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Project Objectives

Compilation of geologic & engineering
data fer Michigan Basin

Characterzation of Fractures in Michigan
Basin & Michigan Resenvoirs

Quantifying Eracture Patterns at a VVariety
off Scales

Developing a Basin Model for Fracture
Development
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Project Description

e 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.
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Project Deliverables

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

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

e scanned images of well header records

e digitized and interpreted logs of key wells
 hydrocarbon logs,

e engineering data, and

e an electronic “Atlas” of project data




Status of Preject 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
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A GIS Tool for Technology Transfer
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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 tg
locate.

Initial production values
reflect total HC production
and follow porosity.




N. ADAMS FIELD

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.

Color - “top porosity”

lines - Top Dundee Fm.

Open circles - Initial Production

Michigan Technological University jrw - June, 1999
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DEEP RIVER, M.

Source: USGS

DIGITAL GEOLOGIC MAP
DEEP RIVER FIELD
ARENAC COUNTY, MI
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DIGITAL GEOLOGIC MAP
DEEP RIVER FIELD
ARENAC COUNTY, Ml

With sub-glacial formations
from project database

DEEP RIVER, MI.



Applications

« 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 |.
ATLAS Screenshots

Selected examples of use of ATLAS
program with project database.




Atlas 3.0

Subsurface Visualization Lab
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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.
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:hinnt'f';h'n.ﬂ Gratiot Saginaw
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«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
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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.
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9 Atlas 3.2 - [Michigan Atlas]

B3 File Edit “iew LUbilites

Window  Help

=7 %]
=18 %]

D=l &8

& e[ RS B el ] [ 5]

— Plot Wellz By:
& alwel: € County

" 0il Field

wiell Data | Map Featuresl

" Formation Tops

I Formations - I

[0%wiellz)
= well Status/Type

I_]Status 'I
I_ T_','I:IE vI

" LAS Files

" Driller Report

Well Symbols
& Attached Data

& Arrached Data M

I+ Show Map Labels
Clear *wellz | Refresh Map

sego

Crawford

IMandrtee Wedord

Mssaukes

MMason Lake Dsteoli
L

R s oomum

] Gladwin

MMecosta

o T

Mo A Gratici

ATLAS Michigan Project|1

Tonda Chinden
Allegan Barxy \ Eaton ngham \ Ii\'ilwrton\
r Kahmaroo Calhim Jadksom
/ L ass J 5t Joseph Bramh Hllsdale

o

45.64333 | -87. 14675

| Status

| BA1EDD [10:29 &M



B
D= &S

N e RIS el || [ S

Plot Wellz By:

=7 %]
=18 %]

ATLAS Edit Screen

(o Alvwels € County  © Ol Field

wiell Data l Map Features] .

Rosc¢c

AIC

4

. All Wells in Michigan Atlas = x|
Fermit*: |00 2860 Lat*™/Long™ |43 77086 -84 £330
il Field®: |WI5E ﬂ Wil Status Codes: |BDW |,.f_~.'[;'|' |-|
Operatar: |SUMMIT PETROLEUM CORPORATION FORM * Required Entry
Wfell M ame: [NORTH 'ISE UNIT E
" Formation Tops
r KB™ 775 Subszea TD: 2975 |P-Before: i
[0wellz) Total Depth: 1415 Formation at TC: (b CGH1 |P-Akter: 1]
" well Status/Type " s :
r County Code/M ame®: | ISAEELLA, ﬂ |P-w ater:
= ] SECTTwWhARMNG: |2|:| |1EN |3"W' Top of Porosity:
[uarters: Ma. Farmation Tops:
" LAS Files INE Hw INE 2
* Scout Ticket Footage Calls: 200 [FHL [1050 [Pl Issue Date: B/31/60
(" Driller Report Cormnmett: | Dorill Start D ate: 12ME/29
Well Symbols ] )
@ ‘riached Dats Drill Carnpl O ate: 12/96/89
® Artached Data WA | |Selected Wellz Formation Tops
Permit | FormationCode | FormationN ame | Measured Depth|
[v Show Map Labels | b |00128ED J02TRVRL Traverze Limestone 2395
Clear well: | Pefresh MEII:I I Q028eD 302DMDE Dundee 3643
00244
00250 i
Click. a Formation ko Update the | j
Current Farmation Tops Recard
sddwel | Deletewl | BRefiesh | Update | Close |
Add Fm Tap | Delete Fr Top | Scout Ticket | Drriller Repart | |
4| 4 | Record: 1 of 3117 k(M
2232, ¢ o |

s

4443396 | -85.2628 MISSAUKEE COUMTY

Statusz

EAEA00



. All Wellz in Michigan Atlas - 0] x|

Permit™ |00 288D Lat*/Lang™ |43 77096 -84 63301
Oil Field™: |"-.-'-.-"I CE ﬂ Wwiell Statuz Codest  [progys [aCT [
Operator: |SUMMIT PETROLEUM CORPORATION FORM * Required Entry
Wil N ame: [NORTH WwWISE LMIT E
KB |??5 Subsea TD: |.25|?5 |P-B efiare: ||:|
Total Depth: [1415 Formatian at TO: pCGM 1 |F-&fter: ||:|
County Code/Mame*: | ISABELLA ﬂ [P ater: |
SECT/TWH/RMLG: |g|:| |1EN |3W Top of Parosity: |
Quarters: IME [N INE Ma. Formation Tops: |2
Footage Calls: |2|:||:| |FNL |-| 090 |F'W'L lzsue D ate: |5,.'3-| JEN
Cornment: | Drill Skart D ate: |-| 2416/
Drill Compl Drate: |1 2D 05
[Selected Wells Formation Tops
001220 i‘ Permit | FormationCode | FormationMame | Measured Depth
a0 29e0 p (O0123ED A02TRVRL Traverze Limeztone 2996
00651 001 25ED 302DMDE Dundee 3643
Oa0eE
00523
Ors43
00850 hd
Click. a Formation to Update the j
Current Formation Tops Recard

sddwel | Delete'wel Refiesh Update tese 11 ATLAS Edit Screen

Add Fmn Top | Delete Fm Top Scout Ticket Crriller R eport
4| 4 | Recard: 1 of 3117 k(M




7 Atlas 3.2 - [Michigan Atlas]
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9 Atlas 3.2 - [Michigan Atlas]
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Part |1
DEMI Data & Analysis

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




DEMSs (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 fault
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.
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BENEEITS & 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




PROBLEMS

o Large amount of paper copy (driller’'s reports)
remains to be scanned and integrated into

ATLAS.

e 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. |

e DEM data shows that numerous lineations

exist at the surface of the Michigan Basin

* Lineations have different origins and must be

classified.

e Correlation between surface and subsurface

lineations Is uncertain, but promising




Summary and Conclusions. |

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.




