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EXECUTIVE SUMMARY 

LT Environmental, Inc. (LTE) completed tasks for the 2010 Colorado Rule 608 Compliance 
Program on behalf of XTO Energy, Inc. (XTO) in order to comply with the Colorado Oil and 
Gas Conservation Commission (COGCC) Rule 608 with respect to XTO’s operations in Las 
Animas County, Colorado (Project Area, Figure 1). LTE followed the COGCC-approved Work 
Plan ,dated May 5, 2010, which applies to the following subsections of Rule 608: 

 608(a) – Assessment and monitoring of plugged and abandoned (P&A) production wells 
within one-quarter (¼) mile of proposed coalbed methane (CBM) wells; 

 608(b) – Water well sampling; and 

 608(c) – Coal outcrop and coal mine monitoring. 

CBM production wells installed during 2010 were not located in the vicinity of any P&A 
production wells or water wells where additional research and/or field activities were warranted. 

LTE identified, through previous investigations and a 2010 ground survey, six seep areas within 
the 2010 Project Area (Figure 2). Methane seepage was reported in the vicinity of each area 
during the 2010 assessment activities.  

Only one sample (Apogee ID13) was analyzed for the methane isotopic composition for carbon 
and hydrogen. Based on analytical results, the methane gas detected at Apogee 13 appears to be 
biogenic in origin. 

Infrared (IR) imagery acquisition was conducted along the Vermejo Formation within the Project 
Area. Field verification of suspect areas was limited to those areas where property access was 
granted. No methane was detected in any of the suspect areas that were investigated. 

One natural spring was sampled for water quality. The water type appears to be predominately 
sodium and potassium bicarbonate. Dissolved methane for the water sample Spring01 was 
detected at a concentration of 0.109 milligrams per liter (mg/L,) which is below the 2 mg/L 
threshold to analyze the gas composition and carbon and hydrogen isotopes of methane. In 
addition to collecting a water sample, subsurface soil gas measurements were collected around 
the natural spring. Methane was not detected at any of the soil gas measurement locations. 

LTE, at the direction of XTO plans to continue conducting Rule 608 compliance activities in Las 
Animas County in accordance with the COGCC-approved Work Plan as XTO’s development 
activities expand. 
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SECTION 1.0 
 

INTRODUCTION 

LT Environmental, Inc. (LTE) has prepared this 2010 Colorado Rule 608 Compliance Report on 
behalf of XTO Energy, Inc. (XTO) to summarize tasks completed to comply with the Colorado 
Oil and Gas Conservation Commission (COGCC) Rule 608 with respect to XTO’s operations in 
Las Animas County, Colorado (Project Area, Figure 1). Activities followed the COGCC-
approved Work Plan previously submitted on May 5, 2010. 

1.1  OBJECTIVE 

The objective of the Rule 608 Compliance Program is to meet necessary compliance 
requirements associated with the drilling and installation of coalbed methane (CBM) wells in the 
State of Colorado. This Rule 608 Compliance Program applies to the following subsections of 
Rule 608 from the 600 Series Safety Regulations of the COGCC as amended on March 30, 2009: 

 608(a) – Assessment and monitoring of plugged and abandoned (P&A) production wells 
within one-quarter (¼) mile of proposed CBM wells; 

 608(b) – Water well sampling; and 

 608(c) – Coal outcrop and coal mine monitoring. 

1.2  PROJECT AREA 

The Project Area is located in the Raton Basin in southern Colorado. The Raton Basin is a 
geologic structural basin in southern Colorado and northern New Mexico. The basin is situated 
in Huerfano and Las Animas Counties, Colorado, and Colfax County, New Mexico. The basin 
has long been a source of coal production and more recently a source of CBM. Much of the 
regional geology presented herein was derived from the report, A Geologic Assessment of 
Natural Gas from Coal Seams in the Raton and Vermejo Formations, Raton Basin (Stevens, 
et.al. 1992). 

The Raton Basin is an asymmetric synclinal basin with the axis of the La Veta syncline oriented 
roughly north-south and passing through Weston, Colorado, which is immediately east of the 
area defined by XTO for future drilling. The Raton Formation outcrops over approximately 50 
percent (%) of the Project Area. The discontinuous nature of the coal beds both in the subsurface 
and on the surface makes it difficult to identify and/or correlate individual continuous coal beds 
from the subsurface producing zone to the surface coal outcrop. 

XTO’s planned drilling area is located on the western side of the La Veta syncline indicating that 
the formations encountered within the Project Area are dipping to the east. The Vermejo 
Formation consists of sandstone, interbedded siltstone, shale, carbonaceous shale, and coal that 
accumulated above the fluvial-deltaic sequences of the Trinidad Sandstone (Stevens, et al. 1992). 
The Vermejo Formation outcrops along the west edge of the syncline basin, which equates to the 
west side of the Project Area. Of the more than 90,000-acre Project Area, the Vermejo Formation 
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outcrop covers approximately 2%. The Raton and Vermejo Formation outcrops are depicted on 
Figure 1. 

1.3  SCOPE OF WORK 

XTO plans to drill CBM production wells in the Raton Basin over the next three years. The 2010 
Project Area, planned CBM production well locations, geology, recorded P&A production well 
locations, water well locations, topography, and mine features are illustrated on Figure 2. 

The scope of work for the 2010 Rule 608 Compliance Program included the following tasks: 

 Task 1:  Assessment of P&A Production Wells; 

 Task 2:   Water Well Sampling;  

 Task 3:  Ground Survey to Locate Methane Seeps on the Raton Formation Outcrop; 

 Task 4:  Infrared Aerial Imagery and Field Verification Along the Vermejo Formation     
and the Quinto, Tercio, and Vega Mines; 

 Task 5:   Field Mapping of Known Seep Areas; 

 Task 6:   Natural Spring Surveys; and 

 Task 7:   Reporting. 

1.4  ORGANIZATION OF THE REPORT 

This report is organized into five sections, including this introduction (Section 1.0), which 
presents the objectives of the study and discusses the scope of work related to the project. The 
field methods and equipment are described in Section 2.0. The 2010 results are summarized in 
Section 3.0. The conclusions of the 2010 work are in Section 4.0. The report references are 
included in Section 5.0. Tables, figures, and appendices follow the text in separate appendices. 
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SECTION 2.0 
 

FIELD METHODS 

2.1  2010 PROJECT AREA 

The 2010 Project Area consisted of XTO’s planned 2010 CBM production wells and included a 
2-mile radius around those planned production wells. Within the 2-mile radius, LTE conducted 
detailed flux surveys at nine identified methane seep locations within the Raton Formation and 
five suspect areas along the Vermejo Formation. In addition to detailed flux surveys, LTE 
collected field measurements and analytical samples from one natural spring in the North Fork 
Apache Canyon.  

The location of the identified methane seep areas, suspect areas, and the natural spring are 
illustrated on Figure 2. 

2.2  PROPERTY ACCESS 

Prior to conducting 2010 field activities, LTE, with the cooperation of XTO’s land department, 
acquired landowner information from the Las Animas County Assessor’s Office. LTE and XTO 
cross-referenced parcel data for the 2010 Project Area to identify owners of parcels located in the 
area of study. LTE attempted to gain access to all properties where fieldwork was planned, but 
was denied access to several properties; and as a result, no investigation activities were 
conducted on those properties. The 2010 property owner and access information is presented in 
Table 1. 

2.3  ASSESSMENT OF PLUGGED AND ABANDONED PRODUCTION WELLS 

Addressing surveys of P&A production wells per Rule 608(a) is accomplished on a well-by-well 
basis. P&A production wells are identified through the Colorado Oil and Gas Information 
System (COGIS) and if any are identified meeting the proper criteria; a soil gas survey are 
conducted around the P&A production well. 

A review for all P&A production wells within the ¼-mile radius from planned 2010 CBM 
production wells was conducted by XTO. No P&A production wells were identified within a ¼-
mile radius of any planned 2010 XTO CBM production well. As a result, further review of P&A 
production wells for 2010 was not required. In addition, no soil gas surveys were required 
around any P&A production well during the 2010 Colorado Rule 608 Compliance Program. 

2.4  WATER WELL SAMPLING 

Addressing water well sampling per Rule 608(b) is accomplished on a well-by-well basis. Water 
well sampling is based on the following criteria set forth in Rule 608(b): 

1. If a conventional gas well or P&A production well is located within a ¼-mile of a 
planned XTO CBM well, then the closest two water wells within a one-half (½) mile 
radius of the conventional gas well or P&A well will be sampled; 
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2. If there are no conventional gas wells or P&A production wells located within ¼-mile 
radius of a planned XTO CBM well, then any water well located within ¼-mile radius of 
the planned XTO CBM well will be sampled. If there are more than two water wells 
located within the ¼-mile radius of the planned XTO CBM well, the closest two water 
wells will be selected and sampled; 

3. If there are no water wells located within a ¼-mile radius of the planned XTO CBM well, 
the closest water well within a ½-mile radius of the planned XTO CBM well will be 
selected and sampled; or 

4. If there is no water well located within a ½-mile radius of the planned XTO CBM well, 
no sampling is required. 

A review of water wells within the 2010 Project Area, and meeting the requirements set forth in 
subsection 608(b), identified one water well (Permit Number 39685) that met the second criteria 
for sampling. However, the two planned XTO CBM production wells (New Elk 22-13 and New 
Elk 22-14) nearest to the water well were not installed during 2010. As a result, no water wells 
were sampled during the 2010 Colorado Rule 608 Compliance Program. Water well #39685 will 
be sampled at a later date, prior to the drilling of New Elk 22-13 and New Elk 22-14. 

2.5  GROUND SURVEY WITHIN RATON FORMATION 

Ground surveys along the Raton Formation were conducted to meet the requirements of Rule 
608(c). The survey was completed in a manner similar to the initial ground survey completed by 
Apogee Scientific, Inc. (Apogee) for the COGCC in 2000 and the survey performed by LTE and 
Apogee for the COGCC in 2007. 

The technique involves using a vehicle-mounted leak detection system (LDS) to survey the 
Project Area using the existing roadway network as a reasonable means to cover the formations 
and identify seep areas. The LDS is an infrared spectrometer (IRS)-based gas analyzer designed 
to locate methane emission sources from mobile platforms (cars, trucks, helicopters, ATVs, etc.) 
in real time. The LDS system measures methane, total hydrocarbons, and carbon dioxide with 
sub-parts per million (ppm) detection limits and displays the data in real time on the control 
computer. The LDS also incorporates a global positioning system (GPS) that records the track 
taken by the survey vehicle. Wind direction and ambient temperature sensors are also mounted 
on the survey vehicle. This is the same method of survey utilized by the COGCC during the past 
two monitoring events and appears to be the most effective method for monitoring large areas. 
Appendix A contains the specifications of the LDS system. 

As the survey vehicle was driven, any increase in methane concentration above the local 
background concentration was marked and investigated to attempt to identify a potential source 
of the methane plume. Marking a potential seep area involved recording the latitude, longitude, 
wind speed, wind direction, temperature, and other pertinent data about the location. 

The initial ground survey was limited to those accessible roads that were within the 2010 Project 
Area. The survey area will increase as the drilling program progresses over the next three years.  
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2.6  INFRARED AERIAL IMAGERY AND FIELD VERIFICATION ALONG THE 
VERMEJO FORMATION AND MINES 

A regional reconnaissance for methane seepage along the Vermejo Formation outcrop and the 
Quinto, Tercio, and Vega mines was conducted using infrared (IR) aerial imagery and field 
verification of suspect areas. This survey method was selected due to high topographic relief and 
due to few roads that access this area as compared to the Raton Formation outcrop areas in the 
basin. 

2.6.1  Infrared Aerial Imagery Acquisition 

An IR camera mounted on an aircraft was used to collect high resolution, low altitude imagery. 
The imagery was georeferenced and rectified using digital elevation model (DEM) ortho-
correction. Since methane seepage frequently affects vegetative conditions, the IR imagery was 
used as the key indicator of potential seepage. The images were reviewed for suspect seep areas, 
which were defined as areas with IR reflectance anomalies generally caused by dead or stressed 
vegetation. The IR imagery cannot detect the presence or absence of methane; therefore, each 
suspect area identified in the imagery was field-verified to determine if methane seepage was 
present.  

IR imagery acquisition was conducted by Agro Engineering, Inc. (Agro) of Alamosa, Colorado. 
Agro flew over the Vermejo Formation outcrop using an IR camera mounted on an aircraft at 1-
meter to 1.5-meter resolution. This reconnaissance flight was performed during the peak 
vegetation condition in order to be effective. Once the imagery was acquired, Agro 
georeferenced the imagery and provided it to LTE for interpretation.  

Identified suspect areas along the Vermejo Formation that were within a 2-mile radius of planned 
2010 CBM production wells and appeared to contain dead or stressed vegetation or an 
anomalous IR reflectance signature were delineated as polygons on the imagery and uploaded to 
a GPS unit for field verification. 

Upon completion of the imagery review activities, field verification of suspect areas was 
conducted with the goal of identifying the presence or absence of methane seepage. The field 
personnel were equipped with the aerial imagery, topographic maps, a digital camera, and a GPS.  

The IR reconnaissance flight was conducted on June 15, 2010. Field verification of the suspect 
areas was completed on September 8, 2010. 

2.6.2  Subsurface Soil Gas Measurements 

For each suspect area, a traditional subsurface soil gas survey was conducted within the 
polygons.  

A Mine Safety Appliances (MSA) GasPort® multi-gas meter is used to measure the 
concentrations of methane, carbon monoxide, hydrogen sulfide, and oxygen in the subsurface 
soil. Subsurface soil gas measurements are collected by using a hand-driven slide hammer to 
drive a ½-inch diameter steel rod into the ground to depths ranging from 1 foot below ground 
surface (bgs) to 3 feet bgs. Occasionally, advancement of boreholes in consolidated soil or 
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outcrop materials is limited. Where probe refusal occurs, measurements are taken at the depth 
bored. 

Once the rod is removed from the ground, a ¼-inch diameter polyethylene tubing is inserted into 
the borehole. The tubing is perforated at the bottom 6-inches to allow soil gas to enter the tubing. 
Once the temporary tubing is in place and the borehole is sealed with native soil, the multi-gas 
meter is attached to the tubing. The multi-gas meter’s internal pump pulls gas from the soil, 
through the tubing, and into the meter’s gas sensors. 

The multi-gas meter is capable of detecting methane in concentrations from 0 to 100%, oxygen 
concentrations from 0 to 25%, carbon monoxide concentrations from 0 to 1,000 parts per million 
(ppm), and hydrogen sulfide concentrations from 0 to 100 ppm. Specifications for the multi-gas 
meter are included in Appendix A. 

The maximum concentrations of methane, carbon monoxide, and hydrogen sulfide; and the 
minimum concentration of oxygen at each sampling location are recorded. Data are recorded in a 
field notebook and a hand-held Trimble GeoXT® GPS unit, which is discussed further in the 
following subsection. 

2.6.3  Global Positioning System Data Management 

Each sample location is recorded using a GPS unit. Soil gas sampling grids are created in 
ArcView® and pre-loaded into the GPS unit so field personnel can quickly and accurately 
position detection equipment along the Project Area. Soil gas measurements and other relevant 
field data are then stored as attributes in the GPS unit along with the associated location data. 
The data stored in the GPS unit is downloaded later for processing and reporting. 

The GPS unit location data are collected in the World Geodetic System 1984 (WGS 84) and 
projected in Universal Transverse Mercator (UTM) Zone 13 South, North American Datum 1983 
(NAD 83) for use in an ArcView® project file. On average, 25 GPS log points are collected for 
each point feature in order to obtain more accurate positioning. 

Readings collected with the GPS unit can be located with 1-meter accuracy. However, the terrain 
and forest canopy can adversely affect GPS unit accuracy. North-facing slopes and heavily 
wooded areas can distort or block satellite signals. When satellite signals are limited, positioning 
accuracy decreases. In locations where the GPS unit cannot obtain a signal, field personnel will 
note measurement data on their field reference maps. Specifications of the GPS unit are included 
in Appendix A. 

2.7  DETAILED MAPPING OF SEEP AREAS 

To be compliant with Rule 608(c), annual detailed mapping of the previously identified 19 
methane seeps that were within the 2010 Project Area was performed.  

Field mapping of known or newly identified seeps consists of utilizing a portable flux meter to 
measure the magnitude and extent of methane seepage, within the survey area. The 
measurements are collected using a sampling grid approach. 
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Grids for detailed mapping areas consisted of varying numbers of squares, spaced 50 feet or 200 
feet apart, depending on site-specific needs. The smaller grid spacings are used to map known 
methane seep areas of relatively small extent. A flux measurement is collected at the corner of 
each grid square. When methane is detected along the outer edges of the mapping area, 
additional grid points are developed and measured to determine the extent of methane seepage. 
Where appropriate, photographs of vegetative conditions, visible seeps, and sensitive receptors 
are collected. 

Full color spectrum aerial photographs were used as base maps for field use and figures for 
reporting. The geologic contacts depicted on the aerial photographic maps were derived from 
geologic maps prepared by the Colorado Geological Survey (CGS) and digitized. Accuracy of 
the formation contact is reduced when aerial photographs are viewed at a smaller scale. 

Detailed mapping of the known and newly identified seeps was conducted from August 10, 2010 
to August 13, 2010 and September 8 and 9, 2010. 

2.7.1  Flux Measurements 

The flux of soil gases moving across the soil surface to the atmosphere is measured using the 
West Systems® portable gas flux meter (flux meter). The flux meter has been used to measure 
soil gas seepage on the Raton Formation in the Raton Basin in Colorado. The portable flux meter 
measures the flux of methane, hydrogen sulfide, and carbon dioxide by employing individual 
gas-specific sensors that records the increases, if any, of gas concentrations over time for a given 
surface area. These increase in concentration over time are proportional to the flux of each gas. 

The flux meter components include an accumulation chamber connected by circulation tubes to 
the gas detector unit. At each sampling point, the accumulation chamber is placed on the ground 
surface to capture gas seeping from the ground. A fan in the chamber continuously mixes the 
gases in the chamber during the measurement process. A pump moves gases in the accumulation 
chamber to the detector unit. After passing through the detector unit, gases are returned to the 
chamber. This closed loop process allows soil gases discharging to the chamber to increase over 
time. Any increases in concentrations are measured and recorded automatically. No gas is 
allowed to escape the system. However, a vacuum is not created during the process. This enables 
measurement of natural seep conditions, if present. The result for each gas is reported as a mass 
flux in units of moles per square meter per day (moles/m2·day). 

Flux measurement accuracy can be limited by surface conditions. One of the most important 
factors is the quality of the seal between the accumulation chamber base and the ground surface. 
To ensure a proper seal between the ground surface and the chamber, field personnel chose 
relatively flat surfaces where possible and placed loose soil around the base of the chamber to 
reduce the potential for gas loss at the base of the chamber. In addition, ground disturbance will 
be minimized during the measurement process in order to maintain the natural seep conditions. 
In areas with heterogeneous surfaces, the seal is sometimes difficult to achieve. This scenario is 
evident at locations with poorly developed soil or where the soil surface is obscured by decayed 
organic matter on the forest floor. 
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The accuracy of the total flux estimation within the Project Area was influenced by the ability of 
the grid spacing system to represent the actual flux on a detailed level relative to the subsurface 
fracture system, coal quality, and stratigraphy within the Raton Formation.  

The methane sensor within the flux meter unit has a range of 60 parts per million (ppm) to 
50,000 ppm. The flux meter methane measurement range is 0.2 to 300 moles/m2·day. Methane 
fluxes below 0.2 moles/m2·day are detectable with decreased accuracy. As a result, reporting of 
methane fluxes will not include values less than 0.2 moles/m2·day. 

The carbon dioxide sensor has a full-scale range of 0 to 20,000 ppm and flux measurement range 
of 0 to 600 moles/m2·day at an accuracy of ±25%. 

The hydrogen sulfide detector has a full-scale range of 0 to 20 ppm and a flux measurement 
range of 0.0025 to 0.5 moles/m2·day at an accuracy of ±25%. The sensor is an electrochemical 
cell that measures hydrogen sulfide through a chemical oxidation process. The sensing process 
consumes a small amount of the hydrogen sulfide, which is not returned to the flux meter’s 
accumulation chamber. Therefore, the flux meter can underestimate hydrogen sulfide flux by as 
much as 10%. For this reason, hydrogen sulfide values less than 0.0025 moles/m2·day will not be 
reported. Information on the West Systems portable gas flux meter is provided in Appendix A. 

During the measurement process, gas concentrations are recorded at 1-second intervals and 
directly downloaded via Bluetooth® connection to a portable digital assistant (PDA) integrated 
with the GPS unit. Other measurements recorded include barometric pressure, temperature, date, 
and time. 

Integrated West Systems Flux Manager® software on the GPS unit recorded the gas 
measurement data. The software plots the curve of gas concentration versus time for each 
measurement collected. The best-fit line for the curve generated is selected. The slope of the 
best-fit line is proportional to the flux at the measurement point. 

2.7.2  Soil Gas Analysis 

While conducting detailed mapping of known and new methane seep areas, gas samples were 
collected from the various known seep areas for which no existing isotopic information exists 
and for those newly identified seeps that were identified by Apogee during the 2010 ground 
survey. During the 2007 Phase II Seep Investigation conducted for the COGCC, gas samples 
were collected from many of the known seeps in the Raton Basin. As a result, re-sampling these 
seeps was not performed.  

Gas samples were collected from the area within each seep with the highest observed methane 
concentration. Field personnel used a hand pump attached to tubing inserted into a borehole 
driven by a slide hammer. The tubing was purged of the ambient air and a Cali-5-bond® Mylar 
bag was filled with a sample of the gas within the borehole for analysis of the following: 

 Fixed Gas Chromatography: hydrogen (H2), argon (Ar), nitrogen (N2), oxygen (O2), 
carbon dioxide (CO2), and hydrogen sulfide (H2S); 
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 Hydrocarbon Gas Chromatography: methane, ethane, propane, i-butane, n-butane, i-
pentane, n-pentane, and hexane+; and 

 Isotopic Analysis: carbon and hydrogen isotopes of methane, carbon isotopes of CO2, 
and carbon isotopes of ethane and propane. 

Isotopic analysis was dependent on the gas concentration present in the sample. Gas seep 
concentrations of methane, carbon dioxide, and ethane vary greatly and at times are insufficient 
to conduct isotopic analysis. 

The samples were packaged and shipped by a Department of Transportation (DOT) certified 
hazardous materials shipper to Isotech. 

The gas composition and isotopic analysis data was evaluated to determine the significant 
aspects of the gas composition assessment for each seep area. The objective was to have a data 
set that assists in the identification of potential sources of the gas seep and observe and evaluate 
seep characteristics across the Project Area. 

Gas samples were collected during the detailed mapping of the known seeps and newly identified 
seeps. 

2.8  NATURAL SPRING MONITORING 

Surveys of natural springs are performed on a well-by-well basis. Only natural springs identified 
on United States Geological Survey (USGS) topographic maps that were within the 2010 Project 
Area were surveyed. 

Once a natural spring was identified, water samples were collected. At each natural spring, field 
personnel located the position and elevation using a GPS. A discharge rate was measured, when 
possible, using a graduated cylinder and stopwatch. Water quality measurements, including pH, 
total dissolved solids (TDS), specific conductance (SC), oxidation-reduction potential (ORP), 
and temperature were collected using a YSI® 556 meter. The equipment specifications for the 
water quality field meter are provided in Attachment A. 

Water samples from the natural spring were collected and analyzed for the following: 

 Major Cations [dissolved sodium (Na), calcium (Ca), magnesium (Mg), potassium (K), 
and iron (Fe)] by Environmental Protection Agency (EPA) Method 6010/6020; 

 Dissolved Metals [selenium (Se), manganese (Mn)] by EPA Method 6010/6020; 

 Alkalinity (carbonate/bicarbonate) by EPA Method 300; 

 Major Anions [chloride (Cl), sulfate (SO4), bromide (Br), and fluoride (F)] by EPA 
Method 300; 

 pH by EPA Method150.1; 
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 SC by MCA Method WW 120.1; 

 Nitrate/Nitrite as Nitrogen (N) by EPA Method 353.3; 

 TDS by EPA Method 160.1; 

 Dissolved Methane by Method RSK 175; 

 Sodium Adsorption Ratio (SAR) by Louisiana Department of Natural Resources 
(LaDNR) Statewide Order Number 29B; and 

  Bacteria by IRB/SRB/SLYM/ Coliform. 

Laboratory-provided sample bottles were filled with water for analysis of the parameters 
identified above. All water samples collected were submitted in a cooler under strict chain-of-
custody documentation to Accutest Mountain States (Accutest) located in Wheat Ridge, 
Colorado.  

The natural spring analytical data was evaluated to determine the significant aspects of the 
baseline water quality assessment as related to water quality standards. The primary objective 
was to evaluate the geochemical data in light of the potential or existing impacts from historic or 
future oil and gas exploration and production, and comparisons to existing water quality 
standards and existing regional water quality information. 

The natural spring, located in the North Fork of Apache Canyon, was sampled on August 13, 
2010. 
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SECTION 3.0 
 

RESULTS 

3.1  GROUND SURVEY OF THE RATON AND VERMEJO FORMATIONS 

Apogee conducted the ground survey along assessable roads within the 2010 Project Area. The 
ground survey was conducted on June 15, 2010 and covered approximately 106 miles of 
roadway. 

Apogee identified seep areas L-99, L100, and L-109 within the 2010 Project Area. Seep L-99 
corresponded with previously identified seep 623 from the 2007 survey. The seep will be 
identified as seep area 623/L-99 from this point forward. Seep L-100 was located in the vicinity 
of previously identified seeps 21, 33, and 617 during the 2007 survey. Seep areas 21 and 617 
appear to be from the same seep and as a result, the seep will be identified as seep area 21/617 
from this point forward. Seep areas 33 and L-100 appear to be from the same seep area and as 
such, the seep will be identified as seep area 33/L-100 from this point forward.  

Appendix B includes the ground survey report prepared by Apogee. 

3.2  INFRARED AERIAL IMAGERY AND FIELD VERIFCATION 

Due to poor weather conditions during the spring of 2010, the IR aerial imagery flight was 
postponed until June 15, 2010. The fly-over of the Vermejo Formation, and the Tercio, Quinto, 
and Vega mines was conducted after 11 am so that shadows would not affect the overall quality 
of the IR images and not produce additional suspect areas due to the shadow affect. 

LTE reviewed the IR images of the Vermejo Formation within the 2010 Project Area. LTE 
identified 12 suspect areas for field verification (Figure 3). Due to property access denial and 
limitations, LTE was only able to map five suspect areas (Areas 8 through 12) along the Vermejo 
Formation. The three mines were not reviewed since they were not within the 2010 Project Area. 
In the event that future CBM production wells are near any of the mines, IR imagery will be 
reviewed for suspect areas and mapped for verification. As observed in other areas with methane 
seeps, the seeps do not dramatically change from year to year and as a result, the IR imagery 
from 2010 should still be valid for one to three additional years with the approval of the 
COGCC. 

LTE conducted field verification of the five accessible suspect areas on September 8, 2010. LTE 
did not identify methane at any of the five accessible suspect areas along the Vermejo Formation. 
Suspect area #11 was identified as a pond that was not full at the time of the IR imagery 
acquisition. During the field verification, the pond was filled with water and as a result, 
subsurface gas measurements were collected around the perimeter of the pond. No visual bubbles 
were observed on the surface of the pond water.  

Subsurface gas measurement locations are illustrated on Figures 4 and 5. 
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3.3  FIELD MAPPING OF SEEP AREAS 

This section describes the results of the detailed flux mapping conducted from August 10, 2010 
through August 13, 2010 and from September 8 to September 9, 2010. LTE mapped six 
previously identified seep areas and three new seeps areas identified during the 2010 ground 
survey within the 2010 Project Area. Below is a list of the seeps mapped for the 2010 Rule 608 
Compliance Program: 

 Apogee ID 623/L-99; 

 Apogees ID 21/617; 

 Apogee ID 33/L-100; 

 Apogee ID 13: 

 Apogee ID L-109; and 

 Apogee ID 14. 

Methane and carbon dioxide flux measurements are summarized by seep area in Table 2. 
Methane and carbon dioxide measurements are presented on Figures 6 through 15. Flux data are 
included as Appendix C. 

3.3.1  Overall Methane Results 

The 2010 detailed mapping resulted in detectable methane flux recorded at 32 of the 358 sample 
locations. Detected methane flux values of each measured location area for the 2010 Project 
Area ranged from 0.0 moles/m2·day to a maximum of 75 moles/m2·day (Seep area 13). Methane 
flux results for each seep area are discussed in Section 3.3.5. 

3.3.2  Overall Carbon Dioxide Results 

The 2010 detailed mapping resulted in detecting carbon dioxide flux at 308 of the 358 sample 
locations. Carbon dioxide flux values of each measured location area for the 2010 Project Area 
ranged from 0.0005 moles/m2·day to a maximum 24.6 moles/m2·day for the 2010 Project Area.  

3.3.3  Overall Hydrogen Sulfide Results 

Hydrogen sulfide flux (though barely above sensor detection limits) was recorded at 243 sample 
locations. The flux meter is a highly sensitive field meter capable of detecting very low flux rates 
of hydrogen sulfide. However, only 15 points were slightly above the unit’s reliable detection 
limit of 0.0025 moles/m2·day. Given the flux meter’s accuracy of ±25%, the majority of these 
measured values are not considered to pose a threat to human health. 

Due to the very low values of hydrogen sulfide measured during the 2010 detailed mapping 
program, maps of hydrogen sulfide measurements were not deemed useful and therefore, not 
prepared. 
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3.3.4  Total Flux Volume Estimations 

LTE estimated the total volumetric flux of methane and carbon dioxide by combining generally 
contiguous areas of interest of the Raton outcrop in Las Animas County. Flux data were 
interpolated and gridded, then contoured and processed to estimate total volumetric flux. 

The results were converted to volumetric flux rates common to the natural gas production 
industry in units of thousand cubic feet per day (MCFD). For a better perspective of the methane 
flux and carbon dioxide flux rates, LTE converted the mass flux values into volumetric flux units 
of cubic feet per day (CFD), assuming equal areas. The unit conversion is based on the molecular 
weight of the gas and the density of the gas at approximately 7,400 feet above mean sea level. 
For methane flux, the calculation is as follows: 

mol CH4     x      16.04276 g CH4      x       0.0698 ft3 CH4      =            ft3 CH4   
3 

    day                      mol CH4                             g CH4                             day 

For example, 

1.0 mole/day CH4 = 1.12 CFD CH4 

For carbon dioxide flux, the calculation is as follows: 

mol CO2     x       44.01 g CO2      x       0.0253 ft3 CO2      =           ft3 CO2   
3 

    day                     mol CO2                        g CO2                             day 

For example, 

1.0 mole/day CO2 = 1.11 CFD CO2 

The volumetric flux values calculated herein are estimates and may not represent actual values 
for the specific areas. Interpolation calculation techniques are highly sensitive to data skewness 
and can result in large changes in calculated flux values based on measurements made at only a 
few locations. A discussion of the methods and calculations used to determine total methane flux 
is presented in Appendix D.  

3.3.5  Seep Area Results 

Seep Areas 623 and L-99 

Seep areas 623 and L-99 are located along County Road 21.6, approximately one mile northwest 
of Highway 12. Seep area L-99 was identified by Apogee during the 2010 ground survey and 
appears to coincide with Apogee’s previously identified seep 623. LTE mapped 78 points around 
the seep area with a total volumetric flux of 0.07 MCFD. 

A summary of the flux measurements for seep area 623 /L-99 is presented in Table 2. Figures 6 
and 7 illustrate flux measurements and contours for methane and carbon dioxide, respectively. 
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Seep Areas 21/ 617 and 33/L-100 

Seep areas 21/ 617 and 33/L-100 are located along Highway 12 between County Roads 23.2 and 
23.3. Apogee identified seep areas 21, 33, and 617 during a previous ground survey conducted in 
2007.  

Detailed mapping of the two seep areas was limited to the north side of Highway 12 due to a 
steep slope on the south side that terminated at the North Fork of the Purgatoire River. LTE 
mapped 74 points around the four identified seep areas, which had a total volumetric flux of 0.03 
MCFD. 

A summary of the flux measurements for seep areas 21/ 617 and 33/L-100 is presented in 
Table 2. Figures 8 and 9 illustrate flux measurements and contours for methane and carbon 
dioxide, respectively. 

Seep Area 13 

Seep area 13 is located south of Highway 12 on a Division of Wildlife lease road within the 
Apache Canyon. Seep area 13 was identified by Apogee during a previous ground survey 
conducted in 2007. LTE mapped 29 points around the seep area, which had a total volumetric 
flux of 10.74 MCFD. 

A summary of the flux measurements for seep area 13 is presented in Table 2. Figures 10 and 11 
illustrate flux measurements and contours for methane and carbon dioxide, respectively. 

Seep Area L-109 

Seep area L-109 is located approximately 3,000 feet southwest of seep area 13 along a Division 
of Wildlife lease road within the North Fork Apache Canyon. The seep was identified during the 
2010 ground survey conducted by Apogee. LTE mapped 89 points around the seep area, which 
had a total volumetric flux of 0.03 MCFD.  

A summary of the flux measurements for seep area L-109 is presented in Table 2. Figures 11 and 
12 illustrate flux measurements and contours for methane and carbon dioxide, respectively. 

Seep Area 14 

Seep Area 14 is located approximately 6,200 feet southwest of seep area L-109 on the Division 
of Wildlife lease road within the North Fork Apache Canyon. This seep was identified during a 
previous ground survey conducted by Apogee in 2007. LTE mapped 94 points around the seep 
area, which had a total volumetric flux of 0.56 MCFD. 

A summary of the flux measurements for seep area 14 is presented in Table 2. Figures 13 and 14 
illustrate flux measurements and contours for methane and carbon dioxide, respectively. 
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3.3.6  Gas Composition and Isotopic Analytical Results 

Gas samples were collected from seep areas 13, 14, L-100, L-109, and 623/L-99 where the 
highest flux measurements were recorded for each respective seep area. 

Of the five gas samples collected from the seep areas, only sample Apogee ID 13 had a sufficient 
concentration of methane (65.81%) to analyze for isotopes of carbon and hydrogen of methane. 
Results of the analysis indicated the gas seeping from Seep area 13 was a mixture of subsurface 
and near surface microbial gases and not thermogenic in origin.  

Alan Jeffrey, PhD, senior geochemist with DPRA/Zymax Forensics of Escondido, California, 
reviewed the gas composition and isotopic data. Dr. Jeffery agreed that the isotopic composition 
of the methane gas from Apogee ID 13 fell within biogenic origins. However, methane isotopic 
analysis for other samples within the Raton Basin show a trend towards the Apogee ID 13 
sample (Figure 16). In addition, Apogee ID 13 has very low ethane/methane ratio with the other 
gases in the basin. Dr. Jeffery believes that the data suggests that the Apogee ID 13 gas is linked 
to the other gases in the basin, and is not simply an isolated swamp gas. 

Through some research of methane gas in the Raton Basin that Dr. Jeffery evaluated, it appears 
that the much of the gas in the Raton Basin is associated with coal seams. Coal gas has unusual 
isotopic characteristics, and according to a number of geochemists (Rice, 1993; Zhou et al, 2005) 
CBM can be both biogenic and thermogenic in origin. Biogenic CBM can be formed in two 
ways: 
 

 Early stage - Microbial methane, which is formed during deposition of organic matter 
that will later form coal, is trapped in the organic matrix and 

 Late stage – Microbial methane formed in groundwater percolating through established 
coal seams 

 
In the San Juan Basin, gas in high production zones has been identified as predominantly 
biogenic in origin (Zuou et al, 2005). 
 
Other work (Smith et al, 1985) has shown that isotopically light methane may be released in the 
early stages of gas desorption of coal, with the isotope ratio becoming heavier as desorption 
proceeds. All this evidence indicates that isotopically light biogenic methane is a component of 
coalbed methane, and can be the origin of major gas production, as in the San Juan Basin. 
 
Through this information, Dr. Jeffery concluded the Apogee ID 13 gas has a biogenic origin, and 
contains methane that is likely formed by a mix of CO2 reduction and fermentation. The gas was 
likely formed biogenically in coalbeds rather than as an isolated swamp gas. Apogee ID 13 gas 
falls within a continuum of gases in the Raton Basin, with the isotopically lighter gases likely 
having a biogenic coalbed origin, and the isotopically heavier gases having a thermogenic 
coalbed origin. 

Apogee ID 14 was the only other gas sample that contained any detectable methane (0.0036%) 
but was too low for further isotopic analysis. 
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Ethane was detected at a very low concentration in Apogee ID 13 and as a result, no isotopic 
analysis was conducted by the laboratory.  

Results of the gas composition and isotopic analysis are summarized on Table 3. Laboratory 
analytical reports are included in Appendix E. Isotopic analytical results are depicted on 
Figure 16, which illustrates how the methane gas origin is identified using a cross-plot of the 
carbon and hydrogen isotopes of methane. 

3.4 NATURAL SPRING SURVEY 

One natural spring was identified in the North Fork of Apache Canyon, within the 2010 Project 
Area. As a result, a water sample (Spring01) from the natural spring was sampled as part of the 
2010 Rule 608 Compliance Program. LTE was onsite on August 13, 2010 to collect field 
parameters and water samples from the natural spring. 

The location of the natural spring is presented on Figure 2 and a detailed spring location map is 
depicted on Figure 17.  

3.4.1  Field Observations 

The North Fork Apache Canyon natural spring was identified as a pooled area of water and was 
not flowing at the time of the fieldwork. As a result, flow rate readings were not collected. LTE 
field personnel did observe what appeared to be a pipe that was connected to the natural spring 
and a windmill platform. The pipe appeared to be filled in with sand to approximately one foot 
below the top of the well casing. 

LTE collected field parameters from the pooled water from the natural spring, which was 
documented in the field logbook. The 2010 field observations and measurements for the natural 
spring are summarized in Table 4. 

3.4.2  Sampling and Analysis 

Dissolved methane was detected in water from Spring01 at a concentration of 0.109 mg/L. This 
concentration is well below the 2 mg/L threshold used by the COGCC to identify water for 
further investigation of the origin of the methane in the water. 
 
By plotting the major anions (Cl, SO4, Br, and F) and major cations (Na, Ca, Mg, K, Fe) that are 
dissolved in the natural spring water sample on a Stiff diagram, the water type can be presented 
graphically. The water from Spring01 indicates it is predominately sodium and potassium 
bicarbonate. 

Laboratory analytical results for the natural spring sample are summarized in Table 5. A Stiff 
Diagram illustrating the water type is depicted on Figure 18. Natural spring analytical results are 
presented in Appendix F. 
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3.4.3  Subsurface Soil Gas Measurements 

During the 2010 natural spring sampling event, 13 subsurface soil gas measurements were 
collected at Spring01 using traditional subsurface soil-gas sampling techniques and the multi-gas 
meter. Subsurface methane was not detected in any of the subsurface soil gas probes at the 
measured natural spring. Figure 17 depicts subsurface soil gas probe locations around the natural 
spring. 
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SECTION 4.0 
 

CONCLUSIONS 

The 2010 Rule 608 Compliance Program met the requirements of subsections a, b, and c of the 
COGCC Rule 608. CBM production wells installed during 2010 were not in the vicinity of any 
P&A production wells or water wells where additional research and/or field activities were 
warranted. 

LTE identified, through previous investigations and a 2010 ground survey, six seep areas within 
the 2010 Project area. Detailed mapping in the six seep areas identified methane gas near all six 
seep areas. 

Gas samples were collected from the seep areas and due to low methane concentration and/or no 
methane concentration detected by Isotech, only one sample (Apogee ID 13) was analyzed for its 
methane isotopic composition of the carbon and hydrogen isotopes. The analytical result 
indicates the methane gas detected at seep area Apogee ID 13 appears to be biogenic in origin. 
The remaining seep locations have not been determined as to the origin of the methane that was 
detected.  

IR imagery was conducted along the Vermejo Formation within the Project Area. Field 
verification of suspect areas occurred within the 2010 Project Area and was limited to those 
areas where access was granted. No methane was detected in any of the subsurface points within 
the suspect areas. 

One natural spring was sampled for water quality analysis. The water type appears to be 
predominately sodium and potassium bicarbonate. Dissolved methane for the water sample 
Spring01 was detected at a concentration of 0.109 milligrams per liter (mg/L) which is below the 
2 mg/L threshold to analyze the gas composition and carbon and hydrogen isotopes of methane. 
In addition to collecting a water sample, subsurface soil gas measurements were collected around 
the natural spring. Methane was not detected at any of the measurement locations. 

LTE, at the direction of XTO, plans to continue conducting Rule 608 compliance activities in 
Las Animas County in accordance with the COGCC-approved Work Plan as XTO’s 
development activities expand. 
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TABLE 1
PROPERTY OWNER AND ACCESS INFORMATION

2010 COLORADO RULE 608 COMPLIANCE REPORT
LAS ANIMAS COUNTY, COLORADO

XTO ENERGY, INC.

PARCEL 
NUMBER OWNER NAME MAILING ADDRESS SECTION TOWNSHIP RANGE PERMISSION GRANTED

10136500 Mr. and Mrs. Arguello
P.O. Box 275, Boone
Colorado  81025 13 33S 68W Yes - 7/17/10

13200620 Bar Nothing Ranches LLC
6916 Broadacre Road
Avondale, Colorado  81022

8-9-17-19-20-
21-29 33S 68W

No - Access granted after field 
work completed

10586001 Mr. and Mrs. DeAngelis
209 Estrella Street, Trinidad
Colorado 81082 20-21 33S 68W Yes - 8/23/10

12284300
Ms. Lori and Eli Shalev / 
Ms. Michelle Garcia

8533 Highway 12, Weston
Colorado  21 33S 68W

No - Did not receive permission 
prior to field work

14032700
Ms. Barbara and Ms. 
Margaret Sisneros

1724 Cypress Street, Pueblo
Colorado 81004 21 33S 68W No - 8/28/10

14533403 Mr. John Toupal
360 South Monroe Street, Suite 400
Denver, Colorado  80209 29-32 33S 68W Yes - 8/24/10

14370304
Mr. Peter and Mrs. Jean A 
Vellejo

4255 South Park Bluff Drive, 
Anchorage 19 33S 68W Yes - 8/2/10

11071130 Mr. and Mrs. Weiler
6840 Crystal Springs, Bull Valley
Illinois  60012 28-29 33S 68W Yes - 8/31/10

PROPERTY ACCESS LOCATION



TABLE 2
METHANE FLUX DATA

2010 COLORADO RULE 608 COMPLIANCE REPORT
LAS ANIMAS COUNTY, COLORADO

XTO ENERGY, INC.

Number of Sample 
Points  with CH4*

Number of Sample
Points  with CH4 

above reporting 
limit**

Minimum**
(moles/m2·day)

Maximum**
(moles/m2·day)

Total Flux 
(MCFD)***

Number of Sample 
Points with CO2

Minimum***
(moles/m2·day)

Maximum***
(moles/m2·day)

Total Flux 
(MCFD)

Apogee ID L-99/623 78 14 4 0.20 0.39 0.07 68 0.066 3.32 24.14
Apogee IDs 33/L-100 
and 21/617 74 26 1 0.27 0.27 0.03 62 0.0005 8.55 11.04
Apogee ID 13 29 20 8 0.20 72 10.74 24 0.148 24.6 22.64
Apogee ID L-109 83 13 3 0.24 0.32 0.03 73 0.005 3.23 15.35
Apogee ID 14 94 25 16 0.21 0.35 0.56 81 0.021 3.32 22.87

Notes:

   CH4 - Methane

   CO2 - Carbon dioxide

   moles/m2·day - moles per meter squared per day

  MCFD - thousand cubic feet per day

  -- - No data available

  * - Points where flux values were above 0.000 moles/m2·day 

  ** - Only points where flux values were above the reporting limit of 0.2 moles/m2·day 

  *** - Volume includes only gridded values > 0.2 moles/m2·day 

Mapping Area

Total 
Number of 

Sample 
Points

Methane Flux Carbon Dioxide Flux



TABLE 3
GAS COMPOSISITON AND ISOTOPIC ANALYSIS

2010 COLORADO RULE 608 COMPLIANCE REPORT
LAS ANIMAS COUNTY, COLORADO

XTO ENERGY, INC. 

Sample Sample He H2 Ar O2 CO2 N2 CO C1 C2 C2H4 C3 iC4 nC4 iC5 nC5 C6+ δ13C1 δDC1 Specific BTU
Name Date (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (‰) (‰) Gravity

Apogee ID 13  8/10/2010 0 0 0.460 1.83 3.66 28.24 0 65.81 0.0038 0 0 0 0 0 0 0 -64.65 -264.8 0.72 667
Apogee ID L-109  8/11/2010 0 0 0.935 20.62 0.35 78.1 0 0 0 0 0 0 0 0 0 0 NA NA 1.001 0

Apogee ID 14  8/12/2010 0 0 0.935 20.94 0.16 77.96 0 0.0036 0 0 0 0 0 0 0 0 NA NA 1.001 0
Apgee ID 623/L-99  8/13/2010 0 0 0.933 20.07 1.05 77.95 0 0 0 0 0 0 0 0 0 0 NA NA 1.005 0
Apogee ID L-100  8/13/2010 0 0 0.931 20.95 0.072 78.05 0 0 0 0 0 0 0 0 0 0 NA NA 1.000 0

Notes:
He - Helium CO - Carbon Monoxide nC4 - Butane % - percent
H2 - Hydrogen C1 - Methane iC5 - Isopentane ‰ - per milion
Ar - Argon C2 - Ethane nC5 - Pentane BTU - British Thermal Units (At 60 degrees Fahrenheit and 14.7 psia)
O2 - Oxygen C2H4 - Ethylene C6+ - Hexanes + NA - Not analyzed due to insufficient concentration for analysis
CO2 - Carbon Dioxide C3 - Propane δ13C1 - Carbon isotope of Methane
N2 - Nitrogen iC4 - Isobutane δDC1 - Hydrogen isotope of Methane



TABLE 4
NATURAL SPRING FIELD OBSERVATIONS AND MEASUREMENTS

2010 COLORADO RULE 608 COMPLIANCE REPORT
LAS ANIMAS COUNTY, COLORADO

XTO ENERGY, INC.

Spring01
North Fork Apache 
Canyon

No methane detected with 4-
gas meter on 9/7/10

8/13/2010 381 9.2 140.5 22.4 10.25 247 NM

Notes:
  Blank cells indicate no measurement.  ⁰C - degrees celsius
  µS/cm - microSiemens per centimeter  TDS - total dissolved solids
  ORP - oxidation reduction potential  ppm - parts per million
  mV - millivolts  NM - Not Measured
  mg/L - milligrams per liter  DO - dissolved oxygen

pH
(Units)

Temperature 
(⁰C)Natural Spring Location

ORP
(mV)

TDS
(mg/L)

2010 Field Observations / 
Notes

Inspection 
Date

Specific 
Electrical 

Conductance 
(µS/cm)

FLOW RATES 
(Gallons/Minute)

DO
(mg/L)

Page 1 of 1



TABLE 5
NATURAL SPRING ANALYTICAL RESULTS 

2010 COLORADO RULE 608 COMPLIANCE REPORT
LAS ANIMAS COUNTY, COLORADO

XTO ENGERGY, INC.

Natural Spring Location Sample Date

Calcium
(mg/L)

Magnesium
(mg/L)

Sodium
(mg/L)

Potassium
(mg/L)

Manganese 
(mg/L)

Selenium 
(mg/L)

Carbonat
e

(mg/L)
Bicarbonate

(mg/L)
TDS

(mg/L) SAR

Specific 
Conductivity 
(umhos/cm) pH

Spring01
North Fork Apache 
Canyon 8/13/2010 3.4 0.652 97.7 1.41 0.021 <0.00080 <5.0 205 280 11.4 364 10.13

Natural Spring Location Sample Date

Sulfate
(mg/L)

Chloride
(mg/L)

Bromide 
(mg/L)

Fluoride 
(mg/L)

Hydrogen 
Sulfide 
(mg/L)

Nitrogen as 
Nitrate 
(mg/L)

Nitrogen 
as Nitrite 
(mg/L)

Iron 
Reducing 
Bacteria 
(cfu/ml)

Slime 
Forming 
Bacteria 
(cfu/ml)

Sulfate 
Reducing 
Bacteria
(cfu/ml)

Dissolved 
Methane
(mg/L)

Spring01
North Fork Apache 
Canyon 8/13/2010 2.9 3.3 <0.20 0.74 <0.50 <0.23 <0.061 500 >350,000 700,000 0.109

Notes:
  mg/L - milligrams per liter
TDS - Total dissolved solids
SAR - Sodium adsorption ratio
umhos/cm - Microohms per centimeter
cfu/ml - Coliform units per milliliter 
  < - less than the laboratory reporting limit
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Introduction 
Apogee Scientific, Inc. (ASI) conducted a ground methane survey of selected areas in 

the Raton Basin for LT Environmental, Inc. in order to help locate methane gas seeps in the 

area.  The one day survey was conducted on June 15, 2010 using a 4-wheel drive vehicle 

equipped with an infrared-based gas detector developed by ASI.  This gas detector was 

designed to find leaks in natural gas pipelines, and is referred to as the Apogee Leak 

Detection System (LDS).   The LDS is a three-channel instrument capable of measuring 

methane (CH4), total hydrocarbons (HC) and carbon dioxide (CO2) at sub part per million 

(PPM) concentrations and a speed of 10 samples per second.  The vehicle was also equipped 

with a Global Positioning System (GPS) based navigation system and a wind speed and wind 

direction sensor. Additional information on the LDS is available at 

http://apogee-sci.com/LDS.html. 

The LDS was mounted in the rear of the survey vehicle.  Ambient air was collected at 

the front of the vehicle at a height of approximately 1 feet above the ground, passed through a 

filter to remove particles and other debris from the air stream, and was carried to the LDS 

through 2 inch diameter pipe.  The delay time between gas entering the entrance of the 

collection system and being detected by the LDS was approximately 1 second. 

The survey vehicle was driven on all public roads on the survey area (Figure 1).  Any 

increase in ambient methane concentration above the local background was investigated.  If 

an obvious cause for the methane anomaly was found, such as an upwind gas well, cow 

pasture or swamp, the anomaly was tagged as such. 

The survey vehicle was stopped at approximately 30 minute intervals to allow 

collection of wind speed and direction data.  These measurements were made in flat, open 

areas. 

A total of 3 methane anomalies were identified that appear to be either methane seeps or 

venting from coal mines.  All three anomalies were also detected in the 2001 or 2007 surveys 

conducted by ASI.  It is interesting to note that the peak methane concentration measured at 

these methane seep locations is lower than what was measured in 2007 which were lower than 

those measured on 2001.  The cause of the apparent downward trend in methane 

concentrations is unknown. 

 



 

Figure 1.  The roads driven by the survey vehicle for this survey (red lines), the route driven 

during the 2007 survey (blue lines) and the locations of the methane seeps (green dots). 



 

Table 1.  Supplemental Data 

Filename Description 

Seeps.ZIP A ZIP file containing an ESRI shapefile of the potential methane seep locations.  

Seeps.xls An EXCEL spreadsheet containing information about the potential methane seep 

locations. 

WindData.ZIP A ZIP file containing an ESRI shapefile of the wind speed and direction data.  The wind 

speed is in units of miles per hour and wind direction is in degrees. 

WindData.xls An EXCEL spreadsheet containing wind speed and direction data. 

Track.ZIP A ZIP file containing an ESRI shapefile of the path driven by the survey vehicle. 

Note:  All shapefiles use the WGS84 geographic coordinate system with units of degrees 

(European Petroleum Survey Group (espg) code: 4326) 
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ContourGp AreaAbbrevSitePt Easting Northing CH4flux CO2flux H2Sflux Date

Seep13 13 RB81010_203164487 1174580 0 2.557399 0.001567 8/10/2010

Seep13 13 RB81010_213164489 1174536 0.311927 0 0.002351 8/10/2010

Seep13 13 RB81010_223164438 1174530 0.071059 1.82715 0.00209 8/10/2010

Seep13 13 RB81010_233164437 1174585 0.152306 0.306441 0.002351 8/10/2010

Seep13 13 RB81010_243164438 1174639 0.027971 0.148482 0.001568 8/10/2010

Seep13 13 RB81010_253164481 1174640 0.041417 1.094559 0 8/10/2010

Seep13 13 RB81010_263164534 1174636 0.06999 0 0 8/10/2010

Seep13 13 RB81010_273164543 1174585 0.045527 2.246688 0.001561 8/10/2010

Seep13 13 RB81010_283164535 1174534 0.042421 0 0 8/10/2010

Seep13 13 RB81010_293164531 1174489 0.089527 1.258584 0.003123 8/10/2010

Seep13 13 RB81010_303164484 1174494 0.201147 0.445772 0.003405 8/10/2010

Seep13 13 RB81010_313164436 1174487 0 0.701382 0.000781 8/10/2010

Seep13 13 RB81010_323164381 1174488 0 0.703884 0.002611 8/10/2010

Seep13 13 RB81010_333164385 1174527 72.02421 24.59946 0.001566 8/10/2010

Seep13 13 RB81010_343164383 1174532 0 6.649914 0.001305 8/10/2010

Seep13 13 RB81010_353164337 1174535 0.897212 5.783531 0.000778 8/10/2010

Seep13 13 RB81010_363164281 1174536 0.897098 5.782794 0.000778 8/10/2010

Seep13 13 RB81010_373164285 1174485 0 0.230271 0.002573 8/10/2010

Seep13 13 RB81010_383164337 1174484 0.130684 2.813573 0.00283 8/10/2010

Seep13 13 RB81010_393164394 1174483 0.209484 1.167345 0.002316 8/10/2010

Seep13 13 RB81010_403164434 1174439 0 0.504151 0.002572 8/10/2010

Seep13 13 RB81010_413164392 1174440 0.032296 0 0.000513 8/10/2010

Seep13 13 RB81010_423164337 1174431 0.052046 2.724874 0.001795 8/10/2010

Seep13 13 RB81010_433164390 1174584 2.748205 0.886328 0.001538 8/10/2010

Seep13 13 RB81010_443164385 1174635 0 2.574376 0.001538 8/10/2010

Seep13 13 RB81010_453164330 1174633 0.12611 2.259213 0.001538 8/10/2010

Seep13 13 RB81010_463164335 1174587 0.764606 3.372416 0.001794 8/10/2010

Seep13 13 RB81010_473164286 1174588 0 0 0.000511 8/10/2010

Seep13 13 RB81010_483164286 1174627 0 1.022089 0.000766 8/10/2010

Seep14 14 RB81010_1323156497 1168977 0.19634 0.280522 0.001008 8/11/2010

Seep14 14 RB81010_1333156492 1168970 0 0.143159 0.000252 8/11/2010

Seep14 14 RB81010_1343156442 1168972 0.139863 1.390097 0.001004 8/11/2010

Seep14 14 RB81010_1353156388 1168963 0 0 0.001757 8/11/2010

Seep14 14 RB81010_1363156398 1168924 0.207446 0.764816 0.000753 8/11/2010

Seep14 14 RB81010_1373156442 1168927 0.233092 0.098606 0 8/11/2010

Seep14 14 RB81010_1383156497 1168919 0 0 0 8/11/2010

Seep14 14 RB81010_1393156492 1169022 0 0.117609 0.0005 8/11/2010

Seep14 14 RB81010_1403156486 1169053 0.259107 0.792578 0.00025 8/11/2010

Seep14 14 RB81010_1413156498 1169066 0.176323 0.162067 0 8/11/2010

Seep14 14 RB81010_1423156445 1169069 0.304258 2.299559 0.0005 8/11/2010

Seep14 14 RB81010_1433156393 1169070 0.23801 0.618375 0 8/11/2010

Seep14 14 RB81010_1443156337 1169063 0 0.095641 0 8/11/2010

Seep14 14 RB81010_1453156348 1169012 0.224599 0.267878 0.000995 8/11/2010

Seep14 14 RB81010_1463156401 1169015 0.304297 0.592618 0 8/11/2010

Seep14 14 RB81010_1473156446 1169018 0.245095 0.05156 0 8/11/2010

Seep14 14 RB81010_1483156347 1168967 0.255307 0.103368 0 8/11/2010

Seep14 14 RB81010_1493156367 1168910 0.304598 0.458141 0 8/11/2010

Seep14 14 RB81010_1503156388 1168766 0.312107 0 0.000495 8/11/2010

Seep14 14 RB81010_1513156391 1168809 0 0.115494 0 8/11/2010

Seep14 14 RB81010_1523156394 1168856 0 1.587274 0.000743 8/11/2010

Seep14 14 RB81010_1533156436 1168864 0.151354 0.156301 0.000989 8/11/2010
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Seep14 14 RB81010_1543156485 1168863 0 0.527336 0.000495 8/11/2010

Seep14 14 RB81010_1553156483 1168814 0 0.620825 0.000247 8/11/2010

Seep14 14 RB81010_1563156493 1168756 0 0.458352 0 8/11/2010

Seep14 14 RB81010_1573156436 1168765 0 0.884405 0.001973 8/11/2010

Seep14 14 RB81010_1583156435 1168813 0 1.02741 0.001479 8/11/2010

Seep14 14 RB81010_1593156343 1168761 0 0.549232 0 8/12/2010

Seep14 14 RB81010_1603156340 1168806 0 0 0.000254 8/12/2010

Seep14 14 RB81010_1613156341 1168865 0 0.206394 0.000256 8/12/2010

Seep14 14 RB81010_1623156290 1168856 0 0.073898 0.000254 8/12/2010

Seep14 14 RB81010_1633156292 1168912 0 0.242708 0.000508 8/12/2010

Seep14 14 RB81010_1643156292 1168960 0 0.148735 0.000508 8/12/2010

Seep14 14 RB81010_1653156293 1169013 0 0.557518 0.000254 8/12/2010

Seep14 14 RB81010_1663156297 1169061 0 0.292862 0.000254 8/12/2010

Seep14 14 RB81010_1673156292 1169101 0 0.091361 0 8/12/2010

Seep14 14 RB81010_1683156345 1169110 0 0.766063 0.000507 8/12/2010

Seep14 14 RB81010_1693156388 1169109 0 1.130952 0.000507 8/12/2010

Seep14 14 RB81010_1703156440 1169104 0 1.259548 0.000508 8/12/2010

Seep14 14 RB81010_1713156488 1169109 0 0.375367 0.000507 8/12/2010

Seep14 14 RB81010_1723156537 1169106 0 0.249706 0.000507 8/12/2010

Seep14 14 RB81010_1733156542 1169063 0 0.255055 0.00051 8/12/2010

Seep14 14 RB81010_1743156536 1169002 0 0.233739 0.000254 8/12/2010

Seep14 14 RB81010_1753156538 1168961 0 0.052738 0.000254 8/12/2010

Seep14 14 RB81010_1763156544 1168905 0 0.235129 0 8/12/2010

Seep14 14 RB81010_1773156542 1168856 0 0.268575 0.000254 8/12/2010

Seep14 14 RB81010_1783156546 1168806 0 0.854658 0 8/12/2010

Seep14 14 RB81010_1793156542 1168757 0 0.749132 0.000254 8/12/2010

Seep14 14 RB81010_1803156544 1168706 0 0.336535 0.000763 8/12/2010

Seep14 14 RB81010_1813156491 1168709 0 0.768559 0.000254 8/12/2010

Seep14 14 RB81010_1823156435 1168710 0 0.59938 0.000509 8/12/2010

Seep14 14 RB81010_1833156392 1168705 0 0.406233 0.000763 8/12/2010

Seep14 14 RB81010_1843156341 1168706 0 0.09534 0.001525 8/12/2010

Seep14 14 RB81010_1853156291 1168704 0 0.833187 0 8/12/2010

Seep14 14 RB81010_1863156289 1168765 0 0 0 8/12/2010

Seep14 14 RB81010_1873156293 1168812 0 0.597002 0.000254 8/12/2010

Seep14 14 RB81010_1883156599 1168696 0 0.482749 0.000508 8/12/2010

Seep14 14 RB81010_1893156589 1168769 0 0.332547 0.000508 8/12/2010

Seep14 14 RB81010_1903156597 1168808 0 0.618983 0.000254 8/12/2010

Seep14 14 RB81010_1913156595 1168857 0 0 0 8/12/2010

Seep14 14 RB81010_1923156592 1168912 0 0.444995 0 8/12/2010

Seep14 14 RB81010_1933156593 1168965 0 0.150649 0 8/12/2010

Seep14 14 RB81010_1943156592 1169010 0.312614 1.394502 0 8/12/2010

Seep14 14 RB81010_1953156644 1168962 0 2.464259 0 8/12/2010

Seep14 14 RB81010_1963156649 1169025 0.220072 0 0 8/12/2010

Seep14 14 RB81010_1973156650 1169063 0.187977 0.425502 0 8/12/2010

Seep14 14 RB81010_1983156661 1169110 0 0.385403 0 8/12/2010

Seep14 14 RB81010_1993156600 1169058 0 0.847172 0 8/12/2010

Seep14 14 RB81010_2003156595 1169119 0.063324 0.197376 0.000255 8/12/2010

Seep14 14 RB81010_2013156592 1169165 0.332999 0.056393 0.00051 8/12/2010

Seep14 14 RB81010_2023156546 1169155 0 1.555273 0 8/12/2010

Seep14 14 RB81010_2033156536 1169204 0.250574 0 0.00051 8/12/2010

Seep14 14 RB81010_2043156614 1169215 0.345203 0 0.00051 8/12/2010

Seep14 14 RB81010_2053156602 1169263 0 0.069389 0 8/12/2010
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Seep14 14 RB81010_2063156547 1169272 0 0.454363 0.000765 8/12/2010

Seep14 14 RB81010_2073156644 1169275 0 0 0.001529 8/12/2010

Seep14 14 RB81010_2083156656 1169212 0 0 0 8/12/2010

Seep14 14 RB81010_2093156714 1169209 0 0.020666 0 8/12/2010

Seep14 14 RB81010_2103156709 1169275 0.047966 0.435777 0.000765 8/12/2010

Seep14 14 RB81010_2113156707 1169330 0 1.407164 0.001276 8/12/2010

Seep14 14 RB81010_2123156649 1169329 0 0.848153 0.00051 8/12/2010

Seep14 14 RB81010_2133156588 1169340 0 1.696411 0.00102 8/12/2010

Seep14 14 RB81010_2143156549 1169343 0 1.074759 0.002293 8/12/2010

Seep14 14 RB81010_2153156496 1169340 0.15737 0.936833 0.000764 8/12/2010

Seep14 14 RB81010_2163156495 1169280 0 0.636975 0.001025 8/12/2010

Seep14 14 RB81010_2173156491 1169209 0 1.590772 0.000769 8/12/2010

Seep14 14 RB81010_2183156487 1169158 0 0 0.000769 8/12/2010

Seep14 14 RB81010_2193156638 1169164 0 0.054625 0.001026 8/12/2010

Seep14 14 RB81010_2203156689 1169160 0 0.345469 0.001541 8/12/2010

Seep14 14 RB81010_2213156742 1169158 0 0 0.003082 8/12/2010

Seep14 14 RB81010_2223156741 1169119 0 0.596467 0 8/12/2010

Seep14 14 RB81010_2233156693 1169110 0.038805 0.0938 0.001542 8/12/2010

Seep14 14 RB81010_2243156691 1169060 0 0.33064 0.001035 8/12/2010

Seep14 14 RB81010_2253156746 1169060 0 0.155438 0.000768 8/12/2010

L100etal L-100, 21, 33, & 617RB81010_173165837 1179423 0 0.513346 0.001047 8/10/2010

L100etal L-100, 21, 33, & 617RB81010_183165843 1179460 0 8.546516 0.000262 8/10/2010

L100etal L-100, 21, 33, & 617RB81010_193165895 1179458 0 0.052624 0.001833 8/10/2010

L100etal L-100, 21, 33, & 617RB81010_2893165943 1179454 0.197043 0.007186 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2903165948 1179505 0.272442 0.061392 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2913165904 1179510 0.142953 0.584953 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2923165888 1179545 0 0 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2933165843 1179553 0.163658 0.209694 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2943165791 1179541 0 0.736718 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2953165740 1179549 0 1.371719 0.000689 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2963165782 1179507 0 0.013521 0.000229 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2973165837 1179499 0.198003 0.105647 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2983165794 1179465 0.125794 1.064182 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_2993165744 1179499 0.175681 0 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3003165749 1179426 0 0.416834 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3013165775 1179404 0 0.767524 0.001608 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3023165841 1179402 0.034873 0.118067 0.000228 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3033165897 1179394 0 0.124372 0.000228 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3043165946 1179388 0 0.478056 0.000228 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3053165998 1179452 0 0 0.000455 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3063165998 1179510 0 0.274072 0 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3073166003 1179558 0 0.929575 0.000454 8/13/2010

L100etal L-100, 21, 33, & 617RB81010_3083165947 1179550 0 0 0.000227 8/13/2010

L100etal L-100, 21, 33, & 617RB90810_1003165653 1179422 0 0.091029 0 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1013165608 1179361 0.04707 0.170838 0.000478 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1023165502 1179447 0.010154 0.286904 0.000945 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1033165549 1179443 0 0.464545 0.000471 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1043165591 1179459 0 0.534382 0.000705 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1053165430 1179470 0 0.97714 0.000942 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1063165388 1179472 0 1.234131 0.000703 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1073165343 1179469 0.020594 0.60894 0.000468 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1083165292 1179461 0.010047 0.300945 0.000935 9/9/2010
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L100etal L-100, 21, 33, & 617RB90810_1093165234 1179456 0.104975 0.376512 0.000233 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1103165234 1179424 0 0 0.000698 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1113165194 1179457 0.00791 0.187972 0.000698 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1123165187 1179517 0.055969 0.244779 0.000697 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1133165140 1179517 0 0.175745 0.000464 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1143165088 1179518 0 0.217957 0.000464 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1153165088 1179461 0 0.419949 0.000232 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_1163165131 1179458 0 0.10864 0.000699 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_883165253 1179524 0 0.00149 0 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_893165296 1179516 0 0.009896 0.000495 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_903165350 1179518 0 0.357001 0.000247 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_913165400 1179511 0 0.520871 0.000738 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_923165451 1179508 0 0.321282 0.000983 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_933165503 1179513 0 0.39736 0.000735 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_943165546 1179502 0 0.637627 0.000492 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_953165599 1179499 0 0.84282 0.001463 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_963165658 1179500 0.044437 0.076976 0 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_973165706 1179492 0.034784 0.17537 0 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_983165714 1179441 0 1.452994 0.000482 9/9/2010

L100etal L-100, 21, 33, & 617RB90810_993165691 1179418 0.054055 0.035556 0.00024 9/9/2010

L100etal L-100, 21, 33, & 617RB9810_65 3165746 1179570 0 0.035297 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_66 3165694 1179570 0 0.005455 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_67 3165642 1179570 0 0.000473 0.000473 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_68 3165592 1179570 0 0 0.000473 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_69 3165540 1179573 0 0.033535 0.000236 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_70 3165538 1179616 0 0.139584 0.000472 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_71 3165501 1179569 0 0.088327 0.000471 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_72 3165453 1179562 0.174197 0 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_73 3165404 1179562 0 0.026527 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_74 3165357 1179570 0 0 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_75 3165295 1179570 0.16787 0.164343 0.000235 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_76 3165264 1179570 0 0 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_77 3165215 1179564 0.040648 0.156014 0.00047 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_78 3165161 1179577 0 0.048891 0.000235 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_79 3165118 1179567 0 0 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_80 3165097 1179614 0 0.071364 0.00047 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_81 3165148 1179618 0.040364 0 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_82 3165196 1179614 0.066345 0.094711 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_83 3165248 1179620 0 0 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_84 3165300 1179618 0.069696 0.039993 0.000234 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_85 3165359 1179619 0.085767 0.01075 0 9/8/2010

L100etal L-100, 21, 33, & 617RB9810_86 3165412 1179605 0.145267 0.016582 0 9/8/2010

L109 L-109 RB81010_1003161388 1173133 0 0.779938 0.002842 8/11/2010

L109 L-109 RB81010_1013161430 1173182 0 0.899494 0 8/11/2010

L109 L-109 RB81010_1023161446 1173231 0 0.672897 0 8/11/2010

L109 L-109 RB81010_1033161473 1173322 0.316769 0.418569 0.001034 8/11/2010

L109 L-109 RB81010_1043161514 1173325 0 0 0.001292 8/11/2010

L109 L-109 RB81010_1053161517 1173280 0 0.212154 0.002326 8/11/2010

L109 L-109 RB81010_1063161475 1173281 0 0.320115 0.004654 8/11/2010

L109 L-109 RB81010_1073161420 1173271 0 0.122181 0.000775 8/11/2010

L109 L-109 RB81010_1083161416 1173322 0 0.442953 0 8/11/2010

L109 L-109 RB81010_1093161414 1173369 0 0.617961 0.001032 8/11/2010
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L109 L-109 RB81010_1103161461 1173371 0 0.530786 0.000774 8/11/2010

L109 L-109 RB81010_1113161517 1173373 0 0.323258 0.002836 8/11/2010

L109 L-109 RB81010_1123161284 1173226 0 0.219859 0.001289 8/11/2010

L109 L-109 RB81010_1133161292 1173188 0 0.360267 0.004378 8/11/2010

L109 L-109 RB81010_1143161286 1173131 0 0.215542 0.00412 8/11/2010

L109 L-109 RB81010_1153161294 1173086 0 0.83764 0.001805 8/11/2010

L109 L-109 RB81010_1163161293 1173029 0 0.518347 0.000778 8/11/2010

L109 L-109 RB81010_1173161287 1172988 0 0.369049 0.006701 8/11/2010

L109 L-109 RB81010_1183161292 1172931 0.252626 0.531803 0.001804 8/11/2010

L109 L-109 RB81010_1193161299 1172871 0 0.687246 0 8/11/2010

L109 L-109 RB81010_1203161287 1172840 0 0 0.000516 8/11/2010

L109 L-109 RB81010_1213161286 1172793 0 0.143179 0 8/11/2010

L109 L-109 RB81010_1223161433 1173139 0 0.125139 0.000513 8/11/2010

L109 L-109 RB81010_1233161485 1173136 0 0 0 8/11/2010

L109 L-109 RB81010_1243161535 1173146 0 0 0 8/11/2010

L109 L-109 RB81010_1253161594 1173142 0 0.035891 0 8/11/2010

L109 L-109 RB81010_1263161583 1173193 0 0.004615 0.000513 8/11/2010

L109 L-109 RB81010_1273161535 1173192 0 0 0 8/11/2010

L109 L-109 RB81010_1283161478 1173187 0 0.204042 0.002307 8/11/2010

L109 L-109 RB81010_1293161480 1173231 0 0.099714 0.001282 8/11/2010

L109 L-109 RB81010_1303161533 1173229 0 0.123778 0.004357 8/11/2010

L109 L-109 RB81010_1313161601 1173240 0 0.158118 0.001281 8/11/2010

L109 L-109 RB81010_493161476 1172986 0 0.718903 0.001764 8/10/2010

L109 L-109 RB81010_503161484 1173038 0 0.282975 0.001512 8/10/2010

L109 L-109 RB81010_513161429 1173036 0 0.430117 0.001006 8/10/2010

L109 L-109 RB81010_523161431 1172985 0.087566 0.322082 0.000755 8/10/2010

L109 L-109 RB81010_533161432 1172935 0 0.097296 0.001003 8/10/2010

L109 L-109 RB81010_543161478 1172934 0 3.229312 0.001767 8/10/2010

L109 L-109 RB81010_553161533 1172934 0.048397 0 0.001003 8/10/2010

L109 L-109 RB81010_563161530 1172984 0.037368 0.438138 0.001505 8/10/2010

L109 L-109 RB81010_573161536 1173040 0 0 0.001515 8/10/2010

L109 L-109 RB81010_583161533 1173086 0 0 0.001003 8/10/2010

L109 L-109 RB81010_593161490 1173081 0 0.246061 0.000752 8/10/2010

L109 L-109 RB81010_603161432 1173083 0 0.246563 0.001003 8/10/2010

L109 L-109 RB81010_613161383 1173072 0 0.239289 0.001254 8/10/2010

L109 L-109 RB81010_623161392 1173032 0 0.140087 0.000752 8/10/2010

L109 L-109 RB81010_633161393 1172983 0 0.274049 0.001003 8/10/2010

L109 L-109 RB81010_643161390 1172929 0 0.208939 0.000752 8/10/2010

L109 L-109 RB81010_653161392 1172882 0 0.432064 0.000752 8/10/2010

L109 L-109 RB81010_663161446 1172878 0 0.929314 0.000752 8/10/2010

L109 L-109 RB81010_673161494 1172876 0 1.48358 0.001003 8/10/2010

L109 L-109 RB81010_683161539 1172880 0.06482 0.059584 0.001247 8/10/2010

L109 L-109 RB81010_693161587 1172882 0 0.803355 0.000997 8/10/2010

L109 L-109 RB81010_703161592 1172831 0 1.611906 0.000747 8/10/2010

L109 L-109 RB81010_713161535 1172830 0 0.579469 0.000996 8/10/2010

L109 L-109 RB81010_723161486 1172825 0.034627 0.271536 0.000498 8/10/2010

L109 L-109 RB81010_733161439 1172829 0 1.087918 0.000498 8/10/2010

L109 L-109 RB81010_743161382 1172829 0 0.442515 0.000502 8/10/2010

L109 L-109 RB81010_753161591 1173085 0 0.386485 0 8/11/2010

L109 L-109 RB81010_763161593 1173032 0 0 0 8/11/2010

L109 L-109 RB81010_773161589 1172986 0.035599 0.234228 0 8/11/2010

L109 L-109 RB81010_783161587 1172923 0 0.151958 0 8/11/2010
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L109 L-109 RB81010_793161634 1172886 0 0.34334 0 8/11/2010

L109 L-109 RB81010_803161645 1172936 0 0.245359 0 8/11/2010

L109 L-109 RB81010_813161637 1172831 0.033505 0.819324 0 8/11/2010

L109 L-109 RB81010_823161627 1172775 0 0.475269 0 8/11/2010

L109 L-109 RB81010_833161591 1172784 0 1.799472 0.000258 8/11/2010

L109 L-109 RB81010_843161534 1172781 0 0.341536 0.000258 8/11/2010

L109 L-109 RB81010_853161492 1172791 0 0.180692 0.000258 8/11/2010

L109 L-109 RB81010_863161437 1172776 0.040242 1.135026 0 8/11/2010

L109 L-109 RB81010_873161392 1172783 0 0.363539 0 8/11/2010

L109 L-109 RB81010_883161339 1172791 0.035323 0.471569 0 8/11/2010

L109 L-109 RB81010_893161349 1172835 0 0.984919 0 8/11/2010

L109 L-109 RB81010_903161336 1172883 0 2.67883 0.000517 8/11/2010

L109 L-109 RB81010_913161341 1172932 0 1.864164 0.000258 8/11/2010

L109 L-109 RB81010_923161337 1172981 0.030751 0.653 0.000258 8/11/2010

L109 L-109 RB81010_933161339 1173037 0 1.023297 0.00155 8/11/2010

L109 L-109 RB81010_943161338 1173086 0.237508 0.367246 0.001034 8/11/2010

L109 L-109 RB81010_953161338 1173130 0 0.68977 0.001808 8/11/2010

L109 L-109 RB81010_963161337 1173187 0 0.650692 0.001549 8/11/2010

L109 L-109 RB81010_973161330 1173235 0 0.562684 0.000258 8/11/2010

L109 L-109 RB81010_983161389 1173232 0 0 0.002838 8/11/2010

L109 L-109 RB81010_993161390 1173185 0 0.967775 0.000775 8/11/2010

L99etal L-99 & 623 RB81010_1 3160075 1184341 0 0.350178 0 8/10/2010

L99etal L-99 & 623 RB81010_103160082 1184229 0.045682 0.479402 0 8/10/2010

L99etal L-99 & 623 RB81010_113160022 1184228 0 0.815407 0.000521 8/10/2010

L99etal L-99 & 623 RB81010_123160028 1184279 0 0.944762 0 8/10/2010

L99etal L-99 & 623 RB81010_133160023 1184331 0 0.240255 0 8/10/2010

L99etal L-99 & 623 RB81010_143160032 1184179 0 0.703036 0.000521 8/10/2010

L99etal L-99 & 623 RB81010_153160087 1184182 0 0 0.000261 8/10/2010

L99etal L-99 & 623 RB81010_163160126 1184172 0 1.342687 0 8/10/2010

L99etal L-99 & 623 RB81010_2 3160072 1184281 0 1.668572 0 8/10/2010

L99etal L-99 & 623 RB81010_2263159974 1184531 0 0.559679 0 8/12/2010

L99etal L-99 & 623 RB81010_2273160030 1184525 0.08077 1.286427 0 8/12/2010

L99etal L-99 & 623 RB81010_2283160072 1184527 0 0.382007 0.000256 8/12/2010

L99etal L-99 & 623 RB81010_2293160129 1184519 0 0.543387 0 8/12/2010

L99etal L-99 & 623 RB81010_2303160181 1184531 0 0.845994 0.000768 8/12/2010

L99etal L-99 & 623 RB81010_2313160224 1184483 0 0.846327 0.000768 8/12/2010

L99etal L-99 & 623 RB81010_2323160179 1184482 0 2.141222 0.000256 8/12/2010

L99etal L-99 & 623 RB81010_2333160133 1184480 0 0.554799 0 8/12/2010

L99etal L-99 & 623 RB81010_2343160078 1184482 0 0.992386 0.000509 8/12/2010

L99etal L-99 & 623 RB81010_2353160024 1184479 0 1.253366 0.000254 8/12/2010

L99etal L-99 & 623 RB81010_2363159982 1184482 0 0 0 8/12/2010

L99etal L-99 & 623 RB81010_2373159987 1184438 0 0.082487 0 8/12/2010

L99etal L-99 & 623 RB81010_2383160027 1184421 0 1.929419 0.001273 8/12/2010

L99etal L-99 & 623 RB81010_2393160078 1184431 0.165367 0.507225 0.000253 8/12/2010

L99etal L-99 & 623 RB81010_2403160130 1184424 0.189902 0.673749 0 8/12/2010

L99etal L-99 & 623 RB81010_2413160178 1184420 0.188591 0.979815 0 8/12/2010

L99etal L-99 & 623 RB81010_2423160227 1184425 0 0.639246 0 8/12/2010

L99etal L-99 & 623 RB81010_2433160270 1184420 0 0.559794 0.000508 8/12/2010

L99etal L-99 & 623 RB81010_2443160228 1184370 0 0.586167 0.00025 8/12/2010

L99etal L-99 & 623 RB81010_2453160165 1184378 0.214562 0.573421 0.000251 8/12/2010

L99etal L-99 & 623 RB81010_2463160212 1184314 0.16295 0.937839 0 8/12/2010

L99etal L-99 & 623 RB81010_2473160225 1184326 0.393488 2.02537 0.000251 8/12/2010

Page 6



_6_qsExport2SurferByArea

L99etal L-99 & 623 RB81010_2483160276 1184374 0.202627 0.841066 0 8/12/2010

L99etal L-99 & 623 RB81010_2493160274 1184333 0 1.119972 0.000751 8/12/2010

L99etal L-99 & 623 RB81010_2503160279 1184282 0.191209 0.775096 0 8/12/2010

L99etal L-99 & 623 RB81010_2513160230 1184278 0.194287 0.373552 0 8/12/2010

L99etal L-99 & 623 RB81010_2523160178 1184286 0 0.816626 0.000501 8/12/2010

L99etal L-99 & 623 RB81010_2533160228 1184227 0 0.666076 0.00025 8/12/2010

L99etal L-99 & 623 RB81010_2543160285 1184229 0 0 0 8/12/2010

L99etal L-99 & 623 RB81010_2553160282 1184171 0 0.299808 0 8/12/2010

L99etal L-99 & 623 RB81010_2563160227 1184182 0.275601 1.238955 0 8/12/2010

L99etal L-99 & 623 RB81010_2573160067 1184355 0 0.120536 0 8/12/2010

L99etal L-99 & 623 RB81010_2583160186 1184232 0 0.555816 0 8/12/2010

L99etal L-99 & 623 RB81010_2593160194 1184130 0 3.316288 0.000249 8/12/2010

L99etal L-99 & 623 RB81010_2603160237 1184126 0 0 0.00025 8/12/2010

L99etal L-99 & 623 RB81010_2613160281 1184127 0 0.400574 0.000499 8/12/2010

L99etal L-99 & 623 RB81010_2623160283 1184083 0 3.207006 0.000999 8/12/2010

L99etal L-99 & 623 RB81010_2633160277 1184044 0 0 0.00025 8/12/2010

L99etal L-99 & 623 RB81010_2643160132 1184133 0 1.554299 0.0005 8/12/2010

L99etal L-99 & 623 RB81010_2653160076 1184124 0 0.367157 0 8/12/2010

L99etal L-99 & 623 RB81010_2663160023 1184134 0 1.034933 0.00075 8/12/2010

L99etal L-99 & 623 RB81010_2673160029 1184085 0 0.640165 0.000248 8/12/2010

L99etal L-99 & 623 RB81010_2683160081 1184076 0 0 0 8/12/2010

L99etal L-99 & 623 RB81010_2703160181 1184078 0 0.123973 0 8/13/2010

L99etal L-99 & 623 RB81010_2713160228 1184082 0 1.77426 0.000242 8/13/2010

L99etal L-99 & 623 RB81010_2723160224 1184031 0 0.725471 0.000958 8/13/2010

L99etal L-99 & 623 RB81010_2733160177 1184034 0 0.677042 0.000961 8/13/2010

L99etal L-99 & 623 RB81010_2743160130 1184037 0 0.687656 0.00119 8/13/2010

L99etal L-99 & 623 RB81010_2753160126 1184083 0 1.013887 0.000478 8/13/2010

L99etal L-99 & 623 RB81010_2763160074 1184034 0 0.821666 0.000237 8/13/2010

L99etal L-99 & 623 RB81010_2773160026 1184041 0 0.066475 0.000237 8/13/2010

L99etal L-99 & 623 RB81010_2783159983 1184275 0 0.374247 0 8/13/2010

L99etal L-99 & 623 RB81010_2793159973 1184326 0 1.609372 0 8/13/2010

L99etal L-99 & 623 RB81010_2803159981 1184382 0 0.467858 0.000706 8/13/2010

L99etal L-99 & 623 RB81010_2813159931 1184324 0 0.609807 0.000939 8/13/2010

L99etal L-99 & 623 RB81010_2823159929 1184374 0 0.332855 0.000469 8/13/2010

L99etal L-99 & 623 RB81010_2833159933 1184423 0 0.257045 0.000702 8/13/2010

L99etal L-99 & 623 RB81010_2843159932 1184471 0 2.60633 0.000701 8/13/2010

L99etal L-99 & 623 RB81010_2853159920 1184522 0 1.284415 0.001167 8/13/2010

L99etal L-99 & 623 RB81010_2863159875 1184535 0 0 0.000933 8/13/2010

L99etal L-99 & 623 RB81010_2873159877 1184483 0 0.416001 0.001864 8/13/2010

L99etal L-99 & 623 RB81010_2883159877 1184435 0 1.095838 0.000466 8/13/2010

L99etal L-99 & 623 RB81010_3 3160034 1184380 0 0 0.000258 8/10/2010

L99etal L-99 & 623 RB81010_4 3160079 1184387 0 1.432426 0 8/10/2010

L99etal L-99 & 623 RB81010_5 3160133 1184387 0 0 0 8/10/2010

L99etal L-99 & 623 RB81010_6 3160133 1184359 0.068986 0.539489 0.000258 8/10/2010

L99etal L-99 & 623 RB81010_7 3160133 1184331 0 1.846135 0 8/10/2010

L99etal L-99 & 623 RB81010_8 3160133 1184280 0.032424 0 0 8/10/2010

L99etal L-99 & 623 RB81010_9 3160130 1184229 0 0.068013 0.00026 8/10/2010
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VOLUMETRIC FLUX CALCULATIONS



———————————————— 
Grid Volume Computations 
———————————————— 
 
Wed Nov 10 10:21:10 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Survey\Surfer\L99etal_CH4.grd 
Grid Size:  48 rows x 42 columns 
 
X Minimum: 3159774.934 
X Maximum: 3160384.557 
X Spacing: 14.86885365854 
 
Y Minimum: 1183931.053 
Y Maximum: 1184634.927 
Y Spacing: 14.976042553188 
 
Z Minimum: -0.042023489248197 
Z Maximum: 0.30013286619111 
 
 

Lower Surface 
 
Level Surface defined by Z = 0.2 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: -5283.9296673715 
Simpson's Rule: -5284.8679782655 
Simpson's 3/8 Rule: -5286.756715464 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 8.022524810802 
Negative Volume [Fill]: 5291.9521921823 
Net Volume [Cut-Fill]: -5283.9296673715 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  2345.740202042 
Negative Planar Area [Fill]:  306284.00675684 



Blanked Planar Area:  120468.03254311 
Total Planar Area:  429097.779502 
 
Surface Areas 
 
Positive Surface Area [Cut]:  2345.7405144589 
Negative Surface Area [Fill]:  306284.01013818 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Fri Oct 08 15:54:12 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Work\2010 Survey\Surfer\L99etal_CO2.grd 
Grid Size:  48 rows x 42 columns 
 
X Minimum: 3159774.934 
X Maximum: 3160384.557 
X Spacing: 14.86885365854 
 
Y Minimum: 1183931.053 
Y Maximum: 1184634.927 
Y Spacing: 14.976042553188 
 
Z Minimum: -0.12868335683341 
Z Maximum: 3.0165741820863 
 
 

Lower Surface 
 
Level Surface defined by Z = 0 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: 21738.153592219 
Simpson's Rule: 21743.220099121 
Simpson's 3/8 Rule: 21707.182633988 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 21744.55451644 
Negative Volume [Fill]: 6.4009242214003 
Net Volume [Cut-Fill]: 21738.153592219 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  307716.03669341 
Negative Planar Area [Fill]:  913.71026547761 



Blanked Planar Area:  120468.03254311 
Total Planar Area:  429097.779502 
 
Surface Areas 
 
Positive Surface Area [Cut]:  307716.48751031 
Negative Surface Area [Fill]:  913.71070283162 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Wed Nov 10 10:31:22 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Survey\Surfer\L100etal_CH4.grd 
Grid Size:  32 rows x 75 columns 
 
X Minimum: 3164988.284 
X Maximum: 3166102.823 
X Spacing: 15.061337837836 
 
Y Minimum: 1179260.708 
Y Maximum: 1179720.354 
Y Spacing: 14.827290322579 
 
Z Minimum: -0.065619733754998 
Z Maximum: 0.24219670374758 
 
 

Lower Surface 
 
Level Surface defined by Z = 0.2 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: -6029.4944965342 
Simpson's Rule: -6054.5008790509 
Simpson's 3/8 Rule: -6025.2527090446 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 1.6206477932374 
Negative Volume [Fill]: 6031.1151443274 
Net Volume [Cut-Fill]: -6029.4944965342 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  1064.7942146397 
Negative Planar Area [Fill]:  350327.38285187 



Blanked Planar Area:  160901.21612737 
Total Planar Area:  512293.39319389 
 
Surface Areas 
 
Positive Surface Area [Cut]:  1064.7942570612 
Negative Surface Area [Fill]:  350327.38621387 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Fri Oct 08 15:54:59 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Work\2010 Survey\Surfer\L100etal_CO2.grd 
Grid Size:  32 rows x 75 columns 
 
X Minimum: 3164988.284 
X Maximum: 3166102.823 
X Spacing: 15.061337837836 
 
Y Minimum: 1179260.708 
Y Maximum: 1179720.354 
Y Spacing: 14.827290322579 
 
Z Minimum: -0.74940298363265 
Z Maximum: 6.8341004309387 
 
 

Lower Surface 
 
Level Surface defined by Z = 0 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: 9656.1519341258 
Simpson's Rule: 9717.8248246044 
Simpson's 3/8 Rule: 9676.4540007496 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 9948.6762726088 
Negative Volume [Fill]: 292.52433848303 
Net Volume [Cut-Fill]: 9656.1519341258 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  323576.88508611 
Negative Planar Area [Fill]:  27815.291980404 



Blanked Planar Area:  160901.21612737 
Total Planar Area:  512293.39319389 
 
Surface Areas 
 
Positive Surface Area [Cut]:  323577.56622729 
Negative Surface Area [Fill]:  27815.325089208 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Wed Nov 10 10:32:09 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Survey\Surfer\L109_CH4.grd 
Grid Size:  54 rows x 38 columns 
 
X Minimum: 3161184.262 
X Maximum: 3161745 
X Spacing: 15.155081081078 
 
Y Minimum: 1172675.134 
Y Maximum: 1173472.831 
Y Spacing: 15.050886792451 
 
Z Minimum: -0.076921717820016 
Z Maximum: 0.3142332971188 
 
 

Lower Surface 
 
Level Surface defined by Z = 0.2 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: -5884.6147637567 
Simpson's Rule: -5890.3353580628 
Simpson's 3/8 Rule: -5899.4687272665 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 2.3655901165863 
Negative Volume [Fill]: 5886.9803538733 
Net Volume [Cut-Fill]: -5884.6147637567 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  864.16376067421 
Negative Planar Area [Fill]:  324516.79115032 



Blanked Planar Area:  121918.06547489 
Total Planar Area:  447299.02038588 
 
Surface Areas 
 
Positive Surface Area [Cut]:  864.16400425118 
Negative Surface Area [Fill]:  324516.79409335 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Fri Oct 08 15:55:40 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Work\2010 Survey\Surfer\L109_CO2.grd 
Grid Size:  54 rows x 38 columns 
 
X Minimum: 3161184.262 
X Maximum: 3161745 
X Spacing: 15.155081081078 
 
Y Minimum: 1172675.134 
Y Maximum: 1173472.831 
Y Spacing: 15.050886792451 
 
Z Minimum: -0.31560547161322 
Z Maximum: 2.7900835020239 
 
 

Lower Surface 
 
Level Surface defined by Z = 0 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: 13769.787343548 
Simpson's Rule: 13778.361939862 
Simpson's 3/8 Rule: 13803.099530863 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 13827.70061786 
Negative Volume [Fill]: 57.913274311407 
Net Volume [Cut-Fill]: 13769.787343548 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  317989.19700249 
Negative Planar Area [Fill]:  7391.7579084963 



Blanked Planar Area:  121918.06547489 
Total Planar Area:  447299.02038588 
 
Surface Areas 
 
Positive Surface Area [Cut]:  317989.44624313 
Negative Surface Area [Fill]:  7391.7643329919 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Wed Nov 10 10:32:49 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Survey\Surfer\Seep13_CH4.grd 
Grid Size:  28 rows x 32 columns 
 
X Minimum: 3164181.264 
X Maximum: 3164642.681 
X Spacing: 14.884419354835 
 
Y Minimum: 1174331.352 
Y Maximum: 1174740.239 
Y Spacing: 15.143962962967 
 
Z Minimum: -2.3128987402307 
Z Maximum: 46.083937814087 
 
 

Lower Surface 
 
Level Surface defined by Z = 0.2 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: 6166.8146214292 
Simpson's Rule: 6100.0898209394 
Simpson's 3/8 Rule: 6021.053117638 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 8987.3776530694 
Negative Volume [Fill]: 2820.5630316402 
Net Volume [Cut-Fill]: 6166.8146214292 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  26696.844760514 
Negative Planar Area [Fill]:  97503.566824113 



Blanked Planar Area:  64467.00129438 
Total Planar Area:  188667.41287901 
 
Surface Areas 
 
Positive Surface Area [Cut]:  26730.171348146 
Negative Surface Area [Fill]:  97504.186207933 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Fri Oct 08 15:56:22 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Work\2010 Survey\Surfer\Seep13_CO2.grd 
Grid Size:  28 rows x 32 columns 
 
X Minimum: 3164181.264 
X Maximum: 3164642.681 
X Spacing: 14.884419354835 
 
Y Minimum: 1174331.352 
Y Maximum: 1174740.239 
Y Spacing: 15.143962962967 
 
Z Minimum: -0.10915398894598 
Z Maximum: 17.517047259161 
 
 

Lower Surface 
 
Level Surface defined by Z = 0 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: 20390.731318927 
Simpson's Rule: 20492.395090013 
Simpson's 3/8 Rule: 20384.382695712 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 20392.43844433 
Negative Volume [Fill]: 1.707125403503 
Net Volume [Cut-Fill]: 20390.731318927 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  123595.6711878 
Negative Planar Area [Fill]:  604.74039683131 



Blanked Planar Area:  64467.00129438 
Total Planar Area:  188667.41287901 
 
Surface Areas 
 
Positive Surface Area [Cut]:  123599.59576861 
Negative Surface Area [Fill]:  604.74099829868 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Fri Oct 08 15:57:04 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Work\2010 Survey\Surfer\Seep14_CO2.grd 
Grid Size:  57 rows x 45 columns 
 
X Minimum: 3156188.76 
X Maximum: 3156846.317 
X Spacing: 14.944477272728 
 
Y Minimum: 1168596.462 
Y Maximum: 1169442.977 
Y Spacing: 15.116339285712 
 
Z Minimum: -0.049659325230286 
Z Maximum: 2.271189853849 
 
 

Lower Surface 
 
Level Surface defined by Z = 0 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: 20601.471236106 
Simpson's Rule: 20690.583323283 
Simpson's 3/8 Rule: 20644.780717882 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 20608.03690597 
Negative Volume [Fill]: 6.5656698638684 
Net Volume [Cut-Fill]: 20601.471236106 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  375801.55939884 
Negative Planar Area [Fill]:  3494.2601679067 



Blanked Planar Area:  177336.04428821 
Total Planar Area:  556631.86385496 
 
Surface Areas 
 
Positive Surface Area [Cut]:  375801.82682052 
Negative Surface Area [Fill]:  3494.2602492363 
 



———————————————— 
Grid Volume Computations 
———————————————— 
 
Wed Nov 10 10:33:47 2010 
 

Upper Surface 
 
Grid File Name:  P:\XTO Energy\608\2010 Survey\Surfer\Seep14_CH4.grd 
Grid Size:  57 rows x 45 columns 
 
X Minimum: 3156188.76 
X Maximum: 3156846.317 
X Spacing: 14.944477272728 
 
Y Minimum: 1168596.462 
Y Maximum: 1169442.977 
Y Spacing: 15.116339285712 
 
Z Minimum: -0.077508194499671 
Z Maximum: 0.32313498277196 
 
 

Lower Surface 
 
Level Surface defined by Z = 0.2 
 
 

Volumes 
 
Z Scale Factor: 0.0929 
 
Total Volumes by: 
 
Trapezoidal Rule: -6088.4328250974 
Simpson's Rule: -6112.1076235317 
Simpson's 3/8 Rule: -6098.8495325866 
 
Cut & Fill Volumes 
 
Positive Volume [Cut]: 84.933073251213 
Negative Volume [Fill]: 6173.3658983486 
Net Volume [Cut-Fill]: -6088.4328250974 
 
 

Areas 
 
Planar Areas 
 
Positive Planar Area [Cut]:  21084.523422738 
Negative Planar Area [Fill]:  358211.29614401 



Blanked Planar Area:  177336.04428821 
Total Planar Area:  556631.86385496 
 
Surface Areas 
 
Positive Surface Area [Cut]:  21084.524787409 
Negative Surface Area [Fill]:  358211.30412903 
 



 

APPENDIX E 

GAS COMPOSITION AND ISOTOPIC ANALYTICAL REPORT



193270Lab #: 13585Job #:

8/10/2010

Container: Cali-5-Bond Bag

Field/Site Name: XTO 1003

Location: Raton Basin, CO

Formation/Depth:

Sampling Point:

Date Received: 8/17/2010 Date Reported: 9/22/2010

ndHydrogen Sulfide ---------------

Component Chemical

mol. % ‰ ‰ ‰

Carbon Monoxide ----------------------------------------nd

Helium ----------------------------------------nd

Date Sampled:

Company: LT Environmental

Apogee ID 13Sample Name: Co. Lab#:

65.81

Ethane ----------------------------------------0.0038

Ethylene ----------------------------------------nd

Propane ----------------------------------------nd

Iso-butane ----------------------------------------nd

N-butane ----------------------------------------nd

Iso-pentane ----------------------------------------nd

N-pentane ----------------------------------------nd

Hexanes + ----------------------------------------nd

Total BTU/cu.ft. dry @ 60deg F & 14.7psia, calculated: 667

Specific gravity, calculated: 0.720

Hydrogen ----------------------------------------nd

Argon ----------------------------------------0.460

Oxygen ---------------------------- 1.83

Nitrogen ----------------------------------------28.24

Carbon Dioxide ----------------------------------------3.66 -67.20

-64.65 -264.8Methane ----------------------------------------

δ13C δD δ15N

nd = not detected. na = not analyzed. Isotopic composition of carbon is relative to VPDB. Isotopic
composition of hydrogen is relative to VSMOW. Calculations for BTU and specific gravity per ASTM
D3588. Chemical compositions are normalized to 100%. Mol. % is approximately equal to vol. %.



193271Lab #: 13585Job #:

8/11/2010

Container: Cali-5-Bond Bag

Field/Site Name: XTO 1003

Location: Raton Basin, CO

Formation/Depth:

Sampling Point:

Date Received: 8/17/2010 Date Reported: 9/22/2010

ndHydrogen Sulfide ---------------

Component Chemical

mol. % ‰ ‰ ‰

Carbon Monoxide ----------------------------------------nd

Helium ----------------------------------------nd

Date Sampled:

Company: LT Environmental

Apogee ID L-109Sample Name: Co. Lab#:

nd

Ethane ----------------------------------------nd

Ethylene ----------------------------------------nd

Propane ----------------------------------------nd

Iso-butane ----------------------------------------nd

N-butane ----------------------------------------nd

Iso-pentane ----------------------------------------nd

N-pentane ----------------------------------------nd

Hexanes + ----------------------------------------nd

Total BTU/cu.ft. dry @ 60deg F & 14.7psia, calculated: 0

Specific gravity, calculated: 1.001

Hydrogen ----------------------------------------nd

Argon ----------------------------------------0.935

Oxygen ---------------------------- 20.62

Nitrogen ----------------------------------------78.10

Carbon Dioxide ----------------------------------------0.35

Methane ----------------------------------------

δ13C δD δ15N

nd = not detected. na = not analyzed. Isotopic composition of carbon is relative to VPDB. Isotopic
composition of hydrogen is relative to VSMOW. Calculations for BTU and specific gravity per ASTM
D3588. Chemical compositions are normalized to 100%. Mol. % is approximately equal to vol. %.



193272Lab #: 13585Job #:

8/12/2010

Container: Cali-5-Bond Bag

Field/Site Name: XTO 1003

Location: Raton Basin, CO

Formation/Depth:

Sampling Point:

Date Received: 8/17/2010 Date Reported: 9/22/2010

ndHydrogen Sulfide ---------------

Component Chemical

mol. % ‰ ‰ ‰

Carbon Monoxide ----------------------------------------nd

Helium ----------------------------------------nd

Date Sampled:

Company: LT Environmental

Apogee ID 14Sample Name: Co. Lab#:

0.0036

Ethane ----------------------------------------nd

Ethylene ----------------------------------------nd

Propane ----------------------------------------nd

Iso-butane ----------------------------------------nd

N-butane ----------------------------------------nd

Iso-pentane ----------------------------------------nd

N-pentane ----------------------------------------nd

Hexanes + ----------------------------------------nd

Total BTU/cu.ft. dry @ 60deg F & 14.7psia, calculated: 0

Specific gravity, calculated: 1.001

Hydrogen ----------------------------------------nd

Argon ----------------------------------------0.935

Oxygen ---------------------------- 20.94

Nitrogen ----------------------------------------77.96

Carbon Dioxide ----------------------------------------0.16

Methane ----------------------------------------

δ13C δD δ15N

nd = not detected. na = not analyzed. Isotopic composition of carbon is relative to VPDB. Isotopic
composition of hydrogen is relative to VSMOW. Calculations for BTU and specific gravity per ASTM
D3588. Chemical compositions are normalized to 100%. Mol. % is approximately equal to vol. %.



193273Lab #: 13585Job #:

8/13/2010

Container: Cali-5-Bond Bag

Field/Site Name: XTO 1003

Location: Raton Basin, CO

Formation/Depth:

Sampling Point:

Date Received: 8/17/2010 Date Reported: 9/22/2010

ndHydrogen Sulfide ---------------

Component Chemical

mol. % ‰ ‰ ‰

Carbon Monoxide ----------------------------------------nd

Helium ----------------------------------------nd

Date Sampled:

Company: LT Environmental

Apgee ID 623/L-99Sample Name: Co. Lab#:

nd

Ethane ----------------------------------------nd

Ethylene ----------------------------------------nd

Propane ----------------------------------------nd

Iso-butane ----------------------------------------nd

N-butane ----------------------------------------nd

Iso-pentane ----------------------------------------nd

N-pentane ----------------------------------------nd

Hexanes + ----------------------------------------nd

Total BTU/cu.ft. dry @ 60deg F & 14.7psia, calculated: 0

Specific gravity, calculated: 1.005

Hydrogen ----------------------------------------nd

Argon ----------------------------------------0.933

Oxygen ---------------------------- 20.07

Nitrogen ----------------------------------------77.95

Carbon Dioxide ----------------------------------------1.05

Methane ----------------------------------------

δ13C δD δ15N

nd = not detected. na = not analyzed. Isotopic composition of carbon is relative to VPDB. Isotopic
composition of hydrogen is relative to VSMOW. Calculations for BTU and specific gravity per ASTM
D3588. Chemical compositions are normalized to 100%. Mol. % is approximately equal to vol. %.



193274Lab #: 13585Job #:

8/13/2010

Container: Cali-5-Bond Bag

Field/Site Name: XTO 1003

Location: Raton Basin, CO

Formation/Depth:

Sampling Point:

Date Received: 8/17/2010 Date Reported: 9/22/2010

ndHydrogen Sulfide ---------------

Component Chemical

mol. % ‰ ‰ ‰

Carbon Monoxide ----------------------------------------nd

Helium ----------------------------------------nd

Date Sampled:

Company: LT Environmental

Apogee ID L-100Sample Name: Co. Lab#:

nd

Ethane ----------------------------------------nd

Ethylene ----------------------------------------nd

Propane ----------------------------------------nd

Iso-butane ----------------------------------------nd

N-butane ----------------------------------------nd

Iso-pentane ----------------------------------------nd

N-pentane ----------------------------------------nd

Hexanes + ----------------------------------------nd

Total BTU/cu.ft. dry @ 60deg F & 14.7psia, calculated: 0

Specific gravity, calculated: 1.000

Hydrogen ----------------------------------------nd

Argon ----------------------------------------0.931

Oxygen ---------------------------- 20.95

Nitrogen ----------------------------------------78.05

Carbon Dioxide ----------------------------------------0.072

Methane ----------------------------------------

δ13C δD δ15N

nd = not detected. na = not analyzed. Isotopic composition of carbon is relative to VPDB. Isotopic
composition of hydrogen is relative to VSMOW. Calculations for BTU and specific gravity per ASTM
D3588. Chemical compositions are normalized to 100%. Mol. % is approximately equal to vol. %.
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Accutest Laboratories

Sample Summary

LT Environmental
Job No: D16334

Colo Rule 608 Compliance Raton Basin CO
Project No:   XTO1003

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D16334-1 08/13/10 11:05 DB 08/16/10 AQ Ground Water NATURAL SPRINGS O1

D16334-1A 08/13/10 11:05 DB 08/16/10 AQ Ground Water NATURAL SPRINGS O1

D16334-1F 08/13/10 11:05 DB 08/16/10 AQ Groundwater Filtered NATURAL SPRINGS O1
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On 08/16/2010, one (1) sample 0 Trip Blanks, and 0 Field Blanks were received at Accutest Mountain States (AMS) at a temperature 
of 4.0°C.  The sample was intact and properly preserved, unless noted below.  An AMS Job Number of D16334 was assigned to the 
project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the analytical 
results and QC summary pages.

Client: LT Environmental

Site: Colo Rule 608 Compliance Raton Basin CO

Job No D16334

Report Dat 9/2/2010 2:15:50 PM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GC By Method RSK175 MOD
Matrix AQ Batch ID: GFB59

All samples were analyzed within the recommended method holding time.

Samples D16560-1MS and D16560-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Metals By Method EPA 200.8
Matrix AQ Batch ID: MP2721

All samples were digested within the recommended method holding time.

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Samples D16431-1FMS and D16431-1FMSD were used as the QC samples for the metals analysis.

Metals By Method SW846 6010B
Matrix AQ Batch ID: MP2703

All samples were digested within the recommended method holding time.

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Samples D16644-1MSD and D16644-1MS were used as the QC samples for the metals analysis.

The matrix spike (MS) recoveries of Potassium and Sodium are outside control limits.  The spike amount is low relative to the 
sample amount.  Refer to the lab control or spike blank for recovery information.

Matrix AQ Batch ID: MP2762

All samples were digested within the recommended method holding time.

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Samples D16762-1FMS and D16762-1FMSD were used as the QC samples for the metals analysis.

Thursday, September 02, 2010 Page 1 of 3
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Wet Chemistry By Method EPA 300/SW846 9056
Matrix AQ Batch ID: GP2589

All samples were prepared within the recommended method holding time.

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Samples D16132-5MS and D16132-5MSD were used as the QC samples for the Bromide, Nitrate-N, Nitrite-N, and Chloride 
analysis.

The matrix spike (MS) recovery of Chloride is outside control limits.  The spike amount is low relative to the sample amount.  
Refer to  lab control or spike blank for recovery information.

D16334-1 for Nitrate-N: The reporting limit (RL) was raised due to matrix interference.

Matrix AQ Batch ID: GP2633

All samples were prepared within the recommended method holding time.

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Samples D16320-1MS and D16320-1MSD were used as the QC samples for the Fluoride analysis.

Wet Chemistry By Method HACH IRB-BART
Matrix AQ Batch ID: T:MB2239

The data for HACH IRB-BART meets quality control requirements.

Iron Reducing Bacteria: Analysis performed at Accutest Laboratories, Houston, TX.

Wet Chemistry By Method HACH SLYM-BART
Matrix AQ Batch ID: T:MB2235

The data for HACH SLYM-BART meets quality control requirements.

Slime Forming Bacteria: Analysis performed at Accutest Laboratories, Houston, TX.

Wet Chemistry By Method HACH SRB-BART
Matrix AQ Batch ID: T:MB2238

The data for HACH SRB-BART meets quality control requirements.

Sulfate Reducing Bacteria: Analysis performed at Accutest Laboratories, Houston, TX.

Wet Chemistry By Method LADNR29B
Matrix AQ Batch ID: MP2762

Sodium Adsorption Ratio: Calculated as: (Na meq/L) / sqrt [(Ca meq/L)+(Mg meq/L)/2]

Wet Chemistry By Method SM18 4500NO3E
Matrix AQ Batch ID: R3934

The data for SM18 4500NO3E meets quality control requirements.

The following samples were run outside of holding time for method  SM18 4500NO3E:  D16334-1

D16334-1 for Nitrate + Nitrite: Calculated as: (Nitrate-N) + (Nitrite-N)

Thursday, September 02, 2010 Page 2 of 3
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Wet Chemistry By Method SM20 2320B
Matrix AQ Batch ID: GN6006

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Samples D16381-4DUP, D16381-4MS, and D16381-4MSD were used as the QC samples for the Total Alkalinity, as CaCO3 
analysis.

Matrix AQ Batch ID: GN6008

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Matrix AQ Batch ID: GN6009

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method SM20 2510B
Matrix AQ Batch ID: GP2560

Sample D16181-1DUP was used as the QC samples for the Specific Conductivity analysis.

Wet Chemistry By Method SM20 2540C
Matrix AQ Batch ID: GN5952

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample D16336-4DUP was used as the QC sample for the Total Dissolved Solids analysis.

Wet Chemistry By Method SM20 4500 S2 H
Matrix AQ Batch ID: GN5975

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample D16371-1DUP was used as the QC sample for the Hydrogen Sulfide analysis.

Wet Chemistry By Method SM20 4500H
Matrix AQ Batch ID: GN5898

The following samples were run outside of holding time for method  SM20 4500H:  D16334-1

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its entirety. 
This report is authorized by AMS indicated via signature on the report cover.

Thursday, September 02, 2010 Page 3 of 3
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1 Sample(s) were collected on 08/13/2010 and were received at Accutest on 08/16/2010 properly preserved, at 4.2 Deg. C and intact.  
These Samples received an Accutest job number of D16334. A listing of the Laboratory Sample ID, Client Sample ID and dates of 
collection are presented in the Results Summary Section of this report.

Except as noted below, all method specified calibrations and quality control performance criteria were met for this job. For more 
information, please refer to QC summary pages.

Client: Accutest Mountain States

Site: LTENCODE: Colo Rule 608 Compliance Raton Basin CO

Job No D16334

Report Date 8/26/2010 9:15:07 AM

SAMPLE DELIVERY GROUP CASE NARRATIVE

Wet Chemistry By Method HACH IRB-BART
Matrix AQ Batch ID: MB2239

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH SLYM-BART
Matrix AQ Batch ID: MB2235

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH SRB-BART
Matrix AQ Batch ID: MB2238

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Accutest Laboratories Gulf Coast (ALGC) certifies that this report meets the project requirements for analytical data produced for the 
samples as received at ALGC and as stated on the COC. ALGC certifies that the data meets the Data QualityObjectives for precision, 
accuracy and completeness as specified in the ALGC Quality Manual except as noted above. This report is to be used in its entirety. 
ALGC is not responsible for any assumptions of data quality if partial data packages are used

Thursday, August 26, 2010 Page 1 of 1
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Accutest Laboratories

Sample Results

Report of Analysis

Section 3
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: NATURAL SPRINGS O1 
Lab Sample ID: D16334-1 Date Sampled: 08/13/10 
Matrix: AQ - Ground Water       Date Received: 08/16/10 
Method: RSK175 MOD Percent Solids: n/a 
Project: Colo Rule 608 Compliance Raton Basin CO

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FB2288.D 1 08/23/10 JB n/a n/a GFB59
Run #2

CAS No. Compound Result RL MDL Units Q

74-82-8 Methane 0.109 0.00080 0.00080 mg/l

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound

9 of 61

D16334

3
3.1



Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: NATURAL SPRINGS O1 
Lab Sample ID: D16334-1 Date Sampled: 08/13/10 
Matrix: AQ - Ground Water       Date Received: 08/16/10 

Percent Solids: n/a 
Project: Colo Rule 608 Compliance Raton Basin CO

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Alkalinity, Bicarbonate as CaC 205 5.0 mg/l 1 08/23/10 JK SM20 2320B

Alkalinity, Carbonate <5.0 5.0 mg/l 1 08/23/10 JK SM20 2320B

Alkalinity, Total as CaCO3 207 5.0 mg/l 1 08/23/10 JK SM20 2320B

Bromide <0.20 0.20 mg/l 1 08/17/10 12:06 JML EPA 300/SW846 9056

Chloride 3.3 0.50 mg/l 1 08/17/10 12:06 JML EPA 300/SW846 9056

Fluoride 0.74 0.20 mg/l 1 08/24/10 11:35 GH EPA 300/SW846 9056

Hydrogen Sulfide <0.50 0.50 mg/l 1 08/20/10 JK SM20 4500 S2 H

Iron Reducing Bacteria a 500 25 cfu/ml 1 08/17/10 12:00 ATX HACH IRB-BART

Nitrogen, Nitrate b <0.23 0.23 mg/l 5 08/17/10 21:33 JML EPA 300/SW846 9056

Nitrogen, Nitrate + Nitrite c <0.29 0.29 mg/l 1 08/17/10 21:33 JML SM18 4500NO3E

Nitrogen, Nitrite <0.061 0.061 mg/l 1 08/17/10 12:06 JML EPA 300/SW846 9056

Slime Forming Bacteria a >350000 500 cfu/ml 1 08/17/10 12:00 ATX HACH SLYM-BART

Solids, Total Dissolved 280 10 mg/l 1 08/19/10 JD SM20 2540C

Specific Conductivity 364 1.0 umhos/cm 1 08/16/10 CJ SM20 2510B

Sulfate 2.9 0.50 mg/l 1 08/17/10 12:06 JML EPA 300/SW846 9056

Sulfate Reducing Bacteria a 700000 200 cfu/ml 1 08/17/10 12:00 ATX HACH SRB-BART

pH 10.13 su 1 08/16/10 14:35 JK SM20 4500H

(a) Analysis performed at Accutest Laboratories, Houston, TX.
(b) Elevated detection limit due to matrix interference.
(c) Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

RL = Reporting Limit           
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: NATURAL SPRINGS O1 
Lab Sample ID: D16334-1A Date Sampled: 08/13/10 
Matrix: AQ - Ground Water       Date Received: 08/16/10 

Percent Solids: n/a 
Project: Colo Rule 608 Compliance Raton Basin CO

SAR Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Calcium 4.29 2.0 mg/l 1 09/01/10 09/01/10 JM SW846 6010B 1 EPA 200.7 2

Magnesium <1.0 1.0 mg/l 1 09/01/10 09/01/10 JM SW846 6010B 1 EPA 200.7 2

Sodium 99.5 2.0 mg/l 1 09/01/10 09/01/10 JM SW846 6010B 1 EPA 200.7 2

(1) Instrument QC Batch: MA945
(2) Prep QC Batch: MP2762

RL = Reporting Limit
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: NATURAL SPRINGS O1 
Lab Sample ID: D16334-1A Date Sampled: 08/13/10 
Matrix: AQ - Ground Water       Date Received: 08/16/10 

Percent Solids: n/a 
Project: Colo Rule 608 Compliance Raton Basin CO

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Sodium Adsorption Ratio a 11.4 ratio 1 09/01/10 14:14 JM LADNR29B

(a) Calculated as: (Na meq/L) / sqrt [(Ca meq/L)+(Mg meq/L)/2]

RL = Reporting Limit           
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Accutest Laboratories

Report of Analysis Page 1 of 1     

Client Sample ID: NATURAL SPRINGS O1 
Lab Sample ID: D16334-1F Date Sampled: 08/13/10 
Matrix: AQ - Groundwater Filtered       Date Received: 08/16/10 

Percent Solids: n/a 
Project: Colo Rule 608 Compliance Raton Basin CO

Dissolved Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Calcium 3.40 0.67 mg/l 1 08/29/10 08/30/10 JM SW846 6010B 3 SW846 3010A 6

Iron 1.59 0.12 mg/l 1 08/29/10 08/30/10 JM SW846 6010B 3 SW846 3010A 6

Magnesium 0.652 0.33 mg/l 1 08/29/10 08/30/10 JM SW846 6010B 3 SW846 3010A 6

Manganese 0.0210 0.0020 mg/l 2 08/26/10 08/30/10 GJ EPA 200.8 2 EPA 200.8 5

Potassium 1.41 1.0 mg/l 1 08/25/10 08/27/10 JM SW846 6010B 1 SW846 3010A 4

Selenium <0.00080 0.00080 mg/l 2 08/26/10 08/30/10 GJ EPA 200.8 2 EPA 200.8 5

Sodium 97.7 0.67 mg/l 1 08/29/10 08/30/10 JM SW846 6010B 3 SW846 3010A 6

(1) Instrument QC Batch: MA936
(2) Instrument QC Batch: MA938
(3) Instrument QC Batch: MA939
(4) Prep QC Batch: MP2703
(5) Prep QC Batch: MP2721
(6) Prep QC Batch: MP2728

RL = Reporting Limit
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Accutest Laboratories

Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Section 4

14 of 61

D16334

4



D16334: Chain of Custody
Page 1 of 5
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D16334: Chain of Custody
Page 2 of 5
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D16334: Chain of Custody
Page 3 of 5
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D16334: Chain of Custody
Page 4 of 5
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D16334: Chain of Custody
Page 5 of 5
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Accutest Laboratories

GC Volatiles

QC Data Summaries

Includes the following where applicable:

• Method Blank Summaries
• Blank Spike Summaries
• Matrix Spike and Duplicate Summaries

Section 5
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Method Blank Summary Page 1 of 1     
Job Number: D16334
Account: LTENCODE LT Environmental
Project: Colo Rule 608 Compliance Raton Basin CO

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
GFB59-MB FB2284.D 1 08/23/10 JB n/a n/a GFB59

The QC reported here applies to the following samples: Method:  RSK175 MOD

D16334-1

CAS No. Compound Result RL MDL Units Q

74-82-8 Methane ND 0.00080 0.00080 mg/l
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Blank Spike/Blank Spike Duplicate Summary Page 1 of 1     
Job Number: D16334
Account: LTENCODE LT Environmental
Project: Colo Rule 608 Compliance Raton Basin CO

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
GFB59-BS FB2285.D 10 08/23/10 JB n/a n/a GFB59
GFB59-BSD FB2286.D 10 08/23/10 JB n/a n/a GFB59

The QC reported here applies to the following samples: Method:  RSK175 MOD

D16334-1

Spike BSP BSP BSD BSD Limits
CAS No. Compound mg/l mg/l % mg/l % RPD Rec/RPD

74-82-8 Methane 0.5094 0.604 119 0.597 117 1 70-130/30
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Matrix Spike/Matrix Spike Duplicate Summary Page 1 of 1     
Job Number: D16334
Account: LTENCODE LT Environmental
Project: Colo Rule 608 Compliance Raton Basin CO

Sample File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
D16560-1MS FB2307.D 10 08/23/10 JB n/a n/a GFB59
D16560-1MSD FB2308.D 10 08/23/10 JB n/a n/a GFB59
D16560-1 FB2301.D 1 08/23/10 JB n/a n/a GFB59

The QC reported here applies to the following samples: Method:  RSK175 MOD

D16334-1

D16560-1 Spike MS MS MSD MSD Limits
CAS No. Compound mg/l Q mg/l mg/l % mg/l % RPD Rec/RPD

74-82-8 Methane 0.00149 0.5094 0.536 105 0.527 103 1 70-130/30
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Accutest Laboratories

Metals Analysis

QC Data Summaries

Includes the following where applicable:

• Method Blank Summaries
• Matrix Spike and Duplicate Summaries
• Blank Spike and Lab Control Sample Summaries
• Serial Dilution Summaries

Section 6
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BLANK RESULTS SUMMARY 
Part 2 - Method Blanks

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2703                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                         08/25/10                                              

MB       
Metal          RL       IDL      MDL      raw      final                                                  

Aluminum       100      7        49                                                                      

Antimony       30       1.7      13                                                                      

Arsenic        25       2.8      6.5                                                                     

Beryllium      10       1.4      4.4                                                                     

Boron          50       3.5      19                                                                      

Cadmium        10       .22      1.2                                                                     

Calcium        400      17       9.2                                                                     

Chromium       10       .27      1.6                                                                     

Cobalt         5.0      .48      .3                                                                      

Copper         5.0      1.6      2.7                                                                     

Lead           50       1.3      3.2                                                                     

Lithium        2.0      .76      1.6                                                                     

Magnesium      200      5.8      12                                                                      

Manganese      5.0      .21      .7                                                                      

Molybdenum     10       .41      1.2                                                                     

Nickel         30       .38      .6                                                                      

Phosphorus     100      15       54                                                                      

Potassium      1000     380      540      162      <1000                                                 

Selenium       50       2.8      7.2                                                                     

Silicon        50       12       20                                                                      

Silver         30       .98      .3                                                                      

Sodium         400      230      23                                                                      

Strontium      5.0      .091     3.4                                                                     

Thallium       10       3.1      2.1                                                                     

Tin            50       14       4.4                                                                     

Titanium       10       .098     .7                                                                      

Uranium        50       2.2      3.9                                                                     

Vanadium       10       .27      .3                                                                      

Zinc           30       .76      1.7                                                                     

Associated samples MP2703: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2703                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                08/25/10                                                       

D16644-1          Spikelot QC                                                     
Metal          Original MS       MPICPALL % Rec    Limits                                                 

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        anr                                                                                       

Barium                                                                                                   

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        anr                                                                                       

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Iron                                                                                                     

Lead           anr                                                                                       

Lithium        anr                                                                                       

Magnesium      anr                                                                                       

Manganese      anr                                                                                       

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus     anr                                                                                       

Potassium      204000   237000   25000    132.0(a) 75-125                                                

Selenium       anr                                                                                       

Silicon                                                                                                  

Silver         anr                                                                                       

Sodium         anr                                                                                       

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc           anr                                                                                       

Associated samples MP2703: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________

Page 1

26 of 61

D16334

6
6.1.2



MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2703                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested
(a) Spike amount low relative to the sample amount.  Refer to  lab control or spike blank for recovery

information.

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2703                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                         08/25/10                                              

D16644-1          Spikelot          MSD      QC                                            
Metal          Original MSD      MPICPALL % Rec    RPD      Limit                                         

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        anr                                                                                       

Barium                                                                                                   

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        anr                                                                                       

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Iron                                                                                                     

Lead           anr                                                                                       

Lithium        anr                                                                                       

Magnesium      anr                                                                                       

Manganese      anr                                                                                       

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus     anr                                                                                       

Potassium      204000   235000   25000    124.0    0.8      20                                           

Selenium       anr                                                                                       

Silicon                                                                                                  

Silver         anr                                                                                       

Sodium         anr                                                                                       

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc           anr                                                                                       

Associated samples MP2703: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2703                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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SPIKE BLANK AND LAB CONTROL SAMPLE SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2703                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                       08/25/10                                                                

BSP      Spikelot QC                                                              
Metal          Result   MPICPALL % Rec    Limits                                                          

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        anr                                                                                       

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        anr                                                                                       

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Lead           anr                                                                                       

Lithium        anr                                                                                       

Magnesium      anr                                                                                       

Manganese      anr                                                                                       

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus     anr                                                                                       

Potassium      23200    25000    92.8     80-120                                                         

Selenium       anr                                                                                       

Silicon                                                                                                  

Silver         anr                                                                                       

Sodium         anr                                                                                       

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc           anr                                                                                       

Associated samples MP2703: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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BLANK RESULTS SUMMARY 
Part 2 - Method Blanks

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2721                                           Methods: EPA 200.8 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                         08/26/10                                              

MB       
Metal          RL       IDL      MDL      raw      final                                                  

Aluminum       50       .28      1.7                                                                     

Antimony       0.40     .002     .0064                                                                   

Arsenic        0.80     .098     .37                                                                     

Barium         2.0      .007     .68                                                                     

Beryllium      0.20     .015     .014                                                                    

Boron          40       1.9      1.7                                                                     

Cadmium        0.10     .045     .0095                                                                   

Calcium        400      3.6      170                                                                     

Chromium       2.0      .041     .24                                                                     

Cobalt         0.20     .0065    .0045                                                                   

Copper         2.0      .021     .097                                                                    

Iron           40       1.6      7.2                                                                     

Lead           0.50     .0024    .017                                                                    

Magnesium      100      .13      3.7                                                                     

Manganese      1.0      .014     .44      0.23     <1.0                                                  

Molybdenum     1.0      .0087    .071                                                                    

Nickel         2.0      .0057    .081                                                                    

Phosphorus     60       3.6      7.7                                                                     

Potassium      200      4        23                                                                      

Selenium       0.40     .15      .2       0.36     <0.40                                                 

Silver         0.10     .0016    .078                                                                    

Sodium         500      1.6      8.1                                                                     

Strontium      20       .0079    .13                                                                     

Thallium       0.20     .029     .0081                                                                   

Tin            10       .012     .092                                                                    

Titanium       2.0      .069     .31                                                                     

Uranium        0.20     .00076   .0039                                                                   

Vanadium       1.0      .1       .48                                                                     

Zinc           10       .077     4.1                                                                     

Associated samples MP2721: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2721                                           Methods: EPA 200.8 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                08/26/10                                                       

D16431-1F         Spikelot QC                                                     
Metal          Original MS       MPICPALL % Rec    Limits                                                 

Aluminum       anr                                                                                       

Antimony                                                                                                 

Arsenic        anr                                                                                       

Barium                                                                                                   

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        anr                                                                                       

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Iron           anr                                                                                       

Lead           anr                                                                                       

Magnesium      anr                                                                                       

Manganese      8.3      104      100      95.7     70-130                                                

Molybdenum     anr                                                                                       

Nickel         anr                                                                                       

Phosphorus                                                                                               

Potassium                                                                                                

Selenium       0.45     200      200      99.8     70-130                                                

Silver         anr                                                                                       

Sodium         anr                                                                                       

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium        anr                                                                                       

Vanadium       anr                                                                                       

Zinc           anr                                                                                       

Associated samples MP2721: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2721                                           Methods: EPA 200.8 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                         08/26/10                                              

D16431-1F         Spikelot          MSD      QC                                            
Metal          Original MSD      MPICPALL % Rec    RPD      Limit                                         

Aluminum       anr                                                                                       

Antimony                                                                                                 

Arsenic        anr                                                                                       

Barium                                                                                                   

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        anr                                                                                       

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Iron           anr                                                                                       

Lead           anr                                                                                       

Magnesium      anr                                                                                       

Manganese      8.3      104      100      95.7     0.0      10                                           

Molybdenum     anr                                                                                       

Nickel         anr                                                                                       

Phosphorus                                                                                               

Potassium                                                                                                

Selenium       0.45     199      200      99.3     0.5      12                                           

Silver         anr                                                                                       

Sodium         anr                                                                                       

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium        anr                                                                                       

Vanadium       anr                                                                                       

Zinc           anr                                                                                       

Associated samples MP2721: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested
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SPIKE BLANK AND LAB CONTROL SAMPLE SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2721                                           Methods: EPA 200.8 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                       08/26/10                                                                

BSP      Spikelot QC                                                              
Metal          Result   MPICPALL % Rec    Limits                                                          

Aluminum       anr                                                                                       

Antimony                                                                                                 

Arsenic        anr                                                                                       

Barium                                                                                                   

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        anr                                                                                       

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Iron           anr                                                                                       

Lead           anr                                                                                       

Magnesium      anr                                                                                       

Manganese      107      100      107.0    85-115                                                         

Molybdenum     anr                                                                                       

Nickel         anr                                                                                       

Phosphorus                                                                                               

Potassium                                                                                                

Selenium       226      200      113.0    85-115                                                         

Silver         anr                                                                                       

Sodium         anr                                                                                       

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium        anr                                                                                       

Vanadium       anr                                                                                       

Zinc           anr                                                                                       

Associated samples MP2721: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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BLANK RESULTS SUMMARY 
Part 2 - Method Blanks

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2728                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                         08/29/10                                              

MB       
Metal          RL       IDL      MDL      raw      final                                                  

Aluminum       100      7        49                                                                      

Antimony       30       1.7      13                                                                      

Arsenic        25       2.8      6.5                                                                     

Barium         10       .14      2.4                                                                     

Beryllium      10       1.4      4.4                                                                     

Boron          50       3.5      19                                                                      

Cadmium        10       .22      1.2                                                                     

Calcium        400      17       9.2      19.0     <400                                                  

Chromium       10       .27      1.6                                                                     

Cobalt         5.0      .48      .3                                                                      

Copper         5.0      1.6      2.7                                                                     

Iron           70       7.7      10       31.8     <70                                                   

Lead           50       1.3      3.2                                                                     

Lithium        2.0      .76      1.6                                                                     

Magnesium      200      5.8      12       4.1      <200                                                  

Manganese      5.0      .21      .7                                                                      

Molybdenum     10       .41      1.2                                                                     

Nickel         30       .38      .6                                                                      

Phosphorus     100      15       54                                                                      

Potassium      1000     380      540                                                                     

Selenium       50       2.8      7.2                                                                     

Silicon        50       12       20                                                                      

Silver         30       .98      .3                                                                      

Sodium         400      230      23       206      <400                                                  

Strontium      5.0      .091     3.4                                                                     

Thallium       10       3.1      2.1                                                                     

Tin            50       14       4.4                                                                     

Titanium       10       .098     .7                                                                      

Uranium        50       2.2      3.9                                                                     

Vanadium       10       .27      .3                                                                      

Zinc           30       .76      1.7                                                                     

Associated samples MP2728: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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BLANK RESULTS SUMMARY 
Part 2 - Method Blanks

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2728                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2728                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                08/29/10                                                       

D16409-1          Spikelot QC                                                     
Metal          Original MS       MPICPALL % Rec    Limits                                                 

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        anr                                                                                       

Barium         anr                                                                                       

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        613000   644000   25000    124.0    75-125                                                

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Iron           58300    68400    5000     202.0(a) 75-125                                                

Lead           anr                                                                                       

Lithium                                                                                                  

Magnesium      174000   202000   25000    112.0    75-125                                                

Manganese      anr                                                                                       

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus                                                                                               

Potassium      anr                                                                                       

Selenium       anr                                                                                       

Silicon                                                                                                  

Silver         anr                                                                                       

Sodium         100000   127000   25000    108.0    75-125                                                

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc           anr                                                                                       

Associated samples MP2728: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2728                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested
(a) Spike amount low relative to the sample amount.  Refer to  lab control or spike blank for recovery

information.

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2728                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                         08/29/10                                              

D16409-1          Spikelot          MSD      QC                                            
Metal          Original MSD      MPICPALL % Rec    RPD      Limit                                         

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        anr                                                                                       

Barium         anr                                                                                       

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        613000   632000   25000    76.0     1.9      20                                           

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Iron           58300    73600    5000     306.0(a) 7.3      20                                           

Lead           anr                                                                                       

Lithium                                                                                                  

Magnesium      174000   200000   25000    104.0    1.0      20                                           

Manganese      anr                                                                                       

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus                                                                                               

Potassium      anr                                                                                       

Selenium       anr                                                                                       

Silicon                                                                                                  

Silver         anr                                                                                       

Sodium         100000   124000   25000    96.0     2.4      20                                           

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc           anr                                                                                       

Associated samples MP2728: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2728                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested
(a) Spike amount low relative to the sample amount.  Refer to  lab control or spike blank for recovery

information.

_________________________________________________________________________________________________________
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SPIKE BLANK AND LAB CONTROL SAMPLE SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2728                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                       08/29/10                                                                

BSP      Spikelot QC                                                              
Metal          Result   MPICPALL % Rec    Limits                                                          

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic        anr                                                                                       

Barium         anr                                                                                       

Beryllium                                                                                                

Boron                                                                                                    

Cadmium        anr                                                                                       

Calcium        25000    25000    100.0    80-120                                                         

Chromium       anr                                                                                       

Cobalt                                                                                                   

Copper         anr                                                                                       

Iron           4880     5000     97.6     80-120                                                         

Lead           anr                                                                                       

Lithium                                                                                                  

Magnesium      23700    25000    94.8     80-120                                                         

Manganese      anr                                                                                       

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus                                                                                               

Potassium      anr                                                                                       

Selenium       anr                                                                                       

Silicon                                                                                                  

Silver         anr                                                                                       

Sodium         25300    25000    101.2    80-120                                                         

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc           anr                                                                                       

Associated samples MP2728: D16334-1F

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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SPIKE BLANK AND LAB CONTROL SAMPLE SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2728                                           Methods: SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(anr) Analyte not requested

_________________________________________________________________________________________________________
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BLANK RESULTS SUMMARY 
Part 2 - Method Blanks

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2762                                           Methods: LADNR29B, SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                         09/01/10                                              

MB       
Metal          RL       IDL      MDL      raw      final                                                  

Aluminum       500      35       250                                                                     

Antimony       150      8.5      65                                                                      

Arsenic        130      14       33                                                                      

Barium         50       .7       12                                                                      

Beryllium      50       7        22                                                                      

Boron          250      18       93                                                                      

Cadmium        50       1.1      6                                                                       

Calcium        2000     85       46       45.5     <2000                                                 

Chromium       50       1.4      8                                                                       

Cobalt         25       2.4      1.5                                                                     

Copper         25       8        14                                                                      

Iron           350      39       50                                                                      

Lead           250      6.5      16                                                                      

Lithium        10       3.8      8                                                                       

Magnesium      1000     29       62       26.0     <1000                                                 

Manganese      25       1.1      3.5                                                                     

Molybdenum     50       2.1      6                                                                       

Nickel         150      1.9      3                                                                       

Phosphorus     500      75       270                                                                     

Potassium      5000     1900     2700                                                                    

Selenium       250      14       36                                                                      

Silicon        250      60       100                                                                     

Silver         150      4.9      1.5                                                                     

Sodium         2000     1200     110      -410     <2000                                                 

Strontium      25       .46      17                                                                      

Thallium       50       16       11                                                                      

Tin            250      70       22                                                                      

Titanium       50       .49      3.5                                                                     

Uranium        250      11       20                                                                      

Vanadium       50       1.4      1.5                                                                     

Zinc           150      3.8      8.5                                                                     

Associated samples MP2762: D16334-1A

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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BLANK RESULTS SUMMARY 
Part 2 - Method Blanks

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2762                                           Methods: LADNR29B, SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2762                                           Methods: LADNR29B, SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                09/01/10                                                       

D16762-1F         Spikelot QC                                                     
Metal          Original MS       MPICPALL % Rec    Limits                                                 

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic                                                                                                  

Barium                                                                                                   

Beryllium                                                                                                

Boron                                                                                                    

Cadmium                                                                                                  

Calcium        12700    135000   125000   97.8     75-125                                                

Chromium                                                                                                 

Cobalt                                                                                                   

Copper                                                                                                   

Iron                                                                                                     

Lead                                                                                                     

Lithium                                                                                                  

Magnesium      4870     122000   125000   93.7     75-125                                                

Manganese                                                                                                

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus                                                                                               

Potassium                                                                                                

Selenium                                                                                                 

Silicon                                                                                                  

Silver                                                                                                   

Sodium         3580     127000   125000   98.7     75-125                                                

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc                                                                                                     

Associated samples MP2762: D16334-1A

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2762                                           Methods: LADNR29B, SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2762                                           Methods: LADNR29B, SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                         09/01/10                                              

D16762-1F         Spikelot          MSD      QC                                            
Metal          Original MSD      MPICPALL % Rec    RPD      Limit                                         

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic                                                                                                  

Barium                                                                                                   

Beryllium                                                                                                

Boron                                                                                                    

Cadmium                                                                                                  

Calcium        12700    137000   125000   99.4     1.5      20                                           

Chromium                                                                                                 

Cobalt                                                                                                   

Copper                                                                                                   

Iron                                                                                                     

Lead                                                                                                     

Lithium                                                                                                  

Magnesium      4870     123000   125000   94.5     0.8      20                                           

Manganese                                                                                                

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus                                                                                               

Potassium                                                                                                

Selenium                                                                                                 

Silicon                                                                                                  

Silver                                                                                                   

Sodium         3580     129000   125000   100.3    1.6      20                                           

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc                                                                                                     

Associated samples MP2762: D16334-1A

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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MATRIX SPIKE AND DUPLICATE RESULTS SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2762                                           Methods: LADNR29B, SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(N) Matrix Spike Rec. outside of QC limits
(anr) Analyte not requested

_________________________________________________________________________________________________________
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SPIKE BLANK AND LAB CONTROL SAMPLE SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2762                                           Methods: LADNR29B, SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                       09/01/10                                                                

BSP      Spikelot QC                                                              
Metal          Result   MPICPALL % Rec    Limits                                                          

Aluminum                                                                                                 

Antimony                                                                                                 

Arsenic                                                                                                  

Barium                                                                                                   

Beryllium                                                                                                

Boron                                                                                                    

Cadmium                                                                                                  

Calcium        121000   125000   96.8     80-120                                                         

Chromium                                                                                                 

Cobalt                                                                                                   

Copper                                                                                                   

Iron                                                                                                     

Lead                                                                                                     

Lithium                                                                                                  

Magnesium      117000   125000   93.6     80-120                                                         

Manganese                                                                                                

Molybdenum                                                                                               

Nickel                                                                                                   

Phosphorus                                                                                               

Potassium                                                                                                

Selenium                                                                                                 

Silicon                                                                                                  

Silver                                                                                                   

Sodium         122000   125000   97.6     80-120                                                         

Strontium                                                                                                

Thallium                                                                                                 

Tin                                                                                                      

Titanium                                                                                                 

Uranium                                                                                                  

Vanadium                                                                                                 

Zinc                                                                                                     

Associated samples MP2762: D16334-1A

Results < IDL are shown as zero for calculation purposes
(*) Outside of QC limits
_________________________________________________________________________________________________________
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SPIKE BLANK AND LAB CONTROL SAMPLE SUMMARY 

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC Batch ID: MP2762                                           Methods: LADNR29B, SW846 6010B 
Matrix Type: AQUEOUS                                            Units: ug/l

Prep Date:                                                                                               

Metal                                                                                                     

(anr) Analyte not requested

_________________________________________________________________________________________________________
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Accutest Laboratories

General Chemistry

QC Data Summaries

Includes the following where applicable:

• Method Blank and Blank Spike Summaries
• Duplicate Summaries
• Matrix Spike Summaries

Section 7
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METHOD BLANK AND SPIKE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

MB                    Spike      BSP        BSP        QC       
Analyte                        Batch ID          RL         Result     Units      Amount     Result     %Recov     Limits   

Alkalinity, Bicarbonate as CaC GN6008            5.0        0.0        mg/l       100        101        101.4      90-110% 
Alkalinity, Carbonate          GN6009            5.0        0.0        mg/l       100        101        101.4      80-120% 
Alkalinity, Total as CaCO3     GN6006            5.0        0.0        mg/l       100        101        101.4      90-110% 
Bromide                        GP2589/GN5940     0.20       0.0        mg/l       20         19.2       96.0       90-110% 
Chloride                       GP2589/GN5940     0.50       0.0        mg/l       20         21.2       106.0      90-110% 
Fluoride                       GP2633/GN6047     0.20       0.0        mg/l       10         9.51       95.1       90-110% 
Hydrogen Sulfide               GN5975            0.50       <0.50      mg/l       3.56       3.4        95.5       60-120% 
Nitrogen, Nitrate              GP2589/GN5940     0.045      0.0        mg/l       4.52       4.28       94.7       90-110% 
Nitrogen, Nitrite              GP2589/GN5940     0.061      0.0        mg/l       6.09       6.14       100.8      90-110% 
Phosphate, Ortho               GP2589/GN5940     0.065      0.0        mg/l       9.78       9.51       97.2       90-110% 
Solids, Total Dissolved        GN5952            10         0.0        mg/l       400        403        100.8      90-110% 
Specific Conductivity          GP2560/GN5892                umhos/cm   99.9       91.9       92.0       90-110% 
Sulfate                        GP2589/GN5940     0.50       0.0        mg/l       30         29.4       98.0       90-110% 
pH                             GN5898                       su         8.00       8.03       100.4      99.3-100.7%
pH                             GN5898                       su         8.00       8.03       100.4      99.3-100.7%

Associated Samples: 
Batch GN5898: D16334-1
Batch GN5952: D16334-1
Batch GN5975: D16334-1
Batch GN6006: D16334-1
Batch GN6008: D16334-1
Batch GN6009: D16334-1
Batch GP2560: D16334-1
Batch GP2589: D16334-1
Batch GP2633: D16334-1
(*) Outside of QC limits

__________________________________________________________________________________________________________________________
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DUPLICATE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC                      Original   DUP                   QC         
Analyte                        Batch ID          Sample       Units      Result     Result     RPD        Limits     

Alkalinity, Total as CaCO3     GN6006            D16381-4     mg/l       32.2       31.9       1.1        0-20%     
Hydrogen Sulfide               GN5975            D16371-1     mg/l       <0.50      <0.50      0.0        0-20%     
Solids, Total Dissolved        GN5952            D16336-4     mg/l       302        304        0.7        0-25%     
Specific Conductivity          GP2560/GN5892     D16181-1     umhos/cm   754        742        1.6        0-20%     

Associated Samples: 
Batch GN5952: D16334-1
Batch GN5975: D16334-1
Batch GN6006: D16334-1
Batch GP2560: D16334-1
(*) Outside of QC limits
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MATRIX SPIKE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC                      Original   Spike    MS                    QC         
Analyte                        Batch ID          Sample       Units      Result     Amount   Result     %Rec       Limits     

Alkalinity, Total as CaCO3     GN6006            D16381-4     mg/l       32.2       100      126        93.7       80-120%   
Bromide                        GP2589/GN5940     D16132-5     mg/l       0.30       12.5     13.6       106.4      80-120%   
Chloride                       GP2589/GN5940     D16132-5     mg/l       70.9       50       133        124.2N(a)  80-120%   
Fluoride                       GP2633/GN6047     D16320-1     mg/l       0.33       2.5      2.6        90.8       80-120%   
Nitrogen, Nitrate              GP2589/GN5940     D16132-5     mg/l       0.079      2.83     3.1        106.9      80-120%   
Nitrogen, Nitrite              GP2589/GN5940     D16132-5     mg/l       0.0        1.52     1.8        118.2      80-120%   
Phosphate, Ortho               GP2589/GN5940     D16132-5     mg/l       0.0        4.08     4.2        103.1      80-120%   

Associated Samples: 
Batch GN6006: D16334-1
Batch GP2589: D16334-1
Batch GP2633: D16334-1
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
(a) Spike amount low relative to the sample amount.  Refer to  lab control or spike blank for recovery information.
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MATRIX SPIKE DUPLICATE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: D16334 
Account: LTENCODE - LT Environmental 

Project: Colo Rule 608 Compliance Raton Basin CO

QC                      Original   Spike    MSD                   QC         
Analyte                        Batch ID          Sample       Units      Result     Amount   Result     RPD        Limit      

Alkalinity, Total as CaCO3     GN6006            D16381-4     mg/l       32.2       100      127        1.0        20%       
Bromide                        GP2589/GN5940     D16132-5     mg/l       0.30       12.5     13.3       2.2        20%       
Chloride                       GP2589/GN5940     D16132-5     mg/l       70.9       50       130        2.3        20%       
Fluoride                       GP2633/GN6047     D16320-1     mg/l       0.33       2.5      2.6        0.0        20%       
Nitrogen, Nitrate              GP2589/GN5940     D16132-5     mg/l       0.079      2.83     3.0        3.3        20%       
Nitrogen, Nitrite              GP2589/GN5940     D16132-5     mg/l       0.0        1.52     1.8        0.0        20%       
Phosphate, Ortho               GP2589/GN5940     D16132-5     mg/l       0.0        4.08     4.1        2.4        20%       

Associated Samples: 
Batch GN6006: D16334-1
Batch GP2589: D16334-1
Batch GP2633: D16334-1
(*) Outside of QC limits
(N) Matrix Spike Rec. outside of QC limits
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Accutest Laboratories

Misc. Forms

Custody Documents and Other Forms

(Accutest Laboratories Gulf Coast, Inc.)

Includes the following where applicable:

• Chain of Custody

Section 8
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D16334: Chain of Custody
Page 1 of 3

Accutest Laboratories Gulf Coast, Inc.
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D16334: Chain of Custody
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D16334: Chain of Custody
Page 3 of 3
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Accutest Laboratories

General Chemistry

QC Data Summaries

(Accutest Laboratories Gulf Coast, Inc.)

Includes the following where applicable:

• Method Blank and Blank Spike Summaries
• Duplicate Summaries
• Matrix Spike Summaries

Section 9
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METHOD BLANK AND SPIKE RESULTS SUMMARY 
GENERAL CHEMISTRY

Login Number: D16334 
Account: ALMS - Accutest Mountain States 

Project: LTENCODE: Colo Rule 608 Compliance Raton Basin CO

MB                    Spike      BSP        BSP        QC       
Analyte                        Batch ID          RL         Result     Units      Amount     Result     %Recov     Limits   

Iron Reducing Bacteria         MB2239            25         <25        cfu/ml                           
Slime Forming Bacteria         MB2235            500        <500       cfu/ml                           
Sulfate Reducing Bacteria      MB2238            200        <200       cfu/ml                           

Associated Samples: 
Batch MB2235: D16334-1
Batch MB2238: D16334-1
Batch MB2239: D16334-1
(*) Outside of QC limits
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