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ABSTRACT Mine subsidence in Ohio has been a problem that only has been recognized in the last 40 years. OMSIUA GIS APPLICATION e . OMSIUA.mxd - Archlap - Arcinfo.
In 1977, a mine shaft collapsed 110 feet within a 230 feet shaft underneath a garage in Youngstown, 1 ﬁ “:’ i ._E X oo % ZJ‘:S"”_S Z4e80rY QA HZOGE Eafo koML BB RAD D | ; :-t éléjk:falat :; T Ii ;emT — N80 N QAR HEO@CS ERL o NOM e AR @@ 0

Subsidence due to the collapse of abandoned underground mines is a geologic hazard Ohio (fig. 2). Thisincidentled to the Survey mapping the detailed locations of abandoned underground The OMSIUA GIS application consists of a toolbar with a number of tools. The tools contain a gd t | = T %ﬁf;;) & B L Hnro R
that can affect buildings, highways, and infrastructure, potentially endangering lives and mines (DeLong, 1988). Other prominent incidents have occurred, such as the collapse of Interstate mixture of native ArcGIS tools and custom-designed tools using VBA for ArcObjects (fig. 5). collr z‘{“ i;}!;j’f &y g el . _
property. Further, damages from mine subsidence can cost millions of dollars. Between 70 near Cambridge, Ohio (fig. 3; Crowell, 1995), and the recent subsidence underneath a house in To locate mine subsidence claims, two tools are used to zoom into the claim location and load s et g o (TR R Eﬁ’f}jﬁjﬁw A s RS
2008 and 2011, the Ohio Department of Natural Resources (ODNR), Division of Mineral Sugarcreek, Ohio (fig. 4). The cost associated with the remediation of abandoned mines is high. The all geologic maps and documents. The toolbar contains the native ArcGIS Find tool (fig. 6). This OMSMI Mine Information é Ef;kpftd'sg?’FL:Ttp”hw T 1
Resources Management invested more than $2.4 million to complete 87 projects related repair of the collapse of I-70 near Cambridge cost approximately $3.8 million (Crowell, 1995). As tool is used to locate insurance claims based upon the Address Locator function in the Find tool. e E Eéigiaggifhn&;ﬁ % | = N ' ;K""‘S ",j%f:_ ’3:'
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to abandoned underground mines. The costs of mine subsidence are expected to rise as of 2005, the Ohio Department of Transportation had spent approximately $14.3 million to repair The second tool on the toolbar is mine-subsidence Select Location tool (fig. 7). This tool will load all - j e —_— Co g %3%:”6'&2”755'LDWHKMWW; - - \t &
abandoned underground mines age and deteriorate and as further development occurs T S B 1941 Inventory Location R MR IS _ - ) highway damage caused by mine subsidence. In 2008, the ODNR Division of Mineral Resources known digital geologic maps and all geologic GIS data into the ArcMap document for that location. | T e B e ke o S IR
across the Ohio landscape. | ' | | | | Management invested more than $1.3 million to complete 32 projects related to abandoned- Some of the GIS datasets include the abandoned underground mines, the permitted surface mines, S:T“ddﬂlpm_ Al e Coumn .. — EEEEZ?E”:;TL!EEFLW

The ODNR Division of Geological Survey (the Survey) hasbeen responsible for mapping underground mines (Gordon, 2009). As abandoned underground mines age and deteriorate, we the 1:24,000-scale bedrock geology, and the 1-foot resolution digital orthophotography. One of the o [ e ]_] Etths”"’
the locations of abandoned underground mines since 1977. The mapping process involves i T expect the costs associated with remediation of the abandoned mines to increase. most important historical records is the 15-minute thematic geologic maps. These maps have been [T f—— o= h ok : EDLPHOL:ESCOUS
creating and managing a geographicinformation system (GIS) of abandoned underground ol :1' Most homeowner insurance policies do not cover damages from mine subsidence. In Ohio, the scanned and indexed. The Select Location tool will identify all the scanned maps within a mile radius e S | 75 Miute Quadronge [l th.,— é %E?ﬁiﬁ%%ﬁ%if%ﬁ?&—
mines in Ohio. A recently developed custom GIS application allows Survey staff geologists B3 ; Mine Subsidence Insurance Fundgivespropertyownersthe opportunitytopurchasemine-subsidence  andload them into the ArcMap (fig. 8). e T O s o
to quickly gather any geologic data on file at the Survey that is relevant to a subsidence , 5:% . insurance. In order to assist the Ohio Mine Subsidence Insurance Underwriting Association Once the information is loaded, the geologist can conduct a preliminary mine-subsidence ldk! | L‘ E EEEEEEEEEEEEEEEEE %
complaint. Once the information has been gathered into the GIS, a geologist writes a ———_:—l (OMSIUA) with the evaluation of insurance claims, the Survey has entered into an agreement with analysis. The Underground Mine Information form (fig. 9A) will present the attribute information e st et E EEHEEEEEHEEEEEEE 5 _ : '
report summarizing the data and noting critical information. The report is submitted ol OMSIUA to provide geologic information and preliminary evaluation of the validity of the mine on abandoned underground mines. Using the form, the georeferenced abandoned mine maps can E EEEEEEEEEEEEEEEEE J
to either the Division of Mineral Resources Management or a consulting engineering subsidence claims. When officials from the OMSIUA receive a claim from a property owner, Survey be loaded into the ArcMap (fig. 9B). Documents can be accessed using the native ArcGIS Hyperlink = _ E %EEEEEEEEEEEEEEEE ,
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company assigned to the complaint for further evaluation, site inspection, and potential geologists are given the claim for further evaluation. The geologists automatically gather all digital tool (fig. 10). Some of the documents that can be accessed are the measured stratigraphic sections, o B < |Sﬁ;5|1jw1p“j 5 | 5 )
remediation. The GIS software application provides easy access to digital geologic 7 geologic maps and documents for the claim location using a GIS software application. Once all core descriptions, and oil-and-gas well completion cards. These three types of documents can have a FIGURE 9A.—Underground Mine Information form. | gr.ii:g'{\ S@ 0 A~ Cam— - Sf=n zr g]A- 8- 4=~ [ £ %@ o
information for evaluation and potential property remediation. ] . . . . . the information is gathered into the GIS, the geologists evaluate the potential of an underground description of a coal bed within them and possibly the notation that an underground mine is nearby. 195006 764 BE7I0 o7 rock
. . _ FIGURE 2.—Aerial photograph showing location of mine subsidence in Youngstown, , , : . . . : o . o . . .

New datasets also are being developed as part of the ongoing mapping program. Ohio. In 1941, a property was inventoried by Fuller and Sturgeon (1941) as containing mine to underlie the property and then write a claim report. The claim report is submitted to a After the analysis is completed, portions of the preliminary mine subsidence report can be FIGURE 11A.—Automating the export of PDF maps.
The Survey is the archive for all final abandonment mine maps, which are scanned at an abandoned mine shaft of the Foster #1 mine, which was abandoned in 1884 and was consulting engineering company for further evaluation and potential remediation. The GIS software automated. A tool will export thematic, page-size, PDF maps (fig. 11A). The page-size maps are
a high resolution and georeferenced to existing ground control. Using georeferenced the most productive mine on the south side of Youngstown. Fuller and Sturgeon also application provides easy access to digital geologic information for insurance claim processing and generated with the correct titles (fig. 11B). The PDF maps, along with all the geologic documents

noted that in 1876, a block of sandstone measuring 4' x 4' x 7' was taken out of the shaft

and exhibited at the Centennial Exposition in Philadelphia. It won a gold medal for the
captured into the GIS. These datasets, in addition to new statewide LiDAR and other best stone block on exhibition. In 1977, a garage collapsed into a mine shaft on a nearby then ZIP the files together and send them to the consulting engineering company for further analysis. I ra—
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potential property remediation. within a half-mile of the site, will be exported to a temporary directory (fig. 11C). The geologist can Slell ]

mine maps, the elevation, thickness, and information on the condition of each mine is

% OMSIUA.mxd - ArcMap - Arclnfo

. . . . . < x “WAAESSZE13 A
subsidence. Variables analyzed as part of this study include age of a mine, depth to a : ey ; e e - i
“_OMSIUA.mxd - ArcMap - Arclnfo =3 “_OMSIUA.mxd - ArcMap - Arcinfo M=13 =L & -
S b # [ DRG-HOLMES COUMTY
- 3 - File Edit View EBookmarks Insert Selection Tools Window Help QDMNR Menu | Ble Edit Wiew Bookmarks Insert Selection Tools Window Help GDNR Meri # [ DRG - TUSCARAWAS COUNTY * .
mine, amount of unconsolidated overburden, and roof rock lithology. The new datasets | Bl £t ven & Insett Sbiection Took Wi o e e 398491 _
DEEdS| ~ 28X | « | & [12206358 x| A O N &G a2 M@eEs K A@ koMl asd EE @@L DeE&E & B X |« | & [18108 AP N AR IS E | |E SRS N B L Bl | @ @ L | G & [ OSIP IMAGERY - TUSCARAWAS O i i o
o N . o o o o — : —r= - - e ; T : ' ' : = O MAP SCANS - NAYARRE 15-MINUTE QLI VWAL 21B5 _}’“Q"‘Q"‘Q.Q”":Q":Q:Q_
will provide a better understanding on the variables controlling mine subsidence from = = ®wEZlogee e I O D . o | o R
= gm e + O ZAIMAGES|MAPSL1S_Min_Thematic, J| ] 1 “ut- } ! | '
. # [ QuadiSMinutes # [0 Z:AIMAGES\MAPSI15_Min_Thematic 3 |
abandoned mines. Gl o Quad2dk OMSIUA Toolbar : / paal H g s # [0 Z:AIMAGESYMAPSLIS_Min_Thematic, B, e 73083 l|
| Counties i =  QuadlSMinutes # [0 ZAIMAGES\MAPSL15_Min_Thematic = 23 |
< =l Ashtabul T : —in_ : . -
& Pennsylvanian-Permian of Ohio #HTO @ - I Water Wells # [0 ZAIMAGESIMAPSLIS_Min_Thematic, b :
Lafe - # M Coal Layers # [0 Z:AIMAGES\MAPS15_Min_Thematic,
— SRR HLY CORL e # [ ZAIMAGESIMAPS|15_Min_Thematic, eRILL
= g - S’ : PR s | W / Ciaheia | B W Ol and Gas Laysrs # O ZAIMAGESIMAPS|15_Min_Thematic,
INTRODUCTION o P A RN o a7 il - » 7 ’_' e — } |/ ke|p={ Ashtdbula =% [ Surface and Bedrock Topography Layer % [ ZAIMAGESIMARS|15_Min_Thematic, . , SO e R eiie i DHO1332
N TN Ty = - i e s e | Nill*anis =“+m Luﬁiﬂ’ _ Lorain_,_l |‘_ . 1; _I._ . + O Bedrock Geglngy Lavers # [0 Z:AIMAGESIMAPS|15_Min_Thematic R R S = il i i it A
> . AP . ” - A - - Pl Oth Efie ; ) ! [+ [0 “Wavne Mational Forest # [ Z:AIMAGES|MAPS|IS Min_Thematic : e R il : -
- | | ’f" : . | B # [ Regional Coal Maps - Pittsburgh Mo, & % [0 Z:AIMAGESIMAPS|15_Min_Thematic Sl Satat ol ; J,.-" - _
Defi -.:?' Henty Nood :.‘oa'l'l:l;l. I i1 T [+ D Regiunal Coal Maps - Upper Freepark Mo + D Z:I\IMQGES\,MQPSUS_MII'I_TI'IEITIEItIE o S o 3 /"' / .HR.‘-;"-\._\_.
| | # [ Regional Coal Maps - Lower Freeport Me # O ZAIMAGESIMARS| 15 Min_Thematic ‘ S - 3 # . _ droRi e fﬁt:;:_-:__:w\
° ° ° ° ° 1. y . o 3 u : S o : o N ) ; ¢ | et e . it
Underground mining for coal in Ohio was first reported in 1800 (Crowell, 1995). The IRy ™ LT M ke 2p 22 O Rogional Coal Maps - Hidde Kitarnina O] Z{UMAGESIHAPSI S Min_Themtic . .. A | SV ANY Sl 7
| J = ) # [ Regional Coal Maps - Lower Kittanning # [0 Z:\IMAGES|MAPS|1S_Min_Thematic : ST Subsidence Location - Sugarcreek, OH r A
c . o C c o o i mE aLILIILLE R PO &Tgﬂ = g Soils # O Z:AIMAGESIMARS|15_Min_Thematic, N T S
. | i i - e b, ek il x 3
majority of the underground mining takes place in coal- and clay-mining areas of eastern Hootwie 11 s < B sodEnay ) ZUMAGESIAPSI1S Min_Thenatc LA I
Vangiot [Cripwio # [ Usas Appalachian Landslide Maps & [0 ZAIMAGESIMAPS|IS Min Thematic s el k)
Allen 1 | |Richi N d I ' : t i i ] -
HLIL LS [ WATER - Groundwater Pollution Pokenti. ; - e . : i = B, # O Z:AIMAGES|MAPS|15_Min_Thematic i
° LIPEE ° ° ° | * 1 _ 2 I : 4 A _ = : il i
Hardl W Subsidence Locat ey Al TR - :
and southern Ohio (fig. 1). Other commodities have been mined underground within AP ] g T s = B subsidence Locations S5 i N A = O] ZAIMAGESIMAPS|15_Min_Thematic
Merer ol o= g ] T + Quadz4k - 3 e fond, . & OO0 ZAIMAGES\MAPSILS Min_ Thematic
. e # O Routes_Local layer : [ AT AL B N ' # [0 ZAIMAGESYMARSILS_Min_Thematic
i 1 d. m .In d i .In d = b A | n i | n . # [ Routes_Municipal layer S - | P LAST % O Z:\IMAGESIMARS|15_Min_Thematic,
Ohlo’ lnCIu lng Salt’ gypsu ) 11 eStone’ Shale’ and even peat. GeOIOgIStS have eStl ate } ' TS"E"’]? Pnion | o bar i F # O Routes_State laver £ ST e B Subsidence Location - Sugarcreek, OH § # O ZAIMAGESIMAPSLLS_Min_Thematic, -
: ' J B[] Townships S : o : : # [0 Z:AIMAGESIMAPS|1S_Min_Thematic
1 b 1 1 ( ) } Darke| XL | ﬂn}auraim 2210 # M Counties # O Z:\IMAGES|MAPS|15_Min_Thematic, i
that over 8,000 mines have been in operation over the last 200 years (Delong, 1988). T e 1 | B i i o h e —— 1 [] Ziimaceaimelc b [hanely fli
| | Y Framfam ] ngum|j - . tl = ¥ Basemaps # O Z:MMAGES|IMARS|15_Min_Thematic,
. . . . o . & 1l = | | % [0 DRG - HOLMES COUNTY # O Z:AIMAGES|MAPS15_Min_Thematic
With such a large number of mines being developed over a long period of time, there is Iil S| fbeon 5 CA i L, a1 L] M volfs I Thomasg
reble it . | \MAPS|15_Min_ ; s
' Greene ke - i "r L ¥ B # [0 OSIP IMAGERY - HOLMES COUNTY # [0 Z:\IMAGESIMAPS|15_Min_Thematic, i3
s s 18 g O O Q | el 2 1wy ™ + O5IP IMAGERY - TUSCARAWAS COl # O Z:A\IMAGES|MAPS|15_Min_Th ki o
1 VG T Ly 0 + i _Min_Thematic_ =
an increasing probability that mines will collapse and subside as they age and deteriorate | _ clyete Lo o [ — o it T 1 L] 2w saiirm) o b et o
t Butief  {yarren Qintbn N T M VWashingtor) # [ z:IMAGES|MAPS|LS_Min_Thematic # [ ZIMAGESIMARS|1S_Min_Thematic .
° b - . 085 - G W + O ZAIMAGES\MAPSY1S_Min_Thematic, % [0 ZAIMAGESIMARSIIS Min Thematic > _,Ij__“.n .
and as development occurs across the Ohio landscape. 2 e 4 A 5 T oA e i Thesiont st dion | R
L Aol Hightanl ! # O Z:\IMAGESIMAPS|15_Min_Thematic, = W AU Georsferenced vine Maps - 34157 | || If1.l %
i ] . igk # O ZA\IMAGES\MAPS,15_Min_Thematic, B ] 341576020102t <
Pik B “fﬂ r N R R e
' . N W | # [0 ZAIMAGESIMAPSI1S_Min_Thematic, - : " ’-
LN | f[Brown i | ® O ZAIMAGESIMAPS|15_Min_Thematic, . | . J&_._ N
L U ; Adpiis Sei = iia | # O ZAIMAGESIMAPSILS Min_Thematic 55 bd [
T l = J-l a5 + O ZAIMAGESYMAPS,1S_Min_Thematic, Dizplay [Sourcej SEIectiun] hd ap Bu:u:nkj @0 | & _‘.._J
|\J T / o ol I # [0 ZAIMAGESYMAPS|1S_Min_Thematic, ; T paT——
|_ —| i L ce + [0 ZAIMAGESIMAPSLS_Min_Thematic Drawing ~ K (=) . O~ A~ & _]:l_‘-_'] Arial
. = O Z:AIMAGESMAPSI1S_Min_Thematic, 1 ' ' T T
L~ # [0 Z:\IMAGESIMAPS|1S_Min_Thematic Rthad ok BHIE e fo
[0 ZAIMAGESYMAPS|15_Min_Thematic,
# O Z:AIMAGESIMAPS|1S_Min_Thematic,
3 M1 = lrass ~eclassme~lar an =l 1 . .
= e — > FIGURE 9B.—Georeferenced mine map can be loaded from the Underground Mine In-
Dizplay J Suurce] Selectinn] b ap Bu:u:nkj FRLEE | ] pr_. Diigplay 150urce] Selectinn] bl ap Ennk] f t. f
pawng v R 0 A O A~y 0] i Bz ulAr &y Iy 2~ pawng v R G @ O A~ [0 4w =l =] B 7 g|Ay &y Ly 2~ | 2 % & chenge e ormation rorm.
P y ' | [2815342.701 1236400.66 Feet i ' N " ' ' .  2199459.222 918522,796 Fest
:../ STATL OF ORI CHI0 DIVISION OF GEOLOCICAL SLEVEY \..I .
e = FIGURE 11B.—All automated PDF figures are generated with the correct
[ ] [ ] [ [ ] [ [ ]
ORd isnoiD FIGURE 5.—OMSIUA Toolbar. FIGURE 7.—Select Location tool. All geologic information is loaded into the ArcMap titles
UNDERGROUND MINES OF OHIO )
L ] ° °
T — 1 P :d hi d . .d for the complainant location.
I FIGURE 3.—Collapse of Interstate 70, near Cambridge, Ohio caused by mine subsid-
\ EE " et
. pt ence (Crowell, 1995).
7. OMSIUA.mxd - ArcMap - Arcinfo. ‘M =1E7 “_OMSIUA.mxd - ArcMap - Arclnfo *. OMSIUA.mxd - ArcMap - Arclnfo =13
File Edit View Bookmarks Insert Selection Tools Window Help ODMNR Menu Ele Edit Wew Bookmarks Insert Selection Tools ‘Window Help ODMNR Menu : : File Edit View Bookmarks Insert Selection Tools ‘window Help CODMR Menu
- _OMSIUA.mxd - ArcMap - Arcinfo ' T ' | = ’ I e 2 7 5B | BRE T
¥ B Y ; | rE B Al = £ = [ ol [k | foe 2 1 |5 " 5 5 =T | R : 0 b, 4 : L E i A ; [Z] [@ (@ [ | FY
DEHES & 28 % | « o & |12 S @aanke | gae|rnr@gend | indahohtaf BR|@EH|E DEEE $ B2@BX v & |1 AR AR ST @E BB ROM L AR @@ T _ _ DFE&EG $BBBX < & 1810 S ABGON Q@ IO PED | IBHI O KON EFER @G
: . : d ! i ! | ) ! ! d Iz | ! File Edit Wiew Bookmarks Inserk Selection Tools Window Help ODMR Menu - - - e e e - - e N - — - - - =
L] | = : e - — § _ e |
. T " @e hTOESH e i , . : ®wTe @& ae
| b g | § | + 0 > _ BN TRt WY € e R _ alm - B S : _ DS & B X « | & |10 RAREY:AR I8 &l 5 7.\ MAGES\DOCUMENTSStratSections\MS11867. pdf - — -
] - iy L, : e 1-" FE BEE bl ';EWE_ _-3-' - ™ ] - = 1 - L el =l e e e e e e e e — ey — X
- i = A, % s = 1 o e £ | -
e — =1 overs| EE=] overs| o] e e &l }{ WO e AT OEe e o —= r
G TN G # [ QuadiSMinutes =] # M QuadiShinutes T . SN o T ' ; 4 P-:?_.- ' - S & : - el NNt G AT B # M quadiSMinutes
> 2 a # b Quadz4ak - [ b Water Wells - | ¥ " - i ! e . i i ety - = | i | ot Lossasieriel Field No, , 11867 - # [ water wells
- +* z Features} Places Addrezses | Boute Locations Fird _'__ | e - : SR ~ G B i N e e T T STATE OF File Na, i
[ | S i : : L o R R E OF OHIO # O Coall
. A - + Counties Ashtabula F Coal Lavers - | F ! - £ o T = 3 | g:':‘:':‘g¢;?ﬁt‘:':¢2¢!€ Measured by_Ea &o Flagnlohr Holnss + oal Layers
3 ; ' L = Pennsylvanian-Permian of Chio Choose an address locator: Lk [+ ALIM Layers | ! j l:" - i Gy | R R PEPARTMENT OF MATURAL RESOURCES Colipey, ™0 H O AUM Layers
- | d & il and Gas Lavers v i i ! i 5 . 2 3 3 i -:I '!' v Water Wells HYISION OF GEOLOSICAL SURVEY Towaship Hﬂ.lﬂpb Cﬁ [+ I:‘ 0l and Gas Lavers
e IU'S' Aoy bver Tole b j‘@j Mew Search I / [T Jeet™ . [+ [ surface and Bedrock Topographey Layer ; 2 5 - 2 = o ———— * i, k o Coalloyers Dhittes 1502 # O surface and Bedrock Topography Layer
- ALIM Layers
i - Cuyaboga ! # [ Eedrock Geclogy Lavers + B + O Bedrock Geology Lavers
&% Country: |Uinited States =] y PLakep= Ashiabula e : # M 0l and Gas Layers Seripped STRATIGRAPHIC SECTION s O ol ¥,
g ~ - i = # [0 wWayne National Farest ] = War..fne Mationa Fl:urest. =
Strest or Inkersection: |128IZI Luzanne Sk, Sh :_J = Elie | [l- i 1|‘ I + [ Regional Coal Maps - Pitksburgh Mo, 5 :: + S Su;FaciandlBedruck Thpogispa Layen + O Regional Coal Maps - Pitesburgh Ko, & I? ,f' ! Search || Folders .
_ @ : P Laauga- @ O Regional Coal Maps - Upper Frespart Nc :Qt = Bedrad GEP gy Layers Coordinates: duges G%a‘-: # O Regional Coal Maps - Upper Frespart N ]
Ciy: ]Sugarcreek L] : = Cuyahogal o oS 1 & [0 Regional Coal Maps - Lower Fresport Ne g: : 2 S waa..fne l;datu:ul'ual FDrest. et K'E,iig,ggg 75 # O Regional Coal Maps - Lower Freeport Me i Ii:-:".‘D:'I,OMSIUP.'I,TMP
Ehebe B e oH i lorain TLWE Y TTIITI Q # [0 Regional Coal Maps - Middle Kittanning b :}‘I = Reg!nna Coal Maps - Pittsburgh Mo, & x » # [ Pegional Coal Maps - Middle Kittanning f : j =
ake | Province: J _.11 BT L . '5;'_,: _!Aﬁr;:! % [ Regional Coal Maps - Lawer Kittanning b . # [ Regional Coal Maps - Upper Freeport Me # [ Regional Coal Maps - Lower Kitkanning - I B T Bt
I = i z e an older 1 asKs b I
Zin { Pastal Code: o Hurony i % SV AL : # [ Regional Coal Maps - Lower Freepart Me Sample of Middle Kittanning cosl cut im 1902 by B, &, Elsenlch B0 sals M= Treancrolfertasks AW [EMS11867 pdf
gl s ! E % I\-} ey 1 ™ - L e # [ Regional Coal Maps - Middle kitkanning © from mine of Michael Zamg" & one mile nerthyest of Sh;r.nasville . ) - -
A = O | s northeast # [ Quaternary Geology 3 = Fold
Cancel ] it - Dhé.ﬂllu - SHaLefhy SE0agY # [ Regional Coal Maps - Lower Kittanning M oeruEE S?ﬂ'im b, south, Walmut Creek fownship, Holmes County. Sample : i : ' e @3415?23?23':":":":' df
] ﬁ 15 # O usGs Appalachian Landslide Maps & O ? E 1 1k by 7 inches, Analysiz by Lord and Somermeisrs # O usas Appalachian Landslide Maps @) Pubish this Folder to the | £ P
,T. e m e S S et ek ] - ; e % [ WATER - Groundwater Pollution Fotenti : = é?-:astemaw cenions N ) # [0 WATER - Groundwater Pollution Potenti Web %3415?2184SDDDD-|33£
ichlan o B | (Loly [+ Subsidence Locations et £l : ! : ta In. # [ Subsidence Locations =7 Share s Fold | 34157 218420000, 0
Address Description ] Match Tupe ] #-Coord i ] | R .}‘.E“‘g 18 |_ [+ Quadz4k + L] USGS Appalachian Landslide lﬂaps ) Shale, siliesous. ; + Ciuadz 4k, h? R ESubsidence Location, Sugarcreek, OH_Bedrock Geology Lavers, pdf
1280 Luzanne St S, Sugarcreek, OH... 2201811.024342 |8 U T | Carroll_ ] Rbilkas: el X i 3 _ i - : y J & [ WATER - Grounduwater Pallution Patenti R e T el de boasn it b % sy # O Routes_Local laver L subsidence Location, Sugarcresk, OH_Sails.pdf
: Sugarcresk, OH 2207 404.166611 | Lol . B - ; # [ Routes_Municipal layer 333:6' ¥ _b' ‘ o 1 | . , = o g Ll r ' = + SUhsclleiT:E Locations CIoY; PlARbo. oo v iinin s s e s e b e i A Ed # [0 Routes_Municipal layer Other Places 3 'E_L]Subsidence Location, Sugarcreek, OH_Subsidence Locations, pdf
8 ZHgAiEeek LH ISSO0EAAGS {llfll( 3 | 1 # [0 Routes_State layer %’:4‘:‘ - S W { " Subsidence Location - Sugarcreek OH -"r & e ¥ [ Routes_State laver Thsubsidence Lacation, Sugarcreek, OH_\Wayne National Forest,pdf o
§ < | > mr o i ; 4,0 o 3 h . g ' . & [ Routes_Local layer mOT i 3 E : ; /
foi - = -- Hulrisun # [ Townships o . | - o o S | & kg R I R R R R R B Analyais # L76 I awnsnips ) [ CmMsIUA ESubmdence Location, Sugarcreek, OH_Regional Coal Maps - Upper Freepork Mo, 7.pdf i L
v 4 y [ | ' ‘_‘-‘.‘l + [ Routes_Municipal layer R I R R IR K T, o a Counti b i : : ; i o 4
5 objects Found m I | H Counties s fio % [ Routes Stake laver 'oﬁoﬁo&t&‘c‘ﬁo&o&tﬁoﬁo@g;:ﬁ. e ; ) ) { .'I 'u:i My Docurments ESubgdence Location, Sugarcresk, OH_Reqgional Coal Maps - Pitksburgh Mo, &.pdf | L
: ,m : uﬂl'l'llﬂ'l'LI;L i . r| ] # [] Pennsylvanian-Permian of Ghio A ; ) + 0 Tu:uwnsh_ips 3’&1’3&4’?&3’3f‘f’ﬁ*ﬁ"ﬁ'ﬁ%‘!‘i’f . + [] Pennsylvanian-Permian of Chio i f Fr" '_'i TP ESubsidence Location, Sugarcresk, OH_Gil and Gas Layers. pdf .
b b st o o ot _ll I |lu'hn1 | Gueinsey ) | = |:| Basermaps ' + gole %tﬁ!‘ﬁzﬁxﬁ:&:ﬁ&:ﬁ:ﬁ&:’&:ﬁ R | [ = . snlaij.?Sp? OLMES COLNTY {_." '-.l ‘ﬂ My Network Places ESubsidence Location, Sugarcreek, OH_Regional Coal Maps - Lower Freepork Mo, éa.pdf
: : Clark | R g i AP o | e E DRGHOKMESEOONTY # [] Pennsylvanian-Permian of Ohin L e ML M M M L — ' - o s - L subsidence Laocation, Sugarcresk, OH_water Wells,pdf
T T £ - - : # O DRG - TUSCARAWAS COLINTY o y _ THE DIVISION OF GEOLOAICAL SURVEY MAXES & < - . i _ _ \
“‘i" . -"'i'l- clison N f -:I bl J i [ OSIP IMAGERY - HOLMES COUNTY Basemaps NO AFFIRVATION COMCERUING THE COMPLETERESS % [ OSIP IMAGERY - HOLMES COUNTY ESubedence Lucat!cun, Sugarcreek, OH_W.C'.TER Groundwater .F'l:l"LItIl?ll'l F'Dt.entlal (ODMRY, pdf
TEE: T R 17 o & DRiG - HOLMES COoUMTY AND ACCURACY OF THIS INF ; £ fEX — r 'ESUI:'Sldence Location, Sugarcreek, OH_Regional Coal Maps - Middle Kittanning Mo, &,pdf
Greenel x '] ¥ M OSIP IMAGERY - TUSCARAWAS CCI OF THIS INFORMATION. # [ 03IP IMAGERY - TUSCARAWAS COI Details =
2 Pi; 'I e - MAP SCANS - NAYARRE 15-MINUTE OU. [ DRG - TUSCARAWAS COLNTY = [0 MAP SCANS - NAYARRE 15-MINUTE Gl BSubsidence Location, Sugarcreek, OH_Regional Coal Maps - Lower Kitkanning Mo, 5.pdf
Fayette - - gyt l | - el i s s s Themiic- + [0 ©sIP IMAGERY - HOLMES COLUMTY | - T e e S . " subsidence Location, Sugarcreek, OH_II5GS Appalachian Landslide Maps. pdf
B_Iller Warren inthn et iru;iltor :f + N Z:'I,IMF'.GES'I,MP.PS'l,15:Min:Thematic: . # [ OSIP IMAGERY - TUSCARAWAS COIl # O ZAIMAGES\MARSILS Min Thematic -;, ESubsidence Location, Sugarcreek, OH_Surface and Bedrock Topography Layvers.pdf
| T‘ Ross Atheths !l'_ L7 & ZAIMAGES|MAPS|15_Min_Thematic = D MAR SCANS - NAVARRE 15'_MINUTE Qf-" # O Z:MMAGESIMAPSILS_Min_Thematic ESubsidence Location, Sugarcreek, OH_Coal Layers.pdf
Haiilt.:nn A o I I [+ O ZAIMAGESIMAPSILS_Min_Thematic, + u Z:'I,IMP.GES'I,MP.F‘SI15_M!n_Themat!c_ + O Z:MMAGES\MAPSIIS_ Min_Thematic T subsidence Location, Sugarcreek, OH_AUM Lavers, pdf
A FLY T ? Hightangl : # [ ZN\MAGESIMAPS,15_Min_Thematic + 0 Z:I"IM":"GESI"MAPS\'IS—M!H—ThematF' ! + O ZAIMAGES\MAPSY IS _Min_Thernatic, ESubsidence Location, Sugarcreek, OH_Quaternary Geology . pdf
N - a i i & # [ ZN\MAGESIMAPS)15_Min_Thematic, | N ; : :
& \_I "+J- 4 | Pike -1 ﬁc : ﬂs F [ ZN\MAGESIMAPS,1S_Min_Thematic, w O ZAIMAGESIMAPS| 15 Min_ Thematic i + [0 Z:AIMAGESYMAPSY1S_Min_Thematic
I ; i i = ' S - # O Z:NIMAGESIMAPS|15_Min_Thematic
e l\ | Brown r # [0 ZNMAGESIMAPS,15_Min_Thematic, # O 2:\MAGES\MAPS|IS_Min_Thematic | .+ Hin_ I
| ; i i = ' S - , # O Z:MMAGESIMARS|LS_Min_Thematic,
i 1 Adpne SCi{o s Lo = Z'HMF‘GESEMQPSEIS-M!H-Themat!c' # O Z:AIMAGES|MAPSYS_Min_Thematic, ; _.+_ ,t ! ! i bl < |
et | g Gallia # O ZAIMAGESIMARS|15_Min_Thematic - _ : - + [ Z:\IMAGES|MAPS115_Min_Thematic,
| - | r ; S ] # [ Z:\MAGESYMAPS,1S_Min_Thematic, [ # [ Z:AIMAGESIMARSILS Min_ Themati
i" | | # O ZAIMAGESIMAPS| 1S _Min_Thematic B . : : ; i Y 115_Min_Thematic
| Moy, i T i # [ ZN\IMASESIMAPS, 1S Min_Thematic. % [ 2:\MAGESIMAPSILS Min Themati
o . # O ZAIMAGES|MAPS|1S_Min_Thematic - : : . t ! 115_Min_Thematic = ; - T
| -\‘_T?Eice - T AR AR H e # [ Z:\MAGESYMAPS,1S_Min_Thematic, L8 % 0] Z:\IMAGES\MAPS|S Min_Thematic v /‘ " R S LJ;:'E',-F' -
et e s g \_ . s e # O ZNMAGES\MAPS|1S_Min_Thematic, B O ZAIMAGES\MAPS\LS. i Thefmatic /. /_./ S . \
i AP b ey e L ; -Hin_ IC. : # O Z:NMAGES\MAPS|1S_Min_Thematic, , e ) — f b N / Rt
s R e W e # O ZAIMAGESIMAPS|15_Min_Thematic # [ Z:AIMAGES\MAPSILS_Min_Thematic ; B ; " A
TS T ol I e iy o e 8 =M gl # O ZAIMAGESIMARSI1S_Min_Thematic, w0z g : i = e R Lo
T o e 4 = O Z:'I,IMF'.GES'I,MF'.F‘S'I,15_M|I‘|_T|‘|E|'natll:_v 1_47 3‘:“:‘4 + O ZATMAGESYMARS!1S_Min_Thematic == = — ZUIELYCESWMAREAL S i T ematic. o 1 i ] - v En {2 ¢ f |
T e S et ot b e i B ey i e e S oo | - e £ : _PMin_ : i T ey e e e o s . ! H ) ] Gl n N s b | '
= B St e € o e 5 — £ I » :3 j . : e # O Z\IMAGES\MAPSLIS_Min_Thematic X < | * [o : : ool s, e g . ! \
TR I R B a | | g e sehltieid 2 ; . it - £ BTV ERAPA L, T
| T Display | Source | Selection | Map Book | 20 |2 [ »] Display | Source | Selection | Map Book | @0 |2 u lJ e . = E E'g{Mﬁ.fE?‘l,Mﬁ.T\,lﬁ_Mln_Ihematlc! f I'., ¥ e W , Diisplay 150UFCE] 58"3'3“'2'”] bap BDDkJ a0 o ; _‘._J _j ! : ?
CDrawing v R 0 O A v 2 o)l w2 B U Avy &y Fv o+~ g~ K ) @ O~ A~ = |6 A T =] B 2 U|A~v B Fv 2w | B8O chageveeon, | B R % |2 T T ,r’_J""“ | S ; \'\ = Y Drawing v R (3 & O~ A~ = o] adal o =l B r o Ay & F~ &~ | 8] e esion., | B 1B ¥R | 8
' : oy i - : E Y i L : B ] * T { = : - - — = — - — ' - - e — izplafPRoLIGE] ER SIEEUON] Fhlap RRG s I 3 - — - - S T T
o, i A I 15 Ny il s ; ' BE . 2FEE560.755 60177603 Feet 7 | |2204709.879 918076.726 Feet - T o ' | — 2204931 415 914853.133 Fest
° ° ° — . — - _ Drawing > R () & O~ A~ = |i?]f-'«rial _I_j |'|EI _:_J B 7 U A~ S~ Fv 2~ | B4 ' E 15 B AR
FIGURE 1.—Known Abandoned Underground Mines of Ohio (modified from Crowell -- | - - - S
1 ' ' (=1]

and others, 2008). The majority of abandoned underground mines are associated FIGURE 4.—Damage to a house from mine subsidence. Sugarcreek Township, Tuscara- FIGURE 6.—Find tool on the OMSIUA Toolbar. The Find tool and the ESRI Address Lo- FIGURE 8.—Historic thematic 15-minute topographic map as a basemap. Map shows FIGURE 11C.—All documents within a half-mile radius and the PDF figures are copied
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