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Project TeamProject Team

•• J. Wood, S. Chittick, C. J. Wood, S. Chittick, C. AsialaAsiala  - Michigan - Michigan

Technological UniversityTechnological University

•• W. Harrison - Western Michigan UniversityW. Harrison - Western Michigan University

•• P.P. Halder Halder , DOE, Tulsa, OK., DOE, Tulsa, OK.



Project ObjectivesProject Objectives

•• Compilation of geologic & engineeringCompilation of geologic & engineering
data for Michigan Basindata for Michigan Basin

•• Characterization of Fractures in MichiganCharacterization of Fractures in Michigan
Basin & Michigan ReservoirsBasin & Michigan Reservoirs

•• Quantifying Fracture Patterns at a VarietyQuantifying Fracture Patterns at a Variety
of Scalesof Scales

•• Developing a Basin Model for FractureDeveloping a Basin Model for Fracture
DevelopmentDevelopment
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Project DescriptionProject Description

• A university–industry consortium will develop a model
for fractured carbonate reservoirs using the Michigan
Basin as a prototype. The project will combine
traditional historical data with 2D and 3D (?) seismic
data as well as data from modern logging tools in a
novel way to produce a new methodology for
characterizing fractured reservoirs in carbonate
rocks. GIS-based software will be used to display and
manipulate the data and to image it on a variety of
scales, ranging from basin-scale to well-scale.



      MICHIGAN BASINMICHIGAN BASIN
BEDROCK GEOLOGYBEDROCK GEOLOGY



Project DeliverablesProject Deliverables

• A library of formation tops picks (300,000+)

• digitized well locations (latitude & longitude;
50,000+)

• scanned images of well header records

• digitized and interpreted logs of key wells

• hydrocarbon logs,

• engineering data, and

• an electronic “Atlas” of project data



Status of Project DeliverablesStatus of Project Deliverables

• formation tops picks: ~ 30% (95,000 out of
300,000+)

• digitized well locations: 90+ % (latitude &
longitude; 50,000+)

• scanned images of Scout Tickets: 99%

• digitized/interpreted logs of key wells (pending)

• hydrocarbon logs (acquired, to be processed)

• engineering data, (pending)

• electronic “Atlas” of project data: complete



Atlas 3.0Atlas 3.0
A GIS  Tool for Technology TransferA GIS  Tool for Technology Transfer

Scout Tickets
Atlas can display Scout
Tickets for the current
well. Clicking on the
Next and Previous
buttons will display
notes and additional
pages.  The image can
be zoomed and the
Scout Ticket can
remain open.

Edit Screen
Edit the Header
information and the
Tops data for the
wells plotted on the
map.  Wells and
Formation Tops can
be added, updated,
and deleted.

Atlas maps Oil and Gas Wells by County, Oil
Field, Formation at Total Depth, and Formation
Top Picks.  The user can:

•Edit individual wells in the database

•Display & select formation top picks

•Display raster images like Scout Tickets

•Export formation top picks

•Plot towns, roads, streams, lakes, etc.
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DEEP RIVER FIELD





A good example of a
dolomite “chimneys”  in N.
Arenac County cutting
across structure in a NW -
SE direction.

These types of fields are
typical of carbonate
reservoirs in the Michigan
Basin and are good
producers but are difficult to
locate.

Initial production values
reflect total HC production
and follow porosity.

DEEP RIVER FIELDDEEP RIVER FIELD



N. ADAMS FIELD

Color - “top porosity”

lines - Top Dundee Fm.

Open circles - Initial Production

Another good example of a
dolomite “chimneys”  in N.
Arenac County but cutting
across structure in a NE - SW
direction.

This field produced over 5
million bbls oil to date and is
still producing from a few
stripper wells.

Note deep “sink” holes in lower
center in top porosity.

jrw - June, 1999Michigan Technological University
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ApplicationsApplications

• Main application to industry is ATLAS GIS-based
software program

• Code developed and program + data delivered

• 2 CD ROMs - 1 ATLAS program with TIGER
support data, 2 with project data (field locations,
tops, production & engineering data, raster
images of scout tickets & driller’s reports



Part I.Part I.
ATLAS ScreenshotsATLAS Screenshots

Selected examples of use of ATLAS
program with project database.



Atlas 3.0
Subsurface Visualization Lab

Scout Tickets

When the Scout Ticket button is clicked on the
Edit Screen, the Scout Ticket for the current
well is displayed.  These are scanned images of
the original Scout Tickets.  Clicking on the
Next and Previous buttons will display notes
written on the back of the Scout Ticket and any
additional pages.  The image can be zoomed in
or out and the Scout Ticket can remain open
while entering data on the Edit Screen.

Two types of scanned documents stored as
multi-page TIF files can be accessed from
Atlas.  When a project is opened, the document
description and the directory path to the
images are entered into the Project Information
Screen.

Edit Screen

Edit the Header information and the Tops
data for the wells plotted on the map.
Wells and Formation Tops can be added,
updated, and deleted.

Atlas maps Oil and Gas Wells by County, Oil Field, Formation at Total Depth, and
Formation Top Pick. When a subset of wells from the database is plotted, the user
can:

•Edit individual wells in the database
•Show which of the plotted wells have a selected Formation Top Pick
•Display Document Images like Scout Tickets
•Export Formation Top Picks for 3D plotting





Atlas clipboard





ATLAS Opening Screen



ATLAS Michigan Project



ATLAS Edit Screen



ATLAS Edit Screen



ATLAS Map Features



ATLAS Map Features



ATLAS Formation Top Exporter



ATLAS Formation Top Exporter



Part II.Part II.
DEM Data & AnalysisDEM Data & Analysis

Progress report on use of digital
elevation models (DEMs) in project.



DEMs (digital elevation models) are regularly spaced grids of
elevation data. The USGS supplies DEM files for most of the
U. S. at scales of 7.5 minutes and 250,000 (~1 degree x 1
degree). 1 km x 1 km data is also available commercially. The
advantage of using DEM data in this project is that often
elevations reflect underlying geological features, such as faults
or lithology.

In this study we are collecting and processing DEM data for
the entire Michigan Basin, at 7.5 and 250,000 scales. Typically
the data have to be decompressed, checked for elevation units
and mosaiced together. Once this is done, the resulting images
can be analyzed in various ways. We have applied a number
of standard filters to the 1 km x 1 km Michigan data to extract
lineations. Typical results are shown in the following slides.



NORMAL DEM
COLOR CODED

FOR ELEVATIONS



GRAYSCALE



EDGE ENHANCED GRAYSCALE



LINE SEGMENT - HORIZONTAL



LINE SEGMENT - LEFT TO RIGHT



LINE SEGMENT - RIGHT TO LEFT



LINE SEGMENT - VERTICAL



PREWITT - HORIZONTAL



PREWITT - VERTICAL



SHIFT DIFFERENCE - DIAGONAL



SHIFT DIFFERENCE - HORIZONTAL



SHIFT DIFFERENCE - VERTICAL



SOBEL - HORIZONTAL



SOBEL -VERTICAL



“X-RAY”
Operations: grayscale-->histogram equalize-->histogram contrast



GRADIENT - EAST



GRADIENT - NORTH



GRADIENT - NE



GRADIENT - NW



GRADIENT - SOUTH



GRADIENT - SE



GRADIENT - SW



GRADIENT - WEST



LAPLACIAN - 1



LAPLACIAN - 2



LAPLACIAN - 3



LAPLACIAN - DIAGONAL



LAPLACIAN - HORIZONTAL



LAPLACIAN - VERTICAL



BENEFITS & VALUEBENEFITS & VALUE

• ATLAS GIS program and associated database

offer convenient, rapid access to 100 years of

historical data in Michigan Basin in raster

format integrated with transfer of that data to

a digital format .

• Benefits to both industry and researchers



PROBLEMSPROBLEMS

• Large amount of paper copy (driller’s reports)

remains to be scanned and integrated into

ATLAS.

• Quality of DEM files varies from excellent to

poor. Poor images (~20% in Michigan) will

have to be redone (by USGS or their

contractors).



Summary and Conclusions. I

• DEM data shows that numerous lineations

exist at the surface of the Michigan Basin

• Lineations have different origins and must be

classified.

• Correlation between surface and subsurface

lineations is uncertain, but promising



Summary and Conclusions. II

• ATLAS GIS program & associated Michigan
Basin database ready for distribution.

• Program can be linked to other databases for

other basins.

• Current project will be extended to include
portions of Michigan Basin outside Michigan.

• Work will continue on developing DEM files
for subsurface based on well data.


