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Executive Summary 

Pilot Geophysical Studies in Mortandad Canyon - Los Alamos National Laboratory, 
Los Alamos County, NM, September 2002 

Geophex was directed by the Department of Energy, through a contract with Pacific Western 

Technologies, Ltd., to conduct two pilot geophysical studies in Mortandad Canyon at the Los 

Alamos National Laboratory. Specifically, Geophex was asked to evaluate the applicability of 

two geophysical methods, DC resistivity and seismic reflection, at the Los Alamos National 

Laboratory. These studies were carried out during May and June of 2002. Both methods proved 

to be extremely successful at providing detail geologic information to depth (200 feet for 

resistivity and 13,000 feet for the seismic reflection) at this site. The detail provided by both 

methods can be used to refine the stratigraphic and groundwater models for Los Alamos National 
Laboratory. 

Nine DC resistivity profiles were acquired throughout the canyon using a dipole-dipole 

configuration. Of these nine profiles, one profile (Line 1) was collected continuously for 9,290 ft. 

Resistivity data provides a method to detect "moist" zones in the alluvium and upper Bandelier 

Tuff of Mortandad Canyon. In the upper Bandelier Tuff, low resistivity zones are interpreted to 
be ''wet" or clay-rich fracture zones. These fractures zones are supported by the fracture zone 

interpretations in the CMP reflection section. The largest spatial area of "moist" alluvium and 

bedrock occur in the vicinity ofR-15. 

Seismic pilot studies in Mortandad Canyon consisted of Vertical Seismic Profiles (VSPs) in R -15 

& R-13 and a two-mile Common Midpoint (CMP) reflection profile along the axis of the canyon. 

VSP data provided an opportunity to: 
1) Test surface impact sources to vibratory sources for generating seismic energy at LANL 

2) Determine in situ velocity structure for the upper 1000 ft. of the stratigraphic section 

3) Track the exact depth and nature of reflectivity in the stratigraphic section and 
incorporate it in the interpreted Mortandad Canyon CMP reflection section. 

CMP data provide a view of structure along the axis of the canyon. Fracture zones and variations 

in thickness and elevation are present in the section. CMP data provide the ability to track these 

horizons more accurately than by simply extrapolating well information alone. 

II Geophex, Ltd 
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1.0 Introduction 

Pilot Geophysical Studies in Mortandad Canyon - Los Alamos National Laboratory, 

Los Alamos County, NM, September 2002 

Geophex was contracted by the Department of Energy to conduct two pilot geophysical studies in 

Mortandad Canyon at the Los Alamos National Laboratory. The purpose of these two studies 

was to evaluate the applicability of geophysical methods at the Los Alamos National Laboratory, 

specifically, DC resistivity and seismic reflection. These studies were carried out during May and 

June of2002. The locations of all data types collected are shown on Plate 1. 

Nine DC resistivity profiles were acquired throughout the canyon using a dipole-dipole 

configuration. Ofthese nine profiles, one profile (Line 1) was collected continuously for 9,290 ft. 

down the canyon starting near MC0-4. The remaining eight profiles (Lines 3-10) transect the 

canyon and intersect Line 1 at various locations. Profile depths varied based on the total length of 

line available. In the upper stretches of the canyon, the shortest profile (Line 3) penetrated 

approximately 20-30 ft. below surface level (bsl). The longest profiles (Line 1 & Line 1 0) imaged 

to 200 ft. bsl. 

Seismic pilot studies in Mortandad Canyon consisted ofVertical Seismic Profiles (VSPs) in R-15 

& R-13 and a two-mile Common Midpoint (CMP) reflection profile along the axis of the canyon. 

This report discusses the acquisition parameters, processing steps and results for each of the two 

geophysical methods evaluated during these studies. This report also has an accompanying binder 

that contains eight plates (Plate 1, Plate 2, Plate 3, Plate 4, Plate 5A, Plate 5B, Plate 6A and Plate 

68). 

Geophex, Ltd. 
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2.0 DC Resistivity (DCRES) Data Acquisition 
Geophex acquired 9 dipole-dipole resistivity lines (see Plate 1 for locations). Resistivity data 
were collected using an AGI SuperSting Eight-Channel Earth Resistivity liP meter with a 56-
electrode cable (Figure 1). Electrodes are connected to a stainless steel stake with a rubber band 
and planted in the ground (Figure 2). Prior to data acquisition, a contact resistance checks are 
conducted to verify each electrode is ready to acquire data. To reduce surface contact 
resistances, electrodes are treated with salt water prior to the test and data acquisition. 

After checking the line, the dipole-dipole command file is initiated in the SuperSting. The data 
acquisition for a particular command file takes approximately 3 5 minutes. As data collection 
progressed, stakes for the next deployment or line were installed. Five days were needed to 
acquire these nine lines of resistivity data. At the same time, the active profile locations were 
surveyed with a Trimble Differential Global Positioning System (DGPS) primarily for X, Y 
location. Since elevation data from DGPS tend to be less reliable, electrode elevations were 
surveyed by optical level techniques to 0.1 ft . accuracy. 

Figure 1. AGI Supersting resistivity meter Figure 2. Supersting electrode during acquisition 

Electrode spacing and total line length recorded for each profile during this study are listed in 
Table 1. 

Table 1. Electrode spacing and profile length for Mortandad Canyon resistivity data 

Profile Line Electrode Spacing (ft) Total Profile Len~th (ft) 
Line 1 18.0 9,290.6 
Line 3 2.5 124.6 
Line4 9.8 501.8 
Line 5 6.6 328.0 
Line6 6.6 334.6 
Line 7 9.8 501.8 
Line 8 8.2 418 .2 
Line 9 13 .1 695.4 

Line 10 19.7 1003 .7 
Total Recorded Length: 13,198.7 

2 Geophex, Ltd 
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2.1 Vertical Seismic Profiles (VSP) Data Acquisition 
Vertical Seismic Profile data were recorded in R-13 and R15 to record the seismic wavefield in 
situ (Figure 3). This information is used to determine a precise velocity vs. depth curve and 
investigate which depths of the section produce observable reflections. A truck-mounted spring 
actuated impact hammer (SAH) source and a Minivib II (Industrial Vehicles Inc.) swept source 
were used during the VSP data collection to compare source effectiveness in the strata of 
Mortandad Canyon (Figure 4). At each depth level, the tool was locked to the sidewall via a 
control box sitting next to the operator, the winch cable slacked (to reduce any cable induced 
vibration in the elements) and the sources were fired sequentially. All field data depths were 
measured from surface elevation. Impact field records were stacked prior to writing to disk. 
Vibroseis sweep records were saved individually to allow for the application of pre-correlation 
signal enhancement techniques (discussed further in section 3.2). 

After a day of system testing, one day was needed to record R-13 and R-15 from 50-1020 ft. 
below surface level (bsl). 

Figure 3. VSP acquisition in R-13 Mortandad Canyon 

3 Geophex, Ltd 
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Figure 4. Minivib II Oeft) and SAH impact (right) VSP sources at R-13 

VSP acquisition details are shown in Table 2. 

Table 2. Acquisition Parameters for Mortandad Canyon VSPs 

R-13 R-15 
Geophone Tool Auslog Triaxial Sidewall Auslog Triaxial Sidewall 

Sonde Sonde 
Seismograph Seistronix - RAS-24 Seistronix - RAS-24 
Sample Rate 1 ms 1 ms. 
Recording orientation Vertical Vertical 
Depth Increment (Minivib) 10ft. 10ft. 
Number of sweeps/depth 4 4 
Source Triggering (Minivib) Operator Controlled Operator Controlled 
Sweep frequency 15-300 Hz, Linear Upsweep I 5-300Hz, Linear Upsweep 
Sweep length 8 sec. 8 sec. 
Pilot Trace Channel Number 12 12 
Field Record Length (Minivib) 12 sec. 12 sec. 
Correlated Record Length 4 sec. 4 sec. 
Depth Increment (SAH) 10 (1020 - 700ft.) & 20ft. 

20 ft . (700 - Oft.) 
Number of impacts 8-12 8 
stacked/ depth 
SAH Record Length 4 sec. 4 sec. 
Source Triggering {SAH) Seistronix hammer switch Seistronix hammer switch 
Source offset to well 50 ft. N. of well 50 ft . east of well 
Depths Recorded 50 ft . bsl - 1020 ft . bsl 50 ft . bsl - 1020 ft . bsl 
Raw Data Format SEG-2 SEG-2 

4 Geophex, Ltd. 
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Los Alamos County, NM, September 2002 

2.2 Common Midpoint Seismic Reflection (CMP) Data Acquisition 
Seismic Reflection data were recorded for two miles in Mortandad Canyon along the south side of 
the canyon access road (see Plate 1). Acquisition parameters were determined after a day of 
testing (known as a "Walkaway" test). The "Walkaway" test consists of deploying all192 
channels and recording two source offsets into the entire spread. The resulting shot gather 
provides an opportunity to study a larger sampling of the seismic wavefield than usually seen 
during production recording. For Mortandad Canyon, the "Walkaway" test resulted in 
modifications in the sweep length, near source offset (240 ft.), and the number of active recording 
channels from initial plans. 

For production acquisition, twelve days were needed to record 2160 stations over two miles. 
With the combined "end-on" and "in-line" shooting strategy, 1421 shots were recorded over the 
entire line. As the monsoon season approached towards the end of the study, we were 
occasionally forced to shut down daily production early due to afternoon electrical storms. The 
detailed acquisition parameters for Mortandad Canyon are listed in Table 3. 

Table 3. Seismic Reflection acquisition parameters for Mortandad Canyon 

Geophones Mark Products SM-4 14Hz ( 3-in series) 
Geophone Station Interval 5 feet 
Seismograph 8 - Seistronix RAS-24 seismographs 
Sample Rate 1 ms 
Number of Active Recording Channels 120 channels 
Recording Geometry End-on (240ft. offset) & In-line (every third 

station for refraction statics) 
Source 1 - IVI Minivib II 
Number of Sweeps per shot point 2 
Shot Point Interval 10 feet 
Source Triggering Radio Controlled 
Sweep frequency 15-300 Hz, Linear Upsweep 
Sweep length 8 sec. 
Pilot Trace Channel Number 1 
Field Vibroseis Record Length 12 sec. 
Correlated Record Length 4 sec. 
Field Data Format SEG-2 

A Minivib II (Industrial Vehicles, Inc.) was used as the source (Figure 5). A Seistronix RAS-24 
system was used to record the data (Figure 6). The RAS-24 is a distributed 24-bit, 24-channel 
system. Five RAS-24 units were needed to record the active spread (i.e. 120 channels) and three 
units were used to roll the line forward during production (Figure 7). In total, forty gigabyte of 
raw, uncorrelated field data were recorded for Mortandad Canyon Line 1. 

5 Geophex, Ltd 



Pilot Geophysical Studies in Mortandad Canyon- Los Alamos National Laboratory, 
Los Alamos County, NM, September 2002 

Figure 5. Minivib II during CMP acquisition in Mortandad Canyon 

Figure 6. A single RAS-24 Seistronix seismograph 

Figure 7. "Rolling" Mortandad Canyon Line 1 forward 

6 Geophex, Ltd. 
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Los Alamos County, NM, September 2002 

3.0 DC Resistivity (DCRES) Data Processing 
Data were transferred from the SuperSting to a laptop PC in the office. Each profile was inverted 
by RES2D~ software (Geoelectric Imaging, Inc.). 

Data processing consists of: 1) entering the elevations, 2) editing of any outlying data points, 3) 
combining individual acquisition deployments for long profile lines, 4) a final inversion with 
RES2D~, 5) inversion results are transferred to ASCII "XYZ" files, and 6) these files are 
imported into Oasis Montat software (Geosoft, Inc.) for gridding and display. 

The data files are gridded using a minimum curvature algorithm. Gridding determines how values 
are predicted between data points, or in areas without data. The minimum curvature method 
assumes a simple linear variation between data points. Data values are then contoured in a similar 
manner as elevations are contoured for a topography map. Contour values are then assigned a 
color as depicted by the color bar adjacent to each resistivity profile. The result is a color contour 
image of the data values (Figures 8). 
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Figure 8. Example of resistivity profile 
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Los Alamos County, NM, September 2002 

3.1 Vertical Seismic Profiles (VSP) Data Processing 
VSP data processing begins with importing the SEG-2 filed data into Vista (Seismic Image 
Software) seismic processing software. Vista is a Windows based seismic reflection processing 
package designed for the Oil & Gas industry. Currently, Geophex owns a license for VSP and 
one license for 2-D reflection processing. 

The following processing steps were implemented for both the SAH and Minivib VSP data: 

I SEG- 2 Import I 

I Sort by Source Type I 

First arrival picking 

Subtract First Break Static 
latten first arrivals on 0 ms. 

Predictive Deconvolution 

Median Filter (subtract 
downgoing wavefield) 

Bandpass Frequency Filter 
15-180 Hz 

Add (2x) First Break Static 
Simulate two-wa travel time 

I 
Corridor Stack 

Final Data Display 

8 

fMinivib Data 

Vibroseis Correlation 

VSP Geometry Application 

Geophex, Ltd. 
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Pilot Geophysical Studies in Mortandad Canyon - Los Alamos National Laboratory, 
Los Alamos County, NM, September 2002 

3.2 Common Midpoint Seismic Reflection (CMP) Data Processing 
The following flow chart describes the processing steps implemented with Vista (Seismic Image 
Software) for the Mortandad Canyon reflection data. The processing scheme here is commonly 
used in the reflection data processing. However, the testing and implementation of processes like 
vibroseis prewhitening, refraction statics, T -X predictive deconvolution and spectral balancing are 
tools that have recently proved invaluable in processing of near-surface data. Specifically with 
these data, the acquisition was designed to take advantage of refraction statics algorithms for 
determining the corrections needed in the alluvium (due to it's varying depths) and T-X predictive 
deconvolution operators are more effective removing of the surface waves (a.k.a. groundroll) 
given the close ( 5 ft.) geophone spacing utilized. One hundred gigabyte of data was generated 
during the processing ofthis profile line. 

The following processing steps were implemented for the Mortandad Canyon CMP data: 
1. SEG-2 Data Import 
2. Vibroseis Prewhitening 
3. (T-X AGC-500 ms) Note: This process was tested and found to boost the background 

noise on shot gathers to an unacceptable level and was then removed) 
4. Vibroseis Correlation (Pilot recorded on either Channell, 2, or 3) 
5. Vibroseis Correlation (Pilot recorded on either Channell, 2, or 3) 
6. Geometry Input & Application (Shot & Receiver Locations in NM State Plane Coord.) 
7. Vertical Stack (Sum together the 2 sweeps recorded at each shot point) 
8. First Arrival Picking 
9. Refraction Statics Application (A dataset with a fixed and another with floating datum 

corrections were generated and processed) 
10. F-K filtering (Pie slice reject to reduce surface waves) 
11. Spectral Balancing (20Hz windows) 
12. Predictive Deconvolution (with a Time & Space operator to further reduce surface waves 

and multiples from the first arrival) 
13. Bandpass Filter (Ormsby 15-150 Hz) 
14. AGC (Ll- 500ms window) 
15. CMP Sorting 
16. Velocity Analysis (Semblance, and Constant velocity stacking based) 
17. Muting (designed to eliminate the first arrival and higher frequency artifacts in the later 

parts of the data(> 2.0 sec.) 
18. Normal Moveout Correction 
19. CMP Stacking 
20. Brute Stack 
21. Velocity Analysis (refined to improve the NMO velocity function) 
22. Normal Moveout Correction (w/ refined NMO velocities) 
23. CMP Muting (to reduce NMO stretch artifacts in the near surface) 
24. F-X Filtering 
25. CMP Stacking 
26. Final CMP Stack 
27. Post Stack Kirchoff Migration (was tested but did not improve the image & is not shown) 
28. Integration and Interpretation with VSP data 
29. Input into montage for final display plots 

9 Geophex, Ltd. 
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4.0 DC Resistivity (DCRES) Results 
DCRES data is displayed in Appendix A as individual profile lines and Plate 2 as a montage of the 
entire data set. Also, Line 1 resistivity data is shown with the CMP data in Plate 4 but will be 
discussed further in the CMP section. The following discussion consists of observations and 
interpretations of these data. 

• Various zones are inferred to be "moist". It is interpreted that these zones are 
partially saturated and appear as low resistivity (blue colors) in Appendix A, and 
Plates 2 and 4. 

• These "moist" zones (i.e., low resistivity) correspond to moisture weight percent 
data that is superimposed on the profile. Therefore, DC resistivity is interpreted to 
be mapping current sediment moisture. However, it is assumed that these zones 
would indicate the preferential groundwater flow pathways during any recharge 
event. 

• High resistivities (red/pink colors) are inferred to be either "dry" unconsolidated 
sediments or "dry" bedrock (i.e., upper portions ofthe Tshirege Member ofthe 
Bandelier Tuft). Gamma logs were placed on the resistivity data to aid in the 
determination between the two. It is presumed that high resistivity zones in the 
deeper parts of the profiles ( > 50 ft. bsl) represent bedrock. The transition from 
red to pink colors indicates zones decreasing moisture content (i.e. "dry" zones) 
within that volume ofbedrock. 

• "Dry" bedrock is not uniform in elevation or across the deeper parts of the 
profiles. Vertical zones oflow resistivity extend to depth in certain areas. These 
are interpreted to be either "moist" or clay-rich fracture zones within the bedrock 
or effects of the resistivity line being too close(< 30ft.) from a cased monitoring 
well with bentonite grout. The later can be eliminated in many cases by referring 
to an attached spreadsheet listing Mortandad Canyon wells and their offsets from 
the resistivity profiles (Appendix D). 

• On Line 1, the majority oflow resistivity zones at depth occur between the 
intersections of Line 4 and 8. 

• Cross Canyon profiles (Lines 3-9) highlight low resistivity on the southern edge of 
the canyon. The "moist" zone tends to begin shallow and progressively go deeper 
towards the center ofthe canyon. 

10 Geophex, Ltd 
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4.2 Vertical Seismic Profiles (VSP) Results 
Vertical Seismic Profile data were acquired to investigate a number of different issues including: 

1) A comparison of a surface impact sources versus a swept sources for producing usable 
seismic energy in this environment, 

2) Measuring and analyzing in situ seismic velocity in the upper 1000 ft. to be used with 
subsequent CMP data reduction, 

3) Correlating seismic reflection energy observed within the upper 1000 ft. with the 
known geology, and 

4) Observing reflections from both the upper 1000 ft. and below the recorded borehole 
interval to correlate with CMP sections. 

The remainder of this section lists observations and interpretations relevant to these points. The 
VSP data are displayed in Appendix Band the subsequent velocity analyses are in Appendix C. 

• The Spring Actuated Hammer (SAH) impact source produced results that were 
comparable and of equal quality to the Minivib for the VSPs in R-13 and R15. 
However, these data only extended to 1020 ft. bsl and upon analysis of"deeper" data 
(see B7-B8 or B15-B16 in Appendix B) the Minivib produced data with more power 
at these later times. 

• The observed average velocities (and similarly the observed arrival times) range from 
lows of 1500 ft/s near the surface to 6000 ft/s at 1 020 ft. bsl in these data (Appendix 
C). Three distinct depth zones appear to separate the seismic velocities: 0-480 ft. bsl, 
480-800 ft. bsl, and > 800 ft. bsl. It is interpreted that these zones infer the changes in 
bulk lithology present in the section (i.e. "dry" tuff, "dry" to ''wet" basalt, and ''wet" 
tuff, respectively). In the upper zone, R-15 velocities are higher than R-13 inferring 
the Bandelier Tuff is better consolidated in this locale. In the intermediate zone, the 
Cerros del Rio Basalts show less variation in velocity, but subtle differences are 
present. The velocity in R-15 is faster than R-13 until-600ft. bsl where they switch. 
This depth range is close to where a perched water table is found in R -15 ( -630 ft. 
bsl). The reduction in velocity near this zone is interpreted to indicate the increased 
fracturing or void presence of the basalts at this depth. It is this fracturing or void 
presence in the basalts that accommodates the presence of groundwater and higher 
porosities. Finally, the deepest interval(> 800ft. bsl) is typically saturated Puye 
Formation where the velocities are nearly identical for both wells. We interpret this to 
infer that these units of the Puye Formation have similar physical properties and exist 
in a similar physical state at both sites. 

• Since the VSPs measure in situ velocity, it is possible to determine Two-way travel 
time (TWT) in the recorded interval directly and predict the Two-way times for depths 
below the borehole. TWT is what is observed in surface reflection seismic profiles (as 
discussed in the next section). The Two-way time is the Time to Depth function 
required to correlate known geology from boreholes to reflection events observed on 
CMP sections. Appendix C contains the graphs of the Two-way time vs. depth for the 
borehole interval and projected depths. The data for the projected TWT was taken 
from refraction profile velocity estimates published by Biehler, et al., 1991 
(Geophysics, vol. 3, p. 340-353). The resulting Time to Depth can be seen on the 
subsequent CMP section plots shown in Plates 3-6. 

II Geophex, Ltd. 
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• Finally, VSP data observe the reflected wavefield directly and allow one to determine 
the precise geologic causes of those reflections (provided the lithologies within the 
borehole are known). In combination with a known Time-depth function, these 
lithologies can be mapped on a coincident CMP reflection section and traced away 
from the borehole. In the Mortandad Canyon VSPs, the following tables describes the 
observed in situ reflectivity in R-13 and R-15 respectively: 

Table 4. Summary of Reflectivity observed in R-13 from VSP data 

Borehole Litholo2ies - TWT time (ms) Depth (ft) Nature of Reflection 
Top ofthe Otowi Mbr- 140 248 Lithologic contact 
Bandelier Tuff 
Top of the Cerros del 180 303 Lithologic contact 
Rio Basalt 
Internal events to the 220,250 ~525, ~ 650 unknown 
Cerros del Rio Basalt 
Bottom of the Cerros del 260 730 Lithologic contact 
Rio Basalt 
Internal Puye Fm 988 325 Lithologic contact 
(fanglomerate/pumiceous 
Weak Internal Puye Fm. 280 ~ 830 Regional 

CJroundwater?? 
Note: The bottom of the recorded VSP interval is 360 ms TWT. 

Table 5. Summary of Reflectivity observed in R-15 from VSP data 

Borehole Litholo2ies - TWT time (ms) Depth (ft) Nature of Reflection 
Top of the Otowi Mbr- 100 120 Lithologic contact 
Bandelier Tuff 
Top of the Cerros del 225 494 Lithologic contact 
Rio Basalt 
Bottom of the Cerros del 290 750 Lithologic contact 
Rio Basalt 
Internal Puye Fm ~340 ~ 1000 Lithologic contact 
(fanglomerate/pumiceous 
Weak Internal Cerros del 280 ~ 650 PerchedCJroundwater? 
Rio Basalt. 
Nothing from Regional 
CJroundwater table 
Note: The bottom of the recorded VSP interval is 360 ms TWT. 

Appendix B contains figures showing the information in these tables. These are the Corridor 
stacks on pages B7, B8, B15, and B16. 

12 Geophex, Ltd. 
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4.3 Common Midpoint Seismic Reflection (CMP) Results 
Surface CMP sections are presented in plates 3-6. Plates 3 and 4 focus on shallow depths ( < 
2800 ft.), some of which can be correlated directly with the VSP results. Plate 4 presents 
resistivity data overlain on the interpreted section. Plates 5 and 6 present the deeper section that 
was recorded down to 2.5 sec (or approximately 13, 000 ft. bsl). 

The remaining discussion summarizes the results of these data: 

• The four largest amplitude reflection horizons have been traced to provide the interpreted 
section displayed on Plates 3 and 4. This is done by tracing the horizons (shown in the 
previous tables) between the wells on the raw CMP section. Variations in elevation and 
thickness, and interpreted fracture zones are visible. Overall the shallow interval 
surrounding R-15 is slightly deeper than further east. 

• Perched water zones and the regional groundwater produced very weak (if any) reflection 
according to the VSP data. However, internal reflections in the Cerros del Rio basalt near 
R-15 are possibly from this interface. However, there is no unique way to determine 
whether reflections internal to any unit are distinctly lithologic or potential perched water 
tables from surface data alone. 

• The resistivity overlay in Plate 4 highlights that many of the deep low resistivity zones 
correlate to fracture zones mapped in the upper 1000 ft. ofthe seismic data. Again, it is 
interpreted that these areas represent either "moist" or clay rich fracture zones. 
Additionally, the "bowl" shaped structure seen in the seismic data is mimicked by the high 
resistivity anomalies that were discussed as bedrock earlier. 

• Deep seismic sections are unconstrained (i.e. no geologic/lithologic information is 
available) to precisely interpret the mapped horizons. However, tracing laterally coherent 
events reveals some wedge-like features under the eastern edge of the profile. Again, a 
"bowl"-like structure exists with the deepest part lying near R-15. Additionally, fracture 
zones and faulting are prevalent in this region. 

13 Geophex, Ltd. 
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Appendix A 
Mortandad Canyon Resistivity Profiles 
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VSP 13- Full Wavefield- SAH data 
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VSP 13 -Transmitted (Downgoing) Wavefield - SAH data 
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VSP 13 - Reflected (Upgoing) Wavefield - Minivib data 
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VSP 13- Reflected (Upgoing) Wavefield- SAH data 
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VSP 13 -Corridor Stack (Reflection-simulated CMP) - Minivib data 
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VSP 15 - Full Seismic Wavefield - SAH data 
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VSP 15- Transmitted (Downgoing) Seismic Wavefield- Minivib data 
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VSP 15 - Reflected (Upgoing) Wavefield - Minivib data 
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VSP 15- Reflected (Upgoing) Wavefield- SAH data 
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VSP 15 -Corridor Stack (Reflection-simulated CMP) - Minivib data 
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Average Velocities- VSP 13 & VSP 15 Mortandad Canyon 
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AppendixD 
Spreadsheet ofMortandad Canyon Wells with Offsets and Distances to 

DC Resistivity and Reflection Seismic Lines 
(a yellow highlight indicates an offset less than 30ft.) 

Geophex, Ltd. 
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Los Alamos County, NM, September 2002 

R1 lnline Direction Distance (ft) 
WELLID Distance (ft) From Line From Line 

MCWB4 54.6961 North 1.015 
MCM-4.5 211.8181 South 21.3939 
MC0-4A 348.7846 North 13.2065 
MC0-48 356.8305 North 11.2448 
MCGS-2 413.2095 South 219.5227 
MCM-4.5 592.3520 South 85.3232 
MC0-4.9 711.3755 North 7.6206 
MCM-5A 791.3044 South 57.4826 
MCM-58 803.2189 South 37.1999 
MC0-5 822.6938 South 12.2735 
MCM-5C 838.7164 North 13.2176 
ET-3 936.1055 South 33.6191 
MCW85 951.1480 South 36.4772 
[TW-8 935.9650 South 22.9222 
MCM-5.1 1085.9504 North 23.7821 
MCM-5.1 1112.8416 South 20.8531 
WATER FLOW DEVICE 1473.9721 North 22.0778 
ET-2A 1888.3524 North 67.4403 
MCWB5.5B 1893.1218 North 16.4996 
MCW85.5A 1916.0827 North 83.8217 
ET-2 1921.3742 North 73.456 
MCM-6A 2073.6494 South 35.5694 
MCM-5.9 2113.5167 North 57.9355 
MCM-6C 2133.8781 North 45.5018 
MCM-68 2144.3295 North 44.4804 
MC0-6 2150.8011 North 63.5653 
MC0-68 2152.5647 North 34.1042 
MC0-6A 2161.0890 North 17.4887 
MCWB6.2C 2224.5705 South 16.7211 
MCWB6.2B 2230.6475 South 8.2747 
MCWB6.2A 2282.0073 North 92.6305 
MCWB6.5E 2459.7596 South 198.5768 
MCWB6.5D 2552.9232 South 213.1456 
MCWB6.5C 2555.3509 North 58.0448 
MC0-6.5A 2632.4512 North 6.0703 
MCW86.6 2629.7045 South 94.2277 
MCM-6.5 2695.4923 North 251.1513 
MC0-6.58 2718.2294 North 162.4531 

D-1 Geophex, Ltd 
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Pilot Geophysical Studies in Mortandad Canyon - Los Alamos National Laboratory, 

Los Alamos County, NM, September 2002 

R1 lnline Direction Distance (ft) 
WELLID Distance (ft) From Line From Line 

MC08T4.4 2827.0674 South 41.5325 
MCWB7A 2976.0991 North 7.7862 
MCW878 2984.5016 South 71.5157 
MCM-6.5A 3082.4032 South 78.7868 
MC0-7 3147.0535 South 28.3925 
MC0-7.2 3575.5755 North 25.6625 
MCWB7.2 3589.1842 South 16.5159 
ET-1 3661.9680 North 29.9694 
MCWB7.4A 3876.1682 North 104.7559 
MT-1 3887.6651 North 34.3485 
MCW87.48 3891.5371 South 52.5312 
MC0-15 3940.0177 South 176.3726 
MC0-7.58 4047.4542 South 10.5773 
MCM-7.5 4113.3212 North 105.3776 
MCW87.7A 4468.7407 North 166.1405 
MCW87.78 4533.3391 South 32.6006 
MT-3 4562.1326 North 108.4092 
MT-2 4629.3899 South 19.9284 
MC0-8 4633.9420 South 41.6513 
MCW88.1A 5157.6854 North 42.3634 
MT-4 5179.7417 South 32.8902 
MCW88.18 5185.1279 South 50.8255 
MCW88.1C 5212.1492 South 144.3729 
MC08T8.5 5317.8128 North 37.741 
MC0-8.2 5329.6202 South 38.9406 
MCC-8.2 5445.7996 North 67.5365 
MCWB-98 6717.0044 South 10.5684 
MC0-9 6731.3383 South 126.3416 
MCW89A 6740.4517 North 136.2258 
MC0-9.5 6998.6892 North 131.1067 
MC0-9.5 7531.9512 South 21.7086 
MCM-10.2 7890.3238 South 213.612 
MCM-10 8003.4378 North 232.6453 
MC0-11 8606.7782 North 155.5498 

MCM-12A 9254.8604 North 68.1777 

D-2 Geophex, Ltd 
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Los Alamos County, NM, September 2002 

R31nline Direction Distance (ft) 
WELLID Distance (ft) From Line From Line 

MCM-5C 10.4515 West 53.1274 
ET-3 20.7931 West 48.5234 
MCWB5 25.6527 West 34.0742 
TW-8 30.0669 West 53.9798 
MCM-5.1 108.445 East 100.9861 

R4 

MCM-6A 69.2347 West 181.4746 
MCW86.2C 103.6084 West 41.9653 
MCW86.28 111.7608 West 40.5804 
MC0-6A 125.41 West 122.993 
MC0-68 138.7709 West 139.6962 
MCM-6C 146.1826 West 162.7144 
MCM-68 146.6724 West 152.5837 
MCM-5.9 154.1568 West 188.6023 
MC0-6 164.2834 West 154.7684 
MCW86.2A 204.8044 West 41.7798 

R5 

MCM-6.5A 81.6291 West 222.9329 
MC0-7 130.3401 West 146.9024 

R6 

MC0-15 14.0477 East 38.0824 
MCWB7.48 138.2107 East 12.9366 
MC0-7.58 179.5797 East 173.9938 
MT-1 227.2575 West 16.3659 
ET-1 244.9857 West 241.6688 
MCWB7.4A 298.0672 West 13.9535 

R7 

MCWB7.78 130.6375 East 40.3891 
MC0-8 131.974 East 131.6887 
MT-2 151.8917 East 139.9158 
MT-3 266.0034 East 109.1113 

R8 

MC0-8 107.314 West 168.4565 
MT-2 127.273 West 168.554 
MT-3 236.2852 West 208.8163 

R9 

MCM-10 569.7976 West 182.8897 

R10 

R-13 (MC0-13' 159.9232 East 109.1645 
MC0-13 664.3431 West 104.8222 

D-3 Geophex, Ltd 
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Slnline Direction Distance (ft) 
WELLID Distance (ft) From Line From Line 

MCGS-2 47.2877 South 219.0403 
MCM-4.5 227.4981 South 68.8117 
MC0-4.9 349.7306 North 18.0209 
MCM-5A 445.7347 South 22.2423 
MCM-58 457.3243 South 5.4997 
MC0-5 475.8468 North 19.1539 
MCM-5C 493.3999 North 40.5126 
ET-3 598.299 South 17.6502 
MCW85 598.714 South 28.32 
TW-8 613.8403 South 30.0558 
MCM-5.1 748.8991 North 34.9743 
MCM-5.1 783.0397 South 9.2661 
~ATER FLOW DEVICE 1147.1963 North 30.8701 
ET-2A 1567.0801 North 77.1815 
MCW85.58 1573.42 North 27.1017 
MCW85.5A 1593.7441 North 91.8556 
ET-2 1598.8787 North 80.5465 
MCM-6A 1758.158 South 19.1164 
MCM-5.9 1798.6118 North 78.7143 
MCM-6C 1822.014 North 72.413 
MCM-68 1832.9 North 74 
MC0-6 1839.7641 North 94.8626 
MC0-68 1842.8119 North 66.6797 
MC0-6A 1853.4304 North 53.6266 
MCW86.2C 1927.3643 North 40.82 
MCW86.28 1934.3643 North 50.692 
MCW86.2A 1994.6052 North 172.0531 
MCW86.5E 2197.4643 South 86.2165 
MCW86.5D 2260.2689 South 91.8556 
MCW86.5C 2331.6319 North 190.8375 
MC0-6.5A 2420.762 North 159.8799 
MCW86.6 2420.8721 North 60.861 
MC08T4.4 2606.9341 North 104.3687 
MCW87A 2757.4386 North 153.3486 
MCW878 2767.9511 North 73.6146 
MCM-6.5A 2867.2501 North 61.9486 
MC0-7 2928.3595 North 116.1101 
MC0-7.2 3368.0638 North 155.2942 

D-4 Geophex, Ltd. 
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Slnline Direction Distance (ft) 
WELLID Distance (ft) From Line From Line 

MCW87.2 3382.7213 North 114.3639 
ET-1 3454.8239 North 166.3042 
MCW87.4A 3668.4085 North 250.676 
MT-1 3681.8309 North 179.7567 
MCW87.48 3725.9059 North 89.3032 
MC0-15 3780.7438 South 46.2306 
MC0-7.58 3893.5861 North 102.1651 
MCM-7.5 3957.2431 North 211.3617 
MCW87.78 4377.107 North 86.1265 
MT-3 4401.82 North 229.232 
MT-2 4471.2773 North 102.6607 
MC0-8 4476.2304 North 81.3483 
MT-4 4984.725 North 217.111 
MCW88.18 4990.3168 North 199.9583 
MCW88.1C 5019.2325 North 107.5889 
MC0-8.2 5131.357 North 222.5008 
MCW8-98 6545.3762 North 160.55 
MC0-9 6562.3318 North 43.1594 
MCM-10-1 7532.9331 South 66.7429 
MCM-10.2 7708.7918 North 84.1845 
MCM-12A 9010.289 North 221.1861 
R-13 (MC0-13) 9918.1268 South 233.8357 
MC0-13 10105.2251 North 222.8907 

D-5 Geophex, Ltd 
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