formation, H1 Unit

B8812-47 47 53.21 1.88 7.30 6.71 923.0

B8812-56 56 25.58 3.91 7.20 3.63 NA

B8812-74.5 74.5 15.26 6.56 7.40 3.30 419.6

Hanford formation, H2 Unit

B8812-91.5 91.5 1.00 19.14 6.93 1.39 34.3

B8812-101.5 101.5 1.00 21.62 7.25 1.32 32.6

B8812-106.5 106.5 18.20 5.50 7.70 3.22 369.5

B8812-115.5 115.5 18.91 5.29 7.39 3.44 432.0
Upper Cold Creek Unit (CCU,

B8812-136 136 17.54 5.70 7.20 3.75 422.9

B8812-143.5 143.5 26.12 3.83 7.12 4.86 541.4
Lower Cold Creek Unit (CCU,))

B8812-146 146 6.74 14.86 7.40 2.97 172.5

B8812-148.5 148.5 7.37 13.58 7.48 2.14 183.8

Ringold Formation, Member of Taylor Flats

B8812-151 151 35.72 2.81 7.56 7.43 1057.7

B8812-163.5 163.5 53.21 1.88 7.46 6.23 956.6

B8812-170 170 3343 2.99 7.40 3.88 622.3

B8812-172.5 172.5 20.13 4.97 7.33 3.83 383.2

B8812-187 187 43.19 2.32 7.58 2.29 402.0

Ringold Formation, Member of Wooded Islanad, Unit E
B8812-192 192 4522 221 | 778 | 543 497.4

# Multiply by 0.3048 to convert feet to meters.
® Total alkalinity at pH 4.5

CaCOs; = calcium carbonate

EC = electrical conductivity

NA  =not analyzed
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Figure 7-3. Moisture Content (wt%) of Sediment, pH, and Dilution-Corrected
Electrical Conductivity of Water Extract and Actual Porewater versus Depth

and Stratigraphy for Borehole 299-W22-48
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Table 7-5. Moisture Content, Water Extract pH, Calculated Porewater
Electrical Conductivity, and Total Alkalinity Values for
Core Samples from Borehole 299-W22-50

Sample ID D]?tpg h Dilution Factor MO:;; ure 1:1pH Prgrsiclfnc n/?g:lg‘ggg/:’_
Hanford formation, Hla Unit
B8814-20 20 14.89 6.72 7.78 2.80 472.3
B8814-22.5 22.5 82.75 13.18 7.72 1.68 1330.2
B8814-25 25 89.13 5.11 7.68 4.16 1696.7
B8814-27.5 27.5 86.10 8.11 7.60 2.63 2513.2
B8814-30 30 83.49 941 7.65 2.30 1977.8
B8814-32.5 32.5 97.61 8.07 7.67 2.30 2518.8
B8814-35 35 84.69 8.76 7.49 2.53 2543.7
B8814-37.5 37.5 104.69 7.14 7.84 2.84 2834.3
B8814-40 40 95.32 5.30 7.03 3.47 2701.6
B8814-42.5 42.5 109.92 6.23 7.11 3.57 3580.4
B8814-45 45 86.88 7.49 7.34 2.84 1139.3
B8814-47.5 47.5 111.96 9.11 7.40 2.51 2320.7
B8814-51 51 85.32 6.74 7.90 2.67 28874
B8814-52.5 52.5 89.24 5.68 7.44 3.19 1736.5
Hanford formation, H1 Unit
B8814-55 55 102.99 6.57 7.32 3.29 3398.3
B8814-56 56 96.64 3.08 7.35 4.22 1471.7
B8814-60 60 98.72 3.07 10.33 18.01 3591.5
Hanford formation, H2 Unit
B8814-67.5 67.5 44.40 7.70 9.00 3.59 NA
B8814-76 76 77.52 10.58 8.55 2.11 1016.6
B8814-96 96 80.34 8.09 7.48 4.02 1461.4
B8814-111 111 86.41 10.18 7.45 291 3034.0
B8814-115 115 82.81 16.14 7.51 1.93 2767.4
Upper Cold Creek Unit (CCU,)
B8814-130 130 106.80 12.17 7.66 2.80 5737.8
B8814-135 135 92.98 0.44 8.50 1.83 3461.3
Lower Cold Creek Unit (CCU,))
B8§14-141 141 105.96 6.04 | 8.12 | 435 4056.6
Ringold Formation, Member of Taylor Flats
B8814-150.5 150.5 117.59 2.99 7.77 6.40 447.7
B8814-160.5 160.5 111.83 2.31 7.74 5.87 28384
B8814-174 174 106.40 1.87 7.75 5.00 1170.3

# Multiply by 0.3048 to convert feet to meters.
® Total alkalinity at pH 4.5
CaCOj; = calcium carbonate

EC = electrical conductivity
= not analyzed

NA
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Figure 7-4. Box Plots of Moisture Content, pH, Electrical Conductivity,
Total Alkalinity, Inorganic Carbon, and Organic Carbon Content
for Boreholes 299-W22-48 and 299-W22-50
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Table 7-6. Ranges and Means of Moisture Content, Water Extract pH,
Calculated Porewater Electrical Conductivity, and Total Alkalinity

for Core Samples from Borehole 299-W22-48

. . . Moisture . Pore EC Alkalinity
Stratigraphic Unit % 1:1 pH ms/em mg CaCOy/L

Min. 5.33 7.38 2.12 251.7
Hl,a a Max. 10.60 7.97 3.21 468.6
(n=3)

Mean 7.94 7.58 2.53 330.7

. Min. 1.88 7.20 3.30 419.6

H£ Max. 6.56 7.40 6.71 923.0
(n=3)

Mean 4.12 7.30 4.54 671.3

Min. 5.29 6.93 1.32 32.6
H% Max. 21.62 7.70 3.44 432.0
(n=4)

Mean 12.89 7.32 2.34 217.1

Min. 3.83 7.12 3.75 422.9
CgU” Max. 5.70 7.20 4.86 5414
(n=2)

Mean 4.77 7.16 431 482.2

Min. 13.58 7.40 2.14 172.5
(Cnczg)l Max. 14.86 7.48 2.97 183.8

Mean 14.22 7.44 2.56 178.2

Min. 1.88 7.33 2.29 383.2
R‘i Max. 4.97 7.58 7.43 1057.7
(n=5)

Mean 2.99 7.47 4.73 684.4
Ruic Min./Max./Mean | 2.21 7.78 5.43 4974

Min. 1.88 6.93 1.32 32.6
Overall
(n=20) Max. 21.62 7.97 7.43 1057.7

Mean 7.14 7.41 3.67 444 4

* Sample size

® The sample size for total alkalinity measurements is 2 in H1 unit. The overall sample size is 19 for
total alkalinity.

CaCOs; = calcium carbonate

CCy,
CCU,
EC
H1
Hla
H2
Ryt
Rwic

= upper Cold Creek unit (Cold Creek fine-grained unit)

lower Cold Creek unit

electrical conductivity

= Hanford formation, unit H1; equivalent to upper sand-dominated
= Hanford formation, unit Hla
= Hanford formation, unit H2; equivalent to middle sand-dominated
= Ringold Formation, Member of Taylor Flats

= Ringold Formation, Member of Wooded Island, unit E
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Table 7-7. Ranges and Means of Moisture Content, Water Extract pH,
Calculated Porewater Electrical Conductivity, and Total Alkalinity
for Core Samples from Borehole 299-W22-50

Stratigraphic Unit Moi;;cure 1:1 pH Prﬁgicic mglgzlci:ng;L
Min, 5.11 7.03 1.68 4723
gllfu)a Max. 13.18 7.90 416 35804
Mean 7.65 7.55 2.82 2160.9
Min. 3.08 732 3.29 14717
(T%) Max. 6.57 1033 18.01 3591.5
Mean 424 8.33 8.51 2820.5
Min, 7.70 7.45 1.93 1016.6
g}is)b Max. 16.14 9.00 4.02 3034.0
Mean 10.54 8.00 291 2069.9
Min, 0.44 7.6 1.83 34613
ESZJ) Max. 12.17 8.50 2.80 5737.8
Mean 6.31 8.08 2.32 4599.6
gglj)' Min./Max./Mean | 6.04 8.12 435 4056.6
Min. 1.87 7.74 5.00 447.7
&13) Max. 2.99 7.77 6.40 2838.4
Mean 239 775 5.76 1485.5
Min. 0.44 7.03 1.68 447.7
avzzrg;lb Max. 16.14 10.33 18.01 57378
Mean 7.08 7.79 3.78 2396.5

* Sample size

® The sample size for total alkalinity measurements is 4 in H2 unit. The overall samples size is 27 for
total alkalinity.

CaCOj; = calcium carbonate

CCU; =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

EC = electrical conductivity

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
Hla = Hanford formation, unit Hla

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
Ry = Ringold Formation, Member of Taylor Flats
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Table 7-8. Ranges and Means of Moisture Content, Water Extract pH,
Calculated Porewater Electrical Conductivity, and Total Alkalinity
for Core Samples from Boreholes 299-W22-48 and 299-W22-50

. . . Moisture . Pore EC Alkalinity
Stratigraphic Unit % 1:1 pH ms/em mg CaCOy/L

Min. 5.11 7.03 1.67 251.7
Hlf a Max. 13.18 7.97 4.16 3580.4
(n=17)

Mean 7.70 7.55 2.77 1837.9

. Min. 1.88 7.20 3.29 419.6

H£ Max. 6.57 10.33 18.01 3591.5
(n=6)

Mean 4.18 7.82 6.52 1960.8

. Min. 5.29 6.93 1.32 32.6

H% Max. 21.62 9.00 4.02 3034.0
(n=9)

Mean 11.58 7.70 2.66 1143.5

Min. 0.44 7.12 1.83 422.9
glczg)” Max. 12.17 8.50 4.86 5737.8

Mean 5.54 7.62 3.31 2540.8

Min. 6.04 7.40 2.14 172.5
&C:g)l Max. 14.86 8.12 435 4056.6

Mean 11.49 7.67 3.16 1471.0

Min. 1.87 7.33 2.29 383.2
R‘i Max. 4.97 7.77 7.43 2838.4
(n=8)

Mean 2.77 7.57 5.12 984.8
Ryie Min./Max./Mean | 2.21 7.78 543 497.4

Min. 0.44 6.93 1.32 32.6
Overall - Py 21.62 10.33 18.01 5737.8
(n=48)

Mean 7.11 7.63 3.73 1590.2

* Sample size

® The sample size for total alkalinity measurements is 5 and 8 in H1 and H2 units, respectively.
The overall sample size is 46.

CaCO; = calcium carbonate

CCU; =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

EC = electrical conductivity

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
Hla = Hanford formation, unit Hla

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
R = Ringold Formation, Member of Taylor Flats

Ryie = Ringold Formation, Member of Wooded Island, unit E
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Table 7-9. Selected Water Extract Cations in Terms of Dry Sediment (ug/g soil) for Borehole 299-W22-48

sample 1D Depath Water;SoiI Ca Mg Na K Fe Al Cr Sr U-238
ft Ratio Ha/g H9/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g
Hanford formation, Hla Unit
B8812-29.5 29.5 1.001 7.57 1.42 34.13 5.83 0.049 0.035 0.00088 | 0.030 0.00284
B8812-32 32 1.001 6.33 1.16 22.89 4.57 0.069 0.049 0.00002 | 0.021 0.00147
B8812-39.5 39.5 1.000 6.94 1.24 21.87 4.24 0.017 0.029 0.00050 | 0.024 0.00176
Hanford formation, H1 Unit
B8812-47 47 1.001 5.60 1.07 13.74 3.29 0.043 0.048 0.00015 | 0.025 0.00053
B8812-56 56 1.000 9.31 2.29 16.39 5.24 0.043 0.051 0.00003 | 0.037 0.00147
B8812-74.5 74.5 1.001 11.51 3.56 18.64 4.89 0.045 0.076 0.00078 | 0.062 0.00043
Hanford formation, H2 Unit
B8812-91.5 91.5 0.191 19.94 5.76 21.64 3.55 0.003 0.002 0.00066 | 0.100 0.00042
B8812-101.5 101.5 0.216 22.29 4.87 23.74 3.56 0.006 0.003 0.00052 | 0.103 0.00108
B8812-106.5 106.5 1.000 10.20 2.15 15.62 3.93 0.063 0.085 0.00035 | 0.048 0.00038
B8812-115.5 115.5 1.000 11.15 2.27 16.60 3.79 0.059 0.055 0.00127 | 0.057 0.00053
Upper Cold Creek Unit (CCU,)

B8812-136 136 1.000 14.03 3.21 18.83 431 0.039 0.069 0.00045 | 0.066 0.00051
B8812-143.5 143.5 1.000 11.74 3.66 12.53 3.59 0.008 0.010 0.00048 | 0.061 0.00097
Lower Cold Creek Unit (CCU,)

B8812-146 146 1.001 31.67 12.22 27.11 5.91 0.006 0.005 0.00277 | 0.186 0.00791
B8812-148.5 148.5 1.000 19.15 7.52 17.42 4.49 0.096 0.008 0.00120 | 0.121 0.00568
Ringold Formation, Member of Taylor Flats
B8812-151 151 1.003 10.75 4.71 19.10 6.89 0.019 0.029 0.00031 | 0.061 0.00248
B8812-163.5 163.5 1.002 6.85 2.68 7.50 2.61 0.016 0.025 0.00055 | 0.038 0.00025
B8812-170 170 1.001 7.55 2.93 7.34 2.96 0.033 0.031 — 0.041 0.00057
B8812-172.5 172.5 1.001 7.31 2.80 8.50 3.69 0.021 0.029 0.00069 | 0.039 0.00092

B8812-187 187 1.001 1.33 0.52 4.80 1.45 0.046 0.028 0.00150 | 0.007 —
Ringold Formation, Member of Wooded Island, Unit E
B88I2-192 | 192 1.000 183 Jo74 |1501 [442  [o0041 [0065 | 000045 | 0010 [ 0.00003

? Multiply by 0.3048 to convert feet to meters.

0 'A%y ‘8YLET-ddd
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Figure 7-5. Dilution-Corrected Cation Content of Water Extracts and Cation
Concentrations in Actual Porewater versus Depth for Borehole 299-W22-48
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Table 7-10

. Selected Water Extract Cations in Terms of Dry Sediment (ug/g soil) for Borehole 299-W22-50 (2 pages)

sample ID Dep;ch Water;SoiI Ca Mg Na K Fe Al Cr Sr U-238
ft Ratio Ha/g Hg/g Hg/g Hg/g Hg/g H9/g H9/g Ha/g H9/g
Hanford formation, Hla Unit
B8814-20 20 1.000 7.43 1.65 22.18 5.75 0.034 0.029 0.00079 | 0.032 0.00111
B8814-22.5 22.5 1.000 9.53 2.08 26.93 7.00 0.096 0.045 0.00035 0.040 0.00173
B8814-25 25 1.000 6.50 1.40 21.95 5.78 0.031 0.030 0.00022 | 0.028 0.00154
B8814-27.5 27.5 1.000 10.80 | 2.35 24.35 7.40 0.077 0.038 0.00106 | 0.048 0.00144
B8814-30 30 1.001 11.59 | 243 22.66 6.38 0.046 0.020 0.00501 0.052 0.00081
B8814-32.5 32.5 1.000 8.25 1.67 22.25 5.49 0.026 0.023 0.00005 0.035 0.00161
B8814-35 35 1.000 11.11 | 2.15 27.87 7.36 0.032 0.030 0.00008 | 0.049 0.00208
B8814-37.5 37.5 1.000 10.08 1.97 24.72 6.86 0.033 0.021 0.00060 0.045 0.00172
B8814-40 40 1.000 10.04 | 2.07 19.93 6.46 0.028 0.028 0.00500 | 0.046 0.00107
B8814-42.5 42.5 1.000 12.75 | 2.62 23.99 7.76 0.022 0.025 0.00011 0.056 0.00115
B8814-45 45 1.000 12.57 2.59 24.17 7.55 0.022 0.030 0.00050 0.057 0.00116
B8814-47.5 475 1.000 13.39 | 2.63 24.33 7.65 0.023 0.025 0.00069 | 0.060 0.00121
B8814-51 51 1.000 9.21 1.84 19.25 5.57 0.035 0.022 0.00054 | 0.040 0.00071
B8814-52.5 52.5 1.000 10.05 2.17 16.67 5.94 0.019 0.034 0.00011 0.046 0.00057
Hanford formation, H1 Unit
B8814-55 55 1.000 12.53 2.79 21.28 7.07 0.034 0.036 0.00500 0.058 0.00082
B8814-56 56 1.000 5.57 1.77 11.64 4.16 0.021 0.047 0.00500 | 0.027 0.00057
B8814-60 60 1.001 52.34 ] 0.03 31.23 11.48 0.007 0.380 0.05041 0.176 —
Hanford formation, H2 Unit
B8814-67.5 67.5 1.000 12.41 3.03 18.12 4.94 0.109 0.103 — 0.057 0.00089
B8814-76 76 1.001 13.66 2.79 17.69 4.27 0.060 0.075 0.00123 0.059 0.00049
B8814-96 96 1.001 20.85 | 4.73 26.18 6.43 0.018 0.020 0.00087 | 0.092 0.00049
B8814-111 111 1.000 1827 |3.93 26.18 6.14 0.011 0.014 0.00269 | 0.080 0.00062
B8814-115 115 1.000 19.14 4.15 28.68 5.95 0.033 0.026 0.00118 0.085 0.00081
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Table 7-10. Selected Water Extract Cations in Terms of Dry Sediment (ug/g soil) for Borehole 299-W22-50 (2 pages)

sample ID Dep;ch Water;SoiI Ca Mg Na K Fe Al Cr Sr U-238
ft Ratio Ha/g Hg/g Hg/g Hg/g Hg/g H9/g H9/g Ha/g H9/g
Upper Cold Creek Unit (CCU,)

B8814-130 130 1.000 16.07 | 4.03 20.03 3.83 0.019 0.029 0.00019 | 0.072 0.00093
B8814-135 135 1.016 1599 | 4.68 23.68 4.93 0.012 0.013 0.00242 | 0.071 0.00088
Lower Cold Creek Unit (CCU))

B8814-141 141 1.001 | 1859 [577  [2230 [535 o013 [0.020 [0.00053 [0.090 0.01137
Ringold Formation, Member of Taylor Flats
B8814-150.5 150.5 1.000 1042 | 331 19.15 5.06 0.351 0.370 0.00043 | 0.060 0.00077
B8814-160.5 160.5 1.000 8.06 233 11.05 3.54 0.024 0.038 0.00045 | 0.041 0.00044
B8814-174 174 1.056 3.04 0.95 8.16 2.25 0.047 0.112 0.00117 | 0.014 0.00001

* Multiply by 0.3048 to convert feet to meters.
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Table 7-11. Ranges and Means of Selected Water Extract Cations in Terms of

Dry Sediment (ug/g soil) for Borehole 299-W22-48

Stratigraphic Unit Ca Mg Na K Fe Al Cr Sr U-238

Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g

Min. 6.33 1.16 21.87 424 0.017 0.029 0.00002 0.021 0.00147

311:2) Max. 7.57 1.42 34.13 5.83 0.069 0.049 0.00088 0.030 0.00284
Mean 6.95 1.27 26.29 4.88 0.045 0.038 0.00046 0.025 0.00202

Min. 5.60 1.07 13.74 3.29 0.043 0.048 0.00003 0.025 0.00043

311:3) Max. 11.51 3.56 18.64 5.24 0.045 0.076 0.00078 0.062 0.00147
Mean 8.80 2.30 16.26 4.47 0.044 0.058 0.00032 0.042 0.00081

Min. 10.20 2.15 15.62 3.55 0.003 0.002 0.00035 0.048 0.00038

212: " Max. 22.29 5.76 23.74 3.93 0.063 0.085 0.00127 0.103 0.00108
Mean 15.90 3.76 19.40 3.71 0.033 0.036 0.00070 0.077 0.00060

Min. 11.74 3.21 12.53 3.59 0.008 0.010 0.00045 0.061 0.00051

ﬁg) Max. 14.03 3.66 18.83 431 0.039 0.069 0.00048 0.066 0.00097
Mean 12.88 3.44 15.68 3.95 0.024 0.039 0.00047 0.063 0.00074

Min. 19.15 7.52 17.42 4.49 0.006 0.005 0.00120 0.121 0.00568

ﬁg)‘ Max. 31.67 12.22 27.11 5.91 0.096 0.008 0.00277 0.186 0.00791
Mean 25.41 9.87 22.26 5.20 0.051 0.007 0.00199 0.154 0.00679

Min. 1.33 0.52 4.80 1.45 0.016 0.025 0.00031 0.007 0.00025

E{f: 5) Max. 10.75 471 19.10 6.89 0.046 0.031 0.00150 0.061 0.00248
Mean 6.76 2.73 9.45 3.52 0.027 0.028 0.00076 0.037 0.00105

E;fl) Min./Max./Mean | 1.83 0.74 15.01 4.42 0.041 0.065 0.00045 0.010 0.00003
Min. 1.33 0.52 4.80 1.45 0.003 0.002 0.00002 0.007 0.00003
833;1 Max. 31.67 12.22 34.13 6.89 0.096 0.085 0.00277 0.186 0.00791
Mean 11.15 3.34 17.17 4.16 0.036 0.037 0.00071 0.057 0.00159

* Sample size

CCU,

= lower Cold Creek unit

CCU, =upper Cold Creek unit (Cold Creek fine-grained unit)

H1
Hla
H2
Ry
Rwie

= Hanford formation, unit H1; equivalent to upper sand-dominated
Hanford formation, unit Hla
Hanford formation, unit H2; equivalent to middle sand-dominated
= Ringold Formation, Member of Taylor Flats
= Ringold Formation, Member of Wooded Island, unit E
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Table 7-12. Ranges and Means of Selected Water Extract Cations in Terms of

Dry Sediment (ug/g soil) for Borehole 299-W22-50

Stratigraphic Unit Ca Mg Na K Fe Al Cr Sr U-238
H9/g H9/g H9/g H9/g Hg/g H9/g H9/g Hg/g H9/g

Min. 6.50 1.40 16.67 5.49 0.019 0.020 0.00005 | 0.028 0.00057

21131 gys | Max. 13.39 2.63 27.87 7.76 0.096 0.045 0.00501 | 0.060 0.00208
Mean 10.24 2.12 22.95 6.64 0.037 0.029 0.00108 | 0.045 0.00128

Min. 5.57 0.03 11.64 4.16 0.007 0.036 0.00500 0.027 0.00057

21:3) Max. 52.34 2.79 31.23 11.48 0.034 0.380 0.05041 | 0.176 0.00082
Mean 23.48 1.53 21.38 7.57 0.021 0.154 0.02013 | 0.087 0.00069

Min. 12.41 2.79 17.69 4.27 0.011 0.014 0.00087 0.057 0.00049

22: 5 | Max 20.85 4.73 28.68 6.43 0.109 0.103 0.00269 | 0.092 0.00089
Mean 16.87 3.73 23.37 5.54 0.046 0.048 0.00149 | 0.075 0.00066

Min. 15.99 4.03 20.03 3.83 0.012 0.013 0.00019 0.071 0.00088
&C:‘;) Max. 16.07 4.68 23.68 4.93 0.019 0.029 0.00242 | 0.072 0.00093
Mean 16.03 4.36 21.85 438 0.016 0.021 0.00130 | 0.072 0.00091

(CnC:IIJ)l Min./Max./Mean 18.59 5.77 22.30 5.35 0.013 0.020 0.00053 0.090 0.01137
Min. 3.04 0.95 8.16 2.25 0.024 0.038 0.00043 | 0.014 0.00001

2;3) Max. 10.42 3.31 19.15 5.06 0.351 0.370 0.00117 | 0.060 0.00077
Mean 7.17 2.20 12.78 3.62 0.141 0.173 0.00068 0.038 0.00041

Min. 3.04 0.03 8.16 2.25 0.007 0.013 0.00005 | 0.014 0.00001
gggl Max. 52.34 5.77 31.23 11.48 0.351 0.380 0.05041 | 0.176 0.01137
Mean 13.22 2.64 21.66 6.01 0.046 0.060 0.00321 0.058 0.00137

* Sample size

CCU,

CCU, =upper Cold Creek unit (Cold Creek fine-grained unit)
= Hanford formation, unit H1; equivalent to upper sand-dominated

Hl
Hla
H2
Ryt

= lower Cold Creek unit

= Hanford formation, unit Hla

= Hanford formation, unit H2; equivalent to middle sand-dominated

= Ringold Formation, Member of Taylor Flats
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Table 7-13. Ranges and Means of Selected Water Extract Cations in Terms of

Dry Sediment (ug/g soil) for Boreholes 299-W22-48 and 299-W22-50

Strati . . Ca Mg Na K Fe Al Cr Sr U-238
ratigraphic Unit
Ha/g Ha/g Ha/g Ha/g Ha/g Ha/g Ha/g Ha/g Ha/g
Min. 6.33 1.16 16.67 4.24 0.017 0.020 0.00002 0.021 0.00057
gllzal 7)° Max. 13.39 2.63 34.13 7.76 0.096 0.049 0.00501 0.060 0.00284
Mean 9.66 1.97 23.54 6.33 0.039 0.030 0.00097 0.042 0.00141
Min. 5.57 0.03 11.63 3.29 0.007 0.036 0.00003 0.025 0.00043
51126) Max. 52.34 3.56 31.23 11.48 0.045 0.380 0.05041 0.176 0.00147
Mean 16.14 1.92 18.82 6.02 0.032 0.106 0.01023 0.064 0.00076
Min. 10.20 2.15 15.62 3.55 0.003 0.002 0.00035 0.048 0.00038
512:9) Max. 22.29 5.76 28.68 6.43 0.109 0.103 0.00269 0.103 0.00108
Mean 16.44 3.74 21.61 4.73 0.040 0.043 0.00110 0.076 0.00063
Min. 11.74 3.21 12.53 3.59 0.008 0.010 0.00019 0.061 0.00051
glig)“ Max. 16.07 4.68 23.68 4.93 0.039 0.069 0.00242 0.072 0.00097
Mean 14.46 3.90 18.77 4.17 0.020 0.030 0.00089 0.068 0.00082
Min. 18.59 5.77 17.42 4.49 0.006 0.005 0.00053 0.090 0.00568
&C:[;)l Max. 31.67 12.22 27.11 5.91 0.096 0.020 0.00277 0.186 0.01137
Mean 23.14 8.50 22.28 5.25 0.038 0.011 0.00150 0.133 0.00832
Min. 1.33 0.52 4.80 1.45 0.016 0.025 0.00031 0.007 0.00001
&f:g) Max. 10.75 4.71 19.15 6.89 0.351 0.370 0.00150 0.061 0.00248
Mean 6.91 2.53 16.70 3.56 0.070 0.083 0.00073 0.038 0.00078
El“’:iel) Min./Max./Mean 1.83 0.74 15.01 4.42 0.041 0.065 0.00045 0.010 0.00003
Min. 1.33 0.03 4.80 1.45 0.003 0.002 0.00002 0.007 0.00001
8383;1 Max. 52.34 12.22 34.13 11.48 0.351 0.380 0.05041 | 0.186 0.01137
Mean 12.36 2.93 19.79 5.24 0.042 0.050 0.00218 0.057 0.00146
# Sample size
CCU; = lower Cold Creek unit
CCU, =upper Cold Creek unit (Cold Creek fine-grained unit)
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
Hla = Hanford formation, unit Hla
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
Ry = Ringold Formation, Member of Taylor Flats

Ryic = Ringold Formation, Member of Wooded Island, unit E
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Table 7-14. Selected Water Extract Anions in Terms of Dry Sediment (ug/g soil) for Borehole 299-W22-48

Depth Water:Soil | Nitrate | Nitrite | Fluoride | Chloride | Sulfate | Phosphate Carbonate
Sample 1D fr @ Ratio / / / / / / /
H9/g H9/g H9/g H9/g HO/g HO/g H9/g
Hanford formation, H1a Unit
B8812-29.5 29.5 1.001 6.46 ND 0.68 0.19 18.57 0.190 NA
B8812-32 32 1.001 6.80 ND 0.47 0.13 7.24 0.290 NA
B8812-39.5 39.5 1.000 13.61 ND 0.40 0.57 11.80 0.100 NA
Hanford formation, H1 Unit
B8812-47 47 1.001 2.39 ND 0.29 0.18 7.86 0.150 NA
B8812-56 56 1.000 0.68 ND 0.38 1.06 9.74 0.100 NA
B8812-74.5 74.5 1.001 8.66 ND 0.54 6.11 27.62 0.330 NA
Hanford formation, H2 Unit
B8812-91.5 91.5 0.191 NA NA NA NA NA NA NA
B8812-101.5 101.5 0.216 NA NA NA NA NA NA NA
B8812-106.5 106.5 1.000 5.19 ND 0.33 6.45 10.40 0.100 NA
B8812-115.5 115.5 1.000 7.55 ND 0.36 2.28 12.30 0.380 NA
Upper Cold Creek Unit (CCU,)
B8812-136 136 1.000 22.71 ND 0.45 1.32 11.91 0.500 NA
B8812-143.5 143.5 1.000 16.20 ND 0.27 0.71 11.10 0.350 NA
Lower Cold Creek Unit (CCU,))
B8812-146 146 1.001 NA ND 1.00 2.74 41.35 0.100 NA
B8812-148.5 148.5 1.000 42.82 ND 1.27 1.84 16.91 0.100 NA
Ringold Formation, Member of Taylor Flats
B8812-151 151 1.003 4.17 ND 1.21 1.68 5.47 0.100 NA
B8812-163.5 163.5 1.002 6.96 ND 0.49 0.45 1.69 0.110 NA
B8812-170 170 1.001 7.35 ND 0.46 0.49 1.84 0.210 NA
B8812-172.5 172.5 1.001 1.96 ND 0.50 0.40 1.50 0.100 NA
B8812-187 187 1.001 9.92 ND 0.48 0.59 1.86 0.100 NA
Ringold Formation, Member of Wooded Islanad, Unit E
B8812-192 192 1.000 9.06 ND 1.28 1.53 10.00 0.350 NA

 Multiply by 0.3048 to convert feet to meters.

NA = not analyzed
ND = not detected
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Figure 7-6. Dilution-Corrected Anion Content of Water Extracts and Anion Concentration
in Actual Porewater versus Depth and Stratigraphy for Borehole 299-W22-48
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Table 7-15. Selected Water Extract Anions in Terms of Dry Sediment (ug/g soil) for Borehole 299-W22-50 (2 pages)

Sample ID D?tp;t h W?:\EZEEO” Nitrate pg/g | Nitrite pug/g | Fluoride pg/g | Chloride pg/g | Sulfate pg/g | Phosphate pg/g | Carbonate pg/g
Hanford formation, Hla Unit
B8814-20 20 1.000 5.89 ND 0.72 0.45 8.56 0.100 NA
B8814-22.5 | 22.5 1.000 4.1 ND 0.74 1.08 13.52 0.100 NA
B8814-25 25 1.000 3.42 ND 0.72 0.76 9.78 0.200 NA
B8814-27.5 | 27.5 1.000 0.63 ND 0.70 1.88 19.55 0.100 NA
B8814-30 30 1.001 2.64 ND 0.63 4.86 20.52 0.150 NA
B8814-32.5 | 32.5 1.000 2.51 ND 0.56 1.62 11.64 0.330 NA
B8814-35 35 1.000 0.68 ND 0.68 0.82 13.85 0.290 NA
B8814-37.5 | 37.5 1.000 0.57 ND 0.61 0.67 12.51 0.100 NA
B8814-40 40 1.000 0.36 ND 0.50 0.57 11.49 0.100 NA
B8814-42.5 | 42.5 1.000 1.15 ND 0.58 0.99 17.54 0.160 NA
B8814-45 45 1.000 1.83 ND 0.64 0.83 18.37 0.170 NA
B8814-47.5 | 47.5 1.000 0.46 ND 0.57 0.83 16.38 0.100 NA
B8814-51 51 1.000 3.09 ND 0.59 0.45 8.62 0.100 NA
B8814-52.5 | 52.5 1.000 0.72 ND 0.39 0.85 16.15 0.100 NA
Hanford formation, H1 Unit
B8814-55 55 1.000 0.25 ND 0.47 1.34 19.17 0.100 NA
B8814-56 56 1.000 1.25 ND 0.28 0.54 8.37 0.120 NA
B8814-60 60 1.001 1.82 ND 0.41 9.34 35.73 0.100 NA
Hanford formation, H2 Unit
B8814-67.5 | 67.5 1.000 5.49 ND 0.38 4.84 21.91 0.210 NA
B8814-76 76 1.001 8.89 ND 0.36 4.39 29.79 0.240 NA
B8814-96 96 1.001 9.26 ND 0.44 32.83 28.04 0.250 NA
B8814-111 111 1.000 25.52 ND 0.49 11.47 23.02 0.150 NA
B8814-115 115 1.000 29.79 ND 0.51 14.41 16.60 0.170 NA
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Table 7-15. Selected Water Extract Anions in Terms of Dry Sediment (ug/g soil) for Borehole 299-W22-50 (2 pages)

Sample ID D?tp;t h W?:\EZEEO” Nitrate pg/g | Nitrite pug/g | Fluoride pg/g | Chloride pg/g | Sulfate pg/g | Phosphate pg/g | Carbonate pg/g
Upper Cold Creek Unit (CCU,)
B8814-130 130 1.000 6.32 ND 0.41 2.01 9.63 0.160 NA
B8814-135 135 1.016 21.32 ND 0.47 2.35 18.30 0.203 NA
Lower Cold Creek Unit (CCU,))
B88l4-141 | 141 | 1001 12.01 ND 0.86 372 | 23.91 0.160 NA
Ringold Formation, Member of Taylor Flats
B8814-150.5 | 150.5 | 1.000 NA ND 1.10 1.49 8.62 0.100 NA
B8814-160.5 | 160.5 | 1.000 NA ND 0.62 0.76 3.13 0.100 NA
B8814-174 174 1.056 11.51 ND 1.05 5.04 2.71 0.137 NA

 Multiply by 0.3048 to convert feet to meters.
NA = not analyzed
ND = not detected

0 'A%y ‘8YLET-ddd



Table 7-16. Ranges and Means of Selected Water Extract Anions in Terms
of Dry Sediment (ug/g soil) for Borehole 299-W22-48

0¢-L

. . . Nitrate Nitrite Fluoride Chloride Sulfate Phosphate Carbonate
Stratigraphic Unit
Hg/g Hg/g Hg/g H9/g Hg/g Ha/g Hg/g

Min. 6.46 0.40 0.13 7.24 0.10

gllz‘;)a Max, 13.61 ND 0.68 0.57 18.57 0.29 NA
Mean 8.96 0.52 0.30 12.54 0.19
Min. 0.68 0.29 0.18 7.86 0.10

511:3) Max, 8.66 ND 0.54 6.11 27.62 033 NA
Mean 3.91 0.40 245 15.07 0.19
Min. 5.19 0.33 2.28 10.40 0.10

512: o [Max 7.5 ND 036 6.45 1230 0.38 NA
Mean 6.37 0.35 4.37 11.35 0.24
Min. 16.20 0.27 0.71 11.10 0.35

ggzj) Max. 22.71 ND 0.45 1.32 11.91 0.50 NA
Mean 19.45 0.36 1.02 11.50 043
Min. 1.00 1.84 16.91 0.10

ggzj)' Max. 42.82 ND 1.27 2.74 4135 0.10 NA
Mean 1.14 2.29 29.13 0.10
Min. 1.96 0.46 0.40 1.50 0.10

&‘fzs) Max. 9.92 ND 1.21 1.68 547 0.21 NA
Mean 6.07 0.63 0.72 247 0.12

ﬁlw;el) Min./Max./Mean 9.06 ND 1.28 1.53 10.00 0.350 NA
Min. 0.68 0.27 0.13 1.50 0.100

81"2%‘;1 Max. 42.82 ND 1.28 6.45 41.35 0.500 NA
Mean 10.15 0.60 4.60 11.62 0.203

* Sample size
CCU; = lower Cold Creek unit
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
Hla = Hanford formation, unit Hla
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

NA  =not analyzed

ND =not detected

Ry =Ringold Formation, Member of Taylor Flats

Ryie = Ringold Formation, Member of Wooded Island, unit E
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Table 7-17. Ranges and Means of Selected Water Extract Anions in Terms
of Dry Sediment (ug/g soil) for Borehole 299-W22-48

. . . Nitrate Nitrite Fluoride Chloride Sulfate Phosphate Carbonate
Stratigraphic Unit
H9/g H9/g Ha/g H9/g H9/g Ha/g H9/g

Min. 6.46 0.40 0.13 7.24 0.10

gljg) . Max. 13.61 ND 0.68 0.57 18.57 0.29 NA
Mean 8.96 0.52 0.30 12.54 0.19
Min. 0.68 0.29 0.18 7.86 0.10

311:3) Max. 8.66 ND 0.54 6.11 27.62 0.33 NA
Mean 391 0.40 2.45 15.07 0.19
Min. 5.19 0.33 2.28 10.40 0.10

312: 4) Max. 7.55 ND 0.36 6.45 12.30 0.38 NA
Mean 6.37 0.35 437 11.35 0.24
Min. 16.20 0.27 0.71 11.10 0.35

ﬁgj) Max. 22.71 ND 0.45 132 11.91 0.50 NA
Mean 19.45 0.36 1.02 11.50 0.43
Min. 1.00 1.84 16.91 0.10

ggzj)' Max. 42.82 ND 1.27 2.74 41.35 0.10 NA
Mean 1.14 2.29 29.13 0.10
Min. 1.96 0.46 0.40 1.50 0.10

E;f: 5) Max. 9.92 ND 1.21 1.68 5.47 0.21 NA
Mean 6.07 0.63 0.72 2.47 0.12

E;fl) Min./Max./Mean | 9.06 ND 1.28 1.53 10.00 0.350 NA
Min. 0.68 0.27 0.13 1.50 0.100

81\::;8;1 Max. 42.82 ND 1.28 6.45 41.35 0.500 NA
Mean 10.15 0.60 4.60 11.62 0.203

* Sample size
CCU; = lower Cold Creek unit
CCU,

upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
Hla = Hanford formation, unit Hla
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

NA  =not analyzed
ND =not detected

Ry =Ringold Formation, Member of Taylor Flats

Ruie = Ringold Formation, Member of Wooded Island, unit E
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Table 7-18. Ranges and Means of Selected Water Extract Anions in Terms of Dry Sediment (ug/g soil)
for Boreholes 299-W22-48 and 299-W22-50 (2 pages)

. . . Nitrate Nitrite Fluoride Chloride Sulfate Phosphate Carbonate
Stratigraphic Unit
Hg/g Hg/g Ha/g Hg/g Ha/g Hg/g Hg/g

Min. 0.36 0.39 0.13 7.23 0.100

gllzama Max. 13.61 ND 0.74 4.86 20.52 0.330 NA
Mean 3.25 0.60 1.03 13.89 0.158
Min. 0.25 0.28 0.18 7.86 0.100

21:6) Max. 8.66 ND 0.54 9.34 35.73 0.330 NA
Mean 251 0.40 3.10 18.08 0.150
Min. 5.19 0.33 228 10.40 0.100

512: 9) Max. 29.79 ND 0.51 32.83 29.79 0.380 NA
Mean 13.10 0.41 10.95 20.29 0.214
Min. 6.32 0.27 0.71 9.63 0.160

(Cnig) Max. 22.71 ND 0.47 2.35 18.30 0.500 NA
Mean 16.64 0.40 1.60 12.73 0.303
Min. 12.01 0.86 1.84 16.91 0.100

(CnC:?l3J)1 Max. 42.82 ND 1.27 3.72 41.35 0.160 NA
Mean 27.41 1.04 2.77 27.39 0.120
Min. 1.96 0.46 0.40 1.50 0.100

g{f:g) Max. 11.51 ND 1.21 5.04 8.62 0.210 NA
Mean 6.98 0.74 1.36 3.35 0.120

ﬁlw;el) Min./Max./Mean | 9.06 ND 1.28 1.53 10.00 0.350 NA
Min. 0.25 0.27 0.13 1.50 0.100

Overall

(n=48) Max. 42.82 ND 1.28 32.83 41.35 0.500 NA
Mean 7.78 0.59 3.04 14.27 0.173

 Sample size

CCU; = lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1
Hla
H2
NA
ND
Ry
Rwie

= Hanford formation, unit H1; equivalent to upper sand-dominated

= Hanford formation, unit Hla
= Hanford formation, unit H2; equivalent to middle sand-dominated
= not analyzed

not detected

= Ringold Formation, Member of Taylor Flats
= Ringold Formation, Member of Wooded Island, unit E
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Carbon solid analysis results are listed in Tables 7-19 and 7-20 for boreholes 299-W22-48

and 299-W22-50, respectively; the calculated calcium carbonate equivalent is also presented in
the last column. The distributions of inorganic and organic carbon content (wt%) for the

two boreholes are summarized as ranges and means by stratigraphic unit in Table 7-21, and
graphed as box plots in Figure 7-4. In general, the calcium carbonate values from the Hanford
formation, ranging from 1 to 3 wt%, are typical for those reported elsewhere (Last et al. 1989).
Samples from borehole 299-W22-48 in the CCU; subunit between 44.4 and 44.8 m (146 and

146 ft) bgs have naturally high calcium carbonate (up to 40 wt%) due to pedogenic alteration and
secondary cementation with calcium carbonate. The calcium carbonate content decreases
sharply again in the underlying R for borehole 299-W22-48. The calcium carbonate equivalents
are low for all samples in borehole 299-W22-50 except for the samples from the depths at 41.2 to
43 m (135 to 141 ft) bgs. Though not supported by the data listed in Table 7-20, geologist
descriptions (Appendices A and B of Serne et al. 2002) in combination with the geophysical log
(Figure 7-2) indicate the presence of a carbonate-rich zone at a depth of about 42.1 to 43.5 m
(138 to 143 ft) bgs.

The method used to measure organic carbon relies upon subtracting the inorganic carbon from
the total carbon in the samples. The low values for organic carbon are within the ranges
generally reported for Hanford formation sediment, but a more sensitive method should be
adapted if more accurate values are desired.

7.1.1.4  Mineralogy at Boreholes 299-W22-48 and 299-W22-50

The mineralogy of the bulk sediment as well as the silt- and clay-sized fraction at the selected
depths from boreholes 299-W22-48 and 299-W22-50 was determined by x-ray diffraction
(XRD) techniques. The semi-quantitative mineralogical distributions for both boreholes are
listed in Tables 7-22 and 7-23 for the bulk sediment and the clay fraction, respectively.

The results for both boreholes are very similar. Aside from the differences in the amount of
calcite present in the CCUj subunit between the two boreholes, the overall XRD-determined
mineralogy for a given geologic unit is almost identical (Serne et al. 2002).

Sediment in both boreholes was largely dominated by quartz (approximately 45 to 95%),
plagioclase feldspar (approximately 10 to 20%), and alkali feldspar (approximately 20 to 40%).
Minor amounts of mica, chlorite, and amphibole were also detected in the samples. The CCU
caliche (44.4 to 44.8 m [146 to 149 ft] bgs) in borehole 299-W22-48 is predominantly composed
of calcite (approximately 40%). Lesser mineral constituents include quartz (approximately 20 to
25%), plagioclase feldspar (approximately 10 to 20%), and potassium feldspar (<10%)

(Serne et al. 2002).
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Table 7-19. Carbon Solid Content for Core Samples
from Borehole 299-W22-48
Depth Total Inorganic Organ_ic Carbon | Inorganic Carbon
Sample ID P Carbon | Carbon by Difference as CaCO;
% % % %
Hanford formation, H1a Unit
B8812-29.5 29.5 0.18 0.16 0.02 1.33
B8812-32 32 0.14 0.10 0.04 0.83
B8812-39.5 39.5 0.24 0.21 0.03 1.75
Hanford formation, H1 Unit
B8812-47 47 0.20 0.15 0.05 1.25
B8812-56 56 0.28 0.22 0.06 1.83
B8812-74.5 74.5 0.30 0.25 0.05 2.08
Hanford formation, H2 Unit
B8812-91.5 91.5 0.26 0.22 0.04 1.83
B8812-101.5 101.5 0.43 0.39 0.04 3.25
B8812-106.5 106.5 0.25 0.22 0.03 1.83
B8812-115.5 115.5 0.27 0.26 0.01 2.17
Upper Cold Creek Unit (CCU,)
B8812-136 136 0.40 0.35 0.05 2.92
B8812-143.5 143.5 0.52 0.44 0.08 3.67
Lower Cold Creek Unit (CCU))
B8812-146 146 4.78 4.60 0.17 38.37
B8812-148.5 148.5 4.64 4.56 0.08 38.00
Ringold Formation, Member of Taylor Flats
B8812-151 151 0.16 0.13 0.03 1.08
B8812-163.5 163.5 0.12 0.09 0.03 0.75
B8812-170 170 0.15 0.13 0.02 1.08
B8812-172.5 172.5 0.15 0.14 0.01 1.17
B8812-187 187 0.02 0.01 0.01 0.08
Ringold Formation, Member of Wooded Island, Unit E
B8812-192 192 o002 oo 0.01 0.08

 Multiply by 0.3048 to convert feet to meters.
CaCO; = calcium carbonate
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Table 7-20. Carbon Solid Content for Core Samples
from Borehole 299-W22-50

Depth Total Inorganic Organ_ic Carbon | Inorganic Carbon
Sample ID ft 2 Carbon Carbon by Difference as CaCO;
% % % %

Hanford formation, H1a Unit
B8814-20 20 0.28 0.23 0.05 1.92
B8814-22.5 22.5 0.29 0.25 0.04 2.08
B8814-25 25 0.21 0.14 0.07 1.17
B8814-27.5 27.5 0.21 0.17 0.04 1.42
B8814-30 30 0.23 0.19 0.04 1.58
B8814-32.5 32.5 0.18 0.13 0.05 1.08
B8814-35 35 0.23 0.18 0.05 1.50
B8814-37.5 37.5 0.23 0.19 0.04 1.58
B8814-40 40 0.22 0.19 0.03 1.58
B8814-42.5 42.5 0.26 0.21 0.05 1.75
B8814-45 45 0.28 0.22 0.06 1.83
B8814-47.5 47.5 0.29 0.24 0.05 2.00
B8814-51 51 0.27 0.23 0.04 1.92
B8814-52.5 52.5 0.21 0.18 0.03 1.50

Hanford formation, H1 Unit
B8814-55 55 0.26 0.20 0.06 1.67
B8814-56 56 0.25 0.23 0.02 1.92
B8814-60 60 0.32 0.29 0.03 242

Hanford formation, H2 Unit
B8814-67.5 67.5 0.27 0.22 0.05 1.83
B8814-76 76 0.23 0.21 0.02 1.75
B8814-96 96 0.26 0.24 0.02 2.00
B8814-111 111 0.36 0.31 0.05 2.58
B8814-115 115 0.31 0.25 0.06 2.08

Upper Cold Creek Unit (CCU,)
B8814-130 130 0.43 0.35 0.08 2.92
B8814-135 135 0.49 0.40 0.09 3.33
Lower Cold Creek Unit (CCU))
B8§14-141 141 1.00 0.92 | 0.08 7.67
Ringold Formation, Member of Taylor Flats

B8814-150.5 150.5 0.10 0.07 0.03 0.58
B8814-160.5 160.5 0.08 0.04 0.04 0.33
B8814-174 174 0.03 0.00 0.03 0.00

* Multiply by 0.3048 to convert feet to meters.
CaCOj; = calcium carbonate
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Table 7-21. Ranges and Means of Carbon Solid Content for Core Samples
from Boreholes 299-W22-48 and 299-W22-50

Total Inorganic | Organic Carbon | Inorganic Carbon
Stratigraphic Unit Carbon Carbon by Difference as CaCOg;
% % % %

Min. 0.14 0.10 0.02 0.83
Hla
(n=17) * Max. 0.29 0.25 0.07 2.08

Mean 0.23 0.19 0.04 1.58

Min. 0.20 0.15 0.02 1.25
Hl_ Max. 0.32 0.29 0.06 242
(n=6)

Mean 0.27 0.22 0.05 1.86

Min. 0.23 0.21 0.01 1.75
H2_ Max. 0.43 0.39 0.06 3.25
(n=9)

Mean 0.29 0.26 0.04 2.15

Min. 0.40 0.35 0.05 2.92
CC_U“ Max. 0.52 0.44 0.09 3.67
(n=4)

Mean 0.46 0.39 0.08 3.21

Min. 1.00 0.92 0.08 7.67
CC_UI Max. 4.78 4.60 0.17 38.37
(n=3)

Mean 347 3.36 0.11 28.01

Min. 0.02 0.00 0.01 0.00
R‘f_ Max. 0.16 0.14 0.04 1.17
(n=8)

Mean 0.10 0.08 0.03 0.63
ﬁffl) Min/Max./Mean | 0.12 0.09 0.03 0.75

Min. 0.02 0.00 0.01 0.00
Overall
(n=48) Max. 4.78 4.60 0.17 38.37

Mean 0.44 0.40 0.05 3.32

* Sample size

CaCOs; = calcium carbonate

CCU; =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
Hla = Hanford formation, unit Hla

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
Ry = Ringold Formation, Member of Taylor Flats

Ruie = Ringold Formation, Member of Wooded Island, unit E
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Table 7-22. Semi-Quantitative Mineral Content (wt%o) for Bulk Sediment Samples
from Boreholes 299-W22-49 and 299-W22-50

Well ID Stratlng:]riz:phlc Sample ID D?tp at h Quartz | K-Feldspar | Plagioclase | Calcite
Hla B8812-39.5 | 39.5 60 <5 20 ND
H1 B8812-47 47 20 <5 15 10
o B8812-91.5 | 91.5 45 40 15 ND
B8812-101.5 | 101.5 95 <5 20 ND
299-W22-48
CCU, B8812-136 136 80 30 10 ND
B8812-146 146 25 <5 10 40
CCy,
B8812-148.5 | 148.5 25 10 20 40
Ry B8812-163.5 | 163.5 65 20 10 ND
Hla B8814-50 50 60 10 25 ND
H1 B8814-60 60 45 10 25 ND
H2 B8814-116 116 45 15 30 ND
299-W22-50
CCU, B8814-135 135 60 5 15 ND
CCy, B8814-140 140 60 10 15 ND
Ry B8814-160.5 | 160.5 50 10 30 ND

* Multiply by 0.3048 to convert feet to meters.
CCU; = lower Cold Creek unit
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
Hla = Hanford formation, unit Hla
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

ND = not detected
Ry = Ringold Formation, Member of Taylor Flats
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Table 7-23. Semi-Quantitative Mineral Content (wt%o) in the Clay Fraction
from Boreholes 299-W22-49 and 299-W22-50

Unit \ Sample ID \ Quartz \ Feldspar \ Calcite | Smectite \ llite | Chlorite \ Kaolinite

Borehole 299-W22-48

Hla B8812-39.5 | <5 <5 Tr 25 20 15 <5

H1 B8812-47 <5 <5 5 10 10 10 <5

- B8812-91.5 | <5 <5 Tr 20 35 20 <5

B&812-101.5 | 10 <5 Tr 25 35 35 10

CCU, B8812-136 | 10 <5 Tr 20 30 20 10

ccu; B8812-146 | <5 <5 40 15 10 10 <5

B8812-148.5 | <5 <5 40 <5 10 <5 <5

Ry B8812-163.5 | 10 <5 ND 30 50 30 <5
Borehole 299-W22-50

Hla B8814-50 5 <5 10 30 15 10 10

HI B8814-60 5 5 25 5 15 10 10

H2 B&814-116 10 <5 Tr 30 30 35 10

CCu, B8814-135 5 <5 <5 30 30 30 10

CCu, B8814-140 | 10 <5 <5 15 10 10 5

Ry B8814-160.5 | 5 5 Tr 10 15 15 10

CCU; = lower Cold Creek unit
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
Hla = Hanford formation, unit Hla

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
ND  =not detected

Ry =Ringold Formation, Member of Taylor Flats

Tr = trace

The clay fraction of sediment samples from both boreholes is dominated by the following four
major clay minerals: smectite, illite, chlorite, and kaolinite. Overall, smectite ranged in
concentration from 10 to 30 wt%, illite ranged from approximately 10 to 50 wt%, and chlorite
concentrations were a little less (approximately 5 to 35 wt%). Minor amount of kaolinite
(approximately 5 to 10%) were also detected. Quartz, feldspar, and amphiboles made up less
than approximately 15 wt% of the clay fraction. Approximately 40 wt% calcite was detected in
the clay fraction from the CCU; subunit (44.4 and 45.1 m [146 and 148.5 ft] bgs) in borehole
299-W22-48, which is consistent with the amount of calcium carbonate measured via inorganic
carbon analysis. Less calcite (approximately 25 wt%) was observed within the CCU; subunit in
borehole 299-W22-50. Details of the XRD analysis results are reported in Serne et al. (2002).
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7.1.2 Vadose Zone Characterization of Waste Management Areas T and TX-TY

This section summarizes the vadose zone characterization data collected on sediment from the
background samples from borehole 299-W10-27 and 299-W11-39 (Figure 5-11). Only four
samples were available from 299-W11-39, so the discussion is mainly focused on borehole
299-W10-27. Information on the borehole or probe hole sediments presented in this section
includes moisture content, pH, and EC of 1:1 sediment:water extracts, and measurements of
major water extract cations and anions. More detailed descriptions of the logging tools and data
analysis for borehole 299-W10-27 are presented in Lindsey et al. (2001b) and Characterization
of Vadose Zone Sediments Below the TX Tank Farm: Boreholes C3830, C3831, C3832 and
RCRA Borehole 299-W10-27 (Serne et al. 2004).

7.1.2.1  Geology at Boreholes 299-W10-27

Geologic description for borehole 299-W10-27 was performed in May 2001 by Kennedy / Jenks
Consultants, Inc. Geologic descriptions and logs for this hole are presented in
Lindsey et al. (2001Db).

Borehole 299-W10-27 (C3125) was drilled using the cable-tool method between January 22 and
March 13, 2001. The borehole is located approximately 650 ft (200 m) northeast of TX tank
farm (Figure 5-11). Total depth of the borehole is 268.7 ft (81.9 m) bgs; the hole terminated
within the Ringold unit E gravels at 81 ft (25 m) bgs.

Near-continuous core sampling was performed between 50 to 132 ft bgs (Lindsey et al. 2001b),
for a total of 33 splitspoon core runs. Two 1.0-ft long plastic (i.e., Lexan') core liners were
collected for each 2.5-ft splitspoon run. The extra 0.5 ft collected in the shoe of the splitspoon
was used for geologic description in the field geologist’s log. Generally, after performing a
geologic description, the core material in the shoe was discarded. Accounting for the loss of the
0.5-ft shoe samples and slough atop many of the cores, the total recovery for the 50- to 132-ft
interval in borehole 299-W10-27 is estimated at 89.8% (Lindsey et al. 2001b). Sampling above
50 ft bgs was limited to core-barrel grab samples every 5 ft; while below 132 ft bgs, grab
samples were collected every 5 ft from the hard-tool drill cuttings. An additional three
splitspoon cores were collected between hard-tooled intervals from the saturated zone within
Ringold unit E gravels.

Core logging was performed by Kennedy / Jenks Consultants, Inc. at the PNNL 3720 Building
laboratory on May 16, 2001; core logs are presented in Appendix A of Lindsey et al. (2001b).
Geologic logging and sampling for gravimetric moisture occurred after each core segment was
cut and split open, logged, and photographed. During logging, PNNL staff also collected

20 samples for paleomagnetic analysis (Table 7-24). Selected cores from 299-W10-27 were
reopened 20 months later and 9 subsamples were collected for physical and chemical
characterization (Table 7-25).

Figure 7-7 presents a summary geologic log for borehole 299-W10-27 based on a compilation of
field geologists’ logs, core log notes (Appendix A of Lindsey et al. 2001b), geophysical logs, and
gravimetric moisture measurements. Four primary stratigraphic units were encountered in this

! Lexan is a registered trademark of the General Electric Company, Schenectady, New York.
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borehole: 1) recent backfill/eolian materials, 2) the Hanford formation, 3) the CCU, and 4) the
Ringold Formation. A brief description of the sampled materials from each of these major
stratigraphic units is presented below.

7.1.2.1.1 Recent Backfill/Eolian Materials. Less than 2 ft of sandy gravel surface
construction material covers the surface at borehole 299-W10-27. This material lies over about
0.9 m (3 ft) of eolian silty sand that exists to a depth of 1.37 m (4.5 ft) bgs.

7.1.2.1.2 Hanford formation. Pleistocene cataclysmic flood deposits of the Hanford
formation underlie the recent sediments to a depth of 89.4 ft in borehole 299-W10-27.

Both units of the Hanford formation in the area (Wood et al. 2001) are represented, including a
coarse-grained, gravel-dominated sequence (H1 unit) and an underlying finer, sand-dominated
sequence (H2 unit). The H1 unit, which extends from 4.5 to 41.5 ft bgs, consists of mostly
poorly-sorted, clast-supported sandy gravel to silty sandy gravel. The H2 unit, on the other hand,
is predominantly medium- to coarse-grained sand to slightly pebbly sand, which extends to a
depth of 89.4 ft bgs. The term “salt and pepper” is often used to describe sands of the H2 unit on
geologic logs due to the roughly equal amounts of dark (basaltic) and light colored (quartz and
feldspar) grains. These beds show occasional weak horizontal laminations and are generally
non-calcareous to weakly calcareous. A few, relatively thin, low permeability, well-sorted,
fine-grained layers of laminated fine to silty fine sand are interspersed within the H2 unit.

No samples were analyzed for physical and chemical characterization from the Hanford
formation, H1 unit because no splitspoon samples were collected from this unit.

Three characterization samples were obtained from the Hanford formation, H2 unit (Table 7-25).
These were selected from finer-grained lenses within the H2 unit, as these typically contain more
moisture, and thus may have a higher probability for carrying contaminants. The clastic dike
showed relatively high moisture (approximately 15 wt%) compared to adjacent strata

(Figure 7-7).

A thin zone of steeply dipping (>45°) beds of silty fine sand, which occurs between 70 and 71 ft,

is suggestive of a clastic dike within the H2 unit in borehole 299-W10-27. A clastic dike at this
depth was reported in association with sampling for paleomagnetism (Table 7-24).
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Table 7-24. Core Samples Collected from 299-W10-27 for

Paleomagnetic Analysis on May 16, 2001

f?%%tsha Straﬂ?ﬁriz:phlc Sample Description
50.8 H2 Medium sand, loose, well-sorted
53.3 H2 Fine sand, compact, versus well-sorted, moist
54.0 H2 Fine to medium sand, laminated
58.0 H2 Medium to coarse sand, loose, well-sorted
61.2 H2 Fine to medium sand, compact, moderately sorted
64.0 H2 Fine to coarse sand, loose, moderately sorted
68.3 H2 Fine to coarse sand, compact, moderately sorted
70.7 H2 Silty fine sand, weak lamination, compact, dipping >45° (clastic dike)
74.0 H2 Fine to coarse sand, compact, moderately sorted
78.0 H2 Fine to medium sand, moderately sorted, weakly laminated
80.8 H2 Fine to medium sand, moderately sorted, weakly laminated
83.0 H2 Silty fine to medium sand, compact, poorly-sorted, laminated
85.7 H2 Silty fine to medium sand, compact, poorly-sorted, laminated
88.3 H2 Silty very fine sand, well laminated, well-sorted
90.7 CCU, Fine sandy silt, compact, laminated, versus well-sorted
933 CCU, Silty very fine sand, weakly laminated, compact, versus well-sorted
95.5 CCU, Silty very fine sand, massive to weakly mottled, well-sorted
97.8 CCU, Silty fine sand, massive, few CaCO; nodules (just above caliche)
105.6 CCU, Fine pebbly silty sand, massive, versus poorly-sorted, crumbly, mottled
108.1 CCU, Fine pebbly silty sand, massive, versus poorly-sorted, crumbly, mottled

# Multiply by 0.3048 to convert feet to meters.
CaCOs; = calcium carbonate

CCU; =lower Cold Creek unit

CCU, =upper Cold Creek unit (Cold Creek fine-grained unit)
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
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Table 7-25. Splitspoon Samples Selected for Physical and Chemical Characterization
from the Vadose Zone in 299-W10-27

Discrete Sample Stratiaraohic
Sample ID Depth Lithology grap Comments
a Unit
ft bgs
C3125-52.5 533 Silty fine sand H2
C3125-53.5 542 Silty fine-medium | 1,
sand
C3125-61 61.2 Silty fine-coarse |
sand

C3125-87.5 88.2 Silty fine sand H2
C3125-92.5 93.0 Silty fine sand CCU,
C3125-100 100.5 Sandy caliche CCUy,
C3125-113.5 114.0 Fine-medium sand Ry
C3125-117.5 118.5 Silt and sand Ry Clastic dike within R
C3125-130 130.2 Muddy sandy gravel | Ry; unit

* Multiply by 0.3048 to convert feet to meters.

CCU; =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

R = Ringold Formation, Member of Taylor Flats

Ry = Ringold Formation, Member of Wooded Island
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Figure 7-7. Hydrogeologic Log for Borehole 299-W10-27
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The location of 299-W10-27 is shown in Figure 5-11.
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7.1.2.1.3 Cold Creek unit. The CCU is subdivided into the upper and lower subunits within
the TX tank farm as well as within the greater 200 West Area (DOE-RL 2002). The CCU,
consists of a brownish, well-sorted, unconsolidated fine-grained unit, which sharply overlies the
CCUj, characterized as a calcic paleosol or sequence of paleosols. A distinct contact occurs
between these two highly contrasting units.

7.1.2.1.3.1. Upper Cold Creek Subunit. The CCU, (2.6 m [8.6 ft] thick) underlies the
basalt-rich, “salt and pepper” sands of the Hanford formation in borehole 299-W10-27 between
27.2 m (89.4 ft) and 29.9 m (98 ft) bgs. This unit consists of a brownish, laminated to massive,
compacted and very well-sorted, silty fine sand to fine sandy silt. This unit is also relatively
unconsolidated and moderately to strongly calcareous. The uncemented nature of this unit
suggests the calcium carbonate is probably of detrital origin instead of that forming
pedogenically in situ, as did carbonate in the underlying CCU,. Also characteristic of this unit is
its relatively high natural gamma activity and increased moisture on the neutron-moisture log,
compared to adjacent units. The average moisture content (approximately 12 wt%) for the CCU,
is significantly greater than that of the Hanford formation (Figure 7-7). A single sample was
collected for laboratory characterization from near the top of the CCU, at 100.5 ft bgs

(Table 7-25; Figure 7-7).

7.1.2.1.3.2. Lower Cold Creek Subunit. The CCU; extends from 98 to 112 ft (30 to 34 m) bgs in
borehole 299-W10-27. Characteristics of the CCU; are the abundance of white, secondary
calcium carbonate cement, massive to mottled structure with evidence for bioturbation, and low
to erratic natural gamma activity on geophysical logs (DOE 1988; Bjornstad 1990;

Wood et al. 2001). Two highly cemented calcic horizons are present within the 14-ft thick calcic
paleosol sequence in 299-W10-27 (Lindsey et al. 2001b). One highly cemented zone

(Stage III-IV as described in DOE-RL 2002) occurs from the top of the CCU; at 98 to 112 ft

(30 to 34 m) bgs; the other lies at the base of CCUj between 109.3 to 111 ft (33.3 to 33.8 m) bgs.
In between these two zones are more weakly developed Stage I-1I calcic horizons. A single
sample, near the top of the CCU; (100.5 ft [30.6 m] bgs), was collected from the CCUj in
borehole 299-W10-27 for laboratory characterization (Table 7-25).

7.1.2.1.4 Ringold Formation. The Ringold Formation is present from about 112 ft (34 m) bgs
to the bottom of borehole 299-W10-27 (268.7 ft [82 m] bgs). Predominantly sand to pebbly sand
makes up the upper 12 ft of the Ringold Formation, which is considered part of the Ry

(Table 5-4). The remaining 144 ft of borehole 299-W10-27 is predominantly clast-supported
sandy gravel to silty sandy gravel, considered part of the Ry (Lindsey et al. 2001b).

Three characterization samples were collected from the Ringold Formation. These included one
from the Ry (114.0 ft bgs), one from a clastic dike within the Ry (118.5 ft bgs), and one from the
Ryi subunit (130 ft bgs) (Table 7-25).

7.1.2.2  Geophysical and Moisture Content Measurements at Borehole 299-W10-27

Based on the results of geophysical logging, no anthropogenic contaminants were detected in
borehole 299-W10-27 (Lindsey et al. 2001b). Geophysical logging (Figure 7-7) shows a sharp
increase in total gamma and neutron-moisture activity at a depth of 56 ft where the casing
telescopes down from a double to a single string of temporary steel casing. These casings were
advanced during drilling of the hole and used to keep it open for geophysical logging and
subsequent well installation. At depth, the total gamma count rate increases again between
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90 and 96 ft bgs within the silts and fine sands of the CCU,, before dropping very sharply at the
contact with the CCUj (i.e., top of the calcic paleosol sequence).

The moisture content of the sediment from the sleeves from the section of borehole 299-W10-27
that was continuously cored (15.2 to 40.2 m [50 to 132 ft] bgs) is listed in Table 7-26 and
presented as a graph in Figure 7-7. Figure 7-7 shows both the field volumetric moisture obtained
via neutron logging and the gravimetric moisture content of small aliquots of sediment taken
during the geologic description activities. The moisture content profile correlates with the
lithology described in Section 7.1.2.1 and shown in Figure 7-7. The first region with elevated
moisture in the Hanford H2 unit is the thin mud lens at 52 to 54 ft bgs (15.8 to 16.5 m). There is
one other elevated moisture content spot in the H2 unit that appears to be a clastic dike at

70 ft bgs (21.3 m). The rest of the Hanford H2 unit is rather dry with a mean gravimetric
moisture content of 3.9 wt%. Both the CCU, (fine-grained) and the CCU; (carbonate-rich) are
wetter than the Hanford unit and the Ringold units that lie below the CCU,. Both Cold Creek
lithologies have moisture contents that average between 11 and 12 wt%. The wettest sediment is
found at the bottom of the CCUj at 110 ft bgs (33.5 m) with 23.74 wt% water. There also
appears to be a deep clastic dike manifesting itself in the Ry at 120 ft bgs (36.6 m).

Excluding this wet sample, the Ry has an average moisture content of 3.4 wt%. Zones of
elevated moisture occur within the CCU and Ry between 90 and 120 ft bgs in borehole
299-W10-27 (Figure 7-7). Moisture ranged from as low as 2.2 wt% in pebbly sand facies of the
Hanford formation, H2 unit up to 23.7 wt% in fine-grained facies of the CCU;. In summary,
highest moisture occurs: 1) toward the top of the CCU, between 90 and 95 ft (27.4 to 29 m) bgs,
2) along the contact between the CCU, and CCUj at approximately 98 ft (30 m) bgs, 3) at the
base of the CCUj at approximately 110 ft (33.5 m) bgs, and 4) within a fine-grained clastic dike
at 120 ft (36.6 m) bgs.

7.1.2.3  Soil Water Chemistry Measurements at Borehole 299-W11-39 and 299-W10-27

The moisture content, pH, EC, and total alkalinity for the water extracts of the core samples are
shown in Table 7-27, and illustrated in Figures 7-8 and 7-9. The pH is plotted as measured in the
1:1 sediment:water extracts but the EC is corrected for dilution and plotted as if it was actual
porewater.

The pH profile shows the highest values (approximately 7.5) at the bottom of the CCUj that is
enriched in calcium carbonate, and at the bottom two samples of the Ry. These two water
extracts also show the highest values for EC and total alkalinity. The sample in the Ryrat 113 ft
bgs shows the lowest pH and EC values. During the SX tank farm characterization, two
uncontaminated boreholes, 299-W22-48 and 299-W22-50, were cored and fully characterized.
The pH and EC data for 299-W10-27 sediments agree more closely with the data for
299-W22-48 than 299-W22-50 (Tables 7-3 and 7-4).
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Table 7-26. Moisture Content (wt%) of Sediment Samples

from Borehole 299-W10-27

Depth _ Moisture Depth _ Moisture
ft bgs ® Lithology Content ft bgs ° Lithology Content
wt% wt%

— H1 No samples | 83.5 H2 341
50 H2 2.23 85 H2 3.67
51 H2 2.75 86 H2 3.07
52.5 H2 14.80 87.5 H2 7.35
535 H2 9.61 88.5 H2 5.31
55 H2 2.52 90 CCU, 10.81
56 H2 243 92.5 CCU, 8.66
57.5 H2 2.92 95 CCU, 14.66
58.5 H2 244 96 CCU, 9.94
60 H2 3.27 97.5 CCU, 15.53
61 H2 6.88 100 CCU, 7.25
62.5 H2 5.60 102.5 CCU, 10.27
63.5 H2 2.83 105 CCU, 7.48
65 H2 4.58 106 CCU, 6.87
66 H2 4.61 107.5 CCU, 8.09
67.5 H2 5.05 110 CCU, 23.74
68.5 H2 4.48 112.5 Ry 3.40
70 H2 14.12a 113.5 Ry 3.08
71 H2 3.52 115 Ry 3.63
72.5 H2 3.78 116 Ry 2.71
73.5 H2 4.67 117.5 Ry 6.05
75 H2 4.57 120 Ry 11.84
71.5 H2 5.00 121 Ry 237
78.5 H2 3.34 122.5 Ry 3.66
80 H2 3.37 123.5 Ry 1.95
81 H2 2.93 — R.,; unit No samples
82.5 H2 3.12

* Multiply by 0.3048 to convert feet to meters.

CCU; =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

Ry = Ringold Formation, Member of Taylor Flats
R,; = Ringold Formation, Member of Wooded Island
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Table 7-27. Moisture Content, Water Extract pH, Calculated Porewater
Electrical Conductivity, and Total Alkalinity Values for Core Samples
from Boreholes 299-W11-39 and 299-W10-27

Sample ID Mid—DeBth Dilution Moisture 1:1 pH Pore EC Alkalinity °
ft bgs Factor % mS/cm mg CaCO-/L
Borehole 299-W11-39
Hanford formation, H2 Unit
C3117-49.5 49.5 127.88 0.79 7.00 64.32 6583.2
C3117-60.5 60.5 123.97 0.82 7.51 46.98 10309.0
C3117-78 78 2891 3.68 7.17 13.44 1305.0
Upper Cold Creek Unit (CCU,)
C3117-92° 92 53.17 196 735 | 1067 1958.5
Borehole 299-W10-27
Hanford formation, H2 Unit
C3125-53.3 53.3 140.60 0.74 7.18 21.93 7461.1
C3125-53.5 53.5 159.89 0.63 7.08 21.90 7724.5
C3125-61 61 144.07 0.69 7.16 21.47 6732.3
C3125-88.3 88.3 117.51 0.88 7.27 19.39 7631.6
Upper Cold Creek Unit (CCU,)
C3125-92.5 | 925 9949 105 733 [1532 | 6855.188
Lower Cold Creek Unit (CCU,))
C3125-100 | 100 9620 105 747 1772 | 7626315
Ringold Formation, Member of Taylor Flats
C3125-113.5°¢ 113.5 174.45 0.57 6.89 13.17 5911.9
C3125-117.5 117.5 148.99 0.67 7.37 25.33 11327.8
Ringold Formation, Member of Wooded Islanad, Unit E
C3125-130 130 153.07 065 | 740 | 3475 92134
* Multiply by 0.3048 to convert feet to meters.

® Total alkalinity at pH 4.5

¢ Average of duplicates

CaCOj; = calcium carbonate

EC

= electrical conductivity
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Figure 7-8. Moisture Content, 1:1 pH, and Calculated Porewater
Electrical Conductivity for Borehole 299-W10-27
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Figure 7-9. 1:1 Sediment:Water Extract Carbonate and Alkalinity (as Carbonate)
Contents from Borehole 299-W10-27 (ug/g dry sediment)
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Table 7-28 shows the water-leachable concentrations of divalent and monovalent cations, in
units of pg/g of dry sediment, for the background borehole 299-W10-27. Distributions of
several of the major cations versus depth are shown in Figures 7-10 and 7-11. Distributions of
water extract cations are summarized as ranges and means in Table 7-29. Depth profiles for the
divalent alkaline earth cations magnesium, barium, and strontium show higher values leach from
the carbonate-rich CCUj sediment, which is expected as these cations form moderately soluble
carbonates. The Ringold sediments show slightly elevated water-leachable divalent cations,
except calcium, suggesting that carbonate coatings on the grains or detrital carbonates are present
in these geologically old sediments. The shallow R sample shows the lowest water-leachable
divalent and monovalent cations but the highest water-leachable iron and manganese, suggesting
that this sample may contain iron and manganese oxide coatings instead of carbonates.

The fine-grained Cold Creek mud sediment at 92.5 ft bgs appears to contain some water-
leachable phosphorous and the Ry, unit gravel contains elevated levels of soluble sulfur, perhaps
indicating the presence of gypsum.

The 1:1 sediment:water extract anion composition in units of pg/g of dry sediment is shown in
Table 7-30 and Figure 7-12, and further summarized by stratigraphic unit in Table 7-31.

Two samples show high water-leachable fluoride, the calcium carbonate-rich CCUj sediment at
100 ft (30.5 m) bgs and the Ry,; unit at 130 ft (39.6 m) bgs. At the SX tank farm, it was also
observed that sediments enriched in calcium carbonate contained numerous other
water-leachable solutes (Tables 7-14 and 7-15). In general, the water extracts for both Cold
Creek samples show slightly elevated concentrations of water-leachable carbonates likely
signifying the higher calcium carbonate contents in sediments in these two lithologies.

Figure 7-9 shows two measurements of inorganic carbon in the 1:1 sediment:water extracts,
concluding that the EC values reported as carbonate are biased high compared to the values
measured by standard alkalinity titration. None of the water extracts contain measurable
amounts of phosphate, nitrite, or bromide.

Table 7-32 shows the total carbon, inorganic carbon, and organic carbon contents of the vadose
zone sediment at selected depths. Table 7-33 summarizes the ranges and means of the carbon
analysis results by stratigraphic unit. The inorganic carbon was also converted to the equivalent
calcium carbonate content. The sediment in the Hanford H2 unit is relatively low in calcium
carbonate (<2 wt%) and organic carbon. The three shallow Hanford H2 unit samples show a
fairly uniform distribution for inorganic carbon between 1.6 and 1.8% as calcium carbonate.
The deeper Hanford H2 unit shows slightly more calcium carbonate. The fine-grained CCU,
mud sample contains approximately 2.6 wt% calcium carbonate.

The coarser-grained CCUj contains significant quantities (approximately 25 wt%) of calcium
carbonate and low organic carbon content. The samples from the Ry show highly variable
calcium carbonate contents as a function of depth. The coarse-grained Ry; unit gravel has very
little calcium carbonate and organic carbon. The calcium carbonate content of the CCUj at
borehole 299-W10-27 is less than at 299-W22-48 (38 to 39 wt%) but larger than sediments at
299-W22-50, which contained only 2 to 8 wt%.
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Table 7-28. Selected Water Extract Cations in Terms of Dry Sediment (pg/g soil)
for Boreholes 299-W11-39 and 299-W10-27

Depth Water:Soil Ca Mg Na K Fe Al Cr Sr U-238

Sample ID ;
P ft® Ratio Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g

Borehole 299-W11-39

Hanford formation, H2 Unit

C3117-49.5 | 495 1.009 5191 1223 [1607 [1041 [0013 [ND  |[ND  [0253 | 0.00058

C3117-60.5 | 605 1.014 404 |08 [7246 [417 o056 [0.036 [00013 |0.026 |0.00163

C3117-78 78 1.065 2963 | 1119 [1565 903 [o0o011 [ND  [00009 |0248 | 0.00044
Upper Cold Creek Unit (CCU,)

c3117-92° |92 1.041 | 1886 |405 |11.13 |427 [oo012 |[ND | 00006 |0.088 |[0.00068

Borehole 299-W10-27

Hanford formation, H2 Unit

Is-L

C3125-533 | 533 1.035 1375 [3.11 [729  [344  [oo10 |o013 [ND  [0.061 [0.00107

C3125-53.5 | 535 1.012 1089 [235 [666 |285 |0019 0026 |[ND  [0.056 | 0.00050

C3125-61 61 1.000 1258 [280 [725 418 |oot6 |0020 |[ND  [0.063 | 0.00064

C3125-883 | 883 1.028 1338 [295 [1076 [378 [oo11 |0013 |[ND  [0.067 |0.00146
Upper Cold Creek Unit (CCU,)

3125925 [ 925 | 1.041 | 1318 [288 |934 [330 [o0006 [0027 00010 |0065 [0.0009
Lower Cold Creek Unit (CCU,))

C3125-100 [ 100 [ 1.013 | 1361 |671  |o19 [246 [0005 |[ND |ND  |o0.106 [0.00289

Ringold Formation, Member of Taylor Flats
C3125-113.5° | 1135 | 1.000 325 192|466 |166 0052 [0031 |[ND  [0032 |0.00008
C3125-117.5 | 1175 | 0994 1254 | 654 |[755 251 |0010 | 0003 |0.0006 |0.109 |0.00160
Ringold Formation, Member of Wooded Islanad, Unit E
C3125-130 130 [0997 | 1078 [426  [2530 |613 0031 [0058 |[ND  [o.106 | 0.00069

* Multiply by 0.3048 to convert feet to meters.
® Average of duplicates
ND = not detected
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Figure 7-10. Water Extract Calcium, Potassium, Magnesium, Sodium, and Strontium

in Terms of Dry Sediment (pg/g Soil) from Borehole 299-W10-27
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Figure 7-11. Water Extract Aluminum, Barium, Iron, Silicon, Manganese, Silicon, and Zinc
in Terms of Dry Sediment (ug/g Soil) from Borehole 299-W10-27
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Table 7-29. Ranges and Means of Selected Water Extract Cations in Terms of
Dry Sediment (ug/g soil) for Boreholes 299-W11-39 and 299-W10-27

Stratigraphic Unit Ca Mg Na K Fe Al . Cr Sr U-238

Hg/g Hg/g H9/g Hg/g Hg/g H9/g Hg/g © Hg/g Hg/g

Min. 4.04 0.82 6.66 2.85 0.010 0.013 0.00085 0.026 0.00044

312: 7 Max. 51.91 12.23 72.46 10.41 0.056 0.036 0.00126 0.253 0.00163
Mean 2231 5.06 19.45 541 0.019 0.022 0.00106 0.111 0.00090

Min. 13.18 2.88 9.34 3.30 0.006 0.00064 0.065 0.00068

ES;) Max. 18.86 4.05 11.13 427 0.012 0.027 0.00105 0.088 0.00096
Mean 16.02 3.47 10.23 3.79 0.009 0.00085 0.077 0.00082

ESIJ)' Min./Max./Mean 13.61 6.71 9.19 2.46 0.005 NA NA 0.106 0.00289
Min. 3.5 1.92 4.66 1.66 0.010 0.003 0.00063 0.032 0.00008

E}tf: 2 Max. 12.54 6.54 7.55 2.51 0.052 0.031 0.109 0.00160
Mean 7.90 423 6.11 2.09 0.031 0.017 0.071 0.00084

E:fl) Min./Max./Mean 10.78 426 25.30 6.13 0.031 0.058 ND 0.106 0.00069
Min. 3.25 0.82 4.66 1.66 0.005 0.003 0.00063 0.026 0.00008

83;‘;1 Max. 51.91 12.23 72.46 10.41 0.056 0.058 0.00126 0.253 0.00289
Mean 17.57 4.75 15.64 4.48 0.019 0.025 0.00089 0.098 0.00102

 Sample size

® The sample sizes for aluminum are 5 and 1 in H2 and CCU,, respectively. The overall size is 9.

¢ The sample sizes for chromium are 2 and 1 in H2 and Ry, respectively. The overall size is 5.

CCU; =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)
= Hanford formation, unit H2; equivalent to middle sand-dominated

H2
NA
ND
Ry
Rwie

= not analyzed
= not detected

= Ringold Formation, Member of Taylor Flats

= Ringold Formation, Member of Wooded Island, unit E
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Table 7-30. Selected Water Extract Anions in Terms of Dry Sediment (ug/g soil)
for Boreholes 299-W11-39 and 299-W10-27

Sample ID D:tp;[h Water;SoiI Nitrate | Nitrite | Fluoride | Chloride | Sulfate | Phosphate | Carbonate
Ratio Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g
Borehole 299-W11-39
Hanfiord formation, H2 Unit
C3117-49.5 49.5 1.009 180.95 | 0.081 0.25 2.69 26.03 0.242 50.47
C3117-60.5 60.5 1.014 4476 | 0.081 0.52 7.79 47.45 0.277 81.77
C3117-78 78 1.065 13135 | 0.085 0.38 3.29 32.64 | 0256 42.57
Upper Cold Creek Unit (CCU,)
C3117-92b |92 1.041 | 1359 o083 |o042  [264 | 1608 | 0.276 60.88
Borehole 299-W10-27
Hanford formation, H2 Unit
C3125-53.3 533 1.035 2.89 0.083 0.44 0.64 13.07 0.249 66.62
C3125-53.5 53.5 1.012 2.16 0.081 0.26 0.90 1040 | 0.243 56.74
C3125-61 61 1.000 2.54 0.080 0.25 0.90 11.56 | 0.240 55.74
C3125-88.3 88.3 1.028 131 0.082 0.53 1.66 8.30 0.247 73.41
Upper Cold Creek Unit (CCU,)
3125925 925 | 1041 110 o083 [o031  [o48 804 | 0431 | 8247
Lower Cold Creek Unit (CCU,))
c3125-100 [ 100 | 1.013 o066 o081 [116  [037 670 0243 | 93.63
Ringold Formation, Member of Taylor Flats
C3125-113.5° | 113.5 1.000 0.89 0.080 0.47 0.60 5.05 0.240 50.00
C3125-117.5 117.5 0.994 0.33 0.080 0.64 0.22 3.89 0.239 67.49
Ringold Formation, Member of Wooded Islanad, Unit E
C3125-130 130 0.997 (233 [o080 | 145 257 3967 | 0239 60.55

 Multiply by 0.3048 to convert feet to meters.

b Average of duplicates
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Figure 7-12. Water Extract Major Anions in Terms of
Dry Sediment (ug/g Soil) from Borehole 299-W10-27

RPP-23748, Rev. 0
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Table 7-31. Ranges and Means of Selected Water Extract Anions in Terms of

Dry Sediment (ug/g soil) for Boreholes 299-W11-39 and 299-W10-27

. . . Nitrate Nitrite Fluoride Chloride Sulfate Phosphate Carbonate
Stratigraphic Unit
Hg/g Ha/g Ha/g Ha/g Ha/g Hg/g Hg/g
Min. 1.31 0.080 0.25 0.64 8.30 0.240 42.57
312:7) a Max. 180.95 0.085 0.53 7.79 47.45 0.277 81.77
Mean 52.28 0.082 0.38 2.55 21.35 0.250 61.05
Min. 1.10 0.083 0.31 0.48 8.04 0.276 60.88
gl(::lzj)u Max. 13.59 0.083 0.42 2.64 16.08 0.431 82.47
Mean 7.34 0.083 0.37 1.56 12.06 0.353 71.67
ﬁl(:ﬂlj)l Min./Max./Mean 0.66 0.081 1.16 0.37 6.70 0.243 93.63
Min. 0.33 0.080 0.47 0.22 3.89 0.239 50.00
Eltf=2) Max. 0.89 0.080 0.64 0.60 5.05 0.240 67.49
Mean 0.61 0.080 0.56 0.41 4.47 0.240 58.75
El‘”:iel) Min./Max./Mean 2.33 0.080 1.45 2.57 39.67 0.239 60.55
Min. 0.33 0.080 0.25 0.22 3.89 0.239 42.57
Overall
(n=13) Max. 180.95 0.085 1.45 7.79 47.45 0.431 93.63
Mean 29.60 0.082 0.55 1.90 17.60 0.263 64.79
 Sample size
CU; =lower Cold Creek unit
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

Ry = Ringold Formation, Member of Taylor Flats
Ruie = Ringold Formation, Member of Wooded Island, unit E
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Table 7-32. Carbon Solid Content for the Core Samples from
Boreholes 299-W11-39 and 299-W10-27

Depth Total Inorganic Organ_ic Carbon | Inorganic Carbon
Sample ID ft 2 Carbon | Carbon by Difference as CaCO;
% % % %
Borehole 299-W11-39
Hanford formation, H2 Unit

C3117-49.5 49.5 0.25 0.22 0.04 1.80
C3117-60.5 60.5 0.25 0.18 0.07 1.51
C3117-78 78 0.52 048 0.04 4.03

Upper Cold Creek Unit (CCU,)
C3117-92° 92 0.47 0.40 ‘ 0.07 3.32
Borehole 299-W10-27

Hanford formation, H2 Unit

C3125-53.3 53.3 0.26 0.22 0.04 1.84
C3125-53.5 53.5 0.22 0.20 0.02 1.64
C3125-61 61 0.22 0.21 0.01 1.75
C3125-88.3 88.3 0.35 0.32 0.03 2.68

Upper Cold Creek Unit (CCU,)
C3125-92.5 | 925 041 [o032 | 0.09 | 2.63

Lower Cold Creek Unit (CCU,)
C3125-100 | 100 275 [ 265 | 0.10 | 22.05

Ringold Formation, Member of Taylor Flats

C3125-113.5° 113.5 0.06 0.03 0.03 0.29
C3125-117.5 117.5 1.16 1.05 0.11 8.79
C3125-130 130 0.05 0.08 0.03 0.69

* Multiply by 0.3048 to convert feet to meters.

® Average of duplicates

CaCO; = calcium carbonate
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Table 7-33. Ranges and Means of Carbon Solid Content for Core Samples
from Boreholes 299-W11-39 and 299-W10-27

Total Carbon Inorganic Organic Carbon | Inorganic Carbon
Stratigraphic Unit o Carbon by Difference as CaCO;
? % % %
Min. 0.22 0.18 0.01 1.51
H2_ a Max. 0.52 0.48 0.07 4.03
(n=7)
Mean 0.30 0.26 0.04 2.18
Min. 0.41 0.32 0.07 2.63
CC_U“ Max. 0.47 0.40 0.09 3.32
(n=2)
Mean 0.44 0.36 0.08 2.97
(CnC:IIJ)l Min./Max./Mean | 2.75 2.65 0.10 22.05
Min. 0.05 0.03 0.03 0.29
R Max. 1.16 1.05 0.11 8.79
(n=3)
Mean 0.42 0.39 0.06 3.25
Min. 0.05 0.03 0.01 0.29
Overall 1y 2.75 2.65 0.11 22.05
(n=13)
Mean 0.54 0.49 0.05 4.08

* Sample size

CaCOs; = calcium carbonate

CCU;, =lower Cold Creek unit

CCU, =upper Cold Creek unit (Cold Creek fine-grained unit)

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
Ry = Ringold Formation, Member of Taylor Flats

7.1.2.4  Mineralogy at Borehole 299-W10-27

No detailed mineralogical characterization using XRD and transmission electron microscopy was
performed on the uncontaminated sediments from borehole 299-W10-27 since characterization
from the sediments from other uncontaminated boreholes such as 299-W22-48, 299-W22-50,
and 299-E33-338 has shown very little variation in mineralogy (Serne et al. 2002;

Lindenmeier et al. 2003).

7.1.3 Vadose Zone Characterization of Waste Management Area U
This section summarizes the information currently available on the vadose zone characterization

results for borehole 299-W19-44 near WMA U (Figure 5-2).

Well 299-W19-44 was drilled in August and completed in September 2001 with a cable-tool drill
rig from the surface to a total depth of 272.0 ft (83 m) bgs. The well was advanced using a drive
barrel and splitspoon sampler from the surface to a depth of 153 ft (46.6 m) and by hand tool
from 153 ft to total depth.
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Near-continuous splitspoon samples were collected from the surface to 145 ft (44.2 m) bgs for
characterization of uncontaminated vadose zone sediments. Grab samples for geologic
description and archive were collected every 5 ft (1.5 m) throughout the borehole.

7.1.3.1 Geology at Borehole 299-W19-44

The geology at borehole 299-W19-44 is summarized in this section. The details of well drilling,
sampling, geophysical logging, and the geologist’s log are reported in Borehole Data Package
for Calendar Year 2001 RCRA Wells at Single-Shell Tank Waste Management Area U

(Horton 2002b).

The sediments encountered during drilling were Hanford formation sandy gravel and gravelly
sand (H1) from the surface to approximately 45 ft (13.7 m) bgs, and sand and silty sand (H2)
from 45 to 130 ft (13.7 to 39.6 m) bgs. Sandy silt of the CCU, exists from 130 to 144 ft
(39.6 to 43.9 m) bgs, and the CCU; with caliche from 144 to 147 ft (43.9 to 44.8 m) bgs.

Silty sandy gravel and sandy silty gravel of the Ry exists from 147 ft (44.8 m) bgs to total
depth. The geologist’s log is included in Horton (2002b).

7.1.3.2  Geophysical and Moisture Content Measurements at Borehole 299-W19-44

Separate geophysical logs including gross gamma, naturally occurring radionuclide and
anthropogenic radionuclide, and neutron moisture logs are presented in Appendix C of
Horton (2002b) for borehole 299-W19-44. The moisture content measurements of the 115 core
subsamples are listed in Table 7-34. Horton (2002b) interpreted the increase in apparent
potassium-40 activity from about 13 to 19 pCi/g at about 51 ft (15.5 m) bgs as the top of the
Hanford formation, H2 unit. The increase in thorium-232 activity from about 0.8 to 1.2 pCi/g
and the increase in gross gamma counts from 160 to 190 cps at 130 ft (39.6 m) bgs were
interpreted representing the top of the CCU,. On the basis of low potassium-40 activities, the
carbonate-rich paleosols of the CCUj are interpreted as being between 144 and 147 ft (43.9 to
44.8 m) bgs. The caliche layer with characteristically high uranium content (>1.5 pCi/g) is
present between 145 and 146 ft bgs. The top of the Ringold Formation was picked at 147 ft
(44.8 m) bgs.
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Table 7-34. Moisture Content of Core Samples from
Borehole 299-W19-44 (2 pages)

Sample ID D?,[path Unit Moi;‘)cure Sample ID D:tp[}h Unit Moi;;ure
C3393-3 3 H1 4.05 C3393-73.5 73.5 H2 3.23
C3393-4 4 H1 495 C3393-75 75 H2 3.87
C3393-5 5 H1 492 C3393-76 76 H2 11.89
C3393-6 6 H1 20.33 C3393-77.5 77.5 H2 7.43
C3393-7.5 7.5 H1 3.66 C3393-78.5 78.5 H2 3.44
C3393-8.5 8.5 H1 3.63 (C3393-82.5 82.5 H2 5.34
C3393-10.5 | 10.5 H1 2.99 C3393-83.5 83.5 H2 7.13
C3393-11.5 | 115 H1 2.92 C3393-85 85 H2 6.34
C3393-13 13 H1 3.24 C3393-86 86 H2 11.63
C3393-14 14 H1 3.41 C3393-87.5 87.5 H2 5.01
C3393-15.5 | 155 H1 3.45 C3393-88.5 88.5 H2 3.78
C3393-16.5 | 16.5 H1 4.13 C3393-90 90 H2 2.97
C3393-17.5 17.5 H1 3.33 C3393-91 91 H2 15.85
C3393-18.5 | 185 H1 4.19 C3393-92.5 92.5 H2 4.40
C3393-19.25 | 19.25 H1 6.31 C3393-93.5 93.5 H2 6.42
C3393-20 20 H1 2.65 C3393-95 95 H2 14.53
C3393-21 21 H1 2.93 C3393-96 96 H2 10.78
C3393-22.5 | 225 H1 8.34 C3393-97.5 97.5 H2 7.63
(C3393-23.5 23.5 H1 3.87 (C3393-98.5 98.5 H2 8.45
C3393-25.5 | 255 H1 2.91 C3393-100 100 H2 2.77
C3393-26.5 | 26.5 H1 3.56 C3393-101 101 H2 11.81
C3393-28 28 H1 3.74 C3393-102.5 102.5 H2 3.09
C3393-29 29 H1 4.23 C3393-103.5 103.5 H2 6.66
C3393-30 30 H1 2.59 giﬁi;gls 103.5 H2 7.38
C3393-31 31 H1 4.26 C3393-105 105 H2 5.83
(C3393-33 33 H1 3.90 C3393-106 106 H2 15.23
C3393-34 34 H1 3.82 C3393-107.5 107.5 H2 6.76
C3393-35.5 | 355 H1 3.29 C3393-108.5 108.5 H2 8.80
C3393-36.5 | 36.5 H1 3.62 giiﬁ;g“ 108.5 H2 8.42
C3393-37.5 | 375 H1 423 C3393-110 110 H2 5.09
C3393-38.5 | 385 H1 3.46 C3393-111 111 H2 7.40
C3393-40 40 H1 3.47 C3393-112.5 112.5 H2 3.90
C3393-41 41 H1 3.58 C3393-113.5 113.5 H2 7.79
C3393-42.5 | 425 H1 3.97 C3393-115 115 H2 13.64
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Table 7-34. Moisture Content of Core Samples from
Borehole 299-W19-44 (2 pages)

Sample ID D?,[path Unit Moi;‘)cure Sample ID D:tp[}h Unit Moi;;ure
C3393-43.5 | 435 H1 3.90 C3393-116 116 H2 8.06
C3393-45 45 H1 4.56 C3393-117.5 117.5 H2 9.25
C3393-46 46 H2 3.88 C3393-118.5 118.5 H2 17.11
C3393-47.5 | 475 H2 5.04 C3393-120 120 H2 7.30
C3393-48.5 | 485 H2 4.36 C3393-121 121 H2 15.10
C3393-50 50 H2 3.19 C3393-122.5 122.5 H2 7.51
C3393-51 51 H2 2.65 C3393-123.5 123.5 H2 5.24
C3393-52.5 | 5255 H2 3.58 C3393-125 125 H2 10.92
(C3393-53.5 53.5 H2 3.48 C3393-126 126 H2 4.92
C3393-55 55 H2 2.74 C3393-127.5 127.5 H2 4.63
C3393-56 56 H2 2.50 C3393-128.5 128.5 H2 478
C3393-57.5 | 575 H2 14.67 C3393-130 130 H2 4.30
(C3393-58.5 58.5 H2 18.26 C3393-131 131 CCU, 12.69
C3393-60 60 H2 2.55 C3393-132.5 132.5 CCU, 13.10
C3393-61 61 H2 2.10 C3393-133.5 133.5 CCU, 11.96
C3393-62.5 62.5 H2 2.84 C3393-135 135 CCU, 12.59
C3393-63.5 | 63.5 H2 2.19 C3393-136 136 CCU, 19.67
C3393-65 65 H2 2.86 C3393-137.5 137.5 CCU, 13.64
C3393-66 66 H2 3.57 (C3393-138.5 138.5 CCU, 16.25
C3393-67.5 | 67.5 H2 3.90 C3393-140 140 CCU, 21.85
C3393-68.5 | 68.5 H2 3.34 C3393-141 141 CCU, 22.06
C3393-70 70 H2 4.14 C3393-142.5 142.5 CCU, 19.60
C3393-71 71 H2 2.35 C3393-143.5 143.5 CCU, 13.76
C3393-72.5 | 725 H2 4.57

 Multiply by 0.3048 to convert feet to meters.

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
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7.1.3.3  Soil Water Chemistry Measurements at Borehole 299-W19-44

A total of 18 core samples were selected among the 115 core subsamples (Table 7-34) from a
depth of geological interest for geochemical analysis, 3 samples from the Hanford formation,
H1 unit, 13 from the H2 unit, and 2 from the CCU, (Table 7-35).

The measurements of 1:1 sediment:water extract pH, pore water EC, and total alkalinity along
with moisture content for the 18 core samples from borehole 299-W19-44 are provided in

Table 7-35, and the ranges and means of the distributions are summarized by stratigraphic unit in
Table 7-36. Primary characteristics include the following:

e The 1:1 sediment:water extract pH ranged from 7.2 to 8.0 with an average of 7.5, and
generally increased with depth.

e The dilution-corrected water extract EC ranged from 0.98 to 10.56 mS/cm with an
average of 2.89. The highest EC appeared in the deepest CCU, sample at 141 ft
(43 m) bgs.

e The distribution of total alkalinity measurements from the H2 unit seems to have lower
values compared to those from the H1 unit and CCU,,.

The major water extract cation measurements are listed in Table 7-37 for borehole 299-W19-44,
and summarized by stratigraphic unit in Table 7-38. In general, the cation concentrations in a
unit of dry sediment ranged from 6.5 to 27.3, 1.5 to 8.7, 8.1 to 33.7, and 0.9 to 5.4 ng/g soil for
calcium, magnesium, sodium, and potassium, respectively (Table 7-38). The averages and
median values were 10.7, 3.4, 18.4, and 3.7 pg/g soil, for calcium, magnesium, potassium and
sodium, respectively. Other cations of interest such as iron, aluminum, chromium, and
uranium-238 are also included in Tables 7-37 and 7-38. The concentrations range from 0.009 to
0.154, 0.003 to 0.502, 0.0005 to 0.005, and 0.0002 to 0.0018 pg/g soil, for iron, aluminum,
chromium, and uranium-238, respectively (Table 7-38).

The major water extract anions measurements from borehole 299-W19-44 are listed in

Table 7-39, and summarized by stratigraphic unit in Table 7-40. In general, the water extract
anion concentrations range from 0.3 to 8.5, 0.03 to 1.05, 0.3 to 56.6, and 1.6 to 21.1 pg/g soil, for
nitrate, fluoride, chloride, and sulfate, respectively. The average values are 2.5, 0.6, 8.3, 9.9 pug/g
soil for nitrate, fluoride, chloride, and sulfate, respectively (Table 7-40).

Carbon analysis results for the sediment samples from borehole 299-W19-44 are presented in
Table 7-41, and the ranges and means of the distributions by stratigraphic unit are summarized in
Table 7-42. The calcium carbonate equivalent values are not calculated. The sediment in the
Hanford H2 unit is relatively low in inorganic carbon (<0.27 wt%) and organic carbon.

The Hanford H2 unit samples show a fairly uniform distribution for inorganic carbon between
0.21 and 0.27%. The fine-grained CCU, mud sample contains higher inorganic carbon

(0.42 and 0.47%) compared to the samples from the H1 and H2 units.
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Table 7-35. Moisture Content, Water Extract pH, Calculated Porewater
Electrical Conductivity, and Total Alkalinity Values for
Core Samples from Borehole 299-W19-44

Hanford formation, H1 Unit
C3393-6 6.5 4.92 19.02 7.25 0.98 84.24
C3393-16.5 17 24.19 2.21 7.19 3.56 59.94
C3393-19.25 19 15.93 4.96 7.28 2.76 70.98

Hanford formation, H2 Unit
C3393-51 51.5 37.45 1.95 7.21 4.87 43.68
C3393-57.5 58 6.82 10.49 7.29 1.50 49.14
C3393-71 71.5 44.56 1.87 7.19 5.17 39.00
C3393-76 76.5 8.42 6.69 7.46 1.65 57.72
C3393-83.5 84 15.25 4.34 7.40 2.61 53.04
C3393-86 86.5 8.61 10.42 7.41 1.61 50.70
C3393-91 91.5 6.31 14.65 7.48 1.48 61.62
C3393-96 96.5 9.21 13.55 7.42 3.09 13.26
C3393-103.5°¢ 104 14.46 7.92 7.52 2.81 53.43
C3393-108.5 ¢ 109 11.70 6.70 7.50 2.18 58.50
C3393-118.5 119 5.85 7.54 7.51 1.23 78.78
C3393-125 125.5 9.17 3.97 7.67 1.78 NA
C3393-126 126.5 20.33 4.26 7.78 2.93 58.50

Upper Cold Creek Unit (CCU,)
C3393-136 136.5 5.09 19.61 8.00 1.24 91.26
C3393-141 141.5 4.55 21.14 7.76 10.56 79.56

 Multiply by 0.3048 to convert feet to meters.
® Total alkalinity at pH 4.5

¢ Average of duplicates

CaCO; = calcium carbonate

EC = electrical conductivity

NA  =not analyzed
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Table 7-36. Ranges and Means of Moisture Content, Water Extract pH,
Calculated Porewater Electrical Conductivity, and Total Alkalinity

for Core Samples from Borehole 299-W19-44

. . . Moisture . Pore EC Alkalinity
Stratigraphic Unit % 1:1 pH ms/em mg CaCO,/L
Min. 2.21 7.19 0.98 59.94
Hl_ a Max. 19.02 7.28 3.56 84.24
(n=3)
Mean 8.73 7.24 2.43 71.72
Min. 1.87 7.19 1.23 13.26
H2°
_ Max. 14.65 7.78 5.17 78.78
(n=13)
Mean 7.26 7.45 2.53 51.45
Min. 19.61 7.76 1.24 79.56
CC_U” Max. 21.14 8.00 10.56 91.26
(n=2)
Mean 20.38 7.88 5.90 85.41
. Min. 1.87 7.19 0.98 13.32
Overall ® - 21.14 8.00 10.56 91.26
(n=18)
Mean 8.96 7.46 2.89 59.02

* Sample size

® The sample size for total alkalinity measurements is 12 in H2 units. The overall sample size is 17.

CaCOj; = calcium carbonate
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

EC
H1
H2

= electrical conductivity
= Hanford formation, unit H1; equivalent to upper sand-dominated
= Hanford formation, unit H2; equivalent to middle sand-dominated
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Table 7-37. Selected Water Extract Cations in Terms of Dry Sediment (pg/g soil) for Borehole 299-W19-44

sample ID [')\gé)dth WaterESoiI Ca Mg Na K Fe Al Cr Sr U-238
fra Ratio Ha/g Ha/g H9/g Ha/g H9/g Ha/g Hg/g Ha/g Hg/g
Hanford formation, H1 Unit
C3393-6 6.5 1.000 10.04 | 8.73 13.35 0.85 0.018 0.009 0.0006 | 0.117 0.00154
C3393-16.5 17 1.000 8.78 1.54 15.08 3.47 0.084 0.036 0.0020 0.041 0.00179
C3393-19.25 19 1.004 11.30 | 2.06 16.01 4.20 0.092 0.043 0.0020 | 0.054 0.00125
Hanford formation, H2 Unit
C3393-51 51.5 0.993 7.50 2.99 8.14 4.04 0.044 0.082 0.0020 | 0.055 0.00019
C3393-57.5 58 1.001 1440 | 6.03 12.18 5.44 0.017 0.003 0.0020 | 0.095 0.00103
C3393-71 71.5 1.046 6.51 2.17 9.16 3.42 0.023 0.029 0.0021 0.041 0.00027
C3393-76 76.5 1.001 10.46 | 4.06 16.87 495 0.073 0.017 0.0005 | 0.068 0.00081
C3393-83.5 84 1.087 1024 | 3.01 16.53 4.25 0.069 0.031 0.0022 | 0.055 0.00050
C3393-86 86.5 1.001 12.10 | 2.99 14.60 3.71 0.039 0.013 0.0007 | 0.068 0.00068
C3393-91 91.5 1.000 14.16 | 4.60 18.55 4.55 0.035 0.003 0.0008 | 0.076 0.00113
C3393-96 96.5 0.993 2734 | 6.31 17.16 4.70 0.011 0.496 0.0020 | 0.140 0.00061
(3393-103.5° 104 1.014 10.21 2.41 18.51 4.41 0.026 0.024 0.0013 0.054 0.00045
C3393-108.5" | 109 1.007 8.07 1.80 22.62 2.55 0.059 0.006 0.0020 | 0.039 0.00076
C3393-118.5 119 1.001 7.55 1.75 27.98 3.03 0.154 0.009 0.0037 | 0.037 0.00089
C3393-125 125.5 1.001 8.18 2.00 24.58 3.89 0.033 0.004 0.0020 | 0.041 0.00128
C3393-126 126.5 1.001 6.46 1.49 18.09 3.05 0.067 0.025 0.0020 | 0.035 0.00098
Upper Cold Creek Unit (CCU,)

C3393-136 136.5 1.002 8.96 2.65 33.70 3.23 0.073 0.501 0.0033 | 0.044 0.00176
C3393-141 141.5 1.004 9.81 3.72 27.63 2.95 0.009 0.502 0.0046 | 0.050 0.00162

*Multiply by 0.3048 to convert feet to meters.
" Average of duplicates
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Table 7-38. Ranges and Means of Selected Water Extract Cations in Terms of

Dry Sediment (ug/g soil) for Borehole 299-W19-44

. . . Ca Mg Na K Fe Al Cr Sr U-238
Stratigraphic Unit
Hg/g Ha/g Ha/g Ha/g Ha/g Hg/g Hg/g Hg/g Ha/g
Min. 8.78 1.54 13.35 0.85 0.018 0.009 0.00061 0.041 0.00125
311:3) a Max. 11.30 8.73 16.01 4.20 0.092 0.043 0.00201 0.117 0.00179
Mean 10.04 4.11 14.81 2.84 0.065 0.029 0.00154 0.071 0.00153
Min. 6.46 1.49 8.14 2.55 0.011 0.003 0.00050 0.035 0.00019
312:13) Max. 27.34 6.31 27.98 5.44 0.154 0.496 0.00375 0.140 0.00128
Mean 11.01 3.20 17.31 4.00 0.050 0.057 0.00180 0.062 0.00074
Min. 8.96 2.65 27.63 2.95 0.009 0.501 0.00327 0.044 0.00162
El(i[;)“ Max. 9.81 3.72 33.70 3.23 0.073 0.502 0.00456 0.050 0.00176
Mean 9.38 3.18 30.66 3.09 0.041 0.501 0.00391 0.047 0.00169
Min. 6.46 1.49 8.14 0.85 0.009 0.003 0.00050 0.035 0.00019
8‘:?;;1 Max. 27.34 8.73 33.70 5.44 0.154 0.502 0.00456 0.140 0.00179
Mean 10.67 3.35 18.37 3.71 0.051 0.102 0.00199 0.062 0.00097
* Sample size
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
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Table 7-39. Selected Water Extract Anions in Terms of Dry Sediment (ug/g soil) for Borehole 299-W19-44

sample ID Mid%Daepth Water_:SoiI Nitrate Nitrite Fluoride Chloride Sulfate Phosphate Carbonate
t Ratio Hg/g Hg/g Ha/g Hg/g Hg/g Hg/g Hg/g
Hanford formation, H1 Unit
C3393-6 6.5 1.000 7.87 ND 0.933 1.23 3.66 0.240 113.07
C3393-16.5 17 1.000 1.44 ND 0.498 0.28 5.97 0.240 93.90
C3393-19.25 | 19 1.004 1.47 ND 1.054 0.54 8.15 0.241 89.67
Hanford formation, H2 Unit
C3393-51 51.5 0.993 1.70 ND 0.346 6.89 3.20 0.238 49.66
C3393-57.5 58 1.001 8.54 ND 0.880 16.87 16.78 0.240 113.13
C3393-71 71.5 1.046 3.32 ND 0.685 6.46 18.75 0.251 89.27
C3393-76 76.5 1.001 3.83 ND 0.512 5.97 16.28 0.240 81.25
C3393-83.5 84 1.087 1.57 ND 0.579 5.31 10.11 0.261 91.17
C3393-86 86.5 1.001 0.29 ND 0.049 0.73 1.59 0.240 50.07
C3393-91 91.5 1.000 3.50 ND 0.573 11.37 21.07 0.240 90.52
C3393-96 96.5 0.993 423 ND 0.028 56.62 17.26 0.238 49.64
C3393-103.5° | 104 1.014 2.42 ND 0.504 6.06 11.58 0.272 87.25
C3393-108.5° | 109 1.007 1.33 ND 0.698 7.39 7.67 0.399 101.47
C3393-118.5 | 119 1.001 0.91 ND 0.699 3.89 5.33 0.240 101.39
C3393-125 125.5 1.001 0.85 ND 0.674 4.05 5.48 0.240 108.46
C3393-126 126.5 1.001 0.61 ND 0.513 1.85 4.40 0.240 86.24
Upper Cold Creek Unit (CCU,)
C3393-136 136.5 1.002 0.76 ND 0.631 6.57 11.70 0.438 106.11
C3393-141 141.5 1.004 0.93 ND 0.755 6.42 8.48 0.573 119.86

* Multiply by 0.3048 to convert feet to meters.

® Average of duplicates
ND = not detected
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Table 7-40. Ranges and Means of Selected Water Extract Anions in Terms of
Dry Sediment (ug/g soil) for Borehole 299-W19-44

. . .. | Nitrate | Nitrite | Fluoride | Chloride | Sulfate | Phosphate | Carbonate
Stratigraphic Unit
Hg/g Hg/g Hg/g Ha/g Hg/g Hg/g Hg/g

Min. 1.44 0.50 0.28 3.66 0.240 89.67

311:3) a Max. 7.87 ND 1.05 1.23 8.15 0.241 113.07
Mean | 3.59 0.83 0.68 5.93 0.240 98.88
Min. 0.29 0.03 0.73 1.59 0.238 49.64

312:13) Max. 8.54 ND 0.88 56.62 21.07 | 0.399 113.13
Mean | 2.55 0.52 10.27 10.73 | 0.257 84.58
Min. 0.76 0.63 6.42 8.48 0.438 106.11

(CnC:lej)u Max. 0.93 ND 0.76 6.57 11.70 | 0.573 119.86
Mean | 0.85 0.69 6.50 10.09 | 0.505 112.98
Min. 0.29 0.03 0.28 1.59 0.238 49.64

Overall

(n=18) Max. 8.54 ND 1.05 56.62 21.07 | 0.573 119.86
Mean | 2.53 0.59 8.25 9.86 0.282 90.12

* Sample size

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

ND =not detected

Table 7-41. Carbon Solid Content for Core Samples
from Borehole 299-W19-44 (2 pages)
Depth Total Inorganic Organ_ic Carbon | Inorganic Carbon
Sample ID fre Carbon | Carbon by Difference as CaCO;
% % % %
Hanford formation, H1 Unit
C3393-6 6.5 0.59 0.48 0.11 NA
C3393-16.5 17 0.19 0.16 0.03 NA
C3393-19.25 19 0.24 0.19 0.05 NA
Hanford formation, H2 Unit

C3393-51 51.5 0.26 0.21 0.05 NA
C3393-57.5 58 0.37 0.27 0.10 NA
C3393-71 71.5 0.27 0.20 0.07 NA
C3393-76 76.5 0.23 0.18 0.05 NA
(C3393-83.5 84 0.26 0.21 0.05 NA
C3393-86 86.5 0.28 0.22 0.06 NA
C3393-91 91.5 0.29 0.24 0.05 NA
C3393-96 96.5 0.24 0.18 0.06 NA
(3393-103.5° 104 0.26 0.20 0.05 NA
C3393-108.5° 109 0.23 0.17 0.06 NA
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Table 7-41. Carbon Solid Content for Core Samples
from Borehole 299-W19-44 (2 pages)

Depth Total Inorganic Organ_ic Carbon | Inorganic Carbon
Sample ID fre Carbon | Carbon by Difference as CaCO;
% % % %
C3393-118.5 119 0.29 0.24 0.05 NA
C3393-125 125.5 0.29 0.23 0.06 NA
C3393-126 126.5 0.28 0.21 0.07 NA
Upper Cold Creek Unit (CCU,)
C3393-136 136.5 0.56 0.47 0.09 NA
C3393-141 141.5 0.47 0.42 0.04 NA

 Multiply by 0.3048 to convert feet to meters.
b Average of duplicates
CaCO; = calcium carbonate

NA

= not analyzed

Core Samples from Borehole 299-W19-44

Table 7-42. Ranges and Means of Carbon Solid Content for

Total Inorganic |Organic Carbon| Inorganic Carbon
Stratigraphic Unit Carbon Carbon by Difference as CaCOg;
% % % %
Min. 0.19 0.16 0.03 NA
Hl, a Max. 0.59 0.48 0.11 NA
(n=3)
Mean 0.34 0.28 0.06 NA
Min. 0.23 0.17 0.05 NA
H2
(n=13) Max. 0.37 0.27 0.10 NA
Mean 0.27 0.21 0.06 NA
Min. 0.47 0.42 0.04 NA
CgU” Max. 0.56 0.47 0.09 NA
(n=2)
Mean 0.51 0.45 0.07 NA
Min. 0.19 0.16 0.03 NA
Overall ) . 0.59 0.48 0.11 NA
(n=18)
Mean 0.31 0.25 0.06 NA

* Sample size

CaCOs; = calcium carbonate
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)
= Hanford formation, unit H1; equivalent to upper sand-dominated

H1
H2
NA

= Hanford formation, unit H2; equivalent to middle sand-dominated

= not analyzed
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7.2 VADOSE ZONE CHARACTERIZATION OF THE 200 EAST AREA
SINGLE-SHELL TANK FARMS

7.2.1 Vadose Zone Characterization of Waste Management Area B-BX-BY

This section summarizes data collected from borehole 299-E33-338 (C3391). Borehole
299-E33-338 was drilled for two purposes: 1) for installation of a RCRA groundwater
monitoring well (Horton 2002a, Borehole Data Package for Calendar Year 2001 RCRA Wells at
Single-Shell Tank Waste Management Area B-BX-BY), and 2) to characterize the in situ soils and
background porewater chemistry near WMA B-BX-BY that have been largely uncontaminated
by tank farm and crib and trench discharge operations. This borehole was drilled just outside the
southeast fenceline of the B tank farm (Figure 5-48). The characterization information
summarized in this report includes brief descriptions of borehole geology, mineralogy, moisture
contents, and soil water chemistry. More detailed discussions of the analytical results are
provided in Lindenmeier et al. (2003).

The borehole was drilled between July 23 and August 8, 2001, to a total depth of 80.05 m
(275.75 ft) bgs using the cable-tool method (Horton 2002a). The water table was at 77.5 m
(254.2 ft) bgs and the top of basalt at 82.6 m (271 ft) bgs. Samples to the top of basalt were
collected via a drive barrel/splitspoon, before switching to a hard tool to drill 5 ft into the basalt.

A near-continuous core sample was obtained down to a depth of approximately 78.6 m

(258 ft) bgs and 202 2-ft long by 4-in. diameter cores were retrieved, which accounts for
approximately 75% of the total length of the borehole. Each 2-ft splitspoon contained two 1-ft
Lexan-lined core segments. The lithology of this borehole was summarized on a field
geologist’s log by a CH2M HILL Hanford Group, Inc. geologist; subsequently, visual inspection
of the cores was performed in the laboratory by Kennedy / Jenks Consultants, Inc., Duratek
Federal Services, Inc., and PNNL, who also collected 24 samples for paleomagnetic analysis.

Subsamples were taken from all 102 cores for moisture content (Table 7-43). In addition,
22 core subsamples were collected from a depth of geological interest for mineralogical and
geochemical analysis (Table 7-44).

7.2.1.1 Geology at Borehole 299-E33-338

Borehole 299-E33-338 is located near the southeast corner of the B tank farm (Figure 5-48).

The vadose zone portion of this borehole was drilled using the core- (drive-) barrel cable-tool
technique wherever possible. The borehole was drilled without the aid of drilling fluid, such as
water or mud unless noted in the logs, to minimize the introduction of moisture into the sediment
cores. After drilling, but prior to well construction, the borehole was geophysically logged with
spectral gamma (i.e., total gamma and potassium, uranium, thorium [KUT], and neutron-neutron
[moisture]) probes.

Borehole sampling consisted of near-continuous splitspoon coring and/or sediment grab
sampling throughout the borehole. Sediment cores were collected by driving a 10-cm (4-in.)
diameter, 76-cm (2.5-ft) long splitspoon sampling device ahead of the drilled borehole.

The borehole was then cleaned to the bottom of the cored interval prior to the next sampling
interval. Field borehole logs indicate that hard tool drilling began at approximately 82.6 m
(271 ft) at the top of the basalt and continued to a final depth of approximately 84 m (275.5 ft).
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Each splitspoon core run contained in two capped 30-cm (1-ft) long, transparent, Lexan liners
(core sleeves).

A field geologist prepared a geologic description (lithologic log) during drilling and coring of the
borehole (Appendix A of Lindenmeier et al. 2003). The lithologic descriptions were based on
visual inspection of material from the splitspoon core shoe, drill cutting, and grab samples.
These logs provide a general indication of the lithology encountered. In addition to these field
descriptions, a more rigorous and detailed analysis of the vadose zone stratigraphy was
performed by geologists in the laboratory, based on cores observed within opened Lexan liners.
The borehole geologic log for 299-E33-338, which was discussed in detail in Appendix B of
Lindenmeier et al. (2003), was created based on the examination of every third or fourth intact
splitspoon core (opened in the laboratory). Table 7-44 provides a summary of the geologist’s
laboratory assessment of the lithology and stratigraphy for those samples that were selected for
detailed geochemical and physical properties characterization. Table 5-11 provides the
generalized stratigraphic nomenclature relative to the lithological descriptions used throughout
this report.

Two principal stratigraphic units are represented in borehole 299-E33-338, the Hanford
formation and the CCU (Table 5-11). The top of basalt was encountered at 82.6 m (271 ft) bgs.
The vadose zone is approximately 77.5 m (254 ft) thick and the underlying unconfined aquifer is
approximately 5.2 m (17 ft) thick. Zones with elevated moisture occur at several locations
within the vadose zone; these occur along sharp lithologic boundaries, often in combination with
finer-grained intervals (Figure 7-13).

Borehole geophysical surveys, including a spectral gamma probe and neutron-neutron moisture
probe, were conducted after the boreholes reached total depth and before well construction.
Details of the borehole geophysical log are discussed in Appendix C of Lindenmeier et al.
(2003). Prior to opening the Lexan-lined cores, geophysical profiles were examined for
lithostratigraphy, moisture content, and anthropogenic radionuclides. Core samples for chemical
and physical analysis were collected from specific lithologic intervals as identified from the
geophysical and lithologic log evaluations (lithostratigraphy) confirmed by the geologic
examination during core opening. Figure 7-13 shows the downhole geophysical measurements
from a high purity germanium spectral gamma log and a neutron-neutron log as related to the
lithology and stratigraphy of borehole 299-E33-338. The gamma log data is plotted as a
continuous curve versus depth, which is referenced to ground surface. This reference can be
used to correlate lithologic changes and depth to within 0.5 m (1 or 2 ft). Gamma log changes
are related to the grain size, mineralogical makeup, and moisture content of the lithofacies
encountered. Thin lithologic units (i.e., <0.5 m [1.5 ft]) cannot be easily identified by the gamma
logs because they are averaged into the data bounding them. The neutron-neutron log is also
referenced to ground surface and represents a function of relative moisture content (Figure 7-13).
Depth resolution can be determined to within 0.3 m (1 ft). In combination with the geologic log
and the total gamma type log, the neutron moisture data can reveal moisture relationships
relative to lithologic unit boundaries and grain size (this assumes fine-grained intervals retain
higher moisture content than coarse-grained intervals).
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StratLiJgnrif;\phic Ssample ID \I\//(I;:jtl([:)aelpfttr!i MoE;;ure Stra’cLiJ%riilphic Sample ID \I\//(Iailtjt-i([:){;Ipfttrl1 Moi;‘)cure
H1 C3391-0 0.5 7.02 H2 C3391-124.35 124.85 2.00
H1 C3391-1 1.5 9.75 H2 C3391-125.6 126.1 2.47
H1 C3391-2 2.5 437 H2 C3391-126.6 127.1 2.45
H1 C3391-4.75 5.25 4.27 H2 C3391-129.3 129.8 5.62
H1 C3391-84 8.9 2.95 H2 C3391-130.3 130.8 3.20
H1 C3391-94 9.9 3.52 H2 C3391-132 132.5 3.66
H1 C3391-10.7 11.2 2.37 H2 C3391-133 133.5 3.01
H1 C3391-11.7 12.2 2.89 H2 C3391-134 134.5 3.21
H1 C3391-12.5 13 2.65 H2 C3391-135 135.5 3.02
H1 C3391-13.5 14 4.57 H2 C3391-136.95 137.45 3.39
H1 C3391-15.5 16 4.20 H2 C3391-137.95 138.45 2.59
H1 C3391-16.5 17 451 H2 C3391-138.8 138.9 3.54
H1 C3391-17.5 18 10.57 H2 C3391-139.8 140.3 3.23
H1 C3391-18.5 19 4.65 H2 C3391-141.15 141.65 2.64
H1 C3391-20.5 21 5.03 H2 C3391-142.15 142.65 2.58
H1 C3391-21.5 22 3.04 H2 C3391-143.1 143.75 3.01
H1 C3391-22.5 23 2.76 H2 C3391-144.1 144.6 2.87
H1 C3391-23.5 24 2.74 H2 C3391-145.45 145.95 2.81
H1 C3391-25 25.5 3.21 H2 C3391-146.45 146.95 2.23
H1 C3391-26 26.5 3.16 H2 C3391-147.8 148.3 3.03
H1 C3391-27.5 28 2.90 H2 C3391-148.8 149.3 2.28
H1 C3391-28.5 29 3.03 H2 C3391-150.05 150.55 4.34
H1 C3391-30.25 |30.75 3.49 H2 C3391-151.05 151.55 3.28
H1 C3391-31.25 |31.75 3.14 H2 C3391-152.15 152.65 3.51
H1 C3391-32.5 33 3.74 H2 C3391-153.15 153.65 2.55
H1 C3391-33.5 34 3.74 H2 C3391-156.3 156.8 3.32
H1 C3391-35.5 36 5.18 H2 C3391-156.8 157.3 3.08
H1 C3391-36.5 37 2.24 H2 C3391-157.3 157.8 2.88
H1 C3391-37.78 |38.28 1.96 H2 C3391-157.8 158.3 2.72
H1 C3391-38.78 |39.28 3.01 H2 C3391-159.3 159.8 2.58
H1 C3391-39.6 39.65 2.68 H2 C3391-160.3 160.8 2.59
H1 C3391-40.6 41.1 2.56 H2 C3391-161.35 161.85 3.72
H1 C3391-43.2 43.7 3.63 H2 C3391-162.35 162.85 2.35
H1 C3391-44.2 44.7 4.69 H2 C3391-164.3 164.8 3.36
H1 C3391-45.2 457 2.71 H2 C3391-165.3 165.8 2.37
H1 C3391-46.2 46.7 2.46 H2 C3391-166.15 166.65 3.28
H1 C3391-47.2 47.7 2.49 H2 C3391-167.15 167.65 2.28
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StratLiJgnrif;\phic Ssample ID \I\//(I;:jtl([:)aelpfttr!i MoE;;ure Stra’cLiJ%riilphic Sample ID \I\//(Iailtjt-i([:){;Ipfttrl1 Moi;‘)cure
H1 C3391-48.2 48.7 2.88 H2 C3391-168.35 168.85 2.79
H1 C3391-50.05 | 50.55 3.17 H2 C3391-169.35 169.85 2.81
H1 C3391-51.05 | 51.55 12.95 H2 €3391-169.35 169.85 1.79
upper

H2 C3391-52.75 52.75 7.91 H2 C3391-170.45 170.95 3.79
H2 C3391-53.75 | 54.25 228 H2 C3391-171.45 171.95 7.33
H2 C3391-55.7 56.2 4.66 H2 C3391-173.05 173.55 14.27
H2 C3391-56.7 57.2 2.89 H2 C3391-174.05 174.55 2.60
H2 C3391-57.9 58.4 3.58 H3 C3391-176.8 177.3 2.35
H2 C3391-58.9 59.4 2.87 H3 C3391-177.8 178.3 2.13
H2 C3391-59.3 59.8 5.16 H3 C3391-179.9 180.4 3.67
H2 C3391-60.3 60.8 3.77 H3 C3391-180.9 1814 3.00
H2 C3391-61.5 62 3.83 H3 C3391-182.2 182.7 2.72
H2 C3391-62.5 63 2.58 H3 C3391-183.2 183.7 2.65
H2 C3391-64.3 64.8 3.21 H3 C3391-185.7 186.2 3.13
H2 C3391-65.3 65.8 2.89 H3 C3391-186.7 187.2 2.19
H2 C3391-66.75 67.25 5.09 H3 C3391-188 188.5 2.86
H2 C3391-67.75 |68.25 2.99 H3 C3391-189 189.5 2.44
H2 C3391-69.3 69.8 3.91 H3 C3391-190.4 190.9 3.17
H2 C3391-70.3 70.8 3.27 H3 C3391-191.4 191.9 2.84
H2 C3391-71.7 72.2 432 H3 C3391-192.6 193.1 3.65
H2 C3391-72.7 73.2 3.61 H3 C3391-193.6 194.1 2.62
H2 C3391-73.9 74.4 4.76 H3 C3391-197.1 197.6 3.53
H2 C3391-74.9 75.4 3.02 H3 C3391-198.1 198.6 2.79
H2 C3391-76.3 76.8 4.17 H3 C3391-200.1 200.6 6.03
H2 C3391-77.3 77.8 3.69 H3 C3391-201.1 201.6 6.20
H2 C3391-78.1 78.6 3.64 H3 C3391-202.6 203.1 3.63
H2 C3391-79.1 79.6 4.13 H3 C3391-203.6 204.1 3.10
H2 C3391-80.25 80.75 2.72 H3 C3391-205.3 205.8 2.88
H2 C3391-81.25 |81.75 3.06 H3 C3391-206.3 206.8 2.79
H2 C3391-82.3 82.8 3.11 H3 C3391-208.1 208.6 3.25
H2 C3391-83.3 83.8 4.58 H3 C3391-209.1 209.6 2.65
H2 C3391-85.05 | 85.55 3.28 H3 C3391-210.3 210.8 3.05
H2 C3391-86.05 | 86.55 478 H3 C3391-211.3 211.8 2.46
H2 C3391-87.35 |87.85 3.42 CCU, C3391-212.8 213.3 422
H2 C3391-88.35 |88.85 3.22 CCU, C3391-213.8 214.3 3.66
H2 C3391-89.75 190.25 3.83 CCu, C3391-215.6 216.1 4.15
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StratLiJgnrif;\phic Ssample ID \I\//(I;:jtl([:)aelpfttr!i Moi;:ure Stra’cLiJgI]qri?phic Sample ID \I\//Ieigt-i([:)aﬁpfttrl‘ Moi;‘)cure
H2 C3391-90.75 91.25 3.08 CCU, C3391-216.6 217.1 3.68
H2 C3391-92.05 92.55 4.41 CCU, C3391-218.7 219.2 22.81
H2 C3391-93.05 93.55 2.77 CCU, gjlizvl ;3111137 220.2 22.30
H2 C3391-945 |95 3.66 ccu, acstffelgiizfayer 2202 26.20
H2 C3391-95.5 96 2.71 CCU, C3391-220.65 221.15 20.62
H2 C3391-96.5 97 3.08 CCU, C3391-221.65 222.15 16.64
H2 C3391-97.5 98 2.60 CCy, C3391-224.5 225 3.39
H2 C3391-99.15 99.65 3.03 CCU, C3391-225.5 226 2.23
H2 C3391-100.15 |100.65 2.96 CCUj, C3391-227 227.5 2.59
H2 C3391-101.6 102.1 3.14 CCy, C3391-228 228.5 2.75
H2 C3391-102.6 103.1 2.85 CCU, C3391-230.2 230.7 3.08
H2 C3391-103.7 104.2 3.29 CCUj, C3391-231.2 231.7 2.27
H2 C3391-104.7 105.2 4.21 CCy, C3391-233 2335 3.50
H2 C3391-106.3 106.8 3.57 CCU, C3391-234 234.5 3.03
H2 C3391-107.3 107.8 3.82 CCUj, C3391-235.8 236.3 2.20
H2 C3391-108.3 108.8 3.57 CCy, C3391-236.8 2373 2.81
H2 C3391-109.3 109.8 3.56 CCU, C3391-238.8 239.3 2.60
H2 C3391-110.3 110.8 3.51 CCUj, C3391-239.8 240.3 3.27
H2 C3391-111.3 111.8 3.05 CCy, C3391-241.9 242.4 3.52
H2 C3391-112.45 |112.95 3.72 CCU, C3391-242.9 243 .4 2.55
H2 C3391-113.45 |113.95 3.03 CCUj, C3391-244.5 245 2.51
H2 C3391-114.4 114.9 4.19 CCU, C3391-245.5 246 2.64
H2 C3391-115.4 115.9 3.35 CCU, C3391-247.1 247.6 2.80
H2 C3391-118.5 119 5.74 CCUj, C3391-248.1 248.6 2.77
H2 C3391-119.5 120 2.98 CCUy, C3391-250.9 2514 3.87
H2 C3391-121.35 |121.85 3.20 CCU, C3391-251.9 2524 3.35
H2 C3391-122.35 |122.85 2.36 CCUj, C3391-256.1 256.6 6.59
H2 C3391-123.35 |123.85 2.66 CCU, C3391-257.1 257.6 6.80

* Multiply by 0.3048 to convert feet to meters.

CCU, = lower Cold Creek unit

CCU,= upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

H3 = Hanford formation, unit H3; equivalent to lower sand-dominated

7-75




RPP-23748, Rev. 0

Table 7-44. Sub-Sampled Splitspoon Cores from Borehole 299-E33-338
Analyzed for Mineralogy and Geochemistry

. Sampled

Core Sample ID D-E?)Ec)h EI’DO;[)EPT Igg;)(zch ‘Il'milxaels Description Straﬂ%iphic

ft ft ft f 2
C3391-15.5 15.5 16.5 16.0 1.0 Silty sandy gravel H1
C3391-17.5 17.5 18.5 18.0 1.0 Gravelly sand H1
C3391-51-05 51.05 52.05 51.55 1.0 Silty sandy/silty sand | H1/H2
C3391-77.3 71.3 78.3 77.8 1.0 Gravelly sand H2
C3391-90.75 90.75 91.75 91.25 1.0 Sand H2
C3391-107.3 107.3 108.3 107.8 1.0 Sand H2
C3391-115.4 1154 116.4 1159 1.0 Sand H2
C3391-133 133 134 133.5 1.0 Sand H2
C3391-160.3 160.3 161.3 160.8 1.0 Sand H2
C3391-161.35 161.35 | 16235 | 161.85 | 1.0 Silty sand H2
C3391-171.45 17145 | 17245 | 17195 | 1.0 Sand H2
C3391-173.05 173.05 174.05 173.55 1.0 Sand/silt H2
C3391-198.1 198.1 199.1 198.6 1.0 Gravelly sand H3
C3391-200.1 200.1 201.1 200.6 1.0 Silty sand H3
C3391-213.8 213.8 214.8 2143 1.0 Sand CCU,
C3391-218.7 218.7 219.7 219.2 1.0 Silt CCU,
C3391-219.7° 219.7 220.7 220.2 1.0 Silt CCuU,
C3391-220.65 220.65 | 221.65 |221.15 | 1.0 Sandy silt CCU,
C3391-221.65 221.65 | 222.65 |222.15 | 1.0 Sandy silt CCu,
C3391-239.8 239.8 240.8 240.3 1.0 Silty sandy gravel CCU,

 Multiply by 0.3048 to convert feet to meters.

® Two samples: above the sand and below the sand.

CCU; = lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
ID = identification
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Figure 7-13. Lithology, Stratigraphy, Field Logs, and Moisture Distribution
for Borehole 299-E33-338 as a Function of Depth

Depth (ft) Below Ground Surface
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7.2.1.1.1 Hanford formation. Wood et al. (2000) and Lindsey et al. (2001a), describe
cataclysmic flood deposits of the Hanford formation in the vicinity of the B, BX, and BY tank
farms as consisting of three informal units (H1, H2, and H3). Following is a description of these
units within borehole 299-E33-338.

7.2.1.1.2 Hanford formation, H1 Unit. Three splitspoon samples were collected from this
unit. This unit consists of mostly sandy gravel to silty sandy gravel, with lesser amounts of
gravelly sand. A single, thin (0.5 ft) silt layer occurs within this sequence at about 4.6 m

(15 ft) bgs. The gravels are multi-lithologic but generally containing a high percentage of basalt.
The gravel clasts were generally subrounded to well rounded up to 50 mm in diameter where not
broken. The finer fraction was described as mostly very coarse to coarse sand with perhaps as
much as 5 to 7% silt. The samples generally displayed no cementation or obvious sedimentary
structure, and only weak to no reaction to hydrochloric acid. The Hanford formation, H1 unit is
15.7 m (51.5 ft) thick in borehole 299-E33-338 (Figure 7-13).

7.2.1.1.3 Hanford formation, H2 Unit. The Hanford formation, H2 unit consists of a
sand-dominated sequence of cataclysmic flood deposits. The H2 unit is 37.6 m (123.5 ft) thick
extending from a depth of 15.7 m (51.5 ft) to 53.3 m (175 ft). A total of 10 1-ft splitspoon liners
were sampled for mineralogical and geochemical characterization from the H2 unit. The H2 unit
is predominantly a poorly- to well-sorted, medium- to coarse-grained sand (Figure 7-13).

The upper 10 m (30 ft) of the H2 unit is slightly coarser with occasional matrix-supported
pebbles floating in a coarse-sand matrix. With depth, the medium to coarse sand becomes more
frequently interstratified with layers of fine- to medium-grained sand. The sand has a distinctive
“salt and pepper” appearance imparted by the approximately equal concentrations of dark
colored basalt and light colored quartz and feldspar.

Two thin (<0.5 ft) fine-grained silty layers were observed within the Hanford formation, H2 unit.
One occurs at the top of the H2 unit at approximately 15.7 m (51.5 ft) and the other lies at
approximately 53 m (174 ft) bgs. Other fine-grained layers may also be present, but must be
limited to the relatively short interval between core runs, which are generally only 0.15 to 0.30 m
(0.5 to 1.0 ft) thick. One such interval may occur between 32.2 to 32.4 m (105.6 to 106.2 ft) bgs,
as indicated by a narrow spike in the neutron moisture log at this depth (Figure 7-13).
Fine-grained units generally retain more moisture, which is often revealed on the neutron
moisture log.

7.2.1.1.4 Hanford formation, H3 Unit. The Hanford formation, H3 unit is 14.2 m (46.5 ft)
thick, extending from a depth of 53.3 m (175 ft) to 64.8 m (212.5 ft). Mineralogy and
geochemical characterization was performed on 22 core samples from the Hanford formation,
H3 unit (Table 7-44). The top of the H3 unit (53.3m [175 ft] bgs) is chosen based on
reappearance of gravelly flood facies. A weak paleosol within this sequence appears to be
present at about the 61-m (200-ft) depth, as indicated by a finer-grained, calcareous zone
containing organic matter and a tephra horizon.

7.2.1.1.5 Hanford formation/Cold Creek unit. The exact origin of the sedimentary deposits
underlying the Hanford formation, H3 unit is uncertain and still open to interpretation

(Table 7-44). Recent reports have designated deposits beneath the Hanford formation, H3 unit as
the Hf/CCU (Wood et al. 2000; DOE-RL 2002) and Hanford formation/Cold Creek unit/Ringold
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Formation unit (Lindsey et al. 2001a; DOE-RL 2002). Wood et al. (2000) recognized two facies
of the Hf/CCU beneath the B, BX, and BY tank farms: a fine-grained eolian/overbank silt (silt
facies), up to 10 m thick, and a sandy gravel to gravelly sand facies. The thick silt-rich interval
is believed to be a pre-Ice Age flood deposit because silty layers associated with Ice Age flood
deposits of the Hanford formation in this area are generally much thinner (i.e., a few centimeters
or less) (Wood et al. 2000). The texture, structure, and color of the thick silt layer are all
identical to that of the early “Palouse” soil (Tallman et al. 1979; DOE 1988), known as the
CCU,, which is widely distributed beneath the 200 West Area (Wood et al. 2000;

Serne et al. 2002).

Where the CCU, is absent beneath the B, BX, and BY tank farms, the gravel sequence below the
silt unit is indistinguishable from similar appearing facies of the Hanford formation, H3 unit,
which overlies the CCU, (Wood et al. 2000). In fact, prior to the discovery of the thick silt
layer, reported in Wood et al. (2000), gravels overlying basalt bedrock were always included

in the Hanford formation (Tallman et al. 1979; Last et al. 1989; Connelly et al. 1992a;

Lindsey et al. 1992). If the thick silt layer predates the Hanford formation, however, then the
underlying gravels must also predate the Hanford formation. Thus, the gravel sequence beneath
the silt layer must belong to either a mainstream alluvial facies of the CCU or the Ringold
Formation.

7.2.1.1.6 Silt-Dominated Facies (CCU,). The silt facies encountered by well 299-E33-338 is
3 m (9.9 ft) thick, extending from a depth of 64.8 m (212.5 ft) to 67.8 m (222.4 ft) bgs. The silt
facies of the CCU is divided into two distinctive beds in borehole 299-E33-338. The upper bed
consists of a light brown to tan colored, massive, well-sorted fine sand. One of the five
characterization subsamples (C3391-213.8) was collected from the area; the other four
characterization samples came from an underlying bed of brown colored, compact, well-sorted,
well-laminated silt to fine sandy silt (Table 7-44).

7.2.1.1.7 Sandy Gravel to Gravelly Sand-Dominated Facies (CCU,). A sequence of sandy
gravel to gravelly sand was encountered at a depth of 67.8 m (222.4 ft). This gravel-rich facies
continues to the top of basalt at 82.6 m (271 ft bgs). Only one core sample (C3391-239.8) was
characterized from this unit (Table 7-44). These materials were described as muddy sandy
gravel to sandy gravel, consisting of estimated 30 to 80% gravel, 15 to 65% sand, and up to
15% mud. The gravel clasts were described as a mixture of mostly quartzite, basalt, and some
highly weathered friable granite. Where unbroken, the gravel clasts are subrounded to rounded
and range up to at least 60 mm in diameter (intermediate axis). The matrix was described as
ranging from mostly very fine sand to poorly-sorted coarse to medium sand, with variable mud
content. These materials were further described as moderate to uncemented with strong to no
reaction to dilute hydrochloric acid. Some caliche fragments were noted, exhibiting a strong
reaction to hydrochloric acid.

7.2.1.2  Geophysical and Moisture Content Measurements at Borehole 299-E33-338

All of the cores were sub-sampled for gravimetric moisture content (Table 7-44) and the results
are shown in Figure 7-13 along with field log data. Three relatively moist zones were found, the
shallowest and least moist was at approximately 52 ft bgs at the bottom of the Hanford H1 unit.
The second moist zone was at the bottom of the Hanford H2 unit at 171.5 to 174 ft bgs.

The zone with highest moisture content was at the bottom of the Cold Creek fine-grained unit,
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between 218.7 and 222.6 ft bgs, with water contents reaching values of 21 to 26 wt%.

Table 7-44 identifies the 22 core samples that were selected, some from each of the lithologies,
and subjected to water and acid extracts to develop baseline data on porewater pH, EC, major
cations and anions, and trace metals. The mass of constituents that were water- and
acid-leachable were also determined to allow comparison with similar data for contaminated
boreholes. The comparison allows an estimate of the inventory of contaminants in the vadose
zone that are attributable to leaked tank fluids.

7.2.1.3  Soil Water Chemistry Measurements at Borehole 299-E33-338

An extensive water chemistry analysis has been completed for borehole 299-E33-338 samples
collected between 5 and 73 m (16 and 240 ft) bgs. Chemical characteristics show no strong
trends as a function of depth and there is little indication of tank waste interaction with vadose
zone soils at this location. The results of the chemical analysis for moisture content, water
extract pH, EC, and total alkalinity of the 22 core samples are provided in Table 7-45, and
summarized in ranges and means of the samples from the same stratigraphic unit in Table 7-46.
These chemical parameters are plotted along with lithology and stratigraphy as a function of
depth in Figure 7-14. Primary characteristics include the following:

e The 1:1 sediment:water extract pH varied from 7.0 to 7.8, with an average of 7.4, and in
general, increased with depth. There were small increases in pH at the contact between
the Hanford H2 and H3 units and the top and bottom of the Cold Creek fine-grained unit
(CCUy).

e The dilution-corrected water extract EC is an estimate of the vadose zone porewater EC.
Porewater EC varied from 0.88 to 4.37 mS/cm with an average of 2.43 mS/cm.
There were high EC values deep in the Hanford H2 unit at approximately 160 ft bgs and
in the deepest sample characterized in the CCU;.

e The total alkalinity varied from 242.7 to 2,425.8 mg CaCOs/L with an average of
876.5 mg CaCOs/L. High alkalinity appeared mostly in the Hanford H2 and H3 unit, at
the top of the Cold Creek fine-grained unit (CCU,) at approximately 214 ft bgs, and in
the deepest sample characterized in the CCU;.
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Figure 7-14. Lithology, Stratigraphy, Moisture Extract pH, and
Calculated Porewater Electrical Conductivity Distribution

for Borehole 299-E33-338 as a Function of Depth
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Table 7-45. Moisture Content, Water Extract pH, Calculated Porewater

Electrical Conductivity, and Total Alkalinity Values for

Core Samples from Borehole 299-E33-338

Hanford formation, H1 Unit
C3391-15.5 16 23.82 4.20 6.97 4.24 854.7
C3391-17.5 18 9.66 10.57 7.39 2.27 557.7
C3391-51.05 51.55 7.78 12.95 7.22 2.85 2427
Hanford formation, H2 Unit
C3391-77.3 77.8 27.10 3.69 7.14 2.38 1352.6
C3391-83.3 83.8 21.84 4.58 7.34 2.07 834.8
C3391-90.75 91.25 32.53 3.08 7.23 2.63 1091.1
C3391-107.3 107.8 26.18 3.82 7.23 2.28 1000.6
C3391-115.4 115.9 29.85 3.35 7.28 3.37 2425.8
C3391-133 133.5 33.26 3.01 7.28 2.66 1271.3
C3391-160.3 160.8 38.68 2.59 7.33 3.83 1538.7
C3391-161.35 161.85 26.87 3.72 7.38 3.98 1362.52
C3391-171.45 171.95 13.65 7.33 7.38 1.66 596.1
C3391-173.05 173.55 7.01 14.27 7.5 1.42 410.2
Hanford formation, H3 Unit
C3391-198.1 198.6 35.88 2.79 7.29 3.23 1427.3
C3391-200.1 200.6 16.59 6.03 7.42 1.86 685.7
Upper Cold Creek Unit (CCU,)
C3391-213.8 214.3 27.30 3.66 7.34 3.06 1171.1
C3391-218.7 219.2 4.39 22.81 7.74 1.08 311.3
Eeslzzvl-sirllcgl.;yer 220.2 4.60 22.30 7.59 0.92 287.1
gtfjvgel;rllz‘fayer 2202 4.19 2620|762 | 088 254.7
C3391-220.65 221.15 4.87 20.62 7.62 1.04 250.9
C3391-221.65 222.15 6.02 16.64 7.67 1.36 380.5
Lower Cold Creek Unit (CCU,))
3391-239.8 240.3 30.55 327 752 437 976.8

 Multiply by 0.3048 to convert feet to meters. Each sample was about 10 in. long; the mid point is used for plotting.
® Total alkalinity at pH 4.5
CaCOj; = calcium carbonate

EC

= electrical conductivity
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Table 7-46. Ranges and Means of Moisture Content, Water Extract pH,
Calculated Porewater Electrical Conductivity, and Total Alkalinity
for Core Samples from Borehole 299-E33-338

. . . Moisture . Pore EC Alkalinity
Stratigraphic Unit % 1:1 pH ms/cm mg CaCO,/L

Min. 4.0 6.97 2.27 242.7
HI Max. 12.95 7.39 424 854.7
(n=3)

Mean 9.4 7.19 3.12 551.7

Min. 2.59 7.14 1.42 4102
H2 Max. 1427 7.50 3.98 2425.8
(n=10)

Mean 4.94 731 2.63 11883

Min. 2.79 7.29 1.86 685.7
H3 Max. 6.03 7.42 323 14273
(n=2)

Mean 4.41 736 2.55 1056.5

Min. 3.66 734 0.88 250.9
(Cnczg) Max. 26.20 774 3.06 1171.1

Mean 18.71 7.60 1.39 442.6
((;SIJ)‘ Min./Max./Mean | 3.27 7.52 437 976 8

Min. 2.59 6.97 0.88 242.7
Overall Max. 26.20 774 437 2425.8
(n=22)

Mean 9.16 7.39 2.43 876.5

* Sample size

CaCOj; = calcium carbonate

CCU; =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

EC = electrical conductivity

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated

The selected water extract cation measurements from the sediment samples of borehole
299-E33-338 are shown in Table 7-47, and illustrated in Figures 7-15 and 7-16.

The distributions of water extract cation concentrations are summarized with ranges and means
by stratigraphic unit in Table 7-48. The shapes of the cation profiles versus depth are very
similar with slight peaks in the deep portion of the H2 unit at approximately 160 ft (48.8 m) bgs,
at the top of the Cold Creek fine-grained unit and in the deepest sample characterized in the
CCU,. In general, the cation concentrations in unit of dry sediment (pg/g soil) ranged from

4.7 to0 35.6, 0.8 to 8.5, 4.5 to 35.6, and 2.0 to 6.1 for calcium, magnesium, sodium, and
potassium, respectively (Table 7-48). The averages and median values were 9.9, 2.2, 12.4, and
3.3 pg/g soil, for calcium, magnesium, potassium, and sodium, respectively. Other cations of
interest such as iron, aluminum, chromium, and uranium-238 are also included in Tables 7-47
and 7-48, and graphed in Figure 7-16, except for chromium. The concentrations range from
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0.004 to 0.239, 0.003 to 0.504, 0.0005 to 0.005, and 0.0002 to 0.0014 pg/g soil, for iron,
aluminum, chromium, and uranium-238, respectively (Table 7-48).

The measurements of the major water extract anions from borehole 299-E33-338 are shown in
Table 7-49 and Figure 7-17, and summarized in Table 7-50. The shapes of the anion profiles
versus depth vary from each other instead of being similar as were the cation profiles. There are
no consistent depths where all anions peak. The wetter samples do consistently show low
calculated porewater anion concentrations suggesting that the dilution factor is again controlling
the apparent concentrations. That is, all the sediments are likely dissolve some salts that are not
truly in the porewater so that the dilution correction makes it appear that the porewater anion
concentrations are higher in the drier sediments. Primary constituents are carbonate, sulfate, and
chloride. Other less concentrated anions include fluoride and nitrate. In general, the water
extract anion concentrations range from 0.3 to 13.0, 0.02 to 0.81, 0.07 to 28.94, and

0.52 to 67.51 pg/g soil for nitrate, fluoride, chloride, and sulfate, respectively. The average
values are 1.45, 0.39, 3.19, and 15.6 pg/g soil for nitrate, fluoride, chloride, and sulfate,
respectively (Table 7-50).
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Table 7-47. Selected Water Extract Cations in Terms of Dry Sediment (ug/g soil) for Borehole 299-E33-338

sample ID Mid-Daepth Water;SoiI Ca Mg Na K Fe Al Cr Sr U-238
ft Ratio MO/9 | M9/9 | Mg/ | uHg/g | ug/g Hg/g Ha/g Hg/g Ha/g
Hanford formation, H1 Unit
C3391-15.5 16 1.002 5.95 0.78 |23.40 |[233 [0.021 |0.027 |0.00052 |0.023 | 0.00048
C3391-17.5 18 1.021 7.80 091 |3560 |[3.26 |[0.060 |0.039 |[0.00122 |0.031 |0.00140
C3391-51.05 51.55 1.007 3560 | 849 |11.90 |6.13 |0.004 |0.504 |0.00201 |0.162 | 0.00048
Hanford formation, H2 Unit
C3391-77.3 77.8 1.001 5.78 1.56 | 4.97 2.55 | 0.023 |0.037 |0.00200 |0.029 | 0.00023
C3391-83.3 83.8 1.000 6.04 1.66 | 5.59 2.68 | 0.021 |0.032 |0.00200 |0.032 | 0.00040
C3391-90.75 91.25 1.001 5.12 123 | 4.56 201 |0.037 |0.054 |0.00200 |0.025 | 0.00019
C3391-107.3 107.8 1.000 6.02 1.54 | 447 238 | 0.037 |0.049 |0.00200 |0.029 | 0.00029
C3391-115.4 115.9 0.962 6.57 187 | 6.56 2.88 | 0.093 |0.054 |0.00192 |0.035 | 0.00032
C3391-133 133.5 1.000 5.12 126 | 445 231 | 0.077 |0.057 |0.00077 |0.026 | 0.00034
C3391-160.3 160.8 1.001 5.83 1.55 | 6.47 290 |0.073 |0.081 |0.00200 |0.034 | 0.00040
C3391-161.35 161.85 1.000 7.47 208 | 1440 |5.14 [0239 |0.197 |0.00200 | 0.045 | 0.00088
C3391-171.45 171.95 1.000 6.75 1.88 | 9.03 3.45 | 0.052 |0.040 |0.00200 |0.038 | 0.00074
C3391-173.05 173.55 1.000 1070 [ 295 |17.40 |546 |0.033 |0.032 |0.00092 |0.063 | 0.00100
Hanford formation, H3 Unit
C3391-198.1 198.6 1.002 4.71 1.16 | 6.64 2.53 | 0.031 |0.049 |0.00200 |0.027 |0.00021
C3391-200.1 200.6 1.000 6.22 1.61 | 922 341 | 0018 |0.033 |0.00200 |0.033 |0.00074
Upper Cold Creek Unit (CCU,)
(3391-213.8 214.3 1.000 6.73 1.58 | 1050 |3.32 |0.131 |0.090 |0.00050 |0.039 | 0.00035
C3391-218.7 219.2 1.000 18.60 |3.55 | 1820 |325 |0.011 |0.009 |0.00495 |0.100 | 0.00115
(3391-219.7 below sand | 220.2 0.986 1420 | 242 |1560 |244 |0012 |0.011 |0.00345 |0.069 | 0.00038
(3391-219.7 above sand | 220.2 0.952 1430 | 247 |[16.00 |242 |0.013 |[0.003 |0.00405 | 0.068 | 0.00046
C3391-220.65 221.15 1.005 1450 | 254 |1720 |321 |0.009 |0.017 |0.00268 |0.078 | 0.00060
(3391-221.65 222.15 1.002 1570 | 2.84 | 1820 |4.07 |0.058 |0.038 |0.00248 | 0.085 | 0.00077
Lower Cold Creek Unit (CCU,))
3391-239.8 240.3 1.000 | 761|205 |1130 [355 [0022 [0.025 |000200 |0.043 |0.00050

* Multiply by 0.3048 to convert feet to meters.
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Figure 7-15. Water Extract Major Cation Concentration Distributions for Borehole 299-E33-338 as a Function of Depth
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Figure 7-16. Water Extract Cation Distributions of Aluminum, Barium, Iron, Silicon, and Uranium
for Borehole 299-E33-338 as a Function of Depth
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Table 7-48. Ranges and Means of Selected Water Extract Cations in Terms of

Dry Sediment (ug/g soil) for Borehole 299-E33-338

. . . Ca Mg Na K Fe Al Cr Sr U-238
Stratigraphic Unit
Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g
Min. 5.95 0.78 11.90 2.33 0.004 0.027 0.0005 0.023 0.0005
311:3) a Max. 35.60 8.49 35.60 6.13 0.060 0.504 0.0020 0.162 0.0014
Mean 16.45 3.93 23.63 3.90 0.028 0.190 0.0013 0.072 0.0008
Min. 5.12 1.23 4.45 2.01 0.021 0.032 0.0008 0.025 0.0002
2112:10) Max. 10.70 2.95 17.40 5.46 0.239 0.197 0.0020 0.063 0.0010
Mean 6.54 1.76 7.79 3.18 0.069 0.063 0.0018 0.035 0.0005
Min. 4.71 1.16 6.64 2.53 0.018 0.033 0.0020 0.027 0.0002
213:2) Max. 6.22 1.61 9.22 341 0.031 0.049 0.0020 0.033 0.0007
Mean 5.47 1.39 7.93 2.97 0.025 0.041 0.0020 0.030 0.0005
Min. 6.73 1.58 10.50 2.42 0.009 0.003 0.0005 0.039 0.0004
gl(ig)“ Max. 18.60 3.55 18.20 4.07 0.131 0.090 0.0050 0.100 0.0012
Mean 14.01 2.57 15.95 3.12 0.039 0.028 0.0030 0.073 0.0006
ﬁl(zjllj)l Min./Max./Mean 7.61 2.05 11.30 3.55 0.022 0.025 0.0020 0.043 0.0005
Min. 4.71 0.78 4.45 2.01 0.004 0.003 0.0005 0.023 0.0002
(On\;ezr;;l Max. 35.60 8.49 35.60 6.13 0.239 0.504 0.0050 0.162 0.0014
Mean 9.88 2.18 12.35 3.26 0.049 0.067 0.0021 0.051 0.0006
* Sample size
CCU; = lower Cold Creek unit
CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
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Table 7-49. Selected Water Extract Anions in Terms of Dry Sediment (ug/g soil)
for Borehole 299-E33-338

S Mid-Depth | Water:Soil | Nitrate | Nitrite | Fluoride | Chloride | Sulfate | Phosphate Carbonate
ample ID . ;
ft Ratio Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g
Hanford formation, H1 Unit
C3391-15.5 16 1.002 1.44 0.137 0.22 1.35 33.64 0.240 50.08
C3391-17.5 18 1.021 0.42 0.140 0.81 1.10 39.73 0.245 85.61
C3391-51.05 51.55 1.007 13.02 0.189 0.31 28.94 67.51 0.242 50.36
Hanford formation, H2 Unit
C3391-77.3 77.8 1.001 1.00 0.137 0.19 0.78 341 0.240 50.05
(3391-83.3 83.8 1.000 0.85 0.137 0.18 0.44 3.34 0.240 50.02
(3391-90.75 91.25 1.001 1.27 0.137 0.18 0.48 2.44 0.240 50.05
(3391-107.3 107.8 1.000 0.29 0.137 0.02 0.07 0.52 0.240 49.99
C3391-115.4 115.9 0.962 1.55 0.132 0.26 4.24 4.78 0.231 48.12
(3391-133 133.5 1.000 0.38 0.137 0.20 0.45 1.82 0.240 50.01
C3391-160.3 160.8 1.001 0.47 0.137 0.60 1.48 9.99 0.240 113.48
(3391-161.35 161.85 1.000 0.37 0.137 0.43 1.23 7.20 0.240 80.74
C3391-171.45 171.95 1.000 0.56 0.137 0.33 0.55 6.06 0.240 50.02
C3391-173.05 173.55 1.000 0.53 0.137 0.57 1.55 20.05 0.240 87.08
Hanford formation, H3 Unit
(3391-198.1 198.6 1.002 0.47 0.137 0.20 0.35 2.68 0.262 50.10
(3391-200.1 200.6 1.000 0.29 0.137 0.25 0.92 5.43 0.240 50.02
Upper Cold Creek Unit (CCU,)
(C3391-213.8 2143 1.000 0.50 0.137 0.35 0.87 6.65 0.240 70.80
C3391-218.7 219.2 1.000 2.09 0.137 0.60 4.20 27.54 0.327 108.22
12331?)?; Si 111 3‘7 2202 0.986 197 |0135 |056 4.09 17.94 | 0.420 86.10
gtfjfel ;illlzj 2202 0.952 221 0.130 | 0.66 4.14 1797 | 0.553 88.85
(C3391-220.65 | 221.15 1.005 0.56 0.138 0.55 6.67 23.36 0.403 82.66
(C3391-221.65 | 222.15 1.002 1.38 0.137 0.64 5.51 28.18 0.451 87.77
Lower Cold Creek Unit (CCU))
C3391-239.8 | 2403 1.000 031 0.137 | 0.49 | 0.69 13.01 | 0.240 78.76

 Multiply by 0.3048 to convert feet to meters.
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Depth (ft) Below Ground Surface

Figure 7-17. Water Extract Anion Concentration Distributions for Borehole 299-E33-338 as a Function of Depth
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Table 7-50. Ranges and Means of Selected Water Extract Anions in Terms of
Dry Sediment (ug/g soil) for Borehole 299-E33-338

Stratigraphic Unit Nitrate Nitrite Fluoride Chloride Sulfate Phosphate Carbonate
Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g
Min. 0.42 0.14 0.22 1.10 33.64 0.24 50.08
511:3) N Max. 13.02 0.19 0.81 28.94 67.51 0.25 85.61
Mean 4.96 0.16 0.45 10.46 46.96 0.24 62.02
Min. 0.29 0.13 0.02 0.07 0.52 0.23 48.12
512:10) Max. 1.55 0.14 0.60 4.24 20.05 0.24 113.48
Mean 0.73 0.14 0.30 1.13 5.96 0.24 62.96
Min. 0.29 0.14 0.20 0.35 2.68 0.24 50.02
513:2) Max. 0.47 0.14 0.25 0.92 543 0.26 50.10
Mean 0.38 0.14 0.23 0.63 4.06 0.25 50.06
Min. 0.50 0.13 0.35 0.87 6.65 0.24 70.80
aczg)” Max. 2.21 0.14 0.66 6.67 28.18 0.55 108.22
Mean 1.45 0.14 0.56 4.25 20.27 0.40 87.40
glillj)l Min./Max./Mean 0.31 0.14 0.49 0.69 13.01 0.24 78.76
Min. 0.29 0.13 0.02 0.07 0.52 0.23 48.12
Overall
(n=22) Max. 13.02 0.19 0.81 28.94 67.51 0.55 113.48
Mean 1.45 0.14 0.39 3.19 15.60 0.28 69.04

* Sample size

CCU,; =lower Cold Creek unit

CCU, = upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
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Carbon results for borehole 299-E33-338 and the calculated calcium carbonate equivalent

(in terms of grams calcite per gram of over-dry sediment) are shown in Table 7-51, and
summarized by stratigraphic unit in Table 7-52. The overall results for the calculated calcium
carbonate range from 0.7 to 2 wt%, with the highest reported values associated with CCU, and
the lowest values from the H3 unit. These values are generally consistent with results from
similar lithological samples reported elsewhere (Serne et al. 2002).

It should be noted that this method measures organic carbon by subtracting inorganic carbon
content from the total carbon content in the sample. For such low carbon values, this method is
not very accurate. However, the low values for organic carbon are within the ranges generally
reported for sediment in the Hanford Site (e.g., Serne et al. 2002).

7.2.1.4  Mineralogy at Borehole 299-E33-338

XRD analysis was conducted on the sediment samples collected from borehole 299-E33-338,
which was represented by two stratigraphic units: the Hanford formation and the CCU.

The Hanford formation is divided into three units, with the shallowest identified as H1, followed
by the H2, and the deepest as the H3. Samples examined from the H1 facies (4.7 to 15.6 m
[15.5 to 51.1 ft] bgs) were dominated by quartz with lesser amount of feldspar (Table 7-53).
Mica and chlorite appeared as trace amounts, with the relative concentrations of both clay
minerals increasing with depth. Hornblende also appeared in detectable amounts, with
concentrations following the mica and chlorite abundance profile. Samples collected from the
H2 unit (23.6 to 52.3 m [77.3 to 171.5 ft] bgs) appeared to be similar to the H1 unit with perhaps
a more weathered profile. Clay minerals such as mica and chlorite are more abundant in the

H2 unit and are easily detected by XRD. Samples examined from the H3 unit also exhibited
similar characteristics as the H1 and H2 units. Sediment samples from the CCU contain quartz
and feldspar, along with significant amounts of clay minerals, predominantly mica and chlorite.
Additionally, these samples contain hornblende in minor to trace concentrations, along with trace
amounts of laumontite (Lindenmeier et al. 2003).

Results from the semi-quantification of the bulk sediment samples are listed in Table 7-53.
Quartz concentrations range from 22 wt% at 219.17 ft (66.8 m) to 48.5% at 51.05 ft (15.6 m).
The borehole sediment contained plagioclase feldspar concentrations from 10.6 to 39.5 wt%, and
potassium feldspar content measured between 9.0 to 37.9 wt%. Plagioclase feldspar was more
abundant than potassium feldspar except for the three samples in the Hanford formation, H1 unit
and one sample in the CCU,. The amphibole phase comprised <10 wt% at most, with the
majority of the sample concentrations ranging from 2 to 5 wt%.

Clay minerals identified in the bulk sediment samples include mica and chlorite. Mica
concentrations range from trace amount in the Hanford formation, H1 unit to as high as 26% in
the CCU,. Chlorite concentrations were <5 wt% in all sediment samples analyzed with only
trace amounts detected in the H1 unit. Smectite and kaolinite were not detected in the bulk
sediment samples due in part to the sample preparation technique and the low overall
concentration, respectively.
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Table 7-51. Carbon Solid Content for Core Samples from Borehole 299-E33-338

Mid-Depth Total Inorganic Organjc—Carbon Inorganic Carbon as
Sample ID fro Carbon Carbon by Difference CaCOgs
% % % %

Hanford formation, H1 Unit
C3391-15.5 16 0.19 0.14 0.04 1.20
C3391-17.5 18 0.15 0.12 0.04 0.98
C3391-51.05 51.55 0.19 0.14 0.04 1.21

Hanford formation, H2 Unit
C3391-77.3 77.8 0.18 0.17 0.01 1.43
C3391-83.3 83.8 0.16 0.13 0.03 1.07
C3391-90.75 91.25 0.19 0.16 0.03 1.33
C3391-107.3 107.8 0.20 0.16 0.03 1.36
C3391-115.4 115.9 0.14 0.12 0.02 1.02
C3391-133 133.5 0.15 0.12 0.03 1.02
C3391-160.3 160.8 0.25 0.11 0.14 0.91
C3391-161.35 161.85 0.26 0.14 0.12 1.17
C3391-171.45 171.95 0.22 0.16 0.06 1.35
C3391-173.05 173.55 0.29 0.20 0.09 1.65

Hanford formation, H3 Unit
C3391-198.1 198.6 0.15 0.08 0.07 0.66
C3391-200.1 200.6 0.13 0.08 0.05 0.67

Upper Cold Creek Unit (CCU,)
C3391-213.8 214.3 0.17 0.13 0.03 1.10
C3391-218.7 219.2 0.28 0.18 0.11 1.47
Scaﬁfl:;elfj below 1 5502 0.28 0.22 0.05 1.84
;1361912';;9'7 above 2202 0.30 0.24 0.06 2.00
(3391-220.65° 221.15 0.29 0.21 0.08 1.74
C3391-221.65 222.15 0.27 0.22 0.06 1.79
Lower Cold Creek Unit (CCU,))

C3391-239.8 240.3 0.11 0.09 ‘ 0.02 0.72

? Multiply by 0.3048 to convert feet to meters.

b Average of duplicate measurements

CaCOj; = calcium carbonate
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Table 7-52. Ranges and Means of Carbon Solid Content for
Core Samples from Borehole 299-E33-338

Total Inorganic Organic Carbon Inorganic Carbon
Stratigraphic Unit Carbon Carbon by Difference as CaCOg
% % % %
Min. 0.15 0.12 0.04 0.98
Hl_ a Max. 0.19 0.14 0.04 1.21
(n=3)
Mean 0.18 0.14 0.04 1.13
Min. 0.14 0.11 0.01 091
H2
(n=10) Max. 0.29 0.20 0.14 1.65
Mean 0.20 0.15 0.06 1.23
Min. 0.13 0.08 0.05 0.66
H3_ Max. 0.15 0.08 0.07 0.67
(n=2)
Mean 0.14 0.08 0.06 0.67
Min. 0.17 0.13 0.03 1.10
CC_U“ Max. 0.30 0.24 0.11 2.00
(n=6)
Mean 0.27 0.20 0.07 1.66
(Cnczllj)‘ Min/Max./Mean | 0.11 0.09 0.02 0.72
Min. 0.11 0.08 0.01 0.66
Overall
(n=22) Max. 0.30 0.24 0.14 2.00
Mean 0.21 0.15 0.06 1.26

 Sample size

CaCO; = calcium carbonate

CCU; =lower Cold Creek unit

CCU, =upper Cold Creek unit (Cold Creek fine-grained unit)

H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
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Table 7-53. Semi-Quantitative X-Ray Diffraction Results of

Minerals from Borehole 299-E33-338
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Sample 1D Midi-:tDaepth _ Mineral Phase (wt%) _ _
Quartz \ Plagioclase \ K-Spar \Amphlbole\ Mica \ Chilorite
Hanford formation, H1 Unit
C3391-15.5 16 30.7 21.0 37.9 10.0 Tr Tr
C3391-17.5 18 31.6 26.1 393 3.0 Tr Tr
C3391-51.05 51.55 48.5 17.9 28.4 53 Tr Tr
Hanford formation, H2 Unit
C3391-77.3 77.8 44.0 23.7 28.5 3.8 Tr Tr
C3391-83.3 83.8 30.3 31.0 15.7 33 18.0 23
C3391-90.75 91.25 38.1 22.3 15.2 2.6 19.7 2.1
C3391-107.3 107.8 37.8 26.3 12.8 3.0 17.3 2.7
C3391-115.4 1159 28.0 32.0 10.9 4.9 21.5 2.8
C3391-133 133.5 35.5 26.3 11.9 3.5 20.1 2.7
C3391-160.3 160.8 32.0 27.1 12.3 4.7 20.7 3.1
C3391-161.35 | 161.85 38.4 27.0 12.0 2.8 16.9 2.6
C3391-171.45 | 171.95 29.0 29.9 9.0 7.8 21.2 32
C3391-173.05 | 173.55 ND ND ND ND ND ND
Hanford formation, H3 Unit
C3391-198.1 198.6 24.8 39.5 11.2 33 18.0 32
C3391-200.1 200.6 29.8 31.7 13.1 4.1 18.1 2.8
Upper Cold Creek Unit (CCU,)
C3391-213.8 2143 31.5 30.8 10.7 7.3 17.1 2.6
C3391-218.7 219.2 30.3 25.2 12.1 7.2 21.7 34
gjlf)zvl sirll?i 7 220.2 ND ND ND ND ND ND
gtfj\?eliulzj 220.2 30.8 16.9 17.4 4.7 25.6 4.6
C3391-220.65 | 221.15 31.8 27.3 13.6 6.0 17.9 34
C3391-221.65 | 222.15 38.1 18.9 15.8 5.8 26.3 5.0
Lower Cold Creek Unit (CCU,))
3391-239.8 | 240.3 274|338 | 9.3 33 233 |29

? Multiply by 0.3048 to convert feet to meters.
ND = not determined
Tr = trace amount
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Semi-quantification results of the clay minerals in the <2 micron fraction are presented in

Table 7-54. Total recoveries were normalized to 100%, and the normalization factors are
reported in the last column. Smectite ranges in concentrations from a low of 3 wt% (83.3 ft
[25.4 m]), to a high of 60 wt% (4.7 m [15.5 ft]). Illite concentrations varied from 28 to 61 wt%
with the majority of the samples having concentrations in the range of 40 to 55 wt%.

Chlorite and kaolinite were the least abundant of the clay minerals identified in the samples with
concentrations < 25 wt% and 14 wt%, respectively. Quartz and feldspar were present as trace
amounts in the clay fraction and therefore, are not included in the totals presented in Table 7-54.

7.2.2 Vadose Zone Characterization of Waste Management Areas A-AX and C

Well 299-E27-22 (C4124), located to the northeast of WMA C (Figure 5-28), was one of the four
new RCRA groundwater monitoring wells installed between July and September 2003. The well
is upgradient of WMA C and will be considered as the background well for differentiating
upgradient groundwater contamination from contaminants released at the WMA as well as help

determine the direction of groundwater flow. The details of the borehole data are documented in
Williams and Narbutovskih (2004).

Additional characterization was completed in borehole 299-E27-22, which was drilled deeper to
the bottom of the uppermost unconfined aquifer (i.e., to the top of basalt). Intact vadose zone
core samples were collected, and depth-discrete aquifer testing and groundwater sampling and
analysis were performed in well 299-E27-22. The details of all available hydrogeologic data,
geophysical logs, well construction information, and sample collection and analysis activities are
documented in Williams and Narbutovskih (2004).

7.2.2.1  Geology at Borehole 299-E27-22

Well 299-E27-22 was drilled with a dual-wall percussion drill rig from surface to a total depth of
268 ft (81.7 m) bgs. The borehole was drilled through the entire unconfined aquifer (saturated
interval) to the top of basalt. Grab samples of sediment for geologic description, digital
photography, and archive were collected at approximately 5-ft intervals from ground surface to
total depth. Continuous and near-continuous intact splitspoon sediment samples were also
collected throughout the vadose zone. These samples were used for describing in detail the
vadose zone lithology, paleomagnetic age dating, and for detailed sediment chemical analysis.
Sixty-nine continuous splitspoon samples were collected at approximately every 5 ft of depth
from approximately 114 to 231.5 ft (34.7 to 70.6 m) bgs (approximate water table).

The borehole log in Figure 7-18 illustrates the sampled intervals and graphic results of core
descriptions.

Sediments encountered during drilling were predominantly unconsolidated sand to gravelly
sand of the Hanford formation from approximately 5 ft bgs (below recent deposits) to about
185 ft bgs. The sandy gravel to gravel of the lower Hanford H3 unit comprises the sediments
from approximately 185 ft bgs to 267 ft bgs. The top of basalt was encountered at total depth
(i.e., 268 ft bgs). Ringold Formation sediments were not encountered. The field geologist’s
detailed borehole log, along with the well construction summary report, as-built diagram, well
development and pump installation records, and well survey results are included in Appendix A
of Williams and Narbutovskih (2004). A more detailed hydrogeologic interpretation of the
borehole sediments is included in Section 9.0 of Williams and Narbutovskih (2004).
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This interpretation also incorporates results from the vadose zone core descriptions, depth
discrete aquifer testing, and groundwater chemistry analysis results.

Table 7-54. Semi-Quantitative X-Ray Diffraction Results of Clay Minerals
Separated from Sediment Collected from Borehole 299-E33-338

sample ID Mid%tDaepth _ Miner_al Phase (vvt%_) _ Normalization
Smectite | llite | Chlorite | Kaolinite Factor
Hanford formation, H1 Unit
C3391-15.5 16 60 28 7 5 0.73
C3391-17.5 18 53 31 10 6 0.92
C3391-51.05 51.55 25 52 13 10 0.49
Hanford formation, H2 Unit
C3391-77.3 77.8 31 44 15 9 0.64
C3391-83.3 83.8 3 61 22 14 0.81
C3391-90.75 91.25 10 61 19 9 0.49
C3391-107.3 107.8 22 51 14 13 1.96
C3391-115.4 115.9 18 53 21 8 0.61
C3391-133 133.5 23 53 18 6 0.51
C3391-160.3 160.8 25 48 19 8 0.55
C3391-161.35 161.85 19 54 20 7 0.56
C3391-171.45 171.95 27 42 23 8 0.50
C3391-173.05 173.55 28 37 25 10 0.54
Hanford formation, H3 Unit
C3391-198.1 198.6 35 42 18 5 0.79
C3391-200.1 200.6 18 53 21 8 0.61
Upper Cold Creek Unit (CCU,)
C3391-213.8 214.3 23 53 18 6 0.51
C3391-218.7 219.2 25 48 19 8 0.55
W27 202 19 54 20 7 0.56
PIZT 2202 25 52 13 10 0.49
C3391-220.65 221.15 31 44 15 9 0.64
C3391-221.65 222.15 35 42 18 5 0.79
Lower Cold Creek Unit (CCU))
33912398 | 240.3 31 44 | 19 6 0.74

 Multiply by 0.3048 to convert feet to meters.
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Figure 7-18. Hydrogeologic Interpretation for Borehole 299-E27-22
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7.2.2.2  Geophysical and Moisture Content Measurements at Borehole 299-E27-22

The moisture content measurements of sediment samples from borehole 299-E27-22 are listed in
Table 7-55. For well 299-E27-22 (C4124), geophysical log plots of the naturally occurring
gamma-emitting radionuclides (i.e., potassium, uranium, and thorium) indicate there are several
distinct activity changes (inflection points) at depths of approximately 48, 81, 141, 160, 185,
226, and 230 ft bgs. These major changes correlate to lithologic features (i.e., contacts and/or
thin contrasting lithologic intervals) and the water table (Figure 7-6). The inflections at
approximately 48, 81, 141, 160, 185, and 226 ft bgs correspond to distinct lithologic changes
identified in core samples from the borehole. For example, digital photographs of intact core
samples collected from this well are included in the composite log to illustrate the nature of two
of the inflections at approximately 48 and 81 ft bgs (Figure 7-18; and Appendix B of

Williams and Narbutovskih 2004). The cored contact at 48 ft is described as consisting of
several inches of well-laminated, brown, silty fine sand sandwiched between gravelly sand
(below) and grayish sand (above). The upper and lower contacts on the finer-grained layer are
sharp and distinct. In contrast, the 81-ft contact consists of 0.5 ft of weakly laminated fine sand
between layers of coarser gravelly sand (above) and fine to coarse sand (below); the upper
contact is sharp while the lower contact is gradational. The inflections at 141, 160, 185, and
226 ft bgs reflect other lithologic changes that are visible on the composite log (Figure 7-18).

A graphic log developed from the detailed core descriptions provides an additional comparison
to the grab sample derived graphic log.

7.2.2.3  Soil Water Chemistry Measurements at Borehole 299-E27-22

A total of 18 samples for borehole 299-E27-22 were selected among the 111 core subsamples
(Table 7-55) from a depth of geological interest for geochemical analysis: 6 samples from
Hanford formation, H1 unit, 8 from the H2 unit, and 4 from the H3 unit (Table 7-56).

The measurements of 1:1 sediment:water extract pH, pore water EC, and total alkalinity along
with moisture content for the 18 core samples from borehole 299-E27-22 are provided in

Table 7-56, and the ranges and means of the distributions are summarized by stratigraphic unit in
Table 7-57. Primary characteristics include the following.

e The 1:1 sediment:water extract pH ranged from 7.4 to 7.6 with an average of 7.5, and the
distributions are very similar to distributions from the H1 to H3 units.

e The dilution-corrected water extract EC ranged from 1.9 to 20.1 mS/cm with an average
of 9.3. The distributions of EC among the Hanford formation subunits are not
significantly different.

e The total alkalinity measurements ranged from 292 to 2,662 mg CaCO;/L with an
average of 1,354 mg CaCOs/L. Like the distributions of EC and pH, there is no
significant difference observed among the samples from the Hanford formation subunits.
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StratLiJgnrif;\phic sample ID Mid]:f)aepth Moi;;ure StratliJgr;?phiC sample ID Mid]:tDaepth Moi;;cure
H1 C4124-20 19.5 2.38 H2 C4124-96 95.5 2.52
H1 C4124-21 20.5 2.30 H2 C4124-97.5 | 97.0 2.73
H1 C4124-22.5 | 22 2.48 H2 C4124-98.5 | 98.0 8.74
H1 C4124-23.5 | 23 2.38 H2 C4124-100 99.5 2.14
H1 C4124-25 24.5 2.45 H2 C4124-101 100.5 1.48
H1 C4124-26 25.5 2.47 H2 C4124-102.5 | 102.0 1.38
H1 C4124-27.5 | 27 2.80 H2 C4124-103.5 | 103.0 1.96
H1 C4124-28.5 | 28 2.68 H2 C4124-105 104.5 2.25
H1 C4124-30 29.5 2.43 H2 C4124-106 105.5 2.15
H1 C4124-31 30.5 2.56 H2 C4124-107.5 | 107.0 3.50
H1 C4124-32.5 | 32 2.47 H2 C4124-108.5 | 108.0 2.16
H1 C4124-33.5 | 33 2.68 H2 C4124-110 109.5 2.68
H1 C4124-35 34.5 2.55 H2 C4124-111 110.5 3.09
H1 C4124-36 35.5 3.07 H2 C4124-115 114.5 2.31
H1 C4124-37.5 | 37 2.69 H2 C4124-116 115.5 2.53
H1 C4124-38.5 | 38 3.65 H2 C4124-120 119.5 2.12
H1 C4124-40 39.5 3.28 H2 C4124-121 120.5 1.79
H1 C4124-41 40.5 4.15 H2 C4124-125 124.5 2.49
H1 C4124-42.5 | 42 3.26 H2 C4124-126 125.5 2.49
H1 C4124-43.5 | 43 3.83 H2 C4124-130 129.5 1.97
H1 C4124-45 44.5 4.00 H2 C4124-131 130.5 3.61
H1 C4124-46 45.5 3.34 H2 C4124-135 134.5 2.57
H1 C4124-47.5 | 47 3.32 H2 C4124-136 135.5 1.67
H1 C4124-48.5 | 48 12.46 H2 C4124-140 139.5 2.10
H1 C4124-50 49.5 2.99 H2 C4124-141 140.5 2.44
H1 C4124-51 50.5 2.39 H2 C4124-145 144.5 2.37
H1 C4124-52.5 | 52 2.69 H2 C4124-146 145.5 2.42
H1 C4124-53.5 | 53 2.53 H2 C4124-150 149.5 2.61
H1 C4124-55 54.5 2.12 H2 C4124-151 150.5 2.39
H1 C4124-56 55.5 1.97 H2 C4124-155 154.5 2.79
H1 C4124-57.5 | 57 2.01 H2 C4124-160 159.5 2.29
H1 C4124-58.5 | 58 2.85 H2 C4124-161 160.5 2.20
H1 C4124-62.5 | 62 3.45 H2 C4124-165 164.5 2.73
H1 C4124-63.5 | 63 2.99 H2 C4124-166 165.5 2.75
H1 C4124-66 65.5 2.08 H2 C4124-170 169.5 2.69
H1 C4124-67.5 | 67 2.68 H2 C4124-171 170.5 2.38
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StratLiJgnrif;\phic sample ID Mid]:f)aepth Moi;;ure StratliJgr;?phiC sample ID Mid]:tDaepth Moi;;cure
H1 C4124-68.5 | 68 2.41 H2 C4124-175 174.5 2.68
H1 C4124-72.5 | 72 1.22 H2 C4124-176 175.5 2.70
H1 C4124-73.5 | 73 2.09 H2 C4124-180 179.5 2.73
HI1 C4124-75 74.5 1.59 H2 C4124-181 180.5 2.58
H1 C4124-76 | 75.5 1.99 H2/H3 C4124-185 184.5 291
H1 C4124-77.5 | 77 2.06 H3 C4124-186 185.5 2.48
HI1 C4124-78.5 | 78 2.04 H3 C4124-190 189.5 2.88
H1 C4124-80 79.5 1.54 H3 C4124-191 190.5 2.57
H2 C4124-81 80.5 2.26 H3 C4124-195 194.5 2.43
H2 C4124-82.5 | 82 10.72 H3 C4124-196 195.5 2.77
H2 C4124-83.5 | 83 4.44 H3 C4124-200 199.5 2.99
H2 C4124-85 84.5 2.63 H3 C4124-201 200.5 2.55
H2 C4124-86 85.5 1.79 H3 C4124-205 204.5 2.53
H2 C4124-87.5 | 87 2.75 H3 C4124-206 | 205.5 2.48
H2 C4124-88.5 | 88 2.75 H3 C4124-210A | 209.5 2.37
H2 C4124-90 89.5 1.90 H3 C4124-211A | 210.5 2.53
H2 C4124-91 90.5 1.95 H3 C4124-211B | 210.5 2.65
H2 C4124-92.5 | 92 1.89 H3 C4124-225 224.5 3.73
H2 C4124-93.5 | 93 2.35 H3 C4124-226 | 2255 3.08
H2 C4124-95 | 94.5 2.84

# Multiply by 0.3048 to convert feet to meters.
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
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Table 7-56. Moisture Content, Water Extract pH, Calculated Porewater
Electrical Conductivity, and Total Alkalinity Values for
Core Samples from Borehole 299-E27-22

sampierp | WSRO ol [t [ [ PorceS | Ay
Hanford formation, H1 Unit
C4124-28.5 28.0 37.30 2.68 7.55 20.07 1344.4
C4124-41 40.5 24.17 4.15 7.43 7.95 953.4
C4124-46 45.5 29.96 3.34 7.51 8.42 1079.9
C4124-48.5°¢ 48.0 8.03 12.46 7.50 16.12 292.1
C4124-51 50.5 42.23 2.39 7.53 6.88 1579.4
C4125-78.5 78.0 49.07 2.04 7.55 1.87 2001.9
Hanford formation, H2 Unit
C4124-82.5°¢ 82.0 9.43 10.72 7.46 10.80 317.7
C4124-85 84.5 38.02 2.63 7.47 7.64 1266.7
C4124-96 95.5 39.66 2.52 7.60 1.86 1537.3
C4124-101 100.5 67.48 1.48 7.60 10.93 2661.5
C4124-140 139.5 47.60 2.10 7.43 12.95 1424.2
C4124-146 145.5 41.47 2.42 7.55 9.87 1522.7
C4124-161 160.5 45.45 2.20 7.52 10.82 1607.0
C4124-165 164.5 36.67 2.73 7.44 8.51 1196.9
Hanford formation, H3 Unit
C4124-186 185.5 40.34 2.48 7.57 10.77 1700.8
C4124-201 200.5 39.25 2.55 7.48 8.32 1227.8
C4124-211B 210.5 37.79 2.65 7.54 8.24 1464.6
C4124-226 225.5 32.25 3.08 7.51 5.74 1184.2

* Multiply by 0.3048 to convert feet to meters. Each sample was about 10 in. long, the mid point is used for plotting.
® Total alkalinity at pH 4.5

¢ Average of duplicate samples

CaCOs; = calcium carbonate

EC = electrical conductivity
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Table 7-57. Ranges and Means of Moisture Content, Water Extract pH,
Calculated Porewater Electrical Conductivity, and Total Alkalinity
for Core Samples from Borehole 299-E27-22

. . . Moisture . Pore EC Alkalinity
Stratigraphic Unit % 1:1pH ms/em mg CaCO,/L
Min. 2.04 7.43 1.87 292.1
511:6) a Max. 12.46 7.55 20.07 2001.9
Mean 4.51 7.51 10.22 1208.5
Min. 1.48 7.43 1.86 317.7
512:8) Max. 10.72 7.60 12.95 2661.5
Mean 3.35 7.51 9.17 1441.8
Min. 2.48 7.48 5.74 1184.2
Hi Max. 3.08 7.57 10.77 1700.8
(n=4)
Mean 2.69 7.53 8.27 1394.3
Min. 1.48 7.43 1.86 292.1
Overall Max. 12.46 7.60 20.07 2661.5
(n=18)
Mean 3.59 7.51 9.32 1353.5
* Sample size
CaCOs; = calcium carbonate
EC = electrical conductivity
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated

The major water extract cation measurements are listed in Table 7-58 for borehole 299-E27-22,
and summarized by stratigraphic unit in Table 7-59. In general, the cation concentrations in a
unit of dry sediment ranged from 7.5 to 57.1, 2.6 to 13.6, 10.2 to 27.3, and 3.5 to 7.7 ng/g soil
for calcium, magnesium, sodium, and potassium, respectively (Table 7-59). The averages and
median values were 19.5, 5.5, 15.9, and 5.5 pg/g soil for calcium, magnesium, potassium, and
sodium, respectively. Other cations of interest such as iron, aluminum, chromium, and
uranium-238 are also included in Tables 7-58 and 7-59. The concentrations range from 0.009
t0 0.031, 0.001 to 0.014, 0.0005 to 0.003, and 0.00015 to 0.00077 pg/g soil for iron, aluminum,
chromium, and uranium-238, respectively (Table 7-59).

The major water extract anion measurements from borehole 299-E27-22 are listed in Table 7-60,
and summarized by stratigraphic unit in Table 7-61. In general, the water extract anion
concentrations range from 0.43 to 19.68, 0.26 to 0.58, 0.48 to 27.17, and 20.48 to 186.55 pg/g
soil for nitrate, fluoride, chloride, and sulfate, respectively. The average values are 6.23, 0.38,
5.28, and 69.32 ng/g soil for nitrate, fluoride, chloride, and sulfate, respectively (Table 7-61).
Carbon analysis results for the sediment samples from borehole 299-E27-22 are not analyzed.
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Table 7-58. Selected Water Extract Cations in Terms of Dry Sediment (ug/g soil) for Borehole 299-E27-22

sample 1D Mid-Daepth WaterESoiI Ca Mg Na K Fe Al Cr Sr U-238
ft Ratio Hg/g Ha/g Hg/g Ha/g Hg/g Ha/g Hg/g Ha/g Hg/g
Hanford formation, H1 Unit
C4124-28.5 28.0 1.000 2450 | 5.61 14.05 4.86 0.024 ND ND 0.108 0.00033
C4124-41 40.5 1.004 31.56 | 6.93 17.89 4.50 0.010 ND ND 0.128 0.00053
C4124-46 45.5 1.000 26.71 5.96 18.15 4.18 0.009 ND ND 0.109 0.00046
C4124-48.5° 48.0 1.001 57.21 13.18 27.26 6.53 0.009 ND 0.0011 | 0.210 0.00077
C4124-51 50.5 1.008 9.83 2.60 11.21 3.47 0.016 0.0007 | ND 0.050 0.00018
C4125-78.5 78.0 1.001 1578 | 5.14 13.62 6.60 0.012 ND ND 0.087 0.00039
Hanford formation, H2 Unit
C4124-82.5° 82.0 1.011 4090 | 13.63 18.09 7.68 0.015 ND 0.0011 | 0.179 0.00065
C4124-85 84.5 1.002 13.04 | 4.15 10.90 5.68 0.010 0.0046 | ND 0.072 0.00022
C4124-96 95.5 1.000 10.56 | 4.06 12.68 5.42 0.012 0.0075 | ND 0.062 0.00024
C4124-101 100.5 1.001 7.49 3.04 10.70 481 0.015 0.0136 | ND 0.042 0.00036
C4124-140 139.5 1.001 16.16 | 6.34 16.76 6.52 0.013 ND 0.0030 | 0.097 0.00065
C4124-146 145.5 1.002 13.38 | 4.55 17.83 6.42 0.020 0.0023 | 0.0007 | 0.074 0.00063
C4124-161 160.5 1.002 13.83 | 440 16.62 6.22 0.014 0.0024 | 0.0005 | 0.075 0.00022
C4124-165 164.5 1.001 15.59 | 447 13.83 5.27 0.011 ND 0.0015 | 0.077 0.00024
Hanford formation, H3 Unit
C4124-186 185.5 1.001 1475 | 4.18 22.67 6.44 0.010 ND 0.0019 | 0.092 0.00036
C4124-201 200.5 0.999 12.72 | 3.50 15.26 4.68 0.014 0.0053 | ND 0.070 0.00028
C4124-211B 210.5 1.000 13.55 | 3.66 17.64 4.96 0.020 0.0068 | ND 0.074 0.00019
C4124-226 225.5 0.993 12.89 | 3.29 10.17 4.55 0.031 0.0013 | 0.0012 | 0.076 0.00015

? Multiply by 0.3048 to convert feet to meters.
® Average of duplicate samples

ND = not detected
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Table 7-59. Ranges and Means of Selected Water Extract Cations in Terms of
Dry Sediment (ug/g soil) for Borehole 299-E27-22

Stratigraphic Unit Ca Mg Na K Fe Al® Cr° Sr U-238
H9/g Hg/g H9/g H9/g H9/g H9/g Hg/g H9/g Hg/g
Min. 9.83 2.60 11.21 3.47 0.009 0.050 0.00018
311:6) . Max. 57.21 13.18 27.26 6.60 0.024 0.0007 0.0011 0.210 0.00077
Mean 27.60 6.57 17.03 5.02 0.013 0.115 0.00044
Min. 7.49 3.04 10.70 4.81 0.010 0.0023 0.0005 0.042 0.00022
Ef: 8) Max. 40.90 13.63 18.09 7.68 0.020 0.0136 0.0030 0.179 0.00065
Mean 16.37 5.58 14.68 6.00 0.014 0.0061 0.0013 0.085 0.00040
Min. 12.72 3.29 10.17 4.55 0.010 0.0013 0.0012 0.070 0.00015
213’: " Max. 14.75 4.18 22.67 6.44 0.031 0.0068 0.0019 0.092 0.00036
Mean 13.48 3.66 16.43 5.16 0.019 0.0044 0.0016 0.078 0.00025
Min. 7.49 2.60 10.17 3.47 0.009 0.0007 0.0005 0.042 0.00015
22%1 Max. 57.12 13.63 27.26 7.68 0.031 0.0136 0.0030 0.210 0.00077
Mean 19.47 5.48 15.85 5.49 0.015 0.0049 0.0014 0.093 0.00038

* Sample size

b Sample sizes for aluminum in H1, H2, H3 and all are 1, 5, 3, and 9, respectively.

¢ Sample sizes for chromium in H1, H2, H3 and all are 1, 5, 2, and 8, respectively.
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated

H2 = Hanford formation, unit H2; equivalent to middle sand-dominated

H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
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Table 7-60. Selected Water Extract Anions in Terms of Dry Sediment (ug/g soil) for Borehole 299-E27-22
sample ID Mid]:tDaepth Water;SoiI Nitrate | Nitrite | Fluoride | Chloride | Sulfate | Phosphate | Carbonate
Ratio Hg/g Hg/g Hg/g H9/g Hg/g Ha/g Ha/g
Hanford formation, H1 Unit
C4124-28.5 28.0 1.000 0.99 0.451 0.38 0.48 88.57 0.505 50.01
C4124-41 40.5 1.004 7.80 0.453 0.47 1.01 110.64 | 2.065 50.18
C4124-46 45.5 1.000 5.20 0.451 0.43 0.95 99.34 0.505 50.02
C4124-48.5° | 48.0 1.001 19.68 0.451 0.43 27.17 186.55 | 0.505 50.04
C4124-51 50.5 1.008 1.92 0.455 0.33 4.42 24.50 0.509 50.41
C4125-78.5 78.0 1.001 0.43 0.451 0.37 3.22 55.78 0.505 50.05
Hanford formation, H2 Unit
C4124-82.5° | 82.0 1.011 19.56 0.456 0.34 20.66 134.97 | 0.511 50.55
C4124-85 84.5 1.002 5.47 0.452 0.31 6.06 37.30 0.506 50.08
C4124-96 95.5 1.000 6.87 0.451 0.36 3.67 35.03 0.505 50.00
C4124-101 100.5 1.001 5.21 0.452 0.32 2.61 20.48 0.506 50.07
C4124-140 139.5 1.001 5.15 0.451 0.33 6.62 72.74 0.506 50.05
C4124-146 145.5 1.002 2.82 0.452 0.35 4.12 61.47 0.506 50.11
C4124-161 160.5 1.002 7.51 0.452 0.40 3.16 56.68 0.506 50.10
C4124-165 164.5 1.001 8.37 0.452 0.26 2.95 58.75 0.506 50.07
Hanford formation, H3 Unit
C4124-186 185.5 1.001 7.32 0.451 0.58 291 66.44 0.505 50.03
C4124-201 200.5 0.999 6.97 0.451 0.38 1.89 48.11 0.505 49.96
C4124-211B 210.5 1.000 0.43 0.451 0.50 1.85 54.54 0.505 50.00
C4124-226 225.5 0.993 0.43 0.448 0.35 1.24 3597 0.502 49.67

? Multiply by 0.3048 to convert feet to meters.

® Average of duplicate samples
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Table 7-61

. Ranges and Means of Selected Water Extract Anions in Terms of
Dry Sediment (ug/g soil) for Borehole 299-E27-22

Stratigraphic Unit Nitrate Nitrite Fluoride Chloride Sulfate Phosphate Carbonate
Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g Hg/g
Min. 0.43 0.451 0.33 0.48 24.50 0.505 50.01
311:6) . Max. 19.68 0.455 0.47 27.17 186.55 2.065 50.41
Mean 6.00 0.452 0.40 6.21 94.23 0.766 50.12
Min. 2.82 0.451 0.26 261 20.48 0.505 50.00
gf: $) Max. 19.56 0.456 0.40 20.66 134.97 0.510 50.54
Mean 11.90 0.452 0.33 6.23 59.68 0.506 50.13
Min. 0.43 0.448 0.35 1.24 35.97 0.502 49.67
21‘1 4 Max. 732 0.451 0.58 291 66.43 0.505 50.03
Mean 3.78 0.450 0.45 1.97 51.26 0.504 49.92
Min. 0.43 0.448 0.26 0.48 20.48 0.502 49.67
8‘5;;;1 Max. 19.68 0.456 0.58 27.17 186.55 2.065 50.55
Mean 6.23 0.452 0.38 5.28 69.32 0.592 50.08

* Sample size
H1 = Hanford formation, unit H1; equivalent to upper sand-dominated
H2 = Hanford formation, unit H2; equivalent to middle sand-dominated
H3 = Hanford formation, unit H3; equivalent to lower sand-dominated
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8.0 GROUNDWATER HYDROLOGY AND GEOCHEMISTRY BENEATH
SINGLE-SHELL TANK FARMS

8.1 INTRODUCTION

This chapter provides additional information in support of Chapter 2.0 of the SST performance
assessment (DOE-ORP 2006). The information in this report summarizes and discusses
historical as well as recent groundwater data related to the nature of the uppermost, unconfined
aquifer in the vicinity of the Hanford Site SST farms. Historical water levels and flow directions
are discussed. Background groundwater chemical composition is described on a Hanford Site
scale and on an individual tank farm scale. Many of the figures presented in Chapter 2.0 of
DOE-ORP (2006) are reproduced in this chapter for the convenience of the reader. Figures 8-1
through 8-5 show the location of most wells discussed in this chapter. The locations of wells not
on the figures are described in the report text.

8.2 UPPERMOST, UNCONFINED AQUIFER

This section provides information on the properties of the uppermost, unconfined aquifer beneath
the SST farms. Aquifer properties were determined from stratigraphic interpretations, current
and historical water level elevations, and results of aquifer testing.

Beneath the 200 West Area, the suprabasalt aquifer system contains the uppermost unconfined
aquifer and the Ringold Formation confined aquifer. Beneath the SST farms in the 200 East
Area, the suprabasalt aquifer system consists only of the uppermost unconfined aquifer. Deeper
confined and semi-confined aquifer systems also exist beneath these sedimentary aquifers in the
basalt flow tops, flow bottom zones, and sedimentary interbeds (DOE 1988). Groundwater flow,
both vertically and horizontally, in the suprabasalt aquifers is less constrained than in the deeper
basalt aquifers.

The suprabasalt aquifers have been impacted the most by past practice, liquid waste disposal
operations. Large volumes of waste water disposed to the ground between the 1940s and 1995
created large artificial groundwater mounds, particularly beneath the B Pond system northeast of
the 200 East Area and the 216-T and 216-U Pond systems beneath the 200 West Area.

The disposed liquids contained the contaminants that now move through the unconfined aquifer.
The mounding that previously existed created areas of downward movement of groundwater and
contaminants. Groundwater mounding has declined significantly since cessation of
non-permitted liquid waste disposal.

The following discussion focuses on the uppermost and unconfined aquifer system within the
Ringold and Hanford formations.
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Figure 8-3. Well Location Map for Waste Management Area C
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Figure 8-4. Well Location Map for Waste Management Areas S-SX and U
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Figure 8-5. Well Location Map for Waste Management Areas T and TX-TY
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8.2.1 Aquifer Properties beneath the 200 West Area Single-Shell Tanks

The suprabasalt aquifers are the uppermost regionally extensive aquifers beneath the 200 West
Area SSTs. Groundwater within this aquifer system is contained within the fluvial lacustrine
sediments of the Ringold Formation.

Beneath the tank farms in the 200 West Area, the base of the uppermost unconfined aquifer is
regarded as the top of the Ringold Formation lower mud unit (hydrogeologic unit 8 of

Thorne et al. 1993, Three-Dimensional Conceptual Model for the Hanford Site Unconfined
Aquifer System, FY 93 Status Report). This unit forms a confining layer that separates the
suprabasalt aquifer into the uppermost unconfined aquifer and the underlying Ringold Formation
confined aquifer (Williams et al. 2002). Thus, the uppermost unconfined aquifer in the area of
interest extends from the water table down to the hydrogeologic unit 8 and consists of variably
cemented and compacted, coarse sands and gravels of the Ringold Formation, member of
Wooded Island (hydrogeologic unit 5 of Thorne et al. 1993).

Several wells extend through the uppermost unconfined aquifer in the 200 West Area and can be
used to determine the thickness of the aquifer. Table 8-1 contains a list of some wells that
penetrate the uppermost aquifer, March 2003 water levels from those wells, and the determined
aquifer thickness. The data in the table show that the uppermost aquifer beneath the

200 West Area ranges from about 45 to 72 m in thickness. Williams et al. (2002) used

similar data to make an isopach map of the aquifer thickness in the 200 West Area.

Table 8-2 summarizes those results for each tank farm in the 200 West Area.

Current general groundwater flow directions and general flow rates are given in Table 8-3 for
each of the SST WMA s in the 200 West Area (Hartman et al. 2004, Hanford Site Groundwater
Monitoring for Fiscal Year 2003).

Table 8-1. Thickness of the Uppermost, Unconfined Aquifer
beneath the 200 West Area ?

Elevation of Elevation of . .
Well Name Aquifer Bottom ° Water Table ® Aquiter Ttnckness
m amsl m amsl © m
299-W6-3 90.22 135.924 45.70
299-W10-14 77.72 136.03 58.31
299-W10-24 86.26 136.561 50.30
299-W14-9 77.42 135.001 ¢ 57.58
299-W14-14 81.99 136.519 54.53
299-W18-22 68.88 138.033 69.15
299-W19-4 83.51 135.051° 51.53
299-W22-50 64.31 136.43 72.12

* Williams et al. (2002)

® March 2003 data except where noted

¢ Multiply by 3.281 to convert meters to feet.
¢ August 2002

¢ January 2003

amsl = above mean sea level
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Table 8-2. Summary of the Thickness of the Unconfined Aquifer
beneath the 200 West Area Tank Farms

Waste Management Area Aquern':'?lckness
T 50 -55
TX-TY 50-58
U 60 —70
S-SX 70 —75

* Multiply by 3.281 to convert meters to feet.

Table 8-3. Current Groundwater Flow Directions and Flow Rates
for Single-Shell Tank Farms in the 200 West Area ?

b

Waste Management Area | Groundwater Flow Direction Gradient Groundwi:(/egalzllow Rate
S-SX E to ESE 0.0018 - 0.0019 | 0.009 —0.36
T 5°N of E to 8°S of E 0.001 0.003 - 0.024

18° to 43° E of S (north half) 0.001 0.0007 — 0.246
TX-TY

S to SSW (south half) 0.001 0.29
U E 0.0021 0.008 -0.2

* Hartman et al. (2004)
® Groundwater flow rates are calculated using the Darcy equation.

Recently, trend-surface analyses of the water table have been done at selected wells at all

200 West Area tank farms. The results of those analyses are given in Table 8-4. The flow
directions given in Table 8-4 differ from well to well due to heterogeneous aquifer properties,
remnants of past practice disposal to ponds, cribs, and ditches, and proximity to ongoing pump
and-treat operations. However, the trend surface analyses yield flow directions in general
agreement with the current water table map (Figure 8-6).
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Table 8-4. Groundwater Flow Characterization Results for Tank Farm Wells
in the 200 West Area Based on Trend Surface Analyses (3 pages)

Well

Measurement
Date

Groundwater
Flow Direction
Azimuth

Hydraulic
Gradient

Wells Used
in Analysis

Waste

Management Area S-SX

299-W22-48

5/17/2000

88°

0.0018

299-W22-45
299-W22-48
299-W23-13

299-W22-49

5/31/2000

89°

0.00206

299-W22-49
299-W22-50
299-W23-14
299-W23-15

299-W22-50

5/17/2000

91°

0.00204

299-W22-49
299-W22-50
299-W23-14
299-W23-15

5/31/2000

89°

0.00206

299-W22-49
299-W22-50
299-W23-14
299-W23-15

299-W22-80

6/26/2001

97°

0.00207

299-W22-46
299-W22-48
299-W22-50
299-W22-80
299-W23-15

6/29/2001

96°

0.00209

299-W22-46
299-W22-48
299-W22-50
299-W22-80
299-W23-15

299-W22-81

7/13/2001

82°

0.00164

299-W22-45
299-W22-48
299-W22-81
299-W23-20
299-W23-21

7/23/2001

82°

0.00164

299-W22-45
299-W22-48
299-W22-81
299-W23-20
299-W23-21

299-W22-84

8/14/2002

115°

0.00183

299-W22-48
299-W22-84
299-W23-20

8/19/2002

114°

0.00182

299-W22-48
299-W22-84
299-W23-20
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Table 8-4. Groundwater Flow Characterization Results for Tank Farm Wells
in the 200 West Area Based on Trend Surface Analyses (3 pages)

Well

Measurement
Date

Groundwater
Flow Direction
Azimuth

Hydraulic
Gradient

Wells Used
in Analysis

Waste Management Area U

299-W-19-42

5/20/1999

76°

0.00184

299-W18-25
299-W18-30
299-W18-31
299-W19-12
299-W19-31
299-W19-32
299-W19-42

Waste Management Area T

299-W10-24

4/21/1999

85°

0.00172

299-W10-8

299-W10-12
299-W10-22
299-W10-24
299-W11-23
299-W11-27

299-W11-39

9/4/2001

98°

0.00115

299-W10-1
299-W10-4
299-W10-24
299-W11-40
299-W11-41
299-W11-42

9/18/2001

96°

0.00114

299-W10-1
299-W10-4
299-W10-24
299-W11-40
299-W11-41
299-W11-42

299-W11-40

8/9/2001

96°

0.00132

299-W10-1
299-W10-4
299-W10-24
299-W11-39
299-W11-41
299-W11-42
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Table 8-4. Groundwater Flow Characterization Results for Tank Farm Wells
in the 200 West Area Based on Trend Surface Analyses (3 pages)

Well

Measurement

Date

Groundwater
Flow Direction
Azimuth

Hydraulic
Gradient

Wells Used
in Analysis

Waste Management Area

TX-TY

299-W14-13

5/3/1999

162°

0.00073

299-W10-17
299-W10-18
299-W14-12
299-W15-12
299-W15-22

299-W14-14

7/12/2002

132°

0.00114

299-W14-13
299-W14-15
299-W14-16
299-W14-17

7/22/2002

133°

0.00109

299-W14-13
299-W14-15
299-W14-16
299-W14-17

299-W14-15

7/30/2001

121°

0.00135

299-W14-13
299-W14-14
299-W14-16
299-W14-17

8/2/2001

116°

0.00140

299-W14-13
299-W14-14
299-W14-16
299-W14-17

299-W10-26

5/3/1999

162°

0.00073

299-W10-17
299-W10-18
299-W14-12
299-W15-12
299-W15-22
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Figure 8-6. Hanford Site and Outlying Areas Water Table Map, March 2003 #
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Borehole tracer dilution and tracer pumpback tests have been conducted in 15 new RCRA
monitoring wells at the 200 West Area SST farms between fiscal years 1999 and 2002.

These tests permitted some inferences about flow rate as well as aquifer homogeneity. The tests
allowed direct observation of the effect of lateral groundwater flow through the screened interval
of the wells and thus, provided an indication of the variability of flow through the screened
intervals. Details of test methods, computations, and results are included in:

e Results of Detailed Hydrologic Characterization Tests — Fiscal Year 1999
(Spane et al. 2001a)

o Results of Detailed Hydrologic Characterization Tests — Fiscal Year 2000
(Spane et al. 2001b)

e Results of Detailed Hydrologic Characterization Tests — Fiscal Year 2001
(Spane et al. 2002)

o Results of Detailed Hydrologic Characterization Tests — Fiscal Year 2002
(Spane et al. 2003).

A significant feature of the tracer dilution test results is evidence for upward or downward,
vertical hydraulic gradients within the upper portion of the aquifer in seven of the wells tested.
Vertical flow within these wells was first indicated by tracer-dilution studies and later confirmed
(at two of the wells) by vertical tracer tests specifically designed to detect vertical flow within a
borehole (Spane et al. 2001a). Vertical flow in three of the wells was subsequently confirmed by
electromagnetic flowmeter surveys (Waldrop and Pearson 2000, Results of Field Tests with the
Electromagnetic Borehole Flowmeter at the Pacific Northwest National Laboratory

Richland, WA). Data from the three types of tests are shown in Table 8-5.

The existence of vertical flow in a well does not necessarily reflect actual groundwater flow
conditions within the surrounding aquifer, but its presence implies a vertical flow gradient and
has implications pertaining to the representativeness of groundwater samples collected from

the wells. The driver or drivers for vertical flow is not known for certain. In an area of

high contamination east of WMA TX-TY, Horton (in Hartman et al. 2004) speculated that
salinity differences might be the cause for downward flow in the 299-W14-13 well bore.
Alternatively, significant changes in hydraulic conductivity may lead to vertical flow in

some wells. Whatever the mechanism for vertical flow, such flow may have an impact on
observed contaminant distribution patterns. Examples include upward vertical flow in a well
south of WMA S-SX (well 299-W22-80) that may be diluting contamination near the water

table such that nearby plumes are not detectable in pumped samples from the well.

Also, Serne et al. (2004) suggested that contamination found near the water table in a well east of
WMA TX-TY (well 299-W14-13) may be carried deeper in the aquifer due to downward vertical
flow.

8-13
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Table 8-5. In-Well, Vertical, Flow Velocity Summary for Wells
at 200 West Area Tank Farms ?

Tracer-Dilution Profile Vertical Tracer Test " Electromagnetic
Flow-Meter Survey
Test Well
Range Average Range Average Range Average
m/min m/min m/min m/min m/min m/min
Waste Management Area T
299-W11-39 ?'9003 —0.002 ?'001 ND ND ND ND
299-W11-40 (E'OH -0.020 ?'017 ND ND ND ND
Waste Management Area S-SX
299_sz_490.010—0.015 0.012 ND ND 0.002 -0.017 0.010
i i 1 i
299-W22-80 ?'023 - 0034 (T)'(m ND ND ND ND
Waste Management Area TX-TY
299-W10-26 0.002 — 0.004 0.003 0.004 — 0.008 | 0.005 0.003 — 0.006 0.004
! ! ! ! ! !
299-W14-13 0.008 - 0.015 0.011 0.013-0.014 | 0.012 0.012-0.013 0.012
! ! 1 ! 1 !
209-W14-14| 0034700098 10036 ND ND ND ND

* Spane (2001a, 2001b, 2002, 2003)

® In-well, vertical, flow velocity range calculated using tracer peak arrival method for selected sensor depth, while the
average was determined using the center-of-mass technique.

¢ | Directional symbol indicating vertical flow direction.
ND = not determined

Table 8-6 shows hydraulic conductivities, transmissivities, and specific yields for the uppermost,
unconfined aquifer beneath the 200 West Area SSTs as determined by slug tests and constant
rate pumping tests (Spane et al. 2001a, 2001b, 2002, 2003). Calculated velocities using the
Darcy equation and data from the tests also are shown in Table 8-6. Most calculated flow
velocities are between about 0.01 and 0.3 m/day but the total range in calculated velocities spans
three orders of magnitude. This variation is due to differences in formation permeability among
wells and influences of nearby 200-ZP-1 pump-and-treat operations.

Table 8-7 shows effective porosity and horizontal groundwater flow velocities determined from
tracer pumpback tests conducted in wells at the 200 West Area SST farms (Spane et al. 2001a,
2001b, 2002, 2003). The largest differences in flow velocities between those in Tables 8-6

and 8-7 are for wells with vertical, in-well flow. The vertical, in-well flow probably resulted in
overestimation of measured flow velocities.

The hydrologic properties described and tabulated in Table 8-7 are derived from relatively recent
(post 1997) aquifer testing. Several slug tests were done prior to about 1997 at wells around the
SST farms. Table 8-8 gives the resulting hydraulic conductivity and transmissivity data from the
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tests. In most cases, the analyses of the data from these tests are less well documented than are
the analyses for the data given in Table 8-7. The original source for the data should be consulted
for details of testing and analysis.

Taken as a whole, the geologists’ logs, geophysical logs, development pumping data, and the
hydrologic testing data all indicate heterogeneity in the aquifer properties within the screened
intervals of individual wells and among wells at the 200 Areas SST farms. No widespread trends
have been identified.

Table 8-6. Hydraulic Properties from Slug and Constant Rate Pumping Tests

and Calculated Flow Velocities at New Wells at 200 West Area

Single-Shell Tank Waste Management Areas ? (2 pages)

Hydra}u_lic . Hydrqu_lic . Transmissivity ¢ Specific Calculate(_:i Flow
Well Conductivity ™ Conductivity ™ m?/day Yield > Velocity
m/day m/day m/day
Waste Management Area S-SX
299-W22-45 2.14-2.38 ND ND ND 0.024 F
299-W22-46 2.43 -3.37 ND ND ND 0.034F
299-W22-48 1.42 - 1.86 1.78 125 0.09 0.007 €
299-W22-49 6.04 —7.97 7.59 550 0.09 0.089 ©
299-W22-50 4.24-5.70 5.24 385 0.11 0.018 ¢
299-W22-80 11.3-15.4 14.4 1035 0.12 0.128 ¢
299-W22-81 1.77-2.25 1.63 112 0.12 0.056 €
299-W22-82 1.16 — 1.45 ND ND ND 0.015°
299-W22-83 0.78 - 1.00 ND ND ND 0.010"
299-W22-84 1.15-1.51 1.33 91 0.09 0.076 ¢
299-W22-85 5.69-17.73 ND ND ND 0.077 "
299-W23-15 1.55-1.58 ND ND ND 0.016"
299-W23-20 169-17.2 ND ND ND 0.172°F
299-W23-21 0.58-0.73 ND ND ND 0.007
Waste Management Area T

299-W10-23 1.62 -2.35 ND ND ND 0.024 *
299-W10-24 1.04 - 1.68 1.22 66 0.11 0.023 ¢
299-W10-28 |27.9¢ ND ND ND 0.28F

299-W11-39 1.31-1.69 0.85 44 0.1 0.017°¢
299-W11-40 3.56-4.58 2.02 103 0.1 0.046 °
299-W11-41 7.57-"17.78 ND ND ND 0.078 °
299-W11-42 28.1¢% ND ND ND 0.28F
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Table 8-6. Hydraulic Properties from Slug and Constant Rate Pumping Tests

and Calculated Flow Velocities at New Wells at 200 West Area

Single-Shell Tank Waste Management Areas * (2 pages)

Hydra}u-lic o Hydrgu.lic " Transmissivity ¢ Specific Calculateq Flow
Well Conductivity Conductivity m?/day Yield b ¢ Velocity
m/day m/day m/day
Waste Management Area TX-TY
299-W10-26 1.39-1.95 1.49 82 0.14 0.014°
299-W10-27 0.05-0.07 ND ND ND 0.0007 *
299-W14-13 1.66 —2.43 2.45 135 0.12 0.020 ©
299-W14-14 2.31-3.22 2.21 121 0.12 0.027 ¢
299-W14-15 3.52-492 4.09 225 0.01 2.46¢
299-W14-16  {3.90 —5.08 ND ND ND 0.051°
299-W14-17 3.71-4.89 ND ND ND 0.489
299-W14-18 0.39-0.54 ND ND ND 0.005 "
299-W15-40 | 0.88 —1.22 ND ND ND 0.012°
299-W15-41 142-19.9 19.6 1130 0.12 0.29¢
299-W15-763 [0.71 -0.93 ND ND ND 0.009
Waste Management Area U

299-W19-41 1.18-1.69 ND ND ND 0.169
299-W19-42 7.06 —9.50 6.12 345 0.17 0.352¢

? Data from Spane et al. (2001a, 2001b, 2002, 2003)

® Slug test data

¢ Constant rate pumping test data
4 Estimated using maximum hydraulic conductivity value, a gradient of 0.001, and specific yield from this table. Specific yield was
used because vertical flow in the well resulted in uncertain effective porosity.

¢ Estimated using maximum hydraulic conductivity value, a gradient of 0.001, and effective porosity values of 0.1.

[ Estimated using maximum hydraulic conductivity value, a gradient of 0.001, and effective porosity value from Table 8-7.
¢ Indicates average hydraulic conductivity obtained from high-permeability, non-linear type-curve analysis method.

ND = not determined
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Table 8-7. Results from Tracer-Dilution and Tracer-Pumpback Tests
in Wells at 200 West Area Single-Shell Tank
Waste Management Areas ?

Effective Groundwater Average In-Well
Well b ve Flow Velocity ° Flow Velocity ©
orosity
m/day m/day
Waste Management Area S-SX

299-W22-48 0.257 0.013 0.007
299-W22-49 ¢ 0.671 0.022 0.086

0.354 0.030 0.066
299-W22-50 0.272 0.040 0.046
299-W22-80 ¢ 0.167 0.179 0.482
299-W22-81 0.040 0.067 0.035
299-W22-84 0.020 0.121 0.090

Waste Management Area T
299-W10-24 0.072 0.029 0.012
299-W11-39°° 0.045 0.022 0.014
299-W11-40 1.1 0.002 0.176
Waste Management Area TX-TY
299-W10-26 © 0.010 0.124 0.086
299-W14-13 * 0.009 0.191 ND
299-W14-14 ¢ 0.020 0.122 0.041
299-W14-15 0.002 1.1 0.119
299-W15-41 0.068 0.374 0.311
Waste Management Area U

299-W19-42 0.027 0.419 0.170

 Data from Spane et al. (2001a, 2001b, 2002, 2003)
® Data from tracer pump back tests
¢ Data from tracer dilution tests

4 Strong upward vertical flow, data highly uncertain

¢ Slight downward vertical flow, data uncertain
fStrong downward vertical flow, data highly uncertain
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Table 8-8. Results of Pre-1997 Slug Testing at Single-Shell Tank
Farms in the 200 West Area ®

Well Name Hydrauli:n /((Zj(;r;ductivity Trarr]r?%iz;ivity
Waste Management Area S-SX

299-W23-13 27 170
299-W23-14 0.4 2.4

Waste Management Area T
299-W10-15 10.0 50
299-W10-16 10.0 50

Waste Management Area TX-TY

299-W10-17 78 — 116 450 - 670
299-W10-18 43 250
299-W15-22 15-76 85— 440

Waste Management Area U
299-W18-25 57-6.5 35-40
299-W19-31 31-37 190 — 225
299-W19-32 02-14 1.3-84

* Connelly et al. (1992b)

8.2.1.1 Historical Changes in Groundwater Flow Direction and Gradient beneath

200 West Area Single-Shell Tanks

Water levels in the uppermost and unconfined aquifer have risen as much as 26 m beneath the
200 West Area (Hodges and Chou 2000) because of artificial recharge from liquid waste disposal
operations active from the mid 1940s to 1995. The largest volumes of discharge were to the

T Pond system and the 216-U-10 Pond. Figure 8-7 shows the liquid discharge history for the
two ponds. The T Pond system is estimated to have received approximately 424 billion L of
effluent (Alexander et al. 1995, Groundwater Impact Assessment Report for the 216-T-4-2 Ditch)
and the U Pond to have received about 158 billion L of effluent (Last et al. 1994, 216-U-10 Pond
and 216-Z-19 Ditch Characterization Studies). These large volumes disposed to the ponds (and
lesser volumes to cribs and ditches) artificially recharged the unconfined aquifer creating large
water table mounds. The increase in water table elevation was most rapid from 1949 to 1956 and
was somewhat stabilized between the late 1960s and the late 1980s. Water levels began to
decline in the late 1980s when wastewater discharges in the 200 West Area were reduced.
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Figure 8-7. Discharge History for T Pond and U Pond
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Data for the T Pond are from Alexander et al. 1995. Data for the U Pond are
from Last et al. (1994).

Figures 8-8 through 8-10 show hydrographs for the areas of the 200 West Area SST farms.

The hydrographs illustrate the changes in water table elevations that have occurred beneath the
tank farms since at least the 1950s. All data used to make the hydrographs were obtained from
HydroDat (see data files included in Hartman et al. 2003, Hanford Site Groundwater Monitoring
for Fiscal Year 2002). HydroDat is a database of water level measurements maintained by the
Hanford Groundwater Performance Assessment Project.

Figure 8-8 shows hydrographs from wells in the area of WMA T and WMA TX-TY.

The hydrographs show an initial and very rapid rise in the water table due to discharges to the

T Pond in the late 1940s and early 1950s. The water table was at its highest elevation in about
1956 after having risen approximately 15 m. This is followed by a sharp decline in the water
table until about 1960. At that time, the water table began a slow increase in elevation that lasted
until the mid 1980s when discharges to the vadose zone began to be curtailed. Since the

mid 1980s, the water table has declined and the rate of decline became greater in 1995 when all
non-permitted discharges to the ground were stopped.

Figure 8-9 shows hydrographs for the area around WMA S-SX. The water levels show the large
influence of U Pond on the water table in the area. The data do not extend far enough back in
time to show any influence from T Pond, although WMA S-SX is fairly far south of the T Pond
and may not have been influenced greatly by the pond.
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Between the early 1950s and mid 1960s, the water table beneath the S and SX tank farms had
risen about 11 m in response to the discharges to the U Pond. The water table elevation
remained fairly steady between 1965 and 1984 when discharges to U Pond ceased. Water levels
began to rapidly decline in 1985 and that decline is continuing today. Water levels have
decreased by about 11 m in the S and SX tank farms area since 1985.

Only two wells in the area of WMA U have water level measurements from the 1950s or earlier
(Figure 8-10). Water level measurements from these wells clearly show the influence of U Pond
on the local water table but the measurements began long after the water table had risen several
meters due to discharges to the pond. In about 1984, the water table beneath U tank farm began
to decline and that decline is continuing today after dropping about 10 m.

In all three sets of hydrographs (Figures 8-8, 8-9, and 8-10), there is a minimum in the water
table elevation in the 1973 to 1975 timeframe. This minimum corresponds to a minimum in
discharges to both T Pond and U Pond.

Figure 8-8. Hydrographs of Selected Wells in Area of Waste Management Areas
T and TX-TY in the 200 West Area
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The data show changes in the water table elevation and flow direction in the vicinity of
the waste management areas.

o Well 299-W14-1 is located adjacent to well 299-W14-2 on Figure §-5.

o Well 299-W15-1 is located just off the southeast corner of the map in Figure §-5.
o Well 299-W15-2 is located about 610 m east of the TY tank farm.

o Well 299-W10-1 is shown on Figure §-5.
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Figure 8-9. Hydrographs from Selected Wells in the Area of
Waste Management Area S-SX in the 200 West Area
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The data show changes in the water table elevation and flow direction in the vicinity of the
waste management areas.

Wells 299-W22-11 and 299-W22-17 are very near each other and can be considered as
a continuum in water level elevation.

Wells 299-W22-11 and 299-W22-17 are located near the 216 S-1and 216-S-2 cribs on
Figure 8-4.

Well 299-W23-1 is located inside the S tank farm.

Well 299-W23-3 is located just inside the southern fence of the SX tank farm.

All other wells are shown on Figure 8-4.
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Figure 8-10. Hydrographs of Selected Wells in the Area of
Waste Management Area U in the 200 West Area
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The data show changes in the water table elevation and flow direction in the vicinity of the
waste management areas.

o  Well 299-W19-3 is located about 450 m east of the southeast corner of the U tank farm
o All other wells are shown on Figure 8-4.

The pre-Manhattan Project water table was at approximately 123 m above sea level

(Kipp and Mudd 1974, Selected Water Table Contour Maps and Well Hydrographs for the
Hanford Reservation, 1944—1973). However, in Groundwater Flow and Transport Calculations
Supporting the Immobilized Low-Activity Waste Disposal Facility Performance Assessment
(Bergeron and Wurstner 2000), Bergeron and Wurstner more recently modeled the elevation of
the water table beneath the Hanford Site for Hanford Immobilized Low-Activity Tank Waste
Performance Assessment: 2001 Version (Mann et al. 2001). Their model resulted in a water
table elevation of about 128 m above sea level in the 200 West Area after all influences from the
Hanford Site have dissipated. Since all non-permitted discharges of liquid effluent to the ground
were stopped, rapid changes have occurred in the water table elevation. Table 8-9 gives the
average rate of decline in wells at each WMA during the past 5 years. The average rate of
decline was obtained by averaging the rate of decline in each monitoring well in the RCRA
monitoring network at each WMA between March 1999 and March 2004. All data used are in
the HydroDat database (see data files included in Hartman et al. 2003). For wells younger than
1999, the water table decline during the entire life of the well was used.
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Table 8-9. Water Level Changes beneath the 200 West Single-Shell Tank Farms

Approximate Estimated Approximate Approximate Approximate
Waste Pre-Hanford Post-Hanford Maximum Water Current Rate of
Management | Water Table Water Table Table Elevation and Water Table Decline in the
Area Elevation ® Elevation ° Date of Measurement Elevation © Past 5 Years
m amsl| m amsl| m amsl m amsl| m/yr
148.6 — Aug 1955
T 123 -125 130-132 (299-W10-1) 136.7-137.2 0.37
145.9 — June 1985
TX-TY 123 - 125 130 -132 (299-W14-1) 136.5-137.2 0.25
147.9 — June 1984
U 123125 130 - 132 (299-W19-1) 136.7-137.3 0.45
148.2 — July 1984
S-SX 123 - 125 130 - 132 (299-W23-4) 136.7-137.2 0.30
* Kipp and Mudd (1974)

® Bergeron and Wurstner (2000)
¢ Hartman et al. (2003)
amsl = above mean sea level

Accompanying the changes in water level were changes in groundwater flow direction.
Pre-Hanford Site groundwater flow direction was generally toward the east
(Kipp and Mudd 1974). The groundwater flow direction changed toward the south in

the area of WMA T and WMA TX-TY in the late 1940s and early 1950s as a result of
discharges to the T Pond system. In 1956, groundwater flow direction changed from
southerly to northerly due to the increasing influence of the groundwater mound under U Pond
and a decreasing influence of the mound under T Pond. Discharges to T Pond ended in 1976
but continued at U Pond until 1984. Consequently, the flow direction changed again in about
1996 when all non-permitted discharges to the ground ceased and the influence of the U Pond

mound on the groundwater beneath the T, TX, and TY tank farms diminished. At that time,
flow direction began to return toward the east.

Further south, beneath WMA S-SX, measurements of water levels suggest that groundwater has
had a southeasterly flow direction at least back to 1955. Apparently, the water table in the south
part of the 200 West Area has not undergone the extreme shifts in flow direction seen to the
north beneath WMA T. As at WMA S-SX, the water table beneath WMA U has not undergone
extreme changes in flow direction, although data from the WMA U area are few.

Tables 8-10 and 8-11 give historical groundwater flow directions and water table gradients
beneath each of the 200 West Area tank farms. The flow directions and gradients were
calculated using the three-point analysis method and water level measurements in the HydroDat
database (see data files included in Hartman et al. 2003).
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Table 8-10. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the T, TX, and TY Tank Farm Areas (5 pages)

. Woater Water Woater Grour!dwa_t er .
Duration ® | Start Date | End Date Well 1 Level 1" Well 2 Level 2 Well 3 Level 3 Flow Direction ¢ | Gradient
degrees

1 09/16/1954 | 09/16/1954 | 299-W10-1 145.766 | 299-W14-1 142.219 299-W15-2 141.944 | 183.76 0.0088
1 10/22/1954 | 10/22/1954 | 299-W10-1 146.464 | 299-W14-1 142.716 299-W15-2 142.410 | 183.86 0.0093
2 11/18/1954 | 11/19/1954 | 299-W10-1 146.915 | 299-W14-1 143.142 299-W15-2 | 142.831 | 183.88 0.0094
1 12/22/1954 | 12/22/1954 | 299-W10-1 147.314 | 299-W14-1 143.648 299-W15-2 143.392 | 183.55 0.0090
1 01/28/1955 | 01/28/1955 | 299-W10-1 147.500 | 299-W14-1 143.831 299-W15-2 | 143.822 | 181.73 0.0088
1 02/10/1955 | 02/10/1955 | 299-W10-1 147.607 | 299-W14-1 143.974 299-W15-2 | 143.812 | 182.88 0.0089
1 03/25/1955 | 03/25/1955 | 299-W10-1 147.744 | 299-W14-1 144.108 299-W15-2 143.791 | 184.01 0.0090
1 04/28/1955 | 04/28/1955 | 299-W10-1 147.516 | 299-W14-1 144.505 299-W15-2 | 144.742 | 179.43 0.0071
1 05/31/1955 | 05/31/1955 | 299-W10-1 147.391 | 299-W14-1 144.459 299-W15-2 | 144.705 | 179.27 0.0069
1 06/23/1955 | 06/23/1955 | 299-W10-1 147.406 | 299-W14-1 144.550 299-W15-2 144.776 | 179.41 0.0067
1 03/21/1956 | 03/21/1956 | 299-W10-1 147.769 | 299-W14-1 144.688 299-W15-2 | 145.976 | 168.34 0.0065
2 05/21/1956 | 05/22/1956 | 299-W10-1 146.933 | 299-W14-1 145.209 299-W15-2 | 145.605 | 174.78 0.0038
1 08/08/1956 | 08/08/1956 | 299-W10-1 145.492 | 299-W14-1 144.557 299-W15-2 145.102 | 162.15 0.0019
1 09/18/1956 | 09/18/1956 | 299-W10-1 144.977 | 299-W14-1 144.194 299-W15-2 | 144.699 | 159.71 0.0016
1 10/16/1956 | 10/16/1956 | 299-W10-1 144.657 | 299-W14-1 143.999 299-W15-2 | 144.523 | 153.54 0.0013
1 11/26/1956 | 11/26/1956 | 299-W10-1 144.080 | 299-W14-1 143.642 299-W15-2 144.248 | 129.18 0.0009
1 12/26/1956 | 12/26/1956 | 299-W10-1 143.791 | 299-W14-1 143.462 299-W15-2 | 144.096 | 110.75 0.0008
3 03/13/1957 | 03/15/1957 | 299-W10-1 143.258 | 299-W14-1 143.170 299-W15-2 | 143.943 | 65.47 0.0010
1 06/18/1957 | 06/18/1957 | 299-W10-1 143.014 | 299-W14-1 143.112 299-W15-2 143.730 | 45.12 0.0010
1 12/27/1957 | 12/27/1957 | 299-W10-1 142.023 | 299-W14-1 142.197 299-W15-2 | 142.986 | 41.86 0.0014
1 03/21/1956 | 03/21/1956 | 299-W10-1 147.769 | 299-W14-1 144.688 299-W15-2 | 145.976 | 168.34 0.0065
2 05/21/1956 | 05/22/1956 | 299-W10-1 146.933 | 299-W14-1 145.209 299-W15-2 145.605 | 174.78 0.0038
1 08/08/1956 | 08/08/1956 | 299-W10-1 145.492 | 299-W14-1 144.557 299-W15-2 | 145.102 | 162.15 0.0019
1 09/18/1956 | 09/18/1956 | 299-W10-1 144977 | 299-W14-1 144.194 299-W15-2 | 144.699 | 159.71 0.0016
1 10/16/1956 | 10/16/1956 | 299-W10-1 144.657 | 299-W14-1 143.999 299-W15-2 144.523 | 153.54 0.0013
1 11/26/1956 | 11/26/1956 | 299-W10-1 144.080 | 299-W14-1 143.642 299-W15-2 | 144.248 | 129.18 0.0009
1 12/26/1956 | 12/26/1956 | 299-W10-1 143.791 | 299-W14-1 143.462 299-W15-2 | 144.096 | 110.75 0.0008
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Table 8-10. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the T, TX, and TY Tank Farm Areas (5 pages)

. Water Water Woater Grour!dwa_ter .
Duration ® | Start Date | End Date Well 1 Level 1" Well 2 Level 2 Well 3 Level 3 Flow Direction ¢ | Gradient
degrees

3 03/13/1957 | 03/15/1957 | 299-W10-1 143.258 | 299-W14-1 143.170 299-W15-2 143.943 | 65.47 0.0010
1 06/18/1957 | 06/18/1957 | 299-W10-1 143.014 | 299-W14-1 143.112 299-W15-2 143.730 | 45.12 0.0010
1 12/27/1957 | 12/27/1957 | 299-W10-1 142.023 | 299-W14-1 142.197 299-W15-2 | 142.986 | 41.86 0.0014
1 03/20/1958 | 03/20/1958 | 299-W10-1 141.904 | 299-W14-1 142.103 299-W15-2 142.895 | 40.39 0.0015
1 06/25/1958 | 06/25/1958 | 299-W10-1 141.587 | 299-W14-1 141.765 299-W15-2 | 142.526 | 41.21 0.0014
1 09/05/1958 | 09/05/1958 | 299-W10-1 141.477 | 299-W14-1 141.704 299-W15-2 | 142.435 | 37.79 0.0014
1 12/09/1958 | 12/09/1958 | 299-W10-1 141.322 | 299-W14-1 141.618 299-W15-2 142.011 | 25.30 0.0011
2 03/24/1959 | 03/25/1959 | 299-W10-1 141.270 | 299-W14-1 141.554 299-W15-2 | 142.249 | 34.11 0.0015
2 06/29/1959 | 06/30/1959 | 299-W10-1 141.148 | 299-W14-1 141.551 299-W15-2 | 142.230 | 28.75 0.0017
2 12/28/1959 | 12/29/1959 | 299-W10-1 141.011 | 299-W14-1 141.353 299-W15-2 141.993 | 30.28 0.0016
1 04/04/1960 | 04/04/1960 | 299-W10-1 141.023 | 299-W14-1 141.359 299-W15-2 | 142.063 | 31.91 0.0016
1 07/05/1960 | 07/05/1960 | 299-W10-1 140.956 | 299-W14-1 141.286 299-W15-2 | 142.011 | 32.59 0.0016
1 09/27/1960 | 09/27/1960 | 299-W10-1 140.932 | 299-W14-1 141.249 299-W15-2 141.968 | 33.05 0.0016
1 12/07/1960 | 12/07/1960 | 299-W10-1 140.978 | 299-W14-1 141.265 299-W15-2 | 141.962 | 34.01 0.0015
2 03/23/1961 | 03/24/1961 | 299-W10-1 141.200 | 299-W14-1 141.579 299-W15-2 | 142.267 | 29.84 0.0017
1 07/07/1961 | 07/07/1961 | 299-W10-1 141.161 | 299-W14-1 141.533 299-W15-2 142.252 | 30.75 0.0017
1 12/14/1961 | 12/14/1961 | 299-W10-1 141.270 | 299-W14-1 141.697 299-W15-2 | 142.432 | 29.06 0.0019
1 03/05/1962 | 03/05/1962 | 299-W10-1 141.337 | 299-W14-1 141.765 299-W15-2 | 142.508 | 29.19 0.0019
1 07/12/1962 | 07/12/1962 | 299-W10-1 141.432 | 299-W14-1 141.816 299-W15-2 142.602 | 31.58 0.0018
1 01/17/1963 | 01/17/1963 | 299-W10-1 141.462 | 299-W14-1 141.865 299-W15-2 | 142.654 | 30.94 0.0019
1 08/02/1963 | 08/02/1963 | 299-W10-1 141.602 | 299-W14-1 141.923 299-W15-2 | 142.727 | 34.44 0.0017
1 12/26/1963 | 12/26/1963 | 299-W10-1 141.697 | 299-W14-1 141.990 299-W15-2 142.800 | 35.79 0.0017
1 08/26/1965 | 08/26/1965 | 299-W10-1 142.297 | 299-W14-1 142.746 299-W15-2 | 143.593 | 30.40 0.0021
1 09/23/1965 | 09/23/1965 | 299-W10-1 142.313 | 299-W14-1 142.755 299-W15-2 | 143.587 | 30.37 0.0020
2 10/20/1965 | 10/21/1965 | 299-W10-1 142.355 | 299-W14-1 142.758 299-W15-2 143.599 | 31.86 0.0019
1 01/03/1966 | 01/03/1966 | 299-W10-1 142.529 | 299-W14-1 142.981 299-W15-2 | 143.852 | 30.71 0.0021
1 03/04/1966 | 03/04/1966 | 299-W10-1 142.639 | 299-W14-1 142.886 299-W15-2 | 143.761 | 38.99 0.0017
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Table 8-10. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the T, TX, and TY Tank Farm Areas (5 pages)

. Water Water Woater Grour!dwa_ter .
Duration ® | Start Date | End Date Well 1 Level 1" Well 2 Level 2 Well 3 Level 3 Flow Direction ¢ | Gradient
degrees

1 04/11/1966 | 04/11/1966 | 299-W10-1 142.800 | 299-W14-1 143.100 299-W15-2 143.971 | 36.44 0.0018
1 05/19/1966 | 05/19/1966 | 299-W10-1 143.023 | 299-W14-1 143.252 299-W15-2 144.053 | 38.83 0.0015
1 07/12/1966 | 07/12/1966 | 299-W10-1 143.215 | 299-W14-1 143.322 299-W15-2 | 144.117 | 46.50 0.0013
3 11/01/1966 | 11/03/1966 | 299-W10-1 143.626 | 299-W14-1 143.554 299-W15-2 144.297 | 63.88 0.0010
1 12/28/1966 | 12/28/1966 | 299-W10-1 143.828 | 299-W14-1 143.749 299-W15-2 | 144.553 | 64.00 0.0011
1 04/07/1967 | 04/07/1967 | 299-W10-1 143.980 | 299-W14-1 143.929 299-W15-2 | 144.675 | 61.29 0.0010
1 10/24/1967 | 10/24/1967 | 299-W10-1 143.916 | 299-W14-1 143.874 299-W15-2 144.702 | 59.76 0.0011
3 03/19/1968 | 03/21/1968 | 299-W10-1 143.831 | 299-W14-1 143.913 299-W15-2 | 144.702 | 48.36 0.0013
1 04/25/1969 | 04/25/1969 | 299-W10-1 144.221 | 299-W14-1 144.124 299-W15-2 | 144919 | 66.25 0.0010
1 05/14/1970 | 05/14/1970 | 299-W10-1 144.413 | 299-W14-1 144.221 299-W15-2 144.934 | 81.99 0.0008
5 04/13/1973 | 04/17/1973 | 299-W10-2 144.026 | 299-W14-1 143.898 299-W15-2 | 144.715 | 69.70 0.0010
4 07/13/1973 | 07/16/1973 | 299-W10-2 143.770 | 299-W14-1 143.371 299-W15-2 | 144.529 | 90.82 0.0013
1 08/14/1973 | 08/14/1973 | 299-W10-2 143.700 | 299-W14-1 143.642 299-W15-2 144.422 | 61.82 0.0010
1 08/29/1973 | 08/29/1973 | 299-W10-2 143.724 | 299-W14-1 143.727 299-W15-2 | 144.477 | 55.32 0.0011
1 09/13/1973 | 09/13/1973 | 299-W10-2 143.648 | 299-W14-1 143.648 299-W15-2 | 144.419 | 55.63 0.0011
1 10/02/1973 | 10/02/1973 | 299-W10-2 143.535 | 299-W14-1 143.514 299-W15-2 144.279 | 57.81 0.0011
1 10/16/1973 | 10/16/1973 | 299-W10-2 143.553 | 299-W14-1 143.545 299-W15-2 | 144.321 | 56.44 0.0011
1 10/18/1974 | 10/18/1974 | 299-W10-2 143.715 | 299-W14-1 143.770 299-W15-2 | 144.608 | 50.86 0.0013
1 04/14/1975 | 04/14/1975 | 299-W10-2 144.032 | 299-W14-1 144.236 299-W15-2 144.992 | 39.54 0.0014
1 12/03/1975 | 12/03/1975 | 299-W10-2 144.227 | 299-W14-1 144.441 299-W15-2 | 145.160 | 38.33 0.0014
1 12/08/1976 | 12/08/1976 | 299-W10-2 144.468 | 299-W14-1 144.849 299-W15-2 | 145.583 | 30.70 0.0018
1 07/01/1977 | 07/01/1977 | 299-W10-2 144.282 | 299-W14-1 144.614 299-W15-2 145.443 | 34.39 0.0018
1 12/07/1977 | 12/07/1977 | 299-W10-2 144.184 | 299-W14-1 144.526 299-W15-2 | 145.288 | 32.79 0.0017
1 12/01/1978 | 12/01/1978 | 299-W10-2 144.175 | 299-W14-1 144.514 299-W15-2 | 145.333 | 33.93 0.0018
1 12/01/1979 | 12/01/1979 | 299-W10-2 144.270 | 299-W14-1 144.666 299-W15-2 145.269 | 27.28 0.0016
1 06/01/1980 | 06/01/1980 | 299-W10-2 144.263 | 299-W14-1 144.654 299-W15-2 | 145.169 | 25.18 0.0015
1 06/01/1981 | 06/01/1981 | 299-W10-2 144.075 | 299-W14-1 144.578 299-W15-2 | 145.117 | 22.28 0.0018
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Table 8-10. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the T, TX, and TY Tank Farm Areas (5 pages)

. Water Water Woater Grour!dwa_ter .
Duration ® | Start Date | End Date Well 1 Level 1" Well 2 Level 2 Well 3 Level 3 Flow Direction ¢ | Gradient
degrees
1 12/01/1981 | 12/01/1981 | 299-W10-2 143.971 | 299-W14-1 144.154 299-W15-2 144.901 | 40.68 0.0014
1 06/01/1982 | 06/01/1982 | 299-W10-2 144.093 | 299-W14-1 144.502 299-W15-2 144.946 | 22.46 0.0015
1 06/01/1983 | 06/01/1983 | 299-W10-2 144.254 | 299-W14-1 145.517 299-W15-2 | 145.934 | 9.80 0.0034
1 12/01/1983 | 12/01/1983 | 299-W10-2 144.294 | 299-W14-1 145.526 299-W15-2 145.205 | 353.77 0.0027
1 06/01/1984 | 06/01/1984 | 299-W10-2 144.263 | 299-W14-1 144.697 299-W15-2 | 145.224 | 24.02 0.0016
1 12/01/1984 | 12/01/1984 | 299-W10-2 144.376 | 299-W14-1 144.788 299-W15-2 | 145.275 | 23.65 0.0015
9 06/12/1985 | 06/20/1985 | 299-W10-2 144.507 | 299-W14-1 145.904 299-W15-2 145.139 | 343.52 0.0029
2 12/17/1985 | 12/18/1985 | 299-W10-2 144.190 | 299-W14-1 145.541 299-W15-2 | 144.691 | 340.34 0.0027
5 12/11/1987 | 12/15/1987 | 299-W10-2 143.294 | 299-W14-1 144.550 299-W15-2 | 143.810 | 341.91 0.0025
11 12/10/1990 | 12/20/1990 | 299-W10-2 142916 | 299-W14-1 143.075 299-W15-2 | 142.975 | 340.34 0.0003
14 06/09/1992 | 06/22/1992 | 299-W10-14 | 142.196 | 299-W10-2 | 142.17 299-W14-12 | 142.645 | 357.75 0.0013
20 08/14/1992 | 09/02/1992 | 299-W10-1 141.671 | 299-W10-14 | 142.141 299-W14-12 | 142.621 | 7.22 0.0023
16 08/18/1992 | 09/02/1992 | 299-W10-1 141.671 | 299-W14-12 | 142.621 299-W15-2 | 142.508 | 359.88 0.0021
14 12/04/1992 | 12/17/1992 | 299-W10-14 | 141.988 | 299-W10-2 | 141.965 299-W14-12 | 142.554 | 358.27 0.0017
10 06/16/1993 | 06/25/1993 | 299-W10-14 | 141.894 | 299-W10-2 | 141.901 299-W14-12 | 142.41 359.87 0.0016
15 12/02/1993 | 12/16/1993 | 299-W10-14 | 141.632 | 299-W10-2 | 141.725 299-W14-12 | 142.316 | 3.25 0.0022
15 12/28/1993 | 01/11/1994 | 299-W10-1 141.689 | 299-W14-12 | 142.346 299-W15-2 | 141.996 | 344.58 0.0013
15 01/11/1994 | 01/25/1994 | 299-W10-1 141.689 | 299-W10-14 | 141.656 299-W14-12 | 142.325 | 346.73 0.0013
7 06/16/1994 | 06/22/1994 | 299-W10-14 | 141.559 | 299-W10-2 | 141.709 299-W14-12 | 142.298 | 4.98 0.0024
13 09/07/1994 | 09/19/1994 | 299-W10-1 141.576 | 299-W10-14 | 141.489 299-W14-12 | 142.112 | 341.82 0.0011
13 09/07/1994 | 09/19/1994 | 299-W10-1 141.576 | 299-W14-12 | 142.112 299-W15-2 | 141.658 | 331.44 0.0010
14 12/01/1994 | 12/14/1994 | 299-W10-14 | 141.428 | 299-W10-2 141.542 299-W14-12 | 141.993 | 4.95 0.0018
15 03/14/1995 | 03/28/1995 | 299-W10-1 141.263 | 299-W10-14 | 141.312 299-W14-12 | 141.984 | 351.81 0.0015
33 05/15/1997 | 06/16/1997 | 299-W10-1 139.233 | 299-W14-12 | 139.195 299-W15-2 | 139.942 | 65.78 0.0010
2 06/10/1998 | 06/11/1998 | 299-W10-1 138.812 | 299-W10-14 | 139.355 299-W14-12 | 138.408 | 113.57 0.0010
06/11/1998 | 06/15/1998 | 299-W10-1 138.812 | 299-W14-12 | 138.408 299-W15-2 | 139.521 | 96.83 0.0014
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Table 8-10. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the T, TX, and TY Tank Farm Areas (5 pages)

. Water Water Woater Grour!dwa_ter .
Duration ® | Start Date | End Date Well 1 Level 1" Well 2 Level 2 Well 3 Level 3 Flow Direction ¢ | Gradient
degrees
14 11/14/2001 | 11/27/2001 | 299-W10-14 | 138.035 | 299-W10-28 | 137.219 299-W14-13 | 136.997 | 88.28 0.0012
8 09/17/2002 | 09/24/2002 | 299-W10-14 | 137.88 299-W10-28 | 136.958 299-W14-13 | 136.721 | 86.98 0.0013
14 03/12/2003 | 03/25/2003 | 299-W10-14 | 137.733 | 299-W10-28 | 136.76 299-W14-13 | 136.566 | 81.94 0.0014
* Duration is the number of days between the start date and the end date.
® Water level data are elevation in meters above mean sea level.
¢ Groundwater flow direction is given in degrees azimuth clockwise from north (0°).
Table 8-11. Historical Water Level Data, Groundwater Flow Directions, and
Water Table Gradients for the U Tank Farm Area (2 pages)
Duration ® | Start Date | End Date Well 1 L\(/a\\l/?atlelr b Well 2 I\_Ae{ \?;Ierz Well 3 t’g 3;?; Flcg)\r/\(/)t[j)r:?::ftiitc?r: ¢l Gradient
degrees
1 01/23/1992 | 01/23/1992 | 299-W18-25 | 144.133 299-W18-30 | 143.642 299-W19-12 | 143.596 85.60 0.002955
1 02/27/1992 | 02/27/1992 | 299-W18-25 | 144.127 299-W18-30 | 143.612 299-W19-12 | 143.611 79.25 0.002744
1 05/22/1992 | 05/22/1992 | 299-W18-25 | 143.74 299-W18-30 | 143.401 299-W19-12 | 143.413 76.19 0.001719
3 06/17/1992 | 06/19/1992 | 299-W18-25 | 143.627 299-W18-30 | 143.35 299-W19-12 | 143.346 80.21 0.001501
1 08/19/1992 | 08/19/1992 | 299-W18-25 | 143.435 299-W18-30 | 143.215 299-W19-12 | 143.209 81.16 0.001213
1 09/16/1992 | 09/16/1992 | 299-W18-25 | 143.344 299-W18-30 | 143.139 299-W19-12 | 143.135 80.59 0.001118
1 10/22/1992 | 10/22/1992 | 299-W18-25 | 143.139 299-W18-30 | 142.978 299-W19-12 | 142.974 80.98 0.000885
1 12/17/1992 | 12/17/1992 | 299-W18-25 | 143.161 299-W18-30 | 143.042 299-W19-12 | 143.029 86.53 0.000731
1 01/26/1993 | 01/26/1993 | 299-W18-25 | 143.033 299-W18-30 | 142.941 299-W19-12 | 142.928 88.34 0.000589
1 02/26/1993 | 02/26/1993 | 299-W18-25 | 142.92 299-W18-30 | 142.792 299-W19-12 | 142.782 84.63 0.000755
1 03/26/1993 | 03/26/1993 | 299-W18-25 | 142.92 299-W18-30 | 142.874 299-W19-12 | 142.861 94.78 0.00035
1 04/21/1993 | 04/21/1993 | 299-W18-25 | 142.85 299-W18-30 | 142.831 299-W19-12 | 142.821 102.02 0.000187
1 05/20/1993 | 05/20/1993 | 299-W18-25 | 142.828 299-W18-30 | 142.798 299-W19-12 | 142.779 104.24 0.000325
1 12/15/1993 | 12/15/1993 | 299-W18-25 | 142.545 299-W18-30 | 142.588 299-W19-12 | 142.587 257.22 0.000222
1 06/22/1994 | 06/22/1994 | 299-W18-25 | 142.298 299-W18-30 | 142.368 299-W19-12 | 142.395 278.30 0.000597
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Table 8-11. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the U Tank Farm Area (2 pages)

. Water Water Water Groundwqter .
Duration ® | Start Date | End Date Well 1 Level 1° Well 2 Level 2 Well 3 Level 3 Flow Direction | Gradient
degrees

1 12/09/1994 | 12/09/1994 | 299-W18-25 | 141.81 299-W18-30 | 141.917 299-W19-12 | 141.907 250.78 0.000503
1 06/21/1995 | 06/21/1995 | 299-W18-25 | 141.408 299-W18-30 | 141.536 299-W19-12 | 141.499 226.29 0.000497
1 12/19/1995 | 12/19/1995 | 299-W18-25 | 140.85 299-W18-30 | 140.801 299-W19-12 | 140.673 117.62 0.001495
1 06/14/1996 | 06/14/1996 | 299-W18-25 | 140.357 299-W18-30 | 140.225 299-W19-12 | 140.1 108.87 0.001831
14 03/13/1997 | 03/26/1997 | 299-W18-25 | 139.674 299-W18-30 | 139.448 299-W19-12 | 139.536 31.09 0.000861
05/13/1997 | 05/21/1997 | 299-W18-25 | 139.683 299-W18-30 | 139.378 299-W19-12 | 139.377 79.35 0.001628
12/12/1997 | 12/15/1997 | 299-W18-25 | 139.232 299-W18-30 | 138.845 299-W19-12 | 138.868 74.05 0.001901
1 05/18/1998 | 05/18/1998 | 299-W18-25 | 138.915 299-W18-30 | 138.546 299-W19-12 | 138.505 86.64 0.002272
15 11/24/1998 | 12/08/1998 | 299-W18-25 | 138.598 299-W18-30 | 138.205 299-W19-12 | 138.289 56.83 0.001612
36 05/13/1999 | 06/17/1999 | 299-W18-25 | 138.494 299-W18-30 | 138.028 299-W19-12 | 138.118 59.49 0.001951

2 09/07/2000 | 09/08/2000 | 299-W18-25 | 137.907 299-W18-30 | 137.53 299-W19-12 | 137.576 67.82 0.00171
1 10/19/2000 | 10/19/2000 | 299-W18-25 | 137.837 299-W18-30 | 137.453 299-W19-12 | 137.458 78.06 0.002006
1 12/07/2000 | 12/07/2000 | 299-W18-25 | 137.809 299-W18-30 | 137.417 299-W19-12 | 137.412 80.08 0.002119
1 01/17/2001 | 01/17/2001 | 299-W18-25 | 137.737 299-W18-30 | 137.29 299-W19-12 | 137.293 78.57 0.002355
1 03/21/2001 | 03/21/2001 | 299-W18-25 | 137.69 299-W18-30 | 137.515 299-W19-12 | 137.296 111.75 0.002952

 Duration is the number of days between the start date and the end date.
® Water level data are meters above mean sea level.
¢ Groundwater flow directions are degrees azimuth clockwise from north (0°).
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First, wells located appropriately to the WMAs were identified. Ideally, appropriately placed
wells would form an equilateral triangle with the tank farm at the center. This configuration
could be met for the recent years but not for the 1950s to 1970s timeframe for most tank farms.
Thus, wells were chosen that most closely approached this configuration. Second, wells were
chosen that had historical data as far into the past as possible. Water levels were recoded
regularly in very few wells in the 1940s to 1980s. What data do exist was extracted from the
Hydrodat database. Third, water levels from all three wells should be measured on the same day
to alleviate potential atmospheric pressure effects. This requirement would eliminate most water
level measurements in the HydroDat database older than about 1990. Thus, the requirement was
relaxed and water level measurements taken within at least one month of each other were used
when necessary to get a good water level history. The length of time between the first and third
measurement for each three-point analysis is given in Tables 8-10 through 8-12.

In addition to atmospheric pressure effects, several other potential sources of error resulting in
groundwater flow direction and water table gradient include: 1) the straightness of the wells,

2) the relatively flat water table coupled with measurement error, 3) the communication between
the aquifer and the screened part of the well, 4) changes in lithology, and 5) periodic and local
influence from nearby liquid disposal facilities.

Finally, several different well triplets were used for each tank farm area. Use of more than one
well triplet assumes that the geometry of the wells, the straightness of the wells, and other well
attributes are identical among triplets. This is not the case.

Despite the numerous sources for potential error, there is relatively good agreement between the
large number of measurements through time and the agreement of the resulting flow directions
with historical Hanford Site operations, suggesting that the calculated groundwater flow
directions and water table gradients generally represent past conditions. Figures 8-11

through 8-13 illustrate the general flow directions and changes in flow directions during the
period of Hanford Site operations.

Table 8-10 gives the calculated flow directions and water table gradients for the T, TX, and

TY tank farm area. Six different well triplets were used and 100 flow directions calculated.
Figure 8-11 plots the results and shows the changes in groundwater flow direction beneath the

T, TX, and TY tank farms through time. Figure 8-11 shows that that groundwater flowed toward
the south in the area by the early 1950s as a result of disposal of large volumes of liquid to the

T Pond system (Figure 8-11 A). In 1956, groundwater flow direction changed again and started
flowing toward the northeast due to the increasing influence of the groundwater mound under

U Pond (Figure 8-11 B). Discharges to T Pond ended in 1976 but continued at U Pond until
1984. As discharges to the U Pond declined in the early 1980s, groundwater flow shifted to a
more northerly direction as the groundwater mound began to decrease. The slight westerly
component to the groundwater flow direction between early 1980s and mid 1990s may be a
result of the discharges to the 216-U-14 ditch, located southwest of WMA T, after discharges to
U Pond stopped (Figure 8-11 C). All non-permitted discharges to the ground ceased in 1995 and
the influence of the U Pond mound on the groundwater beneath the T tank farm diminished.
Consequently, the flow direction changed again in about 1996 and began to return toward a
pre-Hanford Site easterly direction (Figure 8-11 D).
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Table 8-12. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the S and SX Tank Farm Areas (3 pages)

Groundwater
Duration ® | Start Date | End Date | Water Level 1 | Water Level 2 | Water Level 3 | Flow Direction ® | Gradient
degrees
Northern Part of Waste Management Area S-SX
299-W22-44 299-W23-13 299-W23-14

3 02/27/1992 | 02/29/1992 | 142.511 142.926 142.444 145.038 0.003839
1 05/22/1992 | 05/22/1992 | 142.286 142.651 142.249 143.931 0.003249
1 08/19/1992 | 08/19/1992 | 142.091 142.362 142.060 144.178 0.002433
1 11/25/1992 | 11/25/1992 | 141.765 141.999 141.725 145.206 0.002178
1 02/25/1993 | 02/25/1993 | 141.603 141.801 141.573 144.861 0.00182

1 05/20/1993 | 05/20/1993 | 141.560 141.746 141.524 145.596 0.001756
1 08/20/1993 | 08/20/1993 | 141.567 141.731 141.499 148.903 0.001764
1 03/18/1994 | 03/18/1994 | 141.381 141.453 141.280 157.185 0.001216
1 05/12/1994 | 05/12/1994 | 141.143 141.295 141.112 145.772 0.001444
1 11/14/1994 | 11/14/1994 | 140.805 140.954 140.807 141.556 0.001228
14 02/01/1995 | 02/14/1995 | 140.780 140.804 140.673 164.721 0.000877
2 05/23/1995 | 05/24/1995 | 140.448 140.688 140.564 126.413 0.001387
6 08/04/1995 | 08/09/1995 | 140.360 140.588 140.369 140.963 0.001846
1 12/19/1995 | 12/19/1995 | 139.988 140.228 140.137 119.430 0.001244
7 02/07/1996 | 02/13/1996 | 139.994 140.131 140.055 128.091 0.000816
5 08/08/1996 | 08/12/1996 | 139.351 139.756 139.689 105.235 0.001804
6 11/07/1996 | 11/12/1996 | 139.296 139.567 139.475 117.117 0.001362
1 02/04/1997 | 02/04/1997 | 139.143 139.420 139.344 113.008 0.001327
7 05/07/1997 | 05/13/1997 | 138.988 139.262 139.235 99.923 0.001177
1 08/07/1997 | 08/07/1997 | 138.842 139.164 139.085 111.047 0.001511
2 11/11/1997 | 11/12/1997 | 138.625 139.024 138.988 99.236 0.001707
7 02/05/1998 | 02/11/1998 | 138.464 138.796 138.735 106.620 0.001496
1 08/06/1998 | 08/06/1998 | 138.214 138.616 138.585 98.142 0.001709
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Table 8-12. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the S and SX Tank Farm Areas (3 pages)

Groundwater
Duration ® | Start Date | End Date | Water Level 1 | Water Level 2 | Water Level 3 | Flow Direction ® | Gradient
degrees
Northern Part of Waste Management Area S-SX (continued)
299-W22-44 299-W23-13 299-W23-14
1 02/17/1999 | 02/17/1999 | 137.991 138.412 138.457 81.771 0.001712
5 05/13/1999 | 05/17/1999 | 137.875 138.250 138.235 94.978 0.00157
6 08/05/1999 | 08/10/1999 | 137.760 138.201 138.168 97.950 0.001873
1 03/29/2000 | 03/29/2000 | 137.437 137.829 137.796 98.734 0.001672
2 06/20/2000 | 06/21/2000 | 137.352 137.814 137.756 102.114 0.002012
1 12/20/2000 | 12/20/2000 | 137.155 137.585 137.577 93.112 0.001787
1 03/20/2001 | 03/20/2001 | 137.061 137.585 137.471 109.095 0.002413
3 06/25/2001 | 06/27/2001 | 136.979 137.395 137.384 93.799 0.001734
Southern Part of Waste Management Area S-SX
299-W22-39 299-W23-14 299-W23-15
1 02/27/1992 | 02/27/1992 | 141.691 142.444 141.974 107.620 3.61E-03
1 05/22/1992 | 05/22/1992 | 141.532 142.249 141.812 106.180 3.44E-03
1 08/19/1992 | 08/19/1992 | 141.395 142.060 141.642 108.060 3.18E-03
1 09/17/1992 | 09/17/1992 | 141.261 141911 141.520 105.400 3.12E-03
1 11/25/1992 | 11/25/1992 | 141.103 141.725 141.358 104.270 2.99E-03
1 02/25/1993 | 02/25/1993 | 140.975 141.573 141.209 106.100 2.87E-03
1 05/20/1993 | 05/20/1993 | 140.917 141.524 141.130 110.090 2.90E-03
1 08/19/1993 | 08/19/1993 | 140.883 141.499 141.090 111.560 2.94E-03
1 11/23/1993 | 11/23/1993 | 140.612 141.195 140.843 105.620 2.80E-03
1 03/18/1994 | 03/18/1994 | 140.673 141.280 140.861 114.170 2.90E-03
1 05/12/1994 | 05/12/1994 | 140.508 141.112 140.712 111.390 2.89E-03
1 08/16/1994 | 08/16/1994 | 140.402 140.984 140.590 112.850 2.78E-03
1 11/14/1994 | 11/14/1994 | 140.249 140.807 140.435 111.830 2.67E-03
1 03/23/1995 | 03/23/1995 | 140.115 140.652 140.273 115.700 2.57E-03
1 05/23/1995 | 05/23/1995 | 140.021 140.564 140.200 112.200 2.59E-03
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Table 8-12. Historical Water Level Data, Groundwater Flow Directions, and

Water Table Gradients for the S and SX Tank Farm Areas (3 pages)

Groundwater
Duration ® | Start Date | End Date | Water Level 1 | Water Level 2 | Water Level 3 | Flow Direction ® | Gradient
degrees
Southern Part of Waste Management Area S-SX (continued)
299-W22-39 299-W23-14 299-W23-15
1 08/09/1995 | 08/09/1995 | 139.841 140.369 140.139 89.970 2.71E-03
2 02/07/1996 | 02/08/1996 | 139.621 140.055 139.776 109.470 2.07E-03
6 11/07/1996 | 11/12/1996 | 139.091 139.475 139.304 90.810 1.96E-03
1 02/04/1997 | 02/04/1997 | 138.960 139.344 139.103 107.960 1.84E-03
6 05/08/1997 | 05/13/1997 | 138.847 139.235 138.996 106.820 1.86E-03
1 08/07/1997 | 08/07/1997 | 138.698 139.085 138.874 99.950 1.89E-03
7 02/05/1998 | 02/11/1998 | 138.375 138.735 138.539 99.870 1.75E-03
3 05/11/1998 | 05/13/1998 | 138.308 138.744 138.533 94.250 2.18E-03
6 08/06/1998 | 08/11/1998 | 138.149 138.585 138.356 98.060 2.14E-03
6 05/13/1999 | 05/18/1999 | 137.844 138.235 138.015 101.620 1.90E-03
7 08/05/1999 | 08/11/1999 | 137.732 138.168 137.905 105.560 2.09E-03
1 12/17/1999 | 12/17/1999 | 137.579 137.961 137.749 100.880 1.86E-03
1 03/29/2000 | 03/29/2000 | 137.442 137.796 137.634 91.890 1.79E-03
1 06/20/2000 | 06/20/2000 | 137.491 137.756 137.567 116.430 1.27E-03
1 09/25/2000 | 09/25/2000 | 137.273 137.658 137.477 93.000 1.94E-03
1 12/20/2000 | 12/20/2000 | 137.179 137.577 137.380 95.250 1.98E-03
1 03/20/2001 | 03/20/2001 | 137.079 137.471 137.295 91.130 2.00E-03
1 06/25/2001 | 06/25/2001 | 137.003 137.384 137.218 89.980 1.95E-03
1 09/21/2001 | 09/21/2001 | 136.915 137.302 137.135 89.620 1.99E-03
1 12/27/2001 | 12/27/2001 | 136.866 137.283 137.083 93.850 2.09E-03
1 03/20/2002 | 03/20/2002 | 136.715 137.062 136.936 84.020 1.87E-03
1 06/26/2002 | 06/26/2002 | 136.683 137.085 136.914 89.100 2.07E-03
1 09/17/2002 | 09/17/2002 | 136.617 137.003 136.840 88.840 2.00E-03

 Duration is the number of days between the start and end dates.
® Water levels are in meters elevation above mean sea level.
¢ Groundwater flow direction is degrees azimuth clockwise from north (0°).
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Figure 8-11. Groundwater Flow Directions in the North Part of the 200 West Area
Near the T, TX, and TY Tank Farms (2 pages)

A. 1954 to 1956, 1 well triplet, 17 measurements.
B. 1957 to 1982, 2 well triplets, 56 measurements.
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Figure 8-11. Groundwater Flow Directions in the North Part of the 200 West Area
Near the T, TX, and TY Tank Farms (2 pages)

C. 1983 to 1995, 4 well triplets, 21 measurements.
D. 1997 to 2003, 3 well triplets, 6 measurements.
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Figure 8-12. Groundwater Flow Directions at Waste Management Area U
between 1992 and 2001

1 well triplet, 30 measurements.
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Figure 8-13. Groundwater Flow Directions beneath the S and SX Tank Farms

A. The northern S tank farm (1992 to 2001, 1 well triplet, 31 measurements).
B. The southern SX tank farm (1992 to 2002, 1 well triplet, 38 measurements).
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Table 8-11 gives historical water levels, groundwater flow directions, and water table gradients
for the U tank farm area. No appropriately located well triplets in the area of WMA U were
found that have historical water level measurements before about 1990. Thus, the data in

Table 8-11 are from 1992 to 2001. One well triplet and 30 measurements are included on the
table. The rose diagram in Figure 8-12 displays the data from Table 8-11. Those data show that
the groundwater flow direction has been fairly consistent and to the west since the very early
1990s except between 1993 and 1995. Between 1993 and 1995, groundwater flow shifted
toward the west due to cessation of discharge to the U Pond in 1984 and a shift in discharge to
the 216-U-14 ditch, located just east of the U tank farm, from 1985 to 1993

(Hodges and Chou 2000).

As at the U tank farm, no appropriately placed wells were identified in the S and SX tank farm
areas to provide historical groundwater flow directions prior to 1992. Table 8-12 presents water
level data, groundwater flow directions, and water table gradient since 1992. In Groundwater
Quality Assessment Report for Waste Management Area S-SX (April 2000 through December
2001) (Johnson and Chou 2002), Johnson and Chou noted differences in hydraulic conductivity
in wells beneath the S tank farm in the north and the SX tank farm in the south. Therefore, the
data in Table 8-12 are separated into two parts, northern and southern. The northern part of the
area (S tank farm) is represented by one well triplet and 31 data points; the southern part of the
area (SX tank farm) is represented by one well triplet and 38 data points. Figure 8-13 shows rose
diagrams of the groundwater flow directions for both parts. A look at the data for both parts of
Figure 8-13 shows that, as the data become younger, the flow direction shifts from southeast to
east.

The large changes in groundwater flow directions have important impacts on contaminant
dispersal in the unconfined aquifer. These large changes are, in part, responsible for the wide
distribution of some contaminants such as nitrate and carbon tetrachloride beneath the

200 West Area.

8.2.2 Aquifer Properties beneath the 200 East Area Single-Shell Tanks

The base of the uppermost unconfined aquifer in the 200 East Area is generally regarded as the
basalt surface and, where this is the case, the suprabasalt aquifer consists entirely of the
uppermost and unconfined aquifer. Where the Ringold Formation is present in the suprabasalt
aquifer, the silt and clay beds of the formation’s hydrogeologic unit 8 (lower mud unit) form a
confining layer that separates the suprabasalt aquifer into the uppermost unconfined aquifer and
an underlying confined aquifer. These two aquifers have been called the Hanford unconfined
aquifer and the Ringold Formation confined aquifer and together make up the suprabasalt aquifer
system (Williams et al. 2000). These aquifers have separate and distinct flow regimes.

The Hanford unconfined aquifer consists primarily of hydrogeologic unit 1 (undifferentiated
Hanford formation and coarse-grained CCU deposits) and hydrogeologic unit 5 (Ringold
Formation unit E gravels and sandy gravels). Where hydrogeologic unit 8 has been removed by
erosion, the Hanford unconfined aquifer may also include hydrogeologic unit 9 (Ringold
Formation unit A). Hydrogeologic unit 8 has been removed from beneath almost all of the

200 East Area and is not present beneath any of the SST farms in the area. Therefore, the
following discussion focuses on the Hanford unconfined aquifer.
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Several wells extend through the Hanford unconfined aquifer in the 200 East Area to the top of
basalt and can be used to determine the thickness of the aquifer. Table 8-13 contains a list of
wells that penetrate the entire uppermost aquifer and have March 2003 water level
measurements. Also on Table 8-13 are calculated thicknesses for the Hanford unconfined
aquifer. There are very little data for WMA A-AX and WMA C and many data for

WMA B-BX-BY. This primarily is due to the thin aquifer at WMA B-BX-BY compared to the
other WMAs. The data in Table 8-13 show that the thickness of the uppermost aquifer beneath
the SST farms in the 200 East Area varies from about 27 m beneath WMA A-AX, to about 9 m
beneath WMA C, to between 1 and 8 m beneath WMA B-BX-BY.

Current general groundwater flow directions and general flow rates are given in Table 8-14 for
each of the SST WMAs in the 200 East Area (Hartman et al. 2004). Because the water table is
very flat over all of the 200 East Area, comparison of the flow directions in Table 8-14 with the
latest water table map (March 2003 in Hartman et al. 2004) is unproductive. The flow directions
given in Table 8-14 were estimated by interpreting water level data on a local scale.

No recent published results of detailed hydrologic testing (e.g., tracer dilution tests, tracer
pumpback tests, constant rate pumping tests) or water table trend surface analyses are available
for wells at SST farms in the 200 East Area. However, recent data are available from slug
testing at five wells at SST farms in the 200 East Area. Table 8-15 gives the results of those
tests. Several slug tests were done prior to 1997 in wells near 200 East Area SST farms.

Table 8-16 gives the resulting hydraulic conductivity and transmissivity data from those tests.
In most cases, the analyses of the data from these tests are less well-documented than are more
recent analyses. The original source for the data should be consulted for details of testing and
analysis.

The calculated flow rate for WMA B-BX-BY in Table 8-14 is an order of magnitude greater than
those in Table 8-15. This is because the hydraulic conductivity used for the Table §8-14
calculation was about two orders of magnitude larger (1,616 m/day from Connelly et al. 1992a
as stated in Hartman et al. 2003) than that shown in Table 8-15. These types of differences in
hydraulic properties illustrate the difficulty in assigning accurate values to specific
hydrogeologic units in the 200 East and 200 West Areas. The differences are due to different
testing and analysis methods used through time, different assumed values for certain parameters,
and natural variation in lithologic properties that affect the hydraulic properties.
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Thickness of the Uppermost, Unconfined Aquifer
beneath the 200 East Area

Elevation of Elevation of Aquifer
Well Name Aquifer Bottom *° Water Table ° Thickness
m amsl| m amsl| m
Waste Management Area A-AX
299-E25-2 94.49 122.360 27.87
299-E24-8 95.71 122.325 26.6
Waste Management Area B-BX-BY
299-E27-17 118.87 122.340 3.47
299-E28-8 114.24 122.392 8.15
299-E33-5 120.73 122.355 1.63
299-E33-7 121.07 122.348 1.28
299-E33-8 120.00 122.346 2.35
299-E33-9 117.96 122.334 ¢ 4.37
299-E33-10 116.22 122.340 6.12
299-E33-14 120.36 122.393 2.03
299-E33-15 118.75 122.370 3.62
299-E33-16 120.43 122.296 1.87
299-E33-17 119.12 122.352 3.23
299-E33-18 115.88 122.357 6.48
299-E33-20 118.63 122.353 3.72
299-E33-21 117.26 122.409 5.15
299-E33-26 119.30 122.018 2.72
299-E33-31 119.51 122.287 2,78
299-E33-32 118.32 122.298 3.98
299-E33-33 118.48 122.284 3.80
299-E33-36 115.84 121.895 6.06
299-E33-38 120.49 122.357 1.87
299-E33-39 120.34 122.363 2.02
299-E33-40 119.79 123.463 3.67
299-E33-41 118.48 120.905 242
299-E33-42 120.15 122.326 2.18
299-E33-44 120.58 122.335 1.76
Waste Management Area C
299-E26-8 113.02 122.222 9.05
299-E27-22 112.38°° 122.33 9.95

? Elevation of top of basalt except where noted

® Top of basalt elevation from Horton and Narbutovskih (2001); Narbutovskih and Horton (2001);
Williams et al. (2000); Wood et al. (2003)

¢ March 2003 data except where noted

4 February 2003

¢ Williams and Narbutovskih (2004)
amsl = above mean sea level
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Table 8-14. General Groundwater Flow Directions and Flow Rates for
Single-Shell Tank Farms in the 200 East Area ®

Groundwater
Waste Management Groun_dwat_er Gradient Flow Rate °
Area Flow Direction
m/day

A-AX SE 0.00026 1.7t0 3.3

WSW to SW (north half)
B-BX-BY 0.00015 0.8

SSE to SE (south half)
C SW 0.00033 1.2t02.3

# Hartman et al. (2004)

® Groundwater flow rates are calculated using the Darcy equation.

Table 8-15. Results from Recent Slug Testing of Wells

at 200 East Area Single-Shell Tank Farms

Hvdraulic Calculated
yarau'i Specific Storage Groundwater
Well Conductivity .
m Flow Velocity
m/day
m/day
Waste Management Area B-BX-BY
299-E33-44* 22.0-242 3.3E-5 0.0077 ©
299-E33-334° 41.8-44.5 2.0E-5 0.0142°
299-E33-335° 49.3-52.1 2.0E-5 0.0167°¢
299-E33-338 ¢ 89.3 NA 0.0286 °
Waste Management Area C
d, i
?7959 1E_2775§ 1900 —2100 * NA 1.89"
(279 69 81::2777% 0.04 ¢ NA 0.0036 "
?8919 4]5_271% 6000 — 6900 ' NA 6.21"

% Spane et al. (2001a)
® Spane et al. (2001b)
¢ Spane, et al. (2003)

4 Williams and Narbutovskih (2004)

¢ Estimated using maximum hydraulic conductivity from this table, and using effective porosity of 0.3 and
hydraulic gradient of 0.000096 from Hartman et al. (2003).

f High K (oscillatory) analysis method

€ Test history matching/type-curve analysis method

" Estimated using maximum hydraulic conductivity from this table, and using effective porosity of 0.3 and
hydraulic gradient of 0.00027 from Hartman et al. (2003).

! Numbers in parentheses are depth intervals tested in meters below ground surface.

NA = not available
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Table 8-16. Results of Pre 1997 Slug Testing at Single-Shell
Tank Farms in the 200 East Area ?

Well Name Hydrauli:]/((:j(;r;ductivity Tranr?]r;}:js;yity b
Waste Management Area A-AX
299-E24-19 335 160
299-E25-40 21.3 100
299-E25-41 7.3 30
Waste Management Area B-BX-BY
299-E33-33 97.5 500
Waste Management Area C

299-E27-13 54.9 230
299-E27-14 48.8 240
299-E27-15 118.9 520

# Caggiano 1993

® Transmissivity calculated by multiplying hydraulic conductivity by thickness of
test interval.

8.2.2.1 Historical Changes in 200 East Area Flow Direction and Gradient

Water levels in the uppermost unconfined aquifer have risen as much as 9 m beneath the

200 East Area (well 699-45-42, located near B Pond) because of artificial recharge from liquid
waste disposal operations since the mid 1940s. The largest volumes of discharge were to the

B Pond system east of the 200 East Area, the 216-A-25 (Gable Mountain) Pond system north of
the 200 East Area, and several of the PUREX Plant cribs east and south of WMAs A-AX and C.
Figure 8-14 shows the liquid discharge history for the two ponds. The Gable Mountain pond
system is estimated to have received approximately 293 billion L of effluent and the B Pond to
have received about 256 billion L of effluent. These large volumes disposed to the ponds (and
lesser volumes to cribs and ditches) artificially recharged the unconfined aquifer creating large
water table mounds. The increase in water table elevation was most rapid from 1954 to 1963.
The water table declined somewhat in the late 1960s and early 1970s, then increased again in the
early 1980s before a final decline throughout the 1990s when wastewater discharges in the

200 East Area were reduced.

8-42



RPP-23748, Rev. 0

Figure 8-14. Discharge History for B Pond and Gable Mountain Pond
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Figures 8-15 through 8-17 show hydrographs for the areas around each of the 200 East Area SST
WMAs. The hydrographs illustrate the changes in water table elevations that have occurred
beneath the tank farms since at least the mid 1950s. All data used to make the hydrographs were
obtained from HydroDat database (see data files included in Hartman et al. 2003).

All three figures show similar changes in water levels beneath all the SST WMAs. All the
hydrographs show a maximum in water table elevation in about 1968 that corresponds to a time
of high discharge to Gable Mountain pond (Figure 8-11). This maximum is followed by a
minimum, centered around 1978, that corresponds to a minimum in the discharges to both pond
systems. Finally, a second maximum is seen in 1986 to 1987 corresponding to peak discharge to
the B Pond system.
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Figure 8-15. Hydrographs of Selected Wells in the Area of
Waste Management Area B-BX-BY in the 200 East Area
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Well 299-E33-14 is located about 250 m east of the northeast corner of the
BY tank farm.

Well 699-49-57A is located about 1.5 km northwest of the BY tank farm.
Well 699-50-534 is located about 1.5 km north of the BY tank farm.

Figure 8-16. Hydrographs from Selected Wells in the Area of
Waste Management Area C in the 200 East Area
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Well 299-E24-8 is located about 650 m south-southwest of C tank farm.
Well 299-E26-1 is located about 450 north of the C tank farm.

Well 299-E26-4 is located about 500 m southeast of the C tank farm.
Well 299-W27-1 is located about 500 m west of the C tank farm.
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Figure 8-17. Hydrographs of Selected Wells in the Area of
Waste Management Area A-AX in the 200 East Area
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Well 299-E24-4 is located about 70 m west of the map.

Well 299-E25-2 is located at the east side of the 216-A-7 crib.

Well 299-E25-3 is located about 125 m south of the AP tank farm.

Well 299-E26-4 is located about 1,000 m northeast of the AX tank farm.

Table 8-17 summarizes the changes in water level elevations that have occurred beneath the

200 East Area tank farms since the beginning of the Hanford Site operations. The pre-Manhattan
Project water table was at approximately 120 m above sea level (Kipp and Mudd 1974).
However, Bergeron and Wurstner (2000) more recently modeled the elevation of the water table
beneath the Hanford Site for Mann et al. (2001). Their model resulted in a water table elevation
of about 116 to 118 m amsl in the 200 East Area after all influences from the Hanford Site have
dissipated. All non-permitted discharges of liquid effluent to the ground were stopped in 1996.
Since that time, rapid changes have occurred in the water table elevation.

Table 8-17 also gives the average rate of water table decline in wells at each WMA during the
past 5 years. The average rate of decline was obtained by averaging the rate of decline in each
monitoring well in the RCRA monitoring network at each WMA between March 1999 and
March 2004. All data used are in the HydroDat database (see data files included in

Hartman et al. 2004). For wells younger than 1999, the water table decline during the entire life
of the well was used.

Comparing the approximate rate of water table decline in the 200 East Area (Table 8-17) with
that in the 200 West Area (Table 8-9) shows that the rate of decline is three to four times faster in
the 200 West Area. This is probably due, in part, to the greater increase in water level due to

U Pond than the increase due to B Pond and that the 200 West Area tank farms are closer to the
U Pond mound than are the 200 East Area tank farms to the B Pond mound. Also, the water
table gradient is extremely flat in the 200 East Area, whereas the gradient is steeper beneath the
200 West Area. This means that a small increment of water table decline must be spread out
over a much larger area in the 200 East Area than in the 200 West Area.
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Table 8-17. Historical Water Level Changes beneath
200 East Area Single-Shell Tank Farms

Approximate Estimated M’;ﬂgﬁﬁn\}\ﬁier Approximate Approximate
Waste Pre-Hanford Post-Hanford Table Elevation Current Water | Rate of Decline
Management Water Table Water Table and Date of Table in the Past
Area Elevation Elevation M Elevation 5 Years
m amsl # m amsl ° easurement m amsl ¢ m/yr
m amsl
124.7
A-AX 120 116 — 118 Dec. 1985 122.3-122.4 0.10
(299-E24-4)
124.8
B-BX-BY 120 116 — 118 Dec. 1985 122.3-122.4 0.12
(299-E33-14)
124.8
C 120 116 — 118 Mar. 1988 122.3-122.4 0.12
(299-E27-7)
* Kipp and Mudd (1974)

® Bergeron and Wurstner (2000)
¢ Hartman et al. (2003)
amsl = above mean sea level

Accompanying the changes in water level were changes in groundwater flow direction.
Pre-Hanford Site groundwater flow direction was generally toward the east or southeast

(Kipp and Mudd 1974). Since that time, liquid disposal to the B Pond, Gable Mountain pond,
and other disposal facilities has changed the flow direction several times during Hanford Site
operations. Tables 8-18 through 8-20 give historical groundwater flow directions and water table
gradients beneath each of the 200 East Area tank farms. The flow directions and gradients were
calculated using the three-point problem method and water level measurements in the HydroDat
database (see data files included in Hartman et al. 2004) as described earlier for similar

200 West Area analyses.

An analysis of groundwater flow data in Appendix C of Field Investigation Report for Waste
Management Area B-BX-BY (Knepp 2002) summarized the changes in flow direction and flow
rate in the vicinity of WMA B-BX-BY. One of the wells used in that analysis, well 699-50-53A,
was drilled into basalt in an area that was above the water table until early to mid 1959.
Consequently, the analysis was redone omitting the early data from well 699-50-53A.

The results are shown in Table 8-18 and give the historical groundwater flow directions and
gradients in the WMA B-BX-BY area.

The groundwater flow direction was in a southerly direction during the late 1950s

(Figure 8-18 A) when influences from Gable Mountain pond had a strong influence on
groundwater flow. Prior to this time, groundwater flow may have been northerly due to
influences from B Pond, but there are no appropriate water level data in the area to confirm this.
The southerly flow lasted until 1974. However, the groundwater flow direction between the late
1950s and about 1972 was south to southeast followed by a swing to the southwest during 1973
and 1974 (Appendix C of Knepp 2002). After 1974, the flow direction shifted again and was
toward the north Figure 8-18 B). The northerly flow lasted until the late 1990s when the flow
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direction once again changed and was toward the southwest. The latest change is toward
pre-Hanford Site conditions and reflects waning influences from the B Pond system and a drop
in the water table to near (or below) the top of basalt in some areas.

Although Figure 8-18 C shows a relatively constant groundwater flow direction toward the
southwest since late 1999, groundwater flow directions in the northern part of the 200 East Area
may be more variable than the figure indicates. The groundwater flow direction beneath
Low-Level WMA 1, located west of WMA B-BX-BY, was interpreted to be toward the
northwest by Lindberg in Section 2.9 of Hanford Site Groundwater Monitoring for Fiscal

Year 2000 (Hartman et al. 2001) using water level measurements in that area. Thornton, in
Section 1.1 of Hartman et al. (2004), interpreted the groundwater flow direction beneath
Low-Level WMA 2, located east of WMA B-BX-BY, to be toward the west. Finally, Lindberg
in Hartman et al. (2001), using in situ flow measurements, interpreted the groundwater flow
direction to be southerly beneath the northern half of WMA B-BX-BY and southeasterly beneath
the southern half of WMA B-BX-BY. These latter measurements are very local to the WMA
and represent flow directions on a small scale. The water levels used for Figure 8-18 C are from
wells more regional to the WMA and represent flow directions on a larger scale.

The apparent variations in flow directions in the northern part of the 200 East Area may,

in part, be due to the very thin unconfined aquifer that is being influenced by the top of the
basalt. The top of the basalt, which forms the base of the unconfined aquifer in the area, is

above the water table in the northeast corner of the 200 East Area and dips south to southwest.
This surface is expected to influence flow directions especially near where the aquifer pinches
out against the basalt. Also, the top of the basalt is an erosional surface with up to about 3.5 m
of relief (Hartman et al. 2001). Thus, local flow may vary greatly as water moves between basalt
highs (Hartman et al. 2001).

Finally, the water table map of Williams et al. (2000) suggests a change in flow direction toward
the northwest beneath the northwest corner of the 200 East Area. This is consistent with the
geometry of the tritium, nitrate, and iodine-129 contaminant plume extending from the

200 East Area through the Gable Mountain-Gable Butte gap.
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Table 8-18. Historical Water Levels, Groundwater Flow Directions, and Water Table

Gradients in the Area of Waste Management Area B-BX-BY (2 pages)

Duration ® | Start Date | End Date Water Levels® Grour!dwa_ter c Water '_I'able
299-E33-14 | 699-49-57A | 699-50-53A | Flow Direction Gradient
6 12/23/1959 | 12/28/1959 | 123.42 123.49 123.46 132.193 0.000044
5 09/23/1960 | 09/27/1960 | 123.65 123.75 123.62 59.015 0.000114
7 12/08/1960 | 12/14/1960 | 123.72 123.81 123.74 92.516 0.000065
2 03/23/1961 | 03/24/1961 | 123.69 123.72 123.75 188.363 0.000055
6 06/23/1961 | 06/28/1961 | 123.73 123.82 123.76 105.079 0.000052
4 12/11/1961 | 12/14/1961 | 123.93 124.04 124.01 147.529 0.000070
10 07/10/1962 | 07/19/1962 | 124.03 124.12 124.10 149.767 0.000061
9 01/09/1963 | 01/17/1963 | 124.09 124.15 124.17 179.259 0.000075
7 12/17/1963 | 12/23/1963 | 124.23 124.24 124.26 197.078 0.000030
9 01/11/1965 | 01/19/1965 | 124.33 124.57 124.40 95.154 0.000159
8 05/11/1970 | 05/18/1970 | 124.51 124.58 124.60 180.031 0.000082
1 09/14/1971 | 09/14/1971 | 124.46 124.59 124.56 146.842 0.000087
4 10/02/1972 | 10/05/1972 | 124.25 124.55 124.65 179.606 0.000365
4 01/05/1973 | 01/08/1973 | 124.29 124.39 124.51 194.000 0.000229
11 07/10/1973 | 07/20/1973 | 124.36 124.18 124.31 272.979 0.000122
3 08/13/1973 | 08/15/1973 | 124.19 124.13 124.26 227.109 0.000131
2 09/10/1973 | 09/11/1973 | 124.20 124.12 124.24 234.016 0.000117
6 10/03/1973 | 10/08/1973 | 124.15 124.09 124.20 230.916 0.000108
8 04/11/1974 | 04/18/1974 | 123.99 123.94 124.08 222.004 0.000141
5 07/12/1974 | 07/16/1974 | 123.98 123.93 123.92 2.441 0.000058
9 07/07/1975 | 07/15/1975 | 123.86 123.81 123.80 355.688 0.000051
1 12/03/1975 | 12/03/1975 | 123.89 123.83 123.80 5.178 0.000084
1 07/01/1977 | 07/01/1977 | 123.85 123.87 123.85 61.977 0.000023
1 12/07/1977 | 12/07/1977 | 123.96 12391 123.89 1.288 0.000062
1 06/01/1978 | 06/01/1978 | 123.86 123.82 123.85 282.185 0.000020
1 12/01/1979 | 12/01/1979 | 123.83 123.74 123.75 339.206 0.000070
1 06/01/1980 | 06/01/1980 | 123.74 123.71 123.69 2.459 0.000049
1 12/01/1980 | 12/01/1980 | 123.79 123.72 123.73 338.012 0.000052
1 06/01/1981 | 06/01/1981 | 123.73 123.71 123.68 10.714 0.000052
1 06/01/1982 | 06/01/1982 | 123.70 123.68 123.64 15.267 0.000060
1 12/01/1982 | 12/01/1982 | 124.37 123.95 123.74 4.144 0.000588
1 06/01/1983 | 06/01/1983 | 124.46 123.85 123.82 348.515 0.000558
1 12/01/1983 | 12/01/1983 | 124.13 123.98 123.93 359.538 0.000180
1 06/01/1984 | 06/01/1984 | 124.32 124.22 124.17 4.609 0.000144
1 12/01/1984 | 12/01/1984 | 124.40 124.28 124.26 354.204 0.000131
2 06/26/1985 | 06/27/1985 | 124.37 124.34 124.35 326.061 0.000021
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Table 8-18. Historical Water Levels, Groundwater Flow Directions, and Water Table

Gradients in the Area of Waste Management Area B-BX-BY (2 pages)

Duration ® | Start Date | End Date Water Levels® Grour!dwa_ter c Water '_I'able
299-E33-14 | 699-49-57A | 699-50-53A | Flow Direction Gradient
14 12/17/1985 | 12/30/1985 | 124.62 124.51 124.45 6.611 0.000160
21 12/09/1986 | 12/29/1986 | 124.61 124.54 124.55 340.809 0.000051
13 06/08/1989 | 06/20/1989 | 124.50 124.45 124.44 352.875 0.000049
2 12/12/1989 | 12/13/1989 | 124.40 124.31 124.30 351.193 0.000092
2 06/18/1990 | 06/19/1990 | 124.25 124.18 124.17 351.090 0.000066
3 12/10/1990 | 12/12/1990 | 124.14 124.09 124.06 7.479 0.000073
1 03/19/1991 | 03/19/1991 | 124.07 124.02 124.01 355.860 0.000050
5 05/16/1991 | 05/20/1991 | 124.01 123.96 123.93 6.749 0.000076
2 06/18/1991 | 06/19/1991 | 124.04 123.96 123.95 355.931 0.000079
2 07/29/1991 | 07/30/1991 | 124.00 123.96 123.93 9.095 0.000069
2 09/23/1991 | 09/24/1991 | 124.02 124.00 123.97 13.232 0.000053
1 11/22/1991 | 11/22/1991 | 123.96 123.93 123.86 21.039 0.000100
2 01/22/1992 | 01/23/1992 | 123.91 123.85 123.84 350.456 0.000064
6 02/20/1992 | 02/25/1992 | 123.85 123.73 123.82 273.501 0.000082
2 03/19/1992 | 03/20/1992 | 123.86 123.78 123.79 339.855 0.000069
1 06/17/1992 | 06/17/1992 | 123.80 123.79 123.71 26.658 0.000114
2 07/21/1992 | 07/22/1992 | 123.79 123.68 123.70 328.376 0.000074
2 08/19/1992 | 08/20/1992 | 123.75 123.67 123.68 337.796 0.000064
2 09/17/1992 | 09/18/1992 | 123.69 123.61 123.64 317.947 0.000053
2 12/09/1992 | 12/10/1992 | 123.64 123.59 123.61 312.087 0.000036
1 03/12/1993 | 03/12/1993 | 123.67 123.54 123.55 342318 0.000103
1 09/01/1993 | 09/01/1993 | 123.56 123.46 123.48 331.220 0.000070
1 12/14/1993 | 12/14/1993 | 123.47 123.38 123.41 318.375 0.000061
1 03/28/1994 | 03/28/1994 | 123.43 123.35 123.36 335.010 0.000061
1 06/21/1994 | 06/21/1994 | 123.49 123.39 123.37 356.166 0.000111
9 06/06/1996 | 06/14/1996 | 123.37 123.31 123.29 2.057 0.000078
4 12/13/1999 | 12/16/1999 | 122.76 122.73 122.77 247.587 0.000036
1 03/21/2000 | 03/21/2000 | 122.73 122.73 122.76 210.655 0.000036
1 06/21/2000 | 06/21/2000 | 122.73 122.72 122.74 219.236 0.000022
1 09/21/2000 | 09/21/2000 | 122.68 122.66 122.71 227.285 0.000042
2 12/14/2000 | 12/15/2000 | 122.61 122.62 122.66 202.432 0.000057
1 03/12/2001 | 03/12/2001 | 122.60 122.58 122.64 220.481 0.000068
1 06/21/2001 | 06/21/2001 | 122.58 122.53 122.59 245.723 0.000054

? Duration is the number of days between the start date and end date.
® Water levels are in meters elevation above mean sca level.
¢ Groundwater flow direction is degrees azimuth clockwise from north (0°).
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Figure 8-18. Groundwater Flow Directions in the Northern Part of the 200 East Area
near the B, BX, and BY Tank Farms (2 pages)
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A. 1959 to 1974, 19 measurements
B. 1974 to 1996, 43 measurements
Water levels from wells 299-E33-14, 600-49-574, and 699-50-534 were used for all

measurements.
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Figure 8-18. Groundwater Flow Directions in the Northern Part of the 200 East Area
near the B, BX, and BY Tank Farms (2 pages)

C. 1999 to 2001, 7 measurements
Water levels from wells 299-E33-14, 600-49-574, and 699-50-53A4 were used for all

measurements.

Further south, in the area of WMA C, groundwater flow directions appear to have been less
variable than in the WMA B-BX-BY area. Table 8-19 gives historical groundwater flow
directions in the area of WMA C between 1958 and 1994 and, separately, more recent flow
direction between 1990 and 2003. The earlier historical flow directions are determined from
relatively far field wells, whereas the more recent direction is determined from wells in the
RCRA monitoring network for the WMA. The data are shown graphically in Figure 8-19.
The figure shows that the groundwater flow directions in the area of WMA C have been fairly
constant and to the southwest between 1958 and the present.

No appropriately placed wells were identified in the WMA A-AX area to provide historical
groundwater flow directions prior to 1990. Table 8-20 provides water level data, groundwater
flow directions, and water table gradient since 1990. The water levels in the table were obtained
from wells in the RCRA monitoring network for WMA A-AX. Figure 8-20 is a plot of the
groundwater flow directions tabulated in Table 8-20. Figure 8-20 shows that the groundwater
flow direction at WMA A-AX has been constant and toward the south or slightly southwest from
1992 to the present.
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Table 8-19. Water Levels, Groundwater Flow Directions, and Water Table Gradients

in the Area of Waste Management Area C from 1958 to 2003 (2 pages)

Duration ? | Start Date | End Date Water Levels” Fﬁ;\?lé)r}?:ﬁtg; c ng%rd'il(;?gle
299-E26-1 | 299-E26-4 | 299-E27-1
4 12/09/1958 | 12/12/1958 | 123.343 123.194 122.973 212.673 0.000433
1 08/18/1965 | 08/18/1965 | 124.48 124.660 124.500 328.459 0.000203
1 10/20/1965 | 10/20/1965 | 124.492 124.495 124.485 258.557 0.000009
4 01/03/1966 | 01/06/1966 | 124.559 124.486 124.485 188.628 0.000113
11 04/04/1966 | 04/14/1966 | 124.498 124.474 124.488 164.8363 0.000029
1 05/20/1966 | 05/20/1966 | 124.498 124.474 124.463 199.422 0.000046
2 11/02/1966 | 11/03/1966 | 124.514 124.510 124.463 230.877 0.000056
11 03/28/1967 | 04/07/1967 | 124.462 124.568 124.436 308.904 0.000125
5 10/19/1967 | 10/23/1967 | 124.553 124.556 124.512 239.716 0.000046
1 05/18/1970 | 05/18/1970 | 124.675 124.678 124.631 239.428 0.000049
1 09/14/1971 | 09/14/1971 | 124.608 124.641 124.573 277.811 0.000055
6 03/15/1972 | 03/20/1972 | 124.824 124.538 124.771 152.595 0.000325
1 07/11/1972 | 07/11/1972 | 124.526 124.541 124.463 248.930 0.000073
5 10/03/1972 | 10/07/1972 | 124.59 124.635 124.518 267.052 0.000097
1 01/08/1973 | 01/08/1973 | 124.642 124.855 124.448 281.927 0.000331
1 08/13/1973 | 08/13/1973 | 124.279 124.352 124.210 280.928 0.000115
1 09/10/1973 | 09/10/1973 | 124.291 124.309 124.226 250.994 0.000076
1 04/11/1974 | 04/11/1974 | 124.078 124.328 124.037 313.189 0.000288
1 10/18/1974 | 10/18/1974 | 124.111 124.096 124.030 224.666 0.000090
1 01/08/1975 | 01/08/1975 | 124.038 124.026 123.988 221.536 0.000056
1 04/14/1975 | 04/14/1975 | 123.962 123.943 123.909 215.007 0.000061
1 07/07/1975 | 07/07/1975 | 123.965 123.950 123.884 224.666 0.000090
1 12/03/1975 | 12/03/1975 | 123.944 123.947 123.857 237.477 0.000096
1 06/15/1976 | 06/15/1976 | 123.904 123.870 123.814 213.979 0.000105
1 12/08/1976 | 12/08/1976 | 123.907 123.873 123.793 218.279 0.000130
1 07/01/1977 | 07/01/1977 | 123.916 123.876 123.878 186.664 0.000060
1 12/07/1977 | 12/07/1977 | 123.995 123.931 123.966 166.661 0.000077
1 06/01/1978 | 06/01/1978 | 123.91 123.886 123.869 203.768 0.000051
1 12/01/1978 | 12/01/1978 | 123.904 123.806 123.802 189.428 0.000153
1 12/01/1979 | 12/01/1979 | 123.928 123.931 123.857 237.928 0.000079
1 06/01/1980 | 06/01/1980 | 123.828 123.825 123.774 232217 0.000060
1 12/01/1980 | 12/01/1980 | 123.852 123.907 123.826 297.966 0.000070
1 06/01/1981 | 06/01/1981 | 123.809 123.745 123.762 179.040 0.000087
1 12/01/1981 | 12/01/1981 | 123.819 123.800 123.762 216.359 0.000065
1 06/01/1982 | 06/01/1982 | 123.749 123.386 123.720 146.706 0.000409
1 12/01/1982 | 12/01/1982 | 123.944 123.904 123.845 212.603 0.000116

8-52




RPP-23748, Rev. 0

Table 8-19. Water Levels, Groundwater Flow Directions, and Water Table Gradients

in the Area of Waste Management Area C from 1958 to 2003 (2 pages)

Duration ? | Start Date | End Date Water Levels” Fﬁ;\?lé)r}?:ﬁtg; c ng%rd'il(;?gle
1 06/01/1984 | 06/01/1984 | 124.562 124.562 124314 235.468 0.000274
1 12/01/1984 | 12/01/1984 | 124.709 124.788 124.515 257.542 0.000237
9 06/12/1985 | 06/20/1985 | 124.588 124.565 124.549 203.569 0.000049
2 12/17/1985 | 12/18/1985 | 124.924 124.723 124.695 192.163 0.000330
4 12/08/1987 | 12/11/1987 | 124.771 124.711 124.671 203.112 0.000126
2 12/03/1992 | 12/04/1992 | 123.793 123.845 123.650 255.420 0.000172
2 06/09/1993 | 06/10/1993 | 123.729 123.760 123.607 249.787 0.000141
2 12/01/1993 | 12/02/1993 | 123.619 123.613 123.427 233.640 0.000212
1 06/03/1994 | 06/03/1994 | 123.653 123.735 123.558 275.430 0.000144

299-E27-12 | 299-E27-14 | 299-E27-7
1 06/28/1990 | 06/28/1990 | 124.297 124.312 124.331 228.635 0.000229
1 12/17/1990 | 12/17/1990 | 124.187 124.224 124.240 247.203 0.000316
1 06/17/1991 | 06/17/1991 | 124.056 124.117 124.097 301.756 0.000332
1 08/19/1991 | 08/19/1991 | 124.132 124.148 124.167 229.649 0.000233
2 03/04/1992 | 03/05/1992 | 123.76 123.953 123.990 258.790 0.001348
2 06/17/1992 | 06/18/1992 | 123.839 123.846 123.886 213.439 0.000388
1 12/16/1992 | 12/16/1992 | 123.733 123.749 123.777 223.989 0.000312
1 03/25/1993 | 03/25/1993 | 123.675 123.718 123.743 242.040 0.000415
1 12/15/1993 | 12/15/1993 | 123.516 123.532 123.551 229.649 0.000233
1 05/11/1994 | 05/11/1994 | 123.516 123.544 123.566 236.657 0.000315
1 12/09/1994 | 12/09/1994 | 123.498 123.523 123.545 234.665 0.000300
1 06/23/1995 | 06/23/1995 | 123.385 123.392 123.429 213.868 0.000360
2 10/30/1995 | 10/30/1995 | 123.398 123.395 123.432 205.009 0.000332
1 01/16/1997 | 01/16/1997 | 123.23 123.212 123.255 192.115 0.000361
1 06/10/1997 | 06/10/1997 | 123.199 123.249 123.225 315.891 0.000285
1 12/04/1997 | 12/04/1997 | 123.12 123.163 123.167 265.054 0.000277
1 06/08/1998 | 06/08/1998 | 123.065 123.020 123.033 117.982 0.000244
2 12/07/1998 | 12/08/1998 | 122.953 122.898 122.914 118.178 0.000298
1 06/03/1999 | 06/03/1999 | 122.843 122.831 123.728 207.362 0.008207
1 12/18/2000 | 12/18/2000 | 122.629 122.621 122.627 155.890 0.000055
1 06/20/2001 | 06/20/2001 | 122.571 122.574 122.574 271.893 0.000018
1 03/14/2002 | 03/14/2002 | 122.388 122.391 122.389 330.530 0.000019
1 12/16/2002 | 12/16/2002 | 122.442 122.410 122.520 197.195 0.000942
3 06/02/2003 | 06/04/2003 | 122.309 122.328 126.511 207.970 0.038467

* Duration is the number of days between the start date and end date.

® Water levels are in meters elevation above mean sea level.
¢ Groundwater flow direction is degrees azimuth clockwise from north (0°).
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Figure 8-19. Groundwater Flow Directions in the Vicinity of the C Tank Farm

A. 1958 to 1994, wells 299-E26-1, 299-E26-4, and 299-E27-1; 45 measurements.
B. 1990 to 2003; wells 299-E27-12, 299-E27-14, and 299-E27-7; 24 measurements.

8-54



RPP-23748, Rev. 0

Table 8-20. Water Levels, Groundwater Flow Directions, and Water Table Gradients
in the Area of Waste Management Area A-AX from 1992 to 2003 (2 pages)

b
Duration® | End Date | Start Date |755-=2; 75 W;s:grELzzvezl 299-E25-46 Fﬁ%ﬂ?ﬁﬁc Wgtrgjl:%kt)le
1 10/20/1992 | 10/20/1992 | 123.807 123.789 | 123.772 164.68 3.14E-04
1 04/22/1993 | 04/22/1993 | 123.701 123.670 | 123.671 146.06 2.27E-04
1 07/20/1993 | 07/20/1993 | 123.652 123.634 | 123.623 161.38 2.50E-04
1 10/27/1993 | 10/27/1993 | 123.612 123.585 | 123.556 165.63 5.08E-04
1 01/25/1994 | 01/25/1994 | 123.515 123500 | 123.504 163.74 9.74E-05
1 04/12/1994 | 04/12/1994 | 123.512 123494 | 123473 166.22 3.57E-04
1 07/26/1994 | 07/26/1994 | 123.539 123536 | 123.516 174.56 2.40E-04
] 10/12/1994 | 10/12/1994 | 123.536 123527 | 123.504 171.03 3.14E-04
1 01/30/1995 | 01/30/1995 | 123.515 123512 | 123.479 175.57 3.83E-04
] 04/21/1995 | 04/21/1995 | 123.390 123390 | 123370 177.28 2.20E-04
1 07/25/1995 | 07/25/1995 | 123.506 123494 | 123.461 171.39 4.45E-04
1 10/30/1995 | 10/30/1995 | 123.448 123430 | 123.403 167.94 420E-04
1 12/18/1995 | 12/18/1995 | 123.487 123366 | 123354 151.05 1.04E-03
1 01/20/1997 | 1/20/1997 | 123.301 123277 | 123.257 163.74 3.90E-04
1 06/11/1997 | 06/11/1997 | 123.240 123210 | 123.202 155.59 3.09E-04
1 12/5/1997 | 12/5/1997 | 123201 123.137 | 123.114 157.51 7.19E-04
1 06/8/1998 | 06/8/1998 | 123.085 123.049 | 123.047 149.57 2.94E-04
1 12/7/1998 | 12/7/1998 | 122.930 122.899 | 122.888 157.42 3.47E-04
1 03/9/1999 | 03/9/1999 | 122.856 122832 | 122.809 164.79 4.22E-04
1 06/15/1999 | 06/15/1999 | 122.799 122823 | 122.733 183.55 8 35E-04
1 09/28/1999 | 09/28/1999 | 122.805 122768 | 122.772 142.32 2.46E-04
1 12/16/1999 | 12/16/1999 | 122.795 122759 | 122.757 149.57 2.94E-04
1 03/23/2000 | 03/23/2000 | 122.731 122,686 | 122.699 129.51 2.31E-04
1 06/21/2000 | 06/21/2000 | 122.766 122739 | 122.719 162.85 4.12E-04
1 12/18/2000 | 12/18/2000 | 122.642 122617 | 122.607 158.25 2.92E-04
] 03/14/2001 | 03/14/2001 | 122.612 122,550 | 122.557 142.06 4.09E-04
1 06/19/2001 | 06/19/2001 | 122.597 122552 | 122578 | 91.43 1 72E-04
] 12/26/2001 | 12/26/2001 | 122.476 122433 | 122.431 149.24 3.48E-04
1 03/14/2002 | 03/14/2002 | 122.423 122398 | 122.383 161.24 3.44E-04
] 06/25/2002 | 06/25/2002 | 122.378 122345 | 122.340 152.65 3.01E-04
1 12/16/2002 | 12/16/2002 | 122.414 122692 | 122407 | 216.60 1.67E-03
] 02/25/2003 | 02/25/2003 | 122.409 122370 | 122.365 151.96 3.47E-04
1 03/20/2003 | 03/20/2003 | 122.397 122360 | 122.362 145.06 2.64E-04
] 05/29/2003 | 05/29/2003 | 122.358 122323 | 122.319 151.53 3.06E-04
1 06/3/2003 | 06/3/2003 | 122.338 122305 | 122321 106.12 1 33E-04
1 07/16/2003 | 07/16/2003 | 122.376 122338 | 122.340 145.13 2.72E-04

* Duration is the number of days between the start date and end date.

® Water levels are in meters elevation above mean sea level.

¢ Groundwater flow direction is degrees azimuth clockwise from north (0°).
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Figure 8-20. Groundwater Flow Directions at the A and AX Tank Farms from 1990 to 2003

All data are from wells 299-E24-20, 299-E25-2, and 299-E25-46; 36 measurements.
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9.0 GROUNDWATER GEOCHEMISTRY BENEATH THE SINGLE-SHELL TANK
WASTE MANAGEMENT AREAS

This chapter presents the background groundwater chemical composition for each SST farm
WMA. Several “backgrounds” are presented. Natural background for the Hanford Site is given
from the work in Hanford Site Background: Part 3, Groundwater Background (DOE-RL 1997).
Hanford Site background is also described in terms of the water chemistry from samples of two
wells used to prepare quality control samples for the Hanford Site Groundwater Performance
Assessment Project. Finally, local background for each WMA is described using upgradient
wells in each of the RCRA groundwater monitoring networks.

9.1 HANFORD SITE GROUNDWATER BACKGROUND

In 1997, the U.S. Department of Energy published a study of Hanford Site groundwater
background (DOE-RL 1997). The study included historical groundwater monitoring data
collected between 1989 and 1993 and new data collected specifically for the purpose of
evaluating groundwater background.

An initial screening of the historical data eliminated all data from wells that: 1) did not sample
the unconfined aquifer, 2) were located within or proximal to known contaminant sites or
plumes, and 3) contained halogenated hydrocarbons. Data from each well were then screened
against a list of target analytes most likely to reflect concentration variations in response to
contamination events. Wells were eliminated if they yielded samples with concentrations greater
than a threshold concentration for the target analytes. The threshold values were obtained from a
preliminary background determination in 1992 (DOE-RL 1992, Hanford Site Groundwater
Background). The remaining data were then put through a final screening by eliminating outliers
(i.e., data that do not conform to the pattern established by other observations) (DOE-RL 1997).

New groundwater data were collected from 45 wells located mostly in gaps in the geographic
coverage of the historical data.

There are several important differences between the historical data and the new data.

e The historical data were collected to monitor groundwater, whereas the new data were
collected specifically to determine background. Therefore, the historical data lack
analytes important in considerations of background composition.

e The historical data have a temporal coverage that is lacking from the new data.

e The detection limits are substantially different for the two data sets. The detection limits
for metals and radionuclides are significantly lower for the new data.

e The new data represent an internally consistent data set resulting from using the same
laboratories and methods for all samples.

The resulting Hanford Site groundwater background concentrations are given in Table 9-1.
Data reported as equal to or less than the detection limit were assigned a value of one-half the
detection limit for purposes of calculating the mean. In general, filtered samples were used for
analyses of metals and radionuclides; unfiltered samples were used for anions.
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Several variables affect the chemical composition of groundwater used for the Hanford Site
groundwater background study. These variables are discussed in detail in DOE-RL (1992) and
include well construction, lithology of the sediment in the screened (or perforated) interval, and
the length of the screened or perforated interval.

The concentrations of major cations and anions in groundwater samples give a good indication of
the quality of the groundwater and offer a useful tool for comparing groundwater samples.

One useful way to depict major ion concentrations in groundwater is with Stiff diagrams.

Figure 9-1 shows the composition of the major cations and anions, as determined in the Hanford
Site groundwater background study (DOE-RL 1997), as a modified Stiff diagram. Nitrate has
been added to the conventional Stiff diagram because nitrate is a major anion in much of the
Hanford Site groundwater. Although average groundwater compositions do not represent actual
groundwater compositions, the charge balance for the average composition depicted in

Figure 9-1 is +3.3%, which suggests that the representation in the figure describes Hanford Site
background groundwater composition. Figure 9-1 shows that the Hanford Site background
groundwater is a calcium-bicarbonate groundwater.

Figure 9-1. Modified Stiff Diagram Depicting Major Cation and Anion Compositions for
Background Groundwater in the Hanford Site Uppermost Unconfined Aquifer

Average Hanford Site
Groundwater
from Table 9-1

HCOS-

8.0 6.0 4.0 -4.0 -6.0 -8.0

9.2 BACKGROUND GROUNDWATER QUALITY FROM WELLS 699-19-88
AND 699-49-100C

The quality assurance and quality control practices of the Hanford Site Groundwater
Performance Assessment Project assess the accuracy, precision, and detection of laboratory
measurements conducted to support the project. Representativeness, completeness, and
comparability also are evaluated for overall quality. These parameters are evaluated through
laboratory quality control checks (e.g., matrix spikes, laboratory blanks), replicate sampling and
analysis, analysis of blind standards and blanks, and interlaboratory comparisons.

Blind standards and blanks are prepared by spiking Hanford Site groundwater and deionized
water with known concentrations of constituents of interest. The matrix groundwater used is
collected from wells 699-49-100C and 699-19-88. These wells were chosen because they are
believed to be free of any Hanford Site contamination. As such, they represent background
conditions for Hanford Site groundwater.
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Table 9-1. Hanford Site Groundwater Background Concentrations ? (3 pages)

Analyte Data Set Féeea}zg?i;ﬁr Units Ge&rg:;rlc Geom[(;g/licatsiganndard Ng::nb&;:f Minimum | Maximum
Alkalinity New More data png/L 118,650 1,183 30 80,000 170,000
Aluminum New Lower DL pg/L 1.23 3.92 32 0.5 187
Americium-241 New Lower DL fCi/L 0.732 2.11 16 0.05 1
Ammonia New Lower DL pg/L 26.2 3,120 32 5 882
Antimony Historical | No new pg/L 23.8 1.92 15 9.47 53.9
Antimony-125 New Lower DL fCi/L 3.77 1.61 17 1.73 8.97
Arsenic New Lower DL ng/L 1.83 3.11 29 0.5 8.81
Barium New Lower DL pg/L 31.2 2.58 32 0.5 94.1
Beryllium Historical | More >DL pg/L 0.583 291 17 0.2 2.5
Beryllium-7 Historical | No new pCi/L 6.42 1.26 4 5.25 8.3
Boron Historical | No new pg/L 20.3 1.56 12.6 45
Bromide New Lower DL ng/L 61.9 1,721 32 15 235
Cadmium New Lower DL ng/L 0.274 2.57 32 0.05 0.5
Calcium Historical | More data png/L 36,518 1.33 25 19,200 79,683
Cesium-134 Historical | No new pCi/L 0.747 1.39 4 0.496 1.06
Cesium-137 New Lower DL fCi/L 2.26 2.79 17 0.643 29.5
Chloride Historical | More data ug/L 7,052 1.86 27 1,139 21,950
Chromium New Lower DL pg/L 0.893 2.16 27 0.5 4.41
Cobalt New Lower DL pg/L 0.274 2.57 32 0.05 0.5
Cobalt-60 New Lower DL fCi/L 1.09 243 17 0.404 23
Conductivity Historical | More data puS/cm 348,000 1410 35 150,000 1,361,000
Copper New Lower DL pg/L 0.332 2.01 32 0.05 0.5
Cyanide New No Historical | pg/L 543 1,407 25 5 26.7
Dissolved oxygen New No Historical | pg/L 5,306 2,117 31 380 9,440
Eh New No Historical | mv 315 1.38 31 91 510
Europium-152 New Lower DL fCi/L 12.9 1.51 17 5.39 24.1
Europium-154 New Lower DL fCi/L 8 1.52 17 343 18.3
Europium-155 New Lower DL fCi/L 2.33 1.87 17 0.969 11.7
Fluoride Historical | More data ng/L 491 1.8 28 267 5,850

0 'A%y ‘8YLET-ddd
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Table 9-1. Hanford Site Groundwater Background Concentrations ? (3 pages)

Analyte Data Set Rseealz(c);?i;?]r Units Ge&rg:rt]rlc Geomgg/licatsiganndard N;::nb&;:f Minimum | Maximum
Gross alpha New More data pCi/L 1.09 2.03 19 0.25 3.02
Gross beta New More data pCi/L 5.5 1.33 19 3.39 9.45
Iodine New No Historical pg/L 250 1,000 25 250 250
Iodine-129 New Lower DL aCi/L 28.8 2.51 9 6.3 96.1
Iron Historical | More data pg/L 553 6.17 22 6 7,225
Lead New Lower DL pg/L 0.271 2.59 31 0.05 0.5
Lithium New More data png/L 5,729 1,701 30 2,380 19,000
Magnesium New More data pg/L 11,245 1.85 25 825 39,600
Manganese New More data ng/L 2.22 9.25 32 0.05 94.4
Mercury New Lower DL ng/L 0 5.34 27 0 0.012
Molybdenum New Lower DL pg/L 0.862 2.79 25 0.5 11.6
Nickel New Lower DL png/L 0.686 1.9 31 0.27 2.56
Nitrate New More data png/L 5,681 3,361 26 85 28,063
Nitrite New More data pg/L 29.2 2,483 32 10 629
Oxalate New No historical pg/L 161 1,566 32 95 280
pH Historical | More data pH units 7.78 1.04 35 6.94 8.79
Phosphate New Lower DL pg/L 102 1,432 32 65 293
Plutonium New No historical pg/L 0.0038 2.15 25 0.001 0.005
Plutonium-238 New Lower DL fCi/L 0.064 2.64 16 0.015 0.485
Plutonium-239/240 New Lower DL fCi/L 0.398 1.97 16 0.04 0.762
Potassium Historical | No new ug/L 4,578 1.71 25 768 10,000
Potassium-40 Historical | No new pCi/L 77.3 2.12 10 12 188
Radium-226 New Lower DL fCi/L 18.2 1.6 17 7 41.5
Radium-228 New Lower DL fCi/L 323 1.72 17 12.8 75.6
Ruthenium-106 New Lower DL fCi/L 1.63 1.89 17 0.607 5.92
Selenium New Lower DL png/L 0.96 6.47 32 0.5 11.6
Silicon Historical | No new pg/L 13,691 2.03 7 2,966 23,900
Silver Historical | No new pg/L 3.42 1.41 15 1.93 5
Sodium Historical | More data png/L 13,402 1.73 25 2,360 32,000

0 'A%y ‘8YLET-ddd
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Table 9-1. Hanford Site Groundwater Background Concentrations ? (3 pages)

Analyte Data Set Rseealz(c);?i;?]r Units Ge&rg:;rlc Geomgg/licatsiganndard Ng::nb&;:f Minimum | Maximum
Strontium (elemental) New More data ng/L 158 1.75 32 13.1 402
Strontium-90 New Lower DL fCi/L 4.78 2.39 14 0.641 15.6
Sulfate New More data ung/L 27,102 1,537 28 11,190 71,212
Sulfide New More data pg/L 1.71 1.21 32 1.6 3.21
Technetium-99 Historical | No new pCi/L 0.447 1.62 0.271 0.752
Thallium Historical | No new pg/L 1.14 1.35 4 0.883 1.73
Thorium New No historical pg/L 0.5 1 25 0.5 0.5
Tin Historical | No new pg/L 15.9 1.27 12 11.8 31.3
Titanium Historical | No new pg/L 30 1 7 30 30
Total carbon New No historical png/L 30,325 1,174 32 20,990 43,175
Total dissolved solids New No historical ng/L 200,919 1.22 30 140,000 295,000
Total inorganic carbon | New More data png/L 28,722 1,166 32 19,550 39,020
Total organic carbon New No historical ng/L 1,293 1,779 32 560 6,720
Tritium Historical | More data pCi/L 63.9 1.63 15 27.8 131
Uranium New More data ug/L 2.57 2.85 25 0.5 12.8
Uranium-234 Historical | No new pCi/L 0.75 1.1 2 0.7 0.803
Uranium-235 New Lower DL fCi/L 23.1 3.34 17 1.55 114
Uranium-238 New Lower DL fCi/L 721 1.89 17 150 2,440
Vanadium New Lower DL pg/L 1.83 4.19 32 0.5 16.7
Zinc New Lower DL pg/L 1.27 9.22 32 0.05 1,270
Zirconium Historical | No new pg/L 25 1 7 25 25

* DOE-RL (1997)

Shading indicates that >50% of the data were below the detection limit.

DL = detection limit

0 'A%y ‘8YLET-ddd
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Well 699-49-100C is located at the Yakima Barricade. The well was drilled 8 ft into basalt
(total depth was 408 ft bgs), completed with carbon steel casing in 1976, and perforated from
300 to 401 ft bgs. The only records available for this well are an as-built diagram with a
summary driller’s log that suggests that the water sampled from this well is from silty

sandy gravels and sandy gravels of the Ringold Formation, member of Wooded Island
(Lindsey 1995) or hydrogeologic unit 5 (Williams et al. 2002).

Well 699-19-88 is located in the Dry Creek Valley, southwest of Highway 240. The well was
drilled 28 ft into basalt (total depth was 388 ft bgs), completed with carbon steel casing in 1957,
and perforated from 70 to 170 ft bgs. The aquifer sampled is the Hanford formation and
consists of unconsolidated gravel from 70 to 100 ft bgs, very hard cemented gravel from 100 to
130 ft bgs, and sand, silt and gravel from 140 to 170 ft bgs. Water level was at 129.7 ft below
top of casing in December 2003.

Neither of these wells samples the same formation as upgradient wells at the SST farms.
However, monitoring wells in the 200 West Area are screened in similar Ringold Formation
sandy gravels and monitoring wells in the 200 East Area are screened in similar Hanford
formation gravels. Also, both wells are located west of the 200 Areas and closer to the natural
recharge area for the uppermost and unconfined aquifer. The groundwater in that part of the
aquifer is younger than the natural groundwater beneath the SST farms and is less altered by
reaction with aquifer sediments. Upgradient groundwater at most SST farms has been impacted
by liquid disposal to cribs, ditches, and trenches. However, a few upgradient wells at some tank
farms are only slightly impacted, and the general water composition from those wells resembles
the composition of the Groundwater Performance Assessment Project quality control wells.

The average 2003 groundwater composition from the two quality control wells is given in
Table 9-2, and a depiction of the major cations and anions is shown in Figure 9-2. The charge
balances for the two analyses in Figure 9-2 are -3.5% for the 699-19-88 analysis and +1.7% for
the 699-49-100C analysis. Just as for the sitewide background groundwater, the quality control
well groundwater is a calcium-bicarbonate type. Also, the groundwater from well 699-49-100C
contains 13,300 pg/L nitrate suggesting that the groundwater at this location contains some
contamination from upgradient, probably agricultural, sources.

Figure 9-2. Modified Stiff Diagram Depicting Major Cation and Anion Compositions for
Groundwater from the Groundwater Performance Assessment Quality Control Wells

Na+K/
Ca

Mg

Average 2003 analysis
from well 699-19-88

Cl

HCQO3-

8.0 6.0 4.0 2.0 0.0 -2.0 -4.0 -6.0 -8.0
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Table 9-2. Average Fiscal Year 2003 Composition of Groundwater

from Wells 699-49-100C and 699-19-88

Constituent (units) 699-49-100C 699-19-88
Alkalinity (png/L) 178,000
Antimony (ug/L) Not detected Not detected
Arsenic (ug/L) Not analyzed Not analyzed
Cadmium (pg/L) Not detected Not detected
Calcium (pg/L) 62,300
Carbon tetrachloride (ng/L) Not detected Not detected
Cesium-137 (pCi/L) Not detected Not analyzed
Chloride (pg/L) 17,800
Chloroform (ug/L) Not detected Not detected
Cis-1,2-dichloroethylene (ug/L) Not detected Not detected
Chromium (pg/L) Not detected Not detected
Cobalt-60 (pCi/L) Not detected Not analyzed
Cyanide (ug/L) Not analyzed
Fluoride (pg/L) 490
Gross alpha (pCi/L) 3.42 Not detected
Gross beta (pCi/L) 8.45
Todine-129 (pCi/L) Not detected Not analyzed
Iron (ug/L) 35.9 Not detected
Magnesium (pg/L) 22,100
Nickel (ng/L) Not detected Not detected
Nitrate (ug/L) 13,300
Nitrite (ng/L) Not detected Not detected
pH (pH units) 7.81
Potassium (pg/L) 7,300
Sodium (png/L) 24,800
Specific conductance (uS/cm) 577
Sulfate (ug/L) 69,600
Technetium-99 (pCi/L) Not detected Not analyzed
Total organic carbon (pg/L) 2,480
Total organic halogens (ng/L) 4.25 Not analyzed
Trichloroethene (ug/L) Not detected Not detected
Tritium (pCi/L) Not detected Not detected
Uranium (pg/L) 2.31

9-7
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9.3 BACKGROUND GROUNDWATER QUALITY FROM UPGRADIENT WELLS AT
SINGLE-SHELL TANK WASTE MANAGEMENT AREAS

Background groundwater composition for individual SST WMA:s is usually determined from
analyses of groundwater collected from upgradient wells. Although such water represents
background for the WMA, it generally does not represent Hanford Site background because
groundwater from most SST upgradient wells has been impacted by effluent disposal to
upgradient past practice facilities. The degree of impact of past practice units to background for
individual WMA s can be determined by comparing local SST WMA upgradient groundwater to
the Hanford Site background groundwater.

Background groundwater for each SST farm is shown in Tables 9-3 through 9-9. The data in
the tables are the average fiscal year 2003 concentrations in each upgradient well at each

SST WMA. All data for the metals are from filtered samples; all other data are from unfiltered
samples. Data flagged as suspect in the Hanford Environmental Information System database
(see data files included in Hartman et al. 2004) have been excluded from the calculated averages
in the tables. All data sets are included in Hartman et al. (2004).

The major cation and anion concentrations in background (upgradient) wells from each of the
SST WMAs are shown in Figures 9-3 through 9-9. The compositions are shown on modified
Stiff diagrams. The specific wells for the data in the sets of tables and figures are those listed in
Hartman et al. (2004) as the upgradient wells for each WMA.

Figure 9-3 shows a modified Stiff diagram for a groundwater sample from the upgradient well at
WMA A-AX. The groundwater from this well is very similar to that from the Groundwater
Performance Assessment quality control wells and the Hanford Site background groundwater
(compare with Figures 9-1 and 9-2). The upgradient, background groundwater at WMA A-AX
is a calcium-bicarbonate groundwater that has been slightly impacted by artificial recharge of
water with some nitrate contamination. Table 9-3 shows that groundwater from this well also
contains small concentrations of the contaminants iodine-129, technetium-99, and tritium.
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Table 9-3. Average Fiscal Year 2003 Groundwater Composition in
Waste Management Area A-AX Upgradient Well 299-E24-20

Constituent Concentration *
Alkalinity 88,000
Calcium 40,850
Chromium ND
Cobalt-60 (pCi/L) ND
Fluoride 310
Gross beta (pCi/L) 9.6
Iodine-129 (pCi/L) 5.12
Iron ND
Magnesium 12,100
Nitrate 44,500
pH measurement (pH units) 8.09
Potassium 6,325
Sodium 15,250
Specific conductance (LS/cm) 398
Strontium-90 (pCi/L) ND
Sulfate 54,100
Technetium-99 (pCi/L) 13.7
Total organic halides ND
Tritium (pCi/L) 12,200

? Units are pg/L unless specified otherwise.
ND = not detected

Figure 9-3. Major Cation and Anion Composition of Groundwater from Upgradient
Well 299-E24-20 at Waste Management Area A-AX in June 2003

299-E24-20

Na+K €t June 2003
ca \ HCO3-

8.0 6.0 4.0 2.0 0.0 -2.0 -4.0 -6.0 -8.0

Charge balance for the sample is +2.9%.

Figure 9-4 and Table 9-4 show the composition of upgradient, background groundwater at
WMA B-BX-BY. The composition of upgradient groundwater at this WMA is highly variable
depending on the location of the wells. Wells 299-E33-18 and 299-E33-39 are located east and
northeast of the WMA, respectively. Background groundwater from these wells is somewhat
similar to the Hanford Site background groundwater but has been impacted by liquid discharges
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and/or tank leaks. Almost all of the major cations and anions have higher concentrations in these
wells than in the Hanford Site background groundwater, although the relative proportions are not
too dissimilar. These two wells also contain elevated technetium-99 and tritium, and, for well
299-E33-18, gross alpha and gross beta.

Background groundwater from the other two upgradient wells at WMA B-BX-BY

(i.e., 299-E33-38 and 299-E33-7) is highly contaminated and does not resemble the Hanford Site
background groundwater. These two wells are located in the area of the BY cribs and intercept
contamination from those cribs. Groundwater in these two wells is classified as
sodium-calcium-nitrate groundwater, although all major cations and anions are elevated above
natural background concentrations. These wells also contain significant concentrations of the
contaminants cyanide, cobalt-60, and technetium-99. Well 299-E33-38 also contains uranium
(Table 9-3).

Table 9-4. Average Fiscal Year 2003 Groundwater Composition in
Waste Management Area B-BX-BY Upgradient Wells

Constituent Concentration ®
299-E33-18 299-E33-38 299-E33-39 299-E33-7

Alkalinity 109,000 109,000 101,250 97,750
Calcium 62,300 113,250 53,850 123,250
Cesium-137 (pCi/L) NA ND NA ND
Chloride 12,300 27,500 21,900 21,700
Chromium 26.2 19.2 11.4 334
Cobalt-60 (pCi/L) NA 34.6 NA 37.9
Cyanide ND 51.2 ND 182
Fluoride 415 330 675 660
Gross alpha (pCi/L) 114 134 NA NA.
Gross beta (pCi/L) 459 3,483 NA 2,250
Todine-129 (pCi/L) NA NA ND NA
Iron ND 166 ND 236
Magnesium 21,925 33,675 15,100 34,025
Nitrate 127,000 420,000 46,800 668,500
pH (pH units) 7.98 7.84 8.00 7.94
Potassium 7,548 10,152 7,508 11,242
Sodium 24,950 81,475 25,325 103,875
Specific conductance (uS/cm) 622 1,241 522 1,447
Sulfate 56,400 129,500 81,633 115,333
Technetium-99 (pCi/L) 1,448 9,828 106 7,092
Tritium (pCi/L) 3,362 5,785 557 5,318
Uranium 194 238 3.58 5.13

# Units are pg/L unless specified otherwise.
NA = not analyzed
ND = not detected
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Figure 9-4. Major Cation and Anion Composition of Groundwater from
Upgradient Wells at Waste Management Area B-BX-BY in August 2003
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Charge balances for samples are:
o 299-E33-18, +0.4%
o 299-E33-38, +2.1%
o 299-FE33-39, +5.1%
o 299-E33-7,-6.9%.
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Upgradient, background groundwater at WMA C is shown in Table 9-5 and Figure 9-5.

The groundwater at this WMA is different than at any other WMA and is a calcium-sulfate
groundwater. Sulfate is also elevated in a few wells in the area of Low Level Burial Ground
WMA 2, north of WMA C, suggesting that the high sulfate found at WMA C may be regional

in extent. The reason for the high sulfate is not known for certain, but may be related to
leaching of the vadose zone caused by increased water levels associated with disposal at B Pond.
Calcium, chloride, magnesium, and nitrate are also elevated relative to Hanford Site background
groundwater. Interestingly, sodium is slightly lower than Hanford Site background groundwater.

Table 9-5. Average Fiscal Year 2003 Groundwater Composition in
Upgradient Well 299-E27-7 at Waste Management Area C

Constituent Concentration ®
Alkalinity 100,250
Calcium 67,575
Cesium-137 (pCi/L) ND
Chloride 27,750
Chromium ND
Cobalt-60 (pCi/L) ND
Cyanide ND
Fluoride 270
Gross beta (pCi/L) 38
Iron ND
Magnesium 19,275
Nitrate 21,925
pH measurement (pH units) 8.13
Potassium 7,435
Sodium 14,025
Specific Conductance (LS/cm) 576
Sulfate 136,000
Technetium-99 (pCi/L) 120
Total organic carbon ND
Total organic halides 6.5

# Units are pg/L unless specified otherwise.
ND = not detected
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Figure 9-5. Major Cation and Anion Composition of Groundwater from
Upgradient Well 299-E27-7 at Waste Management Area C in June 2003
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Charge balance for the sample is 1.9%.

Upgradient, background groundwater at WMA S-SX is shown in Figure 9-6 and Table 9-6.
Upgradient groundwater at this WMA is more dilute than Hanford Site background groundwater
with lower concentrations of all cations and anions except sodium and nitrate. The elevated
sodium and nitrate are from disposal of effluent to facilities upgradient of the WMA.

The groundwater at well 299-W23-20 is a sodium bicarbonate water, and that at well
299-W23-21 is a calcium-sodium-bicarbonate-nitrate water. Technetium-99 and tritium are
present in the groundwater from well 299-W23-21 (Table 9-6).

Table 9-6. Average Fiscal Year 2003 Groundwater Composition in
Waste Management Area S-SX Upgradient Wells

Constituent Concentration ?
299-W23-20 299-W23-21

Alkalinity 90,000 87,500
Calcium 17,000 28,050
Chloride 4,050 8,900
Chromium ND ND
Fluoride 450 440
Gross alpha (pCi/L) NA 9.13
Iron U U
Magnesium 5727 8,710
Nitrate 7,308 56,900
pH measurement (pH units) 8.00 7.85
Potassium ND ND
Sodium 21,433 24,067
Specific conductance (LS/cm) 227 351
Sulfate 14,375 19,733
Technetium-99 (pCi/L) ND 44.8
Tritium (pCi/L) ND 45,025
Uranium 6.32 13.55

 Units are ug/L unless specified otherwise.
NA = not analyzed
ND = not detected
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Figure 9-6. Major Cation and Anion Composition of Groundwater from
Upgradient Wells at Waste Management Area S-SX in September 2003
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Charge balances for samples are:
o 299-W23-20; -2.3%
o 299-W23-21; -4.2%.

Upgradient, background water at WMA T has been severely impacted by past practice
disposal of contaminants to the ground. Groundwater in this area has the highest nitrate
concentration on the Hanford Site. Figure 9-7 and Table 9-7 show the composition of
background groundwater at WMA T. All major cations and anions are elevated in the
upgradient wells, particularly wells 299-W10-28 and 299-W10-4. Note that well 299-W10-4
was directly upgradient in the past, but changes in groundwater flow direction have placed the
well only marginally upgradient at this time. In addition, wells 299-W10-28 and 299-W10-4
have the highest chromium concentrations found anywhere in the 200 Areas except at well
299-W14-13, east of WMA TX-TY. Higher chromium also is found in two wells at

WMA A-AX, but that chromium is associated with corrosion of the well casings.
Technetium-99 and tritium are also in the upgradient groundwater (Table 9-7). Groundwater
from well 299-W10-1 is a calcium-magnesium-bicarbonate-nitrate water; groundwater from
well 299-W10-28 is a sodium-calcium-magnesium-nitrate water; and groundwater from well
299-W10-4 is a sodium-nitrate water.

Upgradient, background groundwater at WMA TX-TY is shown in Figure 9-8 and Table 9-8.
Groundwater at this WMA is a calcium bicarbonate-nitrate water. The groundwater also
contains elevated technetium-99 and tritium.
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Table 9-7. Average Fiscal Year 2003 Groundwater Composition in

Waste Management Area T Upgradient Wells

Constituent Concentration *
299-W10-1 299-W10-4 299-W10-28

Alkalinity 103,333 135,333 107,750
Calcium 64,475 171,250 267,250
Chloride 14,500 34,200 32,200
Chromium 21.2 326.8 105.2
Fluoride 407 2,450 1,350
Gross alpha (pCi/L) 1.53 4.05 3.20
Gross beta (pCi/L) 19.2 212 67.4
Iron ND ND ND
Magnesium 21,050 51,875 86,150
Nitrate 130,000 2,125,000 1,835,000
pH measurement (pH units) 7.85 7.49 7.63
Potassium 5,580 8,145 10,477
Sodium 14,200 422,000 217,000
Specific conductance (uS/cm) 520 3,216 3,004
Sulfate 40,433 69,200 48,550
Technetium-99 (pCi/L) 67 580 176
Tritium (pCi/L) 1,360 8,285 4,232

* Units are pug/L unless specified otherwise.

ND = not detected
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Figure 9-7. Major Cation and Anion Composition of Groundwater from
Upgradient Wells at Waste Management Area T
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Charge balances for samples are:
o 299-WI10-1; +2.1%
o 299-W10-28, +3.2%
o 299-W10-4,; +0.4%.

Note the scale change for wells 299-W10-28 and 299-W10-4.
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Table 9-8. Average Fiscal Year 2003 Groundwater Composition in
Waste Management Area TX-TY Upgradient Wells

Constituent Concentration ®
299-W15-40 299-W15-765

Alkalinity 222,000 114,000
Calcium 96,775 66,600
Chloride 19,050 16,600
Chromium 45.9 224
Fluoride 436 330
Gross alpha (pCi/L) ND ND
Gross beta (pCi/L) 27.8 31.6
Iron U U
Magnesium 34,625 22,125
Nitrate 64,250 151,000
pH measurement (pH units) 7.76 7.73
Sodium 14,875 17,650
Specific conductance (uS/cm) 545 631
Sulfate 50,867 48,325
Technetium-99 (pCi/L) 76.1 77.3
Tritium (pCi/L) 4215 4,575

* Units are pg/L unless specified otherwise.
ND = not detected

Figure 9-8. Major Cation and Anion Composition of Groundwater from
Upgradient Wells at Waste Management Area TX-TY in August 2003
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Charge balances for samples are:
o 299-W15-40; -0.1%
o 299-WI15-765; -2.7%.
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Lastly, upgradient, background groundwater at WMA U is shown in Figure 9-9 and Table 9-9.
The background groundwater at this WMA is fairly dilute and resembles the Hanford Site
background groundwater with the addition of some nitrate. The groundwater from both wells at
this WMA is calcium-bicarbonate water. The water also contains minor technetium-99 and
tritium (Table 9-9).

Table 9-9. Average Fiscal Year 2003 Groundwater Composition in
Waste Management Area U Upgradient Wells

Constituent Concentration ?
299-W18-31 299-W18-40

Alkalinity 88,000 87,750
Calcium 25,025 23,875
Carbon tetrachloride 97 160
Cesium-137 (pCi/L) ND ND
Chloride 6,550 6,000
Chromium ND ND
Cobalt-60 (pCi/L) ND ND
Fluoride 540 565
Gross alpha (pCi/L) 1.45 ND
Iodine-129 (pCi/L) ND ND
Iron ND ND
Magnesium 8,180 7,838
Nitrate 17,175 15,600
pH measurement (pH units) 8.06 7.95
Sodium 15,600 16,175
Specific conductance (uS/cm) 258 259
Sulfate 20,633 18,533
Technetium-99 (pCi/L) 11.5 19.1
Tritium (pCi/L) 166 ND

* Units are pg/L unless specified otherwise.
ND = not detected
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Figure 9-9. Major Cation and Anion Composition of Groundwater from
Upgradient Wells at Waste Management Area U in August 2003
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Charge balances for samples are:
o 299-Wi8-31; -3.5%
o 299-WI18-40; -3.6%.
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