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VOLUMETRIC FLUX CALCULATIONS 

HOMOGENEOUS POROUS MEDIA FLOW 

Since the field mapping incorporated a grid network for sampling, LTE assumed that the gas 
flow is through a porous medium.  Given the various hypotheses that suggest methane may also 
migrate up-dip from within the basin toward the outcrop along pathways of preferential flow, for 
example in coal cleats and fracture systems, the assumption of gas flow through a porous 
medium may not be valid. 

However, the spatial distribution of data suggests that the flow may mimic a homogeneous 
medium on a large scale because we observe relatively large areas containing contiguous 
sampling points that exhibit similar methane flux.  If the system is fracture-dominated, we might 
expect to see more discontinuous areas of flux or a spatial component distributing gas flow in the 
direction of the predominant fracture system which is in the direction of the formation dip.  This 
type of spatial distribution is not readily observed in the data set.  Rather, a spatial component to 
the data set in the direction of bedding (parallel to strike) is apparent. 

Therefore, when looking at gas flux on a large scale, the grid spacing appears adequate to 
identify the extent of seepage and provide an estimate of total flux from the project area. 

LTE’s experience has found that a smaller grid will likely identify discontinuities within a given 
seep area and that these discontinuities are likely related to stratigraphy of individual coal beds 
and/or subsurface structure patterns. 

VARIABLE FLOW OVER TIME 

Previous work by LTE has documented both daily and seasonal changes in flow rate over time.  
It is not feasible to collect gas flux data from all the data points at the same time of day or within 
a period of one day.  Therefore, there will be variations in the flow rate among each of the 
sampling points.  In order to calculate a flux from the project area, LTE assumed that all 
measurements were collected at the same time. 

The 2008 methane seep mapping occurred in October 2008.  It is important to recognize that the 
estimated flux from this sampling event is for a given time period and may vary throughout the 
year.  Determining seasonal variation may be important in estimating total annual methane flux 
from the Kf outcrop. 

ESTIMATION METHOD 

The flux estimation method used by LTE is comprised of six steps, including data processing, 
grid interpolation, grid math, contouring, volume calculations, and the resultant total flux 
calculation.  Each step involved in the method is described below. 



Data Processing 

The Flux Manager® data files for each sample point were processed in order to determine the 
flux of each sample point.  As previously mentioned, the slope of the flux curve created in the 
Flux Manager® software is proportional to the flux of the sample point.  The flux of each sample 
point, measured in moles/m2•day, was calculated using the following formula: 

Flux of Sample Point = S x K 

where, 

S = slope of flux curve (ppm/second) 
K = accumulation chamber factor 

 

The accumulation chamber factor (K) incorporates the air temperature, barometric pressure, 
volume of the accumulation chamber, and surface area of the inlet to the accumulation chamber.  
The accumulation factor was calculated using the following formula: 

K = 86,400 x P x V 
106 x R x TK A 

 

where, 

K = accumulation factor 
P = barometric pressure (mBar) 
V = net volume of the accumulation chamber (m3) 
R = gas constant (0.08314510 bar LK-1 mol-1) 
TK = air temperature (Kelvin) 
A = net area of inlet to the accumulation chamber (m2) 

 

By applying the aforementioned formulas to each data file, the flux of methane was calculated 
for each sample point. 

Interpolation Gridding – Kriging Method 

LTE interpolated the data using the Kriging method.  The interpolation was performed using 
Surfer® version 8.0 by Golden Software, Inc.  Surfer® is a grid-based graphics program that 
interpolates irregularly spaced data with Cartesian coordinated into a regulatory spaced grid. 

The Kriging method is a popular geostatistical gridding method.  LTE utilized this method to 
interpolate a grid of methane flux and carbon dioxide flux at each of the seep areas using each of 
the measurement points.  Detailed explanation of this statistical method is described by Cressie 
(1993) and Armstrong and Champigny (1988). 



In general, Kriging is a regression technique used in geostatistics to approximate or interpolate 
data.  LTE utilized the Kriging defaults in Surfer® to generate grids.  The Kriging algorithm can 
result in negative value in the regions beyond the areas where data were collected.  Negative 
values were excluded from the maps and the area and volume calculations. 

Contouring 

Once the grids of methane flux were generated, LTE exported the positive contours from Surfer® 
to ArcMap to generate the contour maps of methane flux areas. 

Total Flux Calculations 

In order to estimate the total flux of each seep area, the grid volume capability in Surfer® was 
utilized.  The Surfer® Grid Volume output files, presenting the volume estimates for each seep 
area, are included as Attachment C-1.  Under the heading “Cut & Fill Volumes”, the “Positive 
Volume [Cut]” represents the volume between the contoured surface and the zero plane.  The 
units of the contoured values are in moles/m2•day.  Since the units for the X and Y coordinates 
were feet, a z-scale factor of 0.0929 m2/ft2 was used, such that the resulting volume has units of 
moles/m2•day x m2/ft2.  When the resulting volume is multiplied by the area of seepage (ft2), 
these units are equal to moles/day. 

For a better perspective of the methane 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 7,000 feet 
above mean sea level.  For methane flux, the calculation is as follows: 

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

 

For example,  

1.0 mole/day CH4 = 1.12 CFD CH4



ATTACHEMENT C-1 
 

SURFER® GRID VOLUME OUTPUT FILES



































































































 

 

APPENDIX D 

SUSPECT AREA PHOTOS 



 

 

 

 

 

 

 

 

 

 

 

Photo 1 - Suspect Area 8, October 20, 2008. 

  



 

Photo 2 - Suspect Area 8, October 20, 2008. 

  



 

Photo 3 - Suspect Area 12, October 20, 2008. 

  



 

Photo 4 - Suspect Area 18, October 22, 2008. 

  



 

Photo 5 - Suspect Area 19, October 22, 2008. 

  



 

Photo 6 - Suspect Area 20, October 22, 2008. 

  



 

Photo 7 - Suspect Area 23, October 22, 2008. 

  



 

Photo 8 - Suspect Area 24, October 22, 2008. 

  



 

Photo 9 - Suspect Area 25, October 21, 2008. 

  



 

Photo 10 - Suspect Area 26, October 21, 2008. 

  



 

Photo 11 - Suspect Area 27, October 21, 2008. 

  



 

Photo 12 - Suspect Area 27, October 21, 2008. 

  



 

Photo 13 - Suspect Area 30, October 17, 2008. 



 

Photo 14 - Suspect Area 30, October 17, 2008. 



 

Photo 15 - Suspect Area 31, October 19, 2008. 



 

 

APPENDIX E 

SUBSURFACE SOIL GAS DATA 



TABLE E-1
SUBSURFACE SOIL GAS MEASUREMENTS
2008 FRUITLAND OUTCROP MONITORING

LA PLATA COUNTY, COLORADO

Point ID Methane Oxygen
Carbon 

Monoxide
Hydrogen 

Sulfide Date Time  Elevation  Northing  Easting 
1 0 19.8 0 0 10/17/2008 11:05:15am 7,401.203   1,238,173.471   2,417,050.793   
2 0 20.2 0 0 10/17/2008 11:07:32am 7,420.163   1,238,200.643   2,417,000.417   
3 0 20.2 0 0 10/17/2008 11:12:00am 7,412.344   1,238,111.463   2,416,986.733   
4 0 19.8 0 0 10/17/2008 11:14:03am 7,394.285   1,238,080.726   2,417,053.847   
5 0 19.8 0 0 10/17/2008 11:15:46am 7,399.053   1,238,123.690   2,417,035.250   
6 0 20.5 0 0 10/19/2008 10:01:47am 7,554.346   1,238,370.760   2,415,445.563   
7 0 20.6 0 0 10/19/2008 10:05:11am 7,569.229   1,238,393.149   2,415,417.326   
8 0 20.4 0 0 10/19/2008 10:06:12am 7,570.251   1,238,419.476   2,415,416.086   
9 0 20.4 0 0 10/19/2008 10:07:18am 7,572.825   1,238,411.222   2,415,384.162   

10 0 20.6 0 0 10/19/2008 10:08:28am 7,582.003   1,238,430.182   2,415,369.115   
11 0 20.7 0 0 10/19/2008 10:29:24am 7,478.920   1,238,064.454   2,417,814.707   
12 0 20.7 0 0 10/19/2008 10:31:01am 7,475.070   1,238,096.447   2,417,806.797   
13 0 20.4 0 0 10/19/2008 10:32:04am 7,488.858   1,238,101.410   2,417,763.820   
14 0 20.6 0 0 10/19/2008 10:33:15am 7,467.368   1,238,054.004   2,417,772.322   
15 0 20.7 0 0 10/19/2008 10:34:10am 7,472.397   1,238,079.079   2,417,791.017   
16 0 20.4 0 0 10/19/2008 12:17:26pm 7,582.643   1,243,626.138   2,367,560.877   
17 0 20.1 0 0 10/19/2008 12:22:59pm 7,575.853   1,243,689.853   2,367,762.335   
18 0 20.3 0 0 10/19/2008 12:24:37pm 7,567.123   1,243,493.147   2,367,735.348   
19 0 20.1 0 0 10/20/2008 10:32:43am 8,601.678   1,246,665.504   2,356,514.111   
20 0 19.4 2 0 10/20/2008 10:34:30am 8,593.006   1,246,627.833   2,356,531.854   
21 0 21.0 1 0 10/20/2008 10:36:06am 8,577.484   1,246,596.328   2,356,515.937   
22 0 19.4 1 0 10/20/2008 10:37:48am 8,578.334   1,246,631.272   2,356,486.594   
23 0 19.4 1 0 10/20/2008 10:39:25am 8,591.242   1,246,641.251   2,356,515.135   
24 0 19.9 0 0 10/20/2008 12:50:25pm 8,000.470   1,242,772.899   2,346,498.206   
25 0 19.9 0 0 10/20/2008 12:52:44pm 8,033.717   1,242,814.052   2,346,554.595   
26 0 20.0 0 0 10/20/2008 12:54:42pm 8,069.549   1,242,874.896   2,346,580.582   
27 0 20.0 0 0 10/20/2008 12:56:26pm 8,090.786   1,242,932.347   2,346,585.558   
28 0 20.0 0 0 10/20/2008 12:57:52pm 8,080.292   1,242,897.491   2,346,627.696   
29 0 20.0 0 0 10/20/2008 01:05:44pm 8,058.163   1,242,830.296   2,346,254.718   
30 0 20.1 0 0 10/20/2008 01:07:08pm 8,114.367   1,242,872.504   2,346,144.027   
31 0 20.0 0 0 10/20/2008 01:08:44pm 8,133.701   1,242,967.949   2,346,103.568   
32 0 20.0 0 0 10/20/2008 01:09:57pm 8,165.713   1,243,006.149   2,346,073.314   
33 0 20.1 0 0 10/20/2008 01:11:06pm 8,192.438   1,243,040.688   2,346,017.408   
34 0 20.1 0 0 10/20/2008 01:42:25pm 8,362.908   1,243,762.007   2,347,849.957   
35 0 20.1 0 0 10/20/2008 01:47:28pm 8,319.830   1,243,652.795   2,347,942.560   
36 0 19.9 0 0 10/20/2008 01:48:48pm 8,310.935   1,243,596.535   2,347,972.198   
37 0 20.0 0 0 10/20/2008 01:50:07pm 8,312.696   1,243,584.749   2,347,899.173   
38 0 19.9 0 0 10/20/2008 01:51:47pm 8,314.155   1,243,624.254   2,347,981.814   
39 0 20.1 0 0 10/21/2008 10:20:41am 7,754.071   1,238,467.405   2,409,108.634   
40 0 20.1 1 0 10/21/2008 10:22:39am 7,752.545   1,238,487.520   2,409,162.824   
41 0 20.3 0 0 10/21/2008 10:23:36am 7,736.707   1,238,451.578   2,409,169.864   
42 0 20.3 0 0 10/21/2008 10:24:55am 7,747.204   1,238,437.049   2,409,108.533   
43 0 20.2 0 0 10/21/2008 10:26:04am 7,758.386   1,238,466.263   2,409,129.411   
44 0 19.8 0 0 10/21/2008 11:22:03am 7,900.255   1,238,578.255   2,406,960.781   
45 0 19.8 0 0 10/21/2008 11:24:07am 7,909.362   1,238,607.369   2,406,951.815   
46 0 19.8 0 0 10/21/2008 11:25:27am 7,912.603   1,238,599.590   2,406,911.430   
47 0 19.8 0 0 10/22/2008 09:12:27am 7,816.164   1,238,375.966   2,398,244.629   
48 0 19.8 0 0 10/22/2008 09:13:41am 7,802.327   1,238,301.711   2,398,172.645   
49 0 19.8 0 0 10/22/2008 09:14:59am 7,809.627   1,238,322.023   2,398,263.418   
50 0 19.7 0 0 10/22/2008 09:16:52am 7,831.973   1,238,281.723   2,398,355.007   
51 0 19.7 0 0 10/22/2008 09:18:24am 7,820.630   1,238,356.428   2,398,427.856   
52 0 20.0 0 0 10/22/2008 10:02:59am 7,695.714   1,238,097.235   2,402,796.356   



TABLE E-1
SUBSURFACE SOIL GAS MEASUREMENTS
2008 FRUITLAND OUTCROP MONITORING

LA PLATA COUNTY, COLORADO

Point ID Methane Oxygen
Carbon 

Monoxide
Hydrogen 

Sulfide Date Time  Elevation  Northing  Easting 
53 0 20.0 0 0 10/22/2008 10:05:49am 7,695.507   1,238,137.029   2,402,846.411   
54 0 19.8 0 0 10/22/2008 10:07:19am 7,697.353   1,238,125.082   2,402,815.809   
55 0 19.5 0 0 10/22/2008 05:42:10pm 7,909.928   1,242,424.759   2,379,167.636   
56 0 19.6 0 0 10/22/2008 05:43:21pm 7,918.276   1,242,431.121   2,379,246.500   
57 0 19.5 0 0 10/22/2008 05:44:03pm 7,942.482   1,242,492.445   2,379,214.904   
58 0 19.5 0 0 10/22/2008 05:45:20pm 7,967.463   1,242,528.081   2,379,258.018   
59 0 19.5 0 0 10/22/2008 05:46:18pm 7,984.375   1,242,567.599   2,379,206.641   
60 20 21.0 0 0 10/22/2008 06:16:07pm 7,724.633   1,241,183.301   2,380,749.339   
61 0 19.5 0 0 10/22/2008 06:17:33pm 7,721.624   1,241,217.909   2,380,662.044   
62 0 19.6 0 0 10/22/2008 06:18:16pm 7,711.165   1,241,180.768   2,380,648.267   
63 0 19.5 0 0 10/22/2008 06:19:21pm 7,700.320   1,241,174.762   2,380,593.165   
64 0 19.5 0 0 10/22/2008 06:20:28pm 7,704.610   1,241,213.538   2,380,608.460   
65 0 19.4 0 0 10/22/2008 06:23:07pm 7,743.300   1,241,295.296   2,380,667.260   
66 0 19.4 7 0 10/22/2008 06:23:59pm 7,739.968   1,241,348.122   2,380,652.025   
67 0 19.1 1 0 10/22/2008 06:24:57pm 7,747.517   1,241,330.435   2,380,729.417   
68 0 19.4 4 0 10/22/2008 06:25:53pm 7,729.868   1,241,277.705   2,380,726.939   
69 0 19.3 0 0 10/22/2008 06:26:38pm 7,714.286 1,241,250.029 2,380,756.707   



 

 

APPENDIX F 

NATURAL SPRINGS PHOTOS 



 

Photo 1 - Rancho Durango East Spring, June 23, 2008. 



 

Photo 2 - Rancho Durango East Spring, June 23, 2008. 



 

Photo 3 - Rancho Durango East Spring, June 23, 2008. 



 

Photo 4 - Rancho Durango North Spring, June 23, 2008. 



 

Photo 5 - Rancho Durango North Spring, June 23, 2008. 



 

Photo 6 - Darwin Rather Spring #1, June 23, 2008. 



 

Photo  7 - Darwin Rather Spring #1, June 23, 2008. 



 

Photo 8 - Darwin Rather Spring #2, June 23, 2008. 



 

Photo  9 - Darwin Rather Spring #2, June 23, 2008. 



 

Photo  10 - Southwesterly view from Darwin Rather Spring #2, June 23, 2008. 



 

Photo 11 - Northeasterly view from Darwin Rather Spring #2, June 23, 2008. 



 

Photo 12 - Hoier Spring, June 23, 2008. 



 

Photo 13 - Hoier Spring, June 23, 2008. 



 

Photo 14 - Rancho Durango LTD Spring, October 15, 2008. 



 

Photo 15 - Rancho Durango LTD Spring, October 15, 2008. 

 



 

 

APPENDIX G 

NATURAL SPRINGS ANALYTICAL RESULTS 










































