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EXECUTIVE SUMMARY

This report completed by LT Environmental, Inc. (LTE) for the Colorado Oil and Gas
Conservation Commission (COGCC) is a summary of the methane seep survey activities
recently completed at the Bondad Explosion Site (Site), located in Bondad, Colorado (Figure 1,
Site Location Map).

Purpose and Scope

The purpose of the survey was to identify the horizontal extent of methane seep activity at the
Site.  The survey also included observations of site geology as a means to understand the
potential source areas and migration pathways.

This methane seep survey was performed in response to an explosion of a residence located at
4040 US Highway 550 (Yoakum Residence).  Figure 2 illustrates the site layout including the
location of several buried utilities, nearby residential structures, water supply wells, gas
production wells, and other pertinent features.  The explosion occurred on the morning of
February 12, 2005.

Site Geology

The near-surface geology at the Site consists of gravel outwash deposits ranging from two feet to
20 feet thick overlying bedrock, which is the Site area consists of a 15 to 20 foot thick sandstone.
Several hundred feet of alternating beds of sandstone and shale comprise the uppermost aquifer
in which the nearby water supply wells are completed.  Gas production wells in the area
penetrate the Fruitland Formation (Kf) more than 2,000 feet below ground surface (bgs).  Former
oil and/or conventional natural gas production wells in the area penetrate deeper gas and oil
reservoirs more than 7,000 feet bgs.

Initial Assessment

On February 15, 2005, Four Corners Geoscience (FCG) was on site to conduct an initial
reconnaissance of the area and to collect water and gas samples from nearby water wells and a
gas sample from beneath the trailer.  Analytical results detected the presence of methane at
elevated concentrations.  Isotopic analysis of the gas indicated that the gas is thermogenic and
similar to the coalbed methane (CBM) gas being produced from the Kf.

Soil Gas Survey

During the period from March 21 through March 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 Farms #1 (NSBF #1) production well, which is located in close
proximity to the Yoakum residence.

LTE personnel advanced 372 subsurface probe holes across an area covering approximately 95
acres.  LTE also inspected the crawlspace and interior living space of four residences; the interior
of the fire station; and unoccupied land along the nearby Animas River and Florida River.
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Methane was not detected in the crawl space of the four residences but elevated methane gas was
identified within the fire station.

The results of the initial soil gas investigation have identified the presence of thermogenic
methane similar in composition to the methane found in each of the water wells located within
the project area.

Observations

The NSBF#1 well and associated "step-over" boreholes plugged in 1994 continue to leak
methane gas based on the elevated concentrations of methane detected at the ground in the
vicinity of this well.

Methane is present at elevated concentrations in the soil beneath the Yoakum residence.  It is not
certain at this time whether the potential conduit could be the orphaned production well NSBF
#1, a water supply well, or subsurface fractures.  All indications are that the primary source of
the methane is the NSBF #1 production well cluster, but the horizontal distribution mechanism in
the near surface has not been defined.

Thermogenic methane gas at elevated concentrations has been detected in the water supply wells
within the project area.  It appears that methane gas from the Kf migrates upward through the
deeper boreholes, but it is also migrating laterally through different preferential, more permeable
layers and/or naturally occurring fractures.

Based on the extent of methane seep activity and the elevated concentrations of methane
detected, it is possible that another well or wells, whose exact location is not currently known,
exist in the project area, particularly in the area of the Yoakum residence.

Based on the currently defined extent of methane seep activity, no additional structures are at
risk from the accumulation of methane gas at hazardous concentrations, with the exception of the
fire station building.

Recommendations

Based on the results of the initial survey work, eight recommendations are presented to address
the Bondad Seep issue.  The recommendations are listed below in order of importance:

• Vent potentially combustible gas vapors from within the fire station (currently
scheduled for March 16, 2005);

• Install methane detection systems in fire station, Bennet Residence, Budhue
Residence, Grant Residence, and Weston water well house (currently scheduled to
begin on March 16, 2005);

• Visit explosion site with Mr. Yoakum, help him salvage any additional personal
possessions, and take photographs to document the existing conditions at the site and
the condition of the remains of the trailer and personal possessions (scheduled to
begin on March 16, 2005).
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• Arrange to have utilities disconnected, disconnect propane lines and move propane
tanks, which belong to Mr. Yoakum.  Cleanup debris from the explosion site;

• Survey the area around Mr. Yoakum’s subsurface water well house

• Conduct geophysical surveys to identify other potentially buried wells or other yet
unidentified conduits for gas migration, and characterize the near-surface geology
(depth to bedrock);

• Conduct investigative excavation beneath Yoakum residence to determine the
mechanism that allowed gas to migrate up to the ground surface;

• Conduct additional soil gas surveys to determine if seep activity is changing;

• Conduct natural spring survey to characterize geologic environment and to collect
water and gas samples for chemical and isotopic analysis; and

• Identify appropriate mitigation methods.
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SECTION 1.0

INTRODUCTION

This report completed by LT Environmental, Inc. (LTE) for the Colorado Oil and Gas
Conservation Commission (COGCC) is a summary of the methane seep survey activities
recently completed at the Bondad Explosion Site (Site), located in Bondad, Colorado (Figure 1,
Site Location Map).

1.1  SITE DESCRIPTION

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 2 illustrates the layout of the Site including
land ownership boundaries.

Throughout the history of the assessment work performed within the project area, there have
been several naming conventions for wells, samples, and land owners.  The names have been
based on land ownership, tenant name, and/or geographic location.  In some cases, incorrect
names were inadvertently used, but an attempt has been made to make correct and to standardize
the names.

This report summarizes data collected from various sources.  To clarify the data presented in this
report, LTE has summarized the naming used at the Site in Table 1.

1.2  PURPOSE AND SCOPE

The purpose of this survey was to identify the horizontal extent of methane seepage at the Site.
The survey also included observations of site geology as a means to evaluate the potential source
areas and migration pathways.

As part of the emergency response activities at the project area, the COGCC contracted Ms.
Lynn Fechter of Four Corners Geoscience (FCG) to conduct sampling of several nearby water
supply wells and other suspected natural gas sources in the area.

This report summarizes the results of the sampling conducted by FCG, LTE's site observations,
and the results of the soil gas survey.

1.3  REPORT ORGANIZATION

This report is divided into six sections including this introduction.  Section 2.0 presents a
discussion of the geologic setting.  A summary of the initial sampling activities is presented in
Section 3.0.  Section 4.0 presents a summary of the soil gas survey activities.  Section 5.0
discusses site observations.  Section 6.0 provides recommendations for additional work.  Tables
and figures follow the text.
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Analytical reports from the initial water well sampling performed in 2001 and 2002 is presented
in Appendix A.  Water well logs are presented in Appendix B.  Appendix C contains production
well logs.  Appendix D contains the laboratory analytical reports for the water samples collected
by FCG.  Specifications for the equipment used by LTE during the soil gas survey are included
as Appendix E.  Laboratory analytical reports for the soil gas samples collected by LTE are
included as Appendix F.

1.4  PROJECT BACKGROUND

This methane seep survey was performed in response to an explosion of a residence located at
4040 US Highway 550 (Yoakum Residence).  Figure 2 illustrates the site layout including the
location of several buried utilities, nearby residential structures, water supply wells, gas
production wells, and other pertinent features.  The explosion occurred on the morning of
February 12, 2005.  Investigation of the propane stove/tank system within the residence and
nearby methane transmission pipelines showed that these were not the source of the gas that had
caused the explosion and that indicated that an alternate source of methane gas was present.

An abandoned gas production well with a prior history of leaking methane has been identified as
a potential source for the methane seepage since it is located in close proximity to the Yoakum
residence.  The Nick Spatter Bryce Farm #1 (NSBF#1) production well was drilled in the late
1930's, but apparently had not been abandoned properly.  In the early 1990's, the NSBF #1 well
was believed to be the source for methane identified in the Carl Weston water supply well
located on the west side of US Highway 550.  The NSBF #1 was plugged in 1994 and dissolved
methane concentrations detected in the Weston water supply well subsequently decreased.  At
the time of the abandonment activities, it was determined that at least two additional "step-over"
production boreholes were present near the NSBF#1 and may have contributed to the methane
seep impacts.  In 1994, it was reported that these three production wells/boreholes were
interconnected and that all three had been plugged to the extent possible.

Following the development of residential properties east of the NSBF #1 well and also shortly
before the drilling of the nearby Petrogulf Corporation (Petrogulf) Cain 31-2 coalbed methane
(CBM) production well, water samples were collected from the water wells at each residence
(Bennet, Budhue, and Grant residences).  Water samples from these residences were referred to
as the northern, central, and southern water supply wells, respectively.  The samples were
analyzed and reported dissolved methane in the groundwater at concentrations of 20.27
milligrams per liter (mg/L), 6.77 mg/L, and 9.44 mg/L, respectively.

Analysis of the gas obtained from the northern water supply well in February 2002 reported
methane at a concentration of 78.46% in the gas desorbing from the water.  Isotopic analysis of
the gas indicated the presence of carbon isotopes of methane at -43.36 per mil and hydrogen
isotopes of methane at -150.6 per mil.  These ratios indicate the methane detected is thermogenic
gas.

Analysis of various water quality parameters such as alkalinity, total dissolved solids (TDS), and
other parameters were also conducted on water samples from the Bennet and Budhue water
supply wells in August 2001 and February 2002, respectively.  Analytical reports for the initial
water well sampling activities conducted in 2001 and 2002 are included in Appendix A.
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SECTION 2.0

GEOLOGIC SETTING

During the soil gas survey activities conducted during the week of February 21, 2005 and a
subsequent visit to the Site on March 2, 2005, LTE's field geologists conducted a preliminary
evaluation of the geologic setting at the Site through field observation, literature review, and
inspection of available geologic logs for nearby water supply wells and existing and former gas
production wells.  The site geology is depicted on Figure 3 which was taken from the United
States Geological Survey (USGS) Geologic Map of the Durango Quadrangle, Southwestern
Colorado compiled by T.A. Steven, P.W. Lipman, W.J. Heil Jr., Fred Barker, and R.G. Luedke
dated 1974.

2.1  GENERAL TOPOGRAPHY

The Site is located approximately 0.25 miles north of the confluence of the Animas River to the
west and the Florida River.  The local topography is a relatively flat terrace with an elevation of
approximately 6,050 feet above mean sea level (amsl).  The elevation drop between the terrace
and the Animas River to the west and the Florida River to the east is approximately 40 feet to 60
feet.  Bondad Hill, a prominent mesa in the area, is located approximately one mile north of the
Site.  Other large hills rising more than 600 feet above the Site are located within 0.25 miles east
of the Site and within 0.5 miles west of the Site.  The site topography is presented on the Site
Location Map, Figure 1.

2.2  ALLUVIAL DEPOSITS

The Site lies on a Quaternary-aged glacial outwash deposit comprised of sands, gravels, and
boulders.  The gravel deposit ranges in thickness from approximately two feet to more than 20
feet.  It appears that the gravel terrace has undergone regrading, historic mining, or other surficial
disturbance since an elevated terrace (approximately three to five feet relief) was noted within
the gravel deposit itself.  The main methane seep area observed during the soil gas survey
appears to generally follow the extent of this elevated gravel terrace.

2.3  NEAR-SURFACE GEOLOGY (GROUND SURFACE TO 240 FEET BGS)

Based on the lithologic logs developed during installation of nearby water wells and available
geologic maps, the gravel deposit is underlain by a sandstone member of the Tertiary-aged
Nacimiento Formation (Tn).  The sandstone is approximately 15 feet to 22 feet thick.  It is fine to
medium-grained, well-cemented, relatively massive, but also cross-bedded (more thinly cross-
bedded within the top two feet), and fractured.  Based on observed surface geology, a relatively
small section of this sandstone layer on the west side of US Highway 550 appears to be vertically
displaced.  The displacement appears to be approximately 10 feet to 15 feet lower as compared
to the elevation of the sandstone layer on the east side of US Highway 550 and west side of the
Animas River.  This displacement is also supported by the observed abrupt diversion of the
Animas River against the more competent sandstone layer west of US Highway 550 near the
Weston Residence (Figure 2).  Both the top and bottom surfaces of this sandstone unit were
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predominantly covered by gravel or weather shale, but were observed to be undulating in areas
where the unit was exposed.  The sandstone beds appear to be horizontal with no observed dip.
Competent, in-place bedding planes for strike and dip measurements of the outcropping
sandstone could not be located during the field activities.

The sandstone unit is underlain by a gray shale which was observed to be laminated and highly
fractured.  On the river cut of the Animas River, small springs were noted in the shale unit
beneath the sandstone outcrop.

Geological information obtained from the water wells drilled at or in the vicinity of the Site
indicate that the shale unit extends to more than 240 feet below ground surface (bgs).  The water
wells are screened within the shale unit at depth and report poor water quality and methane gas.
The depth to static water in the water wells is approximately 35 feet to 50 feet bgs.  Geologic
logs from well drilling reports observed water at depths ranging from 60 to 110 feet bgs.
Drilling logs from the water wells are presented in Appendix B.  LTE created a cross-section
diagram based on the geology noted the lithologic logs from nearby water wells and field
observations.  The location of the cross-section line A-A' is presented on Figure 4.  The geologic
cross section of the near-surface geology is presented as Figure 5.

2.4  SUBSURFACE GEOLOGY (GREATER THAN 240 FEET BGS)

Geologic information obtained from the NSBF #1, Cain 31-2, and Nick Spatter #1 well logs
indicate that the Tn is approximately 1,600 feet thick and consists of shale and sandstone units.
The Ojo Alamo Formation (TKoa) is a late-Cretaceous/early-Tertiary Aged sandstone unit
approximately 200 feet thick.  The Kirtland Formation (Kk) underlies the Ojo Alamo, is
approximately 400 feet thick, and contains predominantly shale units with limited sandstone
intervals.  The Fruitland Formation (Kf) is the primary CBM production zone in the San Juan
Basin.  The top of the Kf at the Site is approximately 2,200 feet bgs.  The NSBF #1 well has a
measured total depth of 2,240 feet bgs and is plugged and abandoned, as previously stated.  The
Cain 31-2 total depth is 2,630 feet bgs and is producing CBM from the Kf.  The Nick Spatter #1
is 7,661 feet in total depth.  This well was drilled into the Mesaverde Group (Kmv) but was
plugged and abandoned in May 1998.  Well log information from nearby production wells is
presented in Appendix C.

A geologic cross section of the subsurface geology was developed based on the information
provided from the NSBF#1 well.  The names of the geologic formations and approximate depths
are also based on information provided in the drilling logs from the Cain 31-2, N. Spatter #1, and
Ben Ute #2 production wells.  The geologic cross-section of the subsurface geology at the Site is
presented as Figure 6.  The cross-section line for Figure 6 is the same line used for the cross-
section on Figure 5.  The major differences between the two cross-sections are the vertical extent
depicted and the vertical scale.
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SECTION 3.0

INITIAL SAMPLING ACTIVITIES

On February 15, 2005, FCG was on site to conduct an initial reconnaissance of the area and to
collect water and gas samples from nearby water wells and a gas sample from beneath the
Yoakum trailer.

The source of the methane gas causing the explosion appears to be from a hole or natural "vent"
approximately two to three inches wide by four to five inches long located beneath the west side
of the trailer between the two rear axles.  Combustible methane gas was measured at the vent
location at a concentration of 100%.

FCG collected several field measurements from the area using a Lumidor® four-gas meter
capable of measuring the concentrations of methane, oxygen (O2), carbon monoxide (CO), and
hydrogen sulfide (H2S).  The areas measured include the NSBF #1 well, two locations beneath
the Yoakum residence, and within the Yoakum water well.  Methane was detected at all four
locations at peak concentrations ranging from 12,000 parts per million (ppm) [1.2% methane
beneath the east side of the Yoakum residence to 15.7% methane at the NSBF #1 well.  CO was
detected at the NSBF #1 well only.  H2S was not detected at any of the field measurement
locations.  O2 was generally detected at a concentration of 20% except at the NSBF #1 well
where O2 was measured at 15.8%, due to the elevated methane concentrations detected in this
location.  Table 2 summarizes the field measurements made by FCG.

FCG collected water samples from six water wells located in the project area.  The wells are
located at the three residences east of the NSBF #1 well, the fire station, and two water samples
from the Weston property (Figure 2).  The two samples from the Weston Property include Carl
Weston #1 and Carl Weston #2.  The sample Carl Weston #1 was collected from the old house
located west of US Highway 550, west of the explosion site.  The sample Carl Weston #2 was
collected from the Weston mobile home located approximately 0.5 miles north of the project
area and is not depicted on the maps contained within this report.  The Bennet and Budhue water
supply wells located on the east side of the Site were collected as a composite sample from the
treatment system located near the Budhue residence.  Analytical results reported dissolved
methane in each of the wells sampled at concentrations ranging from 1.42 mg/L to 13.68 mg/L.
The samples were also analyzed for various water quality parameters as summarized in Table 3.
Laboratory analytical reports for the water sampling conducted by FCG are included in
Appendix D.

On February 15, 2005 and again on March 1, 2005, FCG collected gas samples from various
sources within the project area to characterize the gas seeping at the ground surface and present
in the water supply wells nearby.  The gas samples collected on February 15, 2005 were
collected from the gas vent identified beneath the trailer and the Yoakum water well.  Methane
was detected in the gas at concentrations of 91.92% and 3.14%, respectively.  Isotopic analysis
of the gas sample from the vent beneath the trailer was also performed.  The isotopic ratios
identified in the soil gas sample from the vent beneath the trailer were similar to those found
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during the gas analysis in 2002 of the Bennet residence water well.  The isotopic ratios from both
samples indicate that the gas is thermogenic.

The gas samples collected on March 1, 2005 from the two Weston water wells, the fire station
water well, and the combined sample from the Bennet and Budhue water wells identified
methane at concentrations in the gas ranging from 10.08% to 76.21%, respectively.  Isotopic
analysis of the gas was consistent with other gas samples collected from the area.  The isotopic
ratios indicate that the gas is thermogenic.  Analytical results of the gas sampling at the Site are
summarized in Table 4.  A chart showing the distribution of the isotopic data relative to the type
of source gas is presented as Figure 7.
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SECTION 4.0

SOIL GAS SURVEY ACTIVITIES

During the period from March 21 through March 24, 2005, LTE conducted soil gas survey
activities in the project area extending radially outward approximately 3,000 feet in all directions
from the NSBF #1 well (Figure 8).  The survey methods used were similar to the methane seep
surveys performed on the Kf outcrop located along the northern rim of the San Juan Basin.

4.1  METHODOLOGY

LTE's two-person field team used a slide hammer and a three-foot long steel rod to bore a 1/4-
inch diameter hole to a depth of approximately two to three feet bgs.  A three-foot long section
of plastic tubing, with the bottom six inches perforated, was lowered into the borehole and used
to measure the concentration of methane in the subsurface with a hand-held Mine Safety
Appliances (MSA) GasPort® four-gas meter.  In addition to methane, concentrations of O2, CO,
and H2S are also recorded.

At the time of the survey, the area was receiving a large amount of precipitation, which saturated
the ground surface.  Therefore, LTE had to frequently modify the measurement procedure to
prevent water from entering the four-gas meter.  When ground conditions were saturated, the
slide hammer was used to bore a hole into the soil.  However, instead of lowering tubing into the
borehole, LTE fitted a funnel 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.

Each borehole location was mapped using a Trimble GeoXT® global positioning system (GPS).
The GPS has the ability to locate the horizontal position of a point with sub-meter accuracy.  In
addition, the GPS has datalogging capability.  Data (subsurface methane, O2, CO, and H2S
concentration measurements) collected from each borehole was input into the GPS as the point
was being logged by the GPS.  Data was then transferred to a laptop computer for post-
processing and input into a geographic information system (GIS) for evaluation and presentation.

Specification sheets for the four-gas meter and the GPS are included as Appendix E.

4.2  SOIL GAS SURVEY RESULTS

During the period from March 21 through March 24, 2005, LTE personnel advanced 372
subsurface probe holes across an area covering approximately 95 acres.  LTE also inspected the
crawlspace and interior living space of four residences; the interior of the fire station; and
unoccupied land along the nearby Animas and Florida rivers.  Methane was not detected in the
crawl space of the four residences but elevated methane gas was identified within the fire station
at concentrations ranging from 3,500 ppm (0.35% methane) to 25,000 ppm (2.5% methane).
These concentrations correspond to 7% of the Lower Explosive Limit (LEL) to 50% of the LEL.
Methane was not detected along the Animas River or Florida River.
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Results of the 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 with the long
axis of the ellipse oriented North 8 Degrees West.  The highest methane concentrations were
detected within a 300-foot radius of the NSBF #1 well, which includes the Yoakum residence.
Detected methane concentrations ranged from 0.0026% to 100% methane.  Figure 8 illustrates
the distribution of methane in the subsurface.  The chart below illustrates the distribution of
methane based on distance from the NSBF #1 production well.  Charts illustrating the
distribution of O2, CO, and H2S based on distance from the NSBF#1 well and are presented in
Appendix F.

4.3  LABORATORY SAMPLING AND ANALYSIS

LTE collected three soil gas samples from within the methane seep area.  A gas sample was
collected from the shallow surface soil near the NSBF #1 well, south of the NSBF #1 well, and
from an area located on the west side of US Highway 550.  The gas samples were labeled
OGCC0501-a, OGCC0501-b, and OGCC0501-c.  Analytical results indicated the presence of
methane in the gas at concentrations of 85.08%, 13.03%, and 16.49%, respectively.  Isotopic
ratios for the three gas samples identified the methane as thermogenic gas and reported carbon
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and hydrogen isotopes of methane at concentrations similar to those identified in the other five
samples collected within the project area with the exception of the Carl Weston #2 sample.
Analytical results of the soil gas samples collected on February 24, 2005 are summarized in
Table 3.  Figure 7 illustrates the distribution of the isotopic data relative to the type of source gas.
Laboratory analytical reports for the soil gas samples collected by LTE are presented in
Appendix G.
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SECTION 5.0

OBSERVATIONS

This section outlines some of the initial observations made by LTE based on the available
information.  These observations are subject to change as additional investigations are
completed.

The results of the initial investigation activities have identified the presence of thermogenic
methane similar in composition to the CBM developed from the Kf in each of the water wells
located within the project area.  With the exception of the water well at the fire station, each of
the wells are located in areas not in contact with the methane seep area delineated at the ground
surface near the NSBF #1 well.

The NSBF#1 well and associated "step-over" boreholes plugged in 1994 continue to leak
methane gas based on the elevated concentrations of methane detected at the ground surface and
focused in the vicinity of this well cluster.  It is possible, although unlikely, that these boreholes
are no longer leaking and that the methane gas detected is from a trapped gas source in the
subsurface that was created prior to the plugging activities.

Methane is present at elevated concentrations in the soil beneath the Yoakum residence.  Based
on the elevated concentrations and distance from the NSBF#1 boreholes, it is possible that an
additional conduit is present in close proximity to the trailer.  It is unclear at this time whether
the potential conduit could be another orphaned production well, unknown water well, or
subsurface fractures.

Thermogenic methane gas at elevated concentrations has been detected in the water supply wells
within the project area.  The depths of these water supply wells range from approximately 150
feet to 300 feet bgs.  Therefore, it is reasonable to assume that multiple horizons of methane gas
seepage are present.  It is believed that the NSBF #1 and/or associated "step-over" boreholes are
the initial conduit to the Kf.  Methane gas from the Kf migrates upward through the boreholes,
but is also migrating laterally through different horizons depending on formation permeability
and/or natural fracturing.  It is also likely that low permeability formations enhance the lateral
migration of the seeping gas.

Based on available information, it is likely that the methane gas is migrating in fractures from an
unknown depth using the abandoned production wells as the initial conduit.  It is not reasonable
to assume that fractures are present in the area that create a conduit from the Kf to the ground
surface covering a vertical distance of more than 2,200 feet.  If such large fractures were present,
it is unlikely that the methane seep area would be limited in extent to the area surrounding the
NSBF #1 well.  In addition, it is likely that methane concentrations would be more dilute than
currently detected if the gas was traveling through a large complex system of fractures over a
distance of more than 2,200 feet.

Based on the extent of methane seep activity and the elevated concentrations of methane
detected, it is possible that additional deep wells exist in the project area, particularly in the area
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of the Yoakum residence.  If no additional wells exist and the only shallow conduit identified is
fractures in the topographic plateau-forming sandstone, it is likely that methane gas from the
known conduits is migrating beyond the well bore at a relatively shallow depth beneath the
sandstone layer.  Gas would then be able to migrate through fractures in this sandstone layer and
be detected at high concentrations at the ground surface.

Based on the currently defined extent of methane seep activity, no additional structures are at
risk from the accumulation of methane gas at hazardous concentrations, with the exception of the
fire station building.  The extent of gas seep activity appears to be confined to an elliptically-
shaped area near the NSBF #1 well (Figure 8).
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SECTION 6.0

RECOMMENDATIONS

Based on the results of the initial survey work, eight recommendations are presented to further
address the Bondad Seep risk.  The recommendations include immediate installation of methane
monitoring systems in the nearby structures, mitigation of vapors in existing structures,
conducting additional surveys and investigations, and synthesizing all data collected to identify a
possible mitigation method.  The recommendations are described below in order of importance.

6.1  VENTILATE POTENTIALLY HAZARDOUS ENVIRONMENT

Combustible gas vapors were identified within the fire station at levels approaching the LEL.
LTE recommends that a ventilation system be installed in the residential portion of the building
and that the existing ventilation system in the garage be used to vent methane gas accumulating
within the building.  At the request of the COGCC, this action is currently in progress and
scheduled for implementation during the week of March 14, 2005.

6.2  METHANE DETECTION SYSTEMS

As an added safety precaution for those residents within close proximity to the seep area, LTE
recommends the installation of a methane detection system within the houses.  The system would
use two sensors located within the residences and the fire station that monitor the concentration
of methane in air continuously.  The detection system would have several alarm levels to warn
occupants that methane had accumulated to dangerous levels.  The occupants could then
evacuate a potentially hazardous environment and notify the appropriate authorities.  At the
request of the COGCC and in cooperation with the residents and Durango Fire Department, this
action is currently in progress and scheduled for installation during the week of March 14, 2005.

6.3  CLEANUP DEBRIS

Currently, the debris from the Yoakum residence remains at the Site.  LTE recommends that
debris be removed from the Site and transported to a landfill for disposal.  This will facilitate
additional investigation of the source of methane gas beneath the Yoakum trailer.

6.3  GEOPHYSICAL SURVEYS

Upon completion of the reclamation activities at the Yoakum residence, LTE recommends that
several geophysical surveys be performed.  Through the use of magnetic and electromagnetic
geophysical survey devices, it is possible to identify the presence of any buried former
production wells or other potential vertical conduits, provided a metallic casing is present.  If
former production wells or water supply wells are present in the area, they may be acting as
conduits from methane gas to migrate to the surface.  The magnetic geophysical surveys can
assist in identifying these potential conduits.

To better understand the shallow subsurface structure controlling the migration of methane gas
within the seep area, LTE recommends the implementation of a seismic refraction survey in the
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most active seep area.  This geophysical survey can assist in the characterization of the
subsurface structure including the thickness of the gravel deposit and potentially a
characterization of subsurface structure in the sandstone layer.

6.4  INVESTIGATIVE EXCAVATION

LTE recommends limited investigative excavation of the gas vent beneath the Yoakum trailer.
During the reclamation activities of the explosion debris, excavation equipment can easily
conduct the removal of debris and be used to "pothole" in the area of the gas vent to determine if
a conduit (former well) is present.

6.5  CONDUCT ADDITIONAL SOIL GAS SURVEY

In order to demonstrate that the methane seep area is not changing and as an added safety
precaution for nearby residents, LTE recommends an additional soil gas survey of the seep area.
The supplemental soil gas survey can be decreased in scope as compared to the initial survey
since the seep area has been delineated.  LTE recommends a grid sampling soil gas survey
program covering the existing seep area with a small buffer zone to monitor changes in methane
seep activity.  It is anticipated that this survey will be conducted in mid-April, but the exact
schedule is weather dependent.

6.6  CONDUCT SPRING SURVEY

During initial site visits, LTE noted a small spring on the Weston property beneath the sandstone
unit that seeps water into the flood plain of the Animas River.  LTE recommends a survey to
identify additional springs along the Animas River valley and the Florida River valley in close
proximity to the Site.  LTE also recommends that water samples from the springs be collected
and analyzed for water quality parameters, dissolved methane concentration, and stable isotopes.
These data may assist in determining if an area of trapped methane gas is present beneath the
sandstone layer.

6.7  IDENTIFY MITIGATION METHOD

Once the additional investigation and survey activities are completed, LTE recommends that the
data are evaluated to determine if a mitigation method is plausible.  For example, if additional
conduits are identified, it may be possible to plug the conduits and reduce the methane seeps.
Other mitigation efforts such as active venting of the seep area will also be evaluated at that time.
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TABLE 1

NAMING CLARIFICATION
BONDAD, COLORADO

Land Ownership Physical Location Mailing Address Tenant Name Other Aliases Name Used for Report
Carl and Jeanne Weston Western portion of Project Area (west of US 

Highway 550)
Unknown Currently vacant, used by Weston on 

occasion
Carl Weston #1 - Old House #3475; 
Weston Residence

Weston

Two Square LLC Explosion site, central portion of the Project Area 
(east of US Highway 550)

4043 US Highway 550 Yoakum Two Square LLC; Holcomb; Yoakum; 
Yoakum Residence; Yoakum water 
well

Yoakum

Peggy A Grant Southeastern portion of Project Area 4036 US Highway 550 Grant Peggy Grant South Unit Modular; 
south unit; River Front Homes "South 
Unit"; south unit; south modular; 
Peggy Grant So. Unit; Grant 
Residence; Grant water well

Grant

Special Conservator of Anthony G Moore Central portion of Project Area, north of Two 
Square LLC property

4038 US Highway 550 Budhue Shannon Bennet Middle Unit Middle 
Modular; middle unit; middle modular; 
River Front Homes "Middle Unit"; 
4038 Hwy 550 South Bondad; 
Commingled North and Middle Wells 
Before Chlorination; Budhue 
Residence; Bondad Tony Moore 
Middle Water Well

Budhue

Animas Fire Protection District Northern portion of Project Area, east of US 
Highway 550, west of Shannon Investment 
Company property

4040 US Highway 550 Fire Station Fire Station Bondad; Bondad 
Firestation - aerated sample

Fire Station

Shannon Investment Company Northeast portion of Project Area 4042 US Highway 550 Bennet Shannon Bennet "North Unit" 4042; 
north unit; "North Unit" #4042; 
Bondad North Unit; Commingled 
North and Middle Wells Before 
Chlorination; Bennet residence

Bennet

Carl and Jeanne Weston Northwest and outside of Project Area (west of US 
Highway 550)

280 Aaron Drive Weston Carl Weston #2 - Mobile #3476; Weston #2



TABLE 2

FIELD MEASUREMENTS OF METHANE, CO, H2S, AND O2

BONDAD, COLORADO

Date Location GPS Reading Lumidor Measurements
Longitude Latitude Methane CO H2S O2

2/15/2005 NSBF #1 -107.87289 37.05412 Peak Rdgs 315 497 0 15.8
Avg    Rdgs 66 121 0 19.5

2/15/2005 Gas Seep Hole -107.87252 37.05372 Peak Rdgs 222 NR 0 20.0
Under Trailer (west side) Avg    Rdgs 60 NR 0 20.0

2/15/2005 Eastside of Trailer -107.87244 37.05372 Peak Rdgs 24 NR 0 19.5
Avg    Rdgs 11 NR 0 20.0

2/15/2005 Yoakum water well -107.87205 37.05379 Peak Rdgs 40 NR 0 20.0
Avg    Rdgs 22 NR 0 20.0

Notes:
Samples collected by Four Corners Geoscience, Inc.
GPS = global positioning system
CO = carbon monoxide
H2S = hydrogen sulfide
O2 = oxygen
Rdgs = readings
Avg = average
NR = no reading



TABLE 3

WATER SAMPLE ANALYTICAL RESULTS
BONDAD, COLORADO

Sample Sample Name SWL Permit# Gallons pH* EC* TDS* Temp* H2S* Methane Alkalinity Bicarbonate Carbonate Hydroxide Calcium
Date Pumped SU uS/cm mg/L (C) mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2/28/2005 Weston #2 Water Well 44 142751 60 8.1 940 588 10.2 <0.1 1.42 220 220 <10 <10 16.3
2/28/2005 Weston Water Well 46 33593 160 7.37 1070 669 12 0.1 to 0.3 2.17 400 400 <10 <10 103
3/1/2005 Fire Station Water Well No record 47716 166 7.58 1000 625 14 0.1 to 0.3 12.44 610 610 <10 <10 67.5
3/1/2005 Grant Water Well 35 231383 30 6.03 70 44 10.2 <0.1 2.89 13 13 <10 <10 <0.5
3/1/2005 Commingle Bennet and Budhue Water Wells 40/35 231376/231382 40 7.25 3000 1875 12 0.5 13.68 490 490 <10 <10 169
3/1/2005 Budhue Water Well 35 231376 16.5 5.95 70 44 16.2 <0.1 4.69 NA NA NA NA NA

Sample Sample Name Chloride Conductivity Fluoride Fe Mg Mn Nitrate/Nitrite pH Potassium Selenium Sodium Sulfate TDS Hardness CAB
Date mg/L uS/cm mg/L mg/L mg/L mg/L mg/L SU mg/L mg/L mg/L mg/L mg/L mg/L %

2/28/2005 Weston #2 Water Well 24 970 0.5 <0.05 0.8 0.03203 <0.02 7.97 0.7 <0.001 220 255 535 44 4.23
2/28/2005 Weston Water Well 82 1080 0.7 0.45 33.3 0.93439 <0.02 7.19 1.9 0.004 113 84 505 394 9.51
3/1/2005 Fire Station Water Well 26 1020 0.3 0.11 6.3 0.32794 7.65 1.9 0.003 196 13 595 194 6.21
3/1/2005 Grant Water Well 16 71 <0.2 <0.05 <0.5 <0.005 6 <0.5 <0.001 14.9 <10 15 <10 1.24
3/1/2005 Commingle Bennet and Budhue Water Wells 620 2870 1 0.3 12.7 0.7996 7.32 2.1 0.008 438 70 1540 474 2.86
3/1/2005 Budhue Water Well NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
Samples collected by Four Corners Geoscience
* = field measured Fe = iron
SWL = static water level Mg = magnesium
EC = electrical conductivity Mn = manganese
TDS = total dissolved solids CAB = cation/anion balance
C = celsius
H2S = hydrogen sulfide
mg/L = milligrams per liter



TABLE 4

GAS SAMPLE ANALYTICAL RESULTS
BONDAD, COLORADO

Isotech Sample Sample Ar O2 CO2 N2 CO C1 C2 C2H4 C3 iC4 nC4 iC5 nC5 C6+ d13CO2 d13C1 dDC1 H2S Specific BTU Helium dilution
Lab No. Date Name % % % % % % % % % % % % % % ‰ ‰ ‰ % Gravity factor *
78855 2/15/2005 Yoakum Water Well 0.902 20 0.18 75.77 0 3.14 0.0069 0 0 0 0 0 0 0 NM NM NM 0 0.986 32 NA
78773 2/15/2005 hole under trailer @ axle- west side 0.0188 0.375 5.99 1.51 0 91.92 0.164 0 0.0149 0.0024 0.0020 0 0 0.002 16.57 -43.15 -196.1 NM 0.621 936 NA
79627 2/24/2005 OGCC0501-a 0.089 1.9 5.36 7.40 0 85.08 0.153 0 0.0135 0.0021 0.0023 0 0 0 NM -43.76 -198.1 NM 0.648 866 NA
79628 2/24/2005 OGCC0501-b 0.831 18.47 0.88 66.76 0 13.03 0.0232 0 0.0019 0 0 0 0 0 NM -44.73 -199.9 NM 0.947 132 NA
79629 2/24/2005 OGCC0501-c 0.785 17.31 1.09 64.29 0 16.49 0.0285 0 0.0024 0 0 0 0 0 NM -44.82 -200.2 NM 0.932 168 NA
79634 2/28/2005 Weston #2 Water Well 1.46 3.20 0.76 84.46 0 10.08 0.0267 0 0.0120 0 0 0 0 0 NM -34.54 -119.1 NM 0.94 103 0.76
79635 2/28/2005 Weston Residence Water Well 1.14 3.92 8.00 76.07 0 10.84 0.026 0 0 0 0 0 0 0.007 NM -44.3 -167.5 NM 0.977 111 0.74
79636 2/28/2005 Firestation Water Well 0.342 3.06 4.33 15.87 0 76.21 0.184 0 0.0088 0 0 0 0 0 NM -43.06 -189.9 NM 0.682 776 0.64
79637 2/28/2005 Commingled Budhue and Bennet Wells 0.381 6.36 5.84 15.54 0 71.64 0.226 0 0.0120 0 0 0 0 0 NM -42.67 -194.4 NM 0.714 730 0.69

Notes:
All samples except OGCC0501-a, OGCC0501-b, and OGCC0501-c were collected by Four Corners Geoscience
Sample OGCC0501-a, OGCC0501-b, and OGCC0501-c were collected by LT Environmental, Inc.
Chemical analysis based on standards accurate to within 2%
* Analysis is of gas extracted from water by headspace equilibration.  Analysis has been corrected for helium added to create headspace. 
Ar = argon nC4 = n-butane
O2 = oxygen iC5 = i-pentane
CO2 = carbon dioxide nC5 = n-pentane
N2 = nitrogen C6 = hexane
CO = carbon monoxide d13CO2 = isotopic carbon of carbon dioxide
C1 = methane d13C1 = isotopic carbon of methane
C2 = ethane dDC1 = isotopic hydrogen of methane
C2H4 = ethylene H2S = hydrogen sulfide
C3 = propane BTU = british thermal units
iC4 = i-butane NM = not measured
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FIGURE 7

Isotopic Analysis
Gas Samples - Bondad, Colorado
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APPENDIX A

INITIAL WATER WELL SAMPLING ANALYTICAL REPORTS - 2001 AND 2002



























APPENDIX B

WATER SUPPLY WELL LOGS



















APPENDIX C

PRODUCTION WELL LOGS































APPENDIX D

WATER WELL SAMPLING ANALYTICAL REPORTS - FOUR CORNERS
GEOSCIENCE























APPENDIX E

EQUIPMENT SPECIFICATIONS



The Gasport Gas Tester is designed for gas utility workers to detect
methane and certain toxic gases. It is a reliable, simple, versatile
tool to help your service technicians get the job done quickly! With
multiple ranges and sensing capabilities built into one rugged
housing, the Gasport Tester simplifies your work by reducing the
number of meters you have to carry on the job.

Applications
The Gasport Tester’s poison-
tolerant methane sensor 
provides three measurement
ranges for your daily service
needs:

■ Open air, safety sampling
■ Small, in-home leak 

detection
■ Street/outdoor service line

leak detection

Features and Benefits
■ Proven in field use–rugged and reliable

Less costly to maintain, less time in repair
■ Multiple functions in one instrument

No need to buy, carry & maintain multiple instruments 
■ New, poison-tolerant combustible gas sensor

Reduces meter ownership costs
■ User-selectable, “silent” operation mode

Reduces customer disturbances and worries
■ Fast warm up time

Fastest warm up time in industry saves time
■ Can monitor up to four gases at a time

Fewer instruments to carry
■ Show all gas concentrations simultaneously

Eliminates guesswork on what reading is displayed
■ Autoranging methane sensor

Automatically switches between 0-5% and 5-100% 
methane ranges

■ Gas readings recorded for later retrieval
Can double check readings after job is done

■ Simple manual or automated calibration options
Reduces training time and helps ensure accuracy

■ Intrinsically safe
Meets safety standards for work in hazardous areas

■ Lifetime warranty on case and electronics
Reduced maintenance and lifetime costs

Gasport® Gas Tester

The answer for gas utilities’ gas detection needs

Gasport® Gas Tester

Specifications

Battery types: NiCd and Alkaline
Case material: Impact resistant, stainless-steel-fiber-

filled polycarbonate
Operating temperature: normal -10 to 40°C;

extended -20 to 50°C
Operating humidity: Continuous: 15-95% RH,

non-condensing
Intermittent duty: 5-95% RH,
non condensing

Warm up time: Less than 20 seconds to initial readings
Datalog capacity: 12 hours
Input: 3 clearly marked, metal domed keys
Warranty: Case and Electronics: Lifetime

Sensors and consumable parts: 1 year

Gas Range Resolution
Methane 0-5000 ppm 50 ppm
Methane 0-100% LEL or 1 % LEL or

0-5% CH4 0.1% CH4
Methane 5-100% CH4 1% CH4
Oxygen 0-25% 0.1%
Carbon Monoxide 0-1000 ppm 1 ppm
Hydrogen Sulfide 0-100 ppm 1 ppm



Note: This Data Sheet contains only a general
description of the products shown. While uses and
performance capabilties are described, under no cir-
cumstances shall the products be used by untrained
or unqualified individuals and not until the  product
instructions including any warnings or cautions pro-
vided have been thoroughly read and
understood. Only they contain the
complete and detailed information
concerning proper use and care of
these products.
ID 08-04-27-MC / May 2000
© MSA 2000  Printed in U.S.A.

Corporate Headquarters
P.O. Box 426
Pittsburgh, PA 15230 USA
Phone (412) 967-3000
www.MSAnet.com

U.S. Customer Service Center
1-800-MSA-2222

MSA International
Phone (412) 967-3354
FAX (412) 967-3451

Offices and representatives worldwide
For further information:

The Gasport Gas Tester has been
designed to meet intrinsic safety testing
requirements in certain hazardous
atmospheres.
The Gasport Gas Tester is approved by
MET (an OSHA Nationally Recognized
Testing Laboratory [NRTL]) for use in
Class I, Division I, Groups A, B, C, D; Class
II, Division I, Groups E, F, G; and Class III
Hazardous locations. Gaspor tGas
Testers sold in Canada are approved by
CSA for use in Class I, Division I, Groups
A, B, C, and D locations.
Contact MSA at 1-800-MSA-2222 for
more information or with questions
regarding the status of approvals.

Approvals

Ordering Information

LEL Display

O 2 CO Alarms Optional

Leak Detect Page

Peak
H 2S Alkaline Batte

ry

NiCd Batte
ry

5ft Coiled Line

711489
711490
711493
711494
711495
711496
711491
711492

Alarms Always

Part No.

Gasport Gas Tester Kits

1ft Probe

Assemble-to-Order (ATO) System: You Make the Choices
The ATO System makes it easy to “custom order” the Gasport Gas Tester, configured exactly the way you want it. You can choose
from an extensive line of base instrument components and accessories. To obtain a copy of the “ATO System and Price
Information for the Gasport Gas Tester,” call toll-free 1-800-MSA-2222, and request Bulletin 0804-28. To obtain a copy of the ATO
via FAX, call MSA QuickLit Information Service at 1-800-672-9010. At the prompt, request QuickLit Document #2345 (ATO for
Gasport Gas Tester).

Battery Chargers 
Part No. Description
494716 Omega 120 VAC 50/60Hz
495965 Omega 220 VAC 50/60Hz
801759 Omega 110/220 VAC, Five Unit, 50/60Hz
800525 Omega 8 - 24VDC for vehicle use

Battery Packs
Part No. Description
496990 Standard NiCd Rechargeable
800526 Alkaline, Type C
711041 Alkaline, with Thumbscrews
800527 Heavy Duty NiCd Rechargeable

Sensors
Part No. Description
813693 Combustible Gas
480566 O2
812389 CO
812390 H2S

Protective Boots
Part No. Description
804955 Black, for NiCd Battery Packs
802806 Orange, for NiCd Battery Packs
806751 Black, for Alkaline Battery Packs
806750 Orange, for Alkaline Battery Packs
806749 Black, for HD NiCd Battery Packs
806748 Orange, for HD NiCd Battery Packs
812833 Yellow Soft Carrying Case with Harness
711022 Black padded Vinyl Carrying Case with

Harness

Sampling Equipment
Part No. Description
800332 Probe - 1 ft., plastic
800333 Probe - 3 ft., plastic
803561 Probe - 3 ft., plastic (holes 2” from

end) (bar hole probe)
803962 Probe - 3 ft., plastic (holes 2” from

handle) (solid probe)
803848 Probe - Hot Gas Sampler
710465 Sampling Line - 5 ft., coiled
497333 Sampling Line - 10 ft.
497334 Sampling Line - 15 ft.
497335 Sampling Line - 25 ft.

Sampling Accessories
Part No. Description
801582 Replacement Filter, Probe, pkg. of 10
801291 External Filter Holder
014318 Charcoal Filter
711039 Line Scrubber Filter Holder
711059 Line Scrubber Replacement

Cartridges, Box of 12
808935 Dust Filter, Pump Module
802897 Water Trap (Teflon) Filter, Pump

Module

Calibration Check Equipment
Part No. Description
477149 Calibration Kit Model

RP with 0.25 lpm
Regulator

491041 Calibration Gas -
methane, 2.5%

473180 Calibration Gas - 300
ppm CO

813718 Calibration Gas -
methane, 2.5% oxygen,
15%60 ppm CO

813720 Calibration Gas -
methane, 2.5% oxygen,
15%300 ppm CO 10
ppm H2S

710288 Gasmiser™ Demand
Regulator 0 - 3.0 lpm

Accessories
Part No. Description
804679 Data Docking Module

Kit. Includes the Data
Docking Module, MSA
Link Software and
Instruction Manual

4-Gas, Selectable, NiCd • • • • • • • • • •
4-Gas, Selectable, Alkaline • • • • • • • • • •
3-Gas, Selectable, NiCd • • • • • • • • •
3-Gas, Selectable, Alkaline • • • • • • • • •
2-Gas, Selectable, NiCd    • • • • • • • •
2-Gas, Selectable, Alkaline   • • • • • • • •
4-Gas, Alarms On, NiCd • • • • • • • • • •
4-Gas, Alarms On, Alkaline • • • • • • • • • •



Key Features

GeoXTGeoXT

The total GPS 
platform for all 
your GIS field 
requirements
The GeoXT™ handheld, from the GeoExplorer® 
series, is an essential tool for maintaining your 
GIS. It’s all you need to collect location data, keep 
existing GIS information up to date, and even 
mobilize your GIS.

The unique GeoExplorer series combines a Trimble® 
GPS receiver with a rugged field-ready handheld 
computer running the Microsoft® Windows Mobile™ 
2003 software for Pocket PCs. Plus there’s an 
internal battery that easily lasts for a whole day 
of GPS operation. The result is tightly integrated, 
tough, and incredibly powerful.

High-accuracy integrated GPS
The GeoXT is optimized to provide the reliable, 
high-accuracy location data you need. Advanced 
features like EVEREST™ multipath rejection 
technology let you work under canopy, in urban 
canyons, or anywhere where accuracy is crucial.

Need submeter accuracy in real-time? Use 
corrections from a satellite-based augmentation 
system (SBAS) like WAAS1 or EGNOS2. Want to 
get that extra edge in precision? Collect data with 
Trimble’s TerraSync™ or GPScorrect™ software, and 
then postprocess back in the office. 

Because the GPS receiver and antenna are built 
into the handheld computer, it’s never been  
easier to use GPS in your application. The  
system is more than just cable-free: it’s a totally 
integrated solution. 

Optimized productivity
Take advantage of the power and flexibility of 
Windows Mobile software for Pocket PCs by 
choosing from the most comprehensive range 
of field software available—whether off-the-shelf 
or purpose-built. Whatever your needs, Windows 

Mobile lets you choose a software solution to 
match your workflow.

Windows Mobile includes familiar Microsoft 
productivity tools, including Pocket Word, Pocket 
Excel, and Pocket Outlook®. Pocket Outlook lets you 
synchronize e-mails, contacts, appointments, and 
data with your office computer, so whether you’re in 
the office or in the field, you’re always up to date. 

Go wireless with integrated Bluetooth®* for 
connection to other Bluetooth-enabled devices, 
including cell phones and PCs. You also have the 
option to use the USB support module to connect 
to a desktop computer, or use the optional serial 
clip for cabled connections in the field.

Receive a free copy of Microsoft Streets & Trips** 
2004 software with your GeoXT handheld, and 
take advantage of comprehensive map and travel 
information for easy navigation and route planning.

All the memory you need
There’s plenty of storage space in the GeoXT 
for all your GIS data. The fast processor and 
large memory mean even big graphics files load 
quickly—and they’re crisp and crystal-clear on the 
advanced TFT outdoor color screen.

From data collection to data 
maintenance, to mobile GIS 
and beyond ... the GeoXT is the 
handheld of choice.
* Bluetooth type approvals are country specific. 

GeoExplorer series handhelds are approved for 
use with Bluetooth in the USA. For a complete 
list of other countries with Bluetooth approval 
please refer to:  
www.trimble.com/geo_bluetooth.html.

** Microsoft Streets & Trips 2004 software available 
in US/Canada; Microsoft AutoRoute® 2004  
in Europe.

Key Features

• High-performance submeter GPS 
with integrated WAAS/EGNOS

• Windows Mobile 2003 software 
for Pocket PCs, allowing 
maximum flexibility in  
software choice

• Rugged handheld with all-day 
battery 

• Advanced color TFT display with 
backlight

• Integrated Bluetooth for wireless 
connectivity



Standard features
System
• Microsoft Windows Mobile 2003 software for Pocket PCs
• 206 MHz Intel StrongARM processor 
• 512 MB non-volatile Flash data storage
• Outdoor color display
• Ergonomic cable-free handheld
• Rugged and water-resistant design
• All-day internally rechargeable battery
• Bluetooth wireless
GPS
• Submeter accuracy
• Integrated WAAS1/EGNOS2

• RTCM real-time correction support
• NMEA and TSIP protocol support
• EVEREST multipath rejection technology
Software
• GPS Controller for control of integrated GPS and in-field mission planning
• GPS Connector for connecting integrated GPS to external ports
• File Explorer, Internet Explorer, Pocket Outlook (Inbox, Calendar, Contacts, Tasks, Notes), 

Sprite Pocket Backup, Transcriber, Pocket Word, Pocket Excel, Pictures, Windows® 
Media Player, Bluetooth File Transfer, Calculator, ActiveSync®

• Microsoft Streets & Trips/AutoRoute 2004 software
Accessories
• Support module with power supply and USB data cable
• Getting Started Guide
• Companion CD includes Outlook 2002 and ActiveSync 3.7.1
• Hand strap
• Pouch
• Stylus

Optional Features
Software
• TerraSync
• GPScorrect for ESRI® ArcPad®

• GPS Pathfinder® Tools Software Development Kit (SDK)
• GPS Pathfinder Office
• Trimble GPS Analyst extension for ArcGIS®
Accessories
• Serial clip for field data and power input
• Vehicle power adaptor 3
• Portable power kit 3
• Hurricane antenna
• External patch antenna
• Pole-mountable ground plane
• Baseball cap with antenna sleeve
• Beacon-on-a-Belt (BoB™) differential correction receiver3
• Hard carry case
• Null modem cable3

• Backpack kit

Technical specifications
Physical
Size  . . . . . . . . . . . . . . . . . . . .21.5 cm × 9.9 cm × 7.7 cm (8.5 in × 3.9 in × 3.0 in)
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.72 kg (1.59 lb) with battery
Processor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206 MHz Intel StrongARM SA-1110
Memory  . . . . . . . . . . . . . . . . . . . . . . . . 64 MB RAM and 512 MB internal Flash disk
Power

Low (no GPS)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.6 Watts
Normal (with GPS)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4 Watts
High (with GPS, backlight, and Bluetooth)  . . . . . . . . . . . . . . . . . . . . . . . . 2.5 Watts

Battery . . . . . . . . . . .  Internal lithium-ion, rapidly rechargeable in unit, 21 Watt-hours
Environmental
Temperature

Operating  . . . . . . . . . . . . . . . . . . . . . . . . . . –10 ºC to +50 ºC (14 ºF to 122 ºF)
Storage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . –20 ºC to +70 ºC (–4 ºF to 158 ºF)

Humidity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99% non-condensing
Casing  . . . . . . . . . . . . . . . . . .Wind-driven rain and dust-resistant per IP 54 standard
 Slip-resistant grip, shock- and vibration-resistant
Input/output
Communications . . . . . . . . . . . . . . . . . . . . . . . . . . Bluetooth for wireless connectivity
 USB via support module, serial via optional DE9 serial clip adaptor
Bluetooth

Certification . . . . . . . . . . . . . . . . . . . .Bluetooth type approvals are country specific.
 GeoExplorer series handhelds are approved for use with Bluetooth in the USA.  
 For a complete list of other countries with Bluetooth approval  
 please refer to www.trimble.com/geoxt_ts.asp.

Profiles
Both client and host support  . . . . . . . . . . . . . . .Serial Port, File Transfer (using OBEX)
Client support only . . . . . . . . . . . . . . . . . . . . . . . . . . . Dial-Up Networking, Lan Access
Host support only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Basic Imaging, Object Push

Display . . . . . . Advanced outdoor TFT, 240 × 320 pixel, 65,536 colors, with backlight
Audio  . . . . . . . . . . Microphone and half duplex speaker, record and playback utilities
Interface . . . . . Anti-glare coated touch screen, Soft Input Panel (SIP) virtual keyboard
 2 hardware control keys plus 4 programmable permanent touch buttons
 Handwriting recognition software, Audio system events, warnings, and notifications
GPS
Channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Integrated real-time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . WAAS1 or EGNOS2

Update rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 Hz
Time to first fix  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 sec (typical)
Protocols . . . . . . . . . . . . . . . . . . . . . . . . NMEA (GGA, VTG, GLL, GSA, ZDA, GSV, RMC),
 TSIP (Trimble Standard Interface Protocol)
Accuracy (RMS)4 after differential correction
Postprocessed5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Submeter
Carrier postprocessed6

With 10 minutes tracking satellites  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 cm
Real-time  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Submeter
1  WAAS (Wide Area Augmentation System). Available in North America only.  

For more information, see http://gps.faa.gov/programs/index.htm.
2  EGNOS (European Geostationary Navigation Overlay System). Available in Europe only.  

For more information, see http://www.esa.int/export/esaSA/navigation.html.
3  Serial clip also required.
4 Horizontal accuracy. Requires data to be collected with minimum of 4 satellites, maximum PDOP of 6, minimum 

SNR of 4, minimum elevation of 15 degrees, and reasonable multipath conditions. Ionospheric conditions, 
multipath signals or obstruction of the sky by buildings or heavy tree canopy may degrade precision by 
interfering with signal reception. Accuracy varies with proximity to base station by +1 ppm for postprocessing and 
real-time, and by +5 ppm for carrier postprocessing.

5 Postprocessing with GPS Pathfinder Office software or GPS Analyst extension for ArcGIS.
6 Requires collection of carrier data. (Only available with the GPS Pathfinder Office software).Specifications subject to change without notice.

GeoXT
The total GPS platform for all your GIS field requirements

www.trimble.com
YOUR LOCAL TRIMBLE OFFICE OR REPRESENTATIVE
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APPENDIX F

CHARTS ILLUSTRATING DISTRIBUTION OF METHANE, O2, CO, AND H2S



Methane Concentration VS. Distance from NSBF #1
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Oxygen Concentration VS. Distance from NSBF #1
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Carbon Monoxide Concentration VS. Distance from NSBF #1
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Hydrogen Sulfide Concentration VS. Distance from NSBF #1
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APPENDIX G

SOIL GAS SAMPLE ANALYTICAL REPORTS - LT ENVIRONMENTAL, INC.








