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Presentation Notes
Good Morning Everyone, Today I will present the most recent results of an ongoing NDGS investigation into the occurrence of methane in wells that is being conducted across the state of North Dakota.

I will discuss what we have found to date with respect to methane occurrence in the context of two types of glacial buried-valley aquifer systems found in southeastern North Dakota and I will further present some of the geochemical and sedimentological characteristics of these aquifers as evidence supporting potential methane generation and sourcing.  



Modified from Hard, 1920

Areas of Historical Shallow Natural Gas Occurrence 

Historical Gas Properties 
• (Barry, 1908)

– 886 BTU
– 82.7 % Methane
– 0.2 % Ethane
– 12.4 % Nitrogen
– 0.5 % Hydrogen
– 1.2 % Carbon Monoxide 

(CO2?)
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Historically there have been two areas in North Dakota that have had occurrences of shallow gas that are generally well documented.

These areas were identified and described in the early 1900’s by several ND survey geologists.

The two areas were in the Bottineau/Renville County area  in north-central North Dakota and in the southeastern part of the state in the area around Lamoure, ND.

Shallow natural gas occurrences in these areas were generally associated with flowing head wells in shallow aquifer systems.




Investigation Overview

• Reconnaissance style well 
field screening program 
for shallow natural gas 
(CH4 ) occurrence.

• Focused on observation 
and livestock supply 
wells.

• Utilizing portable flame- 
ionization detector (FID) 
instrumentation.

• Measuring FID response 
as CH4 in air at the well.

NDGS summer undergraduate (NDSU) field technician Mr. Brian Hall field screening a 
shallow ground-water observation well south of Fargo, N.D. in Cass County.

NDGS, 2009

CH4 Molecule

PhotoVac® MicroFID
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In the next few slides,  I would like to provide a brief overview of the ongoing shallow gas field screening investigative effort in order to put the discussion of results in better context.

This ground-water well field screening program has been ongoing since the summer of 2006.

It is a reconnaissance style field investigative program where wells are tested for the presence of shallow natural gas (methane) at the wellhead using portable analytical instrumentation.




CH4 Detection 
at the Well

• CH4 in the well most often 
detected at or above the 
GWI.

•Less commonly detected at 
the TOC.

•Wells screened in buried- 
valley aquifers containing 
detrital lignites overlying 
Cretaceous shale bedrock.

FID Instrument response 
collected at the well TOC 
and GWI.
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This is a schematic of a typical observation well that is encountered during field screening in eastern North Dakota.

In our field screening methodology we are collecting FID instrument response at the top of the well casing (the TOC) and from just above the groundwater\atmospheric interface (the GWI) with the use of an extended sample probe that consists of 1/4” O.D. (7mm) polyethylene tubing.
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Since we started field screening in 2006 we have investigated over 7,300 wells in 43 of the 53 counties across North Dakota.

We have field screened nearly half of the potential sites that have been investigated.  

Of these 3,361 wells field screened, 21% of the wells tested have returned positive results for the presence of methane or natural gas.

I performed the field screening myself in 06’, 07’, and 08’.  This past field season we brought in 4 undergraduate students, as summer field technicians, from each major university in N.D. who conducted the field testing.  Each student received initial training on instrumentation and field procedures and was released into their respective field areas to conduct field screening.

As a result, we were able to dramatically increase the amount of wells investigated and tested while remaining consistent with field screening methodologies, enhancing reproducibility, and increasing the number of reported results.   



Surficial Aquifers in North Dakota

ND GIS Hub (NDSWC, 2009)

Glaciated

Non-Glaciated

Surficial 
Aquifers

(NDSWC, 2009)
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Now, as many of us are well aware, most of the surficial aquifers present in North Dakota were deposited in association with glacial processes and are located throughout eastern North Dakota where the greatest abundance of glacially derived sediments are found.

There are some smaller surficial aquifers located in the southwestern part of the state that are dominantly unconfined surficial valley fill aquifers that are associated with active surface water hydrologic systems.  



Areal Distribution of Methane Occurrences in Aquifers

New Rockford 
Buried-Valley 

Aquifer System

[CH4 ] Occurrence No [CH4 ] Detected

Upper Spiritwood 
Buried-Valley 

Aquifer System

Lower 
Spiritwood 

Buried- 
Valley 

Aquifer 
System

(Kehew & Boettger, 1986)
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Here we have plotted the locations of detected methane occurrences relative to the locations of the surficial aquifers located across North Dakota.

Most of the mapped occurrences shown fall within the boundaries of mapped surficial aquifers, However several of these are located within deeper aquifers, Primarily the Fox Hills Aquifer in central and western North Dakota. 

Our main buried channel aquifer systems in North Dakota are the New Rockford Aquifer System and the Spiritwood Aquifer System located in Eastern North Dakota.

For the purposes of my presentation today, I have conveniently separated the Spiritwood Aquifer System into an upper and lower portion.

We will focus the rest of this discussion on the lower Spiritwood system in east-central and southeastern North Dakota.





Types of Glacial Buried-Valley Aquifers 
(as related to CH4 occurrence)

(Modified after Armstrong, 1979)Generalized/Conceptual Geohydrologic Section

Detrital Lignites 
Common in both
Type I & II BVAs
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With respect to detected methane occurrence, we generally have two types of glacial buried-valley aquifers found in eastern North Dakota, what I am proposing here as a Type I and a Type II buried valley aquifer.

A Type I buried valley aquifer is described as a bedrock incised or “bedrock contact” aquifer where the aquifer sediments overlie and are in unconformable contact with shallow bedrock of Cretaceous age.  In these cases the Pierre and/or Niobrara Formations. 

A Type II buried valley aquifer is described as a glaciofluvial sediment hosted buried-valley aquifer that commonly occurs above the deeper Type I aquifers and is contained within Pleistocene glacial and/or recent fluvial sediments.

Detrital lignites are commonly found within the sedimentary aquifer matrix in both Type I and Type II buried valley aquifers.

Examples of these types of aquifers are found in southeastern North Dakota and include the lower-Spiritwood Aquifer System as a Type I BVA and the Ellendale/LaMoure Aquifer System as a Type II BVA.





Lower Spiritwood Aquifer System in Southeastern North Dakota

County Wells 
Tested

CH4 
Occurrences*

CH4 High 
(ppm)

CH4 Low 
(ppm)

CH4 Mean 
(ppm)

Griggs 94 18 2,063 0.3 183

Barnes 28 5 2,897 0.3 1,092

Stutsman 107 17 182 0.4 29

LaMoure 195 41 3,712 0.4 151

Totals/Means 424 81 2,213 0.35 364

* CH4 Occurrences found within the lower Spiritwood Aquifer.

[CH4 ] Detected

[CH4 ] Not Detected
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Again, we are going to focus our discussion on the lower Spiritwood Aquifer in southeastern North Dakota as this is arguably the most intensively studied and heavily monitored buried valley aquifer in North Dakota.

The aquifer in this area is found to occur across a four-county area in Griggs, Stutsman, Barnes, and LaMoure Counties.

In this portion of the aquifer, over 400 wells were field screened which resulted in just over 80 detected occurrences of methane.

Overall, for this portion of the aquifer, detected methane was around 360 ppm on average which is about in the middle of all the data collected from wells across the state.



CH4 Occurrence in the Lower Spiritwood Aquifer

Four zones of relatively 
higher CH4 concentration 

appear in four separate 
regions of the aquifer system 
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There are four areas where methane occurrences tend to be clustered in the aquifer and contain detected methane concentrations that range across the entire detected range.

They occur in the northern most portion of the aquifer in Griggs County, the middle portion of the aquifer along the border of Stutsman and Barnes Counties, a large expanse of the lower third of the aquifer in Banes and Stutsman Counties and an area in southeastern Lamoure Co.




Detected CH4 Distribution Lower Spiritwood Aquifer
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Looking at this same data in an idealized depth dimension (where all locations are plotted equidistant to one another from north to south in order to enhance the visual perspective of the depth relationship) we see that most of the occurrences are located in the relative middle and lower portions of the aquifer with some occurrences of higher methane concentrations being found at depth and in the shallower portions of the aquifer.
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Attempting to quantify these relationships a bit better, this is a plot of the well screened interval depth (i.e. the mid-point of the screen) plotted against methane concentration collected from the FID.

Of course we know that the data is being controlled primarily by where the screened interval happens to be, but generally as we get shallower we seem to get relatively higher concentrations of methane occurring within the aquifer.

This would be supported by the observation that many of the sedimentological descriptions reported from the upper portions of the aquifer contain lignites in the form of detritus in the sedimentary aquifer matrix. 
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Another relationship that we are evaluating is the potential for methane to be sourced from the underlying bedrock, in this case the Cretaceous age Pierre Formation.

In this figure, we have plotted the well screened interval separation from bedrock against methane concentration detected within each well.

Here we find that much of the data appear to cluster within a range of bedrock separation from 0 to 50 feet (or 15 meters) whereas the data become much more scattered as we increase the separation which may suggest a different sourcing mechanism.
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In this last plot of well construction data versus methane concentration, we look at the total well depth plotted against detected methane concentration.

Why this is somewhat different than looking at the depth of the screened interval, is that during well construction, it was often common practice to overdrill wells and “hang the well” within a certain depth interval.

With this in mind we do see that the data do tend to cluster towards the deeper end of the graph suggesting that potential methane sourcing is occurring from within the deeper portions of the aquifer or may be originating from the underlying Cretaceous bedrock.



x[SO4] = 218 mg/L-
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We have also taken a brief look at other possible ground-water geochemical markers that may be indicative of ground-water conditions favorable for methane occurrence or methanogenesis.  

One is that of sulfate concentration.

Previous workers, such as Shurr (2006), Ridgley (1998), McIntosh (2008), and others,  have suggested that values of Sulfate concentration in ground-water less than 500 mg/L are favorable for methanogenesis in these buried valley aquifer sediments in the Dakotas.

In this plot, the sulfate concentration is plotted against the detected methane concentration from the wells within the Lower Spiritwood Aquifer.  The data plot well within a favorable zone that is less than 500 mg/L and average around 218 mg/L.



x[HCO3] = 463 mg/L-
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Another potential  indicator is bicarbonate concentration which has been shown to be a favorable indicator of methanogenesis within the ranges of 400 to 1,000 mg/L.

The data from the lower Spiritwood Aquifer all plot relatively tightly within this range and average at 463 mg/L.
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Another potential indicator that I thought may warrant further consideration was that of iron concentration in groundwater.

From this plot of total iron in groundwater versus methane concentration, it may be argued that their appears to be a loose relationship between increasing iron concentration and increasing methane concentration.

At this point, I could only speculate on this relationship and would offer this topic here as open up for discussion. 



Ground-Water Methanogenic Indicator Summary

Constituent Methanogenic 
Range1 Mean Std. 

Dev. Range Min Max n

FID [CH4 ]
(ppm)

-- 186 66 2,897 0.3 2,897 81

[SO4 ]
(mg/L)

< 500 218 168 1,068 12 1,080 76

[HCO3 ]
(mg/L)

400 - 1000 463 78 416 289 705 76

[Fe]
Total (mg/L)

? 0.62 0.76 4.05 0.01 4.06 76

1Shurr, 2006
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A summary of the ground-water geochemical data is shown here with the results falling within previously reported ranges favorable for methanogenesis occurring within aquifers located in the Dakotas.  



Buried Valley Aquifer as a “Petroleum System” 
(Late-Generation Biogenic Gas)

Kp – Pierre Formation Shale

Qcg – Coleharbor Group - Glacial Till

Lower
Spiritw

ood Aquifer

CH4 CH4

CH4
CH4

CH4
CH4

(Trap)

(Reservoir)

(Source)

Possible Sourcing - I: Bedrock Shale Source
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In these next few slides, I will just further illustrate the concept of an aquifer as a hydrocarbon generating system, in this case a late-generation biogenic gas system, where our source of hydrocarbons is the underlying shale bedrock, our reservoir is the aquifer, and the trap is the overlying low-permeability glacial sediments commonly found in these settings.

This is an actual cross-section taken from within the deeper portion of the lower Spiritwood Aquifer where sourcing is proposed here to be occurring from within the underlying Pierre Formation shale.

Note:  Discontinuous sands within the Coleharbor Group Tills are not depicted in this section.



Buried Valley Aquifer as a “Petroleum System” 
(Late-Generation Biogenic Gas)

Kp – Pierre Formation Shale

Qcg – Coleharbor Group - Glacial Till

CH4
CH4

CH4
CH4 CH4

CH4

(Trap)

(Source & Reservoir)

Possible Sourcing - II: Aquifer as Source & Reservoir

Detrital Lignites and 
Carbonaceous Aquifer Sediments
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In this second slide, we illustrate the concept of the aquifer acting as the methane generation source and  reservoir utilizing the detrital lignites and other carbonaceous materials found within the aquifer sedimentary matrix as an organic methanogenic substrate.



Buried Valley Aquifer as a “Petroleum System” 
(Late-Generation Biogenic Gas)

Kp – Pierre Formation (Shale)

Qcg – Coleharbor Group (Glacial Till)

CH4 CH4
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Possible Sourcing - III: Bedrock & Aquifer
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Finally, we show the concept of both possible sourcing mechanisms occurring contemporaneously where both the underlying bedrock and organic laden aquifer sediments are acting as a gas generation source.



Potential CH4 Sourcing – Lower Spiritwood Aquifer System
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Regarding potential sourcing, in the absence of isotopic data, we can consider the simple frequency of methane concentrations detected as compared with their reported stratigraphic or aquifer/reservoir sedimentological characteristics.

The majority of detected methane concentrations occurring within the Lower Spiritwood Aquifer generally fall within 1 to 100 ppm.  Looking at the methane concentrations reported to have occurred as either bedrock sourced or as sourced from detrital lignites or other carbonaceous material present within the aquifer sedimentary matrix, we find that the frequency of occurrences are greater and of higher concentration in those with a potential bedrock source.

Further, if we split those into a potential Pierre Shale or Niobrara Formation (marly, chalky shale) we find more occurrences reported from wells located above the Pierre Shale than those of the Niobrara, comparatively.

This would support the conclusion that in this particular buried valley aquifer setting, bedrock-sourcing may be a much a greater contributor than sediment-sourcing within the reservoir/aquifer from the presence of detrital lignites.



Characteristics of Glacial Buried-Valley 
Aquifers in North Dakota 

(Lower-Spiritwood Aquifer System)

• Relatively shallow, commonly  0’~300’ in depth (91m).
• Aquifer sediments dominantly coarse sands and gravels.
• Vary from unconfined (shallow to surface) to confined (deeper with clay   

aquitard) conditions within the aquifer system.
• Deeper portions of the aquifer are commonly in unconformable contact with 

underlying Cretaceous shale bedrock of the Pierre and/or Niobrara Formations  
(shale-calcareous shale).

• Detrital lignites most common in the upper portions, but not ubiquitous. 
throughout the aquifer (based on descriptions in lithologic logs).

• Favorable methanogenic geochemical conditions are present.
• Portions of the aquifer have reservoir-style lithologic architecture (i.e. trap, 

reservoir, and source).
• CH4 occurrence appears more abundant in the lower portions of the aquifer but tends 
towards higher concentrations in the shallower depths of the aquifer.
• CH4 generation could be related to both the presence of detrital lignites in the 

aquifer or from carbonaceous shales in contact with the aquifer.
• Detected [CH4 ] is generally less than 100 ppm.
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So to summarize, here are some of the general characteristics of these types of glacial buried-valley aquifers in North Dakota that are associated with the presence of methane:

We find that they are:



Conclusions:
1. CH4 occurs in glacial buried-valley aquifers in 

North Dakota and is being generated from the 
presence of a detrital lignite substrate in a Type 
II BVA, and from a shallow carbonaceous 
bedrock source-with an influence from the 
presence of detrital lignites, in a Type I BVA.

2. [SO4] and [HCO3] ground-water geochemistry 
associated with detected methane concentrations 
in the Lower Spiritwood Aquifer System are 
within the ranges shown to be favorable for 
methanogenesis.
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From this discussion I would conclude the following:

Simply, that methane does occur and is occurring in these aquifer settings, whose concentrations are influenced by the presence of local organics, such as detrital lignite and subcropping carbonaceous Cretaceous shale bedrock, and that its existence may be predicted from the concentrations of selected ions in groundwater which may be used as a natural gas exploration indicator.




Questions for Future Research
1) Is CH4 being generated within the aquifer or is it 

being trapped within the aquifer, having 
migrated from a deeper source, or both?

2) What is the timing of CH4 generation and 
distribution of CH4 within the aquifer/reservoir?

3) Can CH4 production be sustained for beneficial 
use with produced groundwaters?

4) Could this system be anthropogenically 
stimulated (microbially) and maintained in order 
to produce economic quantities of CH4 ?
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Some additional questions to consider regarding future research would be:

1. Is CH4 being generated within the aquifer or being trapped within the aquifer, having migrated from a deeper source, or both?

2. What is the timing of CH4 generation and distribution of CH4 within the aquifer/reservoir?

3. Can CH4 production be sustained for beneficial use with the produced groundwaters?

4. Could this system be anthropogenically stimulated (microbially) and maintained to produce CH4?
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Thank you for your time and attention this morning.  If you have any questions, I would be happy to answer them at this time.  

If not, I would invite you to stop by our poster session this afternoon (Booth No. 420) where we describe additional field screening results from other areas of the state.  
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