
 

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 3, 2005 

Ms. Debbie Baldwin 
Colorado Oil and Gas Conservation Commission 
1120 Lincoln Street, Suite 801 
Denver, Colorado 80203 
 
RE:   Second Methane Seep Survey and Natural Spring Survey 
 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 second methane seep survey and 
natural spring survey conducted at the Bondad Explosion Site (Site) located in Bondad, Colorado 
during the week of April 18, 2005.   

BACKGROUND 

At the request of the COGCC, LTE was tasked to conduct an initial methane gas seep survey on the 
Site in February 2005.  The initial methane seep survey was performed 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, 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 initial soil gas survey are presented in the 
Methane Seep Survey Report (March 2005).  Both the initial soil gas survey report and this report are 
available on the COGCC website at www.oil-gas.state.co.us. 

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. 

METHANE GAS SEEP SURVEY 

Methodology 

On April 19, 2005, LTE was on site to conduct a second methane gas seep survey of the Site.  The 
scope of the survey was similar to the survey conducted at the Site during February 2005, however the 
methodology was slightly different.  During the February 2005 survey, LTE frequently had to modify 
the measurement procedure, due to saturated ground conditions, to prevent water from entering the 
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field meter.  When ground conditions were saturated, the slide hammer was used to bore a hole into 
the soil and a funnel was fitted over the open borehole at the ground surface.  The four-gas meter was 
then able to measure gas escaping from the borehole, captured by the funnel, and transmitted into the 
four-gas meter.  During the most recent soil gas survey, ground conditions were dry, making it 
possible to lower tubing into each borehole and collect gas measurements directly from the shallow 
surface soil approximately three feet below ground surface (bgs). 

During this survey, LTE created a sampling grid to cover the mapping area systematically and to 
provide a means to delineate the extent of the gas seepage.  The grid consisted of 93 squares, each 
measuring approximately 10,000 square feet in area.  LTE collected a soil gas measurement at the 
corners of each square in the grid.  Each location was recorded using a Trimble GeoXT® global 
positioning system (GPS).  When methane was detected along the edges of the grid, additional 
measurements were collected outside of the grid to better define the extent of the seep area.  LTE also 
collected methane measurements around the exterior of the three houses located to the east of the 
Yoakum residence and near the water wells associated with each of the three houses.   

Soil Gas Survey Results 

On April 19, 2005, LTE personnel advanced a total of 134 subsurface probes across the project area.  
Results of the most recent soil gas survey indicated that elevated methane gas was detected in an 
elliptically-shaped area centered over the NSBF#1 well and covering approximately 14 acres.  
Detected methane concentrations in the elliptically-shaped seep area ranged from 1,500 parts per 
million (ppm) (0.15% methane) to 1,000,000 ppm (100% methane).  

Methane was detected at two locations along the floodplain of the Animas River beneath the sandstone 
bedrock at concentrations of 9,000 ppm (0.9% methane) and 90,000 ppm (9% methane).  Methane was 
also detected at two locations near the Cain 31-2 coalbed methane (CBM) production well at 
concentrations of 2,500 ppm (2.5% methane) and 100,000 ppm (10% methane).  Methane was 
detected near the Budhue water well at a concentration of 1,000,000 ppm (100% methane).  Methane 
was not detected around the outside of the other two water wells which are associated the the Bennett 
and Grant Properties; however the ground around the wells and within each of the water wells contain 
elevated concentrations of methane.   

Methane Seep Survey Comparison 

The number of soil gas measurements collected during the February 2005 methane seep survey and 
the April 2005 methane seep survey were 372 and 134, respectively.  Fewer measurements were 
necessary during the April 2005 survey because the previous survey had identified the major areas of 
concern.  Also, the grid created for the April 2005 methane seep survey allowed LTE to conduct field 
activities more efficiently and systematically. 

The results of the April 2005 soil gas survey were similar to the results of the February 2005 soil gas 
survey.  The majority of methane was detected in an elliptically-shaped seep area similar to the seep 
area mapped in February 2005.  Unlike the previous survey, methane was not detected in the farmer’s 
field located to the south of the Yoakum property, nor was it detected around the outside of the 
Bennett water well.  During the April 2005 soil gas survey, methane was detected along the floodplain 
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of the Animas River where methane had not been detected previously.  The extent and concentrations 
of the seep area near the Cain 31-2 CBM production well were greater during the most recent survey 
than during the February 2005 survey.    

In general, the concentrations of methane recorded during the most recent soil gas survey were slightly 
higher than the concentrations recorded during the February 2005 survey.  The higher concentrations 
are most likely due to the methodology of the measurement process.  Because of saturated ground 
conditions, the funnel method was used during the February 2005 survey to collect gas readings at or 
above the ground surface.  Relatively dry ground conditions during the most recent survey allowed the 
tubing to be placed down each borehole to collect gas from approximately three feet bgs.  The 
variance in concentrations observed between the two measurements is more likely related to 
measurement method as opposed to an increasing trend in gas seepage. 

NATURAL SPRING SURVEY 

Methodology 

On April 20, 2005, LTE conducted a survey of natural springs in the project area.  LTE searched for 
natural springs along the floodplains of both the Florida River and the Animas River.  Where a natural 
spring was encountered, the location was recorded using a GPS.  A water sample was then collected 
from the spring, placed on ice, and delivered with a completed chain-of-custody to Evergreen 
Analytical, Inc. of Wheat Ridge, Colorado.  The water samples were submitted for analysis of 
dissolved methane, major cations (Sodium, Calcium, Magnesium, and Potassium), major anions 
(Chloride, Bromide, Carbonate, Bicarbonate, and Sulfate), and total dissolved solids (TDS).  When 
dissolved methane gas was detected in a sample from the natural spring, an additional sample was 
submitted to Isotech Laboratories, Inc. of Champaign, Illinois for gas composition and isotopic 
analysis.   

Natural Spring Survey Results 

LTE did not observe any natural springs along the floodplain of the Florida River within the mapping 
area.  LTE observed two natural springs along the floodplain of the Animas River directly west of the 
fire station building.  The springs were located in close proximity to each other and stratigraphically 
below the sandstone bedrock based on observed surface geology.  Water samples were collected from 
each of the springs and labeled Spring1 and Spring2.  Photographs of the two natural springs are 
presented in Attachment 1. 

Dissolved methane was detected in the water sample from Spring1 at a concentration of 0.0026 mg/L.  
Dissolved methane was not detected above laboratory detection limits in the water sample from 
Spring2.  Therefore, gas composition analysis was not performed on the water sample from Spring2.  
Analytical results from the gas composition analysis of gas from water sample Spring1 indicated the 
presence of methane at a concentration of 0.0117%.  Isotopic analysis was not performed on the water 
sample from Spring1 due to an insufficient quantity of methane in the sample.  Methane gas was 
detected in the soil in close proximity to each of the natural springs identified.  The natural spring 
water and gas analytical results are summarized in Table 1 and Table 2, respectively.  The locations of 
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the natural springs are shown on Figures 1 and 2.  The laboratory analytical reports are presented in 
Attachment 2. 

CONCLUSIONS AND RECOMMENDATIONS 

The extent of seep activity has remained relatively unchanged since the initial sampling event.  Seep 
activity appears to be associated with the NSBF#1 well based on the current concentrations and extent 
of impact.  Soil gas survey measurement protocols appear to have an effect on the reported 
concentration.  LTE recommends the downhole measurement of gas concentrations over surface 
measurements, whenever possible. 

LTE recommends continued monitoring of the methane seep at the Site as a safety precaution for the 
people living in the area.  The grid mapping system will be used during future seep surveys in an effort 
to remain consistent and systematic in the field techniques.  The next seep survey is proposed for June 
15, 2005. 

Based on the results of the most recent methane seep survey and the natural spring survey, it appears 
that an area of trapped methane gas is present beneath the sandstone layer.  It is likely that the 
sandstone unit is acting as a vertical confining layer, forcing the methane gas to migrate horizontally 
towards the valley of the Animas River and northward to create the elliptically-shaped seepage plume.  
Methane was detected in one of the natural spring samples.  The springs are located stratigraphically 
below the sandstone and the presence of methane in the water support the theory that the sandstone is 
acting as a partial barrier to methane seeping from the NSBF#1.  The methane detected in the soil 
along the Animas River, and positioned stratigraphically below the sandstone bedrock, also supports 
the presence of a trapped gas source beneath the sandstone layer.   

Conceptually, gas is migrating vertically using the NSBF#1 as the primary conduit.  Varying 
permeability and well plugging efficiency allows for horizontal migration of seeping gas.  The 
sandstone layer may also be acting as a trap of seeping methane gas.  The increased radius of surface 
methane seepage is believed to be a result of trapped gas beneath the sandstone layer and the 
underlying weathered shale layers.  Horizontal migration of methane gas below the sandstone allows 
for gas seeps to be detected along the Animas River valley wall.  Surface water infiltration in the seep 
area captures dissolved methane as water percolates through the gravel and fractured sandstone layers.  
Varying layers of permeability in the shale induces horizontal migration of seeping water creating 
natural springs along the Animas River valley wall.  The cross-section diagram presented on Figure 3 
depicts a conceptual model of gas migration at the site.   

Other conduits such as the Cain 31-2 and the water wells located at nearby residences and the 
firestation also appear to act as conduits for the vertical migration of methane gas.  However, the gas 
migrating in the water wells appears to be derived from deeper impacted groundwater horizons as a 
result of the NSBF#1 seeping gas into a subsurface aquifer rather than the near-surface methane seep. 

LTE is currently evaluating the results of a geophysical survey recently completed at the site to assist 
in the understanding of gas migration in the subsurface.  Results of the survey will be presented under 
separate cover. 
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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 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. 

 

 

Kyle G. Siesser John D. Peterson, P.G. 
Staff Geologist Project Manager 

Attachments (2) 
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TABLES 

 

 

 

 

 

 

 

 

 

 

 



Sample Dissolved CH4 Bicarbonate Carbonate TDS
Name (mg/L) (mg/L) (mg/L) (mg/L) Chloride Bromide Sulfate Calcium Magnesium Potassium Sodium

Spring1 0.0026 255 <5.0 463 20.2 0.0600 134 78 29 2.4 21
Spring2 <0.00080 232 <5.0 462 22.6 0.0600 142 82 27 2.6 23

Notes:
CH4 - methane
mg/L - milligrams per Liter
TDS - Total Dissolved Solids

Anions (mg/L) Cations (mg/L)

TABLE 1
NATURAL SPRING WATER ANALYTICAL RESULTS

BONDAD GAS SEEP
BONDAD, COLORADO



TABLE 2
NATURAL SPRING GAS ANALYTICAL RESULTS

BONDAD GAS SEEP
BONDAD, COLORADO

Isotech Sample Ar O2 CO2 N2 CO C1 C2 C2H4 C3 iC4 nC4 iC5 nC5 C6+ Specific
Lab No. Name % % % % % % % % % % % % % % Gravity BTU
82023 Spring1 1.08 14.59 2.11 82.21 0 0.0117 0 0 0 0 0 0 0 0 1.003 0

Notes:
Chemical analysis based on standards accurate to within 2% C2H4 = ethylene
Ar = argon C3 = propane
O2 = oxygen iC4 = i-butane
CO2 = carbon dioxide nC4 = n-butane
N2 = nitrogen iC5 = i-pentane
CO = carbon monoxide nC5 = n-pentane
C1 = methane C6+ = hexane and greater
C2 = ethane BTU = british thermal units



 

 

 

ATTACHMENT 1 

PHOTOGRAPHS 



 
 
     Photograph 1:  Spring1, view east 
 

 
 

     Photograph 2:  Spring2, view east 
 
 



 

 

 

ATTACHMENT 2  

LABORATORY ANALYTICAL REPORT 










































