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REPORT ON GEOPHYSICAL ACTIVITIES FOR THE YUCCA MOUNTAIN PROJECT

1.0 INTRODUCTION 

This report describes past and planned geophysical activities associated 
with the Yucca Mountain Project and is intended to serve as a starting point 
for integration of geophysical activities. Geophysical surveys were 
conducted at Yucca Mountain as early as 1978, when repository siting 
investigations in the Nevada Test Site (NTS) area were begun. This report 
relates past results to site characterization plans, as presented in the 
Yucca Mountain Site Characterization Plan (SCP). As indicated in the SCP, 
many geophysical activities have not been planned explicitly or in detail 
because of uncertainty as to the applicability of various methods. A 
characterization activity was incorporated in the SCP to structure the 
evaluation and planning of geophysical activities during site 
characterization (SCP Section 8.3.1.4.1.2). This integration activity is 
tasked with reducing the uncertainty attendant to the application of 
geophysical methods. This report ("white paper") is a preparation for that 
activity. Whereas this report identifies some new exploration concepts and 
elaborates on some activity descriptions in the SCP, if changes are made to 
the scope of work described by the SCP, they will be made in accordance with 
change-control procedures.  

Importantly, this report does not present geophysical data or interpre
tation. Rather, only survey coverage, data quality, and applicability of 
results to site characterization are discussed, as a means to relate past and 
planned activities. Extensive references to data and interpretive reports 
are provided, including many not directly cited in this report. Several such 
reports are currently in preparation and could not be referenced, including 
one summarizing regional geophysics, one summarizing geophysical logging at 
Yucca Mountain, and one describing telesejsmic tomography based on data 
collected in 1982.  

The SCP contains a number of studies and activities that will use 
relatively new geophysical methods, or methods that have not been applied in 
volcano-tectonic settings such as Yucca Mountain. The need to try these is 
based on the prospect that they may yield information of sufficient quality 
to be of significant value in site characterization. Both the SCP and this 
report emphasize plans for feasibility testing, on the basis that the cost of 
such testing is outweighed by the potential gain in added confidence of 
characterization of site conditions.  

SCOPE OF THIS REPORT 

This report discusses seismic exploration, potential field methods, 
geoelectrical methods, teleseismic data collection and velocity structural 
modeling, and remote sensing. The following are important areas of 
investigation that are discussed in the SCP, but are excluded from direct 
consideration in this report for reasons of expediency: geodesy and strain 
monitoring, periodic remeasurement of gravity stations over the long term, 
teleseismic monitoring for ground-motion studies (as opposed to tomography,
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which is included), heat flow measurements, and borehole stress measurement.  
This report discusses surface-based, airborne, borehole, surface-to-borehole, 
crosshole, and Exploratory Shaft Facility-related activities. The data 
described in this paper, and the publications discussed, have been selected 
based on several considerations: location with respect to Yucca Mountain, 
whether the success or failure of geophysical data is important to future 
activities, elucidation of features of interest, and judgment as to the 
likelihood that the method will produce information that is important for 
site characterization.  

MAPS AND GEOLOGIC UNITS 

The maps used in this report are, with one exception, presented on 
consistent regional and site area base maps. The regional base was prepared 
by considering a 100 km radius around the site, then extending the map 
boundaries to the next 0.5 degree increment of latitude and longitude (see 
for example, Figure 2.1-1). Physiographic information was included by 
shading within selected elevation contours, which encompass particular 
features, and labeling those features. Various different elevation contours 
were used. The site area base (e.g., Figure 2.3-2) covers from 116 0 22'W to 
116 0 30'W, and from 360 45'N to 360 55'N. This quadrangle includes the 
conceptual boundaries of the repository perimeter drift and the controlled 
area. Topographic 50-m contours were obtained from the U.S. Geological 
Survey (USGS) 1:100,000 Beatty CA/NV quadrangle, and labels were provided for 
certain physiographic features.  

These boundaries were adopted for purposes of presenting planned site 
characterization activities in this report. Geophysical activities will 
investigate areas beyond arbitrary boundaries as necessary.  

The stratigraphic units used in this report are consistent with those of 
the SCP, particularly Section 1.2.2 (lithostratigraphy) and Section 3.9 
(hydrogeologic stratigraphy). Lithostratigraphic information is also 
contained in Tables 2.1-2 and 2.2-2 of this report. In general, this report 
refers to lithostratigraphy when discussing geologic and tectonic 
applications, and hydrogeologic stratigraphy when discussing hydrologic 
applications. (The discussion is not particularly sensitive to the 
differences between the stratigraphic systems.) 

A description of the stratigraphy and general characteristics of the 
unsaturated, repository block is provided here for the convenience of the 
reader. Briefly, the tuff sequence consists of several tuff units that were 
erupted from nearby volcanic centers in Miocene time, and have since 
undergone structural deformation. The total thickness of tuff varies, but is 
more than 1,200 m over most of the site area. Tuff lithology ranges from 
nonwelded to densely welded, corresponding to a matrix porosity range of 
roughly 30% to 5%, respectively. Mineralogical differences are superimposed 
on welding, depending on source magma composition, rapidity of cooling, flow 
thickness, and secondary alteration that is probably associated with ground 
water. Much of the welded tuff is pervaded by mineralized, interconnected 
macropores (lithophysae). These were formed from the action of volatiles 
during cooling, and comprise from zero to 30% bulk porosity.
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Finally, cooling fractures occur in the welded and partially welded units, 
especially the relatively nonlithophysal zones. The available data suggest 
that all tuff units at Yucca Mountain contain tectonic fractures. The porous 
nonwelded units generally contain far fewer such fractures.  

The caprock at Yucca Mountain consists of about 140 m of welded tuff 
known as the Tiva Canyon Member of the Paintbrush Tuff, with prevalent 
cooling fractures and lithophysae. Canyons on the eastern flank of Yucca 
Mountain are infilled with a few meters of alluvium; the minimum thickness of 
Tiva Canyon under these canyons is several tens of meters. Immediately 
underlying is a sequence referred to as the nonwelded beds of the Paintbrush 
Tuff, consisting of individual ash flow and ash fall units totaling roughly 
30 m, but varying significantly in thickness and continuity of constituent 
beds within the site area. The porosity of these nonwelded tuffs is at least 
30%, and the saturated matrix conductivity is several orders greater than 
welded tuff. Underlying these beds is the Topopah Spring Member of the 
Paintbrush Tuff, consisting of about 300 m of welded tuff. This unit may be 
further segregated into thick zones corresponding to variations in welding, 
devitrification, lithophysal porosity, and other alteration. The candidate 
host rock has been identified as a relatively nonlithophysal, densely welded 
zone near the top of the lower third of the Topopah Spring Member.  

Between the candidate repository horizon and the water table is the 
lower third of the Topopah Spring Member, and the upper part of the nonwelded 
tuffaceous beds of the Calico Hills (hereinafter called the Calico Hills 
unit). The lower part of the Topopah Spring Member consists of fractured 
welded tuff, some partially welded strata, and a basal vitrophyre approxi

,mately 10 m thick. The Calico Hills unit is comprised of several major ash 
.flows and ash falls. The vitric matrix of the Calico Hills has been 
substantially altered to zeolites in the northern part of the site area, thus 
changing the rock fabric and the hydrologic properties. Fracturing and 
faulting in the Calico Hills unit are believed to resemble that observed in 
the thick, nonwelded tunnel beds of Rainier Mesa on the NTS, which have been 
explored by extensive tunneling.  

A number of welded and nonwelded tuff units lie below the Calico Hills 
unit in the saturated zone. Extrusive and shallow intrusive volcanic rocks 
have been encountered in boreholes penetrating the lower part of the tuff 
section. Below the tuffs is a few hundred meters of older, poorly known 
volcanic rocks and sediments of volcanic and other origin. The tuffs and 
sediments in this lower part of the section are generally more altered than 
overlying units, and contain secondary clay, zeolites, and carbonate 
minerals. Underlying this are Paleozoic carbonates, which have been mapped 
throughout the region.  

Yucca Mountain is an upland area mostly surrounded by deep, downfaulted, 
alluvial filled basins. North-south normal faults transect Yucca Mountain 
and have given rise to gentle (6 to 100) eastward dip throughout most of the 
site area. The repository horizon follows the tilted stratigraphy, meaning 
that the repository height above the water table and the intervening 
stratigraphy vary significantly. Tuff units at the site, particularly those 
comprising the unsaturated zone, exhibit lateral variability corresponding to 
the inferred distances to the eruptive centers for the units. Thus at Busted 
Butte situated southeast of the site, the nonwelded beds of the Paintbrush
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Tuff and the Calico Hills unit are substantially thinner than to the north.  
Also, the Topopah Spring Member is generally thinner and less densely welded.  

Alternative conceptual models have been developed to describe and 
explain the structural setting of Yucca Mountain, as presented in SCP Section 
8.3.1.8 (Tables 8.3.1.8-7 and -8) and Section 8.3.1.17 (Tables 8.3.1.17-7 and 
-8). These models pertain to such topics and features as the significance of 
Crater Flat, the subsurface geometry of faults, and the presence of a detach
ment below Yucca Mountain. One of the major applications of geophysical 
methods in site characterization will be to further elucidate these features 
in the subsurface.
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2.0 PAST GEOPHYSICAL ACTIVITIES

This section reviews past and ongoing geophysical activities performed 
for the Yucca Mountain Project, or performed in the vicinity of the Yucca 
Mountain site. As stated in Section 1.0, only the location, methodology, and 
applicability of past activities are discussed. The reader is referred to 
the various cited references for presentation of geophysical data. The scope 
of this section is limited as discussed in Section 1.0, and notably does not 
include teleseismic ground motion characterization (but does include 
teleseismic tomography), heat flow studies, or stress measurements.  

2.1 GRAVITY INVESTIGATIONS 

OBJECTIVES 

Gravity investigations were begun at Yucca Mountain in about 1978 to 
characterize the general geologic and tectonic setting of the area. Gravity 
studies are particularly useful for (1) characterizing the general configura
tion of the regional pre-Cenozoic basement, (2) detecting concealed or 
unrecognized faults, (3) estimating the offset or extent of known faults, and 
(4) detecting and characterizing igneous features such as calderas and 
plutons. Gravity methods can detect shallow as well as deep features that 
juxtapose rocks of significantly different densities. With appropriate 
horizontal and vertical controls, gravity data also can reveal undulations of 
the base of the crust,, which occur at a depth of approximately 33 km beneath 
Yucca Mountain.  

DATA COVERAGE AND QUALITY (Gravity measurements) 

Figure 2.1-1 shows the location and distribution of all gravity 
measurements from available data sources located within the area described in 
Chapter 1.0. About 33,000 gravity measurements have been made in this area, 
and all have been adjusted to a common gravity datum and recompiled. The 
accuracies of the gravity measurements themselves are generally 0.1 mgal, but 
Bouguer and residual anomalies derived from these measurements are less 
accurate, particularly in mountainous terrain where terrain corrections are 
required. Anomalies calculated from the data in Figure 2.1-1 generally have 
an uncertainty of about 0.5 mgal. Regional gravity anomalies are generally 
in the range of 5 to 50 mgal (see, for example, Hildenbrand et al., 1988, 
Figure 2.11), so calculated anomalies are sufficiently accurate for regional 
studies. Figure 2.1-2 shows the same information at about twelve times 
enlargement for the Yucca Mountain site area and vicinity. Gravity maps 
based on these data have been compiled for a number of areas at various 
scales (Table 2.1-1). The principal facts of all the data have been released 
on magnetic tape for Nevada (Saltus, 1988c) and California (Snyder et al., 
1981).
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Table 2.1-1. Regional Gravity Maps of Various Areas within the Regional 
Study Area (Figure 2.1-1) 

Description Scale Reference

Bouguer and residual gravity map of 
Southern Great Basin 

Bouguer gravity map of Nevada 

Bouguer gravity map of California 

Residual gravity map of California 

Residual gravity map of Nevada 

Bouguer gravity map of Death Valley 
Sheet 

Bouguer gravity map of Goldfield 

Bouguer gravity map of Caliente Sheet 

Bouguer gravity map of Las Vegas 
Sheet 

Complete Bouguer gravity map of NTS 

Isostatic residual gravity map of NTS 

Residual gravity map of Yucca Mt.  
and vicinity

1:2,500,000 

1:750,000 

1: 750, 000 

1: 750, 000 

1:1,000,000 

1:250, 000 

1: 250, 000 

1: 250, 000 

1:250, 000 

1: 100, 000 

1: 100, 000 

1:48, 000

Hildenbrand et al., 
1988, Fig. 2.8 & 2.11 

Saltus, 1988a 

Oliver et al., 1980 

Roberts et al., 
1981 

Saltus, 1988b 

Healey et al., 1980b 

Healey et al., 1980a 

Healey et al., 1981 

Kane et al., 1979 

Healey et al., 1988c 

Ponce et al., 1988 

Snyder & Carr, 1982
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DATA COVERAGE AND QUALITY (Density data)

Rock densities at the NTS and vicinity can be separated into three major 
groups: pre-Cenozoic sedimentary rocks and intrusive rocks with an average 
density of about 2.67 gm/cc, Cenozoic volcanic rocks with a density of about 
2.4gm/cc, and nonwelded and partially welded ash-flow tuffs and alluvium 
with a density of about 2.0 gm/cc. There are three primary sources of rock 
density information from the NTS and vicinity: rock samples (including core 
samples), borehole gravity meter surveys, and borehole density logs. Table 
2.1-2 lists in stratigraphic sequence the geologic units in the Yucca 
Mountain area that are important for gravity interpretation. This table also 
gives a range of thickness and representative values for density of each 
unit, and provides a reference for geologic unit names used in the following 
discussion.  

SUMMARY OF RESULTS 

Many regional subsurface geologic structures at the NTS and vicinity 
were initially identified by the gravity method. A notable result was the 
prediction of the depth to pre-Cenozoic basement rocks at the location of 
drillhole UE25 p#1, about 5 km north of Busted Butte (Figure 2.1-2). Snyder 
and Carr (1982, p. 27) used gravity modeling to estimate the depth to 
Paleozoic basement to be about 3,500 ft at Busted Butte and about 4,750 ft at 
the nearby gravity saddle ("s" in Figure 2.1-2). On this basis, the depth to 
basement at p#1 was estimated to be 4,000 ft. Drilling revealed dolomitic 
basement at a depth of 4,080 ft (Carr et al., 1986, p. 17). A three
dimensional gravity model suggests that pre-Cenozoic basement increases in 
depth westward directly under the conceptual repository location and reaches 
10,000 ft under Crater Flat (Snyder and Carr, 1984). This basement model is 
apparently consistent with recent seismic refraction data, but has not been 
tested by drilling. Drillhole UE25 p#1 (Figure 2.1-2) is the only hole in 
the Yucca Mountain area to reach basement; the deepest drillholes in the 
Yucca Mountain-Crater Flat area other than p#1 are 6,000 ft deep and bottom 
in Miocene volcanic rocks.  

Gravity methods also helped to identify the Silent Canyon caldera 
underlying Pahute Mesa to the north of the site area, where gravity data 
indicate a volcanic section at least 16,000 ft thick (Healey, 1968, p. 153).  
Drilling to 13,686 ft within the gravity anomaly, and surface mapping (Byers 
et al., 1976) have since confirmed the gravity model. Similarly, Kane et al.  
(1981) interpreted gravity data from the Timber Mountain area and determined 
that (1) a broad gravity high over the southeast side of Timber Mountain is 
associated with exposed Miocene intrusive rocks and suggests that this part 
of the caldera is underlain by such rocks, an important conclusion if the 
Timber Mountain area were to be considered for radioactive waste storage; and 
(2) the Timber Mountain caldera truncates the southern edge of the older 
Silent Canyon caldera.  

Another useful application of gravity methods is in measuring vertical 
movement of subsurface density layers associated with major earthquakes 
(Oliver et al., 1975). Initial absolute and high-precision measurements were 
recently made in the Yucca Mountain site area for this application and
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Table 2.1-2. Density and Thickness of Selected Geologic Units in 
Mountain Area (after Snyder and Carr, 1984)

the Yucca

Approx. Average 
Thickness Density 

Age Unit (M) (gm/cc)

Quaternary & 
Tertiary 

Tertiary 
11.3 Ma* 

12.6 Ma* 

13.1 Ma* 
13.4 Ma* 

14.0 Ma* 

Late Paleozoic 

Middle and early 
Paleozoic 

Early Paleozoic & 
Precambrian

alluvium 
basalt 
Timber Mountain Tuff 

Ammonia Tanks Mbr & 
Rainier Mesa Mbr, 
undivided 

Paintbrush Tuff 
Tiva Canyon Mbr 
Yucca Mountain Mbr 
Pah Canyon Mbr 
Topopah Spring Mbr 

Rhyolite lavas and tuff 
of Calico Hills 

Crater Flat Tuff 
Prow Pass Mbr 
Bullfrog Mbr 
Tram Mbr 

Rhyodacite lavas 
Lithic Ridge Tuff 
Ash flow and bedded tuff 
limestone & argillite 

units 
various limestone, 
dolomite, quartzite, & 

other sedimentary units 
quartzite, and other 

sedimentary units

* Radiometric ages from Marvin et al. (1970).

calibration purposes (Zumberge et al., 1988; Harris and Ponce, 
future remeasurements should be able to detect changes of less 
the absolute elevation of measurement points.

1988), and 
than 5 cm in

Gravity surveys are also useful for inexpensive study of tectonic 
structures, particularly those which offset the basement or cause variations 
in the depth to basement. However, the interpretation of gravity alone does 
not produce unique models of the subsurface. It is therefore important that 
gravity data be collected along traverses and analyzed with other geophysical 
measurements including seismic reflection and refraction, magnetic, and 
geoelectric data. It is also important to obtain density data from surface
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0-300 
0-200 

0-150

1.6-2.0 
2.9

1.9

2.1 
1.9 
1.9 
2.2 
1.9

120 
0-60 
0-70 
300 

10-200 
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300 
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2.1 
2.1 
2.25 
2.35 
2.35 
2.45 
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measurements, gamma-gamma logs, and gravity meter borehole measurements to 
constrain gravity models.  
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2.2 MAGNETIC AND PALEOMAGNETIC INVESTIGATIONS

OBJECTIVES 

Aeromagnetic, ground magnetic, paleomagnetic, and magnetic property 
measurements have been made intermittently at the NTS and vicinity in support 
of subsurface structural studies, Curie temperature isotherm analysis, 
correlation of volcanic strata, and studies of structural rotation about a 
vertical axis. These data are also needed to locate and estimate the volume 
of buried Quaternary basalts for determining the probability of future 
eruptions and to locate concealed faults which offset strata within Yucca 
Mountain (Oliver and Ponce, 1987; DOE, 1988).  

DATA COVERAGE AND QUALITY 

Figure 2.2-1 shows the existing coverage of aeromagnetic data within a 
radius of about 100 km of Yucca Mountain, and Figure 2.2-2 shows the outlines 
of the six aeromagnetic surveys listed in Table 2.2-1 which cover various 
parts of the proposed Yucca Mountain site area and vicinity. (The location of 
Figure 2.2-2 is shown on Figure 2.2-1 for reference). These index maps 
indicate the availability of a considerable amount of magnetic data and help 
delineate areas where more data are needed. For example, the present 
coverage of the site area and vicinity to a distance of about 15 km consists 
of .draped.profiles (flown at a constant elevation above terrain) with a 
spacing of 400 m (1/4 mi) and 800 m (1/2 mi) except for the area beginning 
only 5 km to the northwest of the site area for which only barometric data 
(flown at a constant elevation above sea level) are available (Figure 2.2-1).  
The draped data are generally 120 m (400 ft) above ground, whereas the 
barometric data were flown at a constant elevation of 2,440 m (8,000 ft) and 
are therefore much less detailed because the average elevation of terrain is 
about 4,000 ft. The Death Valley area southwest of the site area was 
surveyed along flightlines at 120 m (400 ft) above ground and spaced 1.6 km 
apart. This survey was intended for reconnaissance exploration of uranium 
under the NURE (National Uranium Resource Evaluation) program (Figure 2.2-2).  
The flightlines are too far apart for such low-level flights, and this 
coverage misses about a third of buried magnetic structures; thus, the NURE 
data are regarded as inadequate for structural studies.  

Compilations of regional aeromagnetic data indexed in Figure 2.2-1 have 
been made at a scale of 1:2,500,000 by computer continuation of all data sets 
to a common surface of 3,800 m (12,500 ft) above sea level (Hildenbrand et 
al., 1988). A larger scale regional aeromagnetic map was also prepared by 
continuing these data either downward or upward to a level of 305 m (1,000 
ft) above terrain at 1:750,000 (Hildenbrand and Kucks, 1988). Mosaics of 
original contract data are being assembled at 1:250,000 for 10 by 20 areas 
surrounding Yucca Mountain. Those to the east and south are complete (Saltus 
and Snyder, 1986; Saltus and Ponce, 1988), and those to the west and north 
are in progress.  

Aeromagnetic compilations at 1:100,000-scale are being planned in order 
to be consistent with four new 1:1,000,000-scale 1/20 x 10 topographic maps
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Table 2.2-1. Aeromagnetic surveys all or partly within the Yucca Mountain Site Area and vicinity 
(refer to Figure 2.2-1)a 

NEVADA (see Erwin et al., 1980; and Hill, 1986) 

Year Elev Spacing Gradient 
Area name flown Contractor (ft) (mi) Direction Scale Removed Digital Reference 

1 Topopah 1961 USGS 8,000 b 1/2 E-W 1:62,500 no no Boynton & 
Spring Vargo, 

1963 
2 Goldfield 1967 LKB 9,000 b 1 E-W 1:250,000 no no USGS, 1 9 7 1b 

15,000 b 
2 Goldfield 1967 LKB 9,000 b I E-W 1:62,500 no n.a. USGS, 1 9 6 7b 
3 Timber Mtn. 1977 AG 400 d 1/4 E-W 1:62,500 IGRF USGS, 1979 
4 Lathrop 1978 Aero 400 d 1/4-1/2 E-W 1:62,500 IGRF yes USGS, 1978 

Wells 1,000 d 1/4-1/2 N-S 
5 NURE (Death 1979 GEO-LIFE 400 d 1 N-S 1:500,000 IGRF yes DOE, 1979 

Valley) 
6 Yucca Mtn. 1982 HLQEB 400 d 1/4 N-S 1:62,500 IGRF n.a. USGS, 1984 

aKey: Aero Aero Service

AG 
b 
d 
E 
HLQEB 
IGRF 
LKB 
N 
n.a.  
NURE 
S 
USGS 
W

Applied Geophysics Inc.  
barometric 
drape 
east 
High-Life QEB 
International Geomagnetic Reference Field 
Lockwood, Kessler & Bartlett, Inc.  
north 
not available 
National Uranium Resource Evaluation 
south 
United States Geological Survey 
west

0, 
'-4

bUSGS (1971) and USGS (1967) were reports on the same survey at different compilation scales.
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that surround Yucca Mountain. A 20-nT (nanoTesla) contour aeromagnetic map 
of the site area and vicinity (Figure 2.2-2) is available at 1:48,000 (Kane 
and Bracken, 1983). For a detailed index and listing of all aeromagnetic 
surveys in southern Nevada being incorporated into these maps, see Erwin et 
al. (1980) and Hill (1986).  

Ground Magnetic Data 

Measurements of total-field magnetic intensity have been made along 
selected traverses at Yucca Mountain, Lathrop Wells (to the south), and 
Wahmonie/Calico Hills (to the east). Most of the measurements were made on 
foot with a ground magnetometer read at 3 to 30 m intervals depending on the 
horizontal gradient of the magnetic field. Some measurements at Wahmonie and 
Calico Hills were made with a truck-mounted flux-gate magnetometer (G. Bath, 
written communication, 1980).  

The ground data at Yucca Mountain consist of five N-S profiles from one 
to several km in length. These data were used along with aeromagnetic data 
to test the feasibility of magnetic methods for locating concealed faults and 
possible intrusions (Bath and Jahren, 1984; Bath, 1985).  

Ground measurements were made near Lathrop Wells in an area apparently 
underlain by reversely magnetized Quaternary basalts (Kane and Bracken, 1983; 
Crowe et al., 1986). The measurements consist of E-W and N-S lines through 
the southern anomalous low of the dipole anomaly at intervals of 1 to 10 m as 
needed to define the anomaly.  

At Wahmonie and Calico Hills, N-S ground profiles were obtained to 
better delineate aeromagnetic highs thought to be associated with buried 
intrusions and magnetite-rich altered argillite, respectively (Ponce, 1984; 
Snyder and Oliver, 1981).  

All these ground measurements were made with a Geometrics proton
precession magnetometer, which has a reading accuracy of 1 nT. Diurnal 
corrections were made using continuous magnetic measurements made at a local 
magnetic base station with Geometrics equipment.  

Paleomagnetic and Rock Magnetic-Studies 

There are three important objectives of the paleomagnetic and rock 
magnetic studies at Yucca Mountain: (1) to support structural geologic 
studies by providing paleomagnetic data bearing on vertical-axis rotation; 
(2) to aid studies of volcanic stratigraphy; and (3) to provide constraints 
for the modeling of airborne, surface, and borehole magnetic data. In 
addition, the direction of remanent magnetization of samples from drill core 
provides a means of obtaining azimuthal orientation of core segments from 
boreholes at Yucca Mountain (Rosenbaum and Rivers, 1985).  

Laboratory measurements of magnetic properties (e.g., remanent 
magnetization and magnetic susceptibility) have been obtained on numerous 
samples from surface outcrops and from drill core. In the immediate vicinity 
of Yucca Mountain, a total of about 65 surface sites have been collected and 
analyzed from the Crater Flat, Paintbrush, and Timber Mountain tuffs. These 
sites lie within the area from 360 40'N to 36155'N latitude, and from 116 0 22'W
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to 116°35'W longitude, roughly corresponding to the designated site area.  
Data also exist for about 70 sites in the area of Yucca Flat. Most of these 
sites are within the same geologic strata as those at Yucca Mountain, 
although some are in older units. In addition, about 25 other paleomagnetic 
sites from a variety of geologic units exist within the NTS. The directional 
and susceptibility data from these sites are of high quality. Samples were 
collected at roughly 3 m intervals throughout drillholes USW G-l, USW G-2, 
USW G-3, and USW GU-3, and at somewhat greater intervals from holes VH-l and 
VH-2. These samples were oriented with respect to the drill core axis. More 
closely spaced fully-oriented samples were collected from oriented core runs 
in these and other holes (e.g., USW H-1, UE25a#4, a#5, a#6, and a#7).  

Directions of remanent magnetization from 30 surface sites show that the 
region between the north and south ends of Yucca Mountain have undergone 
about 300 of vertical-axis rotation since emplacement of the Tiva Canyon 
Member. Although rotations about a horizontal axis (tilts) are easily 
recognized visually in many layered rocks, comparison of declinations of 
remanent magnetization is often the only technique that can provide a measure 
of rotation about a vertical axis. On a regional scale, relative 
vertical-axis rotations between sites may be obtained by comparison of 
paleomagnetic directions from individual volcanic flows or cooling units.  
Such studies require that (1) individual volcanic units can be unequivocally 
identified, (2) structural attitudes can be accurately determined, and (3) 
the volcanic units are reliable paleomagnetic recorders. Geologic mapping 
and studies of volcanic stratigraphy in the Yucca Mountain area have helped 
satisfy the first two requirements. Detailed paleomagnetic studies of 
several ash-flow sheets, using samples from boreholes at Yucca Mountain, have 
demonstrated that the Tiva Canyon Member of the Paintbrush Tuff, and the Prow 
Pass and Bullfrog Members of the Crater Flat Tuff are reliable paleomagnetic 
recorders, but that the Topopah Spring Member of the Paintbrush Tuff is not 
(Rosenbaum and Snyder, 1985; Rosenbaum, 1986). Directions of remanent 

magnetization from numerous surface sites in the three paleomagnetically 
reliable ash-flow tuff sheets demonstrate about 300 of vertical-axis rotation 
between the north and south ends of Yucca Mountain since emplacement of the 
Tiva Canyon Member (Scott and Rosenbaum, 1986; Rosenbaum and Hudson, 1988).  

Borehole magnetic field and magnetic susceptibility logs have been used 
at the NTS to aid correlations among volcanic strata penetrated by drill
holes. Interpretation of these logs has been largely empirical. At Yucca 
Mountain such logs have been obtained from several holes, and for the first 
time these logs can be compared to laboratory rock magnetic data from drill 
core samples. Laboratory data demonstrate that remanent magnetization is 
generally much larger than induced magnetization (Koenigsberger ratio, Q>5) 
so that the character of magnetic field logs is determined by variations in 
remanent magnetization. Therefore, contacts between ash-flow sheets of 
opposite magnetic polarity, such as the reversely magnetized Tram Member and 
the normally magnetized Bullfrog Member, can be easily recognized from the 
magnetic field logs. Both the log data and the laboratory data show 
high-amplitude (often order of magnitude) systematic variations in remanent 
intensity and susceptibility. These variations occur within the interiors of 
individual ash-flow sheets as well as at the margins. These variations 
provide a means of using borehole data to map zones within the ash-flow 
sheets throughout the repository area, and to thereby contribute directly to
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knowledge about the lateral continuity of the various beds and of structures 
offsetting those beds.  

Studies of magnetic properties have concentrated on the relationship 
among the observed systematic variations in remanent magnetization and 
magnetic susceptibility and the depositional and cooling histories of the 
various ash-flow sheets (Hagstrum et al., 1980; Rosenbaum and Snyder, 1985; 
Rosenbaum and Spengler, 1986). Bath (1968) noted a correlation between the 
degree of welding and values of both remanent magnetization and 
susceptibility. Results from Yucca Mountain confirm that nonwelded to poorly 
welded tuffs are generally characterized by low susceptibilities and 
magnetizations. However, large variations in both remanent magnetization and 
susceptibility occur within the thick densely-welded parts of individual 
cooling units penetrated by boreholes at Yucca Mountain. Studies of rock 
magnetic properties and Fe-oxide microcrystals have demonstrated that 
increases in susceptibility and remanent magnetization away from cooling 
breaks are produced by the growth of Fe-oxide microcrystals away from the 
quenched margins of the ash-flow sheets (Rosenbaum and Schlinger, 1987; 
Schlinger et al., 1988). In addition, there is a high degree of correlation 
between the location of depositional breaks within the thick cooling units 
(which may or may not correlate with changes in the degree of welding) and 
susceptibility minima (Rosenbaum and Spengler, 1986). Understanding the 
sources of variations in remanent magnetization and susceptibility will 
provide the basis for improved interpretation of borehole magnetic field and 
susceptibility logs, and thereby for mapping of tuff layers at Yucca 
Mountain. Knowledge of the lateral continuity of these layers is essential 
to determining the structural integrity and hydrologic character of the 
repository block.  

Magnetic property data are also useful for the interpretation of ground 
magnetic and aeromagnetic data (Hagstrum et al., 1980; Rosenbaum and Snyder, 
1985). Four areally extensive ash-flow sheets possess moderate to strong 
magnetizations throughout large stratigraphic thicknesses, and are thus 
considered likely sources of aeromagnetic anomalies. Remanent magnetization 
is more important than induced magnetization (Q>5); therefore, anomalies 
reflect magnetic polarity of the ash-flow sheets. The Tiva Canyon and Pah 
Canyon Members of the Paintbrush Tuff and the Tram Member of the Crater Flat 
Tuff are reversed, and the Topopah Spring Member of the Paintbrush Tuff and 
the Bullfrog Member of the Crater Flat Tuff are normal (Table 2.2-2) 
(Rosenbaum and Snyder, 1985).  

Paleomagnetic studies on surface outcrops of the young basaltic rocks of 
the Crater Flat area have also begun. These studies, combined with K-Ar and 
Ar40/Ar39 dating of basalts, are intended to evaluate the episodic nature of 
late Tertiary volcanic activity in the vicinity of Yucca Mountain.  
Paleomagnetic measurements and interpretation will improve the resolution of 
separate volcanic events in the geologic record.  

SUMMARY OF RESULTS 

One of the most important results is the discovery of a number of 
magnetic anomalies over alluvial areas in Crater Flat and the Amargosa Desert
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Table 2.2-2. Magnetic properties of volcanic stratigraphy at the sitea 

K-Ar Age Rock Magnetic JNRM Suscept. JTotai Thickness 
(Ma) Unit Polarity (Am-') (10- 3 SIU) Q (Am- 1 ) (i)

10.2 Basalt dikes 

Timber Mtn Tuff 
Rainier Mesa Mbr 
bedded tuff

0-46 
0-61

Paintbrush Tuff 
Tiva Canyon Mbr 
bedded tuff 
Yucca Mtn Mbr 
bedded tuff 
Pah Canyon Mbr 
bedded tuff 
Topopah Spring Mbr 
bedded tuff 

Tuffaceous beds of 
Calico Hills 

bedded tuff 

Crater Flat Tuff 
Prow Pass Mbr 
bedded tuff 
Bullfrog Mbr 
bedded tuff 
Tram Member 
bedded tuff 

Dacite lava and flow 
breccia 
bedded tuff 

Lithic Ridge Tuff 
bedded tuff

R 0.4-10 2-11 2-38 0.3-10 69-148 
1-15 

R 0.1-0.4 5-6 1-2 0.1-0.2 0-29 
0-47 

R 1.8-3.3 4-6 9-17 1.6-3.1 0-71 
0-9 

N 0.2-1.3 1-5 2-10 0.2-1.4 287-359 
1-17

0.1 1-2 2 0.1-0.2 27-289 
0-2'

N 0.1-0.5 1-3 2-20 0.1-0.6 80-193 
2-10 

N 0.1-2.8 1-8 5-16 0.2-5.5 68-187 
6-22 

R 0.1-2.2 1-5 3-13 0.1-2.0 190-369 
3-50

N 0.1-3.1 3-30 0.3-9 0.2-3.8

0.2-0.3 3-5

0-249 
0-14

1 0.1-0.3 185-304 
3-7

13.9 Older volcanic rocks - 0.1-1.3 1-43 1-27 0.1-3.0

aAge is in millions of years before present. Polarity symbols: N - normal, 
R - reversed, I - intermediate. JNRM is the range of intensity of natural 
magnetization, Suscept. is the range of SI susceptibility, Q is the range of 
the Koenigsberger ratio of JNRM to induced magnetization, JTotal is the range 
of intensity of total magnetization using the direction of remanent 
magnetization. Thickness is the range in meters of rock units from surface or 
drill core from the Yucca Mountain area. Mbr means Member. The table was 
compiled from Table 3 of USGS (1984b) and Tables 2, 5, 6, 8, 9, 11, 13, 15, 1 
18, and 20 of Rosenbaum and Snyder (1985).
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just west and south of Yucca Mountain. These magnetic anomalies are very 
similar to those associated with exposed Quaternary cinder cones and basalt 
flows. If this correlation is confirmed by planned drilling, the magnetic data 
could be used in combination with other methods and drilling to estimate the 
total volume of buried volcanic rocks that must be considered in evaluating the 
probability for future eruptions that could affect repository performance (Kane 
and Bracken, 1983; Crowe et al., 1986).  

Another significant finding is the presence of an east-west trending 
magnetic high over northern Yucca Mountain, extending eastward across Calico 
Hills (Boynton et al., 1963a). This magnetic high is associated with 
magnetite-bearing, thermally altered argillaceous basement rocks of the Eleana 
Formation (USGS, 1984b, Figure 23; Bath and Jahren, 1984). The Eleana Formation 
may be altered in this location because it is at the margin of the Timber 
Mountain caldera (Kane et al., 1981). The magnetic high is similar in areal 
size and direction to the anomaly known to be associated with Mesozoic intrusive 
rocks at the north edge of Yucca Valley (Bath et al., 1983). The possible 
relation of this feature to the large hydraulic gradient area is discussed in 
Section 3.1.2.  

Elongate magnetic highs and associated lows are associated with mapped 
faults in the site area, some of which are only partially exposed (Kane and 
Bracken, 1983). The extent and continuity of such faults with depth are 
important concerns for site characterization, and it appears that 
high-resolution magnetic surveys combined with other geophysical methods may 
provide useful resolution of these features.  

Analysis of the statistical properties of magnetic anomalies in the Yucca 
Mountain region has produced estimates of the depth within the earth's crust to 
the Curie-temperature isotherm - about 580 0 C depending chiefly on the amount of 
titanium present in magnetic minerals. Results from Curie isotherm analysis 
indicate that the isotherm depth in the vicinity of Yucca Mountain is about 15 
km, and that the depth increases northward to a value of about 30 km coinciding 
with an anomalously low heat flow near 38°N, 1160W east of Tonopah, Nevada 
(Blakely, 1988, Figure 10). This interpretation conflicts with the conclusion 
of Sass et al. (1971) that low heat flow in this area is caused by near-surface 
hydrologic phenomena.  

The southern tip of Yucca Mountain has undergone about 300 of clockwise 
vertical-axis rotation since emplacement of the Tiva Canyon Member of the 
Paintbrush Tuff. This conclusion is based on declinations of remanent 
magnetization from 32 sites in the reversely magnetized Tiva Canyon Member that 
display a systematic southward increase over the 25 km north-south extent of 
Yucca Mountain. The observed rotations could reflect either oroflexure above a 
deep-seated right-lateral shear zone or shear related to differential extension 
within hanging-wall rocks of a regional detachment system.  

Borehole magnetic field and magnetic susceptibility logs as well as 
laboratory magnetic property measurements demonstrate the existence of 
high-amplitude, systematic variations in both remanent magnetization and 
susceptibility through thick volcanic sections penetrated by boreholes at Yucca 
Mountain. The magnetic property variations are intimately related to the 
depositional and cooling histories of the various ash-flow sheets. These

27



results provide a basis for the future use of borehole magnetic logs to map 
volcanic strata throughout the repository area.  
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2.3 GEOELECTRIC SURVEYS

OBJECTIVES 

The objectives of geoelectric work are to support interpretations on the 
existence, location, and geometry of (1) faults and altered zones, (2) magma 
chambers and other thermally-related deep crustal rock units, (3) economic 
sulfide mineralization, (4) thickness of alluvium, and (5) aquitards.  
Electrical resistivity and electrical polarization data are acquired with 
ground-based surveys. Geological interpretations are derived from 
geoelectric models constrained by known petrophysical relationships and 
borehole logs.  

DATA COVERAGE AND QUALITY 

Rock resistivity is affected by fluid content and mineral composition.  
Minerals may be conductive (e.g., most economic minerals, but few common 
ones), or they may render pore fluids conductive by ionic exchange.  
Increased porosity, rock alteration, and elevated temperature are major 
factors associated with decreased resistivity. Fault zones and altered rocks 
are geoelectric targets because they provide increased porosity for 
conductive fluids, and mineralogy with high ionic-exchange capacity. Compact 
igneous intrusions hosted by fractured or altered rock, or by sedimentary 
rock, are geoelectric targets because they are more resistive than the 
surroundings. Structural or stratigraphic features that are enriched in 
clay-minerals are geoelectric targets, as are melted rocks, thermal anomalies 
in the crust, or zones of sulfide mineralization.  

One of the earlier geoelectric surveys of the Yucca Mountain area 
involved magnetotelluric (MT) soundings, some of which are near seismic 
monitoring stations of the Southern Great Basin Seismic Network (Furgerson, 
1982). MT soundings provide a means of detecting and delineating resistivity 
contrasts corresponding to major features such as the depth and fabric of the 
crystalline basement, or deep structural and lithologic contacts. Structural 
fabric and lithologic changes are inferred from MT resistivity structure, 
analogous to inferences from teleseismic velocity structure. MT data 
interpretation can thus reduce nonuniqueness of the resulting geophysical 
models of earth structure. The principal objective of crustal MT sounding 
and profiling is characterization of deep structure of the Yucca Mountain 
area, using the unique aspects of the method to test geologic structural 
models. For shallower exploration objectives, particularly where laterally 
heterogeneous resistivity structure is known to exist near the surface, 
audio-frequency MT and telluric profiling have been applied.  

Resistivity (and IP) surveys have been performed at the site area using 
the Schlumberger sounding method, the dipole-dipole section-profiling method, 
and various controlled-source electromagnetic methods. Principal objectives 
for these surveys were (2) fault detection and delineation such as investiga
tion of the inferred faults in Midway Valley and Drill Hole Wash, and 
(2) sounding the thickness of alluvium, the distribution of conductive
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lithologic units in the volcanic section, and the depth to the Paleozoic 
basement. Profiles were modeled and interpreted in two dimensions. 4 

The extent of geoelectric surveys in the vicinity of Yucca Mountain is 
indicated on Figure 2.3-1. Deep MT soundings are widely spaced and are shown 
pointwise. Geoelectrical methods with shallow depth of penetration were 
carried out at closer spacings within smaller areas; the general locations of 
these surveys are shown by rectangular patterned areas in Figure 2.3-1.  

Geoelectric surveys in areas A and B of Figure 2.3-1 were used to screen 
candidate repository sites prior to the selection of Yucca Mountain (Hoover 
et al., 1982a; Hoover et al., 1982bY. A variety of electrical surveys 
obtained in the immediate Project area (area C of Figure 2.3-1) are 
summarized on Figure 2.3-2 and explained and referenced in Table 2.3-1.  

Magnetotelluric and telluric surveys in area D (Figure 2.3-1) consist of 
six audio-frequency MT (4 to 10,000 Hz) soundings at 3-km spacings, eight 
telluric soundings (J-ratio analysis) at 5- to 10-km spacing, and a single 
telluric-ratio line. Data in area .E consists of 52 Schlumberger soundings, 
and data in area F consists of 136 Schlumberger soundings.  

The 1982 MT data (coverage shown in Figure 2.3-1) are of high quality.  
analysis of the 1985 MT data is incomplete; modern interpretive techniques 
(e.g., tensor impedance modeling) are being used to quantify data variability 
and applicability to site characterization. The 1966-1979 MT data exhibit 
substantial scatter. Most of the remaining geoelectric data appear to 
support reliable interpretation, being relatively smooth over the domain of 
measurement, and producing estimates of geoelectric structure tJhat are 
consistent with reasonable geologic models. These data can be further 
evaluated by cross-comparisons between different data, and by comparison with drillhole logs.  

SUMMARY OF RESULTS 

Deep MT data have identified a regional, crustal anisotropy aligned with 
the "Walker Lane," as well as a mid-crustal conductor at approximately 20 km 
depth or less. The anisotropy has been deduced from the azimuthal 
orientation of multicomponent, tensorial conductivity measurements using the 
MT method at distributed stations. Published interpretation (Furgerson, 
1982) and unpublished data (Klein, personal communication, 1989) indicate 
that the magnetotelluric strike is northwest, or west-northwest for most 
stations. The midcrustal low resistivity layer implies the effect of deep 
pore fluids and/or enhanced temperatures, and may indicate a transition to 
crustal ductility. A report that describes and interprets deep MT data 
acquired more recently from the Yucca Mountain region (from 1982 to 1985) is 
currently in preparation.  

MT data also indicate variations in the resistivity of the upper crust 
(2 to 5 km depth) that provide information on the distribution of sedimentary 
and volcanic rocks, with implications for the distribution of deep
penetrating, high-angle faults as well as low-angle faults. Indications on

34



k

--. 1 ', . 2 . ... , - . .  
: . 'F - - I '

' ""< • •II i ..,'l-' "-• ': UREA ';OF-. LA!D 'MANtAGEMIENT 
:x Z - .. 4' 1 , I-,.'1 ,,- - ..  ,'. ,I , " " *Q " •I ... " : ' 

S. NELIS-AIR FORCE RANGE -

iff - j-_ Sm, C., - ",0+ ,_ I 

* % 

SG O L D

WILDLIF RAN 

I. NELLIS AIR 

SFORCE, RANGE 

F L, 

~ 1 0 NATIONALONAL 

"% "' "" " "i-• :... " 'o -- IT A WILDLIFE RA"NGE 

/ow 

" .- " -- R.. . '" .- - - -

- - " I s ,E- - S A.R 

VA LE F, - : "''i .. / ." , 7•• q ,.... • .'oII N L I I OR CE RANGE".." - ;: 

SUSNA-.ALTIONAL 

WEAOONSMENTTA 

' ' ., "- " - iI. . ...  

,q~s 1[ IN4LS I 

Avan" . -1•,"" , 

U% 
.A.AL 

.-. NS 

-L"-.VEGAS 

/ . Co. BM--M 0 . i ;, 7 • ... , ... . .1 . ,•y -co-...., 

FORT IRWINRDINO 

I "'~ )AUTARY REERVATIO 

• • • _ ,- "----"---.. I ~ P \.. . ,"NS. • , :..: .t '. • H ?oY S -, •_ : - - -• " " ', I A .,,\:. - " • " • : \ ', • '• DA "I \vi-m
S', , • .• '--. ', .- •" • - --CE• ' / .i R. -"• 

- 7" • ':•-•-• • E • , "- FORT. IR I-%--. . :..'.. \•-.•.:7 f7 
•• , .:;C / ', ;, , -t + • . ... . , ,,,,,,,::. -: '•;N.Y*$ 

." LI L" ' "'i • 4 ....- • •', - :•

I Surveys in the Yucca Mountain 

Including the Nevada Test Site, 

W I L[ES
0~ U0

K 0 M a E 6EI 
KI LOUCTORS 

LEGEND 

MAGNETOTELLURIC SOUNDINGS 
DATE OF REPORT OR DATA ACQUIRED 

1966 

1977

Region, 

Soufhern Nevada.  

40

1979 

1982 

1985

SA,B,C 

D , D,E,F

'V 

,4.#

AREAS OF MULTIMETHOD 
GEOELECTRIC STUDIES 

SPECIAL PURPOSE GEOELECTRIC 
STUD I ES

HI GHWAY 

IMPROVED ROAD 

RAILROAD 

STATE BOUNDARY 

COUNTY BOUNDARY 

ADMINISTRATIVE BOUNDARY

SI 
APERT 

CAR 

Also Availa 
Aperture 

7

n 
<,:ýe~ifigY MP- 8 9-0 39 .

ýIe ( 
Cra

11800' 117'11' I 1600'

1 15 001

L

'6100,071 1% C) D- L V--O-Sý
"I'AIP' NO' NPI_ W W

YUCCA MOUNTAIN PROJECT 

FIGURE 2.3-1. Locafion of Geoelecfric

20 40 -i0

I

1818 00'I



3 6 5 4 '

52, 

50

4g,

I 155 20' 6' 24

YUCCA MOUNTAIN PROJEC-T 

FIGURE 2.3-2. Location of Geoelectric Traverses 
in the Yucca Mountain Site Area 

0 1 

MILES

K I LOMETERS SI 
APERTUM 

CARD

Also Available 
L EGEND Aperture Cal 

\ SCHLUMBERGER SOUNDINGS 

MAGNETOTELLURIC SOUNDINGS 

DRILL HOLES AT LEAST 
900 M DEEP 

A0 SCHLUMBERGER SOUNDING TRAVERSE 

IV DIPOLE-DIPOLE TRAVERSE 

,V TIME DOMAIN 
ELECTROMAGNETIC TRAVERSE 

AUDIOMAGNETOTELLURIC TRAVERSE 

I/ HIGHWAY 

/'/ IMPROVED ROAD 

',. TRAILS 

,/• RAILROAD 

7'. ADMINISTRATIVE BOUNDARY 

CONCEPTUAL PERIMETER DRIFT BOUNDARY 

9coo713 o06--
IL W NELLfS ITS

11

n 
04'ýEWZG YMP89044.?

(

On

l0 
K I L0 MET ER S

ý I

I151 '39 23,



Table 2.3-1. Geoelectric i1,..stigations on Yucca Mountain

A. Investigations with depth control provided by multi-frequency 
(The locations of lines EI-E13 are shown on Fig. 2.3-2.)

or variable-spacing source-receiver configurations.

METHOD

Schlumberger 
soundings 
(max. electrode 
separation 
1, 200 m) 

Dipole-dipole 
resistivity/IP 
(61-m dipoles) 

Dipole-dipole 
resistivity/IP 
(152-m dipoles) 

Dipole-dipole 
resistivity/IP 
(305-m ,dipoles) 

EM soundings 
(time-domain, 
central 
receiver)

APPROXIMATE 
DEPTH RANGE 

1 - 600 m 

60 - 180 m 

150 - 450 m 

300 - 930 m 

200 - 1,200 m

LOCATION

14 soundings variably spaced 
along Lines El, E2 of Figure 
2.3-2; 14 km of profile 

Lines E3, E4, E5 of Figure 
2.3-2; 4.4 km of profile 

Lines E6, E7, E8 of Figure 
2.3-2; 8.8 km of profile 

Lines E9, Ell, E12 of Figure 
2.3-2; 16.4 km of profile 

Lines El0, E13 of Figure 
2.3-2 (250-m spacings); 
3.9 km of profile

REMARKS

1-D modeling contoured to show 
resistivity contrasts related 
to faults and horizontal con
trasts indicating variation in 
pore-water lithology with depth 

2-D models incorporating 
topography show resistivity 
contrasts related to faults 
and lithologic variation 

2-D models as above 

2-D models as above except 
models for lines Ell and E12 
do not incorporate topography 

1-D modeling ccmposited to 
show fault-controlled lateral 
resistivity contrasts as well 
as lithology and pore-water 
controlled horizontal contrasts.

REFERENCE

Senterfit et al., 
1982 

Smith and Ross, 1982 

Smith and Ross, 1982 

Smith and Ross, 1982; 
Ross and Lunbeck, 
1978 

Frischknecht 
and Raab, 1984



Table 2.3-1. Geoelectric Investigations on Yucca Mountain (continued)

APPROXIMATE 
METHOD DEPTH RANGE LOCATION

Borehole-to
Surface DC 
resistivity 
1981 

Audiomagneto
telluric 
soundings 
(6-250 Hz) 

Magneto
telluric 
soundings 
(.001-10 Hz)

30 - 300 m 

200 2,000 m

2 - 20 km

an area of 300 m x 500 m just 
NW of drillhole UE25b-IH; 
sources in.drillholes UE25 
a#4, a#5, a#6; dipole 
receivers on 25 - 50 m grid 

4 soundings (#'s 100 - 400) 
along 1-km profile

soundings roughly along lines 
El and E2 of Figure 2.3-2

apparent resistivity 
contoured; 3-D ellipsoidal 
body modeled 

1-D and 2-D modeling shows 
general consistency with 
time-domain interpretation 
above 

I-D modeling shows variations 
in conductance of upper crust 
related to variations in 
thickness and lithology of 
volcanic and sedimentary rocks; 
also a mid-crustal low 
resistivity layer, apparently 
related to crustal fluids and 
enhanced temperature.

Daniels and Scott, 
1981 

Unpublished data, 
USGS, 1981

Furgerson, 1982, 
and unpublished 
contract report, 
USGS, 1979

REM4ARKS REFERENCE
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Table 2.3-1. Geoelectric Investigations on Yucca Mountain (continued)

B. Profile/mapping investigations with equivocal depth control.

APPROXIMATE 
DEPTH RANGE

"Slingram" 
(dual-loop EM 
profiling; 222
3555 Hz, fixed 
separation) 

VLF (magnetic 
variation of 
fields related 
to 18.6 kHz 
navigation 
beacon) 

TURAM 
(magnetic 
variation of 
fields from 
EM line-source; 
900 m source) 

MAGNETCLMETRIC 
(magnetic 
variation of 
field from 1 Hz 

line-source) 

Telluric-ratio 
(.025-.05 Hz, 
500-m dipoles)

8-150 m 

10-60 m 

20-200 m

200-2,000 m

1 to 10 km

LOCATION

16.6 km of profile 

4 km profile, parallel to 
Slingram profile (see above) 
over alluvium 

1.1 km of profile; over 
alluvium-covered fault 
detected by Slingram profile

2 lines; 4.2 km of profile 
over alluvium-covered fault

2 lines; 30 km of profile 
across northern part of 
Fortymile Wash

(Lines are not shown on Fig. 2.3-2.) 

REMARKS 

lateral apparent resistivity 
contrasts indicate variations 
in alluvial thickness and 
bedrock faults 

results ambiguous due to 
insufficient penetration in 
conductive overburden 

results were ambiguous due 
to insufficient penetration or 
signal resolution

identified apparent resistivity 
contrast of fault

detected apparent resistivity 
variations related to 
bedrock faults

REFERENCE

Flanigan, 1981 

Flanigan, 1981 

Flanigan, 1981

Fitterman, 1982

Hoover et al., 
1982c

METHOD
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how such structural features can be detected are provided by Hoover et al.  
(1982a,b).  

Shallower penetrating geoelectric methods applied at various locations 
throughout the Yucca Mountain region have indicated faults, intrusive rocks, 
zones of altered rocks, and the thickness of alluvial cover. The reports of 
Hoover at al. (1982a,b), although pertaining to Syncline Ridge and the 
Wahmonie/Calico Hills areas and not Yucca Mountain, indicate that shallower 
penetrating methods have appropriate uses in site characterization. The 136 
Schlumberger resistivity soundings acquired at distributed locations 
throughout the Amargosa Desert, as indicated in Figure 2.3-3 (Greenhaus and 
Zablocki, 1982), have been used for mapping the depth to the Paleozoic 
basement (Czarnecki and Oatfield, 1987). Aeromagnetic data were used in 
conjunction with the Schlumberger data to establish the extent of Tertiary 
volcanics intervening between alluvium and the Paleozoic section. Apparent 
depths to the Paleozoic contact vary from about 200 m to as much as 1,500 m; 
deeper values are aligned in apparent fault-controlled basin structures in 
the northern part of the Amargosa Desert. In addition to depth-to-basement 
interpretation, inferred differences in resistivity of the upper 75 m of 
alluvium were used in conjunction with driller's logs to identify areas with 
coarser and probably more transmissive sediments.  

The numerous survey lines on the northeast flank of Yucca Mountain were 
situated mostly on alluvial surface cover of variable thickness. Some lines 
extended on to tuff units, mostly of the Paintbrush Tuff (Lines El and E13 in 
Figure 2.3-2). Most of these data were in the vicinity of Drill Hole Wash 
northeast of the repository site. The results were interpreted to indicate 
various mapped and unmapped faults as lateral contrasts associated with zones 
of low resistivity. Most of the data sets (Figure 2.3-2) were interpreted 
independently from one another for purposes of fault detection. Interpreta
tions were typically based on characteristic responses to conductive zones, 
or on models derived from one-dimensional (layered earth) algorithms, the 
composited results of which provided quasi-2-D sections. A notable exception 
is the dipole-dipole data set, a portion of which was modeled with a 2-D 
algorithm that incorporated topography as well as subsurface bodies.  

In overview (Klein, personal communication, July 1989), the available 
geoelectric data suggest structural complexity in the vicinity of Drill Hole 
Wash, but uniformly high resistivity in the repository block. However, the 
data sets have not been incorporated into a consistent interpretive synthesis 
using the best available geologic control, as was done for the area of 
Syncline Ridge and the Wahmonie/Calico Hills areas (Hoover et al., 1982a,b).  
This task is highly desirable for four reasons: (1) incorporation of the 
current geologic control, (2) delineation of structures and lithological 
units that are reliably defined among the various data sets, (3) elimination 
of the inconsistencies among the various topical interpretations, and 
(4) evaluation of the merits of the various geoelectrical approaches.  

The 2-D models of the dipole-dipole profiles (Smith and Ross, 1982) show 
an unrealistic complexity that impedes a geologic interpretation. Studies 
into part of these data near Coyote Wash (D. Klein, USGS, and E. Hardin, 
SAIC/Las Vegas, unpublished work, July 1989) indicate that the lack of 
incorporating geologic control and the lack of accounting for the effects of 
alluvial contacts may have contributed to the complexity of the models.
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However, major features of the models appear to approximate the geologic 
situation known from drillhole control not available to Smith and Ross 
(1982). Such features include a modeled low resistivity unit corresponding 
to a zone of nonwelded tuff that separates the Tiva Canyon and Topopah Spring 
Members of the Paintbrush Tuff, and a modeled high resistivity unit 
corresponding to a major portion of the Topopah Spring Member. Further 
interpretative work is called for to identify and separate the signatures of 
lateral lithologic variations from the signatures of faults.  
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2.4 SEISMIC REFRACTION SURVEYS

OBJECTIVES 

Seismic refraction surveys have been used in the Yucca Mountain region 
for investigations that range from measurements of crustal thickness 
(regional refraction profiles; e.g., Hoffman and Mooney, 1983) to the 
thickness of surficial alluvial and volcanic deposits (shallow refraction 
profiles, or engineering refraction profiles; e.g., Pankratz, 1982). The 
objectives for the work discussed below thus include (1) mapping shallow 
velocity structure at the proposed site of the repository surface facilities; 
(2) obtaining velocity information for input to processing of seismic 
reflection sections; (3) investigating upper-crustal structure in the site 
area and its relation to the structure of the surrounding region; and 
(4) investigating the structure of the middle and lower crust, and the 
refraction Moho.  

High-resolution upper-crustal refraction methods and results are 
particularly relevant and are summarized here in more detail. Such profiles 
are intermediate in scale and provide the link between shallow and regional 
studies. High-resolution upper-crustal refraction profiles can be tied to 
the deepest drillholes in the vicinity of Yucca Mountain, and can be jointly 
interpreted with gravity, aeromagnetic, and geoelectric data. In terms of 
depth of penetration (0-5 km) and regional extent (40-60 km long lines), 
upper-crustal refraction profiles and seismic reflection profiles provide 
information on geologic structure and tectonic processes affecting 
performance of the Yucca Mountain site.  

DATA COVERAGE AND QUALITY 

The following discussion covers all refraction studies conducted by the 
Yucca Mountain Project, in the site area and regionally. The discussion is 
organized as follows: (1) shallow profiles in the vicinity of Yucca Mountain 
are discussed first (Pankratz, 1982), followed by (2) additional low-energy 
surveys to measure near-surface velocities (Rodriguez and Yount, in USGS, 
1988), (3) an early study involving high-explosive (HE) and underground 
nuclear explosion (UNE) sources (Hoffman and Mooney, 1983), and 
(4) high-resolution upper-crustal profiles in the Yucca Mountain region 
(Mooney and Schapper, written communication; Ackermann et al., in USGS, 
1988).  

Three shallow, HE-source, reversed refraction profiles were run in 1982 
in the vicinity of Yucca Mountain (Pankratz, 1982). One of the profiles tied 
to borehole UE25 a#1 in Drill Hole Wash, and extended partway across Midway 
Valley (Figure 2.4-1). An east-west line crossed Midway Valley and the 
southern part of Exile Hill, and a third line transected Midway Valley in a 
northwest orientation slightly north of Exile Hill. Each 2.7-km spread was 
acquired using 24 single geophones spaced 120 m apart, and HE shothole 
charges varying in size from 4 kg to 180 kg. A significant increase in the 
size of explosive charge was required for the Yucca Mountain lines compared 
to similar lines run in the Calico Hills and Wahmonie areas (Pankratz, 1982).
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Data were analyzed using an interactive ray-tracing program (Pankratz, 
1982; Ackermann, 1979) to associate critically refracted rays with first 
arrivals. Of the three profiles, two yielded arrival data that were 
interpretable by this method. Interpretation of the velocity section for the 
profile that was tied to borehole UE25 a#1 deviates significantly from the 
stratigraphic section and the downhole velocity survey from this borehole.  
The author attributes this discrepancy to various causes, including poor 
picks of first arrivals, low-velocity layers, and the possible existence of a 
major off-axis vertical velocity discontinuity. The line crossing the 
Paintbrush Canyon fault on the eastern margin of Midway Valley indicates a 
significant offset east of the surface scarp, suggesting the existence of 
another fault within the Fran Ridge/Alice Hill horst block. Additional 
drilling has been conducted in Midway Valley since the Pankratz (1982) 
surveys were run, which could potentially provide additional constraints for 
interpretation of these lines.  

The velocities determined from the seismic data indicate that the in 
situ compressional velocity is on the order of 1.0 km/sec for the surface 
alluvium, and only 1.7 to 2.6 km/sec for the Tiva Canyon and part of the 
upper part of the Topopah Spring Members. Note that the intact-rock 
velocities reported for the large volume core samples by Anderson (1984) for 
these units are about 4.5 km/sec for the Tiva Canyon Member, and 3.0 to 4.5 
km/sec for the upper part of the Topopah Spring.  

A survey of compressional refraction velocities, for alluvial units at 
five locations distributed across the Yucca Mountain region, was reported by 
Rodriguez and Yount (in USGS, 1988). The study compared the velocities of 
alluvial layers of various age at survey areas in Rock Valley, Crater Flat, 
Beatty area, Fortymile Wash area, and Frenchman Flat. Using a sledgehammer 
source and closely-spaced geophones, a number of short profiles were acquired 
in areas where the alluvial deposits were exposed in mapped trenches that 
were excavated for tectonics and other studies. A strong correlation was 
observed between compressional velocity and age (particularly Holocene vs.  
Quaternary). Some older alluvial units showed development of caliche-rich 
cemented horizons at the upper boundary; these features evidently gave rise 
to higher velocity, leading to speculation about the characteristics of an 
older unit from which the upper carbonate-cemented horizon had been eroded 
away, but which was otherwise present. This question was not resolved by the 
study. The alluvium velocities reported are low, in the range of 0.3 to 0.5 
km/sec for the youngest (QI series) Quaternary materials, 0.7 to 1.1 km/sec 
for older (Q2 series) Quaternary materials, and 1.2 to 1.8 km/sec for 
pre-Quaternary alluvial materials.  

Refraction studies using UNE and HE sources to penetrate the crust and 
upper crust were conducted by the USGS in 1980 and 1981 (Hoffman and Mooney, 
1983). Up to 100 portable seismographs were arrayed along lines across Yucca 
Mountain and Jackass Flats, northward from the Amargosa Desert through Crater 
Flat, and from Yucca Mountain south to southern Death Valley. The lines were 
set up to coincide with three UNE shots on the NTS, and one HE shot detonated 
near Beatty, Nevada. The information provided from the HE profile pertained 
mostly to the upper crust, and the first arrivals from the UNE shots 
travelled along the seismic basement, i.e., a crustal layer with a seismic 
velocity of about 6 km/sec.
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Travel times (reduced to 6 km/sec) for the UNE events revealed delays 
(proportional to greater basement depth) of 1.2 to 1.4 sec for Crater Flat 
and Yucca Mountain, 0.8 to 1.2 sec for Jackass Flats, and 0.4 to 0.8 sec for 
Bare Mountain and Skull Mountain. The P-wave delays were interpreted by 
adapting the density-depth model of Snyder and Carr (1982) to velocity, 
producing a model of monotonically increasing velocity with depth. The 
results of multiple profiles, and the velocities reported by Pankratz (1982), 
were used to constrain the velocity model. On this basis, the depth to the 
Paleozoic basement was estimated to be 3.2 km beneath Crater Flat, and 1.1 km 
beneath Jackass Flats. The largest P-wave delays were observed in Crater 
Flat and northern Yucca Mountain, where the tuff section may be thickest.  
The UNE work also revealed a strong midcrustal reflector at about 15 km 
depth, from rays bottoming beneath Yucca Mountain and eastern Crater Flat.  
Deeper crustal reflectors were observed at 24 and 30 km, and total crustal 
thickness was estimated to be 35 km.  

Travel times for the upper-crustal HE profile were modeled to within 
about 50 msec of observed values using a ray-tracing method. Unlike the 
gravity model of Crater Flat, the HE-source refraction profile shows evidence 
for a buried bench-like structure between the Bare Mountain range front and 
Crater Flat. (This part of the profile also corresponds to certain 
irregularities in the survey geometry.) 

The present coverage of high-resolution upper-crustal seismic refraction 
profiles is indicated on Figure 2.4-2. Initial field tests, including the 
evaluation of shot sizes, noise levels, and seismic energy propagation 
characteristic were started in 1980 (Hoffman and Mooney, 1983). Two detailed 
profiles were collected in 1983: one in a north-south direction in Crater 

S'Flat (Crater Flat profile) and a second in an east-west direction from 
northern Crater Flat, south of Beatty, Nevada, to the Grapevine Mountains 
(Beatty profile). Interpretation of these profiles is presented by Ackermann 
et al. (in USGS, 1988). Three additional profiles were acquired in 1985 
(Figure 2.4-2): (1) an east-west profile across Yucca Mountain from the 
northern Amargosa Valley to Jackass Flats (Yucca Mountain profile); (2) a 
north-south profile along Fortymile Wash, east of Yucca Mountain (Fortymile 
Wash profile; and (3) an east-west profile within the Amargosa Valley south 
of Yucca Mountain (Amargosa profile). Interpretation of these profiles is 
presented by Mooney and Schapper (written communication).  

The data were collected by a seismic crew from the USGS, Menlo Park, 
California. Surveying was accomplished with topographic maps and a laser 
electronic-distance-measuring instrument. Energy sources consisted of 
high-yield chemical charges of up to 1,800 kg, in 50 m drillholes. Shot 
holes were spaced at approximately 8 to 15 km intervals along the profiles.  
Data were recorded at an effective sampling rate of 200 Hz, using 120 
portable event recorders, each equipped with a 2 Hz vertical-component 
seismometer. Data quality on all profiles is very good to excellent.  
Recordings were made at night when wind and cultural noise were minimal, and 
large shot sizes were used. Specifics about these surveys, such as shot 
point and recorder locations and plots of ground motion data, are presented 
by Sutton (1984, 1985).  

In order to avoid uncertainties inherent in trial-and-error modeling, 
• these refraction profiles were recorded with field parameters satisfying the
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requirements of a method for direct inversion of the data (Ackermann et al., 
1982). The primary requirements for the data inversion method are close 
spatial sampling, and frequency of shot points along the profile. The 
attributes of these high-resolution upper-crustal profiles easily exceed the 
minimum requirements. As a result, the derived crustal models are considered 
to be reliable: seismic velocities and layer depths are estimated to be 
accurate to about 5 to 10% based on comparison with drillhole stratigraphic 
control and the mis-tie of crossing profiles. However, there are limitations 
to the survey methods and interpretation as listed below: 

1. Since shot hole sources were used, it is not always possible to 
space the shots uniformly along the profiles because of limited 
access. (Seismographs are self-contained and portable, and can be 
transported by helicopter to any location.) A missed or displaced 
shot point can introduce interpretive uncertainty in the vicinity.  
For the profiles described, it was not possible to place shots on 
top of either Bare Mountain or Yucca Mountain, leading to some 
ambiguity regarding steep interfaces: (a) on the east flank of Bare 
Mountain, and (b) on the west flank of Yucca Mountain. Closely 
spaced gravity data (e.g., Snyder and Carr, 1984) have been used to 
reduce these ambiguities.  

2. Because of the scattering of seismic energy within the thick 
volcanic sequence, it is often difficult to identify secondary 
reflected arrivals in the seismic data. Although the arrivals of 
secondary phases cannot be determined as accurately as first 
arrivals, secondary arrivals can often confirm layer depths 
determined from-first arrival analysis. For the profiles described 
above, the lack of clear secondary arrivals has been compensated for 
by tying the five profiles at cross-points (Figure 2.4-2), and by 
locating the profiles as close as possible to deep drillholes (e.g., 
Scott and Castellanos, 1984) for better stratigraphic and velocity 
control.  

3. There is no unique relationship between seismic velocities 
determined from the seismic refraction profiles and composition 
(i.e., geologic interpretation) or density (i.e., as needed for 
gravity modeling). This means there are ambiguities in the 
structural and geologic interpretations of seismic velocity models.  
For the profiles described above, these ambiguities have been 
minimized by using stratigraphic control and density logs obtained 
from deep drillholes coincident with or adjacent to the seismic 
refraction profiles.  

SUMMARY OF RESULTS 

The shallow refraction study reported by Pankratz (1982) suggests that 
the method is potentially effective at Yucca Mountain, and produced profiles 
across Midway Valley that represent the type of structural information needed 
elsewhere in the site area. As pointed out early in the report, the 
usefulness of the method depends on resolution of the discrepancy between the 
velocity model developed, and downhole velocity surveys at nearby boreholes.
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Also, the method used to invert the travel time data has not been analyzed 
with respect to sensitivity of the results to travel time error, or other 
sources of interference and noise that may be present at the site area.  

High-resolution, upper-crustal seismic refraction profiles (and deep 
seismic reflection profiles) provide the most useful information regarding 
geologic structure of the Yucca Mountain site, relative to other types of 
refraction studies, in terms of resolution, depth of penetration (0-5 km), 
and regional extent (40-60 km lines). These profiles can potentially be tied 
to control from the deepest exploratory drillholes, and can be reliably 
interpreted in conjunction with other geophysical data (i.e., gravity, 
aeromagnetic, and geoelectric surveys).  

High-resolution seismic refraction profiles recorded across and around 
Yucca Mountain have provided reconnaissance of the general upper-crustal 
(0-5 km) structure near the Yucca Mountain site. Interpretation suggests 
seven distinct upper-crustal refracting layers, corresponding to successive 
alluvial, volcanic, and pre-volcanic (Paleozoic) units. This result is in 
agreement with velocity data from other surveys at the site area, and with 
borehole control.  

Interpretation of the five available refraction profiles defines the 
proposed repository site as overlying complex extensional features manifested 
in the pre-Tertiary strata. The velocity contrast between the Tertiary 
(mainly volcanic) and pre-Tertiary sections is large enough that, when 
interpreted together with the borehole and gravity data, a more reliable 
representation of the pre-Tertiary surface is produced. A large structural 
depression is apparent beneath Crater Flat; it is an asymmetrical, 
westward-deepening structure that extends from the Bare Mountain front to the 
eastern flank of Yucca Mountain.  
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2.5 SEISMIC REFLECTION SURVEYS

Seismic reflection surveys relevant to site characterization may be 
broadly categorized as shallow, intermediate-depth, or deep methods: 

1. Shallow penetrating (up to about 1 sec), high-resolution profiling 
performed in the Yucca Mountain site area using vibrator, explosive, 
or weight-drop energy sources; and reflection profiling performed at 
locations distributed across the Yucca Mountain region using the 
Mini-Sosie method.  

2. Intermediate-depth profiles (up to several seconds) from areas of 
the NTS explored as prospective areas for underground nuclear 
testing, and from resource-related speculative lines in the Yucca 
Mountain region.  

3. Deep seismic reflection (up to about 15 sec) such as the test line 
acquired recently in Amargosa Valley, and other regional profiles 
run in Death Valley and in various parts of the Basin and Range 
Province.  

This section will summarize the objectives, data quality and coverage, and 
results from past work, organized according to these categories. All of the 
existing seismic reflection data or past reflection surveys of any type, 
known to be relevant to site characterization, are listed in Table 2.5-1.  

2.5.1 SHALLOW, HIGH-RESOLUTION REFLECTION PROFILING 

OBJECTIVES 

The following discussion summarizes past uses for shallow, 
high-resolution profiling methods, thereby describing applicability to future 
studies as well. Seismic reflection methods are planned for use in 
establishing the continuity and regularity of important stratigraphic 
contacts, such as the upper and lower surfaces of the Calico Hills unit.  
Although reflections were expected from such contacts in past studies, no 
coherent reflections have been observed (see discussion of data quality 
below). Volcanic ash flows and ash fall deposits can exhibit lateral 
discontinuity depending on the conditions of deposition, such as pre-eruptive 
topography and the timing of eruption. Similarly, reflection methods may 
also be used for detection and delineation of buried volcanic deposits such 
as basaltic dikes or sills, which are sampled and studied as components of 
the geologic history of the site.  

Seismic reflection methods have found important application to detection 
of buried faults, mapping the extent of fault zones, and investigating the 
subsurface geometry of fault zones. Fault detection problems may be 
approached using photogeology or other remote sensing techniques, but 
subsurface characterization may be required to determine whether a surface 
feature is caused by a fault (e.g., see USGS, 1988). Faults may be detected 
from discontinuity of reflections, or from offsets. Estimates for total 
fault offset can be produced for certain types of faults by seismic
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Table 2.5-1. Existing Seismic Reflection Data and Past Surveys 

Shallow Crustal (0-2 sec) Profiles 

1. Crater Flat/Amargosa Desert - high-resolution Mini-Sosie reflection 
profiles acquired and processed by the USGS (USGS, 1988) 

Quality - fair to good 
Objectives - image faults/fault offsets in Quaternary alluvium 
Results - partly to fully successful imaging of fault offsets 

2. Death Valley - high-resolution Mini-Sosie reflection line (L. Serpa, 
University of New Orleans, personal communication, 1988) 

3. Yucca Mountain - various high-resolution profiles commissioned by the 
USGS discussed by McGovern et al. (1983) 

Intermediate Crustal (0-5 sec) Profiles 

4. Mid Valley/Nevada Test Site - land air-gun profiling of the upper 3-5 sec 
of the crust (McArthur and Burkhard, 1986) 

Quality - good to excellent 
Objectives - map depth to Paleozoic basement in Tertiary basins 
Results - successful imaging of basin fill and subhorizontal 

detachment faults 

5. Yucca Flat/Nevada Test Site - land air-gun profiling of the upper 3-5 sec 
of the crust (N. Burkhard, personal communication, 1988) 

Quality - good to excellent 
Objectives - map depth to Paleozoic basement in Tertiary basins 
Results - successful imaging of basin fill and subhorizontal 

detachment faults 

6. Frenchman Flat/Nevada Test Site - land air-gun profiling of the upper 
3-5 sec of the crust (N. Burkhard, personal communication, 1988) 

Quality - good to excellent 
Objectives - map depth to Paleozoic basement in Tertiary basins 
Results - successful imaging of basin fill and subhorizontal 

detachment faults 

7. Seisdata speculative lines - obtained with vibroseis and explosive 
sources 

a. Las Vegas shear zone (Lines 8 and 8a of Wasatch Cordilleran hingeline 
reconnaissance survey) 

Quality - poor to fair 
Objectives - map Tertiary basins for hydrocarbon exploration 
Results - successfully obtained reflections from only the upper 1 sec
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Table 2.5-1. Existing Seismic Reflection Data and Past Surveys (continued)

7. Seisdata speculative lines - obtained with vibroseis and explosive 
sources (continued) 

b. Pahrump Valley (Lines 12 and 17 of Sandy speculative survey) 

8. Geophysical Service Inc. speculative lines - obtained with vibroseis and 
explosive sources 

a. Big Smokey Valley, Nevada 
b. Monitor Valley, Nevada 
c. Railroad Valley, Nevada 
d. Tikaboo Valley, Nevada 

for a-d: 

Quality - poor to excellent 
Objectives - image Tertiary basins for hydrocarbon exploration 
Results - variable success in imaging sedimentary fill of Tertiary 

basins 

9. Other speculative data - unknown source types 

a. White River Valley, Nevada 
b. Garden Valley, Nevada 

Quality - unknown 
Objectives - image Tertiary basins for hydrocarbon exploration 
Results - unknown 

Deep Crustal (0-15 sec) Profiles 

10. Amargosa Desert near Beatty and Lathrop Wells - deep crustal Vibroseis 
and explosive feasibility study (Brocher et al., 1989) 

Quality - good to excellent 
Objectives - image entire crust down to the Moho 
Results - successful imaging of all portions of the crust 

ii. Death Valley/SW Amargosa Desert/S. Pahrump Valley - deep crustal 
Vibroseis survey by COCORP (Serpa et al., 1988) 

Quality - poor to fair 
Objectives - image entire crust down to the Moho 
Results - partly successful in mapping mid- to lower crustal structure
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reflection methods. High-resolution is needed because the targets are 
shallow, and offset distances or fault zone dimensions are typically a 
fraction of a wavelength. A principal objective for site characterization is 
the geometry of N-S striking faults with depth, particularly in the immediate 
vicinity of the site. The most significant information needed from seismic 
surveys is the attitude of the subsurface extensions of faults proximal to 
Yucca Mountain, i.e., whether they are coplanar with surface indications, or 
listric, at depths on the order of 1 to 3 km. A related objective is to 
characterize the nature of tilting and warping associated with faulting.  
(Results obtained so far from Yucca Mountain have not been of appropriate 
quality for interpreting subsurface fault geometry and related kinematics.) 

DATA COVERAGE AND QUALITY (Shallow, High-Resolution Reflection Profiling) 

Several field surveys have been conducted in association with the Yucca 
Mountain Project, using shallow reflection methods with portable equipment 
and limited geophone deployment. Much of the work has been performed using 
the Mini-Sosie method (Barbier, 1983). The salient aspects of this method 
are that it uses one or more portable, soil compaction vibrators as the 
source, and a closely spaced array of single geophones. Data quality is 
achieved by stacking a large number of traces, each triggered from a single 
vibrator cycle. Randomization of the vibrator repeat period suppresses 
contributions from extraneous vibrator cycles. The processing steps used in 
the work described here typically included common-depth-point (CDP) sorting, 
constant velocity analysis, normal movement correction, spectral whitening, 
deconvolution, bandpass filtering, datum and residual statics, and final CDP 
stack migration (Barbier, 1983; USGS, 1988). The method can produce useful 
reflections at depths corresponding to two-way travel times of about 0.3 to 1 
sec, depending on site conditions. Note that the uppermost 50 to 150 m 
(depending on velocity) cannot be imaged by this method.  

The following items summarize the shallow, Mini-Sosie reflection studies 
performed to date in association with the Yucca Mountain Project: 

1. A profile was acquired over the Carpetbag fault and the Yucca fault, 
using the Mini-Sosie method. The portion of the line across the 
Carpetbag fault produced good results, interpreted as the Rainier 
Mesa tuff dipping steeply into the Yucca Flat basin, with no 
indication of fault offset. This leads to speculation that at least 
at the profile location, the post-event faulting observed in 
association with UNEs was caused by compaction of alluvium, and slip 
on the steeply dipping Rainier Mesa Member of the Timber Mountain 
Tuff. The portion of the line crossing the Yucca fault yielded no 
useful information, probably because the Rainier Mesa Member is 
below the 1 sec two-way travel time, and there are no interpretable 
reflecting horizons in the overlying alluvium.  

2. An east-west line approximately 1.1 km in length was run across the 
Beatty scarp, about 4 km south of Beatty, Nevada (USGS, 1988). The 
profile shows two bands of reflections, which are coherent beneath 
the Beatty scarp. The relative incoherency of the section was 
attributed to low contrasts between geologic layers, residual
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statics problems, and scattering by boulders near the surface (USGS, 
1988). Extension of a fault from the surface scarp to a portion of 
the section that suggests offset would require reverse motion on a 
fault plane dipping 30 degrees to the west. This is inconsistent 
with the regional predominance of normal slip on north trending 
faults, therefore the investigator opines that the Beatty scarp is 
not fault related.  

3. An east-west line was run across a fault scarp (Windy Wash fault) in 
Crater Flat that had been investigated by means of several nearby 
trenches (USGS, 1988; Swadley and Hoover, 1983). The near-surface 
velocity structure was found to be complex. A CDP sorting and 
constant velocity analysis was used to determine residual statics, 
which were correlated somewhat with the surface distribution of 
Quaternary alluvial materials and extrusive Tertiary volcanics. A 
single reflecting horizon was traced across the section, and 
exhibited dipping portions and fault offset. Subsurface faulting 
indications were related to, but different from, those observed in 
nearby surface trenches. The results were interpreted not to 
support normal faulting mechanisms, and to be consistent with 
strike-slip faulting.  

4. An east-west line was run from the east slope of Bare Mountain, 
between the two volcanic cones in central Crater Flat, then further 
into the basin toward Yucca Mountain. Some reflected energy was 
observed; however, the data were of insufficient quality to 
substantially support or challenge the published structural model by 
W. Carr (USGS, 1988).  

5. An east-west line was run from about 1 km up Tarantula Canyon in the 
Bare Mountain block, down into the valley toward Crater Flat. This 
line was run to see if the range front fault could be imaged, and 
detected at the mouth of Tarantula Canyon. However, no coherent 
reflections were observed at this portion of the line. Another 
portion does indicate a near-surface anticlinal feature oriented 
on-strike with a zone of faults mapped by M. Reheis (see Figure 8.1 
of USGS, 1988).  

6. A line was run along the old railroad bed east of Lathrop Wells, 
Nevada. These data are perhaps least informative of any yet 
acquired, in that the only feature to the section is a general 
change in character from east to west.  

In addition to the Mini-Sosie work, several reflection studies of a more 
conventional type were performed in the Yucca Mountain site area during the 
1980-82 time period. These are described in a summary report (McGovern, 
1983) as three distinct surveys undertaken by different organizations: 
Colorado School of Mines (1980), Birdwell (1981), and Seisdata (1982). The 
recording windows for these surveys generally extended beyond 1 sec, but they 
are discussed here because (1) high frequency sources were used (small 
explosive charges; vibrator sweeps to >100 Hz), (2) the receiver arrays were 
small, and (3) the lines were located in the immediate site area. These 
surveys were thus designed to investigate shallow reflectors, of which there 
may be several in the first 1 sec. The summary report presents negative
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results from these surveys, and states that useful seismic reflection data 
cannot be acquired from the site area. The following is a brief description 
of each of these studies: 

1. The Colorado School of Mines (CSM) ran two lines on the eastern 
flank of Yucca Mountain in 1980, as shown in Figure 2.5-1. One of 
the lines crossed Midway Valley (perpendicular to strike) and the 
other extended part of the way up Drill Hole Wash (along strike) 
terminating in a side canyon. These were in-line type surveys with 
a single (8 to 120 Hz) vibrator source on 55 ft intervals (55 to 
1,320 ft offsets), and single geophones placed at the same interval.  
No interpretable data were acquired from these lines (see also 
Barry, 1980).  

2. A single reflection line was conducted by Birdwell, Inc., during 
1981, in Drill Hole Wash (along strike) in the vicinity of 
drillholes USW G-1 and H-I. Based on several noise tests, a group 
array of 120 geophones was used in a 100 by 200 ft pattern. Three 
in-line vibrators (48 to 6 Hz) were deployed on 50 ft stations (500 
to 2,850 ft offsets). No reflections were observed on the raw 
reflection records, and improvement was not achieved from 
processing. Coherent noise was evident throughout the acquisition 
window, and when removed by velocity filtering, produced a record 
with no coherence basis for residual statics analysis (McGovern, 
1983).  

3. The Seisdata (1982) survey consisted of a series of noise studies, 
and four swath-type profiles. Ground roll and direct noise were 
observed in the noise studies, and the combined receiver and 
vibrator source arrays, group patterns, and source-receiver offsets 
were designed using the noise characteristics according to standard 
industry practice developed for sedimentary terrane. Surface 
Primacord explosive sources were tested in addition to vibrator 
sources, and found to produce significantly more noise than 
vibrators (but were used predominantly in the surveys because of 
vibrator mechanical failures). The survey also included an array of 
10-25 lb. exposure shots at 200 ft depths. The swath profiles were 
variously configured up to 8 stations wide and 24 stations long, 
with a maximum CDP fold of 384. As indicated in Figure 2.5-1, two 
of the lines were situated in canyons on the eastern flank of Yucca 
Mountain (roughly perpendicular to strike), one parallel to Exile 
Hill (along strike of the Bow Ridge fault), and one along the crest 
of a northwest trending ridge north of the site area. The processed 
sections presented in the summary report are the result of constant 
velocity moveout analysis, and sorting to maximize CDP fold. No 
other sorting strategy for the swath data was effective for 
improving coherency. Automatic residual statics were not relied 
upon, so as to avoid artificial lineups. One of the lines was 
processed by two separate contract service companies, proving 
uninterpretable in both cases.  

Further information on the array designs, acquisition, and processing for 
these three studies, as well as presentation of the final processed sections, L 
may be found in the summary report (McGovern, 1983):
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In addition to the surveys described above, several tests of other 
shallow reflection methods have been performed in association with the Yucca 
Mountain Project. Two reflection lines were run in the tunnels of Rainier 
Mesa with blasting caps as sources. While reflected energy was observed, its 
origin was unknown (reflection from below or above the tunnel, or both). The 
data are therefore virtually uninterpretable, and are unpublished.  

Two shear wave tests have been conducted, using a sledgehammer shear 
wave source and closely spaced, three-component geophone arrays. One line 
was run at the mouth of Drill Hole Wash, in a setting where high-resolution 
work using P-wave sources yielded no interpretable records (McGovern, 1983; 
discussed below). The source consisted of a sledgehammer impinging on a 
fixture anchored into the ground surface. The distance between geophones was 
1 m. This test confirmed the absence of interference from generated Love 
waves, and produced a coherent set of arrivals that were apparently reflected 
from depths ranging to about 200 m (Hasbrouck, 1987).  

The same shear wave method was tested in an east-west profile on the 
flank of Fran Ridge, near Yucca Mountain. The method demonstrated some 
facility for locating faults without reliance on offset reflectors, and for 
characterizing the average distribution of fractures. The test was located 
in fractured tuff of the Topopah Spring Member, lithologically similar to the 
repository host rock. Ten records acquired exhibit differences between 
seismograms produced by SV and SH methods, indicating possible birefringence 
related to fracturing. Although transmission was strongly attenuated by a 
relatively highly fractured portion of the outcrop, seismic arrivals could be 
detected to 36 meters from the source in this region. All of the records 
acquired (P, SV, SH) indicate that this portion of the profile crossed an 
unmapped fault (Hasbrouck, 1988).  

Another set of shallow reflection lines was run in the Exile Hill area, 
at the proposed location for repository surface facilities (Reynolds, 1985).  
A total of five lines were run using a short-offset, short-spread 
configuration with a weight drop source and a moveable streamer-type receiver 
array with gimballed geophones on 66-ft stations. The array was towed by a 
truck that also operated the weight drop source. Signal enhancement was 
possible by stacking traces, but was not generally used in this survey.  

A frequency-wavenumber (f-k) filter was applied to each gather, to 
nominally reject events with phase velocities less than 5,000 m/sec. The 
records were then CDP stacked to six-fold, and datum corrections were applied 
using velocities derived from nearby refraction surveys. A "dip filter" was 
applied whereby nine adjacent traces were examined for coherency at dips up 
to 20 degrees. Events identified as coherent were added at mean amplitude 
back to unfiltered data at the position of the central trace of the nine 
(Reynolds, 1985).  

Some of the reported results are discussed here for perspective on the 
survey. The dip slip offset of the Bow Ridge fault in the vicinity of Trench 
14 was estimated to be 250 to 300 ft. Variations in apparent velocity 
indicate that the valley east of Exile Hill may be composed of a number of 
small faulted blocks, filled in by alluvium. Low velocity, possibly 
associated with fracturing and weathering, was found to be more prevalent on
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the east side of Exile Hill than to the west. These conclusions are 
consistent with, and correspond to, the known geology of the location.  

The Exile Hill survey raises a number of questions that are relevant to 
future use of the method, and possibly to future exploration at this 
location. Low velocities such as those observed are often associated with 
severe attenuation. However, coherent reflections were reported with travel 
times up to 1 sec corresponding to reflector depth of 1,500 ft or more.  
Frequency-wavenumber filtering can introduce artificial lineups, as mentioned 
in the report (Reynolds, 1985), as shown for random noise by Howard and 
Danbom (1983), and as discussed by Serpa et al. (1988). The use of f-k 
filtering may have produced artifacts because of clipping and spatial 
aliasing. Refraction data and downhole velocity surveys showed the shear 
wave velocity to be on the order of 400 to 550 m/sec, which was the 
approximate phase velocity of ground roll. With receiver spacing of 20 m and 
source band of roughly 20 to 60 Hz, the ground roll wavelength range of 6 to 
25 m was inadequately sampled for f-k filtering. As pointed out by Jones et 
al. (1987), f-k filtering can provide significant noise rejection, but 
introduces stringent conditions on data quality and sampling. The nonlinear 
dip filter used subsequent to f-k filtering (Reynolds, 1985) probably 
accentuated the artifacts caused by aliasing.  

SUMMARY OF RESULTS (Shallow, High-Resolution Reflection Profiling) 

Experience gained in acquiring, processing, and interpreting high
resolution reflection data in southern Nevada, particularly using the 
Mini-Sosie method, is judged to be applicable to site characterization.  
Improvement has been obtained by grouping geophones in clusters, and by 
processing in the field for adjustment of acquisition parameters.  

For future fault detection and characterization work, the Mini-Sosie 
investigator (Harding, in USGS, 1988) recommends multiple lines in network 
configuration, rather than single profiles. Accordingly, additional lines 
would be run across the Windy Wash fault in Crater Flat, and at the mouth of 
Tarantula Canyon, to substantiate the existing interpretations. Satisfactory 
high-resolution reflection data can probably be acquired from some areas of 
Crater Flat, but there are areas where the alluvial cover is too deep, or the 
volcanic bedrock too irregular for interpretable profiling by shallow 
reflection methods.  

The summary report on the 1980, 1981, and 1982 reflection surveys 
(McGovern, 1983) recommends against "...any additional reflection surveys in 
the Yucca Mountain complex" on the basis of the work described above. The 
report discounts the 1980 and 1981 surveys because the designs were limited 
and clearly vulnerable to noise. The negative conclusion is thus based 
principally on the 1982 survey. However, the 1982 survey was also limited, 
and the results very likely do not represent all methods available for 
seismic reflection exploration. Additional discussion of the merits of the 
1982 survey is presented in Section 3.1 of this paper.  

Though the shear wave tests were not extensive, they indicate that 
shallow-penetrating shear wave techniques may be effective in the tuff
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sequence, despite the mixed results obtained with more conventional survey 
methods, using explosive and vibrator sources. The shallow reflection lines 
in the vicinity of Exile Hill produced some useful results (e.g., 
velocities); however, the presence of artifacts in the processed reflection 
sections is likely.  

2.5.2 INTERMEDIATE-DEPTH REFLECTION SURVEYS 

OBJECTIVES 

This category includes surveys where the two-way acquisition window 
extends to roughly 5 sec (+/-), and target structures lie between about 0.3 
and 10 km depth. Historically, this type of survey has been used mostly for 
resource exploration in sedimentary terranes. Structural features that 
represent the tectonic setting of Yucca Mountain are likely to be found in 
this depth range. Older features (not necessarily inactive) in the Yucca 
Mountain site area may be found below the Tertiary volcanics. Intermediate
depth methods are more specific to the site area relative to surrounding 
areas, and thus may be useful for assessing the relation of deeper structure 
to shallower, more easily recognizable features of which the effects on site 
performance are better understood.  

The clarity of interpretation that can result from intermediate-depth 
seismic reflection in certain geologic settings is preferable to that which 
is typically obtained from other geophysical methods. Clarity is important 
for investigation of such complex topics as the origin of Crater Flat, and 
the conformation of the Paleozoic-Tertiary contact beneath Yucca Mountain.  

DATA COVERAGE AND QUALITY (Intermediate-Depth Reflection Surveys) 

A significant number of intermediate-depth (0-5 sec) lines has been 
acquired regionally, especially to the southeast of Yucca Mountain (Figure 
2.5-2). These surveys have used shallow explosive, Vibroseis, and land 
air-gun sources. The quality of the data is variable, and reflects the care 
with which the surveys were designed and conducted. As shown in the figure, 
an extensive grid of lines has been run in the Pahrump Valley, west of Las 
Vegas. This grid is aligned with the strike of major structures such as the 
Las Vegas shear zone, the Spring Mountains, and Death Valley. Additional 
lines have been run across the Las Vegas valley and the Spring Mountains, and 
a northwest trending line has been run following the Las Vegas shear zone.  
The area has been considered for oil and gas exploration because thick 
Paleozoic carbonate rocks have been thrust over Mesozoic sandstone and shale.  
The data are proprietary and have not been reviewed by the Yucca Mountain 
Project. However, the total number of lines suggests that the quality of the 
data favors useful interpretation. Efforts will be made to obtain access to 
these data for review and possible acquisition, and for possible application 
of the same methods closer to the site.  

A number of reflection lines have been run on the NTS in support of 
weapons testing programs (see Table 2.5-1). These include a network of lines
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in Yucca Flat (Figure 2.5-2), lines in Frenchman Flat, and three lines in Mid 
Valley. The geology of Yucca Flat differs somewhat from the Yucca Mountain 
site area, and consists of tuffaceous and mixed alluvium (originating from 
Cenozoic and Paleozoic deposits) overlying tuffs, and upper Paleozoic 
clastics and carbonates over a large area. Velocity structure at Yucca Flat 
and Frenchman Flat differs significantly from conditions in the Yucca 
Mountain site area. However, methodological and interpretive findings from 
reflection profiling in these areas may be applicable to exploration of areas 
adjacent to Yucca Mountain, such as Jackass Flats.  

Strong reflections from the upper 2 to 3 km can be readily obtained in 
Yucca Flat and Frenchman Flat, where there is excellent borehole control for 
use in interpretation and data processing. Impedance contrast suitable for 
mappable reflections is typically observed at the tuffaceous alluvium-mixed 
alluvium contact, and the Paleozoic-Tertiary contact. The tuffaceous 
alluvium/tuff contact is not generally a mappable reflector, nor is the mixed 
alluvium/Paleozoic contact. In addition some of the vitrophyres in the tuff 
section can be mapped as reflectors. Borehole control in Yucca Flat has 
provided a water table database which confirms that the water table is not a 
mappable reflector. Much of the seismic data for these areas on the NTS are 
unclassified, but the data sections, the details of acquisition, seismic 
interpretation, and integration with other geophysical and geological data 
have not been published (N. Burkhard, personal communication, 1989).  

Another survey run for the weapons-related program on the NTS consisted 
of three intersecting reflection lines, and two exploratory boreholes, in the 
southern part of Mid Valley (McArthur and Burkhard, 1986). A total of 18 km 
of profiling was done using a land air-gun source for the first time on the 
NTS. The survey lines were designed based on gravity data, to better 
characterize the target area with minimal effort. The lines were located so 
as to pass near the boreholes. A linear source-receiver array was used for 
each line, with 48-fold CDP coverage and 25 m group separation.  

Several coherent events were found, allowing interpretation of the 
tuff-alluvium contact, the basal member of the Timber Mountain Tuff, and the 
Thirsty Canyon Tuff embedded in the alluvium (McArthur and Burkhard, 1986).  
Lithologic work on drill core from the calibrating boreholes, in conjunction 
with downhole geophone surveys, provided the basis for stratigraphic 
interpretation of the seismic profiles. In addition the Paleozoic-Tertiary 
contact, and structure deeper in the section (possibly a subhorizontal 
detachment), were inferred. Various faults were observed, and were fully 
consistent with reasonable geologic interpretations for the formation of Mid 
Valley. Little or no evidence for listric faults was observed down to at 
least 1.5 sec two-way travel time.  

A high-quality, east-west reflection line was recently acquired by the 
USGS south of Lathrop Wells, to evaluate methods for deep, regional crustal 
exploration (Brocher et al., 1989). Although the survey was conducted 
primarily to test methods for deep, regional profiling as described below, 
extensive information was also obtained from intermediate-depth. Vibrator 
and explosive sources were compared using in-line source-receiver geometry.  
The dynamite and vibrator-source sections are similar in the first 5 sec, 
with good to excellent reflections (Brocher and Hart, 1988). Numerous fault 
blocks are well-delineated, and intrabasin reflections are common.
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SUMMARY OF RESULTS (Intermediate-Depth Reflection Surveys)

When data are appropriately collected, the reflection method has 
apparently revealed the crystalline basement, reflections from the 
tuff-alluvium contact, reflections from various tuff units, and the 
Paleozoic-Tertiary contact. The Amargosa Valley test line (Brocher et al., 
1989) shows that methods based on both vibrator and explosive sources can 
provide useful intermediate-depth information in a geologic setting that is 
comparable to, although not the same as, the site area. (Further improvement 
might be obtained by adjusting survey parameters to optimize response from 
intermediate depth features.) The Mid Valley survey (McArthur and Burkhard, 
1986) and the Amargosa Valley test line will be further examined as described 
in Site Characterization Plan Activity 8.3.1.17.4.7.1 (Evaluate 
intermediate-depth reflection and refraction methods and plan potential 
application of these methods within the site area). Reflection profiling for 
the weapons testing program on the NTS has been extensive and successful, and 
aspects of the geologic setting in these areas are similar to areas in the 
vicinity of Yucca Mountain. Information on the acquisition and 
interpretation of these profiles is accessible and will be incorporated into 
Project activities to the extent practicable.  

A fundamental obstacle to the imaging of subsurface structure at 
intermediate-depth is that travel times for reflected events correspond to 
travel times for the strongest noise. Available data and interpretation 
indicate that useful intermediate-depth reflection data can be obtained for 
the Yucca Mountain site area through exercise of appropriate controls, 
notwithstanding the past negative results described above in the section on 
shallow high-resolution profiling. Appropriate controls include choice of 
sources (including sources with sufficient power); orientation of lines with 
respect to the fabric of the tectonic setting; location of the lines with 
respect to complex structure, particularly off-axis structure; survey design 
in conjunction with gravity and magnetic interpretations; attention to 
statics and the near-surface velocity structure, whereby travel time 
correction uncertainty is reduced to acceptable levels; use of existing or 
future boreholes for calibration of the reflection response; and use of 
downhole geophone surveys for advance estimation of seismic response.  

2.5.3 DEEP REFLECTION PROFILES 

OBJECTIVES 

Extensive deep, regional reflection profiling has been undertaken by the 
COCORP (Consortium for Continental Reflection Profiling), supported mostly by 
the National Science Foundation. General objectives of this profiling are to 
further understand the tectonic setting of major geologic provinces, to 
identify and delineate active processes, and evaluate alternate tectonic 
models. More specific objectives include investigation of (1) subsurface 
geometry of major faults; (2) possible concealed features such as mid-crustal 
detachments or magma bodies; (3) the relation of surface mapped faults to 
concealed features; (4) variations in the seismic basement and transitions in 
Moho depth; (5) deep subsurface conditions associated with prominent 
potential field anomalies; (6) structural differences across boundaries
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between crustal provinces; and (7) paleotectonic history of the continent, 
and the influence of pre-Tertiary structure on active processes.  

DATA COVERAGE AND QUALITY (Deep Reflection Profiles) 

About 250 km of deep, regional reflection profiles have been acquired by 
COCORP in the Mojave Desert and Death Valley (Serpa et al., 1988; deVoogd et 
al., 1986). The COCORP Death Valley Survey consisted of five intersecting 
profiles, as shown in Figure 2.5-2. Other COCORP profiles in adjacent areas 
include an east-north-east trending transect across central Arizona (Hauser 
et al., 1987) and a series of connected east-west lines across Nevada at 
about 40*N (overview by Allmendinger et al., 1987).  

COCORP data have typically been acquired using Vibroseis sources, with 
offsets up to 10 km, and receiver arrays designed according to noise 
conditions. The lines referenced above were run with in-line spreads. Most 
have used continuous profiling with high-fold CDP coverage; off-end 
configurations were used for the Death Valley lines (Serpa et al., 1987), 
resulting in lower-fold but fewer source stations. COCORP profiles are 
typically acquired with a sampling interval of 4 to 8 msec, recording window 
of 0 to 15 sec, 8 to 32 Hz sweep, and up to 8 sweeps stacked per source 
station. Processing steps are designed to avoid artificial events (Serpa et 
al., 1987; Allmendinger et al., 1987), and may sacrifice high-frequency 
content for interpretability consistent with the deep profiling objectives.  
The use of velocity (f-k) filtering has been investigated for many sections 
(Allmendinger et al., 1987), but is usually not used for the final section.  

Where coherence is a problem or higher resolution is needed, single-source, 
single-fold, near-vertical incidence sections have been generated (deVoogd et 
al., 1986; Klemperer et al., 1986). Data quality of the COCORP profiles 
could probably be increased by more attention to testing of acquisition 
parameters, and characterization of noise sources in the field.  

COCORP lines in the Yucca Mountain region, including the profile at 40*N 
(about 300 km north of Yucca Mountain), have contributed significantly to 
understanding of the tectonic provinces and paleotectonic history of western 
North America. Previously unknown crustal features have been detected such 
as (1) the possible feeder dike structure associated with the Wingate Wash 
fault in southern Death Valley (deVoogd et al., 1986; Serpa et al., 1988), 
which supports a new interpretation of laterally continuous, mid-crustal 
reflections as active or cooled magmatic intrusions; and (2) an offset in the 
reflection Moho at the transition between the Basin and Range, and the 
Colorado plateau (Hauser et al., 1987). Association of mid-crustal 
reflections with models for deep detachment surfaces supports the 
reinterpretation of structures that had previously been inferred from surface 
observations. The nature of the reflection Moho correlates with the 
morphology of the Basin and Range, and is most poorly expressed where 
low-angle normal faults are best developed in the mid-crust (Allmendinger et 
al., 1987).  

There are two factors that probably contribute to the success of the 
COCORP surveys. The lines have been carefully located and oriented with 
respect to target structures, and structures that could interfere with deep
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profiling. In addition, off-axis scatter and surface wave noise problems are 
reduced for deep profiles because of the long travel time of deep 
reflections, the apparent low seismic attenuation of the middle and lower 
crust, and the relatively rapid dissipation of energy confined near the 
surface.  

A high-quality, 27-km long, east-west reflection test line was recently 
acquired by the USGS in the Amargosa Valley south of Yucca Mountain (Figure 
2.5-2). Vibrator reflection data were acquired by continuous profiling at 
60-fold, and explosive-source data were acquired in single-fold, split-spread 
configuration. The comparison of explosive and Vibroseis sources indicates 
that explosive sources in shot holes provide high-quality images of the lower 
crust and Moho, due to the high energy levels and better coupling to the 
earth. The explosive source data are more interpretable below about 5 sec 
two-way travel time, despite the high fold of the vibrator data. The 
explosive source data clearly indicate near-horizontal discontinuous (e.g., 
1 km length) reflections below 5 sec.  

Surface conditions along the Amargosa Valley line are relatively 
uniform, consisting of faulted blocks mostly buried by alluvium. The 
structure of the faulted, buried terrane is evident from the reflection 
profile down to about 5 sec two-way travel time. Below this is a mid-crustal 
reflector at about 6 to 8 sec, which has been observed in Death Valley COCORP 
results (Serpa et al., 1987) and explained variously as an extensive magma 
body, cooled intrusions, deep detachment, or brittle-ductile crustal 
transition. Abundant reflections from below this depth are less readily 
interpretable, but may represent detachment surfaces and major pre-Tertiary 
extensional or thrust faults.  

A change in character below about 10 sec vaguely suggests a demarcation 
such as the base of the crust, corresponding to the reflection Moho 
identified from COCORP profiles across central Nevada by Klemperer et al.  
(1986). The change is recognized principally by a lack of reflections at 
greater travel times, similar to that observed by Knuepfer et al. (1987) from 
a COCORP profile across the Walker Lane at about 400 N.  

SUMMARY OF RESULTS (Deep Reflection Profiles) 

COCORP lines have been run across the Walker Lane in west-central Nevada 
(Knuepfer et al., 1987), across the central Basin and Range at the 40th 
parallel (Allmendinger et al., 1987), and in the vicinity of Death Valley 
(Serpa et al., 1988). Interpretable results have been obtained from these 
lines, such as mapping of the reflection Moho, mapping of strong mid-crustal 
reflections postulated to be regional detachments (Knuepfer et al., 1987), 
and detection of probable features such as magma bodies and Moho offset. It 
is reasonable to assume that such results could be obtained on a large scale 
for the Yucca Mountain region, and results from reflection testing in the 
Amargosa Valley support this view. This topic will receive further 
consideration in a review planned for SCP Activity 8.3.1.17.4.3.1.
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2.6 REMOTE SENSING AND AERIAL GAMMA-RAY SURVEYS

This section addresses the two topics separately; each topic is followed 
by its own bibliography.  

2.6.1 REMOTE SENSING 

OBJECTIVES 

Remote sensing techniques are based on airborne or satellite-based 
imaging of the surface, at electromagnetic frequency levels ranging from 
gamma ray through the visible, and thermal infrared to radio frequencies.  
Digital image data are acquired and processed by computer into various data 
sets, including synthetic-aperture radar image mosaics for geomorphic and 
structural mapping, and Landsat Multispectral Scanner (MSS) and thematic 
mapper images for spectral discrimination for lithologic mapping. Major 
objectives for the use of remote sensing in the Yucca Mountain Project are 
(1) characterization of surface hydrology, (2) exploration for indications of 
hydrothermal mineralization, and (3) fracture-pattern mapping for structural 
and tectonic studies.  

DATA COVERAGE AND QUALITY 

A list of currently available remote sensing data and interpretive work 
of different types, applicable to studies of the Yucca Mountain region, 
follows. The text refers to map quadrangles which correspond to the 
generally available, 10 x 20 series of maps at 1:250,000 distributed by the 
USGS.  

1. The USGS Remote Sensing Tape Library (item 36 of bibliography) 
includes a complete set of digital tapes of all spectral bands of 
the Landsat MSS coverage of Nevada. The digital tapes are of high 
quality with little or no cloud cover for most of the State.  
Concatenation and Applicon or Calcomp printing of MSS scenes for 
four 20 quadrangles at 1:250,000 (Caliente, Las Vegas, Death Valley, 
and Goldfield) constitute a database suitable for spectral band 
ratioing for research purposes.  

2. The USGS Remote Sensing Tape Library also includes a complete set of 
digital Landsat Thematic Mapper (TM) tapes of the four quadrangles 
listed above, consisting of six scenes, mostly cloud free and of 
good quality. They are suitable for concatenation to fit selected 
quadrangles at scales greater than 1:250,000 (e.g., suitable for 
fitting the Beatty quadrangle at 1:100,000 or greater). Concomitant 
spectral band-ratio techniques are available for the TM data sets.  

3. Selected airborne thermal infrared and multispectral (TIMS) data are 
available for a very few selected areas within the State and could 
be useful. See items (6) (Osgood Mountains), and (10) and (18) 
(Carlin district) from the bibliography; good volcanic terrain data
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are available; see (18) for the El Dorado Mountains southeast of Las 
Vegas.  

4. Publications on the occurrences of limonitic surface materials and, 
in places, their relationship to thermal and hydrothermal alteration 
zones, include items (1), (5), (8), (9), (19), (20), (22), (23), 
(26), (27), (28), (30), and (34) of the bibliography. Many of these 
items cover the Walker Lake 20 quadrangle. A composite map of the 
occurrences of limonitic surface materials displayed on a Landsat 
MSS mosaic for the entire State of Nevada, without discrimination as 
to genesis of the iron-oxide bearing surfaces, has been completed as 
a map data set and printed experimentally, but has not yet been 
published.  

5. Publications on lineamentation, and more specifically on fracture
pattern analyses and their relationship to geologic structure and 
mineralization, include items (13), (14), (15), (16), (17), (23), 
(29), (32), and (33) of the bibliography.  

6. Publications dealing with spectral discrimination of rock types and 
related topics include items (1), (2), (3), (4), (5), (7), (8), (9), 
(10), (18), (19), (20), (21), (22), and (34) of the bibliography.  

7. Publications on remote sensing technology and computer techniques 
include items (11), (12), (24), (25), and (35) of the bibliography.  

8. Complete synthetic aperture radar (SAR) mosaics are available 
through the USGS Branch of Geophysics for the Caliente and Las Vegas 
20 quadrangles at 1:250,000 with the exception of classified areas.  
The mosaics are fitted to USGS map bases at 1:250,000 and are of 
high clarity; they are of exceptional value in geomorphic and 
structural mapping. Although slant-to-ground range corrections have 
been made, radar shadows and layover problems remain in areas of 
high relief.  

SUMMARY OF RESULTS 

The following materials and data sets, currently available to the Branch 
of Geophysics, are suitable for interpretative investigations of the Yucca 
Mountain region.  

1. Complete coverage of all spectral bands of MSS coverage of the 
entire region, suitable for concatenation, spectral band ratioing, 
and discrimination of iron-oxide surface materials at scales of 
1:500,000 with clear detail, and at 1:250,000 at the margin of good 
resolution.  

2. TM coverage of the entire region, with spatial resolution at two 
times that of the MSS coverage (hence well-suited for geologic 
mapping and fracture pattern investigations, as well as spectral 
discrimination of desert varnish surfaces).
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3. Flightline radar (SAR) data tapes for all four 20 1:250,000 
quadrangles: Caliente, Las Vegas, Death Valley, and Goldfield.  
Synthetic aperture radar mosaics are available for the Las Vegas 
quadrangle, and can be concatenated for the Caliente quadrangle.  
The mosaics are not yet available for Death Valley and Goldfield 
quadrangles.  

Digital multispectral and stereo coverage tapes exist for at least the 
Yucca Mountain regions; their acquisition by the Yucca Mountain remote 
sensing project would entail expenditures of more than $10,000. Small areal 
coverage of airborne thermal infrared coverage exists, but the acquisition of 
new thermal infrared coverage is best if carefully planned and integrated 
with ground control and experimentation (e.g., aerial IR coverage could be 
suitable for mapping areas of infiltration and discharge if it is acquired 
during night or very early morning hours within a few hours after a sizable 
rainfall event).  

Interpretative studies already published are cited in the bibliography.  
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2.6.2 AERIAL GAMMA-RAY SURVEYS OVER THE NEVADA TEST SITE

OBJECTIVES 

Aerial and ground gamma-ray surveys measure the gamma radiation emitted 
by radioisotopes at and near the surface of the ground. The measurements are 
sensitive to radioisotopes that result from natural processes, primarily 
members of the uranium-238 decay series, thorium-232 decay series, and 
potassium-40, and to radioisotopes such as cesium-137 and cobalt-60 that 
result from nuclear activities. The distribution of natural radioisotopes 
reflects the geologic processes that formed that distribution and thereby 
enables the use of natural gamma-ray measurements in geologic mapping and 
mineral exploration. The distribution of artificial radioisotopes reflects 
the activities that formed them and the weather that controlled their 
distribution. Major objectives for the use of aerial and ground gamma-ray 
measurements with the Yucca Mountain Project are (1) preparation of natural 
radioelement (uranium, potassium, and thorium) maps from the existing 
USGS-DOE database; (2) map interpretation to determine their geologic 
content, including detection of fault traces where radon-222 anomalies may 
occur and detection of areas of hydrothermal alteration; (3) selective ground 
measurements with a portable quantitatively calibrated spectrometer at sites 
determined from interpretation of the aerial data; and (4) acquisition of 
aerial gamma-ray data concurrent with aeromagnetic surveying for selected 
areas where natural radioactivity targets are known to exist. Concealed 
faults may be revealed in natural gamma-ray data by the detection of 
lithologic discontinuities and by anomalous radon-222 occurring at the 
surface.  

DATA COVERAGE AND QUALITY 

From about 1955 through the Sedan tests of 1962, the USGS operated a 
total count gamma-ray system in aerial surveillance of Atomic Energy 
Commission (AEC) nuclear activities on the NTS. Results of the surveys were 
quickly supplied to AEC personnel by means of informal written communications 
and no formal publications or even open file reports were prepared. Davis 
and Reinhardt (items 3 and 4 in the bibliography) discuss the USGS total 
count system and calibration. EG&G began aerial surveillance of NTS nuclear 
activities in the early 1960's (items 1, 5, and 18), and continues today.  

The DOE during 1974 to 1981 accomplished the National Uranium Resource 
Evaluation (NURE) program for the conterminous 48 states and Alaska, which 
included aerial gamma-ray spectrometry surveying for uranium exploration.  
The surveying was keyed to the National Topographic Map Series (NTMS) 10 x 20 
quadrangles. Flightline spacing varied from 1 to 6 miles (1.6 to 9.6 km), 
dependent on known or probable occurrences of uranium mineralization. Of the 
four NTMS quadrangles that include the NTS, the Death Valley quadrangle (item 
6) has 1-mile (1.6-km) spaced north-south flightlines (and includes the 
Project), and the Caliente (item 9), Goldfield (item 7), and Las Vegas (item 
8) quadrangles have 3-mile (4.8-km) spaced east-west flightlines, excluding 
the southwest quarter of the Caliente quadrangle.
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The USGS has compiled all NURE gamma-ray data for the lower 48 states 
into a database that includes flightline and 3-km grid values for the 
apparent surface concentrations of uranium, potassium, and thorium. The 
conversion of aerial gamma-ray measurements to radioelement concentrations is 
enabled by calibration of aerial survey systems at sites of known 
radioelement concentrations (items 15, 17, and 26). The database permits map 
preparation for any feature that has geographic definition. Maps prepared to 
date include those for Nevada (item 11), New Mexico (items 12 and 13), Ohio 
(item 10), and Arizona (item 22). For this study flightline data from the 

USGS database would be used to prepare radioelement maps for the NTS area at 
1.5-mile (2.4-km) grid cell size and for the Project area at 0.5-mile 
(0.8-km) grid cell size. Interpretation of maps for Nevada made from the 
database is discussed by (item 14).  

The helicopter gamma-ray spectrometer system used by EG&G for NTS 
nuclear surveillance acquires spectral data with artificial and natural 
radioisotope components. These complex spectra are readily separated and 
reduced by digital computer. Repeat surveys to monitor leakage or other 
contamination at a repository site would supply data that would be used to 
determine whether atmospheric pressure-induced radon anomalies occur along 
faults in the vicinity of Yucca Mountain.  

Aerial gamma-ray measurements have been used in geologic studies as' 
described by Darnley (item 2) and Pitkin (item 21), and in mineral 
exploration as described by Gnojek and Prichystal (item 16), Killeen (item 
19), and Yeates and others (item 25). Ground follow-up of aerial surveys is 
described by Pitkin and Huffman (items 23 and 24), and calibration of 
portable spectrometers for ground surveys is described by Grasty and Darnley 
(item 17) and Lovberg and Mose (item 20).  

SUMMARY OF RESULTS 

Airborne gamma ray data collected by the NURE project, and for NTS 
nuclear surveillance, are available over Yucca Mountain and surrounding 
areas. These data should be examined to determine their geologic content and 
to determine locations for ground surveys if warranted.  
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2.7 BOREHOLE GEOPHYSICS AND PETROPHYSICAL MEASUREMENTS

OBJECTIVES 

The objectives for borehole geophysical surveys, as stated in Section 
8.3.1.4.2.1.3 of the Site Characterization Plan (SCP), are (1) to aid in the 
definition and refinement of the geometry and character of lithostratigraphic 
units and contacts between units, and (2) to determine the distribution of 
rock characteristics within lithostratigraphic units. Geophysical logs may 
be used as index tools for correlation between drillholes without 
reprocessing of log responses, or different log responses may be combined in 
a computed log that represents some directly applicable site parameter such 
as volumetric moisture content.  

DATA COVERAGE AND QUALITY 

More than 500 geophysical logs have been acquired since 1978 by the 
Yucca Mountain Project, from 40 holes in Yucca Mountain and vicinity (Figure 
2.7-1). Table 2.7-1 lists the types of logs that are available for each 
existing borehole. Most of these were acquired by the contracted logging 
service operating on the NTS (Birdwell or its successor company, Dresser
Atlas). Logs have been presented for boreholes UE25a#1 (Spengler et al., 
1979), USW G-1 (Muller and Kibler, 1983), USW G-4 (Spengler et al., 1984), 
UE-25p#1 (Muller and Kibler, 1984) and 15 boreholes in the WT series (Muller 
and Kibler, 1984). In addition, magnetometer logs have been acquired by 
Lawrence Livermore National Laboratory using methods described by Douglas and 
Millett (1978). Magnetic susceptibility and induced polarization logs have 
been acquired by the USGS in boreholes UE25a#1 (Hagstrum et al., 1980a), 
UE25a#5 (Hagstrum et al., 1980b), and UE25a#4, a#5, a#6, and a#7 (Daniels and 
Scott, 1981). Borehole gravity measurements have been acquired by the USGS 
in boreholes USW H-I (Robbins et al., 1982), UE25p#1 and UE25c#1 (Healey et 
al., 1984), and USW G-4 (Healey et al., 1986). The compilation and 
presentation of logs from all 40 boreholes listed in Table 2.7-1 is the 
subject of a report which is in progress.  

Acquisition and interpretation of geophysical logs from drillholes in 
the Yucca Mountain site area is complicated by several factors: 

1. Drillholes penetrate both saturated and unsaturated rocks. Some 
logs require fluid in the wellbore, and cannot be run effectively in 
the unsaturated zone. Others operate with reduced effectiveness, or 
have never been calibrated for unsaturated conditions in tuffaceous 
rocks. For example, compensated neutron logging tools were 
generally designed to operate in fluid-filled holes, where stray 
neutrons are readily captured. As a result, the conventional 
compensated neutron tool has been used almost exclusively in the 
saturated zone at the site.  

2. Drillholes are often quite rugose (i.e., borehole geometry varies 
considerably from a cylindrical opening at the nominal bit diameter) 
in welded units such as the Topopah Spring Member. Drilling dry, or
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with foam circulation in the unsaturated zone, may produce more 
severe rugosity because of the lack of supporting wellbore fluid.  
Also, for certain types of logging tools, the effects of rugosity on 
tool response may be accentuated without wellbore fluid. For 
example, the compensated density log is closely tied to formation 
bulk density, but contains low-density "spikes" caused primarily by 
rugosity. Severe rugosity is an environmental condition that 
adversely affects the response of most logging tools.  

3. Drilling progresses in several stages to accommodate casing and 
measurement programs. Thus, the logs are acquired in stages, above 
or below the static water level, and oftenwin holes of differing 
diameter. This requires added effort to select and splice logs from 
the various logging runs, and may introduce uncertainty with respect 
to tool response under varying logging conditions. This factor is 
represented in the various reports on the edited logs (e.g., Muller 
and Kibler, 1983, 1984a, and 1984b; Spengler et al., 1984; Hagstrum 
et al., 1980a).  

Petrophysical measurements of core properties, on samples retrieved from 
logged drillholes, are very important to the logging program. Measurements 
of density, porosity, velocity, electrical properties, magnetic properties, 
and moisture saturation are generally needed to calibrate log measurements.  
Such data are available from core or cuttings samples, as applicable, from 
the nine boreholes listed in Table 2.7-2. In addition to the physical 
property data, mineralogical data on the tuffs acquired by X-ray diffraction 
has been summarized by Bish and Chipera (1989). for 17 boreholes. The 
mineralogy is expected to be quite valuable in relating log response to rock 
alteration.  

The USGS Nuclear Hydrology Project has maintained a program of periodic 
relogging of shallow borings at Yucca Mountain since 1984, using neutron 
moisture meter tools. There currently are 74 such boreholes in the program, 
distributed among hydrologic settings that sample the variation of surficial 
materials and topography at the site. The depth of these borings is generally 
about 10 m, although many are shallower and a few are deeper. Different 
types of neutron tools have been used, and are run without centralization.  
The holes are logged once per month, and also after or during major 
precipitation, runoff, or snowmelt events. A program of crosshole gamma 
logging has also been carried out on a preliminary basis, in addition to the 
neutron logging. Crosshole logging is done in cased, parallel borings spaced 
about 2 m apart.  

SUMMARY OF RESULTS 

The first objective stated above consists of the task of correlation 
between drillholes using log character. Logs have been routinely used to 
confirm the location of bed boundaries based on changes in log response due 
to physical property changes. The compensated density log has been 
particularly useful, because density varies in a generally systematic way 
between welded and nonwelded units, and because the log is available for all 
drillholes in both the saturated and unsaturated zones. The magnetic
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Table 2.7-1. Log types in each drillhole

Hole CAL GR SP DBC NBC CVL IND RES ENP NNL DIEL KUT MAG MS IP FLOW

* 

* 
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* 

* *
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*
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C-I 
C-2 
C-3

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*

* * * 

* 

* 

* 

* 

* 

* * 

* *

* 

* 

*

WT-1 
WT-2 
WT-3 
WT-4 
WT-6 
WT-7 
WT-10 
WT-11 
WT-12 
WT-13 
WT-14 
WT-15 
WT-16 
WT-17 
WT-18 
Uz-1 
UZ-6



Table 2.7-1. Log types in each drillhole (Continued)

Hole CAL GR SP DBC NBC CVL IND RES ENP NNL DIEL KUT MAG MS IP FLOW 

25-Al * * * * * * * 
25-A4 * * * * * * * * 
25-A5 * * * * * * * * * 
25-A6 * * * * * * * 
25-A7 * * * * * * * 

J-13 * * * 
A-3 
VH-l * * * * * * * * 
VH-2 * * * * * * * *

Key: CAL 
CVL 
DBC 
DIEL 
ENP 
FLOW 
GR 
IND 
IP 
KUT 
MAG 
MS 
NBC 
NNL 
RES

Caliper 
Compensated sonic velocity log 
Density borehole compensated 
Dielectric log 
Epithermal neutron porosity 
Flowmeter log (saturated zone) 
Gamma ray 
Induction 
Induced polarization 
Spectral gamma log 
Total magnetic intensity 
Magnetic susceptibility 
Neutron borehole compensated 
Neutron-neutron log 
Electrical resistivity

0% C>



(
Table 2.7-2.

(

Petrophysical data from core analysis

Bulk Grain Water Induced Magnetic Sonic 
Hole density density Porosity saturation Resistivity polarization properties velocity 

G-1 * * * * 

G-2 * * * * 

G-3/GU-3 * * * * * * 

G-4 * * * * * * 

b#1H * * * 

a#l * * * 

H-i * * * 

VH-l * 

a#3 *

I-A

(



intensity and magnetic susceptibility logs provide unique lithostratigraphic 
information corresponding to strong remanent magnetization, and laterally 
contiguous compositional variability in the host rock and other ash flows.  
Large reversed polarization signatures in the Bullfrog Member of the Crater 
Flat Tuff and normal polarization signatures in the Tram Member serve as 
marker horizons which can be traced from one drillhole to the next. Magnetic 
susceptibility logs are sensitive to the amount of magnetite and the size of 
magnetite crystals (Hagstrum et al., 1980b), and apparently reveal distinct 
eruptive events within thick ash flow sheets. The magnetic logs have been 
run on an experimental basis at Yucca Mountain, so few logs are presently 
available.  

The gamma-ray log, which serves for lithologic correlation in 
sedimentary basins, is not as effective in the tuffs. It shows that the 
Topopah Spring Member of the Paintbrush Tuff is characterized by a relatively 
large and unvarying gamma-ray signature, and that the Prow Pass Member of the 
Crater Flat Tuff can be correlated between drillholes by a distinctive, 
blocky signature near the top of the unit.  

The degree of welding, which can be described from observation of core, 
produces characteristic responses in the density and resistivity logs. The 
density log almost always indicates low density in bedded tuffs and in non
to partially-welded ash flow tuffs. Density increases as welding becomes 
moderate or dense. Superposed on the response to welding is an increase of 
density with increasing depth.  

Resistivity of the Topopah Spring Member is high, usually greater than 
200 ohm-meters, not only-because the unit is unsaturated, but also because it 
is densely welded with consequent restriction in pore connectivity. By 
contrast, both the density and resistivity of the underlying Calico Hills 
unit are significantly lower. The relative differences between welded and 
nonwelded units are evident whether measurements are made above or below the 
present water table, and are also consistent in drillholes distributed in the 
northern and southern portions of the site area. The nature of alteration 
may also produce characteristic log responses in the various units, 
particularly the Calico Hills tuffs, but present understanding of this 
phenomenon does not permit logs to be used to characterize alteration.  

The second objective described above involves quantification of physical 
properties that can be derived from logs, particularly density, velocity, 
resistivity, porosity, moisture content, and related characteristics such as 
pore connectivity, which may affect transport properties. Much use has 
already been made of geophysical logs in an unsystematic manner, as input for 
interpretation of surface or airborne geophysical surveys. A quantitative, 
systematic approach to log analysis is computationally intensive because 
corrections are needed for environmental effects, logs must be compared with 
core measurements, and logs must be compared together to ensure consistent 
interpretation. Work towards this second objective is currently in progress.  

Extensive measurements of bulk and grain density, porosity, 
compressional velocity, resistivity, and induded polarization have been made 
on rock cores from eight drillholes at Yucca Mountain (Anderson, 1981a, 
1981b, and 1984). Water permeability, magnetic susceptibility, and remanent 
magnetization have also been measured for samples from certain drillholes.
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Bulk density, resistivity, and sonic velocity are correlated to porosity, 
indicating the dependence of these properties on textural rather than 
compositional differences (Anderson, 1982). There are significant departures 
from simple dependence, probably associated with the effects of alteration 
processes such as devitrification and zeolitization. Resistivity 
measurements on resaturated core samples show that the natural pore waters 
are quite fresh. Polarization measurements show that frequency effect cannot 
be relied upon as an indicator of clay or zeolite content. Low porosity tuff 
with few conduction paths and low content of polarizable material may exhibit 
polarization response comparable to high porosity tuff rich in clay minerals 
(Anderson, 1984). Specific capacity (or the frequency domain equivalent 
"metal factor") is a more reliable indicator of clay or zeolite content, but 
not without apparent conduction path effects.  

Fracture Detection/Characterization 

Fracture location and orientation data have been obtained from boreholes 
UE-25 c#l and UE-25 c#2 using downhole video camera and borehole acoustic 
televiewer (BATV) logs. In UE-25 c#3 only the BATV log was obtained.  
Boreholes drilled dry or with air foam at the site have generally provided 
sufficient optical clarity for use of borehole television both above and 
below the water table. Flow data obtained under pumping conditions (Erickson 
et al., 1985) and nonpumping conditions (Galloway and Erickson, 1985) 
indicate that fluid production occurs from fractures, but the majority of 
fractures observed do not contribute measurable flow. Flow is characterized 
by relatively large quantities of water entering the boreholes at a few 
discrete points or intervals.  

Data on fracture locations and orientations have been obtained from 
downhole video camera and BATV logs in boreholes USW H-i, USW H-3, USW H-4, 
USW H-5, USW H-6, UE-25 b#1, and UE-25 p#1 (Craig and Robison, 1984; Erickson 
and Waddell, 1985; Lahond et al., 1984; Rush et al., 1983; Whitfield et al., 
1985). Relations between fractures and intraborehole flow at these test 
wells are similar qualitatively to relations at boreholes UE-25 c#1, c#2, and 
c#3. As efforts to relate fracture data to hydrologic information at c#1, 
c#2, and c#3 prove successful, these efforts will be extended to other test 
wells near Yucca Mountain Borehole Gravity.  

Borehole gravity data have been acquired from five drillholes (UE25 p#l, 
UE25 c#1, USW G-3, USW G-4, and USW H-i) for the purpose of delineating 
large-scale density contrasts and refining density information used in 
gravity modeling (Healey et al., 1984, 1986; Robbins et al., 1982). Gravity 
stations have been acquired at 7.6-m stations over much of the length of 
these drillholes, and is of sufficient resolution and accuracy (in 
conjunction with free-air and terrain corrections) such that 10% or more 
lithophysal porosity in a layer as thin as 7.6 m should be detectable.  

Neutron Moisture Meter Logging 

As many as 74 shallow borings have been logged periodically over the 
past five years, principally using hand-held borehole neutron moisture 
meters. The purpose of this logging program is to monitor the frequency and 
extent of natural infiltration in different surface hydrogeologic settings at 
the site. The tools are read on station at 10 to 20 cm depth increments, and
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at monthly intervals or more frequently in response to precipitation events 
that are judged likely to produce measurable infiltration.  

The borings were drilled dry, with 125-mm steel casing uncemented except 
for a grout seal at the ground surface. Although smaller diameter borings 
and aluminum casing are standard practice in moisture logging, steel casing 
was selected for compatibility with the available ODEX drilling system. This 
system is an effective method for dry drilling in variable alluvium with 
abundant boulders. Calibration tank studies discussed below show that useful 
sensitivity is retained with the method used. Recently, other drilling 
methods have been tried, or become available, including small diameter ODEX 
tools. These provide smaller borings and support the use of thinner wall 
casing. Steel casing remains a requirement for strength, but does not appear 
to degrade performance significantly. The moisture meter is run 
uncentralized, and consists of a 50 mCi Am/Be source with a closely spaced 
detector of thermal neutrons. The moisture meter effectively provides a 
point measurement of the moderating and capture cross sections of the 
formation, which are predominantly controlled by moisture content in 
unsaturated volcanic tuff.  

Calibration tank studies and independent moisture measurements in 
boreholes indicate that, as applied in the program, the logging method can 
resolve changes in neutron counts on the order of 2%, which translates 
roughly into resolution of about 2% on the volumetric amount of water 
present.  

The following general observations apply to moisture transients, 
observed primarily in alluvium: (1) transients corresponding to 
precipitation or snowmelt events can be observed in many borings, (2) the 
donward progress of such transients can typically be monitored over tens to 
hundreds of days, and (3) the magnitude of such transients typically 
diminishes with depth. Indications of more rapid infiltration in response to 
precipitation events have been obtained from a small minority of the existing 
neutron holes. Although the number of observations is limited, instances of 
water collecting at the bottom of neutron holes are consistent with perching 
above the bedrock-alluvium contact. (This paragraph derives from verbal 
communication, A. Flint, 2-12-90.) 

The maximum measured depth of penetration of moisture transients is 
typically 5 to 10 m for the existing borings, and no transients have been 
detected below 12 m. It is important to observe that most of the existing 
neutron holes are collared in alluvium, and extend just beyond the 
bedrock-alluvium contact. The depth of neutron holes thus varies from less 
than 10 m to 15 m or more. Crosshole gamma-gamma surveys have been run 
periodically using a small number of closely spaced borings. The response of 
single-hole tools is apparently consistent with crosshole measurements, which 
are sensitive to a larger volume.  

Other Slim-Hole Moisture Logging 

Several of the shallow infiltration monitoring boreholes have been 
logged with a Mount Sopris single-conductor logging system to investigate 
through-casing logging methods suitable for the UZ hydrology program. Three 
tools were used: short- and long-spacing neutron tools, and a single-
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detector density tool. These were found to be inadequate for measuring water 
content and density with useful accuracy. As expected, the single-detector 
density tool was sensitive to borewall irregularity behind the casing. Data 
from the short-spacing neutron tool compared favorably to that from the 
neutron moisture meter logging program, and exhibited similar borehole 
effects. The long-spacing neutron tool also exhibited both sensitivity to 
moisture content and borehole effects. (A dual-spacing neutron tool is 
available from this source and will be tried.) 

Related Infiltration Data from Borehole Geophysics 

Infiltration penetrating deeper than 12 m has been inferred for only one 
borehole, from geotemperature data. (Note: heat flow studies are not 
covered by this paper.) Sass et al. (1988) discussed repeat temperature logs 
from borehole UE25 a#7, in the bottom of Drill Hole Wash about 0.5 km east of 
the planned location of the Exploratory Shaft Facility. This borehole was 
drilled in August 1979 with mud, some of which was lost to the formation.  
The hole was completed with a string of water-filled steel tubing for 
temperature logging. Repeated temperature logs (March, 1981; April, 1981; 
December, 1981; March, 1983; and March, 1984; see Sass et al., 1988) show the 
hole to have equilibrated conductively from the effects of drilling (a 
typical response for Yucca-Mountain boreholes) until early 1983. The 
temperature profile acquired in March 1983, shortly after a major 
precipitation event, is disturbed down to about 120 m depth. The March 1984 
profile shows the disturbance to have equilibrated, such that the profile 
resembles that acquired soon after drilling. Fluid evidently entered the 
borehole, which is situated within the ephemeral channel in Drill Hole Wash.  
However, it is not known whether fluid entered the borehole through (1) the 
top of the surface casing as a result of overtopping by the runoff; (2) the 
alluvium at the bottom of the surface casing, above the bedrock contact; or 
(3) fracture pathways beneath the channel and intersecting the borehole at 
depth.  
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2.8 TELESEISMIC TOMOGRAPHY SURVEYS

OBJECTIVES 

Teleseismic tomography has been used in the Yucca Mountain site area and 
region primarily for detection of extant magma chambers larger than about 
4 km across, and to help map deep tectonic structures that might be important 
to repository performance. These studies are directly pertinent to NRC staff 
concerns expressed to the DOE (e.g., Comments #49 and #51 of the "Point 
Papers" response to the Consultation Draft Site Characterization Plan).  
Teleseismic tomography is routinely successful for delineating silicic magma 
chambers in the crust and partial melts in the upper mantle. Iyer (1987) 
reviews teleseismic tomography results and other seismic studies for a large 
range of volcanic systems.  

Structures affecting the repository may be of almost any size. Regional 
teleseismic tomography delineates upper-mantle structures that may be related 
to plate motions and large-scale magmatism, such as the Miocene calderas of 
the Timber Mountain-Silent Canyon complex. Regions of upper-mantle partial 
melt that could supply basalt lava to eruptions near the repository can be 
delineated at this scale as well. At finer scales, major faults offsetting 
the Paleozoic basement beneath the tuff section have discernible teleseismic 
signatures because of the strong velocity contrast. Using this signature, 
buried faults can be located. Crustal silicic magma chambers larger than 
about 4 km across also can be imaged using fine-scale data. Magma chambers 
this size and larger have been imaged routinely below active silicic volcanic 
centers in the western U.S. The absence of low-velocity features this size 
at Yucca Mountain would be a positive result indicating diminished likelihood 
of silicic eruptions in the site area.  

DATA COVERAGE AND QUALITY 

Data are available for the Yucca Mountain area at three scales 
(Figure 2.8-1). First, data from the regional Southern Great Basin (SGB) 
network provide a large array aperture, and therefore great maximum depth of 
imaging, but the stations are far apart, limiting the resolving power of the 
network. The data of Monfort and Evans (1982), combined with a completed but 
unpublished data set acquired by J.R. Evans, provide 26-km lateral resolution 
to a depth of about 345 km in all of southern Nevada and neighboring parts of 
southeast California. The major findings of Monfort and Evans (1982) are not 
changed by these new data, but resolution characteristics are improved.  

Second, later addition to the SGB network of six stations around Yucca 
Mountain itself (Figure 2.8-Ic, five solid symbols in site area and one just 
west), combined with temporary deployment of 20 portable seismographs 
(Figure 2.8-ic, open symbols), created a circular array of seismographs with 

mean station spacing of about 4 km within a 15-km radius around the 
repository. This array can resolve objects as small as 4 km across and probe 
to Moho depth or slightly below. This temporary deployment was specifically 
designed to provide information on any small (>4 km) crustal silicic magma 
chambers in the site area.
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Figure 2.8-1. Maps of seismograph stations used in teleseismic tomography studies. Permanent stations of the 
SGB network are shown as solid symbols; portable stations installed around Yucca Mountain in 1982 are shown 
by open symbols. Site area hachured. (a) Map showing stations used in regional ("SGB") inversions of data 
from the whole SGB network. "LV" is Las Vegas. (b) Mid-scale map showing stations used in mid-scale 
("NTS") inversions. (c) Map showing stations used in fine-scale (Yucca") inversions.  
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Last, the SGB network is denser in the NTS area. Hence, intermediate
scale images with up to 12-km resolution and imageable depth of 120 km are 
possible in this region. However, this resolution decreases toward the edges 
of the array more rapidly than is usual for teleseismic images. Images at 
both of these finer scales have now been produced. The new images and the 
revised images of regional-scale features are discussed in an interpretive 
report and a data report, both now in preparation by J.R. Evans and M. Smith.  

The resolution values given above apply to the shallower parts of the 
images in the well-sampled parts of the region. Resolution degrades slowly 
with increasing depth and rapidly beyond the edges of the seismograph array.  
Vertical resolution is not as good as horizontal; in particular, vertical 
resolution of the finest-scale images is about 12 km near the surface. A 
special class of vertically limited but horizontally extensive objects may go 
completely unobserved or be resolved only at their edges. Additionally, the 
number of readings and the distribution on the globe of teleseismic sources 
used in the experiment can reduce the effective resolution or cause artifacts 
that must be evaluated expertly. Nevertheless, magma chambers comparable to 
those under Long Valley and the Mono Craters, California (Dawson et al., 
1989; Achauer et al., 1986), or San Francisco Mountain, Arizona (Stauber, 
1982), and within about 10 km of the repository would be resolved with these 
data.  

A related data set has been produced from evaluation of refracted 
arrivals, from underground nuclear explosions (UNEs). These data are reduced 
in terms of travel time residuals for stations located throughout Yucca 
Mountain and vicinity (Walch and Phillips, 1989; Walch, 1988; Hoffman and 

--. Mooney, 1983). Because the UNE first arrivals are refracted along a crustal 
horizon, the residuals apply only to the velocity structure of the upper and 
middle crust.  

SUMMARY OF RESULTS 

Monfort and Evans (1982) summarize results for data collected from the 
regional SGB network in 1979 and 1980. Combined with 1982 data (currently 
unpublished), the major features seen are (1) a high-velocity upper-mantle 
anomaly beneath the northern part of the NTS and the Silent Canyon caldera; 
(2) a low-velocity upper-mantle region beneath the southern part of the NTS 
and eastward; (3) crustal low-velocity anomalies beneath the Silent Canyon 
caldera, the southern part of the NTS, Crater Flat, and several other 
stations; (4) high crustal velocity beneath stations on and near Paleozoic 
outcrops; and (5) a high-velocity upper-mantle feature beneath the Funeral 
Mountains-Death Valley region.  

Though the high-velocity upper-mantle anomaly beneath the Silent Canyon 
caldera is better resolved by current data than by any previous study, it 
also has been observed by Spence (1974), Minster et al. (1981), and Taylor 
(1983), using teleseismic recordings of NTS tests. The anomaly may be 
residuum of a magma chamber associated with the Miocene volcanism that 
generated thick layers of tuff in this region. If so, this result implies 
that this system is inactive at its roots. The low-velocity upper-mantle 
anomaly beneath the southern part of the NTS is of unknown origin, but may be
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a region of partial melt associated with recent basaltic volcanism south of 
the repository site. However, other interpretations are equally plausible.  
This matter merits further investigation.  

Preliminary data from the dense 1982 temporary array were used by Evans 
and Oliver (1987) to infer a strong correspondence between the portion of the 
teleseismic residuals caused by shallow (<5 km) structure and isostatic 
residual gravity. This correspondence implies that the thickness of tuff 
overlying Paleozoic basement rocks is mirrored in these data; a combined 
interpretation of gravity and teleseismic data may clarify the geometry of 
this interface. Both types of data indicate that an important structural 
boundary is present beneath- or very near the repository block, where the 
eastern edge of the basin beneath Crater Flat apparently runs east of 
teleseismic stations in Solitario Canyon. This boundary should be located 
more precisely; a high-resolution active-source analogue of teleseismic 
tomography (Achauer et al., 1988; Evans and Zucca, 1988) can accomplish this 
goal and should be considered.  

The significance of Crater Flat is an issue of some importance to 
structural models of the Yucca Mountain region. It may be one or more 
Miocene calderas, or simply a graben, possibly related to Miocene volcanism 
north of Crater Flat in the Timber Mountain-Oasis Valley caldera complex.  
The new teleseismic data suggest the former, in that an apparent low-velocity 
anomaly is present beneath Crater Flat in the middle and lower crust. (The 
velocity model was corrected for reasonably well-known, near-surface velocity 
structure such as the volcanic section in Crater Flat; details of this 
correction will be provided in the forthcoming report.) This columnar low 
may extend into the upper crust as well, but current data do not resolve the 
junction region between it and the shallow basin known to exist beneath 
Crater Flat. These two features may be either connected or separated. The 
low-velocity anomaly may be caused by Miocene piston-like collapse of a 
caldera over a now-solidified magma source near the Moho, or it may represent 
a modern thermal disturbance, possibly related to Quaternary basaltic 
volcanism.  
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3.0 PLANNED GEOPHYSICAL ACTIVITIES

This chapter presents planned geophysical activities in a manner that is 
organized around specific applications and needed information. This 
complements the Site Characterization Plan (SCP), which does not present a 
distinct geophysics program per se. In the SCP, plans for geophysical 
activities are typically intermingled with non-geophysical studies, and 
similar geophysical activities are discussed in different sections. This 
chapter also associates plans for future geophysical activities with results 
obtained from past activities, to the extent that these results have been 
used in the planning process.  

A summary of planned activities is presented in Table 3.1-1. This 
summary includes information from similar tables in the SCP (Table 
8.3.1.4-4), with some additional detail provided.  

A report by Jones et al. (1987) and a paper by Wynn and Roseboom (1987) 
on geophysical techniques for site characterization present useful summaries 
of the general attributes of various geophysical techniques; this information 
will not be repeated here. Rather, this section elaborates upon specific 
applications of geophysics at the Yucca Mountain site. The report by Jones 
et al. identified a number of methods that have not been previously used at 
the site. Accordingly, present plans include testing of various methods 
prior to full-scale implementation for site characterization.  

This chapter contains some new insights from the editors, and from the 
Project investigators responsible for geophysical activities. For the most 
part, this chapter is consistent with the SCP and recently drafted Study 
Plans. Some of the relevant content of the SCP from Investigations 
8.3.1.17.4 and 8.3.1.4.2 is reiterated for clarity. Activity descriptions in 
the SCP and Study Plans, and information in the Site Characterization 
Technical Planning Basis (DOE, 1989), are controlled by the DOE. This 
report, particularly Section 3, represents a working position on the 
application of geophysics, and is not part of a controlled planning basis.  
Discrepancies between information contained in this report and in the 
documents listed above should be regarded in favor of the controlled sources.  
Whereas this report identifies some new exploration concepts and elaborates 
on some activity descriptions in the SCP, changes to the scope of work 
described by the SCP and Study Plans, or to the information contained in the 
technical baseline (DOE, 1989), need to be reviewed and approved in 
accordance with change control procedures before becoming part of the 
controlled planning basis for site characterization. Also, it is important 
to recognize that a systematic effort to set priorities for surface-based 
testing, in a manner that will provide data for evaluating siting criteria of 
10 CFR 60.122, is underway at the time of publication of this report.  

Geophysical participation in site characterization is discussed in the 
following subsections for hydrologic, geologic, tectonic, and engineering 
applications (Sections 3.1.1 to 3.1.6). A description of activities related 
to the geophysics integration activity (SCP Section 8.3.1.4.1.2) including 
recommendations of a feasibility testing program and a preliminary 
prioritization of geophysical activities is given in Section 3.2. The 
section on feasibility studies (Section 3.3) describes a means for timely 
acquisition of certain limited but important information that is needed to
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further develop the geophysics program. The important question of 
integrating older geophysical data with newer data sets is considered in 
Section 3.4.
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Table 3.1-1. Summary of Planned Geophysical Activities (page 1 of 8)

(

Decision 

Method Activity Location Scope points Comnents 

SEISMOLOGY

Deep refraction

Shallow (Bison) refraction 
and shear wave refrac
tion and reflection

Evaluation of proposed deep 
reflection survey 

Evaluation of intermediate
depth reflection and 
refraction

Shallow (Mini-Sosie) 
reflection 

Vertical seismic profiling/ 
tomography

8.3.1.17.4.3.1 

8.3.1.17.4.4, 
8.3.1.2.2.1.1 
and others

8.3.1.17.4.3.1 

8.3.1.17.4.7.1 
8.3.1.4.2.1.2

8.3.1.17.4.7.8 

8.3.1.4.2.2.5 
See also 
8.3.1.2.2.3 and 
8.3.1.2.2.3.2

E-W transect Indian 
Springs-Stovepipe 
Wells (SCP Figure 
8.3.1.17-12) 

Quaternary faults, 
Yucca Mountain region 
and site area

Planned lines across 
Yucca Mountain and 
Crater Flat; also 
extending across 
Amargosa Desert to 
Death Valley; subject 
to peer review 

Site area, including 
one or more E-W lines 
across Yucca Mountain

Yucca Mountain, Crater 
Flat, Jackass Flats, 
Amargosa Desert, 
discharge areas 

Repository block and 
vicinity

Reversed profiles and 
cross-profiles, shot
points 8 to 20 km 
spacing.  

250 to 500 m traverses, 
portable instruments, 
sledgehammer energy 
source. Shear wave 
method uses 12 or 
more geophones, 3 m 
spacing.

TBD

None Existing surveys discussed in 
Section 2.4.

Number and location 
TBDA.

DTPb after evaluation 
of preliminary tests 
(15 km reconnaissance 
line) and peer review.

Evaluate previous None 
results, assess 
potential for appli
cation of methods 
to Yucca Mountain, 
conduct planned line 
across Yucca Mountain, 
plan other applications 
as appropriate.

Planned work includes 
7 to 15 profiles, 1 to 
5 km in long; hand
carried instruments.  
Source energy from 
hand-operated tampers.  

As many as 15 to 25 
geotomographic pro
files, 0.2 to 2 km 
in length; also cross
hole surveys if 
feasible. Various 
shear and compressional 
sources will be compare(

DTP after evaluation 
of two preliminary 
profiles.  

DTP after feasibility 
test, and after 
calibration in 
shaft and drifts.

Maximum depth of penetration -100 m.  
Used to detect fault offset in 
surficial deposits, and depth to 
bedrock. Shear wave method capable 
of detecting 30 cm offset.  

COCORPc survey extending northward into 
southern Death Valley produced 
marginal quality data, although data 
in the upper one second are locally 
good. Reflections at 6-seconds were 
imaged with local continuity. See 
Section 2.5.  

This is a planning activity only.  
Previous reflection survey using 
Vibroseis at Yucca Mountain failed 
(McGovern, 1983). More recent 
surveys using air gun at Mid Valley 
produced useful results (McArthur and 
Burkhard, 1986).  

Maximum depth of penetration 1 km; mini
mum depth about 100 m. Used to map 
shallow structural and stratigraphic 
features with possible application 
to investigation of large hydraulic 
gradient area at Yucca Mountain.  

Used to map 3-dimensional network of 
rock mass fractures. Pixel dimension 
as small as 20 m.
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Table 3.1-1. Summary of Planned Geophysical Activities (page 2 of 8)

Decision 
Method Activity Location Scope points Comments

Shallow seismic refraction 
and reflection

8.3.1.14.2.3.3 
8.3.1.17.4.2

Vicinity of repository TBD 
surface facilities

GRAVITY INVESTIGATIONS

Regional maps

Site area map

Detailed surveys, deep 
reflection profiles

8.3.1.17.4.12.1

8.3.1.17.4.7.2

8.3.1.17.4.3.1

Yucca Mountain region

Site area

Along traverses between 
Stovepipe Wells, Yucca 
Mountain, and Indian 
Springs. Subject to 
peer review (with deep 
seismic refraction and 
reflection).

Beatty 1:100,000 quad
rangle, Pahute Mesa 
1:100,000 quadrangle, 
Nevada Test Site 
1:100,000 map area, 
Yucca Mountain 
1:48,000 map area 

1:24,000 map of site 
and vicinity, 200-ft 
spacing of stations 
along E-W lines spaced 
500-ft apart (where 
topography permits) 

Gravity stations 
along profiles at 
500-ft spacing

None

None

None Will provide data for modeling soil
structure interaction and local-site 
effects on vibratory ground motion; 
also to investigate for alluvium 
offset indicative of faulting.  

Field work complete, compilation com
plete; drafts available. See Section 
2.1.

Will require about 7,500 additional 
stations. Useful for establishing 
stratigraphic variability of 
repository host rock and fault 
location and offset. See Sections 
2.1 and 3.1.5.  

Augment seismic data for joint 
interpretation.

None

Regional aeromagnetic maps

Site area aeromagnetic map

8.3.1.17.4.12.1

8.3.1.17.4.7.3

Yucca Mountain

Site area

MAGNETIC METHODS 

Beatty-, Pahute Mesa-, 
Indian Springs-, and 
Pahranagat 1:100,000 
quadrangles to be com
piled from existing 
surveys 

1:12,000 scale map of 
site and vicinity, 
continuous aeromag
netic survey along 
E-W flight lines 
spaced 1/16 mile 
apart.

None Field investigations complete, compila
tion nearly complete. See Section 
2.2.  

1:62,500 scale map complete. See 
Sections 2.2 and 3.1.5.

None

/
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Table 3.1-1. Summary of Planned Geophysical Activities (page 3 of 8)

Decision 
Method Activity Location Scope points Comments

Ground magnetic survey (with 
deep reflection profiles 
and shallow reflection 
profiles) 

Site ground magnetic surveys 

Curie isotherm

Regional magnetotelluric (MT)

8.3.1.17.4.3.1

8.3.1.17.4.7.4 

8.3.1.8.5.2.1

8.3.1.17.4.3.1

Along traverses between 
Stovepipe Wells, Yucca 
Mountain, and Indian 
Springs 

Site area and 
vicinity 

Yucca Mountain region

Yucca Mountain, Crater 
Flat, Jackass Flats, 
Amargosa Desert, 
Death Valley (SCP 
Figure 8.3.1.17-8)

Magnetic intensity DTP only if seismic 
stations along pro- surveys run.  
files at 10 to 20-ft 
spacing where acces
sible by truck, 50 to 
100-ft spacing elsewhere 

Ground magnetic surveys Number and location 
at (1) known and TBD.  
inferred structures, 
(2) vicinity of drill
holes, and (3) anomalies 
detected in site 
aeromagnetic map.  
Surveys to be semicon
tinuous (10 to 20-ft 
spacing)

Analysis of regional 
aeromagnetic data

ELECTRICAL METHODS 

Detailed survey with 
stations at 3 to 5-km 
spacing along tra
verses across Yucca 
Mountain, Crater Flat, 
and northern Amargosa 
Desert; reconnaissance 
survey with stations 
at 10-km spacing in 
remainder of area

None

None

Augment seismic data for joint 
interpretation.

To locate concealed extensions of 
faults and buried volcanics.  

Map configuration of computed Curie 
isothermal surface, and to com
pare areas of shallow isotherms 
with areas of high heat flow and 
recent volcanism. See Connard et 
al. (1983). Nevada study complete 
(Blakely, 1988); further work will 
focus on Yucca Mountain region 
using detailed data coverage.  

Previous work shows mappable con
ductivity contrasts in 1 to 15 km 
depth range. See Section 2.3.
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Table 3.1-1. Summary of Planned Geophysical Activities (page 4 of 8)

Decision 
Method Activity Location Scope points Comments

Surface and airborne geo
electric investigations 
(possibly including air
borne EM, slingram, VLF, 
DC resistivity, VHF sound
ings, tensor audio magneto
tellurics, and telluric 
profiling) 

Induced Polarization (IP)

Surface electrical 
resistivity methods 
ER and EM

8.3.1.17.4.7.5 

8.3.1.17.4.7.5

8.3.1.17.4.7.5

Site area; also 
Amargosa Desert 
discharge areas 

Site area, Shoshone 
Mountain area; 
exact line loca
tions TBD

Site area

Assess potential for 
application of these 
methods, evaluate pre
vious results, plan 
new applications as 
appropriate.  

Investigate possible 
extension of altera
tion, and minerali
zation from Calico 
Hills west to 
repository area.  
Large dipole spacing.  

To supplement existing 
or planned surveys 
where data are needed 
to test for a particu
lar mineral deposit

DTP with feasibility 
testing of selected 
methods only, as 
determined by review.  

DTP as determined 
by review.

DTP only after data 
review for applica
bility to minerals 
assessment.

Possible application to structural 
and stratigraphic problems at the 
site, water-table depth estima
tion in regional ground-water 
discharge areas, and reconnais
sance of the large hydraulic 
gradient area at Yucca Mountain.  
See Section 2.3.  

Assist interpretation of 
potential mineralization at 
northern end of site area.

Assist in identification of 
deposit characteristics.

RADIOMETRIC AND REMOTE SENSING METHODS

Surface and airborne gamma 
ray investigations 

Thermal infrared investiga
tions

8.3.1.17.4.7.6 

8.3.1.17.4.7.7 
8.3.1.2

Site area and 
Yucca Mountain 
region 

Site area and 
Yucca Mountain 
region

Assess application 
of these methods 
with preliminary 
survey over known 
faults, using static 
ground measurements 

Assess potential for 
application of air
borne and satellite 
thermal infrared 
imagery for mapping 
fracture networks 
in exposed bedrock, 
and infiltration 
processes in surface 
materials.

DTP with major 
application of air
borne methods only 
if warranted by 
feasibility test 
results.  

DTP based on 
feasibility testing, 
and evaluation of 
cost versus expected 
results.

Could detect percolation of radon 
through fault zones. Perform 
feasibility study in time to 
coordinate airborne survey with 
aeromagnetic survey.  

Depends on detection of surface 
temperature variation, which is 
related to soil moisture content, 
which is partly related to 
infiltration.

'-I 
r-4



(

Table 3.1-1. Summary of Planned Geophysical Activities (page 5 of 8)

Decision 
Method Activity Location Scope points Comnents

Thematic Mapper satellite 
imagery

Regional outcrop 
studies

Site area outcrop 
and drill core 
studies

8.3.1.17.4.3.5 
8.3.1.17.4.9.1

8.3.1.17.4.3.2

8.3.1.4.2.1.5

Yucca Mountain and 
vicinity

Yucca Mountain, Little 
Skull Mountain, Crater 
Flat, Skull Mountain, 
southern Yucca Moun
tain, eastern Yucca 
Flat 

Yucca Mountain

Tapes of the four Them
atic Mapper V scenes 
encompassing the 
Yucca Mountain region 
will be used to 
produce spectral and 
spectral ratio maps.  

PALEOMAGNETISM 

5 to 6 sites at Yucca 
Mountain will be sam
pled. If useful 
results are obtained, 
other sites as listed 
may be sampled.  

Orient drill core as it 
becomes available.  
Establish reference 
orientation through 
study of outcrop 
samples. Determine 
magnetic character of 
outcrop samples to aid 
in interpretation of 
aeromagnetic data.

None Used to define structural domains 
(including lineaments), areas of 
well-developed desert varnish, 
areas of hydrothermal alteration, 
and areas of vegetative cover.

DTP only if useful 
results obtained at 
Yucca Mountain, and 
if suitable strata 
are present.

Preliminary results at Yucca Mountain 
suggest 300 rotation. See Section 
2.7.

None

BOREHOLE GEOPHYSICAL METHODS

Geophysical logging 

Borehole gravimetry 8.3.1.4.2.1.3 Site area and vicinity Survey 15 existing 
water-table drill
holes, existing deep 
holes that can be 
made available, and 
all new holes that 
reach the base of the 
Topopah Spring Member 
in the site area.

None Already have data in drillholes H-I, 
P-l, G-1, G-3, and G-4. Data will be 
used to model structure in the 
immediate vicinity of each borehole, 
to study lithophysal zones, and to 
model the Paleozoic surface beneath 
Yucca Mountain.
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Table 3.1-1. Summary of Planned Geophysical Activities (page 6 of 8)

Decision 
Method Activity Location Scope points Comments

Borehole magnetic logs

Induced polarization logs

Commercially available 
logs 

Time-domain 
reflectometry (TDR) 

Borehole nuclear
geophysical logs, 
and neutron 
moisture meter 
logging 

Temperature logs 

Acoustic televiewer 
logs and TV camera 
logs 

Large spacing electro
magnetic and resisti
vity logs

8.3.1.4.2.1.3

8.3.1.4.2.1.3

8.3.1.4.2.1.3 

8.3.1.2.2.4.2

8.3.1.2.2.1, 
8.3.1.2.2.3, 
8.3.1.2.2.4 

8.3.1.2.1.3 

8.3.1.4.2.2.3 

8.3.1.4.2.1.3

Site area and vicinity

Site area

Yucca Mountain 

Exploratory Shaft 
Facility

Site area, and 
Exploratory Shaft 
Facility 

Yucca Mountain 

region 

Site area and vicinity

Yucca Mountain

Survey 15 existing 
water-table drill
holes, and new drill
holes prior to casing 
operations.  

Test in one or two 
boreholes; investi
gate log response to 
authigenic tuff 
alteration, and to 
sulfide mineralization 
in boreholes.  

Acquire a standard 
suite of logs in 
all existing 
unlogged drillholes, 
and all new holes.  
Relog selected 
holes not previously 
logged for IP.  

Measure changes in 
rock moisture 
content for 
infiltration test 
in the ESF.  

Unsaturated-zone 
boreholes.  

Selected boreholes.  

All drillholes; 
in the SZ and UZ 
as applicable.  

Selected drillholes.

None

Evaluate for 
effectiveness.

None

None

Used to determine mappable magnetic 
events for studying structural 
and stratigraphic continuity of 
Yucca Mountain, and to supplement 
paleomagnetic and lithophysal 
studies.  

Feasibility study to determine if the 
method can be used to detect 
zeolitization, and to assess the 
abundance of sulfides.  

To obtain parameters for hydrologic, 
geologic, and geophysical models, and 
to determine uniformity and 
lateral distribution of rock prop
erties within the stratigraphic 
units.

Prototype testing required.

None 

None 

None

After evaluation of 
surface and borehole 
data.

Neutron scatter and gamma ray 
attenuation for volumetric 
moisture content.  

For geothermal, heat flow, and 
hydrologic studies.  

For fracture and fault zone detection 
(television and televiewer), and 
stratigraphic and lithologic 
correlation (television).  

To determine accurate large-volume in 
situ values for studying fracture and 
lithophysal zones, and for 
interpreting anomalies detected 
with surface and borehole data.
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Table 3.1-1. Summary of Planned Geophysical Activities (page 7 of 8) 

Decision 
Method Activity Location Scope points Comments

Borehole gamma-ray 
spectrometry

8.3.1.4.2.2.3 Site area boreholes 
not already logged

Investigate presence of 
anomalous K, U, Th, 
and migration of 
these elements.

DTP after review for 
applicability to 
minerals assessment.

To look for evidence of hydrothermal 
activity or mineralization.

BOREHOLE-TO-SURFACE METHODS

Resistivity and elec
tromagnetic methods 

High resolution P and 
S wave seismic 

Surface-to-hole 
seismic refraction 

Up-hole and down-hole 
seismic

Borehole-to-borehole 
methods 

Cross-hole seismic

8.3.1.4.2.2.3 

8.3.1.4.2.1.3 

8.3.1.4.2.1.3 

8.3.1.14.2.3.3

Yucca Mountain 

Yucca Mountain 

Yucca Mountain

Vicinity of surface 
facilities

Selected drillholes.  

Selected drillholes.  

Selected drillholes.

TBD

After evaluation of 
surface and borehole 
data, and crosshole 
studies.  

After evaluation of 
surface and borehole 
surveys.  

After evaluation of 
surface and borehole 
surveys.  

After evaluation of 
shallow seismic 
refraction survey.

CROSSHOLE METHODS

8.3.1.4.2.2.5 

8.3.1.14.2.3.3

Yucca Mountain close
spaced holes for 
hydrologic testing and 
for surface facilities 
studies 

Vicinity of surface 
facilities

Selected drillholes.

TBD

None

After evaluation of 
shallow seismic 
refraction survey.

Obtain bulk resistivity and dielectric 
information in areas of anomalous 
surface geophysical data or where 
faults are projected into the 
subsurface.  

Obtain bulk properties in areas of 
anomalous seismic character or 
where faults are projected into 
the subsurface. Also, to obtain 
parameters for designing effective 
deeper-penetrating seismic 
surveys.  

Possible application to fault 
detection/delineation, and bed 
tracing.  

Will provide data for modeling soil
structure interaction and local site 
effects on vibratory ground motion.  

Possible feasibility studies to investi
gate the mappability of features that 
intersect the drillholes, such as 
fractures or zones of high water 
content, using resistivity, EM, and 
high resolution seismic methods.  

Will provide data for modeling soil
structure interaction and local size 
effects on vibratory ground motion.

I-A 
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Table 3.1-1. Summary of Planned Geophysical Activities (page 8 of 8)

Decision 
Method Activity Location Scope points Comnments 

PETROPHYSICS 

Petrophysics 8.3.1.4.2.1.4 Yucca Mountain Selected samples from None To verify geophysical log accuracy, 
new coreholes. calibrate computed logs, measure 

properties not measured in situ, 
and to support modeling and inter
pretation of surface geophysical 
studies.  

ITBD - to be determined.  
bDTP = decision to proceed.  
OCOCORP - Consortium for Continental Reflection Profiling.



3.1 DISCUSSION OF PLANNED GEOPHYSICAL ACTIVITIES

3.1.1 UNSATURATED ZONE HYDROLOGIC INVESTIGATIONS 

FAR-FIELD CHARACTERISTICS FROM VERTICAL SEISMIC PROFILING (VSP) 

VSP will be tested early in the site program to determine its utility 
for characterizing variation in bulk fracture properties. It is thought that 
seismic methods may be capable of imaging large-scale (tens of meters) trends 
in average or bulk rock characteristics that are attributable to fracturing.  
Also, some features such as stratigraphic contacts or faults may be imaged as 
distinct seismic structures. Seismic profiles will be compared to results 
from pneumatic packer testing in boreholes and long-term monitoring of 
natural processes in the unsaturated zone (UZ), to evaluate the importance of 
observable seismic trends with respect to site behavior (Activity 
8.3.1.2.2.3.2).  

The use of VSP for hydrologic studies is based on fundamental models for 
seismic propagation in fractured rock. A system of near-vertical fractures 
tends to produce transverse anisotropy in compressional and shear wave 
responses. Velocity, anisotropy, and apparent attenuation will be 
interpreted in terms of contributions of fracturing to bulk deformability, or 
alternatively in terms of multiple scattering from distributed fracture 
interfaces. The surveys will be designed with coverage to support imaging 
with resolution as fine as about one seismic wavelength (which may be as 
small as 20 m). Consideration will be given to the structural fabric of the 
site to design surveys which can identify anisotropy or lateral heterogeneity 
of the seismic structure that may exist in proximity to known faults.  
Seismic sources will be evaluated using field trials and limited scoping 
studies; sources to be considered include shear vibrators, shear-impact 
sources, land air-gun, and explosives.  

Two VSP experiments are currently planned: one at the Exploratory Shaft 
Facility (ESF), and another at the USW UZ-9 complex of UZ hydrology bore
holes. The ESF study (SCP Activity 8.3.1.4.2.2.5) will require installation 
of three component geophones at intervals in the lining of each exploratory 
shaft, and along some workings at the main test level. Seismic data will be 
compared to the abundant information from geologic mapping and other testing 
in the ESF. In this way the relation between actual rock characteristics and 
seismic response will be evaluated in detail.  

The USW UZ-9 complex of boreholes will be constructed about 0.5 km 
southeast of the conceptual repository perimeter (Activity 8.3.1.2.2.3.2).  
These boreholes will investigate the UZ down to the water table. A 
prefabricated cable containing three component geophones at intervals of 
about 5 m, to a depth of about 400 m, will be cemented into a dedicated 
borehole. Present plans call for fully-cemented geophones to be used at the 
USW UZ-9 complex VSP borehole. The same method will be used in boreholes at 
other locations for Activity 8.3.1.2.2.3.2, in lieu of a wall-locking 
(removable) VSP tool, if it can be shown that fully-cemented geophones 
satisfy the study objectives reliably. Information on seismic 
characteristics (i.e., P- and S-velocities, velocity, anisotropy, apparent 
attenuation, and reflections) will be compared to information obtained from
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drilling, logging, and pneumatic testing in a cluster of UZ boreholes.  
Additional VSP surveys may be conducted at other locations in the site area 
(particularly USW UZ-6, and systematic drilling program boreholes) depending 

on the results from the initial tests at the ESF and at the USW UZ-9 borehole 
complex.  

At present, no preliminary VSP data are available for Yucca Mountain 
which would be of use in the design and planning of VSP studies in the ESF or 
at the USW UZ-9 complex. Simple downhole velocity surveys have been 
conducted using a single-component, wall-locking geophone tool and a vibrator 
source at zero offset. However, these data are available only on paper 
records, and are poorly suited for resolving velocity structure and 
evaluating attenuation and reflection coefficients. Physical model and 
computer simulations are being conducted using existing knowledge of 
structure and stratigraphy at the site, to support design of VSP experiments 
and reduction of data from the UZ-9 complex. This is an important topic for 
examination by the geophysical integration activity (SCP Section 
8.3.1.4.1.2).  

FORMATION CHARACTERISTICS NEAR THE BOREHOLE, FROM GEOPHYSICAL LOGGING 

A suite of geophysical wireline logs will be run in the UZ in each new 
borehole constructed at Yucca Mountain for percolation studies (Activity 
8.3.1.2.2.3.2) and the systematic drilling program (Activity 8.3.1.4.3.1.1).  
A somewhat different suite of logs is intended for the saturated zone (SZ).  
The borehole geophysics activity (Activity 8.3.1.4.2.2.3) will involve 
logging of all new boreholes, limited relogging of existing boreholes, and 
development of lithostratigraphic and hydrologic interpretations.  

Logs will be acquired in the UZ for lithology and mineralogy (density, 
gamma-ray, spectral gamma-ray, magnetic intensity, and magnetic 
susceptibility), fracture characterization (axial and side-view television), 
porosity (gamma density), and moisture detection (epithermal neutron, neutron 
moisture meter, dielectric). Logs acquired for moisture detection will be 
compared to moisture content and potential from core and cuttings testing 
(Activity 8.3.1.2.2.3.1), and to other moisture-sensitive information such as 
long-term in situ hydrologic monitoring (Activity 8.3.1.2.2.3.2). The logs 
are expected to provide information on moisture conditions during and after 
drilling, and changes in these conditions over time as the holes are tested, 
and stemmed or shut-in.  

Standard logs including caliper, temperature, and deviation surveys will 
also be acquired from the UZ. Although analysis of existing logs from Yucca 
Mountain is not yet complete, there is evidence that some of the common logs 
are not effective in the UZ. The compensated neutron porosity tool is of 
limited use in dry holes, apparently because of source-detector interference, 
which diminishes response to changes in formation moisture content (Serra, 
1984). Also, the compensation algorithm may be unsuited for dry holes at the 
source-detector spacings commonly used. Experience at Yucca Mountain 
indicates better sensitivity to moisture content from single detector 
(shielded thermal detector) epithermal tools, used in non-centered 
"configuration, than from standard compensated neutron porosity logs.
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Electrical logging methods are commonly used to determine water 
saturation, but require some adaptation to the air-filled boreholes at Yucca 
lountain. In the highly resistive (>100 ohm-m) tuffs of the UZ, particularly 

welded tuff, the induction log response is small and measurement uncertainty 
increases with increasing resistivity. If the inductive tool could be 
improved to provide reliable readings in the highly resistive UZ, then 
estimates of water saturation could be obtained. Another approach to 
determining water saturation is provided by the dielectric tool. Experience 
with a 47-MHz dielectric tool at Yucca Mountain shows that the log appears to 
respond to variations in water content with useful depth of investigation 
(e.g., 10 cm or more). This response requires substantiation with laboratory 
measurement of dielectric permittivity on cores of determined mineralogy and 
as a function of water content. In addition, the dielectric tool will be run 
in cored holes and compared to core-based measurement of water content. The 
feasibility of dielectric and induction logs, as well as the relatively new 
nuclear magnetic resonance log, for moisture content in the UZ will be 
evaluated by a planned feasibility test of logging methods for UZ studies 
(see Section 3.3 of this report).  

The need for one or more calibration boreholes has been identified in 
relation to geophysical logging (Activity 8.3.1.4.2.1.3) and logging for 
surface infiltration studies (Activities 8.3.1.2.2.1.2 and 8.3.1.2.2.1.3).  
The objective is to have a facility where borehole geophysical logs can be 
rerun as necessary during site characterization, as a calibration check that 
takes into account effects not generally addressed by standard calibration 
procedures.  

Dedicated calibration boreholes are also desirable for "benchmarking" 
the responses of tools that should produce similar logs (e.g., identical 
tools from the same manufacturer, or similar tools from different 
manufacturers). Existing boreholes and currently planned boreholes are 
either unsuitable or are committed to other uses.  

The facility would be designed to stabilize formation characteristics, 
so that long-term repeated logging would be expected to produce repeatable 
tool response. This and other aspects of calibration borehole design would 
be unique, and justify feasibility testing. Two holes, each about 30 m deep, 
have been tentatively proposed for the vicinity of Fran Ridge about 5 km east 
of the site. Each hole would sample the same part of the geologic section in 
a different hydrologic setting (e.g., rock slope and alluvium-covered wash).  
The ODEX dry drilling method would be used, and the holes could be completed 
with thin-wall steel, aluminum, or plastic casing over at least part of their 
length, to prevent them from gradually drying. Continuous core would be 
acquired using the dry method that was demonstrated in the existing shallow 
UZ holes (i.e., USW UZ-4, UZ-5, UZ-7, UZ-13). Core would be used for 
independent characterization of (1) lithology and hydrologic properties, and 
(2) baseline moisture conditions. Core data would provide a basis for 
inferring undisturbed conditions, which would be compared to log responses 
over time. Further design of the calibration borehole test will be addressed 
by the geophysics integration activity (see Section 3.3 of this report).
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BOREHOLE, CROSSHOLE, AND SURFACE-TO-BOREHOLE METHODS 

The crosshole gamma technique has been used on a preliminary basis for 
monitoring infiltration into the uppermost 2 to 10 m of soil or rock, in 
different settings at the site (SCP Activity 8.3.1.2.2.1.2). The limit for 
satisfactory transmission and detection of 0.66 MeV gamma rays between 
steel-cased borings appears to be about 2 to 5 m. These measurements 
continue to be made periodically for natural and artificial infiltration 
studies. The technique may also be used in the clustered USW UZ-9 boreholes.  
The spacing between boreholes in this cluster will be determined from the 
results of pneumatic injectivity tests and observed fracture distribution, so 
that the intervening distance corresponds to a lineal dimension for a 
characteristic volume of the rock mass, if practicable. If this distance is 
approximately 5 m or less, then crosshole gamma attenuation data will be 
acquired from the adjacent boreholes. This survey will be run once, prior to 
installation of borehole instrumentation (as described in the SCP for 
Activity 8.3.1.2.2.3.2). Accordingly, high-accuracy information on the 
variation of inter-borehole distance is required to infer moisture content 
from the attenuation data. A high-precision (inertial) directional survey 
will be run in each of the adjacent boreholes to provide this information.  

At the present time, borehole seismic sources that can be used in dry 
holes have ranges that are limited to a few tens of meters. There are no 
immediate plans to attempt crosshole seismic surveys for UZ studies, but such 
surveys may be appropriate depending on the results from other techniques 
such as VSP.  

A test of the feasibility of a number of borehole, surface-to-borehole, 
and possibly crosshole geophysical methods for characterizing fracturing and 
fault zones in the UZ and SZ is proposed in Section 3.3 of this report. This 
testing will be conducted using existing UZ boreholes, the existing 
"c-series" boreholes, or the proposed UZ-9 complex of boreholes, as 
appropriate. Methods identified for testing include large-spacing EM and ER 
logs, possible surface-to-borehole configuration of these methods, and 
possible crosshole VHF tomography (applicability of VHF methods is discussed 
further in Section 3.1.5).  

REMOTE SENSING 

Airborne thermal infrared imaging will be examined for its ability to 
detect the results of percolation of meteoric water through fractures, 
faults, or porous surficial units (Activity 8.3.1.17.4.7.7). Spatial or 
temporal surface-temperature anomalies may be associated with differing 
moisture content of surficial or near-surface materials in response to 
precipitation or other moisture migration phenomena. Surface temperature can 
be detected from satellites and aircraft. This is a planning activity only, 
involving scoping analysis and examination of existing data from the site and 
similar areas. Feasibility testing of airborne thermal infrared detection 
for UZ infiltration studies may be justified based on the results fromi this 
activity.
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3.1.2 SATURATED ZONE HYDROLOGIC INVESTIGATIONS

Geophysical surveys have been used in conjunction with hydrogeologic 
investigations for providing essential data used to construct and interpret 
the hydrogeologic framework of the ground-water flow system at Yucca Mountain 
and vicinity. The principal advantages of geophysical surveys in this 
context are that geophysical data can reduce the need for drilling, and that 
large areas can be readily explored.  

There are several special problems in characterizing the ground-water 
flow system, which may be addressed through the use of geophysical methods.  
These are (1) characterization of the cause and extent of the large hydraulic 
gradient area north of the site, (2) estimation of the amount and lateral 
extent of natural recharge occurring in Fortymile Wash east of Yucca Mountain 
and in other major washes, (3) characterizing the frequency and interconnect
ivity of fractures in tuff units at Yucca Mountain, and (4) characterizing 
the lithology and structure of Cenozoic and Paleozoic rocks in the regional 
ground-water flow system. Each of these problems is discussed below.  

EXPLORATION OF THE LARGE HYDRAULIC GRADIENT AREA 

A large hydraulic gradient (300-m head change in 2 km horizontal 
distance) has been identified from water level in drillholes to the north and 
west of Yucca Mountain (Robison, 1984; Robison et al., 1988), and from stem 
tests (e.g., Rush et al., 1983; Craig and Johnson, 1984). The cause of the 
gradient is unknown, but may be related to the following: (1) faults that 
contain nontransmissive gouge or that juxtapose transmissive tuff against 
nontransmissive tuff; (2) the presence of a different lithology that is less 
subject to fracturing, such as rhyolite or argillite, or the presence of an 
intrusive body such as a volcanic dike; (3) topography; or (4) a change in 
the direction of the regional stress field and a resultant change in the 
frequency, interconnectivity, and orientation of open fractures on either 
side of the large hydraulic gradient.  

Several investigators have constructed models of ground-water flow of 
Yucca Mountain and vicinity, and in the process have relied to some degree on 
geophysical surveys to provide insight into the hydrogeologic framework of 
the hydrologic system. Perhaps the most comprehensive of these studies was 
that of Winograd and Thordarson (1975) in their report on the hydrogeologic 
and hydrochemical framework of the NTS. Their work relied on geologic 
characterization that, in turn, relied on geophysical surveys. Among those 
geophysical surveys was a regional gravity survey of the Death Valley region 
compiled by Mabey (1963).  

The first numerical model of regional ground-water flow that includes 
Yucca Mountain was developed by Waddell (1982). This model provided the 
preliminary framework for the refined model of Czarnecki and Waddell (1984), 
which refers to extensive geophysical investigations of the NTS used for 
developing the conceptual model of the hydrologic system. Results from 
gravity and magnetic surveys are presented in Healey and Miller (1971), Kane 
et al. (1981), Ponce and Hanna (1982), and Snyder and Carr (1982). Resisti
vity studies of the area that were used in the model assessment were done by
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Smith et al. (1981), Fitterman (1982), and Greenhaus and Zablocki (1982).  
Reconnaissance seismic-refraction studies were presented in Pankratz (1982).  
Of these studies, gravity and magnetic surveys provided the most useful I 
information for delineating different lithologies, particularly for 
differentiating volcanic rocks from carbonate rocks. Geophysical anomalies 
in the large hydraulic gradient area were identified by the magnetic surveys 
reported by Bath and Jahren (1985), and the resistivity survey of Senterfit 
et al. ( 1982).  

The water table does not appear to be a dependable target for direct 
detection by means of electrical, gravity, or seismic methods. Density and 
seismic velocity or impedance contrasts across the water table are small 
because the tuff matrix in the UZ contains significant water. Resistivity 
soundings and profiles reported by Frischknecht and Raab (1984), and 
Senterfit et al. (1982), suggest that the water table may be associated with 
a resistivity change from roughly 300 to 100 ohm-meters. However, the 
observed contrast is diffuse, and available methods appear to be sensitive to 
variability in near-surface materials, and other factors that make the water 
table contrast difficult to trace, and produce discrepancy with water level 
observations in boreholes. Although it is remotely conceivable to 
geophysically map the water table in rugged terrain north of the site with 
borehole control, this type of information still might not reveal the cause 
of the large hydraulic gradient. Exploration will therefore emphasize 
reconnaissance for geophysical detection of geologic features giving rise to 
the gradient, which is potentially a more straightforward exploration 
problem.  

A preliminary scoping analysis of the use of detailed gravity data for 
investigating the large hydraulic gradient has been performed (H.W. Oliver 
and S.F. Carle, written communication). Existing gravity data covering the 
area northwest of the site area were examined for correlation with the 
potentiometric surface, and for the presence of a structure affecting the 
potentiometric surface. Gravity data collected along Drill Hole Wash and 
along a parallel northwest-southeast profile were modeled in two dimensions.  
The resulting density model was adjusted for agreement of calculated gravity 
with observed gravity. This could be accomplished by including offsets for a 
number of known faults crossed by the profile, and by adjusting the thickness 
of the oldest tuff units and the depth to the Paleozoic-Tertiary contact.  
Thus the existing gravity data appear to correlate to deep structure and are 
probably not significantly affected by the potentiometric surface or 
structure with similar geometry. The feasibility of using gravity data that 
are more detailed than the existing data, for investigation of the large 
hydraulic gradient, will be examined in a proposed feasibility test wherein 
detailed data will be acquired along northwest profiles across the large 
hydraulic gradient area (see Section 3.3 of this report). The location of 
these profiles will roughly coincide with the magnetotelluric profiles shown 
in Figure 3.1-1, depending on the details of available elevation control in 
this area.  

Another gravity method that will be considered and possibly tested in 
the field is high-resolution temporal gravity monitoring by means of a 
cryogenic-type gravimeter. This instrument can resolve 10-1 Pgal (10-1 0 g), 
with drift of about 10 pgal (10- 8 g) per year. One objective for gravity 
monitoring would be to correlate water well level observations with
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atmospheric fluctuations, tidal acceleration, earth tides, and other 
geophysical phenomena at the site. Another application would be comparison 
of continuous gravity recordings with theoretical models for gravity signals 
that might result from active processes such as rising magma or fault slip.  
The applicability of continuous gravity monitoring with cryogenic-type 
gravimeters (as well as by other means) will be evaluated in a scoping study 
of geophysical monitoring capabilities and application (see Section 3.3 of 
this report).  

The deep structure which is apparently the cause of a gravity anomaly of 
8 to 10 mgal beneath the northern portion of Yucca Mountain (see Section 2.1) 
is roughly associated with a gradient in total aeromagnetic intensity, in the 
vicinity of the large hydraulic gradient (see Section 2.2). Planned detailed 
gravity and detailed aeromagnetic surveys will encompass this area for 
reconnaissance, and enable further modeling and interpretation (SCP 
Activities 8.3.1.17.4.7.2 and 8.3.1.17.4.7.4, respectively). The geophysics 
integration activity will ensure through planning and interaction between 
investigators that detailed gravity and aeromagnetic surveys (see Activities 
8.3.1.17.4.7.2 and 8.3.1.17.4.7.4) are appropriate for reconnaissance of the 
large hydraulic gradient area.  

A program of closely spaced magnetotelluric and audio-magnetotelluric 
soundings, oriented along northwest profiles across the large hydraulic 
gradient, has been proposed as a feasibility test. The objectives will be to 
detect large scale structures, and lithologic changes (as manifested in 
electrical resistivity variation), that may be associated with the cause of 
the large hydraulic gradient (see Section 3.3 of this report). The frequency 
band used will be approximately 0.01 to 100 Hz, which is sensitive to 
resistivity contrast in the upper 3 km. Current plans call for 20 five
component soundings at the locations shown on Figure 3.1-1. The response of 
orthogonal MT components will be used to evaluate changes in apparent 
resistivity anisotropy, and to correlate such changes with known geologic 
information to identify possible anomalies that could indicate structure or 
facies changes that may give rise to the large hydraulic gradient. The 
planned program of MT soundings is subject to the review of geoelectric 
methods that is also planned (Activity 8.3.1.17.4.7.5). Current plans call 
for the review prior to additional field surveys.  

Data from the following surveys, described in various parts of the SCP 
as noted, will also be analyzed to characterize the large gradient area, and 
to identify anomalies that may be associated with the cause of the gradient 
and identify targets for drilling or more intensive geophysical exploration.  
These activities are mostly planned in conjunction with geology and tectonics 
studies: 

1. Mini-Sosie seismic reflection surveys (Activity 8.3.1.4.2.1.2).  

2. Analysis of in situ stress information obtained from fracture 
indications recorded by the borehole acoustic televiewer (Activity 
8.3.1.4.2.2.3).  

3. Ground magnetic surveys (Activity 8.3.1.17.4.7.3).
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4. Upper-crustal high-resolution seismic refraction (Activity 
8.3.1.4.2.1.2), 

These methods will be applied along traverses oriented to test specific 
hypotheses related to formation of the large gradient, including the 
existence of a major lateral discontinuity in buried Paleozoic rocks, a 
buried fault, or an igneous intrusion. This work will be done in a 
relatively roadless area with rugged terrain. Application of seismic 
reflection will depend on testing and evaluation that is planned for other 
locations (see Section 3.1.4).  

In summary, application of geophysics to study of the large hydraulic 
gradient area involves feasibility testing, and integration with other 
planned geophysical testing and exploration activities. Coordination between 
technical groups and Project participants applying and using information from 
geophysical surveys is the function of the planned geophysics integration 
activity.  

INVESTIGATION OF RECHARGE IN STREAM WASHES 

Recharge occurring in Fortymile Wash and other washes in the vicinity of 
the site area is probably the major component of water movement through the 
UZ to the SZ in the vicinity of Yucca Mountain. Recharge has been documented 
in Pagany Wash through repeated soil moisture logging in specially 
constructed boreholes (see Section 2.7). Czarnecki (1985) showed from 
modeling of the subregional ground-water flow system that the water table 
altitude beneath the site area is more sensitive to the nature of recharge at 
Fortymile Wash than to other recharge parameters used in the model.  

Factors affecting recharge (net infiltration) include (1) thickness and 
permeability of unsaturated channel fill or alluvium; (2) the presence of 
impermeable strata such as caliche within alluvial sediments; (3) the 
presence of vertical, open fractures beneath the channel surface; and 
(4) ambient soil moisture content.  

The thickness of channel fill will be measured directly by a number of 
borings. Geophysical methods will be used to the extent feasible, to detail 
the depth to bedrock in the vicinity of borings, and for reconnaissance.  
Available methods include (1) seismic refraction of the type reported by 
Hasbrouck (1987, 1988) and Pankratz (1982) for shallow and intermediate
depth contacts, respectively; (2) high-resolution gravity profiling across 
features such as Fortymile Wash (Oliver, personal communication, 1989); and 
(3) reflection surveys such as that reported by Brocher (1989) for deeper 
targets. A simple shallow refraction method has been tested for this purpose 
in the site area (A. Flint, personal communication) with success up to a few 
tens of meters depth. Planned reviews of seismic and electrical methods 
(Activities 8.3.1.17.4.7.1 and 8.3.1.17.4.7.5) will address the objective of 
sounding depth to bedrock.  

To gain a better understanding of the hydrogeologic framework of the 
Amargosa Desert, Czarnecki and Oatfield (1987) compared estimated depth to 
bedrock from Schlumberger resistivity soundings (Greenhaus and Zablocki,
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1982) to the estimates from gravity interpretation for the region (Healey and 
Miller, 1971), and the seismic refraction lines discussed by Ackermann et al.  
(in USGS, 1988). Depth to bedrock was estimated by Greenhaus and Zablocki 
(1982) to be as much as 1,800 m in parts of the Amargosa Desert. Relative 
differences in resistivity of the upper 75 m of sediments were used in 
conjunction with lithologic descriptions from test borings and irrigation 
wells to identify areas with coarser and potentially more transmissive 
sediment. The resulting alluvial thickness model is important and will be 
used in ongoing numerical models of the ground-water flow system. Past 
results indicate that the approach to mapping alluvial thickness from 
resistivity, gravity, and seismic refraction data could be applied north of 
the Amargosa Desert in areas such as Fortymile Wash and Jackass Flats.  
Existing gravity data (Section 2.1) and an east-west upper-crustal seismic 
refraction profile (Sutton, 1985; also see Section 2.4) are available for 
this region.  

Detecting the presence of impermeable strata in borings within the 
valley fill may best be accomplished by coring, but in lieu of this procedure 
borehole geophysical logging will be used. This method has been applied at 
Yucca Mountain, using a neutron moisture meter tool in a steel-cased boring.  
The distribution of moisture following recharge events can be used to 
identify and infer the hydrologic behavior of stratigraphic features. This 
approach is less costly than coring, and has detected infiltration to as much 
as 12 m depth (see Section 2.7). The same methodology would be used in major 
recharge areas such as Fortymile Wash, but extended to depths of hundreds of 
meters. Development work is ongoing to improve neutron moisture logging tool 
response and calibration. The logging approach also permits repeated 
measurements during possible recharge events.  

FRACTURE CHARACTERIZATION IN THE SATURATED ZONE 

Ground-water flow through Tertiary volcanic units in the SZ at Yucca 
Mountain is probably dominated by the effects of fractures, and moisture 
movement through the UZ may be dominated by fractures depending on the 
moisture flux.  

Fracture data will be used in the interpretation of falling-head 
injection tests and other hydraulic-stress tests previously conducted at the 
existing "c-series" boreholes (SCP Activity 8.3.1.2.3.1.3). Fracture data 
will be used in conjunction with interborehole flow tests to select 
combinations of test intervals for multi-well interference tests (SCP 
Activity 8.3.1.2.3.1.4) and tracer tests (see SCP Activity 8.3.1.2.3.1.5).  
Fracture network models (SCP Activity 8.3.1.2.3.1.4) used to interpret the 
results of multi-well tests will be based partly on borehole logs and (to the 
extent practicable) the results of crosshole and surface-to-borehole 
geophysical surveys.  

Fracture characteristics that principally affect ground-water mobility 
are spatial distribution, frequency, length, connectivity, and 
transmissivity. Of these, distribution and frequency can be characterized 
geophysically. Length and connectivity are geometric characteristics for 
which geophysical methods provide useful information only in the unusual case
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that geophysical responses of individual fractures can be recognized.  
Measurement of transmissivity requires a hydraulic test to induce fluid 
transport, with measurement of induced flow or potential. Electrical current 
might be substituted as an indicator of hydraulic response, to the extent 
that current flows along the same pathways, and sufficient resistivity 
contrast exists between the fractures and the rock matrix. This possibility 
will be tested during prototype testing early in site characterization, as 
discussed below.  

Fracture data obtained prior to site characterization by borehole 
geophysical logging of the SZ in the "c-series" boreholes, and other 
boreholes at Yucca Mountain, will be used in several hydrologic 
investigations. Borehole television, the borehole acoustic televiewer 
(BATV), and the full waveform acoustic log (FWAL) will be used to obtain 
fracture frequency and fracture attitude in the SZ (Activity 8.3.1.4.2.2.3).  
Fracture information from limited available core, and lithologic information 
from cuttings, will also be used.  

Fractures are difficult to characterize from vertical boreholes because 
most fractures in the tuff units are nearly vertical. Additional information 
on fracture characteristics in the vicinity of boreholes would be useful to 
evaluate the bias inherent to borehole observation. Several geophysical 
methods are planned to characterize the spatial variability of fracture 
characteristics on a volume average basis throughout the rock mass near 
certain existing exploratory boreholes. Feasibility testing (see Section 3.3 
of this report) will be performed in both the UZ and SZ, using existing 
borehole USW G-4, the existing "c-series" boreholes (spaced about 60 m 

,apart), and the planned USW UZ-9 cluster (spaced roughly 5 to 20 m apart).  
Tests will assess the capability to trace features that are observed to 
intersect the boreholes. Based on the results, the following methods may be 
extended to other boreholes in the site area for characterization of 
fractures in the SZ: (1) conventional and shear-wave VSP, (2) large-spacing 
ER and EM borehole logs, (3) surface-to-borehole measurements designed to 
extend the borehole surveys, and (4) crosshole VHF tomography.  

The hydrophone-VSP method (e.g., Beydoun et al., 1984) for detecting 
transmissive fractures by means of tube wave generation in the SZ will be 
considered as a candidate method for feasibility testing. Performance of the 
method depends on the availability of a suitable seismic source. A 
broad-band source is needed that can penetrate the rock mass intervening 
between the source point (e.g., at the surface) and fracture intersections 
with the well bore in the SZ.  

REGIONAL CHARACTERIZATION OF CENOZOIC AND PALEOZOIC ROCKS 

For the purpose of characterizing regional ground-water flow, more 
information is needed about the depth to top, thickness, and areal 
distribution of pre-Tertiary rocks. One borehole (UE25 p#1) penetrates the 
pre-Tertiary section at Yucca Mountain at a depth of 1,244 m. Because of the 
information needed for regional hydrologic characterization, and the expense 

-of deep drilling, geophysical methods are needed to characterize subsurface
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structure, particularly of the Paleozoic section where it is buried beneath 
the Tertiary cover.  

Recent seismic refraction surveys (Ackermann et al. in USGS, 1988) have d 
provided reasonably good definition of pre-Tertiary units in the Yucca 
Mountain area, but these surveys do not cover the entire area of interest for 
regional hydrology. Magnetic surveys (e.g., Bath and Jahren, 1984) and 
gravity surveys (Ponce, 1981; Snyder and Carr, 1982) have provided additional 
information on the structure of Tertiary and pre-Tertiary units. While not 
decisive in determining either geometry or lithology, or regional 
distribution of Paleozoic rocks, these results provide some basis of the 
necessary information needed to characterize the regional ground-water flow 
system framework. Additional geophysical surveys will provide useful data 
for defining the regional hydrogeologic framework in the vicinity of the 
site.  

The objectives of geophysical surveys associated with regional SZ 
studies are (1) to determine the areal distribution of thickness of 
Quaternary and Tertiary rocks in the vicinity of the site; (2) to determine 
the areal distribution, depth to top, and thickness of Paleozoic rocks in the 
vicinity of the site; and (3) to determine the structural configuration of 
the rocks in the regional ground-water flow system, including the nature of 
the contact between Tertiary and Paleozoic rocks. Plans to achieve these 
objectives are several fold. One possibility includes expansion of the 
currently existing seismic refraction surveys previously discussed in Section 
2.4 and Figure 2.4-2 of this report. Such expansion would include two or 
three new east-west lines crossing the Ash Meadows and Amargosa River 
lineaments, and extensions of the existing reflection and refraction lines 
for more complete coverage of the regional ground-water flow system (Figure 
3.1-2). Gravity, magnetic, and resistivity surveys are recommended within a 
5-km-wide zone coincident with both reflection and refraction lines.  
Finally, supplemental gravity, magnetic, and geoelectric surveys are needed 
where gaps in coverage exist. Coordination for design of the geophysical 
surveys, with respect to SZ hydrology studies, will be undertaken by the 
geophysics integration activity (SCP Section 8.3.1.4.1.2).  

3.1.3 GEOPHYSICAL CHARACTERIZATION OF MINERAL AND ENERGY RESOURCES 

Application of geophysics to mineral resource assessment will be closely 
integrated with corresponding geological and geochemical studies throughout 
the assessment process. Geophysical data have relevance at all scales of.  
investigation, from the regional (for identification of favorable terranes 
and large structures) to deposit-scale and borehole geophysics. Geophysical 
methods provide direct and indirect measurement of a wide range of physical 
properties or contrasts, and are a necessary complement to geologic and 
geochemical studies.  

There are relatively few geophysical methods which directly detect 
particular types of mineral deposits. Gamma-ray spectrometry for uranium is 
a notable example, if the deposit is near the surface or intercepted by a 
borehole. Induced polarization for sulfide mineralization is another example 
of direct detection. However, most other methods provide only indirect
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evidence for the presence of mineral deposits, which when combined with 
ieological and geochemical information, can identify terrains or regions 
here the probability of mineral occurrence is favorable. Geophysics can 

4dentify structures, lithologies, alteration, the presence of some mineral 
groups (iron oxides, sulfides, clays, zeolites, etc.), radioactive elements 
(K, U, Th), and density anomalies, which may then be used indirectly to infer 
potential mineralization. Geophysical methods are especially important at 
Yucca Mountain because significant mineralization, if present, is probably 
below the volcanic units.  

Modern assessment and exploration work is being aided by the generation 
of genetic and descriptive mineral deposit models. Descriptive models such 
as those presented by Cox and Singer (1986) are believed to contain the 
essential descriptive features of various kinds of deposits, but do not 
necessarily reflect genetic parameters. These models, as well as 
grade-tonnage models, will play an important part in the assessment of 
mineral and energy resources at Yucca Mountain. Descriptive models published 
to date contain limited information on geophysical attributes of the 
individual deposit models. However, a number of geophysical attributes have 
been identified for many deposit types. The USGS is beginning to correlate 
geophysical attributes with other mineral deposit parameters in order to 
improve the utility of descriptive models for assessment of resources at 
Yucca Mountain.  

Deposit models, which include geophysical attributes once developed, 
will support quantitative evaluation of the geophysical methods for 
"econnaissance (i.e., gravity and magnetic surveys, seismic and geoelectric 
profiling, and remote sensing) and for detailed investigation of suspected 
targets. Additional geophysical data, if needed, will be acquired as part of 
existing geophysical activities planned or used as a basis for new activities 
in association with the geophysics integration activity (SCP Section 
8.3.1.4.1.2).  

Methods used in minerals assessment are similar to those used in other 
site characterization investigations. Resource assessment can use results 
from a number of planned geophysical activities and interpret them in terms 
of potential mineral deposits. For example, borehole logs acquired 
principally as lithostratigraphic indicators will be inspected for the 
remnants of hydrothermal systems. Subsequent investigations would focus on 
particular mineralization processes or types of deposits.  

There are significant problems with identifying high-value, small-volume 
deposits which might be present in Paleozoic units below the volcanic section 
at Yucca Mountain. Surface or airborne geophysical surveys may not detect 
small deposits beneath the thick volcanic section, and only one drillhole at 
Yucca Mountain presently penetrates through the volcanic sequence. Sampling 
and geophysical logs from existing and planned deep drillholes will be used 
to the extent practicable.  

Structural/stratigraphic studies as discussed below for geology and 
tectonics, will also be applied to mineral and energy resource assessment.  
'uch information will support evaluation of the resource potential of faults 

,-and other structures; evaluation of traps, seals and reservoirs; and 
comparison of structure to that at known resource occurrences in the Great
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Basin of Nevada (SCP Activity 8.3.1.9.2.1.4). (These evaluations will also 
rely on other data such as geochemical analysis, source rock evaluation, 
thermal maturation studies, etc.) Requirements for geophysical exploration 
related to evaluation of mineral and energy resources evaluation will be 
addressed in the geophysics integration activity (SCP Section 8.3.1.4.1.2).  

Opportunity to combine refraction and reflection surveys will be 
considered in planning the regional geophysical lines. The refraction lines 
will be acquired using programmed remote recorders, distributed over a 
distance that is much larger than a typical reflection spread. The number of 
large (e.g., 1000 kg) explosive shots available for refraction survey is 
limited, so possibilities for piggy-backing surveys are limited. Data from 
previous refraction surveys (described in Section 2.4) suggest that under 
certain conditions useful records could be obtained from a long 
reflection-type geophone spread during a typical refraction experiment. To 
be useful for site characterization, the spread would need to be layed out 
over a refraction objective, proximal to shot points, when the refraction 
survey is performed.  

Additional boreholes may prove necessary for mineral or energy resource 
assessment. Deep boreholes are not currently planned because specific site 
information is unavailable. Geophysics will contribute to siting decisions 
should the need arise, as addressed by the geophysics integration activity 
(SCP Section 8.3.1.4.1.2).  

3.1.4 GEOPHYSICAL STUDIES FOR GEOLOGY AND TECTONICS 

REGIONAL GEOPHYSICAL STUDIES 

Study of geologic structure and tectonic processes in the Yucca Mountain 
region contributes to the development of tectonic models. Geophysical data 
will be used for evaluation of alternate hypotheses of past and present 
processes which have formed, and continue to affect the Yucca Mountain site.  
Use of regional geophysical data will involve comparison of the site area to 
terranes with known tectonic style and rate of activity, and direct 
investigation for the occurrence of features that could be important with 
respect to site performance. The product, a developed model for regional 
tectonics, is needed to assess the potential for ground motion, volcanism, 
magmatic activity, and faulting that could affect the design or the 
performance of repository facilities.  

Regional geophysical studies involve deep surveys utilizing seismic, 
gravity, magnetic, and magnetotelluric methods for study of major structures 
(SCP Activity 8.3.1.17.4.3.1), and also characterization of faulting from 
surface indications by means of remote sensing, gamma-ray surveys, and other 
techniques (Activity 8.3.1.17.4.3.5). (Note that regional gravity and 
aeromagnetic mapping has already been done as described in Sections 2.1 and 
2.2, respectively.) The following summary of regional geophysics refers to 
features and alternative models that are discussed in SCP Section 
8.3.1.17.4.3; the reader is referred there for additional detail.
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Regional Geophysical Lines

The regional geophysical exploration program is designed to acquire 
Ipecific types of data (i.e., seismic, geoelectric, gravity, magnetic, remote 

sensing), which will be analyzed with other geophysical data (i.e., heat 

flow, stress), surface geologic data, and recorded seismicity.  

Several geophysical transects are planned to cross the Furnace Creek 

fault, Walker Lane, and Yucca Mountain (Figure 3.1-2). The objectives for 

these regional geophysical lines, as explained in SCP Section 8.3.1.17.4.3.1, 

include investigation of the following: 

1. Width and subsurface geometry of extensions of the Furnace Creek 

fault zone.  

2. The possibility of an incipient rift at Crater Flat.  

3. The relation of the Furnace Creek fault zone and other features to 

detachment faulting and Quaternary faulting in the vicinity of the 

site.  

4. Lateral heterogeneity of crustal structure in the Yucca Mountain 
area.  

5. The relation of density, magnetic, and geoelectric structure with 

velocity structure for the Yucca Mountain region.  

6. Possible magma bodies in the vicinity of Yucca Mountain (see also 
Activity 8.3.1.8.1.1.3).  

The description for SCP Activity 8.3.1.17.4.3.1 presents a compact 

summary of regional geophysical methods to be applied along recional 
traverses, which is further summarized below. Seismic refraction profiles 

will be used with gravity and magnetic lines to characterize upper-crusta"L 
structure in the Yucca Mountain area, and to identify major discontinuities 
in that structure. Refraction work is planned to complete a major east-west 

traverse across Yucca Mountain, and two intersecting north-south lines in the 

site vicinity (Figure 3.1-2). Existing seismic refraction data provide some 

evidence for the presence of a low-angle velocity contrast, possibly a 

detachment fault, extending from the Grapevine Mountains to the Yucca 

Mountain region. Detachment faults are believed to accommodate Cenozoic 

crustal extension of at least 100% in the Yucca Mountain region (Hamilton, in 

USGS, 1988). The existing high-resolution refraction data (Section 2.4) 
pertain mostly to the upper 4-5 km, which may be above the depth of 
detachment beneath Yucca Mountain. Additional, longer profiles are needed to 

follow faults into the Yucca Mountain region from exposure in the Grapevine 
and Funeral Mountains. Preliminary results from the southwest end of the 

Beatty profile (Figure 2.4-2) are encouraging, but this was a reconnaissance 
profile and is incomplete. Planned refraction lines will extend fully 
between Death Valley and the site area.  

Seismic reflection will be used in lieu of, or in addition to, 
refraction and potential-field methods where higher resolution is required.  
Results from several recent reflection surveys of different types (Knuepfer
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et al., 1987; Serpa et al., 1986; Brocher et al., 1989) indicate that 
structural features of importance to tectonic assessment of Yucca Mountain 

can be imaged (see Section 2.5). The method will be applied to features of 

interest, including (1) a 6-sec (two-way travel time) reflection in Death 
Valley that was interpreted as a brittle-ductile transition (deVoogd et al., 

1986); (2) the subsurface extension of parallel northwest trending faults in 

the northern part of the Walker Lane (west-central Nevada), the Furnace Creek 

fault zone, Walker Lane; (3) a mylonitic detachment bounding the upper 
surface of the Precambrian rocks exposed in the northern part of the Amargosa 
Desert; and (4) the Paleozoic-Miocene contact. Based on peer review of the 

reflection feasibility test results (Activity 8.3.1.17.4.3.1) and the 
application of the planned regional traverses to site characterization, the 
method reported by Brocher et al.. (1989), supplemented by gravity and 
magnetic profiling, will be used to characterize selected features that could 
be associated with significant ground motion, rupture, and magmatism within 
100 km of the site. Current plans call for two east-west reflection lines 
crossing Yucca Mountain at the site area, and possibly another line extending 
from Death Valley across the Walker Lane to the vicinity of Yucca Mountain 
(Figures 3.1-2, -3, and -4).  

Magnetotelluric soundings in the Yucca Mountain region indicate 
substantial conductivity contrasts between Precambrian crystalline rocks, 
Paleozoic aquifers and aquitards, argillaceous Paleozoic units, Miocene 
volcanics, and Quaternary basin fill. The method permits local 
characterization of gross features of crustal structure at low cost. Planned 
traverses will coincide with the refraction, gravity, and magnetics traverses 
described above, with additional intersecting traverses (Figure 3.1-2). In 
addition, a reconnaissance profile at larger spacing between soundings will 
extend from southern Death Valley where COCORP lines were located (Serpa et 
al., 1988; deVoogd et al., 1986) northward to Yucca Mountain.  

Detection/Characterization of Faults in the Yucca Mountain Region 

Regional tectonic studies as planned in the SCP will focus on the 
relationship of the Death Valley-Furnace Creek fault zone and the Walker Lane 
to the Yucca Mountain site, but other potentially significant Quaternary 
faults lie within 100 km of the site. Because of the intensity of previous 
geologic investigations near the site, the density of known Quaternary faults 
there exceeds that for the surrounding region. A wide range of geophysical 
methods have been proposed to obtain more representative data on faulting 
within 100 km of the repository site, as indicated in Table 3.1-1. Each 
method has the potential to contribute interpretable information, but certain 
methods have been demonstrated to be more effective than others as indicated 
in the table by different plans for implementation.  

Faulting within 100 km of the site will be characterized by review of 
existing data, air-photo interpretation, and ground reconnaissance. Also, 
evaluation of structural domains within the 100 km distance is the objective 
of Activity 8.3.1.17.4.3.5, whereby Landsat V thematic mapper imagery will be 
purchased for the quadrangles covering the Yucca Mountain region. These 
images will be analyzed for evidence of lineaments that may be associated 
with concealed faults and fracture patterns, and for evidence of hydrothermai
deposits associated with igneous activity. The same thematic mapper data set
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YUCCA MOUNTAIN PROJECT 

FIGURE 3.1-4. Tentatively Planned 
Deep and Intermediate-Depth Seismic 
Reflection Profiles Across Yucca Mountain 
and in Immediate Vicinity (enlargement 
of Figure 3.1-2).  
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will also be examined in Activity 8.3.1.17.4.9.1 for indications of desert 
varnish that may be associated with tectonically stable areas.  

Regional geophysical activities will involve the detailed study of a 
number of specific faults in the Yucca Mountain region. Some of these 
studies are ongoing, or are substantially complete as discussed below and in 
USGS (1988). The following paragraphs describe plans for further study of 
several faults, in a manner that is similar to previous studies. Also, 
several feasibility tests are described that will determine the applicability 
of shallow seismic refraction and Mini-Sosie reflection methods for fault 
characterization.  

An activity (8.3.1.17.4.7.8) is planned to further evaluate the 
application of the Mini-Sosie method of shallow reflection at and proximal to 
the site area. Past results are mixed for imaging of faults in alluvium 
because the faulting is typically complex, and the reflecting horizons are 
sparse and weak. Harding (in USGS, 1988) reports moderate success at Crater 
Flat and the Beatty scarp, but some uncertainty remains as to application of 
the method for characterizing amount of fault offset and other aspects.  
Accordingly, this activity calls for nine profiles within the site area and 
at other selected features, of which two are designated preliminary traverses 
(the Jackass Flats and Fran Ridge traverses of Figure 3.1-3) and will be 
performed before the others. A decision to proceed with all profiles, or to 
apply the method more selectively, will be based on preliminary results.  

Subsurface expression of the Rock Valley fault will be mapped using 
shallow refraction and reflection (Activity 8.3.1.17.4.4.1). This activity 
is 90% complete (see USGS, 1988). Quaternary displacement along the main 
fault trace was investigated using low-energy seismic refraction. Refracting 
horizons reported by Rodriguez and Yount (in USGS, 1988) suggest that it is 
possible to detect fault offset and other characteristics from refraction 
continuity and moveout. Deeper faulting (up to several hundred meters) was 
examined using the Mini-Sosie method (Harding, in USGS, 1988). The southern 
extension of the Rock Valley fault system south of the Amargosa Valley fault 
will be investigated using the same methods. The objectives are to estimate 
fault width, detect Quaternary displacement, and detect horizontal and 
vertical components of slip. The same techniques used to evaluate the main 
trace will be used to evaluate whether the faulting events that have been 
identified involve the southern extension of the fault zone.  

The Mine Mountain fault zone will be evaluated primarily by synthesis of 
available geologic information (Activity 8.3.1.17.4.4.2). The seismic 
reflection data of McArthur and Burkhard (1986) will be reviewed. Mini-Sosie 
shallow reflection data will be acquired depending on whether the method 
provides useful information on fault offset and configuration (Activity 
8.3.1.17.4.7.8). In a similar study, the Cane Spring fault system, proximal 
to the Mine Mountain and Rock Valley faults, will be investigated using 
shallow seismic refraction to evaluate the origin of known lineaments which 
may be associated with faulting of Quaternary deposits (Activity 
8.3.1.17.4.4.4).  

The Stagecoach Road fault south of the site will be investigated to 
estimate the nature and rate of faulting, and the relationship to the 
Paintbrush Canyon-Busted Butte fault zone (Activity 8.3.1.17.4.4.3). This
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fault may be important to estimates of ground motion at the site because of 
its proximity to the repository site, and because models suggest that rupture 
on this fault may occur concurrently with activity on other faults.  
Mini-Sosie data also will be acquired depending on a determination in 
Activity 8.3.1.17.4.7.8 that the method provides useful information on fault 
offset and configuration.  

Characterization of Volcanic Features 

Geophysics is an important part of planned studies of volcanic and 
intrusive igneous features and processes in the Yucca Mountain region.  
Aeromagnetic, seismic, and gravity data generated in other studies of the SCP 
(notably Studies 8.3.1.17.4.3 and 8.3.1.17.4.7) will be used to evaluate 
structural controls on basaltic volcanic activity (Study 8.3.1.8.1.1).  
Cluster analysis will be done on the location of surface and subsurface 
volcanic deposits, based partly on aeromagnetic data. The presence of magma 
bodies beneath the site will be evaluated using a range of geophysical 
methods, each of which is planned for a different study in the SCP. Such 
methods include high-resolution upper-crustal seismic refraction and deep 
seismic reflection (Activity 8.3.1.17.4.3.1), gravity (8.3.1.17.4.7.2), 
magnetics (8.3.1.17.4.7.3), magnetotellurics (8.3.1.17.4.3.1), Curie isotherm 
interpretation (8.3.1.8.5.2.1), and teleseismic tomography (8.3.1.8.1.1.3).  

Four aeromagnetic anomalies already identified in Crater Flat and 
Amargosa Valley (Kane and Bracken, 1983) will be resurveyed at ground level 
or along flightlines 100 m above the surface and spaced 100 m apart. A 
detailed gravity survey will be acquired on a grid of about 30 m dimension 
(Study 8.3.1.8.5.1). These data, which will be collected under another study.  
(see Activity 8.3.1.17.4.7.4), will be used to estimate volumes of buried 
volcanics and shallow intrusions, and to site boreholes. A feasibility test 
is planned (see Section 3.3 of this report) for evaluating the use of 
geophysics for detection and delineation of volcanic deposits. Paleomagnetic 
orientation from drill cores will be used to estimate the age of lava flows 
and shallow intrusions (see Activity 8.3.1.4.2.1.5). The Curie isotherm will 
be reinterpreted in more detail (see Section 2.2 of this report) as new 
detailed aeromagnetic data become available, for investigation of the 
possibility of upwelling magma (see Activity 8.3.1.8.5.2.1). Reinterpreta
tion of the Curie isotherm will include appropriate consideration of edge 
effects in the analysis method, as they may affect the quality of 
interpretation throughout the Yucca Mountain region.  

Teleseismic 

Teleseismic tomography is included as an analysis technique in SCP 
Activity 8.3.1.8.1.1.3 (Presence of magma bodies in the vicinity of the 
site). Data for tomographic analysis are collected under Activity 
8.3.1.17.4.1.2 (monitor current seismicity). A related higher resolution 
technique called "NeHT" tomography (pronounced "netu; Evans and Zucca, 1988) 
is not included in current plans, but would be useful in several studies (see 
item 4 below). Other activities in which these techniques may be useful 
include (1) Activity 8.3.1.8.2.1.3 (Probability and rate of faulting), (2) 
Investigation 8.3.1.17.1 (Studies to provide required information on volcanic 
activity that could affect repository design or performance), and (3) Study 
8.3.1.17.4.5 (Detachment faults at or proximal to Yucca Mountain). The
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relation of teleseismic tomography to other types of surveys will be examined 
by the geophysics integration activity (SCP Section 8.3.1.4.1.2).  

A number of structural hypotheses that are important to site 
characterization can be addressed by teleseismic tomography. The 
regional-scale study and the north fringe of the fine-scale study indicate 
that complex structures are present beneath the Timber Mountain-Oasis Valley 
caldera complex. These structures may include low-Velocity lows such as 
those beneath Crater Flat. The low-velocity upper-mantle anomaly beneath the 
southern part of the NTS and the overlying crustal structure should be imaged 
at higher teleseismic resolution to investigate its tectonic significance.  

Based on preliminary results discussed in Section 2.8 of this report, 
four restricted-array seismic tomography studies are under consideration: 

1. Higher resolution P-wave teleseismic tomography studies of the 
southern NTS/Yucca Mountain region to image the upper-mantle 
velocity-low and its Moho-depth connections, if any, to the Crater 
Flat columnar velocity-low. (This study will clarify the nature of 
the basalt magma system, possibly identifying the size and location 
of the magma source and any major active intrusion paths.) 

2. S-wave teleseismic tomography and Q. teleseismic tomography of the 
Crater Flat columnar velocity-low to permit better detection and 
definition of melting in the middle and lower crust. These 
parameters can be obtained from any array of intermediate-period 
seismometers. P-wave velocity alone is ambiguous in this regard 
because many things can cause small variations in that single 
parameter, Knowledge of both velocities and QP permits a better 
interpretation.  

3. A higher resolution P-wave teleseismic tomography study of the 
Timber Mountain/Silent Canyon area would provide detailed crustal 
and upper-mantle information, principally for comparison with Crater 
Flat. Existing data suggest that a columnar velocity-low exists 
under the Timber Mountain caldera, which would imply that this is a 
common feature of inactive silicic calderas, and thus support an 
alternative interpretation of the Crater Flat velocity-low.  

4. An active-source high resolution "NeHT" tomography study of the 
Yucca Mountain site area can image the tuff/Paleozoic boundary with 
500 m or better accuracy, resolving the location and orientation of 
the Crater Flat east-boundary structure. The same experiment can 
evaluate the occurrence of upper-crustal silicic magma chambers as 
small as 500 m across. This technique is applicable to Study 
8.3.1.17.4.7 (Subsurface geometry and concealed extensions of 
Quaternary faults at Yucca Mountain) and Activity 8.3.1.8.1.1.3 
(Presence of magma bodies in the vicinity of the site).  

Support of Paleoclimate Studies 

A shallow (<1.0 sec travel time) high-resolution seismic reflection 
method, based on the feasibility testing of various techniques (Activity 
8.3.1.4.1.2), may be utilized in the Paleoclimate Study (8.3.1.5.1.2) to
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analyze the stratigraphy-sedimentology of marsh, lacustrine, and playa 
deposits (Activity 8.3.1.5.1.2.2). This activity requires establishing the 
three-dimensional lithostratigraphic framework of various marsh-lacustrine
playa environments, which are characterized by sequences of fine-grained 
clastic deposits. Seismic reflection profiles will be used to define this 
framework, and to provide guidance for establishing the optimal locations for 
drilling sites. Seismic reflection properties of these fine-grained clastic 
sequences may be substantially different than the reflection properties of 
the highly fractured Miocene volcanic sequences comprising Yucca Mountain; 
consequently, different instrumentation may be required. Various reflection 
systems (e.g., Mini-Sosie, sledgehammer shear wave source, vibrator source, 
land air-gun) will be considered for possible application, in an effort to 
obtain optimum results.  

3.1.5 GEOPHYSICAL STUDIES IN THE SITE AREA, FOR GEOLOGY AND TECTONICS 

STRUCTURE AND STRATIGRAPHY 

The work described jointly by SCP Studies 8.3.1.4.2.1, 8.3.1.4.2.2, and 
8.3.1.17.4.7 will involve extensive collection of geophysical information 
from the site area in support of the site tectonic model. Data on the 
distribution of mass, geoelectric features, seismic velocity structure, 
magnetization, and seismic reflectors will be used to detect and delineate 
features with possible tectonic significance. Data also are needed to map 
known Quaternary faults where concealed by surficial deposits, to evaluate 
whether Quaternary faults exposed as high-angle faults continue as such to 
depth or flatten and merge with one or more low-angle faults, and to evaluate 
the continuity of rock units within the repository block and controlled area.  

Surface geophysics will also be used to increase confidence in 
stratigraphic models of Yucca Mountain. Detailed gravity, ground magnetics, 
EM soundings, high-resolution seismic reflection, and upper-crustal 
high-resolution seismic refraction will be used, as appropriate, to establish 
and interpret sites for drillholes (Activity 8.3.1.4.2.1.1). Much of the 
planned geophysical work that is applicable to site stratigraphy and the 
geologic model is described for Study 8.3.1.17.4.7. The following is a 
discussion of planned activities that will provide information on the 
geologic setting, and the nature of faulting in the site area.  

Detailed Gravity 

Detailed gravity data will be collected to supplement the currently 
available gravity maps for the site area, which are constructed from 
observations too widely spaced for discrimination of faults or detection of 
discontinuous rock units (Activity 8.3.1.17.4.7.2). A 1:24,000-scale map 
will be developed from new data collected at 60-m spacing along east-west 
lines spaced 150 m to 300 m apart, topography permitting (Figure 3.1-5). A 
total of approximately 7,500 additional gravity stations are planned for this 
effort. Additional high-resolution gravity work is planned for assessing 
buried volcanics at selected locations in the Amargosa Desert (Study 
8.3.1.8.5), and for investigating the large hydraulic gradient northwest of 

"- the site as discussed in Section 3.1.2 of this report.
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The following paragraphs discuss the capability of detailed gravity to 
detect faults in the site area. Because density generally increases with 
depth (Snyder and Carr, 1982), terrain-corrected gravity is generally lower 
on the downthrown side, and higher on the upthrown side of a fault with 
vertical offset. To examine the relative magnitude of this effect, a 
two-dimensional profile across the site area was postulated, using density 
data from borehole gravity and gamma-gamma density log surveys. Basic 
features of the model were taken from surface geologic mapping. A density of 
2.8 gm/cc was used below the Paleozoic basement.  

Hypothetical faults with offsets of 40, 80, 160 and 500 m cause gravity 
anomalies with amplitudes of 0.2, 0.4, 0.9, and 3 mgal, respectively, and 
spatial extent about 500 m. Hence, station spacing should be about 100 m 
perpendicular to the expected strike and the gravitational effect of faulting 
may be masked by terrain effects, which are difficult to correct because of 
non-uniform terrain density.  

Where terrain effect is minimal, fault interpretation depends on data 
uncertainty from other sources including gravity measurement, station 
location, and reduction parameters. Measurement errors of less than 0.3 mgal 
can be achieved if high precision measurement techniques and drift correction 
methods are followed. Location errors affect vertical control producing 
gravity uncertainty of 0.2 mgal per meter of elevation. Elevation can be 
controlled to 0.10 m using an electronic distance measuring device, limiting 
the error to about 0.02 mgal.  

Much of the uncertainty in the reduction procedure is caused by the 
terrain correction, which is generally assumed to be accurate to within 5% of 
its total value. Typically, terrain corrections at the site area are as 
large as 2 mgal, with 0.10 mgal uncertainty. However, with the expected 
availability of a gridded (30 m) digital elevation model, terrain corrections 
should be more accurate, perhaps to 0.02 mgal. The sum of errors from 
measurement, elevation control, and corrections gives a total expected 
uncertainty of less than 0.07 mgal. Thus the detailed gravity method should 
detect steeply dipping faults with vertical offset on the order of 40 m in 
gentle terrain, provided that the terrain effect is minimal, adequate station 
spacing is maintained, and profiles are oriented perpendicular to strike.  

Borehole gravimetry, can be used to obtain bulk density, and detect 
contacts between different media in the immediate vicinity of the borehole.  
In principle, borehole gravity measurements are sensitive to density 
differences in a region extending in every direction for about three times 
the spacing between measurements in the borehole (for typical station 
spacings). Thus the method might be used to infer contacts between different 
stratigraphic units such as highly lithophysal and nonlithophysal tuffs over 
a large area of the repository block, given sufficient density contrast and 
sufficiently accurate terrain corrections. This possibility will be 
investigated using presently available data from four boreholes at Yucca 
Mountain (Healey, 1984, 1986) and terrain corrections calculated with 
high-resolution digital topographic. Borehole gravity will also provide bulk 
density information for terrain corrections of surface gravity stations. The 
existing borehole gravity data, and possibly data collected in the future 
from other boreholes, will be used for this purpose.
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Aeromagnetic and Ground Magnetic Surveys 

Aeromagnetic maps of the site that are currently available are based on 
flightlines spaced 1/4 mile apart (see Section 2.2), too widely spaced to 
resolve ambiguities in fault continuity or to demonstrate continuity of rock 
units in the site area. A 1:12,000-scale map will be developed from data to 
be collected along flightlines spaced 1/16 mile apart, and draped over the 
topography at 400 ft (Activity 8.3.1.17.4.7.3). The area to be covered by 
this survey will be comparable to previous surveys of the site area discussed 
in Section 2.2; the actual area will be determined by the Principal 
Investigator with input from the geophysics integration activity, and will 
reflect data needed for various applications including assessment of volcanic 
hazards and mineral resources.  

Ground magnetic surveys of specific features within the site area are 
planned to measure variation in magnetization of specific strata and surface 
deposits (Activity 8.3.1.17.4.7.4). Ground magnetic data will be collected 
on foot, at 3- to 60-m intervals, to characterize the location and continuity 
of rock units, and to investigate known and inferred structures in the 
vicinity of certain faults, shafts, surface facilities, drillholes, and 
aeromagnetic anomalies. A recording base-station magnetometer will be used 
during the surveys as appropriate. Not all such features will be surveyed; 
the number and location will be determined by the Principal Investigator with 
input from the geophysics integration activity. Ground magnetic data also 
will be collected along geophysical traverses including the detailed gravity 
lines (Figure 3.1-5), and other profiles intended to detect concealed faults 
in the site area or to investigate the steep hydrologic gradient beneath 
northern Yucca Mountain.  

As an independent test of the feasibility of using magnetics to detect 
concealed faults, it is proposed that truck magnetometer profiles be 
collected along roads and in some off-road areas of southern Yucca Mountain.  
The off-road profiles would be collected along closely spaced (30 m) parallel 
traverses perpendicular to fault trends. Positioning could be accomplished 
using range-range radio navigation. Magnetic gradients traced across known 
and inferred fault traces would provide information for evaluation of the 
magnetic method for characterizing buried faults and contacts.  

Ground magnetic traverses will provide estimates of the resolution of 
ground magnetic data to detect buried faults and lithologic contacts in the 
Yucca Mountain area. Simple upward continuation of these profiles will be 
used to evaluate the trade-off between increased signal-to-noise ratio and 
decreased short-wavelength resolution in aeromagnetic data, as a function of 
terrain clearance.  

Detailed ground magnetic and gravity surveys will be performed near USW 
G-5, G-6, and G-7, associated with these planned 1,500-m cored boreholes.  
Information on magnetic and density variation will be used to map the local 
vertical and lateral distribution of stratigraphic units in order to augment 
the structural and stratigraphic information obtained from the cored 
boreholes.
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Geoelectric Methods

The results of electrical surveys previously carried out at Yucca 
Mountain (Section 2.3 and Table 2.3-1) must be evaluated before planning 
future surveys, as stipulated in Activity 8.3.1.17.4.7.5. Surveys over Yucca 
Mountain must be designed to detect lateral electrical boundaries associated 
with faults and lithological variations in a bedrock environment which is 
generally resistive (greater than 300 ohm-meters) at the surface and becomes 
more conductive with increasing depth. Survey design and interpretation must 
contend with rugged topography and near-surface variability in the weathered 
zone, both of which produce changes of first order in the electrical data.  
In order to account for such three-dimensional effects, the Project requires 
complementary overlapping data sets that use the capabilities of different 
methods to achieve maximum depth of penetration with minimum distortion by 
lateral effects. The interpretation methods and software available for each 
electrical method play a major role in the ultimate accuracy and resolution 
of the final interpretation, and hence are factors in survey design.  

Recent advances in field and interpretative time-domain technology make 
the time-domain method a primary candidate for deep sounding (greater than 
1,000 m) and profiling, supplemented by a loop-loop frequency-domain 
electromagnetic method for shallower (less than 200 m) depths. The 
audio-magnetotelluric method, supplemented by telluric ratio measurements, is 
also important for deep sounding and profiling because the data are highly 
amenable to the interpretation of three-dimensional structures. Several 
east-west lines over Yucca Mountain utilizing combinations of these 
techniques will provide insight on structures related to the Yucca Mountain 
block.  

The same techniques are also useful for fault detection in the alluvial 
valleys nearby. They would be supplemented by Schlumberger soundings to 
provide a high resolution definition of the conductive overburden that must 
be accounted for in interpreting deeper structure.  

As previously discussed in Section 3.1.4 of this report, magnetotelluric 
soundings with their unique capability to penetrate to depths exceeding 3 km 
are the most desirable technique to examine the regional geoelectric 
structure. These regional data will provide important lithologic and 
structural constraints that will serve in the tectonic evaluation of the 
Yucca Mountain block.  

Radioactivity and Remote Sensing 

Airborne and ground-based gamma-ray surveys will be evaluated for use in 
detecting buried faults in the site area (Activity 8.3.1.17.4.7.6). Buried 
faults must be detected by near-surface distribution of radioelements, 
possibly caused by percolation of meteoric waters or migration of radon or 
dissolved elements in a fault zone. Available airborne radioactivity data 
from the NTS (both classified and unclassified) will be evaluated. Hand-held 
gamma-spectrometers will be tested along short (100 m) traverses across the 
Paintbrush Canyon, Bow Ridge, and Stagecoach Road faults. This is planned as 
a feasibility test; application of the method to site characterization will 
depend on the results. An airborne gamma-ray survey, if warranted, will be
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performed simultaneously with the planned aeromagnetic survey (Activity 
8.3.1.17.4.7.3).  

Seismic Reflection 

Intermediate-depth reflection and refraction methods will be evaluated 
for application to site characterization, and possible applications of these 
methods will be planned in Activity 8.3.1.17.4.7.1. This is a planning 
activity only, which will review previous attempts and currently available 
technology, and assess the potential contribution of seismic methods to 
characterization of faults in the site area. This review will be separate 
from the review of the planned regional geophysical traverses (Activity 
8.3.1.17.4.3.1), but both deep- and intermediate-depth objectives for seismic 
lines in the site area and vicinity (Jackass Flats, Crater Flat, northern 
Amargosa Valley) will be considered. Results from the Amargosa Valley 
seismic reflection test (Brocher et al., 1989) are applicable, possibly in 
different ways, to both reviews.  

Tentative plans presently call for two deep-seismic lines across Yucca 
Mountain, to be conducted in a manner similar to the Amargosa Valley 
reflection test (Brocher et al., 1989). These lines will intersect with a 
north-south reflection line in Crater Flat and other north-south geophysical 
profiles (refraction and MT) to the east and west of the site area (Figures 
3.1-2, -3, and -4). Abundant information on the intermediate-depth structure 
was obtained from the Amargosa Valley test, but the structural setting of the 
upper 2-3 km at Yucca Mountain is relatively complex, and the same methods 
may not apply as well. This aspect of the planned lines across Yucca 
Mountain will be evaluated in the peer review planned for Activity 
8.3.1.17.4.7.1, as will the objectives for deep- and intermediate-depth 
exploration within the site area and vicinity, the applicability of 
three-dimensional seismic methods, intersecting geophysical lines in the site 
area, and the applicability of VSP.  

The report of previous attempts at intermediate-depth seismic reflection 
at Yucca Mountain (McGovern, 1983) recommends avoiding further application of 
reflection methods. The report identifies deficiencies in the 1980 and 1981 
surveys that were addressed in the 1982 survey, which is represented as a 
thorough but unsuccessful application of available technology. However, 
Jones et al. (1987) believe that other techniques are now available and 
should be tried at Yucca Mountain. Possible improvements to the 1982 survey 
include (1) scoping studies using downhole recordings in available boreholes; 
(2) location of lines in simple structural settings, oriented perpendicular 
to structure; (3) use of the stack array concept (Jones et al., 1987) for 
noise suppression; and (4) geophone placement strategies including single 
phones and/or closely spaced groups to support statics analysis.  

VSP surveys can and should be used with existing boreholes, prior to 
large-scale reflection surveys, to characterize intrinsic and apparent 
attenuation, mode conversion and splitting, reverberation, and the nature of 
reflections expected from the upper 2-3 km at the site. Different sources, 
source offsets, and surface receiver spreads are also used in conjunction 
with VSP geometry to evaluate acquisition parameters for surface seismic 
reflection.

144



Previous reflection lines at the site were situated proximal to ridges, 
canyons, and known faults, and may not have had sufficient noise rejection 
capability to handle side-scattered energy. As pointed out by Brocher et al.  
(1989), an important difference between Vibroseis and impulsive sources is 
that the Vibroseis source is still active when the surface wave noise train 
reaches the geophones, because the Vibroseis source records are uncorrelated 
in time. Some potentially significant improvements in noise control between 
the Amargosa Valley test line (Brocher et al., 1989) and the 1982 survey at 
Yucca Mountain (McGovern, 1983) relate to wind monitoring and onsite 
processing capability.  

It is apparent from the preceding comments that significant improvements 
may be possible, particularly with the use of VSP to reveal some of the 
mechanisms that affect reflection data from the site. As stated above, this 
topic will be considered as part of Activity 8.3.1.17.4.7.1 and the 
geophysics integration activity.  

The high-resolution Mini-Sosie reflection method (see Section 2.5) may 
be applied to characterization of structures in the site area, if 
appropriate, based on evaluation of the technique in Activity 8.3.1.17.4.7.8.  
A number of shallow seismic reflection profiles will be used to study the 
position of possible marker horizons, at the site. The planned lines (see 
Section 3.1.4, and Figure 3.1-3) will be used to trace the subsurface extent 
of known structures (e.g., faults) where they are concealed by surface 
deposits, and to investigate the lateral continuity and structural features 
of reflecting horizons. Other high-resolution refraction or reflection 
methods may be tested, depending on results obtained from further Mini-Sosie 
work.  

Seismic Refraction 

An east-west refraction profile will be acquired across the Prow (Scott 
and Bonk, 1984) and Yucca Wash to explore for a lateral velocity contrast, 
possibly associated with changes in lithology caused by structural 
displacement or alteration processes, that could help to explain the large 
hydraulic gradient north of the site (Activity 8.3.1.4.2.1.2). This line 
will be located in the vicinity of planned geologic coreholes USW G-5 and 
G-6. Plans for this refraction line will be reviewed in the planned peer 
review of seismic methods (SCP Activity 8.3.1.17.4.7.1; see Section 3.2 of 
this report). The tentative location of this line is plotted on SCP Figure 
8.3.1.4-6.  

As stated above, an assessment of stratigraphic information needed from 
the site area will be considered along with tectonics in the planned review 
of the applicability of seismic reflection and refraction to intermediate
depth (<2 or 3 km) structural profiling (Activity 8.3.1.17.4.7.1). Past 
experience (described in Section 2.4) shows that the high-resolution 
upper-crustal refraction method as described by Ackermann et al. (in USGS, 
1988) can produce interpretable, but relatively low resolution structural 
information. On the other hand, the lower energy, higher resolution surveys 
reported by Pankratz (1982) yielded signals of relatively low quality, which 
were difficult to reconcile with stratigraphic and velocity data from nearby 
boreholes. The underlying basis for these observations is undoubtedly 
complex, and will be taken up in the planned review.
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CHARACTERIZATION OF FRACTURES AND FAULTS IN THE REPOSITORY BLOCK 

Information on the frequency and subsurface distribution of faults and 
fractures is needed principally from the UZ, because the DOE plans to rely on 
natural barriers between the repository and the water table to demonstrate 
site performance. Accordingly, many of the methods used to detect and 
characterize subsurface fractures in the SZ are of secondary importance or 
are inapplicable. The limited range of methods which do not require 
water-filled boreholes, or water-filled fractures, will be thoroughly 
investigated during site characterization. Also, because of the unique 
aspects of fracture characterization in the UZ, a multidisciplinary approach 
is planned to compare different methods at the same location. At the USW 
UZ-9 complex of boreholes east-southeast of the site, and in the ESF, 
geophysical data will be acquired from'regions of the rock mass for which 
fracture data are available from other techniques, including borehole packer 
testing and shaft wall mapping.  

Borehole Geophysics 

Borehole television is known to produce useful information on fracturing 
in the UZ; it is part of-the standard suite of logs planned at Yucca 
Mountain. The borehole acoustic televiewer, resistivity, SP, and 
full-waveform acoustic logs will be used in the SZ, as discussed in the 
literature (for example, Paillet, 1980) and in Section 3.1.2. However, 
fracture data from the SZ are not generally applicable to the unsaturated 
portion of the repository block because of differences in lithology, 
structural context, and in situ stress distribution. Morever, future 
boreholes at Yucca Mountain will be largely restricted to the UZ as a target 
for exploration (in terms of numbers of holes, and spatial coverage). Thus 
the opportunities for use of more conventional SZ geophysical tools and 
extension of this database to the UZ will be limited.  

Large-spacing EM and resistivity logs will be tested and evaluated for 
application to fractured and lithophysal zones, and possibly for 
characterizing anomalies detected by other surface and borehole geophysical 
methods. Application of these methods to site characterization, particularly 
for UZ characterization, will depend on the outcome of feasibility testing.  

Borehole-to-surface resistivity and EM methods will be used depending on 
results from surface and borehole surveys. The borehole-to-surface 
resistivity technique has been applied at Yucca Mountain (Daniels and Scott, 
1981), as discussed in Section 2.3, with results that are difficult to 
interpret geologically. Borehole-to-surface EM studies are discussed below.  

EM Tomography 

Current plans are to focus on application of existing technology that is 
suitable for characterization of faulting, fracture distribution, and trends 
in moisture content in the UZ at Yucca Mountain (Activity 8.3.1.4.2.2.3).  
Various borehole radar tools are available for use by the Project (e.g., from 
the USGS and Sandia National Laboratories). In addition, borehole radar 
tools have been developed for repository site characterization by the Swedish 
and German repository programs and could probably be made available for
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evaluation at Yucca Mountain. However, borehole radar is not expected to 
perform in the UZ at Yucca Mountain as it performs in crystalline rock or 
salt, because of the proliferation of moisture. Fractures and fault zones 
probably do not behave as radar reflectors, although major stratigraphic 
contacts may behave as such. Limited scoping analyses and field trials will 
be considered during site characterization to evaluate borehole radar and 
related radar methods.  

The operating frequency of available borehole radars varies between 
about 20 and 80 MHz. Depending on the in situ resistivity, which can vary 
from 20 to 2,000 ohm-meters in the UZ, two-way radar penetration varies from 
roughly 10 to 100 m (D. Wright, personal communication). This type of 
performance is consistent with hole-to-hole penetration for imaging purposes 
at either the "c-series" boreholes or the planned USW UZ-9 complex.  

VHF tomography is similar to crosshole radar, generally differing with 
respect to detection method and frequency. Ramirez and Daily (1987) reported 
a series of measurements made in welded tuff at the G-tunnel, using crosshole 
equipment operating at 200 MHz to image the rock mass both before and after a 
heater test was conducted. The length of the travel paths in this experiment 
ranged up to several meters. Results indicate that detectable changes in 
dielectric permittivity are associated with processes that are important for 
site characterization. The method is planned for use in the waste package 
(heater) test series in the ESF, and could possibly be used for mapping the 
extent of water injection from various hydrology tests, such as the planned 
Radial Boreholes Test in the ES-I shaft. VHF tomography as used in G-tunnel 
produces images with signal strength and spatial resolution better than what 
can be expected from tools operating at lower frequency in widely spaced 
surface-based boreholes. The method might be used in the closely spaced, 
planned USW UZ-9 complex of boreholes; however, this application would not 
produce alterant data as acquired in G-tunnel and planned for the ESF. Water 
injection testing in the UZ boreholes is only tentatively planned and will 
not be conducted until late in site characterization.  

If crosshole VHF tomography results show that rock mass features 
detected in boreholes can be mapped between boreholes, and that penetration 
is useful, then the method may be extended to a borehole-to-surface 
configuration. With three-side access and raypath coverage of the plane 
intersecting parallel boreholes, the stability and resolution of tomographic 
algorithms are improved. Borehole EM or borehole-to-surface EM methods are 
also available and will be evaluated, as appropriate.  

Vertical Seismic Profiling (VSP) 

Planned VSP studies in the UZ at Yucca Mountain are discussed in detail 
in Section 3.1.1 above. Two studies are planned, one at the ESF and the 
other at the planned USW UZ-9 complex of boreholes. Each of these studies 
will use three-component sensors and a range of available sources will be 
considered, including vertical and shear vibrators, land air-gun, 
shear-impact sources, and explosives. Interpretation of VSP in boreholes 
(e.g., Activity 8.3.1.2.2.3.2) will be augmented by performing similar 
surveys in shafts and underground workings where more direct observations of 
fracturing and other rock mass characteristics can be obtained (Activity 
8.3.1.4.2.2.5).
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If successful, the VSP approach to fracture and fault characterization 
in the repository block may provide a means of mapping the nature and 
distribution of fractures in the subsurface. Also, the method could be 
applied to performance confirmation, both in the sense of acquiring baseline 
data on the mechanical condition of the repository block, and for monitoring 
changes as a result of repository construction and operation.  

3-D CHARACTERIZATION OF LITHOLOGY AND HYDROLOGIC STATE OF THE REPOSITORY 

BLOCK 

Borehole Geophysics 

A standard suite of geophysical logs will be acquired from every deep 
borehole that penetrates the Topopah Spring Member in the site area 
(Activities 8.3.1.4.3.1.1, 8.3.1.4.2.1.3, and 8.3.1.2.2.3.2). In addition, 
logs are already available from 40 existing boreholes. Depending on the 
development of methods for correcting and interpreting various log responses 
from the unsaturated tuffs (as discussed in Section 2.7), these logs could 
become the most continuous record of lithologic and hydrologic variability 
available, with better spatial coverage of the repository block (vertical and 
lateral) than other types of data.  

Commercial logs to be obtained as a standard suite from future boreholes 
in the UZ at Yucca Mountain include compensated density, induction, spectral 
gamma, epithermal neutron (single shielded detector), dielectric log (47 
MHz), temperature, and caliper. In the SZ, the standard suite will include 
resistivity, SP, induced polarization, full waveform sonic, and the 
compensated neutron porosity log. The total magnetic intensity log, and 
possibly the magnetic susceptibility log, are indicative of certain horizons 
in the tuff sequence at Yucca Mountain and will become part of the standard 
suite of logs, although they may not be available commercially. It is 
anticipated that this full suite will adequately support lithologic 
interpretation and correlation.  

The compensated density log will be used to characterize lithophysal 
zones where only cuttings are available, or where poor resolution exists on 
borehole television. Preliminary analysis shows that spikes prevalent on 
compensated density logs from Yucca Mountain are generally associated with 
borehole rugosity and not lithophysal porosity. The compensation algorithm 
for dry holes in volcanic tuff is presently being evaluated.  

The induction and spectral gamma logs are expected to serve as 
indicators of smectite- and zeolite-rich intervals, and to identify key 
stratigraphic marker intervals at the top and base of major ash flows, which 
commonly show increased alteration. Preliminary indications are that the 
induction log can be used only qualitatively in much of the UZ, because the 
formation resistivity is so high that the signal is small and accurate 
resistivity values cannot be obtained.  

The dielectric log, discussed in Section 3.1.1 of this report, will also 
be evaluated for detecting trends in hydrologic characteristics such as 
moisture content. Propagation of EM energy in the UZ at Yucca Mountain is
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dependent on pore geometry, saturation, and mineral alteration (which may 
also be related to moisture content).  

The second objective of logging for three-dimensional characterization 
is to determine the distribution of rock characteristics (physical 
properties) within lithostratigraphic units in each borehole and then to map 
their distribution throughout the site. The physical property logs are 
essentially "computed logs' of such parameters as bulk density, porosity, 
water content, and alteration chemistry. The ability to compute these 
parameters depends on initial log quality, availability of core data, and 
development of algorithms to convert log quantities to the desired physical 
properties. These activities are part of the petrophysics and log analysis 
program planned for site characterization (SCP Studies 8.3.1.4.2.1 and 
8.3.1.2.2.3). (Once the computed logs are available in a borehole, the 
physical properties must be averaged over vertical intervals which are 
consistent with lithological and hydrological zonation. Only then can these 
important parameters be mapped over the site area.) The application of 
geostatistical methods to modeling of the spatial variability of these log 
products will be investigated when the calculated logs become available.  

3.1.6 ENGINEERING GEOPHYSICS FOR SURFACE FACILITIES SITING 

Various locations in Midway Valley, in the vicinity of Exile Hill, have 
been identified as possible sites for the repository surface facilities, 
particularly for the structure containing the waste handling and packaging 
system (see Chapter 6 of the SCP). As indicated in the issue resolution 
strategy for SCP Section 8.3.1.17, principal concerns for surface facilities 
siting, which will be addressed by geophysical exploration, are (1) avoiding 
fault displacement of more than a few inches under the waste handling 
structure; and (2) meeting probabilistic limits for peak ground motion, time 
histories, and response spectra. The associated primary performance goals 
are therefore to locate a site where the probability of total net fault 
displacement for the preclosure time period is less than 1 in 100, and where 
descriptors of predicted ground motion meet certain goals.  

Investigations in Midway Valley are important for obtaining the 
following information: (1) detection and characterization of faults 
including those buried by alluvium, (2) assessment of the seismic potential 
of faults at or near the surface facilities sites, and (3) characterization 
of the dynamic properties of surficial deposits. Geophysical data are 
needed, although not required, for detecting and delineating fault offsets in 
the alluvium-bedrock contact and stratigraphic horizons within the alluvium.  
Such information can reveal where major faults emerge from the bedrock, and 
provide input for calculating the potential for slip associated with the 
surface expression of these faults. Shallow geophysical surveys can be used 
in conjunction with trenching across Midway Valley (Study 8.3.1.17.4.2) to 
trace the lateral extent of fault offsets that may be observed in the trench 
walls. Seismic studies will provide information on velocities; however, in 
situ measurements using borehole, crosshole, and surface-to-borehole methods 
are also needed where appropriate to investigate the detailed structure of 
velocity and other properties affecting the response of the waste-handling 
structure to ground motion.
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TRENCHING AND GROUND PENETRATING RADAR IN MIDWAY VALLEY

Low-energy seismic reflection and refraction studies have been performed 
in the vicinity of Exile Hill (see Section 2.5) and along an east-west 
refraction profile across the central part of Midway Valley (Section 2.4).  
Interpretations based on these surveys (Reynolds, 1985; Pankratz, 1982) tend 
to be poorly constrained and are difficult to reconcile with data from nearby 
boreholes (RF-series boreholes near Exile Hill, and the UE25a#1 borehole near 
the line traversing Midway Valley). Other seismic methods are available that 
may be more effective for detecting and delineating faults, such as the use 
of shot holes and/or explosives for shallow work (A. Flint, personal 
communication) or the use of shear wave sources (see Section 2.4). However, 
current plans call for evaluation of ground penetrating radar (GPR) before 
proceeding with further geophysics for fault offset detection at the Midway 
Valley surface facilities candidate site area. Studies in Yucca Flat (about 
50 km northeast of Yucca Mountain) have shown that GPR is sensitive to 
faulting in the upper few meters of alluvium (L. Shephard, personal 
communication), and may be observed down to a depth of 10 m or more.  

One possible outcome of the planned work is that there exists a marker 
bed, such as the Bishop Ash bed of Izett et al. (1970) that is accessible to 
trenching, is not offset by faulting, and is of sufficient age to render the 
probability of faulting in 100 yr insignificant (100 yr is the approximate 
duration of the operational period for the repository surface facilities in 
the current conceptual design; see SNL, 1987). Alternatively, it may be 
possible to reach the same conclusion using soils dating methods without 
relying on a marker bed. Thus it is at least conceivable that enough 
information could be collected to establish that the site meets the goals 
discussed above for faulting and ground motion, without mapping the geometry 
of the alluvium-bedrock contact. Additional seismic exploration in Midway 
Valley may be necessary depending on the results from GPR and trenching 
studies (Study 8.3.1.17.4.2).  

EXPLORATION OF THE ALLUVIUM-BEDROCK CONTACT 

The SCP (Studies 8.3.1.17.4.2 and 8.3.1.14.2.3) includes plans to map 
the alluvium-bedrock contact, if it should be required. Two candidate areas 
for exploration are the surface faulting area in Midway Valley and the 
proposed ESF location by Coyote Wash. Seismic refraction would be used for 
near-surface targets, electrical resistivity would be used for target 
horizons up to a few hundred meters, and Mini-Sosie or another reflection 
method would be used for deeper targets. Shallow refraction with a 
sledgehammer source was reported by Rodriguez and Yount (in USGS, 1988) to 
penetrate up to about 18 m in alluvium. Prototype shallow refraction testing 
in alluvium-filled washes in the site area produced similar results (see 
Section 2.4). One of the common electrical resistivity methods could be used 
for deeper features up to roughly 100 m. The Mini-Sosie method may produce 
interpretable reflections from the alluvium-tuff bedrock contact, where it is 
deep enough for this method (about 100 m or more) although (as discussed in 
Section 2.5) such contacts have not been found to produce strong reflections 
at Yucca Flat (N. Burkhardt, personal communcation). The reflection results
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reported by Reynolds (1985) for the Exile Hill area are not indicative of 
possible future results for the reasons discussed in Section 2.5.  

IN SITU ENGINEERING PROPERTIES 

There are two basic objectives for characterizing the in situ dynamic 
properties of soil and rock: (1) direct measurement of compressional and 
shear wave velocities (and attenuation if possible) to obtain in situ dynamic 
moduli and Poisson ratio; and (2) correlation of stratigraphic continuity 
between borings, as a basis for modeling the variability of dynamic 
properties. Crosshole methods using weight-drop methods, and borehole 
logging using standard tools for lithologic and physical properties 
evaluation, will be considered in Study 8.3.1.14.2.3 when specific needs are 
developed. Because the existing and planned exploratory holes in the Exile 
Hill vicinity do not penetrate the water table, the use of many of the 
standard logging tools depends on maintaining a fluid column during logging.  
The use of such methods will be evaluated with respect to fluid losses during 
drilling, expected losses during logging, and the sensitivity of site 
performance to fluid invasion at the candidate locations for repository 
surface facilities. Methods of geophysical logging in "dry" holes, such as 
those planned for Activity 8.3.1.4.2.1.3, will also be considered.  
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3.2 GEOPHYSICAL INTEGRATION AND PRIORITIZATION OF ACTIVITIES

The objective of the geophysics integration activity as stated in SCP 
Section 8.3.1.4.1.2 is to increase the effectiveness of geophysical 
activities during site characterization by (1) systematic consideration of 
past results, and (2) analyzing how each planned survey addresses information 
requirements for site licensing. The integration activity will review and 
evaluate planned geophysical activities for the following: 

1. Consistency with results from past surveys.  

2. Direct or supportive uses of the data for site licensing.  

3. Identification of techniques that are likely to produce usable 
data.  

4. The need for the planned effort relative to alternative methods 
for obtaining the information.  

5. Scheduling of the planned effort with respect to other studies, 
and overall priorities for site characterization.  

Some of these concerns, particularly items 1 and 3 above, have already 
been addressed by this report. The SCP program as described in Section 3.1 
is generally consistent with past results summarized in Chapter 2, insofar as 
activities for which definite plans exist have substantial likelihood of 
providing useable information. Where past results indicate that important 
methods such as seismic reflection may not produce useable information, the 
SCP contains plans to conduct organized reviews of the methods and their 
prospective application.  

The status of activities to address other items in the list is discussed 
in this section, and in Sections 3.3 and 3.4. The editors intend for this 
report to represent the status of geophysical activities approximately one 
year after release of the statutory SCP. Accordingly, these sections of the 
report go beyond the starting point of geophysical integration, stating 
current working positions on (1) priority activities for the next 1 to 2 
years (this section), (2) feasibility testing (see Section 3.3), (3) quality 
assurance for existing data (see Section 3.4), and (4) a geophysical 
activities integration study plan (this section). The positions are 
essential to coordinate activities that involve different investigators or 
organizations, to focus resources on characterization priorities, and to 
expedite further planning and integration. The positions will guide, but not 
control the site characterization program. The Site Characterization 
Technical Planning Basis (DOE, 1989) and Study Plans are the basis for 
controlled planning of specific site characterization activities.  

Several topics are identified in SCP Section 8.3.1.4.1.2 for intensive 
review and evaluation. These are (1) subsurface tectonic structure and 
regional context for the site area, (2) characterization of fractures and 
fault zones in the repository block, (3) exploration of the large hydraulic 
gradient area, and (4) detection of potential natural resources. Another key 
topic that has received recent attention is the .distribution and volume of
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volcanic deposits. These five topics are addressed in the preliminary 
prioritization of geophysical activities that is presented below.  

INTERFACES BETWEEN STUDIES 

Recognition of possible interfaces between geophysical activities is 
provided to initiate a thorough approach to integration and prioritization.  
A matrix associating SCP Studies with geophysical methods (Figure 3.2-1), and 
a table associating planned data collection activities with activities that 
are sources of planning input (Table 3.2-1), are presented for this purpose.  

Figure 3.2-1 is a matrix correlating categories of geophysical methods 
with the SCP studies that will collect and/or use the resulting data. In 
addition, the matrix contains letter codes describing the areal extent of the 
different types of geophysical data needed for each study. Figure 3.2-1 can 
be used to identify the studies that will implement or use data from a 
particular geophysical method, and the approximate area of coverage.  

Table 3.2-1 contains a more detailed list of associations between 
activities involving geophysics. The table is organized in columns, such 
that the SCP Activities on the left-hand side should consider results or 
planning input from those on the right-hand side. Interfaces have been 
identified only for data collection activities, or activities directly 
affecting plans for geophysical investigations, thus neglecting activities 
such as synthesis and geologic modeling. h 
NRC SITE CHARACTERIZATION ANALYSIS (SCA) CONCERNS 

NRC concerns also form part of the basis for prioritizing near-term 
activities. The SCA (letter: Bernero-to-Rousso, with enclosure, dated 
7-31-89) contains several comments that pertain directly to geophysical 
applications, and to the geophysics integration activity. The following 
discussion is not an official response to any of the SCA comments, but 
indicates how the comments are incorporated in the integration positions 
developed by this report.  

Comment 32: Geophysics integration 

This comment criticizes the integration of planned geophysical 
activities, and the SCP description of the geophysics integration 
activity (Section 8.3.1.4.1.2). The SCP does not contain a 
geophysics program per se, because geophysical methods are described 
in the sections where they are applied. Chapter 2 and Section 3.1 of 
this report address this aspect of the SCP, reviewing the coverage, 
quality, and applicability of existing data, and relating past 
results to planned surveys for specific characterization objectives.  
The information presented in this report indicates that it would be 
unreasonable to plan a comprehensive program of geophysical data 
collection, using methods that have not been proven at the Yucca 
Mountain site or vicinity. In particular, it would be inappropriate
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Figure 3.2-1. Matrix correlating categories of geophysical methods, with SCP studies wherein geophysical 
data will be collected and used.
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Table 3.2-1. Interfaces Between Geophysical Activities, Arranged by SCP 
Activity (Page 1 of 6)

SCP Activity: Gp Application: Input From: 

REGIONAL HYDROLOGY 

8.3.1.2.1.3.1 trace impermeable <- 8.3.1.4.2.1.3 borehole geophysics 
near-surface strata <

8.3.1.2.1.3.2 borehole logging, <- 8.3.1.4.2.1.3 borehole geophysics 
non-Project wells <- 8.3.1.4.2.2.3 BATV, flowmeter 

<- logs 

8.3.1.2.1.3.2 regional potentio- <- 8.3.1.4.2.1.2 surface-based 
metric surface <- geophysics 

8.3.1.2.1.3.3 Fortymile Wash <- 8.3.1.2.2.1.2 natural infiltration 
recharge studies <- study, geophysics 

<- applications 
<- 8.3.1.4.2.1.3 borehole geophysics 
<- 8.3.1.2.2.2.3 borehole eval. of 
<- faults/fractures.  
<- 8.3.1.2.2.3.2 site vertical 
<- boreholes study; 
<- geophysics 
<- applications

UZ HYDROLOGY 

8.3.1.2.2.1.1

8.3.1.2.2.1.1 

8.3.1.2.2.1.2 

8.3.1.2.2.3.1

characterize 
hydrologic 
properties of 
surficial materials

hydrologic props.  
of surficial 
materials; airborne 
radar (SLAR) 

natural infiltration 

matrix hydrologic 
properties from 
core/cuttings

8.3.1.4.2.2.3 

8.3.1.17.4.2.1 
8.3.1.17.4.4 

8.3.1.17.4.7.8 

8.3.1.2.1.3.2 

8.3.1.5.2.1.3 

8.3.1.4.2.1.3 

8.3.1.4.2.1.3 
&8.3.1.4.2.2.4

borehole eval. of 
faults/fractures 
ground-based radar 
shallow refraction 
for fault char.  
Mini-Sosie tests 

investigate hydro.  
significance of 
lineaments 
regional hydrology 

borehole Gp 
(calibration holes; 
analysis of wireline 
responses) 

use borehole 
geophysics to 
establish context 
of samples
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Table 3.2-1. Interfaces Between Geophysical Activities, Arranged by SCP 
Activity (Page 2 of 6)

SCP Activity: Gp Application: Input From: 

8.3.1.2.2.3.2 crosshole gamma <- 8.3.1.2.2.1.2 experience acquired 
transmission <- from infiltration 

<- monitoring program 

8.3.1.2.2.3.2 VSP application <- 8.3.1.4.2.2.5 VSP feasibility 
<_ testing 

8.3.1.2.2.4 hydrologic testing <- 8.3.1.2.2.1 infiltration studies 
in the ESF <- 8.3.1.2.2.3.2 logging, fracture 

<- characterization 
<- techniques 
<- 8.3.1.4.2.1.3 borehole geophysics 
<- 8.3.1.4.2.2.3 crosshole methods 
<- 8.3.1.4.3.1.1 systematic drilling 
<- program baseline 
<- log suite

SZ HYDROLOGY, SITE

8.3.1.2.3.1 SZ well 
testing in the 
"c-wells" and other 
boreholes

8.3.1.4.2.1.3 
8.3.1.4.2.2.3 

8.3.1.4.2.2.5

borehole geophysics 
borehole evaluation 
of faults, fractures 
VSP testing

SITE STRATIGRAPHY AND STRUCTURE

8.3.1.4.2.1.2 

8.3.1.4.2.1.3& 
8.3.1.4.2.2.3

surface-based Gp 
incl. planned 
refraction profile 
across northern YM 

borehole Gp & 
borehole evaluation 
of faults/fractures

8.3.1.4.2.2.3 

8.3.1.4.2.2.5 
8.3.1.17.4.7.1 
8.3.1.17.4.7.2 
8.3.1.17.4.7.4 

8.3.1.2.2.3.2 

8.3.1.2.2.3.3 

8.3.1.2.3.1.1 

8.3.1.2.3.1.2

tests, surveys for 
borehole evaluation 
of faults/fractures 
VSP test results 
seismic review 
detailed gravity 
ground magnetics 

saturation, litho
logy, and fracture 
characterization 
Solitario Canyon 
horizontal hole 
Solitario Canyon 
study-saturated zone 
site potentiometric 
level study 
boreholes

159



Table 3.2-1. Interfaces Between Geophysical Activities, Arranged by SCP 
Activity (Page 3 of 6)

SCP Activity: Gp Application: Input From: 

8.3.1.4.2.1.3 borehole gravimetry <- 8.3.1.17.4.7.2 detailed gravity 
and density logging <

8.3.1.4.3.1.1 systematic drilling <- 8.3.1.4.2.1.3 borehole geophysics 
program baseline <- 8.3.1.4.2.1.5 magnetic strati
log suite <- graphy 

8.3.1.4.3.1.1 systematic drilling <- 8.3.1.4.2.2.5 VSP feasibility 
program borehole <- testing 
planning <

ENGINEERING PROPERTIES OF SURFICIAL MATERIALS 

8.3.1.14.2.3 engineering <- 8.3.1.4.2.1.3 borehole geophysics 
characterization of <- 8.3.1.4.2.2.3 borehole eval. of 
surficial materials <- faults/fractures 

<- 8.3.1.17.4.2 GPR testing at 
<- Midway Valley 
<- 8.3.1.17.4.4 shallow refr. for 
<- fault char.  
<- 8.3.1.17.4.7.8 Mini-Sosie tests 
<- 8.3.1.2.2.1.1 Gp char. of hydro.  
<- props. of surficial 
<- materials 

THERMAL/MECHANICAL ROCK PROPERTIES 

8.3.1.15.1.1.1 density, porosity <- 8.3.1.4.2.1.3 use borehole 
and other props. <- &8.3.1.4.2.2.4 geophysics 
from core samples <- to establish 

<- context of samples

PRECLOSURE TECTONICS

8.3.1.17.4.1.2 monitor current 
seismicity

8.3.1.8.1.1 

8.3.1.8.5.1

possibility of 
volcanic eruption 

characterize 
volcanic features

160



Table 3.2-1. Interfaces Between Geophysical Activities, Arranged by SCP 
Activity (Page 4 of 6)

SCP Activity: Gp Application: Input From:

8.3.1.17.4.3.1

8.3.1.17.4.3.2

8.3.1.17.4.3.5

8.3.1.17.4.4 

8.3.1.17.4.7.1

regional Gp lines

paleomagnetism 
studies on faults 
w/in 100 km

LANDSAT thematic 
mapper investigation

detailed studies of 
faults in the YM 
region 

review of inter
mediate depth 
seismic methods

8.3.1.2.1.3.1 

8.3.1.2.1.3.2 

8.3.1.8.1.1 

8.3.1.8.5.1 

8.3.1.9.2.1.4 

8.3.1.8.5.1 

8.3.1.2.1.3.2 

8.3.1.5.2.1.3 

8.3.1.2.2.1.1

<- 8.3.1.2.1.3.2 

<- 8.3.1.5.2.1.3 

<- 8.3.1.17.4.3.2 

<- 8.3.1.17.4.9.1

8.3.1.17.4.7.8 

8.3.1.2.3.1.2 

8.3.1.8.5.1 

8.3.1.9.2.1.4

characterize channel 
fill 
characterize pre
Tertiary rocks 
evaluate structural 
controls on basaltic 
volcanism 
characterize 
volcanic features 
evaluate hydrocarbon 
potential at the 
site 
studies to 
characterize 
volcanic features 
investigate hydro.  
significance of 
lineaments 
regional surface 
hydrology 

characterize
hydrologic 
properties of 
surficial materials 
investigate 
hydro. significance 
of lineaments 
regional surface 
hydrology 
study of faults w/in 
100 km of YM 
desert varnish 
studies 

results from 
Mini-Sosie tests 

site potentiometric 
level-study of large 
hydraulic gradient 
data needs for 
study of volcanic 
features 
data needs to assess 
energy resources
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Table 3.2-1. Interfaces Between Geophysical Activities, Arranged by SCP 
Activity (Page 5 of 6)

SCP Activity: Gp Application: Input From:

8.3.1.17.4.7.2 detailed gravity

8.3.1.17.4.7.3& detailed aeromag.; 
8.3.1.17.4.7.4 ground magnetics

8.3.1.17.4.7.5 review of 
geoelectric methods

8.3.1.8.1.1 

8.3.1.9.2.1.2

8.3.1.2.3.1.2 

8.3.1.8.1.1 

8.3.1.8.5.1 

8.3.1.9.2.1.2 

8.3.1.17.4.7.6

8.3.1.2.1.3.2 

8.3.1.2.3.1.2

8.3.1.5.2.1.3 

8.3.1.8.5.1 

8.3.1.9.2.1.2

8.3.1.17.4.7.6 airborne and 
ground gamma-ray 
tests, surveys

8.3.1.17.4.3.2 

8.3.1.17.4.2.1

evaluate structural 
controls on basaltic 
volcanism 
geophysical 
appraisal of the 
site relative to 
mineral resources 

site potentiometric 
level-large 
hydraulic gradient 
evaluate structural 
controls on basaltic 
volcanism 
characterize 
volcanic features 
geophysical 
appraisal of the 
site relative to 
mineral resources 
airborne radio
activity survey (may 
share platform) 

characterize pre
Tertiary rocks 
site potentiometric 
level-data needs for 
study of large 
hydraulic gradient 
map regional water 
table variation 
characterize 
volcanic features 
geophysical 
appraisal of mineral 
and hydrocarbon 
resources 

study of faults w/in 
100 km of YM 
faulting studies for 
surface facilities 
siting
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Table 3.2-1. Interfaces Between Geophysical Activities, Arranged by SCP 
Activity (Page 6 of 6)

SCP Activity: Gp Application: Input From:

8.3.1.17.4.7.7 thermal infra-red <- 8.3.1.2.1.3.2 

<- 8.3.1.2.2.1.1 

<- 8.3.1.5.2.1.3

investigate 
lineaments with 
potential hydrologic 
significance 
hydrologic 
properties of 
surficial materials 
regional surface 
hydrology
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to embark on a 3-D seismic reflection program, given that no reflection 
event has ever been positively identified from any surface or downhole 
seismic survey at Yucca Mountain (see Section 2.5). When planned 
feasibility tests and initial data collection activities have been 
performed and evaluated, a balanced approach to seismic exploration can 
be implemented.  

Use of complementary geophysical methods has been incorporated into the 
program for objectives such as fault detection, characterization of 
volcanic features, and exploration of the large hydraulic gradient area 
(see Section 3.1). Several planned feasibility tests (see Section 3.3) 
will evaluate methods that could become additional complementary methods 
to address these objectives.  

Comment 51: Geophysics integration, local and regional scales 

The planned gravity, aeromagnetic, geoelectric, seismic reflection, 
and seismic refraction surveys described by this report are the basis 
for an "integrated" geophysics program that can accomplish both 
regional reconnaissance and focused investigation of the site area.  
The teleseismic data collection and analysis activity described in 
Section 3.1 will also provide areally extensive reconnaissance.  
(Applications of seismic and geoelectric methods have yet to be 
reviewed as planned in SCP Studies 8.3.1.17.4.3 and 8.3.1.17.4.7).  
These data sets together are expected to improve understanding and 
interpretation of the isostatic gravity anomaly, depth to the Curie 
isotherm, crustal conductivity structure, seismic Moho, crustal and 
upper mantle velocity structure, and the geometry of upper- to 
mid-crustal reflectors and their assocation with structure at the 
surface. Implementation and possible elaboration of parts of this 
program, including 3-D seismic reflection, depends on the results 
from planned peer review, feasibility testing, and initial data 
collection and analysis.  

Comment 52: Geophysical surveys for characterization of igneous activity 

This report contains several new concepts for investigation of 
volcanic deposits and magmatic intrusions. The integrated program 
that will be elaborated in several different Study Plans, includes 
feasibility testing of gravity and ground magnetic methods for 
delineating known volcanic features, expanded coverage for the 
detailed aeromagnetic survey (based on the feasibility test results), 
detailed gravity and ground magnetic surveys over known or suspected 
volcanic deposits, and high-resolution teleseismic data collection 
and velocity modeling. This program will include data modeling and 
analysis, and will have high priority as discussed below.  

Comment 53: Geophysical surveys for mineral and energy resource assessment 

No geophysical investigations are currently planned which will 
specifically address data needs for natural resource assessment.  
Current plans adhere to the SCP which states or implies that 
geophysical data collected and interpreted for characterization of 
volcanism, tectonics, the large-hydraulic gradient, and fault
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detection/delineation will be evaluated, and are considered adequate 
for an initial assessment. Activities which will provide the data in 
question, particularly aeromagnetic surveys and seismic surveys, with 
the associated feasibility testing, interpretation, and peer review 
tasks, will be given high priority as discussed below.  

The rationale for withholding more extensive geophysical exploration 
for natural resources includes: (1) needed scoping analyses and 
models for characteristic geophysical responses are as yet 
unavailable; and (2) uncertainty of geologic parameters that would be 
addressed by geophysical exploration in addition to that already 
planned for other activities, could be small relative to other 
uncertainties in natural resource assessment that site exploration 
cannot address. The latter rationale means that without an initial 
assessment based on new geophysical data, there is significant 
likelihood that no improvement in estimates of the probability of 
human intrusion would be gained from extensive site exploration for 
the natural resources program.  

Comment 59: Fault detection, repository surface facilities location 

Geophysical methods appear to be of limited usefulness for locating 
fault offsets in alluvium prior to trenching. For reasons discussed 
in Sections 2.4 and 2.5 of this report, the alluvium-bedrock contact 
may not be a strong enough seismic reflector or refractor for 
reliable profiling. Signal strength and interpretability are further 
complicated by irregular contact geometry and interbedding in the 
alluvium. Useful contrasts in geoelectric properties have not been 
recognized. Certain techniques have not been tried, such as shallow 
geoelectrical soundings and low-energy seismic reflection (e.g., 
using shear wave sources), but do not seem likely to image fault 
offsets at the required resolution. The current strategy for 
characterizing faulting in Midway Valley relies heavily on trenching, 
but geophysics will be used if appropriate applications can be 
demonstrated (e.g., GPR and Mini-Sosie; see Sections 3.1.4 and 
3.1.6).  

Geophysical methods that may be useful for detecting the presence of 
small faults or associated fracture zones in the waste storage areas 
of the host rock, will be tested during the planned feasibility 
testing discussed below.  

ACTIVITY PRIORITIZATION 

The basis for preliminary prioritization of activities includes (1) 
resolution of uncertainty in applicability of geophysics to various planned 
activities in the SCP, (2) the schedule for site characterization as 
represented in the SCP, (3) the need to reduce uncertainty in technical plans 
for characterization activities, (4) NRC SCA Comments, and (5) other recent 
regulatory interactions. These influences are considered in the following 
discussion of priorities organized within specific topics. Also, it is 
important to recognize that a systematic effort to set priorities for
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surface-based testing, in a manner that will provide data for evaluating 
siting criteria of 10 CFR 60.122, is underway at the time of publication of 
this report.  

Subsurface Structure of the Yucca Mountain Site Area and Region 

Geophysical data are needed to evaluate alternative conceptual models 
for tectonic structure at the site, for example, models predicting different 
geometry for major faults at depth. Present understanding of geologic 
structure below about 2 km depth at the site is based mostly on geologic 
inference, constrained by gravity interpretation, preliminary results from 
seismic refraction, and a few boreholes one of which penetrates the 
Paleozoic-Tertiary contact. Activities to better constrain subsurface 
structure beneath the site, and to establish the regional tectonic context of 
the structure, have high priority because of the many potential applications 
of the geologic model, notably in characterizing the saturated carbonate 
aquifer, and assessing the potential for natural resources. Geophysical 
exploration of subsurface structure at different scales is also needed to 
address NRC SCA Comment #51.  

The first priority is to initiate peer reviews pertaining to the 
following activities: 

Peer Review of Applicability of Regional Geophysical Traverses 
(Activity 8.3.1.17.4.3.1) - This review will consider alternative 
regional structural hypotheses that can be tested by use of regional 
geophysical traverses, and evaluate the usefulness of available 
geophysical techniques for addressing these hypotheses. The 
assessment will make use of existing geophysical data collected from 
Death Valley, the Amargosa Desert, intervening ranges, and other 
venues. The importance of regional geophysical traverses, relative 
to intersecting traverses in the site vicinity, for detecting and 
understanding structures that could significantly affect site 
suitability, will also be assessed. It is anticipated that this 
review will provide guidance on technical issues that are of 
considerable importance to site characterization, such that it will 
be an independent peer review involving experts in regional 
tectonics, and geophysical exploration for crustal studies and 
resource development in the Great Basin.  

Peer Review of Seismic Methods for Characterizing Yucca Mountain and 
Vicinity (Activity 8.3.1.17.4.7.1) - This review will consider the 
applicability of high-resolution upper-crustal seismic refraction, 
and seismic reflection methods for structural profiling across Yucca 
Mountain and in adjacent alluvium covered areas. The review will 
consider the available geophysical data from the site vicinity, and 
the objectives for seismic exploration for site characterization. It 
is anticipated that the review will recommend a phased exploration 
program, that includes specific recommendations on how and where to 
carry out the first phase and how to carry out subsequent phases 
based on interim results. The first phase of exploration would be 
implemented as the seismic reflection feasibility test described in 
Section 3.3 of this report.
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Because of past results from seismic reflection campaigns at Yucca 
Mountain (see Sections 2.5 and 3.1 of this report) there is a 
significant possibility that future surveys will produce no useful 
results from the site. It is therefore important to solicit special 
expertise for the review, particularly in the area of seismic 
reflection exploration of Great Basin volcanic terranes. The review 
will be an independent peer review involving experts in seismic 
reflection and refraction, VSP, and geophysical exploration (such as 
potential methods) in Great Basin volcanic terranes.  

The Peer Review of Seismic Methods may also consider the need for VSP in 
the site area (e.g., borehole USW G-4) or in Crater Flat (e.g., borehole USW 
VH-1). At present, there have been no interpretable seismic reflection 
records obtained from the site area. Regardless of whether VSP is 
recommended by the peer review in regard to structural profiling, a VSP 
survey should be conducted and analyzed to determine the importance of layer 
velocities, reflection coefficients, attenuation, and other effects (e.g., 
mode conversion, splitting) in the tuff section, to the proposed feasibility 
test involving a reflection profile across Yucca Mountain.  

The objective described above for VSP survey will be met by the VSP 
feasibility test that has already been planned for borehole USW G-4 (in 
support of SCP Activity 8.3.1.4.2.2.5). Planning documentation for this test 
has already received QA approval, and the major impediment to performance of 
the test is site access. The test has high priority because it will produce 
information that supports survey design and interpretation for structural 
profiling at the site. Applicability of the VSP test to seismic reflection 
profiling will be further reviewed informally by the geophysics integration 
activity (SCP Section 8.3.1.4.1.2).  

Depending on the recommendations of the Peer Review of Seismic Methods, 
a seismic reflection feasibility test will be performed, involving a 
reflection line across Crater Flat, Yucca Mountain, Midway Valley, and 
(partially) Jackass Flats. A coordinated program involving downhole velocity 
surveys, VSP surveys, noise studies, or source studies may be recommended by 
the peer review. It is appropriate to make the reflection test contingent on 
the peer review because of the potential cost of the seismic line and 
associated testing activities.  

Depending on the recommendations from the Peer Review of Seismic 
Methods, the planned reversed, east-west seismic refraction line across the 
northern part of Yucca Mountain (SCP Figure 8.3.1.4-6) will be acquired as 
planned for Study 8.3.1.4.2.1. This line may provide information on the 
presence of buried structure, such as an igneous intrusion, that could be a 
cause of the large hydraulic gradient.  

Another priority will be to support the program of teleseismic data 
collection and inversion described in Section 3.1 of this report. This 
program will investigate lateral variability of the lower, middle, and upper 
crust in the Yucca Mountain region. The area of detailed investigation will 
include Yucca Mountain, Crater Flat, Jackass Flats, and the portion of the 
Amargosa Desert where volcanic deposits are evident from aeromagnetic data.
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For a similar purpose, data requirements for detailed Curie isotherm 
calculations for the Yucca Mountain region will be determined for use in 
scoping aeromagnetic data collection activities. The teleseismic inversion L 
and magnetic continuation methods are important sources of information on the 
spatial distribution of crustal properties, that can be used to tie deep 
crustal features with surface features.  

The geoelectric data scoping analysis identified in Section 3.3 will 
have high priority so that the resulting information can be assessed in the 
planned review of geoelectric applications in site characterization (SCP 
Activity 8.3.1.17.4.7.5). This latter review (described in the SCP) will be 
an internal Project activity which assesses the most current information on 
applicability of geoelectric methods to site characterization, and recommends 
specific surveys as appropriate. The review and recommendations are needed 
as soon as practicable, to assure that geoelectric methods are used 
effectively in site characterization. The review may be followed by 
appropriate updates to the SCP and Study Plans.  

Finally, qualification of the data from the Amargosa Valley seismic 
reflection test line will have high priority. The qualification process 
represented by procedure AP5.9Q, and the candidate data sets for 
qualification, are discussed in more detail in Section 3.4 of this report.  

Distribution of Volcanic Deposits 

Geophysical characterization of the subsurface extent, and total volume 
of volcanic deposits in the northern Amargosa Desert including Crater Flat, 
is a high priority because of public awareness of relatively recent volcanism 
at the Lathrop Wells cone, because of NRC staff criticism of the approach 
taken by the Project toward volanic hazard assessment, and the sensitivity of 
that approach to definition of the domain of existing volcanic deposits. The 
work is also important for addressing NRC SCA Comment #52.  

It may be appropriate to extend the coverage of the planned detailed 
aeromagnetic survey (Activity 8.3.1.17.4.7.4) to include the region where 
existing aeromagnetic data indicate the presence of surface and buried 
volcanics. The objectives for this coverage would be to provide additional 
constraint for estimating the total volume of these deposits, and for 
locating boreholes to sample buried volcanic rocks in the Amargosa Desert.  
However, there are technical factors which complicate the application of 
aeromagnetic survey to this purpose. The magnetic properties of the basalt 
and basaltic detritus may vary significantly throughout the deposits, with 
the possibility of strongly varying remanence. Also, it is likely that some 
of the deposits exhibit strong magnetic reversal.  

Before embarking on an extensive program of data collection and analysis 
for volcanism studies, a feasibility test of gravity and ground magnetic 
methods will be conducted in the vicinity of particular known or suspected 
volcanic deposits in the area. The scope of this test will be limited to 
investigation of a feature or features that are likely to provide adequate 
information for evaluating the characterization approach using gravity and 
magnetics. Samples of material will be collected for magnetic analysis, and 
certain deposits will be more extensively sampled to assess the variability 
of magnetic properties. Ground surveys will be performed to evaluate whether
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the orientation and extent of feeder dikes can be detected geophysically, and 
to evaluate differences between ground and airborne surveys. Scoping 
calculations will be performed to determine the sensitivity of deposit volume 
estimates, borehole location strategies, and other applications based on 
different types of data, to uncertainty in the magnetic properties and 
geometrical approximations needed to model volcanic deposits.  

Based on the results of the feasibility test, the area of coverage for 
the detailed aeromagnetic survey (SCP Activity 8.3.1.17.4.7.4) will be 
increased as indicated in Section 3.1 of this report, with a concomitant 
program of sampling, modeling, and interpretation.  

The planned seismic reflection feasibility test will investigate whether 
(1) the known, buried basalts in Crater Flat produce interpretable 
reflections; and (2) whether seismic reflection can penetrate below such 
deposits. This evaluation will require that the feasibility test line be 
routed proximally to existing boreholes Vy-I and VH-2, and that downhole 
geophones be used to the extent practicable in VH-I (which is available for 
this purpose).  

Finally, the teleseismic data collection and inversion activity 
discussed in Sections 2.8 and 3.1 of this report, will be planned and 
implemented as a reconnaissance tool in the volcanism investigation.  

Exploration of the Large Hydraulic Gradient Area 

The cause or source of the large hydraulic gradient is important for 
assessment of postclosure repository performance. The altitude of the water 
table 1 to 2 km north of the site is roughyl comparable to, or greater than, 
the elevation of a portion of the conceptual repository. Additional 
information is needed to evaluate the credibility of the repository flooding 
scenario. It is anticipated that a major part of this information will come 
from borehole exploration and testing, and that preliminary findings from 
investigation of the large hydraulic gradient will be published early in site 
characterization (SCP Study 8.3.1.2.1.3, page 8.3.1.2-449). Accordingly, 
geophysical reconnaissance of the area, principally for use in siting 
exploratory boreholes, is a high priority. Such surveys are related to 
exploratory drilling planned for SCP Studies 8.3.1.2.1.3, 8.3.1.2.3.1, and 
8.3.1.4.2.1.  

Applicable reconnaissance methods include aeromagnetic (SCP Activity 
8.3.1.17.4.7.2), seismic refraction (Activity 8.3.1.4.2.1.2), geoelectric 
soundings (Activity 8.3.1.17.4.7.5) and detailed gravity (Activity 
8.3.1.17.4.7.2). As shown in the SCP, detailed gravity and aeromagnetic 
coverage will encompass the large hydraulic gradient area from Fortymile Wash 
to the western edge of northern Yucca Mountain. These surveys have high 
priority with respect to investigation of the large hydraulic gradient.  

The planned east-west high-resolution, upper-crustal seismic refraction 
line across northern Yucca Mountain (SCP Activity 8.3.1.4.2.1.2) is needed to 
test for a velocity anomaly that could be associated with a structural origin 
for the large hydraulic gradient. Similarly, a program of magnetotelluric 
(MT) soundings along traverses perpendicular to the hydraulic gradient 
inferred from boreholes, is proposed as a feasibility test of the
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applicability of this method for detecting a possible structural origin (see 
Section 3.3 of this report). The proposed MT traverses will not depend on 
the performance or the outcome of the planned review of the applications of 
geoelectric methods to site characterization (SCP Activity 8.3.1.17.4.7.5) 
discussed above. This is because the existing geoelectric data are not 
adequate for assessing the applicability of these methods to the important 
objective of exploring the large hydraulic gradient area.  

Finally, the feasibility testing program discussed in Section 3.3 also 
includes investigations to determine the applicability of detailed gravity 
methods to exploration of the large hydraulic gradient area and other 
features. As discussed in Sections 2.1 and 3.1 there is local variation of 
gravity in the area, but data acquisition and terrain correction accuracy are 
hindered by rugged topography and limited access. Several high-resolution 
gravity profiles will be collected along roads traversing the area.  
Acquisition and interpretation of these profiles will permit timely 
assessment of the importance of detailed gravity to the large hydraulic 
gradient investigation.  

Characterization of Fractures and Fault Zones in the Repository Block 

The nature of fracturing and fault zones in the repository block is 
important for understanding the hydrology of the UZ, for repository design, 
and for assessing the effect of these features on the integrity of emplaced 
waste containers. Seismic propagation is probably the principal geophysical 
response by which such features of the rock mass can be detected or 
characterized noninvasively. Depending on the amount of vadose water or 
mineral alteration that may be associated with moisture movement along 
fracture pathways, geoelectric response may also be indicative of such 
features. Because of the large distances separating boreholes over most of 
the site, the rugged surface conditions, and current uncertainty as to the 
geophysical response of fractures and fault zones at Yucca Mountain, 
surface-to-borehole techniques and large-spacing borehole logs are most 
appropriate for testing.  

Current plans call for a VSP feasibility test in borehole USW G-4 using 
vibrator sources at multiple offsets (SCP Activity 8.3.1.4.2.2.5). The 
casing will be removed from this borehole prior to testing. Results from 
this test are important not only for conducting seismic experiments involving 
the exploratory shaft, but also for planning VSP surveys in the UZ hydrology 
boreholes (SCP Activity 8.3.1.2.2.3.2), specifying geophysical surveys to be 
performed in boreholes of the systematic drilling program (see SCP Activity 
8.3.1.4.2.2.3), and design of the feasibility test of seismic reflection 
profiling across Yucca Mountain.  

It is important to determine what methods will be used to characterize 
rock mass conditions throughout the repository block, so that the boreholes 
drilled for the UZ hydrology program and the systematic drilling program 
(comprising most of the planned penetrations) can be used for geophysical 
characterization prior to completion for other uses. Accordingly, the 
feasibility of large-spacing electromagnetic (EM) and electrical resistivity 
(ER) logs and borehole-to-surface surveys for fracture and fault zone 
characterization will be tested at an appropriate location (see Section 3.3 of this report). •..
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Exploration of the Proposed Exploratory Shaft Location

The DOE recently conducted a review of geological and geophysical data 
pertaining to structural geology at the proposed location of the Exploratory 
Shaft Facility (ESF) in Coyote Wash (reference: Technical Assessment Review 
of Geologic and Geophysical Evidence Pertaining to Structural Geology in the 
Vicinity of the Proposed Exploratory Shaft, YMP/90-2). The review activity 
focused on the likelihood of an unmapped fault within 100 ft of either shaft 
location. The Technical Assessment Review (TAR) produced several 
recommendations, including possible additional drilling and geophysical data 
collection. It was determined that needed information on the possible 
existence of a fault at the surface could be obtained by geologic mapping 
before and during construction of the facility. However, additional 
resistivity and EM lines were recommended in conjunction with shallow surveys 
to determine depth-to-bedrock in Coyote Wash, to investigate whether a buried 
fault (concealed by deposition of more recent Miocene ash flow deposits) 
exists at the location. The determination of whether there is sufficient 
likelihood of a buried fault to merit additional geophysical exploration, is 
poorly constrained by existing geophysical data and must be based principally 
on geologic inference. This determination will be solicited from the DOE, 
and, if appropriate, the recommended data collection and analysis activities 
will receive high priority.  

Assessment of the Potential for Natural Resources 

In accordance with the SCP description of Study 8.3.1.9.2.1, no new 
geophysical data are currently planned for natural resource assessment for 
reasons given in a previous part of this section. However, natural resources 
assessement receives abundant attention from the public and from the NRC 
staff as indicated by NRC SCA Comment #53, so the activities which will 
furnish geophysical data for assessment of resource potential should be given 
schedule priority. The methods that have been identified for possible use in 
resource assessment are surface resistivity, induced polarization (IP), 
gravity, aeromagnetics and ground magnetics, seismic reflection and 
refraction, and magnetotellurics. (These have already been identified as 
high priority activities in conjunction with studies of subsurface structure 
for the tectonic model.) A key information need for resource assessment that 
will be addressed using the methods identified is the geometry of the 
Paleozoic-Tertiary contact. The applicable geophysical surveys are organized 
under SCP Study 8.3.1.17.4.7, but supporting activities should also include 
planned peer reviews (see above) and the program of feasibility testing and 
scoping analyses (see Section 3.3 of this report).  

Feasibility Test Plan - Geophysics Integration and Feasibility Testing 

It is recommended that a test plan be prepared to provide necessary 
documentation and basis for approval of a planned program of geophysical 
feasibility and scoping analyses. The limited scope of the feasibility 
testing program, limited impact of the activities on the site, and the 
objectives for feasibility testing, should permit relatively straightforward 
technical review and approval of the plan. Organizing the various 
feasibility tests under a single plan should also help to expedite review and 
approval, and is appropriate to ensure timely implementation of the tests.
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SUMMARY

The activity priorities discussed above are summarized in Table 3.2-2, 
which identifies high priority activities, actions that need to be taken, 
when, and by whom. Some of these actions do not require Study Plans, some 
are'covered under existing Study Plans as indicated, and some are feasibility 
tests as discussed in the following section.
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Table 3.2-2 Summary of High-Priority Geophysical Activities (page 1 of 2) 

Timing and 
Prerequi- Study Plan Prioritization 

Action sites Responsibility 8.3.1.X.X.X Concern 

A. (1) Peer Review Notice, for review ASAP, per Project Office N/A Applicability of 

of the applicability of regional QMP-03-01 regional gephysical 

geophysical traverses to site traverses such as those 

characterization identified in SCP 
Activity 8.3.1.1 7.4.3.1.  

(2) Peer review (SCP Activity Approval Project Office to N/A 

8.3.1.17.4.3.1) of Peer initiate and sup
Review port; USGS partici
Plan pation in review 

functions 

B. (1) Peer Review Notice, for ASAP, per Project Office N/A Successful seismic 
review of Seismic Methods for QMP-03-01 reflection methodology; 
Characterizing Yucca Mountain structural profile across 
and Vicinity YM, Crater Flat, and 

Jackass Flat; characterize 
(2) Peer review (SCP Activity Approval Project Office to N/A volcanic deposits in 

3.3.1.17.4.7.1) of Peer initiate and sup- Amargosa Desert 

Review port; USGS partici
Plan pation in review 

functions 

C. VSP feasibility test (Activity ASAP USGS (LBL) N/A Application to seismic 
8.3.1.4.2.2.5) (Site reflection methodology; 

access) fracture/fault char. in 
repository block; plan 
ESF VSP; plan VSP in 
surface boreholes.  

D. Seismic refraction line Peer USGS N/A Structure of northern 
(Activity 8.3.1.4.2.1.2) Review of YM; structural cause for 

Seismic large hydraulic gradient.  
Methods 

E. Teleseismic data collection Study USGS TBD Structural reconnais
and inversion (associated with Plan saince; correlate mid
SCP Activities 8.3.1.8.1.1.3 and 8.3.1.8.1.1 and lower crust features 
8.3.1.17.4.1.2) and with surface structure 

8.3.1.17.4.1 incl. volcanic deposits.  

F. Geoelectric data interpretation and Feasibility USGS N/A Applicability of existing 
roping analyses. test plan data and available 

techniques to investi
gation of large hydraulic 
gradient area; natural 
resource assessment.  
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Table 3.2-2 Summary of High-Priority Geophysical Activities (page 2 of 2) I 
Timing and 
Prerequi- Study Plan Prioritization 

Action sites Responsibility 8.3.1.X.X.X Concern 

G. Feasibility test for detection and Feasibility USGS, with input N/A Volcanic hazard 
delineation of volcanic deposits by test plan from LANL assessment.  
geophysical methods.  

H. Feasibility test of borehole and Feasibility USGS N/A Resolve applicability of 
related methods for fracture/fault test plan geophysics to charac
zone characterization in the UZ terization of the repo
and SZ. sitory block; require

ments on boreholes 
penetrating the block.  

I. Detailed aeromagnetic survey Study Plan USGS, input from .17.4.7 Distribution of volcanic 
(Activity 8.3.1.17.4.7.4) 8.3.1.17.- LANL deposits; reconnais

4.7; sance of large hydraulic 
feasibility gradient area; mineral 
testing resource assessment; 

detailed Curie isotherm 
analysis.  

J. Feasibility test of the use of MT Feasibility USGS N/A Structure of northern 
traverses for exploration of the test plan Yucca Mountain, as a 
large hydraulic gradient area possible cause for the 

large hydraulic gradient.  

K. Feasibility test of seismic reflection VSP test; USGS N/A Demonstrate applica
for structural profiling across Yucca Peer bility of seismic reflection 
Mountain and vicinity. Review of for site characterization; 

Seismic structural profile across 
Methods; Yucca Mountain, Crater 
Feasibility Flat, and part of Jackass 
test plan Flat.  

L. Feasibility test of the Mini-Sosie Feasibility USGS N/A Determine extent to 
method for fault detection and test plan which method can be 
characterization in the vicinity of relied upon in site 
Yucca Mountain. characterization.  

M. Preparation and review of plan for TBD TBD N/A Structure the integration 
geophysics integration and activity; produce a single 
feasibility testing, corresponding to integrated geophysical 
SCP Section 8.3.1.4.1.2. feasibility test plan to 

facilitate review, 
approval, and imp 
tation.

174



3.3 FEASIBILITY TESTS

Testing is needed to establish whether and how certain geophysical 
methods will work at Yucca Mountain, before the Project makes significant 
commitments to these methods (or to alternatives) in terms of budget or 
schedule. Successful geophysical exploration typically depends on adapting 
instrumentation, field procedures, and interpretive methods to a particular 
geologic setting. Useful results have already been obtained from several 
geophysical activities as discussed in Section 3.1 and summarized in Section 
4.0. However, some important methods for exploring the Yucca Mountain site 
are developmental. Notably, although some surveys have failed in the past, 
it is too soon to abandon such powerful techniques as seismic reflection. An 
immediate program is needed to prove these techniques, and it would be best 
to conduct a portion of this effort as a timely program of feasibility 
testing.  

The geophysical feasibility testing program is recommended by this 
report as an addition to the site characterization program. The nature of 
the recommended program would be similar to that of prototype testing in 
G-tunnel on the NTS, but geophysical tests would be performed at or near 
Yucca Mountain. If the recommended feasibility testing program is 
implemented, a scientific test plan would first undergo technical review and 
approval in accordance with Project procedures.  

It is recommended that the planning basis for feasibility testing be a 
Geophysical Feasibility Testing Plan. The plan will include evaluation of 
the potential adverse impacts on site performance from feasibility testing 
activities, and the potential for interference with other ongoing or future 
data collection activities.  

A list of proposed feasibility tests is presented in Table 3.3-1.  
Although many of the methods to be tested are mentioned in SCP Sections 
8.3.1.2, 8.3.1.4, and 8.3.1.17, feasibility tests are not identified in the 
SCP except for the VSP feasibility test (8.3.1.4.2.2.5) and Mini-Sosie 
feasibility test (8.3.1.17.4.7.8). Integration of geophysical activities is 
best served by consolidating the needed feasibility tests into a single plan.  
Approval for needed tests will be expedited because the activities are 
similar and can be evaluated together with respect to potential adverse 
impacts, test interference, site access, and environmental clearances.  

The feasibility tests are mostly independent of one another, and 
represent little potential for adverse impacts or interference with other 
activities. They should be conducted as soon as practicable to be effective.  
Commencement of feasibility testing will be contingent on approval of the 
Geophysical Feasibility Testing Plan and completion of related requirements 
such as technical procedures.  

In conjunction with feasibility testing, scoping analyses will be 
performed as indicated in Table 3.3-1. These may include some calculations, 
and are needed to evaluate characterization concepts not considered 
explicitly in the SCP, and to translate results from feasibility testing into 

,specific plans for site characterization. An important scoping analysis will 
be to evaluate the need for long-term geophysical monitoring, to include
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construction of a geophysical observatory at Yucca Mountain. Scoping 
analyses will be further defined in the feasibility testing plan.
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Table 3.3-1. Geophysical Feasibility Tests

Related SCP 
Item Description Studies/Activities

FEASIBILITY TESTS TO BE DESCRIBED IN STUDY PLAN 8.3.1.4.1.2

1. IP logs 

2. Radioactivity 
methods 

3. Infrared 
remote sensing 

4. Detailed 
magnetic 
profiles 

5. Calibration 
boreholes 

6. Logging methods 
for UZ studies 

7. Geoelectric 
data analysis

Evaluate IP logs and core data as 
an indicator of alteration, and 
acquire new IP logs from one or 
two existing uncased boreholes.  

Ground radioactivity profiles will 
be run across known faults and 
other features, to evaluate the 
method for fault detection and the 
feasibility of airborne surveys for 
fault detection.  

Preliminary testing of airborne 
and satellite infrared sensing 
methods for investigating 
infiltration processes in surficial 
materials.  

Truck-magnetometer profiles will 
be run along existing roads 
crossing known faults to evaluate 
the usefulness of the method for 
fault detection.  

Investigate the feasibility of 
calibrating borehole nuclear 
logging methods for the UZ by 
means of shallow calibration 
boreholes.  

Acquire and analyze a limited 
number of logs, including dielectric, 
nuclear magnetic resonance, and 
high-resistivity induction, for 
reliable estimation of water content 
in the UZ.  

Analyze and reinterpret existing 
data, to support the planned review 
of the applicability of geoelectric 
methods for fault detection, charac
terizing the large hydraulic gradient 
area, and lithology variation in 
bedrock.

8.3.1.4.2.1.3 

8.3.1.17.4.7.6 

8.3.1.17.4.7.7 

8.3.1.17.4.7.4 

8.3.1.2.2.1.1 
8.3.1.4.2'.1.3 

8.3.1.2.2.3.2 

8.3.1.17.4.7.5
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Table 3.3-1. Geophysical Feasibility Tests (continued)

Related SCP 
Item Description Studies/Activities

8. Detailed 
gravity and 
magnetic methods 

9. Geophysical 
monitoring 
scoping 
analysis 

10. Test of seismic 
reflection at 
Yucca Mountain 

11. MT and AMT 
traverses across 
large hydraulic 
gradient area 

12. Feasibility test 
of borehole 
methods for 
characterizing 
fracturing and 
fault zones in 
the UZ and SZ

Obtain new detailed data and 
profiles to test methods for 
detecting concealed faults, 
and for investigating the large 
hydraulic gradient in the site area 

Evaluate needs, applicable methods, 
and potential costs for geophysical 
monitoring activities to begin during 
site characterization. Methods to be 
considered include continuous nano 
gravity monitoring, micro-seismic 
monitoring of the repository block, 
magnetic field monitoring, strain and 
tilt measurements, and construction 
of a geophysical observatory.  

Seismic line across Crater Flat, 
Yucca Mountain, and Midway Valley.  
Primary objective to evaluate 
conventional seismic profiling 
methods for imaging the first 
5 sec at and near Yucca Mountain.  
Depends on the outcome of the Peer 
Review of Seismic Methods (SCP 
Activity 8.3.1.17.4.7.1), and the VSP 
feasibility test (see above).  

Evaluate MT methods for recon
naissance and characterization of 
specific features of the large 
hydraulic gradient area. Acquire a 
limited program of 10 stations along 
traverses perpendicular to the 
strike of the gradient inferred from 
boreholes. Support evaluation of 
geoelectric methods for SCP Activity 
8.3.1.17.4.7.5.  

Evaluate large-spacing ER and EM 
logs, for tracing the extent of 
features observed in boreholes.  
Extend methods to surface-to
borehole geometry as appropriate.  
Evaluate hydrophone VSP and 
heat-pulse flowmeter technology 
for SZ fracture characterization.

8.3.1.17.4.7.2 

8.3.1.17.4.7 
8.3.1.8.5.1 

8.3.1.17.4.3.1 
8.3.1.17.4.7.1 

8.3.1.2.3.1.2 

8.3.1.2.2.3 
8.3.1.2.3.1 
8.3.1.4.2.1.3 
8.3.1.4.2.2.3
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Geophysical Feasibility Tests (continued)

Related SCP 
Item Description Studies/Activities

13. Test of gravity 
and ground 
magnetic methods 
for volcanism 
studies 

14. Test of tele
seismic tomo
graphy for 
detecting 
partial melt 
beneath Crater 
Flat 

15. Test of shallow 
high-resolution 
seismic reflect
ion techniques 
(i.e., Mini
Sosie or other 
systems) in 
support of 
paleoclimate 
studies

Investigate a feature or features 
likely to provide sufficient infor
mation to evaluate the approach.  
Collect and analyze samples; investi
gate the relation of ground magnetics 
to existing aeromag. data. Explore 
for indication of feeder dikes.  
Perform scoping analyses to evaluate 
uncertainty in material properties 
and deposit geometry.  

Test intermediate-period seismo
meters in the unconsolidated surface 
material of Crater Flat, for the 
purpose of recording compressional 
and shear wave arrivals, measuring 
attenuation, and measuring P-wave 
receiver response functions.  

Acquire profiles across marsh, 
lacustrine, playa, and volcanic 
sequences at various locations 
throughout the Southern Great 
Basin.

8.3.1.8.5.1 
8.3.1.17.4.7 

8.3.1.8.1.1.3 
8.3.1.17.4.1.2 

8.3.1.5.1.2.2 
8.3.1.17.4.3 
8.3.1.17.4.7

FEASIBILITY TESTS DESCRIBED BY EXISTING PROGRAM DOCUMENTS

16. VSP feasibility 
test

Investigate the use of VSP to map 
subsurface fracturing and other 
features in the vicinity of 
boreholes. Testing is needed to 
(a) define the methodology and the 

UZ seismic response, (b) support 
planning certain characterization 
activities, and (c) constrain 
activity descriptions for impacts 
analysis and evaluation of test 
interference. (SCP Activity 
8.3.1.4.2.2.5)

8.3.1.2.2.3.2
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Table 3.3-1. Geophysical Feasibility Tests (continued)

Related SCP 
Item Description Studies/Activities 

17. Feasibility Evaluate application of Mini-Sosie 8.3.1.17.4.7.8 
Test of the method at or proximal to the site 
Mini-Sosie area. Acquire two preliminary 
seismic re- traverses, to be used as the basis 
flection for deciding to proceed with seven 
method for or more additional profiles, or to 
fault detec- apply the method more selectively.  
tion and 
characteri
zation
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3.4 QA REQUIREMENTS FOR USING DATA FROM PAST GEOPHYSICAL ACTIVITIES 

•o INTRODUCTION 

Geophysical data are likely to be used as primary and secondary input 
for calculations and modeling activities to assess compliance with regulatory 
objectives. The DOE must be able to demonstrate in a license application 
that the applicable requirements of 10 CFR Part 60 have been fulfilled.  
Existing geophysical data and data analyses which have not been performed 
under a quality assurance (QA) program that meets the requirements of 10 CFR 
60, Subpart G, but which will support the DOE's license application to 
construct and operate a geologic repository, will be qualified. This 
includes qualification of existing data that were collected under a QA 
program that did not meet Subpart G requirements. This section briefly 
describes steps that will be taken to assess whether existing geophysical 
data can be used in licensing.  

Specific requirements for qualifying data are provided in the Yucca 
Mountain Project QA Plan (NNWSI 88-9, Appendix G), which is consistent with 
NRC guidance entitled: Qualification of Existing Data for High Level Nuclear 
Repositories (NUREG-1298). Many of the specific requirements are implemented 
in Yucca Mountain Project administrative procedure AP5.9Q (Qualification of 
Data or Data Analyses not Developed Under the Yucca Mountain Project Quality 
Assurance Plan).  

If existing geophysical data are identified as primary information that 
will be, or may be, used in support of licensing, the-data may then be 
submitted to the qualification process defined by AP5.9Q. Existing data may 
already meet QA requirements if initially developed under a QA program; 
however, this must be demonstrated through the qualification process. As 
described in AP5.9Q, possible outcomes of the qualification process include 
recommendations that the data be qualified in whole or in part, or that 
further actions such as confirmatory testing or peer review be undertaken 
prior to qualification.  

The QA program for site exploration has evolved from 1977 to present and 
has incorporated requirements in effect at the time work was performed. The 
QA program has been modified as new requirements were imposed, or adopted by 
the DOE. A QA program that meets 10 CFR 60, Subpart G, will be in place 
prior to the start of planned geophysical activities for site 
characterization. However, by the current definition such a program was not 
in place for collection and analysis of existing data. Therefore all 
existing data and data analyses are subject to qualification, as appropriate.  
Application of the qualification procedure (AP5.9Q) depends on whether the 
qualification criteria are met, and the necessary approvals are obtained.  

This section of the report contains a summary of the applicable 
requirements and a brief review of the qualification procedure. In addition, 
geophysical data sets considered likely to require qualification before 
licensing are identified, with a statement of rationale. Finally, one 
geophysical data set is identified as best suited for initial application of 
the qualification procedure AP5.9Q. The outcome of the initial effort will 
be used by the geophysics integration activity to determine the nature, 
priority, and appropriate scope for qualification of the other data sets.
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Note that existing geophysical data sets not specified below can also be 
qualified on an as-needed basis. This may include data developed prior to 
implementation of a 10 CFR 60, Subpart G, QA program by the DOE and its I 
contractors; data developed outside the DOE repository program by energy or 
mineral companies, geophysical service contractors, national laboratories, or 
universities; and data published in technical or scientific publications.  

NRC-DEFINED DATA QUALIFICATION METHODS 

The NRC has defined four acceptable alternative methods or combinations 
of methods in NUREG-1298. These methods are incorporated in NNWSI 88/9, 
Appendix G, and are implemented in AP5.9Q: 

Method A. Peer Review of Data 

A peer review will be a documented, critical review performed by two or 
more peers who are independent of the data or data analyses under 
review. Peer independence means that the peer (a) was not or is not 
involved as participant, supervisor, technical reviewer, or advisor in 
the work being reviewed; and (b) has sufficient freedom from funding 
considerations, employment, or business associations with program 
participants to ensure impartiality and to preclude the perception of 
conflict or vested interest.  

Method B. Use of Corroborating Data 

Existing data may be used to support or substantiate other existing 
data. Inferences drawn for corroboration must be clearly identified, 
justified, and documented. The level of confidence associated with 
corroboration is related to the quality of the program under which 
corroborating data were developed, and the number of independent data 
sets. The extent of corroborating data appropriate for qualification 
purposes should be determined and documented on a case-by-case basis.  

Method C. Use of Confirmatory Testing 

Testing may be conducted under a 10 CFR 60, Subpart G, QA program to 
reexamine the features of an existing data set. Such testing need not 
necessarily employ the same test method, provenance, or test conditions 
as the original work, but the applicability of confirmatory testing must 
be justified and documented. One example of confirmatory testing could 
be testing conducted with different methods and equipment, but which 
investigates subsurface structure at the location interest. The extent 
of confirmatory testing appropriate for qualification purposes should be 
determined and documented on a case-by-case basis.  

Method D. Demonstrate Consistent QA Program 

Demonstrate that a QA program consistent with the Project QA Plan (NNWSI 
88-9) was used during specific activities that produced the existing 
geophysical data or data analyses.
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Methods B, C, and D should be accompanied by a documented technical review by 
two or more qualified independent reviewers, to determine the quality of the 
geophysical data or data analyses, and the merit of any inferences used for 
qualification. Additional confidence and/or credibility will be achieved 
when a combination of Methods A through D is used.  

THE QUALIFICATION PROCESS 

Planned application of the qualification process to geophysical data is 
described below in several steps: 

1. Geophysical data for the Yucca Mountain site and region developed by 
the DOE and its contractors; or data developed outside the DOE 
repository program by energy or mineral companies, geophysical 
service contractors, national laboratories, or universities; or data 
published in technical or scientific publications, will be 
identified by Project Principal Investigators. This step is 
generally satisfied for existing geophysical data by Chapter 2 of 
this report, except for topical areas as noted in Section 1.0.  

2. The geophysics integration activity (SCP Section 8.3.1.4.1.2) will 
review the existing data sets described in Chapter 2, and select for 
qualification any that are likely to be used for: characterizing 
natural barriers important to waste isolation, design of engineered 
structures important to waste isolation and/or preclosure 
radiological safety, or issue resolution in support of repository 
licensing. (The Amargosa Valley seismic reflection test line is 
identified below as the best candidate data set for the initial 
application of the qualification process to geophysical data.) 

3. The geophysics integration activity will submit a Qualification 
Request to the Yucca Mountain Project Office, recommending 
application of one or more of the qualification methods described 
above to the selected data. The rationale for selection of data 
sets will be documented, including the reason why the data 
collection or analyses cannot be repeated, and an assessment of the 
existing data with respect to the qualification methods and 
attributes listed in procedure AP5.9Q.  

4. The Qualification Request will be reviewed by the Director, 
Regulatory and Site Evaluation Division, Yucca Mountain Project 
Office, or designee in accordance with AP5.9Q. If the request is 
approved, a technical review or peer review, as appropriate, will be 
convened by the Director in accordance with the procedure. The 
outcome of the review will determine the status of data 
qualification. Documentation of the outcome, including all 
corroborating or confirmatory data, will become a QA record.

183



CANDIDATE DATA SETS FOR QUALIFICATION

A number of geophysical data sets are good candidates for use in 
licensing, but they differ with respect to the nature of data or data 
analyses for qualification. Two major, related discriminating factors are 
whether data processing contributed significantly to a product, and whether 
industry-standard commercial data collection or processing services were 
used.  

Qualification of directly measured data is potentially more 
straightforward than review of data analyses. Reviewers will be required to 
consider measurement procedures, calibrations, record keeping, surveillance, 
environmental conditions, corroborating measurements, and confirmatory data, 
as appropriate. Examples of such data include most gravity and magnetic 
measurements, and survey or navigation control for these measurements. Other 
types of direct measurements may also be qualified, such as standard borehole 
geophysical logs, and ground motion recordings for seismic refraction 
surveys.  

In general, geophysical data will be processed for use in licensing.  
Data are typically presented in processed maps and cross-sections.  
Geophysical models are presented as map or cross-section representations of 
earth structure, which require calculation of earth response. Data 
processing includes a wide range of corrections and enhancements varying in 
importance and complexity. For qualification of processed products, 
reviewers will be required to consider software QA where controls on the use 
of software could have a significant effect on quality. Examples of such 
products are terrain-corrected Bouguer gravity maps, composite aeromagnetic 
maps, seismic reflection sections, and velocity models from seismic 
refraction data.  

In cases where industry-standard data collection or processing services 
have been performed by reputable geophysical contractors, there may have been 
proprietary or contractual restrictions on the implementation or verification 
of QA. For qualifying products of this nature, reviewers will determine the 
specific QA requirements that have not been explicitly addressed, and 
determine whether the measures actually taken constitute reliable and 
effective quality control that can be demonstrated in licensing.  

Regional gravity and aeromagnetic maps are candidates for qualification 
because they represent accumulated data relevant to establishing the regional 
context for geologic structure and other aspects of the Yucca Mountain site.  
By qualifying the regional maps, a substantial portion of the available data 
will be addressed. Reacquisition of regional data would be prohibitive and 
unnecessary.  

Potentially important gravity maps include Ponce et al. (1988), Kane et 
al. (1979), and Healey et al. (1980) from the reference list of Section 2.1 
of this report. The reports of Snyder et al. (1981), Jansma et al. (1982), 
and Saltus (1988) contain principal facts for gravity stations in the Yucca 
Mountain region. Additional detailed gravity and magnetic data for the site 
area and vicinity will be collected during site characterization, and will 
confirm or supersede the existing regional data over a large area.  
Qualification of existing gravity measurements from the site area, such as
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the borehole gravity surveys of Healey (1986) and Healey et al. (1984), will 
be deferred at least until the detailed data are available. Similarly, 
qualification of gravity measurements from the monitoring program of Harris 
and Ponce (1988) and from the survey of Zumberge et al. (1988) can be 
deferred until additional data are collected under the fully qualified QA 
program.  

Several existing regional magnetic maps are candidates for 
qualification, including the 1:750,000 scale map of Hildenbrand and Kucks 
(1988), and the mosaic 1:250,000 sheets complete or in preparation (Saltus 
and Snyder, 1986; Saltus and Ponce, 1988). The 1:48,000 scale map of Kane 
and Bracken (1983) is also a good candidate because it covers a larger area 
than the planned detailed aeromagnetic survey (SCP Activity 8.3.1.17.4.7.4).  
Qualification of existing ground magnetic data from the site area and 
vicinity will be deferred at least until acquisition and analysis of the 
planned detailed aeromagnetic survey, and the planned feasibility test of 
gravity and ground magnetic methods for volcanism studies (see Section 3.3).  
Similarly, qualification of paleomagnetic data will be deferred until 
additional, corroborating or confirmatory measurements have been made during 
site characterization.  

High-resolution upper-crustal seismic refraction lines are good 
candidates for qualification for several reasons. Structural profiles 
interpreted from these data currently constitute one of the most extensive 
and reliable data sets for use in tectonic studies. Refraction lines have 
already been run across Yucca Mountain, along Fortymile Wash, through Crater 
Flat, and across the Amargosa Desert, where seismic reflection lines are 
tentatively planned. Qualification of the ground motion recordings from 
these surveys (Sutton, 1984, 1985) will be straightforward, and qualification 
of processing (Ackerman et al., in USGS, 1988) can readily be addressed 
independently from that of recorded data. In addition, the reconnaissance 
survey reported by Hoffman and Mooney (1983), which used UNE sources and one 
high-explosive shot, will be examined. There appears to be no reason for 
qualifying the refraction data reported by Pankratz (1982), at least until 
corroborating detailed gravity and seismic reflection data are available, and 
until reinterpretation of the original refraction data has been performed 
using all available borehole control and velocity data.  

Existing seismic reflection data are of little use for site 
characterization, except for the Amargosa Valley test line (Brocher et al., 
1989), as discussed in Section 2.5 of this report. The test line was 
acquired recently, with systematic quality control, and is the best candidate 
for the first geophysical data set to be qualified under procedure AP5.9Q.  
The line will probably eventually be used to tie other reflection lines that 
are tentatively planned for the site area. The data set is a good choice 
because industry-standard data collection and processing services were 
provided by a geophysical contractor. The review will help to establish the 
basis for qualifying other existing data that have been collected or 
processed using industry-standard practices.  

Borehole geophysical logs are a candidate data set for qualification, 
principally because many existing boreholes in the immediate vicinity of the 
site have been completed so that they can no longer be logged. These logs 
will probably be important in assessing lateral variability of rock
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characteristics or hydrologic conditions in the site area. Even for 
boreholes that can be reentered, relogging is not generally a viable 
alternative for moisture sensitive logs in the UZ. This is because uncased I 
or uncemented boreholes are subject to drying and moisture movement 
associated with gas circulation. Efforts are currently underway to assemble, 
correct, replot, and analyze the existing borehole logs. A qualification 
request can be formulated when documentation of these efforts is complete.  

In summary, the seismic reflection test line of Brocher et al. (1989) is 
the best candidate for the first set to be submitted for qualification 
review. The necessary documentation of the data set is available, and the QA 
status of the activity is amenable to qualification of the data set for use 
in licensing. Preparation of a qualification request for review of the 
Amargosa Valley reflection test line is identified as a high-priority 
activity for geophysical integration in Section 3.2 of this report. Among 
the other data sets identified, the regional maps of potential field 
variation, the existing seismic refraction data, and the borehole geophysical 
logs are good candidates for future qualification review.  
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4.0 SUMMARY AND CONCLUSIONS

The Yucca Mountain site is structurally complex, and has other aspects 
that complicate geophysical exploration, such as rugged topography and low 
seismic velocity near the surface. Because of these conditions and 
limitations on the scope of past activities, several important questions of 
hydrologic and tectonic significance have not been addressed by 
geophysicists. However, major results have been obtained and will be used as 
the basis for planned site characterization activities. (It is very likely 
that some existing data will be used for licensing, but specific data must be 
identified and qualified through the process described in Section 3.4, and 
cannot be definitely identified at present.) 

Major results include crustal exploration using gravity and seismic 
refraction, which have provided information on the thickness of tuffs at 
Crater Flat, and depth to the Paleozioc-Tertiary contact associated with 
major features of the site (see Section 2.4). Buried volcanics have been 
discovered by magnetic surveys in the vicinity of the site and in the 
Amargosa Desert (Section 2.2). Intermediate-depth seismic refraction has 
been demonstrated at the site, and the use of shallow seismic methods to 
characterize faults has also been demonstrated (Sections 2.4 and 2.5).  
Geoelectric methods have been used in the Yucca Mountain region and site area 
for vertical sounding and profiling applications, with preliminary results 
that will be evaluated during site characterization (Section 2.3).  

Major problems were encountered with high-resolution seismic reflection 
along the eastern flank of Yucca Mountain (Section 2.5). Definitive analysis 
of these results will require additional field work, so the SCP contains 
plans to review the past work and identify an approach for future surveys.  

Other geophysical methods have become generally available since the 
previous work was performed, such as vertical seismic profiling (VSP), 
methods for surface seismic data acquisition and processing, and thermal 
infrared imaging. Because the success of these new methods will depend on 
site-specific factors that have not yet been fully assessed, the SCP contains 
plans to review the available capabilities, perform feasibility testing, and 
apply them to site characterization as appropriate.  

Plans in the SCP call for gravity, magnetics, and refraction surveys 
with increased coverage and resolution relative to existing data. At the 
same time, feasibility testing and technical review are planned to assess 
methods for detailed shallow and intermediate-depth investigation. Reviews 
of seismic and geoelectric methods will assess past results, and produce 
recommendations for using these methods to augment gravity, magnetics, and 
seismic refraction. Additional feasibility testing may be recommended by 
these reviews, and is already planned to evaluate the Mini-Sosie method, VSP, 
various gravity and magnetics applications, and radiometric methods (see 
Section 3.3).  

Feasibility studies in addition to those planned in the SCP, possibly 
leading to new characterization activities, have been identified in this 
report and will be considered by the geophysics integration activity.  
Changes to the SCP program that are generated by the integration activity 
will be subject to review and approval in accordance with extant procedures
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for controlling the SCP progress reports, Study Plans, and the Pro.ject 
technical baseline. I 

Contrasts in seismic velocity, density, electrical resistivity, and 
magnetic properties are needed to observe geophysical structure. The 
Paleozoic-Tertiary contact is marked by a contrast in density, magnetization, 
and possibly seismic properties. Much of the structure of interest lies 
within the Tertiary section, where the density, magnetic, seismic, and 
electrical properties of welded tuff contrast with nonwelded tuff. However, 
contrast can be muted even at major interfaces such as the alluvium-tuff, 
welded-nonwelded tuff, and Paleozoic-Tertiary contacts, where there may have 
been weathering or alteration such that the variation in geophysical 
properties is gradational.  

Because of site-specific factors and the problems encountered with 
seismic reflection at the site, it is presently expected that each 
geophysical method will produce only a partial geophysical model. An 
integrated approach is therefore planned for major objectives including 
investigation of the large hydraulic gradient, characterization of the 
repository block, detection and delineation of faults, and structural 
profiling across the site area.  

Within the SCP framework, many different activities depend on 
geophysical data. Integration among activities is needed to ensure that 
maximum benefit is obtained from geophysical surveys and interpretations (see 
Section 3.2), and to ensure that the characterization program provides timely 
information appropriate to support a repository license application.
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