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1 Introduction 

During fiscal year (FY) 2008, geophysical surveys were conducted within PO-I to help address 
data gaps regarding the presence/absence of potential channels, faults, or other hydrogeologic 
features that may control groundwater contaminant migration. The geophysical surveys, acquired 
as part of the 200-PO- l Groundwater Operable Unit (OU) Phase I remedial investigation (RI), 
were conducted to evaluate their ability to characterize and screen large areas prior to a more 
detailed site investigation. 

The 200-PO-1 Groundwater OU is divided into three geographic areas of concern. The near-field 
region represents source areas within and adjacent to the 200 East Area, and downgradient to and 
including the SE Transect wells. The far-field region is defined as the area of the 200-PO-1 
Groundwater OU extending from the SE Transect wells to the Columbia River. The River 
Transect wells, a subset of the far-field region, represent the final area of concern 

Geophysical surveys were collected to address both near-field (Seismic Reflection Surveys in the 
200 East Area) and near/far-field (Airborne Electromagnetic [AEM] Surveys in the 600 Area) 
data gaps such as the configuration of the basalt surface, presence or absence of faults, and 
structures within the supra-basalt sedimentary sequence that may control groundwater migration. 

· 1.1 Purpose and Objectives 

The need for improved understanding of the hydrogeological features that control groundwater 
flow is identified as a characterization activity under the PO-1 RI/FS Work Plan 
(DOE/RL-2007-31, Remedial Investigation/Feasibility Study Work Plan/or the 200-PO-1 
Groundwater Operable Unit) . 

The geophysical program included the following technical objectives: 

• Map the top-of-basalt. 

• Delineate the location and orientation of faulting. 

• Define areas of likely preferential groundwater flow paths. 

Geophysical surveys performed during FY 2008 consisted of high-resolution seismic reflection 
profiling in the 200 East Area (address near-field issues) and AEM Surveys in the 600 Area. 
Additionally, check shot seismic surveyi; were acquired in selected wells to constrain 
interpretation of the seismic reflection data by correlating measured vertical seismic travel times 
to geologic units of interest. 

1.2 Scope of Investigation 

Work conducted for this report integrated existing geophysical and geological information with 
the high-resolution seismic and AEM surveys acquired in FY 2008, with the focus on identifying 
geophysical features that likely correlate with controls to groundwater migration. The following 
specific tasks were included: 

• Integration of geologic tops, hydrologic, and contaminant information with the geophysical 
data sets. 

• Interpretation of FY 2008 High Resolution Seismic Reflection, AEM, and Magnetic data. 

1-1 
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• Re-interpretation of the Basalt Waste Isolation Plant (BWIP) seismic reflection and gravity 
data pertaining to the 200-PO-1 Groundwater OU. 

• Identification of geophysical features that correlate with likely controls to 
groundwater migration. 

1.3 Historical Use of Geophysics at Hanford 

Geophysics has been used since the inception of Hanford with initial applications consisting of 
construction design or engineering related studies employing seismic, gravity, and magnetic 
methods.(Table 1-1) These studies applied experience and techniques learned from the oil and gas 
and mineral exploration industries to specific problems at the Hanford Site. Use from the 
mid-to-late 1970s onward has been for both engineering and environmental studies, and 
numerous experimental methods/techniques have been tested over the past 2-3 decades looking to 
map subsurface stratigraphy, characterize disposaVwaste sites, and attempt to delineate, both 
indirectly and directly, subsurface contamination. DOE/RW-0164, Consultation Draft, Site 
Characterization Plan, Reference Repository Location, Hanford Site, Washington, Vol. 1, and 
PNNL-13149, Review of Geophysical Characterization Methods Used at the Hanford Site, 
provide broad reviews of geophysical studies conducted at Hanford throughout its history. 

1-2 
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Table 1-1 Hanford Geophysical Data History 
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2 Geophysical Data Sets 

Geophysical data sets used in this report include the FY 2008 Seismic Reflection and Airborne 
Surveys (electromagnetic [EM] and magnetic), gravity surveys for BWIP and BWIP-related 
seismic reflection profiles that cross through the PO-1 Groundwater OU. Additional geophysical 
data used to support interpretations include check shots surveys in the vicinity of the Waste 
Treatment Plant (WTP). Additional check shot surveys were acquired in 2008 (SGW-39676, 
Check Shot Survey Summary Report, 200 East Area, Hanford Site - Fiscal Year 2008). 

Interpretations made in this report were guided by existing analyses (both geologic and 
geophysical) and incorporated results from geophysical surveys conducted in the 200 West and 
300 Areas. 

2.1 Seismic Surveys 
Seismic reflection profiling maps changes in acoustic impedance (seismic-velocity and density 
variations) and is used to construct a "reflector" image of the subsurface. The resulting 
seismic-reflection section (seismic section) is similar to a geologic cross-section in that it can be 
used to map changes in lithology or orientation and structure of stratigraphic layers. Data are 
usually presented in cross-sectional form as distance for the horizontal axis and two-way travel 
time for the vertical axis. Auxiliary information, such as seismic check shot surveying, is 
generally required to correlate observed reflectors with the underlying geology. 

The reflection method measures the return energy that is echoed off subsurface interfaces 
resulting from either density or velocity changes, or some combination of both. A linear array of 
geophones is laid out, and the return energy is recorded. Reflection events appear as hyperbolic 
shape signals, where the curvature of the hyperbola represents the root-mean-square 
(rms)-velocity down to that reflector. Therms-velocity approximates a time-weighted average of 
all layer velocities above the reflector; in general, rms-velocity is lower than the true layer 
velocity (interval velocity). 

Processing reflection data centers on enhancing the reflection event (filtering and muting) and 
determining the appropriate rms-velocities to use for collapsing the reflection event to a single 
point. To accomplish this, the seismic data are sorted into groups where the shot-receiver 
geometry has a common midpoint (CMP); in theory, the reflection information is considered to 
come from interfaces directly below the CMP. The number of traces in each CMP group 
determines the "fold" of the data, and higher-fold data generally result in better-quality seismic 
data. For example, 24-fold data consist of24 seismic traces per CMP group. Velocities are 
determined for each identified reflector, and time-shifts (normal move-out corrections) are 
applied to flatten their hyperbolic signatures. The CMP traces are then summed (stacked) into a 
single trace representing that profile point. 

2.1.1 Basalt Waste Isolation Project Seismic Reflection 
Approximately 121 line miles of seismic reflection data were collected as part of the BWIP 
during the late 1970s and early 1980s (SSC, 1979, Final Report on Seismic Reflection Survey 
Conducted in Benton and Grant Counties, Washington, FY-79 Program, Pasco Basin, Hanford 
Site, Basalt Waste Isolation Program, and SSC, 1980, Final Report on Seismic Reflection Survey 
Conducted in Benton County, Washington, FY-80 Program, Pasco Basin, Hanford Site, Basalt 
Waste Isolation Program) (see Figure 2-1). 

2-1 
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Additional test lines were collected during the early to mid-1980s with the goal to refine how 
seismic reflection data should be collected and processed at Hanford. Objectives for the BWIP 
surveys were to delineate sedimentary and basalt features beneath the Hanford Site to support 
planning for a proposed spent fuel waste repository. 

At the time of the Phase I investigations, BWIP seismic data were only available as hard copy 
full-size plots, many of which had a variety of interpretation vintages drawn on with color pencil. 
The original digital data were likely lost or discarded sometime after closure of the BWIP 
investigation. In order to employ modern analysis methods, the hard copy plots were scanned into 
a computer graphic format and then digitized into a seismic industry standard format for use in 
the SMT Kingdom Suite1 seismic interpretation software in use at Hanford. The conversion to a 
standard seismic file allowed an additional, but minimal, set of processing (e.g., band-pass 
filtering, reflector-phase picking, and cross-line analysis) to be conducted, and allowed more 
detailed interpretation integrating acquired check shot data and existing geologic top information. 

Seismic information from this data covers the P0-1 , BP-5, and 100 Areas, and provides a 
site-wide set of infonnation regarding the configuration of the top-of-basalt and potentially the 
overlying sedimentary units (Figure 2). Of these, profiles FY-79-01, FY-79-02, FY-79-03, 
FY-80-9, FY-80-10, FY-80-ll, FY-80-12, FY-80-13, and FY-80-14 cross through or bound the 
PO-l Groundwater OU and are reinterpreted for this report. In addition, structures and features 
interpreted on profile FY-79-04 were used to help constrain the interpretation for FY-79-03. 

Data collection and processing employed state-of-the-art extant at that time, and used an array of 
3 VIBROSEIS seismic sources and 48-receiver channels consisting of geophone arrays spaced at 
50-ft intervals. Surveys conducted during 1979 (profiles FY-89-1 through FY-79-8) used a l 00-ft 
source spacing resulting in a 12-fold stacked signal; whereas surveys conducted in 1980 (profiles 
FY-80-9 through FY-80-14) were collected with a 50-ft source spacing to allow using the full 
fold available (24-fotd). Seismic signals were collected using a 27-124 Hz frequency pass band. 
Table 2- l summarizes the survey parameters used for the BWIP reflection surveys. 

Table 2-1. Basalt Waste Isolation Plant Reflection Profile Survey Paramet.ers 

Geophone/Shot Recording CDP 
Profile Orientation Length Spacing Geophones Fold Record Time 

FY-79-01 E-to-W 56,350-ft 50-fV100•ft 48 12 11 .2.5 (s) 

FY-79-02 N-to-S 75,400-ft 50-ft/1 OO·ft 48 12 11.25(s) 

FY-79•03 E-to-W 110,650-ft 50-ft/100-ft 48 12 11 .25 (s) 

FY-80-09 NW-to-SE 35,850-ft 50-ft/50-ft 48 24 11.25 {s) 

FY-80-10 SE-to-NW 32,250-ft. 50-ftJ50-ft 48 24 1125 (s) 

FY-80-11 N-to-S 35,150-fl 50-ft/SO•ft 48 24 11.25 (s) 

FY-80-12 S-to-N 33,700-ft: 50-ft/50-ft 48 24 11.25 (s) 

FY-80-13 S-krN 20,550-ft 50-ft/50-ft 48 24 11 .25 (s) 

FY-80..14 E-to-W 21,275-ft 50-ft/50-ft 48 24 11 .25 (s) 

1 SMT Kingdom Suite is trademarked as Kingdom™ by Seismic Micro-Technologies, Inc., Houston, Texas. 
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2.1.2 200 E High-Resolution Seismic Reflection 
Bay Geophysical was contracted during FY 2008 to acquire and process approximately 14 line 
miles of high-resolution seismic reflection data along seven profiles within the 200 East Area 
(Figure 2-2). 

Specific objectives for the seismic reflection surveys were to accomplish the following: 

• Delineate top-of-basalt 

• Locate potential fault zones and delineate fault orientation. 

• Define areas of preferred flow pathways, such as bedrock channels. 

Reflection data were transmitted back to Hanford in an industry standard digital seismic format 
compatible with the SMT Kingdom Suite seismic interpretation software. Both processed sections 
and raw shot gathers were provided in digital format, which allow for further processing. 

Table 2-2 lists the survey parameters and profile lengths for the 200 East Area seismic surveys. 
Reflection data were acquired using a single vibrator energy source with an 8-second sweep 
signal of 40-to-220 Hz. The return energy was cross-correlated in real-time with the measured 
vibrator ground-force signal to obtain a standard reflection gather prior to recording. The surveys 
recorded seismic data over a broader frequency bandwidth and used tighter shot and geophone 
spacing than the BWIP surveys. which result in increasing the resolution power of the reflection 
method. A more thorough discussion of the data collection, processing, and preliminary 
interpretation is given in report SGW-39675, Reflection Seismic Survey Report, 200 East Area, 
Hanford Site. 

Table 2-2. 200 East Area Reflection Profile Survey Parameters 

Geophone Recording CDP Record 
Profile Orientation Length Spacing Geophones Fold Time 

Akron Rd South-to-North 9,894--ft 13-ft (4-m) 192 96 ½second 

Baltimore Rd South-to-North 9,948-ft 6.5.-ft (2-m) 144 72 ½second 

Canton Rd South-to-North 9,961-ft 13-ft (4-m) 192 96 ½second 

1st St West-to-East 9,948-ft 13-ft (4-m) 192 96 ½second 

4th St West-lo-East 10,696-ft 13-ft (4-m) 192 96 ½second 

i"st West-to-East 4,915-ft 13-ft(4-m) 192 96 ½second 

1211, St West-to-East 9,757-ft 13-ft (4-m) 192 96 ½second 
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2.1.3 Check Shot Surveys 
Check shot surveys in boreholes with known geostratigraphy infonnation are used to correlate 
observed seismic reflectors with geologic units encountered in the borehole. 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 infonnation and to detennine interval velocities of geologic units. The method is normally 
used to record the first arriving seismic 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-Tl-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: 

• 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. 

• 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-1 0 
(699-37-89), RRL-14 (699-4 1-91 ), and RRL-1 6 (699-37-81). Of these, RRL-2, RRL-3, RRL-4, 
RRL-10, and DC-6 have available check shot infonnation within the overlying Hanford and 
Ringold sediments. Check shot logs not found identified as of August 2009 consist of surveys in 
wells 699-15-ISF (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 
1st Street and was used by the seismic contractor to make initial interpretations of the data. 

2-6 



' I 
I 
I 
I 
i 
I -s I I ~ 
i 

I\) 

I I 
--.i 

I 
I 
I 
I 
I 

FY-79-01 

Check Shot Setu 
I 
e 

Energy 
Northwest 

Fy.79.01 

570000 572000 574000 57tooo 578000 580000 582000 584000 58eOOO 588000 590000 592000 59'1000 

East (m) 

Figure 2-3 Check Shot Surveys 

P0-1 Groundwater OU 
Check Shot Surveys 

Check Shot Survey• 
e FY1979 Birdwtll (1979) • FY1985 Od4g1rd Ind Molehe ll (1987) 
• FY2007 RtdPllh (2007), RohJy (2008) 
• FY2008 Thomp1011 (200t) 
• FY2009 Thompson (2009) 

Seismic Lines 

Wells 

,v--

111 

BWIP s,,,moc Profile• 
Se11mogr1pll Service Co,p (1979, 1980) 

fY2008 H,gh•RttolulJOII Prof~ts 
( GW•39e74, 2009) 

• WtllP0tnt 

• BIRII Wtll Po,nl 

D!ance(INI) 

r"loo ,oftoo 2ooftoo 30000 

0<1i.nct (mtttfl) 

o~ o 4or"loo eoP"ffloo 
Washington State Plane, South 
Honzontat : NAD83, meters 
VertJcal: NAVD88, meters 



SGW-42313, REV. 0 

Additional check shot surveys were collected 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 underlying 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 gravity 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 survey 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/or 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/or 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-domain 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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Magnetic surveys measure variations in the Earth's local magnetic field caused by changes in 
lithology, mineralogy, geologic structures, and manmade features. The magnetic anomaly results 
from the Earth's magnetic field, inducing a secondary magnetic field, which, in turn, interacts and 
perturbs the local magnetic field. The magnetic anomaly is a complex signal with high-low 
anomaly pairs. Some geologic units (e.g. , basalts) have a remnant magnetization where the 
Earth-induced field locked in place when the unit cools and crystallizes. 

As part of the FY 2008 Phase I Geophysical Surveys, Fugro2 was contracted to collect airborne 
geophysical data within the far field area of PO-1 Groundwater OU using a helicopter. The 
airborne surveys included Fugro's transient (or time-domain) EM sounding HeliGEOTEM3 

system, Fugro's multi-frequency EM sounding RESOLVE system, and airborne magnetic surveys 
using a cesium vapor total field magnetometer. The details of the methodology, analysis, and 
initial results of these airborne surveys are published in SGW-39674. 

2.3.1 Time-Domain HeliGEOTEM Surveys 
Time-domain HeliGEOTEM surveys were flown over the Hanford 600 Area portion of the 
PO-1 Groundwater OU during June 19-20, 2008. A total of 55 south-to-north traverse lines were 
flown, with a nominal spacing of -400 m between flight lines, totaling 925 km for the complete 
survey (Figure 2-4). 

The HeliGEOTEM system employed a 154-m2 area transmitter coil and a 3-component receiver 
recording four samples per second over 20 channels (time gates). The receiver coil was 
maintained at a nominal height of 72 m above ground level with the transmittal slung 25 m 
below. Flight speed was 55 knots. 

Initial processing provided by the contractor involved converting the flightline data into depth 
slices of electrical resistivity. A simple modeling algorithm was used to convert the EM 
time-domain data into apparent depth and apparent resistivity cross-sections, termed 
Resistivity-Depth-Images (RDis) by Fugro. RDI sections were calculated from the B Field Z-coil 
response using an algorithm that converts the response in any measurement window ( on- or 
off-time) into resistivity. Further details of the methodology, analysis, and initial results of these 
airborne surveys are published in SGW-39674. 

2 Fugro is a registered trademark of Fugro Consultants International, B.V. LTD LIAB Co., 
Leidschendam, Netherlands. 

3 HeliGEOTEM is a trademark of Fugro Airborne Surveys Corp., Mississauga, Ontario, Canada. 

2-9 



llllOOO 

200 Eaat GEOTEM Area I I Flightlines 138000 I I I , , I I I I 

I ' 
I I 

134000 , , 
§ 

I I Pow•"'""' 132000 I I I I 

I I I I Fllghtllne 
' f t 

130000 f I I 
I I 

/.·- en 
I I f G) - I 

,S. 128000 I l I I 

i I 
~ I I\,) , , I I I c.,., .... ..... 
0 

1ato00 

i f I f 
I I I 

I l .w , , ;;t) ,. ~ 
1~4000 I f i 

, , 
I I Helicopter 

0 I I I f I and 
'j { I GEOTEM 

ANTENNAE 
122000 i I 

I , , , , . I 
I 

I 
I I 120000 I I 

I I I I w. I I I I I , , 
118000 I 

f I I I 11 
I 

' w .. hington 81111 Plane. South 
I I I I f I j I Horizontal: NA083, mettre 

I • If If ' ,, f Vertlcal: NAV088, mtllfl 
11eooo 

572000 574000 570000 579000 580000 M2000 584000 fflOOO 588000 090000 592000 094000 

South m 

Figure 2-4. GEOTEM Fllghtllnes 



SGW-42313, REV. 0 

2.3.2 Frequency-Domain RESOLVE Surveys 
The frequency-domain RESOLVE system was flown over a smaller portion of the Hanford 
600 Area adjacent to the Columbia River between June 29 and July 1, 2008. A total of29 
south-to-north traverse lines were flown, with a nominal spacing of ~200 m between flight lines, 
except for the seven easternmost lines where a line separation of~ 100 m was used (Figure 2-5). 
Survey coverage totaled approximately 412 line-km. 

The RESOLVE system employed a symmetric dipole configuration, operated at a nominal 
altitude of 30 m above ground level, with a sample rate of 10 samples per second. Coil separation 
is 7.9 m for the 385 Hz, 1500 Hz, 40,000 Hz, and 140,000 Hz (coplanar), and 9 m for the 
3300 Hz (coaxial) coil pair. The system records data on 14 channels including six quadrature 
channels, six in-phase channels, and two monitor channels. 

Initial processing provided by the contractor involved converting the flightline data into depth 
slices of electrical resistivity. Apparent resistivity's were calculated using both the in-phase and 
quadrature amplitudes using a pseudo-layer half-space model. The half-space model and depth of 
the in-phase current flow centroid were used to create apparent resistivity with depth sections 
(Sengpiel, 1988, "Approximate Inversion of Airborne EM Data from a Multi-Layered Ground"). 
Further details of the methodology, analysis, and initial results of these airborne surveys are 
published in SGW-39674. 

2.3.3 Total Field Magnetic Surveys 
Total field magnetics information was acquired contemporaneously with both of the AEM 
systems; surveyed areas are shown in Figures 2-4 and 2-5. A Scintrex Cs-3 is an optically 
pumped cesium vapor magnetometer that was used to measure the magnetic field at a sample rate 
of 10 readings per second. A second magnetometer was deployed as a base station to measure 
diurnal drift and recorded data at one sample per second. 

Initial processing converted the total field magnetic data into a residual magnetic intensity (RMI) 
by correcting for diurnal drift and subtracting a regional magnetic field calculated using the 
International Geomagnetic Reference Field (IGRF) model. The RMI anomaly map should 
represent, in theory, localized perturbations in the Earth's magnetic field. Additional processing 
included calculating the first vertical derivative of the RMI in order to enhance the response of 
magnetic bodies within the upper 500 m of the subsurface. Further details of the methodology, 
analysis, and initial results of these airborne surveys are published in SGW-39674. 
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3 Investigation Results 

3.1 Seismic 

Interpreted seismic sections are discussed in the following sections, and un-interpreted sections 
are provided in Appendix A. Time depths for geologic units encountered in wells are shown on 
both the interpreted and un-interpreted sections. Geologic units considered in this interpretation 
include the upper most basalt (generally Elephant Mountain) and Ringold Units E, A, and Lower 
Mud, as well as the Top-of-Ringold. Hanford Formation Units HFI , HF2, and HF3 are only 
interpretable on the FY 2008 high-resolution seismic reflection data. Dominant frequency of 
BWIP acquisition and processing methodology was too low (too long seismic wavelength) to 
resolve Hanford units. 

3.1.1 Interpretation Methodology 
The primary goal of interpreting seismic reflection information is to correlate observed reflectors 
with the underlying geology, and to extend or extrapolate the geologic interpretation between 
well points. The basic steps are to determine depths/elevations of desired geologic units, convert 
these depths to seismic travel times, and use the character of the seismic data to trace the geologic 
horizon away from the well point. The top of the geologic unit is presumed to correspond to a 
particular phase of the seismic wavelet. 

To guide the seismic interpretation, geologic information was obtained from the following: 

• Geologic Tops database (PNNL-17913 and PNNL-I8835). 

• Geologic cross-sections constructed by Freestone, Inc. for the PO-I RI/FS. 

• Well positions and elevations from the Hanford Environmental Information System 
(HEIS) database. 

• Water table elevations from DOE/RL-2008-01. 

• Check shot surveys from 8040899, PNNL-I6559, and SGW-39676. 

In addition, the extensive interpretation effort conducted during the BWIP investigations was 
leveraged as a starting point for interpreting the BWIP profiles. Interpretations were made 
consistent with geologic cross-sections constructed by Freestone, Inc. for the PO-I RI/FS. 

Seismic and auxiliary data were imported into the SMT Kingdom Suite software which provides 
both automated and manual seismic phase picking in order to allow tracing geologically 
correlated ( or observed but uncorrelated reflectors) across the seismic section. In addition, band 
pass filtering and seismic attribute displays (e.g., Hilbert and average energy transforms) can be 
employed to provide further enhancement of reflector character and improve tracing desired 
reflection events. Imported check shot information is automatically used to position well-control 
geologic unit tops onto the seismic section, and the display can be changed from travel time 
(seismic section and plotted units) to depth/elevation (plotted geologic tops) . 

An important aspect in interpreting the data is to ensure consistency of the picked geologic 
horizons across the entire seismic data set. The interpretation software uses cross-line analysis to 
identify mis-ties in both the seismic data and the geologic horizon pick. 
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3.1.1.1 Check Shot Correlations 
Check shot information was used to position observed geologic tops on the seismic section, and 
examples of how this information was used are shown in Figures 3-i and 3-2. For both figures, 
short segments of a seismic section are shown for the region in the vicinity of the check shot well 
point. Overlain on each figure are the seismic positions of observed geologic tops (-short 
horizontal bars with unit labels), interpreted positions of geologic tops ( color-code lines), and the 
check shot measured velocity structure (heavy black line, increasing velocity to right). 
Also shown on the figures are breaks in reflector character that may correspond to the position of 
faults (thin black lines). 

Colors and symbols used for the interpreted geologic tops are yellow (top-of-Hanford Formation 
Unit 2, HF2), green (top-of-Hanford Formation Unit 3, HF3), brown (the top-of Ringold, Rtop), 
light brown (top-of-Ringold Unit E, Re), blue (top-of-Ringold Lower Mud, Rlm), pink 
(top-of-Ringold Unit A, Ra), and red (top-of-basalt, Basalt). This color and labeling scheme is 
used throughout the seismic interpretations to allow for comparison between profiles and 
data sets. 

This shows short segments of the l st and 12th Streets seismic reflection profiles in the 200 East 
Area. The top of a zone of high-amplitude reflection events appears consistent with where the 
check shot and well control place top-of-basalt. The 1st Street profile has both Hanford and 
Ringold sediments underlying it, though the seismic section in this region appears to correlate 
with the position of the HFI - HF2 interface (slight increase in velocity). The water table may 
correspond to the increase in check shot derived velocity, but the seismic section has not 
adequately resolved this feature for interpretation. For the 12th Street profile, the tops ofHF2 and 
HF3 are represented by subtle changes in character on the seismic section. HF3 likely 
corresponds to a weak reflector where the check shot data indicate an increase in velocity. 
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Short segments of the BWIP FY-79-02 and FY-80-14 seismic sections are shown in Figure 3-2 
and correspond to regions in the vicinity of wells 699-26-1 SC and 699-17-4 7. As with the 
FY 2008 profiles, the top-of-basalt appears to correlate with the top of a laterally continuous zone 
of higher amplitude reflection events, though reflector offsets and discontinuities are present 
within these zones. Well 699-26-lSC on profile FY-79-02 encountered top-of-Ringold, Ringold 
Units E, Lower Mud, and was drilled into the basalt. Correlation with the check shot derived 
velocity and geologic top positions suggest that the Ringold E and Lower Mud Units correspond 
to a moderate-to-strong reflecting event associated with an increase in velocity for the Ringold 
Unit E. Water table and top-of-Ringold are poorly resolved, possibly due to their relatively 
shallow position on the seismic section. Ringold Unit A pick is speculative as the BWIP data 
have not resolved a separate reflection event beneath 699-26-1 SC (too thin ofa bed thickness). 

3.1.1.2 Reflector Picking 
Top-of-Basalt 
Basalt is generally recognizable as a sequence of two-to-three strong reflectors that can be traced 
for some distance laterally along the profile. Breaks in continuity of these reflectors are readily 
identifiable and are interpreted as either gravity or reverse faults, or as zones where the reflection 
signal has dropped out (weakened) due to surface conditions or incorrect stacking parameters. 

The basalt surface was readily observable on both the BWIP and picking of the basalt surface 
guided by well control, and Hilbert filtering and average energy plots were used in the SMT 
Kingdom Suite software for further enhancement of the interpreted basalt surface. 

Ringold Lower Mud and Unit A 
The Lower Mud and Unit A horizons are interpreted as the next two reflectors in sequence above 
the basalt reflection. The Lower Mud correlates with a very strong reflector beneath 
Well 699-26-lSC (profile FY-79-02), though this correlation is not consistent across the data set, 
perhaps indicating facies changes within the higher Ringold subunits. Ringold Unit A is harder to 
interpret and is tentatively placed along a strong reflector immediately above the top-of-basalt. 

Top-of-Ringold and Ringold Unit E 
The top-of-Ringold is weakly reflective and is generally represented by the uppermost reflector 
on the seismic section. Ringold Unit E is interpreted along the first reflector below the 
top-of-Ringold interpretation. The Unit E reflector is usually much stronger than the 
top-of-Ringold. In some cases, the upper part of Ringold Formation appears to have been scoured 
out and in-filled presumably with Hanford sediments. This case is identified in the 
profile discussion. 

Particularly good examples of the upper Ringold reflectors are on profile FY-79-02 near 
Well 699-26-15C, and on profiles FY-80-09, FY-80-10, and FY-80-11. The 1980 series of BWIP 
profiles had a higher fold count, which may contribute to better resolution and is usually 
manifested as a stronger reflector. 

Hanford Formation Unit 2 and Unit 3 
HF2 and HF3 are only interpreted on the FY 2008 High-Resolution Seismic Reflection Profiles. 
BWIP data appear to have too low of a frequency to image these shallow units. Interpretations on 
the FY 2008 are primarily governed by the time-depth position in adjacent wells. Subtle changes 
in reflector character are used to trace these units across each section, though at this time, the 
interpretations remain extremely tenuous. 
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The top of HF2 is interpreted to separate shallow, chaotic, and strong reflectors of HF l from a 
relatively non-reflective zone interpreted to be HF2. This presumably corresponds to a change 
from HF 1 gravels to HF2 sands. The 12th Street, Akron Road, and Baltimore Road profiles show 
the most accurate HF l - HF2 reflector change. 

The HF2 - HF3 interface is extremely difficult to distinguish on each section, and the 
interpretation relies primarily on the position of the HF3 top from well control. On six of the 
seven sections, the HF2 - HF3 interface is interpreted along a very subtle and weak reflector that 
has extremely poor lateral continuity. The best example of the HF2 - HF3 reflection interface is 
imaged on the Baltimore Road profile. 

3.1.2 Basalt Waste Isolation Plant Profiles 
Figure 2-1 shows the location of the BWIP profiles and geologic interpretations are shown in 
Figures 3-3 through 3-11 . 

3.1.2.1 FY-79-01 
Profile FY-79-01 is a west to east profile in the southern part of the 600 Area, and the 
interpretation is shown in Figure 3-3. Lithologic control is provided by wells 699-2-33A, 
699-1 -18, and 699-2-E 14 and from cross-line ties with profiles FY-80-09 and FY-79-02. 

Top-of-Ringold and Ringold E Units are tentatively traced along the eastern three quarters of the 
profile based on reflector character in the upper 150m. A scour feature into the upper Ringold 
Formation is interpreted at shot point (SP) 480; the scour is likely filled with Hanford sediments. 

The Ringold Lower Mud and Unit A are identified in Well 699-2-El4, and from the cross-lines, 
and tentatively traced on the profile. Neither horizon can be traced with confidence across 
the section. 

Interpreted basalt surface appears as a highly irregular and fractured surface, with numerous 
breaks in reflector continuity, tentatively interpreted as fault surface. The basalt surface is 
interpreted to descend eastward from approximately 330 ft in elevation (west end) to a low 
of -90 ft. 

3.1.2.2 FY-79-02 
The profile crosses the southeast portion of the buried Gable Mountain anticline and the eastern 
portion of the Cold Creek Syncline and its interpretation is shown in Figure 3-4. Lithologic 
control is provided by wells 699-1-18, 699-17-15, 699-26-15C, 699-33-14, 699-38-15, 
699-46-15, 699-52-17, and 699-54-18C and by cross-line analysis with profile sections FY-79-01, 
FY-79-03, FY-80-09, and FY-80-10. The lithologic data are consistent with geologic 
cross-section H-H'. Check shot surveys in 699-26-15C and 699-54-18D (DC-6) controlled the 
correlation with geology and initial interpretation. 

Strong reflectors in the vicinity of Well 699-54-1 SC occur at a two-way travel time of 
approximately 0 .178 seconds on the seismic section ( or approximately 0.125 seconds of two-way 
travel below ground surface [bgs]). Basalt occurs at approximately 350 ft bgs at 
Well 699-54-18C, and the travel time depth curve for Well 699-54-18D (8040899) provides a 
two-way travel time estimate of 0.120 to 0.130 seconds. 
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Check shot survey in Well 699-26-l 5C places the top-of-basalt at approximately 0.197 seconds 
below ground level, which is consistent with strong reflector at ~0.2368 seconds on the seismic 
section (0.197 seconds below ground level). Strong reflectors above the top-of-basalt likely 
correlate with Units A, E , and Lower Mud of the Ringold Formation. Upper Ringold likely 
correlates with a weak reflector at 699-26-15C, and is difficult to trace along the section. 

Ringold Unit E correlates with a stronger reflector that can be traced southward from 
Well 699-26-15C to Well 699-8-17 where it begins losing strength. To the north, this reflector is 
much weaker beneath Wells 699-33-14 and 699-38-15. The change from stronger-to-weaker 
reflector is likely indicating lateral facies change. 

The Ringold Lower Mud correlates with a very strong reflector beneath 699-26- l 5C and can be 
traced with confidence northward towards 699-33-14. Lithologic information for 699-33-14 does 
not indicate the presence of the Lower Mud, though a strong reflector occurs at the appropriate 
time-depth. Further north, a weaker reflector is correlated with the Lower Mud along the south 
and north flanks of the Gable Mountain structure consistent with the Geologic 
cross-section H-H' . 

Ringold Unit A is observed on Wells 699-26-15C, 699-17-15, and 699-33-14 and possibly 
correlates with a reflector immediately above the interpreted basalt surface. The chaotic nature of 
reflectors south of 699-26-15C only allows for a tentative trace towards the south. 

The interpreted basalt surface is extended from Wells 699-26-15C and 699-54-18C following 
similarly strong reflectors. The interpretation is more tenuous south of Well 699-17-15 where 
reflector strength changes due to possible near-surface or processing effects. 

North of the Gable Mountain related structure, the basalt surface is interpreted to stair step down 
from a subcrop elevation of about 430 ft above mean sea level (AMSL) to approximately 45 ft at 
Well 699-54-18C. High angle faults are interpreted to control this stair step. 

Two possible anticlinal structures are imaged south of the Gable Mountain structure beneath 
SP 405 and SP 470. Both are interpreted as compression related features with southwest directed 
up-throw along high-angle reverse faults. 

The basalt surface decreases in elevation towards the south, low point of -300 ft AMSL at SP 
805, then rising to about 500 ft AMSL at the south end of the profile. Several offsets in the basalt 
reflector between SP 470 and SP 805 are interpreted as faults. The basalt reflector quality south 
of Well 699-17-15 precludes identifying possible faults. 

A local topographic high in the basalt surface is imaged beneath SP 877 with a relative change in 
elevation of about 230 ft. This feature is interpreted as a compression related structure with 
similar southwest direct thrusting as features along the north flank of the Gable 
Mountain structure. 

3.1.2.3 FY-79-03 
Figure 3-5 shows the interpreted seismic section for the west-to-east profile FY-79-03. Geologic 
control is provided by Wells 699-50-85, 699-51-75, 699-49-57B, 699-49-55A, 699-50-53B, and 
699-49-50. The latter four wells only provide top-of-basalt. Check shot survey in 699-49-57B 
was used to constrain the top-of-basalt pick. Tracing horizons from the 600 Area BWIP profiles 
could not be directly done (missing segment l ofFY-79-03). Check shot travel times collected in 
699-49-57B were used to constrain the top-of-basalt pick. 
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The top-of-Ringold and Unit E horizons are above the processed and/or interpretable part of the 
seismic section. 

Well 699-50-85 indicates the presence of both Lower Mud and Unit A, which is interpreted to 
correspond with the immediate two reflectors above basalt pick. The Lower Mud is traced as 
a remnant, and the Unit A is traced along a strong reflector that ends west ofWell 699-49-57B 
(Ringold Units are likely eroded north of the 200 East Areas). 

The basalt surface descends to the west from approximately 400 ft in the central plateau to about 
100 ft at the west end. Local topographic relief of about 80 ft is indicated as depressions in the 
basalt surface at SP 1090 and SP 1441 . 

3.1.2.4 FY-80-09 
FY-80-09 is oriented along a northwest - southeast transect that is sub-parallel to the major 
structural strikes of Gable and Rattlesnake Mountains. Lithologic interpretations are constrained 
by Wells 699-20-39, 699-11-29, and 699-1-18 and cross-line picks FY-79-01/02 and 
FY-80-11/14. The interpreted section is shown in Figure 3-6 and discussed next. 

Top-of-Ringold Formation is interpreted to correspond with the first laterally continuous reflector 
on the seismic section, with the top-of-Ringold Unit E occurring along a stronger reflector 
immediately below the top-of-Ringold. Strong, laterally continuous reflectors similar in character 
to that observed for Ringold Units on profile FY-79-02 beneath Well 699-26-l 5C are observed in 
the southeastern quarter of the profile and support the Ringold interpretation. 

Top of Lower Mud is interpreted along a strong reflector in the southeastern third of the profile. 
Although this reflector' s strength dies towards the northwest near Well 699-11-29, the Lower 
Mud surface is tentatively drawn to correspond to a change from weakly reflective to a very weak 
to non-reflective zone based on the position given in Well 699-20-39. 

Ringold Unit A is tentatively traced along the first reflecting horizon above basalt and likely 
pinches out against the basalt near the northeast end of the profile. 

The basalt surface is interpreted along the top of a set of strong reflectors consistent with that 
observed on the cross-lines. The basalt surface remains relatively flat with an average elevation 
of -80 ft AMSL and local topographic variations of less than 50 ft. No clear evidence of faulting 
is observed on the profile. 

3.1.2.5 FY-80-10 
Profile FY-80-10 parallels FY -80-09 to the north, and the interpreted section is shown in 
Figure 3-7. Lithology is constrained by Wells 699-17-15, 699-20-18A, 699-22-23, 699-25-26, 
699-26-29A, and 699-28-30 and by cross-line picks on lines FY-79-02 and FY-80-11/13. 
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The top-of-Ringold and Ringold Unit E are tentatively traced along the first reflecting horizon. 
Possible scour features , interpreted at SP 290 and SP 535, are defined by a thinning of the upper 
Ringold with possible scouring into Unit E. Hanford sediments presumably fill the scours. 

The Lower Mud is interpreted along a strong reflector that correlates with where well control 
places the top. This pick is tentatively traced northwest of the FY-80-11 intersection, and the 
position in the northwest part of the profile is constrained by the interpretation of FY -80-13. 

Ringold Unit A is traced along a strong reflector above basalt surface where well control 
correlates. The interpretation shows an overall thinning to the southeast. 

Basalt averages about -100 ft AMSL in elevation in the southeastern half of the profile, with local 
topographic variations on the order of 30-50 ft. A broad downwarp is centered near SP 460 where 
the basalt surface descends to approximately -200 ft AMSL. Basalt rises about 230 ft in elevation 
towards the northwest and exits the profile at an elevation of approximately 130 ft AMSL. 

A compression fault structure likely occurs at SP 400 with an up-thrown side towards the 
southeast. The total uplift of the basalt is on the order of 40-60 ft, and both the Lower Mud and 
Unit A of the Ringold Formation are interpreted to pinch out against this structure. 

A possible fault or monoclinal structure is observed at SP 665 (just northwest of the intersection 
with profile FY-80-13). The fault/monocline has the down-thrown towards the east. This structure 
may be related to the May Junction Fault, but occurs further west than the fault is currently 
mapped. 

3.1.2.6 FY-80-11 
Figure 3-8 shows interpretations of the south-southwest - north-northeast FY-80-11 profile. The 
profile is located on the down-thrown side of the May Junction Fault. Lithologic interpretations 
are constrained by unit tops observed in Wells 699-14-38, 699-23-33, 699-25-31, 699-26-29A, 
699-28-30, and 699-35-27, and the final positions of the interpretations are consistent with 
cross-lines FY-80-09 and FY-80-10. 

Top-of-Ringold and Unit E are interpreted along the uppermost reflector pair, with 
top-of-Ringold being much weaker than the Unit E reflector. Scour features are interpreted at SP 
188 and SP 530, and both are likely filled with Hanford sediment. The interpretation has the scour 
incising into the upper part of Ringold Unit E. 

The Lower Mud reflector pick is tentatively traced northward from the FY-80-10 cross-line pick 
along a strong reflector. Reflector character and signal die out north of Well 699-35-27, 
precluding extending the Lower Mud further north. Well 699-14-38 and the pick on cross-line 
FY-80-09 constrain the interpretation of the Lower Mud in the southern half of the profile to 
beneath a sequence of moderate reflectors. 

Unit A of the Ringold Formation is interpreted along a strong reflector above the basalt surface. 
This reflector correlates with where the well control indicates the top-of-Ringold Unit A. 

Basalt surface is interpreted as a broad basin with central elevations in the -150 to -220 ft AMSL 
elevation range. The basalt surface rises to about 210 ft AMSL at the south end and about 60 ft 
AMSL at the north end. Numerous adjustment faults are interpreted for the basalt. 
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A compressional or faulted structure occurs in the central part of the profile near SP 420 with an 
uplift of about 150-200 ft. This structure is similar in character to a compression structure 
observed on profile FY-80-10. 

An anticlinal rollover structure is tentatively interpreted near the south end of the profile centered 
near SP 780. Possible correlative with a similar structure is observed on the western third of 
profile FY-79-01, and is likely an eastward, buried extension of the Yakima Ridge structure. 

3.1.2.7 FY-80-12 
Profile FY-80-12 is oriented south-to-north and bounds the western side of the 
PO-1 Groundwater Unit. The seismic interpretation is shown in Figure 3-9 with lithology 
constrained by Wells 699-19-58, 299-El 9-1, 299-E32-l, and 699-49-57B and cross-lines 
FY-80-14 and FY-79-03. Depth to basalt is constrained by the check shot in 699-49-57B, and 
wells in the 200 East Area are about 600 m east of the profile. For interpretation purposes, wells 
as distant as 700 m were projected onto the profile. 

The top-of-Ringold is very tentatively drawn and corresponds to a very weak reflector. This 
horizon is interpreted to pinch out against the rising basalt surface. 

The Ringold Lower Mud and Unit A are present in Well 299-El 9-1 (about 600 m east). Their 
positions on FY-80-12 are tentatively correlated with a moderate-to-weak reflector (Lower Mud) 
and a stronger reflector (Unit A) that occurs above the basalt pick. Both are traced towards the 
south, though the interpretation remains tenuous at best, and both are interpreted to pinch out 
against a rising basalt surface on the south and north profile ends. The reflector character suggests 
that Unit A can be extended further north than currently interpreted. 

The basalt surface defines a broad basin with over 350 ft of maximum deflection. No strong 
evidence for compression faults is present, though some adjustment faults are 
tentatively interpreted. 

3.1.2.8 FY-80-13 
The interpreted seismic section for FY-80-13 is shown in Figure 3-10. The profile is oriented 
along a south-to-north arc, and the position of geologic horizons is controlled by geologic tops 
information from Wells 699-37-36, 699-38-34A, and 699-47-35B. The picks are constrained at 
the intersection with FY-80-10. 

The supra-basalt sediments thicken to the south with the uppermost reflectors interpreted as 
top-of-Ringold and Ringold Unit A. Ringold Unit E is interpreted to pinch out towards the north 
against the basalt horizon in order to conform with the geology observed in Well 699-47-35NB. 
The Lower Mud is likewise pinched out northward against Unit A, and Unit A is interpreted to 
extend across the section. 

The basalt rises to the north from about 60 ft AMSL near the cross-line FY-80-10 intersection to 
approximately 400 ft AMSL elevation on the north end of the profile. The reflector character for 
top-of-basalt is poor in the central part, and the traced surface remains extremely tenuous . 
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3.1.2.9 FY-80-14 
Profile FY-80-14 was collected along a west-to-east transect, and the interpreted seismic section 
is shown in Figure 3-11 . Available geologic control consists of Well 699-17-47 and the cross-line 
picks for profile FY-80-09. Check shot information collected in 699-17-47 was used to determine 
the seismic position of the top-of-basalt. 

Ringold Units were not described for 699-17-47 (at time ofreport), and their position on the 
seismic section is traced westward from the geologic picks on cross-line FY-80-09. 
Top-of-Ringold and Unit E are along the uppermost set of weak to moderate reflectors. The 
top-of-Ringold pick remains tenuous as this reflector is also coincident with where top of water is 
observed in Well 699-17-4 7. The Lower Mud is traced along a strong reflector and is interpreted 
to pinch out towards the west against either Ringold Unit A or basalt. 

The Unit A stronger reflector above basalt with the Ringold Lower Mud is interpreted as a 
westward pinch-out before reaching Well 699-17 -4 7. 

The basalt surface is interpreted to rise in two stair steps towards the west, increasing in total 
elevation from approximately 115 (l: AMSL near the intersection with profile FY-80-09 to about 
360 ft AMSL at the profile's west end. The character of the intra-basalt reflectors argue for 
reverse faulting controlling the changes in topography of the basalt surface. 

Interpreted reverse fault and possible rollover (anticlinal) structure near the east end of the profile 
are similar in appearance to features observed to the southeast on profiles FY-80-11 
and FY-79-01. 

3.1.3 Fiscal Year 2008 High-Resolution Seismic Reflection Profiles 
Interpretations of the seven FY 2008 high-resolution seismic reflection profiles acquired in the 
200 East Area are shown in Figures 3-12 through 3-18 and are discussed next. The corresponding 
un-interpreted seismic sections are shown in Appendix A The character of the basalt surface on 
the 2008 seismic profiles contrasts sharply with that imaged by the BWIP profile, and is due to 
the higher frequencies and tighter geophone and shot spacing used during the high-resolution 
seismic surveys. 

3.1.3.1 1st Street Profile 
The 1st Street profile is oriented west to east, and the interpreted results are shown in Figure 3-12. 
Geologic information is provided by Wells 299-El?-21/23/24, C4562, and 699-37-47A. 
Well 299-El 9-1 was also used to constrain the interpretation, though it is about 300 m north of 
SP 163. Check shot information acquired in C4562 and 699-37-47A was used to place observed 
geologic tops on the seismic section. 
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The top-of-basalt correlates with a series of strong reflectors that can be easily traced across most 
of the section. The reflector sequence likely includes several flow tops and inter-beds. Basalt dips 
towards the south, dropping approximately 180-190 ft from north to south. Three breaks in 
-reflector character are interpreted as faults, and a gentle sag in the basalt surface is indicated 
at SP 430. 

Ringold Units are poorly defined or undefined on the seismic section. Subtle changes in reflector 
character on the south end of the profile is very tenuously interpreted as the top-of-Ringold, 
Lower Mud, and Unit A. These horizons are interpreted to pinch out against the basalt surface 
towards the north. 

HF2 and HF3 are interpreted. Well 299-E32-l places the top of HF3 at a moderate-to-weak 
seismic reflector. This reflector can be carefully traced towards the south across the section. 
A broad sag or scour in the HF3 top is centered near Well 299-E32-6. HF2 marks the top of a 
relatively non-reflective zone. 

3.1.3.6 Baltimore Road Profile 
The Baltimore Road profile runs south to north bisecting the 200 East Area. The Baltimore Road 
profile survey used the 2 m rather than the 4 m shot and geophone spacing used by the other 
FY 2008 profiles in an attempt to achieve greater seismic resolution in the near surface. The 
interpreted seismic section is shown in Figure 3-17. Most of the well control has only identified 
Hanford units and basalt. Ringold Unit A is identified in Well 299-E32-2 units, however. Check 
shot information from Wells 299-E28-6, 299-E32-10, and C4562 was used to place the geologic 
control on the seismic section. 

The top-of-basalt correlates with a strong reflector event that can be traced easily across most of 
the section. Despite the reflector losing signal strength at the north and south ends of the profile, 
the basalt surface can still be traced to the line end points. No evidence of faulting or channel 
scouring is present on the seismic section. The loss in basalt reflector character on the north end 
may be due to the presence of a different flow top. As with the Akron Road profile, the basalt 
surface drops approximately 190 ft in elevation from north to south. 

Ringold Units are interpreted on the section based on the position of Ringold Unit A given by 
Well 299-E32-2. Unit A correlates with a strong reflector just above the basalt surface . This 
Ringold Unit A horizon is difficult to trace away from the well, and its position on the south end 
of the profile is governed by the cross-line position on 1st Street. Ringold Lower Mud and Top 
were also extended northward from the 1st Street profile. The Lower Mud is interpreted to pinch 
out (or be eroded off) prior to Well 299-E32-2, whereas top-of-Ringold is extended further north 
along the top of a zone of increased reflectivity. This pick shows better lateral correlation near 
Well 299-E28-6 and is interpreted to pinch out near Well 299-E33-57. 

Hanford Unit 3 is best represented on this profile. Wells 299-£32-2 and 299-E33-340 identify the 
top of HF3 at a depth that coincides with a vertical change in reflectivity from an upper, relatively 
non-reflective zone to a lower, chaotically reflective zone. This change in reflector character is 
easily traced across most of the section, though the true nature of the HF2 - HF3 interface is more 
complex than shown. 
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Figure 3-16. Akron Road Profile 
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HF2 is traced along the base of a zone of strong reflectivity at the top of the section. Its position is 
identified in Wells 299-E28-6, 299-E33-57, 299-E33-12, and 399-E33-40. A sag and swale 
surface is indicated by the HF 1 - HF2 interface. 

3.1.3.7 Canton Road Profile 
Results for the Canton Road profile are shown in Figure 3-18. The profile is located along a south 
to north line along the eastern side of the 200 East Area, and along the western boundary of the 
Liquid Effluent Retention Facility (LERF). Geologic control is provided by about a dozen well 
points. Check shot surveys in Wells 699-37-47A, C4993, and 299-E34-7 were used to project the 
geologic information onto the seismic section. 

The basalt surface occurs along the top of a sequence of very strong reflectors in the middle part 
of the section. This sequence can be traced north and south, but loses coherency on the north end. 
The basalt surface dips southward, dropping about 200 ft in elevation from north to south. Minor 
offsets are observed on the basalt surface and may correlate with faults, though these cannot be 
interpreted with confidence. 

The local topographic high in the basalt surface near Well 299-E35-2 may correspond to a change 
in basalt flow top with an estimated thickness of about 10 - 15 ft. The loss in reflector coherency 
here may be indicating an increased degree of fracturing. 

Ringold Units are poorly resolved on the Canton Road seismic section, but are interpreted to 
conform to the Ringold positions given in Wells 699-37-47A, 299-E25-93, and 299-E26-8. 
Unit A is interpreted along a reflector phase immediately above the basalt pick, and shows 
a general thinning northward against a subtle swale in the basalt surface. North of this swale 
(SP 360), Unit A is interpreted to thicken and then pinch out against the basalt surface north of 
Well 299-E26-8. The Lower Mud correlates with the next higher reflection event and is 
interpreted to pinch out against the basalt swale at SP 360. 

The top-of-Ringold is very poorly resolved on the profile, and its position is governed primarily 
by the well control and a subtle change in reflector character. 

HF2 and HF3 are identified by the well control and interpreted on the Canton Road section. The 
top of HF2 is readily traced along the base of a zone of strong reflectivity at the top of the section. 
HF2 is interpreted to pinch out or be eroded off the northern end of the profile. The HF3 horizon 
is governed by where the wells project onto the seismic section. A weak reflector event is 
currently interpreted as the top of HF3 and used to trace this horizon to the north where it pinches 
out against the basalt surface. The position traced towards the south end of the profile is 
extremely tenuous, but conforms to the 1st Street placement. 

3.2 Airborne Surveys 

The airborne surveys were tested in the PO-1 far field areas in an attempt to map subsurface 
geology expediently and economically. Over 1,300 km of flightlines were collected along 
84 profiles. Only five days were required to collect the magnetic, HeliGEOTEM, and 
RESOLVE data. 
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Figure 3-17. Baltimore Road Profile 
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Figure 3-1 8. Canton Street Profile 
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