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SUMMARY OF SURFACE GEOPHYSICAL STUDIES
IN THE 300-FF-5 OPERABLE UNIT

1.0 INTRODUCTION

1.1 PURPOSE OF STUDY

This report documents a geophysical investigation supporting hydrogeology
studies of the 300-FF-5 operable unit on the Hanford Site (Figure 1). The
work was proposed in the Remedial Investigation /Feasibility Study Work Plan
for the 300-FF-5 Operable Unit, Hanford Site, Richland, Washington,
(DOE-RL 1990) Section 5.3.2, Task 2. This remedial investigation/feasibility
study (RI/FS) details a study plan to determine the nature and location of
hazardous and radioactive substances and pollutants released to the

s^ subsurface. To determine the extent of the threat to the environment, an
accurate understanding of subsurface fluid migration paths is necessary. This

Cr work involves describing the configuration or geometry and location of
hydrogeologic boundaries, such as the top and base of the unconfined aquifer,
the lateral extent of controlling acquitards, and the location and
configuration of lateral and vertical paths of communication. This
information will provide the general framework for evaluating the impact of
any releases of contaminants and the effectiveness of proposed remediation
techniques.

Traditionally, surface geophysical surveys are used to provide subsurface
stratigraphic control between boreholes. However, the unusual mix of flood
deposits and massive river gravels raises the question of whether these
standard surveys can provide useful information. Therefore, the purpose of

_ this study is to use surface geophysical techniques, particularly seismic
reflection surveys, in the 300-FF-5 operable unit to determine their
feasibility to aid subsurface site characterization.

cy^
1.2 PROJECT OBJECTIVES

The geologic goal of the study was to refine the definition of the major
lithofacies that may control the hydrofacies between the water table and the
top of basalt. The major source of subsurface information at the Hanford Site
is provided by borehole control and extrapolations between holes.
Consequently, there is no data control from well to well. Geophysical
techniques can provide information between boreholes and allow extrapolation
of the geology into unknown areas.

Under Section 5.3.2.1, Task 2a, of the RI/FS (DOE-RL 1990), two main
objectives using surface geophysical techniques were proposed. The first
objective called for a feasibility study " . . to evaluate the reflective
properties of the major sedimentary units, the water table and the top of the
basalt." The seismic reflective properties of geologic boundaries are
dependent on the acoustic impedance contrast across any given
stratigraphic/tectonic unit. This contrast, which involves changes in
acoustic velocity and bulk density, must be great enough to allow seismic
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energy to be reflected from the boundary and transmitted to receivers on the
surface. The impedance contrast in unconsolidated sediments is not always
great enough to permit the use of seismic reflection techniques. However,
when successful, the detailed resolution can provide the needed geologic
control to determine the lateral extent of major stratigraphic units and the
structure of the underlying basalt. By evaluating the reflective properties
of the controlling stratigraphic horizons, this feasibility study has been
able to determine the usefulness of the seismic reflection technique for
future site characterization. The RI/FS also specified that extensive ground-
penetrating radar (GPR) be run prior to seismic acquisition to delineate the
thickness of eolian sediments and the location of paleosol horizons that can
adversely effect the quality of seismic data.

The second goal of this study was to determine the existence of a
proposed paleochannel (Lindberg and Bond 1979) extending along the eastern
boundary of 300-FF-5 operable unit parallel to the present-day Columbia River.
Lindberg and Bond (1979) state that excavation in 1958 discovered a channel

1) - incised into the Ringold Formation beneath the 300 Area. The eastern side of
this channel would consist of Hanford formation flood gravels adjacent to the
Ringold Formation forming a flow barrier between the paleochannel and the

^ present-day Columbia River. In the RI/FS (DOE-RL 1990), it was determined
that this barrier and any opening in the barrier allowing communication with

r-- the river might be mappable utilizing shallow geophysical techniques, such as
GPR, electromagnetic induction (EMI) profiling, and seismic refraction
studies.

1.3 SCOPE OF INVESTIGATION

In the RI/FS (DOE-RL 1990), survey location lines were laid out to extend
between new wells drilled in 1992 to facilitate correlating the geophysical
data to well control (Figure 2). About 14.5 km (9 mi) of seismic reflection,
GPR and EMI data were collected along these lines. Prior to data acquisition,
a series of field tests was performed to optimize the data. Furthermore,
three different acoustic sources were tested to investigate problems
concerning input frequency versus signal strength. Unfortunately, there were
no guidelines in the RI/FS requiring borehole velocity control. Consequently,
no data of this nature were acquired. Also, GPR and EMI surveys were carried
out along seismic lines to identify thick eolian sections, paleosol locations,
and culturally disturbed areas.

Although it is stated in the RI/FS (DOE-RL 1990) that GPR, EMI, and
seismic refraction surveys should be used to attempt mapping the proposed
paleochannel, several short east-west profiles of reflection and refraction
data were collected to ascertain the existence of the proposed north-south-
trending barrier (Figure 2). In addition, reflection data were acquired along
line 1-3 in several sections locate possible breaks or opening in the proposed
barrier.

1.4 PLAN OF DEVELOPMENT

Chapter 2.0 describes pertinent geology and previous seismic studies.
Chapters 3.0 and 4.0 briefly describe reflection-seismic source and velocity
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studies. In particular, an in-depth discussion in Chapter 3.0 describes the
importance and results of the initial seismic reflection field testing. The
findings of these investigations are relevant, not only to the data quality
for this study but also as important documentation to future seismic work at
the Hanford Site.

The velocity function, both laterally and vertically, is always an
important topic for seismic investigations and, as such, warrants an in-depth
discussion to illuminate problems peculiar to the Hanford Site.

In Chapter 4.0, all the data are analyzed with respect to the study
objectives as defined in the RI/FS (DOE-RL 1990). Where significant and/or
possible, the results of the geophysical surveys have been integrated with the
findings of the hydrogeology study to present a more complete subsurface
structure of major geologic contacts. Interpreted seismic sections are
presented in Appendix D.

The overall results and the significance of this comprehensive
geophysical study are discussed in Chapter 5.0. Specific, pertinent

c±. recommendations for future geophysical surveys relevant to the 300-FF-5 area
and to sitewide investigations are made with respect to the investigative

r^ nature of this study.

Examples of each data type are given in the appendices. A comprehensive
discussion of EMI/GPR findings is provided in Appendix A, and all the
acquisition and processing parameters for each geophysical method used are
presented in detail in Appendix B. In addition, documentation of the velocity
functions used to process and interpret the seismic reflection survey is
presented in Appendix C. This velocity data is provided to aid in planning
future sitewide seismic surveys.

2.0 GENERAL BACKGROUND STUDIES

O•
2.1 GEOLOGY

In this section, the basic subsurface lithologic units encountered in the
300 Area are briefly described. These units consist of the Ice Harbor Member
of the Miocene age Saddle Mountains Basalt, the late Miocene-to-Pliocene age
Ringold Formation, the Pleistocene age Hanford formation, and localized eolian
deposits (Figure 3[Swanson et al. 1992]). The Plio-Pleistocene unit and
early "Palouse" soil found further to the west are not present (Swanson
et al. 1992).

The Ice Harbor Member is the uppermost unit in the
Basalt (DOE 1988, Tolan et al. 1989). The source vents
east near Ice Harbor Dam. The Ice Harbor Member extends
Rapids and pinches out just to the north of the 300 Area
top of the Ice Harbor Member ranges from 52.4 to 59.7 m
the surface (Swanson et al. 1992). Where the top of the
generally is weathered and oxidized (Ledgerwood 1991).

Saddle Mountains
are located to the
as far west as Horn

In the 300 Area the
(172 to 196 ft) below
unit is described, it
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Immediately overlying the basalt is the Ringold Formation. Three of the
five Ringold Formation facies associations (Lindsey 1991) are found in the
300 Area. They are the fluvial gravel association, overbank-paleosol
association, and lacustrine association. Ringold Formation strata in the
300 Area are divided into an upper gravel-dominated interval and a lower mud-
dominated interval ( Swanson et al. 1992).

The lower interval is equivalent to the lower mud unit. The lower mud
unit probably consists of an upper lacustrine interval and a lower overbank-
paleosol interval in the area. The unit thickens to the south, while thinning
to the north and west (Swanson et al. 1992). It may be absent north of the
300 Area (DOE-RL 1990). The lower mud unit is separated locally from the
underlying basalt by a thin, discontinuous sand-rich interval. The lower mud
unit forms the base of the unconfined aquifer in the 300 Area.

The upper part of the Ringold Formation consists dominantly of clast-
supported gravels with a fine- to medium-grained sand matrix that is typical
of the fluvial gravel facies association (Swanson et al. 1992). These gravels
contain two laterally discontinuous mud-dominated intervals that are dominated

^ by the overbank-paleosol association. As a consequence of lateral
discontinuity, pinchouts producing a complex interfingering pattern are
common. These gravels probably are equivalent to gravel units B, C, and E
(Lindsey 1991).

The upper unit of the Ringold Formation, the Plio-Pleistocene unit, and
the early "Palouse" soil are missing from the 300 Area as a result of erosion
associated with cataclysmic flooding (Swanson et al. 1992). Consequently, the
Hanford formation unconformably overlies Ringold Formation gravels. This
contact is very irregular and may contain paleochannels. Two of the three
main facies in the Hanford formation (Baker et al. 1991, Lindsey et al. 1991,
Lindsey et al. 1992), the gravel-dominated and sand-dominated, are found in

^.. the 300 Area. The silt-dominated or rhythmite facies found elsewhere on the
Hanford Site are absent.

The gravel-dominated facies consists of basalt-dominated granule-to-
boulder gravel (Swanson et al. 1992). The facies,displays massive bedding,
planar and low-angle bedding, and large-scale planar (or foreset)
crossbedding. Large-scale scour surfaces also are found. These gravels
commonly have little matrix material and, thus, form an open-framework fabric.
These open-framework gravels directly overlie Ringold Formation gravels that
are significantly more cemented and compacted. Consequently, a sharp contrast
in bulk modulus may exist across this contact, allowing reflection of acoustic
energy. Hanford formation gravels were deposited by high-energy flood waters
in main cataclysmic flood channelways.

The Hanford formation sand-dominated facies in the 300 Area consists of
plane-laminated, fine- to coarse-grained basaltic sand with minor gravel
(Swanson et al. 1992). Channel-fill sequences may occur locally. Deposition
of this facies occurred adjacent to main flood channelways and during waning
flood stages.

.Where human activities have not modified the ground surface, eolian sands
commonly occur. The eolian sands vary greatly in thickness and are Holocene
in age.
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2.2 PREVIOUS SEISMIC SURVEYS

Although there have been numerous refraction surveys conducted at the
Hanford Site over the years, this discussion is limited to a brief review of
past seismic reflection studies. ( Donaldson 1963, Heineck and Beggs 1978,
Myers et al. 1979, Holmes and Mitchell 1981, Berkman 1984, Berkman 1986,
Kunk 1986). These earlier surveys were conducted to study the basalts, to
evaluate the method for mapping the basalt/sediment interface, and to
determine local basalt structure. None of these studies focused on
delineating the sediments. It is important to study the previous work in this
area to understand the challenges of this current study.

The seismic reflection method was tested for the Basalt Waste Isolation
Project (BWIP) to map the basalt down to the Umtanum flow of the Grande Ronde
Basalt (Heineck and Beggs 1978). The data shown in Figure 4 display the
basalt starting at 0.15 seconds ramping up onto Gable Mountain. There are,
however, no reflections depicting the shallower sediments. In 1979 and 1980,

aa an additional 195 line km (121 line mi) of data were collected sitewide (Myers

V,
et al. 1979, Holmes and Mitchell 1981).

Part of this data set was reprocessed for the BWIP to study the upper
basalts. The seismic sections were somewhat improved, though did not
delineate the suprabasalt stratigraphy (Berkman 1984). Consequently, there
was no delineation of shallow sediment stratigraphy.

Additional seismic reflection data was collected in 1985 by BWIP to
^ determine the best acquisition and processing parameters in the area. This

was a more involved study that included testing three different energy sources
and various other acquisition parameters (Kunk 1986). Early results are shown
in Figure 5.

The shallowest coherent reflector near 0.1 second is correlatable to the
base of the Plio-Pleistocene layer. Once again, the main goal was to map the
basalt top, which is located at about 0.27 seconds near shot point 120.
Reflectors can be discerned within the Ringold Formation, but none can be
traced across the section. There is no resolution of shallower strata.

These data were reprocessed several times (Berkman 1986, Kunk 1986).
Although the character of the coherent reflections within the basalts
improved, definition of the shallower strata did not.

3.0 SEISMIC REFLECTION STUDIES

3.1 INTRODUCTION

This section describes data acquisition and processing procedures
(detailed description in Appendix B) and results for the seismic reflection
testing. The interpretation of the data is presented in Chapter 4.0. There
are several problems associated with shallow seismic reflection surveys,
especially those conducted in unconsolidated media. The first problem
addresses resolution of the subsurface geologic boundaries. Theoretically, to
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resolve or "sense" a subsurface geologic feature or target, the wavelength of
reflecting acoustic waves should be no longer than one-quarter the dimensions
of this target. Otherwise, the data cannot resolve and image the feature of
interest.

At the Hanford Site, one full wavelength is a more realistic value due to
the noisy nature of the data. Therefore, to realistically detect the water
table separately from the Hanford/Ringold contact, the seismic wave should
have a wavelength no greater than the actual separation. Since the seismic
wavelength is dependent on the frequency of the acoustic source and acoustic
velocity of the geologic media, for a geologic environment which has a
velocity of approximately 610 m/s (2,000 ft/s), a 3-m (10-ft) wavelength
equates to a frequency of 200 Hz. To obtain this degree of resolving power,
the seismic source must generate energy that has maximum energy near the
dominant frequency of 200 Hz. Thus choosing the correct source is critical.

Another problem of shallow seismic surveys concerns attenuation of the
o` energy in unconsolidated media. The magnitude of velocity is dominated by the

bulk modulus of the propagating media. The bulk modulus measures the
compressibility of the geologic material. A medium with a low velocity is
very compressible, and much of the acoustic energy is dissipated as work to
allow propagation. Consequently, the depth of penetration is not great. This
problem is amplified for dry soils because air is quite compressible while
water is almost incompressible. Thus, the seismic source must have enough
energy to get through the very shallow, low-velocity sediments.

Three high-frequency sources were tested for this seismic survey. Their
amplitude spectra were compared to quantify the amount of energy versus the
frequency range that each source could generate at the 300 Area. Data were
collected using each source, and a comparison was made between the two most
favorable sources.

Proper design of the acquisition configuration is also important to
increase the signal-to-noise ratio and also to increase resolution by
determining the best acquisition parameters, such as receiver spacing, length
of the spread, etc. The nature of shallow reflections in unconsolidated media
is extremely site dependent. The same source and acquisition parameters used
successfully at one site may produce unsatisfactory results elsewhere. Thus,
the seismic source and acquisition parameters had to be field tested for
application at the 300 Area. This aspect of the survey is discussed in the
next section.

Finally, a variety of complex, quantitative procedures are applied to the
data during processing. Decisions of what procedures to apply and how to
apply them greatly affect the resulting data. Part of this processing
involves a velocity analysis. Detailed sonic borehole logs are often acquired
near each seismic line to correlate coherent reflectors to actual geologic
horizons. However, these detailed data were unavailable for this survey, and
other methods of velocity control were applied.
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3.2 DATA ACQUISITION

Field testing of seismic sources and survey geometries is necessary to
best match the qualities of the overall data with the project goals and
logistics of the survey. Seismic data acquisition tests were conducted at two
locations (see Figure 2). A flat area near well S27-E9 in the southwestern
part of the study area was used, because of its low topographic relief and
nearby borehole data (well 399-5-2). The water table is shallow in this area,
which also made the site attractive. The second test site was just north of
the 618-7 burial ground near well 8-5 along line 4-5. This area is also
relatively flat. This test site is near the center of the study area, which
also contributed to its selection.

The goals of the testing were to evaluate source and receiver
configuration trade-offs with respect to the objectives of the study. The two
main lithologic targets were the Hanford/Ringold contact and the lower mud
horizon of the Ringold Formation. Source considerations included the

p nondestructive and nonintrusive nature of the source, as well as mobility,
frequency content of the energy, and amplitude of the energy.

c.`

PT 3.2.1 Seismic Source Study
,. .

Seismic sources come in a variety of packages. Output energy, frequency,
^ repetition rate, repeatability, availability, cost to operate, mobility, and

destructive/nondestructive nature are some of the variables considered in
choosing a seismic source.

Cr

As the depth of investigation increases, the amount of energy required
increases, but the resolution is reduced. Additionally, the lower the
frequency, the better the signal propagation, but resolution also decreases
with lower frequency. Therefore, the trade-off between depth and resolution
must be carefully assessed. Three impulsive seismic so rces were tested at
this site: the sledge hammer, the Be.tsy Seisgun Source^, and the Dinoseis2.
The sources were tested at two locations to sample different geologic
conditions in different configurations to determine the best overall source.

As shown in Figure 6, the Betsy Seisgun and sledge hammer are similar
with energy peaks near 45, 70, and 125 Hz; however, the sledge hammer has a
slightly wider band width and slightly more amplitude in the high frequencies
than the Betsy. The Dinoseis has energy peaks at around 35 and 45 Hz
(Figure 7) that will limit its ability to resolve stratigraphic horizons. On
the other hand, it has an order of magnitude more energy at frequencies below
75 Hz and a slightly lower amplitude at the higher frequencies than the other
two tested sources. Consequently, energy from the Dinoseis can be expected to
propagate more deeply into the subsurface.

The Betsy Seisgun was the most repeatable source. This means that the
input signal was nearly the same each time the gun was fired. Although the

'Betsy is a trademark of Betsy Seisgun, Inc.

2 Dinoseis is a trademark of Atlantic Richfield Company.
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sledge hammer had similar repeatability, it was not tested extensively.
Unfortunately, the repeatability of the Dinoseis was not as reliable,
primarily due to the variable burn time of the combustible chamber.

Given the Betsy Seisgun and the sledge hammer's similarity, the Betsy was
chosen for lines 7-8, 4-5, and 7-4 because of its greater amplitude and better
repeatability. The Dinoseis was chosen for the remainder of the survey
because it was the only source capable of producing enough energy to
consistently penetrate to the lower mud and basalt horizons.

Figure 8 shows two seismic line segments that interset at borehole S22-E9
(see Figure 2). The Betsy was used as the source for the segment on the left,
while the Dinoseis was used for the segment on the right. The trade-off of
resolution versus depth of penetration can be seen quite well. The Betsy data
reveal two reflectors near 0.05 second. The Dinoseis data only reveal one
reflector, which is a combination. This is due to the higher frequency of the
Betsy data, which yield higher resolution. The Dinoseis data, however, more

- clearly reveal a reflector near 0.125 second. This reflector is very weak in
the Betsy data and would be difficult to use for interpretation, as seen in

^ the Betsy data.

c•1

,. 3.2.2 Acquisition

Initially, a symmetrical split-spread configuration with shots and
receivers located every 3.05 m ( 10 ft) was used (Figure 9[a]). After early
data processing, it was determined that this configuration was not "tight"
(close-spaced geophones) enough. The acquisition configuration.was then
altered to having the geophones at 1.5-m ( 5-ft) intervals and the shot points
every 3.05 m (10 ft [Figure 9(b)]).

_,. The acquisition of the seismic data was primarily driven by the drilling
of boreholes. Initial testing and data acquisition were done near well S27-E9
in the southwestern corner of the study area ( see Figure 2). This was the
first well to be drilled. Data were acquired by jumping from line to line to
keep away from noise sources. Noise sources included the vibration noise
associated with excavation activities at the 618-9 burial ground and
316-5 processing trenches and well drilling. Attempts were also made to
acquire data over well sites before well-site preparation activities began.
Moving back and forth from line to line does not affect the overall data
integrity; however, long-term activities at well 8-5 did prevent the
acquisition of data in the immediate area of the well.

Three lines of seismic data were acquired using the Betsy Seisgun
(lines 7-4, 7-8, and 4-5). The other lines were acquired using the Dinoseis
as the seismic source, except for the far eastern end of line 8-1. The area
near well S29-E16 was acquired using the Betsy to acquire the data before the
well site was improved for the drilling. The remainder of line 8-1 was
acquired using the Dinoseis source.

8
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3.3 DATA PROCESSING

Once the data are acquired, they are
processing schemes. The processing steps
optimized to determine which sets produce
section. The reliability of the geologic
accuracy of the processing sequence and p
sequence used for these data is discussed

subjected to r
and parameters
the best final
interpretation
irameters used.
in Appendix B.

igorous data
used must be
stacked seismic
depends on the
The processing

3.3.1 Velocity Analysis

The most critical and difficult processing step involves the
determination of seismic velocities. Adequate knowledge of the two-
dimensional velocity structure in the vicinity of a seismic reflection line is
important for three reasons. First, to apply a proper, normal-moveout
correction for each coherent reflector, the processor must'assign a realistic

C,4 velocity to that arrival. Without a prior knowledge of this velocity data, it
can be difficult to stack the reflectors coherently. Second, specific

c reflectors must be related to geologic horizons, such as formation boundaries
during the interpretation stage. This requires knowledge of the vertical

c' velocity gradient at some point along the seismic survey line. Third, if it
is desirable to map a horizon in depth and not in time, then adequate velocity
information is needed.

There were four ways information was obtained to help contain the
acoustic velocity gradient. Ideally, the preferred method is to obtain a
sonic log in a nearby borehole. In the 300 Area, no borehole data have been

^ acquired. However, several borehole surveys do exist near the reference
repository location, and the results of these earlier surveys were used to
initially constrain velocities for various horizons (Dresser 1985, Odegard and
Mitchell 1987, Kunk 1986). In addition, velocity data derived from vertical

'-' seismic profiling surveys conducted by Dresser (1985) and Kunk (1986) in the
Western Cold Creek syncline indicate the middle section of the Ringold
Formation may have velocities approaching those of basalt (e.g., above 3 km/s

o• (10,000 ft/s). However, stacking velocities in the 300 Area for the Ringold
Formation were seldom found to be that high. This is due to less cementation
in the 300 Area.

The second source of velocity control is from the refraction survey.
These data were used primarily to guide the velocity selection for processing
shallow reflection data. Refraction statics were also tested, but did not
prove useful for final processing.

The most reliable velocity estimates were made by fitting hyperbolic
normal-moveout curves to the shot point-sorted and common midpoint-sorted data
gathers. The selection of these velocities was aided through velocity
semblance plots, time-versus-velocity plots, and velocity-contour displays.

Finally, during the interpretation analysis, interval velocities were
calculated from stacking velocities to obtain depth estimates. These stacking
velocities were adjusted until major reflectors could be correlated to
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reasonable geologic horizons. This final correction was done in the immediate
vicinity of borehole locations. Velocity/depth profiles are presented in
Appendix C.

4.0 DATA ANALYSIS/INTERPRETATION

4.1 INTRODUCTION

There were two primary objectives proposed for this study. The first
goal was to determine the usefulness of high-resolution, shallow seismic
reflection surveys to delineate and map major geologic horizons in the
subsurface. The second goal involved locating a possible major paleochannel
incised into the top of the Ringold Formation. In this chapter these goals
are specifically addressed. In particular, data and plausible interpretations
are presented to evaluate how well significant geologic boundaries can be
related to coherent acoustic reflectors that can be mapped.

Although results from GPR and the refraction survey helped to optimize
reflection acquisition and to provide velocity control for processing, the
seismic reflection data were used to evaluate how well the objectives were
met. Consequently this chapter is focussed on an interpretation of the
reflection data.

This chapter is divided into three additional sections. The first
section describes briefly the manner in which reflectors were matched to
specific subsurface boundaries. Limitations of the data are determined, and
assumptions associated with the following interpretations are stated. In
general, the quality of the reflection data is discussed while in the next two

^. sections, examples of the mapping capability of the data are shown for the
Hanford/Ringold unconformity and for the lower Ringold Formation mud. The
existence of the paleochannel is addressed under the section on the
Hanford/Ringold contact.

O^

Finally, for the purposes of discussions, reflection data are presented
in Appendix D for lines 3-5, 2-3, and 4-2. The remaining survey lines are
included in a comprehensive data package (WHC-SD-EN-DP-059, Rev. 0
[Kunk 1992]). On each line, wells and tie points are located, and geologic
interpretation of reflectors is included. Also, the depth to mapped
reflectors at well ties are labelled.

4.2 METHODOLOGY

Normally the relationship between a geologic horizon and a reflector is
determined from sonic logs collected in a nearby borehole. In lieu of
quantitative control, seismic reflectors were tied to borehole logs by
adjusting the stacking velocities until a reasonable match was obtained for
the Hanford/Ringold unconformity and the top of the lower Ringold Formation
mud. In the 300 Area, the water table is within a few feet of the
Hanford/Ringold contact; thus, this was considered one reflector. The

10
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difference between borehole depths and seismic estimates was less than 3 m
(10 ft) for ties to the Hanford/Ringold contact and less than 4.6 m (15 ft)
for the lower mud. Lines were tied to each other at intersection points,
providing control for those lines with no close wells (see Figures 0-1, D-2,
and D-3).

Several limitations are placed on the data for various reasons. The
frequency of the source signal restricted the resolution of the data. The
average velocity for the Hanford/Ringold contact is about 580 m/s
(1,900 ft/s), which equates to 7.6 m (25 ft) of resolution for a frequency of
75 Hz. Similarly, resolution for the lower mud appears to be about 12 m
(40 ft). Thus, it is not possible to map the water table separately from the
Hanford/Ringold contact. This is also true for the lower mud which is within
9 m (30 ft) of the basalt. However, at places double wavelets can be observed
that may represent a separate reflection for the water table versus the
Hanford/Ringold contact. Figure 10 displays a section of line 3-5 where it
intersects well 1-18C at common midpoint 470. Depths from the borehole log
are plotted as two-way travel times for the water table and the Hanford/
Ringold contact. As can be seen by the distinct double wavelet in Figure 10,

C- in this region it was possible to obtain high-frequency data that could
distinguish these two horizons.r.A

Another limiting factor concerns the energy of the source that affects
the penetrating depth of the acoustic signal. Since high-frequency seismic
sources generate low-energy signals, it becomes increasingly more difficult to
obtain coherent reflectors from depth. Given the combination of the Dinoseis
source and the unknown filtering function of the subsurface at the 300 Area,
an image of the lower Ringold Formation mud was not always seen. As a result,
spatial control on the lower mud was not as detailed as that for the
Hanford/Ringold contact.

_ For the data collected along line 1-3 central (see Figure 2), one unique
problem did exist. Results from the GPR survey indicate that this area has
been extensively disturbed culturally, and the seismic reflection data are
also very poor. This degradation of the data is possibly due to inadequate

cT coupling and rapid, shallow attenuation. However, the data from line 1-3
central was not interpreted.

Several assumptions were made during the interpretation process. First
is that one reflector represents both the water table and the Hanford/Ringold
unconformity. The same assumption is made for the lower mud and the top of
the basalt. Although this is not always observed, for the purposes of mapping
structure, it is simpler. Furthermore, all coherent, continuous horizons were
considered to be reflectors and not refractors. Also, unless a lower
reflector appeared to "ghost" an earlier arrival or exact multiple arrival
times were observed, no checks were made for multiples. If there was doubt,
data were not interpreted for that immediate area.

Frequently seismic data are mapped in time because lateral location of
features is more important in geologic interpretations than true depth for
hydrocarbon applications. However, the control data from borehole logs for
this feasibility project is in depth; thus, travel times were converted into
feet. When rapid or extreme velocity changes resulted in loss of data
coherency, depth estimates were not mapped in this area. Otherwise, it was

11



WHC-SD-EN-TI-069, Rev. 0

assumed that relief could be mapped to within 3 m(10 ft) for the Hanford/
Ringold contact and to within 6 m (20 ft) for the lower mud reflector.
Finally, if a structural trend or feature could be mapped and followed on more
than one line, it was given more credence in the discussion.

4.3 THE HANFORD/RINGOLD UNCONFORMITY

The interpretation of the Hanford/Ringold unconformity was combined with
borehole log depths and is presented in Figure 11. As a comparison, the
structure map based solely on well control is shown in Figure 12. Seismic
lines 7-8 and 8-1 were not included in this interpretation.

Several points should be made regarding the Hanford/Ringold reflector
(see Figure D-1). This reflector tied in very well with borehole depths
usually to less than 2 m (7 ft). The depth from log control to the Hanford/
Ringold contact is generally around 12 m (40 ft) in this area, so this is a

ff very shallow horizon. The reflector is also easily recognized from line to
line and thus readily mapped. Interval velocities are generally 580 to

C 610 m/s (1,900 to 2,000 ft/s) with very little lateral variation. This lack
of change in the velocity allows greater confidence in the depth estimates and
the resulting structural relief.

A comparison between Figures 11 and 12 allows the extension of structural
control to be appreciated. The interpretation of this contact as displaying a
coalescing, braided stream configuration is confirmed, because the pattern of
small, northwest-trending drainages does appear to continue to the north of
well 1-18C. Also the east-west-trending drainage in the southern part of the
area can be extended to the western edge of the study area.

One important result of mapping the Hanford/Ringold contact is that the
data do not show any north-south-trending ancient river channel as proposed in
Lindberg and Bond (1979). Between well control and the extension of
subsurface coverage with the seismic data, it appears that no ancient river
channel existed in the 300 Area. It is possible that one of these small

Q' drainages was excavated and appeared like a river channel.

The results of this analysis of the seismic data does show that the
Hanford/Ringold contact in the 300 Area can be detected adequately using
shallow, high-resolution seismic data. Certainly this horizon can be mapped
to produce reasonable results. The data even suggest that with a higher
frequency source deviations of the water table from the Hanford/Ringold
contact may be detectable and mapped. This data would also be useful to
control structure for porous flow modeling to aid in understanding fluid
migration routes.

4.4 THE LOWER MUD/BASALT REFLECTOR

Generally, the data quality for the lower mud reflector is not as good as
for the shallow horizons. Although the resolving power of the input frequency
affected the ability to discern the lower mud separately from the basalt, the
energy of the source has also impacted the lower mud interpretation. Not
enough energy is returning from these depths of 30 to 52 m (100 to 170 ft) to

12
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consistently see this horizon. Also, the reflector is not seen as a
continuous feature along any line. This lack of continuity may have more than
one cause. For example, at places the stacking velocities change radically,
degrading the data coherency, while other places appear as a distinct decrease
in amplitude. These regions may be related to changes in the physical
properties of the mud. Consequently, the results are more interpretive.
However, the error of the ties between well control and the seismic reflectors
is within 4.6 m (15 ft), which indicates that use a higher energy source with
better velocity control will obtain a distinctly improved signal.

In Figure 13 the seismic interpretation is combined with the borehole
depths to produce a structure map on the top of the lower mud. The contour
interval is 6 m (20 ft) except in the northeast of the study area where the
data were more coherent. Here the contours are at 3 m (10 ft). This is
justified since the tie of line 3-5 to well 1-18C is close. Only the northern
survey lines were included in the structure map, because of difficulties in
tying wells to the southern lines.

%O
For comparison, the structure map using borehole logs alone is shown in

c Figure 14. On seismic lines 3-5 and 2-3, interpretation of the data confirms
the north-trending structural high seen in Figure 14 (see Figures D-1 and

`"' D-2). The feature is mapped from lines 3-5 to 2-3, resulting in a more
detailed configuration. Notice that the relief appears to increase to the
north and that the difference in elevation goes from close to 3 m (10 ft) near

^ well 1-16C to about 7.6 m (25 ft) further north. Since the lower mud is only
3 m (10 ft) thick in well 1-18C (Swanson et al. 1992), an important question

C. concerns possible pinching out of this unit that would allow vertical
communication between the unconfined and lower confined aquifer. There are

CY several scenarios that could explain the existence of this high block in the
basalt beneath the mud. First, it is an artifact left after early Ringold
Formation erosion, or, alternatively, the block has been faulted up.

_,. Regardless, it is unlikely that this 3-m (10-ft) mud extends over this rise as
a continuous unit.

Although the data to the west are not as easily mapped, interesting
0^ features are also discernable. In particular, a broad rise seen on the

northeast end of line 4-2 extends into a very distinctive trough-like feature
to the southwest (see Figure D-3). This major feature is about 200 m (650 ft)
wide with a maximum drop of 15 m (50 ft). The data quality does not allow the
change in elevation to be clearly characterized (e.g., faulted, gradational
but continuous, etc.); however, the major change in relief occurs over
approximately 13 m (42 ft), indicating a gradual gradient. Generally seismic
features should be mapped from line to line to be given credence as a real
feature. Unfortunately, there was only sparse control for the lower mud
reflector achieved from lines 8-5-2 and 4-5. Consequently, the orientation of
this low in unknown. However, the velocity variation was carefully checked
during the mapping process to reduce the possibility of this being a spurious
structure.

Even though the nature of the Middle Ringold Mud Units was not addressed
in this study, corresponding reflectors can clearly be seen in all the data.
For example, on line 3-5 shown in Figure D-1, the strong reflectors between
the Hanford/Ringold contact and the lower mud reflector represent the middle
muds. These reflectors show a complex pattern of rapid pinch outs with an

13
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interfingering, onlapping-offlapping character that would be expected off an
overbank flood facies. This observation agrees with the data from the
borehole logs ( Swanson et al. 1992).

5.0 CONCLUSIONS

In summary, much effort was put into the geophysical investigation for
the 300-FF-5 Operable Unit, and a better understanding of the geologic
variability within the study area has been derived. Three geologic horizons
were mappable with the geophysical methods used. A Holocene soil horizon,
typically 0 to 4.6 m (15 ft) below the surface, appears to separate eolian
sands and silts from fluvial deposits from the Missoula floods and Columbia
River. The Hanford formation/Ringold Formation contact and the lower mud unit
of the Ringold Formation are the deeper horizons mapped. The top of basalt

t^ was not detected consistently enough to map.

C The water table is within a few feet of the Hanford/Ringold contact thus
they were considered one reflector and were mapped accordingly. The data
supports northwest-trending braided stream configuration north of
well 399-1-18C and an east-west-trending drainage in the southern portion of
the survey area, consistent with the most current geologic data. However, the
data do not support a north-south-trending river channel as proposed by
Lindberg and Bond (1979). Several, shallower, small drainage features were
detected with the GPR data. It is possible that a similar small drainage was
misinterpreted as a river channel.

Even though the lower mud unit was detected with the seismic data, the
resolution and mapping of the unit was not as detailed as the Hanford/Ringold
contact and showed considerable variation from line to line and, in many
cases, within a given line. Interpretations on the source of these variations
remain elusive without supporting detailed geologic and geophysical
information from other sources.

The seismic refraction data were used primarily for bracketing velocity
values for the seismic reflection processing. Deriving geologic structure
from the data was not seriously attempted due to the uncertainties in
determining first-arrival times. The errors associated with the first-arrival
times from the depths of interest were greater than the time variations
expected from the signals generated from geologic structure. The deeper
refraction information ranged from 23 to 30 m (75 to 100 ft).

6.0 RECOMMENDATIONS

The results from the GPR, EMI, and the refraction survey provided
valuable information on the shallower sediments for processing. However, the
seismic reflection data were the primary data used to evaluate how well the

14
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objectives were met. One of the primary objectives was to determine the
feasibility of shallow, high-resolution seismic reflection surveys to
delineate and map major geologic horizons.

Shallow, high-resolution seismic reflection work has proved to be
extremely labor intensive in this geologic environment, both in data
acquisition and processing. Attention to every detail of both acquisition and
processing are essential. Standard "production" data acquisition and
processing do not apply here.

These data were collected and processed with this philosophy as the
guiding factor. The results were a significant improvement over past seismic
studies performed on the Hanford Site and the results reflect this level of
effort. However, an even greater "attention to detail" would increase the
resolving power of the method.

Several factors should be considered in future seismic reflection
co surveys. First, and extremely important, is the need for detailed velocity

information. The highly variable velocities, both laterally and vertically in
^ this glacio-fluvial environment, must be better understood for detailed,

shallow seismic processing. Frequent check-shot surveys, vertical seismic
^> profiling, and possibly cross-hole surveys would be extremely useful.

Vertical seismic profiling walk-away surveys are recommended to gain insight
into the ray paths actually taken by the seismic energy in conventional
seismic reflection surveys.,^.

Any method to improve signal-to-noise ratios is always welcome. Cultural
noise is a concern for any seismic survey, but particularly is a potential
problem in close proximity to industrial sites such as the 300 Area complex.
Data collection in the off-shift hours, such as weekend and nighttimes, should
be considered.

In the Hanford formation environment, the eolian deposits and Hanford
formation sands and gravels particularly degrade the signal and often enhance
the unwanted "noise." Reduction of shot-related noise, especially ground
roll, must be minimized while increasing the percentage of desired signal
propagated into the ground. One method for signal-to-noise enhancement
includes burying/planting the geophones below the "cone of energy." This
allows the earth to "filter" some of the unwanted signals. Applying in-field
low-cut filtering is another way to reduce, electronically, some of the
unwanted low-frequency energy. Significantly more geophone channels, to allow
longer offsets, will allow wanted signal to reach the geophones before the
"noise." Reflection geometries and geophone spacing must be studied to avoid
spacial aliasing. The use of geophone and shot arrays should be tested
thoroughly to determine if certain arrays could improve the signal-to-noise
ratio.

Depending upon the objectives of the survey, various energy sources would
be appropriate. In general, the shallow, high-resolution objectives
anticipated for projects such as hazardous waste characterization would
indicate high-frequency sources. Ideally, the sources should have minimal,
unwanted lower frequencies and strong, repeatable high-frequency spectra.
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Improvements in future data are possible, but will require additional
field tests. First, as in the reflection work, much of the desirable seismic
energy is attenuated in the eolian deposits. These deposits vary in
thickness, but are on the order of a few to 4.6 m (15 ft) thick. Any
technique to place the geophones and shots below this layer would yield large
dividends in signal quality. Mapping the thickness of the eolian deposits is
fast and relatively easy by GPR. This could be a way to define where to place
geophones and shots.

Refraction theory requires assumptions such as increasing velocity with
depth. This assumption is not routinely valid in the Hanford formation
environment. The "hidden" low-velocity layers will reduce resolution of
features and layers beneath the low-velocity layers.

Velocity contrasts and layer thickness are other important factors for
defining refraction usefulness. Gradational boundaries and thin layers are
not normally detectable by refraction methods, especially as depth increases.

o^ Both of these factors are significant in this study. The relatively high and
variable velocities in the Ringold Formation will make water table detection

C in the Ringold Formation difficult or impossible by refraction methods,
especially if the water table is at or near the Hanford/Ringold contact or in
the Ringold Formation.

Reliable depth-to-basalt information is doubtful because of the small
velocity contrast between the basalts and the lower Ringold Formation. The
Ringold Formation velocities can be as high as 3 to 3.6 km/s (10,000 to
12,000 ft/s), and basalt velocities can start in this same velocity range.

The GPR method was very successful at mapping the thickness of eolian
sand dunes and a Holocene soil horizon that is found consistently throughout
the Hanford Site. The standard equipment and techniques that were applied
achieved an investigative depth of 3 to 4.6 m (10 to 15 ft). A greater depth
of investigation may be achieved in portions of the site using new and
improved equipment. Data acquisition and signal processing similar to
standard seismic reflection surveying are being developed for deeper and
higher resolution work. Developments in this industry should be monitored.

The EMI method is good for detecting lateral conductivity variations.
However, unique interpretations on the source of these variations remain
elusive without supporting detailed geologic and geophysical information from
other sources.
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Figure 1. Site Location Map for the 300-FF-5 Operable Unit, 300 Area.
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Figure 2. Seismic Line Locations.
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Figure 3. Generaliz@d Stratigraphy From Lindsey (1992).
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Figure 4. Wavelet Processed Seismic Reflection Line From
the Basalt Waste Isolation Project Test Survey Over

DC-6 Well (Heineck and Beggs 1978).
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Figure 6. Amplitude Spectra of ( a) Betsy Seisgun
and (b) Sledge Hammer.
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Figure 7. Amplitude Spectra of the Dinoseis Source.
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Figure 9. Symmetrical Split-Spread Configuration of
(a) Initial Split-Spread Configuration and

(b) Final Split-Spread Configuration.
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Figure 11. Structure Map of the Hanford/Ringold Unconformity.
The contour interval is 3.05 m (10 ft),

and the datum is sea level.
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Figure 12. Structure Contour Map of the Hanford/Ringold Contact,
Using Only Borehole Log Depths for Control (figure courtesy

of Swanson et al. 1992). The contour interval is
3.05 m (10 ft), and the datum is sea level.
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Figure 13. Structure Map of the Ringold Lower Mud Unit. The
contour interval is 6.1 m (20 ft) except in the northeast

where ties to well control justify a 3.05-m (10-ft)
interval. The datum is sea level.
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Figure 14. Structure Contour Map of Ringold Formation Lower Mud
Sequence Using Only Borehole Log Depths for Control (figure

courtesy of Swanson et al. 1992). The contour interval
is 3.05 m (10 ft), and the datum is sea level.
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APPENDIX A

SUMMARY OF ELECTROMAGNETIC INDUCTION/GROUND-PENETRATING RADAR ANOMALIES
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APPENDIX A

SUMMARY OF ELECTROMAGNETIC INDUCTION/GROUND-PENETRATING RADAR ANOMALIES

The electromagnetic induction (EMI) and ground-penetrating radar (GPR)
data are integrated and presented as a comprehensive interpretation of the
shallower strata. The following summarizes the results. Only selected
examples of these data are in this report. The complete data set is available
in data package WHC-SD-EN-DP-059, Rev. 0 (Kunk 1992).

Data were collected primarily along profiles rather than preferred grids
because of the reconnaissance nature of the geophysical surveys and the size
of the area being investigated. GPR data were collected along all seismic
reflection and refraction profiles ( Figure A-1) with additional data
concentrated along line 1-3 central ( Figure A-2). EMI data were collected

qp along several seismic profiles ( Figure A-3). Additional EMI data were
collected near well 399-1-18 to trace an anomaly detected along seismic

t`^ line 3-5 ( Figure A-4). The soil conditions limited the maximum depth of
investigation of the GPR and EMI to 3 to 4.5 m (10 to 15 ft) in most areas.'I_

The interpretation of the data identified numerous anomalous features.
Each anomaly is categorized as one of six types of anomalies (Table A-1).
A summary of anomalies identified with the EMI and GPR is presented in
Table A-1 along with preferred interpretations. The entire EMI and GPR data

... set is contained in data package WHC-SD-EN-DP-059, Rev. 0 (Kunk 1992).
Approximate locations of the anomalies listed in Table A-1 can be estimated
using Figure A-1.

The interpretations of the anomalies were based on available data which
is very limited in the study area. Interpretations are based primarily on
experience gained from other geophysical investigations conducted on the
Hanford Site and knowledge of the Hanford Site geology. There is no
supporting borehole geophysical data.

O^
The feature that stands out throughout the operable unit is a pervasive

reflector that is found between the depths of 0 to 4 m (14 ft). It is
believed to be a Holocene soil horizon that separates eolian silts and sands
from the underlying Hanford formation. Based on these data, the thickness of
the eolian deposits was calculated and used for the seismic static
corrections.

On the GPR records, this interpreted Holocene soil horizon is inversely
related to the topography; topographic highs generate apparent lows in this
horizon (Figure A-5). However, when topographic corrections are made, this
horizon becomes a relatively flat surface. In Figure A-5, soil above the
horizon is primarily eolian sands and silts.

The Holocene horizon is absent in several areas. Possible reasons
include removed by erosion, human intrusion, never or poorly developed, or
coincides with the present topographic surface.

A-1
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Table A-1. Summary of Electromagnetic Induction and
Ground-Penetrating Radar Anomalies/Features.
Anomalies have been categorized according to

the legend below. ( sheet 1 of 6)

O%
^.
,

^..

0^

Anomaly Description
Type

Represents an area that appears to have been disturbed
D by human activity. Examples include; buried debris/

garbage, pipes, utilities, excavations etc.

Area, detected by radar, highlighted by horizontal
conductive horizons/ layer(s) that appear to be unique
relative to the surrounding area.

A lateral change in the overall "character" of the radar
data, but lacking distinct anomalies.

An radar feature or zone that is an artifact of
problems during data collection (i.e. antenna got stuck,
going over railroad tracks etc.)

Anomalous radar zone that is unique relative to the
A--- surrounding data or 300-FF-S and is interpreted as

being a geologic feature.

Single radar anomaly that could either be human or
A geologic orgin.

An electromagnetic induction (EMI) anomaly. If an
E anomaly was detected with both the EMI and radar,

it is listed under radar anomaly.

A-2
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Table A-I. Summary of Electromagnetic Induction and
Ground-Penetrating Radar Anomalies/Features.
Anomalies have been categorized according to

the legend below. (sheet 2 of 6)

Anomal
Section Location Description ; InterpretationT pe

I-3W-I Shallow conductive debris; human originD
30- 150

10-400

Line Most notable feature is a reflector that is believed to be a paleosol that is

Summar
I-3W-I All pervasive throughout 300-FF-5. It varys from 3-6 feet below the surface.

8 - 5 - 2
400-450

4-5 foot deep reflector becomes convoluted/disturbed; geologic origin.
--A-- 100-600

^i 8-5-2 Radar antenna got stuck while going up and down embankments along road

,// 1000-1400 1180-1240

8-5-2 Adnormal ly high feflective properties of Interpreted paleosol at -6' and 9'.
1000- 1 400
1400-1800

1250- 1600 This change occurs North of the Radio Transmission Tower Road.

B-5-2 Several conductive disturbances that may be related to geologic features such

A 3000-3400
3000-3400

as clastic dikes, clay seams or buried debris.

8-5-2 5 foot deep anomaly with strong reflective properties; possibly part of

A 3400-3800 3700-3800 paleodrainagethatis not apparent from the surface.

8-5-2 Area appears to have been altered by human activities.
D 3800-4200 3800-4170 Possibility of scattered buried debris.

8-5-2 Anomaly 4' below surface; probabley a buried utility Iine/pipe.

A 4200-4600
4300

8-5-2 Distinct anomaly 5- 6 feet deep; generally correlative with a topographic
- - A--

5800-6200
5930-5980 depression.

8-5-2 Anomaly 5' below the surface from questionable source

A
6410

6200-660

8-5-2 Anomaly 4' below the surfacein the center of a small

A 6600-700
6830 depression. ; geologic origin

8-5-2 "U" shaped anomaly 8 feet below the surface; part of paleodrainage system
A 7000-7400 7000

B-5-2 Several small features, 3- 6 feet, deep all suspected as geologic origin
--A-- 7000-7400 ALL

8-5-2 Converging dipping layers; Possibly related to paleodrainage.
--A-- 7400-7800 7400-7520

8-5-2 Two "U" shaped anomalies 6 and 8 feet deepin a local

A 400-7800
7650&7670 depression ; geologic origin

Line A shallow, flat reflector, from 0-6 deep, interpreted as a paleosol is pervasive

Summary 8-5-2 ALL throughout most of the line. There may be an older paleosol below this
horizon in some places. Apparent highs and lows of the paleosol are a function
of topo raph .

*^..

O`
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Table A-I. Summary of Electromagnetic Induction and
Ground-Penetrating Radar Anomalies/Features.
Anomalies have been categorized according to

the legend below. (sheet 3 of 6)

^..

r--

C

1:'

fx`

Anom aly
Type

Section Location Description; Interpretation

7-4 Apparent 12 foot deep "U" shaped anomaly, a function of topographic high.

-'q-' 100-600 100-350 Near surface"clutter" probabley due to surface roughness/vegetation.

A
7-4

550 Anomaly 5' below the surface; geologic origin
100-600

D, E 7-4 650 Wire cable laying on surface
600-700

D E
4

430 Wire cable laying at surface, 450380

-'A--
7 4

600-1200
1000-1200 Dipping reflectors; forsets or crossbedding

7-4

D, E 1350 1350 Wire cable laying on surface

7-4 Numerous small shallow (c5') anomaly between 1400 & 4200.
1400-1800

Most have a geologic orgin but several are most likely buried debris.
A through ALL

3600-4200

7-4
D, E

1450 1450 Negitive anomaly, human orign

7-4

D 2400-2800 2450 Conductive debris 3' below the surface; suspected human origin

^ 7-4

3600-4200 3990 Antenna got stuck going up steep sand dune

7-4
5130-5300

U shaped anomaly related to topography. Several shallow anomalies
- -A-- 4800-5400 within it are most likely human origin. The EMI data suggests it is due to

metallic (conductive) debris.

D, E 7 4 5200 Passed by metallic signs
5200

Line
The persistent paleosol that Is observed throughout 300-FF-5 is

7-4 ALL prevelant in the southern portion of the line. It appears that a significant
Summary portion of the line has been disturbed by human activities.

--q--
4-5

1200-1800 1750-1850
Topographic induced high with a deep ( 10') anomaiy beneath;

1800-2400 geologic origin

A 4 5
2400-2950

2770 Shallow anomaly most likely a function of localized drainage pattern

Western portion of the line appears to have higher concentrations of near
Line

4-5 ALL surface boulders and cobbles scattering of the radar signal. The interpreted
Summary paleosol is intermitent in this area. In the eastern portion, the paleosol is

prevelant with notable highs and lows; a function of the topography.

1-3 North
Powerline Uncharacteristicall y''quiet zone" with a lack of anomalies, debris andALL ,

rd to 8400 reflective material.

A-4
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Table A-I. Summary of Electromagnetic Induction and
Ground-Penetrating Radar Anomalies/Features.
Anomalies have been categorized according to

the leqend below. (sheet 4 of 6)

^,.

r^

^, 4

O^

Anomal
Section Locatlon Description; Interpretation

T pe

I-3Cent/ Dipping reflector that is a function of topography. Layers most likely are

--A-- North ALL
1-3W-IN relatively flat.

1-3 North EMI conductivity high Is probably associated with debris/coal clinkers, ashes

EMI 8200-8300 etc observed In the vicinty of the anomaly.
8000-8400

I -3North High degree of reflective horizons relative to the south and north;

8800-9200 8900-9050 possible human origin

I-3North Good f igure showing topography af(ects on apparent dipping horizons which

-'A-- 9200-9600 In reality are relavtively flat.

A

I -3North 9500-9800 " U" shaped anomaly;function of topography.
9600-10000

I-3Cent Area with poor resolution; fiil material covers most of original surface,

ALL 4600-6000 affecting data. Extensive near surface "clutter".

1- 108 Near well Possible combination of more than one anomaly. Near surface features are

- A 5800-well 1-10-B likely human induced. Deeper portion ( (6') is probably of geologic origin.

I-3Cent 1-3 Central has very poor data resolution. Data collection on road between
Line

through
ALL

1-3 Central and 1-3 North was able to detect the paleosol; 1-3 North has a
Summary

I-3North quiet zone that is an enigma. Paleosol was detected in the Northern

portion.

4-2 Dipping re(Iectors;crossbedding/forset bedding.
1000-1400 1220-127

4-2 Buried anomaly 12' below the surface; suspected geologic orlgin.

A 1400-11300 1720

4-2 Variety or dipping reflectors and anomalies; buried depositional ( eatures

41 1800-2200
ALL ( crossbedding, forsets etc.)

4-2 Anomaly 6'below surface;origin not clear. Possible paleodrainagefeature.

A
3000

3000-3400

4-2 Anomaly 5' below surface; origin not clear. Possible paleodrainagefeature.
A

3000-3400
3090

4-2 Anomaly 10' below surface; possibly related to paleodrainage that predates

A 3400-3800 3420 paleosoldevelopment.

4-2 Anomaly 7' below the surface; possibly related to paleodrainages.
A 3800-4300 3980

4-2 Radar antenna got stuck during data collection.

EX
4280

3800-4300

Line Paleosol prevelant through most of Iine. Several features detected may be
4-2 ALL related to paleodralnage system that may still influence localized moisture

Summar patterns.
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Table A-I. Summary of Electromagnetic Induction and
Ground-Penetrating Radar Anomalies/Features.
Anomalies have been categorized according to

the legend below. (sheet 5 of 6)

M

^r-

a

CY.

Anomal Section Location Description; Interpretation
T yp e

A 2-3
1400- 1800 1460 Anomaly 5' below the surface; origin??

2-3
2200-2600 2450- Two reflectors, 3' and 10' below the surface merge with the lower,

2600-2930 well13
pinching out In the vicinity of well '3.

The interpreted paleosol is prevelant throughout the majority of
Line

2 - 3 ALL the line. A second, deeper reflector with similar
Summary properties is observed in places. It too is most I ikey a paleosol.

7-8

A 100-600 300 " U" shaped anomaly 6' below surface; part of a paleodrainage system.

7-8
D , E

450 450 Crossed cable at surface

7-8 Anomaly 3' below surface; geologic origin.

A 770600-1200

7-8 Apparent gap in reflector with offset. More a fuction of the differences

600- 1200 880 between horizontal and vertical scales that true offset.

7-8

D, E 1800 Crossed fence
1800

7-8 Significant increase in reflective properties; most likely lithologic variation
-A 1800-2400

2300 (i.e. increase in clay/silt content)

7-8
2400-3000

Increase in "conductive debrls." Combination in gravel/cobbles content

3000-3400
2600-3400 ( geologic origin) and human induced debris.

7-8

D, E
2900 2900 Power line

D, E
7 - 8

3000-3400 Metallic Debris scattered around at surface.
3000-34000

Line Paleosol is intermitent along the line, there Is more " conductive debris'
Summar 7-8 ALL along the eastern portion of the line.

8-1 Radar antenna got stuck going up a sand dune.
600-1000

590

8-1 Reflector beneath upper paleosol at a depth of 7', probably geologic origin

- 600-1000
900

8-I "U" shaped anomaly 5'-7' below surface; paleodrainage?A
080

A 8_I 1180 U" shaped anomaly 5'-9' below surface; paleodrainage?
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Table A-I. Summary of Electromagnetic Induction and
Ground-Penetrating Radar Anomalies/Features.
Anomalies have been categorized according to

the legend below. (sheet 6 of 6)

4

N'•

v:"1

^....

t?''

L7`

Anomal
Section Location Description; InterpretattonT yp e

8-I
1000-1400 1250-1550 Character change In radar signature; more "conductive/disturbed"

1400-1800 subsurface;possibiy due to higher percentage of boulders/cobbles.

E
8-1

Relatively high conductive layer 6' below surface with single anomaly.

= 1800-2200 1820-1890 Anomaly 2' below surface; combination of human Induced and geologic origin.

8-I Anomaly 2' below surface; human origin. correlates with EMI anomaly
A, E

1800-2200
1970 (pipe or utilities).

8- 1 Anomaly 2' below surface; human origin. Correlates with EMI anomaly
A 2600-3000 2640 (pipe/utility?)

8-1 Antenna got stuck during data collection.

2600-3000 2820

8-I Disturbed area;caused by crossing road.

2600-3000 2820-290

8-I Two relatively minor EMI anomalies; human origin.

E 3000-3400 31808,3210

8 I
Horizontal reflector, 40-50 feet wide, Origin??.

3520
^ 3400-3800

8-1 EMI anomaly associated with cultural features on well pad.
E 4200-4400 4300

Line Interpreted palesol Is present throughout most of the line. A second

5ummar 8-1 All intermitent reflector is present 4-5 feet below the first.

E 3-5 2500-2800 EMI anomaly; no GPR associated anomaly; possibly paleodrainage.

3-5
3900

Dlsturbed appears to be human induced. EMI associated anomaly suggests
D, E

3400-4000 buried "debris."

E 3-5 4200 EMI anomaly; human origin no obvious GPR anomaly associated with it.

E 3-5 4500 EMI high; result of getting close to river and topography.

Line
Summary 3-5 ALL

Interpreted paleosol Is very persistent from 1000-3800. Portions of
eastern end cluttered with GPR anomalies associated with human activities.
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There are several locations where trough-shaped GPR anomalies coincide
with a missing section of the interpreted Holocene soil horizon. Several of
these anomalies have been interpreted as paleochannels (Figure A-6). In
Figure C-6, the Holocene soil horizon is not apparent, suggesting the
interpreted channel is a relatively recent development. Most paleodrainage/
channels interpreted from this data are shallow, 0 to 4.5 m (15 ft), and less
than 30 m (100 ft) wide. There are no paleodrainage/channels that were
detected that are the size, depth, or magnitude as predicted by Lindberg and
Bond (1979).

Two possible explanations for the shallow "channels" detected are
considered. They could have developed during the waning stages of the
Missoula floods or during erosional episodes of "regular" Columbia River
flooding. Erosion by creeks is unlikely because there is no surficial
expression for such creeks. Such paleochannels appear to influence
movement/infiltration of surface water.

:1) The Holocene soil remains intact across one interpreted paleochannel
(Figure A-7), suggesting it developed during the waning stages of the flood
and the soil horizon developed after the channel. But most of the interpreted
paleochannels appear to postdate the Holocene soil horizon.

A second reflecting horizon was detected on several profiles, usually
1.22 to 1.52 m (4 to 5 ft) below the upper horizon. It is most likely a
paleosol of unknown extent. An example of the upper Holocene soil with the
underlying paleosol is shown in Figure C-8. A complex relationship between
the paleochannel, dune development, soil horizon development, and topography
is notable between 2800-2930.

Most variations in the EMI data can be directly attributed to the
topography (i.e., high EMI values read from the meter correspond with
topographic lows, usually hardpack surface soils; and EMI lows correspond with
topographic highs, generally sand dunes elevated above the hardpack). The
EMI data correlates with the GPR data throughout most of the areas where both
were collected.

An EMI anomaly was identified near well 1-18, line 3-5 (Figure A-9).
Data coverage was expanded to the northwest and southeast of the anomaly to
aid in its interpretation (Figure A-10). Radar data collected along line 3-5
shows an intact Holocene soil over the anomaly, suggesting that the anomaly is
located within the Missoula flood deposits. It may extend to depths greater
than 4.5 m (15 ft). The increased conductivity suggests a much higher
concentration of moisture than in the surrounding soils, which could be
related to current, near-surface water movement. The anomaly does not
correspond with local topography.
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Figure A-1. Ground-Penetrating Radar Survey Location Map.
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Figure A-3. Electromagnetic Induction Profile Location Map.
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Figure A-4. Electromagnetic Induction Line Locations
Near Well 399-1-18.
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Paleochannel With Holocene Soil
Horizon Overlying.
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Figure A-9. Electromagnetic Induction Anomaly
Near Well 399-1-18.
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Figure A-10. Expanded Electromagnetic Induction Data
Coverage Near Well 399-1-18.
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APPENDIX B

METHODOLOGIES, DETAILS OF EQUIPMENT, AND DATA
ACQUISITION AND PROCESSING
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APPENDIX B

METHODOLOGIES, DETAILS OF EQUIPMENT, AND DATA
ACQUISITION AND PROCESSING

B.1.0 REFLECTION DATA ACQUISITION AND PROCESSING PARAMETERS

B.1.1 DATA ACQUISITION

As briefly discussed in Section 3.2, initially a symmetrical split-spread
configuration with shots and receivers located every 3 m (10 ft) was tried
(Figure 8[a]). After early data processing, it was determined that this
configuration was not tight enough. The acquisition configuration was then

q altered to 1.5-m (5-ft) geophone spacings as shown in Figure 8(b). Two shots
were made at each 3.05-m ( 10-ft) interval. For one shot, the geophones
selected were on one side of the shot, and for the second shot, the geophones
selected were on the other side of the shot. This acquisition setup resulted,...,
in sampling the subsurface every 0.75 m (2.5 ft). There was a 3-m ( 10-ft) gap
between the shot and the first active geophone in both configurations.
Geophones were buried as much as 0.5 m (1.5 ft) in sandy areas to improve
coupling.

Table B-1 lists key acquisition and equipment parameters for seismic data
acquisition.

Table B-1. Seismic Acquisition and Equipment Parameters.

Instrumentation and settings for data acquisition include:

RECORDING UNIT
^ GEOPHONES

DATA FORMAT
SAMPLE RATE
NUMBER OF CHANNELS
LOW-CUT FILTER
HIGH-CUT FILTER
NOTCH FILTER
RECORD LENGTH
SHOT SPACING
RECEIVER SPACING
NEAR RECEIVER
FAR RECEIVER

- Geometrics ES-2401
- 40 Hz Mark Product with
- SEG -2
- 0.2 millisec
- 24
- 30 Hz
- 250 Hz
- In most lines
- 0.409 seconds
- 3.05 m (10 ft)
- 1.52 m (5 ft)
- 3.05 m (10 ft)
- 38.1 m (125 ft)

10-cm (4-in.) spikes

B.1.2 DATA PROCESSING

The data acquired using the Dinoseis as a source required application of
a"Record Static" shift to each seismic record to correct for an apparent
inconsistent start pulse from the accelerometer. Additionally, trigger
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sensitivity in the ES-2401 recording instrument was highly affected by higher
ambient temperatures. This inconsistency was not discovered during field
acquisition, though it revealed itself during processing. The Dinoseis also
appears to have generated different source wavelets from day to day. Attempts
were made to remove these variations using deconvolution techniques. The
wavelet, however, could not be adequately characterized to remove these
effects. This is probably due to the large amount of shot-related noise
present in the data.

The data are dominated by low-velocity ground roll and air waves. These
unwanted signals degrade the reflection arrivals, so they must be removed.
Most of this ground roll energy was removed using a recursive dip filter early
in the processing sequence, as noted below. These data were then filtered to
remove other undesirable signals. After adjusting each trace for position
relative to the source (normal moveout) and changes in elevation (datum
statics), the traces from common subsurface reflection points are added
(common-midpoint stack) to cancel unwanted signals and reinforce desirable

o^ signals. These resulting traces were plotted to obtain the geologic
interpretation. As discussed in Section 3.3, the reliability of the geologic
interpretation depends on the accuracy of the above processing sequence.

The general processing sequence for the seismic reflection data can be
generalized as:

GAIN
Spherical divergence
Automatic gain control (100 millisec window)

EDIT
Trace and record editing

RECURSIVE DIP FILTER
Reject band 121.92 to 518.16 m/s (400 to 1,700 ft/s) typically

FREQUENCY FILTER
Passband 40 or 80 Hz to 120 or 250 Hz

VELOCITY ANALYSIS
Methods of approximation
Refraction information
Normal-moveout evaluation
Constant-velocity stacks
Velocity semblance

NORMAL-MOVEOUT CORRECTION
Stretch mute at 90 to 97%
20-millisec taper

DATUM STATICS
Datum--114.4 m (375 ft)

COMMON-MIDPOINT STACK

Unfortunately, there are no accurate
data for the study area. Extra processing
determine the proper velocity data. Each
large number of constant velocities to pro
supplemented with velocity semblance analy
Some velocity errors may still exist, thou
hopefully insignificant.

velocity surveys or other velocity
was therefore performed to help
seismic line was processed using a
cess the entire line. These were
sis and velocity contour plots.
gh they should be small and
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The velocities for the material encountered do not appear to be as high
as anticipated. Refraction information indicates horizons exist near the
surface that have velocities near 0.9 to 1.1 km/s (3,000 to 3,700 ft/s) with
higher velocity material a short distance below that. Velocities estimated
using velocity semblance, constant velocity stacks, and normal-moveout
correction estimates indicate much lower velocities are needed to stack the
data.

This may be explained in a number of ways: (1) The refracted waves may
be following thin, high-velocity layers. The velocities of the other material
(nonrefracting layers) are then much lower. (2) Another possibility may be
that most of the energy is shear waves rather than compressional waves.
(3) Finally, multiple reflections may be more predominant than primary
reflections.

The velocities used for processing the data are those of the lower end.
Measured velocities down boreholes in the form of a check-shot survey or

p vertical-seismic-profile survey would be needed to unequivocally resolve this
discrepancy. Because of these lower-than-expected velocities, reflections
from the top of the basalt surface were not reliably obtained.

The processing sequence for all the seismic reflection lines was similar.
The largest changes were between lines of different sources. The lines shot
with the Betsy Seisgun were filtered with a lower cut-off frequency. This was

^r to allow for reflection information from as deep as possible from the geologic
section.

B.2.0 SEISMIC REFRACTION INVESTIGATIONS

B.2.1 INTRODUCTION

Seismic refraction investigations differ from seismic reflection
T primarily in how the seismic waves interact at subsurface boundaries. The

seismic waves of interest in refraction surveys are the refracted waves.
These waves travel along the top of a layer that is overlain by lower velocity
material.

Numerous factors affect a refraction survey and are partially
controllable. These factors include source frequencies, source amplitude,
recording sensitivity, noise reduction, and survey configurations. Also,
three important geologic constraints are (1) the velocity must increase with
depth, (2) a layer(s) of interest must have a significant velocity contrast
with the layer above, and (3) the layer(s) of interest must be sufficiently
thick to be detected.

If the velocity decreases with depth or a horizon of interest has no
velocity contrast with the overlying horizon, then the layer is not directly
detectable and is termed a "hidden layer." Layers are also hard or impossible
to directly detect if the layer thickness is thin compared to overlying layers
or the layer is thinner than the seismic wavelength. The stratigraphy of the
sediments in this study area may include combinations of all of these factors.
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Refraction information can be obtained from layers below a "hidden layer," but
additional interpretive assumptions must be made that decrease the reliability
of interpretations.

Two objectives were established for the refraction surveys: first, to
attempt to detect the Hanford formation/Ringold Formation contact and, second,
to determine if refraction could detect contrasts in the sediments that might
be associated with potential hydrologic channeling. Both of these objectives
push the method to the limit in that they involve potentially thin interfaces
with small velocity contrasts.

B.2.2 DATA ACQUISITION

The same equipment was used for both the seismic reflection and seismic
refraction surveys. Section B.1.1, Table B-1, lists the equipment.

_ The geophone and shot positions are annotated as in the reflection work.
The refraction spreads were shot in most cases in conjunction with and during
the roll-along process of the seismic reflection work. Typically, the
refraction spreads consisted of geophones at 1.5-m (5-ft) intervals, with the
first geophone at the shot point and the last geophone about 70 m (230 ft)
offset from the shot point (Figure B-1). This layout, using the reflection
cables and geophones at 1.5-m (5-ft) intervals, required more than 24 channels
to achieve. Therefore, two series of shots were required for each refraction
direction.

Using the roll-along box, the first 24 channels/geophones were selected,
starting with the geophone at the shot point. The information from the near
geophone was used primarily to confirm/adjust time zero for the shot. This
configuration provided data for the first 35 m (115 ft) of offset. Then,
24 channels/geophones, starting at 35 m (115 ft) and extending to 70 m
(230 ft), were selected. For this longer offset, typically two to three shots
were stacked in order to achieve first breaks that could be used. The long-
offset configuration overlapped with the near-offset configuration to "tie"

o^ the data. This was desirable since all the data were not from the same shot.

B.2.3 DATA PROCESSING

The field data were stored on 3-1/2-in. diskette, accompanied with
observer logs. The combination of these provided the raw data for processing.

The seismic refraction processing was extended to different levels,
depending upon the intended use. Some of the refraction data were utilized
for velocity information for input to reflection processing. For this usage,
full refraction analysis was not necessary. Travel-time curves and simple
depth calculations were all that were considered.

In-depth analysis of the refraction data utilized the generalized
reciprocal method (GRM). In GRM, seismic waves from opposing shots traveling
along the same refractor in conjunction with reciprocal times between the
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shots are used to determine the depth from a geophone to a refractor. The
sequence of steps for the refraction data processing essentially proceeded as
follows:

• Combine shot records and gaining as appropriate
• Edit and pick first breaks
• Tabulate elevations for shot point and geophone locations
• Develop time-distance curves
• Assign layers
• Determine apparent velocities and intercept times
• Determine reciprocal times
• Apply the GRM analysis
• Develop time-depth-velocity sections
• Develop final velocity and depth sections.

B.2.4 RESULTS

04
Several generalities can be drawn from the refraction data. The data

depicts three to four velocity layers in the upper 30 m (100 ft). These
layers are variable, which is, in part, a function of geology. Unfortunately,

c'" uncertainties in the data also contributed to the apparent layer variability.
Nonetheless, the general velocity structure and depths were useful for
guidelines into the seismic reflection processing. Some generalities drawn

p from the refraction data are discussed here. General recommendations for
improving refraction data are presented in Chapter 5.0.

The first layer is interpreted as unconsolidated eolian silts and sands,
varying in thickness from 0 to about 6 m (20 ft). This layer has seismic
velocities ranging from 305 m/s (1,000 ft/s) to possibly as high as 760 m/s
(2,500 ft/s). The eolian layer is evident in Figure B-2 from line 1-3W-1.
Figure B-2 shows a typical seismic refraction section with travel-time curves,
depth sections, and velocity sections. The eolian layer, as interpreted from
the refraction data, is pervasive throughout the study area and correlates
well with information from the ground-penetrating radar (GPR) data.

tr
Refraction layer 2 corresponds generally with the Hanford formation.

This layer is sufficiently thick with a good velocity contrast with the
overlying eolian silts and sands. The velocity of this layer appears to range
from 0.9 to 1.5 km/s (3,000 to 5,000 ft/s). On line 1-3W-1, this layer
appears to vary in thickness from 3 to 15 m (10 to 50 ft). Unfortunately,
layer 2 may not have a sufficiently large or sharp enough velocity contrast
with layer 3 to define this boundary clearly. Factors like these must be
carefully considered before drawing conclusions from refraction data.

Layer 3 is interpreted as
may vary widely, ranging from 1
Stratigraphic horizons, such as
this survey.

Ringold Formation. Velocities of this layer
.5 to 3.0 km/s (5,000 to 10,000 ft/s).
the lower mud and basalt, were not detected in
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B.3.0 GPR

B.3.1 INTRODUCTION

GPR uses a high-frequency signal that is transmitted into the ground,
operating typically in the 10's-to-100's-MHz range. The transmitted energy is
reflected back to a receiving antenna where variations in the return signal
are recorded. The results are a continuous profile of the subsurface
conditions. The recorded reflections are from materials having a variety of
electrical properties. Common reflectors include natural geologic conditions,
such as bedding, cementation, moisture, and clay, or artificial objects, such
as pipes and buried wires. Depth of penetration at the Hanford Site is
generally between 1 to 5 m, depending on the subsurface conditions, which can
vary from site to site.

The GPR surveys were expected to provide shallow stratigraphic
information, especially at shallow depths where seismic methods tend to be
ineffective. In addition, identifying variations in the shallow horizons
could help define potential hydrologic channeling.

B.3.2 DATA ACQUISITION

Data were collected with a Geophysical Survey Systems Inc. Subsurface
Interface Radar System 8, model 4800, and digitally stored on tape. Both
100-MHz and 300-MHz antennas were used.

The 100-MHz antenna did not penetrate appreciably deeper than the
300-MHz antenna, but did have lower resolution than the 300-MHz antenna.
Therefore, the majority of the GPR surveys utilized the 300-MHz antenna.

Recording "windows" ranging from 90 to 150 nanoseconds (two-way travel
time) were tested. Minimal data were detected below 120 nanoseconds;
therefore, profiles were primarily collected with a 120-nanosecond window to
maximize resolution.

The GPR data were collected along profiles coincident with the seismic
reflection profiles (Figure A-1). Additional data are concentrated along
line 1-3 central (Figure A-2). Surveyed locations are marked on the
GPR profiles every 61 m (200 ft). Locations between these known points are
interpolated.

B.3.3 DATA PROCESSING

The display and interpretation of the data are similar to seismic
reflection data. Sections are presented with the horizontal distance across
the section. The vertical scale on the sections is two-way travel time. As
in seismic reflection, this time can be generally related to depth if velocity
is known. Throughout most of the Hanford Site, electromagnetic velocities for
the radar signal in the sediments is on the order of 3 ns/0.305 m (1 ft).
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This results in a two-way travel time of 6 ns/.3 m(1 ft), and is what is
plotted on the GPR sections. Therefore, with a 100-nanosecond window, full
scale on the sections is about 5 m (16 ft).

Postacquisition processing was minimal for the data collected for this
survey. Filtering of the data was attempted, but the data were not
significantly enhanced.

B.3.4 RESULTS

a'

r°

.,-

t^.
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The GPR data was used extensively as a "stand-alone" method to depict the
near-surface geologic setting, to be a tool in the overall integrated geologic
interpretation, and to evaluate velocities and topography for the seismic
processing/interpretation. The data quality is good throughout most of the
survey area, yielding usable data down to depths of 3 to 4.6 m (10 to 15 ft).
Discussion and interpretations of the data are integrated into Chapter 4.0,
"Data Analysis/Interpretation." The entire set of GPR profiles are contained
in data package WHC-SD-EN-DP-059, Rev. 0 (Kunk 1992).

B.4.0 ELECTROMAGNETIC INDUCTION (EMI)

B.4.1 INTRODUCTION

EMI surveys are used to determine the electrical conductivity/resistivity
structure of the subsurface soil, rock, and groundwater. The tools used for
this work are generally used for shallow investigations, ranging from a few
meters to tens of meters. The method is based on a transmitting coil
radiating an electromagnetic field that induces eddy currents in the earth.
A resulting secondary electromagnetic field is measured at a receiving coil
and can be linearly related to the subsurface conductivity.

Ground conductivity is a function of the natural soil matrix and pore
fluid electrical conductivity. The depth of investigation is primarily
dependent upon the electrical conductivity of the subsurface, the distance
between the transmitting and receiving coils, and the operating frequency.
The conductivity value resulting from a measurement is a "composite,"
representing the combined effects of the thickness of the stratigraphic
layers; their depths; their specific conductivities; and any artificial
conductive objects that may be present, such as metal objects. Metallic
objects generally overwhelm the natural conductivity.

The EMI surveys were utilized to explore for
conductivities. Anomalous ground conductivities
parameters, including texture and composition of
correlative to hydrologic barriers/channels.

shallow zones of anomalous
can be a function of several
the sediments, that might be
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B.4.2 DATA ACQUISITION

The Westinghouse Hanford Company operates for the U.S. Department of
Energy a Geonics' EM-311 ground conductivity meter. This instrument was used
for the initial reconnaissance EMI surveys. The EM-31 has an intercoil
spacing of 3.66 m (12 ft), operating frequency of 9.8 kHz, yielding a depth of
exploration of about 6 m (20 ft).

The data are digitally stored in the field for "dumping" to computer
later. This allows for display in profile form and in contour map form when
appropriate.

Data were collected primarily along seismic profiles rather than
preferred grids because of the reconnaissance nature of the geophysical
surveys and the size of the area being investigated (Figure A-3). Station
spacing was 3 m (10 ft) at surveyed locations on the profiles. EMI stations
are the same as the GPR locations, which, in turn, are related to the seismic

11 reflection locations by a factor of five. Additional data were collected near
well 1-18 to trace an anomaly detected along seismic line 3-5 (Figure A-4).

cT° B.4.3 DATA PROCESSING

The data are plotted in profile form. A contour map of the gridded data
that was collected near well 1-18 was produced using a computer contouring
package.

B.4.4 RESULTS

Most variations in the EMI data can be inversely attributed to the
topography (i.e., the EMI lows correspond with topographic highs, and
EMI highs correspond with topographic lows). The EMI data correlates with the
GPR data throughout most of the areas where both were collected.

Cl' The EMI and GPR data are integrated and presented as a comprehensive
interpretation of the shallower strata as discussed in Chapter B.4.0 and
Appendix A. The complete data set is available in data package
WHC-SD-EN-DP-059, Rev. 0 (Kunk 1992).

'Geonics EM-31 is a trademark of Geophysical Instrument and Supply
Company, Incorporated.
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Figure B-I. Seismic Refraction Layout.
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Figure B-2. Interpreted Seismic Refraction Profile Along
Line 1-3W-1, Utilizing the Generalized Reciprocal Method.
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APPENDIX C

VELOCITY/DEPTH PROFILES

In general, a sonic log represents direct measurements of the velocity of
the strata. Seismic reflection data collected from the surface, on the other
hand, provide an indirect measurement of velocity. Based on these two types
of information, numerous velocity values used in seismic processing are
derived, such as apparent, interval, average, root-mean-square, instantaneous,
phase, group, normal moveout ( NMO), stacking, and migration velocities. All
of the velocities are related. Due to the lack of direct borehole information
(i.e., sonic logs, velocity profiling, etc.), selecting the appropriate
velocities became a very laborious task using primarily "trial and error."
The velocities tabulated below are those that yielded the best stack. It is
believed that with additional velocity analysis and direct measurements of the

O velocity from boreholes, the final seismic sections could be improved upon.

The following data are the interval and NMO velocity data used to process
the seismic reflection data for the 300-FF-5 operable unit. The data are
listed according to common midpoints (CMP) along each line. The
NMO velocities are those used to correct the seismic data for NMO due to the
geometry of the data acquisition. The interval velocities were calculated
from the average velocities using Dix's equation (Dobrin 1976). As can be
observed, there are considerable horizontal variations between interval
velocities that are consistent with sediments deposited in a fluvial
environment.

LINE 1-3N

CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY

CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY

1594.0 54 2229.0 2229.0 1604.0 51 2200.0 2200.0^

74 2450.0 2965.5 72 2446.0 2959.5

94 2648.0 3278.2 90 3200.0 5221.9

190 6000.0 8024.0 193 6000.0 7649.1

1618.0 47 2300.0 2300.0 1624.0 53 2272.0 2272.0

62 2750.0 3831.8 86 2592.0 3036.2

90 3250.0 4147.9 114 3000.0 4000.9

115 3600.0 4646.6 188 6000.0 8808.8

135 4000.0 5786.2

190 6000.0 9224.5
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cy^

CMP TIME
NMO INTERVAL CMP TIME

NMO INTERVAL
VELOCITY VELOCITY VELOCITY VELOCITY

1652.0 40 2273.0 2273.0

67 2517.0 2840.2

97 2911.0 3640.1

187 5673.0 7598.4

1700.0 41 2126.0 2126.0

76 2369.0 2625.2

93 2857.0 4423.1

174 5855.0 8016.8

1756.0 53 2011.0 2011.0

65 2300.0 3285.2

92 2679.0 3423.4

190 5000.0 6460.0

1878.0 53 2077.0 2077.0

71 2250.0 2695.7

84 2786.0 4743.8

97 3000.0 4123.2

190 6000.0 8010.1

1950.0 46 1744.0 1744.0

65 2182.0 2987.4

83 2500.0 3409.8

137 4100.0 5748.1

178 5800.0 9480.3

1984.0 46 1744.0 1744.0

56 1969.0 2778.5

81 2500.0 3400.8
137 4100.0 5664.3

172 5800.0 9975.8

1672.0 47 2281.0 2281.0

67 2354.0 2517.2
106 2653.0 3100.1

128 3111.0 4732.6

200 6000.0 9099.1

1726.0 40 2300.0 2300.0

54 2450.0 2835.2

79 2600.0 2897.6

111 3100.0 4079.9

190 6000.0 8548.7

1822.0 47 2361.0 2361.0

65 2400.0 2499.0

95 3062.0 4148.5

113 3400.0 4804.9

183 6000.0 8686.4

1908.0 54 2078.0 2078.0

76 2369.0 2964.5

97 3000.0 4610.9

178 5800.0 7946.5

1970.0 46 1744.0 1744.0

56 1969.0 2778.5

81 2500.0 3400.8
137 4100.0 5664.3

172 5800.0 9975.8
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LINE 2-3

CMP TIME NMO INTERVAL CMP TIME NMO INTERVAL
VELOCITY VELOCITY VELOCITY VELOCITY

144.0 56 2100.0 2100.0 238.0 50 1744.0 1744.0

78 2236.0 2549.7 80 2208.0 2816.3

94 2780.0 4585.9 103 2800.0 4260.5

175 5500.0 7509.1 181 5500.0 7735.8

346.0 60 2250.0 2250.0 368.0 67 2193.0 2193.0

81 2399.0 2781.1 95 2445.0 2962.2

95 2445.0 2695.8 120 3000.0 4525.9

190 5500.0 7383.9 190 5500.0 8165.7
N

410.0 53 2033.0 2033.0 426.0 50 2022.0 2022.0

67 2193.0 2714.6 78 2307.0 2743.2

90 2445.0 3063.1 137 4100.0 5656.6
120 3000.0 4250.4 172 5500.0 9102.6
190 5500.0 8165.7

444.0 54 2200.0 2200.0 510.0 62 2058.0 2058.0

69 2330.0 2747.5 78 2195.0 2660.0
128 3500.0 4497.5 118 3000.0 4141.8

^ 172 5500.0 9089.2 178 5500.0 8487.7

556.0 46 1744.0 1744.0

56 1969.0 2778.5

81 2500.0 3400.8

137 4100.0 5664.3

172 5500.0 9102.6

LINE 3- 5

368.0 61 2200.0 2200.0 392.0 58 2200.0 2200.0
78 2400.0 3010.2 78 2400.0 2903.1

127 3600.0 4941.8 91 2500.0 3031.5
180 5500.0 8466.4 110 3200.0 5417.6

140 4000.0 6092.6

167 5500.0 10204.8
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CMP TIME
NMO INTERVAL CMP TIME NMO INTERVAL

VELOCITY V ELOCITY VELOCITY VELOCITY

400.0 61 2100.0 2100.0 414.0 49 2300.0 2300.0

75 2250.0 2811.7 65 2400.0 2683.2

108 3000.0 4236.6 106 2800.0 3337.3

142 4000.0 6183.5 138 4300.0 7332.7

170 5500.0 10125.1 165 6600.0 13103.3

442.0 49 2150.0 2150.0 450.0 49 2200.0 2200.0

69 2300.0 2631.6 72 2350.0 2641.3

106 2750.0 3435.2 106 2550.0 2928.8

138 4300.0 7395.1 138 3200.0 4756.1

165 6000.0 11202.5 165 6600.0 14624.0
.r-

476.0 49 2200.0 2200.0 486.0 49 2200.0 2200.0

69 2300.0 2528.3 70 2300.0 2517.9

90 2400.0 2702.6 97 2900.0 4061.9
.r,.

101 2500.0 3203.0 144 4300.0 6268.4

138 3200.0 4596.9 175 5000.0 7432.4

165 6000.0 12948.4

492.0 53 2200.0 2200.0 502.0 52 2250.0 2250.0

- 72 2450.0 3040.6 68 2300.0 2455.5

98 2900.0 3882.9 90 2400.0 2685.7

175 6500.0 9236.8 103 2600.0 3699.1

153 4000.0 5919.0

175 6000.0 13232.2

510.0 52 2250.0 2250.0 564.0 60 2050.0 2050.0

68 2300.0 2455.5 80 2200.0 2598.6
90 2400.0 2685.7 105 2638.0 3706.7

103 2600.0 3699.1 137 4500.0 7991.3

153 4000.0 5919.0 179 6000.0 9347.5
175 6000.0 13232.2
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CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY CMP TIME NMO

VELOCITY
INTERVAL
V ELOC I TY

580.0 60 2000.0 2000.0 600.0 60 2000.0 2000.0

80 2200.0 2712.9 80 2200.0 2712.9

105 2249.0 2399.1 105 2470.0 3183.7

137 3000.0 4683.4 137 2739.0 3478.5

179 5000.0 8785.8 167 3180.0 4693.9

620.0 47 2000.0 2000.0 632.0 47 1800.0 1800.0

58 2116.0 2552.9 62 2500.0 3960.0

99 2740.0 3434.3 97 3000.0 3724.4

155 5500.0 8393.8 155 5500.0 8111.0

656.0 47 1800.0 1800.0 680.0 46 2140.0 2140.0

;i. 62 2500.0 3960.0 65 2300.0 2647.6
97 3150.0 4053.2 92 2600.0 3209.2

155 5500.0 8015.4 122 3750.0 6037.9

156 5700.0 9930.4

698.0 53 2000.0 2000.0 712.0 60 2100.0 2100.0

67 2100.0 2441.7 83 2370.0 2960.6

101 2600.0 3375.0 106 2600.0 3299.3
--- 122 3750.0 7013.1 142 4000.0 6573.2

160 5000.0 7753.4

cy, 726.0 60 2100.0 2100.0 742.0 64 2200.0 2200.0

88 2370.0 2864.1 83 2350.0 2796.7

110 2600.0 3366.4 110 2600.0 3250.3
142 4000.0 6911.0 145 4000.0 6711.2

175 6000.0 11518.1

750.0 60 2200.0 2200.0 846.0 48 1744.0 1744.0

83 2350.0 2702.4 56 1969.0 2981.5
110 2600.0 3250.3 81 2500.0 3400.8
145 4000.0 6711.2 137 4100.0 5664.3
175 6000.0 11518.1 172 5500.0 9102.6
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CMP TIME NMO INTERVAL CMP TIME NMO INTERVAL
VELOCITY VELOCITY VELOCITY VELOCITY

894.0 50 1739.0 1739.0

70 3200.0 5317.9

81 3500.0 5004.1

96 4000.0 6020.8

134 4450.0 5423.0

165 5200.0 7637.1

LINE 4-2

46.0 42 1729.0 1729.0 48.0 43 1650.0 1650.0

65 1809.0 1946.6 78 1950.0 2264.8

81 2198.0 3341.2 97 2500.0 4037.0

109 2368.0 2802.3 112 2600.0 3171.4

144 3500.0 5739.1 158 3700.0 5528.4

190 6000.0 10504.7 175 6000.0 15599.7

54.0 42 1800.0 1800.0 80.0 42 2244.0 2244.0

80 2169.0 2514.6 51 2362.0 2848.8

102 2477.0 3367.4 65 2500.0 2948.6

124 3601.0 6681.4 81 2811.0 3822.5

181 5600.0 8448.2 132 4437.0 6197.2

167 5800.0 9287.8

124.0 43 1800.0 1800.0 158.0 47 1840.0 1840.0
74 1900.0 2030.6 62 1907.0 2103.2
85 2005.0 2603.5 85 2005.0 2248.0
106 2400.0 3578.1 110 2400.0 3417.0
144 3000.0 4247.1 141 3000.0 4527.3

180 5557.0 10881.2 180 6000.0 11559.2

200.0 48 1860.0 1860.0 224.0 51 1777.0 1777.0

71 2012.0 2297.0 71 1951.0 2336.8
124 2500.0 3033.1 87 2052.0 2450.5
149 3000.0 4758.2 100 2467.0 4317.0

180 6000.0 12875.3 148 3800.0 5643.0
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CMP TIME NMO
VELOCITY

INTERVAL
VELOCITY

CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY

230.0 48 1900.0 1900.0 250.0 48 1900.0 1900.0

83 2040.0 2217.7 71 2000.0 2194.1

94 2100.0 2506.8 90 2127.0 2546.1

113 2500.0 3918.3 123 2600.0 3585.8

147 3050.0 4409.9 147 3050.0 4725.8

191 3808.0 5645.2 191 6000.0 11189.0

264.0 50 1825.0 1825.0

81 2050.0 2368.3

119 2718.0 3765.2

156 3700.0 5827.5

175 6000.0 14804.6

290.0 50 1940.0 1940.0

79 2200.0 2587.6

115 2675.0 3498.2

147 4000.0 6912.6

183 6000.0 10847.4

374.0 58 1950.0 1950.0

82 2030.0 2211.4

100 2672.0 4570.7

134 3040.0 3927.3
158 5000.0 10629.4

422.0 60 1879.0 1879.0

82 2100.0 2609.3

99 2800.0 4938.1

130 3500.0 5131.6

163 5800.0 10858.3

270.0 50 1940.0 1940.0

79 2100.0 2350.4

95 2300.0 3104.0

142 3058.0 4190.5

201 7000.0 12017.7

346.0 56 1900.0 1900.0

79 2030.0 2316.2

105 2200.0 2650.5

140 3500.0 5872.0

162 4200.0 7206.9

180 5500.0 11989.2

376.0 55 1900.0 1900.0

82 2030.0 2271.9

100 2700.0 4661.2

137 3050.0 3839.5

163 6000.0 13291.9

488.0 65 2050.0 2050.0

78 2127.0 2476.3

94 2600.0 4202.4

142 3600.0 5010.2

163 5700.0 12827.7
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CMP TIME NMO INTERVAL CMP TIME NMO INTERVAL
VELOCITY VELOCITY VELOCITY VELOCITY

490.0 65 2100.0 2100.0 500.0 59 1950.0 1950.0

76 2127.0 2280.0 80 2275.0 3005.6

93 2800.0 4760.7 101 2575.0 3489.1

137 4200.0 6193.0 131 2900.0 3794.8

160 6000.0 12056.6 179 6000.0 10549.8

538.0 58 1950.0 1950.0 586.0 59 2100.0 2100.0

77 2200.0 2829.7 74 2200.0 2555.6

103 2325.0 2661.0 109 2375.0 2708.0

135 3150.0 4945.8 143 3000.0 4446.3

177 6000.0 10946.3 174 6000.0 12670.8
4r

604.0 57 2200.0 2200.0 624.0 58 2200.0 2200.0

95 2300.0 2442.3 77 2300.0 2581.4

115 2400.0 2827.1 102 2400.0 2684.7

136 3200.0 5896.9 119 2600.0 3572.1

174 6200.0 11805.4 141 3300.0 5764.5

182 6500.0 12251.4

630.0 58 2200.0 2200.0 646.0 58 2200.0 2200.0
- 74 2300.0 2630.8 72 2300.0 2674.7

102 2500.0 2964.3 104 2600.0 3172.9
138 3200.0 4641.7 128 3000.0 4325.1

cy^ 182 6600.0 12168.1 172 6200.0 11139.3

672.0 57 2200.0 2200.0 690.0 44 2000.0 2000.0

107 2600.0 2991.5 60 2200.0 2673.9

174 6000.0 9093.8 84 2578.0 3340.9

106 3210.0 4926.6

176 6000.0 8655.1

706.0 58 2056.0 2056.0 738.0 40 2025.0 2025.0

87 2672.0 3600.6 67 2150.0 2322.9

109 4092.0 7397.8 99 3100.0 4478.0
135 5351.0 8858.6 128 3875.0 5785.3
156 6200.0 10073.9 172 6000.0 9851.2
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LINE 8-5-2 NORTH

CMP TIME NMO INTERVAL CMP TIME NMO INTERVAL
VELOCITY VELOCITY VELOCITY VELOCITY

1104.0 57 2350.0 2350.0 1120.0 54 1920.0 1920.0

82 2500.0 2812.2 72 2071.0 2469.2

102 2700.0 3399.1 95 2500.0 3519.8

119 3695.0 7199.4 142 3519.0 4978.0

178 6000.0 9004.0 178 6000.0 11364.6

1122.0 48 1960.0 1960.0 1128.0 59 2150.0 2150.0

72 2158.0 2507.5 73 2227.0 2525.8

110 2500.0 3044.4 87 2600.0 4018.5

138 3500.0 5985.1 126 4009.0 6070.0

174 6000.0 11271.3 149 4600.0 7002.4,c
181 6000.0 10251.8

,.-.

1136.0 57 2000.0 2000.0 1150.0 63 2259.0 2259.0

74 2115.0 2461.7 79 2390.0 2847.8

87 2262.0 2963.0 138 3370.0 4349.2

126 4009.0 6364.8 181 6000.0 10727.9

149 4600.0 7002.4

181 6000.0 10251.8

1160.0 49 2068.0 2068.0 1170.0 45 2075.0 2075.0

76 2232.0 2502.3 60 2228.0 2634.2

94 2529.0 3516.6 74 2400.0 3028.4

126 3800.0 6170.1 104 3000.0 4122.1

149 5000.0 9102.2 136 5000.0 8775.0

181 6000.0 9339.1 181 6000.0 8321.3

1180.0 45 2000.0 2000.0 1194.0 49 2215.0 2215.0

60 2141.0 2517.0 65 2400.0 2893.9

85 2664.0 3623.3 85 2664.0 3382.6

118 3500.0 5052.0 115 3500.0 5181.7

149 4600.0 7421.3 151 4600.0 7044.3

181 6000.0 10251.8 181 6000.0 10521.2
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CMP TIME NMO
VELOCITY

INTERVAL
VELOCITY CMP TIME NMO

VELOCITY
INTERVAL
VELOCITY

1236.0 46 2215.0 2215.0 1248.0 62 2278.0 2278.0

62 2400.0 2866.1 78 2722.0 4001.5

78 2664.0 3503.9 94 2977.0 3993.4

119 3500.0 4696.1 121 3300.0 4236.6

151 4600.0 7368.4 144 4548.0 8497.7

181 6000.0 10521.2 175 5900.0 10021.3

1268.0 64 2300.0 2300.0 1302.0 63 2100.0 2100.0

78 2468.0 3123.0 81 2250.0 2710.4

126 3400.0 4521.8 103 2723.0 4009.4

144 4548.0 9195.3 121 3062.0 4538.5

175 5900.0 10021.3 146 4500.0 8537.0

189 6000.0 9459.2

1320.0 54 2030.0 2030.0 1342.0 39 2111.0 2111.0

78 2300.0 2814.3 61 2300.0 2601.5

92 2370.0 2727.3 78 2468.0 2994.2

115 3000.0 4746.8 92 2648.0 3484.6

144 4548.0 8186.5 144 4548.0 6698.8

175 5900.0 10021.3 175 5900.0 10021.3

1356.0 39 2110.0 2110.0 1404.0 61 2200.0 2200.0

62 2241.0 2447.2 80 2362.0 2819.9

99 2900.0 3753.3 95 2600.0 3613.6

119 3066.0 3781.9 123 3015.0 4122.7
150 3800.0 5812.5 178 5500.0 8807.4

181 6000.0 11845.8

1442.0 51 2200.0 2200.0 1456.0 57 2238.0 2238.0

65 2350.0 2830.0 76 2496.0 3145.5
85 2545.0 3095.0 90 2600.0 3104.4

180 5700.0 7467.6 124 3200.0 4410.4

179 5900.0 9497.6
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CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY

CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY

1482.0 54 2238.0 2238.0 1502.0 55 2193.0 2193.0

70 2400.0 2880.2 87 2500.0 2954.0

87 2600.0 3298.1 138 3266.0 4266.3

179 5900.0 7831.7 187 6050.0 10471.2

1516.0 58 2162.0 2162.0 1562.0 45 2300.0 2300.0

80 2434.0 3036.5 61 2400.0 2661.2

105 3000.0 4340.7 107 3000.0 3646.4

149 4000.0 5718.8 167 6000.0 9173.3

181 6000.0 11363.3

1576.0 47 2300.0 2300.0 1584.0 47 2250.0 2250.0

60 2407.0 2759.4 60 2357.0 2708.8

75 2550.0 3055.8 75 2500.0 3004.7

100 3152.0 4498.1 100 3000.0 4153.3

167 6000.0 8654.6 167 6000.0 8734.9

1620.0 55 2200.0 2200.0 1628.0 60 2357.0 2357.0

72 2300.0 2597.3 75 2500.0 3004.7

103 3200.0 4662.3 103 3000.0 4045.5

131 4000.0 6098.2 167 6000.0 8913.6

183 6000.0 9294.3

1640.0 51 2200.0 2200.0 1646.0 60 2100.0 2100.0

81 2350.0 2585.1 88 2208.0 2423.3

102 2500.0 3009.3 131 2750.0 3614.1

145 3200.0 4439.0 178 6000.0 10736.0

176 6000.0 12509.6

1654.0 56 2100.0 2100.0

85 2300.0 2643.7

131 3651.0 5309.0

178 6000.0 9959.3
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LINE 8-5-2 SOUTH -

CMP TIME NMO 'INTERVAL CMP TIME NMO INTERVAL
VELOCITY VELOCITY VELOCITY VELOCITY

44.0 50 1954.0 1954.0 110.0 49 2071.0 2071.0

95 2132.0 2313.8 65 2093.0 2159.0

187 4500.0 6038.8 84 2380.0 3171.1

190 3622.0 4361.9

192.0 55 1950.0 1950.0 234.0 59 2091.0 2091.0

69 2015.0 2252.3 74 2315.0 3039.9

116 2596.0 3266.8 135 3000.0 3662.9

172 3802.0 5517.1 183 4500.0 7203.5

r' 252.0 65 2070.0 2070.0 298.0 38 1933.0 1933.0

81 2213.0 2717.6 58 2124.0 2446.2

154 2742.0 3229.1 82 2459.0 3123.6

193 5367.0 10623.4 173 4152.0 5227.3
TY

398.0 56 2096.0 2096.0 404.0 42 2067.0 2067.0

134 2490.0 2738.1 66 2063.0 2056.0

145 2789.0 5196.8 108 2374.0 2793.6

169 4200.0 8787.5 185 4018.0 5557.3

430.0 46 2350.0 2350.0 468.0 42 2263.0 2263.0

87 2417.0 2490.0 58 2337.0 2520.9
CF% 192 3900.0 4792.9 140 3123.0 3576.1

189 4324.0 6652.1

492.0 35 2151.0 2151.0 618.0 59 2121.0 2121.0

83 2257.0 2331.3 92 2528.0 3126.3
145 2447.0 2680.4 115 3211.0 5098.0

192 3643.0 5978.5 161 3756.0 4858.0

674.0 56 2322.0 2322.0 780.0 51 1895.0 1895.0
104 2620.0 2929.6 62 2179.0 3180.0
171 3059.0 3636.9 87 2245.0 2400.9

147 3306.0 4412.4

189 4324.0 6773.7
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CMP TIME NMO INTERVAL CMP TIME
NMO INTERVAL

VELOCITY VELOCITY VELOCITY VELOCITY

872.0 62 2053.0 2053.0

102 2342.0 2730.1

147 3050.0 4237.4

183 4603.0 8349.8

LINE 4-5

44.0 46 1850.0 1850.0 50.0 46 1850.0 1850.0

75 2250.0 2768.4 77 2107.0 2438.9

95 2500.0 3271.6 97 2300.0 2926.5

117 2900.0 4211.6 120 3000.0 4964.5

147 3500.0 5217.9 178 5368.0 8355.4

62.0 49 1925.0 1925.0 80.0 42 1975.0 1975.0

69 2050.0 2328.1 59 2212.0 2710.1

95 2300.0 2859.4 83 2415.0 2853.3

112 2500.0 3408.0 115 3194.0 4640.6

147 3500.0 5608.0 167 5800.0 9245.3

165 6000.0 15164.4

96.0 45 1800.0 1800.0 104.0 47 1861.0 1861.0

74 2065.0 2419.4 70 1900.0 1977.3

94 2400.0 3360.7 95 2300.0 3161.3
125 3000.0 4338.7 . 125 2900.0 4276.7

147 5500.0 12287.7 147 3500.0 5836.8

173 6000.0 13049.1

136.0 49 1721.0 1721.0 148.0 52 1700.0 1700.0

70 1800.0 1972.1 70 1800.0 2061.8

97 2300.0 3256.5 97 2300.0 3256.5

111 2600.0 4116.4 111 2600.0 4116.4
147 3500.0 5401.6 147 3500.0 5401.6

162.0 53 1727.0 1727.0 166.0 58 1800.0 1800.0

74 1960.0 2451.5 74 1960.0 2454.1

84 2100.0 2935.3 87 2150.0 3011.2
115 2686.0 3848.9 117 2554.0 3469.0
160 3550.0 5135.3 147 3500.0 5881.0
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CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY CMP TIME NMO

VELOCITY
INTERVAL
VELOC ITY

182.0 58 1850.0 1850.0 204.0 57 1971.0 1971.0

71 1922.0 2214.9 84 2100.0 2349.2

87 2150.0 2956.7 115 2686.0 3848.9

115 2600.0 3660.8 160 3550.0 5135.3

147 3500.0 5655.1

234.0 57 1971.0 1971.0 240.0 58 1850.0 1850.0

84 2100.0 2349.2 91 2200.0 2707.6

115 2686.0 3848.9 115 2759.0 4257.1

160 3550.0 5135.3 147 3500.0 5377.5

C` 288.0 62 1950.0 1950.0 344.0 69 1900.0 1900.0

84 2050.0 2308.6 93 2000.0 2263.0

115 2500.0 3434.8 117 2389.0 3510.4

147 3500.0 5814.9 175 3800.0 5661.8

376.0 64 2000.0 2000.0 380.0 64 2000.0 2000.0

99 2186.0 2490.4 99 2186.0 2490.4

115 2500.0 3918.5 115 2500.0 3918.5
158 3600.0 5559.3 158 3600.0 5559.3

180 3924.0 5736.3

410.0 61 2000.0 2000.0 426.0 61 2100.0 2100.0
^ 99 2186.0 2455.3 99 2186.0 2317.4

115 2500.0 3918.5 115 2500.0 3918.5

158 3600.0 5559.3 158 3600.0 5559.3
180 3924.0 5736.3 180 3924.0 5736.3

430.0 61 2100.0 2100.0 442.0 61 2100.0 2100.0

99 2200.0 2351.7 99 2200.0 2351.7

115 2500.0 3869.7 110 2454.0 4081.8

158 3600.0 5559.3 158 3600.0 5372.1
180 3924.0 5736.3 180 3924.0 5736.3
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CMP TIME NMO
VELOCITY

INTERVAL
VELOCITY CMP TIME NMO

VELOCITY
INTERVAL
VELOCITY

452.0 59 2000.0 2000.0 464.0 59 2000.0 2000.0

87 2130.0 2380.8 87 2130.0 2380.8

112 2700.0 4107.4 112 2700.0 4107.4

132 3000.0 4310.0 132 3000.0 4310.0

176 3940.0 5924.1 176 3940.0 5924.1

476.0 64 2105.0 2105.0 482.0 47 1900.0 1900.0

90 2200.0 2418.0 64 2105.0 2588.6

105 2400.0 3358.6 90 2200.0 2418.0

132 3000.0 4647.6 105 2400.0 3358.6

175 3950.0 5989.2 132 3000.0 4647.6

175 3950.0 5989.2

520.0 69 2075.0 2075.0 524.0 47 1900.0 1900.0

84 2115.0 2290.0 66 2100.0 2527.6

104 2500.0 3703.0 87 2200.0 2488.3

122 3300.0 6139.9 104 2500.0 3669.6

147 4500.0 8119.5 132 3500.0 5876.7

158 4700.0 8488.0

534.0 55 2000.0 2000.0 536.0 55 2000.0 2000.0

69 2050.0 2235.6 69 2050.0 2235.6

87 2400.0 3425.0 87 2400.0 3425.0

rn 126 4009.0 6251.1 126 4009.0 6251.1

149 4600.0 7002.4 145 4600.0 7409.5

556.0 41 1900.0 1900.0 564.0 55 2000.0 2000.0

59 2150.0 2632.3 69 2050.0 2235.6

83 2496.0 3190.9 87 2300.0 3075.5

116 2700.0 3155.3 115 3800.0 6547.5

130 3000.0 4813.4 126 4009.0 5756.3
158 3500.0 5228.7 149 4600.0 7002.4
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CMP

570.0

TIME

41

54

62

83

116

158

NMO
VELOCITY

1900.0

1997.0

2102.0

2496.0

2700.0

3500.0

INTERVAL
VELOCITY

1900.0

2276.0

2706.2

3402.7

3155.3

5094.0

LINE 8-1

CMP TIME NMO
VELOCITY

INTERVAL
VELOCITY

96.0 62 2100.0 2100.0 112.0 66 1650.0 1650.0

112 2150.0 2210.4 78 1750.0 2220.9

176 4000.0 5992.5 90 1850.0 2400.5

220 6000.0 10770.3 112 2100.0 2906.8

142 2550.0 3783.5

^-_• 176 4000.0 7461.0

220 6000.0 10770.3

128.0 58 1800.0 1800.0 140.0 67 1900.0 1900.0

74 1884.0 2161.3 85 2200.0 3068.9

94 2250.0 3265.1 135 2900.0 3805.1
176 4000.0 5342.1 174 4000.0 6501.8

220 6000.0 10770.3

156.0 65 2000.0 2000.0 172.0 61 1886.0 1886.0
80 2100.0 2487.3 96 2045.0 2295.9

113 2250.0 2577.7 113 2250.0 3167.7

139 2580.0 3685.6 139 2580.0 3685.6

158 3586.0 7631.5 158 3600.0 7686.1

186.0 51 1600.0 1600.0 202.0 68 2075.0 2075.0

81 1880.0 2278.4 84 2212.0 2718.3
96 2045.0 2771.1 98 2425.0 3436.1

113 2250.0 3167.7 179 3800.0 4979.5
139 2580.0 3685.6

158 3200.0 6038.0

180 3900.0 7134.7
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CMP TIME NMO
VELOCITY

INTERVAL
VELOCITY

CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY

268.0 63 1975.0 1975.0 286.0 63 1950.0 1950.0

73 2037.0 2390.9 85 2100.0 2479.9

85 2124.0 2591.1 103 2175.0 2498.9

103 2175.0 2401.2 162 3000.0 4056.3

160 3500.0 5083.1 183 5000.0 12183.1

294.0 67 1950.0 1950.0 340.0 56 2050.0 2050.0

82 2100.0 2669.0 82 2325.0 2827.9

125 3000.0 4213.4 127 3000.0 3943.3

163 4000.0 6247.1 152 4000.0 7180.5

350.0 56 2050.0 2050.0 402.0 53 1900.0 1900.0

82 2325.0 2827.9 73 2000.0 2243.5

127 3000.0 3943.3 143 2950.0 3688.7

152 4000.0 7180.5 166 4000.0 7834.0

414.0 43 1850.0 1850.0 438.0 43 1850.0 1850.0

77 2300.0 2766.2 62 2150.0 2708.9

179 4500.0 5616.3 110 2650.0 3181.6

179 5000.0 7325.3

456.0 43 1850.0 1850.0 482.0 40 1775.0 1775.0

62 2150.0 2708.9 67 2332.0 2971.1

110 2662.0 3204.5 93 2700.0 3473.0

179 5000.0 7318.3 107 2925.0 4118.6

179 5000.0 7031.2

510.0 40 1750.0 1750.0 522.0 38 1900.0 1900.0
64 2300.0 3000.4 66 2350.0 2849.2

85 2400.0 2681.9 85 2400.0 2566.1

114 2700.0 3431.4 114 2700.0 3431.4

184 5000.0 7337.7 184 5000.0 7337.7
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CMP TIME NMO INTERVAL CMP TIME NMO INTERVAL
VELOCITY VELOCITY VELOCITY VELOCITY

532.0 39 1800.0 1800.0

62 2200.0 2748.3

80 2350.0 2805.9

115 2700.0 3366.0

172 4000.0 5794.2

578.0 40 1900.0 1900.0

62 2100.0 2421.7

87 2750.0 3921.8

101 3126.0 4847.8

155 5000.0 7313.2

6^.

612.0 37 1900.0 1900.0

66 2400.0 2916.0

82 2500.0 2876.0
105 3300.0 5237.6
175 4711.0 6256.9

642.0 45 1950.0 1950.0

64 2500.0 3470.8

87 2700.0 3191.2

108 3700.0 6340.7

179 5000.0 6496.5
^

702.0 38 2100.0 2100.0

55 2200.0 2408.6

66 2500.0 3646.9

78 2600.0 3092.7

108 3700.0 5631.0

179 5000.0 6496.5

722.0 41 2416.0 2416.0

67 2500.0 2627.0

83 2600.0 2982.6

116 3800.0 5810.0
159 5000.0 7313.5

C-18

568.0 49 2000.0 2000.0

69 2463.0 3336.0

87 3050.0 4659.1

106 3400.0 4679.4

153 5000.0 7437.2

594.0 42 1900.0 1900.0

65 2266.0 2814.1

83 2700.0 3882.4

108 3400.0 5073.1

155 5000.0 7475.5

636.0 45 1950.0 1950.0

72 2600.0 3418.9

85 2700.0 3197.7
108 3700.0 6110.8

179 5000.0 6496.5

666.0 55 2200.0 2200.0

70 2500.0 3379.3

84 2700.0 3534.1

108 3700.0 6007.5

179 5000.0 6496.5

720.0 37 2185.0 2185.0
65 2612.0 3086.9

94 2884.0 3415.9

153 4075.0 5459.9

740.0 37 1925.0 1925.0
63 2200.0 2540.5

109 3026.0 3881.8

165 4100.0 5630.9
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CMP TIME
NMO

VELOCITY
INTERVAL
VELOCITY

CMP TIME NMO
V E LOCITY

INTERVAL
VELOCITY

750.0 39 1900.0 1900.0 764.0 59 2086.0 2086.0

65 2250.0 2691.0 65 2178.0 2932.8

88 2700.0 3685.8 77 2288.0 2810.0

116 3800.0 6075.5 89 2626.0 4189.7

159 5000.0 7313.5 147 4000.0 5474.5

192 6000.0 10066.4

796.0 59 1900.0 1900.0 806.0 58 1994.0 1994.0

69 1938.0 2148.6 72 2158.0 2734.6

87 1974.0 2106.3 108 3027.0 4263.1

co 106 2219.0 3102.9 161 4000.0 5471.1

150 3000.0 4338.1

186 4200.0 7323.9
r, •.

810.0 44 1900.0 1900.0 846.0 52 2130.0 2130.0

57 2050.0 2491.6 87 2175.0 2240.2

87 2175.0 2394.6 106 2374.0 3127.5
106 2374.0 3127.5 150 3000.0 4135.8

150 3000.0 4135.8 186 4200.0 7323.9
186 4200.0 7323.9

^ 850.0 44 2150.0 2150.0 852.0 51 2250.0 2250.0
87 2175.0 2200.3 96 2350.0 2458.4

106 2374.0 3127.5 134 3500.0 5407.9

150 3000.0 4135.8 152 4650.0 9560.1

186 4203.0 7332.8

854.0 51 2250.0 2250.0 860.0 47 2100.0 2100.0
96 2346.0 2450.3 66 2200.0 2429.7

134 3500.0 5412.3 102 3100.0 4284.3
152 4650.0 9560.1 141 4500.0 6933.8
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CMP TIME
NMO INTERVAL CMP TIME

NMO INTERVAL
VELOCITY VELOCITY VELOCITY VELOCITY

874.0 52 2313.0 2313.0

69 2400.0 2648.4

102 3100.0 4202.4

115 3300.0 4575.3

158 3500.0 3985.9

^

^.

CT
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APPENDIX D

INTERPRETED SEISMIC SECTIONS
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APPENDIX D

INTERPRETED SEISMIC SECTIONS

Three seismic reflection lines are included in this appendix, lines 3-5,
2-3, and 4-2. The interpreted Hanford/Ringold contact and the lower mud unit
are plotted on the sections. The measured drill depths to the sedimentary
units is displayed below the well locations. A detailed discussion of these
seismic sections is presented in Chapter 4.0 of the main body of the text.
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;.5 &2

Jct Ln 2-3
WELL "3

853,5 358.5 f'6).5 856.5 873.5 878.5 883.5 888.5 893.5 898.5 903A0

WHC-SD-EN-TI-069, Rev. 0

Project 300 - FF - 5
Line Line 3-5

LN 3-5 STACK

Field Parameters
Source - Dinosels
Shot Interval - 3.0 m (10ft)
Reclever Interval -1.5m (5ft)
Near Offset-3.0 m (10ft)
Far Offset - 38m (125ft)

Recording Unit - EG&G ES2401
Sample Rate - 0.2 mllisec
Record Length - 0.409 sec
No. Channels - 24
Filters Low - 35 hz

Notch - IN
High - 250 hz

h'e a=-ured dt p:h;
V!ater ttb e- 29 fi

- Display Parameters

Inches/Second 15.0
Traces/Inch 24
Plot Polarity Normal

Processed using SPWTM from Parallel Geoscience Corporation

............ y

Create Trace Headers
Automatic Gain Control -100 msec window

Dip Filter - Reject 400 - 1700 ft/sec

Apply Fiher - pass 60hz @18db/oct -180 hz @ 18db/oct 30msec operator

Apply Statlc Shifts - Record statics for Dinoseis delays

CMP Sort
NMO Correction - stretch mute - 97% with 20msec taper
Apply Static Shifts - Datum Elev = 375 ft
CMP Stack

Figure D-1. Seismic Line 3-5.
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WELL "3

A
JCT Line 1-3N JCT Line 3-5
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WELL °'3

A
JCT Line 3-5

INGOLD CONTRCT

LOlUER MUD

WHC-SD-EN-TI-069, Rev. 0

Project 300 - FF - 5
Line Line 2-3

LN 2-3 STACK

Field Parameters
Source - Dinoseis Recording Unit - EG&G ES2401

Shot Interval - 3.0 m(10ft) Sample Rate - 0.2 milisec

Reciever Interval - 1.5m (5ft) Record Length - 0.409 sec

Near Offset - 3.0 m(10ft) No. Channels - 24

Far Offset - 38m (125ft) Filters Low - 35 hz
Notch - IN
High - 250 hz

Processing Parameters

Create Trace Headers
Automatic Gain Control - 100 msec window

Apply Static Shifts - Record statics for Dinoseis delays

Dip Filter - Reject 400 - 1700 it/sec

Apply Filter - pass 60hz @18db/oct - 120 hz @ 18db/oct 30msec operator

NMO Correction - stretch mute - 90% with 20msec taper

Apply Static Shifts - Datum Efev = 375 It
CMP Stack

Display Parameters

Inches/Second 15.0

Traces/inch 24

Plot Polarity Normal

Processed using SPWT" from Parallel Geoscience Corporation

Figure D-2. Seismic Line 2-3.
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