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1.0 Introduction

This report summarizes the surface geophysics program conducted by the U.S. Department

of Energy (DOE) Office of Legacy Management (LM) at the Project Shoal Area

Subsurface Corrective Action Unit 447 in Nevada. The program was conducted as part of the
revised corrective action/closure strategy that was described in the LM letter to the Nevada
Division of Environmental Protection (NDEP) dated November 24, 2009. The objectives of the
surface geophysical surveys were to obtain data that would help image the water table and
identify faults/major fracture zones that may affect groundwater flow at the site. Two
geophysical methods were used to meet these objectives: seismic reflection and electromagnetic
(EM), controlled-source audio magnetotellurics/magnetotellurics.

1.1 Background

The original corrective action/closure strategy used a numerical groundwater flow and transport
model to assist in the evaluation of data and selection of a corrective action alternative. The
model results were also used to determine a contaminant boundary and establish a restricted
region surrounding the site. The corrective action alternative for the site consists of monitoring
with institutional controls and is presented in the Corrective Action Decision
Document/Corrective Action Plan (CADD/CAP; DOE/NNSA 2006). As part of the original
strategy, three wells (MV-1, MV-2, and MV-3) were installed in 2006 for the dual purpose of
monitoring and evaluating the flow and transport model results. Based on a comparison of
monitoring data and modeling results, the groundwater flow and transport model could not be
validated (NDEP letter; July 11, 2008). Pursuant to the Federal Facility Agreement and Consent
Order (FFACO 1996, as amended March 2010), LM is developing a revised corrective
action/closure strategy for the site.

On November 24, 2009, LM submitted a Short-Term Data Acquisition Plan (DOE/LM 2009) to
NDEP detailing the proposed data collection and field investigation activities that would support
a revised corrective action/closure strategy. Proposed activities included (1) using geophysical
methods to image the water table and identify faults and fracture zones with the potential to
affect groundwater flow and (2) developing an enhanced monitoring system for collecting
hydrologic and geochemical data.

2.0 Surface Geophysical Methods

Geophysical methods can be used to indirectly sample the subsurface and, when used in
conjunction with site well data, allow a more complete site conceptual model to be developed.
The seismic reflection method uses an energy source (explosives, hammer, or vibroseis) to
transmit seismic energy through the subsurface. A portion of the seismic energy is reflected back
to geophones that are evenly spaced along the ground surface to record the data. The recorded
data are used to identify seismic velocity and/or density contrasts (reflectors) in the subsurface
that may be interpreted as faults, shear zones, significant changes in porosity, and/or the water
table. The EM method determines the earth’s subsurface electrical resistivity distribution by
measuring time-dependent variations of the earth’s natural electric and magnetic fields, as well
as the electric and magnetic fields resulting from high-frequency induced waves. Resistivity
values in any rock type are directly related to changes in the rock’s porosity, variation of the
salinity of the fluids filling the rock, and the presence of some specific minerals that are excellent
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Alternating fast and slow seismic velocity zones are consistent with competent granite/dike
locations and fracture zones. Fast seismic velocity zones are consistent with low neutron values
while slow seismic zones correlate with high neutron values. A large change in seismic velocity
below water table depths suggests that this boundary can be mapped with surface seismic
methods.
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Seismic Reflection Methods

Seismic reflection methods are commonly used in exploration for hydrocarbons, coal,
geothermal energy, and in shallow applications for engineering, groundwater, and
environmental targets. Seismic reflection data acquisition involves a seismic source and an
array of sensors or geophones (Figure 6). Seismic sources can include explosives, hammers, and
vibroseis sources, all coupled to the ground surface. The seismic source is intended to
propagate sound waves through the subsurface. At each seismic velocity or density contrast in
the subsurface, the seismic energy is partitioned. A portion of the seismic energy is reflected
back to the earth’s surface, while another portion of the seismic energy continues to radiate
away from the seismic source. The ground displacement, as the seismic energy returns to the
earth’s surface, registers on a geophone (similar to a motion sensor) as a change in voltage, and
the analog signal that represents ground displacement is digitally recorded with a seismograph.



Seismic boundaries with large velocity and/or density contrast can include the water table,
bedrock surface, and a significant change in porosity or grain size (e.g., clay to sand) within a
sedimentary sequence. Once seismic data are recorded, seismic processing steps include
removing or attenuating coherent and random signals not related to the reflection energy, a
data sort from shot gathers to common midpoint gathers, a seismic velocity analysis and
correction, elevation corrections to a common datum, and stacking data at varying ray
geometries to produce a section that simulates a geologic cross section (e.g., Yilmaz, 2001).

A)

&)

Seismic Shot Record
300 0 300

I offset (m)|“ ‘
(A

100

200
300
400
500
600

time (ms)

700
800
900

[
?Ik r !‘ Gl
!..-_J!! ﬁ_{ﬂ vﬁ![l

1000

Figure 6. (A) Cartoon of acoustic waves transmitting from a hammer source through a subsurface
layer and returning to geophone locations at the surface. (B) A Boise State University 500 Ib
rubber-band-accelerated hammer source. (C) An example shot record showing reflections and
other coherent and random signals. Longer travel paths appear on the down side of the fault

(on A). These longer travel paths result in delayed reflector travel times (on C).

Seismic reflection data interpretation involves identification of coherent reflectors,
offsets in these reflectors, and the strength of the reflected signals. Tied to borehole
information, seismic velocities, and geologic and other geophysical data, a geologic
interpretation is formed. Reflecting boundaries represent a change in physical properties at a
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measured travel time. A tie to borehole and geologic information provides the link between
seismic data and a geologic interpretation. Depth estimates from seismic velocities alone are
not precise, but they serve as a reasonable first-order estimate of reflector depth. A more
accurate correlation of seismic data to depth requires extrapolation from borehole
measurements.

Seismic Profile 1

The 2.1-km-long west-east Shoal site Line 1 seismic reflection profile is located along the
main access road from Highway 31 (Figure 2). The profile crosses borehole HC-2 near position
1030, Profile 2 near position 1080, the blast zone near position 1150, Profile 3 near position
1205, and a shear zone mapped near position 1230. Elevation along the profile decreased from
west to east by approximately 100 m (Figure 7). A ground-based magnetometer profile was
acquired along the profile that showed variations of ~200 nT across the profile. An upward
continued profile to remove ground-based magnetic effects shows a magnetic low along the
western and central portions of the profile. East of the shear zone at position 1230, total
magnetic field values remain consistently high.

Seismic reflection results from Profile 1 show reflections to approximately 0.3 s two-way
travel time, or approximately 500 m bgs (Figure 7). Reflections vary in character and depth
across the profile, and a single reflector is not clearly identified. Because VSP HC-6 shows a
large change in seismic velocity at the water table, | interpret the base of the high-reflectivity
zone as the water table. This suggests the water table elevation may vary across the Shoal site
and may be influenced by geologic structures.

The reflectors along Profile 1 show a pattern of kilometer-scale structures across the
profile (Figure 7). The peak elevation of a high-reflectivity zone appears at position 1080 and
has the appearance of an anticline. This could be caused by a zone of subhorizontal stress-relief
fracturing that overlies a deeper, less fractured core at depth. However, this position is also
consistent with a magnetic high observed on the ground-based magnetometer profile,
suggesting that the high-reflectivity zone could be the contact of the overlying granite and a
deep intrusive core composed of a denser more mafic composition. A zone absent of near-
surface reflectors appears near the mapped shear zone. This zone is also coincident with a
topographic low (appearance of a syncline) of relatively coherent reflectors at depth. Reflectors
at position 1230 suggest the presence of a west-dipping shear zone that truncates reflectors to
the east and west. Semicontinuous reflectors east of the shear zone suggest that additional
faults may be prominent, but the lack of coherent reflectors make interpretation in this area
difficult.
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Figure 7. Elevation profile, unmigrated seismic reflection profile, and interpreted, migrated, and

depth-converted seismic image from the Shoal site Line 1.
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Seismic Profile 2

The 0.75-km Shoal site Line 2 profile was acquired along the west shoulder of the south-
north access road from Line 1 (Figure 2). Profile 2 crosses Profile 1 at position 2115 and
terminates to the north at a steep topographic slope and vista. Elevation along the profile
varies approximately 10 m with a topographic low at position 2115 (Figure 8).

Semicontinuous, relatively flat-lying reflectors and the short length of Profile 2 make
interpretation difficult (Figure 8). Diffractions scattered across the profile may result from
fractures in the granite that cause large lateral velocity changes Lateral variations in the
ground-based magnetic profile are consistent with considerable fracturing in the granite.

Seismic Profile 3

The 2.4 km Shoal site Line 3 profile was acquired along the east shoulder of the south-
north access road from Line 1 (Figure 2). The profile crosses monitoring well MV-1 at position
3085, MV-2 at position 3100, and HC-1 at position 3140. The southern portion of the profile
extends along the winding road from positions 3001 to 3150, then extends along a relatively
straight profile to the northern termination of the profile. The profile begins at the Profile 1
road where it crosses Profile 1 at position 1205. The elevation rises from 1580 m at position
3001 to 1650 m at position 3200 (Figure 9). North of position 3200, the elevation varies less
than 20 m. The profile parallels the interpreted fracture zone (Figure 2). Instrument failure
prevented acquisition of ground-based magnetic profiling along this profile.

Semicontinuous reflectors appear along the length of Profile 3 in the upper 300 m bgs
(Figure 9). The strongest amplitude reflector is located from the approximately 250 to 350 m
depth interval that | interpret as the water table. Diffractions on the unmigrated profile suggest
that lateral velocity contrasts are present and may represent faults or fracture zones. At these
diffraction boundaries, | identify offset reflectors in the upper 300 m depth.
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Appendix B

Hasbrouck Geophysics, Inc. Preliminary EM Survey Report
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