
 

LT Environmental, Inc. 

Compliance • Engineering • Remediation 
4400 W. 46th Avenue  Denver Colorado  80212  T 303.433.9788  F 303.433.1432  E info@LTEnv.com 

June 27, 2005 

Ms. Debbie Baldwin 
Colorado Oil and Gas Conservation Commission 
1120 Lincoln Street, Suite 801 
Denver, Colorado 80203 
 
RE:   Geophysical Survey Summary 
 Bondad, Colorado 
 
Dear Ms. Baldwin: 

LT Environmental, Inc. (LTE) is pleased to provide the Colorado Oil and Gas Conservation Commission 
(COGCC) with this letter summarizing the results of the geophysical survey conducted by 
MicroGeophysics Corporation (MGC).  The geophysical survey included magnetic and electromagnetic 
methods to identify potential subsurface wellheads in the seep area that may be acting as conduits for 
methane seep migration.  In addition, MGC performed a seismic refraction survey to understand the 
structure of the surface gravel deposit and the underlying sandstone layer.  The geophysical surveys were 
conducted at the Bondad Explosion Site (Site) located in Bondad, Colorado during the week of April 18, 
2005.   

BACKGROUND 

Two methane seep surveys have been performed at the Site in response to an explosion of a residence 
located at 4034 US Highway 550 (Yoakum Residence).  During the period from February 21 through 
February 24, 2005, and again from April 18 through April 20, 2005, LTE conducted soil gas survey 
activities in the project area extending radially outward approximately 3,000 feet in all directions from the 
Nick Spatter Bryce Farm #1 (NSBF #1) production well (Figure 1).  The results of the soil gas surveys 
are presented in the Methane Seep Survey Report (March 2005) and a summary letter Additional Methane 
Seep Survey and Natural Spring Survey (May 2005).  These reports, along with this report, are available 
on the COGCC website at www.oil-gas.state.co.us.   

As a means to understand the migration of methane gas in the subsurface identified during the previous 
soil gas surveys, LTE recommended the use of geophysical methods to identify potential wellheads that 
may be acting as conduits but also to characterize the structure of the near surface geology to better 
understand gas flow. 

SITE DESCRIPTION 

The Site is located in Bondad, Colorado, approximately 20 miles to the south of Durango, Colorado 
(Figure 1).  The Site is located approximately 0.25 miles north of the confluence of the Animas River to 
the west and the Florida River.  The Site consists of several tracts of land covering more than 100 acres.  
The land use consists of residential properties, a fire station, US Highway 550, the Animas River, and the 
Florida River.  The majority of land area is privately owned.  Figure 1 shows the layout of the Site. 
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The geophysical survey area was approximately 500 feet long by 500 feet wide and positioned along the 
eastern edge of US Highway 50 and centered roughly North-South over the NSBF #1 well. 

GEOPHYSICAL SURVEY RESULTS 

MGC has prepared a comprehensive report outlining the methods and results of the various survey 
activities.  These results are presented in MGC's May 11, 2005 summary letter and included as 
Attachment 1. 

In general, the results of the magnetic surveys identified the presence of six anomalies in the vicinity of 
the NSBF#1 well.  These areas are specifically noted in Figure 5 of MGC's report.  Anomalies #1, #2, and 
#3 were located south and southeast of the NSBF#1 well and at greater depth.  Anomalies #1 and #2 
exhibit a weaker magnetic signal and are believed to be the steel anchors used to tie down a drilling mast.  
Anomaly #3 exhibits a much stronger signal and has the potential to be an additional wellhead or other 
vertical metal feature.  Two of the areas are in close proximity to the NSBF#1 (anomalies #5 and #6) and 
were determined to be near-surface anomalies using the EM61 equipment.  A horizontally-shaped near-
surface anomaly (anomaly #4) was noted north of the former Yoakum residence.  The anomalies are 
shown in green on Figure 1. 

Anomaly #4, shown on Figure 4 of MGC's report, exhibits a magnetic signature consistent with a buried 
pipeline.  Based on existing information, no known pipelines are noted in this area.  The significance of 
this pipeline is that it runs directly below the former Yoakum Residence.  If a pipeline or utility corridor is 
present, it is reasonable to assume that the conduit may act as a preferential migration pathway and may 
explain the elevated methane concentrations detected beneath the former residence.  As previously stated, 
the full results of the geophysical survey are presented in MGC's report in Attachment 1. 

MGC conducted a seismic refraction survey of the area using four transect lines illustrated on Figure 2 of 
MGC's report.  The field measurements along with the calculation and modeling of field data have 
successfully characterized the thickness of the gravel deposit and the elevation of the sandstone surface 
underlying the gravel.  Surface contours for both the ground surface and the top of the sandstone are 
presented in Figure 7 of MGCs report in Attachment 1.  The data shows an accurate representation of the 
ground surface as observed by LTE's field personnel.  The seismic data also show a reasonable depiction 
of the weathered sandstone surface.  The top of the sandstone shows erosional channel features that are 
oriented roughly north-south.  According to discussions with the geophysicist from MGC, Mr. David 
Butler, it appears that there is a slight dip noted on the sandstone layer from the north northwest to the 
south southeast but mainly the dip has a north-south component, assuming a uniform thickness of the 
sandstone.   

CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of the geophysical survey, there are at least six anomalies in the study area that have 
the potential to act as conduits for preferential migration of subsurface seeping methane gas.  In 
particular, anomaly #3 and the horizontal anomaly north of the Yoakum Residence (anomaly #4) have the 
greatest potential to transmit the elevated gas levels that fueled the explosion.  

The results of the seismic refraction survey have supported LTE's early hypotheses regarding subsurface 
migration of seeping methane gas.  In general, it is reasonable to assume that the NSBF#1 is the primary 
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conduit for methane seepage from the Fruitland Formation.  Confirmation that the gas is from the 
Fruitland Formation could be ascertained by comparing the isotopic analysis of the samples collected by 
LTE in February 2005 to isotopic analysis of a sample of gas from a nearby production well producing 
from the Fruitland Formation (i.e. Cain 31-2). 

LTE believes that the gas migrating vertically in and around the plugged and abandoned (PNAd) NSBF#1 
is able to penetrate horizontally at different levels in the subsurface through layers of varying 
permeability.  In particular, the shallow aquifer layers accessed by nearby water wells appear to be 
impacted as evidenced by methane gas detected within the water wells and immediately adjacent to and 
outside of the water well casing.  Based on available data and historic experience, it is unlikely that the 
methane detected in the water wells is migrating vertically through nearly 2,500 feet of shale and 
sandstone from the Fruitland Formation.  The deep migration pathway is more likely to be the PNAd 
NSBF#1 production well for the seeping gas observed at the surface and in the water wells nearby. 

LTE also believes that the sandstone layer beneath the surface gravel deposit is allowing the horizontal 
migration of methane gas.  The distribution of elevated methane concentrations at the ground surface 
show horizontal migration radially outward to the south, east, and west to a distance of approximately 300 
feet from the NSBF#1.  Based on the elevated concentrations (>75% methane) detected at the ground 
surface more than 300 feet from the NSBF#1 well, it is reasonable to assume that there is a source of 
methane gas located near the ground surface.  It seems likely that the low permeable sandstone layer has 
trapped gas originating from the NSBF #1 well conduit.   

The gas also appears to be migrating horizontally below the sandstone layer to the north more than twice 
as far as the observed horizontal migration to the south, east, and west.  The seismic refraction survey 
demonstrated a slight dip in the sandstone layer to the south southeast.  The horizontal migration of 
methane gas from the NSBF#1 more than 600 feet to the north-northwest may be explained by methane 
gas trapped beneath the sandstone migrating up-dip, then vertically through fractures into the gravel layer 
and to the ground surface.  LTE has observed the vertical fractures along outcropping portions of the 
sandstone layer that support this transport scenario.  The elliptically-shaped extent of methane seepage 
surrounding the NSBF#1 appears to be related to the dip direction observed in the sandstone during the 
seismic refraction survey.  The limited flow conduits made possible by the PNAd borehole(s) and vertical 
fractures forces methane gas to migrate laterally to find the path of least resistance.  Figure 2 illustrates 
the conceptual model of gas migration in the subsurface at the site. 

LTE's most recent soil gas survey of the area included additional investigation along the Animas River 
valley wall, west of US Highway 550.  During the field activities, LTE noted the presence of seeping gas 
below the sandstone layer in an up-dip position relative to the NSBF#1 well (Figure 1).  Two natural 
springs noted below the sandstone layer and near the areas with seeping gas were also found to contain 
trace amounts of dissolved methane, further supporting the presence of a trapped gas source beneath the 
sandstone layer. 

LTE recommends continued operation and maintenance (O&M) of the existing methane detection 
systems in the four houses and the fire station located within the project area.  The monthly O&M will 
continue to be conducted by Standby Safety of Cortez, Colorado.   

LTE recommends the excavation of the soil at these six areas to expose the potential subsurface metallic 
objects and determine their propensity to act as preferential migration pathways.  Using the maps 
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prepared by MGC and a GPS, we can successfully locate the surveyed anomalies and excavate the soil in 
the appropriate area to make field observations of the subsurface conditions. 

LTE also recommends continued soil gas surveys to monitor changes in methane seep activity over time.  
The surveys should be performed in a manner similar to the April 2005 survey using a grid pattern and 
including the areas around the residences and the area along the Animas River Valley. 

LTE appreciates the opportunity to provide environmental services to the COGCC.  If you have any 
questions regarding this report or would like additional information, please contact us at (303) 433-9788. 

Sincerely, 

LT ENVIRONMENTAL, INC. 

 

 

John D. Peterson, P.G. Thomas M. Murphy, P.G. 
Project Manager Vice President 

Attachments (2) 
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