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Preface

This technical report was originally completed in June 2008 for limited distribution to Fluor Hanford,
Inc., then manager of the Groundwater Remediation Project. CH2M HILL Plateau Remediation
Company assumed management of the Groundwater Remediation Project in October 2009. Their staff
and subcontractor staff completed a review of the report during spring 2009. Those comments led to

significant improvements to this final report.



Summary

The Remediation Decisions Support (RDS) function of the Soil and Groundwater Remediation
Project (managed by CH2M HILL Plateau Remediation Company [CHPRC]) is responsible for
facilitating the development of consistent data, parameters, and conceptual models to resolve technical
issues and support efforts to estimate contaminant migration and impacts (i.e., the assessment process).
In particular, the RDS function is working to update electronic data sources and conceptual models of the
geologic framework and associated hydraulic and geochemical parameters to facilitate traceability,
transparency, defensibility, and consistency in support of environmental assessments. This report
summarizes the efforts conducted by Pacific Northwest National Laboratory (PNNL) scientists in fiscal
year 2008 (FY08) that focused primarily on the 200 West Area, as well as a secondary effort initiated on
the 200 East Area.

This work relied heavily on previous geologic data compilations and conceptual models developed
for the Hanford Site and Central Plateau, as well as on recent efforts to standardize, manage, and analyze
borehole (and other subsurface) geologic data. The aim of this work is to support development of a
regional stratigraphic hydrogeologic model to constrain the spatial distribution of physical, hydrological,
and geochemical properties.

The technical approach for this work was to assemble a regional stratigraphic model for the Central
Plateau using previously published interpretations of the major geologic units to refine and update a
database of major stratigraphic contacts. Best-estimate contacts and ground-surface elevations were then
selected, based on professional judgment and general consensus, and a three-dimensional solid-earth
geologic model developed of these major stratigraphic units. Anomalies in the geologic model and
boreholes with high variability for specific contacts were reevaluated to verify or revise the best-estimate
geologic contacts relative to raw and standardized borehole data.

Best-estimate stratigraphic contacts were compiled for 447 wells and boreholes in and adjacent to the
200 West Area. The primary approach for this work was to build on the existing database compiled by
B. N. Bjornstad of PNNL, convert it from an elevation-based database to a depth-below-ground-surface
database, update it with additional documented and new geologic contact information and to select best-
estimate contact values to be used in the a priori geologic model of the 200 West Area.

Stratigraphic contact values (either in elevation or depth) were compiled from 17 published
documents as well as some unpublished data sources, where contact information had been tabulated
and/or graphically displayed on cross sections or structure contour maps. Many of these documents and
data sources used different nomenclature and level of detail to call out specific stratigraphic contacts. To
provide the integrated physical model presented in this document, the stratigraphy used in each document
was mapped to a common set of stratigraphic units. Once the data were compiled, all contact values were
converted to depth-below-ground-surface and best-estimate values selected for each well or borehole.
While this compilation most likely is incomplete, it is believed to represent the bulk (i.e., 90%) of
available tabulated data sets.

Best estimates for the ground-surface elevation (presumably at the time of drilling, sampling, and
geophysical logging) were also compiled using vertical survey values from the Hanford Well Information
System. These two best-estimate data sets (the stratigraphic contacts, in depth in feet, and the



ground-surface elevation, in meters) were used to develop best-estimate stratigraphic contact elevations
(in meters) for input into EarthVision' and generation of a solid model representation of the geology
beneath the 200 West Area.

Uncertainties and anomalies identified in the best-estimate databases and solid model were prioritized
for in-depth review and analysis of selected borehole data for verification and validation of selected
contacts and to resolve discrepancies. The three-dimensional stratigraphic model documented in this
report presents the current, integrated understanding of the subsurface beneath the 200 West Area. The
hydrogeologic conceptual model for the Central Plateau will continue to evolve as new stratigraphic
contact data sets are assembled for the 200 East Area and the 200 North Area and as new information is
developed regarding physically based property transport models and upscaling.

! EarthVision® is a registered trademark of Dynamic Graphics, Inc., Alameda, California.
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3D
CERCLA
CHPRC
CRBG
DOE
FH

FY
HBGIS
HEIS
HWIS
NAVDS88
NEPA
NGVD29
PNNL
RCRA
RDS

borehole

boring

logplot

stickup

well

Acronyms and Abbreviations

three-dimensional

Comprehensive Environmental Response, Compensation, and Liability Act of 1980
CH2M HILL Plateau Remediation Company
Columbia River Basalt Group

U.S. Department of Energy

Fluor Hanford, Inc.

fiscal year

Hanford Borehole Geologic Information System
Hanford Environmental Information System
Hanford Well Information System

North American Vertical Datum of 1988

National Environmental Policy Act of 1969
National Geodetic Vertical Datum of 1929
Pacific Northwest National Laboratory

Resource Conservation and Recovery Act of 1976
Remediation Decision Support

Definitions of Terms

A circular hole drilled into soil or rock for subsurface sampling or construction of a well
(ASTM D 4750, http://wapi.isu.edu/envgeo/glossary.html).

A temporary borehole intended for one-time use that is immediately grouted and
abandoned.

Informal term for a one-dimensional graphical plot used to visualize borehole geologic
data. Vertical changes in sedimentary, lithologic, geophysical, chemical, and other
physical properties are shown using a variety of colors, textures, patterns, and textual
comments. The term logplot is similar to, but distinct from, the name of a software
program, LogPlot, used in the industry to create them. The informal term is preferred
when discussing the graphical plots themselves and not the software package used to
create them.

Informal term for the distance the well casing extends (sticks up) above the ground
surface.

A permanent to semi-permanent borehole (often cased) designed for long-term repeated
use.

! LogPlot™ is a trademark of RockWare Inc., Golden, Colorado.
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1.0 Introduction

The U.S. Department of Energy (DOE) Hanford Site is the site of the largest and most complex
environmental cleanup project in the United States (Gephart 2003). Cleanup decisions have focused
predominantly on remediating individual aspects of the larger system. However, the DOE “Report to the
House and Senate Committees on Appropriation on Groundwater Vadose Zone Organization and
Operations at the Hanford Site”* indicates that future cleanup decisions will be based on a systems
approach, such that remedial actions are sequenced and mutually supported, and based on an integrated
understanding of how contaminants move through the environment. To this end, DOE is taking efforts to
ensure that a consistent set of data, conceptual models, and numerical approaches are used in support of
environmental assessments performed for the National Environmental Policy Act (NEPA), the Compre-
hensive Environmental Response, Compensation, and Liability Act (CERCLA), and the Resource

Conservation and Recovery Act (RCRA).

The Remediation Decision Support (RDS) project at Pacific Northwest National Laboratory (PNNL)
supports the RDS function of the Soil and Groundwater Remediation Project (managed by CH2M HILL
Plateau Remediation Company [CHPRC]). The RDS function is responsible for facilitating the
development of consistent data, parameters, and conceptual models to resolve technical issues and
support efforts to estimate contaminant migration and impacts (i.e., the assessment process). In
particular, the RDS function is working to update electronic data sources and conceptual models of the
geologic framework and associated hydraulic and geochemical parameters to facilitate traceability,
transparency, defensibility, and consistency in support of environmental assessments.

The objective of this report is to summarize the status of efforts conducted in Fiscal Year 2008
(FY08) to update the hydrogeologic conceptual model for the Hanford Site Central Plateau Area. The
scope of this work was focused primarily on the 200 West Area, with a secondary effort initiated on the
200 East Area. The aim of this work is to provide a comprehensive overview of the available hydro-
geologic data and conceptual model(s) of the subsurface framework, building on previous compilations
by Tallman et al. (1979); Lindsey (1991, 1992); Connelly et al. (1992a, 1992b); Williams et al. (2000,
2002); and Reidel and Chamness (2007).

This report contains nine sections and four appendices. Section 2 provides background on the
Hanford Site Central Plateau and the need for a unified conceptual model of its hydrogeologic framework.
Section 3 outlines the technical approach used to assemble and integrate available data and information
into a holistic understanding of the Central Plateau hydrogeology. Section 4 provides an overview of the
geologic history of the Pasco Basin and Hanford Site, to provide context for development of a sequence
stratigraphic hydrogeologic model for the Central Plateau. Section 5 describes development and
refinement of a stratigraphic contacts database to define the tops of major stratigraphic units (e.g.,
formations, members, and mappable facies associations). Section 6 describes the development of a large-
scale three-dimensional stratigraphic model of the Central Plateau (focusing on the 200 West Area).
Section 7 presents a summary of the existing physical and hydraulic properties for stratigraphic units and
associated lithofacies defined in the 3D stratigraphic model. Also described in Section 7 are the

! Rispoli JA. 2006. Letter to the Honorable Thad Cochran (Chairman, Senate Appropriations Committee) from
James A. Rispoli (Assistant Secretary for Environmental Management, U.S. Department of Energy), March 29,
2006.
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petrologic, mineralogic, bulk rock geochemistry, and other geochemical properties of the subsurface that
contribute to understanding the provenance, stratigraphic correlation, and contaminant retardation
properties of the stratigraphic units and intra-unit facies. Section 8 describes the limitations and sources
of errors associated with compilation of the stratigraphic contacts, development of the geologic model,
and assignment of physical, hydrologic, and geochemical properties. Literature sources cited in the report
are listed in Section 9. Appendix A contains the stratigraphic contacts database, Appendix B contains the
ground-surface database, Appendix C contains the geologic model data and graphical image files, and
Appendix D illustrates selected detailed geologic cross sections through the 200 West Area.
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2.0 Background

The Hanford Site Central Plateau encompasses about 194 km? (75 mi?) near the center of the Hanford
Site (Figure 2.1). It contains the 200 West Area and 200 East Area, referred to as Separations Areas.
These areas once housed five chemical separations buildings and other facilities that separated and
recovered plutonium and other special nuclear materials. Process operations and waste management
activities resulted in the storage and disposal of large quantities of solid and liquid wastes. More than
1.7 billion m* (450 billion gal) of liquid waste, some containing radionuclides and hazardous chemicals,
have been discharged to the ground, with much of the contamination remaining above the water table.
Cleanup of the Central Plateau is organized into several different CERCLA-related operable units and
RCRA-related waste management units.

The geologic framework of the subsurface is the physical structure that, along with hydrologic and
geochemical properties, controls the migration and distribution of contaminants. Of particular interest are
the interrelationships between the coarser- and finer-grained facies, and the degree of contrast in their
physical and geochemical properties. These interrelationships are often linked in predictable ways to
small-scale lithofacies heterogeneity and larger-scale stratigraphic packaging (Fogg et al. 1989; Anderson
1990). Heinz et al. (2003) recognized three scales of heterogeneity: 1) large architectural-scale
heterogeneities among major unconformity-bound stratigraphic sequences (e.g., Formations),

2) intermediate-scale heterogeneities of depositional sequences or sedimentary packages (e.g., Members),
and 3) small-scale heterogeneities of discrete lithofacies within the larger sedimentary sequences. Last

et al. (2007) recognized that even finer-scale (fourth-order) heterogeneities could occur within lithofacies.
The primary focus of this work is to refine and improve traceability of a large-scale geologic model for
the Central Plateau that captures both formation and subformation stratigraphic units (i.e., first-and
second-order heterogeneities).

A unified conceptual model (including uncertainties and alternative conceptual models) of the larger-
scale hydrogeologic framework for both the vadose zone and groundwater throughout the entire Central
Plateau is needed to provide the defensible technical basis for, and consistency among, the conceptual site
models developed for operable units and waste management units. Often there are boundary faults
(arbitrary discontinuities and inconsistencies) among projects and differences in stratigraphic
nomenclature—this has led to confusion and reduced credibility with regulators.

The most-recent holistic geologic conceptual model completed for the Central Plateau was done in
1979 by Tallman et al. Updates to the 200 East Area and 200 West Area hydrogeologic conceptual
models completed to support the Central Plateau remediation were conducted in 1991 and 1992 (Lindsey
1991, 1992; Connelly et al. 1992a, 1992b). Additional updates relative to the hydrogeology of the supra-
basalt aquifer beneath the 200 East and 200 West Areas were conducted in 2000 and 2002, respectively
(Williams et al. 2000, 2002). However, several hundred wells have been drilled since then, providing
much-needed data to refine the large-scale stratigraphic units and resolve discrepancies among
nomenclature and project- and site-specific interpretations.
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Figure 2.1. Location of the Central Plateau and 200 West Area (after Williams et al. 2002)
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Recent studies in 2002 and 2007 have revised and updated the nomenclature (DOE 2002) and
presented a geologic data package for selected portions of the Central Plateau but have left gaps or raised
new issues regarding that holistic understanding of the hydrogeology of the Central Plateau. Williams
et al. (2000, 2002) updated the hydrogeologic conceptual model for the supra-basalt aquifer beneath the
200 East and 200 West Areas but did not address the vadose zone. Reidel and Chamness (2007) updated
the geology of the single-shell tanks waste management areas but provided limited data on the areas
between. Bjornstad and Lanigan (2007) updated the geology of the Low-Level Burial Grounds but did
not address other areas. Furthermore, recent borehole data, particularly from northeast of the 200 West
area, suggest that refinements to the existing geologic model are needed.

Traditional approaches to modeling the stratigraphic framework at the Hanford Site have used simple
homogeneous and horizontally stratified hydrogeologic units. However, as computer-processing
capabilities have advanced, more emphasis has been placed on improving spatial resolution and
guantifying uncertainty in representing the geologic framework and its key model parameters. Newer
approaches are focusing on geostatistical simulation of the sequence-stratigraphic relations of lithofacies
and on the geostatistical distribution of flow-and-transport properties within those facies. These newer
approaches require more rigorous quantitative treatment of geologic data than are normally supported by
the mostly qualitative nature of borehole geologic information. Thus, efforts are being made to
standardize borehole geologic data so they can be used in a systematic and quantitative way to define the
spatial distribution of flow-and-transport properties (Last et al. 2007, p. 906). These efforts improve
traceability of the interpreted large-scale stratigraphic contacts relative to the raw and standardized
borehole data sets.
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3.0 Technical Approach

The scope of work for FY08 was focused primarily on the 200 West Area; a secondary effort focused
on the 200 East Area was initiated. The technical approach for this work was to assemble a regional
stratigraphic model for the Central Plateau using previously published interpretations of the major
geologic units to refine and update a database of major stratigraphic contacts. Best-estimate contacts and
ground-surface elevations were then selected, based on professional judgment and general consensus, to
develop a three-dimensional solid-earth geologic model of the major stratigraphic units. Anomalies in the
geologic model and boreholes with high variability for specific contacts were reevaluated to verify the
best-estimate geologic contacts relative to raw and standardized borehole data. A brief description of the
technical activities and methodologies used is provided in this section. Note that many of these activities
were conducted in parallel to hasten completion of the work.

3.1 Assemble Initial Large-Scale Stratigraphic Model

The objective of this activity was to assemble a large-scale stratigraphic model of the Central Plateau
to capture existing published interpretations on the major heterogeneities within the subsurface
framework distinguished by unconformity-bounded stratigraphic sequences, most of which correspond to
geologic formations. Where possible, intermediate-scale stratigraphic units representing second-order
heterogeneities identified by depositional sedimentary sequences or packages (e.g., members and facies
associations) also were included. Their inclusion was accomplished by revising and updating an existing
stratigraphic contacts database (Bjornstad 2004), assembling the geologic model, and evaluating areas of
high variability or uncertainty to focus additional data analysis.

3.1.1 Revise and Update Stratigraphic Contact Database

One of the first activities was to revise and update the existing stratigraphic contact database
(Bjornstad 2004) with new interpretive data published in more recent documents (e.g., Reidel and
Chamness 2007) or from unpublished sources. The stratigraphic contacts database was revised to capture
the depths of stratigraphic contacts in feet below ground surface to make the stratigraphic contact
interpretations more easily traceable to raw and standardized borehole data. Necessarily, a database of
best-estimate ground-surface elevations at the time of drilling also had to be developed such that contact
elevations could be calculated. During FY08, the stratigraphic contacts database for the 200 West Area
and its surroundings was revised and updated, and a new best-estimate ground-surface elevation database
was developed. Where multiple contact interpretations were found for an individual borehole, a best-
estimate set of contacts was selected based on the traceability and defensibility of the contact estimates,
professional judgment, and a general consensus among the various contacts. Details on the development
of the stratigraphic contacts database and best-estimate ground-surface elevation database for the
200 West Area are provided in Section 5. Efforts to revise and update the stratigraphic contacts database
for the 200 East Area and its surroundings also were initiated. However, these data are not complete,
have not been reviewed, and lack selection of the best estimates, nor has a best-estimate ground-surface
elevation database been developed for the 200 East Area. Thus, neither the stratigraphic contacts
database nor the geologic model for the 200 East Area is discussed further in this report.
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3.1.2  Generate Initial Stratigraphic Model

The objective of this activity was to develop a geologic model of the major stratigraphic units
contained in the stratigraphic contacts database. Stratigraphic contact elevations, in meters, calculated
from the stratigraphic contacts database and the best-estimate ground-surface elevation database, were
used to develop a 3D solid model of the stratigraphic structure beneath the 200 West Area. This was
accomplished using EarthVision® software. The resulting geologic model was then used to graphically
display structure contour and isopach maps, cross sections, and solid model representations of the major
stratigraphic contact surfaces and unit thicknesses.

3.1.3 Evaluate Areas of High Variability or Uncertainty

An evaluation of potential anomalies in the spatial geometry of individual stratigraphic units within
the solid model and variability within the stratigraphic contact database was used to identify key data gaps
and conflicting interpretations. Those spatial locations and boreholes with the greatest variability or
uncertainty were selected for further data analysis. Among those boreholes selected for further data
analysis were 299-W11-6, 299-W26-12, 699-37-82B, 699-37-84, 699-45-69A & C, and 699-48-77A & C.

3.2 Reduce Uncertainty and Improve Traceability

Additional data analysis was conducted to reduce uncertainty in the geologic model and to improve
traceability of the geologic contact interpretations to raw borehole data.

3.2.1 Select Boreholes and Other Data Sources for Supplemental Data Analysis

Key boreholes and other data sources (e.g., near-surface outcrops, surface geophysical survey data)
were selected for detailed geologic interpretation, based on uncertainties in the geologic model or contacts
database and the availability of data from newly drilled boreholes. Their selection involved development
of criteria (e.g., location, quantity and quality of data) for selection and ranking to prioritize boreholes for
data entry and analysis and to help weight the interpretation of contact picks and correlations used in the
conceptual model (Table 3.1). Note: geologic contact picks in those wells with a higher quality and
quantity of data, which provide more confidence, are given higher weight compared to other wells with
poorer-quality data.

3.2.2 Borehole Data Analysis and Refinement of Best-Estimate Contacts

Borehole data (including geophysical logs) from new boreholes and selected high-priority boreholes
were standardized and entered into the Hanford Borehole Geologic Information System (HBGIS) to produce
summary logplots of the standardized raw borehole data. These summary logplots and their supporting data
were used to define, refine, or verify the major stratigraphic contacts (formation, major facies associations)
and to improve traceability of the interpretations directly back to the raw borehole data.

! EarthVision® is a registered trademark of Dynamic Graphics, Inc., Alameda, California.
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Table 3.1. Point System for Prioritizing Borehole Data Analyses

Borehole Information Ranking Criteria (maximum points) Points
Borehole depth (20)
Bottom in basalt 20
Bottom in CCU or Ringold Formation 10
Bottom in Hanford formation 0
<100 ft -10
Drill Method (20)
>50% split spoon or diamond core 20
25%-50% split spoon 15
100% drive barrel 10
100% hard tool, air rotary, ODEX, sonic, and/or Becker hammer 5
Cone penetrometer 0
Field Logs (35)
Geologists’ log 30
Drillers’ log 5
Neither 0
Geophysical Logs (40)
Gross gamma 10
Spectral gamma 10
Neutron moisture 20
No geophysical logs 0
Physical Properties (50)
Grain size (ROCSAN) 30
Lab moisture 15
Other physical measurements (e.g., permeability, density, porosity) 10
Chemical Properties (20)
CaCO; (ROCSAN) 10
Other chemical measurements (e.g., mineralogy, x-ray fluorescence, x-ray diffraction,
water/acid extracts, anions, cations, cation exchange capacity, metals) 10
Other (15)
Age dating (paleomagnetic signatures, carbon-14, other radiometric dates) 5
Digital photographs of core and cuttings 5
Maximum number of points possible (200)
Rank Points Range
1 (best) 101-200
2 71-100
3 41-70
4 21-40
5 (worst) 0-20

Logplots and supporting data from individual new boreholes were compared with the logplots and
data from existing nearby boreholes (particularly when a borehole with poor data is adjacent to boreholes
with good data) to improve consistency and confidence in the interpretations. For lower-priority
boreholes for which standardized semiquantitative data are not fully available, qualitative subjective
analyses were conducted to check against contact interpretations from previous reports.
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3.3 Revise and Update Contacts Database and Stratigraphic Model

New and revised best-estimate stratigraphic contact interpretations were incorporated into the
stratigraphic contact database following change control protocols. The revised and updated best-estimate
contacts were then used to generate a revised 3D solid model of the stratigraphy beneath the 200 West
Area. This geologic model was used to develop structure contour and isopach maps, cross sections, and
solid model representations of the major stratigraphic contact surfaces and unit thicknesses.

Detailed cross sections were constructed independently of the 3D solid model using interpreted and
raw borehole data for selected boreholes along selected transects, to provide another consistency check of
the stratigraphic contacts database. The larger-scale stratigraphic correlations were used to further refine
and adjust the sequence stratigraphic model to honor major lithologic changes that are correlative between
multiple boreholes and to revise the stratigraphic contacts database and solid model as needed.
Reanalysis of the uncertainty in the geologic model provides a measure of the improvements to the
revised model and identifies the next priorities for reducing the data gaps and resolving conflicting
interpretations. Some degree of iteration was necessary to revise and refine the geometry and orientation
of the major stratigraphic units. The revised stratigraphic conceptual model will be placed under
configuration control using the stratigraphic contacts and ground-surface elevation databases, the
EarthVision input files, and resulting graphics and shape files.
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4.0 Regional Geology of the Pasco Basin and Hanford Site

This section provides an overview of the geologic history of the Pasco Basin and Hanford Site, to
provide context and defensibility for development of a sequence stratigraphic hydrogeologic model for
the Central Plateau. This discussion is taken largely from a previous overview of the geologic history of
the Hanford Site and Central Plateau provided by Reidel and Chamness (2007). An understanding of the
geologic history of the area is key to interpretation of the major stratigraphic units and their spatial
configuration. Of primary interest to this study are the large unconformity-bound sedimentary sequences
overlying the basalt bedrock.

The Hanford Site lies within the Pasco Basin, which is a structural and topographic basin within the
Yakima Fold Belt structural subprovince of the Columbia Plateau (Myers et al. 1979, p. 11-72). The
Columbia Plateau is a broad plain situated between the Cascade Range to the west and the Rocky
Mountains to the east, and is underlain by the Miocene Columbia River Basalt Group (CRBG)

(Figure 4.1). Structural basins within the Yakima Fold Belt, including the Pasco Basin, are filled with
sedimentary sequences from ancestral river systems, cataclysmic Ice Age floods, and localized deposits of
coluvium and loess. The broad chronology of these events is described in the following sections.

4.1 Columbia River Basalt Volcanism and Deposition of the
Ellensburg Formation

During the period from 17 to 6 million years ago, vast quantities of tholeiitic flood-basalt 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). These basalt flows constitute the
Columbia River Basalt Group (CRBG) that forms the main bedrock of the Pasco Basin and Hanford Site.
The CRBG consists of more than 200,000 km? of basalt flows that cover approximately 230,000 km?
(Camp et al. 2003). Some eruptions had volumes as great as 5,000 km® (Reidel et al. 1989), with the
greatest amounts being erupted between 16.5 and 14.5 million years before present.

Subsidence during and since the Columbia River basalt volcanism formed the Pasco Basin, while
other tectonic forces folded the basalt flows into narrow anticlinal ridges and broad synclinal valleys
(Reidel et al. 1989). Weathering, soil development, erosion, and/or sediment deposition occurred
between eruptions, particularly between the younger basalt flows. Intercalated with and, in some places,
overlying the CRBG are sedimentary rocks of the Ellensburg Formation (Swanson et al. 1979a). In the
western Columbia Basin, the Ellensburg Formation is mostly volcanic-derived sediment; in the central
and eastern basin, fluvial sediments of the ancestral Clearwater and Columbia Rivers form the dominant
lithologies (Fecht et al. 1987).

Based on chemical composition, paleomagnetic data, lithology, and stratigraphic correlation, the
CRBG has been divided into five formations (Swanson et al. 1979b)—the Picture Gorge Basalt, the
Imnaha Basalt, the Grande Ronde Basalt, the Wanapum Basalt, and the Saddle Mountains Basalt. Only
the Picture Gorge Basalt has not been found beneath the Hanford Site. The youngest basalt formations—
the Wanapum Basalt and the Saddle Mountains Basalt—have been subdivided into four and ten members,
respectively.
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Figure 4.1. Main Structural Features of the Pasco Basin and Surrounding Area (after Reidel and
Chamness 2007)
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The Wanapum and Saddle Mountains Basalts on the Hanford Site have been locally eroded to various
degrees. Some erosion of the basalt occurred between eruptions, as well as before, during, and following
deposition of the oldest Ringold Formation sediments. Uplift along anticlinal ridges has resulted in
erosion to different depths along the margin of the Pasco Basin. North of the Central Plateau near Gable
Gap, the Saddle Mountains Basalt has been locally eroded by fluvial activity and proglacial flooding
down to its oldest member, the Umatilla Member.

4.2 Deposition of the Ringold Formation

Ancestral rivers draining south-central Washington were diverted by the rising anticlines and
subsiding basins. Rivers progressively shifted courses into the structural and topographic lows of the
Columbia Basin, eventually converging on the Pasco Basin (Swanson and Wright 1979; Fecht et al.
1987). The rivers deposited their sediment load of gravel, sand, silt, and clay in and adjacent to the major
channelways (Newcomb et al. 1972; Tallman et al. 1981; Waitt and Swanson 1987; Lindsey 1996).

These alluvial (river-deposited) sediments, together with volcanic ash, sidestream, and colluvial
(landslide) debris, are interbedded with and overlie CRBG basalt flows. These sedimentary sequences are
collectively referred to as the Ringold Formation (Newcomb et al. 1972). A diverse assemblage of
fossils, paleomagnetic data, and reconstruction of the Columbia River indicate that the Ringold Formation
was deposited between 3.4 and 10.5 million years ago (Gustafson 1978; Tallman et al. 1981; Fecht et al.
1987). Although the sedimentary record is incomplete, the sedimentation pattern is what would be
expected in an area with limited rainfall and significant structural development (Fecht et al. 1987).

The coarse-grained sediments of the Ringold Formation were deposited in a fluvial environment
associated with a through-flowing Columbia River system, whereas the fine-grained sediments represent
a sluggish or impounded river system and lacustrine (lake) environments. These Ringold sediments were
deposited within a subsiding Pasco Basin, where the rivers’ hydraulic base levels were controlled by
rising structural ridges or possibly temporary dams of lava in the Columbia River Gorge (Fecht et al.
1987; Waitt and Swanson 1987).

Lindsey (1995) identified five facies associations within the Ringold Formation and divided the
Ringold into three informal members—the member of Wooded Island, the member of Taylor Flat, and the
member of Savage Island (Lindsey 1995)—each dominated by different facies associations. Lindsey
further subdivided the member of Wooded Island into five stratigraphic units, designated A, B, C, D,
and E, dominated by fluvial gravel and separated by several widespread overbank/paleosol and lacustrine
intervals.

The first record of the Columbia River at Hanford, after cessation of the Columbia River basalt
volcanism, is the extensive gravel and interbedded sand of Unit A, Ringold Formation member of
Wooded Island. This unit records the gravelly braid plain and paleosol system of the Columbia River that
meandered across the Hanford Site, leaving the Pasco Basin through the present Yakima River water gap
along the southeast end of the Rattlesnake Mountain anticline (Figure 4.1) (Fecht et al. 1987; Reidel et al.
1994; Lindsey 1995).

About 6.7 million years ago, the Columbia River abandoned this Yakima River water gap and began

to exit the Pasco Basin via Wallula Gap (Figure 4.1). Its main channel was still through the Hanford Site;
however, the depositional environment had changed to one of a sandy alluvial system with extensive
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lacustrine and overbank deposits (Fecht et al. 1987; Reidel et al. 1994; Lindsey 1995). A widespread
lacustrine-overbank deposit called the lower mud was deposited over some of the Hanford Site at this
time. The lower mud was then covered by another extensive sequence of fluvial gravels and sands. The
most extensive of these is called Unit E, Ringold Formation member of Wooded Island, but locally other
sequences are recognized (e.g., Units C and D). To the north near the 100 Areas, Ringold Formation
sediments reflect mostly overbank deposition of fine-grained sediments during this time.

About 5 million years ago, the Columbia River sediments became more sand-dominated, and more
than 90 m (295 ft) of interbedded fluvial sand and overbank deposits accumulated at Hanford. These
deposits are collectively called the Ringold Formation member of Taylor Flat (Lindsey 1995). The fluvial
sands of the member of Taylor Flat dominate the lower cliffs of the White Bluffs.

Between 4.8 and 3.4 million years ago, lacustrine deposits dominated Ringold Formation deposition.
A series of three successive lakes is recognized along the White Bluffs and elsewhere along the margin of
the Pasco Basin (Lindsey 1995). The lakes probably resulted from damming of the Columbia River
farther downstream, possibly in the Columbia Gorge. The lacustrine and related deposits in the Pasco
Basin are collectively called the Ringold Formation member of Savage Island.

4.3 Incision of the Ringold Formation and Deposition of Isolated
Cold Creek Unit Deposits

About 3.4 million years ago, western North America underwent regional uplift, resulting in a major
drop in the hydraulic base level for the ancestral Columbia River system and an end to deposition of
Ringold sediments. The base level change resulted in regional erosion and downcutting causing the
ancestral rivers to incise deeply into the Ringold Formation, removing nearly 100 m of Ringold
Formation sediments from the Hanford Site. As incision progressed eastward across Hanford, more and
more erosion occurred, leaving surface elevation changes in the Ringold Formation and culminating in
maximum erosion near the current river channel. In some places, erosion cut completely through the
Ringold to the top of basalt.

During and immediately following the downcutting period, the basin reached a temporary base level,
and alluvial sediments and windblown loess began depositing in lower elevations of the basin. In
addition, thick calcic paleosols developed across extensive parts of the area due to the arid climate. The
sediments and paleosols are superimposed disconformably on the erosional surface of the Ringold
Formation. Alluvial gravel, sand, and silt deposits accumulated along the channelways of the ancestral
river system. In places, these coarse-grained clastic sediments are referred to as pre-Missoula gravels
(PSPL 1981). On the basin margins, sidestreams were actively eroding rocks and sediments from the
emerging ridges and depositing gravel (mainly basalt clasts), sand, and silt into ancestral sidestreams such
as in the Cold Creek and Dry Creek valleys. The deposits, sandwiched between the Ringold Formation
and the overlying Hanford formation, are locally referred to on the Hanford Site as the Cold Creek Unit
(DOE 2002).

4.4 Ice Age Flooding and Deposition of the Hanford formation

With the onset of the last major Ice Age some 2.6 million years ago, cataclysmic floods (including the
Missoula floods) repeatedly inundated the Pasco Basin, depositing a thick sequence of sediment
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informally called the Hanford formation (Baker et al. 1991; DOE 2002; Bjornstad 2006). These huge
floods (some containing more than 500 mi® of water) occurred when ice dams failed, releasing large
volumes of water from ice marginal lakes (e.g., glacial Lake Missoula). These outburst floods occurred
repeatedly during regular glacial cycles. The largest of these floods had flow rates up to about 17 million
cubic meters per second, ten times the combined flow rate of all the modern rivers of the world, making
them arguably the largest recorded floods known to have occurred on Earth (O’Conner and Costa 2004).
In addition to larger major flood episodes, numerous smaller individual flood events are also likely to
have occurred. As many as 100 separate flood events have been postulated to have occurred during the
last glacial cycle alone, 15,000 to 20,000 years ago (Waitt 1994). Deciphering the history of cataclysmic
flooding in the Pasco Basin is complicated, not only because of 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. Recent studies using paleomagnetic signatures in fine-grained sediments of the
Hanford formation suggest that the earliest floods may have occurred as early as 2 million years ago.
Pluhar et al. (2006) found four magnetic polarity reversals preserved in Hanford formation sediment. The
uppermost reversed paleomagnetic signatures suggest that some cataclysmic floods exceed 780,000 years
ago (Baker et al. 1991; Pluhar et al. 2006). Radiometric age dating using thorium and uranium has put
other flood deposits at 200,000 to 220,000 years old (Baker et al. 1991).

Along with sedimentological evidence for cataclysmic flooding in the Pasco Basin, high-water marks
and faint strandlines occur along the basin margins. Temporary ponding of the Ice Age floodwaters
behind Wallula Gap created the short-lived Lake Lewis and left behind ice-rafted erratic boulders and
mounds of iceberg debris (berg mounds) as well as fossils of mammoths and other creatures caught up in
the floods (Barton 1999; Bjornstad 2006). High watermark elevations for Lake Lewis, inferred from ice-
rafted erratics on ridges, range from 370 to 385 m (1,214 to 1,261 ft) above sea level (Reidel and
Chamness 2007).

The sediment deposited by the cataclysmic floodwaters has been informally called the Hanford
formation. Gravel-dominated sediments are generally confined to relatively narrow tracts within or near
flood channelways. Sand-dominated sediments, on the other hand, occur primarily as a broad sheet over
most of the central basin. Paleocurrent indicators within the plane-laminated sand facies (DOE 2002)
generally indicate flow toward the south and east within the Pasco Basin. Sediments dominated by
interbedded silt and sand rhythmites occur in slackwater areas around the margins of the basin and display
multidirectional currents, including upvalley currents, and generally seem to become finer and thinner
both laterally and vertically.

4.5 Holocene Deposits

After the last Ice Age flood drained from the Pasco Basin, winds moved the loose, unconsolidated
material until vegetation was able to stabilize it. Stabilized sand dunes cover much of the Pasco Basin,
but there are areas, such as along the Hanford Reach National Monument, where sand dunes remain
active. Locally, fluvial and colluvial processes also have shaped the landscape and deposited locally
derived sediments.
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5.0 Stratigraphic Contacts Beneath the Central Plateau

This section describes the methodology used to compile and integrate available information on the
vertical location of stratigraphic contacts that define the tops of major stratigraphic units (e.g., formations,
members, and mappable facies associations) beneath the Central Plateau. The resulting updated and
revised database is intended to be used to 1) update and revise a solid model of the geology beneath the
200 West Area and, subsequently, the 200 East Area; 2) provide an a priori data set with which to
evaluate areas of high uncertainty or disagreement; and 3) identify and prioritize boreholes for detailed
evaluation to resolve those discrepancies and reach agreement on the best-estimate contact locations.

The primary methodology was to 1) build on the existing database compiled by Bjornstad (2004),
2) convert it from a computed elevation-based database to a depth-below-ground-surface database,
3) update it with additional documented geologic contact information (e.g., from Reidel and Chamness
2007), 4) verify and evaluate the various contact data sets, and 5) select best-estimate contact values to be
used in the a priori geologic model of the 200 West Area.

Some of the main concerns or sources of error among various documented contact elevation data sets
have been differences in stratigraphic nomenclature, the ground-surface elevations used to calculate the
contact elevations, and rounding errors introduced in conversion from contact depths in feet below ground
surface to elevation in meters or, in some cases, conversion from elevations in meters to depths in feet.
Thus, our approach was to compile previously documented stratigraphic contacts in terms of depth in feet
below ground surface so as to improve traceability back to the raw borehole data collected at the time of
drilling. Previously documented elevation-based data sets have been developed by subtracting the
interpreted depth of geologic contacts from surveyed or estimated ground-surface elevations (presumably
at the time of drilling) for each particular borehole. However, the quality of ground-surface elevation data
and reference datum has varied over time, and some repeat estimates have been shown to vary by as much
as a meter. Thus, for each documented source of contact elevation information, the reported contact
elevations were subtracted from the reported ground-surface elevation to yield the previous investigators’
working contact depths.

To support update and revision of the geologic model for the 200 West Area, the best-estimate
contact depths (in feet below ground surface) need to be converted to elevations (in meters above mean
sea level). To support this effort, a best-estimate ground-surface elevation database (representing the
ground surface at the time of drilling) was developed based on vertical survey and well construction data
extracted from the Hanford Well Information System (HWIS) and a set of logic rules.

This section describes the stratigraphic nomenclature (and assumed correlations to previous
nomenclature) used in this study, as well as the efforts made to develop the stratigraphic contact depths
database and the best-estimate ground-surface elevation database.

5.1 Stratigraphic Nomenclature

Stratigraphic nomenclature has historically varied by project and principal investigator, so it is
difficult to directly relate the documented and undocumented geologic contacts to one another. However,
Bjornstad (2004) evaluated the various sources of contact information and translated them into 12 main
stratigraphic units that could be correlated over most of the 200 Areas. These units were based on the
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standardized stratigraphic nomenclature for post-Ringold sediments defined by DOE (2002) and in part
on the Hanford formation subdivisions (H1, H2, and so on) identified by Lindsey et al. (1994, 2000,
2001) and Wood et al. (2000). The nomenclature for units within the Ringold Formation was based on
that defined by Lindsey (1995).

Although Lindsey et al. (2000, 2001) and Wood et al. (2000) used similar subdivisions within the
Hanford formation in both the 200 East Area and 200 West Area, paleomagnetic polarity data indicate
that the subdivisions in the 200 East Area are not necessarily time correlative with those in the 200 West
Area (Pluhar et al. 2006). Thus, they do not represent the same sedimentary sequences (Reidel and
Chamness 2007). Discrete sedimentary packages from individual flood events, particularly within the
coarser facies associations of the Hanford formation have only been recognized in excavations (e.g.,
218-E-12b burial ground, Pit #30, U.S. Ecology, Environmental Restoration Disposal Facility, Fuels and
Materials Examination Facility) and are yet to be recognized from borehole samples alone. For all intents
and purposes, the coarse facies associations within the Hanford formation appear to be completely
interbedded and display considerable lateral as well as vertical facies variations. Nevertheless, we have
chosen to use the following general nomenclature—upper coarse-dominated (H1), sand-dominated (H2),
and lower coarse-dominated (H3) to represent the main subdivisions of the Hanford formation in the
200 West Area.

Table 5.1 provides a brief description of the stratigraphic units used in this report. Figure 5.1
illustrates how the nomenclature used by different investigators compares with the nomenclature selected
for this compilation of geologic contacts.

5.2 Stratigraphic Contact Data

Stratigraphic contact data (Appendix A) were compiled from published reports in addition to some
unpublished data (Table 5.2). Over 1,190 records were compiled for 446 different boreholes located in
and around the 200 West Area (Figure 5.2). The source used as the basis for the vertical location of
stratigraphic contacts for each borehole was included in this compilation (see Appendix A). In many
cases, published contact information has been presented in terms of the elevation, in feet above mean sea
level, of the top of a specific stratigraphic unit (e.g., Last et al. 1989; Rohay et al. 1994; Reidel and
Chamness 2007). Often, these published contact elevations have been rounded to the nearest foot. To
convert these contact elevations to depth below ground surface, the reported contact elevation was
subtracted from the reported ground-surface elevation. Where metric data are presented (e.g., Last et al.
2006; Oostrom et al. 2006; Thorne et al. 2006), the contact elevations (in meters) were first converted to
feet (using a conversion factor of 0.3048 m/ft (Thompson and Taylor 2008); 3.28084 ft/m) and then the
contact depths were calculated. Where contact data were reported as depth in feet (e.g., Bjornstad 1984;
Last et al. 1989; Serne et al. 2004a, 2004b), the contact data were taken directly. Unpublished data were
generally assigned a low priority but were used where published data for a given well and contact were
unavailable or were considered an improvement over the previously published contacts. A brief
description of the published data sources, and how they were used to derive the contact depths compiled
in this report, is provided in Table 5.2.
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Table 5.1.

Stratigraphic Nomenclature and Symbols Used in This Report

Stratigraphy Unit (symbol)
Used in This Report

Descriptions Summarized from DOE (2002), Lindsey et al. (1994), Lindsey (1995),
Lindsey et al. (2000), and Reidel and Chamness (2007)

Backfill (Bf)

Holocene deposits, sand
(HDs)

Hanford formation Unit 1
(HF1)

Hanford formation Unit 2
(HF2)

Hanford formation Unit 3
(HF3)

Cold Creek Unit silt
(CCU2)

Cold Creek Unit carbonate
(CCuUc)

Ringold Formation
Member of Taylor Flat

(Rtf)

Ringold Formation
Member of Wooded Island
— Unit E (Rwie)

Ringold Formation — lower
mud (RIm)

Ringold Formation
Member of Wooded Island
— Unit A (Rwia)

Saddle Mountains Basalt
Formation, Elephant
Mountain Member (Tem)

Poorly sorted, massive, gravel, sand, and silt removed from and subsequently returned
to excavations.

Medium to fine-grained massive to weakly laminated eolian sand to silty sand,
equivalent to the fine-grained, massive, well-sorted and medium-grained cross-
bedded, well-sorted Holocene deposits described by DOE (2002).

Upper gravel-dominated sequence, consisting of high-energy Ice Age flood deposits,
which in places grades upward into a mix of sandy and gravelly sediments. Generally
contains a high percentage of subangular basaltic clasts. Equivalent to Lindsey et al.
(2000) Unit H1a and Unit H1.

Middle sand-dominated sequence, consisting of moderate- to high-energy Ice Age
flood deposits consisting of graded sandy and silty sediments often characterized as
basaltic, salt-and-pepper sand. Equivalent to Lindsey et al. (2000) Unit H2.

Lower gravel-dominated sequence, consisting of high-energy Ice Age flood deposits
containing a high percentage of subangular basaltic clasts, equivalent to Unit 3 of
Lindsey et al. (1994) and Unit H3 of Lindsey et al. (2000). The base of this unit
includes some fine-grained materials equivalent to Lindsey et al. (2000) Unit H4.

Fine sand, silt, and/or clay, laminated to massive, often characterized as very
micaceous, oxidized, and containing pedogenic calcium carbonate, with high natural
gamma activity. It is equivalent to the early Palouse Soil of Brown (1959, 1960), a
portion of the “locally derived subunit” of the Plio-Pleistocene Unit of Lindsey et al.
(1994), and the fine-grained, laminated to massive facies association of the Cold
Creek Unit of DOE (2002).

Pedogenic calcium carbonate cemented clay, silt, sand, and/or gravel, equivalent to
the Caliche of Brown (1959, 1960), a portion of the “locally derived subunit” of the
Plio-Pleistocene Unit of Lindsey et al. (1994) and the coarse- to fine-grained,
carbonate-cemented facies association of the Cold Creek Unit of DOE (2002).

Interstratified deposits of fine-grained fluvial sand and silt deposits.

Well-rounded fluvial gravel of mixed lithologies, in a sand and silt matrix.
Cementation varies from well to poorly indurated.

Primarily consists of lacustrine silt and clay, overlying a well-developed paleosol
noted beneath 200 West Area.

Similar to Unit E (Rwie). Generally described as a conglomerate with clasts of basalt
and other lithologies in a silty sand matrix intercalated with beds of sand and silt. The
sediments are strongly cemented with silica or calcite in places.

Tholeiitic flood-basalt of the Elephant Mountain Member.
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Table 5.2. Sources of Stratigraphic Contacts Data for the 200 West Area

Symbol
Used in

Reference Database

Rank/
Priority

Comments

Bjornstad
(1984, cross
sections)

Last et al. Last89
(1989,

Table 5.6)

Rohay (1994,
Table B-1)

Rohay94

Lindsey (1995,
Appendix D)

Lindsey95

Lindsey et al.
(2000,
Appendix A)

Lindsey00

Wood et al. Wood01
(2001,

Table 2-2)

Bjornstad84

2

Stratigraphic contacts in depth in feet (and meters) were identified on
geologic cross sections. Holocene, Hanford formation, and Cold
Creek Unit silt deposits were undifferentiated. The lower Ringold
Unit was differentiated from a basal unit, consisting of basal fine,
basal caliche, and basalt gravel subunits. Note that for this report, the
lower Ringold, basalt fine, and basal caliche units were grouped
together as the Ringold lower mud unit.

Stratigraphic contacts for the 200 West Area were tabulated (in
Table 5.6, p. 5.61) in depth in feet (and elevation in feet) and shown
on borehole summary logs. Note that the depth-in-feet values were
used for this report, and that Holocene and Hanford formation
deposits were left undifferentiated.

Geologic contacts were tabulated in elevation in feet and shown on
geologic cross sections, structure-contour maps, and isopach maps.
Contact depths for this report were derived by subtracting the contact
elevation from the reported ground-surface elevation. Holocene
deposits of backfill and sand were reported separately but for this
report were grouped together. The Hanford formation was subdivided
into five textural subunits, which for this report were mapped to the
H1, H2, and H3 units (see Figure 5.1). The Plio-Pleistocene Unit was
not subdivided; however, for this report, the top of this unit is
interpreted to be equivalent to the Cold Creek Unit silt.

Contact elevations were tabulated in feet and represented on geologic
Ccross sections, structure-contour maps, and isopach maps. Contact
depths for this report were derived by subtracting the contact
elevation from the reported ground-surface elevation. Holocene
deposits were not differentiated and neither were the Hanford
formation or Pre-Missoula/Plio-Pleistocene deposits. A number of
sub-units (e.g., Sub E) were called out within larger units (e.g.,

Unit E) of the Ringold Formation; however, only the top contact for
the larger units was used in this report.

Contact elevations were reported in feet and shown on summary
borehole logs and geologic cross sections. Contact depths for this
report were derived by subtracting the contact elevation from the
reported ground-surface elevation. Note that Units H1la and H1 were
grouped together for this report. Also note that contacts for Hanford
Unit H3 were not reported and that the reported values for the
Hanford/Plio-Pleistocene Unit are used here to represent the Cold
Creek Unit silt.

Contact elevations were reported in feet. Contact depths for this
report were derived by subtracting the contact elevation from the
reported ground-surface elevation. Note that contacts for Hanford
Unit H3 were not reported and that the reported values for Hanford/
Plio-Pleistocene are used here to represent the Cold Creek Unit silt.
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Table 5.2. (contd)

Symbol
Used in Rank/
Reference Database Priority Comments

Serne et al. PNNL- 1 Contacts depths for the 299-W22-48 and 299-W22-50 boreholes were

(20024, 13757-1 reported on borehole summary logs (Figures 2.18 and 2.19).

Figures 2.18

and 2.19)

Serne et al. PNNL- 1 Contacts depths for the 299-W23-19 borehole were reported in feet on a

(2002d, 13757-2 borehole summary log (Figure 2.2) and within the text (pp. 2.6 through

Figure 2.2 2.10).

[and text], and

Figure 2.3) 2 Contact depths were reported in feet for selected boreholes along a
southwest-to-northeast cross section (Figure 2.3).

Serne et al. PNNL- 1 Contacts depths for the 299-W23-234 (410-09-39) borehole were

(2002b, 13757-3 illustrated in a borehole summary log (Figure 2.6) and reported in feet

Figure 2.6 and within the text (pp. 2.7 through 2.15). Some interpretation was

text, and necessary to calculate depths from thicknesses.

Figures 2.3 2 Contact depths were reported in feet for selected boreholes along two

and 2.4) cross sections (Figures 2.3 and 2.4).

Serne et al. PNNL- 1 Contacts depths for borehole C3082 (slant borehole) were illustrated

(2002c, 13757-4 in a borehole summary log (Figure 2.9) and reported in feet within the

Figure 2.9 and text (pp. 2.15 through 2.21).

text, and

Figure 2.5) 2 Contact depths were reported in feet for selected boreholes along a
northwest-to-southeast cross section (Figure 2.5).

Williams etal.  Williams02 1 Contact elevations were reported in feet. Contact depths for this

(2002, report were derived by subtracting the contact elevation from the

Appendix A) reported ground-surface elevation. Note that no strata above the top
of the Ringold Unit E were differentiated and that Ringold A Units
9A, 9B, and 9C were grouped together for this report. Note also that
contact values listed as “0,” “NDE,” “ND,” or “*” were assumed to
represent undetermined values and were left blank. Contact
elevations reported as “greater than” or “less than” were also left
blank.

Serne et al. Serne04a 1 Contacts depths for the subject boreholes were reported in feet within

(20044, the text (pp. 2-21 through 2-53).

Figures 2.5

and 2.6 and 3 Contact depths, in feet, were reported on cross sections A-A’ and

text) B-B’ (Figures 2.5 and 2.6), apparently reproduced or modified from
Wood et al. (2001).

Serne et al. Serne04b 1 Contacts depths for the subject boreholes were also reported in feet

(2004b, within the text (pp. 2-22 through 2-50).

Figures 2.5

and 2.6 and 3 Contact depths, in feet, were reported on cross sections A-A’ and

text) B-B’ (Figures 2.5 and 2.6), apparently reproduced or modified from

Wood et al. (2001).
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Table 5.2. (contd)

Symbol
Used in Rank/
Reference Database Priority Comments

Last et al. Last06 1 Best-estimate ground-surface and contact elevations were tabulated in

(20086, meters. Contact elevations in feet were shown on detailed logplots.

Table 4.1, Contact depths for this report were derived by subtracting the contact

Appendix B) elevation (in meters) from the reported ground-surface elevation (in
meters) and then converting to depth. Note that the Holocene
deposits of backfill and eolian sand were grouped together for this
report. Note also that the upper sand unit and upper gravelly unit
were grouped together as representing the H1 Unit; the middle fine
sand unit was taken as equivalent to the H2 Unit; and the lower
gravelly unit, lower sandy unit, and lower fine sandy unit were
grouped together as representing the H3 Unit. Note also that the
borehole data for wells 299-W18-6 and W18-7 were found to have
been reversed and corrected, as noted on the logplots.

Oostrometal.  Oostrom06 3, Contact elevations were tabulated in meters, modified from Last et al.

(2006, 2 (2006). Selected contacts are also displayed on geologic cross

Table 3.2) sections. This source was not used to derive contact depths.

Thorne et al. Thorne06 3 Contact elevations were tabulated in meters, based on the NGVD29

(2006, geo.xls) elevation datum. Ground surface was not explicitly reported;
however, the top of Unit 1 was taken as ground surface. Contact
elevations in meters were then converted to feet using a conversion of
3.28084 ft/m. Contact depths for this report (in feet) were derived by
subtracting the contact elevation (in feet) from the ground-surface
(top of Unit 1) elevation (in feet). Note that Holocene and Hanford
formation units were undifferentiated. Note also that for this report,
Unit 6 was grouped with Unit 8 and Unit 7 was grouped with Unit 5.

Reidel and Reidel07 3 Contact elevations were reported in feet, and selected contacts were

Chamness illustrated on cross sections. Much of this appears to be taken or

(2007, modified from other documents (e.g., Wood et al. 2001). Contact

Tables 4.1, depths for this report were derived by subtracting the contact

5.1,5.3, and elevation from the reported ground-surface elevation. Note that

5.5) undifferentiated Holocene deposits were not specifically called out
but were assumed to be the same as the ground-surface elevation.
Note also that the H1a and H1 units were grouped together for this
report and that the “Post Ringold Basalt-Rich Gravels” identified in
Table 4.1were not explicitly identified in this report.

Jeppson JeppsonQ7 4 Bottom contact elevations and depths were reported in meters, and

(2007 selected contacts were illustrated on a cross section in Figure 4.

Table 1) Logplots are provided in Appendix A without contacts. Contact
depths in feet were converted from the depth in meters.

Sexton (2008;  Sexton08 2 Contact depths were reported in feet. Section 3 contains a brief

SGW-37703, summary of the borehole stratigraphy for wells 299-W11-88, 699-43-

DRAFT) 69, and 699-45-69C. Interpretations of the geology were based on

analysis of borehole logs in addition to firsthand observation by J. A.
Horner, during the drilling of borehole 699-43-69.

! Jeppson TN. 2007. Heterogeneity of Aquifer Materials and Spatial Variability in the Carbon Tetrachloride Plume
in the 200-West Area, Hanford Site. Science Undergraduate Laboratory Internship (SULI) Report. Pacific
Northwest National Laboratory, Richland, Washington.
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Table 5.2. (contd)

Symbol
Used in Rank/
Reference Database Priority Comments

Williams Williams08 4,5 Contact depths and elevations were reported in feet. The upper

(unpublished) Ringold (Rtf) and Unit E (Rwie) were undifferentiated with the
undifferentiated Ringold contact reported as Rtf. Contact depths were
taken directly as reported (personal communication via email from
B. A. Williams dated March 5, 2008). This source was used only for
indication purposes and where no other published data were available.

Last Last 4,5 The date and pedigree of these unpublished data are uncertain. Both

(unpublished) contact elevations and depths were provided in feet. This source was
used only for indication purposes and where no other published data
were available.

Thorne Thorne 4,5 The date and pedigree of these unpublished data are uncertain. Both

(unpublished) contact elevations and depths were provided in feet. This source was
used only for indication purposes and where no other published data
were available.

Bjornstad (this  Bjornstad08 Unranked Best-estimate contact elevations were provided in feet as an update to

report) the geologic contacts data published by Bjornstad in 2004. These
values were based on one or more records from other sources, often
with some correction to account for differences in ground-surface
elevation. The recorded best-estimate picks were taken from a
spreadsheet provided via email from B. N. Bjornstad on January 16,
2008.

Last (this Last08 Unranked Best-estimate contact depths in feet were selected for this report based

report) primarily on a combination of records from other sources.

Horner (this Horner08 Unranked Contact depths in feet were selected for some new wells and to

report)

provide some new interpretations influenced by cross section
analyses.

Source Rank/Priority Criteria:

1 - Reported contacts are directly traceable to raw borehole data (e.g., through summary logs with contacts) and
firsthand geologic interpretation (e.g., cross sections, structure contour maps).

2 — Reported contacts are indirectly traceable to raw borehole data (i.e., no summary logs) but are represented in
firsthand geologic interpretation.

3 — Reported contacts are not readily traced to raw borehole data or firsthand geologic interpretation (e.g., data
and/or interpretations taken from other documents).

4 — Unpublished contact data where no other data are available from that principal investigator(s).

5 — Unpublished contact data that has been superseded by other published data by the same principal

investigator(s).

Note: Contact data developed for this report were not assigned a rank.
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Figure 5.2. Location of Boreholes in and Adjacent to the 200 West Area, with Stratigraphic Contact Data
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In keeping with the approach used by Bjornstad (2004), where a given stratigraphic unit was
identified as not present (NP), the unit was assigned a top contact depth equal to the top of the underlying
unit, resulting in a stratigraphic thickness of zero. Unit contacts that were labeled as “undetermined” or
“not documented” were left blank. Note that if a stratigraphic unit was labeled as “not present” directly
above a unit where the contact was undetermined, then its contact was also left blank. However, when
the upper unit contact was undetermined (e.g., H1) but a lower unit contact (e.g., H2) possessed a known
depth, then the upper unit was given the same contact depth as the next lower unit, to provide the greatest
accuracy in unit thickness. Where all units were marked as undetermined, the unit was left blank. Also,
at the time of this writing, Holocene deposits (including backfill and eolian sand) were not differentiated
from each other and often were not assigned a specific depth to their top contact. Instead, the top contact
for this unit was assumed to be the ground-surface elevation at a depth of zero feet.

The compiled stratigraphic contact data were organized into an electronic spreadsheet database
(Appendix A). In keeping with the desire to provide the major (i.e., first-order) formation contacts as
well as the second-order (e.g., member or facies association) architectural (mappable) stratigraphic units,
columns for the formation level contacts were added to this spreadsheet. Where the uppermost subunit
(e.g., member or facies association) of the formation had been identified, that depth value was used as the
depth to the top of the formation. However, where the uppermost subunit was not determined either to be
present or to be missing, then the depth to the top of the formation was left blank.

Where multiple depths were recorded for a given contact in a given borehole, a subjective evaluation
was made to select the best-estimate contact depth. Best-estimate contact depths were identified for
452 different boreholes in and around the 200 West Area. These best-estimate picks were selected based
on the professional judgment of Washington State licensed geologists. In many cases, the best estimate
was taken as the most recently reported value. Other considerations included the extent of analysis and
documentation provided by the source documents (see Table 5.2). For example, contacts from source
documents that presented good detailed description of the borehole geology that was traceable back to the
raw borehole data (e.g., Serne et al. 2004a, 2004b) and/or provided geologic interpretation in the context
of surrounding boreholes through the use of cross sections, structure contour maps, isopach maps, and so
on (e.g., Williams et al. 2002) were given a higher rank and priority over those that appeared to mostly
summarize previous studies (e.g., Reidel and Chamness 2007). In a great number of cases, particularly in
boreholes with older interpretations, the best-estimate pick developed for this report was based on a
composite of the recorded contacts.”) These new best-estimate picks are identified in Appendix A with
the source code of “Bjornstad08” and the date published as “This Report.” Other best-estimate contact
records made specifically for this study were similarly identified with the name of the geologist making
the picks and identified with the date published as “This Report.” Note that best-estimate picks
developed for this study were not ranked. The best-estimate depths were evaluated and revised based on
integrated geologic interpretation of other nearby contacts in the context of geologic cross sections,
structure contour maps, isopach maps, and solid model representations.

'B.N. Bjornstad, personal communication, Excel files sent to G. V. Last via email dated January 16, 2008.
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5.3 Evaluation and Verification of Best-Estimate Contacts to Raw
Borehole Data

An evaluation of the best-estimate contact picks was conducted by graphically comparing the
stratigraphic contact picks to summary logplots of the raw and standardized borehole data (where
available). Figure 5.3 illustrates the location of the 198 boreholes in and adjacent to the 200 West Area,
for which logplots are available. Of these 198 boreholes, 115 also had best-estimate contact data
available. A graphical comparison of the best-estimate contacts to the raw, standardized borehole data
summarized in the logplots was conducted using Adobe Hlustrator.! This allowed the imported logplot
files to be directly overlain with stratigraphic contact lines based on the best-estimate contact depths
found in the stratigraphic contacts database (as it was in the file titled Contact Depths_2008-06-25.xls, tab
200 W Contact Depths NRV dated June 25, 2008). The depths of the contact lines were then compared to
the logplots to evaluate their validity and adjusted where necessary. Of the 115 wells evaluated, 26 (23%)
had contact picks that lined up exactly with lithologic units shown on the logplots, 61 (52%) had contacts
within 2 ft of agreement, 19 (17%) had contacts within 5 ft of agreement, and 9 (7%) had areas of
undetermined lithologic contacts. Note that the evaluation categorized above represents the worst case
for a particular borehole, as some boreholes had contacts ranging from perfect agreement to within 5 ft of
agreement.

5.4 Ground-Surface Elevation Data

Appendix B presents the best-estimate ground-surface elevations, in meters, based on data available
through the HWIS when available. The best-estimate ground surface elevations (presumably at the time
of drilling, and presumably relative to NAVD88 [North American Vertical Datum of 1988]) used in this
report were calculated using the following set of logic rules:

1. If the HWIS contained a ground surface elevation value in meters with a survey point described as
“brass survey marker,” “ground surface,” or “ground surface (assumed),” that value was used as the
ground surface elevation (in meters).

2. If the HWIS did not contain vertical survey value as described above but did contain a “DISC_Z”
value, that value was used as a proxy for the ground-surface elevation. Note that, when compared,
those values identified as the elevation of the brass survey marker and the DISC_Z values were
identical when rounded to the nearest 0.01 m.

3. If neither 1 nor 2 above was applicable, then the ground-surface elevation was calculated from the
HWIS vertical survey value described as having been surveyed from the top of one of the casings or
the top of the pump plate using the HWIS stickup value (converted from feet to meters using a
conversion factor of 0.3048 m/ft [Thompson and Taylor 2008]; 3.28084 ft/m). If multiple stickup
values were found, then the stickup value associated with the earliest documented inspection date was
used as most representative to yield the ground-surface elevation at the time of drilling.

4. If a stickup value was not available from the HWIS, then a default stickup value of 0.914 m (3 ft) was
used to calculate the ground-surface elevation.

! Adobe® and Illustrator® are registered trademarks of Adobe Systems Incorporated, San Jose, California.
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Figure 5.3. Location of Boreholes in and Adjacent to the 200 West Area, for Which Logplots Are
Available
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5. If there was no vertical survey value for the top of casing, then the ground-surface elevation was left
blank and flagged for future estimation using professional judgment, or it was estimated based on the
ground-surface elevations for nearby wells and/or the surrounding topography. In some cases,
elevation data were found in borehole completion reports or other reference sources.

6. Where the ground-surface elevation is known to have been altered after the borehole was drilled (e.g.,
soil cover added at BC cribs), and/or the estimated ground-surface elevation based on the HWIS data
IS suspected to not be representative of the time of drilling, then historical ground-surface elevation
data from old Hanford Site wells documents (e.g., McGhan 1989) were used to estimate the ground
surface at the time of drilling.

The HWIS vertical survey data are reported in meters using the NAVD88. However, stickup values
and other older elevation values (e.g., Hanford Wells [McGhan 1989]) often are in feet using the
NGVD29. Thus, these values first were converted to meters using the NAVD88 prior to calculating the
best-estimate ground-surface elevation at the time of drilling. Current and historical stickup values also
are documented in feet, so these also were converted to meters for subsequent calculations.

5.5 Contact Elevations

Contact elevations (in meters) were calculated by subtracting the best-estimate stratigraphic contact
depths (converted to meters using a conversion factor of 0.3048 m/ft) from the best-estimate ground-
surface elevation in meters (see Section 6). These results were then used to develop a solid earth
representation of the hydrogeology beneath the 200 West Area.
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6.0 Stratigraphic Model of the Central Plateau

A large-scale stratigraphic model of the Central Plateau (focusing on the 200 West Area) was
developed to capture existing published interpretations on the major heterogeneities within the subsurface
framework distinguished by unconformity-bound stratigraphic sequences (e.g., formations).
Intermediate-scale stratigraphic units representing second-order heterogeneities defined by depositional
sedimentary sequences or packages (e.g., members or facies associations) also were included. This
inclusion was accomplished by assembling the stratigraphic contacts information described in Section 5
into a three-dimensional geologic model and then verifying and refining the geologic model through
evaluation of anomalies and independent cross section analyses.

6.1 Three-Dimensional Model

The best-estimate stratigraphic contact data and best-estimate ground-surface elevation data
(Section 5) were manipulated to create an input file of best-estimate contact elevations in meters for use
in EarthVision software to create a 3D model of the major stratigraphic units beneath the 200 West Area.
Minimum tension gridding was used to fit the unit surfaces to the data points. Minimum tension gridding
produces an initial estimate for each grid node based on the distance weighting of the nearest data points,
and then an iterative biharmonic spline function is used to minimize curvature in the estimated surface
topography while maintaining an accurate fit to the data points.

The resulting EarthVision model consists of a “facies” file that represents each unit as a zone within a
solid 3D block. The surface of each unit is defined by an XYZ grid with XY spacing of 10 m. The model
domain is 9,100 m wide and 6,100 m long. The vertical extent of the model is from —20 m to 250 m in
elevation (NAVD88). Figure 6.1 shows the model domain and also shows the location of key facilities.
The facies file or XYZ grids can be sampled using utilities provided in the EarthVision software to create
input files for numerical flow models. Three-dimensional property distributions can also be applied
within one or more geologic units of the model.

The following procedure was used to build and revise the geologic model:

1. Grids representing the tops of extensive stratigraphic units (present over most of the model domain)
were created based on the elevation contact picks for 446 boreholes and wells. Information from
boreholes where particular units were interpreted as missing was used to constrain unit extents.
Control points (pseudo data) were added in areas where borehole data were sparse, particularly on the
edges of the model domain, to control model extrapolation. Other control points were sometimes
used to control the configuration of a unit surface using professional judgment based on knowledge of
the depositional and erosional environment.

2. Thickness (isopach) grids were calculated for less extensive geologic units based on the thickness
measured at wells and zero thickness for the not present (NP) flags in the well data. For these less
extensive units, it was generally assumed that the unit was not present in areas where there were no
data for the unit.

3. Starting from the base of the model, grids for the top elevation of each less extensive geologic unit
were calculated by adding the thickness grid to the elevation grid for whichever unit exists below it.
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Figure 6.1. EarthVision Model Domain for the 200 West Area Geologic Model. Note that the model
boundary extends beyond the study area boundary used in subsequent figures, to reduce edge
effects.

4. The model was examined to determine if any units had incorrectly “pinched-out” because the top of a
deeper unit was being extrapolated above the elevation of the well pick. If this occurred, control
points were added to control the top surface of the deeper unit.

Development of the solid geologic model in EarthVision was an iterative process because
examination of the model identified a few wells (estimated at less than 5% of the wells) where elevation
picks were inconsistent. The geologic data were then reevaluated by reviewing/evaluating the raw
borehole data to determine whether the picks were valid. The EarthVision model is displayed as a block
diagram (Figure 6.2) and as a series of structure contour maps (Figures 6.3-6.12). Appendix C provides
additional visual representations of the model (including additional block diagrams, isopach maps, and
cross sections), as well as the input file for the model. Measurements used in these figures are in metric
units.
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Figure 6.2. Three-Dimensional Geologic Model with Cutout Through the Central and Northern
200 West Area, Approximating Cross Sections B-B’ and F-F’. View is to the north-

northwest, with the y-axis pointing north and the x-axis pointing east; scales are in meters.
Vertical exaggeration is 5 times the horizontal.
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Figure 6.3. Structure Contour Map for the Top of the Hanford H1 Unit in and Around the 200 West
Area. The irregular surface in the central and southern 200 West Area is due to man-made
excavations associated with subsurface facilities (e.g., tank farms). Contours are in meters
above mean sea level (MSL).
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Figure 6.4. Structure Contour Map for the Top of the Hanford H2 Unit in and Around the 200 West
Area. Contours are in meters above mean sea level (MSL).
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Figure 6.5. Structure Contour Map for the Top of the Hanford H3 Unit in and Around the 200 West
Area. Contours are in meters above mean sea level (MSL).
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Figure 6.6. Structure Contour Map for the Top of the Cold Creek Unit Silt in and Around the 200 West
Area. Contours are in meters above mean sea level (MSL). Note that this unit is missing
along the northern portion of the study area.
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Figure 6.7. Structure Contour Map for the Top of the Cold Creek Unit Carbonate Unit in and Around the
200 West Area. Contours are in meters above mean sea level (MSL).
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Figure 6.8. Structure Contour Map for the Top of the Ringold Formation, Member of Taylor Flat, in and
Around the 200 West Area. Contours are in meters above mean sea level (MSL).
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Figure 6.9. Structure Contour Map of the Top of the Ringold Formation, Member of Wooded Island,
Unit E, in and Around the 200 West Area. Contours are in meters above mean sea level
(MSL).
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Figure 6.10. Structure Contour Map of the Top of the Ringold Formation, Lower Mud Unit, in and
Around the 200 West Area. Contours are in meters above mean sea level (MSL).
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Figure 6.11. Structure Contour Map of the Top of the Ringold Formation, Member of Wooded Island,
Unit A, in and Around the 200 West Area. Contours are in meters above mean sea level
(MSL).
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Figure 6.12. Structure Contour Map of the Top of Basalt (undifferentiated) in and Around the 200 West
Area. Contours are in meters above mean sea level (MSL).

6.2 Detailed Geologic Cross Sections

Two geologic cross sections were constructed independently from the 3D model to help verify and
refine the stratigraphic contacts data and 3D model and to provide additional details on finer-scale (third-
order) heterogeneities found within some of the stratigraphic packages (Figure 6.13). A north-south-
oriented geologic cross section (Figure 6.14 and Appendix D; B-B’) was selected to capture an abundance
of borehole data through the center of the 200 West Area and roughly follows previously published
geologic cross sections (Tallman et al. 1979; Lindsey 1991; Williams et al. 2002), allowing nearly direct
comparison. This north-south cross section runs through the single-shell tank waste management areas,
S,SX, T, TX, TY, and U. A second cross section was oriented east-west (Figure 6.15 and Appendix D;
F-F) to provide additional detail across the northern portion of the 200 West Area and also roughly
follows previously published geologic cross sections (Tallman et al. 1979; Lindsey 1991; Williams et al.
2002).
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Figure 6.13. Location of Potential and Completed Cross Sections
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Figure 6.15. East-West Cross Section F-F’

The following procedure was used to build and revise the geologic cross sections:

1. Several potential cross sections were identified based on visual observation of borehole arrangement
in relation to key areas of interest, such as waste sites, geologic structures, and stratigraphy
(Figure 6.13). A list of selected boreholes for each transect was identified based on relative location
to cross section lines of interest. Two cross sections (B-B’ and F-F’) were selected for completion
during this phase of the study, based on abundance of boreholes with available logplots and/or
published stratigraphic contacts.

2. An Excel* file was produced from the list of selected boreholes, and multiple data fields (i.e., northing
and easting coordinates, elevation, and borehole depth) were populated with data queried from the
HWIS.

3. The Excel file was used to sort boreholes in order of arrangement along the selected cross section
lines, and relative borehole distances were calculated using northing and easting coordinates
published in the HWIS.

! Excel® is a registered trademark of the Microsoft Corporation, Redmond, Washington.
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4. An Adobe Illustrator file was created with multiple layers using a cross-section scale of 10:1 vertical
exaggeration. Graphic borehole logs created in LogPlot 2003" were exported as .jpg files and placed
into the Adobe Illustrator file. Best-estimate geologic contacts for each well (if available) were taken
from the 200 W Contact Depths Database (dated September 11, 2008) and plotted on each borehole,
and correlation lines drawn between boreholes for each formation and subformation contact.
Measurements on the cross sections were reported in English units (feet) because most well logs and
drillers’ records are recorded using the English units as the standard unit of measurement, thereby
making these measurements directly traceable to the raw borehole data. The best-estimate ground-
surface elevations with respect to the NAVD88 were taken from the Best Estimate Ground Surface
Elevation database (dated June 25, 2008) where available and converted to English units.

These cross sections are intended to help illustrate the current interpretation of the lateral and vertical
extent and variability of the major stratigraphic units (formation and member/facies associations) beneath
the 200 West Area. Each borehole identified for inclusion in cross sections B-B” and F-F’ was evaluated
and included or excluded from the final cross section based on the set of borehole quality ranking criteria
outlined in Table 3.1 (Point System for Prioritizing Borehole Data Analyses). These geologic cross
sections were used to help verify the geologic contacts in the contacts database and to help evaluate and
resolve anomalies and areas of high uncertainty in the geologic solid model.

6.2.1 North-South Cross Section (B-B’)

Cross section B-B’ (Appendix D) was constructed with a total of 84 boreholes. A generalized
schematic of this cross section is presented in Figure 6.14. Twenty-six of the 84 boreholes (31%) along
this cross section have available logplot files, and 52 boreholes (62%) have available geologic contact
data. Figure 6.16 illustrates a cross section through the solid-earth geologic model (created using
EarthVision) coincident with, and for comparison against, that of Figure 6.14 and Appendix D, cross
section B-B’.

Figure 6.16. North-South Cross Section Through the Solid-Earth Geologic Model Coincident with That
of Cross Section B-B’ (Figure 6.14)

! LogPlot™ is a trademark of RockWare Inc., Golden, Colorado.
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6.2.2 East-West Cross Section (F-F’)

Cross section F-F’ (Appendix D) was constructed with a total of 20 boreholes. A generalized
schematic of this cross section is presented in Figure 6.15. Currently, 12 of the 20 boreholes (60%) have
available logplot files, and 12 boreholes (60%) have available geologic contact data. Figure 6.17
illustrates a cross section through the solid-earth geologic model (crated using EarthVision) coincident
with, and for comparison against, that of Figure 6.15 and Appendix D, cross section F-F’.

Figure 6.17. West-East Cross Section Through the Solid Earth Geologic Model Coincident with That of
Cross Section F-F’ (Figure 6.15)
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7.0 Physical, Hydraulic, and Geochemical Properties

A compilation of the existing physical, hydraulic, and geochemical properties for stratigraphic units
and associated lithofacies defined in the 3D stratigraphic model can be found in Last et al. (2009). The
hydrostratigraphy and associated flow and transport parameters are highly site-specific and are generally
applicable to a select set of conditions under which the parameters were measured or estimated. Many
physical, hydrologic, and geochemical factors affect these parameter values, including the depositional
environment, particle size distribution, sedimentary structures, compaction and cementation, and sediment
mineralogy. As a result, determining the appropriate flow and transport parameters for a specific
application generally requires the expert judgment of a hydrogeologist or soil scientist familiar with the
environmental conditions and the conditions under which the parameter values were measured or
estimated and the needs of the model being constructed.

Petrologic, mineralogic, bulk rock geochemistry, and other geochemical properties of the subsurface
geologic materials provide information on the provenance, stratigraphic correlation, and contaminant
retardation properties of the stratigraphic units and intra-unit facies. A summary of the available
petrologic, mineralogic, bulk rock geochemistry, and cation exchange data was partially documented by
Mackley and Last (2003) and Xie et al. (2003). Efforts are in progress to develop a Hanford Site-wide
database for this information (Mackley et al. 2008). A summary of these data relative to the stratigraphic
and hydrostratigraphic units is presented below.

7.1 Mineralogy, Petrology, and Bulk Rock Geochemistry

Mineralogic data have been derived primarily from electron microprobe (EM), x-ray diffraction
(XRD), or petrologic analyses. Bulk rock geochemistry data has primarily been derived from x-ray
fluorescence spectrometry. Xie et al. (2003) suggest that there are significant differences between the
Hanford and Ringold formations; however, there is also significant spatial variability within each
formation.

7.1.1 Hanford Formation

The Hanford formation sediment consists of glaciofluvial materials deposited by Ice Age floods. The
mineralogy of this sediment is highly variable, depending on grain size. Gravel-dominated sediment
tends to have a high degree of rock fragments (mostly basaltic, with some plutonic, metamorphic, and
detrital caliche fragments) (DOE 2002). Microprobe analysis of the sand and finer-grained fraction has
found it to be dominated by quartz (18% to 67.1% by weight), plagioclase (5.1% to 41.5%), and
microcline (1.8% to 30.1%) (Tallman et al. 1979; Serne et al. 1993; Xie et al. 2003). Other dominant
minerals include amphiboles up to 36.6%, pyroxenes up to 27.5%, mica (biotite/illite) up to 13.1%, and
calcite up to 6.5% by weight. Smectite clays represent a few weight percent of the bulk sand fraction
(3.3% to 5% [Serne et al. 1993]) and generally dominate in the clay fraction (Tallman et al. 1979). Reidel
(2004) reported chlorite concentrations generally less than 3 wt%, except for one sample that had 8 wt%
chlorite.

7.1



Hanford formation sediment is typified as having low organic carbon content generally less than 0.1%
by weight (Serne et al. 1993) and low-to-moderate cation exchange capacity (2.6 to 7.8 milliequivalents
per 100 grams; Serne et al. 1993). The sediment has a slightly basic pH when wetted (Serne et al. 1993
found that the pH of saturation extract ranged from 7.66 to 8.17). Small amounts of detrital calcium
carbonate (calcite) are common and can act as a weak buffer.

7.1.2 Cold Creek Unit

Much less mineralogy data are available for the Cold Creek unit. Tallman et al. (1979) found that the
sediments they referred to as Early Palouse Soil are fairly similar in mineralogy to that of the Hanford
formation sediments (25.3% to 29.4% quartz, 15.1% to 18.2% plagioclase, 15% to 17.8% microcline,
7.9% to 10% amphiboles, 1.3% to 12.5% micas) but generally are higher in calcite (8% to 8.8%) and lack
pyroxenes. Bjornstad (1990) found similar results for these fine-grained sediments but found that the
carbonate-rich facies (referred to as the Plio-Pleistocene unit) consisted predominantly of calcium
carbonate and/or sedimentary rock fragments, with lesser amounts of quartz and feldspars. Thin beds of
caliche with calcite predominate, and variable amounts of ferric oxide exist in the 200 West Area in the
Cold Creek unit just above the Ringold Formation.

7.1.3 Ringold Formation

Xie et al. (2003) found significant differences in electron microprobe and petrographic results
between the Hanford and Ringold formations. The Ringold Formation sediment is generally higher in
guartz than the Hanford formation but lower in plagioclase and pyroxene. Deeper within the Ringold
Formation, calcic and ferric oxide cements are often present. The cementing can alter significantly the
permeability of the otherwise coarse-grained Ringold sediment.

7.2 Contaminant Distribution Coefficients

Most recent Hanford Site assessments have primarily relied on, or built on, the generic distribution
coefficients assembled by Last et al. (2006). Thus, these values provide the most logical basis for
Hanford-specific K4 values for use with RESRAD (Last et al. 2009). However, these generic Hanford
Site Ky values should be used only in the absence of waste-site—specific data.

7.3 Limitations and Data Gaps

The location of mineralogic and geochemical samples should be correlated to the geologic model to
reassess the units to which they are assigned.
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8.0 Limitations and Uncertainty

Several sources of error and limitations are associated with compilation of so many diverse sets of
stratigraphic contacts and the assignment of physical, hydrologic, and geochemical properties. These data
compilations and databases are evolving, and different versions of the databases have been used in
different parts of this analysis. However, the differences among these database versions are relatively
minor and are not believed to be significant to the overall analysis. These data compilations and
databases and are subject to future refinement as additional data are incorporated and as further
evaluations are made.

8.1 Uncertainty in Stratigraphic Interpretations

Borehole geologic data are of variable quality, and a number of sources of uncertainty are associated
with these data and interpretation of the geologic units, their top and bottom contacts, their lateral
continuity, and their thicknesses.

8.1.1 Identification of Geologic Units and Contacts

The principal source of uncertainty for identification of geologic units and their contacts is the
descriptive quality of the drilling, sampling, and logging techniques used during borehole drilling, as well
as the methods and materials used in well construction. The variable quality or lack of availability of
borehole geophysical logs and laboratory data from borehole samples also contribute to this uncertainty.
Many boreholes installed prior to the 1980s were drilled without a well site geologist present to describe
the drill cuttings and samples. For these boreholes, only drillers’ logs are available, and their quality
varies greatly. Furthermore, varying quality of descriptions of subtle differences and gradational changes
among geologic facies and across stratigraphic units can hamper reliable spatial correlation of sediment
packages and individual facies.

As a result of the variability of data and the experience and professional judgment of the different
investigators, many of the same geologic contacts have been picked at slightly different locations by
different investigators. Different investigators may use different criteria for choosing contacts, depending
on the objectives of the specific project (e.g., geologic in nature or hydrologic). Therefore, contact
selection can be subjective and inconsistent. In some cases, the difference in contact elevation may be
attributable to differences in the ground-surface elevations used by the different investigators.

8.1.2  Vertical Survey and Depth Control

Uncertainties in contact estimates can be derived from poor vertical survey and depth control.
Sources of uncertainty include poorly documented information such as ground-surface elevation at the
time of drilling and sampling, the reference point elevation at the time of borehole geophysical logging or
other measurements, and the accuracy of depth measurements. Multiple survey estimates for some wells
suggest that the uncertainty in ground-surface elevation is often on the order of 1 m (3 ft) and can be as
much as 2.4 m (8 ft). This can impart errors in the slopes of the geologic surfaces and associated
extrapolation of the 3D configuration of the stratigraphic unit.
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8.1.3 Depth and Thickness of Sedimentary Units

The spacing and accuracy of depth-discrete observations and samples also can influence the
interpretation of the depth and thickness of geologic units. Drill cuttings and samples have routinely been
collected at 1.5-m (5-ft) intervals. However, the accuracy of depth measurements for these samples and
observations is rather uncertain due to the variability in measurement techniques used by various drillers.
The resulting uncertainty associated with interpretation of the depth and thicknesses of geologic units is
estimated to be within the range of 0.7 to 3 m (2.5 to 10 ft). Borehole geophysical logging data can help
to significantly reduce depth uncertainties for geologic units with distinct geophysical signatures.

A minor source of uncertainty contributing to the accuracy of depth measurements is the straightness
and plumpness of the borehole. While small deviations can have a significant effect on water-level
measurements, this source of uncertainty is deemed to be rather minor relative to the scale of borehole
sampling because most boreholes have been shown to have only minor deviations when casing liners
and/or groundwater pumps have been installed.
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Appendix A

Stratigraphic Contacts for the 200 West Area and Vicinity

Stratigraphic contact data* were taken from an electronic database of contact information compiled
from published reports as well as some unpublished data, including new or revised interpretations made
specifically for this report. This database contains nearly 1,190 records representing stratigraphic contact
information for 446 different boreholes. Only the contact depths (in feet below ground surface) are
provided here. The source used as the basis for the vertical location of these stratigraphic contacts in each
well is identified in the “Source” column (see Table 5.2 for explanation). The source information was
used to identify a principal investigator and the date on which the information was published.

Where multiple depths were recorded for a given contact in a given borehole, a subjective ranking
and evaluation was made to select the best-estimate contact depths for each borehole (see column
“Rank/Priority”). Selection of the best-estimate contacts was based in part on a relative ranking of the
traceability and defensibility of the contact data sources:

1 — Reported contacts are directly traceable to raw borehole data (e.g., through summary logs with
contacts) and firsthand geologic interpretation (e.g., cross sections, structure contour maps).

2 — Reported contacts are indirectly traceable to raw borehole data (i.e., no summary logs) but are
represented in firsthand geologic interpretation.

3 — Reported contacts are not readily traced to raw borehole data or firsthand geologic interpretation
(e.g., data and/or interpretations taken from other documents).

4 — Unpublished contact data where no other data are available from that principal investigator(s).

5 — Unpublished contact data that have been superseded by other published data by the same principal
investigator(s).

Note that most of these best-estimate picks were taken from unpublished work by Bjornstad, with the
source identified as “Bjornstad08” and the date published as “This Report.” Other best estimates made
specifically for this study were identified with a specific record and existing source. Where the contacts
were defined specifically for this report, they were similarly identified by the geologist picking the
contacts (e.g., “Last08”) and with the date published listed as “This Report.” Note that these newly
developed contact sets were not ranked.

! The database is included in an Excel file, 200 W Contact Depths_2009-08-17.xls, in this Appendix A subfolder.
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DRAFT A

200 West Area

Data Source Information

Reported and/or Calculated Contact Depths (ft)

Well # Hanford Well| Drill Depth Rank / Source Principal Date Comments / Technical Basis |Holocene| Top of | Top HF1 | Top HF2 | Top HF3 | Top CCU | Top CCU Top Top Top of | Top Rtf | Top Rwie | Top Rwic| Top RIm [ Top Rwia| TOB Date Last Reason Last Changed
(from HWIS) ID (ft) Priority Investigator | Published (Eolian | Hanford (undif) CCuUz CCUc | Ringold Changed
(from HWIS) | (from HWIS) or formation Formatio
backfill?) n
Best Est.?
299-W06-001 |A4996 1|Last89 Last 1989 39 39 39 98 98 98 4662
299-W06-001 |A4996 2|Lindsey95 Lindsey 1995 0 5 5 40 40 60 60 100 425 435 470
299-W06-001 |A4996 1|Williams02  |Williams 2002 98 457
299-W06-001 |A4996 3|Thorne06 Thorne 2006 0.0 0.0 44.0 44.0 44.0 44.0 56.8 56.8 96.8 411.7 424.9 453.7
299-W06-001 |A4996 Best Est.|Bjornstad08 |Bjornstad This Report 0 6 6 41 41 41 41 45 61 61 99 413 426 455
299-W06-001 |A4996 5|Thorne Thorne UP 44 412 425 454
299-W06-002 |A4997 1. Best Est.|Last89 Last 1989 59 59 68 97 97 97
299-W06-002 |A4997 3|Thorne06 Thorne 2006 0.0 0.0 52.2 52.2 52.2 52.2 82.3 82.3 87.3
299-W06-002 |A4997 5|Thorne Thorne UP 52
299-W06-003 |A4998 2|Lindsey95 Lindsey 1995 0 0 0 61 61 88 88 98 415 425
299-W06-003 |A4998 1|Williams02  |Williams 2002 97 404 510
299-W06-003 |A4998 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 61 61 61 61 88 88 98 415 425
299-W06-006 |A5001 2|Lindsey95 Lindsey 1995 0 0 0 29 29 60 60 108 425 439
299-W06-006 |A5001 1|Williams02  |Williams 2002 106
299-W06-006 |A5001 Best Est.|Bjornstad08 |Bjornstad This Report 1 1 30 30 30 30 61 61 109 426 440
299-W07-001 |A5004 1 Last89 Last 1989 60 60 73 108 108 143
299-W07-001 |A5004 3|Thorne06 Thorne 2006 0.0 0.0 56.8 56.8 56.8 66.6 106.6 106.6 136.8
299-W07-001 [ A5004 Best Est.|Bjornstad08 |Bjornstad This Report 61 61 67
299-W07-001 |A5004 5|Thorne Thorne UP 57 57 67
299-W07-002 |A5008 1 Last89 Last 1989 33 33 42 83 83 98
299-W07-002 |A5008 3| Thorne06 Thorne 2006 0.0 0.0 315 315 315 41.7 81.7 81.7 86.6
299-W07-002 |A5008 Best Est.|Bjornstad08 |Bjornstad This Report 32 32 42
299-W07-002 |A5008 5|Thorne Thorne UP 32 32 42
299-W07-003 |A5009 1|Last89 Last 1989 30 30 40 78 78 100 476
299-W07-003 |A5009 2|Lindsey95 Lindsey 1995 0 0 0 34 34 80 80 105 365 365 474
299-W07-003 |A5009 1|Williams02  |Williams 2002 404 473
299-W07-003 |A5009 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 34 34 34 34 80 80 105 365 365 474
299-W07-004 |A5010 1|Last89 Last 1989 55 55 64 81 81 103
299-W07-004 |A5010 3|Thorne06 Thorne 2006 0.0 0.0 46.6 46.6 46.6 46.6 71.5 71.5 96.8
299-W07-004 |A5010 Best Est.|Bjornstad08 |Bjornstad This Report 47
299-W07-004 |A5010 5|Thorne Thorne UP 47
299-W07-005 |A5011 1|Last89 Last 1989 24 24 35 76 76 76
299-W07-005 |A5011 3|Thorne06 Thorne 2006 0.0 0.0 31.8 31.8 31.8 31.8 71.9 71.9 71.9
299-W07-005 |A5011 Best Est.|Bjornstad08 |Bjornstad This Report 33
299-W07-005 |A5011 5|Thorne Thorne UP 32
299-W07-006 |A5012 1|Last89 Last 1989 18 18 18 76 76 76
299-W07-006 |A5012 3| Thorne06 Thorne 2006 0.0 0.0 16.4 16.4 16.4 16.4 715 71.5 71.5
299-W07-006 |A5012 Best Est.|Bjornstad08 |Bjornstad This Report 17
299-W07-006 |A5012 5|Thorne Thorne UP 17
299-W08-001 |A5016 1|Last89 Last 1989 72 72 87 119 119 152
299-W08-001 |A5016 3|Thorne06 Thorne 2006 0.0 0.0 88.3 88.3 88.3 88.3 117.1 117.1 147.3
299-W08-001 |A5016 Best Est.|Bjornstad08 |Bjornstad This Report 88
299-W08-001 |A5016 5|Thorne Thorne UP 88
299-W09-001 |A5017 1|Last89 Last 1989 149 149 159 184 184 193
299-W09-001 |A5017 Best Est.|Last08 Last This Report 149 149 159 184 184 193
299-W10-001 |A7136 1|Last89 Last 1989 76 76 94 115 115 142
299-W10-001 |A7136 1|Wood01 Wood 2001 0 0 0 62 76 76 94 110 110 141
299-W10-001 |A7136 3|Serne04b Serne 2004 |From PNNL-14849, Figure 2.5. 0 0 0 62 76 76 76 94 110 110 141
299-W10-001 |A7136 3|Reidel07-T5.3|Reidel 2007 0 0 0 62 76 76 76 94 110 110 141
299-W10-001 |A7136 Best Est.|Bjornstad08 |Bjornstad This Report 1 1 63 77 77 77 95 111 111 142
299-W10-002 |A4896 1/'Wood01 Wood 2001 0 7 7 63 85 85 97 113 113 127
299-W10-002 |A4896 Best Est.|Bjornstad08 |Bjornstad This Report 7 7 63 85 85 85 97 113 113 127
299-W10-003 |A4897 1|Woo0d01 Wood 2001 0 23 23 85 85 85 93 110 110 127
299-W10-003 |A4897 3|Reidel07-T5.3|Reidel 2007 0 23 23 85 85 93 110 110 127
299-W10-003 |A4897 Best Est.|Bjornstad08 |Bjornstad This Report 23 23 85 85 85 85 93 110 110 127
299-W10-004 |A7137 1/Woo0d01 Wood 2001 0 0 0 52 89 89 99 115 115 132
299-W10-004 |A7137 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 52 89 89 89 99 115 115 132
299-W10-005 |A4898 1|Woo0d01 Wood 2001 0 0 0 85 100 100 110 129 129 135

Stratigraphic Contact Depths for 200 West Area
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DRAFT A

200 West Area

Data Source Information

Reported and/or Calculated Contact Depths (ft)

Well # Hanford Well| Drill Depth Rank / Source Principal Date Comments / Technical Basis |Holocene| Top of | Top HF1 | Top HF2 | Top HF3 | Top CCU | Top CCU Top Top Top of | Top Rtf | Top Rwie | Top Rwic| Top RIm [ Top Rwia| TOB Date Last Reason Last Changed
(from HWIS) ID (ft) Priority Investigator | Published (Eolian | Hanford (undif) CCuUz CCUc | Ringold Changed
(from HWIS) | (from HWIS) or formation Formatio
backfill?) n
299-W10-005 |A4898 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 85 100 100 100 110 129 129 135
299-W10-008 |A4899 1/Wood01 Wood 2001 0 0 0 44 85 85 94 116 116 125
299-W10-008 |A4899 3|Reidel07-T5.3|Reidel 2007 0 0 0 44 85 85 94 116 116 125
299-W10-008 |A4899 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 44 85 85 85 94 116 116 125
299-W10-009 |A4900 1/Woo0d01 Wood 2001 0 0 0 50 83 83 93 134 134 134
299-W10-009 |A4900 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 50 83 83 83 93 134 134 134
299-W10-010 |A4887 1|Woo0d01 Wood 2001 0 0 0 28 73 73 90 116 116 134
299-W10-010 |A4887 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 28 73 73 73 90 116 116 134
299-W10-011 |A4888 1/Wood01 Wood 2001 0 0 0 28 83 83 95 123 123 134
299-W10-011 |A4888 Best Est.|Bjornstad08 |Bjornstad This Report 1 1 29 84 84 84 96 124 124 135
299-W10-012 |A4889 1/Woo0d01 Wood 2001 -1 -1 -1 60 82 82 90 113 113 135
299-W10-012 |A4889 3|Reidel07-T5.3 |Reidel 2007 0 -1 -1 60 82 82 90 113 113 135
299-W10-012 |A4889 Best Est.|Bjornstad08 |Bjornstad This Report -1 -1 60 82 82 82 90 113 113 135
299-W10-013 |A4890 1. Best Est. Last89 Last 1989 Changes were based Kyle Parker's 0 0 114 114 129 144 144 144
299-W10-013 |A4890 3|Thorne06 Thorne 2006 0.0 0.0 107.0 107.0 107.0 111.9 136.8 136.8 136.8
299-W10-013 |A4890 4 Bjornstad08 |Bjornstad This Report 108 108 113
299-W10-013 |A4890 5/Thorne Thorne UP 107 107 107 112
299-W10-014 |A4891 1|Last89 Last 1989 112 112 127 143 143 143 448
299-W10-014 |A4891 2|Lindsey95 Lindsey 1995 0 0 0 130 130 137 137 137 450
299-W10-014 |A4891 1|Williams02  |Williams 2002 137 446
299-W10-014 |A4891 3| Thorne06 Thorne 2006 0.0 0.0 117.1 117.1 117.1 127.3 142.1 142.1 142.1 447.2
299-W10-014 |A4891 3|/Reidel07-T4.1 |Reidel 2007 0 0 115 115 115 115 135 137 137 9/11/2008 Re-evaluated Reidel07 report, which
299-W10-014 |A4891 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 117 117 117 117 127 137 137 137 447
299-W10-014 |A4891 5|Thorne Thorne UP 117 117 117 117 117 127 447
299-W10-015 |A4892 1|Wood01 Wood 2001 0 10 10 60 73 73 93 115 115 135
299-W10-015 |A4892 3|Serne04b Serne 2004 |From PNNL-14849, Figure 2.6. 0 60 79 79 79 93 115 115 135
299-W10-015 |A4892 3|Reidel07-T5.3|Reidel 2007 0 10 10 60 73 73 73 93 115 115 135
299-W10-015 |A4892 Best Est.|Bjornstad08 |Bjornstad This Report 10 10 60 73 73 73 93 115 115 135
299-W10-016 |A4893 1/Wood01 Wood 2001 0 6 6 55 83 83 95 105 105 129
299-W10-016 |A4893 3|Serne04b Serne 2004 |From PNNL-14849, Figure 2.6. 0 55 83 83 83 95 105 105 129
299-W10-016 |A4893 3|Reidel07-T5.3|Reidel 2007 0 6 6 55 83 83 83 95 105 105 129
299-W10-016 |A4893 Best Est.|Bjornstad08 |Bjornstad This Report 6 6 55 83 83 83 95 105 105 129
299-W10-017 |A4894 1|Woo0d01 Wood 2001 0 0 0 42 90 90 100 112 112 128
299-W10-017 |A4894 3|Reidel07-T5.3 |Reidel 2007 0 0 0 42 90 90 90 100 112 112 128
299-W10-017 |A4894 Best Est.|Bjornstad08 |Bjornstad This Report 0 0 42 90 90 90 100 112 112 128
299-W10-018 |A4895 1/Woo0d01 Wood 2001 0 6 6 44 87 87 97 115 115 130
299-W10-018 |A4895 3|Reidel07-T5.3 |Reidel 2007 0 6 6 44 87 87 87 97 115 115 130
299-W10-018 |A4895 Best Est.|Bjornstad08 |Bjornstad This Report 6 6 44 87 87 87 97 115 115 130
299-W10-022 |A9890 1/Wood01 Wood 2001 0 0 0 33 83 83 93 111 111 144
299-W10-022 |A9890 Best Est.|Bjornstad08 |Bjornstad This Report 1 1 34 84 84 84 94 112 112 145
299-W10-023 |B8545 1/Wood01 Wood 2001 0 8 8 43 80 80 88 110 110 131
299-W10-023 |B8545 3|Reidel07-T5.3 | Reidel 2007 0 8 8 43 80 80 88 110 110 131
299-W10-023 |B8545 Best Est.|Bjornstad08 |Bjornstad This Report 8 8 43 80 80 80 88 110 110 131
299-W10-024 |B8546 1/Wood01 Wood 2001 0 3 3 42 83 83 98 108 108 128
299-W10-024 |B8546 1|Williams02  |Williams 2002 126 403 418
299-W10-024 |B8546 3|Reidel07-T4.1|Reidel 2007 0 3 42 59 83 98 128 128 128 9/11/2008 Re-evaluated Reidel07 report, which
299-W10-024 |B8546 3|Reidel07-T5.3|Reidel 2007 0 3 3 42 59 83 83 98 108 108 128
299-W10-024 |B8546 Best Est.|Bjornstad08 |Bjornstad This Report  |Add 2 ft to Wood picks 3 3 42 83 83 83 98 108 108 126 403 418
299-W10-026 |B8548 1/Wood01 Wood 2001 0 3 3 42 88 88 97 110 110 127
299-W10-026 |B8548 3|Reidel07-T5.3|Reidel 2007 0 3 3 42 88 88 97 110 110 127
299-W10-026 |B8548 Best Est.|Bjornstad08 |Bjornstad This Report 3 3 42 88 88 88 97 110 110 127
299-W10-027 |C3125 1/Serne04a Serne 2004 0 45 4.5 41.5 89.4 89.4 98 112 112 124
299-W10-027 |C3125 3. Best Est.|Reidel07-T5.3 |Reidel 2007 0 4 4 44 89 89 98 113 113 125
299-W10-029 |C4988 2006
299-W10-030 |C4989 2006
299-W10-031 |C5194 2006
299-W10-051 |A7141 1/Woo0d01 Wood 2001 92
299-W10-051 |A7141 Best Est.|Bjornstad08 |Bjornstad This Report 92
299-W10-088 |A7178 1/Woo0d01 Wood 2001 0 45 45 47 95 95
299-W10-088 |A7178 Best Est.|Bjornstad08 |Bjornstad This Report 45 45 47 95 95 95
299-W10-089 |A7179 1/Wood01 Wood 2001 0 45 45 50 90 90
299-W10-089 |A7179 Best Est.|Bjornstad08 |Bjornstad This Report 45 45 50 90 90 90
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DRAFT A

200 West Area

Data Source Information

Reported and/or Calculated Contact Depths (ft)

Well # Hanford Well| Drill Depth Rank / Source Principal Date Comments / Technical Basis |Holocene| Top of | Top HF1 | Top HF2 | Top HF3 | Top CCU | Top CCU Top Top Top of | Top Rtf | Top Rwie | Top Rwic| Top RIm [ Top Rwia| TOB Date Last Reason Last Changed
(from HWIS) ID (ft) Priority Investigator | Published (Eolian | Hanford (undif) CCuUz CCUc | Ringold Changed
(from HWIS) | (from HWIS) or formation Formatio
backfill?) n
299-W10-090 |A7180 1/Wood01 Wood 2001 0 45 45 53 90 90
299-W10-090 |A7180 Best Est.|Bjornstad08 |Bjornstad This Report 45 45 53 90 90 90
299-W10-091 |A7181 1/Wood01 Wood 2001 0 45 45 50 94 94
299-W10-091 |A7181 Best Est.|Bjornstad08 |Bjornstad This Report 45 45 50 94 94 94
299-W10-092 |A7182 1/Wood01 Wood 2001 0 45 45 53 95 95
299-W10-092 |A7182 Best Est.|Bjornstad08 |Bjornstad This Report 45 45 53 95 95 95
299-W10-093 |A7183 1/Wood01 Wood 2001 0 45 45 48 90 90
299-W10-093 |A7183 Best Est.|Bjornstad08 |Bjornstad This Report 45 45 48 90 90 20
299-W10-094 |A7184 1|Wood01 Wood 2001 0 45 45 65 90 90
299-W10-094 |A7184 Best Est.|Bjornstad08 |Bjornst