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Project Deliverables: 

Contract Date – December 8, 2009 


Status Report: March 15, 2010 √
Start Date –   December 1, 2009 


Final Report: December 31, 2010 √
Completion Date – Phase I – December 31, 2010

 

OBJECTIVE/STATEMENT OF WORK: 
The objective of this project is to generate information that will enhance exploration and development of shallow biogenic gas in counties in eastern North Dakota that are currently not producing oil or gas.  The methodology employed in this investigation would utilize published structural and stratigraphic information, satellite images as well as compilation of published gravity and magnetic, syntheses of Precambrian basement geology to identify regional lineament zones as “sweetspots.”   The deliverables would include a map of regional lineament zones, locations of ranked sweetspots and a set of supporting field and laboratory measurements.     
Conditions placed on the Phase I funding was that the applicant work with the North Dakota Geological Survey.   The deliverable for the Phase I work is to be an interim report to the Council post January 1, 2010.  The deliverable for the Phase I work shall include a map depicting the regional lineament zones.   
STATUS
The contract has been executed and the work has been started.   The applicant has held meetings with the North Dakota Geological Survey.

March 15, 2010

The March 15, 2010 status report has been received.   The Executive Summary of this status report states in part:
This report deals specifically with the regional studies of Phase I aimed at mapping regional lineament zones east of Longitude 100°W in eastern North Dakota.  

Regional lineament zones outline corridors of enhanced fracture porosity and permeability in shall gas reservoirs.  The natural gas systems in eastern North Dakota include shall (<2500 ft) early-generation biogenic gas and ultra-shall (<1000 ft) late generation biogenic gas.  These are both potential resources in a part of the state that does not have significant oil and gas activity.
Satellite images are used to map linear features that are the primary data set for interpreting regional lineament zones.  Eighteen images (Landsat 7, nine scenes, thematic mapper Bands 3 and 5) have been acquired.  Hundreds of linear features have now been mapped on each of the eighteen images.  Analysis and interpretation of this data set is currently in progress.

Published information constitutes a secondary data source that is important in interpreting the significance of specific lineament zones for shall gas exploration.  The published maps include gas shows and water quality, surface geology and geomorphology, bedrock stratigraphy and structure, and geophysics and interpretations of Precambrian basement terranes.  These multiple data sources are being collected for use during the later stages of interpretation.  Many of the publications are form the North Dakota Geological Survey (NDGS) and coordination with NDGS is actively maintained.  

The Status Report concludes as follows:

In summary, work on Phase I regional studies is progressing well on the timeframe anticipated in the contract.  Landsat images have been acquired, linear features have been mapped, and data analysis and interpretation are currently in progress.  It is anticipated that a preliminary map of regional lineament zones will soon be compiled.   The subsequent evaluation of the lineament zones using the secondary published data sources will set the stage for sweet spot characterization.   

June 10, 2010

A no-cost extension has been granted changing the Phase I final report date from June 15, 2010 to October 15, 2010.   This will allow the contractor time to include field work that was completed during the summer months in the October 15 report.   

October 6, 2010

A no-cost extension has been granted changing the Phase I final report date from October 15, 2010 to December 31, 2010.  This will allow the contractor time to incorporate information from the North Dakota Geological Survey into the December 31 report.
February 1, 2011

The final report has been received.  The entire report, including numerous plates and maps, can be accessed from the link on the Oil and Gas Research Program website.   The Project Summary states:

The purpose of the project described in this summary is to generate information that will enhance exploration for and development of shallow biogenic gas in North Dakota east of longitude 100°W.   Specifically, a five-county sweetspot with shallow biogenic gas potential is identified in the southeastern part of the state.   Two important components of late generation biogenic gas systems are documented in eastern North Dakota and particularly in the multi-county sweetspot:  regional fracture systems are mapped on satellite images and patterns of methane occurrences are related to the grid of lineament zones.  This work was accomplished in close cooperation with the North Dakota Geological Survey (NDGS), especially their program of field screening observation wells for high levels of methane.
Linear features visible on nine scenes from the Landsat 7 satellite are the basis for interpretation of regional lineament zones within the study area.  Eight distinct lineament zones generally trending northeast and northwest are mapped and related to a variety of published data sets.   The lineament zone grid has expression on geophysical, stratigraphic, geologic, and structural maps.  These concordant data sets provide a ranking of the eight individual lineament zones.  Two particularly significant lineament zones are found in the southern two-thirds of the study area, along with three of intermediate significance.  Three lineament zones in the northern one-third of the area are not well developed and the overall geologic framework in the north is definitely different than in the south.

Thousands of observation wells in more than 50 counties across North Dakota have been monitored for methane by the NDGS.   Three clusters of counties are identified using information extracted from this important published record.   Seven counties in the northwestern part of the state and seven counties in the central part of the state appear to be associated with migrated thermogenic and early generation “old” biogenic gas, respectively.   The third cluster of counties is in southeastern North Dakota and its gas potential is believed to be based upon the existence of a late generation biogenic gas system that is currently active in the area.  

The sweetspot cluster of five counties in southeastern North Dakota is clearly related to the grid of Landsat lineament zones.   Zones with particularly high methane levels in a glacial outwash aquifer are concentrated in the sweetspot.   An initial analysis indicates that the population of linear features within the sweetspot is different than in the surrounding counties.   Along with fractures and methane, preliminary water chemistry in eastern North Dakota and data on organic carbon in Cretaceous host rocks in eastern South Dakota are important additional components of the late generation biogenic gas system currently at work in the sweetspot.   A critical next step will be to document the presence of methanogenic microbes in water samples from observation wells with high methane concentrations and optimal water chemistry.
The most obvious potential application of this project is the exploration insight it provides for the entire subcrop belt of the Niobrara Formation that extends from Kansas into Canada.  However, the most important exploration applications should focus specifically on the five-county sweetspot in southeastern North Dakota.   Eventually, it will probably become economically viable to produce shallow gas in this area of the state where hydrocarbon development has been only minimal.  

The Conclusion in the Final Report states:
This investigation of shallow late generation biogenic gas systems in North Dakota east of longitude 100°W has resulted in three main conclusions.   Starting with the total study area, each conclusion focuses attention on progressively smaller areas ending with identification of a multi-county sweetspot in southeastern North Dakota.

The first main conclusion is that there are fundamental geologic differences between the areas south and north of latitude 48°N.   The southern two-thirds of the study area has more distinctive and better defined Landsat lineament zones.   In addition, there are contrasting geophysical signatures and different stratigraphic patterns when compared with the northern one-third of the study area.   These differences in geologic framework are accompanied by differences in the distribution of observation wells monitored for methane:  wells with a positive FID response are more numerous and are organized in distinctively linear outwash bodies in the south.   Contrasts between the southern and northern parts of eastern North Dakota were not a primary investigative target, but instead emerged during the mapping and ranking of lineament zones and the integration with the ND Geological Survey’s field screening program.

The second main conclusion of this study relates to the Landsat lineament zones.  Eastern North Dakota has a distinctive grid of lineament zones interpreted from observations of linear features on satellite images.  These lineament zones are believed to be corridors of increased fracturing associated with the boundaries of discrete tectonic blocks rooted in the Precambrian basement.  The geometry of eight lineament zones and the intervening crustal blocks has a clear relationship to patterns on geophysical, stratigraphic, geologic, and structural maps.   It is apparent that successive reactivation of the lineament-bound blocks has influenced erosion, deposition, deformation, and fluid movement throughout geologic history.  Zones of structural weakness that resulted from Precambrian plate tectonics have ultimately had expression in linear features on the present-day earth’s surface.  The linear features may not all be faults, but the populations of length measurements have attributes similar to faults.   Whatever structural nuances may exist, the conclusion that is ultimately important is that the lineament zones provide insights on a regional fracture system.

The third main conclusion of this Phase I investigation is that there is a sweetspot cluster of five counties in southeastern North Dakota.   Published data sets played a significant role in this study, but by far the most critical information came from the FID measurements of methane that were assembled during the field screening program conducted by the ND Geological Survey.   Using information extracted from this data set, three clusters of counties with similar FID attributes are identified.   The five-county cluster in southeastern North Dakota has a clear relationship to the grid of Landsat lineament zones.   Local “hot spots” with high methane values are concentrated along the sides and intersections of the lineament zones.   Thus, two of the fundamental components of late generation biogenic gas systems are documented in southeastern North Dakota:  fractures and methane produced by microbes.   Two additional components, specifically optimal water chemistry and high organic carbon, are indicated to be present on the basis of less direct evidence.  
A possible fourth conclusion might be that further studies are clearly warranted.   In particular, the geologic framework of the five-county sweetspot needs to be characterized in some detail.   Beyond that basic work, water samples should be collected and microcosm laboratory experiments carried out.   This is a critical next step because it would demonstrate that methanogenic microbes are in fact currently present in the sweetspot.   The existence of the methanogens and their supporting microbial consortia is essential for a viable late generation biogenic gas system to eventually become commercial.

It may seem that deep thermogenic gas produced from shale reservoirs will meet all of the US energy needs in the near future. However, that scenario depends upon sustained production levels and continuing favorable economics for horizontal drilling.  Changing conditions may well revive interest in shallow biogenic gas.   Research recently reported from the US Midwest (Strapoc et al., 1010) and from China (Li & Lin, 2010) indicates that work on understanding shallow biogenic gas systems continues.  On a more practical level, a description of commercial accumulations in the US Gulf Coast has recently been published (Clifford & Goodman, 2010).  Pools in relatively unconsolidated Plio-Pleistocene sands less than 4000 ft deep average more than 500 MMcf and are as large as 3 Bcf.

Ultimately, shall late generation biogenic gas will become an important economic asset for southeastern North Dakota.   There may currently be a glut of deep thermogenic gas resulting in depressed prices.  But, market conditions will change as natural gas is used more extensively for low-polluting electrical generation.   When prices do recover, shallow gas exploration in southeastern North Dakota is clearly warranted.   Even if accumulations are too small to support pipeline exportation, local consumption of the local shallow gas resource might be a significant alternative.  
This concludes the work under this contract.
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