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5. EXECUTIVE SUMMARY 
 

The goal of this project is to develop and execute a novel drilling and completion program in 
western Antrim County near the Leelanau Peninsula of Northern Michigan (Figures 1 and 2). 
The target is the gas in the Lower Antrim Formation which is a widespread Upper Devonian 
(Figure 3) shale  that has been a very prolific unconventional (shallow gas) producing horizon 
(Walter, 1996; Coleman, Liu and Riley, 1988; Dellapenna, 1991), having yielded over 
2,000,000,000 MCF to date (Figure 4), about one-third of Michigan’s total gas production 
(Wollensak, 1991).  If successful, this project will open up significant acreage now off-limits to 
gas and oil exploration due to statutory restrictions.  In addition to meeting statutory 
requirements, the proposed drilling plan should produce the resource more efficiently because 
horizontal wells will be used, and the environmental impact will be lessened since fewer wells 
will be needed to drain a prospect.   
 
The central problem is that a great deal of potentially productive shale lies within areas that are 
off-limits to gas development due to surface constraints such topography, wetlands, or housing.  
In addition to these constraints, the Michigan Department of Environmental Quality (MDEQ) 
requires that 100 feet of surface casing be set into bedrock below the glacial drift for all drilling 
(see Appendix I. State Casing Statute Instruction 1-94).  The actual requirement is that casing be 
set through and 100 feet below the lowest aquifer penetrated. This requirement is in effect to 
protect groundwater resources, and since the glacial drift is everywhere regarded as a potential 
aquifer, MDEQ routinely requires 100 feet of casing below the glacial drift.  Further, fracture 
stimulation cannot be conducted within 50 feet of the base of the surface casing string.  Fracture 
stimulations (Apotria, Kaiser and Cain, 1994; Decker, Coates and Wicks, 1992; Briggs and 
Elmore, 1980) to date have been a vital step in improving the deliverability of wells to deem 
them commercial.  As things stand now, a large amount of productive Antrim shale can neither 
be accessed nor completed in a conventional sense due to State regulations.  This leaves a vast 
resource of domestic gas unobtainable for conventional development. 
 
Our plan is simple and is referred to as the “J-well” design. We propose to drill a vertical or slant 
well 100 feet below the glacial drift, set required casing, then angle back up to tap the resource 
lying between the base to the drift and the conventional vertical well (Figure 5).  Details of the 
well are given in the accompanying text, Figure 6 is the planned well bore schematic for the 
demonstration well, and the drilling plan is presented in Appendix II. Figure 7 is a bedrock 
subcrop map from the MI DEQ map that shows the Antrim subcrop in gray.  Approximate 
acreage that will become available if this approach proves successful is shown in Figure 8, north 
of the heavy black line that indicates the cutoff line of where production is limited because of the 
1-94 drilling restriction (Appendix I).   
 
We succeeded in obtaining drilling permits from MI-DEQ for two wells, the demonstration well 
AG-A-MING 4-12 HD (API: 21-009-58153-0000) and a disposal well AG-A-MING 4-12 HD1 
(API: 21-009-58153-0100). These permits were approved in January, 2007 for the location cited 
above (Antrim County, Michigan, Torch Lake Township, Section 12, T30N-R09W).  However, 
because of problems obtaining right-of-way for gathering lines, we petitioned DOE (in 
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December 2007) to allow us to drill an equivalent Antrim site in Benzie County, MI.  
Permissions are still pending as of this reporting period but the wells have been drilled and the 
data has been collected and written up in a preliminary report. With these results and data the 
project has remained on schedule and can be completed and submitted per the original timeline 
(September 30, 2008). 
 
We have also made substantial progress on the main deliverables for this project, mainly maps 
showing the new prospective area opened up and standard geological maps (structure and 
isopach) of the sub-members of interest in the Antrim Formation. These deliverables are 
essentially completed at this time. Details are presented in the text. Note that the maps and 
figures presented in the appendices of our previous report have not been included here to avoid 
unnecessary duplication but will be included in the project handbook developed as part of this 
project. 
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6. RESULTS OF WORK DURING REPORTING PERIOD 
 

6.1 APPROACH 

6.1.1 Data Collection (Task 1.0) 
 
Data for the Lower Peninsula Antrim Trend has been collected from the Michigan DEQ, the 
Michigan Core Repository at Kalamazoo and from MTU files. These data consist of formation 
top picks (~629,000), well logs, well locations and production histories. We will still gather data 
from our industry partner, Jordan Energy, LLD, on the demonstration well area as it becomes 
available, but we have received the plan of the demonstration well (Appendix II. Demonstration 
Well) as well as detailed information on several new wells in the vicinity of the project well (the 
Bargy #16-14, Drogt #2-36, Kamp #5-12, Reske #10-24, Cherry Ke #2-36, Paradis #11-36, and 
the brine disposal well, Dorman B B4-26 SWD) . We also have been given the results from a 
recent micro-gravity survey that Jordan had run by an independent contractor to help define the 
base of the glacial drift in the vicinity of the test well. 
 
The project database also includes data from the Michigan Department of Environmental Quality 
(MI-DEQ), Michigan Public Service Commission, and the Census 2000 TIGER/Line data.  The 
data consists of well locations, formation tops and elevations, oil, gas and CO2 production data, 
scanned log images, LAS files (266 LAS files in Northern Michigan; 220 with Antrim formation 
picks), roads, hydrology, and political boundaries, and water well data in Antrim, Charlevoix and 
Cheboygan Counties.   
 
Digital Oil and Gas Permit Well Files have just become available through the Michigan DEQ 
and will be added to our data archives.  Oil and Gas Permit Well Files (PWF) are the documents 
that are generated over the life of a well – from application to plugging.  These are the files that 
were on microfilm, and have been scanned in as multiple page tif image files.  Currently the files 
for permits 1 to 42,999 are available. 
 
Project databases are being organized and documented for the Project Handbook.  The three 
databases for well locations, formation tops, and production are available online on the Michigan 
DEQ website and are updated periodically.  A project database has been created that will link to 
these databases.  A set of queries has been developed that will extract the information needed to 
reproduce the datasets used in the Project Handbook.  This will allow future users of the data to 
include information from new wells for updated mapping.  In particular, the formation tops data 
needs selective queries performed before mapping can take place. 
 
Measured depths (MD) and true vertical depths (TVD) of formation tops (glacial drift base) are 
stored in a table by API number, formation code, and method obtained. There are multiple 
records for some formation tops because top picks from multiple sources are stored in the 
database.  When creating structure and isopach maps, gridding algorithms should be used with 
one value for each x-y coordinate.  A set of instructions and database queries will be included in 
the Project Handbook that will explain how the formation tops are chosen from the database.  



DE-FC26-06NT42931  Michigan Technological University 
Progress Report An Approach to Recover Hydrocarbons from Currently Off-Limit  Oct 2007 – March 2008 
 Areas of the Antrim Formation, MI Using Low-Impact Technologies 

9

For example, when a TVD depth is present in a slanted well, it is chosen over MD.  Also, we 
have developed a sequence of choices for the method obtained.  We have also encountered 
inconsistent data when the method obtained for some tops in a well are obtained from different 
sources.  
 
Data Sources  
 
Data Category Source 
Well Locations Michigan DEQ 

Formation Tops Michigan DEQ 

Production Data Michigan DEQ (Oil-Gas-Water, 1982 – present) 
Michigan Public Service Commission (Gas, Water, CO2, 1990 – present) 
Michigan Tech Historic Production (Oil-Gas-Water, Annual by Field 
1925-1986) 
 

Gravity Data Jordan Development Company, LLC 
 

Michigan Bouguer 
Anomaly Data 

University of Texas at El Paso 
GeoNet - United States Gravity Data Repository System 

Digital Well Logs LAS files – MTU 

Raster Logs  Michigan DEQ 

Permit Well Files Michigan DEQ 

Base map shape files Census 2000 TIGER/Line data 
Michigan Resource Information System (MIRIS) 

 
 

6.1.2 Mapping (Task 2.0) 
 
The scope of this project is focused on the Northern section of the Lower Peninsula of Michigan.  
When reference is made to “Northern Michigan” in this report, the maps have been prepared 
from data located north of the 400,000 meter line in the Michigan GeoRef coordinate system. 
 
The maps of Northern Michigan contain some common features. The Antrim subcrop is 
symbolized on the maps in two ways. Some of the maps indicate the Antrim subcrop with a filled 
gray shade, and the color contour maps indicate the subcrop with a bright pick outline.  The 
heavy black line that runs through the center of the subcrop indicates the northern border of 
where Antrim gas wells can be drilled following the State of Michigan regulations requiring 100 
feet of casing below the glacial drift or any fresh water aquifers. The subcrop area above this line 
shows the additional Antrim acreage that will become available for exploration and production 
as a result of the interpretation of the 1-94 Instruction for this project. 
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Images of the maps described below are located in Appendix III. Geologic Maps of this report. 
 
1. Log Curve Profile 

A stratigraphic log curve profile has been prepared for the Bargy #16-14 vertical well (Figure 
9), which is located in eastern Antrim County, Michigan in the vicinity of the project 
demonstration area.  This profile shows the gamma ray (GR) and density curves (ZDEN) 
with formation tops to illustrate the signature of the gamma ray as it passes through the 
Lachine, Paxton and Norwood members of the Antrim Shale.  
 
Several more profiles of Antrim wells across Northern Michigan will be included in the 
project handbook. The project horizontal wells will be displayed to show the gamma ray 
signature along the directional survey line of the well. 
 
 

2. Structure contour maps: Northern Michigan  
a. Lachine, Paxton, and Norwood members of the Antrim Shale 
b. Top of Antrim Formation 

 
3. Structure contour maps (Michigan Counties) 

a. Antrim: Lachine, Paxton, and Norwood members of the Antrim Shale  
b. Benzie: Lachine, Paxton, and Norwood members of the Antrim Shale 
 

 
4. Isopach contour maps: Northern Michigan 

a. Lachine, Paxton, and Norwood intervals of the Antrim Shale  
b. Ellsworth Shale to Antrim Formation 
c. Antrim Shale to Lachine member of Antrim Shale 
d. Glacial Drift 

 
5. Isopach contour maps (Michigan Counties) 

a. Antrim: Lachine, Paxton, and Norwood intervals of the Antrim Shale 
b. Benzie: Lachine, Paxton, and Norwood members of the Antrim Shale 

 
 

6. Symbolized map of bedrock: Northern Michigan 
For each well with formation tops picked, the depth of the Base of the Glacial Drift is equal 
to the top of the formation that lies directly beneath the Glacial Drift.  This formation was 
extracted to create a symbolized map that shows the trends of which formation characterizes 
the bedrock. 
 

7. Bouguer Gravity Anomaly maps  
The Michigan Bouguer Anomaly maps were created from data obtained from the University 
of Texas at El Paso website for GeoNet – United States Gravity Data Repository System. 
(http://paces.geo.utep.edu/research/gravmag/gravmag.shtml).  The original data has been 
converted from NAD27 latitude/longitude coordinates to Michigan GeoRef. 
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a. Northern Michigan 
b. Antrim County, Michigan 
c. Benzie County, Michigan 

 
8. Antrim Production History maps: Northern Michigan 

The Antrim production history maps show cumulative gas (Figure 8), water, and CO2 
production in 5-year intervals.   Production data is recorded monthly by production units 
(PRUs), which may consist of one or more wells connected to a gas line.  Production unit 
locations were determined by assigning each PRU to the section number where most of its 
wells are located.  Then summation queries were used to sum the cumulative production by 
Section starting with 1990, in 5-year increments. Symbolized maps were then created to 
show the trends in Antrim production of gas and co-produced carbon dioxide and water over 
time. 
 
The following maps have been inserted into the Project Handbook, and the Excel 
spreadsheets used in the creation of the maps have been archived as part of the project 
deliverables. 

a. Gas  (1990-1994, 1990-1999, 1990-2004, 1990-2007) 
 

b. CO2 (1995-1999, 1995-2004, 1995-2007) 
Further data analysis has shown that the CO2 maps will need to be modified before 
submission to the handbook to more accurately reflect the CO2 production trends. 
 

c. Water (1990-1994, 1990-1999, 1990-2004, 1990-2007) 
 

6.1.3 Regulatory (Task 3.0) 
This task was satisfactorily resolved when the Michigan DEQ decided to permit the AG-A-
MING demonstration well without modification of the instruction 1-94.  The permit was issued 
on December 14, 2006 for the AG-A-MING well (see map, Figure 2). Under this Permit (58153) 
the Michigan DEQ, accepted the concept of the “J” well (Figure 6). 
 

6.1.4 CO2 Mitigation (Task 4.0) 
CO2 production data is recorded as a percentage by month and by producing field, and is 
included with the Antrim gas production data reported by the Michigan Public Service 
Commission.  Production data recorded prior to the year 2000 is a combination of “produced 
gas” (includes CO2 volumes) and “sales gas” (volumes after CO2 has been separated) totals. 
From 2000, the production data is all “sales gas”.    The CO2 maps in Appendix III display CO2 
by mcf, but after further analysis of the data and timeline of data acquired, we are looking for a 
better method of presenting the CO2 data.    We will chart trends in the data by the State of 
Michigan, and also by each of the three producing fields of interest to this project, the Milton 
Bradley, the Deward  Cleaver, and the Colfax 29. 
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The Michigan Public Service Commission also publishes quarterly reports which track the meter 
flow in and out of the gas processing plants.  With Dr. Harrison’s assistance, we plan to collect 
and analyze the data from these reports to assist in completing this task. 
 
 
 

6.1.5 Synthesis (Task 5.0 Year 2) 
The Antrim Play Handbook has been outlined and materials have been gathered for inclusion 
into the handbook.  Handbook images have been included in the Appendices of the project 
reports.  Appendices III (Geological Maps) and IV (Antrim Shale Play) are described in this 
report, but are referenced back to the previous report 42931R02 (April 2007 – September 2007).    
 
Appendix IV is an account of the history and development of the Antrim Shale Play prepared by 
Dr. William B. Harrison, III from Western Michigan University. Appendix II contains well 
history figures for the AG-A-Ming well, Appendix V includes maps, charts, and well bore 
schematics for the Deward Cleaver wells, and Appendix VI will include all gathered data from 
the Colfax 29 wells. 
 
Images from Appendix III will be placed in the Handbook mapping Sections 6, 7, 8, and 9.  
Material from Appendix IV will be included in Handbook Section 3. Antrim Shale, Late 
Devonian.  Material from Appendices II, V, and VI will be placed in Section 10. Project Well 
Histories. 
 
 
Antrim Play Handbook Outline 
1. Table of Contents  
2. Abstract 
3. Antrim Shale, Late Devonian  
4. Databases  

4.1 API Numbers explanation  
4.2 Well Locations Database  
4.3 Formation Tops  
4.4 Production Data  

4.4.1 Michigan DEQ Production Data  
4.4.2 Michigan Public Service Commission Gas Production Data  
4.4.3 Michigan Tech Historic Production Data  

4.5 Well Logs  
4.6 Gravity Data  

5. Project Location Maps 
 5.1 Northern Michigan (Lower Peninsula) 
 5.2  Milton Bradley (Antrim County, MI) 
 5.3 Deward Cleaver (Antrim County, MI) 
 5.4  State Colfax 29 (Benzie County, MI) 
6. Gravity Anomaly Maps  
7.  Geologic Structural Contour Maps  
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8. Isopach Contour Maps  
9. Production Maps and Charts 
10. Project Well Histories  

10.1 State Mancelona #2-12 HD3 (21-009-57450-0300)  
10.1.1 Well Bore Schematic  

10.2 State Mancelona #15-13 HD2 (21-009-57451-0200)  
10.2.1 Well Bore Schematic  

10.3 State Mancelona #15-13A HD1 &2 (21-009-57452-0100, -0200)  
10.3.1 Well Bore Schematic  

10.4 Hubbell C1-9 (21-055-57778-0000) 
10.4.1 Well Bore Schematic  

10.5 AG-A-MING 4-12 HD (21-009-58153-0000)  
10.5.1 Well Drilling Acronym List  
10.5.2 Drilling Prognosis  
10.5.3 Well bore Schematic  
10.5.4 Planned Directional Survey  

10.6 St. Colfax 3-28 HD (21-019-58749-0000)  
10.6.1 Well Drilling Acronym List  
10.6.2 Drilling Prognosis  
10.6.3 Well bore Schematic  
10.6.4 Directional Survey  
10.6.5 Completion Report  

10.7 State Colfax #2-28 HD (21-019-58748-0000)  
10.7.1 Well Drilling Acronym List  
10.7.2 Drilling Prognosis  
10.7.3 Well Bore Schematic  
10.7.4 Directional Survey  
10.7.5 Completion Report  

12. Best Practices for Co-produced CO2 Disposal  
 
Data Deliverables 
The March 2008 DOE Project Meeting was largely devoted to our main project deliverable, the 
Antrim Play Handbook. Wood and Asiala reported that the handbook was well underway and 
only needed CO2 production data. The raw data used to create the maps and charts in the 
handbook will be delivered in a series of Excel spreadsheets.   

6.1.6 Demonstration Wells (Task 6.0) 
 
As mentioned above (Executive Summary) we have petitioned DOE for permission to switch the 
project demonstration well to an equivalent Antrim site in Benzie County MI due to some 
unforeseen right-of-way issues that did not seem resolvable in the timeframe of this project. For 
completeness and continuity in this report, the previous discussion of the original demonstration 
well is included immediately below (but will be moved to an appendix in the final report?).  A 
discussion of the proposed substitute well then follows.  
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A-GA-MING #4-12HD and #4-12HD1  (Original Demonstration Well)   
The demonstration well, A-GA-MING #4-12HD and #4-12HD1 is part of the Milton Bradley 
Project in west Antrim County developed by Jordan Development Company, LLC.  In addition 
to the LINGO demonstration well, Jordan Development is developing the prospect with twelve 
vertical wells, and one disposal well (see Figure 2). The horizontal section of the demonstration 
well must remain within the 240 acre boundary set up in the PRU (PRoduction Unit).  The 
vertical wells will be part of one production unit (PRU), and the demonstration well will be the 
only well in its PRU.  (Since the demonstration well will be producing from its lateral, it will 
have access to as much or more pay as the vertical wells and will drain a similar area. This is an 
additional benefit of the LINGO well: it will in some cases replace as many as 4-6 wells with 
consequent economies and less disruption to the environment.  The complete specifications for 
the A-GA-MING 4-12 as provided by Jordan are provided in Appendix II. 
 
Flow lines and production lines have been installed and production of the vertical wells in the 
Milton-Bradley project began in June 2007 (Figure 10).  Production started with two wells online 
at the end of June, and by the end of December 2007, 14 vertical wells were online for 
production.  Average daily production for this set of wells since November 1, 2007 is currently at 
515 mcf per day. 
 
The demonstration well planned for the project at the AG-A-MING site has been held up by 
right-of-way negotiations, but two “J” wells that have incorporated the project design were 
drilled at other nearby Antrim sites, the State Mancelona #2-12 HD3, the State Mancelona #15-
13 HD2, and the State Mancelona #15-13A HD1 & HD2 (see map in Figure 10 and Appendix 
Figure 18-1).  
 
These wells revealed problems with the original design of the “J” well, mainly in terms of 
disappointing production relative to ordinary vertical wells (Appendix Figure 18-2). However, 
these wells provide us with an opportunity to redesign and modify the AG-A-MING well before 
it is drilled. From what we have learned at the Mancelona wells, we believe that it will be 
necessary to reduce the ascent angle into the Antrim productive zones as well as case and 
perforate the well.   
 
A Possible Solution to the “J” Well Design 
Recent wells drilled in Deward Clever (Mancelona wells) and later at Milton Bradley in the 
demonstration tract have helped straighten out the design problems with the original “J” well. 
We now plan to case the horizontal leg of that well to hopefully get better production. We have a 
positive result for the resolution of the regulatory task, the Michigan DEQ accepted the “J” well 
design as compliant with Instruction 1-94. This will open the way for exploration and production 
in areas of the Antrim that drillers previously avoided. We can apply the unfavorable results 
from the Mancelona horizontal wells to “lessons learned” category and proceed to redesign the 
“J” well to a new configuration that will hopefully overcome the problems with the original 
design. In a way the delay in the spudding of the demonstration well has benefited the project by 
allowing us to test the proposed well design in two additional wells before committing it to the 
project well. We thus have an opportunity to correct problems uncovered. We also plan to 
include the results and details of the Mancelona wells into the project report since the results are 
so germane to it. 
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New Demonstration Well (Pending) 
In December 2007, a request was sent to the DOE to substitute the State Colfax #3-28 HD in 
Benzie County (Figure 11) for the AG-A-Ming 4-12 HD well since right-of-way problems 
precluded timely drilling of the AG-A Ming 4-12 HD. 
 
There were two main objectives for this project. One involved compliance with Michigan well 
site regulation embodied in Instruction 1-94 (Appendix I) and a second involving using a new 
horizontal “J” well design (Figure 6) to recover gas from previously off-limit acreage in the 
Antrim Formation. Both objectives have essentially been achieved in this past year: the 
Regulatory task has been completely resolved and the originally proposed design of the “J” well 
has been tested in the field, although not at the proposed demonstration site. Consequently, all 
that remains of the field tasks is to drill the demonstration well with a revised configuration 
(Figure 12). Substitution of the Colfax #3-28 HD for the AG-A-Ming 4-12 HD well will not 
affect the evaluation of the “J” well design. 
 
Problems with the original “J” well design 
Jordan Energy had an opportunity to use the “J” well design proposed for this project in three 
recent wells drilled in the Deward Cleaver project in Antrim County. These wells did not 
produce as well as expected; in fact they performed worse than simple vertical wells drilled 
nearby. Appendix Figure 18-2 is an updated plot of average daily production from the State 
Mancelona 2-12 and State Hayes 4-18 vertical wells compared with average daily production 
from the State Mancelona #2-12 HD, #15-13 HD, and the #15-13A HD “J” wells. Appendix 
Figure 18-3 shows actual daily gas production from June 2007 through January 2008 for these 
same Antrim wells. 
 
Earlier it was reported that the basic problem with the “J” well design appeared to be the 
development of blockages along the horizontal leg. Two possibilities had been put forward: one, 
fluids are trapped in undulations in the well bore, resulting in a fluid lock, and two, material 
sloughs off the well, eventually blocking the gas flow. We suggested it was possible that both 
mechanisms operated at the same time and reinforced flow restriction. Subsequently Jordan 
determined that cavings from the hole were really not an issue, but that accumulated debris 
within the perceived undulations of an open hole well bore was the most likely cause of poor 
production and that this could be alleviated through the use of a downward sloping cased hole.  
Subsequently, while wells were drilled at Deward Cleaver (State Mancelona #2-12 HD, #15-13 
HD, and the #15-13A HD) with the “J” well approach, the State Colfax 2-28 HD and 3-28 HD 
have been drilled with a new design, a high- angle cased hole that will be perforated. These wells 
will be completed in mid February 2008 and production will begin shortly thereafter. Production 
data currently being collected from the Deward Cleaver wells will be compared to the State 
Colfax wells to quantify the conclusions. We are optimistic that this new configuration will solve 
the production problem. Figure 6 shows the original configuration of the demonstration well, 
while Figure 13 shows the current modification.  The well design is still being tested. 
 
Refer to the “Lessons Learned” write-up in Section 9. Summary of Significant 
Accomplishments of this report where Bill Quinlan from Jordan Development Company, LLC 
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has explained in detail the drilling experiences at the Deward Cleaver field using the “J” well 
design.  
 
 
 

6.1.7 Well Logging (Task 7.0) 
Well logs containing Gamma Ray (GR) have been collected from the vertical wells drilled in the 
same project area (Milton-Bradley) as the planned DOE LINGO demonstration well.  A North-
South cross-section has been created which displays the logs by subsea depth over the interval 
defined by 100 feet above the top of the Lachine member of the Antrim Shale to 50 feet below 
the top of the Traverse formation (Figure 14).  The type log in Figure 9 is also included in 
Appendix III. Geologic Mapping to show the typical gamma ray signature through the Antrim 
sub-formation members, the Lachine, Paxton, and Norwood. 
 
Mud logs, Gamma Ray and Casing Collar logs were run in the Colfax 2-28 and 3-28 wells.  The 
well logs will be displayed in a cross section with the directional survey and formation tops 
defined. 
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6.2 RESULTS AND DISCUSSION 
In this section we will provide a preliminary discussion of the maps promised as deliverables in 
this project. Several of these maps are key products in that they outline the additional prospective 
area that will become available for exploration and production as a result of the novel permitting 
and drilling undertaken here. We will also provide a preliminary discussion of the maps 
promised as deliverables in this project. Several of these maps are key products in that they 
outline the additional prospective area that will become available for exploration and production 
as a result of the novel permitting and drilling undertaken here. The map images are displayed in 
Appendix III. Geologic Mapping. [Note: these figures were presented in the previous report 
42931R02 (April 2007 – September 2007) and are not repeated here to avoid unnecessary 
duplication. That report should be consulted for figures mentioned below]. 
 
The Antrim Formation is mainly a gray to black shale with dominantly black, high gamma-ray 
facies in the lower sections. These lower sections can be distinguished by gamma-ray and have 
been termed, the Lachine, Paxton, and Norwood members of the Antrim Formation. In general 
these facies are high in organic matter (3-12 %) and represent anoxic facies deposited in stagnant 
bottom waters in closed or nearly closed Devonian seaway. They are thus marine sediments and 
have sufficient organic content to qualify as high-grade source rock. Some sample will burn if 
exposed to a flame. These are the sought after sections as they are thought to be the source of the 
Antrim gas, which has been reported to be biogenic (Walter, et. al, 1996). Consequently, it is of 
interest to map these facies in terms of how they are impacted by the J-well technology.  The 
history and characteristics of the Antrim Shale Gas Play are outlined in Appendix IV. Antrim 
Shale Play. 
 
Appendix Figures 16-2 through 16-13 are structure and isopach maps for the Lachine, Paxton, 
and Norwood formations in the Northern Michigan Antrim Trend and also localized to Antrim 
County. Appendix Figure 16-14 is a spot map showing the identity of the formation immediately 
under the glacial till (Glacial Till in the Michigan Stratigraphic Code). It is apparent that the sub-
till facies distribution is complex and not easily generalized or mapped. At present we feel the 
spot map as depicted in Appendix Figure 16-14 is the best representation. It is clear to us that 
prospect development will have to proceed at a very small map scale in the area of interest if the 
Antrim is to be mapped at the Member level. We will continue to analyze this problem but will 
likely conclude that our large-scale map is suggestive at best (but does indicate the additional 
acreage opened up). 
 
More detailed interpretations of the Antrim will be attempted when the maps are complete. At 
this stage it appears that the erosional edges of the Antrim are “ragged” and unpredictable, 
possibly due to glacial process in the waning stages of the last glacial retreat.  In such cases, 
detailed information can perhaps be obtained by micro-gravity techniques which have been 
reported to allow mapping of the till-Antrim contact. 
 
We have a detailed map (Figure 8) of the additional Antrim acreage that will become available 
for exploration and production as a result of the interpretation of the 1-94 Instruction for this 
project. Also, we can begin to monitor CO2 production from the new Deward Cleaver wells 
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(both vertical and horizontal) as well as continue with our efforts to obtain historical production 
records. 
 
As of March 31, 2008 all project tasks are on schedule or completed except for the Ag-A-Ming 
demonstration well. The initial benchmark for the well was met in December 2006 when the 
Michigan DEQ issued a permit for the well. Presently the main obstacle in the drilling of the 
project demonstration well has been obtaining right-of-way for facilities. A second group has 
tied up acreage in the vicinity of the proposed demonstration well which prevents access to the 
gathering facilities and hence delays drilling. It has become clear that the Ag-A-Ming well 
cannot be drilled within the timeframe of this project.  Our December 2007 request to substitute 
the St. Colfax 3-28 HD in Benzie County is still pending approval by the DOE, but the well has 
been drilled and well data (i.e., well bore diagrams, mud log, Gamma Ray log, perforation 
records, and detailed well completion documents) have been gathered in preparation of a 
complete well history and analysis. 
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6.3 CONCLUSION 
 
Most of the Lingo project tasks are on schedule with a major milestone (well permitting) 
accomplished and the task matrix well in hand. Promised deliverable maps are all started and 
most are nearing completion. The last remaining task is the drilling of the demonstration well. 
With Jordan’s announcement that they recommend a switch from the original demonstration well 
(the Ag-A-Ming) to a similar well, we anticipate that the demonstration phase will now move 
along on time. The problem Jordan has encountered obtaining right-of-way for their gathering 
facilities are not uncommon; they will be resolved eventually but in the interest of meeting the 
timeline for this project, we have submitted a request to substitute the demonstration well to a 
new site in December 2007.  Once this request has been approved by the DOE, the project will 
be back on schedule.  
 
The major accomplishment so far has to be convincing the Michigan DEQ that the approach to 
tapping Antrim gas reserves via a novel approach involving drilling a lateral through the required 
casing zone and then angling back up met regulatory requirements. The DEQ had no objections 
and is favorably impressed by the further advantage of the approach in lessening environmental 
impact as a result of requiring fewer wells and (potentially) providing more efficient drainage. 
 
It is anticipated that more “take home” lessons will emerge as the demonstration well itself is 
drilled. We plan to include production and performance data from the three producing areas of 
interest to this project, Milton Bradley (original demonstration site), Deward Cleaver (site where 
“J” design was tested), and Colfax 29 (new demonstration site). We expect that the drilling 
program will either serve as a template for similar development, or will provide lessons in “what 
not to do”. This will also be the first time to our knowledge that a lateral has been used to 
produce Antrim gas. This project has the potential to be another Crystal Field demonstration that 
convinces the Michigan gas and oil industry to use laterals to develop Antrim production. 
(Crystal Field was a DOE-sponsored demonstration project in the 1990’s that was influential in 
converting the Michigan Oil and Gas Industry to shift to lateral wells for conventional oil 
production. DOE Contract No. DE-FC22-94BC14983) 
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7. PROPRIETARY OR CLASSIFIED DATA 
We have no proprietary or classified data at present. However Jordan Development Company, 
LLC has advised us that some aspects of the new (proposed) well may be held confidential for a 
short period until leasing issues on related acreage have been resolved. These issues will not 
effect the drilling of the new demonstration well. 
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8. STATUS REPORTING 

8.1  Cost Status 

Baseline Reporting Quarter
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Baseline Cost Plan
Federal Share 17,000 17,700 107,500 107,539 62,484 62,483 62,483 62,483

Non Federal Share 17,417 17,416 150,000 150,000 150,000 150,338 0 0
Total Planned (Federal and Non-Federal) 34,417 35,116 257,500 257,539 212,484 212,821 62,483 62,483

Cumulative Baseline Cost 34,417 69,533 327,033 584,572 797,056 1,009,877 1,072,360 1,134,843

Actual Incurred Costs
Federal Share 10,932 13,652 36,944 29,125 14,226 7,550 0 0

Non Federal Share 34,830 0 0 3 0 0 0 0
Total Incurred (Federal and Non-Federal) 45,762 13,652 36,944 29,128 14,226 7,550 0 0

Cumulative Incurred Cost 45,762 59,414 96,358 125,486 139,712 147,262 147,262 147,262

Variance
Federal Share 6,068 4,048 70,556 78,414 48,258 54,933 0 0

Non Federal Share -17,413 17,416 150,000 149,997 150,000 150,338 0 0
otal Variance - Quarterly (Federal and Non-Federa -11,345 21,464 220,556 228,411 198,258 205,271 0 0

Cumulative Variance -11,345 10,119 230,675 459,086 657,344 862,615 862,615 862,615

COST PLAN  /  STATUS
Michigan Technological University

DE-FC26-06NT42931

Year 1 Start: Oct 1, 2006  End: Sept 30, 2007 Year 2 Start: Oct 1, 2007  End: Sept 30, 2008
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8.1.1 Variance Explanation - after 3rd qtr Yr 1     
The variance in the third quarter is a result of the drilling being pushed back until late summer. Therefore, no money was paid to the 
operating partner and no cost share was documented.     

    

8.1.2 Variance Explanation - after 4th qtr Yr 1     
The variance in the fourth quarter is a result of the drilling being delayed. Therefore, no money was paid to the operating partner and 
no cost share was documented. This accounts for $300,000 in cost share and $111,000 in direct payments to the operating partner; 
$411,000 total (plus $14,000 in overhead). Less funds were spent on the consultant than anticipated, partly because no drilling was 
conducted.     

8.1.3 Variance Explanation - after 1st qtr Yr 2 (fifth quarter)     
The variance in the fifth quarter is a result of discussions to change the demo well. Drilling for the alternative well is planned for 
Jan/Feb 08.  Therefore, no money was paid to the operating partner and no cost share was documented. This accounts for $450,000 in 
cost share and ~$142,000 in direct payments to the operating partner; $592,000 total (plus $14,000 in overhead). Less funds were 
spent on the consultant than anticipated, partly because of the change in demo wells.     

8.1.4 Variance Explanation - after 2nd qtr Yr 2 (sixth quarter)     
The variance in the sixth quarter continues to be a result of discussions to change the demo well. Drilling for the alternative well is 
planned for Jan/Feb 08.  However because this change in wells has not been officially approved yet, no money was paid to the 
operating partner and no cost share was documented. This accounts for $600,338 in cost share and ~$173,500 in direct payments to 
the operating partner; $774,000 total (plus $14,000 in overhead). Less funds were spent on the consultant than anticipated and less 
staff time was charged, partly because of the change in demo wells.     
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8.2 Milestone Status 
 
(Details on Task Statuses are provided in report Section 6.1 Approach) 
 

Task 1.0 Data Collection 10/1/2006 7/31/2007 10/1/2006 7/31/2007 Completed; New data will be added as it is made available 
from our Industry Partner

Task 2.0 Mapping 10/1/2006 9/30/2007 10/1/2006 9/30/2007 Completed; Maps will be updated as new data is made 
available

Task 3.0 Regulatory Analysis 1/1/2007 12/31/2007 12/1/2006
The Michigan DNR  permitted the AG-A-MING demonstration 
well without modification of the instruction I-94 on December 
14, 2006 for the AG-A-MING well. Under this Permit (58153) 
the Michigan DNR, accepted the concept of the “J” well.

Task 4.0 CO2 Mitigation 1/1/2007 9/30/2007
Analysis of CO2 plant data has begun, and will be compared 
with the cost of compression and pipeline systems to 
sequestration locations

Task 5.0 Synthesis (Year 1) 6/1/2007 9/30/2007 6/1/2007 9/30/2007 The Antrim play handbook has been outlined and partially 
filled in.

Synthesis (Year 2) 6/1/2008 9/30/2008
Maps, charts, well documentations have been added to 
handbook, and the data deliverables are being formatted and 
archived for project delivery.

Task 6.0 Demonstration Wells 3/1/2007 3/31/2008 2/20/2008 Wells have been drilled in new project demonstration area.  
Still waiting for DOE to approve new site.

Task 7.0 Well Logging 5/1/2007 7/31/2007 8/1/2008

Some vertical well logs have been collected and made into a 
cross section through the demonstration project area.  New 
cross section of Colfax wells will be added showing logs and 
perfs.

Task/ 
Subtask 

Critical Path Project 
Milestone Description StatusPlanned 

End Date

Actual 
Start 
Date

Actual 
End Date

Planned 
Start 
Date
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9. SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS 
 
1. A major hurdle was cleared when the MDEQ (Michigan Department of Environmental 

Quality) issued permits for the project demonstration wells in January, 2007. Until these 
permits were in hand the status of the entire project was uncertain. But the State of Michigan 
has agreed that the proposed “J-well” solution to drilling the shallow Antrim gas meets 
environmental requirements. In some cases it is more desirable because it reduces the number 
of wells and exposes more of the well bore to pay. 
 

2. The demonstration well has been designed (see Appendix Figures 15-1 and 15-2 and the 
write-up in Appendix II. Demonstration Well) with the slant, drain and horizontal leg. It now 
remains to drill this configuration (the next hurdle) and then monitor production. 
 

3. The project handbook is about 90% completed, and will include maps and figures from the 
appendices.  Twelve structure and isopach maps have been created for the Lachine, Paxton, 
and Norwood members of the Antrim Shale, and eleven production maps have been produced 
to show the progression of cumulative Antrim gas, water and CO2 production in five year 
increments. 
 

4. Lessons Learned – Bill Quinlan 
Deward Cleaver Horizontal Drilling Experience  
 

 
Jordan Development Company, LLC (Jordan) drilled three open hole lateral Antrim Shale tests 
in the Deward Cleaver Field within Mancelona East Township of Antrim County between June 
of 2006 to July of 2007.  The approach used to drill these three wells is identical to the well 
design originally proposed for the A-Ga-Ming #4-12 HD demonstration well. 
 
The Deward Cleaver wells consisted of directionally drilled pilot holes which were cased, from 
which open hole laterals were drilled at a 90 degree or greater inclination.  The open hole laterals 
were oriented to allow fluids to drain back out of the laterals and into the pilot holes.  An electric 
submersible pump was then set below the open hole windows within the pilot holes to enable 
produced water to be removed from the well.  
 
The resultant production from these open hole laterals did not meet anticipated production 
expectations. Upon review, Jordan has gained a great deal of insight as to improvements in the 
drilling and completion approach going forward to improve well production.   
 
The first potential weakness in the drilling approach taken in the Deward Cleaver is that the exit 
for each lateral creates a “lip” at the casing window.  This “lip” results in a point of fluid back-
up, whereby the produced water draining back to the pilot hole must rise up before entering the 
casing and being pumped from the hole.  The result is a pressure drop which adversely effects 
production. 
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The open hole laterals were designed to gradually rise over their length to allow all produced 
water to drain back to the pilot hole.  Jordan and its drilling contractors were very diligent in the 
effort to accomplish a smooth and gradual incline to the lateral placement.  However, it is nearly 
impossible to avoid slight dips and valleys within the well path.  As such, several sumps are 
formed within the lateral which trap produced fluid, hamper production, and potentially render 
portions of the lateral unproductive.  
 
Another potential issue with the original design is in the effect of drilling damage within the 
open hole laterals.  During lateral drilling, the ability to efficiently remove cuttings becomes 
increasingly difficult as the hole extends further out.  As a result, cuttings begin to accumulate 
along the hole and are finely ground to a paste as drilling progresses. This shaley paste causes 
formation damage which is very difficult to remove as the clay fines are inert to stimulation 
treatments such as acid. 
 
As formation pressure depletes, the total effect of these drilling and design inefficiencies can 
greatly hamper gas deliverability.  Jordan is now employing a new design which incorporates 
drilling a 75 to 80 degrees angle hole through the Antrim.  This high angle hole is then cased and 
completed through pipe with eight to fourteen perforated and fracture stimulated zones.  A pump 
is then run in below all zones to lift produced water from the well. 
 
The main advantage of the new design is that fluids drain directly and efficiently into the 
production casing.  In this way, the well is produced in a more conventional means through 
perforations with no fluid back-ups or traps.  In addition, by discretely stimulating multiple zones 
utilizing fracture treatments, the effect of any drilling damage is completely removed.  Jordan 
views this new drilling and completion approach far superior to the original design for future 
Antrim Shale development. 
 
 

10. ACTUAL OR ANTICIPATED PROBLEMS 
The “J” well design has now been tested and refined through several cycles of implementation at 
Deward Clever (Mancelona wells). It now appears that casing the hole, perforating and keeping 
the dip shallow will fix the problems noted earlier.   

11. PRODUCTS AND TECHNOLOGY TRANSFER 

11.1  Publications 
None at this time. 

11.2  Website 
The project website has been established, and project figures and reports are being added to the 
site as the project progresses. 
http://www.geo.mtu.edu/svl/LINGO/ 
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11.3  Networks or collaboration fostered 
None at this time. 

11.4  Technologies/Techniques 
None at this time. 

11.5  Inventions/Patent Applications 
None at this time. 

11.6  Other products 
None at this time. 

11.7  Project Meetings 
 
October 16, 2006  The project kickoff meeting was held at the Core Repository in 
Kalamazoo, Michigan. Attendees were J. Wood, W, Quinlan, W. Harrison and M. Gruener. 
 
December 15, 2006 J. Wood held project consultation meetings with W. Quinlan and E. Taylor 
in Traverse City, MI. 
 
March 12-14, 2007 The annual DOE project meeting was held in Tampa, Florida. Attendees 
were J. Wood, C. Asiala, W. Quinlan, W. Harrison, and M. Gruener. 
 
Project Update Meetings, Jordan Development Company, LLC, Traverse City, MI.   
November 2006 
April 2007 
July 2007 
October 2007   
November 2007 
December 2007 
February 2007 
 
March 10-12, 2008 The annual DOE project meeting was held in Tampa, Florida. Attendees 
were J. Wood, C. Asiala, W. Quinlan, W. Harrison, and M. Gruener. 
 
 

12. REFERENCES 
 
Apotria, T.G., C.J. Kaiser, and B.A. Cain, 1994, Fracturing and stress history of the Devonian 

Antrim Shale, Michigan Basin in Rock Mechanics, Nelson and Lauback (eds.): Balkema, 
Rotterdam. 

 



 

DE-FC26-06NT42931 27 Michigan Technological University 
Progress Report An Approach to Recover Hydrocarbons from Currently Off-Limit  Oct 2007 – March 2008 
 Areas of the Antrim Formation, MI Using Low-Impact Technologies 
 

Bedrock Well Study of Northwest Michigan (Working Map), Michigan Department of 
Environmental Quality, Office of Geological Survey. 2006-2007.  

 
Briggs, L.I. and Elmore, R.D., 1980, Lithologic examination of cores and well cuttings from the 

Antrim Shale, DOE/FE/2346-82, NTIS, PC A04/MF A01, 36 p. 
 
Coleman, D.D., C.-L. Liu, and K.M. Riley, 1988, Microbial Methane in the Shallow Paleozoic 

Sediments and Glacial Deposits of Illinois, U.S.A., Chemical Geology, v. 71, p.23-40. 
 
Decker, D., J.M.P. Coates, and D. Wicks, 1992, Stratigraphy, Gas Occurrence, Formation 

Evaluation and Fracture Characterization of the Antrim Shale, Michigan Basin, Gas 
Research Institute Topical Report, Contract No. 5091-213-2305. 

 
Dellapenna, T.M., 1991, Sedimentological, Structural, and Organic Geochemical Controls on 

Natural Gas Occurrence in the Antrim Formation in Otsego County, Michigan; 
unpublished masters thesis, Western Michigan University, Kalamazoo, MI, 147 p. 

 
 
Pan-American Center for Earth and Environmental Studies, University of Texas at El Paso, 

Gravity and Magnetics Research, Online Gravity Data Set, 
http://paces.geo.utep.edu/research/gravmag/gravmag.shtml, accessed September, 2007. 

 
Stratigraphic Nomenclature for Michigan, Michigan Dept. of Environmental Quality, Geological 

Survey Division, Harold Fitch, State Geologist, and Michigan Basin Geological Society, 
2000, http://www.deq.state.mi.us/documents/deq-ogs-gimdl-BU08C.pdf, accessed 
4/24/2007. 

 
Walter, L.M., J.M. Budai, L.M. Abriola, C.H. Stearns, A.M. Martini, and T.C.W. Ku, 1996, 

Hydrogeochemistry of the Antrim Shale Northern Michigan Basin, Annual Report, 
Volume 1, Phase I, Gas Research Institute, 169 p. 

 
Wollensak, Mark S., ed., 1991, Oil & Gas Field Manual of the Michigan Basin, Vol. 1 and 2. 



 

DE-FC26-06NT42931 28 Michigan Technological University 
Progress Report An Approach to Recover Hydrocarbons from Currently Off-Limit  Oct 2007 – March 2008 
 Areas of the Antrim Formation, MI Using Low-Impact Technologies 
 

13. FIGURES 
 



 

DE-FC26-06NT42931 29  Michigan Technological University 
Progress Report An Approach to Recover Hydrocarbons from Currently Off-Limit   Oct 2007 – March 2008 
 Areas of the Antrim Formation, MI Using Low-Impact Technologies 
 

450,000 550,000 650,000 750,000
400,000

450,000

500,000

550,000

Cheboygan

Presque Isle

Alpena
Montmorency

OtsegoAntrim

Emmet

Charlevoix

Leelanau

Benzie Gr Traverse Kalkaska Crawford Oscoda Alcona

Manistee Wexford Missaukee Roscommon Ogemaw Iosco

Milton-Bradley

State Colfax 29

DeWard-Cleaver

Subsurface Visualization Lab
Michigan Technological University

Michigan GeoRef

Upper Devonian (Antrim) Geologic Subcrop

Project Location Map - Northern Michigan

J. Wood, C. Asiala

03/4/2008

Antrim Production Fields under Project Study miles0 25 50

 
Figure 1. Location map of Northern Michigan.  The original project demonstration well, AG-A-MING 4-12HD was planned to be drilled in the Milton-
Bradley project in Antrim County, the “J” well configuration was tested in the DeWard Cleaver project in Antrim County, and the site of the project 
demonstration well will be in the State Colfax 29 field in Benzie County. The gray area is the geologic subcrop of the Upper Devonian which contains 
the Antrim.
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Figure 2. Location map showing planned horizontal laterals of demonstration well, AG-A-Ming 4-12HD and 
4-12HD1.  Other well locations are recently drilled vertical gas wells and one brine disposal well. 
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Figure 3. Subset of Michigan stratigraphic column from the Glacial Drift through the Dundee formation (Stratigraphic Nomenclature 
for Michigan, MI-DEQ). 
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Figure 4. Top chart shows Cumulative Antrim Gas (mcf), along with co-produced water (bbls) from 1990 
throught 2007.  Bottom chart shows Annual Antrim gas and water production along with an annual average 

monthly CO2 percentage.
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Figure 5. Schematic diagram illustrating the drilling plan to tap the shallow Antrim gas reserves using a slant well in place of a vertical well and casing 
it so that it satisfies Michigan regulatory statutes. Horizontal wells will branch out to the pay zones of the slant well. Note that the laterals can slope 
upward to drain water to the pump at the bottom of the slant well. Gas is produced in the outer tubing and goes directly to the surface. Water is 
drained to the bottom of the slant well and pumped up the inner annulus. The gamma ray log illustrates the highly variable nature of the radioactivity 
in the Antrim which can be used to locate and guide the drill bit using MWD (Measurement While Drilling) technology.
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Figure 6. Well bore schematic of the A-GA-MING demonstration well located in the Milton-Bradley project 
in western Antrim County, MI. 



 

DE-FC26-06NT42931 35 Michigan Technological University 
Progress Report An Approach to Recover Hydrocarbons from Currently Off-Limit  Oct 2007 – March 2008 
 Areas of the Antrim Formation, MI Using Low-Impact Technologies 
 

 
Figure 7. Bedrock subcrop map of Northern Michigan developed by the Michigan Department of 
Environmental Quality.  The gray area depicting the Antrim Shale is an indication of the area which could be 
expanded for gas exploration upon the success of this project. 
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Figure 8. Cumulative Antrim gas production map of Northern Michigan. The gray shaded area is the Antrim subcrop and the black line indicates the 
cutoff line of where production is limited because of the 1-94 drilling restriction (Appendix I).  The gray area above this line shows the area of the 
Antrim that could be opened up for Antrim gas production through the efforts of this DOE project. 
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Figure 9.  The Bargy #16-14 is located in the same project area as the demonstration well.  This log display 
shows the typical signature of the Gamma Ray for the three Antrim Shale members, the Lachine, Paxton, and 
Norwood.
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Figure 9. Antrim gas and water produced with Antrim gas from the vertical wells in the vicinity of the LINGO project demonstration well. Five wells 
were online by September 1st, and 14 wells were online by of January 2008. (Actual production values are presented in Appendix II. Demonstration 
Well).  
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Figure  10. Location map comparing the locations of the DOE LINGO project area, Milton-Bradley, to the Deward Clever project area, where the "J" 
well configuration for the horizontal wells has been put to practice.
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Figure 11. Location map of requested site change in project demonstration well.  St. Colfax 3-28 HD will be 
the new demonstration well, and data from the similar and adjacent well, St. Colfax 2-28 HD, will also be 
available to the project.
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Figure 12. Redesigned well configuration for project demonstration well, St. Colfax 3-28 HD, designed after initial tests of the original "J" well 
configuration. 
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Figure 13. North-South cross section of the wells drilled in the vicinity of the demonstration well showing the interval of 100 feet above the Lachine 
formation to 50 feet below the Traverse. 
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14. APPENDIX I.  State Casing Statute Instruction 1-94 
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15. APPENDIX II. Demonstration Well (AG-A-Ming 4-12 HD) 
Appendix Figure  15-1. Directional drilling survey showing 240-acre spacing and slant of 
horizontal lateral. 
 
Appendix Figure  15-2. Well bore schematic of project demonstration well. 
 
Appendix Table 15-3. Production log for the Milton-Bradley project vertical wells.  This table 
shows daily production for all wells in the production unit with monthly totals and daily averages 
on each page. 
 

15.1  Well Drilling Acronym List 
 
BOD  Base of Drift 
CBL  Cement Bond Log 
CCL  Casing Collar Log 
CIBP  Cast Iron Bridge Plug 
CSG  Casing  
DDC  Directional Drilling Contractors 
ESP  Electrical Submersible Pump 
KCL  Potassium Chloride 
KOP  Kick Off Point 
LT&C  Long Threads and Collars 
MIRU  Move In and Rig Up 
MWD   Measurement While Drilling 
MWL  Measurement Wire Line 
PBTD  Plug Back Total Depth 
RD  Rig Down 
RU  Rig Up 
TD  Total Depth  
TIH  Trip In Hole 
TOH  Trip Out of Hole 
TVD  True Vertical Depth 
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15.2  Jordan Development Drilling Plan for Demonstration Well 
 

A-GA-MING #4-12HD  
DRILLING PROGNOSIS  

(March 7, 2007)  
________________________________________________________________________  
1. MIRU.  
2. Drill 12-1/4” hole to KOP at approximately 100’.  
3. RU DDC. TIH with directional tools to drill surface hole ahead to an angle of approximately 

23 degrees at surface casing point (projected to approximately 430’ with BOD at 
approximately 320’).  
Land pipe as close to minimum set depth requirement as possible to conserve TVD which 
will be required to build needed angle below surface CSG.  
 

4. Run 32# J-55 8-5/8” CSG to TD and cement to surface.  
5. Drill out cement and shoe.  
6. TIH with directional tools and 7-7/8” bit. Test CSG and shoe.  
7. RU Geologist.  
8. Drill ahead on Pilot Hole in accordance with directional drilling plan, building to an angle 

across the Lachine and Norwood of approximately 65 degrees.  
Drill to a TVD depth of approximately 850’ TVD to allow at least 100’ TVD of sump to 
set production pump. TOH.  
 

9. Run 5-1/2” 15.5# J-55 LT&C CSG to TD and cement to surface.  
10. RU MWL. Run Gauge Ring to PBTD.  
11. Run Gamma/CCL/CBL. RD MWL  
12. TIH with DP and CIBP and set for combined Norwood and Lachine leg. TOH.  
13. RU Baker. TIH with Whipstock and one trip milling system.  
14. Orient Whipstock with MWD and set. Mill Window section.  
15. TOH and lay down mills. RD Baker.  
16. Circulate hole clean with 3% KCL mud.  
16. TIH with 4-3/4” bit and motor and cut curve, landing at the base of the Norwood.  
17. TOH.  
18. TIH with motor and drill ahead on combined Norwood/Lachine lateral section in accordance 

with directional plan. Some inclination will also be required to compensate for rise in 
formation dip in the northerly direction.  
 

***Above all, the entire lateral should be drilled at an incline to allow 
produced fluid to drain back to the heel during production***  

19. Circulate hole clean. Pump out of hole to remove any remaining cuttings. TOH.  
20. TIH with 45 degree circulating sub. Rotate and wash to TD. Pump out of hole.  
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21. Make up retrieving tools. TIH and retrieve Whipstock. TOH.  
22. TIH with bit. Drill up CIBP and chase to TD.  
23. TOH.  
24. TIH with ESP.  
25. RD. Release Rig.  
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Appendix Figure 15-1. Directional drilling survey showing 240-acre spacing and slant of horizontal lateral. 
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Appendix Figure 15-2. Well bore schematic of project demonstration well. 
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Appendix Table 15-2. Production log for the Milton-Bradley project vertical wells.  This table shows daily production for all wells in the production 
unit with monthly totals and daily averages on each page. 
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16. APPENDIX III. Geologic Maps 
The maps in this appendix have been developed using the most recent data from the Michigan 
Department of Environmental Quality.  These are preliminary maps in the study, and will be 
analyzed and refined as the project progresses.  The map set consists of structure and isopach 
maps of the three Antrim formations (Lachine, Paxton, and Norwood) over the Northern Lower 
Peninsula of Michigan, and also over Antrim County, Michigan.  Also included in the map set is 
a symbol map showing the formation directly at the Base of Glacial Drift, isopach maps of the 
Glacial Drift, Ellsworth, and Antrim formations, and a series of five-year Antrim production 
maps.  In the final handbook, the production maps will be modified to show five-year 
incremented cumulative gas and water production. The current CO2 maps will also be modified 
with a more intuitive presentation. 

 
This appendix was included in the previous technical progress report, 42931R02 (April 2007 - 
September 2007), and updated maps will be included in the final project report / handbook. 
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17. APPENDIX IV. Antrim Shale Play  
From presentation by Dr. William B. Harrison, III, Western Michigan University presented 
during the Annual DOE project meeting in March 2007.   
 
This appendix was included in the previous technical progress report, 42931R02 (April 2007 - 
September 2007), and will be included in the final project report / handbook. 
 
 
 

18. Appendix V. Deward Clever Project Data 
 
The Deward Clever project is of interest to this DOE LINGO project because it is using the “J” 
well configuration of horizontal wells in south-east Antrim County, Michigan.  
 

Appendix Figure  18-1. Daily Antrim gas production for the Deward Clever project wells located 
in southeast Antrim County.  The horizontal wells are using the “J” well configuration planned 
for the LINGO project demonstration well. 

Appendix Figure  18-2. Comparison of average daily Antrim gas production for the Deward 
Clever project wells located in southeast Antrim County.  The horizontal wells are using the “J” 
well configuration planned for the LINGO project demonstration well. 

Appendix Figure  18-3. Well bore schematic of the "J" well configuration of the State Mancelona 
#15-13A HD1 & HD2 (Permit 57452) horizontal wells in the Deward Clever project in southeast 
Antrim County, MI. 

Appendix Figure  18-4. Well bore schematic of the "J" well configuration of the State Mancelona 
#15-13 HD2 (Permit 57451) horizontal well in the Deward Clever project in southeast Antrim 
County, MI. 

Appendix Figure  18-5. Well bore schematic of the "J" well configuration of the State Mancelona 
#2-12 HD3 (Permit 57450)  horizontal well in the Deward Clever project in southeast Antrim 
County, MI. 
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Appendix Figure 18-1. Location map of the Deward Cleaver project where the "J" well configuration has 
been tried. 
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Appendix Figure 18-2. Comparison of average daily Antrim gas production for the Deward Clever project wells located in southeast Antrim County.  

The horizontal wells are using the “J” well configuration originally planned for the LINGO project demonstration well. 



 

DE-FC26-06NT42931 61 Michigan Technological University 
Progress Report An Approach to Recover Hydrocarbons from Currently Off-Limit  Oct 2007 – March 2008 
 Areas of the Antrim Formation, MI Using Low-Impact Technologies 
 

0

50

100

150

200

250

1-Jun-07 1-Jul-07 1-Aug-07 1-Sep-07 1-Oct-07 1-Nov-07 1-Dec-07 1-Jan-08

D
ai

ly
 G

as
 S

al
es

 (m
cf

)

DeWard-Clever 
Daily Gas Production (June 2007-Jan. 2008)

Source: Jordan Development Company

STATE HAYES 4-18  (Vertical)
STATE MANCELONA 2-12  (Vertical)
STATE MANCELONA 15-13 HD
STATE MANCELONA 15-13A HD
STATE MANCELONA 2-12 HD

 
Appendix Figure 18-3. Daily Antrim gas production for the Deward Clever project wells located in southeast Antrim County.  The horizontal wells are 
using the “J” well configuration planned for the LINGO project demonstration well. 
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Appendix Figure 18-4. Well bore schematic of the "J" well configuration of the State Mancelona #15-13A 
HD1 & HD2 (Permit 57452) horizontal wells in the Deward Clever project in southeast Antrim County, MI. 
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Appendix Figure 18-5. Well bore schematic of the "J" well configuration of the State Mancelona #15-13 HD2 
(Permit 57451) horizontal well in the Deward Clever project in southeast Antrim County, MI. 
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Appendix Figure 18-6. Well bore schematic of the "J" well configuration of the State Mancelona #2-12 HD3 
(Permit 57450)  horizontal well in the Deward Clever project in southeast Antrim County, MI. 
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19. Appendix VI. Colfax 29 Project Data 
 
A transfer of the demonstration well site to the Colfax 29 project in Benzie County is pending 
approval of the DOE.  This appendix contains figures that document the well history of the new 
demonstration well, the State Colfax #3-28 HD. 
 
 

Appendix Figure 19-1. Well Bore Schematic of the St. Colfax 3-28 HD well in Benzie County, 
MI. 

Appendix Figure 19-2. Directional survey of the the horizontal well, the St. Colfax 3-28 HD, in 
Benzie County, MI. 

 

19.1 Well Drilling Acronym List 
 
BOD  Base of Drift 
CBL  Cement Bond Log 
CCL  Casing Collar Log 
CIBP  Cast Iron Bridge Plug 
CSG  Casing  
DDC Directional Drilling 

Contractors 
ESP  Electrical Submersible Pump 
KCL  Potassium Chloride 
KOP  Kick Off Point 
LT&C  Long Threads and Collars 
MIRU  Move In and Rig Up 
MWD   Measurement While Drilling 
MWL  Measurement Wire Line 
PBTD  Plug Back Total Depth 
RD  Rig Down 
RU  Rig Up 
TD  Total Depth  
TIH  Trip In Hole 
TOH  Trip Out of Hole 
TVD  True Vertical Depth 
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19.2 Drilling Prognosis 
 

STATE COLFAX #3-28 (AKA: State Colfax #12-21 HD) 
DRILLING PROGNOSIS 

(December 13, 2007) 
 
Note: Pitless location 
________________________________________________________________________ 
 
1. MIRU. 
 
2. Drill 12-1/4” hole to KOP at approximately 500’.   
 
3. RU DDC.  TIH with directional tools and drill surface hole ahead to an angle of 

approximately 30 degrees at surface casing point. 
 
 Note: Surface CSG point shall be 100’ TVD below BOD.   
 
4. Run 32# J-55 8-5/8” CSG to TD and cement to surface. 
 
5. Drill out cement and shoe. 
 
6. TIH with directional tools and 7-7/8” bit.  Test CSG and shoe. 
 
  **Consider drilling out with a minimum 7% brine solution (8.8 #/gallon or      

greater) of light brine or KCL. 
 
7. RU Geologist and Hotwire. 
 
8. Drill ahead in accordance with directional drilling plan, building to an angle across the 

Lachine and Norwood of approximately 75 degrees.   
 
9. Once the base of the Lachine has been reached, allow bit angle to fall while drilling 

approximately 400’ md of rat hole   
 
10. RD Mud Logger. 
 
11. Run 5-1/2” 15.5# J-55 LT&C CSG to TD and cement to surface. 
 
12. RD MO 
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19.3 Well bore Schematic  
 

 
Appendix Figure 19-1. Well Bore Schematic of the St. Colfax 3-28 HD well in Benzie County, MI. 
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19.4  Directional Survey 
 
 

 
Appendix Figure 19-2. Directional survey of the the horizontal well, the St. Colfax 3-28 HD, in Benzie County, 
MI. 
 
 


