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Executive Summary 

This IWP (investigation work plan) describes the approach for an iterative site-wide geophysical survey 
that will be performed to improve the conceptual bedrock model for WSTF (White Sands Test Facility), 
specifically with regard to site-wide lithologies, bedrock elevations, and the location and attitude of 
primary bedrock structures. The first step, and foundation of the project, is an airborne magnetic-gravity 
bedrock survey to be performed across the western half of WSTF. The study area is bounded on the east 
by the foothills of the SAM (San Andres Mountains) and on the west, north, and south by the WSTF site 
boundary. The investigation will also include the reprocessing and reinterpretation of select historical 
geophysical data, and a limited passive seismic survey in the vicinity of the WSTF plume area over a 
portion of the WBFZ (Western Boundary Fault Zone). Based on the results of the initial investigation, 
other geophysical techniques may be subsequently applied to provide additional resolution of WSTF 
bedrock lithology and structure. These may include more extensive passive seismic surveys, ground-
based refraction and/or reflection surveys, and borehole geophysics.  

In July and August of 2018, NASA (National Aeronautics and Space Administration) invited seven 
independent geophysical contractors to review historical WSTF geophysical surveys. Following the data 
review and site visits, the contractors provided recommendations on technologies that could potentially 
improve the definition of the site bedrock map to support future source area investigations, well 
placements, groundwater modeling, and other related studies at WSTF. Proposed geophysical methods for 
this IWP focus on the site-wide airborne magnetic-gravity survey. The design strategy for the survey is 
based on recommendations from the seven geophysical contractors. The objective of the airborne 
magnetic-gravity survey is to effectively improve site-wide resolution of the bedrock formation contacts, 
alluvial thicknesses, and bedrock structural features. The WSTF Environmental Contractor will manage 
the geophysical survey, while data collection, processing, and interpretation will be completed by an off-
site geophysical subcontractor. The technical details relative to design of the airborne magnetic-gravity 
bedrock survey will be finalized based on recommendations of the geophysical subcontractor that is 
selected during the competitive procurement process. 

Additional geophysical elements that will be used to refine the lithological and structural interpretation of 
the site comprise reprocessing of historical geophysical data (utilizing working raw project files where 
available), and performing a limited passive seismic survey over a portion of the WBFZ. Historical 
reprocessing and borehole geophysics will be applied where feasible following the airborne magnetic-
gravity survey to refine the bedrock profile in specific areas. Passive seismic evaluations may be 
considered for other specific investigation sites or on a site-wide basis. 

This IWP is being proposed voluntarily by NASA, and is not directly associated with a specific SWMU 
(Solid Waste Management Unit) or source area. The performance of the work will not affect any of 
NASA’s current investigation, monitoring, or remediation activities required by the Permit or associated 
documents. The survey will be non-intrusive; no drilling will be performed, and no soil or groundwater 
samples will be collected for analysis. Following award of a contract for the airborne magnetic-gravity 
component of the geophysical survey to a qualified subcontractor, a study performance window will be 
established based on the logistical schedule of WSTF and adjacent installations, subcontractor schedule, 
and desired timing of the field survey. NASA expects that completing the full site-wide geophysical 
survey will require one to two years, including the preparatory period for the airborne survey through 
performance of the supplemental geophysical methods. The project start date will be determined during 
procurement negotiations with the successful subcontractor. NASA will provide project updates to the 



NMED (New Mexico Environment Department) in the monthly Environmental Activity Reports and 
quarterly Periodic Monitoring Reports.
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1.0 Introduction 

NASA (National Aeronautics and Space Administration) WSTF (White Sands Test Facility) is located at 
12600 NASA Road in central Doña Ana County, New Mexico. The site is approximately 18 mi (miles) 
northeast of Las Cruces, New Mexico and 65 mi north of El Paso, Texas (Figure 1.1). WSTF has 
supported testing of space flight equipment and materials since 1964 and continues to operate as a field 
installation of the NASA Johnson Space Center. The WSTF U.S. EPA (Environmental Protection 
Agency) Facility Identification Number is NM8800019434. Historical operations at WSTF have resulted 
in a groundwater plume requiring extensive investigation activities and associated corrective actions. 

NASA operates two groundwater remediation systems to extract contaminated groundwater, remediate it 
using air stripping and ultraviolet photolysis, and inject treated groundwater into the aquifer. Delineation 
of the boundaries of the groundwater contaminant plume and interception of contaminated water depend 
on the proper placement of groundwater monitoring, extraction, and injection wells. In addition, accurate 
conceptualization of the groundwater contaminant plume and the effects of groundwater remediation 
efforts depend on valid hydrogeologic inputs to the site-wide conceptual and numerical groundwater 
models. 

Establishing the best conceptual model of the subsurface geology at WSTF is critical for effectively 
planning investigations, locating monitoring and extraction wells, and supporting input information for 
the numerical groundwater model. This IWP (investigation work plan) describes the approach for an 
iterative site-wide geophysical survey that will be performed to improve the conceptual bedrock model 
for WSTF, specifically with regard to site-wide lithologies, bedrock elevations, and the location and 
attitude of primary bedrock structures. The current bedrock map for WSTF is based on interpretations of 
historical geophysical surveys from the late 1980s through 1990s, calibrated with geologic logs from the 
multiple site wells installed as a part of environmental investigation and remediation projects. In addition, 
there are several areas where drilling data are limited and interpretation of subsurface geology based on 
historical geophysical survey is speculative. In order to better define and delineate the subsurface 
geological units and produce an updated top-of-bedrock and structural map as part of the groundwater 
investigation and remediation effort, NASA plans to conduct a site-wide geophysical survey. The site-
wide survey will include an airborne magnetic-gravity survey that utilizes the latest geophysical 
investigative tools, data collection methods, and data processing software. NASA also plans to reprocess 
and reinterpret select historical geophysical data and perform a limited passive seismic survey. Depending 
on the results of this effort, NASA may initiate a more extensive passive seismic survey or perform 
borehole geophysical surveys at existing wells to better define structures in bedrock in specific areas.  

1.1 Approach 

This IWP describes the approach for the planned site-wide airborne magnetic-gravity bedrock survey and 
the supplemental geophysical methods that may be performed to help refine the interpretation. The 
airborne magnetic-gravity bedrock survey area, shown in Figure 1.2, is bounded on the east by the 
foothills of the SAM (San Andres Mountains) and on the west, north, and south by the WSTF site 
boundary. Two “No Fly” zones have been designated at WSTF by two tenants (the Goddard Space Flight 
Center and the United States Air Force). These zones are identified on the figure, and comprise the areas 
surrounding the Tracking and Data Relay Satellite Station (TDRSS) to the south and Second TDRSS 
Ground Terminal (STGT) to the north. 

In July and August of 2018, NASA invited seven independent geophysical contractors from across the 
United States (selected on the basis of expertise) to perform a review of historical WSTF geophysical 
surveys and provide recommendations for future geophysical evaluations. In general, the geophysical 
contractors did not express confidence in the original 1988 seismic reflection survey data interpreted by 
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Reynolds (1988), primarily due to the fact that interpretations were primarily focused on drilling data in 
lieu of the low resolution seismic data.  

During site visits, NASA geologists and geophysical subcontractor representatives also reviewed the 
gravity data presented by Maciejewski (1996). Although the geophysical contractors believed the data 
were valid, they remained uncertain as to the accuracy of the interpretation, since it was largely based on 
the 1988 Reynolds survey. Experts agreed it would be a prudent step to perform a new survey utilizing 
modern techniques, compare gathered data to well data that has been compiled since 1988, and produce a 
revised site-wide bedrock lithology and structural map for the site. The work proposed in this IWP is 
based on the recommendations provided by the seven geophysical contractors. 

1.2 Objectives and General Scope of Site-Wide Geophysical Survey 

The primary objective of the site-wide geophysical survey is to use the airborne magnetic-gravity method 
to enhance NASA’s conceptual model of the WSTF bedrock surface, specifically with regard to the 
definition of bedrock lithological contacts, alluvial thicknesses on top of bedrock, and the attitude of 
significant structural features. The WSTF Environmental Contractor will manage and supervise the 
geophysical survey. Data collection, processing, and interpretation will be performed by an off-site 
geophysical subcontractor. The final design of the geophysical survey is subject to revisions, per the 
recommendations of the geophysical subcontractor ultimately awarded the contract; however, in order to 
provide a uniform basis for each contractor to construct a cost proposal, the technical requirements 
outlined in Section 4.0 (Scope) are presented. The investigation will also include the reprocessing and 
reinterpretation of select historical geophysical data, and a limited passive seismic survey in the vicinity 
of the WSTF plume area over a portion of the WBFZ (Western Boundary Fault Zone). Additional 
geophysical techniques may be subsequently performed to provide more resolution of WSTF bedrock 
lithology and structure. These may include more extensive passive seismic surveys, ground-based 
refraction and/or reflection surveys, and borehole geophysics. Evaluation of the results of the 
investigation and interaction with NMED will be used to establish the utility of future geophysical 
surveys at WSTF.   

1.3 Magnetic Survey Description 

Local variations in the earth’s magnetic field can occur due to either differences in the permanent 
magnetization of materials, or differences in magnetic susceptibility. The subsurface bedrock lithologies 
at WSTF are anticipated to differ to a sufficient degree that lithologic contacts along near-vertical 
geologic features (contacts/faults) may be interpretable from magnetic anomalies or gradients. The 
following materials and their magnetic properties are expected: 

• Alluvial/colluvial overburden: no permanent magnetization, low magnetic susceptibility; 
essentially, the overburden should be transparent.  

• Limestone: no permanent magnetization, very low magnetic susceptibility; limestone should also 
be transparent.  

• Andesite: high permanent magnetization due to thermoremnant magnetization of iron minerals, 
high susceptibility due to iron minerals.  

• Rhyolite: moderate permanent magnetization due to thermoremnant magnetization of iron sparse 
minerals, low susceptibility due to general lack of iron minerals.  

• Flow-banded Rhyolite: possibly different (to some unknown degree) from other rhyolite. 



NASA White Sands Test Facility 

Site-wide Geophysical Survey Investigation Work Plan 3 

These differences in magnetic properties have the potential to allow for site-wide mapping of geologic 
contacts beneath the overburden using an airborne magnetic survey.  

1.4 Gravity Survey Description 

Local variations in the earth’s gravitational field can result from lateral changes in the density or thickness 
of surficial alluvial overburden on top of bedrock. The alluvial overburden at WSTF generally has 
porosities between 25 to 40%, while the bedrock has less than 5% primary porosity with secondary 
porosity along permeable faults and fractures. For similar mineral grain densities, there should be a large 
difference in bulk density between overburden and bedrock. Gravity variations should be dominated by 
overburden thickness, which should make the WBFZ, consisting of a series of subparallel half-graben 
faults with significant displacement of the bedrock to depth, readily detectable. If there is a difference in 
density between the andesite, rhyolite, and flow-banded rhyolite on the fractured bedrock pediment, the 
contacts may also be subtly apparent in the gravity survey results. Highly permeable fault zones should 
create linear gravity anomalies, which would also assist in WSTF conceptual model enhancement. 

1.5 Regulatory Requirements 

The WSTF site-wide geophysical survey is not part of a specific solid waste management unit 
investigation or remediation effort required by the NMED (New Mexico Environment Department). The 
proposed survey will be performed at the discretion and risk of NASA to enhance the understanding the 
subsurface bedrock lithology and structure of the site. However, since information and data reported for 
the site-wide geophysical survey investigation will be used to enhance the understanding of the geologic 
conceptual model at WSTF, it will be applicable to periodic groundwater monitoring and contamination 
remediation and investigations regulated under the WSTF Hazardous Waste Permit. 

1.6 Other Considerations 

Revisions to the site-wide geophysical survey design for the IWP may be implemented based on 
developing logistical factors at WSTF, suggestions from potential vendors, and potential costs of the 
project. Problems with logistical issues at WSTF such as flight path approvals, data acquisition 
frequencies, safety, or security may affect the scope or schedule of the survey.  

NASA recognizes that there are no guarantees that the initial investigation will enhance the existing 
interpretation of WSTF subsurface bedrock lithology and structure. Based on the data processing and 
interpretation from the site-wide airborne magnetic-gravity survey, additional geophysical methods may 
be applied to collect higher resolution geophysical data.  

2.0 Background 

2.1 Current Subsurface Bedrock and Structural Interpretation 

WSTF bedrock lithology and structural maps have been developed based largely on the interpretation 
provided on the site-wide, seismic reflection survey performed by Reynolds in 1988 (Figure 2.1). As 
monitoring and remediation well boreholes at WSTF were subsequently drilled and lithological and 
geophysical logging performed, updates were made to the interpretation based on the new data points 
available. An integrated geophysical interpretation performed by Maciejewski in 1996 as part of a 
master’s thesis at the University of Texas El Paso refined bedrock elevations and some of the major site 
faulting using 90 widely-spaced gravity data points (Figure 2.2). The results of the thesis were 
summarized in Volume 2, Chapter 4 of NASA’s draft site-wide RCRA Facility Investigation report 
(NASA, 1996).  
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2.2 Impact of Bedrock Lithology and Structure on the Placement of Groundwater Wells 

Monitoring and remediation wells at WSTF are designed and placed with specific objectives in mind, 
which include proximity to perceived bedrock drainage areas, bedrock structures, and areas with 
potentially elevated groundwater contaminant concentrations. Factors influencing the ability to install 
monitoring and remediation wells successfully to meet various project objectives include the bedrock 
lithology, depth to bedrock, and characteristics of individual structures or structural zones.  

In the WSTF Mid-plume Area (Figure 1.2), typical groundwater yields in wells screened in a fractured 
bedrock aquifer are less than 5 gallons per minute. Structural flow zones with enhanced groundwater flow 
have been an important exploration target. The MPITS (Mid-plume Infiltration Treatment System) was 
located in an area indicated by focused seismic reflection surveys (e.g., SECO [Subsurface Exploration 
Co.], 2001a) to be structurally complex. The MPITS incorporates extraction wells with relatively higher 
production rates than are typical for the area. Targets for additional extraction well locations may be 
generated from an enhanced bedrock lithology and structure map. 

At the Plume Front (Figure 1.2), extraction wells have been completed in the alluvial aquifer; however, 
there are indications that flow of groundwater contaminants may be enhanced along a specific section of 
the WBFZ near the southwest margin of WSTF. Previous focused seismic reflection surveys have been 
performed (e.g., SECO, 2001b). Despite this, delineation of the WBFZ in this area remains uncertain, and 
a refinement with enhanced resolution of lithology and structure would be highly beneficial to support 
NASA’s ongoing efforts to continually improve operational efficiency of the Plume Front Treatment 
System. An enhanced site bedrock and structural map would provide a critical resource relative to the 
definition of individual fault blocks within the WBFZ and optimization of groundwater extraction and 
contaminant mass removal. This could directly impact the contaminant plume remediation efforts by 
reducing the remediation timeframe and associated cost. 

2.3 Impact of Bedrock Lithology and Structural Interpretation on the Site Groundwater Flow Model 

Bedrock lithology and structural interpretations will support future efforts to characterize fractured 
bedrock and remediate contaminated groundwater through inclusion in the WSTF site groundwater flow 
model. The model assigns aquifer properties based on the hydrogeological characteristics (affected by 
lithology and structure) within each individual model cell in order to predict future contaminant plume 
migration and the effectiveness of the remediation systems. It is critical that inputs to the model be as 
accurate as possible in order to minimize assumptions and the compounding effect of interpretive error. 
An enhanced bedrock lithology and structural interpretation would directly impact the quality and 
defensibility of the groundwater flow model predictions. 

3.0 Site Conditions 

WSTF encompasses an area of approximately 60,500 acres along the western flank of the southern SAM 
(Figure 1.2). The area proposed for the airborne magnetic-gravity survey covers approximately 20 square 
mi that corresponds to the majority of the western half of the WSTF property. This area is inclusive of all 
the property between the northern and southern site boundaries and includes the western SAM foothills, 
pediment slope, and JDMB (Jornada del Muerto Basin) west to the western site boundary. Two “No Fly” 
zones at WSTF comprise the areas surrounding the TDRSS and STGT facilities to the south and north, 
respectively. 
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3.1 Surface Topography 

The flight lines for the airborne survey are proposed at an approximate altitude of 300 ft (feet) ags (above 
ground surface) for the majority of the survey where topography is gently inclined at between 2 to 10 
degrees along the WSTF alluvial-covered pediment slope and JDMB. The ground surface is vegetated by 
relatively sparse scrub and brush, is relatively flat, and should not pose any difficulty for the aircraft to 
maintain a relatively uniform elevation ags across the flight paths. The low undulating foothills and 
shallow arroyos east of the WSTF industrialized areas and adjacent to the SAM provide the most varied 
of the survey topography encountered. 

3.2 Subsurface Geology 

A significant amount of geological and geophysical investigation has been performed at WSTF over the 
last 30 years. All pertinent information currently on file (investigation reports, topographic and geologic 
maps, historical geophysical surveys, and well lithologic and geophysical logs) will be made available to 
the geophysical subcontractor in order to assist with planning, processing, and interpreting site-wide 
geophysical survey data generated during this study.  

3.3 Weather 

The weather at WSTF is characterized by abundant sunshine, low humidity, slight rainfall, and large day-
to-night temperature variance. Spring (March and April) is the driest time of the year with mild 
temperatures and dust storms caused by sustained winds. Summers (May through September) are 
characterized by clear hot days, progressing to warm cloudy weather with seasonal monsoon rains in July 
through September. Fall (October through November) is characterized by warm sunny days and cool 
nights with mild winds. Winters (November through February) are mild with clear sunny days and cold 
clear nights. The WSTF Environmental Contractor will coordinate with the subcontractor and 
surrounding entities: White Sands Missile Range; WSTF, the United States Air Force; Federal Aviation 
Administration; Las Cruces International Airport and any other local regulatory agencies to schedule the 
flights in conjunction with the weather and preference of the geophysical subcontractor accordingly. 

4.0 Scope of Site-wide Geophysical Survey Activities 

4.1 Airborne Magnetic-Gravity Survey Design 

The gravity survey component accounts for the more bulky equipment requirements for the airborne 
survey, and is the primary factor requiring the use of a manned aircraft. The proposed airborne 
geophysical survey will be revised based on the expertise of the geophysical contractor selected during 
the competitive procurement process, with the intent of meeting project objectives at a lower cost or with 
enhanced results. The finalized design parameters for the survey will follow the detailed approach 
recommended by the geophysical subcontractor awarded the contract. In general, the planned airborne 
magnetic-gravity bedrock survey design parameters include the following elements. 

• The survey will cover a rectangular area with dimensions of approximately 4 x 5 mi (Figure 1.2). 
This 20 square mi area covers the majority of the western half of WSTF, primarily across a gentle 
alluvial-covered pediment slope on the west side of the SAM into flat alluvial-covered terrain of 
the JDMB. 

• Survey lines are anticipated to be positioned along east-west transects parallel to the long axis of 
the survey area, and oblique to the primary northwest-trending structures in the area characteristic 
of basin-range faulting (for example the WBFZ). The final orientation of the survey lines will be 
selected and justified by the geophysical contractor. 
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• The anticipated survey line spacing along east-west transects is approximately 200 ft across the 
entire area, representing up to 400 line mi of airborne data collection. 

• Control survey lines are anticipated to be positioned perpendicular to survey lines in a north-south 
direction; because many geological features are in the east-west direction (for example Laramide 
structures that may extend into the northeastern corner of the survey area from Bear Canyon 
within the SAM). The final orientation of the control survey lines will be selected and justified by 
the geophysical subcontractor. 

• The north-south transects may be arranged with a line spacing of approximately 200 ft. This data 
collection effort, representing up to an additional 400 line mi will provide grid data to establish 
more defensible 3-D bedrock and structural maps.  

• The optimum altitude for successful data acquisition ranges between 265 and 400 ft ags. The 
elevation of the airborne flight lines are anticipated to be approximately 300 ft ags where feasible 
based on all available safety and security protocols. 

• The sample acquisition frequency along each airborne survey line will be approximately 20 to 
30 ft, or otherwise as suggested and justified by the geophysical subcontractor. 

4.2 Airborne Magnetic-Gravity Survey Responsibilities 

The geophysical subcontractor will be responsible for the following. 

• Coordination of clearances required within restricted airspace, including White Sands Missile 
Range, NASA-WSTF, the United States Air Force, Federal Aviation Administration, Las Cruces 
International Airport and any other local regulatory agencies, and filing of the required flight 
plans. 

• Provision of the field airborne magnetic-gravity survey equipment and instrumentation required 
to record the required geophysical data.  

• Provision of qualified personnel necessary to prepare the instrumentation, perform the airborne 
survey, and collect the required geophysical survey data. 

• Provision of the equipment and personnel required to download, process and interpret the data 
collected during the airborne survey. 

• Submittal of a final airborne magnetic-gravity survey report with a summary of survey design, a 
description of the geophysical methods employed, data collection details, survey results, 
interpretation of the geophysical data generated, and further recommendations. A comprehensive 
bedrock map, with cross-sections along selected flight lines (where feasible), will also be 
included.  

NASA and the WSTF Environmental Contractor will be responsible for the following. 

• Obtain approval for the contractor aircraft to fly over WSTF and the adjacent tenant facilities. 

• Provision of preparatory geological investigation reports, site historical geophysical data, 
geologic maps, and existing well logs to the geophysical contractor for the purposes of calibrating 
the geophysical survey. 

• Provision of qualified field survey supervision for the duration of the field project. 

• Provision of WSTF Environmental Contractor geological staff familiar with site geophysics to 
support the preparation and evaluation of field airborne magnetic-gravity survey data. 
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4.3 Airborne Magnetic-Gravity Survey Methods 

The following procedures are anticipated when collecting the airborne magnetic-gravity measurements. 

• Record first real time measurements from geophysical instrumentation mounted in the aircraft to 
produce magnetic-gravity data related to the ground surface below. 

• Collect second real time measurements from navigation and mapping instruments associated with 
or carried by the aircraft. 

• Compute a background response of each geophysical instrument using the second real time 
measurements to take account of its time varying altitude, and the time varying topography of the 
ground surface below.  

• Adjust an operating or data processing condition of each geophysical instrument using the 
respective background response and the instrument’s altitude to enhance the performance of that 
instrument.  

• Adjust the geophysical data output for that instrument having reduced effects resulting from 
variations in altitude, attitude and topography. 

• Subsequently process and interpret the geophysical data with the support of WSTF 
Environmental Contractor geological staff as necessary. Structural discontinuities such as faults, 
fractures and geological contacts may create lateral contrasts in density and magnetization of 
rocks, which generate gravity and magnetic signatures. Due to density and magnetic variations of 
the rocks, these structural discontinuities may be partly detected on the gravity image and partly 
on the magnetic image.  

• In addition to creating the site-wide separate gravity and magnetic images, a combined image that 
integrates the two images using an image fusion technique will be generated if feasible for better 
interpretation of the acquired data. 

5.0 Scope of Geophysical Reprocessing and Limited Passive Seismic Survey 

The other elements of the geophysical investigation that will be applied to provide additional resolution to 
WSTF bedrock lithology and structure include the reprocessing and reinterpretation of select historical 
geophysical data and aerial photography, and a limited passive seismic survey in the vicinity of the WSTF 
plume area over a portion of the WBFZ. These geophysical elements will be applied to provide 
supplemental data to the airborne magnetic-gravity survey either to address deficiencies specific to 
individual investigation sites or to provide more optimal site-wide coverage. Other geophysical 
techniques may be subsequently performed to provide more resolution of WSTF bedrock lithology and 
structure. These may include more extensive passive seismic surveys, ground-based refraction and/or 
reflection surveys, and borehole geophysics.   

Specific data are available from historical geophysical surveys performed and from borehole geophysics 
that can be used to address the “data gaps.” Site-wide coverage can be provided by passive seismic 
surveys performed on the ground (also known as ambient noise surface wave tomography), which 
provides a cost-effective alternative to standard seismic reflection and refraction. A discussion of the 
methods to be used are provided below.   

• Reprocessing and reinterpretation of historical geophysical data and aerial photography: This 
element will be applied where the detail for specific previously studied areas can potentially be 
improved, and added benefit could result from this evaluation. NASA will contract geophysical 
subcontractors in an attempt to reprocess and reinterpret seismic data from previous site-wide, 
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Mid-plume, and/or Plume Front surveys, along with resistivity and refraction data from the 200 
Area. The success of this action will depend on the availability of the raw historical data, the 
ability of subcontractors to perform reprocessing, and the associated cost. Several of the 
geophysical subcontractor representatives that visited WSTF expressed that it may be possible to 
extract additional detail from the historical survey results using modern data processing methods. 

• Limited passive seismic survey: This element will be performed to investigate a specific area of 
the airborne survey. NASA plans to perform a limited passive survey over a portion of the 
WBFZ. The outcome of this survey will be used to decide whether to perform additional passive 
seismic survey work. Passive seismic nodes will be utilized in “rolling” grids, which will allow 
the data collection to extend progressively across the area of interest while efficiently managing 
the number of nodes. Passive seismic or ambient noise surface wave tomography uses natural 
low-frequency signals (0 to 10 hertz) to generate vertical profiles in the ground. The results would 
be used to supplement the alluvial depth isopach map and structural interpretations. Some of the 
geophysical contractors believed that the airborne magnetic-gravity survey may not require 
further refinement; however, the design of the limited passive seismic survey will be based on the 
site-wide results of the airborne survey. 

• Other geophysical techniques – more extensive passive seismic surveys, ground-based refraction 
and/or reflection surveys, and borehole geophysics: These additional techniques will be evaluated 
following completion of the investigation. For the borehole geophysics, acoustic televiewer 
logging may be employed in new boreholes to verify fracturing indicated by the airborne and 
passive geophysical surveys. Synthetic seismographs may also be produced from the logging of 
new boreholes using density and sonic logs to calibrate any future seismic surveys. Existing cased 
holes cannot be used for these logging techniques. 

6.0 Schedule 

The schedule for conducting the site-wide geophysical survey, geophysical processing, and the limited 
passive seismic survey is tentative at this time. Following award of the contract for the airborne magnetic-
gravity component of the geophysical survey to the subcontractor, all necessary permissions will be 
obtained to perform the fieldwork. Depending on the WSTF logistical schedule, subcontractor schedule, 
and desired timing of the field survey, a performance window will be established. Geophysical processing 
work and the limited passive seismic survey will be performed contemporaneously with the airborne 
geophysical survey to the best extent possible. The anticipated schedule below is dependent on the award 
date for the contract. 

• Award of airborne magnetic-gravity survey contract purchase order – December 2019 (tentative). 

• Preparatory period (3 months) – acquisition of permits and permissions, determination of airborne 
and geophysical equipment, and scheduling of the optimum performance window. 

• Potential lag time between preparatory period and airborne field survey (3 months) – may be 
affected by timing of optimal conditions to perform field survey. 

• Airborne field survey window (1 month) – to follow preparatory period and lag time (includes 
pre-flight protocol, flyovers, and post-flight protocol). 

• Geophysical data reprocessing and performance of the limited passive seismic survey will be 
performed concurrently with the lag time between the preparatory period and the airborne field 
survey (6 months). 

• Data evaluation and processing/report generation (3 months) – to follow airborne field survey, 
includes data evaluation, processing, interpretation, and subcontractor report preparation. 
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• Preparation of Site-wide Geophysical Survey IR (Investigation Report) for submittal to NMED (2 
months). 

• The anticipated duration for the site-wide geophysical survey investigation and submittal of the 
IR is 18 months. A Site-wide Geophysical Survey Investigation Report investigation report will 
be submitted to NMED by June 30, 2021. 

• Other geophysical techniques – will be performed iteratively depending on the quality of the 
geophysical data generated for the site-wide geophysical survey and the magnitude of effort 
required (labor, materials, and cost). Other geophysical techniques may include more extensive 
passive seismic surveys, ground-based refraction and/or reflection surveys, and borehole 
geophysics. 
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Figure 1.1 WSTF Location Map 
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Figure 1.2 Proposed Site-wide Geophysical Survey Area 
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Figure 2.1 WSTF Bedrock Structures – Reynolds Interpretation 1988 
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Figure 2.2 WSTF Elevation to Bedrock Map – Maciejewski Interpretation 1996 
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 1 Enclosure 1 

Comments for Approval with Modifications of the Geophysics Investigations Work Plan 

NMED Comment 
Number NMED Comments NASA Revisions/Responses/Discussion 

1. Section 1.2, 
Objectives and 

General Scope of 
Site-Wide 

Geophysical 
Survey, Page 2 

Permittee Statement: "Additional geophysical techniques 
may be subsequently performed to provide more resolution of 
WSTF [White Sands Test Facility] bedrock lithology and 
structure. These may include more extensive passive seismic 
surveys, conventional refraction and/or reflection surveys and 
borehole geophysics" 

NMED Comment: The proposed geophysical survey 
investigation scope of work includes an airborne magnetic 
and gravity survey, a passive seismic survey in the vicinity of 
the WSTF plume front area, and reprocessing of select 
historical geophysical survey data, in lieu of conventional 
geophysical survey data collection methods. It is understood 
that the scope of work is based on the recommendations of 
prospective geophysical investigation contractors; however, 
the Permittee must ensure that geophysical methods used 
during the investigation yield data and information of 
sufficient quality to enhance the current subsurface geologic 
structural model at WSTF. This includes appropriate 
validation of collected data and any reprocessed data, which 
must be documented in the investigation report. If the results 
produced by the proposed primary investigation methods do 
not yield data and information that meet the Work Plan 
objectives, then the Permittee must use additional 
geophysical techniques. Revise the statement to indicate that 
additional geophysical techniques will be used to provide 
better resolution of WSTF bedrock lithology and structure, if 
the primary scope of work does not meet the objectives of the 
Work Plan. Revise the Work Plan accordingly, ensure that the 
revision is consistently made in all applicable sections of the 
Work Plan, and provide respective replacements pages. 

NMED portrays the airborne magnetic-gravity and passive 
seismic surveys as “in lieu of conventional geophysical survey 
data methods”. To the contrary, NASA is not suggesting that the 
proposed surveys are a substitute for any conventional 
geophysical method.  The premise of the work plan is to employ 
a one-time airborne survey performed with the best available 
technology that is cost effective to meet the stated objective: 
improve the conceptual bedrock model for WSTF, specifically 
with regard site wide lithologies, bedrock elevations, and the 
location and attitude of primary bedrock structures over an 
approximate area of 20 square miles. In this matter, scale is 
important and the selected geophysical survey is appropriate to 
the scale. This would not be not the case for ground surveys.  

The airborne magnetic-gravity survey is a unique component of 
the Site-wide Geophysical Survey Investigation Work Plan.  
There are limited subcontractors who perform this type of 
geophysical survey and we have selected one of the leading 
providers through our competitive procurement process. The 
selected vendor offered two options, and we have selected the 
option with the tightest line traverse spacing and highest 
potential for effective processing of the data.  

Scale also speaks to the primary emphasis: valid hydrogeologic 
inputs to the conceptual site model. Bedrock structure can guide 
monitoring well and extraction well placement overall, and 
improvements to the conceptual ground water model can make 
for better model calibration and predictive capability. NASA’s 
long-term emphasis is on plume remediation. The resolution of 
bedrock features at this scale is not expected to guide 
monitoring well placement at the SWMU scale.   

NASA does expect the airborne magnetic-gravity survey to 
minimally meet the objective of enhancing both (1) the 
understanding of subsurface bedrock lithology and structure, 
and (2) the site groundwater conceptual model. The measure of 



 2 Enclosure 1 

Comments for Approval with Modifications of the Geophysics Investigations Work Plan 

NMED Comment 
Number NMED Comments NASA Revisions/Responses/Discussion 

improvement is expected to be in better relative bedrock relief 
and better delineation of the WBFZ, both validated through 
borehole data, relative to the current bedrock and structural 
interpretation in Section 2.1 of the work plan.   NASA’s 
extensive ground truth on site (bedrock tags with soil borings, 
boreholes, and previous seismic surveys) will be a key element 
in refining the processed airborne survey data. 

If these objectives are not minimally achieved, the same 
expertise that was brought to bear on the recommendation to 
perform the airborne survey, as well as on the recent 
recommendation not to perform electrical resistivity at the 
WSTF 600 Area Closure, will come to bear on whether other 
survey locations or methods can help. It is possible that the data 
itself will reveal strong limitations (contrast in rock properties, 
too much alluvium thickness) to any other types of survey.  The 
chance of “better resolution of WSTF bedrock lithology and 
structure” may only pertain to very specific areas on site where 
bedrock structures and changing alluvial thicknesses are 
regional scale (WBFZ) or where existing ground truth on the 
ground is very limited to absent.   

For this reason the work plan uses the word “may” in the 
context of any further study.  The best path forward after the 
airborne survey may not be additional geophysics.  It might also 
be acceptance of the bedrock model as is.   

NASA added the final sentence to Section 1.2:  “Evaluation of 
the results of the investigation and interaction with NMED will 
be used to establish the utility of future geophysical surveys at 
WSTF.”   

2. Section 1.5, 
Regulatory 

Requirements, 
Page 3 

Permittee Statement: "The WSTF [White Sands Test 
Facility] site-wide geophysical survey is not part of a specific 
solid waste management unit investigation or remediation 
effort required by the NMED (New Mexico Environment 

NASA concurs that the investigation results will be applicable to 
ongoing and future groundwater monitoring and contaminant 
remediation required by the WSTF Hazardous Waste Permit.   
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Comments for Approval with Modifications of the Geophysics Investigations Work Plan 

NMED Comment 
Number NMED Comments NASA Revisions/Responses/Discussion 

Department). The proposed survey will be performed at the 
discretion and risk of NASA [National Aeronautics and 
Space Administration] to enhance the understanding [of] the 
subsurface bedrock lithology and structure of the site." 

 

NMED Comment: An enhanced understanding of 
subsurface bedrock lithology and structure has implications 
related to the understanding of the groundwater aquifer at 
WSTF and is applicable to ongoing and future groundwater 
monitoring and contaminant remediation required by the 
WSTF Hazardous Waste Permit. Additionally, enhancement 
of the site-wide geologic conceptual model is applicable to 
understanding contaminant source zones and migration 
pathways at Solid Waste Management Units, Areas of 
Concern, and Closure activities regulated under the Facility 
Hazardous Waste Permit. NMED understands that the 
Permittee assumes any risk associated with the outcome of 
the final geophysical survey; however, following submittal of 
the investigation report and NMED review, NMED may 
direct the Permittee to complete additional investigation 
and/or provide additional information. Any further direction 
provided by NMED will be based on the investigation results 
and the quality of information and data collected and reported 
for the site-wide geophysical survey investigation. Revise the 
statement to also indicate that the information and data 
reported for the site-wide geophysical survey investigation 
will be used to enhance the understanding of the geologic 
conceptual model at WSTF and is applicable to continued 
periodic groundwater monitoring and contamination 
remediation and investigations regulated under the RCRA 
Permit. Revise the Work Plan accordingly and provide 
respective replacement pages. 

 

As noted in the response to Comment 1, the resolution of 
bedrock features at the site-wide scale of the magnetic-gravity 
survey is not expected to guide monitoring well placement or 
reveal paths of migration at the SWMU scale.  However, any 
new understanding of major subsurface features that underlie a 
given SWMU or its immediate area would certainly be utilized 
in work plans or interpretations of SWMU data.   

NASA added the final sentences to Section 1.5:  “However, 
since information and data reported for the site-wide 
geophysical survey investigation will be used to enhance the 
understanding of the geologic conceptual model at WSTF, it 
will be applicable to periodic groundwater monitoring and 
contamination remediation and investigations regulated under 
the WSTF Hazardous Waste Permit.”     
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Comments for Approval with Modifications of the Geophysics Investigations Work Plan 

NMED Comment 
Number NMED Comments NASA Revisions/Responses/Discussion 

 

3. Section 6.0, 
Schedule, 

Page 9 

Permittee Statement: "The anticipated duration for site-wide 
geophysical survey investigation and submittal of the IR 
[Investigation Report] is 1 to 2 years." 

 

NMED Comment: Based on the Permittee's proposed 
anticipated investigation schedule, an investigation report 
documenting the site-wide geophysical survey must be 
submitted to NMED no later than June 30, 2021. If changes 
to the proposed project schedule have been made, update the 
Work Plan accordingly and provide an anticipated 
investigation report submittal due date and respective Work 
Plan replacement pages. 

A Site-wide Geophysical Survey Investigation Report 
investigation report will be submitted to NMED by June 30, 
2021. Section 6.0 of the Work Plan has been modified 
accordingly. 

4. Section 7.0, 
References, 

Page 9 

NMED Comment: For reference and retention in the WSTF 
administrative record, provide hardcopy and electronic copies 
of the following Work Plan reference documents with the 
response to NMED's modifications: 

 

a. Maciejewski, T.J. (1996). Integrated Geophysical 
Interpretation of Bedrock Geology, San Andreas 
Mountains, New Mexico. Unpublished master's 
thesis, University of Texas at El Paso, Texas. 

b. Reynolds, C.B. (1988). Final Report, Shallow 
Seismic Reflection Survey, NASA Lyndon B. 
Johnson Test Facility Area, Dona Ana County, New 
Mexico. Charles B. Reynolds & Associates, 
Consulting Geophysicists and Geologists. 
Albuquerque, NM. 

c. SECO. (2001). Final Report, Mid-Plume Area 
Seismic Reflection Study, NASA White Sands Test 

Hardcopy and electronic copies of four references included in 
the Work Plan are provided. These copies provide the text, 
tables and figures for each reference.       
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Facility, Dona Ana County, New Mexico. Subsurface 
Exploration Company, Pasadena, CA. 
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Consulting Geophysicists and Geologists 

4409 San Andres Avenue NE 
Albuquerque, New Mexico 87110 

Telephone (505) 881 -4780 

December 30, 1988 

FINAL REPORT 
SHALLOW SEISMIC REFLECTION SURVEY 

NASA LYNDON B. JOHNSON TEST FACILITY AREA 
Dona Ana County, New Mexico 

SUMMARY 

During the period beginning in late February, 1987, and ending in 
late July, 1988, 25 shallow seismic reflection lines totalling 
37.04 miles in length were recorded in the area of the NASA 
Lyndon B. Johnson Test Facility, Dona Ana County, New Mexico. 
The purpose of the survey was to attempt to trace the top of 
bedrock (or base of Santa Fe group) in the subsurface and 
especially to attempt to detect faults and other structural 
features which may influence groundwater movement. 

Seismic and drilling evidence indicates that two major fault 
zones striking northwest to southeast, called the Western 
Boundary Fault Zones Nos. 1 and 2 (or WBFl and WBF2) divide the 
area into three major fault blocks, deepening succ~ssively 
westward from the San Andres Mountains into the Jornada del 
Muerto Valley. The depth of the top of bedrock in the eastern 
fault block varies from about 100 to about . 200 ft; in the central 
block it is about 350 to 750 ft and in the western block it is 
probably about 1,200 ft to about 1,500 ft. 

Structural features in the eastern fault block generally trend 
northeast-southwest, and appear to be partly fault-controlled and 
enhanced by pre-Santa Fe grp erosion. Synclines in this area 
also seem to be buried stream valleys which may still be of 
importance in groundwater movement toward the southwest. 

Structural features in the central block apparently trend 
northwesterly, with general southward deepening of the top of 
bedrock. A major cross fault, downthrown to the southwest, 
evidently cuts diagonally across the central block. 

Structural features in the western block appear to strike north
northwest, with a general northward deepening of the top of 
bedrock suggested. 
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Consulting Geophysicists and Geologists 

4409 San Andres Avenue NE 

Telephone (505) 881-4780 

Albuquerque, New Mexico 87110 December 30, 1988 

FINAL REPORT 
SHALLOW SEISMIC REFLECTION SURVEY 

NASA LYNDON B. JOHNSON TEST FACILITY AREA 
Dona Ana County, New Mexico 

Introduction - Twenty five shallow seismic reflection lines 
were recorded between early February, 1987, and late July, 1988, 
in the area of the NASA Lyndon B. Johnson Test Facility, about 25 
miles northeast of Las Cruces, Dona Ana County, New Mexico. The 
location of the study area is shown on Figure 1. The seismic 
lines recorded are listed in Table I. 

TABLE I 

NASA SEISMIC LINES RECORDED FEBRUARY, 1987, THROUGH JULY, 1988 

Line No. No. of Profiles Length in Miles 
GC-1 48 0.3 
GC-2 64 0.4 
GC-3 64 0.4 
GC-4 40 0.25 
GC-5 104 0.65 
GC-6 176 1.1 
GC-7 309 1. 93 
GC-8 148 0.92 
GC-9 111 0.69 
GC-10 83 0.52 
GC-11 130 0.81 
GC-12 112 0.7 
GC-13 160 1.0 
GC-14N 240 1.5 
GC-15 230 1.44 
GC-16 155 0.97 
GC-17 110 0.69 
GC-18 413 2.58 
GC-19 710 4.44 
GC-20 321 2.01 
GC-21 403 2.52 
GC-22 496 3.1 
GC-23 491 3.07 
GC-24 309 1. 93 
GC-25 500 3.12 
Totals 5,927 37.04 

Where possible the lines were located along existing roads or 
trails, but in most cases it was necessary to work cross-country, 
with the attendant problems of difficult brush and deep arroyos. 
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For the most part, the weather was good, although on occasion 
high winds or rain delayed the work. 

The locations of the seismic lines are shown diagrammatically by 
Enclosure No. 1 (in pocket). 

The main objective of the survey was to obtain a reflection from 
the top of bedrock (or base of the Santa Fe group) in order to 
investigate its depth, geometric form and geologic structure and 
especially to attempt to detect faults or other fracture zones 
which might influence fluid movements in the area. Because the 
top of bedrock is normally, in western alluvium-filled valleys, 
a good reflector of low-frequency seismic energy, it commonly 
produces a high-amplitude and high-quality reflection as seen on 
low-frequency seismic record sections. 

Geologic Setting - The study area is about four miles north
south by about six miles east-west and is located at the eastern 
edge of the Jornada del Muerto, a major valley of southern New 
Mexico. The area begins at the western foothills of the San 
Andres Mountains and extends westward nearly to the center of the 
valley. In this distance the surface elevation decreases from 
about 5,000 ft near the mountains to about 4,400 ft in the 
valley. The surface soil is mostly sandy, and the surface is 
much cut by intermittent streams or arroyos of varying width and 
depth. The climate is a high desert type, with hot summers and 
cool to cold winters. Most of the precipitation (less than 10 
inches per year) falls during summer thunderstorms, with some 
occurring as winter rain and snow, The vegetation is of the 
Upper Sonoran type, with bunchgrass, greasewood, mesquite and 
various cacti prominent. The principal economic use of the area 
prior to the establishment of the test facility was for the 
grazing of livestock, though there has been some mining in the 
mountains to the east and southeast. 

Igneous and metamorphic rocks of Precambrian age crop out in the 
mountains east of the project area, as do largely marine strata 
of Cambrian through early Permian age. Continental redbeds with 
minor marine carbonates of middle and late Permian age are in 
turn overlain by marine shales, marine and non-marine sandstones 
and coals of Cretaceous age. Basal Tertiary non-marine sands and 
conglomerates overlie older rocks and are in turn overlain by 
acidic to intermediate volcanic strata and middle to late 
Tertiary unconsolidated silts, sands and gravels and Quaternary 
alluvium. Of particular importance in the project area are the 
Quaternary alluvium, the middle and upper Tertiary Santa Fe grp 
silts, sands and gravels, the middle Tertiary (Oligocene) Orejon 
andesites and the early Permian Hueco limestone. 

From late Cambrian until mid-Permian time the area was part of a 
shallow, rather stable marine shelf on which were deposited 
limestones and shales with minor sandstones. In middle and late 
Permian time the region became a low floodplain on which red 
clays and sands were deposited. After a brief marine incursion 
in late Permian time, the area was probably largely emergent 
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during the Triassic and Jurassic periods. During the Cretaceous 
the sea encroached on the region again, first from the southwest 
and then from the northeast, and a thick sequence of marine 
shales and sandstones and non-marine sandstones with some coal 
were deposited. At the end of the Cretaceous, during the great 
Laramide Revolution, the area was subjected to strong northeast
southwest crustal compression. The sea withdrew and fold and 
fault belts trending northwest-southeast developed, perhaps with 
significant mountain building. Explosive volcanism also began 
at this time, but reached its culmination during the Oligocene. 
Substantial local igneous intrusion also occurred during the 
latest Cretaceous and early to middle Tertiary. 

In mid-Tertiary time the crustal compression which had affected 
the region earlier was replaced by crustal extension oriented 
approximately east-west. At this time (probably early Miocene) 
complex sets of normal or gravity faults developed and valleys, 
including the Jornada del Muerto, began to sink along these 
faults. At the same time, intervening mountain ranges, such as 
the San Andres Mountains, began to rise along the bounding fault 
sets and shed sediment into the valleys. This largely fault
controlled movement, whereby the valleys subside and the 
mountains rise, continues to the present time. Concurrently 
with the change from crustal compression to crustal extension, 
explosive volcanism was replaced by quieter basaltic volcanism. 

Two major periods of tectonism followed by erosion have resulted 
in major angular unconformities. These are first, at the top of 
the Cretaceous and older strata and beneath the early Tertiary 
beds and the Orejon andesite, and second, above the Orejon and 
older beds and beneath the Santa Fe grp. Both of these 
unconformities, but especially the latter, are of great impor
tance in hydrologic considerations in the study area. 

The Permian Hueco limestone crops out along the eastern edge of 
the study area. To the west, Quaternary alluvium mantles Santa 
Fe grp, which in turn overlies Orejon andesite. The Hueco ls 
probably underlies the Orejon, but beds of late Permian or 
Cretaceous age may be present if preserved from post-Laramide 
erosion. 

Reflection Method - The seismic system used is a single-vehicle 
operation specifically designed for shallow (generally, less than 
3,000 ft of depth) reflection investigations. The seismic energy 
source is a patented bounceless ''soft" weight of 550 lbs dropped 
6-1/2 ft to the ground. The receiver array consists of six Mark 
Products G-21 lOHz gimbal-mounted self-orienting drag geophones 
attached to cables towed behind the seismic truck, with the 
geophones located at distances of 66, 131, 197, 262, 328 and 394 
ft behind the impact point of the dropped weight. The output of 
each receiver is recorded separately. 

The recording instruments are a multi-channel E.G.&G. Geometrics 
Nimbus ES1210F system with frequency filters and G724S digital 
recorder. Both analog and digital recordings are made at each 
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drop point. The digital recordings were for one-half second with 
a sample rate of one-half millisecond and out-80 Hz filters on 
recording until Line GC-19, when a change was made to one second, 
1 ms recording because of expected basinward deepening of bedrock. 
Notch filters (60 Hz) were used wherever power lines are near. 

Drop points are chained 33 ft apart al ong the line being recorded, 
producing 160 recordings per mile and 600% common depth point 
stacking. One to seven drops have been made per position, with the 
average number of drops being about three for the later lines. 
After completion of recording, the lines were surveyed by 
surveyors contracted by the client. 

The seismic data processing is carried out on IBM and Tandy PC 
computers using software written specifically for data recorded by 
this seismic system. Steps involved include transcription from 
field digital recordings to computer, reformatting to computer 
format, verification of data quality and editing, determination of 
the thickness of the surface low-velocity layer (weathering) and 
its velocity and that of the layer below by analysis of refraction 
returns, application of an F-K or velocity f~lter to remove 
refraction breaks as well as groundroll and airwave, time-variant 
deconvolution using three operators, 600% common depth point 
stacking, application of datum corrections (combined weathering 
and elevation corrections), use of a coherence filter which 
enhances seismic events dipping less than about 20 degrees in 
either direction, frequency filtering, trace normalization and 
variable area-wiggle trace plotting. A set of one-octave filter 
comparisons is made from time to time for selection of final 
frequency filters. Comparisons of different length deconvolution 
operators are also made; at this point it appears that 20 ms is 
the best operator length for the Lyndon Johnson Facility area. 

Initially the datum or reference plane used for correction was a 
flat, horizontal plane at an elevation of 5,000 ft above mean sea 
level. A datum plane above the ground surface was selected to 
avoid losing any of the shallow reflection data. Later, however, 
as the survey developed westward (toward the valley), decreasing 
elevation made it apparent that the +5,000 ft datum was too high, 
causing the datum corrections to push a large part of the data 
off the bottom of the record sections. As a result all the lines 
were reprocessed and corrected to a surface datum. 

The mean velocity of the low-velocity surface layer (weathering) 
as determined from refraction data for different lines varies 
from 1,800-2,200 ft/sec and the mean subweathering velocity is 
about 3,700 ft/sec (means of hundreds of determinations). These 
velocities both show a westward decrease, away from the mountains 
and toward the deep basin. The record sections included with 
this report have been corrected to a surface datum and frequency 
filtered with a 0-120 Hz bandpass filter, which is considered to 
make maximum use of the effect of the time-variant deconvolution. 
A second set of record sections was also made in a low-frequency 
(0-20Hz) version to try to enhance the reflection from the base 
of the Santa Fe grp, particularly in the deeper western sector 
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where no wells reached the t o p o f bedrock. 

Results - Included with this report are the 600% stacked 
0-120 Hz record sections for all the lines (Enclosures Nos. 2 
through 25). Enclosures Nos. 26 through 49 are the low frequency 
versions (0-20z). The title blocks give details of the recording 
and processing parameters. For the primary purpose of the s u rv e y 
(recognition and tracing of the base of the Santa Fe grp or top 
of bedrock), most of the lines are considered to be of fair to 
excellent quality, because what is believed to be the base of 
Santa Fe grp reflection is generally of high amplitude and fairly 
continuous (in the deep western and south-central parts of the 
area, this is true only with the low-frequency version), although 
it is much faulted. 

The top of bedrock (or base of Santa Fe grp) reflection varies 
considerably in different parts of the study area. This probably 
is a result of variation in the type of rock making up the top of 
bedrock. Along the extreme eastern margin of the area, the rock 
underlying the basal Santa Fe beds is the Permian Hueco limestone. 
Through most of the area the Orejon andesite underlies the basal 
Santa Fe, but the Orejon itself is highly variable in lithology. 
Welded tuffs, ash tuffs, flows and volcanic sediments are present, 
and it is likely that no single lithologic type is present at the 
top of the Orejon over a large area. 

The top of bedrock reflection is best overall iri the eastern 
major fault block, east of . WBF2. Perhaps this is because here it 
is clear l y an erosion surface, probably generally reduced to 
dense and competent erosion-resistent beds, which should be 
better reflectors than soft tuffs or loose sediments. 

Interpretation - Also included with this report are copies of 
the record sections of the lines with the writer's interpretation. 
These interpreted record sections are Enclosures 50 through 73. 
The base of Santa Fe grp event, as traced by the author, is shown 
by horizontal to subhorizontal dark lines; interpreted faults 
cutting this reflection traverse are shown by dashed vertical to 
nearly vertical lines. Wells from which the base of Santa Fe grp 
depths were used are shown in the positions where they were used 
by vertical diagonally dashed lines. 

Most of the faults shown appear to be vertical or high-angle 
normal faults. The most important possible exception is the WBF2 
fault zone, which the data indicate could be a west-dipping 
listric fault zone (see Line GC-22, Enclosure No. 70). 

Some measure of folding or flexing of the base of the Santa Fe 
grp seems to be evident. This folding is probably not due to 
regional compression, but more probably has been caused by local 
secondary compression, drag or differential settling produced by 
differing rates of subsidence of various fault blocks. There 
may also be some "inheritance" of previously-existing Laramide 
fold trends, most likely again by differential compaction or 
secondary movement. 
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Enclosure No. 74 is a map showing interpreted depth from surface 
to base of the Santa Fe grp (or top of bedrock). The depths are 
based on a seismic horizon tied to existing well control. The 
velocity function used for conversion of reflection times to 
depths is based on shallow refraction information, well ties in 
the area and on known velocities in other areas of similar lith
ologies and structural setting. This velocity function and a 
time-depth table derived from it are shown by Table II. 

Faults considered to be of larger displacement or otherwise of 
importance are shown on the map by wider lines; faults believed 
to be less important are marked by narrower lines. 

Well evidence clearly indicates the presence of two major fault 
zones (the Western Boundary Fault Zones Nos. 1 and 2, also 
referred to as WBFl and WBF2), and the locations shown are 
interpreted from the seismic data. These fault zones appear 
likely to be northward continuations of faults mapped farther 
south by Seager (1981) and collectively called by him the Western 
Boundary Fault Zone. In general, the depth of the base of the 
Santa Fe grp east of WBF2 is about 100-200 ft. Between WBF2 
and WBFl its depth is of the order of 350-750 ft. West of WBFl, 
the depth of the base of Santa Fe grp is interpreted on the basis 
of apparent seismic correlation as seen on the low frequency 
record sectons (because no well here reached the top of bedrock) 
as perhaps being about 1,200-1,500 ft. WBF2 appears to have a 
displacement of about 200-400 ft, downthrown to the west. WBFl 
is a much larger fault, being interpreted as having an average 
displacement of about 700 ft, also downthrown to the west. 
Together, the two faults apparently form a major part of the 
mechanism by which the valley to the west subsided as the moun
tains to the east rose. 

Figure 2 is a block diagram showing the top of bedrock surface 
as contoured by computer. This illustration is included to show 
visually the form of the base of the Santa Fe grp in the study 
area. It is based on the elevation of that horizon at the 
locations of 32 important wells. Eight of these wells did not 
reach the top of bedrock, so the elevations used at these 
positions were taken from the seismic interpretation. Note that 
the three major fault blocks are clearly visible, as are the two 
major fault zones, which show as steepenings of contours in the 
western and central parts of the block diagram. 

Also included in this report is a structure contour map with 
contours of equal elevation on the interpreted base of Santa Fe 
grp event (Enclosure No. 75). The scale here is also one inch 
equals 1000 ft, the contour interval is 25 ft, and the elevations 
are in feet above mean sea level. Well control points are shown 
as solid circles, with the elevation of the base of the Santa Fe 
noted in pertinent cases where the well reached that horizon. 

The surface mapped (near base of Santa Fe grp) deepens to the 
west-southwest across the area. The general rate of dip in that 
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TABLE II 
TIME-DEPTH TABLE 

NASA LYNDON B. JOHNSON FACILITY AREA 
DONA ANA COUNTY NEW MEXICO 

Vave= 2850 + 17045 T2 
Vave= 4600 + 6207 T2, T2> .1614689 

DEPTHS IN FEET TIMES IN MILLISECONDS 
DATUM = SURFACE 

T2 z T2 z T2 z T2 z 
5 7 255 788 505 1953 755 3506 
10 15 260 808 510 1980 760 3541 
15 23 265 827 515 2008 765 3576 
20 32 270 847 520 2035 770 3611 
25 41 275 867 525 2063 775 3647 
30 so 280 887 530 2091 780 3682 
35 60 285 908 535 2119 785 3718 
40 71 290 928 540 2147 790 3754 
45 81 295 949 545 2175 795 3790 
so 93 300 969 550 2204 800 3826 
55 104 305 990 555 2232 805 3863 
60 116 310 1011 560 2261 810 3899 
65 129 315 1032 565 2290 815 3936 
70 142 320 1054 570 2319 820 3973 
75 155 325 1075 575 2349 825 4010 
80 169 330 1097 580 2378 830 4047 
85 183 335 1119 585 2408 835 4084 
90 197 340 1141 590 2437 840 4122 
95 212 345 1163 595 2467 845 4159 
100 228 350 1185 600 2497 850 4197 
105 244 355 1208 605 2527 855 4235 
110 260 360 1230 610 2558 860 4273 
115 277 365 1253 615 2588 865 4312 
120 294 370 1276 620 2619 870 4350 
125 311 375 1299 625 2650 875 4389 
130 329 380 1322 630 2681 880 4427 
135 348 385 1346 635 2712 885 4466 
140 367 390 1369 640 2743 890 4505 
145 386 395 1393 645 2775 895 4544 
150 406 400 1417 650 2806 900 4584 
155 426 405 1441 655 2838 905 4623 
160 446 410 1465 660 2870 910 4663 
165 464 415 1489 665 2902 915 4703 
170 481 420 1513 670 2934 920 4743 
175 498 425 1538 675 2967 925 4783 
180 515 430 1563 680 2999 930 4823 
185 532 435 1588 685 3032 935 4864 
190 549 440 1613 690 3065 940 4904 
195 567 445 1638 695 3098 945 4945 
200 584 450 1663 700 3131 950 4986 
205 602 455 1689 705 3164 955 5027 
210 620 460 1715 710 3197 960 5068 
215 638 465 1741 715 3231 965 5110 
220 656 470 1767 720 3265 970 5151 
225 675 475 1793 725 3299 975 5 193 
230 693 480 1819 730 3333 980 5235 
235 712 485 1846 735 3367 985 5277 
240 731 490 1872 740 3401 990 5319 
245 750 495 1899 745 3436 995 5361 
250 769 500 1926 750 3471 1000 5403 

CHARLES B. REYNOLDS & ASSOC. 
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Figure 2. Conceptual block diagram of study area. Contours on top of bedrock, based on 32 selected wells 
(five shown to aid in location recognition). Contour interval 100 feet. Elevations in feet above sea level. 
Vertical exaggeration approximately 4:1. Division into three principal subareas by two major fault zones 
(WBFl and WBF2) is clearly shown. 

December 30, 1988 Charles B. Reynolds & Assoc. 
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direction varies among the major fault blocks; the dip rates are 
lower east of WBF2 and higher in the two more westerly major 
fault blocks. The principal strike direction for faults 
shown is northwestward, except east of WBF2, where the close 
detail from both seismic and drilling indicates faults of various 
strike directions. Possibly similarly dense detail in the rest 
of the area might also reveal similar diversity of fault strikes. 

In the central and western major fault blocks (i.e., between WBF2 
and WBFl, and also west of WBFl) a genetic relationship between 
many of the local anticlines and synclines on the one hand and 
faults on the other seems likely. In some cases faults appear to 
cut along the axes of local anticlines; in other cases the 
anticlines are on the upthrown sides of the faults. A few of the 
small local anticlines and synclines do not appear to be faulted 
at all. 

Enclosure No. 76 is a tectonic elements diagram of the study area 
showing anticlines, synclines and faults as interpreted from 
seismic and well information. This illustration shows a striking 
difference between the structural features east of the WBF2 and 
those to the west of it. Most of the anticlines and synclines 
east of WBF2 strike southwesterly, whereas most of these features 
lying west of WBF2 strike northwesterly. The reason for this 
seems to be that east of WBF2 the unconsolidated Quaternary and 
Tertiary are very thin, and the structural grain present is 
likely to be inherited from the underlying bedrock; in fact most 
of the anticlines and synclines east of WBF2 appear to be formed 
by a combination of faulting and pre-Santa Fe erosion of bedrock. 
The large anticline crossed by Line GC-16 has the appearance of 
a buried erosional mesa, with the overlying Santa Fe grp draped 
over it (see Enclosure No.64). The synclines shown east of WBF2 
appear, for the most part, to be buried stream valleys located 
in grabens or other fault-related structural lows. This is well 
illustrated by Line GC-7 (Enclosure No. 56). Because of their 
potential importance with regard to groundwater movement east of 
WBF2, these synclines/valleys are highlighted with blue on the 
Tectonic Elements Diagram (Enclosure No. 76). Between WBF2 and 
WBFl, most of the structural features appear to trend to the 
northwest, more or less parallel to a large fault which evidently 
cuts across this area between the BLM-1 and BLM-2 wells. West 
of WBFl, the structural grain trends more north-northwesterly. 
It seems likely that the difference in structural grain and style 
on either side of WBF2 is a result of the difference in thickness 
of the unconsolidated Quaternary and Tertiary strata; where 
thicker, it has reacted in a more plastic manner, developing 
minor folds subparallel to the major faults. 

Groundwater in the unconsolidated Santa Fe grp appears likely to 
flow southwesterly along the buried stream channels indicated in 
the area east of WBF2. Between WBF2 and WBFl, the southward 
deepening of bedrock may make groundwater continue to flow more 
southwesterly than northwesterly. West of WBFl, even though 
there may be some northwesterly component of dip at the top of 
bedrock, shallow groundwater may continue to flow southwest. 
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Conclusions - The following conclusions seem to be merited on the 
basis of the geological and geophysical evidence now available: 

A. The base of Santa Fe grp (or top of bedrock) appears to 
deepen to the west-south~est, partly through dip but mostly 
through two major fault zones, WBFl and WBF2, plus a major 
diagonal cross-fault between WBFl and WBF2. 

B. Most of the faults in the ~rea appear to be high-angle 
or vertical normal faults, with WBF2, which may be a listric 
fault, being the most important possible exception. 

C. Several southwest-plunging partly fault-controlled 
buried stream valleys may be of importance in influencing 
groundwater motion in the shallow fault block east of WBF2. 

D. There seems to be, in numerous cases, an association of 
faults and minor local anticlines and synclines, possibly 
suggesting that the folds are secondary to the faults. 

Respectfully submitted, 

~~y~d 
Registered Geophysicist (Calif.) 
Certified Professional Geologist 

Enclosures in accompanying folder. 

Reference: 

Seager, W.R., 1981, Geology of Organ Mountains and Southerri San 
Andres Mountains, New Mexico: Memoir 36, New Mexico Bureau of 
Mines and Mineral Resources, Socorro, New Mexico. 
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LIST OF ENCLOSURES 

MAP 
Enclosure No. 1 - Diagrammatic Seismic Line Location Map, 
scale one inch equals 2,470 feet. 

SEISMIC RECORD SECTIONS 
Enclosure No. 

2. Line GC-1, 0-120 Hz 
3. Line GC-2, 0-120 Hz 
4. Line GC-3, 0-120 Hz 
5. Line GC-4, 0.-120 Hz 
6. Line GC-5, 0-120 HZ 

(combined with Line GC-12) 
7. Line GC-6, 0-120 Hz 
8. Line GC-7, 0-120 Hz 
9. Line GC-8, 0-120 Hz 

10. Line GC-9, 0-120 Hz 
11. Line GC-10, 0-120 Hz 
12. Line GC-11, 0-120 Hz 
13. Line GC-13, 0-120 Hz 
14. Line GC-14, 0-120 Hz 
15. Line GC-15, 0-120 Hz 
16. Line GC-16, 0-120 Hz 
17. Line GC-17, 0-120 Hz 
18. Line GC-18, 0-120 Hz 
19. Line GC-19, 0-120 Hz 
20. Line GC-20, 0-120 Hz 
21. Line GC-21, 0-120 Hz 
22. Line GC-22, 0-120 Hz 
23. Line GC-23, 0-120 Hz 
24. Line GC-24, 0-120 Hz 
25. Line GC-25, 0-120 Hz 

26. Line GC-1, 0-20 Hz 
27. Line GC-2, 0-20 Hz 
28. Line GC-3, 0-20 Hz 
29. Line GC-4, 0-20 Hz 
30. Line GC-5, 0-20 Hz 

(combined with Line GC-12) 
31. Line GC-6, 0-20 Hz 
32. Line GC-7, 0-20 Hz 
33. Line GC-8, 0-20 Hz 
34. Line GC-9, 0-20 Hz 
35. Line GC-10, 0-20 Hz 
36. Line GC-11, 0-20 Hz 
37. Line GC-13, 0-20 Hz 
38. Line GC-14N, 0-20 Hz 
39. Line GC-15, 0-20 Hz 
40. Line GC-16, 0-20 Hz 
41. Line GC-17, 0-20 Hz 
42. Line GC-18, 0-20 Hz 
43. Line GC-19, 0-20 Hz 
44. Line GC-20, 0-20 Hz 
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45. Line GC-21, 0-20 Hz 
46. Line GC-22, 0-20 Hz 
47. Line GC-23, 0-20 Hz 
48. Line GC-24, 0-20 Hz 
49. Line GC-25, 0-20 Hz 

so. Line GC - 1, 0-120 Hz, interpreted 
51. Line GC-2, 0-120 Hz, interpreted 
52. Line GC-3, 0-120 Hz, interpreted 
53. Line GC-4, 0-120 Hz, interpreted 
54. Line GC-5, 0-120 Hz, interpreted 

(combined with Line GC-12) 
55. Line GC-6, 0-120 Hz, interpreted 
56. Line GC-7, 0-120 Hz, interpreted 
57. Line GC-8, 0-120 Hz, interpreted 
58. Line GC-9, 0-120 Hz, interpreted 
59. Line GC-10, 0-120 Hz, interpreted 
60. Line GC-11, 0-120 Hz, interpreted 
61. Line GC-13, 0-120 Hz, interpreted 
62. Line GC-14N, 0-120 Hz, interpreted 
63. Line GC-15, 0-120 Hz, interpreted 
64. Line GC-16, 0-120 Hz, interpreted 
65. Line GC-17, 0-120 Hz, interpreted 
66. Line GC-18, 0-120 Hz, interpreted 
67. Line GC-19, 0-120 Hz, interpreted 
68. Line GC-20, 0-120 Hz, interpreted 
69. Line GC-21, 0-120 Hz, interpreted 
70. Line GC-22, 0-120 Hz, interpreted 
71. Line GC-23, 0-120 Hz, interpreted 
72. Line GC-24, 0-120 Hz, interpreted 
73. Line GC-25, 0-120 Hz, interpreted 

MAPS 
Enclosure No. 74 - Depth contour map, base of Santa Fe grp, 
scale one inch equals 1,000 feet. 
Enclosure No. 75 - Structure (elevation) contour map, base 
of Santa Fe grp, scale one inch equals 1,000 feet. 
Enclosure No. 76 - Tectonic elements diagram, base of Santa 
Fe grp, scale one inch equals 1,000 feet. 
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Executive Summary 

This IWP (investigation work plan) describes the approach for an iterative site-wide geophysical survey 
that will be performed to improve the conceptual bedrock model for WSTF (White Sands Test Facility), 
specifically with regard to site-wide lithologies, bedrock elevations, and the location and attitude of 
primary bedrock structures. The first step, and foundation of the project, is an airborne magnetic-gravity 
bedrock survey to be performed across the western half of WSTF. The study area is bounded on the east 
by the foothills of the SAM (San Andres Mountains) and on the west, north, and south by the WSTF site 
boundary. The investigation will also include the reprocessing and reinterpretation of select historical 
geophysical data, and a limited passive seismic survey in the vicinity of the WSTF plume area over a 
portion of the WBFZ (Western Boundary Fault Zone). Based on the results of the initial investigation, 
other geophysical techniques may be subsequently applied to provide additional resolution of WSTF 
bedrock lithology and structure. These may include more extensive passive seismic surveys, conventional 
ground-based refraction and/or reflection surveys, and borehole geophysics.  

In July and August of 2018, NASA (National Aeronautics and Space Administration) invited seven 
independent geophysical contractors to review historical WSTF geophysical surveys. Following the data 
review and site visits, the contractors provided recommendations on technologies that could potentially 
improve the definition of the site bedrock map to support future source area investigations, well 
placements, groundwater modeling, and other related studies at WSTF. Proposed geophysical methods for 
this IWP focus on the site-wide airborne magnetic-gravity survey. The design strategy for the survey is 
based on recommendations from the seven geophysical contractors. The objective of the airborne 
magnetic-gravity survey is to effectively improve site-wide resolution of the bedrock formation contacts, 
alluvial thicknesses, and bedrock structural features. The WSTF Environmental Contractor will manage 
the geophysical survey, while data collection, processing, and interpretation will be completed by an off-
site geophysical subcontractor. The technical details relative to design of the airborne magnetic-gravity 
bedrock survey will be finalized based on recommendations of the geophysical subcontractor that is 
selected during the competitive procurement process. 

Additional geophysical elements that will be used to refine the lithological and structural interpretation of 
the site comprise reprocessing of historical geophysical data (utilizing working raw project files where 
available), and performing a limited passive seismic survey over a portion of the WBFZ. Historical 
reprocessing and borehole geophysics will be applied where feasible following the airborne magnetic-
gravity survey to refine the bedrock profile in specific areas. Passive seismic evaluations may be 
considered for other specific investigation sites or on a site-wide basis. 

This IWP is being proposed voluntarily by NASA, and is not directly associated with a specific SWMU 
(Solid Waste Management Unit) or source area. The performance of the work will not affect any of 
NASA’s current investigation, monitoring, or remediation activities required by the Permit or associated 
documents. The survey will be non-intrusive; no drilling will be performed, and no soil or groundwater 
samples will be collected for analysis. Following award of a contract for the airborne magnetic-gravity 
component of the geophysical survey to a qualified subcontractor, a study performance window will be 
established based on the logistical schedule of WSTF and adjacent installations, subcontractor schedule, 
and desired timing of the field survey. NASA expects that completing the full site-wide geophysical 
survey will require one to two years, including the preparatory period for the airborne survey through 
performance of the supplemental geophysical methods. The project start date will be determined during 
procurement negotiations with the successful subcontractor. NASA will provide project updates to the 



NMED (New Mexico Environment Department) in the monthly Environmental Activity Reports and 
quarterly Periodic Monitoring Reports.
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NASA White Sands Test Facility 

Site-wide Geophysical Survey Investigation Work Plan 1 

1.0 Introduction 

NASA (National Aeronautics and Space Administration) WSTF (White Sands Test Facility) is located at 
12600 NASA Road in central Doña Ana County, New Mexico. The site is approximately 18 mi (miles) 
northeast of Las Cruces, New Mexico and 65 mi north of El Paso, Texas (Figure 1.1). WSTF has 
supported testing of space flight equipment and materials since 1964 and continues to operate as a field 
installation of the NASA Johnson Space Center. The WSTF U.S. EPA (Environmental Protection 
Agency) Facility Identification Number is NM8800019434. Historical operations at WSTF have resulted 
in a groundwater plume requiring extensive investigation activities and associated corrective actions. 

NASA operates two groundwater remediation systems to extract contaminated groundwater, remediate it 
using air stripping and ultraviolet photolysis, and inject treated groundwater into the aquifer. Delineation 
of the boundaries of the groundwater contaminant plume and interception of contaminated water depend 
on the proper placement of groundwater monitoring, extraction, and injection wells. In addition, accurate 
conceptualization of the groundwater contaminant plume and the effects of groundwater remediation 
efforts depend on valid hydrogeologic inputs to the site-wide conceptual and numerical groundwater 
models. 

Establishing the best conceptual model of the subsurface geology at WSTF is critical for effectively 
planning investigations, locating monitoring and extraction wells, and supporting input information for 
the numerical groundwater model. This IWP (investigation work plan) describes the approach for an 
iterative site-wide geophysical survey that will be performed to improve the conceptual bedrock model 
for WSTF, specifically with regard to site-wide lithologies, bedrock elevations, and the location and 
attitude of primary bedrock structures. The current bedrock map for WSTF is based on interpretations of 
historical geophysical surveys from the late 1980s through 1990s, calibrated with geologic logs from the 
multiple site wells installed as a part of environmental investigation and remediation projects. In addition, 
there are several areas where drilling data are limited and interpretation of subsurface geology based on 
historical geophysical survey is speculative. In order to better define and delineate the subsurface 
geological units and produce an updated top-of-bedrock and structural map as part of the groundwater 
investigation and remediation effort, NASA plans to conduct a site-wide geophysical survey. The site-
wide survey will include an airborne magnetic-gravity survey that utilizes the latest geophysical 
investigative tools, data collection methods, and data processing software. NASA also plans to reprocess 
and reinterpret select historical geophysical data and perform a limited passive seismic survey. Depending 
on the results of this effort, NASA may initiate a more extensive passive seismic survey or perform 
borehole geophysical surveys at existing wells to better define structures in bedrock in specific areas.  

1.1 Approach 

This IWP describes the approach for the planned site-wide airborne magnetic-gravity bedrock survey and 
the supplemental geophysical methods that may be performed to help refine the interpretation. The 
airborne magnetic-gravity bedrock survey area, shown in Figure 1.2, is bounded on the east by the 
foothills of the SAM (San Andres Mountains) and on the west, north, and south by the WSTF site 
boundary. Two “No Fly” zones have been designated at WSTF by two tenants (the Goddard Space Flight 
Center and the United States Air Force). These zones are identified on the figure, and comprise the areas 
surrounding the Tracking and Data Relay Satellite Station (TDRSS) to the south and Second TDRSS 
Ground Terminal (STGT) to the north. 

In July and August of 2018, NASA invited seven independent geophysical contractors from across the 
United States (selected on the basis of expertise) to perform a review of historical WSTF geophysical 
surveys and provide recommendations for future geophysical evaluations. In general, the geophysical 
contractors did not express confidence in the original 1988 seismic reflection survey data interpreted by 
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Reynolds (1988), primarily due to the fact that interpretations were primarily focused on drilling data in 
lieu of the low resolution seismic data.  

During site visits, NASA geologists and geophysical subcontractor representatives also reviewed the 
gravity data presented by Maciejewski (1996). Although the geophysical contractors believed the data 
were valid, they remained uncertain as to the accuracy of the interpretation, since it was largely based on 
the 1988 Reynolds survey. Experts agreed it would be a prudent step to perform a new survey utilizing 
modern techniques, compare gathered data to well data that has been compiled since 1988, and produce a 
revised site-wide bedrock lithology and structural map for the site. The work proposed in this IWP is 
based on the recommendations provided by the seven geophysical contractors. 

1.2 Objectives and General Scope of Site-Wide Geophysical Survey 

The primary objective of the site-wide geophysical survey is to use the airborne magnetic-gravity method 
to enhance NASA’s conceptual model of the WSTF bedrock surface, specifically with regard to the 
definition of bedrock lithological contacts, alluvial thicknesses on top of bedrock, and the attitude of 
significant structural features. The WSTF Environmental Contractor will manage and supervise the 
geophysical survey. Data collection, processing, and interpretation will be performed by an off-site 
geophysical subcontractor. The final design of the geophysical survey is subject to revisions, per the 
recommendations of the geophysical subcontractor ultimately awarded the contract; however, in order to 
provide a uniform basis for each contractor to construct a cost proposal, the technical requirements 
outlined in Section 4.0 (Scope) are presented. The investigation will also include the reprocessing and 
reinterpretation of select historical geophysical data, and a limited passive seismic survey in the vicinity 
of the WSTF plume area over a portion of the WBFZ (Western Boundary Fault Zone). Additional 
geophysical techniques may be subsequently performed to provide more resolution of WSTF bedrock 
lithology and structure. These may include more extensive passive seismic surveys, conventional ground-
based refraction and/or reflection surveys, and borehole geophysics. Evaluation of the results of the 
investigation and interaction with NMED will be used to establish the utility of future geophysical 
surveys at WSTF.   

1.3 Magnetic Survey Description 

Local variations in the earth’s magnetic field can occur due to either differences in the permanent 
magnetization of materials, or differences in magnetic susceptibility. The subsurface bedrock lithologies 
at WSTF are anticipated to differ to a sufficient degree that lithologic contacts along near-vertical 
geologic features (contacts/faults) may be interpretable from magnetic anomalies or gradients. The 
following materials and their magnetic properties are expected: 

• Alluvial/colluvial overburden: no permanent magnetization, low magnetic susceptibility; 
essentially, the overburden should be transparent.  

• Limestone: no permanent magnetization, very low magnetic susceptibility; limestone should also 
be transparent.  

• Andesite: high permanent magnetization due to thermoremnant magnetization of iron minerals, 
high susceptibility due to iron minerals.  

• Rhyolite: moderate permanent magnetization due to thermoremnant magnetization of iron sparse 
minerals, low susceptibility due to general lack of iron minerals.  

• Flow-banded Rhyolite: possibly different (to some unknown degree) from other rhyolite. 
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These differences in magnetic properties have the potential to allow for site-wide mapping of geologic 
contacts beneath the overburden using an airborne magnetic survey.  

1.4 Gravity Survey Description 

Local variations in the earth’s gravitational field can result from lateral changes in the density or thickness 
of surficial alluvial overburden on top of bedrock. The alluvial overburden at WSTF generally has 
porosities between 25 to 40%, while the bedrock has less than 5% primary porosity with secondary 
porosity along permeable faults and fractures. For similar mineral grain densities, there should be a large 
difference in bulk density between overburden and bedrock. Gravity variations should be dominated by 
overburden thickness, which should make the WBFZ, consisting of a series of subparallel half-graben 
faults with significant displacement of the bedrock to depth,) readily detectable. If there is a difference in 
density between the andesite, rhyolite, and flow-banded rhyolite on the fractured bedrock pediment, the 
contacts may also be subtly apparent in the gravity survey results. Highly permeable fault zones should 
create linear gravity anomalies, which would also assist in WSTF conceptual model enhancement. 

1.5 Regulatory Requirements 

The WSTF site-wide geophysical survey is not part of a specific solid waste management unit 
investigation or remediation effort required by the NMED (New Mexico Environment Department). The 
proposed survey will be performed at the discretion and risk of NASA to enhance the understanding the 
subsurface bedrock lithology and structure of the site. However, since information and data reported for 
the site-wide geophysical survey investigation will be used to enhance the understanding of the geologic 
conceptual model at WSTF, it will be applicable to periodic groundwater monitoring and contamination 
remediation and investigations regulated under the WSTF Hazardous Waste Permit. 

1.6 Other Considerations 

Revisions to the site-wide geophysical survey design for the IWP may be implemented based on 
developing logistical factors at WSTF, suggestions from potential vendors, and potential costs of the 
project. Problems with logistical issues at WSTF such as flight path approvals, data acquisition 
frequencies, safety, or security may affect the scope or schedule of the survey.  

NASA recognizes that there are no guarantees that the initial investigation will enhance the existing 
interpretation of WSTF subsurface bedrock lithology and structure. Based on the data processing and 
interpretation from the site-wide airborne magnetic-gravity survey, the additional geophysical methods 
may be applied to collect higher resolution geophysical data.  

2.0 Background 

2.1 Current Subsurface Bedrock and Structural Interpretation 

WSTF bedrock lithology and structural maps have been developed based largely on the interpretation 
provided on the site-wide, seismic reflection survey performed by Reynolds in 1988 (Figure 2.1). As 
monitoring and remediation well boreholes at WSTF were subsequently drilled and lithological and 
geophysical logging performed, updates were made to the interpretation based on the new data points 
available. An integrated geophysical interpretation performed by Maciejewski in 1996 as part of a 
master’s thesis at the University of Texas El Paso refined bedrock elevations and some of the major site 
faulting using 90 widely-spaced gravity data points (Figure 2.2). The results of the thesis were 
summarized in Volume 2, Chapter 4 of NASA’s draft site-wide RCRA Facility Investigation report 
(NASA, 1996).  
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2.2 Impact of Bedrock Lithology and Structure on the Placement of Groundwater Wells 

Monitoring and remediation wells at WSTF are designed and placed with specific objectives in mind, 
which include proximity to perceived bedrock drainage areas, bedrock structures, and areas with 
potentially elevated groundwater contaminant concentrations. Factors influencing the ability to install 
monitoring and remediation wells successfully to meet various project objectives include the bedrock 
lithology, depth to bedrock, and characteristics of individual structures or structural zones.  

In the WSTF Mid-plume Area (Figure 1.2), typical groundwater yields in wells screened in a fractured 
bedrock aquifer are less than 5 gallons per minute. Structural flow zones with enhanced groundwater flow 
have been an important exploration target. The MPITS (Mid-plume Infiltration Treatment System) was 
located in an area indicated by focused seismic reflection surveys (e.g., SECO [Subsurface Exploration 
Co.], 2001a) to be structurally complex. The MPITS incorporates extraction wells with relatively higher 
production rates than are typical for the area. Targets for additional extraction well locations may be 
generated from an enhanced bedrock lithology and structure map. 

At the Plume Front (Figure 1.2), extraction wells have been completed in the alluvial aquifer; however, 
there are indications that flow of groundwater contaminants may be enhanced along a specific section of 
the WBFZ near the southwest margin of WSTF. Previous focused seismic reflection surveys have been 
performed (e.g., SECO, 2001b). Despite this, dDelineation of the WBFZ in this area remains uncertain, 
and a refinement with enhanced resolution of lithology and structure would be highly beneficial to 
support NASA’s ongoing efforts to continually improve operational efficiency of the Plume Front 
Treatment System. An enhanced site bedrock and structural map would provide a critical resource relative 
to the definition of individual fault blocks within the WBFZ and optimization of groundwater extraction 
and contaminant mass removal. This could directly impact the contaminant plume remediation efforts by 
reducing the remediation timeframe and associated cost. 

2.3 Impact of Bedrock Lithology and Structural Interpretation on the Site Groundwater Flow Model 

Bedrock lithology and structural interpretations will support future efforts to characterize fractured 
bedrock and remediate contaminated groundwater through inclusion in the WSTF site groundwater flow 
model. The model assigns aquifer properties based on the hydrogeological characteristics (affected by 
lithology and structure) within each individual model cell in order to predict future contaminant plume 
migration and the effectiveness of the remediation systems. It is critical that inputs to the model be as 
accurate as possible in order to minimize assumptions and the compounding effect of interpretive error. 
An enhanced bedrock lithology and structural interpretation would directly impact the quality and 
defensibility of the groundwater flow model predictions. 

3.0 Site Conditions 

WSTF encompasses an area of approximately 60,500 acres along the western flank of the southern SAM 
(Figure 1.2). The area proposed for the airborne magnetic-gravity survey covers approximately 20 square 
mi that corresponds to the majority of the western half of the WSTF property. This area is inclusive of all 
the property between the northern and southern site boundaries and includes the western SAM foothills, 
pediment slope, and JDMB (Jornada del Muerto Basin) west to the western site boundary. Two “No Fly” 
zones at WSTF comprise the areas surrounding the TDRSS and STGT facilities to the south and north, 
respectively. 
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3.1 Surface Topography 

The flight lines for the airborne survey are proposed at an approximate altitude of 300 ft (feet) ags (above 
ground surface) for the majority of the survey where topography is gently inclined at between 2 to 10 
degrees along the WSTF alluvial-covered pediment slope and JDMB. The ground surface is vegetated by 
relatively sparse scrub and brush, is relatively flat, and should not pose any difficulty for the aircraft to 
maintain a relatively uniform elevation ags across the flight paths. The low undulating foothills and 
shallow arroyos east of the WSTF industrialized areas and adjacent to the SAM provide the most varied 
of the survey topography encountered. 

3.2 Subsurface Geology 

A significant amount of geological and geophysical investigation has been performed at WSTF over the 
last 30 years. All pertinent information currently on file (investigation reports, topographic and geologic 
maps, historical geophysical surveys, and well lithologic and geophysical logs) will be made available to 
the geophysical subcontractor in order to assist with planning, processing, and interpreting site-wide 
geophysical survey data generated during this study.  

3.3 Weather 

The weather at WSTF is characterized by abundant sunshine, low humidity, slight rainfall, and large day-
to-night temperature variance. Spring (March and April) is the driest time of the year with mild 
temperatures and dust storms caused by sustained winds. Summers (May through September) are 
characterized by clear hot days, progressing to warm cloudy weather with seasonal monsoon rains in July 
through September. Fall (October through November) is characterized by warm sunny days and cool 
nights with mild winds. Winters (November through February) are mild with clear sunny days and cold 
clear nights. The WSTF Environmental Contractor will coordinate with the subcontractor and 
surrounding entities: White Sands Missile Range; WSTF, the United States Air Force; Federal Aviation 
Administration; Las Cruces International Airport and any other local regulatory agencies to schedule the 
flights in conjunction with the weather and preference of the geophysical subcontractor accordingly. 

4.0 Scope of Site-wide Geophysical Survey Activities 

4.1 Airborne Magnetic-Gravity Survey Design 

The gravity survey component accounts for the more bulky equipment requirements for the airborne 
survey, and is the primary factor requiring the use of a manned aircraft. The proposed airborne 
geophysical survey will be revised based on the expertise of the geophysical contractor selected during 
the competitive procurement process, with the intent of meeting project objectives at a lower cost or with 
enhanced results. The finalized design parameters for the survey will follow the detailed approach 
recommended by the geophysical subcontractor awarded the contract. In general, the planned airborne 
magnetic-gravity bedrock survey design parameters include the following elements. 

• The survey will cover a rectangular area with dimensions of approximately 4 x 5 mi (Figure 1.2). 
This 20 square mi area covers the majority of the western half of WSTF, primarily across a gentle 
alluvial-covered pediment slope on the west side of the SAM into flat alluvial-covered terrain of 
the JDMB. 

• Survey lines are anticipated to be positioned along east-west transects parallel to the long axis of 
the survey area, and oblique to the primary northwest-trending structures in the area characteristic 
of basin-range faulting (for example the WBFZ). The final orientation of the survey lines will be 
selected and justified by the geophysical contractor. 
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• The anticipated survey line spacing along east-west transects is approximately 200 ft across the 
entire area, representing up to 400 line mi of airborne data collection. 

• Control survey lines are anticipated to be positioned perpendicular to survey lines in a north-south 
direction; because many geological features are in the east-west direction (for example Laramide 
structures that may extend into the northeastern corner of the survey area from Bear Canyon 
within the SAM). The final orientation of the control survey lines will be selected and justified by 
the geophysical subcontractor. 

• The north-south transects may be arranged with a line spacing of approximately 200 ft. This data 
collection effort, representing up to an additional 400 line mi will provide grid data to establish 
more defensible 3-D bedrock and structural maps.  

• The optimum altitude for successful data acquisition ranges between 265 and 400 ft ags. The 
elevation of the airborne flight lines are anticipated to be approximately 300 ft ags where feasible 
based on all available safety and security protocols. 

• The sample acquisition frequency along each airborne survey line will be approximately 20 to 
30 ft, or otherwise as suggested and justified by the geophysical subcontractor. 

4.2 Airborne Magnetic-Gravity Survey Responsibilities 

The geophysical subcontractor will be responsible for the following. 

• Coordination of clearances required within restricted airspace, including White Sands Missile 
Range, NASA-WSTF, the United States Air Force, Federal Aviation Administration, Las Cruces 
International Airport and any other local regulatory agencies, and filing of the required flight 
plans. 

• Provision of the field airborne magnetic-gravity survey equipment and instrumentation required 
to record the required geophysical data.  

• Provision of qualified personnel necessary to prepare the instrumentation, perform the airborne 
survey, and collect the required geophysical survey data. 

• Provision of the equipment and personnel required to download, process and interpret the data 
collected during the airborne survey. 

• Submittal of a final airborne magnetic-gravity survey report with a summary of survey design, a 
description of the geophysical methods employed, data collection details, survey results, 
interpretation of the geophysical data generated, and further recommendations. A comprehensive 
bedrock map, with cross-sections along selected flight lines (where feasible), will also be 
included.  

NASA and the WSTF Environmental Contractor will be responsible for the following. 

• Obtain approval for the contractor aircraft to fly over WSTF and the adjacent tenant facilities. 

• Provision of preparatory geological investigation reports, site historical geophysical data, 
geologic maps, and existing well logs to the geophysical contractor for the purposes of calibrating 
the geophysical survey. 

• Provision of qualified field survey supervision for the duration of the field project. 

• Provision of WSTF Environmental Contractor geological staff familiar with site geophysics to 
support the preparation and evaluation of field airborne magnetic-gravity survey data. 
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4.3 Airborne Magnetic-Gravity Survey Methods 

The following procedures are anticipated when collecting the airborne magnetic-gravity measurements. 

• Record first real time measurements from geophysical instrumentation mounted in the aircraft to 
produce magnetic-gravity data related to the ground surface below. 

• Collect second real time measurements from navigation and mapping instruments associated with 
or carried by the aircraft. 

• Compute a background response of each geophysical instrument using the second real time 
measurements to take account of its time varying altitude, and the time varying topography of the 
ground surface below.  

• Adjust an operating or data processing condition of each geophysical instrument using the 
respective background response and the instrument’s altitude to enhance the performance of that 
instrument.  

• Adjust the geophysical data output for that instrument having reduced effects resulting from 
variations in altitude, attitude and topography. 

• Subsequently process and interpret the geophysical data with the support of WSTF 
Environmental Contractor geological staff as necessary. Structural discontinuities such as faults, 
fractures and geological contacts may create lateral contrasts in density and magnetization of 
rocks, which generate gravity and magnetic signatures. Due to density and magnetic variations of 
the rocks, these structural discontinuities may be partly detected on the gravity image and partly 
on the magnetic image.  

• In addition to creating the site-wide separate gravity and magnetic images, a combined image that 
integrates the two images using an image fusion technique will be generated if feasible for better 
interpretation of the acquired data. 

5.0 Scope of Geophysical Reprocessing and Limited Passive Seismic Survey 

The other elements of the geophysical investigation that will be applied to provide additional resolution to 
WSTF bedrock lithology and structure include the reprocessing and reinterpretation of select historical 
geophysical data and aerial photography, and a limited passive seismic survey in the vicinity of the WSTF 
plume area over a portion of the WBFZ. These geophysical elements will be applied to provide 
supplemental data to the airborne magnetic-gravity survey either to address deficiencies specific to 
individual investigation sites or to provide more optimal site-wide coverage. Other geophysical 
techniques may be subsequently performed to provide more resolution of WSTF bedrock lithology and 
structure. These may include more extensive passive seismic surveys, ground-basedconventional 
refraction and/or reflection surveys, and borehole geophysics.   

Specific data are available from historical geophysical surveys performed and from borehole geophysics 
that can be used to address the “data gaps.” Site-wide coverage can be provided by passive seismic 
surveys performed on the ground (also known as ambient noise surface wave tomography), which 
provides a cost-effective alternative to standard seismic reflection and refraction. A discussion of the 
methods to be used are provided below.   

• Reprocessing and reinterpretation of historical geophysical data and aerial photography: This 
element will be applied where the detail for specific previously studied areas can potentially be 
improved, and added benefit could result from this evaluation. NASA will contract geophysical 
subcontractors in an attempt to reprocess and reinterpret seismic data from previous site-wide, 
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Mid-plume, and/or Plume Front surveys, along with resistivity and refraction data from the 200 
Area. The success of this action will depend on the availability of the raw historical data, the 
ability of subcontractors to perform reprocessing, and the associated cost. Several of the 
geophysical subcontractor representatives that visited WSTF expressed that it may be possible to 
extract additional detail from the historical survey results using modern data processing methods. 

• Limited passive seismic survey: This element will be performed to investigate a specific area of 
the airborne survey. NASA plans to perform a limited passive survey over a portion of the 
WBFZ. The outcome of this survey will be used to decide whether to perform additional passive 
seismic survey work. Passive seismic nodes will be utilized in “rolling” grids, which will allow 
the data collection to extend progressively across the area of interest while efficiently managing 
the number of nodes. Passive seismic or ambient noise surface wave tomography uses natural 
low-frequency signals (0 to 10 hertz) to generate vertical profiles in the ground. The results would 
be used to supplement the alluvial depth isopach map and structural interpretations. Some of the 
geophysical contractors believed that the airborne magnetic-gravity survey may not require 
further refinement; however, the design of the limited passive seismic survey will be based on the 
site-wide results of the airborne survey. 

• Other geophysical techniques – more extensive passive seismic surveys, conventional ground-
based refraction and/or reflection surveys, and borehole geophysics: These additional techniques 
will be evaluated following completion of the investigation. For the borehole geophysics, acoustic 
televiewer logging may be employed in new boreholes to verify fracturing indicated by the 
airborne and passive geophysical surveys. Synthetic seismographs may also be produced from the 
logging of new boreholes using density and sonic logs to calibrate any future seismic surveys. 
Existing cased holes cannot be used for these logging techniques. 

6.0 Schedule 

The schedule for conducting the site-wide geophysical survey, geophysical processing, and the limited 
passive seismic survey is tentative at this time. Following award of the contract for the airborne magnetic-
gravity component of the geophysical survey to the subcontractor, all necessary permissions will be 
obtained to perform the fieldwork. Depending on the WSTF logistical schedule, subcontractor schedule, 
and desired timing of the field survey, a performance window will be established. Geophysical processing 
work and the limited passive seismic survey will be performed contemporaneously with the airborne 
geophysical survey to the best extent possible. The anticipated schedule below is dependent on the award 
date for the contract. 

• Award of airborne magnetic-gravity survey contract purchase order – DecemberJune 2019 
(tentative). 

• Preparatory period (3 months) – acquisition of permits and permissions, determination of airborne 
and geophysical equipment, and scheduling of the optimum performance window. 

• Potential lag time between preparatory period and airborne field survey (36 months) – may be 
affected by timing of optimal conditions to perform field survey. 

• Airborne field survey window (1 month) – to follow preparatory period and lag time (includes 
pre-flight protocol, flyovers, and post-flight protocol). 

• Geophysical data reprocessing and performance of the limited passive seismic survey will be 
performed concurrently with the lag time between the preparatory period and the airborne field 
survey (6 months). 

• Data evaluation and processing/report generation (32 months) – to follow airborne field survey, 
includes data evaluation, processing, interpretation, and subcontractor report preparation. 
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• Preparation of Site-wide Geophysical Survey IR (Investigation Report) for submittal to NMED (2 
months). 

• The anticipated duration for the site-wide geophysical survey investigation and submittal of the 
IR is 18 monthsis 1 to 2 years. A Site-wide Geophysical Survey Investigation Report 
investigation report will be submitted to NMED by June 30, 2021. 

• Other geophysical techniques – will be performed iteratively depending on the quality of the 
geophysical data generated for the site-wide geophysical survey and the magnitude of effort 
required (labor, materials, and cost). Other geophysical techniques may include more extensive 
passive seismic surveys, conventional ground-based refraction and/or reflection surveys, and 
borehole geophysics. 
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Figure 1.1 WSTF Location Map 
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Figure 1.2 Proposed Site-wide Geophysical Survey Area 
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Figure 2.1 WSTF Bedrock Structures – Reynolds Interpretation 1988 

 

 

 

 

(SEE NEXT PAGE) 

  





NASA White Sands Test Facility 

Site-wide Geophysical Survey Investigation Work Plan 14 

Figure 2.2 WSTF Elevation to Bedrock Map – Maciejewski Interpretation 1996 
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