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Executive Summary 

Pilot Geophysical Studies in Monandad Canyon· Los Alamos NatioM.I Laboratory, 
l.os 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 we~e earned 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 proftles, one profile (Line 1) was collected continuously for 9.290 
fi. Resistivity data provides a method to detect "mo1st" zones in the alluvium and upper 
Bandelier Tuff of Mortandad Canyon. In the upper Bandelier Tuft', low resisttvity 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 m 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· 

I) fest surface impact sources to vibratory sources for generating seismic energy at LANL 
2) Detennme in situ velocity structure for the upper 1000 ft. of the ~tratigrnphic section 
3) Track the exact depth and nature of reflectivity in the stratigraphic sectton 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 
m thickness and elevation arc present in the sectmn. CMP data provide the ability to track these 
horizons more accurately than by simply extrapolating well information alone. 

Geophex. Ltd. 
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1.0 Introduction 
Geophex was contracted by the Department of Energy to conduct two pilol 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 I. 

Nine DC resistivity profiles were acquired throughout the canyon using a dipole-dipole 
configuration. Of these nine profiles, one pmfile (Line I) was collected continuously for 9,290 
ft. down the canyon starting ncar MC0-4. The remaining e1ght profiles (Lines 3-1 0) transect the 
canyon and intersect Line I 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 I & Line 10) 
imaged to 200ft. bsl 

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. 

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 I, Plate 2. Plate 3. Plate 4, Plate SA, Plate 58, Plate 6A 
and Plate 60). 

Geophex, Lid 





-----------------------·------·---· 





'!\ 

,, 'I> 



Pilol Geophysical Studie~ in Monandad Canyon • Los Alamos National Laboratory, 
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4.0 DC Reslstl\llty (DCRES) Re,.ulf"' 
DC RES datn ts displayed in Appendix A as individual profile lines and Plate 2 as a montage or 
the entire data set. Also, Line I resistivity data is shown with the CMP data in Pla1e 4 but will be 
discuc;scd 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 
part tally saturated and appear as low rcsistivtty (blue calm-s) m 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 of the Tshirege Member of the 
Bandelier Tufl). Gamma logs were placed on the resistivity data to aid in the 
detenmnntion between the two. It is presumed that high resistivity 7ones m the 
deeper parts of the profiles (>SO ft. bsl) represent bedrock. The transition from 
red to pink colors indicates zones decreasing moisture content (i.e. '"dry" zones) 
within that volume of bedrock. 

• "Dry" bedrock is not unifonn in elevation or across the deeper parts of the 
profiles Vertical zones of low resistivity extend to depth in cenain 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 I, the majority of low resistivity zones at depth occur between the 
intersections of Line 4 and 8. 

• Cross Canyon profiles (l..ines 3-9) highlight low res1stivity on the southern edge of 
the canyon. The "moist" wne tends to begin shBilow and progressively go deeper 
towards the center of the canyon. 

Geophex, Ltd. 
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4.2 Vertical Seismic Profiles (VSP) Results 
Verttcal 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 mterpretations relevant to these points. The 
VSP data arc 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 YSPs m R-13 and R IS. 
However, these data only extended to 1020 ft. bsl and upon analysis of "deeper" data 
(sec 87-B8 or BIS-616 in Appendix B) the Minivib produced data with more power 
attheselatertimes. 
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 I 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> 800ft. 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" 
tufT. 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 (-630ft. 
bsl). The reduction in velocity ncar this zone is interpreted to indicate the increased 
fracturing or void presence of the basalts at thts depth. It is this fracrunng or void 
presence in the basalts that accommodates the presence of groundwater and higher 
porosities. Finally. the deepest interval (> 800 ft. bsl) is typically saturated Puye 
Fonnation where the velocities arc nearly identical for both wells. We interpret this 
to infer that these units of the Puye Fonnation have similar phys1cal 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 SClSmic 
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 Geoplrcx. Lid. 
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Finally. VSP data observe the reflected wavefidd 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 Refiectlvlty observed in R·l3 from VSP data 

Borehole Litholoaies - TWT time ms Dentb rt Nature of Reflection 
Top of the Otowi Mbr- 140 248 Lithologic contact 
Bandelier Tuff 
Top of the Cerros del 180 303 
Rio Basalt 
Internal events to the 220,250 -525.-650 
Cerros del R10 Basalt 
Bottom of the ce.T~s del 260 730 
Rio Basalt 
Internal Puye Fm 

I (fan •lomerate/numiceous 
988 325 

Weak Internal Puye Fm. 280 -830 

Note. The bottom of the recorded VSP mterval ts 360 ms TWT 

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

Lithologic contact 

unknown 

Lithologic contact 

Ltthologic contact 

Regional 
Groundwater?? 

Borehole Utholo ies - TWT time ms Oeoth ft Nature of Reflection 
Top of the Otowi Mbr- I 00 120 Lithologic contact 
Bandelier Tuff 
Top of the Cerros del 
Rio Basalt 
Bottom of the Cerros del 
Rio Basalt 
Internal Puye Fm 

I (fanalomcratc/numiceous 
Weak Internal Cerros del 
Rto Basalt. 
Nothing from Regional 
Groundwater table 

225 494 

290 750 

-340 - 1000 

280 -650 

Note: The bottom of the recorded VSP mtervalts 360 ms TWT. 

Lithologic contact 

LithologiC contact 

Lithologic contact 

PerchedGroundwater? 

Appendix B contains figures showing the information in these tables. These are the Corridor 
stacks on pages 87. 88. 815, and Bl6 
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4.3 Common Midpoint Seismic Reflection (CMP) Results 
Surface CMP sections arc 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~ IS 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 dctcnnine 
whether reflections internal to any unit are distinctly htholob>ic 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 1 000 ft. of the 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 geologtc/lithologic infonnation is 
available) to precisely interpret the mapped honzons. 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 ncar R-15. Additionally, fracture 
zones and faulting are prevalent in this region. 

13 Geopht·x, Ltd. 




