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Abstract. In 1981, the Indiana Geological Survey (IGS), in cooperation with the
Indiana Division of Reclamation Abandoned Mine Lands (AML) program, began
work on the Indiana Coal Mine Information System (CMIS). The CMIS is an
integrated geographic information system (GIS) and relational database
management system designed to facilitate the compilation, preservation,
management, and analysis of Indiana’s coal mine information. This project
promotes data accessibility and provides the Indiana Abandoned Mine Lands
program with a comprehensive and powerful tool for use in abandoned mine site
evaluation, subsidence risk assessment, and policy making.

The CMIS data were compiled from historic and contemporary sources, and
includes georeferenced raster-format underground mine map images, surface and
underground mine outlines, underground mine entrance locations, and known
subsidence areas. The GIS is linked to the relational database using custom
extensions that allow the user to access and query the data associated with each
mine while viewing coal mine maps in ESRI’s ArcMap software. This
information may be accessed on the Indiana Geological Survey’s Web site at
<http://igs.indiana.edu>.

The process of integrating the digital images from the original paper mine maps to
a GIS is critical, since the archived digital maps and accurately mapped mine
locations are the core spatial components of the CMIS data. Procedures and
standards were developed by the IGS to scan, enhance, georeference, and
integrate the mine map images into the GIS.

Once the data are incorporated, the analytical capabilities of this system make the
CMIS a useful tool; especially in light of recent mine accidents and the increase
of events involving current mining affecting abandoned workings. With the
system’s abilities for proximity analysis and subsidence risk analysis, the CMIS
provides accessible, practical, timely, and high-quality coal mine information.
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Introduction

In 1981, the Indiana Geological Survey (IGS) began a concerted effort to collect, inventory,
and compile all available existing information on Indiana coal mines, surface and underground.
The compilation included tabular and spatial map data. At that time, the U.S. Bureau of Mines
(USBM) in Pittsburgh, Pennsylvania, was producing microfilm (40 mm) copies of old coal mine
maps. All available paper maps of Indiana coal mines, then housed at the Indiana Bureau of
Mines and Mining in Terre Haute, Indiana, were sent to Pittsburgh and copied to microfilm by
the USBM. Each map was assigned a unique six-digit number in the copying process. This
number was then used by the IGS to create a specific database entry and outline for each mine.
Each mine is represented by numerous workings maps, as Indiana law requires that a mine
workings map be submitted annually. Using the microfilm copy as source information, the
abandonment map for each mine was selected, the map image printed from the negative, the
outline of the mine digitized, scaled to 1:24,000, and the location of the mine outline manually
plotted on U.S. Geological Survey 7.5-minute quadrangle paper maps. In 1986, as a result of
this effort, the 1IGS produced 95 quadrangle maps showing locations of abandoned underground
coal mines, 88 quadrangle maps showing locations of abandoned surface coal mines, and a
database containing all available tabular information associated with these coal mines. Tabular
data were obtained from many sources including IGS mine information and production data, as
well as historic documents, such as Reports of the State Mine Inspectors dating back to the late
1800s.

The scaling and locating of the coal mine map images in the early mapping effort involved
the careful assessment of each individual mine map. In addition to mine survey orientation,
surface features such as road intersections, railroad and road intersections, and township, range,
and section information were used to locate the mines. The digitized mine outlines were scaled,
oriented (using customized computer programs), and hand-copied onto the paper USGS quad
base maps. The accuracy of the mapped mine locations and extents is dependant on the accuracy
of the original mine map, but the mapping technology available at the time was also a major
factor effecting locational accuracy. Ultimately, experience has shown that even when a mine
map image has been carefully located and scaled, field verification is necessary to determine the

actual location and extent of a given mine.



Microfilm: additional note

The film copies made by the USBM of the abandoned underground mine maps were a crucial
component of the original data in the CMIS. They provided a comprehensive and consistent
format for each mine map image and kept the handling of the original, often times fragile, paper
maps to a minimum. However, it was noted early in the process that these film images, as
critical as they were, did not capture all the details from the paper maps. In many cases, small
print from the paper maps, including drilling data, dates, or other notes regarding the mine, were
not legible on the microfilm copy. Also, faded areas on the mine workings maps were not
photographed using special lighting or other treatment that might have recorded all the subtle
details. As a result, it is difficult to confirm the exact extent of the mine workings on many of
the film images. Most importantly, the maps were not flattened when photographed by the
USBM, so that the map’s folds often produced distortions in the film copy. This was especially
true for larger paper maps that contained dozens of folds. These larger maps required numerous
microfilm views which then were combined to create the entire map in one digital image;
distortion problems in such map images are significant. In spite of these flaws, however, the
overall information preserved on the digital map images was good enough at the time to warrant
their continued use to document the mine locations and extents. In light of recent mining
accidents and the resulting need for a higher standard of accuracy, it has been determined that
scanning the original paper mine maps (that are continuing to deteriorate) using much-improved
technology is necessary to alleviate the aforementioned problems and assure the best possible

digital copy of the historic coal mine maps.

Refinement of the CMIS

In 1989, a project was initiated to identify potential mine subsidence areas in Indiana using
the information collected and documented in the CMIS. The results of this project were a set of
97 quadrangle maps showing features related to potential mine subsidence in Indiana. This
effort coincided with the establishment of the Indiana Mine Subsidence Insurance Program.

Beginning in the 1990s, owing to advances in computer data storage and map dissemination
technology, the CMIS spatial and tabular data was incorporated into a GIS and corresponding
digital database. Additionally, advances in digital technology and data storage made it feasible



to add raster images of the coal mine maps; these include additional mine information such as
mine haulage roads, detailed underground workings, and mine infrastructure. The IGS began the
task of scanning the USBM microfiche images, then integrating them into the CMIS. The five-
step process we developed to scan, enhance, edit, vectorize, and integrate the mine map images
into a GIS was a considerable effort, and the addition of the mine workings made a substantial
improvement to the CMIS. Additionally, each of the “enhanced” raster mine maps was also
saved in TIFF image format to preserve as much of the original map information as possible.
Then available ESRI GIS software allowed the user to view georeferenced mine workings (in
vector format), and view the original coal company workings map in digital form. We used
Adobe Photoshop software to enhance the map images and preserve as much legible information
as possible on each map. Following the integration of the mine workings into the GIS, the IGS
continued to maintain, update, and refine the system.

Over the past few years, we have made substantial progress by effectively using
advancements made in GIS and database technology to increase the system’s functionality and
availability. In recent years, the database and GIS was restructured to make the system more
accessible and user friendly. A recent product is the Indiana Coal Mine Maps Internet Map
Server (IMS) Website, which makes Indiana coal mine data (location maps, mine data reports,
and the digital company mine maps) available to the public through the Internet. We continue
refine this Website for ease of use and functionality.

Current Status

Disseminating mine information to government agencies and industry, as well as enhancing
public awareness through information accessibility, is the focus of the CMIS project in recent
years. With the growing use of the Web by industry, educators, and the public, the IGS has found
that serving CMIS map data over the Internet increases awareness and interest in the location and
nature of abandoned underground mining in Indiana.

In 2003, the IGS undertook a pilot study to explore the possibility of using ArcGIS 8.3 to
georeference actual mine work images to create the most accurate locations of abandoned
underground mines. This study was designed to evaluate the degree of locational inaccuracy of
the current mine outlines (mapped 15 years ago) and to determine the complexity and amount of
time needed to rectify it. Data from 80 mapped abandoned underground coal mines (with 11



corresponding entries, air shafts, or escape shafts) in Greene County, Indiana was used;
comparing the mapped results of the pilot study with the current mine map data. The results
were determined by calculating the difference in distances between mine entry locations from
existing spatial data and locations generated using the new georeferenced mine data. Ninety of
the 111 mine entries were relocated as a result of using the new data. The average distance these
points were relocated was 126 feet. Twenty-five entries were relocated 150 feet or more, with
some of these moved as much as 300 feet. This new map data represent a noteworthy increase in
accuracy, and has already proven to be accurate and helpful in accessing current AML sites.

As a result of the pilot study, the main focus of the current CMIS project is to acquire, handle,
preserve, scan, relocate, and archive Indiana’s historic coal mine maps. Our purpose is to
produce high-quality digital images of the paper mine maps and georeference the images to

relocate the current mapped mine data.

Handling, Scanning, and Archiving Historic Mine Maps

Indiana’s coal mine maps have been collected by the Indiana Bureau of Mines and Mining
since the 1930s; prior to that they were held at individual county courthouses. Some of the
earliest maps date back to the late 1800s. The Indiana Geological Survey is also a repository for
miscellaneous coal mine maps. These maps come in a wide range of scales, sizes, quality, and
condition. The maps are not printed on archival paper and generally were stored folded in file
cabinets with no particular attention given to maintaining their physical condition. As a result
these maps can be very fragile and damaged, and even unfolding them risks additional damage.

Indiana University’s (1U) library system and the experts employed by the Lilly Library, IU’s
rare book depository, are a significant resource for historic document restoration and
conservation techniques. The IGS has tapped this resource to select the best procedure for
handling, scanning, and archiving maps.

The maps are humidified before unfolding to minimize damage. This is a simple procedure
of placing folded mine maps in a plastic tub sitting inside a larger tub; the larger tub contains
about 6 inches of distilled water and has a tight fitting lid, which is closed while the maps stay
sealed inside this moist environment for two to three days. The map can then be opened on a flat
surface and the folds flattened.  We then use acid-free blotter paper and large pieces of 3/8- or
1/2-inch Plexiglas (in our case, 4 ft by 4ft) to weight and flatten the map; removing folds and



wrinkles in the maps. The blotter paper is lightly moistened with a misting spray bottle of
deionized water, and then placed on top of the map (moist side away from the document). If a
map is very wrinkled or has many folds, it can be placed inside a sandwich of two sheets of
blotter paper. The Plexiglas is placed on top of the blotter paper and left until the map is flat,
usually this requires one to three days.

We also take steps recommended by IU’s historic document experts to repair tears and holes
in the historic maps. Since we have little funding to support conservation, this repair effort is
minimal.

Once the maps are flattened, they are scanned at 400 dots per inch (recommended standard by
the Library of Congress) in either grayscale or color setting, depending on the color of the
original map, and the digital images are saved as TIFF files. An unedited version of the digital
image is archived and a copy of the mine map image is moved on to the next step of digitally
cleaning and enhancing the legibility of the image using Adobe Photoshop software. Finally, the
paper mine map is stored flat in large, flat file cabinets and the digital mine image is
georeferenced and integrated into the CMIS.

The unedited and edited digital mine images are written to DVD for storage and will also be
stored in Indiana University’s mass storage system. One of the most sophisticated in the United
States, 1U’s Massive Data Storage Service is able to handle large files and provide rapid access
to them.

Practical Applications of the CMIS Data

The customers served through this innovative system fall into three general groups: the
public, industry, and regulators. Over 90 percent of the inquiries from the public are simple
requests for information about their properties or property they are considering acquiring. The
IMS Web site is serving a larger role in the education of the citizens of Indiana, with hits to the
Web site growing from 33,110 in 2002 to 57,536 in 2003. This self-service approach has been
very popular with our customers.

Another growing segment of our base are inquiries by industries unrelated to coal mining.
Many businesses, from grain-processing companies, to manufacturing facilities, to energy

companies, have used this system in their decision-making processes when determining where to



locate facilities. Peaking power generators and coal-bed methane recovery operations have used
the CMIS to determine best locations to build plants to avoid nearby abandoned mines.

The CMIS is often used by other regulatory agencies, such as Indiana’s Title V program
and the Indiana Department of Transportation, to confirm or deny the presence of documented
underground and surface mines. A proposed extension of Interstate 69 from Indianapolis to
Evansville has resulted in a flood of calls and inquiries during the environmental review of this
project; from all sides of the issue. Every interested party is able to reference the available
information and draw their own conclusions. Planning and zoning committees and boards,
however, haven’t taken advantage of CMIS information to the same degree, and we have begun
an educational campaign targeted at these groups. Through proper consideration of the historical
mining data available, we believe that some problems associated with development upon

abandoned mine lands can be avoided or minimized.

Conclusion

The Indiana Coal Mine Information System GIS and database represents an efficient and
comprehensive compilation of coal mine information. The major benefit provided by the project
is increased access to graphical and tabular mine-related information, as well as improved
accuracy of mine data. This increased accessibility benefits personnel within the Division of
Reclamation and others in the regulatory community, members of industry, and the concerned
public. Increasing the accessibility of data is accomplished by incorporating newly available
GIS features and functionality to access and maintain the data, making refinements to the IMS
Web site, and updating mine data so that the most current information is available. The new
georeferenced mine map data set will improve accuracy; the information gained from this new
data set is significant, especially in light of renewed national interest in the accuracy of
abandoned mine locations.

The IGS personnel who have developed and maintained the CMIS represent over 20 years of
experience with mine maps and mine data. The benefits of this project have been instrumental in
mine reclamation, public education, and support of the coal mining industry in Indiana. Many
lessons have been learned and new techniques developed throughout the process. The greatest



problem facing this nationwide initiative is the acquisition, care, and archiving of original mine
maps. If these invaluable sources of information continue to deteriorate and are lost, important
and irreplaceable historical data will also be forever gone. If these maps can be properly
handled, stored, scanned, and digitally reproduced, our store of knowledge about Indiana’s
underground mines will be preserved. With digital access, people can continue to share available
data, develop innovative applications, and become better educated about historical mining.

These maps represent the best link we have to our mining past and our best efforts to safeguard

the future for people residing in the coal regions.



