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in

in

[SO42-]

Well locations with ground-water constituent chemistries favorable for
the occurrence of methane are plotted on this map with a background
of surficial topographic shaded relief. The locations of the 7,503 wells
shown on this map, date historically over 77 years to 1932, and were
extracted and reported here as is from the databases of the North
Dakota State Water Commission in Bismarck, North Dakota
(NDSWC, 2010). Data are reported from all types of wells found across
the state and include: domestic, stock, production, municipal, industrial, 
observation, and irrigation wells. Wells described as "unknowns" were
also included here for completeness. Well depths range from as shallow
as three feet to as deep as 3,277 feet with the majority of wells (>80%)
completed to depths less than 300 feet. Clustering of wells occurs
typically where shallow surficial or buried-valley aquifers are known to
occur as most of the wells depicted on this map were installed to either
monitor or extract shallow ground-water for water supply
purposes. In the absence of direct detection of methane        through
instrumental or analytical means, Sulfate      and Bicarbonate
      ion concentrations can be used as proxy indicators for
potential occurrences of methane in the shallow subsurface. Previous
workers (Anderson, et al., 2006, Martini, et al., 2003, McIntosh and
Martini, 2008, Shurr, et al., 2006, Shurr, 2008, VanVoast, 2003)
have demonstrated that sulfate ion concentrations less than 500
mg/L coupled with bicarbonate ion concentrations greater than 400
mg/L correlate with groundwater containing detectable concentrations
of methane. Well locations are plotted on this map, using this
relationship of ground-water constituent geochemistry, for the purpose
of shallow gas exploration. The data depicted on this map are from
several different individual sampling events and include data from
as far back as 1932. Any well sampled with sulfate and bicarbonate
ion chemistry meeting the exploration criteria described here is
included on this map. Within the selected ion concentration ranges
for sulfate of 0 to 500 mg/L and bicarbonate of 400 mg/L to 2800 mg/L,
statistical means of 203 mg/L and 639 mg/L were determined,
respectively, from a data set of 20,662 values (Table 1). Sample data
was included from 1932 to 2009.                                                             

[HCO3-]
(CH4)

as  is

Table 1. Descriptive statistical summary of sulfate            and bicarbonate                
ion concentrations, from wells shown on this map, within the shallow gas 
exploration indicator ranges of <400 mg/L sulfate and >500 mg/L bicarbonate.        

[SO4
2-] [HCO3

-]

EXPLANATION

Township Boundaries

County Boundaries

Highways

Cities

!( Ground-Water well with          exploration indicators:CH4

[SO4
2-]Well location where sulfate ion             concentration is <500 mg/L

coupled with biocarbonate ion               concentration >400 mg/L in
sampled groundwater.                                                                       

[HCO3
-]


