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EXECUTIVE SUMMARY

Mine subsidence, the sinking of the ground surface after the collapse of an underground mine, can
take place gradually over a large area, or can be quite sudden, opening as a pit at the surface.
This ground movement can result in damage to overlying structures and loss of property value. In
linois, mine subsidence has occurred over all types of underground mines. Most subsidence
events are related to coal mines because of the large number and area underlain by coal mines.
The largest known subsidence event, however, was over a lead and zinc mine.

This study provides statistics on the proximity of underground-mined areas to urban development.
These statistics provide the most detailed view to date of the exposure of structures to the risk of
mine subsidence. Prior to this study maps of the non-coal underground mines had never been
compiled into a single map database and the proximity of underground-mined areas (both coal and
non-coal) to urban development had never been examined. The project was divided into two tasks:
1) to compile a map database of non-coal underground mines, and 2) to provide data on the
proximity of both coal and non-coal underground mines to urban development.

Three zones of land area were defined in this study. Two zones were used to indicate the
proximity of an area to an underground mine. Zone 1 delineates areas that are over or immediately
adjacent to areas that are believed to be undermined. Zone 2 consists of the area adjacent to
Zone 1 which may also be affected by subsidence because of uncertainties in the location of the
mine. The third zone defined was a one-mile zone around urban areas. This zone, referred to as
the urban buffer, locates areas where underg'round mines (Zones 1 and 2) are near urban areas
and may affect future urban expansion.

The final report documents the procedures and assumptions used to complete these tasks and
provides an overview of some of the findings. The product of primary interest to the lllinois Mine
Subsidence Insurance Fund (IMSIF) is a tabulation by township showing acreage and number of
housing units in Zones 1 and 2 (Appendix 1). Maps showing the location of mines and urban areas
in each county are provided in Appendix 2. This appendix also includes bar charts depicting the
estimated number of housing units in Zone 1 in each township and the acreage of various land use
categories in Zone 1 in each county.

Results show that the exposure of urban areas to mine subsidence is not directly proportional to the
total acreage mined-out in a county. Of the 77 counties with underground mines, 53 had a higher
percentage of urban acreage exposed to mine subsidence than the percentage of mined-out acreage
in the whole county. Seven counties had more than 10,000 housing units in Zone 1. Sangamon
and St. Clair Counties had the largest number of units in Zone 1 with about 37,600 and 33,900
units respectively. Statewide it was estimated that Zone 1 contains about 229 thousand housing
units and Zone 2 contains about 91 thousand housing units.
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INTRODUCTION

Mine subsidence, the sinking of the ground surface after the collapse of an underground mine, can
take place gradually over a large area, or can be quite sudden, opening as a pit at the surface
(DuMontelle et al., 1981). This ground movement may result in damage to overlying structures and
loss of property value. In lllinois, mine subsidence has occurred over all types of underground
mines. Most subsidence events are related to coal mines because of the large number and area
underlain by coal mines. Two of the largest subsidence events to date, however, have been over
lead and zinc mines (Touseull, 1980). More than 2660 underground coal mines have operated in
lllinois since 1810; all but 30 are now abandoned. Another 356 underground mines have operated
to extract clay, fluorspar, lead, zinc, dolomite, limestone, ganister, and tripoli; all but 10 of these
mines are abandoned.

Damage caused by "ground movement" is not insured under conventional property insurance. With
the inception of the Mine Subsidence Insurance Act in 1979, lllinois became the second state in the
country to pass legislation which assures the availability of insurance protection against mine
subsidence damage to structures (lllinois State Geological Survey, 1980). The lllinois Mine
Subsidence Insurance Fund (IMSIF) monitors subsidence claims and reimburses private insurance
companies for claims paid for mine subsidence damage.

The IMSIF needed information that could be used to evaluate their potential exposure to claims for
damage caused by mine subsidence. Initially, the only information available was the percentage of
each county undermined by coal mines. This information was of limited value because in some
areas mines are directly under urban development while in other areas mines underlie land having
no insurable structures, such as water bodies and cropland. This information was also limited
because it included only coal mines. No statewide map database of the location and extent of non-
coal mines had ever been compiled.

This study was designed to provide IMSIF with more complete data on the exposure of areas to
mine subsidence. A statewide map database on non-coal underground mines was compiled and
statistics were compiled on the proximity of both coal and non-coal underground mines to urban
development. The following sections document the data and methods used to complete these tasks
and then provide an overview of the findings. Detailed results of the study are presented in
Appendix 1. Maps showing the location of mines and urban areas in each county are provided in
Appendix 2. This appendix also includes charts depicting the estimated number of units undermined
in each township and the acreage of various land use categories undermined in each county.



STATEWIDE MAP DATABASE OF NON-COAL UNDERGROUND MINES

The goal of the first task of this study was to compile all available information on the location and
extent of non-coal underground mines. This information would then be used with an existing
database of coal mines in the second task of this project to investigate the proximity of mines to
urban areas. The resulting compilation consists of two parts; 1) a digital map database that
contains the mine boundaries and/or locations of mine openings and 2) documentation of the
sources of information for each mine. The maps and other mine data collected for this task are
available for inspection at the lllinois State Geological Survey (ISGS).

Sources of Data

Information was collected for 356 non-coal mines (Table 1). The database on non-coal mines is
drawn from maps and other information readily available to the Survey. Cook’s 1979 inventory of
non-coal mines served as our guide to mines. Mine maps were obtained from a variety of sources
including ISGS files, U. S. Bureau of Mines, and mining companies. Because state and federal laws
have not required companies to file mine maps with the government maps that showed the extent of
mine workings were available for only about 20 percent of the mines. Furthermore, some of the
maps available were not final mine maps and may not show the complete extent of the mine
workings. Locations for the mines lacking maps were obtained from reports, field notes, and
topographic maps. The "Documentation of Uncertainties” section of this report explains how
incomplete mine information was handled.

Original mine maps were the preferred source for the compilation and digitizing of mine boundaries.
We found maps that varied from page-size to wall-size and were drawn on paper (sometimes
folded), linen, and tracing paper. Some maps had no scale or reference points. Other maps had
incomplete mine boundaries or boundaries that were drawn before mining operations ceased.

Mine maps and mine locations were also obtained from microfilm, publications and other maps.
“Hard copy prints of original mine maps were made from microfilm of original mine maps acquired
through the Federal Office of Surface Mining. Large maps were divided onto two or more microfilm
frames and prints were taped togethér. Locations for mines with no available map were taken from
maps and legal descriptions in publications and from shaft and mine tunnel symbols on United
States Geological Survey (USGS) 7.5-minute quadrangles. Of all the maps used for compilation (29
different scales of maps, ranging from 1:120 to 1:63,360), the majority of maps were at the scales of
1:2400, 1:4800, and 1:24,000.

Additional information on non-coal mines (beyond the scope of this study) might be»obtain'ed through
an exhaustive data collection effort involving searches of records in county court houses, libraries,
and historical societies, interviews with local citizens, field inspections, and attempts to trace



Table 1. County and commodity of non-coal underground mines compiled for this project.

County Clay Dolo- Fluor- Ganister Lead Lime- Tripoli Zinc  County
mite  spar stone Total

Adams , 4 4
Alexander * 2 4* 6
Calhoun 5 5
Carroll 2 2
DuPage 1 1
Greene 1 1
Hardin 130** 1** ** 131
Henderson 1 1
Jackson 1 1
JoDaviess 93*** 9*** 102
Johnson 1 1
LaSalle 6 2 8
Livingston 1 1
McDonough 3 3
Madison 2 2 4
Marshali 1 1
Monroe 2 2
Pike 3 3
Pope 51# 7# # 58
Randolph .3 3
Rock Island 1 . 1
Saline 244 #H 2
Scott 1 1
Union 12 : 2 14
Total 33 1 183 2 103 19 6 9 356

*Two mines recovered clay and tripoli

- **The total for fluorspar includes 29 mines that also mined lead, 10 that mined zinc, and 4 that
mined lead and zinc

***The total for lead mines includes 54 mines that also mined zinc

#The total for fluorspar mines includes 25 mines that also mined lead, 3 that mined zinc, 2 that
mined lead and zinc, and 1 that mined barite

#ithe total for fluorspar includes 1 mine that also mined lead.

company ownership. However, the expense of such an effort is probably only justifiable in areas
where there is conflict between current urban development and past mining activities.

Method of Compilation

The development of a map database on non-coal mines involved two problems: 1) compilation of
mine outlines and mine shaft locations from source maps having a variety of scales and degrees of
cartographic accuracy, and 2) documentation of uncertainties of mine location, orientation, and



configuration to be tracked and properly considered in later modeling. To solve these difficulties and
produce a database that could be readily combined with the other data to be used for this project,
mine maps were converted (digitized) to a computer-readable form and stored in a computer-based
geographic information system (GIS).

Three methods were used to enter the mine locations or outlines into the database: 1) digitizing
directly from the mine map, 2) transferring the mine outline to a transparent overlay of a 7.5-minute
quadrangle and digitizing the transparency, and 3) using a computer program to convert legal
descriptions to map coordinates. Maps in good condition that had at least four reference points
(section corners or 1/4-section comers) were digitized directly into the database. About 30 percent
of the mines were entered in this manner.

Some mine maps had no section corners, or only one. These mines were digitized along with any
landmarks that could be used for orientation (north arrbws, roads, railroad tracks, landforms,
streams, or mine shafts). The mine outlines and landmarks were plotted at 1:24,000 and overlain
on the appropriate USGS 7.5-minute topographic quadrangle map. Using the reference points and
features digitized from the original map, the mine outline was registered to the topographic map and
transferred by hand onto transparent overlays. Mines that were too narrow to digitize as polygons
were drawn onto transparencies as lines. Mine shaft and mine tunnel symbols found on
quadrangles or other maps were also transferred to the transparencies as point locations. The
transparencies were digitized after all mines for that quadrangle were compiled. About 50 percent of
the mines were entered in this manner.

When the only information available for a mine was its legal description (township, range, section,
quarter section or footages), map coordinates were calculated from the legal description using a
computer program and a database of section corner coordinates (Swann et al., 1970). The
computed coordinates were entered directly into the non-coal mine database.

Documentation of Uncertainties »

Documentation maintained for each mine includes date and source of the maps showing the mine
outline or point location, and other sources of information. Possible errors in the source map or
compilation process were also recorded. Every mine polygon, line and point entered into the
database was assigned a code to indicate the accuracy of the source map and the method used to
digitize or enter the data (Table 2). For example, polygons digitized from the original mine maps
received a code of 1. Mine locations calculated from a legal description that located the point to the
nearest quarter-quarter section were given a code of 8. These location-uncertainty codes were used
in the second task of this project to indicate the precision with which the mine was located and to
outline the area that could be affected by mine subsidence (Table 2). '



Table 2. Non-coal mine location-uncertainty codes and subsidence risk zones.

Subsidence Zone Width (ft).

Code Source of mine outline or location Zone 1 Zone 2
1 Original mine map, four reference points . 500 1000
2 Original mine map, registered using landmarks 500 1000
2  Topographic map 500 1000
4  Map with topography OR with scale 500 1000
' larger than 1:24,000
5 Map without topography AND scale 500 2320

smaller than 1:24,000
6 Legal descriptioh with footages 500 1000
or good landmark
7  Legal description; section 1/4 1/4 1/4 or 500 1660
CE1/4 or CE1/2 1/4 or CE1/2 or CE1/2 1/2
8 Legal description; section 1/4 1/4 500 2320
9 Legal description; section 1/4 or 1/2 1/4 500 3640
10  Legal description; section only » 500 6280

EVALUATION OF THE PROXIMITY OF MINES TO URBAN AREAS

The second task of this project was to evaluate the proximity of underground mines (both coal and
non-coal) to urban areas. This was accomplished by merging digital maps of the mined areas with
digital maps and data on land use and housing. The goal was to produce a tabulation by township
listing the estimated acreage of urban land and number of housing units that could be affected by
mine subsidence.

The ARC/INFO geographic information system software was used to procesé the data (Morehouse,
1985). Six spatial data sets and one tabular data set were merged to identify the type of land use
and number of housing units that were in areas over or adjacent to underground mines. The GIS
provided a mechanism to 1) manage the large volume of data, 2) define zones of risk around
mines, 3) adjust and register spatial features from small-scale maps to features from large-scale
maps, 4) merge spatial features and link them to the tabular data, and 5) summarize the results in
tabular and map form. Technical details of the GIS procedures are provided in Hindman and
Treworgy (1989).



Source and Characteristics of Data

An understanding of the source and characteristics of data used in this study is necessary to
properly interpret and use the results. The data used for this study came from government
agencies and private companies (Table 3) and were collected during the past 20 years. The scale
of these data sets makes them ideal for regional applications, but too generalized for site-specific
studies. Two important characteristics to be aware of are the minimum size and positional accuracy
of features. The minimum size of features depicted in the land use and coal mine data sets is
_about 10 acres. Features smaller than this are omitted from the land use data set and represented
as a point in the coal mine data set. Minimum size was not a factor for the other data sets. The
accuracy with which features are located depends, among other factors, on the scale of the source
map. Features are generally within 25 feet of their correct location on 1:24,000 scale maps. On
1:250,000 scale maps features may be offset by 250 to 300 feet.

Table 3. Original scale, date and source of digital data.

Scale of source Date of
Data set maps : data Source of data
Coal mines 1:1200 - 1:62,500 1987 ISGS
Non-coal mines 1:120 - 1:63,360 | 1988 ISGS
Land use 1:250,000 1969-81 USGS
Census tracts 1:62,500 1980 V Geographic Data

Technology

Block groups 1:62,500 1988 DENR - county maps
Political 1:24,000 - 1:500,000 1984 DENR
townships
Census tabular data 1980 U. S. Bureau of
statistics ’ the Census, and

Donnelley Marketing

Coal Mine Data. Data on the location and extent of underground mines were obtained from a
digital database maintained by the ISGS (Treworgy et al, 1988). These data were originally
compiled in the early 1950’s for use in updating estimates of remaining coal resources. The maps
are updated periodically to include newly-mined areas. The maps were converted to a digital format
in the late 1970’s. The original data were compiled on base maps at a scale of 1:62,500 and
consisted of a point at the location of the mine entrance and (if available) a polygon outlining the
extent of the mined area. All additions and corrections to the database since 1984 have been
made using the largest scale source map available (generally 1:4000 to 1:24,000). Unmined blocks




of coal within the mine perimeter are delineated if they cover an area of at least 400 x 400 feet.
The mine boundaries used in this project reflect all known mining to January 1987. In some areas
this database contains shallow underground mines that have been removed by subsequent surface
mining. In all cases these underground mines were small and in non-urban areas. This situation is
found in Fulton, Jackson, Knox, Peoria and Stark Counties.

Land Use Data. The land use data used for this study were derived from digital data distributed by
the U. S. Geological Survey (Loelkes et al, 1983; Fegeas et al, 1983). The data were compiled
from remotely sensed source materials and digitized at a scale of 1:250,000. The data were
categorized ‘using the USGS Level | and Level Il land classification system. The data for lllinois
were collected during the period from 1969 to 1981 and released in digital form in the early 1980’s
(Table 4).

Table 4. Date of land use from USGS digital files. Map names refer
to USGS 1:250,000 series maps.

Date of Date of
Map Name Land Use Map Name  Land Use
Aurora 1978 Indianapolis 1972
Belleville - 1980 Paducah 1973
Burlington 1974-75 Peoria 1978
Chicago 1975-78 Quincy 1969-76
Danville 1981 Racine 1978-81
Davenport 1976-81 Rockford 1978
Decatur 1973-76 Rolla 1972
Dubuque 1981 St. Louis 1972-76
Dyersburg 1973 Vincennes 1980-81

Census Data

The census data were obtained from the Office of Research and Planning, lllinois Department of
Energy and Natural Resources. The tracts, block groups and political townships are map data sets
depicting some of the basic geographic subdivisions used in the 1980 census. The census statistics
are the actual counts or projections produced by the 1980 census. The block groups and political
townships were digitized by or under the sponsorship of the Office of Research and Planning. The
tracts and some of the tabular data are proprietary data sets purchased from outside vendors.

Other census statistics were from the U.S. Bureau of the Census.

Zones of Mine Subsidence Risk : .

The risk of mine subsidence of an area is based in part on the proximity of the area to underground
mines. The GIS was used to define two zones around mines (Figure 1). Zone 1 delineates the
land over or adjacent to mines that, based on the mapped extent of the mine, could be affected by
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subsidence. Zone 2 rings Zone 1 and represents additional area that may be affected because of
uncertainty in the location of the mine and the extent of workings. Areas outside of these two
zones also have some risk of subsidence. Old, undocumented mine openings have been
discovered in many parts of the state, even areas not known to contain minable deposits. In most
cases however, these undocumented mines were prospect pits or short-term operations that did not
undermine more than a few acres.

Zone 1 was defined as the area that is directly over the mapped extent of the mine, and adjacent
area extending 500 feet beyond the mine boundary. Land adjacent to a mine was included in this
zone because the subsidence from the collapse of an underground mine can spread sideways as it
moves upward to the land surface. This lateral ground movement is not highly predictable, but is a
function of the depth of the mine, the local geology, and other factors. The distance that
subsidence can propagate laterally from a mine is generally much less than the depth of the mine
(Bauer and Hunt, 1982). As a conservative measure, we used a distance of 500 feet for all mines.
For most mines the lateral propagation of subsidence will be less than 500 feet. Most mines in
lllinois and all mines near major urban areas are less than 500 feet deep.

Zone 2 represents areas that were not known to be undermined, but could be affected by
subsidence because of uncertainties in the location of mine boundaries. Uncertainties in the
positions of mine boundaries come from two sources: 1) incomplete or imprecise maps of mine
workings and 2) errors in compilation and digitizing. We estimate that for all coal mines and many
non-coal mines the error from these two sources generally would not exceed 1000 feet. For most
mines, Zone 2 was defined as the area extending 1000 feet beyond Zone 1. Zone 2 was expanded
for non-coal mines located by small-scale maps and for mines with no map according to the size of
the area in which the mine might be located (Table 2).

Designation of an area as Zone 1 or Zone 2 cannot be directly translated into subsidence risk.
Though the risk of mine subsidence is generally higher in Zone 1 than in the adjacent Zone 2, the
risk of subsidence may be low in some areas designated Zone 1 and high in others. Many factors
in addition to proximity to a mine have some bearing on the potential for subsidence {e.g. the
mining method used, the age of mining, the geology of the overburden, the depth of the mine,
previous subsidence, and the depth of the water table). More precise estimates of the risk of
subsidence cannot be made until the interaction of these factors is better understood.

Categories of Land Use

Five categories of land use were examined in this study: residential, other urban, urban buffer,
non-urban, and water. All but the urban buffer category were based on the land use data set
obtained from the USGS. The urban buffer areas were created using the GIS.
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The residential category was the same as the residential land use category in the USGS data set
and consisted of areas 10 acres or more in size that were predominantly residential. The "other
urban” category consisted of the land that the USGS classified as industrial, commercial, industrial
and commercial, mixed urban, transportation, and other urban. In some cases the "other urban"
category includes land that may not contain structures of concern to IMSIF. For example, a large
"other Urban“ area in Hamilton County is an oil field water flood operation. Some "other urban"
areas in Jefferson County are surface facilities of coal mines. Urban areas smaller than 10 acres
were not delineated in the USGS data set. The non-urban category consisted of all land that was
not urban or water. This included land used for cropland, forest, or pasture. Mines underlying
water bodies (rivers, lakes, reservoirs) were not considered a potential source of subsidence damage
and excluded from further study. The urban buffer category is a one-mile zone around all urban
land areas except the transportation category (Figure 1). This zone was used to identify areas
where mines adjacent to urban areas may pose a subsidence risk for future urban expansion.

Number of Housing Units

Data on the number of housing units in a census division were obtained from the 1980 census.
Census divisions (tracts, block groups, or enumeration districts depending on the county) were
merged with the data on land use and mines to calculate the épproximate number homes in Zones
1 and 2. Because the actual distribution of housing units within a census division was not known,
these calculations represent estimates, not actual counts of units. These estimates are influenced
by assumptions we made on the distribution of housing units and are intended only to provide a
general assessment of the exposure of housing units to risk of mine subsidence.

We assumed that within a census division, 90 percent of the housing units would be evenly
distributed across the areas classified as residential and the remaining 10 percent of the units would
be distributed among all other categories (except water). In divisions that had no areas classified as
residential, we assumed units were evenly distributed throughout the area. These assumptions
worked well for highly urbanized areas, rural areas with towns, and rural areas with no residential
land. In dominantly rural townships with only small areas of residential land this model assigned too
many units to the residential areas. For rural townships where the 90/10 distribution of units
produced anomalous results, the number of units in Zones 1 and 2 were re-calculated using the
assumption that units were evenly distributed across the township.

All of the figures given for housing units in this report are based on the assumption that 90 percent
of the housing units in an area are in residential areas. This will obviously not be the case for all
townships. To test the sensitivity of our calculations to this assumption, we made a second
calculation using the assumption that 75 percent of the units were in residential areas. On a
statewide basis the 75/25 distribution calculated 16 percent fewer units in Zone 1 and 10 percent
fewer units in Zone 2 than the 90/10 distribution. In 8 percent of the townships there was no
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change and in 12 percent of the townships the 75/25 distribution produced an estimate that
averaged about 20 percent higher than the 90/10 distribution.

Townships with major towns or cities are of most significance to the focus of this project. We
believe the 90/10 distribution produces the best estimate of housing units in these areas.

RESULTS

Examination of the proximity of mined-out areas to urban lands provides a dramatically different view
of the potential for mine subsidence from that obtained by merely looking at the total area of a
county in Zone 1. Compare, for instance, the ranking of counties by total acreage in Zone 1 to the
ranking of counties by the estimated number of housing units in Zone 1 (Table 5). Franklin County
was first by a wide margin in total acreage in Zone 1, but had over 24,000 fewer units in Zone 1
than Sangamon County (64 percent fewer). LaSalle County, which ranked 16th in acreage in Zone
1 (less than one-fifth the Zone 1 acreage of Franklin County) ranked ahead of Franklin County in
number of units in Zone 1.

Table 5. Ranking of the top 15 counties by total acreage in Zone 1
and the estimated number of housing units in Zone 1.

County Acreage in County Housing Units
Zone 1 in Zone 1
1. Franklin 109108 1. Sangamon 37600
2. Williamson 83117 2. St. Clair 33893
3. Sangamon 73344 3. Madison 17186
4. Macoupin 70813 4. LaSalle 15606
5. St. Clair 66149 5. Franklin 13407
6. Christian 61552 6. Macoupin 10913
7. Saline 57627 7. Williamson 10653
8. Fulton 43578 8. Christian 8864
9. Madison 41714 9. Saline 8670
10. Montgomery 39578 10. Peoria 5896
11. Vermilion 35833 11. Vermilion 5250
12. Randolph 32423 12. Tazewell 5125
13. Peoria 31191 13. Marion 5029
14. Perry 30497 14. Montgomery 4622
15. Jefferson 26949 15. Perry 4426

The acreage of each county in Zone 1 by land use category is listed in Table 6. Cqmplete
statistics by township, including Zone 2, are given in Appendix 1. It is beyond the scope of this
study to interpret these data as they relate to the operation of the lllinois Mine Subsidence
Insurance Fund. The following examples show how these statistics help to recognize the areas
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Table 6. Acreage and percentage of category in Zone 1 by county and land use category. (E.g. in Bond County the 506 acres of
residential land in Zone 1 represents 27% of the total residential land in the county.

County Residential Other Urban Buffer Non-urban Total Area Units
acres % acres % acres % acres % acres % Units %

ADAMS 3 (0.0) 6 (0.1) 602 ( 0.5) 637 ( 0.1) 646 ( 0.1) 12 ( 0.0)
ALEXANDER 0 (0.0) 0 (0.0) 34 (0.1 137 (0.1) 137 ( 0.1) 0 (0.0)
BOND 506 (27.0) 54 ( 4.6) 2,699 ( 4.5) 2,848 (1.2) 3,408 { 1.4) 1,105 (17.3)
BROWN 0 (0.0) 0 (0.0) 33 (0.1) 360 ( 0.2) 360 ( 0.2) 0 (0.0)
BUREAU 1,352 (28.5) 780 (18.0) 7,443 ( 6.4) 9,458 ( 1.7) 11,590 ( 2.1) 3,371 (22.2)
CALHOUN 0 ( 0.0) . 0 (0.0) 27 (0.1) 150 ( 0.1) 150 ( 0.1) 0 (0.0)
CARRCLL 0 (0.0) 0 (0.0) 17 ( 0.0) 35 (0.0) 35 ( 0.0) 0 (0.0)
CASS 0 (0.0) 8 (0.8 116 ( 0.4) 214 ( 0.1) 222 (0.1) 1 (0.0)
CHAMPAIGN 8 (0.1) 26 (0.2) 0 (0.0) 0 (0.0) 34 (0.0) 45 (0.1)
CHRISTIAN 3,155 (63.8) 2,567 (65.5) 26,430 (24.9) 55,830 (12.6) 61,552 (13.5) 8,864 (60.7)
CLINTON 1,171 (25.1) 960 (29.8) 11,856 (11.8) 15,646 ( 5.4) 17,777 ( 5.6) 3,064 (25.8
COLES 17 (0.3) 0 (0.0) 0 (0.0) 17 ( 0.0) 34 (0.0) 59 ( 0.3)
CRAWFORD 9 (0.2) 17 ( 0.6) 185 ( 0.2) 219 ( 0.1) 245 ( 0.1) 15 ( 0.2)
CUMBERLAND 0 (0.0) ( 0.0) 42 ( 0.1) 42 (0.0) 42 (.0.0) 0 (0.0)
DOUGLAS 42 ( 1.8) 0 (0.0) 2,325 ( 3.6) 10,580 ( 4.1) 10,622 ( 4.0) 141 (1.8
DUPAGE 151 ( 0.2) 53 (0.1 66 ( 0.1) 66 ( 0.1) 270 ( 0.1) 552 ( 0.2)
EDGAR 0 (0.0) 0 (0.0) 66 ( 0.1) 1,394 ( 0.4) 1,394 ( 0.4) 9 (0.1
EDWARDS 0 (0.0) 0 (0.0) 0 (0.0) 17 (0.0) 17 (0.0) 0 (0.0)
FRANKLIN 4,985 (69.9) 3,337 (68.1) 71,672 (62.6) 100,786 (39.9) 109,108 (39.5) 13,407 (70.8
FULTON 1,092 (24.9) 850 (19.6) 18,596 (16.1) 41,636 ( 7.7) 43,578 ( 7.8) 4,024 (23.0
GALLATIN 144 (12.1) 144 (29.2) 5,548 (18.0) 12,818 ( 6.2) 13,106 ( 6.2) 338 (10.6
GREENE 16 ( 0.9) 0 (0.0) 480 ( 0.7) 1,713 ( 0.5) 1,729 ( 0.5) 55 (0.8
GRUNDY 1,665 (39.8) 1,234 (11.7) 13,545 (14.0) 14,152 ( 5.5) 17,051 ( 6.2) 3,599 (31.2)
HAMILTON 0 (0.0) 572 (63.2) 1,630 ( 3.6) 1,632 (°0.6) 2,204 (0.8) 11 ( 0.3)
HANCOCK 0 (0.0) 0 (0.0) 241 ( 0.3) 2%4 ( 0.1) 294 (0.1) 0 (0.0
HARDIN 66 (10.2) 144 (30.1) 1,341 ( 4.8) 3,785 ( 3.4) 3,995 ( 3.95) . 260 (10.5
HENDERSON 0 (0.0) 0 (0.0) 17 (0.0) 17 ( 0.0) 17 ( 0.0) 0 (0.0)
HENRY 323 ( 4.1) 152 ( 3.4) 2,654 (1.9 5,624 ( 1.1) 6,099 ( 1.2) 1,009 ( 4.7)
JACKSON 1,020 (l6.0) 319 (11.8) 10,499 ( 9.3) 17,134 ( 4.7) 18,473 ( 4.8) 2,985 (12.2)
JASPER 0 (0.0) 0 (0.0) 88 ( 0.2) 140 ( 0.0) 140 ( 0.0) 0 (0.0)
JEFFERSON 515 ( 9.3) 1,255 (48.3) 13,785 (14.0) 25,179 ( 7.1) 26,949 ( 7.3) 1,303 ( 8.5
JERSEY 0 (0.0) 0 (0.0) 52 - ( 0.1) 160 ( 0.1) 160 ( 0.1) 0 (0.0
JO-DAVIESS 28 ( 1.5) 38 (1.1) 615 ( 1.1) 2,811 (0.7) 2,877 (0.7) 153 (1.6
JOHNSON 0 (0.0) 4 (0.3) 266 ( 0.5 450 ( 0.2) 454 ( 0.2) 0 (0.0)
KANKAKEE 0 (0.0) 33 (0.9 426 ( 0.3) 563 (0.1) 596 ( 0.1) 0 (0.0
KNOX 36 ( 0.5) 84 (1.1) 3,846 ( 3.1) 9,232 ( 2.1) 9,352 ( 2.0) 117 ( 0.5)
LASALLE 4,789 (34.4) 2,510 (17.2) 10,343 ( 4.95) 11,455 ( 1.7) 18,754 ( 2.6) 15,606 (35.9
LAWRENCE 0 (0.0) 0 (0.0) 432 ( 0.4) 579 ( 0.3) 579 ( 0.2) 0 (0.0)
LIVINGSTON 543 (12.7) 245 ( 6.3) 1,441 ( 1.0) 1,781 ( 0.3) 2,569 ( 0.4) 909 ( 6.1)
LOGAN 768  (22.,9) 639 (24.2) 4,942 ( 5.4) 7,425 ( 1.9) 8,832 ( 2.3) 2,770 (23.0
MCDONOUGH - 25 (0.7 45 (.1.6) 1,076 ( 1.4) 2,685 (0.7) 2,755 (0.7) 125 ( 0.9
MCLEAN 299 ( 2.95) 307 ( 2.6) 423 (0.2) 423 ( 0.1) 1,029 ( 0.1) 1,236 ( 2.7)
MACON 1,126 ( 6.9) 618 ( 7.8) 585 ( 0.6) 585 ( 0.2) 2,329 ( 0.6) 4,066 ( 7.9)
MACOUPIN 4,283 (60.1) 1,747 (56.5) 47,427 (31.8) 64,783 (12.1) 70,813 (12.9) 10,913 (54.3)
MADISON 7,023 (23.0) 2,317 (10.0) 27,415 (12.9) 32,374 ( 8.0) 41,714 ( 8.9) 17,186 (18.3)
MARION 2,016 (32.4) 590 (20.0) 6,815 ( 8.2) 7,077 ( 2.0) 9,683 ( 2.7) 5,029 (28.2)
MARSHALL 491  (29.6) 124 ( 6.2) 3,397 ( 7.0) 4,084 (1.7) 4,699 ( 1.8) 1,291 (22.7
MENARD 110 ( 7.9) 12 (1.9) 2,629 ( 6.8) 4,151 ( 2.1) 4,273 { 2.2) 312 ( 6.8)
MERCER 122 ( 3.8) 54 ( 3.0) 3,843 ( 4.7) 6,751 ( 1.9) 6,927 ( 1.9) 225 " ( 3.0
MONROE 0 (0.0) 13 ( 0.8) 494 ( 0.9) 545 ( 0.2) 558 ( 0.2) 5 (0.1
MONTGOMERY 2,025 (43.3) 1,076 (34.0) 20,556 (21.1) 36,477 ( 8.4) 39,578 ( 8.9) 4,622 (35.8
MORGAN 16 ( 0.4) 4 (0.1) 49 ( 0.1) 407 ( 0.1) 427 (0.1) 31 (0.2)
MOULTRIE 170 (13.3) 73 (7.8) 438 . ( 0.9) 438 ( 0.2) 68l ( 0.3) 549 (10.0
PEORIA 2,084 (10.1) 1,283 ( 8.1) 17,975 (12.0) 27,824 ( 7.8) 31,191 ( 7.8) 5,896 ( 7.4)
PERRY 1,578 (56.0) 452 (18.5) 21,034 (29.0) 28,467 (10.4) 30,497 (10.8) 4,426 (49.1
PIKE 0 (0.0) 0 (0.0) 29 (0.0) 85 ( 0.0) 85 ( 0.0) 0 (0.0)
POPE 0 (0.0) 0 (0.0) 206 ( 0.9) 1,231 ( 0.5) 1,231 ( 0.5) 1 (0.1
PUTNAM 320 (34.2) 172 ( 8.7) 2,039 ( 6.3) 2,097 ( 2.2) 2,589 ( 2.4) 675 (27.4)
RANDOLPH 1,074 (25.2) 918 (30.6) 18,595 (17.7) 30,431 ( 8.5) 32,423 ( 8.6) 2,246 (17.4)
ROCK-ISLAND 735 ( 3.8) 84 ( 0.6) 3,291 ( 2.8) 3,396 ( 1.95) 4,215 (1.5 1,903 ( 3.0)
ST CLAIR 12,033 (38.8) 3,885 (16.9) 40,665 (22.6) 50,231 (13.6) 66,149 (15.5) 33,893 (34.8
SALINE 3,132 (77.4) 2,650 (63.9) 35,504 (46.3) 51,845 (22.1) 57,627 (23.6) 8,670 (70.4)
SANGAMON 10,016 (53.3) 6,578 (44.6) 43,114 (20.6) 56,750 (11.4) 73,344 (13.7) 37,600 (51.8
SCHUYLER 0 (0.0) 31 ( 2.0) 305 (0.7) 1,656 ( 0.6) 1,687 ( 0.6) 4 (0.1
SCOTT 0 (0.0) 15 ( 3.2) 253 (0.9) 350 ( 0.2) 365 ( 0.2) 0 (0.0
SHELBY 304 (10.0) 82 ( 2.8) 1,124 ( 1.2) ‘3,154 (0.7 3,540 (0.7) 816 ( 8.3)
STARK 0 (0.0) 0 (0.0) 90 ( 0.2) 272 ( 0.1) 272 (0.1) 0 ( 0.0)
TAZEWELL 1,795 (11.7) 598 ( 6.1) 3,696 ( 2.9) 3,789 ( 1.0) 6,182 ( 1.9) 5,125 (10.5
UNION 0 (0.0) 0 (0.0) 0 (0.0) 222 (0.1) 222 (0.1) 0 (0.0)
VERMILION 1,278 (13.5) 1,208 (15.5) 20,581 (14.7) 33,347 ( 6.0) 35,833 ( 6.3) 5,250 (13.7)
WABASH 86 ( 2.8) 54 ( 3.3) 3,002 ( 4.2) 5,496 ( 4.0) 5,636 ( 3.9) 89 (1.6
WARREN 0 (0.0) 0 (0.0) 38  (0.1) 640 ( 0.2) 640 ( 0.2) 1 (0.0)
WASHINGTON 186 ( 7.4) 186 (27.2) 5,486 ( 7.5) 7,273 ( 2.1) 7,645 ( 2.1) 550 ''( 8.8
WHITE 28 (1.0) 0 (0.0) 632 (1.1) 1,931 ( 0.6) 1,959 ( 0.6) 72 (0.9
WILL 549 (1.7) 768 ( 1.8) 2,829 ( 1.0) 2,887 ( 0.6) 4,204 ( 0.8) 887 ( 0.8)
WILLIAMSON 3,932 (45.7) 3,910 (25.2) 53,451 (37.8) 75,275 (30.5) 83,117 (29.9) 10,653 (43.9)
WOODFORD 190 ( 4.6) 287 (10.7) 1,988 ( 2.2) 2,055 ( 0.6) 2,532 (0.7) 617 ( 5.2)
TOTAL 79,430 (15.5) 46,172 (10.8) 605,474 ( 8.5) 908,500 ( 3.5) 1,034102 ( 3.8) 228,748 (13.4)
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where significant damage from mine subsidence may occur in the future or areas where risk of
damage to existing structures is low. In 53 of the 77 counties studied, the percentage of urban {and
in Zones 1 and 2 was higher (often significantly) than the percentage of the total county area in
Zones 1 and 2. For example, less than one percent of Macon County is undermined, consequently
mine subsidence coverage is not automatically added to homeowners’ insurance policies. However,
about 7 percent of the residential land in Macon County is in Zone 1. An additional 5 percent of
residential land is in Zone 2. Approximately 7000 housing units are over or adjacent to u'nderground
mines and exposed to some subsidence risk. '

Macon County also provides an example of the need to examine additional factors that contribute to
risk of subsidence. The two mines underlying Decatur used longwall methods in parts of the mines.
With this mining method, most subsidence occurs within a few years of mining. The actual risk of
subsidence over these mines is much lower than that for other types of mining methods. Table 7
lists counties mines used the longwall method.

Table 7. Counties with longwall mining (based on
Guither et al, 1984).

Number of Total Number
County Longwall Mines of Mines
Bureau 9 47
Christian 1 16
_Franklin 6" 35
Grundy 36 204
Hamilton 1™ 1
Jefferson 3* 9
LaSalle 22 346
Livingston 3 62
Logan 1 7
McLean 1 4
Macon 2 5
Macoupin 3 84
Marshall 4 56
Montgomery 1 16
Peoria 1 234
Putnam 4 4
Will 17 48
Williamson 1* 310
Woodford 2 5

*includes mines that used high-extraction-retreat
room and pillar methods

In 24 of the 77 counties studied the percentage of the urban land in Zones 1 and 2 was less than
the percentage of the total county area in Zones 1 and 2. For example, more than 5 percent of
Douglas County was in Zone 1 and 2, but less than 2 percent of the residential area in the county

14



was in these zones. In a number of these counties there was no urban land in Zones 1 and 2 and
the potential damage to existing structures from mine subsidence appeared to be relatively low.
Madison County is well-known for its mine subsidence problems. This study found that 23% of the
residential land was in Zone 1 (Table 6). However, examination of the map of mines shows that
potential mine subsidence is restricted to distinct areas in the county (Appendix 2). Most mines are
concentrated in the western half of the county; much of the eastern half has a low subsidence risk.

The urban buffer category helps to identify areas where mined-out area is adjacent to urban land,
an indication that subsidence could affect urban expansion. For example, almost 8 percent of
Peoria County (including 10 percent of the residential acreage) is in Zone 1. Additionally, 12
percent of the urban buffer land is in Zone 1, indicating that the overall exposure to subsidence risk
may increase as the urban areas in Peoria County expand. This statistic is even more dramatic
when individual townships are examined. For example, weil under 1 percent of the city of Peoria is
in Zone 1, but almost 32 percent of the urban buffer in the 3 townships south and west of the city
is in Zone 1.

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

Examination of the prbximity of mined-out areas to urban land has provided dramatic new views of
the exposure of land to potential mine subsidence. Although it is the IMSIF’s role to determine the
appropriate applications of this information, the information could be useful for reviewing and
modifying the insurance rate structure and the geographic areas of and procedures for marketing
mine subsidence insurance.

This study identifies a number of areas where past mining activity poses a significant threat to
current and future urban development. Detailed mapping of the coal mines in these areas would be
beneficial to IMSIF as well as to local businesses, government, and landowners. The goal of this
effort should be to map as precisely as possible the extent of mine workings relative to surface
features (roads, railroads, houses, streams). The maps or accompanying documentation should
indicate the nature of each mine map used (source, date, status, quality), the mining method used,
and basic geologic data. This information would streamline the task of investigating mine
subsidence insurance claims, alert property owners to the need for mine subsidence insurance
coverage, and encourage proper development of undermined lands.

The areas where detailed maps are most needed include the Springfield area in Sangamon County,
the Belleville/Collinsville area in St. Clair and Madison Counties, the counties of LaSalle, Macoupin,
and Franklin, and the area around the cities of Peoria, Danville and Centralia (Peoria, Vermilion and
Marion Counties).
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The application of a GIS to the problem of mine subsidence could be expanded in several
directions. As more is learned about the factors that contribute to subsidence, we can refine the
categories of risk by mapping the factors and adding them into the evaluation. The GIS could be
used to help identify these factors by finding spatial correlations between subsidence events and
other parameters. Insurance companies may even be interested in using the address matching
capabilities of the GIS to merge zone boundaries, street maps, and customer lists to identify the
homeowners who should be alerted to the need for mine subsidence insurance coverage.
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Appendix 1: Estimated Acreage and Housing Units in Zones 1
and 2 by Township, County, and Land Use Category

This appendix shows the estimated acreage and number of housing units in Zones 1 and 2 by
township, county, and land use category’. The townships listed here are administrative townships,
not land survey townships. Only those townships that have some acreage in Zones 1 or 2 are
listed. The location of these townships is shown on the maps in Appendix 2. Though the acreages
are listed down to a single digit, this is not meant to imply precision. The estimates of acreages
were calculated by overlaying maps from several sources and are subject to the usual inaccuracies
inherent in this type of procedure.. The figures are believed to accurately represent the relative
proportion of acreage in each land use category.

The total number of housing units in each township and county is from the 1980 census. The
number of housing units in Zones 1 and 2 was calculated by computer using the land use acreages
and the census data. The results of this computation are influenced by the accuracy of the land
use data and certain assumptions made about the distribution of housing units within a township.
These figures are believed to be reasonable estimates of the relative number of housing units in
each Zone.

The first line of data for each township shows the total acreage in that township for each land use
category and the total number of housing units in the township. The percentage listed after each
acreage in the first line is the percentage of the township represented by that land use category.
The next two lines of data for each township show the acreage in each land use category in Zones
1 and 2. The percentage listed after each acreage on these lines is the percentage of that land
use category in that zone. For example in Melrose Township, Adams County, the 24 acres of
residential in Zone 2 represents 2.2 % of the total acreage of residential land in that township. The
last line is the sum of the acreage and housing units in Zones 1 and 2. The estimated number of
housing units in Zone 1 of each township of a county is represented graphically in Appendix 2. The
county totals follow the same format as the township totals. The total acreages for each land use
category in the county may be higher than the sum of the townships listed because they include ‘the
acreage in townships that had no acreage in Zones 1 and 2. The Zone 1 acreage totals for each
county are represented graphically in Appendix 2.
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County/
Township

ADAMS COUNTY

CLAYTON
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

FALL CREEK
Total area/units
“Zone 1
Zone 2
Total Zones 1 & 2

LIBERTY
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

MELROSE
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

NORTHEAST
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

QUINCY
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

RIVERSIDE
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

COUNTY TOTAL
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

ALEXANDER COUNTY

EAST CAPE
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

ELCO
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

Housing
Residential Other Urban Urban Buffer Non-urban Total Area Units
acres % acres % acres % acres % acres % Units %
187 ( 0.8) 105 ( 0.4) 5558 ( 23.7) 23133 { 98.7) 23426 534
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) o ( 0.0) 0 0.0) 0 ( 0.0
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 20 ( 0.1) 20 0.1) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 20 ( 0.1) 20 0.1) 0 ( 0.0)
23 ( 0.1) 10 ( 0.0) 4082 ( 16.6) 23669 ( 96.2) 24594 260
0 ( 0.0) 0 ( 0.0) 21 ( 0.5) 21 ( 0.1) 21 0.1) 0 ( 0.0)
o ( 0.0) 0 ( 0.0) 94 ( 2.3) 94 ( 0.4) 94 0.4) 0 ( 0.0}
0 ( 0.0) 0 ( 0.0) 115 ( 2.8) 115 ( 0.5) 115 0.9) 0 ( 0.0)
125 ( 0.5) 44 ( 0.2) 5710 ( 24.5) 23170 ( 99.2) 23349 436
0 ( 0.0) 0 ( 0.0) 0 ( ©.0) 34 ( 0.1) 34 0.1) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) o ( 0.0) 184 ( 0.8) 184 0.8) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 218 ( 0.9) 218 0.9) 0 ( 0.0}
1106 ( 3.5) 566 ( 1.8) 17923 ( 57.3) 29170 ( 93.3) 31261 2207
3 ( 0.3) 0 ( 0.0) 549 ( 3.1) 549 ( 1.9) 552 1.8} 9 ( D.4)
24 ( 2.2) 0 ( 0.0) 559 ( 3.1) 559 ( 1.9) 583 1.9) 47 ( 2.1)
27 ( 2.4) 0 ( 0.0) 1108 ( 6.2) 1108 ( 3.8) 1135 3.6) 56 ( 2.5
141 ( 0.6) 248 ( 1.1) 4930 ( 21.0) 23119 ( 98.3) 23509 411
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 1 ( 0.0) 1 0.0) 0 ( 0.0}
0 ( 0.0} 0 ( 0.0) 21 ( 0.4) 70 ( 0.3) 70 0.3) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 21 ( 0.4) 71 ( 0.3) 71 0.3) 0 ( 0.0)
4095 ( 50.2) 1825 ( 22.4) 1802 ( 22.1) 1877 ( 23.0) 8156 17986
0 ( 0.0) 0 ( 0.0) 8 ( 0.4) 8 ( 0.4) 8 0.1) 3 ( 0.0)
68 ( 1.7) 43 ( 2.4 116 ( 6.4) 116 ( 6.2) 227 2.8) 342 ( 1.9)
68 ( 1.7) 43 ( 2.4) 124 ( 6.9) 124 ( 6.6) 235 2.9) 345 ( 1.9
296 ( 2.2) 458 ( 3.4) 6375 ( 47.1) 11394 ( 84.3) 13522 894
0 ( 0.0) 6 ( 1.3) 24 ( 0.4) 24 ( 0.2) 30 0.2) 0 ( 0.0)
0 ( 0.0) 32 ( 7.0) 96 ( 1.95) 96 ( 0.8) 128 0.9) 1 ( 0.1
0 ( 0.0) 38 ( 8.3) 120 ( 1.9) 120 ( 1.1) 158 1.2) 1 ( 0.1
7414 ( 1.3) 4554 ( 0.8) 129786 ( 23.5) 533819 ( 96.8) 551578 28584
3 ( 0.0) 6 ( 0.1) 602 ( 0.5) 637 ( 0.1) 646 0.1) 12 ( 0.0)
92 ( 1.2) 75 ( 1.6) 886 ( 0.7) 1132 ( 0.2) 1306 0.2) 3%0 ( 1.4)
95 ( 1.3) 81 ( 1.8) 1488 ( 1.1) 1776 ( 0.3) 1952 0.4) 402 ( 1.4
58 ( 0.5) 31 ( 0.3) 5117 ( 44.2) 10149 ( 87.7) 11566 286
0 ( 0.0} o ( 0.0) 0 ( 0.0y o ( 0.0) 0 0.0) 0 ( 0.0)
8 (13.8) 0 ( 0.0) 322 ( 6.3) 322 ( 3.2) 330 2.9) 36 ( 12.6)
8 { 13.8) 0 { 0.0} 322 ( 6.3) 322 { 3.2) 330 2.9) 36 (12.6)
19 ( 0.1) 13 ( 0.0) 4195 ( 15.7) 26744 ( 99.9) 26777 216
o ( 0.0) 0 ( 0.0) o ( 0.0) 103 ( 0.4) 103 0.4) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 552 ( 13.2) 5145 ( 19.2) 5145 19.2) 4 (1.9
0 ( 0.0} o ( 0.0) 552 ( 13.2) 5248 ( 19.6) 5248 19.6) 4 (1.9



County/
Township

OLIVE BRANCH
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

TAMMS
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

THEBES
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

COUNTY TOTAL
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

BOND COUNTY

BURGESS
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

LAGRANGE
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

OLD RIPLEY
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

PLEASANT MOUND
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

SHOAL CREEK
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

COUNTY TOTAL
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

Housing
Residential Other Urban Urban Buffer Non-urban Total Area Units
acres % acres % acres % acres % acres % Units %
48 ( 0.3) 50 (. 0.4) 5515 ( 40.0) 11931 ( 86.5) 13798 337
0 ( 0.0) 0 ( 0.0) 17 ( 0.3) 17 ( 0.1) 17 0.1) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 143 ( 2.6) 143 ( 1.2) 143 1.0) 0 ( 0.0)
0 ( 0.0) o ( 0.0) 160 ( 2.9) 160 ( 1.3) 160 1.2) 0 ( 0.0)
64 ( 1.2) 54 ( 1.0} 3409 ( 62.8) 5311 ( 97.8) 5429 390
0 ( 0.0) 0 ( 0.0) 0 ( 0,0) 0 ( 0.0) 0 0.0) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 6 ( 0.1) 6 0.1) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 6 ( 0.1) 6 0.1) 0 ( 0.0)
64 ( 0.3) 66 ( 0.3} 3146 ( 16.0) 18055 ( 91.7) 19680 355
0 ( 0.0) 0 ( 0.0) 17 ( 0.5) 17 ( 0.1) 17 0.1) 0 ( 0.0
3 ( 4.7) 0 ( 0.0) 794 ( 25.2) 864 ( 4.8) 867 4.4) 16 ( 4.5
3 ( 4.7) 0 ( 0.0) 811 ( 25.8) 881 ( 4.9) 884 4.5) 16 ( 4.5
1131 ( 0.7) 845 ( 0.5) 43961 ( 27.2) 147768 ( 91.5) 161486 5266
0 ( 0.0) 0 ( 0.0) 34 ( 0.1) 137 ( 0.1) 137 0.1) 0 ( 0.0)
11 ( 1.0) 0 ( 0.0) 1811 ( 4.1) 6480 ( 4.4) 6491 4.0) 56 ( 1.1)
11 ( 1.0) 0 ( 0.0) 1845 ( 4.2) 6617 ( 4.5) 6628 4.1) 56 ( 1.1)
433 ( 1.8) 36 ( 0.1) 9105 ( 37.8) 23537 ( 97.8) 24059 774
226 ( 52.2) 18 ( 50.0) 1214 ( 13.3) 1218 ( 5.2) 1462 6.1) 365 ( 47.2
1 ( 0.2) 0 ( 0.0) 578 ( 6.3) 634 ( 2.7) 635 2.6) 2 ( 0.3)
227 ( 52.4) 18 ( 50.0) 1792 ( 19.7) 1852 ( 7.9) 2097 8.7) 367 ( 47.4
13 ( 0.0) 0 ( 0.0} 3061 ( 10.6) 28317 ( 98.1) 28868 318
0o ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 0.0) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 37 ( 1.2) 78 ( 0.3) 78 0.3) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 37 ( 1.2) 78 ( 0.3) 78 0.3) 0 ( 0.0}
89 ( 0.3) 39 ( 0.1) 6103 ( 22.1) 27484 ( 99.5) 27613 336
16 ( 18.0) 6 ( 15.4) 1 ( 0.0) 1 ( 0.0) 23 0.1) 55 ( 16.4)
13 ( 14.6) 2 ( 5.1) 142 ( 2.3) 161 ( 0.6) 176 0.6) 47 ( 14.0)
29 ( 32.6) 8 ( 20.5) 143 ( 2.3) 162 ( 0.6) 199 0.7) 102 ( 30.4)
71 ( 0.3) 370 ( 1.95) 8125 ( 34.0) 23357 ( 97.8) 23885 516
41 ( S7.7) 0 ( 0.0) 19 ( 0.2) 19 ( 0.1) 60 0.3) 44 ( 8.5
30 ( 42.3) 0 ( 0.0) 175 ( 2.2) 175 ( 0.7) 205 0.9) 35 ( 6.8)
71 (100.0) 0 ( 0.0) 194 ( 2.4) 194 ( 0.8) 265 1.1) 79 ( 15.3)
286 ( 0.8) 73 ( 0.2) 12415 ( 33.7) 36502 ( 99.0) 36863 909
223 ( 78.0) 30 ( 41.1) 1465 ( 11.8) 1610 ( 4.4) 1863 5.1) 641 ( 70.5
1 ( 0.3) 0 ( 0.0) 845 ( 6.8) 1132 ( 3.1) 1133 3.1) 5 ( 0.6)
224 ( 78.3) 30 ( 41.1) 2310 ( 18.6) 2742 ( 17.5) 2996 8.1) 646 ( 71.1)
1871 ( 0.8) 1167 ( 0.5) 59503 ( 24.7) 236680 ( 98.1) 241269 6378
506 ( 27.0) 54 ( 4.6) 2699 ( 4.5) 2848 ( 1.2) 3408 1.4) 1105 ( 17.3)
45 ( 2.4) 2 ( 0.2) 1777 ( 3.0) 2180 ( 0.9) 2227 0.9) 89 ( 1.4
551 ( 29.4) 56 ( 4.8) 4476 ( 7.5) 5028 ( 2.1) 5635 2.3) 1194 ( 18.7



County/ Housing
Township Residential Other Urban Urban Buffer Non-urban Total Area Units
acres % acres % acres % acres % acres % Units %

BROWN COUNTY

BUCKHORN
Total area/units 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 24772 (100.0) 24772 . 50
Zone 1 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 7 ( 0.0) 7 ( 0.0) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 68 ( 0.3) 68 ( 0.3) 0 ( 0.0)
Total Zones 1 & 2 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 75 ( 0.3) 75 ( 0.3) 0 { 0.0)
CCOPERSTOWN
Total area/units 22 { 0.1) 22 ( 0.1) 6207 ( 23.8) 25356 ( 97.4) 26029 159
Zone 1 0 ( 0.0) 0 ( 0.0) 0 ( 0.0y 53 ( 0.2) 53 ( 0.2) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 413 ( 1.6) 413 ( 1.6) 0 ( 0.0)
Total Zones 1 & 2 0 ( 0.0) 0 ( 0.0)- 0 { 0.0} 466 ( 1.8) 466 ( 1.8) 0 ( 0.0)
ELKHORN
Total area/units 0 ( 0.0) 0 ( 0.0) 367 ( 1.5) 24771 (100.0) 24771 140
Zone 1 0 ( 0.0) 0 ( 0.0} 0 ( 0.0) 46 ( 0.2) 46 ( 0.2) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 ( 0.0) 1 ( 0.3) 283 ( 1.1) 283 ( 1.1) 1 ( 0.7)
Total Zones 1 & 2 o ( 0.0) 0 ( 0.0) { 0.3) 329 ( 1.3) 329 ( 1.3) 1 ( 0.7)
MISSOURI
Total area/units 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 21572 (100.0) 21572 101
Zone 1 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 17 ( 0.1) 17 ( 0.1) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 { 0.0) 0 ( 0.0) 164 ( 0.8) 164 ( 0.8) 0 ( 0.0)
Total Zones 1 & 2 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 181 ( 0.8) 181 ( 0.8) 0 ( 0.0)
MOUNT STERLING -
Total area/units 382 ( 1.6) 227 ( 1.0) 8158 ( 34.7) 22863 ( 97.2) 23510 1231
Zone 1 0 ( 0.0) 0 ( 0.0) 33 ( 0.4) 88 ( 0.4) 88 ( 0.4) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 ( 0.0) 181 ( 2.2) 462 ( 2.0) 462 ( 2.0) 2 (0.2
Total Zones 1 & 2 0 ( 0.0) 0 ( 0.0) 214 ( 2.6) 550 ( 2.4) 550 ( 2.3) 2 ( 0.2)
PEA RIDGE
Total area/units 0 ( 0.0) 0 ( 0.0) 279 ( 1.3) 22235 (100.0) 22235 86
Zone 1 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 149 ( 0.7) 149 ( 0.7) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 {( 0.0) 0 { 0.0) 1225 { 5.5} 1225 ( 5.5) 4 ( 4.7
Total Zones 1 & 2 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 1374 ( 6.2) 1374 ( 6.2) 4 ( 4.7)
RIPLEY
Total area/units 0 ( 0.0) 44 ( 1.3) 958 ( 29.1) 3250 ( 98.6) 3295 79
Zone 1 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0)
Zone 2 o ( 0.0) 0 ( 0.0) 0 ( 0.0} 10 ( 0.3) 10 ( 0.3) 0 ( 0.0)
Total Zones 1 & 2 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 10 ( 0.3) 10 ( 0.3) 0 ( 0.0)
COUNTY TOTAL .
Total area/units 566 ( 0.3) 381 ( 0.2) 26212 ( 13.5) 191766 ( 98.8) 194146 2385
Zone 1 0 ( 0.0) 0 ( 0.0) 33 ( 0.1) 360 ( 0.2) 360 ( 0.2) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 ( 0.0) 182 ( 0.7) 2625 ( 1.4) 2625 ( 1.4) 7 ( 0.3)
Total Zones 1 & 2 0 ( 0.0} 0 ( 0.0) 215 ( 0.8) 2985 ( 1.6) 2985 ( 1.5) 7 ( 0.3)
BUREAU COUNTY
CONCORD
Total area/units 324 ( 1.4) 528 ( 2.3) 8328 ( 36.7) 21742 ( 95.9) 22675 832
Zone 1 0 ( 0.0) 1 ( 0.2) 128 ( 1.5) 146 ( 0.7) 147 ( 0.6) 0 ( 0.0)
Zone 2 29 ( 9.0) 85 ( 16.1) 383 ( 4.6) 533 ( 2.5) 647 ( 2.9) 69 ( 8.3)
Total Zones 1 & 2 29 ( 9.0) 86 ( 16.3) 511 ( 6.1) 679 ( 3.1) 794 ( 3.%5) 69 ( 8.3)
HALL
Total area/units 1267 ( 5.2) 719 ( 3.0) 15217 ( 62.9) 21668 ( 89.6) 24187 3386
Zone 1 1241 ( 97.9) 520 ( 72.3) 5817 ( 38.2) 6162 ( 28.4) 7923 ( 32.8) 3087 ( 91.2)
Zone 2 25 ( 2.0) 78 ( 10.8) 2875 ( 18.9) 3132 ( 14.595) 3235 ( 13.4) 108 ( 3.2)
Total Zcnes 1 & 2 1266 ( 99.9) 598 ( 83.2) 8692 ( 57.1) 9294 ( 42.9) 11158 ( 46.1) 3195 ( 94.4)



County/
Township

Housing

INDIANTOWN
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

MACON
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

MINERAL .
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

NEPONSET
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

PRINCETON
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

SELBY
Total area/units
Zone 1~
Zone 2
Total Zones 1 & 2

WESTFIELD
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

COUNTY TOTAL
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

CALHOUN COUNTY

BELLEVIEW
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

POINT
Total area/units
Zone 1
Zone 2
Total Zones 1 & 2

Residential Other Urban Urban Buffer Non-urban Total Area Units
acres % acres % acres % acres % acres % Units %
72 ( 0.3) 17 ( 0.1) 2106 ( 9.1) 23135 ( 99.4) 23267 333
0 ( 0.0) 0o ( 0.0) 35 ( 1.7) 35 ( 0.2} 35 ( 0.2) 0 ( 0.0)
0 ( 0.0} 0 ( 0.0) 188 ( 8.9) 188 ( 0.8) 188 ( 0.8) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 223 ( 10.6) 223 ( 1.0) 223 ( 1.0) o ( 0.0)
0 ( 0.0) 16 ( 0.1) 2115 ( 9.2) 22972 ( 99.9) 22988 130
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0)
0 ( 0.0) 1 ( 6.3) 40 ( 1.9 53 ( 0.2) 54 ( 0.2) 0 ( 0.0)
0 ( 0.0) 1 ( 6.3) 40 ( 1.9) 53 ( 0.2) 54 ( 0.2) 0 ( 0.0
55 ( 0.2) 789 ( 3.6) 4226 ( 19.1) 21231 ( 96.2) 22076 276
0 ( 0.0} 243 ( 30.8) 346 ( 8.2) 1773 ( 8.4) 2016 ( 9.1) 2 ( 0.7)
0 ( 0.0} 265 ( 33.6) 287 ( 6.8) 2132 ( 10.0) 2397 ( 10.9) 3 ( 1.1)
0 ( 0.0} 508 ( 64.4) 633 ( 15.0) 3905 ( 18.4) 4413 ( 20.0) S ( 1.8)
146 ( 0.6) 90 ( 0.4) 3694 ( 16.2) 22545 ( 99.0) 22782 384
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0)
0 ( 0.0) 0 ( 0.,0) 0 ( 0.0) 32 ( 0.1) 32 ( 0.1) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 32 ( 0.1) 32 ( 0.1) 0 ( 0.0)
1229 ( 5.3) 1111 ( 4.8) 11691 ( 50.3) 20875 ( 89.8) 23246 3803
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 85 ( 0.4) 85 ( 0.4) 1 ( 0.0)
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 234 ( 1.1) 234 ( 1.0) 4 ( 0.1)
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 319 ( 1.5} 319 ( 1.4) 5 (- 0.1)
308 ( 1.3) 299 ( 1.3) 8295 ( 35.6) 22480 ( 96.5) 23296 982
13 ( 4.2) 0 ( 0.0) 379 ( 4.6) 519 ( 2.3) 532 ( 2.3) 39 ( 4.0)
4 ( 1.3) 0 ( 0.0) 287 ( 3.5) 688 ( 3.1) 692 ( 3.0) 14 ( 1.4)
17 ( 5.5) 0 ( 0.0) 666 ( 8.0) 1207 ( 5.4) 1224 ( 5.3) 53 ( S5.4)
155 ( 0.7 24 ( 0.1) 6043 ( 27.4) 21896 ( 99.1) 22089 424
98 ( 63.2) 16 ( 66.7) © 738 ( 12.2) 738 ( 3.4) 852 ( 3.9) 242 ( 57.1
0 ( 0.0) 0 ( 0.0) 585 ( 9.7) 585 ( 2.7) 585 ( 2.6) 1 ( 0.2)
98 ( 63.2) 16 ( 66.7) 1323 ( 21.9) 1323 ( 6.0) 1437 ( 6.5) 243 ( 57.3)
4743 ( 0.9) 4340 ( 0.8) 115457 ( 20.7) 545174 ( 97.7) 557785 15160
1352 ( 28.5) 780 ( 18.0) 7443 ( 6.4) 9458 ( 1.7) 11590 ( 2.1) 3371 ( 22.2
58 ( 1.2) 429 (1 9.9) 4645 ( 4.0) 7577 ( 1.4) 8064 ( 1.4) 199 ( 1.3)
1410 ( 29.7) 1209 ( 27.9) 12088 ( 10.5) 17035 ( 3.1) 19654 ( 3.5) 3570 ( 23.5
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 34237 ( 92.9) 36840 187
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 44 ( 0.1) 44 ( 0.1) 0 ( 0.0)
0 ( 0.0} 0 ( 0.0) 0 ( 0.0) 300 ( 0.9) 300 ( 0.8} 1 ( 0.5
0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 344 ( 1.0) 344 ( 0.9) 1 ( 0.5)
118 ( 0.3) 150 ( 0.4) 18384 ( 50.5) 30541 ( 83.8) 36437 720
0 ( 0.0) 0 ( 0.0) 27 ( 0.1) 106 ( 0.3) 106 ( 0.3) 0 ( 0.0)
0 ( 0.0) 0 ( 0.0) 199 ( 1.1) 1243 ( 4.1) 1243 ( 3.4) 2 { 0.3)
0 ( 0.0) 0 ( 0.0) 226 ( 1.2) 1349 ( 4.4) 1349 ( 3.7) 2 ( 0.3)



County/ Housing
Township Residential Other Urban Urban Buffer Non-urban Total Area Units
acres % acres % acres L acres % acres % Units %

COUNTY TOTAL

Total area/units 555 ( 0.3) 320 ( 0.2) . 37582 ( 21.0) 159748 ( 89.2) 179156 3026
Zone 1 0 ( 0.0) 0 ( 0.0) 27 ( 0.1) 150 ( 0.1) 150 ( 0.1) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 ( 0.0) 199 ( 0.5) 1543 ( 1.0) 1543 ( 0.9) 3 ( 0.1)
Total Zones 1 & 2 0 ( 0.0) 0 ( 0,0) 226 ( 0.6) 1693 ( 1.1) 1693 ( 0.9) 3 ( 0.1)
CARROLL COUNTY
MOUNT CARROLL
Total area/units 242 ( 1.0) 221 ( 0.9) 6026 ( 25.7) 22989 ( 98.0) 23453 1136
Zone 1 0 ( 0.0) 0 ( 0.0) 17 ( 0.3) 35 ( 0.2) 35 ( 0.1) 0 ( 0,0)
Zone 2 0 ( 0.0) 0 ( 0.0) 96 ( 1.6) 630 ( 2.7) 630 ( 2.7) 3 ( 0.3)
Total Zones 1 & 2 0 ( 0.0) 0 ( 0.0) 113 ( 1.9) 665 ( 2.9) 665 ( 2.8) 3 ( 0.3)
WOODLAND
Total area/units 0 ( 0.0) 0 ( 0.0) 693 ( 2.9) 23893 (100.0) 23893 130
Zone 1 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0} 0 ( 0.0) 0 ( 0.0)
Zone 2 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 65 ( 0.3) 65 ( 0.3) 0 ( 0.,0)
Total Zones 1 & 2 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) 65 ( 0.3) 65 ( 0.3) 0 ( 0.0}
COUNTY TOTAL