Commonwealth of Kentucky’s Mine Mapping Initiative
Protecting Lives, Property and Pride in the Bluegrass state

Executive Summary
When Loretta Lynn sang her famous song, "I'm Proud to be a Coal Miner's Daughter," she brought worldwide attention to the coal mines of Kentucky.  Now those coal mines are in the spotlight again as a unique digital mapping project takes shape to save property and the lives of Kentucky miners.  It's called the Kentucky Mine Mapping Initiative.

Kentucky has long been the site of significant coal mining.  Since the mid 1800’s, the coal regions of eastern and western Kentucky have undergone widespread mining (more than 8.5 billion tons).  Underground (deep) mining was the dominant mining technique until the 1950s when the development of large-scale excavation and transportation equipment made surface (strip) mining more efficient. Today, the Kentucky Department of Mines and Minerals has documented over 30,000 abandoned Kentucky mines and has a paper map collection of over 163,000 individual mine maps.  Those abandoned mines pose a threat to the 17,000 coal miners who are currently working in the 540 active Kentucky coal mines because new mining continues in areas adjacent to these abandoned mines, raising safety concerns for mine workers because of flooding. The need for a comprehensive and accessible system for the locations of Kentucky underground voids and surface mines was further reinforced when a coal slurry pond at Kentucky's Martin County Coal Company began leaking into the abandoned mine below on October 11, 2000, creating a significant environmental and safety hazard.  In addition, on July 24, 2002, a mining incident at the Quecreek Mine in Pennsylvania trapped nine coal miners 240 feet underground for three days because of flooding from an adjacent abandoned mine.

These recent mine disasters strengthened the urgency for the Commonwealth to develop a Geographic Information System (GIS) Mine Mapping System and to revise the statutes, regulations, and agency policies on how mine mapping information is shared within the Commonwealth.  The Commonwealth of Kentucky Mine Map Initiative workgroup, galvanized by the need for better mine safety, has worked for two years to develop and implement the Kentucky Mine Mapping Information System http://minemaps.ky.gov which was ”launched” in October of 2003.  This site now provides public access to maps from recent mining operations during 2003 and 2004.  The project has successfully advocated legislation, reduced duplication and streamlined requirements, and improved cooperation and resource sharing in an effort to make government more open and efficient. With the aid of a one million dollar MSHA grant to fund the program, the team will digitize the approximately 30,000 remaining final mine maps. These maps will be scanned, geo-referenced, and made Web accessible over the remaining two-year duration of this four year project.  Maps and mine reports can be accessed from an Internet enabled mapping application that includes high quality base map data from Commonwealth resources. This project highlights how agencies can work cooperatively to leverage existing information while improving mine safety and providing public service to the people of the Commonwealth.
Kentucky envisions having accurate, publicly accessible information about all current and past coal mine development, including mined-out areas, GIS-compatible images of engineering drawings, and associated mining reports about those areas.  The ability to download this information rather than drive to Frankfort will produce real savings in excess of $140,000 per year to industry as well as significant administrative savings on the part of state government agencies. A significant benefit to coal companies is a streamlined mine map submittal process, where only one annual map is required because State and Federal agencies are able to access that map from the online information system.  In the past, companies submitted maps to as many as five agencies.  Citizens will also have more access to information that affects their lives and property.  

The Kentucky Mine Mapping Initiative is a project to be proud of, saving property and saving lives.
I.  Description of the project, including length of time in operation

The Kentucky Geological Survey, in cooperation with the U.S. Office of Surface Mining and the Kentucky Department for Surface Mining Reclamation and Enforcement initiated an initial meeting on September 20, 2001 to discuss the administrative, legal, technical, and financial aspects of developing a comprehensive mine mapping system. A follow-up meeting was held on January 7, 2002 to discuss an ideal mine mapping system. Agencies involved in the initial two meetings included: U.S. Office of Surface Mining, U.S. Army Corp of Engineers, U.S. Bureau of Land Management, U.S. Mine Safety and Health Administration, Kentucky Division of Mines and Minerals, Kentucky Division of Surface Mining Reclamation and Enforcement, Kentucky Department of Fish and Wildlife, Governor’s Office for Technology, Kentucky Transportation Cabinet, Kentucky Geological Survey, Kentucky Department of Insurance, Kentucky Revenue Cabinet, and Virginia Department of Mining.  A formal working group, the “Kentucky Mine Mapping Initiative”, was established and continues to meet regularly to implement the recommendations of the initial meetings.  

The Kentucky Mine Mapping Initiative has reached its first milestone, the launch of the Web-accessible Kentucky Mine Mapping Information System in October of 2003.  This repository is a working demonstration of what can be achieved given continued focus and necessary funding.  The Web site currently contains downloadable, geo-referenced digital engineering mine maps linked to mine extents (polygons) of mined-out areas documented by the Kentucky Revenue Cabinet, for all mines active in Kentucky during 2002.  This represents about 500 of the total of 30,000 maps necessary to portray the final condition of each and every known mine in Kentucky.  Mine extents for the remaining 29,500 known historical mines are also available from the Web site. A more complete description of the Web site is included in the Appendix of this document and the site is available online at http://minemaps.ky.gov.  

Building upon the success of that first implementation, the team has installed a major upgrade to the site in February of 2004, and has applied for and been granted a one million dollar Mine Safety and Health Administration (MSHA) grant.  This grant will be used, over the next two years, to complete the scanning and geo-rectification of the remaining historic mine maps.  The target for fully populating the site is July 4, 2006.  
II.  Benefits.

The ultimate benefits to be delivered by this site are dependent upon completing the scanning of the remaining maps.  When complete in mid 2006 the site will deliver to citizens and industry the most comprehensive and accurate picture of current and historic mining in Kentucky.  These maps can then be used to plan new mining, determine where oil and gas exploration can safely be done, and how to avoid potential subsidence when planning new roads or building new commercial, industrial, and residential developments.

This project achieves tangible benefits because currently over 500 individuals drive to Frankfort each year to gain access to and make copies of paper mine maps.  These are typically engineers working on planning for new mines, but also include citizens looking for information about their properties.  Assuming that it takes at least one day of a person’s time to perform this trek, it is easy to calculate the savings: 500 trips times 8 hours per trip times a rate of $35.00 per hour equals $140,000 in annual savings by industry and citizens.  

There are as many as five State and Federal agencies that require coal companies to submit mine map documents for safety, regulatory, or taxation programs.  These include the Kentucky Division of Mines and Minerals, Kentucky Revenue Cabinet, Kentucky Division for Surface Mine Reclamation and Enforcement, U.S. Office of Surface Mining, and Mine Safety and Health Administration.  The systems and procedures that are being implemented to facilitate inter-agency cooperation to create the mine map information system, will ultimately result in a simpler submittal process for companies.  Companies will eventually be required to submit only a single annual map to the State, and this document will be shared among the agencies that now require a copy.

III.  Ultimate Mine Mapping Information System Benefits

     The goal of Kentucky’s Mine Mapping Information System is to provide accurate and easy to access online information on current and past mine usage is the goal of Kentucky’s Mine Mapping Information System. Benefiting citizens, businesses and local and state governments, this cooperative electronic mine mapping application features multiple layers of useful data to help: 

Maintain a Safer Workplace
-- Identification of underground voids enhances safety of miners
-- Enhanced safety for oil and gas drillers
-- Prevention of mine blowout, mine fires, and subsidence control

Improve Economic Development
-- Aid to citizens and businesses in evaluating construction land use
-- Tool for transportation corridor selection
-- Facilitate construction feasibility studies
-- Reduce the extent and cost of exploratory drilling
-- Greatly reduce research time and travel to Frankfort
-- Assist state policy makers and local planners
Protect the Environment
-- Improve monitoring of the coalfield environment
-- Identify potential sources of pH water quality problems
-- Use maps to target abandoned mine land remediation

Improve Water Quality and Accessibility
-- Underground mines are potential sources of potable water
-- Aid in assessing potential for sediment runoff 
-- Develop model of anticipated pH values
-- Facilitate development of pollutant reduction plans
-- Aid in planning water and sewer line extensions

Increase Public Awareness and Involvement
-- Raise public awareness and encourage citizen involvement
-- Aid volunteer citizen water monitoring such as Water Watch
-- Enhance watershed study sampling strategies
-- Reduce the cost of research
 
IV.  Testimonials

The following individuals have volunteered their comments through the website.  They are presented here to illustrate the wide variety of ways the Kentucky Mine Mapping Information System is benefiting citizens and industry.

Testimonials regarding the online Mine Map Information System;

· PAT HIGHLY, SET    Marshall Miller & Associates  859 263-2855

“It’s awesome! It saves us time. With this system we might spend and hour and a half (in the office) instead of a four hour trip to Frankfort. We can get a lot of information from the database online that I would otherwise have to come to Frankfort to get.”

· RICK KEENE, PE 606 886-9002

“I am real pleased with the quality of the downloads (scanned mine maps). It’s fantastic what you can do with it. The fact that you don’t have to make a trip to Frankfort will save lots of time and money. The biggest impact is that it will enable Engineers and operators easy access to mine map information (for planning). A tremendous stride forward in safety.”

· BRUCE GILESPIE, ENG TECH, Summit Eng,  859 264-9860

“Exceeds expectations!  A great timesaver.  Very cost effective. We won’t have to get in the car and drive from Hazard, KY or Grundy, VA. It could save six hours of drive time. After a short hands-on primer this will be a great research tool. Usable in all aspects of our business.”

· COREY MILLER, Geologist, Daniel Boon National Forest 859-745-3149

We are involved with an inventory at this time to identify areas of the Forest that have been impacted from mining.  This tool aids us a ton in locating areas that have potential for problems. We have in some cases had to wander around in suspected areas, now our time is well spent in hunting the impacts. This is our first use of the site, but I get the impression that some of our management decisions can, and will be impacted by our use of this information.

V.  Hardware and Software

The Kentucky Mine Mapping Information System is implemented on a Microsoft IIS web server that hosts a web site http://minemaps.ky.gov an ftp download site, and several Internet mapping services running on ArcIMS from ESRI.  The site accesses a significant volume of data, both mine specific and GIS base-map information running in ArcSDE under Microsoft’s SQL server housed on a second database server. This database server is attached to a Storage Area Network (SAN) that is easily expandable to accommodate the ever-increasing volume of data.  

VI.  Remaining Work Plan

a. Use GIS to prioritize the order of scanning and geo-referencing of mine maps.  Mined-out areas adjacent to active mining (1000 ft. horizontal and 200 ft. vertical) will be highest priority.  These mines will be identified by GIS analysis of existing mined-out area data sets.
b. Develop automation software for workflow, image processing, geo-referencing, quality control, and metadata collection.  Due to the large number of maps to digitize, automation software that minimizes repetitive and time-consuming tasks will be essential to the success of the project.  The code for this software can be made available for use by other interested states.
c. Develop custom “user friendly” web tools for access to mine maps.  The complex distribution of Kentucky’s coal mines necessitates functions to facilitate user’s ability to identify mines of interest.  ‘Front-end’ searching capability for mines by geographic features and mine attributes will be provided.
d. Assign State Mine File Numbers to all mined out polygons.  Kentucky’s mine mapping system depends on the ability to relate mined-out area polygons to mine map images, and to database information about the mines, including Federal Id numbers.  This link will be accomplished by the unique State File Number (SFN) assigned by the Department of Mines and Minerals.  In order to implement this functionality, approximately 34,000 polygons must be assigned corresponding SFN.
e. Scan mine maps in priority sequence.  Drawings of final or most recent mine maps will be scanned to image format at a minimum of 200 dpi in 24-bit color.  These images will serve as archival copy and must meet standards for legally admissible documents.
f. Image process and geo-reference mine map images.  Images will be processed to remove background noise, to format for Web access, and to orient the map to true north.  Geo-referencing of map images to Kentucky State Plane Single Zone will be performed by best practices.
g. Quality control.  Geo-referenced scanned mine map images will be compared in GIS software to existing base-maps, aerial photographs, geologic maps, and mined-out area data sets to evaluate the quality of geo-referencing.  Corrections will be made when feasible.  Metadata will be updated to reflect the results of this analysis.
h. Archive and Web enable new mine map images.  Map images will be archived for safe keeping, with copies implemented on the public Web service, and made available to the National Mine Map Repository for duplicate archival storage.
VII.  Project Strategy 

The plan for scanning the remaining mine maps is to staff the project with interns from local Universities to do the physical work of scanning and simple geo-referencing.  The Commonwealth has had excellent results using University students in this capacity in the past.  In fact student interns were used to develop the highly acclaimed Kentucky Raster Graphic (Scanned USGS Quadrangle maps) now in wide use in the Commonwealth.  Their efforts, coupled with 100% Quality Assurance by trained and qualified GIS professionals, resulted in a product of high quality and usability.  These students can be employed for $10.00 per hour.  Both the Kentucky Geologic Survey and the Division for Surface Mining Reclamation and Enforcement have scanning equipment on which the students can be trained.  With interns (likely 10 or more) working at least 20 hours per week each, substantial scanning progress can be made.  The budget includes funds for additional scanning equipment to be acquired and installed at the Department of Mines and Minerals in order to facilitate the logistics of document processing. 

In addition to the student interns, the plan is to fund two full time GIS positions to oversee the work and to do the more exacting geo-referencing sometimes necessary with older maps.  While newer maps frequently include “tic marks” from the USGS topographic maps, the older maps sometimes simply refer to surface features and/or property lines.  The full time positions will be trained to do this more exacting work and will also provide the necessary long- term stability since student intern positions tend to turn over rapidly.  

Successful execution of this work plan will require ongoing project administration and high-level quality control functions.  While this function could be provided by the state agencies involved, the project envisions a full time person dedicated to and funded by the project.

The two-year project plan may not allow us to complete the job but will give the project the ability to show results.  It is entirely possible that in two to three years time the Commonwealth will have the bulk of the 30,000 abandoned mine maps scanned, geo-referenced, and available on the website.   Given that positive track record of achievement, the team is confident that money can eventually be found, perhaps in future OSM grants, to scan all 133,000 historic maps.  
VIII.  Project Participants

Division of Mines and Minerals (KDMM)

KDMM is responsible for issuing licenses to all operating coalmines in Kentucky. As part of that responsibility, they receive annual maps of all the mines in the Commonwealth. The Kentucky mine map repository is maintained by KDMM.  This repository is entirely a paper repository and folded maps are filed by State mine file number. The collection contains over 163,000 maps for at least 30,000 distinct mines. KDMM also maintains a relational database with information about mine ownership, production and employment, map documents, and site features such as portals and shafts.

Kentucky Revenue Cabinet (KRC) 
KRC annually receives confidential coal reserve maps that indicate mineable reserves and the extent of mining during the prior year for use in the valuation of un-mined minerals. The Revenue Cabinet extracts the non-confidential annual mined out areas and adds them to their maps of existing underground voids. The mined-out digital coverage’s are maintained for every seam in both the western and eastern coalfields and form the basis for our mapping effort.

Kentucky Environmental and Public Protection Cabinet (EPPC)

EPPC has been primarily responsible for developing Kentucky's online mine mapping system and has been responsible for the coordination of the project.  EPPC staff have also contributed technical expertise to develop methods of data transfer among agencies and custom programs for image processing and geo-referencing.  They have extensive experience in GIS processing and analysis.

Governor's Office of Technology (GOT)

GOT has provided network and system support for the online mine mapping system.  Software and hardware maintenance for the Phase 1 site are maintained by GOT.

Kentucky Division for Surface Mining Reclamation and Enforcement (DSMRE)

DSMRE receives underground mine maps as part of the permitting process for surface mining.  Their staff has extensive experience with map scanning and geo-referencing.

Kentucky Geological Survey (KGS)

KGS has a large GIS program that is currently engaged in converting Kentucky's published geologic maps to vector databases.  KGS has 10 years experience in scanning, geo-referencing, and vectorization.  GIS data created from these maps will be an integral component for quality control procedures applied to scanned mine maps.

