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FACTORS INFLUENCING THE EFFECTS OF UNDERGROUND BITUMINOUS
COAL MINING ON WATER RESOURCES IN WESTERN PENNSYLVANIA
Michael B. Keener, M.S.

University of Pittsburgh, 2014

Coal mining in Pennsylvania has been fundamental to the commonwealth’s economy for over 150
years. Since that time, over 1.2 million acres of bituminous coal have been mined using
underground mining methods. Pennsylvania is also estimated to have over one million domestic
water wells over its 29 million acres area. From 2003 to 2008, 2,789 water supplies were
undermined with about 24.5% having reported impacts. However, not all reported impacts are
related to mining. The effects of underground coal mining on the utility of these wells and other
water resources have only been studied systematically within the past 20 years and are still not
completely understood.

Pennsylvania amended its Bituminous Mine Subsidence and Land Conservation Act (Act
54) in 1994. The amended act requires that a report be submitted every five years that assesses
the impacts on water resources and structures due to underground coal mining. Well and spring
effects can be classified into two categories: water loss (diminution or total loss of water) and
water contamination (reduced quality, increased metals, gas, etc.). Once these types of effects are
identified, they are analyzed to determine the relationship between underground coal mining and
water resource quality and quantity.

This study investigates the factors associated with water loss and water contamination due
to underground coal mining. The study area includes all underground bituminous coal mining

activity in Pennsylvania from August 21, 2008 to August 20, 2013. The area encompasses 10

iv



counties in western Pennsylvania providing a diverse sample of water resource data, mining
methods, and local conditions. Mining activity was conducted by 6 companies with a total of 7
longwall mines and 39 room-and-pillar mines. Factors include mining method, mining depth,
proximity to mining, hydrogeological setting, topographical setting, climate, and more. A
statistical analysis of these factors is used to determine the most important factors driving water
resource impacts. Greater study is then conducted on the most significant factors using geographic
information systems (GIS) and modeling software to better understand how effects are caused and

how they can be mitigated or eliminated.
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1.0 INTRODUCTION

Coal mining has been associated with Pennsylvania’s economy for over 150 years. From the small
anthracite mines in northeast to the massive bituminous longwall mines in the southwest,
Pennsylvania has some of the most diverse coal reserves in the country. The anthracite region
provides heating coal with high calorific content and low impurities. Much of the bituminous coal
is used as steam coal for electric generation to power homes and industries across the state. The
remainder of bituminous coal is classified as metallurgical coal and is used in the production of
steel as coke. In 2011 Pennsylvania was ranked fourth in coal production in the United States
behind Wyoming, West Virginia, and Kentucky. The state produced over 59 million short tons
(EIA 2011). Also in 2011 Pennsylvania consumed 54.8 million short tons of coal, making it a net
exporter of coal (EIA 2011b). Coal mining has the potential to support Pennsylvania’s economy
for decades to come.

From 2003 to 2008, 2,789 water supplies were undermined with about 24.5% having
reported impacts, although not all impacts are linked to mining. Public and private water wells
can be impacted due to changes caused by mining in groundwater aquifers. Over a million wells
are estimated within Pennsylvania (DCNR 2013). Other water supplies, such as springs used for
domestic or agricultural purposes, can also be affected by underground mining. Springs not used
for domestic or agricultural purposes are difficult to quantify since not all are located. Additional

information is needed to help minimize affects to these water supplies.



This thesis will investigate new data gathered from 2008 to 2013 by the PA DEP for the
4™ Act 54 report and utilize the most current techniques to help improve prevention controls and
recovery measures. The following sections include a comprehensive literature review to examine
models and theories related to mine subsidence and groundwater, a discussion of the procedure
used for analysis, including data and case studies, and interpretation of the results. The conclusions
will summarize the factors that are most influential to water supplies due to underground coal
mining. The conclusions will also state when these factors become significant. Finally,

recommendations will be made to remedy difficulties faced during this analysis for future studies.



20 LITERATURE REVIEW

A literature review was conducted to understand hydrogeological and mine subsidence theory.
These theories aid in the analysis of water supply issues related to mining activities. The review
also facilitated determination of variables associated with water supply issues in undermined areas.
These variables are used to further assess the relationship between underground mining and the

hydrogeological system.



2.1 HYDROGEOLOGICAL THEORY

Hydrogeology is the study of groundwater flow in the aquifer system. The two major types of
aquifers are unconfined and confined. Unconfined aquifers are located close to the land surface
and extend in thickness down to a confining layer. A confining layer is a relatively low permeable
unit that has the capability of transmitting water slowly. Since the unconfined aquifer is located
near the surface, much of the material in the aquifer consists of soil, alluvium, glacial drifts, and
broken and fractured rock. Recharge into unconfined aquifers occurs by infiltration of surface
waters (precipitation, surface runoff, streams, rivers, lakes, reservoirs, ponds, etc.) through the
unsaturated zone. Recharge can also occur from underlying aquifers seeping through a confining
layer. Discharge occurs when the potentiometric surface intercepts the ground surface, when a
well extracts water from the aquifer, or when seepage occurs through a confining layer. Confined
aquifers are located between confining layers. Confined aquifers have the potential to become
pressurized. Porous rocks such as limestone and sandstone are the materials that generally
compose a confined aquifer. The porosity allows water to flow easily through the rock. Recharge
is accomplished by infiltration of surface water to an outcrop of the aquifer or by seepage through
neighboring aquifers. Surface discharge occurs through extraction wells and seepage (Fetter
2001).

Hydrogeological theory generally assumes that both types of aquifers occur in

homogeneous material. This assumption allows for the use of Darcy’s Equation:
dh
q= KE (2'1)
where,

e Q= linear flow rate, ft/s



e K =hydraulic conductivity, ft/s

d

. d—}; = hydraulic gradient; change in head over change in flow length

This simple one-dimensional form of Darcy’s Law can be used to calculate velocity of a
fluid through a homogeneous media at steady state. The most important concept of Darcy’s Law
to be remembered is that fluid flows from areas of high head to areas of low head (Callaghan, et.
al 2001). Steady state allows for the changes in velocity of the fluid to be neglected through the
media. Homogeneity is important because the hydraulic conductivity is assumed to be constant
throughout the length of the material. Therefore, the scale at which a material is measured must
be large enough for small discontinuities to be neglected. Consistent porosity is known as primary
porosity. Non-consistent porosity is known as secondary porosity and consists of fractures, faults,
discontinuities, and non-homogeneity. Groundwater flows more freely through areas of secondary
porosity due to relatively larger pore spaces and long, continuous openings. This entails that
groundwater flows primarily through areas of secondary porosity (Wyrick and Borchers 1981).

Secondary porosity can be formed by natural or man-made events. Natural events include
stress-relief fracturing and tectonic movements. Stress-relief fracturing occurs when a valley has
been created by the erosion of the rock structure. The eroded material no longer provides a
confining pressure to the rock. This change in pressure induces expansion of the rock causing
fractures to occur in areas of weakness. Most fractures occur in zones where the rock is
experiencing tensile forces. Bedding plane separations can also occur allowing for increased
porosity. Compressional fractures occur if the force compressing the rock exceeds the

compressive strength of the rock. These fractures and separations provide conduits for



groundwater to flow and can connect different aquifers to each other and the ground surface (Booth

2002).
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Figure 2.1: Generalized geologic section showing features of stress-relief fracturing (Ferguson 1974)

Tectonic movements can also greatly increase secondary porosity, but tectonic movements
vary in magnitude so determining an understanding of how secondary porosity occurs is limited.
Fractures can occur between faults or during bending of the rock structure.

Man-made events include large excavation projects and underground mining. Large

excavation projects are similar to stress-relief fracturing. Large amounts of earth is removed no



longer providing a confining pressure. The rock is allowed to move and fracture. Vertical fractures
form that can extend through different rock layers and bedding planes separate.

Underground mining events have similar effects with tectonic movements, but the effects
of subsidence are better characterized and, therefore, more predictable. Studies, such as
Kendorski, and data have shown that aquifers generally experience a drop in head when
undermining occurs. Outcomes after the drop in head include full recovery of the water table after
mining due to closing of the secondary pores and fractures after mining. The areas of secondary
porosity may return to a pre-mining state once the rock has reached an equilibrium. A permanent
drop in the water table due to increased transmissitvity through the aquifer and between aquifers
can also occur. This is also related to increases in secondary porosity. Greater well yields and/or
poor quality water can also occur. Mechanisms inducing secondary porosity during underground

mining are discussed in the next section.



2.2  SUBSIDENCE THEORY

Subsidence theory is mostly applied to longwall mining but also applied to other full extraction
mining methods. During longwall mining an opening is created within the earth. The overlying
material collapses into this opening. The movement of the collapsing material propagates to the
surface. The properties that influence longwall subsidence include thickness of the overburden
rock, physical properties of the overburden rock, geometry and orientation of the longwall panel,
extraction thickness, and surface topography (PA DEP 1999).

Longwall subsidence can be divided into four major zones: caving zone, fractured zone,
continuous deformation zone, and soil zone (Peng 2008). Each zone is classified based on unique
properties. It is important to note that these zones and properties are classified based on data in
the Northern Appalachian region.

The caving zone is immediately above the extracted coal seam. The rock fills the mine
void in an irregular schism. The rock loses its continuity and bedding and becomes a pile of rubble
in the mine void. The thickness of this zone has been found to be 2 — 8 times the extraction height
or coal seam thickness.

The fractured zone is located immediately above the caving zone. The rock in this zone
maintains its bedding structure but is greatly fractured and deformed. Fracture density is higher at
the bottom of the zone and decreases moving towards the top of the zone. The amount of fracturing
and deformation greatly increases the porosity of the rock in this zone. Vertical fractures can
extend through different rock layers, allowing potential hydraulic connections between aquifers.

The thickness of the fractured zone is 30 — 50 times the extraction height.



The continuous deformation zone is located immediately above the fractured zone. Strata
in this zone maintains its continuity and is allowed to deform by bending. Small fractures can
occur but generally do not extend through rock layers. Bedding separations between layers can
also occur. Separations and fractures lead to increased porosity of the rock in this zone. The
thickness of this zone extends from the fractured zone to the soil zone.

The final zone is the soil zone. This zone is located directly above the continuous
deformation zone. This zone is classified because the composition of the material in this zone
consists of soil and broken rock. Fractures and movements occur in the soil zone because the
material is not cemented together to form a soil layer or beam like the rock strata. Fractures and
movements occur during active longwall mining, but can return to a pre-mining state after mining

or remain permanently deformed.
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Figure 2.2: Typical trough subsidence showing the unique zones (Peng 2008)



Subsidence in the soil and continuous deformation zone are of primary concern in assessing
impacts to water resources. Some ponds and wells will be located within the soil zone. Deep
wells can extend to the continuous deformation zone. Since most water sources are located at or
near the surface, it is helpful to estimate the subsidence that may occur due to longwall mining.
The maximum subsidence for longwall panels in the northern Appalachian region during the 4%
assessment period can be calculated with the following equation:

Smax =M X a (2-2)
where,
® S.ax = maximum subsidence, ft
e m = extraction thickness, ft
e a =subsidence factor

A relationship between the subsidence factor and overburden was developed by Peng and

is as follows:
a = 0.6815519 x 0.9997398" (2-3)
where,
e a = subsidence factor
e h =overburden thickness, ft

Gutiérrez (2010) investigated the effects of subsidence on highways in southwestern
Pennsylvania using accurate measurements. The study found an average subsidence factor of 0.66
for the region. This subsidence factor results in maximum subsidence values of 3.5 to 4.5 ft for
the region.

Horizontal strains are also important with regard to water sources. High strains can cause

damage to aquifers or wells. A basic study during the 3" Act 54 assessment divided longwall
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panels into three sections: mid-panel, quarter-panel, and room-and-pillar (main, gateroad, and
bleeder entries). These sections were defined based on the type of strains expected on the surface.
Mid-panel sections should experience minimal strain. Strains in this section will be almost entirely
compressional. Quarter-panel sections should experience a mix of compressional and tensile
strains. Room-and-pillar sections should experience mostly horizontal strains. These inferences
are based on the assumption that the surface topography is flat. However, southwestern
Pennsylvania is rugged and flat areas are rare. It was concluded that there was trend between
location of a water source to the longwall panel and the probability of an affected water source

(Witkowski 2010).

. : Gate road entries
Main entries ./

) s
| T

Un-mined coal _»

Longwall fan:e_- : - /
| o B P
v — s
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Mid-panels | CQuarter-panels

|
\
|

Figure 2.3: Illustration of the 3 sections of a longwall panel regarding strain type (lannacchione, Tonsor, et al. 2010)

Booth and Greer (2011) studied the impacts on hydraulic conductivity related to active and
permanent subsidence. As mentioned in the previous section, hydraulic conductivity is a key
parameter controlling flow through an aquifer. The study utilizes MODFLOW, a groundwater
modeling software, to estimate changes in groundwater flow when introducing a longwall mine

under the system. The study predicts hydraulic conductivity increases in tensile zones and

11



decrease in compression zones. Minimal decreases in hydraulic conductivity are predicted in the
compression zones. Conversely, tensile zones can increase hydraulic conductivity significantly.
Strains will be discussed in the next section on how minimizing strain can reduce water resource

impacts.
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2.3 LEGISLATION, GUIDELINES, AND RESEARCH

Legislation regarding the impacts from mining was not thoroughly considered until the early
1940’s, when impacts due to a boom in surface mining a decade earlier became apparent. Attention
to this issue was delayed during World War |1 due to the high demand for coal and other minerals.
In 1945 the Commonwealth amended its 1937 Clean Streams Act to include acid mine drainage
as a regulated form of pollution. Also that year, Pennsylvania passed the Surface Mining
Conservation and Reclamation Act, which represented initiative for preventing pollution from
surface coal mining (lannacchione, Tonsor, et al. 2010). Since, several forms of legislation, rules,
guidelines, and recommendations were created to address the environmental issues associated with
underground coal mining.

One of the most important laws regarding environmental impacts due to mining is the
Bituminous Mine Subsidence and Land Conservation Act (BMSLCA) of 1966. Before the passing
of the act, mining companies were free to subside the ground of those that had no coal mineral
rights during pillar extraction. The act protected surface structures built before 1966 from
subsidence, regardless of mineral ownership. Initial suggestions proposed extraction ratios of less
than 50% below surface structures for protection. Grays and Meyers (1970) introduced the aspect
of an angle of support (angle measured from the vertical) between 15 and 25 degrees to be used
for determining a stable area. The use of an angle of support recognizes that subsidence can have
an effect on surface features, even if there is solid coal below the feature. Other subsidence
prevention methods include construction of underground supports or grouting of abandoned mine
openings. Despite the progress the act made, issues on subsidence to surface structures built after

1966 and water resources were not included.
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Figure 2.4: Surface support area using angle of support to determine area in mine to be left supported (Gray and

Meyers 1970)

In 1980 BMSLCA was amended to address some of the problems that came about
concerning the original law. Structures built after 1966 now had to be repaired or the owner
compensated if affected by subsidence. The amended act also required companies to minimize the
damage to surface structures using best technologies and practices of the current time. The
amended act still did not mention concerns with water resources.

Although the amended BMSLCA of 1980 did not include legislation regarding water
resources, research on water impacts was ongoing during this period, mostly concerning mining
under large bodies of water such as lakes and reservoirs. Babcock and Hooker (1977) presented a
U.S. Bureau of Mines publication suggesting guidelines when mining near large bodies of water.

The guidelines are similar to those of Grays and Meyers where an angle of 25 degrees is used in

14



order to provide protection to surface bodies of water from subsidence. However, Babcock and
Hooker added considerations of geologic materials to their suggested mitigations techniques,
including defining a no mining zone within 200 horizontal feet of a body of water at shallow cover
(less than 350 ft). This mitigation protects water bodies from the fracturing of the rock in these
shallow cover areas. The angle is then applied from this depth to account for the adjacent effects

of subsidence.

Normo
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Parel 3p or 270 1

Tetal extraction]| GOt
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Figure 2.5: Guidelines for mining near bodies of water and retaining structures (Babcock and Hooker 1977)

Kendorski (1979) developed a subsidence model that uses an angle of 35 degrees and

includes different zones of rock deformation over a full extraction panel. One important aspect of
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this model is the aquiclude zone. This zone implies that no changes in permeability are found and,

therefore, shallow groundwater and surface water do not interact with the mine.

Original Zone of
Surface cracks surface Level ,Subsidence Increased
due to Subsidence Permeability

Zone of
Increased =
Permeability
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Rock Type Zgnc
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Coal Seam

e P 'I p=Width of Panel Under

Extraction
D=pepth of Cover
t=Seam Thickness

Not to Scale

Figure 2.6: 1979 Subsidence model depicting an aquiclude zone (Kendorski 1979)

A similar study done by Singh and Atkins (1983) in the United Kingdom provides many
similar suggestions to the Kendorski model. An angle of 35 degrees is used along with the
deformation of the overlying strata. The model includes the effects of horizontal displacement and
strains from subsidence, an early rendition of Booth and Greer’s study. The model is further
developed with the introduction of zones of compression and elongation. Initial recommendations
for restricted strains were 10 mm/m (10 millistrains) to reduce the risk of ground surface opening
in the elongation zone near large bodies of water. These models help to better understand the

effects that full extraction mining has on surface waters.

16



Subsicence sy tone _zone zone

of fuli of of

subsidencelcompressions slongations

(only subsidenc , :
subsidence ) . dtintlm-bon in extension
: | J

. mea ta R

T

—_— e e s S—

—— — s e —

i NN ED S
. Sindslqno I R AR TS S Peeasaasiaaas ot
I-_ -1_*- ‘.~.'-!.n;-i'-':-‘_'n'_; 2] =21/ 75 angle ‘of break
=ff S ESET ) 15 M LT R |

\"thd area

W

Figure 2.7: 1983 Model depicting surface zones of compression and elongation (Singh and Atkins 1983)

In the late 1980s and early 1990s, longwall mining became a common form of mining in
the United States. Its increase in popularity prompted researchers to study the effects of longwall
mining on surface and groundwater. Kendorski (1993) developed an advanced subsidence model
from the 1979 model to include groundwater flow and water wells. The model depicts temporary
and permanent effects to groundwater after longwall mining. Groundwater within the caved and
fractured zones will drain into the mine since the rock has been damaged. Groundwater in the
dilated and surface zones will experience temporary effects due to increased permeability and
storativity of the rock layers. The temporary effects are predicted to return to pre-mining
conditions within 2 years once the rock layers have time to settle. Although long term effects were
assumed to be likely to return to pre-mining conditions, the short term effects still presented an

issue. Loss of water or dry wells provided insufficient water for citizens living over longwall
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panels. Increased permeability of the aquifers allowed the water to contact metallic and sulfide
minerals that could increase dissolved contamination rendering water unsafe or unsavory for
drinking. High horizontal displacements and strains can cause wells to collapse, leaving the user

without water. These issues presented significant problems for citizens and their water supplies.
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Figure 2.8: 1993 subsidence model depicting groundwater movement through the subsidence zones (Kendorski 1993)

In 1994 Pennsylvania amended its BMSLCA “to provide for the restoration or replacement

of water supplies affected by underground mining” (BMSLCA 1994). The amendment is
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commonly referred to as Act 54. Act 54 contains an abundant amount of text regarding the
responsibility that mining companies must take regarding water supplies. The act uses an angle
of 35 degrees from the edge of the full extraction area to determine a zone on the surface where
subsidence effects are significant. Water supplies residing in this Rebuttable Presumption Zone
(RPZ) that are affected will be restored under responsibility of the mining company. The company
may dispute responsibility if pre-mining data can be provided that show no significant change in
the water quality and quantity. Temporary and permanent solutions include setting up a temporary
storage supply of water with the affected water supply owner, hauling water to the owner,
connecting the owner to a public water supply, and drilling a new well.

One requirement of the act is that a report be produced every 5 years to access surface
impacts from underground coal mining. The Pennsylvania Department of Environmental
Protection (PA DEP) conducted the first assessment from 1993 to 1998, California University of
Pennsylvania conducted the second assessment from 1998 to 2003, and the University of
Pittsburgh conducted the third assessment from 2003 to 2008. The University of Pittsburgh has
again accepted to present the forth assessment report, covering the period from 2008 to 2013. The
purpose of the periodic report is to assess the effectiveness of controls used to mitigate and restore
water supplies as well as monitor effects due to changes in technology.

The key concepts to be taken from the literature regarding effects to water resources due
to subsidence are:

1. Water will flow from areas of high head to low head. Water will also flow through a path
of least resistance. This can refer to zones of secondary porosity such as open fractures

in rock or increases in number of flow paths
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2. To illustrate that the surface effects from subsidence extend over a larger area on the
surface compared to the area of full extraction, an angle measured from the vertical at the
edge of mining is used. The angles most commonly found in research range between 24
and 42 degrees. A 35 degree angle is used by the state for determining RPZ.

3. The zones of subsidence are predicted to affect groundwater based on the properties of
the zones. The caved zone will see permanent flow of water into the mine. The fractured
zone will experience possible flow into the mine. This zone will also experience greatly
increased levels of permeability. The continuous deformation zone will see temporary
and possibly permanent increases in permeability. However, the zone will maintain its
continuity and, therefore, no interactions of water is predicted with the other zones. The
soil zone will experience temporary and possibly permanent increases in permeability.
Water in this zone is not predicted to drain directly to the mine. Zones that increase
permeability can cause diminution, total water loss, or contamination due to the increase
in the pore space of the rock layers. The effects can be temporary or permanent.

4. Horizontal displacements and strains are important in determining surface fractures and
structural failures. Excessive displacements and strains can cause slope failures of
incompetent soils, tensile failures of rock slopes or highwalls, prominent secondary
pathways of surface and groundwater flow, and structural damage to buildings and wells.
All features on the surface above an extraction panel will experience dynamic horizontal

displacements and strains while only some will experience permanent deformations.
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3.0 METHOD OF STUDY

The methods used for this study begin with initial data collection of information related to the
influential factors. Data is analyzed through several sources such as hydrogeologic and subsidence
theory and modelling. Field visits to sites are made to investigate current processes and collect
real time data. Conclusions from the analysis are made based on the trends and influences of the

most significant factors.
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3.1 DATA COLLECTION

Much of the data is collected from either the PA DEP’s California District Mining Office (CDMO)
or directly from the companies. The data contains 6 month mining maps and CAD files of the
study mines, which include the mine outline, structures, water sources, and coal and surface
elevations. The PA DEP’s BUMIS (Bituminous Underground Mines Information System)
database is also utilized for this study. The database is an organizational tool to aid in tracking
impacts reported that potentially are mining related.

Supplemental data and information is also collected during the study period such as
subsidence, geologic, and hydraulic monitoring reports. Subsidence reports provide maps of
subsidence zones. They also provide information of damaged structures or land damage due to
subsidence. Geologic reports contain information regarding the general trends in geology of an
area around the mine. Core log data helps define the geology more specifically, especially at an
area of interest at a mine such as a stream valley. Geologic logs may also include cross-sections
of geology throughout the mine and RQD data that represents rock integrity. Hydraulic monitoring
reports include water quality information of residents” water supplies before and during mining to
check for variations. Special monitoring wells and piezometers are put in place to monitor
groundwater quality and quantity without the effects of pumping that would take place at an
owner’s drinking well. Data regarding stream flows and quality are also usually in the hydraulic

monitoring reports.
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3.2 DATA ANALYSIS

To determine the effects associated with underground coal mining and water supplies, an extensive
examination of the PA DEP’s BUMIS database was utilized. The database contains information
regarding reported effects of water supplies. This information includes a locatable position for a
water supply, type of effect, date effect occurred, the resolution of the effect, and additional
comments. Basic statistical analysis can be computed with this data to determine certain trends
and indicators. The initial part of this study focuses mostly on the information in the BUMIS
database. The purpose is to determine the wide trends associated with all mines within the study
period.

Geographic Information Systems (GIS) software was also used in the study. The GIS
software allows for collection and organization of spatial information. Most of the GIS
information is collected from the six month mine maps provided by the PA DEP. The maps are
first georeferenced using the GIS software. Georeferenceing allows features on the six month
mine maps to be given spatial geographic coordinates. Features on the 6 month mine maps are
then digitized and organized into a GIS database. Digitized features include water supplies, coal
and surface contours, mine outlines, and buffer areas. These digitized features permit for broad
applications of spatial analysis.

Information from the BUMIS and GIS databases can be combined to allow for impressive
analyses. Spatial information of a feature can be linked to the attributing information from
BUMIS, which permits analysis of effects based on locations. This combination of data becomes
very useful in determining effects on water supplies because linking effects to locations allows

prediction of future effects in similar areas, and these future effects can be quickly addressed. The
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final part of this study includes three case study mines that are analyzed using the combination of
BUMIS and GIS data. The case studies are used to determine the water supply issues within a
particular mine, and conclusions should not be extrapolated to other mines without further
investigation.

The general format of analysis for the case study mines include a relationship of active and
post mining data with pre-mining data. Further spatial analysis includes analytical ground strain
and displacement calculations from mining activity which is then compared to influence function

software and groundwater movement software to determine changes in hydrology due to mining.
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3.3 FIELD VISITS

Field visits are made to gain a better understanding of the activities that take place around mining

operations to mitigate impacts to hydrology. Subsidence agents and project engineers

accompanied the team on visits for clarification on the work being done. Visits are also made to

sites that have been completed for years. This allows for observation of how effective the controls

are at returning the hydrology of an area to a pre-mining condition. Another benefit for field visits

is the opportunity to collect real time data, which can be compared to previous and other data

collections. The following is a brief overview of field visits attended:

17 January 2013 (Emerald/Cumberland with Dan Miles) — Observation of spring
relocation and subsidence features

21 March 2013 (Enlow Fork/Bailey with Ben Dillie) — Templeton Fork
restoration at East Finley Park using Rosgen methods and subsidence features
17 May 2013 (Cumberland with Dan Miles) — Observation of subsidence in the
Maple Run and Pursley Creek watersheds

12 June 2013 (Bailey with Josh Silvis, Brian Bensen, and Adrienne Carney) —
Stream restoration at Barney’s Run using grouting techniques and observation of
stream heaving and flow loss on Hewitt Run tributary

8 July 2013 (Enlow Fork with Ben Dillie) — Discussion of subsidence features in
the Craft’s Creek watershed

9 July 2013 (Bailey with Brian Bensen) — Observation of alluvial amendment

work on Barney’s Run
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20 August 2013 (Blacksville 2 with Anne Hong) — Investigation of stream loss
issues at Tom’s Run and Blockhouse Run along with observation of previous
stream heaving

21 August 2013 (Little Toby with Jay Hawkins) — Examination of the Brandy
Camp treatment facility and water quality of Mead Run

23 August 2013 (Mine 84 with Anne Hong and Brian Bensen) - Observation of
alluvial amendment work on Brush Run

18 December 2013 (Dora 6 with Jay Hawkins) — Examination of discharges at
Hamilton township building, Foundry Run, and Dora 6 fan shaft

3 February 2014 (Dora 6 with Bob Dominick) — measurement of water quality

and quantity at the Dora 6 treatment pond
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3.4 LIMITATIONS

One of the major limitations of this study is the time period in which it is conducted. By being
restricted to 5 years, effects that occur within the study time frame may have been impacted by
previous mining. Also, many of the effects that occur during the end of the study period have not
been given enough time to become resolved. Therefore, some effects that are unresolved may be
in the resolution stage.

The information in the BUMIS database offers some limitations. A problem is entered into
BUMIS only if acomplaint is made. Therefore, the reported effects listed in BUMIS are subjective
based on a citizen’s willingness to report a problem where underground mining is believed to be
the cause.

Time is also a major factor when comparing pre-mining and post-mining data. Much of
the post-mining data is limited since the data remains in the collection, quality review, submission,
and approval process and is not available for analysis.

Data collection of individual water supplies is also difficult to find. Pre-mining water
resource information, such as flow, quality, aquifer type, depth of well, and exact location, is
challenging to find due to the age of most wells and springs. Data from the Pennsylvania Ground
Water Information System (PAGWIS) is examined but found to be not entirely useful due to the
stated limitations, the major one being location since not all drilled wells were geographically
logged.

Hydrologic monitoring reports contain data that is usually collected and submitted on a

quarterly basis. Information such as stream flows is not represented adequately at these time
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intervals due to their variation. Variable data such as stream flows are best utilized at smaller time
increments to limit variability.

Case study analysis of all 46 mines could not be completed given time constraints.
Although the 3 case study mines provide variety to the different types of mining as well as other
conditions, the concluded information may be generalized to other mines that fall in a similar

category with caution and knowledge of site specific conditions.
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40  ANALYSIS

This analysis is useful in identifying the large trends associated with the water supply effects
associated with underground coal mining. Much of the data comes from the BUMIS database.
Within the time period from 21 August 2008 to 20 August 2013, 1,400 effects have been submitted
and recorded in the PA DEP’s database. These 1,400 effects can be divided into four major types:

water loss/contamination, structural damage, land damage, and other.

Problem Types

B Water Loss/Contamination
B Structural Damage
® Land Damage

Other

Figure 4.1: Distribution of effects during 4th Act 54 assessment period
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Water loss/contamination effects are related to water resources. These effects make up
61% of total effects reported during the reporting period. The large proportion in this category
shows the need for mitigation techniques to better prevent impacts to water supplies from
underground mining. Wells, springs, or ponds that are felt by the owner to be affected by
underground coal mining will fall in this category. Effects in this category are further divided into
total loss, diminution, and contamination. These sub-categories are important in determining how
a water source has been affected. Total loss or diminution suggests that water has found alternative
areas where flow is less restrictive or the aquifer has developed more openings for the water to be
stored. Contamination suggests that the aquifer material has allowed water to contact more area
within the aquifer, permitting the water to contact minerals in the material that may not have been
accessible before mining. Further information on water loss/contamination issues will be
discussed later.

The next largest percentage of effects fall into the structural damage category, which
includes cracks, breaks, tears, deformations, and misalignments to structural features. Features are
further divided into sub-categories of dwellings, garages, barns, sheds, churches, etc.. Some water
well features have been classified as structural damage effects since the integrity of the well has
been damaged, even if there is no effects with water quantity or quality.

Land damage effects mostly consist of mass wasting and flooding. These effects are mostly
due to movements of the ground. Although groundwater can initiate mass wasting events, its
certainty is unsure and will not be included in this analysis.

The remaining 2% of effects are defined as other. The other effect type category consists
of miscellaneous effects such as methane, noise, air pollution, etc.. These effects will not be

analyzed due to their low occurrence and resulting uncertainties in any inference.
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41  WATER RESOURCE EFFECTS

This thesis is focused on the impacts that mining has on water resources. Therefore, structural,
land, and other effects will not be discussed. Table 4.1 summarizes the number of water loss and
water contamination effects of the 46 active mines during the study period. It is important to note
that 71 water supply effects were reported for mines not active during this assessment period. A
total of 784 water supply effects occurred during this assessment period. The table also contains
the total area mined during the assessment period. The area is split almost evenly between
longwall mines and room-and-pillar mines with a total of over 30,000 acres. The number of water
sources located within 1,000 ft of mining are tallied and displayed in the table. This information
allows for analysis of water supplies as well as the calculation of columns H, I, and J.

Column H represents the number of water sources located within 1,000 ft of mining per
area mined. This is an indication of the density of water sources over a mine. High densities
indicate a high number of water sources over a mine of a specified area and vice-versa. Column |
represents the percent of water supplies with effects relative to total water sources within the 1,000
ft area of mining. This number can be greater than 1 since multiple effects of a single water source
may have been reported during the assessment period. Column J represents the number of water
supply effects reported per 1,000 acres mined. On average about 25-26 water supply related effects

are reported per 1,000 acres mined.
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Table 4.1: 4th Act 54 assessment water supply effects and mine data

A B C D E F G H | J
. Total Percent Effected
Total Total Water Area Mined W Water
- - - ater of Total :
Mining Mine Name Water Wat_er ) Water $upplles during 4th Supplies Supplies Supplies
Type Loss Contamination | Supply | Within 1000 Assessment Per Acre Effected Per 1000
Effects | ft of Mining | Period, acres l?/rl . Acres
ined (%) -
Mined
Bailey 58 12 70 650 3709.8 0.175 10.8 18.9
Blacksville #2 22 6 28 57 1863.3 0.031 49.1 15.0
= BMX 0 0 0 196 566.7 0.346 0 0
ES Cumberland 55 6 61 358 2652.9 0.135 17.0 23.0
= Emerald 48 6 54 222 2083.0 0.107 24.3 25.9
- Enlow Fork 141 15 156 704 5901.3 0.119 22.2 26.4
Mine 84 21 3 24 21 79.5 0.264 1143 301.7
Total 345 48 393 2208 16856.5 0.130 17.7 233
4 West 0 1 1 13 799.5 0.016 7.7 1.3
Agustus 4 2 6 135 255.8 0.528 4.4 235
Barrett 4 0 4 29 120.8 0.240 13.8 331
Beaver Valley 6 4 10 46 205.9 0.223 217 48.6
Cherry Tree 13 6 19 168 920.4 0.183 11.3 20.6
Clementine 1 51 11 62 90 476.3 0.189 68.9 130.2
Crawdad 0 0 0 1 223.9 0.004 0 0
Darmac 2 11 3 14 30 326.4 0.092 46.7 42.9
Dora 8 2 2 4 41 198.0 0.207 9.8 20.2
Dutch Run 0 0 0 19 422.0 0.045 0 0
Geronimo 3 0 3 37 17.3 2.143 8.1 173.8
Gillhouser Run 2 1 3 61 305.1 0.200 0.9 9.8
Harmony 1 1 2 6 413.7 0.015 333 4.8
Heilwood 7 3 10 39 382.2 0.102 25.6 26.2
Horning 1 1 2 16 411 0.390 125 48.7
Kimberly Run 18 13 31 172 931.0 0.185 18.0 333
Knob Creek 3 1 4 15 2515 0.060 26.7 15.9
k= Little Toby 8 0 8 12 176.6 0.068 66.7 453
T Logansport 24 6 30 269 1079.6 0.249 11.2 27.8
'g Longview 2 2 4 8 101.3 0.079 50.0 395
¢ Lowry 0 0 0 16 300.4 0.053 0 0
% Madison 4 1 5 31 651.3 0.048 16.1 7.7
4 Miller 0 0 0 3 64.0 0.047 0 0
Nolo 21 1 22 88 4219 0.209 25.0 52.1
Ondo 25 3 28 88 2354 0.374 318 118.9
Penfield 1 0 1 22 495.3 0.044 45 2.0
Prime 1 1 0 1 7 242.2 0.029 143 4.1
Quecreek 14 1 15 101 745.8 0.135 149 20.1
Rossmoyne 1 38 2 40 70 354.4 0.198 57.1 112.9
Roytown 5 1 6 81 342.7 0.236 7.4 175
Sarah 1 0 1 7 475 0.147 143 211
Starford 7 1 8 11 46.6 0.236 72.7 171.8
Titus 0 0 0 2 40.5 0.049 0 0
TJS5 0 0 0 0 1.3 0 - -
TIS6 19 1 20 26 414.1 0.063 76.9 48.3
Toms Run 2 0 2 85 480.2 0.177 24 4.2
Tracy Lynne 12 7 19 64 3473 0.184 29.7 54.7
Twin Rocks 2 1 3 50 4734 0.106 6.0 6.3
Windber 78 2 1 3 39 661.4 0.059 7.7 4.5
Total 313 78 391 1998 14014.0 0.142 19.8 28.3
Total 664 126 784 4206 30870.5 0.136 18.6 25.4
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Another analysis involves examining when water supply effects are first reported. Figure
4.2 shows the monthly frequency of water supply effects during the assessment period. The data
shows a seasonal pattern with peaks occuring during the late summer/early fall and lows occurring
during the late winter/early spring. This pattern is similar to natural fluctuations is stream flow
and groundwater levels. A further look at the data reveals that less than half of the water supply
effects are resolved as mining related. Therefore, many water loss and water contamination effects
may simply be due to natural fluctuations in surface and groundwater. The seasonal trend is also
observed for effects due to mining indicating that mining may influence the natural fluctuations.
A proportion of the effects that are not due to mining within the last year have not yet been assigned
a resolution. The next chapter will focus on specific water supply effects so that a better

understanding is made of why some effects are related to underground mining and others are not.
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Figure 4.2: Monthly tally of total water supply effects and company liable effects from 4th Act 54 assessment
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Mines are analyzed based on the amount of mining that occurred during the 5 year period
for the second, third, and fourth assessments. Figure 4.3 and Figure 4.4 represent the number of
reported effects per area mined for room-and-pillar mines and longwall mines, respectively. The
relationship for both mining types show no strong correlation between reported water effects and
mined area. The analysis does show a positive trend for both mining types. However, the poor

correlation implies that other factors have influence of water supply effects due to underground

mining.
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Figure 4.3: Comparison of reported water effects per area mined for room-and-pillar mines
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42  WATER RESOURCE EFEECTS BY MINING TYPE

Mining type is known to be a major factor in effects associated with water resources. Therefore,
it is fair to analyze water resource effects within the different categories of mining techniques.

From observation of the totals for longwall mines and room-and-pillar mines, the data
shows very similar results. A similar number of water supply effects, total water sources within
1,000 ft of mining, and total area mined are reported. The major difference between the two mining
types is that longwall mines cover approximately 7 times more area than room-and-pillar mines.
The fact that water supply effects reported per area mined for longwall and room-and-pillar mines
is similar indicates that effects are directly related to area mined, although variability can vary
greatly depending on several factors related to individual mines. A major factor that affects the
difference between mining types is that longwall mines are generally at depths greater than 500 ft
while room-and-pillar mines are generally at depths at less than 500 ft. The combination of greater
overburdens with longwall mining creates a similar effect on water resources compared to room-
and-pillar mining at lower overburdens.

Column J represent the number of water supply effects per 1,000 acres mined. The
averages show very similar results between the 2 mining groups. On average 23 water supply
effects will occur for every 1,000 acres of longwall mining and 28 for room-and-pillar mining.
Variability of this measure does not vary greatly within the longwall mining category, with Mine
84 being a major outlier. The reason is related to the small amount of area mined during this
assessment period. This reason continues into the room-and-pillar mining category where mined

areas vary greatly, leading to great variations of effects per 1,000 acres mined.
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4.3  SOLUTIONS TO WATER RESOURCE EFFECTS

When water supply effects are resolved as being mining related, the first action is to provide a
temporary supply of water. A storage tank is brought to the property, and water is either trucked
or piped to the tank. The quantity of water stored in the tank is based on the use of the water
supply that was affected. It should be sufficient enough to meet the needs of the property owner
prior to mining. Once mining has occurred and has relocated to an area where no further effects
are likely to happen, a permanent supply is put in place.

Permanent supplies come in several different forms. The primary purpose of the permanent
supply is that it should supply the needs of the property owner prior to mining without periodic
assistance by the mine operator. If additional operating and maintenance costs are made with the
new permanent supply, the operator is charged for the costs over the life of the supply. One method
of providing a permanent supply is to drill a new well if a previous one is affected. New wells are
usually drilled to greater depths to allow for greater yield. If drilling a new wells is unnecessary,
an affected well may be stimulated to provide greater yield. Stimulating a well removes small
particles that restrict water flow in the casing and at the bore of the well. If stimulation and drilling
fail, connecting the owner to public water is an option. This is usually a last resort since most
property owners affected are located a great distance from the nearest public water supply. When
springs are affected, if they do not return to a usable condition, then supplemental supplies are

made. These supplemental supplies can be in the form of new wells or public water line.
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4.4 KEY OBSERVATIONS

The broad analysis provides a holistic look at the water resource effects reported during the 4™ Act
54 assessment. Certain patterns are observed and the following key observations are made.

e Mining Methods — longwall mining and room-and-pillar mining show similar trends with
the number of effects that occurred. Although the two methods employee different
mining techniques, the similarities are due to the offset in overburden thicknesses.
Room-and-pillar mines are under low overburdens but employ methods that do not
disturb the surface while longwall mines are under deeper overburdens but employ
methods that subside the surface causing changes in groundwater.

e Resolutions — As mentioned earlier less than half of reported water supply effects are
resolved as mining related. This implies that some water supply effects are due to other
occurrences such as natural variations in groundwater levels and precipitation. Most
effects are reported during the dry season while the least are reported during the wet
season.

The next chapter will identify 3 mines to be analyzed. The analysis will look at the data

associated with individual water sources to determine actual causes and effects to water sources.

38



5.0 CASE STUDIES

The purpose of these case studies is to provide further information about the broad data analysis.
Three mines were chosen based on mining type, location, history, and availability of data. The
case studies aim to answer why water resource effects occur. However, conclusions made at one
mine site may be different than those at another mine site due to varying factors such as geology,

hydrology, and mining methods.
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5.1 LITTLE TOBY

5.1.1 Background

The Little Toby Mine is located in southern Elk County near the town of Brockport, PA. The mine
is owned by Rosebud Mining and was in operation from 2003 to 2011. The mine employs the use
of room-and-pillar mining methods with no full extraction areas. The mine is in the Lower

Kittanning coal seam.

5.1.2 Reported Water Issues

Within the 5 year assessment period, only 8 water loss issues were reported. However, 5 of those
issues refer to the same source. In total 4 individual water supplies were reported to be impacted
involving 2 wells and 2 springs.

Spring 1 and Well 1 are located in an area that has not been undermined since 2006. The
water loss effects were received by the DEP in late July of 2010. The spring is reported as being
a low flow spring but experienced no flow at the time the effect was received. The well is reported
as having low yield and is 130 feet deep and the overburden is 245 feet. The flow rate of the well
is not mentioned in the BUMIS database. The owner was able to gather water from another spring
on the property and use the new source for water needs. No temporary action was taken by the
company since the owner had a sufficient supply with their new spring installation. The company
did offer temporary support should the spring become dry. Surface mining is also occurring in the

area and is within the presumption area. The agent responsible for reporting the issue stated that
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the area was experiencing lower rainfall than average. Figure 5.1 illustrates the monthly rainfall
in 2010 compared to the average monthly rainfall from 2002 to 2012. Data was collected from the
National Oceanic and Atmospheric Administration (NOAA 2014) at a rain gage located in Kersey,
PA, about 8 miles northeast of Brockport. The data shows a significant period of below average
rainfall beginning in June of 2010. In May of 2011, the well returned to pre-mining conditions.
Given the conditions that underground mining had not occurred in the area for about 4 years, below
average rainfall was noted, the family was able to utilize another nearby water supply, and water
quality and quantity returned to pre-mining conditions, the mine was deemed not liable for the
reported effects.

Spring 2 is located in an area that was undermined before March 2008. The spring was
once used by a cabin by a previous owner. The cabin has since been removed from the property.
The current owner reported in late July of 2010 that the spring has no flow. The report was given
only to support the condition of Spring 1. The owner had no concern about the condition of the
spring since it has not been utilized for several years. The resolution is listed as not an actual
problem.

Well 2 is unable to be located based on available information. However, the well is stated
to be within the RPZ of underground mining. A diminution effect was reported in July of 2010.
A similar effect was stated to occur in 2008 but the property owner did not report the issue. The
owner had installed a 300 gallon water tank to allow for more manageable use of the current supply
before the effect was reported. The use of the supply was monitored over a period of 9 months by
the company as well as supplying temporary water. Should the water supply not be sufficient after
monitoring, initial plans include installing a larger water tank and stimulating the well. The

stimulation involves pressurizing the well to clean sediment and provide higher yield. The well
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was stimulated in November of 2010. In October of 2011, the company stated the well recovered
to an adequate yield and water quality is similar to pre-mining samples.

The effects submitted to the DEP provide some anecdotal data for responses in the
hydrogeology in the area. However, it is unclear whether these effects are caused by mining or
natural fluctuations in the hydrogeology. The next section is aimed at studying the hydrogeology

of the area and determining influences due to underground coal mining.
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Figure 5.1: Monthly rainfall for Little Toby Mine (NOAA 2014)

5.1.3 Groundwater Analysis

In order to determine the impact of the Little Toby Mine on the hydrogeology, statistical analyses
and GIS software are utilized. Statistical analysis is used to compare the local groundwater

response with regional groundwater response and pre-mining groundwater levels with post-mining
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levels. GIS software allows for the inspection of spatial features with respect to mining. GIS also
can aid in the hydrogeology by observing areas of surface water flow and groundwater expressions
on the surface such as springs, ponds, and wetlands.

The first statistical test is to determine if the groundwater response is affected by
underground mining via comparison with groundwater fluctuations in an unmined area. This
method is considered valid since groundwater response is greatly attributed to shallow
groundwater. A study shows that hydraulic conductivity is inversely proportional to depth to an
aquifer (Callahan, et. al 2001). Groundwater age can also be linked with topographic areas such
as hilltops and valley bottoms. Groundwater in hilltops is relatively younger than in valley bottoms
(Kozar 2012). The well known to be not affected from mining will be the control well. This
control well is located in St. Marys, PA, approximately 10 miles northeast of Brockport. The
distance from the control well to the monitoring points at Little Toby is considered reasonable
since most rain events occur in large cells. This raises the chances that both the control well and
the monitoring points will receive the same precipitation. The water level from the St. Marys well
is collected daily from the USGS’s water resources group (USGS 2014a). The monitoring points
include 3 piezometers (PA, PB, and PC) and a monitoring well (MW-1) installed by Rosebud.
Data from these monitoring points is submitted to the state on a quarterly basis. It is important to
note that piezometer PC was labeled as “Dry” during the entire mining period. The control well
and the monitoring points are normalized to an average pre-mining water level to allow direct
examination of relative changes in elevations among wells (Figure 5.2). A noticeable drop in the
water level of MW-1 occurs in September of 2004. To determine if the drop is significant, a two
sample t-test is conducted. The null hypothesis for the test is that the change in monitoring points

MW-1, PA, and PB is equal to the change in the control well. The alternative hypothesis is that
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they are not equal. The results of the test are summarize in Table 5.1 under Hypothesis 1. The
test shows that all of the monitoring points respond equally to changes in groundwater when
compared to the control well. Even though the probability that MW-1’s response to groundwater
is equal to the control is lower compared to monitoring points PA and PB, it is still highly

insignificant. The noticeable drop in MW-1 can statistically be a natural occurrence.

Control Well vs Monitoring Points
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Figure 5.2: Average changes in groundwater level at the Little Toby Mine

Table 5.1: Little Toby groundwater hypothesis tests

Well Hypothesis 1 Hypothesis 2
df t P(T<t df t P(T<t)
MW-1 35 -0.1850 0.854 13 8.575 5.19x107
PA 49 -0.0758 0.939 3 3.082 0.0270
PB 40 0.0970 0.923 9 0.854 0.2080
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The second statistical test is to determine if pre-mining groundwater levels are statistically
equal to post-mining water levels. This is again done using the two sample t-test. The null
hypothesis is that the average pre-mining groundwater level is equal to the average post-mining
groundwater level. The alternative hypothesis is that the average post-mining groundwater level
is less than the average pre-mining water level. The decision to make the alternative hypothesis
‘less than’ instead of ‘not equal to’ is because there would be no problem if post-mining
groundwater levels are higher than pre-mining levels. Only a lowering of the water level will be
of concern since it correlates to lower usage of water. Table 5.1 also contains the results of this
test. Piezometer PB is found to have no change in water level. Piezometer PA is found to have
changed under a 95% confidence interval (P < 0.05), but not at the 99% confidence interval (P <
0.01). Monitoring well MW-1 shows statistically significant change post-mining. Although only
4 data points were used to determine the average pre-mining water level for each monitoring point,
the effect of more data points would only show for piezometer PA given its threshold. This test
confirms that monitoring well MW-1 has been affected, but further investigation will determine if
it is a result of underground mining.

To understand the cause of the decrease in water level of MW-1, the location of the well
is observed. MW-1 is located approximately 500 feet from mining that occurred in 2004. The
well is also located less than 500 feet from Mead Run and less than 200 feet from a wetland area.
No reports are known that state any changes to Mead Run or the wetland area during that time
period. An interesting aspect concerning MW-1 is that it is located 160 feet away from piezometer
PA. The proximity of these monitoring points should show their water levels to be nearly identical,
but MW-1 shows a difference of nearly 8 feet compared to piezometer PA. A unique factor

concerning the difference in the monitoring points’ water levels is the effect of surface mining.
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The area around the Little Toby mine has been known for surface mining for many years by the
local communities. From observation of Little Toby’s environmental resource map, surface
mining is indeed prevalent in the area. Closer inspection of the map reveals an important factor in
the cause of MW-1’s water level decreasing. MW-1 is located in an area that was once surface
mined. The date of surface mining in this area is unknown. However, surface mining does explain
the decrease in MW-1’s water level. The disturbance of the surface causes a decrease in the
groundwater level because the excavation causes a cone of depression to for along the high wall.
Even after the area is returned to original contours during reclamation, the water level remains low
due to the increased porosity of the returned rock and soil. The water level of MW-1 eventually
returns to a pre-mining level once the soils have had time to settle. Piezometer PA may have also
sensed the effects of surface mining, which explains the significantly different post-mining
groundwater level. Itis unlikely the drop is related to the Little Toby mine due to the low hydraulic

conductivity of the shale overburden.
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Figure 5.3: Location of Piezometer PA and MW-1 with respect to surface mining

Deeper aquifers are analyzed to understand the effects of mining since not all potable water
is located in surface aquifers. Figure 5.4 illustrates the shallow, intermediate, and Lower
Kittanning groundwater elevations from piezometer-PA. The shallow groundwater is measured
to bedrock, approximately 65 ft about the Lower Kittanning coal seam. The intermediate
groundwater level is measured in the Middle Kittanning coal seam approximately 55 ft above the
Lower Kittanning. The first trend noticed is that the Lower Kittanning groundwater level
experiences the greatest drop when mining begins. The Middle Kittanning groundwater level also
experiences a significant drop, but the drop is less than that seen in the Lower Kittanning. A
second trend observed is both groundwater levels are rising once the mine has closed. The Middle
Kittanning is within 1 ft of pre-mining elevation while the Lower Kittanning is within 2.5 ft as of

June 2013.

47



Piezometer-PA

1540
1535 /\WA
= 1530
<
2 1525 ==~
g -
Q o
w 1520 =
=@=ower Kittanning
1515 =@=">Shallow
1510 =0==|ntermediate
2/1/2003 2/1/2005 2/1/2007 2/1/2009 2/1/2011 2/1/2013

Figure 5.4: Shallow, intermediate, and Lower Kittanning groundwater elevations

A concise representation of the readings collected by all piezometers is summarized in
Table 5.2. The trends seen for piezometer-PA are also noticed for the others. As distance from
mining increases, groundwater loss decreases. This entails that mining impacts of groundwater
effects decreases as a water supply is farther from mining. Also, as the distance between an aquifer
and the mined coal seam increases, groundwater loss decreases. This trend shows a contrary
relationship of mining and groundwater loss when compared with the RPZ. The RPZ relationship
states as the vertical distance from mining increases, the horizontal distance increases. In reality,
as the vertical distance from mining increases, the horizontal distance decreases since there is a
vertical strata barrier between the aquifer and the mine. This trend also follows data from ca