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Terms
AEM airborne electromagnetic
AMSL above mean sea level
bgs below ground surface
BWIP Basalt Waste Isolation Project
CMP common midpoint
CSM concep:  site odel
EM electr : :tic
FY fiscal '
HEIS Hanford Environmental Information System
HF1 Hanford Formation Unit 1
HF?2 Hanford Formation Unit 2
caJ Hanford Formation Unit 3
IGRF International Geomagnetic Reference Field
LERF Liquid Effluent Retention Facility
LIGO Laser Interferometer Gravitational-Wave Observatory
ou operable unit
RDI Resistivity-Depth-Image
RI remedial 1 stigation
RMI residual magnetic intensity
rms root-mean-square
RRL Reference Repository Location
Sp shot point
™I total magnetic intensity
WTP Waste Treatment Plant
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21.3 Check Shot Surveys

Check shot surveys in boreholes with known geostratigraphy information are used to correlate
observed  smic reflectors with geologic units encountered in the borchole. Check shot surveys
measure the vertical seismic travel time from a surface based seismic source to a borehole
geophone. The borehole geophone is moved up/down the well to obtain seismic travel time with
depth information and to determine interval velocities of geologic units. The method is normally
used to record the first arriving  smic energy, though other desired signals are routinely
recorded and used to aid seismic processing and interpretation.

Figure 2-3 is a location map showing where check shot information has been collected and is
coded by program and survey vintage. Check shot surveys, labeled as BWIP surveys, are derived
from B040899, Seismic Velocity Survey, Rockwell Hanford Operations, ESG, DC-2, -3, -4, -6, -7,
Benton County, Washington, (wells DC-2 through DC-7). Dresser, 1985, Report of Borehole
Seismic Analysis for Rockwell International, RRL-5, -7, -8, -10, and -16, Benton County,
Washington, and SD-BWI-TI-359, Seismic Velocity Structure in the BWIP Reference Repository
Location from Seismic Refraction and Vertical Seismic Profiling Data (cited as Odegard and
Mitchell [1987] in Figure 2-3), document velocity and check shot surveys for the Reference
Repository Location (RRL) well series. More recent check shot surveys were conducted in the
200 East Area and reported in the following:

o  PNNL-16559, Downhole Measurements of Shear- and Compressional-Wave Velocities in
Boreholes C4993, C4996, C4997 and C4998 at the Waste Treatment Plant DOE Hanford
Site (cited as Redpath [2007] in Figure 2-3), for borings C4993 through C4998.

e  SGW-39676 for seven wells within the Gable Gap (supporting the towed-seismic array) and
along selected BWIP profiles to support PO-1 Groundwater OU investigations.

BWIP and RRL related check shot or sonic surveys were primarily used to provide
intra-basalt/interbed velocity to help interpret changes in basalt character. BWIP surveys were
conducted in wells DC-2 (699-48-48B), DC-3 (699-44-70), DC-4 (699-49-85B), DC-5
(699-49-85A), DC-6 (699-54-18D), DC-7 (699-15-15F), DH-28 (699-50-99), and DH-27
(699-50-96). RRL related surveys were conducted in wells RRL-2 (699-39-84C), RRL-3
(699-45-78), RRL-4 (699-35-78B), RRL-5 (699-42-88), RRL-7 (699-46-85B), RRL-10
(699-37-89), RRL-14 (699-41-91), and RRL-16 (699-37-81). Of these, RRL-2, RRL-3, RRL4,
RRL-10, and DC-6 have available check shot information within the overlying Hanford and
Ringold sediments. Check shot logs not found identified as of August 2009 consist of surveys in
wells 699-15-15F (well DC-7, FY-79-02), 699-49-85B/A (DC-4/5, FY-79-03), and 699-50-99/96
(DH-27/28, far west, FY-79-03).

Check surveys were conducted during 2006 and 2007 to support construction design of the WTP.
Wells C4562, C4993, C4994, C4997, and C4998 were surveyed using a suspension logging
system for the deeper part of the well and a sidewall clamped geophone for the shallower section
of the well. The inclusion of the shallow check shot survey allowed recording of more detailed
information within the Hanford, Ringold, and upper part of the basalt encountered in each well.
Well C4562 is also located adjacent to the high-resolution seismic profile collected along

1* Street and was used by the seismic contractor to make initial interpretations of the data.
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Additional check shot surveys were collec  in 2008 and 2009 to support detailed interpretation
of high-resolution reflection profiles, processing, and interpretation of the towed-array seismic
profiling in the Gable Gap Area and improve existing interpretations of the BWIP profiles. The
results of these surveys are described in SGW-39676.

2.2 Gravity (Waste Repository Surveys)

Gravity surveys are used to measure changes in the Earth’s gravitational field and correlate
changes in subsurface density with changes in the underlying rock and sediment. Surface gravity
surveys measure lateral density changes and have been traditionally used to identify sedimentary
basins, salt diapirs, faults, and other changes associated with geologic structures and/or lithologic
variations. At the Hanford Site, a strong density contrast occurs between the overlying sediments
and underlyii  basalt units. Down- or up-throw of the basalt surface, through either faulting or
compressional stress-related structural warping, should produce localized density contrasts and
the concomitant gravity response.

Site-wide  avity data were compiled for BWIP using a variety of sources and surveys. Weston,
1978, Ground Geophysical Studies, Columbia Plateau and Adjacent Cascade Mountains,
reported a regional gravity  rvey conducted within the Columbia Plateau and adjacent Cascade
Mountains. Gravity data compiled for nuclear project safety analyses, by both Washington Public
Power Supply System (WPPSS, 1981, Final Safety Analysis Report) and Puget Sound Power and
Light Company (PSPL, 1982, Skagit/Hanford Nuclear Project, Preliminary Safety Analysis
Report), were also used in the BWIP gravity compilation. Additional surveys were conducted
under BWIP (DOE/RL-82-3, Characterization Report for the Basalt Waste Isolation Project)
using a 500-ft by 500-ft grid.

For this report, the original gravity anomaly map was re-digitized off the report figure and
integrated with the gravity data from the National Geodetic Survey gravity database (NGS, 1999,
Gravity Station Data for the United States). The resulting gravity anomaly map covers the entire
Hanford Site.

2.3 Airborne Surveys

AEM and magnetic surveys measure changes in the geo-electrical and magnetic properties of the
underlying soil and rock. Geo-electrical characteristics can generally be correlated to grain size,
grain composition, and saturation for sedimentary materials, and to mineralogy, weathering, and
clay content for rock. Changes in the magnetic properties can be correlated to rock/sediment type
and structural attitude, and depend on the presence of magnetite and/or other

ferro-magnetic minerals.

EM surveys use a transmitter coil to induce an electrical current in the subsurface and a receiver
coil to measure the strength of the secondary magnetic field generated by these currents. The
strength of the secondary magnetic field is proportional to the electrical conductivity of the
material through which the induce current is propagating. Two EM methods were used:
time-domain and frequency-domain. Time-doi  in EM surveys measure the decay rate of the
secondary magnetic field and correlate the decay rate to subsurface electrical structure.
Frequency-domain EM surveys also measure the strength of the secondary magnetic field, but
achieve different investigation depths by changing the frequency and coil configuration.
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