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Abstract

Subsidence due to the collapse of abandoned under-
ground mines is a geologic hazard that can affect highways
and buildings, potentially endangering lives and property.
Damages from mine subsidence can cost millions of dollars.
In 2008, the Ohio Department of Natural Resources (ODNR),
Division of Mineral Resources Management invested more
than $1.3 million to complete 32 projects related to abandoned
underground mines. As of 2005, the Ohio Department of
Transportation had spent approximately $14.3 million to repair
highway damage caused by mine subsidence. The costs of
mine subsidence will continue to rise as abandoned under-
ground mines age and deteriorate and further development
occurs across the Ohio landscape.

Homeowners are particularly at risk because most home-
owner insurance policies do not cover cost of damages from
mine subsidence. In Ohio, the Mine Subsidence Insurance
Fund gives property owners the opportunity to purchase mine
subsidence insurance. When officials from the Ohio Mine
Subsidence Insurance Underwriting Association (OMSIUA)
receive a claim from a property owner, the claim is forwarded
to geologists at the ODNR Division of Geological Survey for
further evaluation. Geologists use a geographic information
system (GIS) application that automatically gathers all digital
geologic maps and documents for the claim location. When all
the digital geologic maps and documents are gathered into the
GIS, geologists first evaluate the potential of an underground
mine to underlie a property and then write a claim report
that is submitted to a consulting engineering company for
further evaluation and potential remediation. The OMSIUA
GIS application provides easy access to digital geologic
information for faster insurance claim processing and property
remediation.

Introduction

Underground mining for coal in Ohio was first reported
in 1800 (Crowell, 1995). The majority of the underground
mining takes place in coal- and clay-mining areas of eastern
and southern Ohio (fig. 1). Other commodities, such as salt,
gypsum, limestone, shale, and even peat, have been mined
underground in Ohio. Geologists have estimated that over
8,000 mines have been in operation over the last 200 years
(DeLong, 1988). With such a large number of mines
developed over a long period of time, there is an increasing
probability that mines will collapse and subside as they age
and deteriorate and as development occurs across the Ohio
landscape.

In Ohio, mine subsidence has been a problem that has
been recognized only in the last 40 years. In 1977, a mine
shaft collapsed underneath a garage in Youngstown, Ohio
(fig. 2). This incident led the ODNR Division of Geological
Survey to map the detailed locations of abandoned under-
ground mines (DeLong, 1988). Other prominent incidents
have occurred throughout the state, such as the collapse of
Interstate 70 (I-70) near Cambridge (fig. 3; Crowell, 1995),
and the recent subsidence beneath a house in Sugarcreek
(fig. 4). The costs associated with the remediation of aban-
doned mines are high. The repairs of the collapse of I-70 near
Cambridge cost approximately $3.8 million (Crowell, 1995).
As of 2005, the Ohio Department of Transportation had spent
approximately $14.3 million to repair highway damage caused
by mine subsidence. In 2008, the ODNR Division of Mineral
Resources Management invested more than $1.3 million
to complete 32 projects related to abandoned underground
mines (Gordon, 2009). As abandoned underground mines age
and deteriorate, the ODNR Division of Geological Survey
expects remediation costs associated with abandoned mines to
increase.
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Figure 1. Known abandoned
underground mines of Ohio (Crowell
and others, 2008). The majority of
abandoned underground mines are
associated with coal and clay mining
in eastern Ohio.

Figure 2. Aerial photograph showing
location of mine subsidence. In 1941,
a property was inventoried by Fuller
and Sturgeon (1941) as containing an
abandoned mine shaft of the Foster
#1 mine, which was abandoned in
1884. In 1977, a garage collapsed into
a mine shaft on a nearby property
(Crowell, 1980; DeLong, 1988).
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Figure 3. Collapse of Interstate 70,
near Cambridge, Ohio, caused by mine
subsidence (Crowell, 1995).

Figure 4. A home damaged by mine
subsidence, in Sugarcreek Township,
Tuscarawas County, Ohio.

Most homeowner insurance policies do not cover
damages from mine subsidence. In Ohio, the Mine Subsidence
Insurance Fund gives property owners the opportunity to
purchase mine subsidence insurance. In order to assist the
Ohio Mine Subsidence Insurance Underwriting Association
(OMSIUA) with the evaluation of insurance claims, the
ODNR Division of Geological Survey has entered into an
agreement with OMSIUA to provide geologic information and
preliminary evaluation of the validity of the mine subsidence
claims. When OMSIUA officials receive a claim from a prop-
erty owner, geologists at the ODNR Division of Geological

Survey are given the claim for further evaluation. Geologists
use a geographic information system (GIS) application that
automatically gathers all digital geologic maps and documents
for the claim location. When all the digital geologic maps and
documents are gathered into the GIS, geologists first evaluate
the potential of an underground mine to underlie a property
and then write a claim report. The claim report is submitted
to a consulting engineering company for further evaluation
and potential remediation. The GIS application provides easy
access to digital geologic information to speed up insurance
claim processing and property remediation.
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Data Archives, GIS Datasets, and
Access

The ODNR Division of Geological Survey is the legally
defined repository of geologic data in the State of Ohio and
has been collecting geologic data since it was first organized
in 1837 as the Ohio Geological Survey. In its archives, there
are over 17,000 measured stratigraphic-measured sections
(Carlton, 2001), over 4,000 core descriptions, and thousands
of draft project maps and open-file maps. Starting in the mid-
1980s, the division created project databases for individual
projects. Systematic GIS dataset and database creation and
data archiving started in 1996 with the creation of the oil- and
gas-well GIS dataset (McDonald and others, 2005). The
systematic conversion of the 1:24,000-scale bedrock geology
and bedrock topography open-file maps was completed in
2003 (McDonald and others, 2003). Other datasets have been
converted since 2003, as part of the various projects funded
to map the locations of abandoned underground mines.

These datasets include the scanning and georeferencing

of low-resolution abandoned-mine maps, the scanning of
abandoned-mine maps at high resolution, and the conversion
of the bedrock-geology structure-contour maps to a GIS
dataset. Currently, the division is in the process of digitally
archiving all of the records and converting all of the spatially
referenced information to GIS datasets, which can be accessed
by the staff and eventually by the public.

One challenge inherent in creating digital archives of
statewide GIS datasets is discovery and access of information
at the desktop. Traditionally, with paper records at the ODNR
Division of Geological Survey, identifying records and maps
that contain information for a particular site involves searching
through each collection, which could be organized by county/
township/section or by U.S. Geological Survey quadrangle.
Even if a staff member or member of the public is successful
in examining the entire collection for information, other
collections may be missed due to the person not knowing
about them. These types of searches through paper records
and archives are typically slow, taking days to weeks to
undergo. As a mine subsidence report comes into the ODNR
Division of Mineral Resources Management, a geologist will
visit the Geologic Records Center (at the ODNR Division of
Geological Survey) and will examine measured sections, core
descriptions, 1:24,000-scale abandoned-underground mine
maps, bedrock geology maps, and other records collections.
Such searching and examination can take many hours to
research a particular mine subsidence claim (Tim Jackson,
ODNR Division of Mineral Resources Management, oral
commun., 2010). Because the ODNR Division of Geological
Survey is still in the process of scanning and digitizing all
of'its collections of paper records, allowing access to these
digital data is difficult. If there are hundreds of different types
of datasets, then knowing what relevant datasets to add to an
analysis is a time-consuming task. More importantly, if there

are written documents that support a GIS analysis, then adding
these written documents to the project is almost impossible.

OMSIUA GIS Application

Application Design

Many different types of geologic information can be used
for geologic-hazards analysis. Types of geologic information
produced by geologists and engineers include published and
open-file reports; miscellaneous documents, such as core
descriptions and measured-stratigraphic section descriptions;
published and draft working maps; and vector and raster GIS
datasets representing digital geologic maps. All of these types
of geologic information form a voluminous archive. In order
to locate geologic information about a specific site, geologic
maps and documents need to be scanned or digitized, digitally
indexed, and spatially referenced. Indexing involves recoding
within a database table the existence and location of a record
on the computer network. Spatial referencing involves attach-
ing geographic-location information to the geologic record.
By associating with each geologic record the location on the
computer network and the geographic location, a geologic
record can be easily retrieved for any geographic location
within a GIS.

The basic concept of the OMSIUA application is to easily
locate all pertinent geologic records and maps and load them
into the GIS for a user to evaluate the mine-subsidence poten-
tial of a site. The information that is then loaded into ESRI
ArcMap is driven by reading records from multiple tables
in a database. The basic information indexed into database
tables can be categorized into vector GIS layers, scanned maps
and digital orthophoto images, and scanned paper records.
These database tables record the file name and the network
path of the geologic information record, which provides the
information necessary to locate the digital geologic record
on the computer network. The tables also contain geographic
information indexes describing the county, township, or U.S.
Geological Survey 7.5-minute or 15-minute quadrangle in
which the record is located.

The vector GIS layers are loaded by reading the records
in the table that index the vector layers. The table contains
attribute fields that record various types of information related
to how the layer will be loaded into ArcMap (fig. 5). The
attribute fields include the name of the layer, the location of
the layer file, the group name in the ArcMap table of contents
(TOC), the location of the group in the TOC, and the order
in which both the layers in the groups, and the groups within
the TOC, are loaded into ArcMap. For example, there are
nine layers associated with abandoned underground mines.
Each of the nine layers has a group-order attribute value and a
TOC attribute value. These values determine where the group
of abandoned-mine vector layers is loaded and displayed in
the TOC in ArcMap. Inside the group, the order of the layers
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Figure 5. Portion of the table used for loading the vector layers into the ESRI ArcMap documents. The fields in the table contain

information on the vector layers to be loaded into the table of contents (LAYERNAME), location of the layer file (PATH), the order in which

the vector layer is loaded into the group layer (GROUPORDER), the group layer name (ROUPNAME), the location of the group layer in the
table of contents (GROUPTOCORDER), whether the group layer display is turned on or off in the ArcMap (GROUPVISABLE), and whether
the group can be exported into the PDF maps during the automated map production process (GROUPPDFEXPORT).

is specified using the TOC order attributes. All of the vector
layers are loaded at the statewide level; the display of the
vector layers is not limited to the zoomed-in area of interest.
The scanned paper maps, Digital Raster Graphic
(DRG) maps, digital orthophoto images, and the scans of the
abandoned-underground mine maps have the same type of
table associated with them. The table contains the file name,
the location of the file on the network drive and full path name
(network location and file name), and an index location. The
index location can be a county, civil township, U.S. Geologi-
cal Survey 7.5-minute or 15-minute quadrangle name, or the
identification number for the abandoned underground mine
(fig. 6). In figure 6, the table contains information about the
scanned 15-minute thematic geologic maps. These are maps
that have been used to record geologic information, such
as the locations of coal samples or the draft mapping of the
bedrock geology for a particular 1:62,500-scale topographic
quadrangle. The index location is the 15-minute quadrangle
name.

In order to load the raster map images, a point location
first must be identified. The point location, identified using
a standard ESRI ArcObjects VBA function, is then passed
along to a VBA class method that will process the location.
A temporary half-mile, circular buffer is then applied to the
point. Using the 15-minute thematic maps as an example, a
spatial intersection is then performed between the buffer of
the point and the 15-minute quadrangle map index feature
class. The spatial intersection will identify all the 15-minute
quadrangles that intersect the buffered point location. Once
the list of 15-minute quadrangles is obtained, then a search
is executed against the 15-minute quadrangle thematic maps
table. All the georeferenced 15-minute quadrangle thematic
maps selected from the table will then be loaded into the
ArcMap application.

The application uses the similar table format for the
1:24,000-scale DRG topographic maps; the 1:1,200- and
1:600-scale digital-orthophotography images that are sup-
plied from the Ohio Statewide Imagery Program (OSIP;
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B Attributes of QUADMAPS15MIN

ID* | QUADNAME1SMIN | PATH FILENAME COMMENTS
1 <Ml ZIMAGESWAPS 7.5 min index. TIF Inclex map
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| 6 |AKRON | ZAMAGESMAPSY 5_Min_Themstic_Maps\Wiscelaneous |Mkron_MATIF =Mull=
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] 18 | ALLIANCE IMAGESMAPSH 5 _hin Thematu: Maps\Mlsce\laneous _A\Ilance CSTF |<hiuil=
| mleLuance ZAMAGESMEPSY 5_Min_Thematic_MapsiCoal |&liance_LK2TF [<biu=
| zojaLisnce ZIMAGESWMAPSYS_Min_Thematic_MapsiCoal |Aliance_LK.TIF [<hiu=
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T amlaLbence | ZMAGESWAPSIS _Min_Thematic_MapsWiscellansous Aliance_ST.TF [<hit=
T zs|aLbance |ZMAGESWMAPSHS Min_Thematic_MapsiCoal Aliance_LF 2. TF <=
29| ALLIANCE | Z:IMAGESMAPEY 5_Min_Thematic_hapsiCoal Allance_UF TIF | <hiui=
| 30 alience | TMAGESMAPSY 5_Min_Thematic_MapsiContacts | Alliance_W.TF |<hiull=
| a1 anpover | TIMAGESMAPSY 5_Min_Thematic_MapsMiscellaneaus |Andover_MS 2.TF |<hiul=
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Figure 6.

Portion of the table used for loading the raster map images into the ESRI

ArcMap documents. The fields in the table contain information on the index identification
number for the file (QUADNAME15MIN), the location of the raster image (PATH), the
name of the raster image (FILENAME), and a comments field (COMMENTS). The raster
images listed in this table are for the 15-minute quadrangle thematic maps. The index
identification numbers in this figure refer to the 15-minute quadrangle names.

OGRIP, 2006); and the low-resolution (72 dpi) abandoned-
underground mine maps. These three types of index tables

use different spatial indexing schemes. The U.S. Geological
Survey DRG topographic maps and the OSIP imagery

have been compiled into county-level tiles across the state.
Therefore, these tables use a county index identifier for each
record. The low-resolution abandoned-underground mine
maps use the new 12-digit identifier that has been modified
from the American Petroleum Institute identifier (API no.)

for oil and gas wells. In order to load the DRGs and the

OSIP imagery, ArcMap needs to contain an Ohio county
index map feature class. In order to load the scans of the
abandoned-underground mine maps, ArcMap needs to contain
the abandoned-underground-mine polygon feature class. The
same procedure is used to locate the index polygons, to find
the index identifier, which is then used to select the records in
the raster index table, and then to load the selected raster maps
and georeferenced images into ArcMap.

The scanned records have a similar type of table schema
as the raster maps tables (fig. 7). In the table, there is a
unique identifier associated with each record, which could
be a core description number or a measured stratigraphic
section number. In addition, the file name for the document,
the location of the file on the network, and the full path name
for the file are included each as attribute fields for the record.
The unique identifier is used to join the scanned records index
table with the scanned documents GIS feature class. Currently,
each document is located via a point location within a feature
class. The feature class is loaded into ArcMap and the scanned
records table is joined to the document feature class using an
attribute table join. When the user wants to display the docu-
ment for a particular location in ArcMap, the user uses the
hyperlink tool to display the document. The full path and file
name for the document are used for displaying the document
as a hyperlink within ArcMap.
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Bl Attributes of ODGSDOCLOCATIONS

| oBJECTID | ODGSDOCID* | PATH FILENAME | FULLNAME

vl 1] ms0o0m ZIMAGES DOCUMENTS StratSections MSO000T pot | Z IMAGESIDOCUMENTS Strat Sactions MS00001 pdf
] 2 | MS00010 |7 IMAGESDOCUMENTS \StratSections MSO0010pet | 2 IMAGESIDOCUMENTS ISt Sections WS0001 0 pdf
[ ] 3 |MS00100 |Z IMAGES DOCUMENTS\StratSections MSO0100 ol | Z.IMAGESIDOCUMENTS St Sections WS001 00 pdf
[ ] 4 |MS01000 |Z IMAGES DOCUMENTS\StratSections MS01000 pl | Z.IMAGESIDOCUMENTS St Sections WS01 000 pdf
[] 5| M310000 |7 IMAGES DOCUMENTS\StratSections MS10000 pef | Z IMAGESIDOCUMENTS Strat Sections MS1 0000 pdf
] B |MS10001 |7 IMAGESDOCUMENTS StratSections MS1000 peif |2 IMAGESIDOCUMENTS StratSectionsMS1 0001 pdf
[ 7 |MS10002 | ZIMAGES DOCUIMENTS\StratSections MST0002 pel | ZUMAGESIDOCUMENTS\StratSections 'S 1 0002 adi
[ ] 8 |M510003 ZIMAGESIDOCUMENTS\StratSections MS10003 pet | Z.IMAGESIDOCUMENTS StratSections 510003 pdf
[ ] 9| MS10004 ZIMAGESIDOCUMENTS\StratSections MS10004 pot | Z.IMAGESIDOCUMENTS StratSections 510004 pdf
[ ] 10 |MS10005 ZIMAGESIDOCUMENTS\StratSections MS10005 pot | Z IMAGESIDOCUMENTS Strat S actions W51 0005 pdf
[ ] 11 | MS10006 |7 IMAGES DOCUMENTS \StratSections MS10006 pet | Z IMAGESIDOCUMENTS Strat S ctions W51 0006 pdf
[ ] 12 |Ms10007 | ZIMAGES\DOCUMENTS StratSections ME10007 pof | Z IMAGESIDOCUMENTS\Strat Section=MS10007 pdf
[ ] 13 |MS10008 |Z IMAGES DOCUMENTS\StratSections MS10006 pl | Z IMAGESIDOCUMENTS St Sections WS 1 0008 pdf
[ ] 14 [MS10009 |Z IMAGES DOCUMENTS\StratSections MS10009 ol | Z IMAGESIDOCUMENTS Stral Sections W51 0009 pdf
[] 15 | M3 001 |7 IMAGES DOCUMENTS\StratSections MSIMOM pef |2 IMAGESIDOCUMENTS StratSectionsMS01 001 pdf
] 16 [M310010 |7 IMAGESDOCUMENTS StratSections MS10010 pef |2 IMAGESIDOCUMENTS Strat Sections MS1 00110 pdf
[ 17 [M510011 | ZIMAGES DOCUIMENTS\StratSections MST0011 pel | ZUMAGESIDOCUMENTS\StratSections 'S 1 0011 adi
[ ] 18 |MS10012 ZIMAGESIDOCUMENTS\StratSections MS10012pet | Z.IMAGESIDOCUMENTSIStratSections 510012 pdf
[ ] 19 |MS10013 ZIMAGESIDOCUMENTS\StratSections MS10013pct | Z.IMAGESIDOCUMENTSIStratSections 510013 pdf
[ ] 20 |MS10014 ZIMAGESIDOCUMENTS\StratSections MS10014 ot |ZIMAGESIDOCUMENTS Strat Sactions M5 10014 pdf
[ ] 21 |MS10015 | ZUIMAGES DOCUMENTS StratSections MSTOMS pel | ZUMAGES DOCUMENTS\StratSections "z 1 0015 adf
[ ] 22 |MS10016 | ZIMAGES\DOCUMENTS StratSections MET001E pof | IMAGESIDOCUMENTS\Strat SectionaMS10016 pdf
[ ] 23 [MS10MT | ZUIMAGES\DOCUMENTS StratSections MET1007 pof | Z IMAGESIDOCUMENTS\Strat SectionsMS10017 pdf
[ ] 24 |MS10015 |Z IMAGES DOCUMENTS\StratSections MS10018 pl | ZIMAGESIDOCUMENTS St Sections WS 1 0018 pdf
[] 25 [MS10019 |7 IMAGES DOCUMENTS\StratSections MS10019 pef |2 IMAGESIDOCUMENTS StratSections M5 10014 pdf
] 26 M50 002 |7 IMAGESDOCUMENTS StratSections MSIMO02 pef | Z IMAGESIDOCUMENTS StratSections MS01 002 pdf
] 27 |M510020 | ZIMAGES DOCUIMENTS\StratSections MST0020 pet | ZUMAGESIDOCUMENTS\StratSections 'S 1 0020 adi
[ ] 28 |Ms10021 ZIMAGESIDOCUMENTS\StratSections MS10021 pet | Z.IMAGESIDOCUMENTSIStratSections 510021 pdf
[ ] 29 |Ms10022 ZIMAGESIDOCUMENTS\StratSections MS10022 et | Z.IMAGESIDOCUMENTS StratSections 510022 pdf
[ ] 30 |MS10023 ZIMAGESIDOCUMENTS\StratSections MS10023pct | Z.IMAGESIDOCUMENTS Strat Sactions M5 1 0023 pdf
[ ] 31 |MS10024 |7 IMAGES DOCUMENTS \StratSections MS10024 pot | Z.IMAGESIDOCUMENTS StratSactions W51 0024 pdf
[ ] 32 |M510025 |7 IMAGESDOCUMENTS \StratSections MS10025 pet | Z.IMAGESIDOCUMENTS IStrat Sections W51 0025 pdf
[ ] 33 |MS10026 |Z IMAGES DOCUMENTS\StratSections MS10026 pl | Z IMAGESIDOCUMENTS St Sections W51 0026 pdf
[ ] 34 |MS10027 |Z IMAGES DOCUMENTS\StratSections MS10027 ol | Z IMAGESIDOCUMENTS St Sections WS 1 0027 pdf
[] 35 |MS10028 |7 IMAGES DOCUMENTS\StratSections MS10028 pef | Z IMAGESIDOCUMENTS Strat Sections MS1 0026 pdf
] 36 |M310029 |7 IMAGESDOCUMENTS StratSections MS10029 pef |7 IMAGESIDOCUMENTS Strat Sections M5 10028 pdf
[ 37 MS01003 | ZIMAGES DOCUIMENTS\StratSections MSIO03 pel | ZUMAGESIDOCUMENTS\StratSections"WS01 003 adi
[ ] 38 |MS10030 ZIMAGESIDOCUMENTS\StratSections MS10030 et | Z.IMAGESIDOCUMENTS StratSections 510030 pdf
[ ] 39 |MS10031 ZIMAGESIDOCUMENTS\StratSections MS10031 pot | Z.IMAGESIDOCUMENTS StratSections MS10031 pdf
[ ] 40 |MS10032 ZIMAGESIDOCUMENTS\StratSections MS10032pct | Z.IMAGESIDOCUMENTS StratSactions W51 0032 pdf
[ ] #1[MS10033 |7 IMAGES DOCUMENTS \StratSections MS10033 et | Z IMAGESIDOCUMENTS StratSactions W51 0033 pdf
[ ] 42 |MS10034 | ZIMAGES\DOCUMENTS StratSections ME10034 pof | IMAGESIDOCUMENTS\Strat SectionaMS10034 pdf
[ ] 43 |MS10035 |Z IMAGES DOCUMENTS\StratSections MS10035 ol | Z.IMAGESIDOCUMENTS St Sections WS 1 0035 pdf
[ ] 44 |MS100354, |Z IMAGES DOCUMENTS\StratSections W31 00354 polf | ZIMAGESIDOCUMENTS Stral Sections ME1 00354 pdi
[] 45 |MS10036 |7 IMAGES DOCUMENTS\StratSections MS10036 pef | Z IMAGESIDOCUMENTS StratSections MS1 0036 pdf
] 46 [M310037 |7 IMAGESDOCUMENTS StratSections MS10037 peif | Z IMAGESIDOCUMENTS StratSections MS1 0037 pdf
[ 47 |M510035 | ZIMAGES DOCUIMENTS\StratSections MST0038 pel | ZUMAGESIDOCUMENTS\StratSections 'S 1 0038 adi
[ ] 48 |Ms10039 ZIMAGESIDOCUMENTS\StratSections MS10039 pet | Z.IMAGESIDOCUMENTS StratSections 510039 pdf
[ ] 49 |MS01004 ZIMAGESIDOCUMENTS\StratSections MS01004 pet | Z.IMAGESIDOCUMENTS StratSections MS01 004 pdf <

Record: ﬂlj 1 jﬂ Show: W@ Records {0 out of *2000 Selected) M

Figure 7. Portion of the table used for loading and accessing the scanned records into the
ESRI ArcMap documents. The fields in the table contain information on the index identification
number for the file (ODGSDOCID), the location of the raster image (PATH), the name of the
raster image (FILENAME), and the full path and name of the raster image (FULLNAME). The
scanned records in this figure refer to the measured stratigraphic sections, and the index
identification numbers refer to the measured stratigraphic section ID.

During an earlier project, GeoDecisions, Inc., created
the initial database design for the abandoned-underground
mines database. The attribute database for the abandoned
underground mines includes a number of different tables, all
of which are tied together using the new 12-digit identifiers
(fig. 8). The primary table is the Abandoned Underground
Mine polygon feature-attribute table, which is part of the
abandoned-underground-mine polygon feature class. Associ-
ated with the primary table are a number of tables that record
the attribute information concerning the underground mines.
These tables include basic information on the underground
mines (TBLMINES), information on the operator and the
name of the mine (TBLOPERATOR), information on the
location (TBLCOUNTY, TBLTOWNSHIP, TBLQUAD),
information on the type of commodity being mined

(TBLCOMMODITY), the name of the coal bed or geologic
unit being mined (TBLSEAM), and general information

about the mine (TBLCOMMENT). Some of the tables have a
one-to-one relationship with the polygon feature-attribute table
(for example, TBLMINES). Other tables have a one-to-many
relationship with the polygon feature-attribute table. Examples
of these types of relationships include the tables TBLOPERA-
TOR and TBLSEAM. With the one-to-many relationship, a
mine can have more than one record associated with those
particular attributes. For example, a mine can have one or
more owners over the life span of the mine. Or, a mine can
produce coal from one or more coal beds. In order to display
all of these attributes, relationships are set up in either the
database or in ESRI ArcGIS between the polygon feature class
and all the attribute tables.
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Figure 8. Entity relationship diagram of the Abandoned Underground Mines database. This diagram shows
the relationships between all the tables describing the attribute information associated with the abandoned
underground mines.
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To easily display all the attributes associated with an
underground mine, a VBA form was created. When a mine is
selected with the tool associated with the form, the 12-digit
identifier is read from the polygon feature class. The identifier
is then used to create SQL statements within the ArcObjects
environment. The SQL statements are in turn applied to each
of the related tables, gathering information about the selected
mine. Finally, the information is presented in the VBA form
for a user to examine.

The final portion of the application involves the creation
of simple PDF maps from all the vector layer groups. A code
snippet, in the VBA language, was downloaded from the ESRI
Web site (http://www.esri.com) that exports PDF maps from
ArcMap. The code snippet was modified to automatically
generate many PDF maps, based upon the vector groups that
had been loaded into ArcMap. The modified code reads the
vector layers table and then creates a PDF map for all the
groups specified in the vector layers table.
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Application User Interface

The user interface of the OMSIUA GIS application
features a number of toolbar tools, including native ArcGIS
tools and tools custom-designed using VBA for ArcObjects
(fig. 9).

To locate mine subsidence claims, two tools are used to
zoom into the claim location and load all geologic maps and
documents. The toolbar contains the native ArcGIS Find tool
(fig. 10). This tool is used to locate insurance claims based
upon the Address Locator function in the Find tool. The sec-
ond tool on the toolbar is the mine-subsidence location Select
Location tool (fig. 11). This tool will load all known digital
geologic maps and all geologic GIS data into the ArcMap
document for that location. Some of the GIS datasets include
abandoned underground mines, permitted surface mines, the
1:24,000-scale bedrock geology, and the 1-foot-resolution
digital orthophotography. One of the most important historical
records is the set of 15-minute thematic geologic maps. The
Select Location tool will identify all the scanned maps within
a half-mile radius and load them into ArcMap (fig. 12).
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Figure 9. OMSIUA Toolbar. The toolbar, built using ESRI ArcMap customization tools, contains a set of native ArcMap
commands and custom-built VBA commands.


http://www.esri.com

132 Digital Mapping Techniques “10

Eile Edit View Bookmarks Insert Selection Tools Window Help ODMR Menu
h=zEd& ¢ [ oo | b 1230103 2 B0 QG N IO@ED | HHI O RGBS I
[#]c0 - %a

= £ Layers el
= .
: gﬁ:g;zr'”“'tes Features | Places Addiesses | Route Locations /‘
= O [ i laver Choase an address locatar: o | Ashtabula
D L1 Beute kel U5, Address Finder Tele Atlas ] @
# [0 Routes_State layer e ]
= " -
i LT Torsiins Country: [united states -
# B Counties — e
) Pennsylvanian-Permian of Ohio Street or Intersection: ] L] T |
- :
Gity: [Sugarcreek | Q il :
o /..’ Cafahog R
State | Province: |oH | fie ™| . - T“"i'"gﬂ
b
Zip | Postal Code: Z it AR
I =l b or § f.}'
Cancel 3 Y
Fight-click @ row to show context menu |
Address Description #-Loord
Si eek, OH 2 0151476
P
< > I
= = nox
One object found u
| Doatke| T T o i 2t
[Ty M icking
i e '
b isfiokl

i

|
Pickn
Buret I vfanen | clinthn J_

Frankiin
TN

\h
il
i

Ross
-— Py P
Hamtton ]"rigllann S :
~ | | Pik Meighs

SVSE 1{«, Hiinte AN

Display [ Source | Scection | Hap Book amien 4 [
| paving = & 0 0 O~ A~ % |[@aa 00 w0 < B s u Av B g e~ EA - R

2827203,654 1109510,155 Fest

Figure 10. The “Find” tool on the OMSIUA Toolbar. This tool and the ESRI Address Locator are used to locate an insurance
claim based upon the claim address. The “Find” tool is highlighted in RED on the OMSIUA Toolbar.



Figure 11. The “Select
Location” tool on the
OMSIUA Toolbar. All
geologic information is
loaded into ESRI ArcMap
for the complainant
location. The “Select
Location” tool is
highlighted in red on the
OMSIUA Toolbar.

Figure 12. Historic
thematic 15-minute
topographic map as a
base map. In the ArcMap
TOC, 38 different thematic
15-minute topographic
maps have been
identified and loaded into
the ArcMap project. The
base map in this figure
shows the coal sample
locations mapped onto
the thematic 15-minute
topographic map.
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Once the information is loaded, the geologist can conduct
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a preliminary mine-subsidence analysis. The Underground

Mine Information Form (fig. 13A) will present the attribute
information on abandoned underground mines. In addition,
by using the form, the georeferenced abandoned mine maps

can be loaded into ArcMap (fig. 13B). Documents can be

Figure 13A. Underground
Mine Information Form. A
VBA form was created that
allows the selected mine
attribute information to be
loaded into the form for
display. The Underground
Mine Information Form

is activated by selecting
the “Underground Mine
Information” tool on the
OMSIUA Toolbar, which is
highlighted in red.

| = OMSIUA.mxd - Archap - Arcinfo

accessed using the native ArcGIS Hyperlink tool (fig. 14).

Some of the documents that can be accessed are measured
stratigraphic sections, core descriptions, and oil- and gas-well
completion cards. These three types of documents may contain
a description of a coal bed, and possibly the notation that an
underground mine is nearby.
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Figure 13B. Using the Arcinfo
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After the analysis is completed, portions of the
preliminary mine subsidence report can be automated. A
custom-designed tool will export thematic, page-sized PDF
maps (fig. 15A). The page-size maps are generated with titles
that are based upon the group layer names in the ArcMap
TOC (fig. 15B). The PDF maps, along with all the geologic
documents within a half-mile of the site, will be exported

Figure 15A. The OMSIUA
Toolbar contains a tool
that automates exporting

Eie Edt Wiew Bookmarks Insert Selection Tooks Window Help ODHR Henu
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to a temporary directory (fig. 15C). The geologist can then
compress the files and send them to the consulting engineering
company for further analysis. These data allow the consult-
ing engineering companies to have existing, publicly held
geologic data about a site made available so that they arrive at
the complainant’s site with the appropriate data.
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Summary

The OMSIUA GIS application has proven to be
extremely successful in its ability to gather all known geologic
information for a specific location and present the information
to GIS users within the ESRI ArcGIS Desktop environment.
This application has significantly reduced the amount of
time that a geologist takes to determine if the site of a mine
subsidence claim is underlain by an abandoned underground
mine. The application significantly speeds up the process of

evaluating mine subsidence claims, thereby saving the State of
Ohio and its citizens significant tax monies.

The application also proves to be very popular for
nonsubsidence inquiries. Geologists have used the application
to investigate potential karst sinkholes and the potential causes
of landslides in Ohio. A modified version of the application
has also been created to assist with the permitting of oil- and
gas-well locations.
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Figure 15B. Example of an
automatically exported PDF
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Figure 15C. Example
showing the temporary
directory that is specified i
to contain all the exported
PDF maps and relevant
scanned documents.

The PDF figures and

all documents within

a half-mile radius are
copied to this temporary
directory, which then

can be forwarded to the
consultant for the site
evaluation.
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