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ABSTRACT

Figure 6.  Whisker plot comparing the results of FID response (as CH  ) for all 
wells field screened with a result > 100 ppm.  A comparison of values where 
lignites do and do not occur follows.  Overall FID responses range higher within 
the group of values containing coals, either as detritus or in beds.  Mean FID 
response is higher within wells where no carbonaceous material is reported.    

Figure 5.  Frequency distribution of 787 FID instrument responses (as C1 
in ppm) described within six logarithmic intervals from zero to 100,000.  
The 1 ppm to 10 ppm interval contained the majority (41%) of the 
responses.  FID values in the 10 ppm to 100 ppm (23%) range were 
second, followed by FID values in the zero ppm to 1 ppm range (20%).  
Only 8 values (1%) were reported that were greater than 10,000 ppm.  
None of the values within the 10,000 ppm to 100,000 ppm methane 
concentration interval were greater than 50,000 ppm.  The cumulative 
percentage trend through the data is shown with the curved black line.  
90% of the FID instrument responses as C1 were below 100 ppm.    

Figure 1.  Conducting shallow gas field screening 
with a portable flame-ionization detector (FID) at a 
ground-water observation well in Cass County, North 
Dakota.  The portable FID is fitted with an extended 
sample line consisting of flexible 1/4” (6.5 mm) O.D. 
polyethylene hose.  The sample line is lowered 
directly into the well to a point just above the level of 
groundwater in the well, at which time a reading of 
gas flux across the groundwater/atmospheric interface 
(GWI) is collected.

DISCUSSION

Figure 2.  Shallow gas bubbles flowing in a slightly artesian 
ground-water observation well (162-83-15CCD) located in 
northwestern Bottineau County, North Dakota.  This well is 
located near several oil and gas producing fields and is 
screened within sands overlying carbonaceous siltstone and 
sandstone bedrock of the Hell Creek Formation.  Diameter of 
the polyvinylchloride (PVC) well casing is 2-in. (5-cm).

 Exploration for natural gas occurrences in ground-water wells 
completed within unconsolidated Pleistocene glacial sediments and 
Cretaceous bedrock of the Fox Hills and Hell Creek Formations 
reveal numerous potential occurrences of shallow natural gas in 
North Dakota, possibly providing insight into areas of gas genera-
tion, migration, and accumulation in the shallow (<1,524 m) sub-
surface. More than 3,000 wells throughout North Dakota were 
tested during the 2006 - 2009 field seasons for the occurrence of 
methane using portable flame-ionization-detector (FID) instrumen-
tation. Ground-water observation wells within Steele, Renville, 
Bottineau, Emmons, Kidder, Stutsman, Rolette, Towner, Ward, 
Barnes, Morton, LaMoure, Burleigh, McHenry, Pierce, Sheridan, 
Benson, and Logan counties, along with ground-water observation 
and stock-supply wells in Oliver, Mercer, Dunn, Billings, Stark, 
Slope, McLean, Traill, Griggs, Ransom, Richland and Sargent 
counties, have been field screened. Over 740 occurrences have been 
documented with FID responses ranging from 0.2 ppm to 50,000 
ppm (5%), as methane in air. Preliminary assessments indicate that 
the majority of documented methane occurrences continue to be 
associated with the presence of lignite, either as detritus within the 
aquifer sedimentary matrix, or as stratiform beds within the moni-
tored interval. These results suggest localized shallow methanogen-
esis along with potential migration and accumulation from underly-
ing organic-laden Cretaceous sediments.
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Figure 3. Shaded-relief map of North Dakota with the locations of ground-water wells field screened with an occurrence of shallow gas as CH  . Symbols are color-coded indicating the range of flame-ionization detector (FID) instrument response recorded within the well at the groundwater/atmospheric interface (GWI). Well locations are color 
coded from cooler to warmer colors based on the order of magnitude of FID instrument response: blue = 0 to 1 ppm, green = 1 to 10 ppm, yellow = 10 to 100 ppm, orange = 100 to 1,000 ppm, red = 1,000 to 10,000 ppm, and purple = 10,000 to 1,000,000 ppm.                                                                                                                              

Figure 9.  Comparison of positive FID instrument responses interpreted as shallow gas occurrences for wells field screened in western North Dakota in 2006-2009.  Data grouped alphabetically by county from top to bottom.  Data within each county grouping is sorted by [CH   ] in ascending order (i.e. lowest to highest).  Bars are color coded with increasing values changing from cooler to warmer 
color based on the order of magnitude of FID instrument response:  blue = 0 to 1 ppm, green = 1 to 10 ppm, yellow = 10 to 100 ppm, orange = 100 to 1,000 ppm, red = 1,000 to 10,000 ppm, and purple = 10,000 to 1,000,000 ppm.  Monitoring well identification numbers are displayed at the right of each respective bar.  Well identification format is in ND State Water Commission database format as 
Township, Range, Section and 1/4, 1/4, 1/4 (e.g. 01ABC) sections.  Nested wells are commonly listed with an appended 1, 2, 3 etc., attached to the well identification (e.g. 01ABC2).  

Figure 4.  Comparison of the ranges and means of flame-ionization detector (FID) instrument responses (ppm as CH    in air) by county, in relative order of investigation.  SE Steele, Bottineau, Renville, Emmons, 
Stutsman, Rolette, and Towner Counties were completed in 2006.  Burleigh, Ward, McHenry, Pierce, Kidder, Barnes, LaMoure, and Morton Counties were completed in 2007, Sheridan, Logan, and Benson Coun-
ties were completed in 2008.  The remaining 19 counties, from Trail to Williams, were completed in 2009.  Generally, wells were field screened on a county by county basis.  Wells in counties where shallow gas 
occurrences were most likely (e.g. Renville and Bottineau Counties) based on historical data and occurrences, were field screened first.  Counties in “frontier” areas in eastern North Dakota were subsequently 
field screened.  Counties in western North Dakota (e.g. Bowman, McKenzie, Renville, Ward), tend to show relatively higher mean values than other counties investigated.  Mean values range across four orders 
of magnitude from 2 ppm to 9,420 ppm (as CH   in air).  Concentration ranges per county are depicted by the vertical red bar with the minimum and maximum values reported as the top and bottom ends of the 
bar, respectively.  Mean values are shown at their respective position along the bar as yellow squares.  The number of shallow gas occurrences per group (i.e. the n-value) is displayed at the top of each bar.  

         The investigation of shallow natural gas occurrences within existing ground-water 

observation wells in 43 selected counties in North Dakota was conducted during the 2006, 

2007, 2008, and 2009 field seasons.  A total of 7,300 well sites, consisting of historic and 

existing ground-water observation and stock wells, drilled in the county for the purposes of 

ground-water monitoring of unconsolidated and shallow bedrock aquifers, and livestock 

water supply, were included in the field component of this investigation (Table 1).  Each of 

these well sites were visited in the field in order to (1) determine the actual existence of the 

well, (2) to verify its location, and (3) perform flame-ionization detector field screening for 

possible shallow natural gas occurrences.  3,768 well sites were not found during the 

investigation, suggesting that well usage has been discontinued at these locations or the 

wells have been abandoned or destroyed.  3,532 well site locations were verified to have a 

ground-water observation or stock well at their prescribed point and were subsequently 

field screened.

    Each well was field screened for the presence of combustible gases using a portable FID 

calibrated to CH  (101 ppm low-span or 10,000 ppm high-span) in air.  The FID was used 

solely for field screening on all wells (Figure 1).  FID response was collected at the top of 

well casing (TOC) and just above the groundwater/atmospheric interface (GWI), after the 

collection of a water level reading within the well using an electric well tape.  For flowing 

wells (Figure 2) or stock water supply wells, FID response was collected from a headspace 

sample collected from the produced waters.  Of the existing wells field screened, 787 

returned positive FID responses (Figure 3), ranging from 0.1 to >50,000 ppm (5%) as CH  

in air (Figure 4); 2,744 of the wells showed no response (i.e., a 0.0 ppm as CH  in air 

instrument reading) during field screening at both the TOC and GWI.  Over the course of 

this investigation, field observations have shown that it is commonly more likely (i.e. >95% 

of the time) to detect CH  at the GWI or higher in the air column within a given well.  It has 

been less typical to detect CH  emanating directly from the well TOC.  CH  was most 

frequently detected in relatively low concentrations within the range of 1.0 to 10.0 ppm 

(Figure 5).  Detrital lignites were common in over 50% of the wells tested where a CH    

occurrence of greater than 100 ppm was found.  Overall, the average value of CH  detected 

in wells where the presence of detrital lignite was not found, was slightly higher (+1,071 

ppm) at 3,761 ppm (Figure 6).  These wells tend to be located within ground-water zones 

found at the unconformable contact between subcropping Cretaceous marine shales of the 

Pierre Formation and overlying subglacial sediments consisting dominantly of 

low-permeability tills of the Coleharbor Group found dominantly in eastern North Dakota 

(Figure 7).  FID results for counties in eastern North Dakota (Figure 8) tend to have broader 

distributions in the range of 0.1 to 100 ppm.  FID results for counties in western North 

Dakota (Figure 9) tend to have narrower distributions that range from 0.1 to 10,000 ppm.  

This may be related to the existence of coal, and oil & gas deposits present in the Williston 

Basin.  

    The occurrence of FID responses are somewhat constrained to the boundaries of existing 

aquifers by the overall distribution of well locations as the majority of the wells field 

screened are monitoring shallow glaciofluvial aquifer systems.  FID field screening is not a 

stand-alone analytical tool.  It must be used in conjunction with additional analytical 

methods and procedures.  A positive FID instrument response indicates that the presence of 

CH   is highly likely at the well since the instrument is selectively sensitive to CH  and is 

calibrated specifically to a predetermined concentration of CH  in air.  However, excessive 

moisture and low oxygen levels or high values of carbon dioxide can influence FID 

response.  A confirmatory gas analysis is required to determine and quantify the absolute 

presence and concentration of CH  and other hydrocarbons that may be present in 

conjunction with FID field screening results.  

    The reconnaissance level field screening results presented here in summary fashion and 

individually in the separate county studies referenced herein, are intended to aid in the 

selection of future candidate well locations and or areas to conduct additional sampling and 

analysis and potentially focus future oil and gas exploration and field investigative efforts.   
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Figure 8.  Comparison of positive FID instrument responses interpreted as shallow gas occurrences for wells field screened in eastern North Dakota in 2006-2009.  Data grouped alphabetically by county from top to bottom.  Data within each county grouping is sorted by [CH   ] in ascending order (i.e. lowest to highest).  Bars are color coded with increasing values changing from cooler to warmer color 
based on the order of magnitude of FID instrument response:  blue = 0 to 1 ppm, green = 1 to 10 ppm, yellow = 10 to 100 ppm, orange = 100 to 1,000 ppm, red = 1,000 to 10,000 ppm, and purple = 10,000 to 1,000,000 ppm.  Monitoring well identification numbers are displayed at the left of each respective bar.  Well identification format is in ND State Water Commission database format as Township, 
Range, Section and 1/4, 1/4, 1/4 (e.g. 01ABC) sections.  Nested wells are commonly listed with an appended 1, 2, 3 etc., attached to the well identification (e.g. 01ABC2).  
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Figure 7.  Locations of wells in North Dakota where a CH   occurrence was detected.  FID responses greater than 100 ppm (as CH  ) and 
associated with detrital or bedded lignites (red circles) or associated with generally deeper potentially migrated sources (green circles) are 
shown.  Remaining occurrences detected where concentrations were less than 100 ppm are shown in yellow.  This distribution is sugges-
tive of CH   occurrence in dominantly two systems; one in the western part of the state associated with the general distribution of lignite, 
and the other in the central and eastern part of the state associated with subcropping Cretaceous rocks of marine origin. 
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Table 1.  A total of 3,532 shallow ground-water observation wells were field screened for the presence of combustible gas using a 
portable flame-ionization detector (FID) calibrated to a predetermined concentration of CH   in air (100 ppm low-span calibration and 
10,000 ppm high-span calibration) during the 2006 - 2009 field seasons.  Approximately 22% (787 wells) returned positive instrument 
responses for potential shallow gas occurrence as methane.  The remaining 78% (2,744 wells) showed no response for shallow gas.  
Nearly 50% of the wells planned for investigation and field screening were found to have been destroyed or abandoned in the field.

44

Anderson, F.J., 2006, Historical Shallow Natural Gas Occurrences  
     in Wells in Bottineau County, North Dakota, North Dakota   
     Geological Survey Geologic Investigations No. 28 (GI-28).
Anderson, F.J., 2006, Shallow Gas Field Screening in Emmons 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 29, 1:150,000 scale map poster. 
Anderson, F.J., 2006, Shallow Gas Field Screening in 
     Southeastern Steele County, North Dakota: North Dakota 
     Geological Survey, Geologic Investigations No. 30, 1:150,000 
     scale map poster.
Anderson, F.J., 2006, Shallow Gas Field Screening in the Mohall 
     100K Sheet, North Dakota: North Dakota Geological Survey, 
     1:100,000 scale map. 
Anderson, F.J., 2006, Shallow Gas Field Screening in the 
     Bottineau 1:100K sheet, North Dakota: North Dakota 
     Geological Survey , 1:100,000 scale map. 
Anderson, F.J., 2006, Shallow Gas Field Screening in Stutsman 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 34, 1:150,000 scale map poster. 
Anderson, F.J., 2006, Shallow Gas Field Screening in Rolette 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 35, 1:150,000 scale map poster. 
Anderson, F.J., 2006, Shallow Gas Field Screening in Towner 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 36, 1:150,000 scale map poster. 
Anderson, F.J., 2007, Field Screening for Shallow Gas in North 
     Dakota, 2007 in Microbial Methane Energy Resources, 2007 
     Geological Society of America Joint North-Central/South-
     Central Section Meeting, Lawrence, KS, April 11, 2007, 
     Abstract.
Anderson, F.J., 2007, Field Screening for Shallow Gas in North 
     Dakota, North Dakota Geological Survey, Geologic 
     Investigations No. 42, MS PowerPoint presentation.
Anderson, F.J., 2007, Shallow Gas Field Screening in Burleigh 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 150, 1:150,000 scale map poster.
Anderson, F.J., 2007, Shallow Gas Field Screening in Ward  
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 51, 1:150,000 scale map poster.
Anderson, F.J., 2007, Shallow Gas Field Screening in McHenry 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 52, 1:150,000 scale map poster.
Anderson, F.J., 2007, Shallow Gas Field Screening in Kidder 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 53, 1:150,000 scale map poster.
Anderson, F.J., 2007, Shallow Gas Field Screening in Barnes 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 54, 1:150,000 scale map poster.

Anderson, F.J., 2007, Shallow Gas Field Screening in Morton 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 55, 1:150,000 scale map poster.
Anderson, F.J., 2007, Shallow Gas Field Screening in LaMoure 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 56, 1:150,000 scale map poster.
Anderson, F.J., 2007, Shallow Gas Field Screening in Pierce 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 57, 1:150,000 scale map poster.
Anderson, F.J., 2008, Shallow Gas Field Screening in Sheridan 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 66, 1:150,000 scale map poster.
Anderson, F.J., 2008, Shallow Gas Field Screening in Logan 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 67, 1:150,000 scale map poster.
Anderson, F.J., 2008, Shallow Gas Field Screening in Benson 
     County, North Dakota, North Dakota Geological Survey, 
     Geologic Investigations No. 68, 1:150,000 scale map poster.
Anderson, F.J., 2008, Field Screening for Shallow Gas in North 
     Dakota, North Dakota Geological Survey, Geologic 
     Investigations No. 71, 1:1,000,000 scale map poster.
Anderson, F.J., 2008, Shallow Gas Exploration and Production in 
     North Dakota, 2008 Rocky Mountain Unconventional Gas 
     Conference, Rapid City, SD, abstract.
Anderson, F.J., 2008, Locations of FID Shallow Gas Occurrences 
     in Selected Counties in North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. 73., 1:500,000 
     scale map.
Anderson, F.J., and Hall, B.N., 2009, Shallow Gas Field 
     Screening in Griggs County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. 82, 1:150,000 
     scale map poster. 
Anderson, F.J., and Gudmunsen, C.B., 2009, Shallow Gas Field 
     Screening in Mercer County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. 84, 1:150,000 
     scale map poster.
Anderson, F.J., and Hall, B.N., 2009, Shallow Gas Field 
     Screening in Traill County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Gudmunsen, C.B., 2009, Shallow Gas Field 
     Screening in Oliver County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Ries, A.J., 2009, Shallow Gas Field Screening 
     in Stark County, North Dakota, North Dakota Geological 
     Survey, Geologic Investigations No. XX, 1:150,000 scale map 
     poster, in press.

Anderson, F.J., and Gudmunsen, C.B., 2009, Shallow Gas Field 
     Screening in Dunn County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Gudmunsen, C.B., 2009, Shallow Gas Field 
     Screening in Billings County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Gudmunsen, C.B., 2009, Shallow Gas Field 
     Screening in Golden Valley County, North Dakota, North 
     Dakota Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Ries, A.J., 2009, Shallow Gas Field Screening 
     in Slope County, North Dakota, North Dakota Geological 
     Survey, Geologic Investigations No. XX, 1:150,000 scale map 
     poster, in press.
Anderson, F.J., and Ries, A.J., 2009, Shallow Gas Field Screening 
     in Bowman County, North Dakota, North Dakota Geological 
     Survey, Geologic Investigations No. XX, 1:150,000 scale map 
     poster, in press.
Anderson, F.J., and Ries, A.J., 2009, Shallow Gas Field Screening 
     in Adams County, North Dakota, North Dakota Geological 
     Survey, Geologic Investigations No. XX, 1:150,000 scale map 
     poster, in press.
Anderson, F.J., and Ries, A.J., 2009, Shallow Gas Field Screening 
     in Hettinger County, North Dakota, North Dakota Geological 
     Survey, Geologic Investigations No. XX, 1:150,000 scale map 
     poster, in press.
Anderson, F.J., and Christensen, A.R.,  2009, Shallow Gas Field 
     Screening in McLean County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Ries, A.J., 2009, Shallow Gas Field Screening 
     in Grant County, North Dakota, North Dakota Geological 
     Survey, Geologic Investigations No. XX, 1:150,000 scale map 
     poster, in press.
Anderson, F.J., and Hall, B.N., 2009, Shallow Gas Field 
     Screening in Ransom County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Christensen, A.R.,  2009, Shallow Gas Field 
     Screening in Mountrail County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Hall, B.N., 2009, Shallow Gas Field 
      Screening in Sargent County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.

Anderson, F.J., and Hall, B.N., 2009, Shallow Gas Field 
     Screening in Richland County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Hall, B.N., 2009, Shallow Gas Field 
     Screening in Ransom County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Hall, B.N., 2009, Shallow Gas Field 
     Screening in Cass County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Ries, A.J., 2009, Shallow Gas Field Screening 
     in McIntosh County, North Dakota, North Dakota Geological 
     Survey, Geologic Investigations No. XX, 1:150,000 scale map 
     poster, in press.
Anderson, F.J., and Christensen, A.R.,  2009, Shallow Gas Field 
     Screening in Burke County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Christensen, A.R.,  2009, Shallow Gas Field 
     Screening in Divide County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., Christensen, A.R., and Ries, A.J., 2009, Shallow 
     Gas Field Screening in Wells County, North Dakota, North 
     Dakota Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Gudmunsen, C.B., 2009, Shallow Gas Field 
     Screening in McKenzie County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
Anderson, F.J., and Gudmunsen, C.B., 2009, Shallow Gas Field 
     Screening in Williams County, North Dakota, North Dakota 
     Geological Survey, Geologic Investigations No. XX, 
     1:150,000 scale map poster, in press.
NDSWC, 2009, North Dakota State Water Commission Online 
     Ground-Water Information System: http://www.swc.state.nd.us


