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Summary


I propose to analyze new and existing geophysical data from southwest Idaho to help characterize surface and subsurface geologic features that can be used in basin characterization studies. Up to four datasets will be analyzed as part of this proposed project. First, I propose to acquire, process, and interpret new seismic reflection data from two locations; North Ada County and East Ada County along with complementary borehole seismic measurements. These new data will provide detailed information that can include: (1) stratigraphy of major sedimentary units in the upper 1,000 feet below land surface to delineate aquifers, (2) configuration and depth of basement rocks, (3) depths and locations of volcanic units, and (4) significant fault locations and associated displacements. Second, I propose to analyze existing regional gravity and magnetic datasets and acquire new data to augment existing data at the two sites. These data can provide a framework for basin geometry, faults, and the geometry of basalt flows that may influence groundwater storage and flow. Lastly, I will identify and assess all existing seismic data from southwest Idaho. Industry seismic data from the area were acquired during the late 1970’s and early 1980’s. Some of these profiles are near the proposed North Ada study area and in public domain while other datasets are available to purchase. I will assess the data quality and usefulness for aquifer studies and purchase relevant data that will help advance our understanding of southwest Idaho aquifers. The proposed project will take place during the 2009 calendar year with a final report and recommendations for future work to be complete no more than 12 months from the initiation of field work.
Introduction


Geophysical data have been used for aquifer studies throughout southwest Idaho (e.g., Wood, 1994; Barrash, and Dougherty, 1997; Liberty, 1997; Liberty, 1998; Wood and Clemens, 2002). Seismic reflection methods are well suited for aquifer studies due to the acoustic properties within basin sediments and the contrast with adjacent and underlying hard rock interfaces. High resolution seismic reflection methods are often calibrated to image the upper one thousand feet below ground while oil and gas industry seismic data are often calibrated for deeper and more regional studies. Gravity and magnetic data are useful to identify and characterize the regional-scale geologic framework due to the large physical property contrast of basin sediments and hard rock. However, these methods also can address site specific targets when spatial sampling is sufficient for shallow geologic targets. Other geophysical methods including resistivity can also help characterize strata the control groundwater flow (e.g., Lindholm, 1996).

Here, I propose a new geophysical campaign to identify and characterize geologic and hydrogeologic targets in the upper one thousand feet at two field sites in southwest Idaho. The first field site is termed the North Ada Study Area (Figure 1). This site is located near the Ada, Canyon, and Gem County line. The second field site, termed the East Ada Study Area, is located near the Ada and Elmore County line. I propose new high-resolution seismic profiles for these sites, complementary borehole seismic measurements in approximately 8 wells, an analysis of existing gravity and magnetic data, collection of new gravity and magnetic data, and an assessment of nearby industry seismic data. In this proposal, I will describe the geologic framework for each site, each geophysical method and proposed use for each site, present a list and timeline of deliverables, and a budget for all tasks.
Regional Geologic and Tectonic Framework

The western Snake River Plain (WSRP) is a 40 mile by 180 mile intracontinental rift basin that extends across southwest Idaho (e.g., Wood, 1994; Wood and Clemens, 2002), The northwest-trending basin contains Neogene and younger strata upwards of 2 miles deep. Extension began approximately 9.5 Ma where Idaho Batholith granite was likely replaced by intrusive diabase or gabbro rocks. Columbia River and younger basalts filled the extending basin and lie upon the intrusive rocks. Neogene and younger lacustrine and fluvial sediments lie above the basement rocks, caused by paleo Lake Idaho that filled the WSRP to an elevation of approximately 3,600 feet. The lake remained until a spill point was created at Hells Canyon that eventually drained Lake Idaho into Oregon down the modern Snake River.
The North Ada site is located north of Eagle, Idaho along the northern margin of the WSRP at an elevation range from about 2,500-3000 feet (Figure 1). Here, a transgressive lacustrine sequence termed the Terteling Springs Formation lies beneath the Pierce Gulch (mostly) sand aquifer (Wood and Clemens, 2002). The Miocene and younger shoreline sands interfinger with lake muds and alluvial deposits. Underlying and adjacent bedrock likely consists of Cretaceous granite of the Idaho Batholith and overlying Miocene basalts. The proximity of the North Ada site relative to the northern margin of the WSRP suggests faults may offset aquifer sands and influence groundwater flow. Groundwater flow directions are to the west/northwest toward the 
[image: image1]western limits of the WSRP and water depths range from 100 to 500 feet (e.g., Lindholm, 1996). 
The East Ada site is located along the Ada and Elmore County line at an elevation range of 3,100-3,500 feet (Figure 1). Due to the higher elevations relative to peak paleolake water levels, few Lake Idaho lacustrine sediments are present. The area contains mostly Quaternary terrace gravels and interfingered Pleistocene basalt flows that lie above Cretaceous granite bedrock. Water table depths extend to more than 300-400 feet below land surface in many locations and regional groundwater flow directions are to the southwest (Lindholm, 1996). The proximity of the East Ada site relative to the northern margin of the WSRP suggests faults may offset aquifer sands and influence groundwater flow. Additionally, basalt flows from the center of the WSRP and extend to the East Ada site. Water well logs suggest these northward thinning basalts do not appear along the northern margin of the site and are upwards of 100 ft thick in some wells. The extent and influence of these basalts on groundwater flow are unknown.
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 2). The seismic source can range from explosives, hammers, and vibroseis trucks. 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 within a sedimentary sequence (e.g., clay to sand). 

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 
[image: image2]correction, elevation corrections to a common datum, and stacking data at varying ray geometries to produce a section that simulates a geologic cross section (Figure 3). 


Seismic reflection data interpretation involves identification of coherent reflectors, offsets in these reflectors, and the strength of the reflected signals. Tied to borehole information, geologic, and other geophysical data, a geologic interpretation is formed. It is important to note that reflecting boundaries represent a change in physical properties. A tie to borehole and geologic information provide the link between seismic data and a geologic interpretation. Borehole seismic methods can provide this link.
Industry seismic data


Industry seismic data from southwest Idaho were obtained throughout the 1970’s through 1980’s (Figure 1). Some of these data are presently in the public domain and can be displayed and interpreted with few restrictions (e.g., Wood, 1994; Figure 3A). Other datasets are available for purchase at a cost of $2,200 per mile through the Seismic Data Exchange brokerage. Given the quality uncertainty of the vintage data, I propose to further evaluate the data quality via a site visit to the data broker’s facility. I propose the cost of airfare and related expenses to Denver to view the paper records prior to summer data acquisition, then purchase the most relevant 10 miles of seismic data. These data will likely be from profiles in Canyon and/or Gem Counties and will provide significant information related to the hydrogeologic investigations currently underway (Figure 1). If the data qualities do not provide adequate constraints on aquifer properties, these dollars could be redirected to additional data collection during the summer 2009 field season. Any data purchased for this project will be archived and copies sent to Idaho Department of Water Resources by the end of the contract period. Contrasting the industry seismic reflection data, high resolution seismic methods focus on subsurface targets in the upper few thousand feet and are more suited to hydrogeologic studies (Figure 3B).
High-resolution seismic reflection methods


For the past 12 years, I have collected high-resolution seismic reflection data throughout the western United States mostly for groundwater and earthquake hazards studies. This method has been successfully employed at more than ten different basins at scales that ranged from the upper few feet to more than one mile depth, including sites within the Boise Basin (Figure 3B). Data are generally acquired using the Boise State University 120-channel seismic system and a variety of seismic sources best suited for each site.

  
Prior to reflection surveying at a new site, it is prudent to acquire walkaway seismic tests to determine the proper seismic source, spatial sampling, and anticipated resolution for the intended geologic targets. These tests are generally carried out in a one-day survey per site where geophones are placed at a dense spacing and the seismic source is “walked away” from the geophone spread. If tied to nearby borehole information, reflections are linked to geologic layers. With this link between reflectors and geology, a seismic reflection survey can be carried out with an increased confidence that the subsurface geologic layers can be mapped across the length of the survey.


Based on past surveys, production rates of seismic targets below 100 ft and above 1,500 ft can be collected at a rate of approximately 0.5 miles per day in urban areas and increased distances (upwards of 1.3 miles per day) in more rural areas. These production 
[image: image3]rates are data quality, weather and labor dependent. Data quality often improves where saturated surface conditions are present. Increased depths to water often decrease signal penetration and scattering from near-surface layers. Based on these estimates at the proposed field sites, I estimate an approximate 5-week field campaign to acquire both the ~12.5 mile long East Ada seismic line and the ~12.5 mile North Ada seismic line, depending on the data quality and production rates (Figure 4). The attached budget is based on these production rates. If production rates exceed expectations, additional seismic lines may be acquired or proposed seismic lines may be extended to further characterize each site (Figure 4).

The selected seismic source will be determined from the initial walkaway tests and will likely include the rental of a vibroseis seismic source from out of state. Vibroseis sources are often used in dry environments to propagate signals to greater depths (e.g., Liberty and Hodges, in review). Seismic tests with the Boise State University 500 lb accelerated hammer will help determine the appropriate seismic source. If the hammer source adequately images targets along portions of the proposed profiles, this source may be used to reduce the costs and dependence of the out-of state vibroseis truck. The required 4-6 shipping days will require more than a monthly (budgeted) rental agreement, if the vibroseis truck is solely used for data acquisition.

Optimally, surface seismic data are tied to subsurface lithologies via borehole geophysical measurements. Vertical seismic profiles (VSP) are collected by placing a 3-component geophone down a borehole. The sensor couples to the casing (preferably pvc) and a surface seismic source is used to create seismic energy that propagates within the formation down the borehole. Interval seismic velocities are extracted from the measurements to directly tie surface seismic “travel time” information to lithologies documented in the boreholes. Boise State University does not own a sensor with adequate length for the boreholes from North and East Ada, so a tool is required to rent. The Boise State University weight drop seismic source will be used as a seismic source. A single well measurement may require a few hours to collect.

All new seismic data will be delivered as a component of the contract. Digital data will be in an industry standard SEG-Y data format. Free viewers are available to download and any industry contractor will be able to read these data.
Gravity, Magnetic, and Resistivity Data


Potential field methods that include gravity and magnetic data have been collected throughout southwest Idaho for the past half century. The publically available dataset is useful to estimate basin geometry and identify fault controlled lineaments. Although the regional datasets are not detailed for the North Ada or East Ada sites, these data can provide a meaningful geologic framework for field-based studies (Figure 5). Gravity data highlight density contrasts within the earth. Given a reasonable estimate of regional density values, gravity data are useful to estimate depth of large density contrast boundaries that include sedimentary basins. Magnetic data highlight geologic units with varying magnetic properties. For example, highly magnetic basalt layers will show a strong local total magnetic field signal while sediments that fill a basin may only show the regional magnetic signal. At the North Ada site, gravity data suggest an increase in depth of the sedimentary basin toward the southeast while the unfiltered magnetic data show no regional lineaments (Figure 5). With seismic and borehole constraints, the 
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[image: image5]gravity data can be inverted to estimate the basin depth throughout the region. At the East Ada site, resistivity data show thin basalt flows in the region that may be best (most cost-effectively) mapped with new magnetic data (Figure 6). Integration of newly acquired magnetic and gravity data with the regional database may be useful to map bedrock structures, lineations related to faults, and the extent of basalt flows. New resistivity data may be useful, but generally require greater resources to acquire, process, and interpret compared to magnetic data with little added information.
I propose to evaluate existing gravity and magnetic data to identify meaningful geologic structures related to hydrostratigraphic boundaries of interest. These boundaries include bedrock geometry and tectonic faults that may control groundwater flow at the North and East Ada field sites. Where needed, I will acquire new gravity and magnetic data to constrain fault locations, basalt flow boundaries, and basin configuration. I propose to filter and model the data to obtain complementary information to the seismic, hydrogeologic, and geologic information from the two field sites. Digital data will be presented in ArcGIS or similar format (gridded) and spread sheet format (point data). Costs associated with this task include compiling existing data, instrument rental, data acquisition, processing, modeling and interpretation. 

 [image: image6.emf]
Figure 6. Resistivity map of the Western Snake River Plain showing field sites and groundwater contours (revised from Lindholm (1996).
Interpretations


Existing seismic and potential field data will be integrated into general interpretations that will describe both the North Ada and East Ada sites. Additionally, a detailed interpretation of newly acquired seismic data will tie borehole and geologic information to provide constraints on hydrogeologic conditions. These new data will provide detailed information that can include: (1) stratigraphy of major sedimentary units in the upper 1,000 feet below land surface to delineate aquifers, (2) configuration and depth of basement rocks, (3) depths and locations of volcanic units, and (4) significant fault locations and associated displacements. Consultation with Spencer Wood, Emeritus Professor at Boise State University and advisory panel members for each site, will significantly contribute to the final interpretations and final report. 
Timeline and Deliverables
Spring, 2009

· Compile existing geophysical data for the Western Snake River Plain that include

a) industry seismic reflection line locations

b) high-resolution seismic reflection data (Boise State University)

c) gravity (USGS database)

d) magnetic (USGS database)

e) resistivity (USGS database)

· Site visit to Denver to view industry seismic lines to assess data quality in the context of North Ada site objectives.

· Purchase industry seismic as described above (if needed)
· Seismic walkaway tests to assess best seismic source for high resolution survey
· Finalize project plan for additional gravity and magnetic (and possibly resistivity) data

· Finalize seismic profile locations and priorities (in conjunction with advisory working group and IDWR personnel).

Summer, 2009

· Acquire new high resolution seismic reflection data at North Ada and East Ada sites.
· Acquire borehole seismic measurements to calibrate surface measurements with lithologies.

· Acquire new gravity and magnetic data as defined above

Fall 2009

· Process new high resolution seismic reflection data
· Process gravity and magnetic data
· Integrate gravity and magnetic data with USGS database
· Preliminary interpretations for all geophysical data
Winter 2009/2010

· Meet with advisory groups for North Ada and East Ada sites to discuss interpretations
· Finalize interpretations
· Final report draft

· Collect comments and revise interpretations and report
Spring 2010

· Final report

· Digital archive of all geophysical field data and processed results.
Products from this work will include:

• Final report and interpretations including cross-sections and base maps associated with the seismic profiles. Maps will show the interpreted geology of the study areas that include fault locations and the distribution and thickness of significant geologic units via a tie to regional water well information. Interpretations will involve local experts on the geology and hydrogeology of southwest Idaho.
• The seismic data collected will be submitted to the Idaho Department of Water Resources in both the raw form as well as the interpreted information. Seismic data will be archived in the industry standard SEG-Y format and will include survey and header information.
• Recommendations for additional studies for the areas investigated.
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Budget Justification – geophysical data compilation for North Ada and East Ada sites, assessment and purchase of industry seismic data, acquisition of new gravity (5 field days), magnetic (5 field days), high resolution seismic data (25 field days), and borehole seismic measurements; analysis, interpretation, final report
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Figure 5. A) Filtered gravity map for the North Ada area showing a northwest-striking gravity low (blue) that suggests an increase in depth toward the southeast toward Boise. B) Aeromagnetic map for the North Ada area showing a magnetic high near Emmett, suggesting basalts are likely present in the near surface. 
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Figure 2. 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 lb 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).  
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Figure 3.  Example of seismic reflection images from the Boise area. A) Interpretation and industry seismic profile from Boise to Wilder (Wood, 1994). Below, the upper few hundred meters along a portion of the profile showing a lack of detail at water well depths. The industry data are critical for defining basin stratigraphy and structures, but not near-surface geologic conditions. B) Hammer seismic profile along the Union Pacific Railroad showing detailed stratigraphy and structures in the upper 1 km (Liberty, 1998). Note the fluvial channel (red circle) and faults.
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Figure 1.  Location map for the two proposed study areas; North Ada and East Ada study areas. Industry seismic profiles from southwest Idaho are shown in red. These industry profiles will be evaluated for possible purchase and analysis.
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Figure 4.  Approximate locations of proposed seismic profiles (red lines) from North Ada (A) and East Ada (B). Each profile is approximately 12.5 miles long and located along existing roads. Profile locations and line lengths will be finalized during spring 2009 after industry seismic data are assessed. Additional North Ada profile locations may be considered will additional time.
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