A SNRAa& NodsttkR S F 2 NJ
Predict PosMining Water Levels

4/24/2019

Rebecca Steinberg, Nora Sullivan, Natalie Kruse, Dina, LJgreBowman

Ohio University2019



Table of Contents

Page

1 BACKOIOUNG. ...ttt e e e r et e e e s s e e e e e e e s e s r e e e e e e e annrnreeeeeeaan 3
1.1 Original DAtA SOUICES.....cceiiiiiiiiiiiiie e eeeii et e et e e e e e e e e e e e e e e e e e s easbrnreeeeeeaanes 3
1.2 SEALSHUCAl ANGIYSIS....oiiiiiiiiiiiie et e e e e e e e e s e e e e e e e e s eeeeeas 3

2 TOOI STTUCTBE .....eiiiiii ettt ettt e e et e e bbb e e e e e e e e e b e e e s annn e e e s anneeeeaas 6
P R DT L= (0] 11 T L T PSP U PP PPP PP PPPPPTPUPRP 6
2.2 REQUITEA INPUES....ciiiiiiiiii ettt e e e e e e e e s et e e e e s sb b er e e e e e s s asbrnnreeeeeaanns 6
2.3 TOOI TUNCHIONS ..ttt e e e et e e e e e s r e e e e e e e snbbr e e e e e e s e annnreeeeas 1
2.4 DIFECT OULPULS ....cieiteiii e e ettt ettt e ettt e e e e s e e e e e e e s bbb e e e e e e e e anbbr e e e e e e e s annnneeeeas 7

G T B 1o 1T/ ] (o= Vo [T o T 1= TP PURRRPRRR 8
700 R4 T o o 1= To I o] (o 1= (PP SEPPEPRRPRPR 8

4 Prepare DAtA..........ccoooiiiiiiiiiiii et e e e e e e e e e e e e e e e e e e e e a e e e 10
4.1 SNAPETIES.....eeeeeiee e e e e e e e e aane 10
4.2 DaAl@ SNEELS.....eiiiiiiii ettt e e 11

5 Steps for RUNNING the TOO0L. ... ... 14
5.1 Setting Up ProjJECt DalaL.........ccoooiiiiiii ettt e e e e e e e e e e e e e e e e e e e 14
5.2 OPeNING the TOOL. .. ..itiiiiiiiiiiiii e e e e e e s e e e e e s enneees 19
5.3  RUNNING TNE TO......oeeiiiiiii e e e e e e e 20
SIS J0 R |V = - To F= L = PSPPSR OPPPPP PP 26

5.4  Interpreting TOOI QUIPULS.......ccoiii it e e e e e e e e e e e e e e e e e e e e e e e e e e e e s eaasaaaaas 28
5.4.1  Changing Symbology for OULPUL LAYEIS..........cceeiiiiiiiiiieiiieeiiiiiieee e 30

6 TroUDIE SNOOTING........uuiiiiieiii e e e e e e s e e e e e ee e s 33
6.1  POiINtS NOt ProJELING COIMECHIY.....cei ittt 33
6.2 MOAEI FAIIUIE. ... e e e e e e e e e 34
6.3  Model output values unreasonalle......... ... 34

6.4  Model Invalid When OPENEQ............uiiiiiiiiiii e 34



1 BACKGROUND

There is a eed foranimproved method for predicting poshining water level$n
underground coal mininglhe Surface Mining Control and Reclamation Act (SMCRA) permitting
requirements include estimating water levels post minasgpart of characterizing the area
hydrology.Theuseoft2 L] 2F O2+ f Q Kl a 0SSy red®@®@oogic 68 Ff 22
researchto beaninsufficient estimate of posiining water level.As mine companies are
required by SMCRA to mitigate/remediate environmental impactsoofdied minesthis
insufficient estimatiormaycostcomparnesmoney. More reliable prediction can save money on
postmining reclamatiorby preventing the environmental impacts from happening to begin

with.

The goal of this project was to develop an empirical predictiveehofipostmining water
level, implemented in ArcGIS Pro. Using data fthenproposed underground coal miermit,
the model returns points of predicted postining waterlevels andccan be compared ta

Digital Elevation Model (DEM) to identify areasisk of surface discharge from mine pools.

1.1 ORIGINADATASOURCES

Theproject team requested public permit data from 28 permitted underground coal
mines in Ohio. Spatial, hydrologic, and geologic measurements were gleaned from the permits,
yielding usablelata from 15 mines. Additional data and/or GIS layers were downloaded from
Ohio Department of Natural Resources, Division of Mineral Resource Management-(ODNR
DMRM), Geological Survey (ODISRB), and Water Resources (OBNR), US Department of
LaborMine Safety and Health Administration (MSHA), National Oceanographic and
Atmospheric Agency (NOAA), andio Geographically Referenced Information Program
(OGRIP).

1.2 SrATISTICANALYSIS

Once gathered, multivariate data analyses were run using The Unscraxhatet

Neuroshell 2 to develop a prediction algorithm for posining water levels. Téresulting



algorithmwith the resulting errowas included in the toollfablel displays the selected
algorithm,with each variable transformation. Each of the variables required in the inputs for
running the tool are required due to their use in running the prediction algoritiiore detaik
on the analyses are provided in the three theses linkedhe Mine Pool Sudy webpage of

watershedadata.con(http://watersheddata.com/MinePool Study.ashx



http://watersheddata.com/MinePool_Study.aspx

Tablel ¢ Selected prediction algorithm

Polynomial Net (GMDH) Test 'K’

Best formula:

Y=0.1*X74.9E002*X11+9.2002-2.1E002*X4+1.9E
002*X9+0.41*X11.1E002*X3+6.502*X60.1*X10+4.3E
002*X5+0.56*XA).37*X1"20.38*X2"2+2.5002*X11"20.14*X2"3
6.5E002*X11"3+0.84*X1*XD.24*X1*X11+0.36*X2*X11+3.2E
002*X1*X2*X111.9E004*X6"2+4.102*X5*X%6+4.3E002*X7"2+4.E
002*X10"22.6E002*X773+5.002*X10730.14*X7*X101.1E
002*X9"21.6E002*X9"32.5E002*X2*X9+1.31002*X5"22.5E
002*X6"31.4E002*X1"3+2.ED02*X1*X7+3.102*X6*X10+2.7E
002*X1*X3+1.402*X9*X11+2.9D02*X2*X4+1.3D02*X8"31.6E
002*X8X11+6.7ED03*X4"2+4.5B03*X1*X6

Variable Transformations

X1=20*(Surface Elevatiofmsl)-5450)/835.0-1.0

X2=20*(Bottom CoalEle\ation (msl)- 244.04)/1055.961.0

X3=2.0*(Overburdeirhiclhess(ft) -65.0)/638.1-1.0

X4=20*(Mined CoalThiclness(ft) - 0.07)/11.691.0

X5=20*(Shale/ClayT hickiess(ft) - 0.35)/552.551.0

X6=2.0*Sandston&hickess(ft)/262.3-1.0

X7=20*LimestoneThickess(ft)/204.97-1.0

X8=20*Total CoalThickess(ft)/33.23-1.0

X9=2.0*Accumulative Coal to Extrgktm”3)/138.611.0

X10=20*(Underground Mining id-Mile Buffer (acres)
20610)/108987.51.0

X11=2.0*(Average AnnuBleciptation (in) - 37.5)/3.71.0

Y=20*(Potentiometric Head (msl} 4000)/932.0-1.0

R squared:

0.9906

Mean squared error|

324.8997

Mean absolute error:

12.3227

Min. absolute error:

0.0014

Max. absolute error

147.93

Correlation coefficient r]

0.9953




2 TOOLSIRUCTURE

2.1 DATA FORMATS

For the tool to function smoothly, the completeness and formatting of the input data is
mostimportant. The provided préormatted Excel Spreadsheets allow for inputting raw data
from proposed mine permit applications as specifead allow the tool taun correctly. Data
formats for each column must be followed exactly to ensure accurate dataction when
imported to ArcGIS. All columns must be filled out with datd may not be left blan&r

calculation errors will occur when the tool applies the prediction algorithm.

Consistent coordinate projections collection of data is alsoecessaryor at least clear
recording of the projection used in collecting XY coordinates so the correct projection can be

selected when running the tool.

2.2 REQUIRED INPUTS

It isnecessary for the user to gather and prepare site specific data for anafytbis
proposed mine (SeeSction4 for instructions on formatting. The five required files aras

follows:

1) Well Excel spreadsheePermit/Mine ID, well ID, XY coordinatestentiometric head
(ft msl),surface elevation (ft m$) bottom of coalelevation (ft msl), average annual
precipitation (in).Note: All elevations are in reference to mean sea level.

2) Borehole Excel spreadshed®ermit/MineID, XY coordinates, overburdemdakness (ft),
mined coal seam thickness (fthade/clay thickness (ftlimestone tickness (ft)total
coal thickness (ftgccumulative coal extracted (Mm”3).

3) Study mine:Shapefile of proposedew mine extent.

4) Abandoned Underground Mines (AUMHapefile ofpre-SMCRAnined out extents.

5) Underground MineExtents(UG) Shapefile ofpost-SMCRAniIned out extents.



2.3 TOOL FUNCTIONS

Figurel displays the general flow of the ArcGIS Pro model built to extract variables and
apply to prediction algorithm to produce points of predicted pashing water levelThe
mode runs these tools automaticallyrhis graphic is provided for those interested in how the
model functions The box on the [ef(STARTJisplays the requiredserinputs, and the final box
on the right(ENDXisplays the final output of the tooln between the STAR&ndENDboxes
are the tools usedrad the layers createtly the modelwhile extracting variables and applying

the prediction algorithm.

START
Required Work Flow for ArcGIS Tool = Flow ‘ Input shapefile
inputs Rebecca Steinberg 2/15/2019 <> Tool Q Working shapefile

Spatial Join

Spatial Join

Buffer
(4miles)

END
Final outputs

Field
Calculator

Raster to
Point

Figurel ¢ Work flow diagram that describéke layers and tools used in tle®nstruction of the tool in ArcGIS Pro Model
Builder.

2.4 DIRECT OUTPUTS
The tool produce$our shapefiles that are automatically added to the map once the tool
is run 1) well shapefiles?) borehole shapefiles3) calculated points, and) points of predicte

head compared to the area DENMhese outputs are further described $®ctions.



3 DOWNLOADINBLES

3.1 APPEFOLDER
The ArcGIS Pro mg@ackagehat hosts the prediction toochnd the Excel data sheets are

available for download atttp://www.watersheddata.com/MinePool Study.as@as a zipped
foder. ¢ KS daAyS t22f DL{ #22f +1L 011 3&¢& Taf RSN

Ly O5SM Mine Pool Study Executive Summi

(Figure2) is a folder containing the download

Ly 2-page fact sheet

links for the MapPackage
(Mine_Pool_Prediction_Model_Map.aptx), the

Well Excel Spreadsheet, aBdrehole Excel

SpreadsheetPreparethe Well and Borehole

Exceldatasheets prior to opening the tool in -+ Ohio University Graduate Student Rese
ArcGIS PrcSectiond). The mappackagecontains -+ Lindsey Schafer, 2018, Statistical a

predict mine pool formation in und:

the predictiontool, script that runs the prediction
Figure2 - Screenshot displaying the location of the

algorithm, shapéles of surrounding undergrounddownloadiink to click on Watersheddata.com to
download the prediction tool.
mines, DEM, and default required layers as

examples.

Once thezipped folder is downloaded; I @A 3 I (BwnioadsialderSright clickon the
zipped foldet y R & St S O (FigoeBR)iMKan Ghéwintoiv bpér@select aocal folder
for saving the map package and data she®{e. recommend that you save all materials related

to the Mine Pool Tool in this same folder.


http://www.watersheddata.com/MinePool_Study.aspx
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This PC > Downloads »

Cliv g pnesi! 3

nts

ts

o

ts

Name
gs el WE e
* mk A
# [ﬁ NN % O
* PP, URTCARN: |-o
»* E mine_pool_model.zip
+ W PPN pa
» B o
: R
Q RETS
S RS

Date modified

4/18/2019 12:18 PM
4/18/2019 11:47 AM

4/17/2019 2:53 PM

Type

Microsoft Word D...
Adobe Acrobat D...
Microsoft Excel Te...

4/17/2019 2:24 PM Microsoft Word 9...
Open Fi
Open in new window
pp...
Extract All...
Pin to Start pp...
¢ Move to OneDrive pp...

EH Scan with Windows Defender...

&2 Share
Open with...

Give access to

Restore previous versions

Send to

Cut
Copy

Create shortcut
Delete

Rename

Properties

Figure3 - Screenshot displaying how to unzip the folder contairtiegproject files

Size

5,657 KB
351KB
15KB
33KB
394,573 KB
33KB
2,098 KB
705KB
41,477KB
1,617 KB
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4 PREPARBATA

Proper data preparation is essential for successful execution of the model. The user should
carefully read through the descriptions of the lageequiredto adequately prepare their data

for running the prediction model.

4.1 SHAPEFILES

ThreeGIS polygon shapefiles are required:

1) Abardoned Underground Mines (AUMhioabandoned coal ming®reSMCRA)
This layer isnicluded in the tool Template, however, it is only current to the end
of 2018, when the layers were downloadéthis layer is created and maintained
by ODNR DMRM. 'Bol users may want tgerify that the layer has not been
updated orre-download and replace the included shapefiles with the most
current versions fronthe ODNR Mines of Ohio interactive map

(https://gis.ohiodnr.gov/MapViewer/?config=OhioMinge / f A O1 G KS aK¢é

the mine viewer application, then click the DATA tab to access downloads.

2) Underground Mine Extent§UG) Permitted mine extentPostSMCRA)
This layer isncluded in the tool Template, however, it is only current to the end
of 2018, when the layers were downloaded. This layer is created and maintained
by ODNR DMRM. Bol users may want tgerify that the layer has not been
updated, orre-download and replace the included shapefiles with the most
current versions fronthe ODNR Mines of Ohio interactive map

(https://gis.ohiodnr.gov/MapViewer/?config=OhioMing® / f A O1 G KS aK¢é

the mineviewer application, then click the DATA tab to access downloads.

3) Extent of the proposedew mine: Shapefile of proposed mine extemreated from
maps and information in the permapplication.The user may have to create this
shape if theshapefilelayer is not already createar accessible from the data for

the permit application


https://gis.ohiodnr.gov/MapViewer/?config=OhioMines
https://gis.ohiodnr.gov/MapViewer/?config=OhioMines
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Also required is aasterfile Digital Elevation Mode(DEM. For users in Ohio, the model

package cmes with preloaded, tdte of Ohio30M DEM

4.2 DATASHEETS

The tool also requiresvo data tableghat must becompiledfrom permit data or
calculated from thedata provided with thgpermit applicationor other sourcesData used in
developing this model werkand-enteredfrom PDF copies gfapermine permit files. Due to
the recent changes of the permitting procegshanging to an online, digital application)
locating the required data may vafom the paperbased metlod used in this projectThe
digital permit applicatiorrequires that same data as the paper application. The digital

application process may make it easier for the user to compile the necessary data.

The formattedExcelSpreadsheets are provided in tdewnloadfolder at

http://watersheddata.com/MinePool_Study.asgPownload instructions ifection3).

Speciahttention must be paid to unitef entered datato assure that all values are
properly converted to the units specified in the provided formatted Excel spreadsheet files.
Likewise, consider the coordinate systems used in collection of XY data, and make sure all final
shapefiles and XYath are aligned in the same projectiag thesetables will be plotted to
point shapefiles in thenodel process. All columns must have data for the tool to function,
null or zero valuedf the data collected does not have all values for variable in Excel

spreadsheetsgo not include that pointn the analysis

1.) Well Excel Spreadsheetheet containindiydrologicdata extracted from mine permits
usedto predict postmining water level by the ArcGIS tool
a. Permit/Mine ID, Well ID, XY coordinatestentiometric head (ft msl)surface
elevation (ft msl)pbottom elevation (ft mst)extracted from well logs and
materials submitted with the perm#pplication.Note: Potentiometric head
values are input for the user to compare and validate to the output prediction.
b. Average annual precipitation (imetrieved from various sources. The user can

check NOAA or other weather data collection entitiesutove at the best


http://watersheddata.com/MinePool_Study.aspx
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number fortheir location. If local rainfall values are not available, enter@ieo
stateannualaverage precipitation of 37.57dhes as default
2.) Borehole Excel Spreadsheetheet containing geologic data extracted from mine
permits used to predict posmining water level by the ArcGIS tool

a. Permit/Mine ID,Borehole IDXY coordinates, overburdehitkness (ft)mined
coal seam thickness (fiflatadirectly derived from the borehole logequired
for the permit application.

b. Shale/clay thickness (ft), limestone thickness (ft), sandstone thickness (ft), and
total coal thickness (ftcalculated by adding together the associated laysym
the overburden to get a total thickness$ratigraphic record.Onlylayerswithin
the oveaburdenabove the mined coal seam are considered.

c. Accumulative coal extracted (Mm”3he volume of coal the mine is expected to

produce, which is a required value for the permit application.

When data collectiotior the formatted Excel well an@horehole preadsheets are complete
for the proposed mine, each spreadsheet must be saved as a comma separated value (.csv) file

(Figured). Save thecsvsheetsto a local folder.



Save As

a

s
a

Save As
“— S » This PC » Vaoinovich ShareDrive (V3)

Organize * Mew folder

_J 3D Objects 2 Mame
[ Desktop

Documents

* Downloads
Jﬁ Music

[&] Pictures

E Videos

e Local Disk ()

= Voinovich SharelC

Authors:

# Hide Folders

Figure4 ¢ Screenshato showsaving the data Ebel sheets as the correfie format: .csv(Comma delimited)

13
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5 Srers FARJNNING THEOOL

5.1 SETTINGWPPROJECDATA

When data detailed ilgection4 is compiled into the spreadsheets and saved inldoal
folder, open the .aptfile in ArcGIS Pro by double clickingonthe fildNJ 6 &8 aSf SOGAY 3 «a
t N22SOié¢ FTNRBY (GKS FTNRYyd aONBSy 2F ! NODL{ tNRO®

template map and included layers.

Once themap packagés opened and theroject has been created, users aarstomizetheir
required data within the map For Ohio Coal Fields user§heUnderground Mine ExtentdJG)
shapefile,Abandoned Underground Mines (AUNhapefile, and the DEKbr the state ofOhio
raster are already included in the table of contens® te user willonly need to add 1) the

proposed mine shapefij€)the borehole.csvtable; and 3) thewell .csvtable.

¢ KS & RuRctidR iniAtc®@S Pro (Figuse allowsthe user to locate th local folder

where files aresaved andadd them to the project

B =g O

Project Map Insert Analysis View Edit

L | EE

hdr \I &)~ | |
- L_J "%

|
Explore AR N Bookmarks Go Basema
v v To XY v
Clipboard Navigate
Contents » 1 x i Catalog
Yf Search pe
t I ;A‘AI + *

Figure5¢{ ONBSyaK2i RAaLIX I e@Ay3d (KS t20lGA2y 2F (KS WIRR RIFGlIQ ¥
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Firstthe user needs tadd the shapefile of the proposed mine from the loicddier using
0§KS WIRR RCIKWIQRE dAXIOGIRQY yI @AIIGS G2 GKS 20l f
then select the shapefile andick¥ 2 (Figure 6)

Feature Layer AzcGIS Pro - TestTempMap - Mag

imagery Share Appearance Labehng Data

C] ' {‘ﬁ E;l [—Vl [ Astributes 5— i % w11 Pause 'L;"?Q
| W E e ) - 4 View Unplaced _ (A)
Add NAdd  Select Select By SelectBy Infographics Measure Locate Convert To od
: *  Attributes Location - - & More ~ Annotation Map =
Selection “ Inquiry Labeling Offine
p X
p | r = |
raaosa | ocate local folder
@ ’ 6_‘) [ﬁl » Project » Folders » Mine_Pool Prediction Model Map » pI12 » testtempmap.gddb » . ‘C)‘ _chvrh Project L
Orgarvze * New ltem * t
4 @ Project Name Type
&1 Datadases (] AUM _Mines File Geodatabase Feature Class
[ o Folders ] 5B DEM Raster Dataset
4 @A Poral £ mpie_Proposed Mig File Geodatabase Festure Class
@ My Content [ uG_Mines File Geodatabase Feature Class
@B Groups
O Al Portal

B Lwing Atlas

Computer

Windows (C)

2 \\shared.ohic.edu\vainowch (V)

Name [Eumpk-‘Propo'.ed_Mmc

16.224 of| 6% 3% & A73,436.95€ 4475, 269.65N m

Figure6 ¢ Screenshot displaying how to add a shapefile to the project map, example here showing the Example Proposed Mine
shapefile being added.
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Once added, the useshapdiles mustbe saved to the projeajeodatabasereated by the
template project.Rght clck on theproposed mine shapefile (and any other shapefiles added)
the table of contents and seleét 9 E LJ2 NIi (FigSres)).dzNB & ¢

| Joins and Relates 4

f Map X 29 Model for Predicting...ater L
Contents ‘ ||, Create Chart >
Y I Search { o, Zoom To Layer

HS K / B @7 wmomes:

| Selection ’
Drawing Order ‘@ Label
4 || Map ¢ Labeling Properties...

4[] calc_pts_Spatialloin ’ St
s Symbology

Dist to Surface from Predicted Headl =
® <0.000000 y

]
1

| Disable Pop-ups

® <349.696280 @ Configure Pop-ups
4[] calc_pts

5 Data » |[[,] Export Features

; Export Tabl

4 [/] borehole_pts Sharing v; [JE0: - Egpast Table

o View Metadata Rematc Iresses
4 |v| well_pts # Edit Metadata

®

! @ Properties

A| Example_Proposed_Mine ——

=

i

Figure7 ¢ Screenshot displayifppw toF A Y R WO E L2 NI FSI (1 dzNB & Q ¥ dzys@viédit@the Péoject G K | (i dz
database or in the working Project folder.

ax
w»

Navigate tathe projectgeodatabaseén the window that opensname the shapefileand
save the shapefile ithat locationo @ KA GGAY 3 WNHzy Q Ay (KS wO2LkR ¥
(Figure 8)
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~  Geoprocessing -8 x
= AN e i - = =

Output Feature Class X

© Copy Features

© 5 @|[E]» Project » Databases » ~

— Parameters | Environments
Organize * New ltem ~
Input Features

4 = Project d Mine

 —
Output Feature Class
Example_Proposed_Mine_CopyFe

ample_Proposed_Mine

xample_Proposed_Mine2

Feature Classes (All Types)
—;\_/'
< = L m\ "@
487,517.65€ 4,468,027.59N m |2 Catalog Geoprocessing  Symbology

Figure8¢{ ONBSy aK2{i RA&LI I eAy3d K2g (2 al @S GKS dzaSNna akkLISTAf Sa
2LISyazr wO2LR FSI{idNBaQ Ay GKS 3IS2LINROSaaAiy3 szF“ezgcb hLSy GKS
geodatabas® LINR GARS | yIYS Ay (KS gAyR2¢6x Of AO] Wwal @SQ iKSYy YIS

Next the user needs to add the data sheets to the map, also usintheR R R G Q T dzy
and steps outlined above (Figures: 6).Once added, the @s data sheets must be saved to the
project folder created by the template project. Right click on tbev sheetsn the table of

O2yiSyida | yRi I2%3tSX¥0)i6 Con93drNENIi



W9 E LJ2 NJi
F2f RSNE Sy {iSNJ

geoprocessing windoFigure 10)

> 1 x| = Catalog IE Map X

Contents
'T |Searth b |
BSOS N/ B &Il

Drawing Order
4 Map

4 [ ] UG_Mines selection

4 [/] Example_Proposed_Mine
4[] AUM_Mines
[=0]
4 UG_Mines
4 (/]| DEM

Value
469.199

129.08
World Topographic Map
4 Standalone Tables

X Remove

B Open
Design 4
lll, Create Chart »
Joins and Relates ’
%y Display XY Data
Geocode Table

[/l

Disable Pop-ups
Configure Pop-ups

ﬂ-."

Data

View Metadata
/ Edit Metadata

@ Properties

|ﬂ D2177_bore_pts.csv

B D2177_well_pts.csv
2] D2187_bore_pts.csv
B D2187_well_pts.csv

Figure9 ¢ Screenshot displaying how to export dagbles after they are added to the project map.

z

GFroftSQ 2LSya wO2LR® NRgaQ Ay
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T
o
=
2

mn

o b L

Figurel0-{ ONBSyaKz2id R
rowsQ Ay GKS 3IS2LINRBOSA
GKS 6AyR26x Of A0] WwWa

A & LI | & Adstatablegoghe préajectolle@S Wikl didiy B &J3 2B WO 2 LI
AAYy 3 6 AY Raea (hAdR tidikEectoldeny/ dRofide a ianbldn § KS  Wh d:
F 8SQ3s GKSyYy YIFE1S adaNB G2 Ot A0] WNMHzyQ Ay

5.2 OPENING THEOOL

Once the required inputs are added to the table of conteantdl saved to the project
locations theprediction modelOl 'y 6S 2LISY SR FNRBY G(GKS LINR2SO0Qa
can be found in the Catalog taeveral wayg¢Figurell). If closed the Catalog tab can be
NB2LISYSR FNRY GKS a+xASgé¢ (F o6 AyThelem@BateYlF Ay NRAROO

toolbox contains

1) da2RSt FT2NJ t NEBRADYAYI 1 RAFKIE 8BSt 28y hK
prediction tool

2) a! LILIX AOF GA2Y t NBSRon ciipk faripplyirig T aldorithiq YND
interaction required by theiser, included for the model teeference and if the

user wishes to adapt the tool withreew algorithm.
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Double clickor right click and seledgpenQon the prediction tool to open it in the

Geoprocessing tglkalso shown in the screen shots of Figlite

LI BEefe-c-* 1< G ModelTemplate - Cat
'Q’ 3 Il o :_J;': + L* ‘[\AJ t b4 / Jimpont > Bxport (V] Show Details Panel [ Dusplay Type «
) copy o HE LLl an ] {5 copy €5 Upgrade = Search My Organiation 3 Default Sort
, ¥yeoll Exploce Bookmarks Go  Basemap Add Add  Select =t Delete  Ede N
(&) CopyPath € - To XY = Data- Preset =[S CopyPath & Sovess - 71 Show Pop-ups More Detad e
Clipboard Navigate = Layer Clipboard Organze Metadata Options Styles
Catalog <9 x iECtalog [[E]Map ¥
/

Project | Portal | Favorites | Hisory =
Type
Script
Model

Catalog  Contents = Element 2items 1 item Selected

Figurell¢ Screenshots displaying how to locate thiediction tool within the Project toolboBothscreenshots are different
ways of finding the toolbox within the Catalog window.

5.3 RUNNING THEOOL
With the tool open, options for inps andmodelgeneratedoutputs are displayed with the
defaults.Figurel2 shows the layout of the tool when opened in tlieoprocessing window.

See previou$ection F¥or more details.
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~  Geoprocessing v X

| (© Model for Predicting Points of .., =

! E Parameters | Envronments @
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Figurel2 ¢ Screenshot displaying how the tool looks when opened in the geoprocessing window, with the user requiret
labeled at the top, final required inputs with defaults, and outputs labeled at the bottom.
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TheUser hputsare items thatneed to bechanged by the usdyefore running the toal

Wserlnput<Lirom the userare:

1.) Working Folderuser MUST select the project foldehere the toolbox and

geodatabase are stored for the tool to r@Rigure 13

Input: Working Folder

Name

1 |72 Mine_Pool Prediction Model Map_F8¢ _Folder Connection

atalog | Geoprocessing | Symbology

GKS LINR2SOG F2fRSNJ F2NJ

Figure13¢{ ONB Sy aK2{ &aK2gAy3d K2g (2 ast i}
K tS AlG odzi y2G 2Ly AGd hyOS

Ot AO1 SR 2y 2y 0S8 (2 KAIKEAIAKIG

2.) Well Excel Sheetcsvformatted sheet that user hmadded to the magFigure 14)

3.) Borehole Excel Sheetcsv formatted sheet that user has added to the nileigure 14)

4.) Proposed Mine shapefile of proposed mine extent that user has added to the map
(Figure 14)
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Geoprocessing >4 Xx

(®© Model for Predicting Points of Post-Mining Water Level... =

Parameters | Envirormerts @
Input: Working Folder
| ¥Workspace®s | -
(@ Input: Well Excel Sheet
D2177_bore_pts.csv
D2177_well_pts.csv Fl
UG_Mines selection
Bxample_Proposed_Mine =t
AUM_Mines
UG_Mines =
Inp 5 ines
| UG Mines selection | -
Input: DEM
|DEM. -| -
Output: Wells
[wellpts |-
Output: Boreholes
[ borehale.pts |-
Output: Calculated Points
|calepts | -
Output: Calculated Points vs DEM
| calc_pts_Spatialioin | -

Catalog Geoprocessing  Symbolegy

Figureld ¢ Screenshot of the prediction tool open in the geoprocessing window. To select the files for each user input, files
already on the map can be seen in the drop down menu when clicking on the small arrow on the right of the input row. Select
the appropria6 FAE S F2NJ S OK WLy LdziYQ
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Yhcluded Defauliinputsare preloaded and Ohio Coal field users need not change unless
these fles have been updated by ODRgurel?). They can also be changed as displayed in
Figure 14 if shapefiles have been added tophgect map

5.) PreSMCRA Minegecent underground mines layer from ODNR
6.) PostMSCRA Minesabandoned undergrounchines layer from ODNR

7.) DEM:digital elevation modein metersfor area of proposed mine, state of Ohio DEM

'‘OutputsLare preset withdefault names and a default location of the scratch geodatabase
The usershouldchange the names and locations of the outptdghe project geodatabasso
that the outputs can be easily located and identified. If not changed,maing the model will
replace the previous result€hanging the name allows for identifying between runs results.
The main outputs will be added to the map once the tool is ewen if the user does not
change the nameFigure 15 shows how to select the geodatabase locatioavte siser outputs

of the model.
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Figurel5¢ Screenshot displaying where to save output shapefiles of model. Open the window to navigate to the project
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but should be done for the next three output shapefiles.
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the bottom of the window to start the model. AlloArcPro time to run through the model, it

will add layers to the map and display a successful run (Figure 18).
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Catalog Geoprocessing Symbology

Run »
» (» Model for Predicting Points of Post-Mining Water Level Ohio
Executing Clip... @
e
Catalog Geoprocessing
Run (>

> + Model for Predicting Points of Post-Mining Water Level Ohio
Completed successfully

Catalog Geoprocessing

Figurel6 - Screenshots displaying running the model. At the top start with clicking run once all data is entersedrgenghot
displays the tool running, the bottom screenshot displaying that the model has run successfully.

5.3.1 Metadata
Descriptions foeachinput and outputcan be seen in the metadata when viewing the tool

in thetoolbox (Figure ).



i Catalog % [F2] Map v

@ @“E » Project » Toolboxes » TestTempMap.thx b ‘OI | Search Project b ‘E
Name Type

e e e - Model for Predicting Points of Post-Mining Water Level Ohio ~
pplication of Prediction Algorithm cript

| 3’“ Model for Predicting Points of Post-Mit  Model

Title Model for Predicting Points of Post-Mining Water Level Ohio

Description

Model for predicting post-mining water levels at well locations for underground coal mines in Ohio.
This tool extracts variables from input data and uses the accompanying python script to apply the
prediction algorithm specific to the geology and hydrology of Ohio's coal fields.

Usage

Syntax

ModelPredictionPointsWaterLevel_ (Input_Working_Folder, Input_Well_Excel_Sheet,
Input_Borehole_Excel_Sheet, Input_Proposed_Mine, Input_Pre_SMCRA_Mines,
Input_Post_SMCRA_Mines, Input_DEM, Output_Wells, Output_Boreholes, Output_Calculated_Points,
Output__Calculated_Points_vs_DEM)

Parameter Explanation Data Type

Input_Working_Folder Dialog Reference Folder
Working_Folder is the location of the working
folder for the project that contains the
project geodatabases. This location is used
for outputting tables used in running the
algorithm script.

Input_ Well_Excel_Sheet Dialog Reference Table View
Well_Excel_Sheet is a csv file created by the
user from the provided Excel template that
contains georeferenced mine permit well
data that will be used as locations for
predicating post-mining water levels. The
order of the data entered by the user in this
sheet is required to match the template
format for the model to run correctly.

this

Metadata | Preview
2 ltems 1 ltem Selected

Figurel7 ¢ Screenshot displaying how to view metadata of the tool when viewing the tool in the catalog window. Figure 11
shows how to navigate to this window.

The metadata can also be seen by clicking on the question mark when viseitapl

in the geoprocessing window (Figurg)1

Geoprocessing v
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(© Model for Predicting Points of Post-Mining Water Level... =

Parameters | Envrorments

Input: Working Folder

Figurel8c{ ONBSy aK2{i 2F K2g (2 t20FLGS GKS WjdzSaliAzy YINIQ Ay
mark opens another window displaying the metadata of the model.
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5.4 INTERPRETINGOLOUTPUTS

The final outputs of the tool arautomaticallyadded to the mapvhen the model
successfully rungut are also saved to the locati@pecifiedby the User in the set up for
running the tool(Section 5.8 The shapefiles added (and default names) to the map bydble t

are:

1) Projected well points (well_pts.shp)
2) Projected borehole points (borehole_pts.shp)
3) Calculation pointsvith all variableextracted(cal_pts.shp)

a. All variables required to run the prediction algorithm are displayed in the
attribute table, alongwith the final column providing the predicted pestining
water level

4) Calculation points with comparison to the area DEM (calc_pts_SpatialJoin.shp)

a. Resulting attribute table displayslues for the initial measured potentiometric
head, calculated coal seagtevation, value of predicted head, DEM points
converted to feet, and the final value comparing the surface elevatdhe
predicted headFigurelQ). Note: The elevation used for comparison is the DEM

elevation, not the reported surface elevation frame initial well input data.
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Figurel9 ¢ Screenshot of final outpufsom running the prediction tool, highlighting a point of risk that when clicked displays
the dataresults in a pop up window.


















