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1.0 INTRODUCTION

1.1 Purpose and Scope

The objective of the project is to characterize the subsurface structure of
Yucca Mountain and vicinity using gravity and magnetic methods. The
interpreted subsurface structure will help to predict possible flow paths of
radionuclides in the groundwater system over the next 10,000 years. Also, it
is necessary to predict the stability of the area as regards to possible
tectonic movement and volcanic activity in the same time frame. Gravity and
magnetic methods are used in concert with other geophysical methods employed by
other projects (seismic, electrical, heat flow, etc.) to resolve structural and
tectonic problems.

In addition to regional surveys, efforts will also be focused on specific
structural features or areas, including the proposed repository area at Yucca
Mountain, the Bare Mountain frontal fault zone, structure of central Crater
Flat, Windy Wash fault , Fran Ridge fault, Yucca and Fortymile Washes, Jackass
Flats, a transect of the Walker Lane zone, and others. Further objectives
include the tracing of buried faults using gravity and magnetic methods,
analysis of the long-wavelength aspects of the magnetic survey data to
determine the depth of the Curie temperature isotherm, and the monitoring and
analysis of fluctuations in gravity that may indicate water table changes,
tectonic movement, or be premonitory to volcanism and earthquakes.

1.2 Application of Results

The location and definition of all Quaternary faults and fault systems at
or proximal to the proposed repository at Yucca ountain is a primary objective
of the supporting geophysical studies (Geophysical Investigations, BS
1.2.3.2.2). Gravity and magnetic data along with data acquired from seismic
surveys (Seismic Investigations, WBS 1.2.3.2.2.2), magneto-telluric surveys
(Electric and Electromagnetic Methods, BS 1.2.3.2.2.6), and remote sensing
surveys (Remote Sensing, WBS 1.2.3.2.2.5) will establish a subsurface geologic
framework required for studies conducted under tectonics and volcanism
(Tectonics and Volcanism, WBS 1.2.3.2.3.1). Also included under the tectonics
and volcanism studies are (1) the depth determination of the Curie temperature
isotherm by analysis of the long-wavelength component of magnetic survey data,
and (2) the gravity changes associated with ground water, tectonic, or volcanic
movements.

The surface-based geophysical studies will also be employed to help
determine favorable locations for proposed deep core holes and to aid in
mapping the vertical and lateral extent of poorly exposed faults and rock units
(Site Geology, WBS 1.2.3.2.1.1).
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2.0 RATIONALE FOR THE STUDY

2.1 General Approach

The overall supporting geophysical investigations can be divided into six
principal studies: (1) gravity and magnetics (the subject of this study); (2)
seismic investigations; (3) rock properties; (4) heat flow; () remote sensing;
and (6) electric and electromagnetic methods (Figure 2-1). These studies will
supplement information needs for the geologic and tectonic characterizations.
This study plan describes gravity and magnetic activities conducted under
Geology, WBS 1.2.3.2, according to the structure presented in Figure 2-2.
Descriptions of the additional geophysical investigations can be found in the
following: (1) SIP-3222G-O1, Seismic Reflection and Refraction Surveys; (2)
SIP-3223G-O1, Geophysical and Rock Properties Testing; (3) SIP-3224G-O1,
Characterization of Site Ambient Thermal Conditions; (4) SIP-3225G-O1, Remote
Sensing; and (5) SIP-3226G-01, Electric and Electromagnetic Methods.

Activities planned for these surveys and included in this Scientific
Investigation Plan will be the acquisition, reduction, and interpretation of
gravity and magnetic data. In addition to regional and site studies, selected
profiles, throughout the NTS and vicinity, will be surveyed using ground-based
portable gravimeters and magnetometers, and employing standard field methods.
Additional profiles will be acquired using low-flying aircraft and
high-precision airborne magnetometers. Changes in gravity associated with
ground water, tectonic, or volcanic adjustments will be monitored using a
no-drift absolute gravity apparatus combined with a Fairbanks-Goodkind
cryogenic gravity meter. An evaluation of the Curie temperature isotherm will
be conducted by analysis of the long-wavelength component of the magnetic
survey data.

Diagrams are included within this Scientific Investigation Plan as an
example for planning purposes. Specific sampling sites, testing sites, and
equipment shown in diagrams or listed in tables and discussed in the text may
be modified in the future without formal revision of this document.

2.2 Quality Assurance Levels

One requirement for participation in the NNWSI Project is that a Quality
Assurance Program Plan (QAPP) will be prepared to describe how the participant
will satisfy the quality assurance requirements of the project and to recognize
the importance of both radiological and non-radiological health and safety
related activities. The QAPP brings together an assimilation of Quality
Assurance Management Procedures (QMP) that are in compliance with the NNWSI
Project QA Plan, NVO-196-17. The Plan includes preliminary organizational and
explanatory elements followed by the procedures for its implementation.

The USGS QA Program identifies the systems, structures, components, and
activities to be covered by the USGS QA Program Plan. It also identifies the
major organizations participating in the project and the designated functions
of these organizations. The USGS QA Program Plan provides control over
activities that affect the quality of the identified structures, systems, and
components to an extent consistent with their importance to safety. The
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activities that affect quality are accomplished under suitably controlled
conditions. Controlled conditions include the use of appropriate equipment;
suitable environmental conditions for accomplishing the activity; and assurance
that all prerequisites for the given activity have been satisfied. The USGS QA
Program also takes into account the need for controls, processes, test
equipment, instruments and skills to attain the required quality, and the need
for verification of quality by inspection, test, and/or peer review. The USGS
QA Program provides for indoctrination and as necessary, training of personnel
performing activities that affect quality to assure that suitable proficiency
is achieved and maintained. The Waste anagement Project Office (MPO)
regularly assesses the status and adequacy of the QAPPs of the U.S. Geological
Survey and Support Contractors by means of surveillance and audit activities.
The USGS and Support Contractors' management shall assess the adequacy and
implementation of their QA Program Plans on an annual basis.

The provisions of a QAPP and its implementing documents apply to all
nuclear waste management activities performed by USGS participants and by
contractors to the USGS who do not have a qualifying QAPP. It is the
responsibility of the Assistant Director for Engineering Geology of the USGS,
or his delegate, to assure compliance of the USGS with the requirements of this
QAPP. The Chief, Branch of NWSI, shall be responsible for enforcing and
assuring the preparation and implementation of the Quality Assurance Program.
The Manager of the Quality Assurance Office is responsible for preparation of
the QAPP and its associated Quality Management Procedures and for tracking and
verifying their implementation. The participating investigators are assigned
responsibility for preparation of their technical procedures and for becoming
familiar with and implementing appropriate parts of the QAPP under the guidance
of the Quality Assurance Office. All support contractors and suppliers shall
be responsible for compliance with pertinent sections of this QAPP.

In conformance with the NNWSI QA Plan (NVO-196-17) as specified in
NNWSI-USGS-QKP-3.02, the USGS shall use a graded approach to quality assurance
based on the differences between items and activities that affect radiological
health and safety and those that do not. This approach shall assign QA
requirements at a level consistent with the activity's or item's potential
impact and/or importance in terms of radiological health and safety,
non-radiological health and safety, the Nuclear Regulatory Commission (NRC)
licensing process, costs, and schedules. The requirements shall be:

For Level I II - Compliance with all 18 Criteria of lCFR5O, Appendix
B, as described in NQA-l and incorporated in the USGS QA Manual, is
required unless omission of a specific criteria is noted and thoroughly
justified according to Para. 6.3.6 of QP-3.02; and

For Level III - Requirements for existing good scientific practice
shall apply.

2.3 Other Applicable Information

The reference list at the end of this plan provides a tabulation of.
technical reports and publications that are used as a basis of existing
information pertinent to the objectives of this study. Reports and
publications of work sponsored by the NNWSI Project are listed, including those
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produced by the USGS and other project participants. Data, samples,
interpretations, and conclusions pertinent to the stratigraphy of the Yucca
Mountain Site area are described in these documents.

Data compiled or produced throughout this study, which will be used for
site characterization, will be input to or obtained from the NNWSI Project data
base in accordance with WMPO procedures.

Data or data interpretation developed prior to August 1980, the
implementation date of the NNWSI Quality Assurance Plan, will be handled
according to procedures outlined in the USGS Quality Assurance Plan, NNWSI-USGS
QMP-17.02 (Acceptance of Data Not Developed Under the NNWSI QA Plan).
QMP-17.02 is not intended to cover data or data interpretations that were
generated by the NNWSI participants after August 1980. Data or data
interpretations developed after August 1980 will be handled according to
procedures outlined in NNWSI-USGS QMP-3.04 (Technical Review of NNWSI-USGS
Publications). Data or data interpretations generated after August 1980 where
the NNWSI QA Plan was not implemented shall be processed in accordance with
NNWSI-USGS QMP-l5.01 (Control of Nonconforming Items).

2.4 Program Interfaces

This study summarizes the activities to be continued under Gravity and
Hagnetics, WBS 1.2.3.2.2.1. Permits, required to conduct field activities,
will be coordinated through Environmental Compliance, WBS 1.2.5.3. Thicknesses
of alluvium and location of deep core holes, determined from local gravity
surveys, supplement the lithostratigraphic data bases; Site Geology, WBS
1.2.3.2.1.1. Seismic Investigations, WBS 1.2.3.2.2.2 and Electric and
Electromagnetic Methods, WBS 1.2.3.2.2.6, provide data to assist in the
determination of subsurface structure; Tectonics and Volcanism, WBS
1.2.3.2.3.1. Data base management for site characterization activities is
coordinated through NNWSI-Project data bases developed under Technical Data
Base Management, BS 1.2.1.3. Sample management is coordinated through the
NNWSI-Project sample management facility.
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3.0 DESCRIPTION OF ACTIVITIES

3.1 Gravity and Magnetic Methods

3.1.1 Introduction

The objective of the gravity and magnetic investigations is to characterize
the subsurface geologic framework of the NTS and vicinity.

In order to meet this objective, existing regional gravity data have been
compiled of the "Candidate Area," a circular area centered on the potential
Yucca Mountain repository area with a radius of 75 miles (U.S. Geological
Survey, 1984c, fig. 2). Also, existing gravity data of the "site vicinity" were
compiled (U.S. Geological Survey, 1984c, figs. 2-4), but only limited gravity
observations within the potential repository site itself have been made to
date.

The gravity method has been demonstrated to be one of the most successful
and inexpensive geophysical methods for determining (1) the general
configuration of buried pre-Tertiary bedrock under Yucca Mountain and adjoining
basins (Snyder and Carr, 1984), and along with the magnetic method (2) the
location and extent of concealed faults within Yucca Mountain (D. A. Ponce, in
review, 1987). Figure 3-1 shows existing gravity data in the site-area and
vicinity. As part of study 4.9.4.7: Subsurface Geometry and Concealed
Extensions of Quarternary Faults at Yucca Mountain, both detailed gravity and
magnetic surveys of the site-area will be made. As most of the gravity data
are too widely spaced to be useful in the discrimination of faults or to
demonstrate continuity of rock units at depth, the present data will be
supplemented by obtaining additional stations within the site-area spaced 200
ft apart along E-W lines spaced 500 ft apart (where topography permits).
Expected duration of this activity is one year and a 1:24,000-scale gravity
contour map will be made. Similarly, aeromagnetic maps of the site currently
available are based on measurement of magnetic field along flight lines at
1/4-mile spacing. These observations are too widely spaced to resolve
ambiguities in fault continuity or to demonstrate the continuity of rock units.
In this activity, a 12,000-scale map of the site-area will be constructed from
measurements of the magnetic field and gradient along east-west flight lines
spaced 1/16 mile apart. The survey will be draped over topography, maintaining
a nominal terrain clearance of 300 ft. Spectral gamma ray data shall be
collected along with the aeromagnetic data. The expected duration of this
activity is one year.

In addition, the magnetic field in the vicinity of specific features will
be measured from truck-mounted or hand-carried magnetometers. Observations
will be semicontinuous (10- to 20-ft intervals). The classes of features at
which these measurements will be made include (1) known and inferred
structures, (2) vicinity of drill holes, (3) vicinity of shaft and surface
facilities, (4) vicinity of anomalies detected through aeromagnetic surveying.
Not all such features will be surveyed. The number and location of those
selected for investigation using this method will be determined by principal
investigators as the need arises, through evaluation of geologic and
geophysical mapping.
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Additional gravity and magnetic data shall be obtained outside the
site-area but shall be largely limited to appropriate surveys along the four
proposed seismic refraction transects (Figure 3-2) and the several seismic
reflection transects (Figure 3-3). Some additional gravity data will be
obtained as needed to complete gravity compilations, 1:100,000-scale, of the
Beatty 1 x 1/2 quadrangle and the NTS and vicinity. Station spacings of 1 to
2 miles depending on the nature of the gravity anomalies are requried for these
regional compilations. These gravity maps together with the existing regional
magnetic data will be used to evaluate the subsurface configuration and depth
extent of detachment faults, wrench faults, volcanic rocks, distribution of
buried intrusions and general crustal structure within 60 miles of Yucca
Mountain.

In order to infer the subsurface geologic structure from gravity or
magnetic data, it is necessary to estimate the subsurface density or magnetic
susceptibility distribution. Thus, it is desirable to collect
physical-property data for representative samples within the area of interest.
In addition, physical-property data may be from core samples, borehole
geophysical data, or from average physical-property data from other areas.
Physical-property data are most useful in digital form or in an information
system yet to be developed for the NTS. Descriptions of physical-property
investigations can be found in SIP-3223G-Ol (Geophysical Rock Property
Testing), Geophysical Investigations BS 1.2.3.2.2.3 (Rock Properties),
Technical Detailed Procedures NWM-USGS-GP-14 (Measurement of Dry Bulk Rock
Densities from Paleomagnetic Samples), NWM-USGS-GPP-06 (Rock and Paleomagnetic
Investigations), -10 (Rock Property Analysis of Yucca ountain Core Samples),
-12 (Borehole Gravity Measurement and Data Reduction), -15 (Magnetic
Susceptibility Borehole Logging Operations), and -17 (Magnetometer Borehole
Logging Operations).- Surface-based gravity and magnetic studies shall also be
employed to help determine favorable locations for proposed deep core holes.

Detailed gravity (using a LaCoste and Romberg gravLmeter) and aeromagnetic
surveys shall be conducted along the proposed four deep seismic refraction
lines southwest of Yucca Mountain (Figure 3-2) and a traverse coincident with
the seismic reflection survey from Stovepipe ells, California, northeast to
Besatty, Nevada, eastward to the northern Specter Range, then northward to the
northeast corner of the NTS through Yucca Flat (Figure 3-3). Gravimeter
measurements will be made using portable devices, and surveying will use
standard field methods. Specifications for each of the four aeromagnetic
surveys will be seven profiles spaced 1/2-mi apart and about 1000 feet above
ground, total intensity corrected for IGRF. Gravity data shall be used to
define regional anomalies and attribute them to geologic structures such as
shallow intrusions, calderis, detachment faults, and the distribution of
specific stratigraphic units. Likewise, magnetic data shall be used to define
areal variations in the magnetic field, and relate them to the distribution of
specific stratigraphic units, shallow intrusions and the subsurface
configuration of faults. Additional detailed gravity and magnetic surveys
shall be conducted to a less regional extent in Yucca Wash and in the vicinity
of the proposed core hole tentatively located south of Busted Butte (USW G-7).
Density variations shall be used to map the distribution of carbonate and
argillite facies that underlie the tuff section within the site areas.
Anomalous magnetic observations will provide additional information on
subsurface structure.
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Figure 32. Locations of Proposed Deep Seismic Refraction Lines in the-Vicinity of Yucca Mountain
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Figure 3-3. Locations of Proposed Deep Seismic Reflection Surveys in the
Vicinity of Yucca Mountain
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Absolute gravity measurements using the Institute of Geophysics and
Planetary Physics (IGPP) free-fall apparatus (Zumberge and others, 1982;
Zumberge and others, 1986) shall be conducted at the NTS and vicinity to be
used as a reference for hLgh-precLsion temporal gravity measurements over Yucca
Mountain and to help constrain gravity meter calibration factors.

High-precision gravity measurements using multiple LaCoste and Romberg D
and super G meters (Oliver, 1982) have a standard deviation/error of about 
A4 Gal (Jachens and others, 1983) and will detect relative changes in elevation
of about 1 inch. Six such measurements have been made at first order bench
marks established along a profile across the southern end of Yucca Mountain and
will be repeated periodically in conjunction with the geodetic measurements to
help study tectonic stability (see U.S. Department of Energy, 1987, 4.9.4.12.1,
other NNWSI Project Participant Technical References) . A cryogenic gravity
meter (Goodkind and Prothero, 1968, other NNWSI Project Participant Technical
References; Goodkind, 1986) may also be used in this connection as well as
hydrologic studies depending on the results of drift tests of a new model
planned for FY88. The present model is the most accurate gravity measuring
apparatus for short-time measurements at one locality (AIGal/2 weeks) but
suffers from longer term drift problems.

Evaluation of the depth of the Curie temperature isotherm will be conducted
using the long-wavelength aspects of the magnetic survey data. The Curie
temperature isotherm is the deepest level that significant crustal magnetic
sources can exist; anomalies from these sources consequently have long
wavelengths and very low amplitudes compared to shallower crustal sources.
Hence, any method used to study the limiting depth of these sources must be
capable of characterizing the long-wavelength attributes of a agnetic survey.
The Connard-Couch technique (Connard and others, 1983) does so by dividing the
survey area into overlapping rectangular cells, calculating the power spectrum
of each cell, and analyzing the shape of the long-wavelength part of each
spectrum. This technique has provided credible results in the Cascade Range
(Connard and others, 1983) and in the northern Gulf of California (Sanchez-z
and others, 1986) and should provide an independent check on evolving
geothermal models of measured high heat flow, such as at Calico Hills and of
recent volcanism as in Crater Flat near Yucca Mountain.

3.1.2 Supporting Activities

The Rock Properties project (1.2.3.2.2.3.G) will provide data on the
density and magnetic properties as a function of depth down the various G and H
holes in Yucca Mountain. These data are required to model the gravity and
magnetic data to be.obtained on the earth's surface.

3.1.3 Equipment

Major pieces of equipment required to conduct this activity are identified
in the technical procedures listed in Table 3-1. The USGS has 6 LaCoste and
Romberg Model G gravimeters, and an adequate number of magnetometers and
susceptibility bridges to carry out the work. The IGPP absolute gravity
apparatus is presently being contracted for short intervals as needed and the
U.S. Government may eventually want to purchase one if our tests are
successful. Similarly, Department of Interior, Department of Commerce, and



USCS-SIP-3221G-01, RO
Page 17 OF 25

a

Defense Happing Agency are jointly supporting research on the cryogenic gravity
meter, and at some point a purchase may become advisable. A large color
plotter is needed to produce and display our gravity and magnetic data. Also,
additional discs for data storage and retrieval, and a Laser printer for
producing camera-ready text and figures are needed. Maintenance and repair
contracts of existing equipment may be necessary.

3.1.4 Methods, Procedures, and Quality Assurance

Specific investigative methods used in the specific study are listed in
Table 3-1. Identified in the table are supporting technical procedures used to
assure the quality and traceability of the activity and data collection; and
the applicable QALA numbers. Software requirements are to be determined.

Approved procedures are identified with a USGS number, title, and effective
date. Procedures that require preparation before implementing elements of this
plan are identified as being needed. Work shall not proceed on these
activities until the applicable technical procedures have been prepared,
reviewed, and approved in accordance with NNWSI-USGS-QMP-5.O1. Appendix A of
this plan contains completed Quality Assurance Level Assignments (QALA) for
each method identified including criteria exception justifications for each
method identified.
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ible 3-1. Methods and Technical Procedures for Gravity and Magnetic Methods

---------------Technical Procedure------ --- QA Level Assignment Software
Method Number Title Date Sheet (QALAS) Number Reference

(NWM-USGS-) (NNWSI-QALA-)
(

Cavity and Magnetic
ithods

GPP-Ol,Rl

GPP-16,RO

Gravity Measurement and
Data Reduction
Absolute Measurement of
Gravity
Surface Magnetic Surveys
Aeromagnetic Surveys

1/14/85 3221G-Ol-OlRO TBD

GPP-1l.RO
GPP-035 RO

1/23/87

In prep.
In prep.

(

b
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4.0 SCHEDULE AND MILESTONES

The field investigations of this study will commence following approval ofthe necessary technical procedures for a particular method. An essentialcomponent of the quality assurance level assignments includes theidentification of technical procedures required of all quality level oneactivities. Preparation of these procedures constitutes a prerequisite forinitiating this study. A list of published reports resulting from thesestudies is included in USGS-NNWSI Project Technical References, and a list ofmilestones is included in Table 4-1. These diagrams are referenced to thestart of a fiscal year but are dependent on completion of technical procedures.A more detailed schedule of events is incorporated into the Site Geologyschedule, lG232.FIX, on file in the USGS area of the PHS system.
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Table 4-1. List of Reports Identified for Gravity and Magnetic Methods

Hodes Descrigtion

M369 Status Report: Regional Geophysics
M379 Complete Site Specific Geophysics
P924 Interim Report/Map: Gravity and magnetic data across Fortymile

wash
P824 Report: Gravity and Magnetic Studies Along Regional Profile
P720 Map: Gravity Map of Beatty 1:100,000
P721 Map: Magnetic Map of Beatty 1:000,000
P740 Final Report: Interpretation of gravity map of Beatty 1:100,000

Quadrangle
P741 Report/Map: Interpretation of Magnetic Map Beatty 1:100,000

Quadrangle
B102 Tape: Regional Gravity Tape of NTS and Documentation
B506 Map: Las Vegas Aeromagnetic Sheet
B415 Map: Goldfield Aeromagnetic Sheet
B308 Report: Preliminary Absolute Gravity Results
B006 Report: Preliminary Integration of Regional Geophysics
B113 Report: Interpretation of Las Vegas Sheet Gravity
B123 Map: Regional 1:500,000 Gravity/Geology
B311 Report: Water Table from cryogenic Gravity
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