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Plan Future Development



Assuming Mine Maps Are
Available, One Solution Is To
Avoid Mining Where Possible
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State Archives
Blue Line Maps
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Abandoned Mine Map Sources
(pre 1980)

• ISGS - MOA’s
• Department of Mines and Minerals archives
• USBOM - microfiche of IDMM maps



USBOM Microfiche



AMLRC - ISGS
Cooperative Agreement

Provide Mined-Out Area Maps
To Each County Seat circa 1981.
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1983 Mine Map Directory
Initial Computerized Data Base 



1983 Mine Map Directory  



1989 MOA
• Detailed Boundaries
• More Mine Features
• Includes: 
     Underground Mines
     Surface Mines, 
     Active Mines
     and Abandoned Mines.
• Scale 1:100,000



1989 MOA
• Detailed Boundaries
• More Mine Features
• Includes: 
     Underground Mines
     Surface Mines, 
     Active Mines
     and Abandoned Mines.
• Scale 1:100,000



1989 MOA
• Detailed Boundaries
• More Mine Features
• Includes: 
     Underground Mines
     Surface Mines, 
     Active Mines and
     Abandoned Mines.
• Scale 1:100,000



1989 MOA
• Detailed Boundaries
• More Mine Features
• Includes: 
     Underground Mines
     Surface Mines, 
     Active Mines
     and Abandoned Mines.
• Scale 1:100,000



1991 Mine Directory

• County Specific
• Scale 1:100,000



1991 Mine Directory

• County Specific
•  Companion to 
    1:100,000 MO��A’s



1991 Mine Directory



1992 ISGS MOA

• Topographic Sheet Based 1:24,000
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From 1993 
ISGS Mine Directory



IDNR-ISGS

Provides Online Mined-Out Area Maps
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What If Mining Can’t Be Avoided?
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• Contain Valuable Information
        - coal thickness and depth
        - mine problems such as falls, squeezes and water.

•  Facilitate Development and Planning Decisions. 
   Such as:
        - locating sensitive structures over reserved coal areas
        - estimate cost /benefit of backfilling.
        - selection of area to minimize backfill volume.

•  Facilitate Coal Companies.
        - ‘one stop shopping’ to accurately locate abandoned 
            mines.
• Avoid dangerous gas accumulations venting through
        - boreholes

- shafts
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Map Making Background

• Original Mine Map

• Acetate photographic proofs used to make
‘blue-line copies.

• ‘Blue-line copy used by Department. Copy
stored in State Archives when mine closed.

• 1970’s and 1980’s. USBOM photographed
State’s blue-line copies and converted to
Microfiche.
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      4:1 reduction
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• During the 1990’s technology allows the
   creation of digital images.
• Microfiche images are scanned and Raster
  images are stored on CD’s.
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IDMM
CD  Collection



Map Making Background

• In general, each successive generation of
mine map imaging enhances map
availability and facilitates reproduction.
However, degradation of image also
increases with each generation.



Scanned Blue Line Microfiche
Original

1 2

3 4

CD collection
IDNR OSMRE

CD collection



           IDMM   OSMRE
7712 x 5952    …….. Image Size:   …..  4680 x 3296
200 x 200 ppi …….. Resolution:   .….   400 x 400 ppi
B/W 1bit   ………… Color:   …………   B/W 1bit
5.5 MB    ………….  Memory:  ………  1.9 MB
1:1      ……………..  Compression: ….  1:1
‘X’ of microfiche  … Generation:  …… 1 of microfiche

OSMRE
CD collection

IDMM
CD Collection



Mine Map Preservation Project

• Create high resolution scanned images

• Attach reference information to scanned
image.

• Convert Raster image to Vector image.

• Develop Web Site



Example of Original
      4:1 reduction



Example of Original
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Mine Map Preservation Project

• Create high resolution scanned images

• Attach reference information to scanned
image.

• Convert Raster image to Vector image.

• Develop Web Site ?



Microfiche CD collection

Scanned Blue LineOriginal1 2

3 4



Kentucky’s Mine Map
Information System

Quecreek Mine
Inundation -July 24,

2002

Martin County Coal Slurry 
Spill -October 11, 2000
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Kentucky Department of Mines and Minerals

Kentucky Department of Surface Mining and Reclamation
Enforcement

Kentucky Revenue Cabinet

Office of Surface Mining

MSHA

Kentucky Geological Survey

Who Holds and
Maintains Kentucky
Mine Map
Information?



Kentucky Department of Mines and Minerals

Most complete collection
of large-scale underground
mine maps

Identified by unique
State File Number

Over 30,000 distinct mines
Each with annual maps



Kentucky Department of Mines and Minerals

1:24,000 Mine Outline
Mylar Overlays

Original base for
Revenue Cabinet

GIS



Kentucky Department of Mines and Minerals
Mine Map Database



Kentucky Department for Surface Mining 
and Reclamation Enforcement

DSMRE

1:24,000 Permit Boundary Overlays

2000 quadrangle sheets

Scanned, georeferenced images



Kentucky Department of Surface Mining 
and Reclamation Enforcement

   Mining and
Reclamation Plan
(MRP) maps are
required to be submitted
with any permit
application for a coal
mining operation in KY.
These maps indicate
where mining will
occur.



Kentucky Department of Surface Mining 
and Reclamation Enforcement

Annual underground
maps required since 

1998



Kentucky Revenue Cabinet

Digital GIS of mine polygons
Over 60 layers by coal bed



•Maps and data are not
entirely in digital format

•Legal restrictions-
•Mines and Minerals active
maps [KRS 352.480]
•KRC confidentiality
restrictions [KRS 131.190 and
KRS 131.081(15), KRS
131.355]

Year 2001 Obstacles



Current Information Flow

KRC

KDSM

KDMM

Companies must file separate maps. Agencies’ needs are similar,
but companies may not be reporting the same information to all
agencies and agencies are currently limited in information sharing.

Mine A, Map #1

Mine A, Map #2

Mine A, Map #3

Company Maps

OSM

Transportation

Economic 
Development

KIA

KGS and others

Mine B, Map #1

Mine B, Map #2

Mine B, Map #3

* KDMM until recently was limited by law on sharing…. KRC still is.

The Public



Kentucky Mine Map Initiative

•  State and Federal Agencies originally met in September 2001

•  Legal and Technical teams were established

•  Initial emphasis placed on legal impediments

•  Technical development by regular meetings overseen by

Cabinet for Natural Resources



• Develop an ArcIMS
web site to display
available coal mine
related data

Proposed System

•Establish an FTP site for
downloading electronic
coal mine related data



Future Information Flow

KDSMRE

Companies will file one map shared by all agencies. This will...

Company
Mine A Map

Mine Maps to Gov’t

Digital Mine 
Map Repository

Paper Archive

Revenue

KDMM

Transportation

Economic Development

KIA

KGS

• Reduce reporting workload on companies
• Ensure agencies share common understanding about mine location/extent.
•Quicken access needed mine information.

OSM
Others...

The Public



Phased Development

� Phase 1:  Prototype online ArcIMS with mine

outlines and 2002 active mine scans

� Phase 2:  ArcIMS customization and enhanced

database connectivity

� Phase 3-n: Complete scanning and add links to

related information



Successes!

•  Technical and Legal teams have accomplished their tasks

•  SB 165 passed allowing maps to be released

•  MOAs allow Revenue Cabinet to share data with other agencies

•  KRC, KDMM, and KDSMRE are scanning and verifying maps

•  Phase I ArcIMS ready to announce



www.minemaps.ky.gov















Next Phases

•  Continue Scanning Final and Last Maps

•  Link All Mine Outlines to Image Files and Database

•  Customise ArcIMS Functionality

•  Secure Ongoing Funding for Development and Maintenance



Estimated Development
Time and Costs

Cost of annually scanning maps and back-file conversion of
last map for every mine: $90,000 includes 2 geo-processors

:

ArcIMS Site – Startup costs $50,000 – paid
Annual Ongoing costs of operation $35,000

Est. time for scanning all paper maps – 2 years if
outsourced
Cost: $500,000 – 1,000,000 (does not have to be done to
provide for a complete mine detail coverage)

Shared Project Manager  - $100,000 annually

Annual cost of additional software development
$50,000



Mine Map Archiving in Utah
Return
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IMCC/MSHA
Benchmarking Workshop

Louisville, KentuckyLouisville, Kentucky

October 15-16, 2003October 15-16, 2003

Wayne Western, Reclamation SpecialistWayne Western, Reclamation Specialist

Utah Division of Oil and Gas and MiningUtah Division of Oil and Gas and Mining



Objectives

�� Understand the history of mine mapping inUnderstand the history of mine mapping in
Utah- accuracy and limitationsUtah- accuracy and limitations

�� Importance of mine mapsImportance of mine maps

�� Gathering, sharing and storing informationGathering, sharing and storing information



To Understand Utah’s Program  -
Must Understand Utah’s:
�� Coal fieldsCoal fields

�� Coal mining historyCoal mining history

�� Coal industryCoal industry

�� Regulatory programRegulatory program



Utah's Coal Reserves

�� Economic cut off beds - greater than 4 feet inEconomic cut off beds - greater than 4 feet in
thickness/ under less than 3,000 feet of coverthickness/ under less than 3,000 feet of cover

�� 4% of the State is underlain with coal reserves4% of the State is underlain with coal reserves

�� 80% of recoverable coal in three coalfields80% of recoverable coal in three coalfields

�� Wasatch and Book Cliffs fields developedWasatch and Book Cliffs fields developed

�� Kaiparowits Plateau undeveloped -Kaiparowits Plateau undeveloped -
transportation problems and environmentaltransportation problems and environmental
concernsconcerns







Coalfields of West Compared to
Utah
�� 1/3 of nation’s coal produced in Wyoming1/3 of nation’s coal produced in Wyoming

�� 2.4% of nation’s coal produced in Utah2.4% of nation’s coal produced in Utah

�� Surface mines produce most western coalSurface mines produce most western coal

�� All active mines in Utah - undergroundAll active mines in Utah - underground

�� 24% of the nation’s coal reserves - Montana24% of the nation’s coal reserves - Montana

�� 1% of nation’s coal reserves - Utah1% of nation’s coal reserves - Utah



Western State’s Coal Production
2001 in Million Tons

1.2%1.2%13.413.4ArizonaArizona1616

2.4%2.4%27.027.0UtahUtah1313

2.6%2.6%29.629.6New MexicoNew Mexico1212

3.0%3.0%33.333.3ColoradoColorado99

3.5%3.5%39.139.1MontanaMontana66

32.8%32.8%368.8368.8WyomingWyoming11

% of U.S. Total% of U.S. TotalProductionProductionStateStateRankRank



Coal Production by Method
Million Short Tons 2001

351.805351.8051.0241.024350.780350.780WyomingWyoming

26.14826.14825.49025.4900.0190.019UtahUtah

18.60918.6091.2001.20017.40917.409New MexicoNew Mexico

32.29832.2980032.29832.298MontanaMontana

32.38932.38922.95822.9589.4319.431ColoradoColorado

12.96112.9610012.96112.961ArizonaArizona

TotalTotalUndergroundUndergroundSurfaceSurfaceStateState



Western Coal Reserves in
Million Short Tons

.00%.00%440044IdahoIdaho3131

.02%.02%10210200102102ArizonaArizona2828

1.12%1.12%5,5855,5852682685,3175,317UtahUtah1515

2.46%2.46%12,28712,2876,0856,0856,2026,202New MexicoNew Mexico1010

3.30%3.30%16,49316,4934,7714,77111,72111,721ColoradoColorado88

13.17%13.17%65,75865,75823,25723,25742,50142,501WyomingWyoming33

23.91%23.91%119,423119,42348,46548,46570,95870,958MontanaMontana11

% of U.S.% of U.S.TotalTotalSurfaceSurfaceUndergroundUndergroundStateStateRankRank



Utah Coal Mining 1847-1905
�� 1847  - Settlers arrive in Utah Territory1847  - Settlers arrive in Utah Territory
�� 1852-1853 - Coal discovered near Cedar City used1852-1853 - Coal discovered near Cedar City used

in iron industryin iron industry
�� 1854 - Reward for discovery of coal with in 401854 - Reward for discovery of coal with in 40

mile of Salt Lake Citymile of Salt Lake City
�� Early 1860’s - Coalville field developedEarly 1860’s - Coalville field developed
�� 1869 - Union Pacific monopolizes coal1869 - Union Pacific monopolizes coal
�� 1870’s - Settlers develop coal for local markets1870’s - Settlers develop coal for local markets
�� 1881-  D&RG enters Utah develops Wasatch and1881-  D&RG enters Utah develops Wasatch and

Book Cliff fieldsBook Cliff fields
�� By1900 total production was 1 million tonsBy1900 total production was 1 million tons



Utah Coal Mining 1906 -1941

�� Trust busting between 1906 and 1912 -coalTrust busting between 1906 and 1912 -coal
companies independent of railroadscompanies independent of railroads

�� Midsize independent coal minesMidsize independent coal mines

�� WWI spurs coal developmentWWI spurs coal development

�� Production plateaus in 1920’sProduction plateaus in 1920’s

�� Depression cause fall in production/gradualDepression cause fall in production/gradual
recoveryrecovery



Utah Coal Mining 1942-1969

�� WWII spurs increase in productionWWII spurs increase in production

�� Coal market stable during 1950’sCoal market stable during 1950’s

�� Production falls in 1957 due to competitionProduction falls in 1957 due to competition
from natural gas and dieselfrom natural gas and diesel

�� Projected reserves - 200 yearsProjected reserves - 200 years



Utah Coal Mining 1970’s

�� Environmental regulations and groups stopEnvironmental regulations and groups stop
mining in the Kaiparowits Plateaumining in the Kaiparowits Plateau

�� SMCRASMCRA

�� Small mining operations ceaseSmall mining operations cease

�� Coal production increasesCoal production increases



History of Coal Mining
1980-Present

�� 1980 first unsuitable lands for mining1980 first unsuitable lands for mining

�� Coal production increase in 1980’s then hitsCoal production increase in 1980’s then hits
a plateau in the 1990’s,a plateau in the 1990’s,

�� Wasatch and Book Cliff fields matureWasatch and Book Cliff fields mature

�� Grand Staircase-EscalanteGrand Staircase-Escalante

�� Mines become interdependentMines become interdependent

�� Dugout Canyon incidentDugout Canyon incident



Dugout Canyon Mine
– Mid 1950’s- 1998

�� Knight-Ideal Mine operated mid 1950’s to lateKnight-Ideal Mine operated mid 1950’s to late
1960’s1960’s

�� 1995 Canyon Fuel begins exploration program1995 Canyon Fuel begins exploration program

�� Acquired mine map dated November 25, 1965Acquired mine map dated November 25, 1965
supposedly showed all workingssupposedly showed all workings

�� Searched state and federal records no new mapsSearched state and federal records no new maps

�� Contacted previous employees of Knight-IdealContacted previous employees of Knight-Ideal

�� Permit granted 1998Permit granted 1998



Dugout Canyon Mine Incident
July 29, 2002
�� December 2001 rock slope from RockDecember 2001 rock slope from Rock

Canyon to Gilson Seam beganCanyon to Gilson Seam began
�� April 2002 mining begins in Gilson SeamApril 2002 mining begins in Gilson Seam
�� No mining within 200 feet of abandonedNo mining within 200 feet of abandoned

worksworks
�� Water seeped from coal as miningWater seeped from coal as mining

progressed westward at first no concernprogressed westward at first no concern
�� Somorset, PennsylvaniaSomorset, Pennsylvania



Dugout Canyon Mine Incident -
July 30, 2002
�� Mine Mgr. contacts surveyor of Knight-Mine Mgr. contacts surveyor of Knight-

Ideal mine - thought map was accurateIdeal mine - thought map was accurate

�� Mine Mgr. visits BLM to recheck mapsMine Mgr. visits BLM to recheck maps

�� BLM staff finds another map tubeBLM staff finds another map tube

�� Active workings within 20 feet of floodedActive workings within 20 feet of flooded
mine works!!!!!mine works!!!!!

�� 3:45 pm mine evacuation begins3:45 pm mine evacuation begins



Dugout Mine Incident –
August 2002
�� Emergency drilling program to drain oldEmergency drilling program to drain old

worksworks

�� Workers savedWorkers saved

�� $3,000,000 in equipment saved$3,000,000 in equipment saved

�� $700,000 in development saved$700,000 in development saved



Future of Mining in Utah

�� New mines begin where old mines endedNew mines begin where old mines ended

�� Need for mine maps increasesNeed for mine maps increases

�� Mine disaster could have major impacts onMine disaster could have major impacts on
Utah economyUtah economy





Operator - Mine Maps

�� Before 1869 coal mines were small, no mapsBefore 1869 coal mines were small, no maps

�� Between 1870-1906 large railroad controlledBetween 1870-1906 large railroad controlled
mines that were mapped or small mines with nomines that were mapped or small mines with no
maps.maps.

�� 1906-mid 1970’s Large company and1906-mid 1970’s Large company and
independents mines have mapsindependents mines have maps

�� Late 1970’s-Present all mines required to submitLate 1970’s-Present all mines required to submit
mine maps annually to DOGMmine maps annually to DOGM



History of Regulations
1891-1975
�� 1891- Congress passes mine safety for1891- Congress passes mine safety for

territories (Utah included)territories (Utah included)

�� 1910 - Bureau of Mine (BOM) Established1910 - Bureau of Mine (BOM) Established

�� 1941-BOM begins inspections1941-BOM begins inspections

�� 1973 - MESA1973 - MESA

�� 1975 Utah Abandoned mines program1975 Utah Abandoned mines program



History of Regulations
1976-Present
�� 1970’s – 2000 Utah Industrial Commission1970’s – 2000 Utah Industrial Commission

�� 1977 SMCRA  and MSHA1977 SMCRA  and MSHA

�� 1979 Utah Coal Mining and Reclamation1979 Utah Coal Mining and Reclamation

�� 1981 Utah Primacy1981 Utah Primacy

�� 1980’s AML begins inventorying state for1980’s AML begins inventorying state for
coal minescoal mines



Regulatory Agencies – Mine
Maps
�� Before 1941 no mapsBefore 1941 no maps

�� 1941-1970’s Bureau of Mines – OSM1941-1970’s Bureau of Mines – OSM

�� 1970’s – Present State and Federal1970’s – Present State and Federal
Agencies will have mine mapsAgencies will have mine maps



Other Sources of Mine Maps

�� Museums and historical groups collect mapsMuseums and historical groups collect maps

�� BLM collects mapsBLM collects maps

�� Utah Geologic Survey collect maps 1970’s-Utah Geologic Survey collect maps 1970’s-
1980’s1980’s

�� Companies, Employees, ConsultantsCompanies, Employees, Consultants



Map Archive Status

�� No agency has responsibility to archiveNo agency has responsibility to archive
minemine

�� No agency has authority to get mapsNo agency has authority to get maps

�� UGS has maps indexed by township, rangeUGS has maps indexed by township, range
and sectionand section

�� DOGM is starting informal program toDOGM is starting informal program to
collect maps.collect maps.



Future of Archiving

�� Scan maps from all agenciesScan maps from all agencies

�� Develop long term storage and retrievalDevelop long term storage and retrieval
systemsystem

�� Have miners review mapsHave miners review maps



Limitation

�� Final mine map?Final mine map?

�� Map accuracyMap accuracy

�� Covering up mistakesCovering up mistakes

�� Robbing CoalRobbing Coal



Conclusions

�� Accurate maps from closed mines haveAccurate maps from closed mines have
prevented mine disasters in Utah.prevented mine disasters in Utah.

�� Need for old mine maps will increase.Need for old mine maps will increase.

�� Limited resources, lack of any agencyLimited resources, lack of any agency
having direct responsibility or authority tohaving direct responsibility or authority to
get old maps requires government agenciesget old maps requires government agencies
and industry to find and preserve old maps.and industry to find and preserve old maps.
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Managing Underground Coal Mining Information in Iowa

Mary R. Howes
Iowa Department of Natural Resources

Iowa Geological Survey

Intergovernmental Benchmarking Workshop on
Underground Mine Mapping, Louisville, Kentucky

October 15-16, 2003

History of coal mining and information development

The earliest known coal production in Iowa occurred in the 1840s in southeastern Iowa along the
Des Moines River.  There was little recorded coal production until the 1880’s when four rail-
roads began laying track westward across the state toward Council Bluffs.  After that time, coal
production increased steadily to supply the railroads until it reached a peak in 1910.  Thirty-four
counties across southern and central Iowa have had at least some coal mining, although most of
the activity was concentrated in a few counties, figure 1.

Figure 1.  Distribution of coal mining in Iowa.  (Size of mined areas has been exaggerated to create this map.)

Official record keeping began with the establishment of the Iowa State Mine Inspectors’ Office
in 1884.  Its primary goal was overseeing the health and safety of the coal miners, however, in
the process a great deal of information that described the mines was accumulated.  The mine op-
erators in Iowa were required to submit updated maps of the mine workings every two years for
operating mines that regularly employed more than four miners.  Statistics related to coal pro-
duction were compiled along with detailed information about fatalities and serious injuries.  The
production statistics provide a general picture of the distribution of the coal industry across the
state and its evolution over time.  As coal production diminished the role of the State Mine In-
spectors Office changed and the type of information collected changed as well.  In the 1960’s the
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State Mine Inspector compiled recorded locations and extents of documented mines on paper
maps and file cards.   In 1973, the State Mine Inspectors’ Office was closed and the maps and
files were turned over to the Iowa Geological Survey (IGS) for use in the coal resources program
underway at the time.  At that point, there were approximately 1,550 mine maps in the collection.
Most were detailed maps of mine works, although a few were regional maps, maps of surface
facilities, or exploration maps.  It was known that there were single maps for many mines and
other mines were represented by multiple maps, however, it wasn’t know how many of the
documented abandoned mines were shown on any map.

Early coal mine data compilations

Coal mine data was compiled and outlines plotted on maps that were subsequently published in
several documents before digital databases and GIS technology was available.  A regional com-
pilation prepared in 1977 by Iowa State University titled “Coal Mine Maps for Eight Iowa
Counties” consists of township maps with mines plotted and a summary of the available data in a
series of coded lists.  In the late 1970’s, coal mine-related subsidence in Des Moines, Iowa,
prompted a detailed compilation of mine data for the Des Moines area that included plotting
generalized outlines of the known mines on a 7.5’ topographic map base.  A similar compilation
was created for What Cheer in 1984 in response to concerns about mine-subsidence related
problems the small southeastern Iowa community was experiencing.  In 1986, mine data was
compiled and a map created for the extensively undermined area in and around Centerville in
south central Iowa.  The mapping for the Des Moines area was updated using digitized coal mine
extents and shaft locations in 1989.

Coal mine database

IGS began development of a coal mine database with the primary purpose of cataloging the mine
maps and other site information to allow a user to determine whether a specific site might be un-
dermined and then to identify and locate any available maps.  The work began in 1987 with
funding provided by the Mines and Minerals Bureau of the Iowa Department of Agriculture.
The initial database was a simple tabular file developed from a variety of sources including the
mine map collection, maps and file information collected by the Office of State Mine Inspectors,
published information, and IGS files.  Data items that provided a physical description of the
mine included location, depth, coal thickness, and probable coal seam identification, and years of
operation of the mine.  Bibliographical information was collected as well as descriptive informa-
tion about the maps themselves.  As the data were being compiled efforts were made to preserve
the maps.  Much of the work was accomplished by the Iowa State Historical Society (ISHS) with
funding through a contract with IGS.  ISHS used a combination of techniques to clean and pre-
serve the maps depending on the material they were drawn on and then further protect them from
damage in handling and storage by enclosing them in sealed polyester film envelopes.  Special
cabinets were designed and built to allow the maps to be stored flat.  During the preservation
process the maps were photographed using a camera that produced an 8-1/2 x 11 in. negative on
high contrast, very fine grained black and white film to capture as much detail as possible.    The
collection of photographs is now used to respond to most inquiries for detailed information about
a mine.  Other maps were located that were in the possession of individuals or local historical
preservation groups.  Whenever it was possible, these were borrowed and photographed and the
information on them was added the database.
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The State Mine Inspectors’ records indicate about 270 additional mines may have operated in
Iowa with no more detailed locational information than a post office.  Information about these
mines was simply compiled as a list of names and post offices.

Developing the geographic information system component

The availability of the mine map photographs and the coal mine database allowed coal mines to
be an early addition to the IGS Natural Resource Geographic Information System.  The photo-
graphs of the maps were used to develop the geographic information system component of the
database by digitizing the mined out areas, mine entrances, and other features for georeferencing
the digitized outlines of the most recent revision of the map.  Computer aided design software
was used for this process.  In most cases, the last revision of the map or most extensive map was
digitized if multiple maps existed in the collection.  Georeferencing the digitized mine outline
was often complicated by the lack of reference points and scaling information on the maps.

Other known mine sites that were not mapped were digitized from 7.5’ topographic maps pre-
pared for coal resources studies.  These included underground mines with known locations, but
approximate extents from the State Mine Inspectors maps, mine locations available as points
only from several sources, and surface mines.  As the majority of information requests about past
mining activity received by IGS are location-based, the GIS database has been an extremely
valuable resource to quickly provide information about past coal mining activity.

Assessing the impact of historic coal mining activity

Development of the coal mine database allowed an evaluation of the impact of coal mining on
Iowa that had not been possible in the past.  About 3,100 mine sites were located during devel-
opment of the database.  Approximately 2,740 of these are underground mines.  Location and
mined extent is well documented for about 830 underground mine sites from mine maps. About
80 of the mapped mine sites lack reference points, although they have a location accurate to at
least one section noted on the map. This group of mine sites was added to the GIS database with
an attribute describing them as “mapped mines with poor locations”.  The two classes of mapped
mines together comprise about 60,000 acres.  An additional 370 underground mine sites have
known locations, but only approximate extents.  These mines add another 13,500 acres to the to-
tal area known to be affected by underground mining.  Nearly half of the mine sites were docu-
mented as point locations only.  The locational accuracy varies among the sites, however, a split
into two classes emerged as the data was compiled.  One group was found to be accurate to one
section and the second to one quarter section or less.  The area impacted by these last two classes
of data is unknown.

The GIS component of the database also allows simple analysis of temporal changes and the
mined areas’ relationships to other geographic features.  One significant change that emerged
from a comparison of mine sites that were at least partially within an incorporated area in 1990
(377 mine sites) and 2000 (422 mine sites) suggests that urban areas are encroaching on land un-
derlain by abandoned coal mines.  Figure 2 illustrates an area in Iowa where urban development
is spreading into an area with relatively shallow coal mines and possible subsidence problems
have occurred.

Knowledge of local geology is key information in assessing impacts of coal mining.  Coal re-
source-related geologic data compiled by IGS is used to estimate mining depths and coal thick-
nesses.  In Iowa, where coal-bearing strata are relatively flat-lying, the mine shaft depth provides
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a fairly reliable estimate of the elevation of the coal seam..  Shaft depths were recorded for 825
mines, but only 314 mine shafts can be located accurately.  The known mine shaft depths range
from twelve to 410 feet with an average depth of 119 ft.

Figure 2.  Extensive coal mining in an area undergoing rapid growth on the east side of Des Moines, Iowa.  The
light-colored outlines show mined areas.  The triangle (right and below center) indicates a mine documented as a
point location only with the location described to one quarter section or more.  The mine entrances are also indi-
cated on this map.  The base map is a 2002 digital orthophoto.

Future developments

Inquiries about possible mining activity and land subsidence problems in undermined areas that
prompted compilation of the coal mine database continue to arise on a frequent basis.  Changes
in technology make enhancements to the existing data both possible and desirable.  Scanning the
mine maps or the photos of the mine maps into image files is a logical next step.  Acquiring im-
age files of the mine maps is preferable but may be prohibited by the methods used to preserve
the maps.  The scanned images could be used to improve the accuracy of the mined-out areas in
the GIS database.  Image registration software would be used to georeference the image allowing
a more accurate digitized area than the original technique that relied on transformations from
CAD drawing files.  Improving the availability of the coal mine data by publishing the GIS com-
ponent on an interactive mapping web site is an enhancement that would get the information to a
wider audience.  Ideally, a web-accessible application would allow location-based searches and
access to downloadable mine map images to be performed by anyone with internet access.
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Old ‘hard rock’ mines in
North Carolina

• Urbanization in high
population growth
areas encroach on
historic old mines

• Old mines predate the
NC Mining Act

• Increased incidents
involving mine
surface breaches and
‘close encounters’

• Many mines
(hundreds) with
known subsurface
workings as deep as
900 feet



Mines with known
subsurface workings

• Piedmont
– Gold (hundreds)

– Tin (tens)

– Tungsten (one)

– Coal (limited workings)

• Mountains
– Mica (hundreds, or

more?)

– Feldspar (hundreds?)

– Other industrial
minerals ?



Old ‘hard rock’ mines in rapid
growth areas – North Carolina



Recent examples – North Carolina

• February 18, 2000 –
Phoenix gold mine
breached surface

• Golf course home
development built
over abandoned gold
mine

• Result: “19th” hole



Recent examples – North Carolina

• Spring 2003
– Concord (Cabarrus Co.) –

likely gold mine ventilation
shaft breaches back yard
following heavy rain

– Union County – citizen
reports he fell into shallow
depression between
workings; his probing with
iron rod suggested deeper
workings (high growth area
just east of Charlotte).

– Concurrent issue – high
arsenic in groundwater



Some future challenges

• High population growth counties in
Piedmont “crescent”
– Urbanization encroaching on old ‘hard rock’

areas
– Likely high speed rail route from Washington,

D.C. to Charlotte

• Highway construction (e.g., Tin – Lincoln
Co.)

• Asheville area as retirement destination



Assets and challenges

• Highly developed state
‘corporate’ GIS &
orthoimage database

• Capable trained staff
• Solid hardware and

ArcGIS 8.x GIS software
asset base – computers,
large format scanners &,
plotters, OFR reports, etc.

• Serving data and
scanned geologic maps
on via Internet and
ArcIMS,

• National database
experience (NGMDB)

• Cash strapped (salaries
and operations)

• Limited staff available
(temporary staff needed
to make substantial
advances – nearby
university student ‘pool’)

• Holder of many paper
maps (e.g., mica and
feldspar), gold, etc.,
dating from 1896

• Limited current staff time
• Server approaching limits
• LISTSERVE ? to facilitate

communication



Assets and challenges, cont’d

• Field verification of
database locations
needed

• Field investigation of
selected Piedmont
sites with known
subsurface workings
needed

• Resources needed to
support field work and
confirm locations

• Ground penetrating
radar (GPR)
equipment needed

• Other subsurface
investigation tools
needed



Mining and Mine Mapping in Kansas

James R.McCauley and Janice H. Sorensen Kansas has a 150
year history of underground mining for 5 different commodities: coal, lead and zinc,
salt, gypsum and limestone. The earliest period of intense underground mining was in
southeastern Kansas in what would become the Tfi-State lead and zinc mining district
which extends into southwestern Missouri and northeastern Oklahoma. A short
distance to the north and a few years later in time, underground mining of coal
~began in the coal fields of southeastern Kansas. In later years, underground mining
of salt, gypsum, and limestone followed.

Lead and Zinc Lead and zinc mining is restricted
to the extreme southeast corner of Kansas. Underground mining of lead and zinc
began in the 1870's and continued until 1970 when the last mine shut down. The ores
were taken ffom Mississippian-age limestones in mines that reached depths of 480
feet. A 1983 study funded by the U. S. Bureau of Mines mapped the extent of
underground lead and zinc mining in Kansas from existing maps and inventoried
mine-related hazards such ~s open and collapsed shafts and mine caveins, which were
numerous throughout the mined areas. A total of 589 hazardous open shafts were
found, of which 541 were collapsed. In addition, 307 surface collapses were mapped.
Similar concurrent studies were conducted in the adjoining states of Missouri and
Oklahoma. The total mined area in Kansas is 2220 acres. In subsequent years, much
reclamation and remediation has occurred in parts of the Tri-State district, but mine
collapse continues to be a hazard. Contaminated water that has flooded these mines is
an environmental threat to surface and groUndwater supplies

Coal Eastern Kansas is located in the
Western Interior Coal Basin and contains numerous coals of Pennsylvanian Age.
Shallow underground mining of coal began as early as 1850 in the area near Fort
Leavenworth, in northeastern Kansas. In 1874, underground mining of coal began in
the more productive coal fields of southeastern Kansas. The original mines were
shallow and near the outcrops of the coal beds. With time, mining followed the coal
down dip to deeper levels of up to 150 feet. Underground mining of coal continued
until 1960. A total of 52,500 acres overlie abandoned coal mines. Collapsing coal
mines continue to be a geologic hazard, especially in the area of shallow mining,
which includes part of Pittsburg, Kansas, the largest city in the region (population
19,243). Another smaller area of underground mining occurs in Osage County in east-
central Kansas. Deep coal mines of 700 feet and 1000 feet once operated in the
Leavenworth and Atchison areas, respectively In addition, small, abandoned lignite
mines occur in north central Kansas in the Dakota Formation of'Cretaceous age.
These mines are generally shallow with horizontal surface openings and are in
undeveloped areas and are not considered a major geologic hazard.
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Salt

Salt mining began in central Kansas in the city of Hutchinson in l 888, in what would
become known as the Hutchinson Salt member of the Permian-age Wellington
Formation. Salt mining is of two types, solUtion mining and conventional
underground, room-and-pillar mining. The first mine in Hutchinson was a solution
mine. In 1891 conventional mines opened in Lyons and Kanopolis in central Kansas
and Kingman in south-central Kansas. Over the years, additional mines of both types
operated in this same area of central and south-central Kansas and many have since
been abandoned. Today, 5 solution mines and three conventional mines extract salt
ffom beneath Kansas. Mine depths range from 650 to 1,100 feet. Solution mines have
collapsed in Hutchinson on mine owned property. A salt mine near Kanapolis was the
site of a shaft collapse in 1972. A mine collapse in 2000 on the edge of Kanapolis
occurred beneath a waste pile at a brick plant. The compressed air in the mine caused
an ensuing "eruption" of broken brick into the air causing e?ctensive property damage
but miraculously, no serious injuries.

Gypsum
Gypsum mining in Kansas began in the 1

880's near Medicine Lodge in south-central Kansas. The gypsum bed mined is the
Medicine Lodge Member of the Blaine Formation and occurs in Permian-age red
beds. Mining later moved northwest of Medicine Lodge to an area near the small
town of Sun City where it continues today. Gypsum is mined at this site by both open
pit and underground methods. The underground mines are generally shallow, less
than 150 feet and underlie undeveloped land. Gypsum mining began at a later date in
northeast Kansas, north of the town of Blue Rapids. The gypsum mined is in the
Easly Creek Shale, also Permian in age but older than the gypsum mined at Sun City.
This mine is generally less than 200 feet deep and also underlies an undeveloped
area.

Limestone Mines

Outside of one small abandoned limestone mine in Mississippian-age rocks of
extreme southeastern Kansas, limestone mining is restricted to Pennsylvanian-age
limestones in the northeastern part of the state The Kansas City metropolitan area is
home to a number of limestone mines in two separate geologic units, the Argentine
Member of the Wyandotte Limestone and the older Bethany Falls Member of the
Swope Limestone. A number of limestone mines have been converted to usable
underground space with multiple uses, including cold and cool storage,
manufacturing, warehousing, offces, document and record storage, and even a college
library. Kansas City leads the nation in the amount of usable underground space,
totaling several square miles. These mines are located on both sides of the Missouri-
Kansas state line. All these mines are accessible ffom the surface by roads or ramps
and even railroads in some instances. Depths are generally less than 200 feet. In
Kansas, some abandoned mines have collapsed causing property damage, especially



in Kansas City, Kansas. Additional limestone mines nre found in Leavenworth and
the Atchison area north of Kansas City in younger Pennsylvanian limestones. These
mines are also generally less than 200 feet deep at the most and some have collapsed
in and close to the two cities.
There is no central collection of mine maps for older abandoned coal mines. Maps of
lead and zinc mines and other records are in a collection in the library of Missouri
Southern State University in Joplin, Missouri, however this is not a complete
collection of mine maps. Maps of other small abandoned mines may not exist.

The State Geologist of Kansas, mandated by state statute (K.S.A. 49-201), holds the
responsibility for collecting and archiving maps of active underground mines in the
State of Kansas. This responsibility was transferred to the State Geologist in July
2000 from the Secretary of Human Resources. All maps collected prior to 2000 were
transferred to the KGS These include active and inactive mines. The older maps date
from the late 1960's. There are 150 to 175 maps for limestone, gypsum, or salt mines
in the state. The maps are in paper format with the exception of 2 that are on mylar.
The maps vary in size. The smallest maps are approximately 11" x 17". Larger
oversized sheets measure approximately 36" x 46". None of the maps have been
digitized.

Nine companies currently operate limestone, gypsum or salt underground mines in
Kansas. Mine owners are notified each year that a current map is to be on file at the
Kansas Geological Survey by July 10. When maps are received they are dated,
inventoried, and filed under company name and housed in the KGS library and
archives unit. Maps are available at the KGS for prompt and easy access. If needed,
paper copies can be reproduced.



MISSOURI

Missouri has a long history of underground mining of coal, lead, zinc, iron, clay,
industrial sand, sandstone and limestone. Over 9000 abandoned underground mines
are estimated to exist in the state, ranging from drifts less than 100 feet in early mines
to hundreds of miles in more recent mines. The Missouri Geological Survey and
Resource Assessment Division (GSRAD) has maps for approximately 10% of coal
mines. GSRAD has less than 50% representation of maps for noncoal commodities;
the majority of these are in the Tri-State District.

Maps are currently filed in drawers by general area. A very rough, incomplete
inventory is the only catalog. Less than 10% of the maps are original paper/linens,
with the rest reproductions on various media. These reproductions are also commonly
the only known remaining copies of these maps. About 10% have been electronically
scanned, and only a few percent of these are georeferenced.

The map files sometimes receive extensive use by individuals and companies doing
planning or construction projects or addressing geologic hazards such as new
collapses in mined regions.

Currently only one GSRAD staff member is familiar with the locations of maps in the
files.

Submitted by: Cheryl M. Seeger, R.G., PhD Geologist Geologic
Survey Program Geologic Survey and Resource Assessment Division
PO Box 250 Rolla, MO 65402 ph: 573.368.2184 fax: 573.368.2111
nrseegc@mail.dnr.state.mo.us
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NEW MEXICO BUREAU OF GEOLOGY & MINERAL RESOURCES

Mine maps at the NMBG&MR

Over the years mine maps have been acquired through donations from
individuals and companies and through the Abandoned Mine Lands progTam. The
INM Bureau of Geology was a major participant in the AML project. Collecting data
relating to historical mining in New Mexico is part of the Bureau's mission to conduct
studies and disseminate information on geology, mineral and energy resources,
geologic hazards, and environmental problems.

Coal program (Gretchen Hoffman)

As a result of the AML program the Bureau published Bulletin 111, Coal
Mining in the San Juan Basin, a compilation of the data on individual mines and the
mining history for the northwest corner of the state. Data ffom the AML is available
for other areas of the state but has not been published.

An Access database has been developed including the data acquired by the AML
studies and additional information has been added ffom other sources. Over 560
mines from 14 counties are documented in this database with varying degrees of
information. These mines are classified by county, quadrangle, and geologic unit.
Lf?cation data (T, R, sec, latitude, longitude) production, ownership, and geologic
information are included in the database. Available coal mine maps (approximately
90) are listed in the Geographic Information Center database and some maps reside in
the coal database library. None of these maps have been digitized or scanned.

More recent underground mines are included in mine plans required by the Mining
and Minerals division who are the regulatory agency.

Uranium program (Virginia McLemore)

Over200 mines in 18 counties inNewMexico yielded 164,575 tonsofU3Osffom
1948 to 2000, which is nearly 40°/~ of the total uranium production ffom the United
States. A compilation of these mines and prospects and data on the location,
production reserves, geology, development, ownership, type of deposit, geochemistry,
and sources of other information was developed by McLemore (1983) and
summarized by McLemore and Chenoweth (1989) and is now available in
computerized database (McLemore et al., 2001). NMBGMR has numerous mine
maps of uranium mines and we may also be obtaining additional maps ffom BHP-
Billiton of the former Kerr McGee mines. CurTently there is no uranium mining in
the state.
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Metal/nonmetal mines (Virginia McLemore, Robert Eveleth)

The NMBGMR has collected published and unpublished data, including mine maps
on the districts, mines, deposits, occurTences, and mills since it was created in 1927
and is slowly converting historical data into a relational database, the New Mexico
Mines Database. The purposes of this database are to provide computerized data that
will aid in identifying and evaluating resource potential, resource development and
management, production, and possible environmental concerns, such as physical
hazards (i.e. hazardous mine openings), indoor radon, regional exposure to radiation
ffom the mines, and point-sources of possible contamination in areas of known
mineral deposits. One of the f ture components of the New Mexico Mines Database is
to tie the data in the database to electronic copies of mine maps. Many mine maps
have been published in various NMBGMR and USGS publications and theses.

Summary

Although many people over the years have accessed the mine maps, there is a real
need to catalog the maps we have and make the maps available digitally. The NM
Bureau of Geology does not have a dedicated person assigned to this task, nor is the
money available to hire someone. Some areas are lacking data; whether maps exist or
not is questionable. Although there is only one underground coal mine operating in
the San Juan Basin and none in the Raton Basin, some areas of past underground coal
mines are becoming more populated or have become areas of interest for coalbed
methane development. In both cases, knowing where the underground workings are
located could be significant to development.



Virginia’s Approach

Roundtable Discussion 1

Acquiring and Preserving Map Images

Intergovernmental
Benchmarking Workshop on
Underground Mine Mapping

October 15 & 16, 2003

Louisville, Kentucky
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Acquiring Mine Maps

• Campaign launched through various media outlets
requesting mine maps

• Maps & mine locations acquired through
permitting process

• Private party donations
• Company archives
• Initiated communication with suspected map

sources
• Accepted burden of acquiring maps & provided

results to contributors



Preserving Map Images

• Images are stored on a
central server & can be
accessed by all personnel

• Digitization of mine
boundaries

• Use of GIS software for
access

• Scanned image file
formats



Image File Format

• Standard format is tagged image file (.tif)

• Compatibility with multiple software packages
and image viewing applications

• Upon request, images can be compressed into a
Mr. SID file format

• Images compressed with Mr.SID can be used with
a free downloadable viewer and is becoming more
compatible with various software applications



Scanning Solutions

• Portability of scanners are essential for on-site
scanning of company mine map archives

• Large format decreases need to fold maps to scan
= reduced image editing to merge images

• Associated scanner software allows manipulation
of image files for increased image quality

• ColorTrac 5480 scanner will accept materials up
to 12mm in thickness

• Ultimately the goal is to obtain the best scan
possible at a file size that is manageable



Large Format Scanners

Action Imaging Solutions – ColorTrac 5480Vidar – TruScan Titan



Cataloging
• Information derived

from mine maps are
put into a Microsoft
sql database

• Creation of Index of
map archive

• Data, images and
vectorized outline are
used to generate
numerous products









Geo-referencing

• Defining in real world coordinates how an area
represented on the map fits on the earth’s surface

• Maps geo-referenced into Virginia State Plane
Coordinate System

• Information shown on the map such as coordinate
grids, identifiable surface features,  coal outcrop
configuration, land tracts, etc., are used to place
maps.

• Maps are geo-referenced using AutoDesk’s
AutoCAD Map



Digitization



Raster to Vector

• Image geo-referenced to
Virginia State Plane
Coordinate System

• Heads-up onscreen
digitization

• Mine boundary linked to
scanned image through
index

• Mine boundaries are used
with other DMME spatial
data in GIS





Spatial Data
• Regulatory Data

– Water Monitoring
– Permit Boundaries
– Geologic Samples
– Hollow Fills
– PMU

• Basemap Elements
– USGS Quad Index
– Political Boundaries

• Easily Incorporated Features
– Coalbed Mapping
– Quad Maps
– Orthophotography
– Satellite Imagery





Summary

• Proactive approach to obtaining mine maps
• Obtain the best scan possible at a file size that is

manageable
• Have a system in place for indexing and

cataloging
• Use images to create a usable digital product
• Use industry standard software, hardware and file

formats for compatibility
• Implement methods & procedures for

disseminating the data to the end user



PA DEP, District Mining Operations 1

Moving Maps to GIS

Pennsylvania Department of
Environmental Protection,

District Mining Operations,
California District Office
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PA DEP, District Mining Operations 2

Overview

• Georeferencing*

• Digitizing

• Capturing and Attributing Information



PA DEP, District Mining Operations 3

Georeferencing

• Find surface control points on detailed mine
maps that correspond to points on 7.5”
USGS Topographic maps
– Road intersections,
– Bridges and stream intersections, etc

• This is easy for index maps that are drawn
on USGS Topo maps, but more difficult for
detailed maps.



PA DEP, District Mining Operations 4

Georeferencing (Continued)

• Use at least four control points to Register and
Rectify the image using ArcInfo.
– In the past we used ArcInfo workstation and ArcView

3.2a for georeferencing.

– ArcInfo Desktop 8.3 has a much simpler interface with
the Georeferencing Toolbar.

• When rectifying an image, our goal is to get an
RMS error of less than 10.
– This has proven effective for our purposes.



PA DEP, District Mining Operations 5

Georeferencing (Continued)

• Georeferencing Tips:
– A low RMS value does not necessarily yield a

more accurately georeferenced map.

– Start by georeferencing the map with the best
control points and build from that map.

– Localize the area that you georeference if you
do not have mining data on the whole map.



PA DEP, District Mining Operations 6

Digitizing

• Done by our Mining Specialists
• We also use interns to digitize

– Only a few, well-trained interns.
– Under close supervision
– Mining Specialists always Quality Control the data

• Usually digitizing several themes, such as:
– Permit Boundary
– “Mined Out” Areas
– Longwall Panels (Active Mining)



PA DEP, District Mining Operations 7

Capturing and Attributing
Information

• All mines:
– Mine Name

– Operator

– Coal Seam

– County

– Permit Number

• Active longwall mines:
– Panel Identification

– Status (active/complete)

– Date of Completion
(month/year)

• Done by our Mining Specialists
• Usually attribute information is input as a mine is

digitized.



PA DEP, District Mining Operations 8

Capturing and Attributing
Information (Continued)

• One of our most important themes is our Mine
Subsidence Insurance (MSI) Claims theme.

• This theme contains information such as:
– General Claim info (Claimant, Claim #, etc)
– Status of Claim (Open, Supported, Denied, etc)
– Investigation Info (Investigator, Date, etc)
– Mining Info (Mine Name, Mapping Source, Cover, etc)

• This theme is updated every time we open or close
a claim (almost daily).



PA DEP, District Mining Operations 9

Conclusion

• Georeferencing is more of an art than a
science.

• Digitizing the data makes it easier to use
and more efficient.

• Attribute information is one of the main
reasons to use a GIS to store, edit, and view
data.



www.wvgs.wvnet.eduwww.wvgs.wvnet.edu
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ims.wvgs.wvnet.edu/coalims.htmims.wvgs.wvnet.edu/coalims.htm









www.state.wv.us/mhstwww.state.wv.us/mhst//









Contex ACS4100dsp aperture card scanner
and

ScanOS software



Ideal FSS8300dsp 36” wide scanner
and ScanOS software



Kip Starprint 4000
36” wide format printer



Planned ImprovementsPlanned Improvements

• Make georeferenced mine map images
available with GIS data and via the web

• Make all mine map images available via
the web
–MHST & OSM already have them



Accessing / SharingAccessing / Sharing

InformationInformation

GIS Database ContentGIS Database Content

andand

Data DeliveryData Delivery
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AUM Map RepositoryAUM Map RepositoryANDAND

FROMFROM

ANNUAL MINE MAP DATA SHEETANNUAL MINE MAP DATA SHEETAUM Opening Database Entry and Retrieval FormAUM Opening Database Entry and Retrieval Form
TOTO

DATADATA
SHEETSSHEETS

TOTO
DATABASESDATABASES



Original AUM Feature Class Attribute TablesOriginal AUM Feature Class Attribute Tables



AUM Points Symbology and Feature Class Attribute TableAUM Points Symbology and Feature Class Attribute Table

Adopted
Mine
Color



New AUM Mines, Points and Mined-Out Areas Feature ClassNew AUM Mines, Points and Mined-Out Areas Feature Class
Attribute TablesAttribute Tables



AUM_Hachured Areas (Mined-Out Areas) Polygon AttributeAUM_Hachured Areas (Mined-Out Areas) Polygon Attribute
TableTable



Blank AttributeBlank Attribute
Form ToolForm Tool

PopulatedPopulated
AttributeAttribute
Form ButtonForm Button

The AUM Application Toolbar ToolsThe AUM Application Toolbar Tools



The AUM ImagesThe AUM Images

Arranged by
Counties

API Indexing



 API Assignment for all data at DGS
 

        12345678901234 12345678901234 –– the standard is a 14-digit system broken down as: the standard is a 14-digit system broken down as:
  

12-345-6-7890-12-3412-345-6-7890-12-34
  

Where:Where:
  

12 = state code, Ohio = 34 (see attached list of all other states)12 = state code, Ohio = 34 (see attached list of all other states)
345 = county code (see attached list for all counties)345 = county code (see attached list for all counties)

6 6 –– data type-indicator data type-indicator
7-10 7-10 –– permit number or individual feature ID permit number or individual feature ID

11-12 11-12 –– sidetrack number used for O&G wells; data type indicator for all sidetrack number used for O&G wells; data type indicator for all
other collectionsother collections

13-14 13-14 –– multi-completion number used for O&G wells; can be used for multi-completion number used for O&G wells; can be used for
qualifier for other typesqualifier for other types

 Data Type IdentifierData Type Identifier
 Digit # 6 Digit # 6

0-7 is reserved for various types of oil and gas well data0-7 is reserved for various types of oil and gas well data
8 will be used for Abandoned Underground Mines (this may change to 9 -8 will be used for Abandoned Underground Mines (this may change to 9 -

miscellaneous)miscellaneous)
9 will designate miscellaneous data.  Thus, if you see a 9 you will know9 will designate miscellaneous data.  Thus, if you see a 9 you will know
that it is not oil-and-gas- well data and to look at characters 11 and 12 tothat it is not oil-and-gas- well data and to look at characters 11 and 12 to

define the type of data.define the type of data.
  
  

52 52 –– AUM data AUM data
this data will also use the 13 and 14 characters to further qualify the datathis data will also use the 13 and 14 characters to further qualify the data

as:as:
34115900015201 34115900015201 –– mine poly mine poly

34115900025202 34115900025202 –– mine points mine points
34115900455203 34115900455203 –– hachured poly hachured poly

 

API  INDEXINGAPI  INDEXING



The New AUM Personal GeodatabaseThe New AUM Personal Geodatabase

A Single Data RepositoryA Single Data Repository !!! !!!

Coverages
Shapefiles

Raster Dataset
and

dBase Tables



The AUM Data Storage Folder -- on the NR728Mather ServerThe AUM Data Storage Folder -- on the NR728Mather Server



Recent Work…….Recent Work…….

••AUM GeodatabaseAUM Geodatabase::

Migration from a personal geodatabase to a multi-userMigration from a personal geodatabase to a multi-user
geodatabase in ArcSDE running on a SQL Server DBMS.geodatabase in ArcSDE running on a SQL Server DBMS.



Now Available…..  AUM ArcIMS WebsiteNow Available…..  AUM ArcIMS Website

On the Ohio Geological Survey Website --- On the Ohio Geological Survey Website --- http://www.dnr.state.oh.us/geosurvey/index.htmlhttp://www.dnr.state.oh.us/geosurvey/index.html



IMCC/MSHA/OSM Benchmarking Workshop on Underground Mine Mapping
October 15 and 16, 2003

The Galt House Hotel
Louisville, KY

NOTE: On Day Two of the Benchmarking Workshop, attendees participated in an
interactive discussion of several topics that were introduced by a panel of presenters
during four roundtable sessions.  The following notes reflect some of the discussions that
took place during those sessions.

Roundtable Session I:  Acquiring and Preserving Map Images

Presentation by PA Bureau of Deep Mine Safety

They scan at 300 DPI in color and save to TIFF
They use a Vidar Color Scanner
It preserves details on the map
The intention is to preserve and scan the maps as a visual equivalent of the original

Presentation by Virginia Department of Mines, Minerals and Energy

Scans in color at 200 to 300 DPI depending on the level of detail in document
Save as TIFF 6 format for Archive
Compress as Mr. SID for daily use
Anyone can view Mr. SID files with free SID viewer
They have a portable scan station that they can take to remote locations for scanning
maps.  This is essential to their acquisition of many maps because many people won’t let
maps off site.
They use a Color Track 5400 scanner that takes maps up to 12mm thick.
Georeference using AutoCAD Map

Presentation by OSM regarding OSM Mine Map Repository

Repository began scanning 5 to 6 years ago
Started at 100 DPI, then 200 and now 400 DPI
Just purchased a new 54 inch scanner and will scan all original maps that come in.  Will
not abandon the aperture card process.

Several questions were raised by the moderator prior to an extended period of discussion,
as follows:

Of the 20 states represented at the workshop:
How many states have capability to scan Answer. 12
How many states have laws in place that require submission of
mine maps Answer:  10 (coal)

    4 (noncoal)

Return
to

Contents
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How many states receive signed and certified coal mine maps Answer 9
How many receive signed and certified non coal maps Answer 4
How many states require final non-certified coal maps Answer 2
How many states required to keep and preserve maps Answer 9
How many states required to keep maps in secure location Answer 4 or 5
How many accept electronic mine maps Answer 9

MSHA requires submittal of final coal mine closure map for all mines.  Some district
offices send these to OSM and others do not.
Some companies go out of business before closure and maps are not submitted.
MSHA has no map submittal requirement for non-coal mines.
While OSM has a mutual agreement with some MSHA district offices to receive closure
maps, this is not a requirement of MSHA and not all districts do it.

West Virginia started last fall acquiring mine maps
Effort includes talking to many groups and organizations including:

• Coal associations
• Engineering and survey firms
• Professional Engineering Board
• Survey Board

Effort includes:
• Acquiring maps of old mines
• Editing database and comparing it with the OSM database
• Taking a fresh look at map requirements for active mines, talking to operators

about electronic submittal, getting information for all active mines
• Getting final maps of all current mines by providing resources to mine companies

such as a checklist of information to be included on final map (georeferencing
info required).

MSHA asked how states get companies to release maps.

WV stated that persistence prevails.  They have continued to work with operators on
issues like liability and confidentiality.  Some companies are developing disclaimers to
deal with liability.

Virginia has been successful by just persisting.  Also, VA gives the company something
back by making scanned mine map and database information available to mining
companies for new permits and other actions. VA puts a disclaimer on all data released.

Illinois said that they have had great success with some companies and less with others.
IL gives electronic copies of all scanned maps back to the mining company. IL suggested
that all states send copies of scanned maps to the OSM MMR as an archive or national
storehouse.  17 states replied that they would do this if asked by OSM.

North Carolina said that we need a document maintenance plan for electronic data.
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IL stated that the national MMR must have a data upgrade plan or data will become
obsolete.

It was asked how many states have a quality controlled facility to store and preserve
paper maps long term.  Seven states responded that they do have one.  It was also asked
how many states have facilities to store maps properly (i.e. flat and climate controlled).
The answer was four.

We learned that OSM MMR does not keep original paper maps.  They are microfilmed
and/or scanned and returned to sender.

Wyoming uses state archives to store paper maps. IL has a dedicated mine map storage
facility.  Others states are able to work their state archivists as well.  In fact, ten states
indicated that they have state archive facilities or agencies that can store maps.

PA stated that the compact disk is not an appropriate long term data storage medium.  It
was suggested that people use a redundant server for this process.
Illinois stated that we may need Federal requirements for final mine maps on non-coal
mines, similar to those for coal mines.

IL also said that we need a MSHA requirement that all district offices send final closure
maps to OSM-MMR.

BLM stated that we need a statute requiring submittal of all final mine maps.

OK stated that we should scan every unique map, not just the latest map for a mine.
Early maps and operation plan maps may contain a lot of detail that the final map may
omit.  We especially need to capture surface features.

New Mexico wants a database of all company lineages to find out who has the old maps.
New Mexico has not scanned any mine maps yet.

Ohio stated that they would like to see a general list of sites where people would look for
mine maps.

MSHA stated that the Library of Congress has a mine map collection.  Also has maps by
state. This collection is called the Sanborn Collection and is available via the web.

Someone suggested that paper maps are the only acceptable Archive medium right now.

Other issues/topics that were raised during this session included the following:

• Deterioration of maps:  how do we protect maps and bring them forward into the
future?

• What should we scan – the original or a copy?
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• Quality control is critical, especially in terms of protection and storage.
• We need scanning solutions
• Cataloguing and indexing is also critical
• We should focus more resources on georeferencing and rectification
• How do we define what a “final” map is and what we do with it?
• Liability concerns:  how do we get companies (both land and mining) to release

maps?  Issues here include:  proprietary information; potential legal liability; use
of disclaimers; sharing information back with the companies; and use of the
information we receive as a “footprint”, not a “hammer”.

• Potential use of OSM’s national mine map repository for all maps (digital copies)
• Storage of original maps – use of state archivist agencies here.
• Storage – CD (digital) v. original paper copies of maps
• Standards for submittal of maps for active coal and noncoal mines
• Importance of capturing unique map characteristics, usually on oldest available

maps.
• Resource for contacting mining companies who mined in the past
• Guidelines for what states are attempting to capture in their mapping efforts.

Roundtable Session II:   Moving Maps to GIS

Kentucky – they reprocess the file to best fit 32 colors. It was stated that KY started
scanning maps 6 months ago.  Started at 200 DPI, 24 bit color, then reprocess to 32 color
8 bit data. They use MS Photoshop with Active X to automatically reprocess image files
overnight. Have an ACAD utility they build in-house for semi-automatically
georeferencing.  They enter 2 points then enter or point and click to set the scale. Then
you pick other points with a snap to grid feature.

West Virginia - has a rough set of guidelines for georeferencing. They use the following
features, in order, as tie points for maps:

• Standard coordinates
• Geologic features
• Mine features
• Railroads
• Oil and gas wells
• Transmission lines
• Roads
• Property lines
• Streams

WV has other guidelines including:
• Don’t do anything that distorts the mine features
• Estimate average positional error at 10 meters
• Use GIS as index to detailed mine maps, but do not actually display the mine

maps in the GIS for public.
• Comply with FGDC metadata rules



5

Illinois made several suggestions.  Scan and save all maps as uncompressed TIFF for
archive purposes. You can then compress the images for use in GIS or other. Never fold
maps during scanning.  Cut and splice if necessary. Never rubbersheet maps.

MSHA asked which states have state funding for mine map efforts.  Answer: 3
How many rely solely on Fed funds – Answer: 6
How many have no funding specifically earmarked to do anything on mine maps.
Answer:  7.  Of these, six state are not doing any mapping; one state is doing mapping.

It was also asked how many states require a geo-referenced coordinate system for their
mine mapping effort?  Answer:  8.

Indiana suggested that map collection efforts be sensitive to user needs and comments.

Illinois asks companies to place permanent markers at all shafts and record the location
with the courthouse.  This is not by statute but simply by request.  IL asked if other states
do it.  The answer was no.

Someone stated that today’s mine maps do not contain the details that old maps had.

Someone suggested national guidance on:
Organizing maps
Indexing maps
Managing maps
Software
Hardware
Data management

Someone suggested we need a coordinated effort to compile a standard model and
examples of a GIS.

Someone also suggested that OSM needs to discuss setting up a web site or message
board for tech transfer on mine maps, possibly a list server.

Other topics/issues raised during this session included the following:

• Georeferencing is an art form
• Digitizing makes it easier to use data
• Capturing and attributing information
• Image processing – minimize user intervention
• Data validity – source document impact on uncertainty and error
• Importance of funding/resources to make sure of newer technologies for

georeferencing and digitizing
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• GIS can serve an index to more detailed mine maps
• Database management and indexing:  potential data model and/or guidance;

mechanism to share this information.

NOTE:  At this point in the proceedings, several states who did not make formal
presentations on Day One were invited to provide an overview of what is occurring in
their respective state regarding mine mapping efforts.  Among the presentations were the
following:

Kansas -- Ken Nelson with Kansas Geological Survey stated that KS has just started
moving mine maps to GIS. Has a scanner available and lots of computing hardware. Uses
ArcSDE for other GIS data.  He lacks money for staff to do mine map georeferencing.

Missouri -- Cheryl Seeger said Missouri Geological Survey has made no concerted effort
to find mine maps or move to GIS. They have a large color scanner but no staff time.
The maps that they do have are stored flat.

Iowa -- Mary Howes stated that Iowa has an inventory of 1600 to 1700 mine maps, most
are prior to 1940. During the 1980’s Iowa used $30,000 from the AML program to have
the state Achiever wash the maps to remove acids and seal them in Mylar envelopes. The
maps are stored flat.  They used AutoCAD to digitize mine boundaries from the maps.
Also photographed all maps in 81/2 by 11 inch and use these photos for day-to-day work.
Today, Iowa has a GIS with mine data stored in it and maps for 830 mine sites.  They
know of 2000 mines that may have existed in the state and need to identify and verify the
locations of each.  Iowa is just in the beginning of creating an ARC IMS site.

New Mexico -- Alysia Leavitt of New Mexico reported that NM has 10,000 to 15,000
abandoned UG mines.  They have one room full of mine maps. The only scanning that is
done is the Open File maps and this is a minimal number. Their next step is to index the
maps they have.  At this time, they do not use TIPS for anything related to mine map
efforts.

Oklahoma -- Mary Ann Prichard and Mike Sharp reported that the Oklahoma Department
of Mines has a vault of underground mine maps.  Only a few are scanned.  The AML
program staff retrieves the ones they need on an as-needed basis. They have 1500 to 2000
coal maps and 500 lead/zinc maps. They report that Missouri Southern College in Joplin,
Missouri has the old Bureau of Mines map collection for the Tri-State district. The
Missouri maps are on microfich.  Oklahoma and Kansas are on paper and linen. They
know that there were about 100,000 drill holes in the Tri-State area but they have only
about 14,000 drill logs at Missouri Southern.

Overviews were also presented by NY, WY and CO but were not transcribed and are
unavailable.
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Roundtable Session III:  Access/Sharing Information

A key element here is:  who is your customer base?  It can include the mining industry;
insurance companies; landowners; the general public; planners (county, city, etc); state
agencies (i.e. the departments of transportation); utilities; consulting firms; lenders; and
the news media.
The use of websites is becoming more useful and practical.

Someone suggested the use of a subscriber service.

A key issue is how the information will be used – there are different views and needs

Importance of sharing freely validated data.

Roundtable Session IV:  Next Steps – Moving into the Future

This session began with an overview from MSHA and OSM about their respective
visions for the future, including potential sources of funding for state mine map
initiatives.

MSHA stated that out of the $10 million, no-year money that it received from Congress
as a follow-up to the Quecreek incident, $6 million has been earmarked for demonstration
projects for detecting underground mine voids.  An RFP was issued and responses are
due by November 1.  Another $4 million has been specifically earmarked for digitizing of
mine maps.  This money is specifically designated for state grants and grant proposals are
open to the entire mapping effort.  At this juncture, MSHA is considering distributing the
money in three increments over three years:  $2 million by 12/1/03; another $1 million by
10/1/04; and the final $1 million by 10/1 05.  However, the agency may re-think their
position on this and choose to make all $4 million available immediately, depending on
the nature of the state grant proposals.  States were encouraged to submit their proposals
to MSHA no later than November 1.  For further information, states were directed to
contact Larry Checca  with MSHA at checca.elio@dol.gov.

OSM stated that it is hoping to include an amount of money (yet to be determined) in its
budget for FY 2005 to enhance its mine map repository but also to develop and enhance
“centers of excellence” at the state level that will allow states with advanced experience
and information on mine mapping to share their expertise with other states.  OSM would
also like to see funding available to allow those states with larger workloads related to
underground mine mapping to continue their on-going work and to bring all states up to
some base level of performance.  OSM views their initiative as a multi-year funding
effort.  It will be primarily focused on coal only, since SMCRA does not address noncoal.
As part of its analysis of funding needs, OSM will be looking at hardware, software and
training needs.  For further information, contact John Craynon of OSM at
jcraynon@osmre.gov .
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Discussion then ensured regarding the types of next steps that might be appropriate as a
follow up to this workshop.  Beyond the individual state funding opportunities with
MSHA and future state funding opportunities with OSM,  it was recommended that
several select working groups or committees be formed to refine and explore the
following topics:

• Preserving and archiving maps (including storage and protection and a national
effort to recover mine maps)

• Digitizing, scanning and ground-truthing maps
• Database management (including data validity; minimizing and quantifying error;

cataloguing and indexing)
• Access and sharing information (including resolution of the liability issues)
• Future workshops or intergovernmental discussions (perhaps as a follow-up to the

work of the working groups or committees)
• National guidelines (that might address mine map indexing, archiving, moving

paper maps to CDs (digitization), etc.)
• Interactive web sites or a national mine map bulletin board
• Hazard prediction
• Coordinating the map acquisition effort, especially between OSM and MSHA
• Speed up the scanning of MMR maps
• Avoiding duplication between agencies, ideally through partnering
• Improve capabilities of all states to use and deliver maps, again through

partnering
• Possible new, national regulations or guidelines addressing the preparation and

submission of closure maps for all coal and non-coal mines.

Notes prepared by Len Meier of OSM and Greg Conrad, IMCC.
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ABANDONEDABANDONED

 UNDERGROUND MINES UNDERGROUND MINES

 GIS FOR OHIO GIS FOR OHIO

CHARLES E. BANKS --- Ohio Division of  Geological Survey, Columbus, OhioCHARLES E. BANKS --- Ohio Division of  Geological Survey, Columbus, Ohio

JAMES MCDONALD --- Ohio Division of  Geological Survey, Columbus, OhioJAMES MCDONALD --- Ohio Division of  Geological Survey, Columbus, Ohio

DOUGLAS L. CROWELL --- Ohio Division of  Geological Survey, Columbus, OhioDOUGLAS L. CROWELL --- Ohio Division of  Geological Survey, Columbus, Ohio

LAWRENCE H. WICKSTROM --- Ohio Division of  Geological Survey, Columbus, OhioLAWRENCE H. WICKSTROM --- Ohio Division of  Geological Survey, Columbus, Ohio
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