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Title: Application of Electromagnetic and Magnetic Methods to the study of Groundwater 
Infiltration and Movement Along Fault and Fracture Zones; Differential GPS Topography Study of 
Drainage Basins on Yucca Mountain 

Field Work conducted May 2- 14,1998 

Person Present: Charles Connor, Jim Winterle, Richard Klar, Kevin Wooster, Camilla White, Peter 
La Femina 

A preliminary study of the Southern Crater Flat Fault (Connor, 1998) demonstrated the usefulness 
of magnetic and electromagnetic (EM) surveys in delineating fracture zones and the subsequent 
changes in soil moisture content along and across these zones. It was recommended that “areas of 
infiltration and zones of shallow, comparatively high transmissivity be mapped,” and that the 
“transmissivity along faults” be quantified (Connor, 1998). In accordance with these 
recommendations, several target areas were chosen based on mapped surface features, proposed 
structural features (Day et al., 1997), hydrologic studies, and proximity to the proposed repository. 

The purpose of this trip was to conduct detailed magnetic and EM surveys across the aforementioned 
target areas to identify and map variations in soil moisture content and related properties of the 
alluvium across fault zones. In addition, these surveys were designed to determine the existence and 
nature of proposed faults in the Yucca Mountain (YM) region. 

Live Yucca Ridge, Yucca Crest, the Solitario Canyon Fault, and the C-Wells - Bow Ridge Fault 
zones were chosen for these surveys based on the above criteria and will be discussed individually 
below. 

Instrumentation and Survey Design 

All activities during this field work were conducted under Center for Nuclear Waste Regulatory 
Analyses Quality Assurance Procedures. The surveys utilized two EM instruments (Geonics EM-3 1 
and Geonics EM-34), two magnetometers (Geometrics G858 and Geometrics G856), and a 
differential GPS (DGPS). The instruments and survey design followed primarily that of Connor 
(1 998). An exception to this occurred in the EM-3 1 and G858 magnetometer surveys. To increase 
the resolution of the surveys, the operators of the EM-3 1 and G858 magnetometer carried a DGPS 
antenna. This allowed for more accurate positioning of the sensor data, with resolution to 20 cm 
circular error probable (CEP). The DGPS base station antenna was located over a United States 
National Geodetic Survey benchmark, for each survey area except the C-Wells-Bow Ridge survey 
area. 
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Live Yucca Ridge 

Live Yucca Ridge (LYR) was chosen to test the ability of the EM-3 1 in measuring fine-resolution 
features in the shallow subsurface and map the locations of two major faults which possibly intersect 
the ridge. A fracture pavement has been cleared at the center of the ridge to expose a network of 
cooling joints and tectonic fractures and faults (Barton et al., 1993). The spacing of these joints and 
fractures range from 30cm to > lm, with fiacture dilations > 20cm in some areas. LYR is possibly 
intersected by the Ghost Dance Fault west of the fracture pavement and possibly by the Sundance 
Fault east of the fracture pavement (Barton et al., 1993; Day et al., 1997). Yucca Ridge NW 
benchmark was used for the DGPS base station antenna. 

Results 

Maps produced as part of the survey of LYR include magnetics, EM-3 1 conductivity and phase and 
elevation (figures 1-4). Because of the narrowness of the survey area, it is better to visualize the 
magnetic and EM-3 1 data as E-trending profiles (figures 5-6). The magnetic survey comprises 2,600 
measurements collected along E-trending traverse lines spaced at approximately 1 Om. The maps of 
conductivity, phase, and elevation comprise approximately 3,3 00 measurements collected along E- 
trending traverse lines spaced at approximately l Om. The magnetic map (figure l )  does not clearly 
delineate any of the target features. This may be due to the affect of topography on the magnetic 
field, which is caused by the reversed polarity of the tuff and the orientation of the ridge. Or, it 
demonstrates that the faults which are proposed to cut the ridge do not or have no vertical offset. 
This affect may be calculated and the resulting data set filtered from the magnetic data set. Profiles 
of the magnetic data, however, demonstrate three fracture zones (figure 5). These fractures correlate 
with the proposed locations of the Ghost Dance and Sundance Faults and the mapped fracture 
pavement (Day et al., 1997; Barton et al., 1993). 

The conductivity map (figure 2), as well as profiles of the conductivity data (figure 6) delineate 
three fracture zones. The first zone is located at the center of the map and centered at 220 m on the 
profile. This zone is defined by an area of relatively low conductivity (-0.002- -0.39 mS/m) 
approximately 100 m wide and is the location of the fracture pavement. The other two zones are 
defined by sharp changes from comparatively high conductivities (0.25-0.9 mS/m) to lower 
conductivities (-0.002- -0.39 mS/m). The first area located on the eastern end of the map and 
centered on 80 m on the profile, is the location of the Ghost Dance Fault. The second area is located 
directly west of the fracture pavement on the map and centered on 300 m on the profile. This zone 
may be the Sundance Fault. In addition to these major features, the conductivity map delineates 
areas where the tuff outcrops at the surface as areas of low conductivity. 

The phase map (figure 3) indicates that the secondary magnetic field measured by the EM-3 1 is most 
out of phase with the primary magnetic field where the Ghost Dance and Sundance Faults are 

2 



Scientific Notebook 
Project 20-1402-861 

Pete La Femina-KJ 

proposed. This is consistent with a fracture zone associated with the fault. 

The elevation map (figure 4) shows a change in slope in the vicinity of the Ghost Dance Fault 
548650-548700 E), which may be caused by a combination of vertical displacement and differential 
weathering along the fault. The fault is mapped as a normal fault with a down-to-the-west dip (Day 
et al., 1997). The fracture pavement and Sundance Fault do not correlate with topographic features. 

Interpretation 

Very distinctive magnetic and electrical conductivity anomalies occur along Live Yucca Ridge. 
These anomalies correlate well with the location of the mapped fracture pavement and the proposed 
locations of the Ghost Dance and Sundance Faults. A preliminary interpretation of the EM data is 
that the fracture zones act as fast pathways for groundwater infiltration. The higher conductivities 
demonstrate the presence of water in the fracture zone. This hypothesis is consistent with C136 
studies conducted within the Exploratory Studies Facility (ESF), which demonstrate the Sundance 
Fault as a fastpath for groundwater infiltration. The magnetic data supports the EM hypothesis by 
further demonstrating the existence of these fracture zones. 

Recommendation 

As the EM methods were successful in delineating zones of low electrical conductivity along the 
fracture pavements and zones of high conductivity along the faults, and the magnetic methods were 
successful in delineating magnetic anomalies across the fault zones, it is recommended that 
additional sites, similar to Live Yucca Ridge, be selected for implementation of these techniques. 

Yucca Crest 

Preliminary EM-3 1 and magnetic surveys along Yucca Crest delineated a NW-trending fracture. 
The survey area was expanded to the north to determine if this fracture pattern was repetitive across 
the ridge and to test the ability of the EM-3 1 in mapping fine- resolution features in the shallow 
subsurface. A second goal of the survey was to demonstrate whether a splay of the Solitario Canyon 
Fault intersected Yucca Crest or “tipped-out” in the strata below Yucca Crest. The surveyed area 
covered from Live Yucca Ridge at the northern extent to Antler Ridge at the southern extent. The 
DGPS base station antenna was set above the 42 TJS benchmark on top of Yucca Crest. 

Results 

Maps produced as part of the survey of Yucca Crest include magnetics, elevation, and EM-31 
conductivity (figures 7-9). The magnetic map comprises approximately 2,600 measurements 
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collected along N-trending traverse lines spaced at 1 Om and E-trending traverse lines spaced at 20m. 
The elevation and conductivity maps comprise 3,600 measurements along N-trending traverse lines 
spaced at 1 Om and E-trending traverse lines spaced at 20m. The magnetic map delineates a pattern 
of fracturing which is pervasive along Yucca Crest (figure 7). The dominant fracture set trends NW- 
SE, with less discernible fractures trending N and NE. This pattern of fracturing is consistent with 
fracture orientations mapped on fracture pavements by USGS geologists Barton et al., (1993), 
including the fracture pavement on Live Yucca Ridge. 

The conductivity map delineates a NW-trending zone of relatively lower conductivity at the southern 
end of the map(figure 8). This feature correlates with a magnetic anomaly. A preliminary 
interpretation is that the conductivity map demonstrates changes in soil thickness and moisture 
content, because the same tuff unit is under the entire survey area. Areas with comparatively high 
conductivity (1.5 - 4.7 mS/m) are areas of thicker soil and greater moisture content and areas of 
comparatively low conductivity (0.10 - 1.5 mS/m) are areas where the tuff outcrops at the surface 
or the soil thickness is very thin. 

The elevation map demonstrates an increase in slope to the east, which corresponds with the local 
dip of the stratigraphy caused by down to the west normal faulting of Yucca Mountain. 

Interpretation 

Very distinctive magnetic anomalies occur along the length of the Yucca Crest survey area. A 
preliminary interpretation of these magnetic anomalies is that they are caused by cooling joints and 
tectonic fractures which are filled by soil and/or fracture breccia. The pattern of the anomalies 
supports the cooling jointltectonic fracture hypothesis and follows the local pattern mapped by 
Barton et al. (1993). 

Recommendation 

As the EM and magnetic methods were successful in delineating areas of relatively high electrical 
conductivity associated with changes in soil thickness and magnetic anomalies associated with 
fracture sets, it is recommended that this survey area be expanded to the south such that the whole 
length of the ESF is studied. 

Solitario Canyon Fault Splay 

Solitario Canyon is located directly west of YM. The main Solitario Canyon Fault (SCF) has 
produced a steep scarp which offsets the Tiva Canyon Tuff by more than 200m. A NE-trending 
splay of the SCF is one that would intersect the west central portion of the repository drifts. This 
fault splay is of large enough lateral extent at the surface, that it may have enough vertical extent to 

4 



Scientific Notebook 
Project 20- 1402-861 

Pete La Femina-OY2 

intersect the repository horizon. EM-34 profiling and magnetometer surveys were conducted across 
the fault splay and Solitario Canyon to determine the lateral extent of the fault splay and constrain 
the relationship between the two faults. The DGPS base station antenna was set above the 3 1 TJS 
benchmark, located at the intersection of the Solitario Canyon road and a road which forks to the 
west. 

Results 

Maps and profiles produced as a result of the Solitario Canyon survey include magnetics and EM-34 
electrical conductivity (figures 10-1 2). The magnetic anomaly map comprises 2,100 measurements 
collected along 21 E-trending lines spaced at approximately 50m, and five N-trending tie lines 
spaced at approximately 100 m. The magnetic map delineates the "E-trending SCF because this 
fault offsets Miocene tuffs of the Tiva Canyon member of the Paintbrush Group (figure lo), and 
reveals the structural complexity of the juncture of the SCF and fault splay. The map also indicates 
the presence of two faults west of the SCF. The tuff is buried beneath alluvium and colluvium west 
of the fault, accept on the exposed steep slope on the eastern side of Solitario Canyon. The magnetic 
map indicates that the tuff has reversed remanent magnetization. 

Four E-trending traverses were conducted across the fault splay and the main SCF using an EM-34 
with 10 and 20 m coil spacing. The goal of these traverses was to delineate the electrical structure 
of the faults. Stations were spaced at 25 and 50 m. The traverses were made with vertical dipoles, 
which integrate conductivity to depths of about 30 m using a 20 m coil separation and about 15 m 
using a 10 m coil separation. These measurements are most sensitive to conductivity variations at 
depths of 10-20 m and 5-1 0 m, respectively. Horizontal dipole measurements were made across the 
same traverse and integrate conductivity to a depth of 15 m for a 20 m coil separation and to a depth 
of 7.5 m for 10 m coil separation. Horizontal dipole measurements are most sensitive to near surface 
conductivity. Results of two E-trending traverses are shown in figures 1 1 ans 12. Both traverses 
show conductivity anomalies across the fault. On the first traverse (figure 1 l), low conductivities 
at the eastern and western edge of the survey correlate with exposed tuff. The comparatively higher 
conductivities (> 3 mS/m) east and west of the SCF are associated with alluvium. The SCF is 
indicated by the low conductivities (0.8 - 1.5 mS/m) at approximately 547050 E. The second 
traverse (figure 12) was conducted across the fault splay where it displaces the Tmm3 unit of the 
Topopah Spring Member of the Paintbrush Group (Day et al, 1997). Conductivity variations across 
the fault splay are minor ( 4  mS/m) with the greatest variation in the horizontal dipole 
measurements. This profile does indicate a large change in conductivity across the SCF in the 
vertical dipole measurements. Comparatively low conductivities (1 - 1.5 mS/m) indicate the fault 
zone, where as higher conductivities (4 mS/m) on either side of the fault are indicative of the 
alluvium. 
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Interpretation 

Very distinctive magnetic and electrical conductivity anomalies occur across the SCF, however the 
SCF fault splay is not as distinctive. A consistent, yet preliminary interpretation of the electrical 
conductivity and magnetic variation across the SCF emerges through comparison of the results of 
the traverses and map. The magnetic anomaly map and traverses reveal the development of both 
small and large scale fractures in the hangingwall of the fault, resulting from extension associated 
with rollover of the hangingwall (Ferrill and Morris, 1997). The 100 m wide zone of low 
conductivity associated with the fault is possibly caused by fractures with spaces on the order of 
meters, where as the fractures delineated by the magnetic map have spacing on the order of 100's of 
meters. Following the interpretation of Connor (1 998) for the Southern Crater Flat Fault, the low 
conductivities measured across the SCF may demonstrate increased permeability. 

Recommendations 

The combination of EM traverses and magnetic mapping have demonstrated the complexity of the 
Solitario Canyon Fault system in arelatively small area (0.9 km2). It is recommended that the survey 
area be expanded to the north and south to further delineate the nature and orientation of the SCF. 

The C-Wells - Bow Ridge Fault Zone 

The wells UE-25c#1-3 are located at the northern end of Bow Ridge, east of YM. This area was of 
interest for these surveys because the prominent principle direction of northwest for the saturated 
hydraulic conductivity, shown by pump and tracer tests, may be due to a proposed NW-trending 
right-lateral dip-slip fault north of Bow Ridge (Day et al., 1997). This fault has a proposed dip to 
the northeast. The amount of alluvium in proximity to the UE-25c well complex ranges from 0 - 
24.4 m (Geldon, 1993). The NE-trending Bow Ridge Fault (BRF) is located to the west of the well 
complex. This normal fault is mapped as down thrown to the west and is one of three proposed 
faults west of the well complex which define a structural graben. EM-34 conductivity traverses and 
magnetometer mapping were conducted across the area of the proposed NW-trending fault in order 
to prove or refute its existence. In addition, surveys were conducted to the east and west of this area 
to better define the local structure. 

Results 

A magnetic anomaly map and four electrical conductivity profiles were produced as a result of 
surveys conducted in this area (figure 13-15). The magnetic map is comprised of 7,200 
measurements collected along E and N-trending traverses spaced at approximately 50 m. The 
magnetic map delineates two major zones of faulting east and west of the C-well complex. The NE- 
trending BRF is delineated prominently west of the complex and the "E-trending Midway Valley 
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(MVF) and Paintbrush Canyon Faults (PCF) are delineated east of the complex. The proposed NW- 
trending right-lateral dip-slip fault is not delineated on the magnetic anomaly map. 

EM-34 electrical conductivity profiles along N-trending traverses, across the alluvial wedge north 
of Bow Ridge and just west of the well complex, demonstrate the differences in conductivity 
between the tuff (-1.0 mS/m) and the alluvium (4 mS/m) (figure 14). E-trending electrical 
conductivity traverses across the BRF zone delineate two low conductivity zones (figure 15). The 
first zone is associated with a narrow (1 0 m wide) fracture zone located on the ridge north of bow 
ridge (Day et al., 1997). The second zone of low conductivity is possibly the BRF. 

Interpretation 

Very distinctive magnetic anomalies delineate the BRF, MVF and PCF. In addition, electrical 
conductivity profiles delineate the BRF. No magnetic or electrical conductivity anomalies are 
associated with the proposed NW-trending fault. Two preliminary interpretations of the magnetic 
and electrical conductivity data are plausible and are as follows: 

i.) the proposed fault does not exist, or 

ii.) the fault is purely strike-slip with no vertical displacement of the magnetic tuff. 

In order to measure a fault in the subsurface using magnetics, there must be some component of 
vertical offset. This fault has been proposed to be an extension of the proposed Antler Wash Fault 
(AWF). The AWF does not appear in the magnetic data west of the C-well complex (Day et al., 
1997). 

The magnetic anomalies associated with the BRF, MVF, and PCF are similar to that mapped 
for the SCF. These are all normal faults which displace magnetic stratigraphy (tuff) and have their 
hanging-walls subsequently buried by alluvium and/or colluvium. 

Recommendations 

The C-wells complex is located in a structurally interesting and complex area. Smaller scale N- 
trending faults have been mapped which pass through the C-wells area. It is recommended that these 
faults be mapped in more detail using a finer magnetometer grid spacing and the EM-31 terrain 
conductivity meter. In addition, these features should be mapped by a structural geologist where 
exposed in outcrop. 

Split Wash Basin 

The drainage basin at the headwaters of Split Wash was chosen for a differential GPS (DGPS) 
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survey. The purpose of the survey was to map the topography of the basin in order to improve upon 
the 10 m contour data currently available. The data is then to be incorporated into hydrologic 
drainage basin models. Position data was collected using three NovAtel GPS receivers with real- 
time kinematic accuracy of 20 cm circular error probable (CEP). All data is referenced relative the 
DGPS base station located at the United States Geodetic Survey’s benchmark Yucca Ridge NW 
(1983). The color-shaded relief map produced by this survey comprises 32,450 measurements 
collected along traverses that contoured the slope and traverses that were walked perpendicular to 
slope (figure 16). 

It is recommended that further traversing of the area be conducted to further improve the resolution 
of the map. 
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Figure 1. Magnetic anomaly map of Live Yucca Ridge. The higher magnetic field values on 
the north side of the map are caused by a topographic effect. This topographic effect is caused 
by the reversed polarity of the Tiva Canyon tuff and the orientation of the ridge. 
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Figure 2. EM-31 electrical conductivity map of Live Yucca Ridge. Areas of comparatively 
high conductivity correlate with the Ghost Dance Fault and areas of comparatively low 
conductivities correlate with the fracture pavement. The fracture pavement is located at the 
center of the map between 548500 and 548600 E and the Ghost Dance Fault is located at the 
eastern edge of the map between 548650 and 548700 E. 
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Figure 3. EM-3 1 electrical conductivity phase map. This map indicates that the secondary 
magnetic field measured by the EM-31 is most out of phase with the primary magnetic field 
across the Ghost Dance Fault (548700 E) and the Sundance Fault (548350 E). 
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Figure 4. Elevation map of Live Yucca Ridge. The position data was collected during the EM- 
31 electrical conductivity survey. A change in topography is seen in proximity to the location of 
the Ghost Dance Fault (548650 548700 E). 
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Figure 5. Profile of the magnetic field along an E-trending traverse across Live Yucca 
Ridge. The high amplitude anomalies are associated with the Sundance and Ghost Dance 
Faults intersecting the ridge and the cleared fracture pavement. 
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Figure 6. Profile of EM-31 electrical conductivity measurements collected along and E- 
trending traverse on Live Yucca Ridge. The areas of comparatively high conductivity are 
associated with the proposed extensions of the Sundance and Ghost Dance Faults. The 
comparatively low conductivity areas are associated with the Tiva Canyon tuff outcropping at 
the surface for example, the fracture pavement. The high conductivities may indicate greater 
permeability and infiltration along the faults. 
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Figure 7. Magnetic anomaly map of measurements collected on 
the crest of Yucca Mountain. A prominent NW-trending 
fracture set occurs along the length of the survey. 
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Figure 8. EM-3 1 electrical conductivity map of measurements 
collected on the crest of Yucca Mountain. The map 
demonstrates an increase in conductivity off of the crest and 
down the slope to the east. This is correlative with increase in 
soil thickness and possibly moisture. 
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Figure 9. Elevation map of the top of Yucca Mountain. 
Topographic data was collected by the EM-3 1 surveying crew. 
The map demonstrates that the mountain slopes to the east and 
that there are no large scale structural features that cut the ridge 
at the surface. 
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Figure 10. Magnetic map of the Solitario Canyon. The more negative 
magnetic field values (blue on the map) indicate the location of the main 
Solitario Canyon Fault and several subsidiary faults, all N-NE trending. The 
map nicely demonstrates the extension accommodated in the hangingwall as 
it rolls over. 
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Figure 1 1. Profile of EM-34 electrical conductivity measurements collected along 
an E-trending traverse at approximately 4077800 N. Vertical dipole (black circles) 
and horizontal dipole (open circles) measurements were collected at 10 and 20 m 
coil spacings. The measured low conductivities at approximately 547050 correlate 
with the proposed location of the Solitario Canyon Fault. Higher conductivities are 
associated with the alluvial channel, while the low conductivities at the edges are 
associated with exposed tuff. 
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Figure 12. Profile of electrical conductivity measurements collected along an E- 
trending traverse at approximately 4078250 N in the Solitario Canyon Fault (SCF). 
Vertical dipole (black circles) and horizontal dipoles (open circles) were collected at 10 
and 20 m coil spacings. This traverse was walked directly across the SCF splay 
(547250 E). The main SCF is located at approximately 547120 E and corresponds with 
an area of low conductivity. 
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Figure 13. Magnetic anomaly map of the C-wells/Bow Ridge Fault Zone. A proposed NW- 
trending right-lateral dip slip fault does not appear to displace any of the tuff units (high 
magnetic field values) at the center of the map. However, the Bow Ridge Fault on the western 
portion of the map and the Midway Valley and Paintbrush Canyon Faults in the eastern portion 
of the map, are clearly visible (low magnetic field values). 
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Figure 14. Profile of EM-34 electrical conductivity measurements collected along a N- 
trending traverse at approximately 550750 E, in the vicinity of the C-wells complex. 
Vertical dipole (black circles) and horizontal dipoles (open circles) were collected at 10 
and 20 m coil spacings. The profile demonstrates the difference in conductivity between 
the tuff (high conductivity) and the alluvium (low conductivity). 
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Figure 15. Profile of EM-34 electrical conductivity measurements collected along a 
E-trending traverse at approximately 4076240 N, across the Bow Ridge Fault Zone. 
Vertical dipole (black circles) and horizontal dipole (open circles) measurements were 
collected at 10 and 20 m coil spacings. The low conductivity zone measured at 
550850 E, correlates with a small N-trending fault (5  m wide zone) mapped by Day et 
al., (1997). The main Bow Ridge Fault is located at approximately 550500 E and 

" 

correlates with a conductivity low. 
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Figure 16. Topographic map of the basin located at the western extent of Split Wash. 
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Example of electrical sounding data collected during the above surveys using a Geonics EM-34. 
Data are reported using the following notation: 

Stn - Station number 

Easting - UTM coordinates in WGS84/NAD83 projection 

Northing - UTM coordinates in WGS84NAD83 projection 

1Om-v - ten meter coil separation with vertical loop (horizontal dipole) 

1Om-h - ten meter coil separation with horizontal loop (vertical dipole) 

20m-v - twenty meter coil separation with vertical loop (horizontal dipole) 

20m-h - twenty meter coil separation with horizontal loop (vertical dipole) 

40m-v - forty meter coil separation with vertical loop (horizontal dipole) 

40m-h - forty meter coil separation with horizontal loop (vertical dipole) 

Data: 

Stn 
1 .o 
2.0 
3 .O 
4.0 
5 .O 
6.0 
7.0 
8 .O 
9.0 
10.0 
11.0 

EastingNorthing 10m-v 10m-h 20m-v 20m-h 40m-v 40m-h 
546655 4077801 2.3400 2.1900 1.8800 1.3200 1.3600 1.4000 
54670 1 4077801 5.4300 7.5000 1.4600 5.1000 0.95000 0.13400 

4077802 3.2000 4.4400 2.4500 3.1200 0.13600 0.13500 546742 
4077799 5.3600 4.2500 5.8200 4.7500 0.12800 0.13000 546799 

546848 4077801 4.5000 3.7100 4.3000 3.6000 0.13400 0.13200 
546900 4077800 4.8000 5.8000 3.4700 4.4000 0.13400 0.13500 
546949 4077799 3.2800 5.4700 2.8500 4.1400 0.13700 0.14000 
547002 4077800 1.6900 3.8000 1.1600 1.7500 0.13700 0.13500 
547050 4077807 1.5200 1.4500 2.0500 0.820000.15100 0.12500 
547099 407 7 799 2.4900 3.4300 2.6900 2.3000 0.13000 0.13800 
547 147 4077800 0.790002.86001.3800 2.0500 0.15900 0.14400 
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Example of data collected during above surveys using a Geonics EM-31 terrane conductivity 
meter. 
Data are reported using the following notation: 

Easting - UTM coordinates in WGS84NAD83 projection 
Northing - UTM coordinates in WGS84NAD83 projection 
Elevation - meters 
Time - seconds 
Quadrature - mS/m 
Inphase - parts per thousand 

1455.6, 
1455 - 6 r 

1455.7, 
1455.6 1 

1455.6 t 

1455 5 
1455 - 6 1 

1455.6 1 

1455.4 r 
1454.8, 
1454.3, 

1455.6, 

1454.0, 
1453.8 I 
1453.7, 
1453.1 t 
1452.9 t 
1452 5 

1452 - 0 r 

1451.1, 

1450 5, 

1452.2, 

1451.6, 

1450.8 I 

1450.2, 
1449.8 I 

1449.0 I 

1448.5, 
1448.3 I 

1447.6, 
1447.4, 

1449.4 t 

1448.9 I 

1448.0 t 

1446.9, 
1446.6, 

26 



Scientific Notebook 
Project 20-1402-86 1 

Pete La Femina-PCJ 

Example of magnetic data collected during the above surveys using a Geometrics G858 cesium- 
vapor magnetometer. 
Data are reported using the following notation: 

Easting - UTM coordinates in WGS84lNAD83 projection 
Northing - UTM coordinates in WGS84lNAD83 projection 
Magnetic reading - nanoTeslas. These readings are drift corrected and the International 
Geomagnetic Refernce Frame has been removed. 
Time - 24 hour - hours, minutes, decimal seconds. 

548557 .60  4078643.74 1 5 3 . 9 6 6  1 3 : 3 1 : 5 9 . 6 0  
548556.87 4078643 .96  3 2 6 . 4 6 7  13 :31 :58 .60  
548556 .19  4078644 .51  5 0 5 . 0 6 6  13 :31 :57 .60  
548555 .41  4078644 .91  480.865 13 :31 :56 .60  
548554 .60  4078645 .17  -235.434 13 :31 :55 .60  
548553.88 4078645.47 -837 .034  1 3 : 3 1 : 5 4 . 6 0  
548553 .04  4078645.60 -923 .133  1 3 : 3 1 : 5 3 . 6 0  
548552 .24  4078645 .96  -929.733 13 :31 :52 .60  
548551 .46  4078646.16 -618.933 13 :31 :51 .60  
548550 .64  4078646.36 -340 .132  1 3 : 3 1 : 5 0 . 6 0  
548549 .87  4078646 .67  -118.732 13 :31 :49 .60  
548548 .99  4078646.87 - 2 2 . 6 3 1  13 :31 :48 .60  
548548.15 4078647.12 -295 .330  1 3 : 3 1 : 4 7 . 6 0  
548547 .33  4078647 .46  -528 .330  13 :31 :46 .60  
548546.74 4078647 .73  -475 .930  13 :31 :45 .60  
548546 .13  4078647 .85  -306.929 13 :31 :44 .60  
548545.28 4078648.24 -227 .930  13 :31 :43 .60  
5 4 8 5 4 4 . 4 1  4078648 .50  -188.529 13 :31 :42 .60  
5 4 8 5 4 3 . 6 1  4078648.87 -165 .029  13 :31 :41 .60  
548542 .79  4078649.14 -168 .329  1 3 : 3 1 : 4 0 . 6 0  
548542 .06  4078649.50 -188 .029  1 3 : 3 1 : 3 9 . 6 0  
548541.38 4078649 .49  -161 .127  13 :31 :38 .60  
548540.59 4078649.69 -102.027 13 :31 :37 .60  
548539 .86  4078649.94 -53 .626  1 3 : 3 1 : 3 6 . 6 0  
548539.10 4078650.08 - 8 5 . 9 2 5  1 3 : 3 1 : 3 5 . 6 0  
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Example of magnetic base station data collected contemporaneously with above magnetic field 
data, using a Geornetrics G856 proton-precession magnetometer. This data is used to correct 
magnetic field data for diurnal drift. 
Data are reported using the following notation: 

Line number - always 0 
Julian Day - 154 = May 6 
Time - local time in hours, minutes, and seconds 
Magnetic reading number 
Magnetic reading - nanoTeslas/lO 

* 0 1 5 4  094639 
* 0 1 5 4  094709 
* 0 1 5 4  094739 
* 0 1 5 4  094809 
* 0 1 5 4  094839 
* 0 1 5 4  094909 
* 0 1 5 4  094939 
* 0 1 5 4  095009 
* 0 1 5 4  095039 
* 0 1 5 4  095109 
* 0 1 5 4  095139 
* 0 1 5 4  095209 
* 0 1 5 4  095239 
* 0 1 5 4  095309 
* 0 1 5 4  095339 
* 0 1 5 4  095409 
* 0 1 5 4  095440 
* 0 1 5 4  095510 
* 0 1 5 4  095540 
* 0 1 5 4  095610 
* 0 1 5 4  095640 
* 0 1 5 4  095710 
* 0 1 5 4  095740 
* 0 1 5 4  095810 
* 0 1 5 4  095840 
* 0 1 5 4  095910 
* 0 1 5 4  095940 

0 509323 
1 5 0 9 3 3 1  
2 509336 
3 509336 
4 509334 
5 509332 
6 509330 
7 509329 
8 5 0 9 3 3 1  
9 509329 

1 0  509330 
11 509328 
1 2  509327 
1 3  509326 
1 4  509327 
1 5  509326 
1 6  509322 
1 7  509324 
1 8  509322 
1 9  509323 
2 0  509322 
2 1  509323 
22 509322 
23 5 0 9 3 2 1  
24 509318 
25 509320 
26 509319 
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Title: Differential Global Positioning System (DGPS) Survey of the Nye County Early Warning 
Detection Wells (20-1402-861) 

Field work conducted March 19, 1999, Amargosa Desert, Nevada 

Person Present: Peter C. La Femina 

This survey was conducted as a confirmatory exercise to determine elzvation for the tops of the 
Nye County Early Warning Detection wells. This will enable Center for Nuclear Waste 
Regulatory Analyses and Nuclear Regulatory Commission hydrogeologists to accurately measure 
the depth to water in each well. 

The Nye County Early Warning Detection wells are located along Interstate 95, roughly between 
the Striped Hills and the Horse Tooth Spring deposits. Elevation for the top of the well casings 
at five wells was measured using differential GPS (DGPS) surveying techniques. 

Instrumentation and Survey Design 

All activities during this field work were conducted under Center for Nuclear Waste Regulatory 
Analyses Quality Assurance Procedures. This survey followed standard methods and procedures 
for differential positioning of an unknown point relative to a known point. The method utilized 
for this survey was rapid or quick static surveying. In this method, five minutes of dual 
frequency, satellite observation and ephemeris data are collected at an unknown point, for 
example a Nye County well, concurrently with data collection at a known point, usually a 
National Geodetic Survey or United States Geological Survey benchmark. Observation and 
ephemeris data were acquired at a rate of one point every two seconds. The National Geodetic 
Survey benchmark designated Dune (PD# GS0469) was utilized as the known point during this 
survey, because of its location at the center of the survey area. The elevation of the ground 
surface directly adjacent to each well casing was measured using DGPS and the height of the 
well casing above the ground surface measured using a tape measure. 

To obtain x, y, and z positions, the raw observation and ephemeris data were post-processed 
using the GrafNet software package (Waypoint Consulting, Inc., 1997). The position of each 
well was processed separately against the Dune benchmark and the resulting positions reported in 
latitude and longitude as degrees, minutes and seconds and ellipsoidal height as meters with 
respect to the World Geodetic System 1984 (WGS84) datum. This datum is equivalent to the 
North American Datum 1983 (NAD83). To compute the orthometric height or elevation above 
mean sea level, the geoid undulation at each point must be computed. The National Geodetic 
Surveys’ Geoid96 program was utilized for these calculations (Milbert & Smith, 1996) 
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[htttx//www.ngs.noaa.gov/GEOID/geoid,htrnl) This computation gives the elevation with 
respect to the North American Vertical Datum 1988 (NAVD88). 

Results 

The results of this survey are x, y, and z position for the top of each well casing (Table 1). 

IMPRESSIONS/CONCLUSIONS 

All positions were computed with the highest accuracy dual frequency processor, demonstrating 
the quality of the position data(Waypoint Consulting, Inc., 1997). Comparison of these results to 
that of a survey conducted by the Yucca Mountain Project (YMP) M&O (Appendix I) 
demonstrates mean differences of 0.245m, 0.1 1m and 1.049m for x, y, and z, respectively. 
Differences in x and y may be explained by the position of the GPS antenna around the well 
casing. The difference in z value is most likely due to the two different vertical datums used, but 
may be caused by differences in surveying techniques. This difference is significant and must be 
addressed. 

PROBLEMS ENCOUNTERED 

Wells NCEWDPlD/lDX/lS were not measured because they were occupied by drilling 
equipment and well NCEWDP2D/2S was not measured because the well casing had been 
removed. 

PENDING ACTIONS 

Complete DGPS survey of existing wells. Survey any new wells. 
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RECOMMENDATIONS 

Compare x, y, and z position data, and survey techniques with that of Nye County. The 
differences discussed between this survey and that conducted by the YMP M&O, should be 
investigated. A conversion of elevations reported in NGVD29 to NAVD88 is recommended. 

REFERENCES 

Milbert, D.G. & Smith, D.A., 1996. Converting GPS height into NAVD88 elevation with the 
GEOID96 geoid height model, National Geodetic Survey, NOAA, SSMC3, 1315 East-West 
Hwy., Silver Spring, MD. 20910. 10 pages. 

Waypoint Consulting, Inc., 1997. GrafNadGrafNet: GPS Post-Processing Software for 
Windows 95 and NT, version 5,187 pages. 
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Title: Ground Magnetic Surveys of the C-Wells - Bow Ridge Fault Zone: Model Interpretation 

Date: April 9, 1999 

Software: GM-SYS, version 4.04, Northwest Geophysical Associates, Inc. 
OASIS montaj, version 4.2 (service pack 5.0), Geosoft, Inc. 

Background 

A ground magnetic survey was conducted in the vicinity of the C-Wells complex, Yucca Mountain, 
Nevada, to better define geologic structures masked by colluvial and alluvial deposits. This area was 
of interest because the prominent principal direction of northwest for the saturated hydraulic 
conductivity, shown by pump and tracer tests, may be due to the NW-trending right-lateral dip-slip 
Antler Wash fault, as proposed by Day et al. (1997). Yucca Mountain is comprised of middle 
Miocene ash flow sheets, which dip gently to the east and are exposed in N-trending ridges. The 
Rainier Mesa member of the Timber Mountain Group and the Tiva Canyon and Topopah Spring 
members of the Paintbrush Group outcrop and are identified in well logs at the C-Wells. The 
eastward dip of strata and N-trending ridges of Yucca Mountain are a result of vertical displacement 
along N and NNE-trending normal faults. These faults are exposed in outcrops and inferred from 
stratigraphic relationships. The most notable result of this normal faulting, in proximity to the C- 
Wells, is Bow Ridge. Bow Ridge is a structural horst, bound to the west by the "E-trending Bow 
Ridge fault (BRF) and to the east by the "E-trending Midway Valley (MVF) and Paintbrush 
Canyon (PCF) faults. Colluvial and alluvial deposits in proximity to the UE-2% well complex 
increase in thickness from 0 m at UE-25c#1 to 24.4 m at UE-25c#3 (Geldon, 1996). Alluvial 
deposits east and west of Bow Ridge, as measured in wells UE-25p#l and ONC#1, range from 39 
m to 98 m in thickness, respectively (Craig & Robison, 1984). 

Resultsllnterpretation 

A color-shaded contour magnetic anomaly map and two modeled profiles of the magnetic data are 
the products of these surveys (Fig. 1-3). The magnetic map comprises 7,200 magnetic field 
measurements collected along E and N-trending traverses spaced at approximately 50 m. The map 
was created using OASIS montaj software. Very distinctive magnetic anomalies occur east and west 
of the C-wells(Fig. 1). Magnetic susceptibility, intensity of normal remnant magnetization (NRM), 
magnetic inclination and declination data for the Rainier Mesa, Tiva Canyon and Topopah Spring 
tuffs from Schlinger et a1 (1991) and Hudson et a1 (1994), were used to construct 2-dimensional 
models using the GM-SYS software package. Based on these models, the magnetic anomalies are 
attributed to displacement of the reversely polarized Rainier Mesa and Tiva Canyon tuff units, along 
the BRF, MVF, PCF, and subsidiary normal faults. 

An E-W profile of the magnetic data delineates the NNE-trending BRF and a synthetic fault to the 
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west of the complex, the NNE-trending Midway Valley (MVF) and Paintbrush Canyon Faults (PCF), 
and an antithetic fault east of the complex. The modeled profile demonstrates vertical displacements 
ranging from approximately 70 m (BRF) to 200 m (PCF), The proposed NW-trending right-lateral 
dip-slip Antler Wash Fault (AWF) is not required in the model for a good fit of the observed and 
calculated magnetic profiles. A pair of N-trending faults, which are exposed at the surface and pass 
through the C-wells complex, have been incorporated into the model. A NE-trending model profile 
of the magnetic data, normal to the proposed strike of the AWF, demonstrates that this fault does not 
offset the magnetic stratigraphy in this area. The BRF intersects this profile obliquely causing the 
approximately 320 nanotesla (nT) anomaly. 

Conclusion 

Ground magnetic surveys in the vicinity of the UE-25c-wells complex delineate down to the west 
normal faults, which offset Miocene volcanic stratigraphy in eastern Yucca Mountain. This faulting 
has caused the eastward dip of the volcanic strata. The NW-trending Antler Wash Fault, in the 
vicinity of the C-wells complex, cannot be delineated through the modeling of magnetic data or from 
magnetic anomaly maps. Two alternative conclusions may be drawn from this: 

0 the AWF does not exist in this area, 

movement along the AWF is largely strike-slip rather than dip slip, resulting in little vertical 
or 
e 

displacement of the magnetic stratigraphy and, thus, no magnetic anomaly. 
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of ashflow tuffs from Yucca Mountain, Nevada. Journal of Geophysical research, vol. 96, no. B4, 
pp. 6035-6052. 

Figure 1. A color-shaded contour magnetic anomaly map of the C-Wells complex, eastern Yucca 
Mountain, Nevada. This map reveals the location of several normal faults (black lines), which have 
been masked by alluvium. Abbreviations are AWF, Antler Wash fault; BRF, Bow Ridge fault; PCF, 
Paintbrush Canyon fault; and MVF, Midway Valley fault. Wells UE-25c#1-3 are located within the 
black box labeled C-wells complex. Modeling profiles are shown by the white lines. This map is 
in UTM NAD 83. 

3 



Scientific Notebook 
Project 20-1402-861 

-63.93- 
Profile I n 1 f t  I 

Pete La Femina-P'CJ 

Rainier Mesa 
D = 188. I = -49, M = 0.5 A/m 

E{ Tiva Canyon 

n Topopah Spring 

D = 310. I = 55, M = 5.0 A/m 

D = 170, I = -45, M = 1.5 A/m 

lw 631 .9 

BRF 

E 

MVF PCF 

- 
768.09j 

Figure 2. A magnetic model and stratigraphic cross-section along profile 1 (Fig. 1). Down to the 
west displacement of the reversely polarized Rainier Mesa and Tiva Canyon tuffs cause the mapped 
and profiled magnetic anomalies. The Antler Wash fault is not required for a good fit of the 
observed and calculated magnetic profile. Abbreviations are the same as in figure 1, with the 
addition of D, declination; I, inclination; and M, magnetic intensity. The magnetic properties of the 
units were taken from Schlinger et a1 (1991) and Hudson et a1 (1994). 
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Figure 3. A magnetic model and stratigraphic cross-section along profile 2 (Fig. 1). This profile was 
drawn normal to the proposed Antler Wash fault and demonstrates that this fault is not required for 
a good fit of the observed and calculated magnetic profile. Abbreviations are as in figures 1 and 2. 
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Figure 3. A magnetic model and stratigraphic cross-section along profile 2 (Fig. 1). This profile was 
drawn normal to the proposed Antler Wash fault and demonstrates that this fault is not required for 
a good fit of the observed and calculated magnetic profile. Abbreviations are as in figures 1 and 2. 
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