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Executive Summary

The West Virginia Geological and Economic Survey (WVGES) examined all underground mines in
the state to access their potential as mine pairs for a Mdo®l Pump Storage facility. A mine pair is
defined as a lowetarget mine and an upper storage reservoir mine or surface reservoir. The project
expanded on previous work done by McColloch, et al, 2008h examined 19 seams for potential water
suppliesto encompassll coal minesn the state. A workflowplan was created utilizingarious ArcGIS
tools to examingl K S 2 ex@8s@aiCoal Bed Mapping Project (CBMP) database and Mine Information
Database System (MIDS) to identify mine pool pairs from aqpately 9,600mappedunderground mine
polygons.

The West Virginia Office of EnergWVOE) specified criteria @it least 100 feet of vertical
separationbetween mine pairs. §ihg CBMP feature classes includimige polygons, structural contours,
coal devation raser data, coal bed isopachs, coal bed thickness raster data, surface elevation aasters
standard ArcGIS tools the WVGES created a work flow model that assessed the maresupotential
for a Mine Pool Storageacility

After research theNVVGESletermined that a storage capacity of at least 100,000,000 gallons
(approximately 300 acre/feet) was necessary to construct a small to medium scale pump storage facility
large enough to be commercially viable yet small enough to not eliminate evegy rin addition, several
limitations were placed in the workflow documetat assess the various mines including:

- Potential environmerial hazards.

- Very old mining or had no mine maps

- Presence opoor floor or roof lithologies

- Mineswith downdip portals

- Potential barrier failures due to ime interconnetivity.

- Proximity to outcrop and potential for barrier failure.

- Examinedriter and inta mine water leakage both vertically and horizontally.
- Eliminated longwall mines and most drifiines.

- Minescurrently used for businesses.

- Proximity to electric power transmissidines

The WVGE identified thirteen possiblmine pairswhich met all criteria. All options are located
in the southern portion bthe state. The selectonsafe YA EGdzNBE 2F RNATFGZ &t 2 LIS
paired with a mixture of upper reservoir mines or surface reservoir(s).

Each option is graphicaltgpresented showing the lower targatine in blue, the upper reservoir
mine in red and any possible stream valleys to be utilized for a surface reservoir in blue lettering.

The WVGE&commendsa more viable use of West Virginia watéiled undergroundmines:
utility scalegeothermalenergy The extensive amount of mining spread across the state possesses
significant potential for geothermal heating and cooling systems to be utilized by industrial, government
and private properties.The large thermal mass of mine waters can serve as allemtsource ofutility
scalegeothermal energy. This is a large scale project requiring a developer or a utility company to design
and build the infrastructure A United States Department of Energy study states thedidential
homeowners can save 25 &0 percent in electric heating costs and up to 72 percent on cooling costs
over residences usingtandard air conditioning equipmentScaling a geothermal project up to a utility
scale plantcould realize similar saving®r businesses especially indusies with high cooling
requirementslike server farms.A study by Watzlaf and Aaclan (2006) states that a propgrtesigned
geothermal heat pump system could theoretically heat 20,000 homes.



A geodatabase of all incorporated town polygons in the stateiaddstrial sites was buffered to
0.25 and .50 miles and overlain on the CBMP mine map database. The industrial site shapefile contained
only 2 locations with greatly undeepresents the total number, but the process demonstrates the ability
to determire possible site locations.
Spreadsheets of the resultant data wei@matted alphabetically by municipality paired with
2010 census population data aal underlying mining.

* Disclaimer:This report wa prepared as an account of wasgon®red by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the
accuracy, completgess, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.

Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflecsthof the United States @ernment or any agency
thereof.
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Introduction

The West Virginia Geologiand Economic Survey (WVGES) eaadractedby the West Virginia
Office of Energy (WVOHjrough a grant from the United States Department of Energy SEP Prégram
sixmonth studyli 2 S E | Y A y vater-fI&l ufdeérdraiirrires to identify possible candidates for
pump storage opportunitiesAfundamental shift in enggy production away from carbebased fuels and
toward renewablesappears to be the direction that the US market will take in the next several years.
Pump storage facilities have the potential to provide opportunities to enhance the capabilitiee of
national electric grid while being environmentally responsibleoimeringi K S Y lovieralRcgrbba
footprint by utilizing a virtually fregpreviously overlookedjntapped energy source

Traditionally, éectric generation ipowered bycarbonbasedresources includingoal, natural
gas,and petroleumor noncarbon baed nuclear,along with renewable sources includihgdroelectri¢
wind and solar.West Virginia is a primary producer and supplier of fossil caldas®d coal and natural
gas as wells|a largeemitter of carbon dioxide (Cpthrough power generationlheloss of the abilityo
market and use fossil fuetoupled with resourcalepletion of(i K S  &néturdl Rdrces, especially
O21tx A& KIFE@Ay3 | RSGNRYSy (Divérsifying LSIAQI0 +ZopBnSen G QA NB ;
of electricpower generationto the rest of the nation, especially through renewable enemgyl ensure
GKS &adli8Qa adl Gdza +a I ySiG St SOGNAOAGE SELZNISND®D

Power demanan the national gridraries ondaily, weekly and seasomgal In order to meethis
variability, power plants arecycledon and off tooptimize demand requirements For example, power
needsare lower at night than during the day, with peak demand during late aften and evening hours.
Coat and nucleaipowered plants are designed to supplysteadybase load power generation but are
poorly suited toquickly rampup for peak demand pericel Thermal stresses created during startup and
shutdown phases of operation damagénits especially if theplants have not been designed for cycling
operations Analysis of older codired power plants has found them able to withstand these cycles better
than newer combined cycle plantsut damage includinéatigue and corrosion dfoilers andooiler tubes
caused byhigh temperature and mssure rates of changesultin increased maintenance and overhaul
expenditureqLefton and Besuner, 2006).

The operating characteristics allowing immediate stgst of ondemand electric sources is
limited to pump storage hydroelectric plants andatural gas plants. Coal anduclear plants require
substantial starup and rampup time and therefore cannot meeimmediate ondemand power
consumption needgAntal, 2014).

Pump storage power generation is accomplishéa a two-reservoir configuratiorwith the
reservoirs sitedt differentelevations Hectricityis generated via a turbingriven bywater released from
the upper reservoir into a lower reservoir. Water is pumped into the upper reservoir dovindemand
low costtimesusingsurplus electricity in the grid aneleased to generate power during peak demand
higher ratetimes. Additionally, onsite solar or wind generated power could be used to power the pumps,
easing the burden on the existing grid.

West Virginia has a long history of coal minvpse effecthoneycomb the hills and subsurface
of the State. Many of thes#bandonednines arewater filledas noted irMcColloch, et al, 2012n many
areas, these watefilled minesare overlain by one or more dry mine3heseverticallystacked mine sets
may possess the potential to act as a pump storage facility with an upper storage reservoir and a lower
catch reservoir. Analysis of West Virginia mining shows ameenarkablearea with seven levels of
undergraund mining.While this area is exceptionahanyareashaveunderground mining atwo or more



levels. The purpose of thisstudy is to locate potentialmine pump $orage candidateswith storage
capacities of at least 100,000,000 gallons.

According to Horer Energy (homerenergy.cora)web based company that provides training and
consulting services for information, miegrid economic and engineering optimization, tietual amount
of reservoir capacity will depend on the proposed generating capacity, the duration of daily production
time, the difference in elevation between the reservoir and lower target mamel proposed flow rate.
These criteria will need to be determined by qualified consultants.



Purpose

The West Virginia Geologicand Economic SurvefWVGES)vas tasked withexaminingall
undergroundmines contained iits comprehensiveCoal Bed Mapping Database and report on tamget
mine-reservoirmine pairs thatneet our criteria for a pumptsrage facility. A mine storage pair is defined
as a lower target mine and an pr storage mine or surface reservair similar storage capacity and
potential (Figure 1). In addition he WVGES will updatexpandand enhance e Mine Pool Atlas
(McCollochet al,, 20129 and willfurther examinemines for geothermal potentidb actas feedtock from
small to large scale industrial, municipal and government facilitia$~ mile radius of towns

Power Station

Depth Temp. (°F) Ground Level
Electricity

A A
300ft below X°
ground level

Upper Mine

A A
600ft below Y "
ground level

Turbines $

Lower Mine

Diagram not to scale.

Figure 1: Simple s@matic diagram of a mine pump storagg/stem utilizing 2 mines separatedertically by at
least 100 feet.Mines do not necessarily need to be siied directly above one another. Rateral offset is also
acceptable.



Geothermal Potential

Extensive watefilled undergound mines throughout the cofi¢lds of West Virginia prade
significant potentiato serve as input sourcdsr medium to large scale geothermal heating and cooling
systems designed for industrial, government and private proje@soundvater stays at the average
ambient air temperature for a given region. As a result, large undengrdodies of water with stable
temperatures can easilgrovide continuous, uninterrupted sugpk of geothermalheat transfer either
from or into the mine waters. A geothermal heat pump uses moderate steady temperatures in mine
waters (in this case) to lost efficiency and reduce operational costs for heating and cooling systems.

As an addition to this studyne WV@E&S will examine several prospects for geothermal potential
associated with towns, cities and industrial facilities throughout the state.

Previous Works

This study expandson many previous studies conducted on flooded coal mimesnmonly
referred to as mine poolsn West Virginia.The West Virginia Department of Environmental Pratect
(WVDEP2009 created a maplelineatingestimated minepoolsin the Pocahontas No. 3 and No. 4 seams
in southern West VirginiaSeveral reports (Ziemkiewicz and Vandivort, £0biemkiewiczet al., 2004,
Donovan 2004a, 2004bndDonovan and Light, 2008) have studied the extent of the Monongahela Basin
mine pool flooding based on water level measurements within specific mines of the Pittsburgbecbal
in northern WV and southern PA. The hydrogeology of flooded and unflooded coal mines in the Upper
Freeport seam in northern WV and western M@s documentedn a reconnaissance mapping study by
Morris, et al, 2008 The more comprehensiviVest Virginia Mine Pool AtlgdcColloch, et a].2012)
addressed the potential for large volumes of groundwater storage in mine voids to serve as water sources
for domestic, municipal and industrial water uses. $bepe of thisstudywaslimited to underground
mines at or below drainage withr@al extent of500 acres or greateand onlyexamined 1%oal bedsas
specified by WDEP The Mine Pool Atladentified 532 mines exceeding 500 acres which were partially
or completely flooded. Finally a document titled Final Report Fairmont, West Virginia Min@URibed
SatesOffice of urfaceMining, 2014) examined the Pittsburgh mine pool in Marion County, West Virginia.

For the West Virginia Mine Pool Atlas (McColloch, et al, 2012 polygons, coal outcrops,
structure contours of coal seam elevation, asghnned mine maps were examineddentify areaswith
adequate datato allow placementof the mines relative totopography @rainagg and to permit
development ofa tool to predict which mines weréry, partially flooded ortotally flooded. The extent
of potential mine floodingwas dependent on various factors including mine orientation, mine entry
location, proximity to other underground mingstructural contour configuratigrand direction of ground
water flow. Groundwater flooding potential for minés a particular coal seam may be affected by
underground mines in stratigraphically lower coal beds and by pumping of adjacestbjatentmines
during production phases. Aft@umpingceases mineenmediatelybegin to flood.

The originaWest Virgina Mine Pool Atlas (McColloch, et al, 2088)dyfocused on 1®f West
+ A NH A Y A lcd@laseansh YHsRstudyexpand the criteria to incorporate allmined coal seams,
regardless of extent, applyineew search criterig@efined later in this document



Methodology

A workflowschemawas designedo guide geologistsin determininglikely pump storage mine
pairs, whether mine over mine or surface reservoir over miSeveral iterations of the woflow were
created resulting from the evolution of crit@ as the project progressed.

The only criteria provided to WVGES was to identify mine pairs with at |8@geét of vertical
separation. Thikeft survey geologists withatitude to create rules to eliminatansuitablemines mines
with too little sorage capacity andchines thatcould pose environmental issues.

It became quickly apparent aftaritial examination of existing pumpasage facilities throughout
the United States and the world that a large storage reservoir is required to provideientfienergy
production to be economic Medium scalepump storage facilitieexceed1500 acrefeet of water
capacity One acrdoot of water equals 326,000 gallons so the®servoirscontain approximately
500,000,000 gallons of storage capacity. It wesefore determined to limit selected mines to at least
100,000,000 gallons of storage capadaityjust over 300 acre feetWe believe this to be a reasonable
estimate in order tanake the program cost effective and able to provgidficientpower to ma&e the
project viable while making the desired water volumes small enough to provide some viable options.

Considerations

CKA& addzRRe ¢g2dd R 0SS AYLRaaAoftS gAlGK2dzi | RSGFA
documented by extant mine map#Jine maps are obtained from various sources including West Virginia
Office of Miners Health Safety and Training, West Virginia Department of Environmental Projection, the
United States Office of Surface Mining and various public and private sources.mifenyap footprints
examined in previous reports (e.g. McColloch et al., 2012) have changed significantly for various reasons
and the mine map database is constantly being updated. WVGES remains committed to updating and
improving the mine map database additional data become available.
Several factors were considered with this study.

- The actual extent of mining may be inaccurate because final closure mine mapstaisvays
available. tlis possible additional mining has occurred since the mogimamap acquisition.

- Mine map quality varies considerably in information presented and cartographic accuracy.

- Many newer mine mapsra digitally available. &hy older maps have been photographically
reproduced and reduced from dimensionally unstablegracopies resulting in distortion from
lens geometry and/or poor paper placement (causing wrinkles or creases) during reproduction.

- Some instances of old paper maps stored in damp basements have been encountered where mold
and moisture has deterioratethe maps causing inks to fade and the maps to crumble making
digital reproductions difficult or impossible.

In some cases mine extents have been gleaned from poorly drafted maps of adjacent mines where
portions of the mine can be pieced together from sateéndividual documents but no single map has
been identifiedthat shows a complete polygon.

Many paper mine maps are recorded on paper sizes much larger than can be accepted by available
wide format scanners. In order 8tanthese maps, it was necemy to either cut the map into smaller
pieces or, if map conditions permit, fold the map in order to scan it. Either process causes distortion. Also
very large format maps originally sent to the United States Office of Surface Mining (OSM) were



photographically reproduced onto as many as 19 individual microfiche aperture cards, each of which
introduces distortion that mudbe manually rectified using a bestritethodology when reassembling the
entire mine polygon.

Municipal and private water supply usagea factor that must be considered in this project. Several
southern West Virginia municipalities obtain water from abandoned underground mines and any
disruption of this sergie would likely be unacceptableessing and Hobba, 1981).

There are a few @&as of the state where the historic mining is so old that no mine maps exist in the
WVGES database. WVGES knows these areas are mined based on historical documents and Work Projects
Administration(WPA) maps created in the 19830rhe WPA maps are 15 miadbpographt quadrangles
recordingg 2 NJ BshisBtadknown underground mine sites assumed toeéhlieen mined prior to the
193G and records mine name, company name (if known), a general location, the number of mine
openings and if the opening is drainingiter. Inmany cases no actual mine map known toexistfor
these mines with only general assumptions of mining extent.

A partnership with West Virginia Miners Health Safety and Training has allowed workers access to
engineering companies, mining compes and private collections of historic mine maps in an effort to
collect and recordoreviously undocumented mined areas. Recently several thousand mine maps not
previously contained in the WVGES librasre collected scanned and identifying informati@dded to
the WVGES Mine Information Database System (MIDS) and are available to the public for review. This
effort has discovered dozens of previously unknown mine locations, added mined extent to numerous
mines and has added thousands of new thicknass elevation points to improve the WVGES mine
model. Typically the new mine map additions are only of smaller mines but occasionally a portion of a
large mine is added based on the newer information.

Coal bed elevation and thickness data density varigesacthe wide spectrum of mine maps
evaluated by the WVGES. Modern mine maps typically contain abutidekness and elevation data.

Many older mine mapsave limited,illegible or no dataThis disparatélata density can locally limit the
effectivenes and reliability of structural contour lines and thickness isopach maps. Some areas of the
state have been heavily mined, drilled, surveyed and geologically examined while many historic parts of
the coal fields hve little to no available data. theseareas geologists must extrapolate thicknesses and
elevations up to three miles from a data point.

Elevation and surface gsavere createdor water storage potential, capacity ampoundwaterflow
direction.

The final portion of this report includesks to an updated version of the Mine Pool Atlas with
expanded coverage to include every mined seam regardless of aerial extent.



Criteria

The only criteria provided to WVGES by the Office of Energy was to identify mine pairs with a
minimum of 100 feet of vertical separation. Using this figure, WVGES researchers created work flow
guidelines that eliminatednlikely candidates.

Problems and Potential Issues

In the course of selecting candidate mine pairs, several issues relating torshfsuacessful
candidate mines were discussed.

The presence of large volumes of water in the lower, flooded mine is considered essential for the
successful development of a iy storage facility. fle rapid movement of large volumes of water within
the minesmay cause serious intranine erosional issues. Coal is a brittle matearad generally contains
closely spaced cleats (fracture) that decrease strength. Unlike in -haekl mines driven through
competent material, coal tends to degrade over time. e Thrbulent flow associated with the rapid
movement of water as it is pumped into a storage mine or returned to generate power would have
considerable erosive power. Over many wiey cycles erosion of the supporting pillar walls would likely
lead to pilhr failure and roof falls. The erosive effects of the moving water would be exacerbated by the
presence of debris, such as pieces of coal eroded from the mine walls. This mobilized debris would have
the potential to damagéntrastructuralelements as witas possibly clog the system and create blockages
in filtration systems or impeding free flow of water.

There is additional danger of substantial roof and floor incision in both the upper and lower mines
in this study. Any selected mine will requiralatailed and comprehensive assessment of lithological
stability which may result in additional mine reinforcement and strengthe(fingure 2).

EMPTY MINE INTRODUCTION OF WATER STRUCTURAL RISKS

SHAFT

i WEAK ROOF

SOFT CLAY FLOOR SoFT CLAY FLOOR ERODING FLOOR AND PILLARS

Figure2. Rapid infilling of mine voids during daily pumping cycles will cause tremendous amounts of erosion
within the lower mine. Displaced debris could hinder water flatrough the mine or clog pumps.

Second, down dip portals (mine openings at a lower elevation than the mine) on dith&wvter
target mine or the upper storage reservoir mine would be weaikts in a closed system that could allow
barrier fatigue or failure between the mine and outcrop, or between adjoining mines again causing
potential environmental, industrial and potential human damagel loss of life.

Third, bed load transport of mindebris in turbid mine waters caused by daily pumping episodes
would be tremendous. Coal mines are notoriously dirty environments with rock dust, coal dust, cribbing
timbers, abandoned equipment and tools, cables, wires, etc. all of which would be exgreroblle and
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detrimental to a pump storage system. A robust filtration system would need to be designed, installed
and frequently serviced to avoid debris entering into the pumps and destroying the valuable equipment.
This will require access into botarget and upper reservoirs by service personnel.

Fourth, discusions with a contractor in the pumpasage industry indicated that a site location
should be located within about 1 mile of high power lines. Examination of aerial photography would
provideclues as to the proximity to high voltage power lines and/or electric infrastructure. Construction
of new power line services can cost up to $250,000 or more per mile depending on variables such as
topography, line load, labor costs, right of way costs,

Fifth, a possibility for a pumparage facility may allow construction of a surface reservoir rather
than utilizing an upper mine void. The West Virginia landscape provides abundant opportunities for
construction of a surface reservoir due to thegged terrain, locally low population density and geologic
setting (see Figurs).

Power Station

/%/ V “ Dammed Natural gL
y \ Reservoir /

Electricity

Turbine

Basal Mine

HosteTier, 2020

Figure 3: Simple schematic diagram of a mine pumfoeage System utilizing an upper surface reservoir with a
lower mine.

Sixth, too large of a mine or a large number of interconnected mines could present problems.
Water infiltration from overlying or interconnected adjacent mines could compromise the viability of a
pump storage system by removing or reducing the requiredagfe space needed for waters from the
upper reservoir during peak flow conditions (Figdje There are countgcale areas in the State totally
underlain by wateffilled, laterally interconnected mines. If the intemnectivity is extensive,
permeabiliy would be essentially infinite. In this situation, water removed from the mine and pumped
into the overlying storage would be rapidly replaceditiltration from adjacent areas, eliminatirihe
void needed to receive the water discharged from storagerd) power generation.

Additionallyleakage of stored water in the upper storage reservoir into down dip adjacent or
underlying mines would compromise the system by removing stored water needed to power the system.
Adequate seals will need to be confied or created and maintained for the system to remain useable.
Vertical fractures and joints can extend many feet vertically and act as conduits for water movement
between strata. Mining, especially in multiple stacked seaais exacerbate this phenoma.
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Fgure 4: Multiple stacked watefilled mines depicting reservoir water loss either into or out of adjacent or lower
mines. Reservoir water leakage can be a detrimental factor either causing loss of water needed to power th
mine pump ystem orfilling the lower mine with leaking water.

Seventh, longwall mining causing vertical fracturing and rubblization of the mine void due to roof
collapse will jeopardize mine roof stability and mine seals making proper storage difficult if not impossible
to create (Figuré). Longwall mines are designed to allow mined areas to collapse behind active mining
creating rubblized zones with tortuous flow conditions.



—i—
Roof Support Longwall Shear Direction of Mining

Figure 5Cross section of typical longwall face with resultant rubblization of overlyingasdrafter mining, adapted
from Mine Subsidence @hsultants (2007). Note the rubblization of overlying strata behind the roof supports.

Eighth, several municipalities in southern West Virginia utilize mine waters for their public water
supply while other rimes use thesoid spacegor various industries such as fish farms, mushroom farms,
storage, etc. It will be extremely important to not interfere with an existing industry or water supply.

Finaly several coal seams are known agiducers. A pyrite rit coal seam or a seam
surrounded by pyritic lithologies produces low pH waters which are environmentally harmful and can
adversely affect power generation equipment, quickly corroding parts.
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Mine Pool Source Data

Data from the WVD 9 § G»al Bed MappingProject (CBMP used in this study include: mine
polygons of approximately 9,600nderground minescoal bed outcroppolygors, structure contours
showing basal elevatioof each coal bed;oal bed elevatin raster datacoal bed isopachs and cda#d
thickness raster data. e individual data layers are dynamic and are subject to intermitbgulating as
new data warrant. Aresults presented in this report are preliminary and subject to chariea layers
are robustand mature andfuture changes are lddy to be minor

The CBMIs comprised ofligitized footprints of mine maps from a variety of sources including paper
maps, digital scanned maps and CAD images into seam specific mine polygons. These minexmlygons
compiled to document the extent ofnderground mine works. Although efforts are made to use the best
available data and locate mines as accurately as posbitause of the following issues

- Mine polygonlocations should be considered approximate. The actual extent of mining may be
unknownasfinal mine mapdrom the time of mine closure are not always available and not all
underground mining has been documented by mine maps.

- The quality of mine maps isdhly variable in the amount of detail and information presented.
Many modernmine maps are availablin digital form. Many older mine maps have been
photographically reduced frondamageddimensionally unstable paper copiegith folds or
creases present ithe map Photographic reduction also introduced disiort due to lens
geometry.

- Paper mine maps arrive in varying degrees of preservation ranging from pristine prints to moth
eaten water stainedand moldy,damaged fragments. Attempts are made to seaal preserve
any mine map presumably with new or better data but limitations of scanner width and the map
itself canmakedigital preservatiomearly impossible.

- (Qoal bed correlationsssigned to anine mapby the companyand printed on the mapnay be
different fromthe correlations assigned by WE& Coal seam names drequently regional and
incorrect according to WMVES standardized nomenclature

- Active mines were not differentiated from recently closed mines in the CBMP da&talhadess a
final clesure map of a modern mine has been sent to the WVGES a mine is considered open.

GIS Models
Mine Void Position Relative to Drainage

The Mining Above/Below Drainage Model (MABBYeloped for this projecis a geoprocessing
modelcomprised ofx series otandardt NODL { u (22t & SE S OHelvdBadetersings OS NI |
the position of mines withrespect to drainage based on perennial stream elevations. The Perennial
Drainage Elevation Model (PDEM), was generated by assigning QiBR&P elevation nodel OEM
surface elevations which were originally derived from USG&ih6te quadrangle elevations to points
generated from the National Hydrography Dataset (NHD). Thareaodes of all line segmenfisom the
NHD flowline feature class classifiedpesennial were converted to a point feature class and assigned
elevations from the CBMP DEM. The resolutiorthef DEMswere generatedat 10 meters using the
Natural Neighbors interpolation method to match the CBMP seam elevation raster data.

The seam elvation DEM, which is interpolated from point locations of bottom of coal
measurements, was subtracted from the PDEMndidate regions of the coal beabove and below
surfacedrainage. The resulting raster layer from the subtraction process was reiedssithree regions:
MANN-RNAREQ G2 HnQ YR wnQ (2 pnnnQ gKAOK (GNryafl
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Above Drainage. These results were individually overlaid with the mine footprints to obtain the final GIS
layer of potentiallyflooded mine areas for each mine in every seam.

Mine Pool Volumetric Calculation Method

The CBMP Total Bed Thickness raster layer (totbed) is a 10 meter GRID layer that was the basis
for verticalvoid measure estimates. This layer is produced usingwarsedistanceweighted algorithm
that interpolates gridvalues between actual coal bed thickness / . at Qa YAYS TF220LINR,)
with the position to drainage resulting areas were the base used to determine areas within each mine
void which cold be considered flooded, potentially/partially flooded or not floodddNDa I LIt Q& & LJ-
analyst extension zonal statistics tool was employed to sum eaanetr cell within a given mine
polygon to calculate the total volume of the mine void. These daéme output into a .dbf table
(zonalstat). The following mathematical formulas were used:

w / 2y PSNE A 2 htist fesull ffod indhesihktérs tacubic feet: (SUM / 12) * 32.808399) *
32.808399

C

w /[ 2YyBSNBERAZ2Y 2F OdzooN@56DSSG G2 | ONB FSSiGY OdzoAOuyTi
w [ 2y@BSNBERAZ2Y 2F OdzoAO FSSG G2 3Artftz2yay OdoAOYTid F
w {G02Nr3S 3Jrftt2ya oSNB OFfOdzZ I GSR Fta KFEfF 2F GKS
w ¢KS | gSNr3S ((KAOlySaa 2F GKS OSt fealculdted by3akiigS O G SR

the sum of the cell values divided by the count of cell selected.
Mine Pool Flow Direction Method

The Watershed Model, which was used to determine groundwater flow direction, is a standard
9aNRAe! NDal LIx mnd1 3ISRIINPICKSS &AL AN2fR Sty [GfKS &1G wdz | @ RNE
CBMP coabed elevation raster data into predictive hydrologic flow direction and flow accumulation
rasters. From thesgenerated datasetthe model outputs generalized stream features tlcan be sed
to predict the direction ofjroundwater movement through mine voids relative to the coal outcrop. This
model was run for all coal beds #id in determining the extent of potential flooding in underground
mines.

Mine Pool Evaluation Process

WVGES geagjists evaluated every mine in the CBMP dataligsapplying the above processes.
The resuliis a database containing volumetrit@r each mine, the amount of storagepacity above and
below drainageand groundwater flow vectors. From this point, a group of criteria were developed and a
work flow wascreated to evaluate every mirandentered into a series of Excel spreadsheefsrred to
here as Worksheets through 5

Worksheet 1: PortalsStructure-Connectivity

Worksheet levaluated lower targemines. Thenitial step in evaluating mines wagsignedo
identify lower targeimines suitable for the lower portion of a pump storage systéising the volumetrics
report generated in Arcall mines wth less than 100,000,000 gallons of storage capacity and situated
above drainage were eliminated from the first round of inspection. The remaining mines were placed into
a database for processing.

Each mine was then individually checkedgooximityto outcrop. Any mineituatedwithin 250
feet of an outcrop was eliminated from consideratidoe to concernsf a minewater blowout. Repeated
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episodes of pumping and releasib@0,000,000 omore gallons of water into a closed system would result
in constlerable degradation of mine stability, eroding support pillars, undermining support infrastructure
and erodingof barrier outcrops. This was accomplished by placing a 250 foot buffer around the outcrop
polygon and intersecting the mining polygons. Aregxion was allowed in cases where outcrop or mine
portals were updip, meaning the outcrop is at a higher elevation than the mine poolwadld not
experience unusual ovgaressurization from the entry and exit of water during pump cycles.

Down dip portas, mine adits at a lower level than the mine poskre recorded in the database
utilizingstructural contour lines.Any mine examined with down dip portals was eliminate&ldown dip
portal would allow water to escape the mine theretoyning any reservoir capaciffzigure6). Portals are
often sealed either during mining for ventilation purposes or after miningefasironmental andoublic
safety purposes. These seals are not sufficient to properly protect the mine foolits resilting from
repeated pumping of large volumes whter into and out of the mine Thisrule applies to both upper
storage reservoir mines and lower target mines

1200 ft

Less than
100ft from
surface

Dipping
Coal Seam,

Very close to civilization

v

1150 ft

= ~\
Connected to
the outcrop

1100 ft —+—

HOSTETLER, 2020

Figure 6: Diagram showing a down dip mine and the difficulty of adequately sealing theemoid.

Amine map documentate, if provided, was collected to determine the age of miniSgipport,
stabilization,constructionand infrastructurewill be needed in both lower and upper mingssupport a
mine pump storage facilityOld mines wee eliminated from consideration due to deterioration of mine
supports, roof stability rib destabilization,and potential poisonous gasses which are commonly
encountered in abandoned mines.

Structural considerationsvere next considered. Any potentialrsttural features that were
deemed problematic were recorded. For example a mine with a rolling structural framework would be
less conducivéo drainage aslow points would pond potentially allowing large volumes of water to not
be pumped Sructural trends away frormpotential overlying storage mines could be unusable due to
pumpingdistanceconsiderations.Also a mine situated over an anticline could have a storage reservoir
capacity effectively cut in half since lower portions of the mine would barsggd by a high centéFigure
7).
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Figure 7. Structural undulations will cause high spots in mines possibly impeding drainage.

Proximity or connectivitpetween target mines was investigated. Several factors come into play
here including reservoir storage integrity. Many mines in West Virginia are situated adjacent to other
mines. Therefore WV&Edecided to make a minimum 2&@bt barrier between adjgiing mines a
requirement to avoid any intemine flow communication. Anygones of weaknedsetween mines could
resultin leakage frontarget mineinto an adjoining minéSee Figurd). Similarly the target mineould
potentially be fed with water frommadjacenup-dip minefillingthe target mine aftemwater was pumped
into the upperreservoit L ¥ G KS GF NBS{G NBaS Naadadkbeht ugidnine wailegBNBE O2 Y
infiltrated into the now empty target minethe waterin the upper reservoir wald notbe able tofreely
flow into the now full lower reservoir voiding tiump forageprocess.

Thetype of miningis an impotant consideration. There are thregeays to access an underground
mine: drift, slope or shaft. Drift mines penetrate the dally adits driven parallel with the coal outcrop
extending into the subsurface at or near the mine opening elevation amdlawve the water table. khy
large histoic mines in West Virginia arnep-dip which allowed water to escape the mine thereby
eliminating the need for pumping. Modern mining regulations require pumpimgis method of mining
was deemed too unlikely to be a sealable uniwVGESemoved mines using this methodrom
consideration.

A slope mineextractsmaterial by driving adits a4 downward angle from a higher elevation
opening to a lower coal seam. Many slopes access the coal several tens to hurfdiesstsbelow the
ground surface which would eliminate, if deep enough, the gy of mine water blow outs making
slope minewiable options for a safe Pump Storage system.

Shaft mining is enethod of mining where a vertical shaft is drilled or excavated to the commodity
level. Many shafts ar&éundreds of feet below the surface with no communication with an outcrop. These
minesare the ideal candidate for pump storage pairs if other criteria (listed) are met.
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Mine methodis the final criteria examined. There are, for this study, two methods of mining to
consider. Traditional mining, commonly known as room and pillar mininghveheates a series of parallel
entries connected at intervals by perpendicularsubperpendicular crosscuts (depending on mine plan)
creating what gpears to be a street and allgttern. The mine roof is supported kilge remaining pillars
plus cribblocks and roof bolts. Typically between 30 and 50 percent of the coal is removed. A common
practice in traditional roonand pillar mining happens whamrners of support pillars are mined away to
extract more coal. Some companies were successful irovemg large portions of the pillars which
substantially under stabilizes the roof ctewy similar conditions to longall mining.

Longwall miningcompletdy removesof the resource by developing access to large blocks or
panels of coal. A shearing maahiremoves slices of the cdallock depositing the mined material on a
conveyor belt which runs the length of the longwall panel in conjunction with the shear. Large roof jacks
(fields)support the overlaying material until the shear completes removahefcoal at which time the
entire system is moved forward while the previously supported roof ke jacks collapse

Any longwall mines were immediately eliminated from consideration due to the extreme danger
or impossibility of entering the minesnd the amount of debris remaining from roof collapse and
overburdenrubblization which would potentially clog any communication between reservoirs and pump
equipment.

All mines were considered using the above criteria and recorded in an Excel spreadsiiaes.
of a mine to meet any criteria resulted in a red designation which removed the mine from consideration.

Remaining mines are savedWorksheet 1 Thesanines are the potential lower target mine in a
pump gorage pair.

Worksheet 2: Overlying Ming

Worksheet 2deals with the overlyingterage mines. W mines that passedhe criteria of
Worksheet Imovedonto Worksheet 2.Each minef this subset isndividually selected and intersected
with overlying mines. Thstorage capacity of the lowdarget mine as well astorage capacities of all
oveirlying mines are recorded in the worksheet.

Upper mineswere processed by thércGlSools andwere broken up into zones based on their
location relative to the water tableBelow the water tabléndicates totally floodednearmeans that tte
area is approximately the same elevation as the water table (ateumawithin +/-~ 20 feet) above
drainagemeans the area is dry. Calculated valwese manually entered into the spadsheet into
columns labelledNear or AbovendBelowdrainage. Total storage capacity for each mirascalculated
by adding the values of the two columns. Any mine with a minimbove drainagetorage capacity of
less than 100,000,000 gallohsy R | y& YA Yy S O2 YadeweréSarkad red arsl fethavél R NI A Yy
from the list.

Upper storage mineonsiderations were further evaluated as follows. Any upper longwall mines
were immediately eliminated for the same reason as mentioned in Worksheet 1 abdkie.ufiper mine
underlies awother flooded mine it willalso be immediately eliminated to remove any possibility of
unwanted water infiltration from upper to lower reservoirs.

Interburden grids were created to determine thickness between seams. ird@rpurden less
than 100 feet elinmates the upper minérom consideration as defined by Office of Energy criteh&xt,
overburden grids were created to determine depth of mine from the surfandused to determine if a
minimum of 100feet exists between the target mine and the swéa

Data isalsocollected as @ whether the mine pair is minever-mine or surface reservowver-
mine, as the constraints are different depending on the nature of the upper stossgevoit
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Worksheet 3: Surface

Worksheet Icomparel the location of the basal mine to any surficial features. The surface area
above the basal mineasexamined todetermineif a reasonable area, free from human occupation or
use where a surface reservoir may d@nstructedwasavailable This is only possible where the surface
is 100 feet or greater above the target minBuffers were created around lower mines of 0.0 , 0.25 and
0.5 miles which identifies any towns or cities directly overlying or in near vicinity of therbamal

Lastly state ordderally owned landtaken from USGS 7.5 minute quadrangle mémsndto be
directly overlying aasal minavas identified and disqualifed the target mine from consideration.
Following this step,lemines not marked reg@roceeced to Worksheet 4.

Worksheet 4: Mine Stacicid

Worksheet 4identified any issues between an upper and lower mine, or the surface and an
underlying mine thamight restrict their use for a pumpgarage facility. Any mines situated between the
basal targémine and the upper storage reservaiine or surface reservoimaybe problematic. For this
reason 4 intervening coal seamaere checked for additional miningccurring between the target and
reservoir mines Any mine pairsr mine-surface pairwith intervening mines were markedaotential
problems and removed from consideration.

A second crited examined in this section was assumeidgroblem. Some coal searpsoduce
copious amounts of acid due to high concentrations of the mineral pyrite)(Ha®&ite reacts with oxygen
in waterto produce iron hydroxides and sulfuric acid. Acid produsiegms are rainly located in the
northern coalfield. Any minewith a history of producing abundant acid mine drainagges eliminated
from consideration.

Upper mine connectivity was also considerddist adower targetmines were eliminated they
were within 250 feet of another mingupper reservoir mines must meet the same criteridpper mines
with a downdip portal orthat are within 250 feet of te outcrop wereeliminatedto prevent thepossibility
of a minewater blowout caused by multiple pump cycles of very large volumes of mine water.

Worksheet 5: Possibilities

Worksheet Sontains any mine pairs or mirgurfacereservoircombinationswvhichpassed all the
criteria in Worksheets 1 thragh 4. This worksheet contains mine name amehigany name foboth the
upper and lower mines as well as seam information, dates and designations of whether the pair-is mine
over-mine or surfaceeservoir over mie.

RESULTS
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The WVGES identifigtiirteen underground target mine ars which metthe WVGESriteria
outlined above All mine pairsare located h southern West Virginiawhere the negative effects of the
cod marketdeclinehave been magnified The possibility of good paying job opportunities should be
welcomed in the various communitie$he selectionare a mixof drift, slope and shaft mirgpaired with
either upper mines or surface reservoixift mines although deemed nowptimal progects due to the
reasons laid out in the discussion above, were selected because thewessréarge and the reservoir
was located far enough away from the outcrop that the possibilityasfier failureis minimized

The WVESrecommendsa shaft or slopanine isolatedfrom adjacent miningo be usedas the
target reservoitin a pump forage system because all of the storage is below drainage and far removed
from potential failurewith minimal or no chance of barrier failure. It is important that thefrand floor
lithologies besandstone or another resistatithologyto lessen erosional effects durimgcurringpump
storage cycles.

Interburden between lower target mines and upper reservoirs is of low importance since a lined
shaft will be constructetbetween them sealing the interburden from erosional effects.

The upper storge reservoirs are a mixture of sixnes and eighsurface impoundments (one
target mine was viable fagither mine or surface reservqirlt is also important that the floor andp a

lesser point, roof lithologies be of resistant lithologies to reduce erosional effects of repeated pump cycles.

Each option is graphically represented showtmg lower target miné polygon footprintin red
with aperture card numbers included withihe mine. The aperture card scans may be viewed and
downloaded on the WVGES MIDS website://www.wvgs.wvnet.edu/www/mids/main.php

Upper reservoir mines are representdny blue polygonsalso wth aperture card numbers
included. Additional adjacent or stacked mines are represented in broweibwbut do not have labels
of their associated aperture cards.

Surface reservoistream valley locatiomptions are indicated by blue labels on thespective
stream valleys.

Each figure is underlain by a portionitsfNBE & LISOGA @S T dp Q G 2LJ23INI LIKAO
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Option ' McDowell County No. lite, War Quadrangle

Aperture card 906310D

Mine and Company NameMill CreekMine, Unknown Company

Date: unknown

MSHA number unknown

Details Reported as a shaft mine but may be a sldfhee only mine map in the WVGES archives is of poor
quality)in the Beckley sam utilizing a surface reservoir.

The target minelbor ranges from approximately thrdeet of fireclayoverlying sandy shales and
sandstones with shale streai®wvards the northto over 100 feet of sandstone tihe south. The roois
composed obver 20 feet of shalwith interbeddedsandstone

The surface reservoir could be constructedaither Threefork Branch or Bartley Creek tributaries
of Dry Fork of Tug Fork.

The target mine and surface reservoirs aiteaed on War quadmagle, McDowell Qunty. The
nearesttown is War apprgimately 3.5 miles to southeast with a population of 8@&dple according to
the 2010 census.

Consideration: Data for the mine and immediate area surrounding the mine are not in B8VG
archivesyoof and floor conditions can only be inferred from drill holes within about a Yaradlieis. The
first few feet of helower target mine floor is soft erodible fireclay but, after that is removed from multiple
pump cycles, the lower lithology is resistant sandstoRee only maps for this mine in the Wk$sarchives
are addendums to other maps, no original map exiswunfiles. Better more complete maps will need
to be located, perhaps from company files or other archives. Both Bartley Creek and Threefork Branch
have residents living on the lower portions of the streams near their confluence with Dry Fork.

T ot
0 1000 2000
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Option 2 Wayne Countyig, Kiahville and Ranger Quadrangles

Aperture card 906378A

Mine and Company NamebDeep Mine No. 6Argus Energy WV, Lixine map

Date: 2003

MSHA number:46-08821

Details drift minein the Coalburg seantilizinganuppermine voidaperture card 385372 No. 5 Block
coalseam Mine name is Pen Coal No. 5, Pen Coal Company, map dated”2@@8ond option could be
a surface reservoir in one of several unnamed tributaries of Trough Fork of Kiah Creek.

The farget mine oof is approximately 25 feet ofterbedded sand, shale and coal streaks while
the floor isapproximately sifeet of shale overlyingip to 25 feet ofsandstoneand sandstonevith shale
streaks.

The pperreservoirmineroof is a mixture of 20 feet of shale asdndstongwhile the floor is a
mixture of fireclay, shale and some sand.

Both the target mine and upper reservoiare situated on Kiahsvidl and Ranger quadrangles,
Wayne ©unty. Nearest town iHuntington, WVapproximately 28 miles north northest with a
population of 46,048 as of 2018.

Consideratios: The lower target mine floor is a mixture of soft lithologee®rlying more
competentlithologies belowwhich will require drilling to determine specifics. The upper reservoir mine
is 160 feet above drainage and could be a risk for barrier failure.

- Reservoir Mine
\:] Other Mines ]
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Option 3 Braxton and Nicolas Countyt& Little Birch Quadrangle
Aperture card: 907627A
Mine and Conpany Name:Mine No. 10A, Brooks Run Mining Company
Date: 2007
MSHA number:46-08852
Details Drift minein the Coalburg sant, utilizing a surface reservair.

The target mine gof is approximately 30 feet of shakhe floor is 2 feet of shaleoverlying 13
feet of sandstone.

Thesurfacereservoir could be constructed on either of 2 forks of CarpeRtmk of Little Birch
River or the upper portion of Mill Creek of Birch River near the community of Bays.

Situated on Little Birch quadrangle, Braxiand Nicholasounties. Nearest town is Sunensville
WV approxmately 20 miles south southwest with a population of 3,322 as of 2018.

Gonsideratiors: A few residents would need to be relocated for a large surface reservaoir.

Legend

-TargetMine
[ | other Mines |
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Option 4 Logan Counti@te, Logan Quadrangle
Aperture card: 906385A
Mine and Company NameNo. 8/ aAySs 2 KAGSQa aAyAy3das [[/ o
Date: 2005
MSHA number:46-06500
Details Drift mine in the Eagle seam utilizing a surface reservoir.
The target mine agof is sandy shalapproximately 20 feet thickhe floor is one foot of shale
overlying eighfeet of sandstone or sandy shale.
The surface reservoir could be constructed on either Madison Branch or Laurel Branch of the
Guyandotte River or one of several forks of Steele&raf Island Creek above the community of Switzer.
Situated on Logan quadrangle, Logan County. Nearestis Logan, WV approximately fivéles
north. Several smaller townscluding Switzer and Neibeare nearer both less than onenile away
Consi@rations: The surface reservoir would require moving several residents.

¢
|| Other Mines ol

SpSeomerry
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Option 5 Wyoming County No. lif, McGraws and Matheny Quadrangles

Aperture card: 377342A

Mine and Company NameBeckley No. 2 Mine, Ranger Fuel Corporation

Date: 1988

MSHA mmber: 46-04581

Details Shaft mine in the Firecreek seam utilizing an upper mine reservoir aperture card 376337A, No. 1
Mine, J & J Motors, Inc., map dated 1978, in the Sewell seam.

The target mine floor isapproximately 20 feet of shale while thieof is 30+ feet of shale with

sandstone.

The wper reservoir floor ispproximately40+ - feet of shale with sandstone streaks while the
roof is sandstone.

Situated on McGraws and Matheny quads, Wyon@uoginty Nearest tows areRaverliff 0.75
miles to north, McGraws 0.30 miles east or Glen Fork 0.5 miles to the west.

Consideratios: Target mine floor is 20 feet of soft erodible lithology. Upper reservoir fitoe
has 40+ feet of soft lithology. Dilgwill need to be conducted in der to better ascertain floor qualities
of each mine.

- Reservoir Mine |

] | Other Mines f

< W
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Option 6 Wyoming and Logan Countiefie5 Lorado and Oceana Quadrangles

Aperture card: 500778A

Mine and Company Nametower War Eagle Mine, Cliffs Logan County Coal/Greenbrier Minerals
Date: 2020

MSHA number:U-400299A

Details Shaftmine in the Glen Alum Tunnel seam, utilizing a surface reservaoir.

Target mine floor is 28/ - feet of shale with coal streaks, roofapproximately20 + - feet of shale
with coal streaks.

Upper reservoican be constructed on Tey Fork, Sugarcamp Brandoge Branchor one oftheir
unnamed tributariesall of Huff Creek of the Guyandotte Rive©ther options are Right Fork of Buffalo
Creek, or Dingess Branch of Buffalo Creek.

Situated on Loredo and Oceagaadrangles, Wyoming and Logan counties. Nearest town is
Amherstdale population 350 (2010 census) approximatiyr miles northwest. Other smaller
communities in the vicinity include Becco, Crites, Landale, Lorado, Lacoma, Cyclone and Campus.

Consideréions: 2 + D {rdea@ds show the lowertgragemine may still be activeThe mine floor
is soft and erodible.

| Other Mines
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Option 7. Mingo County Be, Majestic Quadrangle

Aperture card: 907816A

Mine and Company NameMarshall Mining No. 21 Mine, Marshall Mining
Date: 2007

MSHA number:46-08812

Details Drift mine in the Number 2 Gas seam, utilizing a surface reservoir

The target mine roof iepproximately20 + - feet of shalethe floor is interbalded shale and thin
coaly seams extending ove® Zeet. Theras limited drilhole coverage in this area.

The surface reservoir could be situated on Mudlick Fork, Foundation Fork, or Bear Creek of Beech
Creek of the Tug Fork River or on Lick Branch, Meador Fork, or Double Camp Fork of Mate Creek of the
Tug Fork.

Stuated on Majestic quadMingo County Nearest town is Matewarpopulation 435 (2018)
approximately 6 miles west or Red Jacket, populafi8h (2018) 5 miles nortirest. Surrounding smaller
communities include Hinch, Meador, Newtown, and Thacker Mines.

Gonsideratiors: Target mine floor is composed of approximately 20 feet of soft shaley lithology
but limited drill logs in the WMES archives limit the amount of information available. More drilling will
need to be conducted to better ascertain floor cotmmiis. All stream valleys available for reservoir
construction have several residences which will need to be moved.

Legend

- Target Mine
\:] Other Mines
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Option 8 Kanawla County e, Quick and Mammoth Quadrangles

Aperture card: 909259A

Mine and Company NameMammoth No 2 GaSlopeMine, Spartan Mining

Date: 2014

MSHA number:46-09108

Details shaft mine in the No. 2 Gas seam, utilizing an upper mine reservoir in the Campbell Creek Mine,
Campbell Creek Coal Co., map dated 1961(?), no permit listed, aperture card 327050A in the Number 5
Block seam.

Target mine floor ispproximately 20 +/feet of interbedded shales, fireclays and coals, the roof
isapproximately 15 feet ahterbedded shale, coal, and sandy shales.

Upper Reservoir floosiapproximately 12eet of shale fireclay and sandy shateerlying60 to
80 feet of sandstone, the rood approximately 50 feet ocdandstone.

Situated on Quick and Mammoth quads, Kanaw®aunty Nearest towns ardMlammoth
population 500 +/, 0.5 miles southEast Banlpopulation 887 (2018xand Cedar Grovpopulation 997
(2010 censusdpproximately 4.5 milesouthwest.

Consideratios: Lower target mine floor is composed of soft lithologies as is the upper reservoir
mine floor. Upper mine is almost 60 years old and will have experienced deteriorationwgudt need
reviewed. It is suspected the upper minas been pillared which compromises roof conditions. Also the
upper mine is slightly above drainage increasing the possibility of barrier failure.
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Option & Boone County No. 1it8, Sylvester Quadrangle
Aperture card: 909274A
Mine and CompanyName: Peerless Rachel Mine, Emerald Processing /Kanawha Eagle, LLC
Date: 2015
MSHA number:46-09258
Details in the Number 2 Gas seam, utilizing an upper mine void reservoir in the No 20 Drift Mine, Carbon
Fuel Co., aperture card number 321845M, dat®d 3, in the Number 5 Block seam, permit unknown.

Target mine floor is approximately eight feet of shale overlyingpRs feet of sandstone, the roof
iseightfeet of shale uderlying 26 feet of sandstone or shale.

I LILIS NJ NI & S thaBr 2siapiroxifratefyS1Q deet of shale and sandy shale, the roof is
interbedded shale and coal.

Situated on Sylvester quadrangBgoone @unty. Nearest towns are Winifredgopulation 768
and Chelyapopulation 77&espectively approximately 5 and 6.5 miles to the nomaller surrounding
communities include Mount Hope, Joes Creek and Comfort.

Consideratios: Lower target mine floor is composed of soft lithologies overlying sandstone.
Upper mine reservoir is 400 feet above drainage make a substantial possibilityief Eslure. Another
option could be a surface reservoir on unnamed creeks off of Joes Creek. There ar@sidences in
the area that wilheed to be addressk

) R

Legend
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Option 10 Wyoming County No. 2it8, Pineville and Mullens Quadrangles

Aperture ard: 341233A

Mine and Company Namettmann Number 4 mine, Itmann Coal Co.

Date: 1975

MSHA number:46-01577

Details Shaft mine in the Pocahontas Number 4 seam, utilizing an upper surface mine reservoir in the
Firecreek seam, Jims Branch Number 1 mBaylor Mining Co., dated 2002, MSHA NO:085637,
aperture card number 385837A.

Target mine floor is approximately eigfeet of fireclay and sandy shale, the roof is approximately
30 feet of shale and sandy shale.

Upper reservoir floor is approximatetne foot of shale underlain by approximately 20 feet of
sandstone, the roof is 20+ feet of shale and sandy shale.

Situated on Pineville ahMullens quadrangles, Wyoming@ty. Nearest tows arePineville
population 587 (2018xpproximatelytwo miles tothe west and New Richmond, population 238 (2010),
1.0 miles south.

Consideratios: Itman Number 4 iat least 45 years old. uBstantial deterioration could be
discovered in the mine. The floor is very soft fireclay and shales.
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Option 1 McDowdl County No. 2 f&e, War and Amonate Quadrangles

Aperture card: 904611J

Mine and Company NametUnknown mine, unknownampany

Date: none listed on document

MSHA number:none listed on document

Details Unclear mining method due to poor document quality, in the Pocahontas Number 4 seam,
utilizing a surface reservoir.

Target mine floor ighree feet of claystone overlying 50 feet of shale, roof is 3 feet atdha
sandstone underlying interbedded sandsiashales.

Upper reservoir is potentially Berwindake.

Situated on War and Amonate quadidécDowell ©@unty. Nearest towaare War, population 705
(2018) approximately 2.25 miles to the north aBdrwind population 278 (2010approximately 1 mile
to the east. Smaller surrounding commuies include Canebrake, Cucumiaged Rift.

Considerations: A ramp existsbetween the target mine and a lower Pocahontas No. 3 mine
(aperture card number 385844mnd 90461 1)}o the east. The ramp is in the udip portionof the mine
but could be a source of overflow leakage of reservoir watEtunately the ramp begins in the wip
portion of the mine so the target mine could be filled with water, as long as it is not overfisedondly
the mine map referencinghe target mine only shows the mine as an addition to a different mine. Much
better mine maps will need to be located in order to proceed. Finally Berwind Lake is probably not suitable
for the upper reservoir, however Big Branch or War Creek upstreamthierfake could be utilized for a
separate surface reservoir. There are very few residences on these streams.
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Option 12 Nicholas county Site, Widen and Summersville Quadrangles

Aperture card: 381080A

Mine and Company NameDay Mine Number 1, Dayining Inc.

Date: 1994

MSHA number:46-01735

Details Unclear mining method due to poor document qualitythe Peerless seam, utilizing an upper
surface reservoir.

Target mine floor is two to thre&eet of fireclay overlying 2&/- feet of shale sandy shale and
sandstone. Nhe roof is 15 feet of shale and sandy shale.

Upper reservoircould be constructed on Pearson Branch, Enoch Branch, Puddy Run or Lower
Spruce Run all of Muddlety Creek of the Gauley River.

Situated on Widen and Sunarsville quarangles, Nicholas aonty. Nearest town is
Summersville population 3322 (20185.5 miles to the south. Other smaller communitiesnclude
Muddelty, Hookersvilland Kirkwood.

Consideration: Target mine floor lithology is 20+ feet highly erodible dudtesand sandy shale.

| Other Mines =
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Option 13 Boone County No. 2 Site, Sylvester and Whitesville Quadrangles

Aperture card: 500766A

Mine and Company NameHunter Peerless Mine, EIk Run Coal Co.

Date: 2015

MSHA number:

Details Drift mine currently actively mined in the Williamson seam, utilizing an upper mine aperture card
905375A of unknown name, Webb Coal Co., in the Winifrede seam circa 1948.

Target mine floor is approximateR0 +/- feet of interbedded shales, sandstonestiwshale
streaks, and sandy shales, the roof ist5ieéet of marine shale.

Reservoir mine floor is over 30 feet of sandstone, the roof is 40 + feet of sandstone.

Situatedon Sylvester and@iVhitesville quadrangles, Boon@ty. Nearest town is Whitesville
population 441 (2018approximately 2 mileso the south. Smaller surrounding communities include
Garrison 0.3 niés south, Kayford, Red Warriand Sylvester.

Consideratios: Target mine floor is questionable with a mix of resistant sandstones and
nonresistant shalesUpper reservoir mine is above drainage increasing the possibility of barrier failure,
however the mine floor is very good. The possibility of using Spruce Fork or Road Fork of White Oak Creek
of Coal Riveis viable
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http://wvwri.nrcce.wvu.edu/programs/mbmpp/publications/
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