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ABSTRACT 

The region known as Western Maryland, consisting of Garrett, Washington, 
Allegheny, and Frederick Counties, has unique environmental resources and 
associated challenges. Many of these environmental challenges stem from the 
long history of coal mining in the region, and karst topography associated with 
limestone bedrock that underlies much of the region. Over the last 20 years, the 
Maryland Department of Natural Resources Power Plant Research Program 
(PPRP) has sponsored or participated in a number of projects aimed at protecting 
Western Maryland’s resources and addressing its environmental issues. This 
report summarizes the wide variety of projects and activities performed over this 
period by PPRP with direct benefits to Western Maryland.  
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1.0 INTRODUCTION 

The area known as Western Maryland is defined by the mountainous Blue Ridge, 
Ridge and Valley, and Appalachian Plateau regions at the western end of the 
state of Maryland. Four counties make up this region – Garret, Allegheny, 
Washington, and Frederick County. This mountainous and largely rural part of 
the State has environmental resources and challenges that are distinct from the 
more urbanized piedmont and coastal plain regions that lie to the east. Primary 
natural resources in this area are: 

 Mineral resources – active coal mines and limestone quarries are present 
in this portion of the State; 

 Recreational areas – The scenic mountains as well as the lakes, rivers, and 
wooded areas of Western Maryland attract tourists for hiking, kayaking, 
rafting, hunting, and fishing; and 

 Water Resources - One of Maryland’s most important rivers, the Potomac 
River, has its headwaters in Western Maryland. 

The region also has unique environmental challenges, specifically related to 
some of these resources. The long history of coal mining in Western Maryland 
has left many abandoned, unreclaimed underground mines. These leach acid 
mine drainage (AMD) into valuable freshwater streams. Surface subsidence can 
also occur over sagging and collapsing mine tunnels that can damage buildings 
and roads. The limestone that is quarried and sold from the region also means 
that much of Western Maryland is subject to karst topography – characterized by 
caves and sinkholes, which can damage structures as well as divert surface water 
streams. 

With its mission to protect, restore, and enhance the State of Maryland’s natural 
resources, the Maryland Department of Natural Resources (DNR) has a vested 
interest in both the environmental resources and challenges of Western 
Maryland. The Maryland Power Plant Research Program (PPRP) is a part of 
DNR that deals specifically with both economic and environmental aspects of 
power generation in the State. PPRP performs research and supports projects 
that are related to the environmental impacts to land, air, and water that result 
from power generation. In this role, PPRP has supported a number of projects to: 

 Characterize the impacts of current and historical coal extraction in 
Western Maryland; and 

 Identify environmentally benign and cost-effective ways that coal 
combustion by-products (CCBs) could be used to mitigate some of the 
challenges posed by historic coal mining in this region. 
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The purpose of this report is to summarize the projects that PPRP has supported 
over the last 20 years in Western Maryland. Included herein are brief 
descriptions of the projects, their objectives and outcomes, as well as how they 
have benefitted Western Maryland. 
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2.0 ACID MINE DRAINAGE ABATEMENT 

AMD is produced when pyrite (which is often present in coal deposits) reacts 
with water and oxygen in a manner that lowers the pH of water and releases 
iron, sulfate, aluminum, and potentially a number of toxic trace elements. AMD 
derived from abandoned underground coal mines impacts many miles of 
streams in Western Maryland. PPRP has worked with the Maryland Department 
of the Environment (MDE) Abandoned Mine Lands Division (AMLD) to 
characterize several acid mine drainage sites and research methods in which the 
unique alkaline and pozzolanic properties of CCBs could be used to alleviate 
these problems. 

2.1 WINDING RIDGE 

Project Overview 

Initiated in 1995, the Winding Ridge Project was the first of several field-scale 
demonstration projects designed to assess the feasibility of using CCB-based 
grouts to mitigate AMD in Maryland. During 1996, a pilot project was 
undertaken at the Frazee Mine located on Winding Ridge in Garrett County. The 
project objective was to fill the mine with a CCB-based cementitious grout to 
mitigate AMD and improve water quality. When injected into the mine voids, 
the grout flows through and encapsulates pyritic material. Once the grout cures, 
it creates a permanent barrier between the acid-producing minerals, water, and 
oxygen to reduce or prevent the formation of AMD.  

The Frazee Mine is a small (10-acre), hand-dug abandoned, underground coal 
mine that was used from the 1930s to the 1960s to extract coal from the Upper 
Freeport seam. Investigative drilling at the site indicated that the mine consists of 
two main tunnels (upper and lower) connected by an undetermined number of 
crosscuts (Figure 1). Downhole camera investigations of the mine indicated that it was 
in poor condition, and that a number of roof falls and collapses were evident. Although 
there are four known mine entries, discharge occurs only from Mine Opening 
No. 2 where AMD flows from an upper and a lower seep at a total flow rate of 1 
to 5 gallons per minute (gpm) (Figure 2). 
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Figure 1: Layout of the Frazee Mine, as 
Determined by Investigative Drilling  

2008 1995 

Lower Seep 

Mine 
Opening 

Upper Seeps (1 in 1995, 2 in 2008) 

Figure 2: AMD Discharge from Frazee Mine  
Mine 
Slumping and erosion of lose material at the mine opening caused shifts in the seep 

Full-scale grout injection began on 7 October 1996 and ended on 8 November 
1996. The CCB mixture used for the grout consisted of: fluidized bed combustion 
(FBC) ash; Class F fly ash; and flue gas desulfurization (FGD) material. The CCB 
grout cured to form an environmentally benign material with properties similar 
to concrete. 
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Project Outcome 

The project included the injection of approximately 5,600 cubic yards of grout. 
Water quality monitoring over the last 18 years has shown that the technology 
has improved water quality. The project has generated interest in the industry 
and researchers as it demonstrated the feasibility of large scale beneficial use of 
CCBs in Maryland for mine rehabilitation. Extensive environmental monitoring 
of the project site has been conducted that includes 18 years of post-injection 
monitoring data. The data provides a comprehensive record to evaluate the long-
term success of the approach.  

To date, the cured CCB grout remains intact, with little evidence of weathering 
or degradation. Significant improvements to mine discharge water quality are a 
direct result of the CCB grout injection. The average pH of the discharge has 
increased by approximately 1 pH unit and the average acidity of the mine 
discharge has decreased by as much as 80 percent. Trace metal concentrations 
detected prior to injection are currently below their pre-injection levels, and in 
some cases, are below detectable limits. Full details on the injection and 
monitoring activities at Winding Ridge are included in PPRP, 2000; PPRP, 2008, 
and PPRP, 2016a. 

Project Benefits for Western Maryland 

As a result of the CCB grout injection at the Frazee Mine, the water quality of the 
mine discharge has improved measurably. Although the Frazee Mine is a small 
mine and its discharge does not impact regional ground water or surface water 
quality, it is representative of other underground coal mines in Western 
Maryland that discharge millions of gallons of AMD to surface waters daily. The 
success of the Winding Ridge project provides support for CCB grout injection as 
a possible strategy to mitigate these AMD discharge problems.  

2.2 MCDONALD MINE 

Project Overview 

The McDonald Mine is located within Caledonia Hill near Barton, Maryland. The 
mine lies near the border of Allegany and Garrett Counties, and operated from 
the 1850s to the 1970s. The McDonald Mine is an abandoned, underground mine, 
but an active surface mine currently exists at the top of Caledonia Hill.  

A seep near the outfall of the abandoned mine flows into a tributary of George’s 
Creek. The AMLD conducted monitoring and reclamation activities at this seep. 
AMLD installed a lime doser at the seep in October 2002 to treat the drainage 
before the flow reached George’s Creek. MDE has continued to upgrade the 
treatment system as recently as 2013.  
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Figure 3: Post-Surge Discharge 
from McDonald Mine 

Photo courtesy of WMGISC. 

The AMLD requested PPRP assistance after a surge in seep flow and a spike in 
the concentrations of AMD constituents in August 2005. This surge 
overwhelmed the lime doser, resulting in untreated AMD entering George’s 
Creek and killing aquatic species (Figure 3).  

Post-surge flow rates and water quality of the seep were also erratic and 
unpredictable. Over time, however, the water quality at the discharge has 
returned to its pre-surge condition and flow rate has decreased from its 
maximum surge level, although flow rate remains higher than it was prior to the 
surge. The mechanism of the surge remains unknown. It was suspected that the 
mines under Caledonia Hill were interconnected with various mine portals and 
air ventilation holes. All of these interconnections and openings could be 
potential surface water sources for the mine seep, and the AMLD sought to 
evaluate the mechanics of the seep drainage to determine the cause of the surge.   

PPRP completed a desktop hydrogeological investigation in 2011 to evaluate 
surface water inputs to the McDonald Mine seep, develop a conceptual site 
model, and identify gaps in available hydrogeological data. PPRP also provided 
financial support for many of the improvements to the treatment system 
installed by AMLD as well as further research on the hydrology of the area 
surrounding the mine in an effort to identify strategies to reduce the flow of 
water into the underground mines. Complete details of the work performed at 
the McDonald Mine Seep are included in PPRP, 2016b. 
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Project Outcome 

The extensive field and desktop studies performed by AMLD and PPRP 
determined that there are likely both surface and ground water components to 
the water volume emanating from the McDonald Mine discharge. The studies 
further suggest that an intermittent source of AMD (an isolated mine pool or 
deposit of easily soluble secondary minerals) contributes to the degraded water 
quality at times of particularly high flow.  Several surface water features as well 
as local mines have been identified that could be acting as pathways directing 
new water and AMD to the discharge.  

While the exact source of the additional water has not been determined, research 
by PPRP and AMLD has contributed to the design and installation of an 
improved AMD treatment system at the McDonald Mine discharge. Various 
upgrades to the doser and associated piping systems were made by AMLD, with 
support from PPRP, between the surge in 2005 and 2012. It was determined that 
additional water treatment features were needed to mitigate the AMD. A trench 
and SmartDitch™ liner were constructed to accommodate the increased flows 
coming from McDonald Mine. The lower portion of the trench was constructed 
with rip-rap to induce cascading of the conveyed mine discharge, aerating the 
water to reduce the amount of lime needed to treat the acidity of the discharge. 
At the base of the hill, a flume was built to measure flow rates. The lime doser, 
with the above improvements, continues to treat AMD before it discharges into 
the Georges Creek tributary. Installation of these improvements was completed 
in 2014 (Figure 4). 

 

Project Benefits to Western Maryland 

The combined efforts of AMLD and PPRP have resulted in a better 
understanding of the changes in flow and water quality of the McDonald Mine 
discharge. Although questions remain about the exact cause of the 2005 surge, 
the results of the work performed by AMLD and PPRP have provided a 

Figure 4: SmartDitch™ 
Conveyance of McDonald 
Mine AMD to Doser 
 
The SmartDitch™ system 
incorporates riprap to aerate 
discharge and enhance 
treatment capacity of the 
doser. It also includes 
additional flow capacity to 
handle potential future 
surges from the McDonald 
Mine. 
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framework for understanding the cause of the seep surges, and how surface and 
ground water interactions contribute to the seep.  

The identification of data gaps and the field studies provide useful information 
for the mitigation of AMD from the McDonald Mine. The 2013/2014 installation 
of the AMD conveyance and treatment system also allows the AMD to be 
properly treated by the lime doser in the case of future mine water surges. These 
activities at McDonald Mine will protect water quality and wildlife in George’s 
Creek and its tributaries.  

The network of mines at Caledonia Hill is also analogous to many other mines in 
Western Maryland. As such, the lessons learned from the monitoring and 
remediation efforts at the McDonald Mine are highly applicable to these other 
localities. 

2.3 JENNINGS RUN WATERSHED PROJECT 

Project Overview 

Jennings Run is a stream in Western Maryland with a healthy brook trout 
population, but historic coal mining in the area has resulted in AMD impacts to 
several tributary streams. As these streams discharge AMD-impacted water to 
Jennings Run, the good quality habitat is disrupted by sections of poor habitat.  

The Jennings Run Watershed Project targeted one of these tributary streams, 
Roaring Run for the construction of a limestone leach bed. These beds are 
designed to raise the pH of AMD-impacted waters and have been used 
successfully by the AMLD at other sites in Western Maryland. Work on the 
Jennings Run Watershed Project was primarily performed by the Western 
Maryland Resource Conservation and Development Council (WMRC&D) and 
was completed in late 2014. PPRP provided financial support for the project. 
Additional support was provided by AMLD, Allegheny county agencies and 
private industry. 

Project Outcomes 

Installation of the limestone leach bed was completed in October 2014 (Figure 5). 
The WMRC&D is currently monitoring the water quality and fish population 
downstream of the leach bed to document what, if any improvements are 
achieved. It is hoped that the project will result in improvements in general 
water quality and extension of fish habitat in Jennings Run (WMRC&D, 2015). 
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Figure 5: Limestone Leach Bed Constructed on Roaring 
Run 

Project Benefits to 
Western Maryland   

Though post-
construction 
monitoring is still 
in its early stages, 
the direct benefits 
that are 
anticipated from 
the Jennings Run 
Watershed Project 
are the mitigation 
of AMD impacts to 
an important 
water and recreational fishing resource stream. Beyond these direct benefits, the 
project can serve as a model for restoration of other portions of Jennings Run and 
similar streams impacted by AMD throughout Western Maryland. 
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3.0 RESTORATION OF DISTURBED LANDS 

In addition to producing AMD, historic and current coal mining in Western 
Maryland causes physical disturbance to the landscape in a number of ways. 
Abandoned underground mine tunnels may collapse, causing subsidence at the 
surface. Underground tunnels and shafts may also provide conduits to divert 
natural ground water flow, allowing surface water to be lost to the subsurface, or 
diverting shallow ground water into deep mine tunnels where it adds to the 
volume of acidic mine pools. Most of the active mines in Western Maryland are 
surface mines that do not share the subsurface hydrogeological complications of 
underground mines, but nevertheless leave large pits on the land surface that 
must be reclaimed. Otherwise, pyritic materials are exposed to air and water 
resulting in the generation of AMD. PPRP has supported research to characterize 
the extent of disruption in Western Maryland related to historic coal mining and 
the feasibility, effectiveness, and potential risks and benefits of using CCBs in 
either encapsulated or unencapsulated form to mitigate them. 

3.1 KEMPTON MAN SHAFT 

Project Overview 

PPRP implemented the Kempton Man Shaft Project in fall 2003 to demonstrate 
CCBs as a suitable material to produce a pozzolan-based grout for injection. The 
immediate project goal was to demonstrate a beneficial use of CCBs to create a 
seepage barrier around the Man Shaft. The purpose was to reduce or eliminate 
one of the means by which good quality ground water is being lost to the 
Kempton Mine Complex and recharging the Kempton Mine Pool. The 
elimination of this loss of ground water would: 1) beneficially restore the natural 
ground water levels in the shallow aquifer in the vicinity of the Man Shaft; 2) 
reduce a contributing source of water to the mine pool; and 3) benefit the nearby 
wetlands.  

The Man Shaft is located in Kempton, Maryland in the southwestern corner of 
Garrett County at the border with West Virginia. The structure is technically a 
combined man shaft and air shaft. It consists of a single, vertical mine opening, 
roughly 10 feet (ft.) wide by 20 ft. long and 420 ft. deep (Figure 6). Within this 
one opening, two separate shaft structures were constructed: a man shaft – used 
for transport of miners up and down into the mine; and an air shaft – used for 
mine ventilation. 
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Figure 6: Kempton Man Shaft Profile and Pre-Injection Conditions 

 

PPRP’s project included drilling 29 injection boreholes between August and 
November 2003 (Figure 7). The borings were placed in concentric “rings” at 
distances of 5 and 10 feet from the Man Shaft and were completed at a depth of 
about 10 feet below the base of the observed shallow aquifer. Injection of the 
CCB grout took place from September to November of the same year. By the end 
of the grout injection, more than 78 cubic yards of 100 percent CCB grout was 
injected into the boreholes. The goal of the injection was to create a “grout 
curtain” to seal off the vertical shaft from the surrounding shallow aquifer. 
Following grout injection, the disturbed areas were returned to pre-injection 
conditions. Seeding and erosion control blankets were placed to re-establish 
vegetation. 

Monitoring was performed before, during and after grout injection to evaluate 
the success of the Project in achieving its goal of reducing ground water seepage 
into the Man Shaft. Monitoring consisted of precipitation and water level 
monitoring; dye tracer tests; and water quality monitoring of the shallow ground 
water, water within the Man Shaft, and AMD in the mine pool at the base of the 
shaft. Full details of the injection and monitoring activities are provided in PPRP, 
2013a. 
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Figure 7: Borehole Locations and Grout 
Accepted at Kempton Man Shaft 

 

 

 

 

 

 

Project Outcome 

Although the water level and dye tracer study data show that the flow patterns 
toward the Man Shaft have shifted somewhat and the total volume of water 
entering the Man Shaft may have been reduced slightly, the drainage of shallow 
ground water to the Man Shaft was not completely eliminated. This is most likely 
due to a higher than anticipated degree of fracturing and piping (development of 
solution cavities around fractures) within the aquifer.  Ground water quality data 
shows that the CCB grouts had little to no significant, long-term adverse effects 
on ground water.  

The Project successfully demonstrated that a 100 percent CCB grout could be 
developed and injected into the subsurface using conventional construction 
equipment. The finding that bedrock surrounding the Man Shaft is more highly 
fractured than anticipated provides guidance for future action to address the 
disturbed hydrology of this area, namely, that bulk filling of the Man Shaft may 
be a more feasible option to eliminating ground water flow into the Kempton 
Mine than sealing the surrounding bedrock. 
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Project Benefits to Western Maryland 

A 100% CCB-based grout was successfully mixed and injected using 
conventional concrete pumping equipment and the grout has had no significant 
effect on the local shallow aquifer. Although loss of shallow ground water to the 
mine pool was not eliminated, valuable information regarding the geology and 
hydrogeology of the Man Shaft was collected during this project.  This 
information will be useful if future projects to address the Man Shaft are 
conducted.  

In conjunction with the Kempton Man Shaft injection project, extensive 
characterization and monitoring of the nearby North Branch Wetlands was 
performed. This monitoring shows that the wetlands are being affected by the 
drawdown of the shallow water table due, at least in part, to drainage to the Man 
Shaft.  The wetland ecosystem should benefit from returning ground water flow 
to its natural path, i.e., eliminating or reducing ground water flow into the Man 
Shaft.  

3.2 RESEARCH TO SUPPORT RESTORATION IN NORTH BRANCH OF 
POTOMAC RIVER  

Project Overview 

The Kempton Mine No. 42 operated from 1914 to 1950 targeting the Bakerstown 
and Upper Freeport coal seams in Western Maryland and West Virginia. After 
active mining ceased, water flooded the remaining mine tunnels resulting in two 
large mine pools. The Coketon Mine Pool, which contains over 600 million 
gallons of AMD, drains to West Virginia. The Kempton Mine Pool is larger, 
containing about 1.1 billion gallons of AMD, and drains to Western Maryland, 
specifically to the watershed of the North Branch of the Potomac River. Figure 8 
shows the location of the Kempton Mine in relation to the North Branch of the 
Potomac River, as well as to other important rivers in the region. Another pool at 
a lower elevation from the Coketon and Kempton Pools formed more recently 
from the Mettiki Mining Company’s deep mine operations. AMD from these 
pools has damaged the ecosystem in the North Branch of the Potomac River 
watershed, with loss of flora and fauna.  

Mapping Activities 

Any type of restoration project for an area impacted by underground mining will 
be heavily dependent upon detailed information about mine tunnel location and 
conditions. Under contract to PPRP, the Western Maryland Geographic 
Information System Center (WMGISC) has performed extensive research to 
support plans for restoration projects in this region. Activities of WMGISC 
included: 
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Figure 7: Location of Kempton Mine in Relation to North Branch of the 
Potomac River 

Figure 8: Location of Kempton Mine in Relation to North 
Branch of the Potomac River 

 Collected, catalogued, and scanned historic mine maps (many provided 
by the Thomas Historical Society); 

 Georeferenced mine maps using ArcGIS software and digitized relevant 
data into vector format; 

 Recorded location data for landmarks using GPS to further correct 
georeferenced mine maps; 

 Prepared maps and profiles for historically mined areas that show the 
relationships between mine tunnels, pools, and surface features; 

 Prepared 3-D models of subsurface conditions (where borehole data were 
available) using Rockworks software; and 

 Assisted the AMLD with collection of surface water samples and flow rate 
data at various AMD-impacted sites in the watershed of the North Branch 
of the Potomac. 

WMGISC has used these tools to perform a detailed study of the impacts to the 
hydrology of the North Branch of the Potomac River from mining in the Upper 
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Potomac Coal Basin in Garrett County, Maryland. The goal of these efforts is to 
locate areas of most significant environmental impacts to target remediation 
efforts. A detailed report on the results of this research is currently being 
prepared (WMGISC, 2016b.)  

Field Studies and Demonstration Projects 

PPRP has also supported field studies in this watershed. The Kempton Man Shaft 
project (described above) took place within the watershed of the North Branch of 
the Potomac River. Site characterization of another section of the Kempton Mine 
was also performed in the Siege of Acre Project. The goal of the Siege of Acre 
Project was to use CCB grout to cover or coat pyritic mine pavement in three 
straight run tunnels at the northern extremity of the Kempton Mine Complex 
known as Siege of Acre. One of the three tunnels in this area was found to be 
allowing a small stream of highly acidic water to the mine pool. Grout injection 
was intended to coat the mine tunnel pavement and continue to permit the flow 
of water over the pavement, but reduce or prevent the formation of acid along 
the flow path (PPRP, 2013b). 

PPRP worked with the EEI, WMGISC, and the WMRC&D to perform mapping, 
drilling, and water quality sampling at the site in preparation for an injection 
project. While injection activities were suspended due to the closure of nearby 
coal-fired power plants, which were an economical source of CCBs, the Siege of 
Acre site remains a well-characterized candidate for grout application.  

 Project Outcome 

The research by WMGISC highlights the need for restoration activities to 
mitigate the damage from acid mine drainage in the North Branch of the 
Potomac River. WMGISC is currently preparing a report on this research that 
calls for collaboration between various agencies within the Maryland DNR – 
namely PPRP and the Offices of Endangered Species and Fish and Wildlife to 
facilitate restoration of the disturbed hydrology in this extensively mined region 
(WMGISC, 2016b). At the Siege of Acre site, extensive information on the 
position, condition, and water quality within the underground mine tunnels was 
obtained through the field work performed by PPRP. 

Project Benefits to Western Maryland 

While this research has not yet led to specific remediation or restoration 
activities, it supports the need for such activities to occur and offers priorities for 
projects that may be most beneficial. While grout injection was ultimately 
suspended at the Siege of Acre Site, the site characterization activities performed 
there provided useful information about the challenges that can be expected 
when remediating, even well-mapped underground mines. The report on the 
research performed in the watershed of the North Branch of the Potomac, 
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currently in preparation by WMGISC, promises to draw attention to the 
environmental needs in Western Maryland to protect this river system, which is 
important to the entire State (WMGISC, 2016b).  

3.3 RESEARCH TO SUPPORT RESTORATION IN THE GEORGES CREEK BASIN 

Project Overview 

The Georges Creek Basin in Western Maryland is known as one of the most 
intensely mined coal basins in the country. The location of the basin is shown in 
Figure 9. PPRP has worked in cooperation with the AMLD, WMRC&D, and 
WMGISC to study this basin to understand the implementation and outcome of 
previous efforts to restore the hydrology of the Georges Creek watershed, and 
develop new methods to protect and reclaim the basin. A report summarizing all 
of these efforts is currently being prepared by WMGISC (WMGISC, 2016a). 

The Georges Creek Basin has been mined since 1751. Therefore, many of the 
early mining techniques pre-dated modern regulations and technology. For this 
reason, many legacy issues remain involving subsidence, stream loss, and AMD. 
Under contract to PPRP, the WMRC&D has researched early stream sealing 
efforts, such as the 1938 Maryland Mine Sealing Project (MD MSP). The 
WMRC&D has also provided PPRP with research on current remediation efforts 
and proposals, like the Winebrenner Run Project. Furthermore, the WMGISC 
has, with financial support from PPRP, provided invaluable mapping and 
imagery information on this area. WMGISC performed the same types of map 
collection, cataloguing, digitizing, and georeferencing work for the Georges 
Creek basin as was described above for the watershed of the North Branch of the 
Potomac. 

 

Figure 9: Location and Outline of Georges 
Creek Basin 
 
Also highlighted is Allegheny Business 
Center Site, which was researched for 
suitability for restoration with CCBs to 
reduce subsidence. 
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Review of the MD MSP 

The MD MSP was initiated in 1938 with the publication of an article about acid 
mine drainage written by George L. Hall, Acting Chief Engineer for the 
Maryland Health Department’s Abandoned Mine Program. Hall proposed that 
sealing mine openings would prevent AMD by reducing the formation of acid 
and reducing the amount of water in streams that entered the mines. Hall 
established a program for Maryland in which abandoned mines were sealed with 
a masonry trap designed to allow water to drain but precluded air from entering. 
Hall also established sites with a history of subsidence issues where surface 
sealing was completed to reduce water loss from streams and land surfaces. The 
WMRC&D was contracted by PPRP to locate and examine the current state of the 
mine seals and their long-term effectiveness. The WMRC&D conducted field 
work examining these mine seal sites from December 2005 through May 2007.  

One class of features addressed by the MSP was “crop holes”; these are areas of 
land subsidence that develop around areas where mine tunnels extended to coal 
outcrops. The practice was most common in the early 1900’s. During the MSP, 
crop holes were filled with earth. Today, the areas where crop holes were filled 
retains a hummocky and disturbed appearance, most likely because the earth 
used to fill the holes could easily be washed down into deeper mine tunnels.   

Streams that lost water to deep mines continued to experience decreased flow 
through surface breaks at surface sealing sites. It would be difficult to seal some 
streams today as the mines are expansive and interconnected for several miles 
underground. Large numbers of surface cracks make for difficult surface sealing, 
and intricate and expansive mines complicate the placement of CCBs for 
reclamation.  

The WMRC&D concluded that many of the problems addressed in the Maryland 
Mine Sealing Project in Allegany County are still present in the George’s Creek 
Basin today (Figure 10). The sites with mine entrance seals show potential for 
future sealing work with improved techniques because they tended to be 
smaller, family mines unlike the surface sealing sites (Figure 11).  
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Figure 11: 
Entrance and 
Seal at the “Mud 
Mine” 

 

 

The review of the MD MSP sites in 
Allegany County showed that 
continued research is needed to 
improve on the techniques used in 
the past to seal surfaces and mine 
openings. A better method could 
help to reduce acid mine drainage 
and improve the safety and health of 
the basin. WMRC&D’s final 
recommendation was that stream 
sealing over larger surface mines 
was not successful, but that smaller 
mines may show success in grout 
filling with CCBs. In any case, a 
well-developed knowledge of the 
mine layout, pathways, and 
interconnections is critical to 
implementing successful mine 
sealing projects (WMRC&D, 2016a). 

 

Figure 10: Surface Sealing 
Projects of the MD MSP 
Top – Area of “crop holes” that was 
sealed still shows evidence of 
disturbance. 
Bottom – masonry wall built to 
mitigate stream loss from 
Winebrenner Run to underground 
mine. Left photo shows newly built 
wall, right photo shows wall 
condition today. 
 
Photos courtesy of WMRC&D. 



PPRP 19 PPRP/WESTERN MD 20 YR SUMMARY/JULY 2015 

Figure 12: Stream Loss Area on Winebrenner Run 

Winebrenner Run 

The WMRGISC and WMRC&D have been studying stream loss in Winebrenner 
Run. Winebrenner Run is a tributary to George’s Creek that joins the main stem 
about 1.5 miles south of Frostburg. Stream loss occurs along a 2,000 foot length of 
stream just south of Midlothian (Figure 12). The groups have planned a mine 
sealing project to be implemented in cooperation with MDE in the future. 

Potential for Reclamation Using CCBs 

The WMRC&D conducted an investigation of using CCBs to reclaim Western 
Maryland coal mines, specifically using CCBs from AES Warrior Run to reclaim 
the Georges Creek Basin. Section 3.4 further evaluates the current uses of Warrior 
Run CCBs. The WMRC&D calculated the minimum amount of coal removed 
from mines to estimate the total void space in the basin for possible CCB 
placement. This total void space was then compared to the available ash streams 
at AES Warrior Run and other plants in Maryland.  
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WMRC&D’s survey of the abandoned mines in the George’s Creek Basin 
estimated that a total of over 101 million tons of coal were extracted from the 
basin during active mining. It was assumed that one ton of CCBs typically results 
in one cubic yard of void space. The survey suggested that assuming a constant 
ash stream from Warrior Run alone, the mine reclamation industry for all 
abandoned mines in Georges Creek could be supported for approximately 257 
years (Michael and Breighner, 2009). 

Project Benefits to Western Maryland 

Mining activities in the George’s Creek Basin have created environmental issues 
such as AMD, subsidence, etc. Studies supported by PPRP highlight areas that 
could be starting points for large scale remedial activity in the basin. The use of 
CCB grouts to re-seal mine openings, seal areas of stream loss or to fill 
abandoned mine tunnels could help to reduce or prevent AMD discharges, land 
surface subsidence, and stream loss.  

3.4 USE OF WARRIOR RUN ASH IN SURFACE MINE RECLAMATION  

Project Overview 

CCBs from the AES Warrior Run coal fired power plant in Cumberland, 
Maryland have been used to reclaim several surface coal mines in Allegany and 
Garrett Counties from 1991 through the present. The Appalachian Laboratory 
(AL), under contract to PPRP, has conducted surface water quality monitoring of 
surface drainage features (drainage ditches and or retention ponds) at these sites 
from 2010 through 2012 (Morgan et. al., 2011 and Morgan et al., 2014). The 
drainage water collected is water that has come into contact with the CCBs used 
to reclaim these surface mines. This monitoring is intended to characterize any 
environmental impacts (positive and/or negative) of the CCB placement at these 
sites.  

The AES Warrior Run power plant produces about 370,000 tons of CCBs each 
year in the form of FBC material. FBC technology involves mixing limestone with 
coal during combustion to control sulfur emissions. As sulfur is released from 
the coal, it reacts with calcium in the limestone to form gypsum. The resulting 
FBC contains not only unburned mineral material contained within the coal, but 
also gypsum and calcium oxide (CaO). The CaO content of the ash makes it both 
alkaline and self-cementing when combined with water. Placement of alkaline 
CCBs, like FBC material, mitigates AMD production within the mine. However, 
when alkaline components of CCBs are allowed to dissolve, other constituents of 
concern in the CCBs may dissolve as well (i.e. trace metals). 

The monitoring by AL was performed in two phases. Each phase included 
several sites where Warrior Run FBC had been used to reclaim surface coal 
mines and one reference site with no CCB placement. In Phase I, the AL 
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Figure 13: CCB Placement Sites Studied by Appalachian Laboratory 
Permit 393 was only included in Phase I. The four remaining Permitted sites were included in both Phase I 
and Phase II. 

monitored four CCB placement sites and one reference site. The placement sites 
have received or currently receive CCBs from AES Warrior Run. The reference 
site in Phase I was an inactive mine that was reclaimed without the use of CCBs 
near the headwaters of Upper Matthew Run. The Phase I sites were monitored 
from April 2010 to May 2011.  

Phase II included three of the CCB placement sites that had been monitored 
during Phase I and a different reference site. The reference site in Phase II was an 
active mine site that has never received CCBs. Samples were collected for the 
four Phase II sites from 2010 to 2012. Schematic maps of the 4 CCB placement 
sites are shown in Figure 13. Similar schematic maps of the reference sites are 
presented in Figure 14. All of the CCB placement sites and reference sites are 
located within the Georges Creek Basin. 
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Figure 14: Reference Sites Studied by Appalachian 
Laboratory 
Site UMR was the reference site for Phase I. Permit 446 was the 
reference site for Phase II 

Project Outcome 

Prior to describing the results of the project, it is important to note that baseline 
water quality data before mining is not available from the CCB placement sites 
monitored under the AL study. As such, the only conclusions that can be drawn 
are relative to the reference sites used in the study.  

In Phases I and II, the drainage from the CCB placement sites had higher levels 
of specific conductance, total dissolved solids, and sulfate than the reference 
sites. These elevated levels may not present current problems, but may be a 
future concern if biological criteria (i.e. total maximum daily load (TMDL) 
criteria) are established for sulfate and conductance in receiving surface water 
bodies. Turbidity, total suspended solids, and pH were variable at the CCB 
placement sites with lower values in Phase II. Several metals (aluminum, barium, 
boron, calcium, cobalt, iron, lithium, magnesium, manganese, nickel, potassium, 
sodium and zinc) were detected above detection limits, but below levels of 
environmental concern. Other metals that were analyzed (mercury, antimony, 
arsenic, molybdenum, selenium, silver, vanadium, beryllium, cadmium, lead, 
copper, thallium and chromium) were all below detection levels, indicating that 
they are not leaching from the FBC material. Heavy metals; such as arsenic, 
mercury, and lead, etc.; were either not detected, or detected at low levels.  

AL also performed stable isotope analysis on selected samples. Stable isotope 
ratios have been studied as potential tracers for leachates derived from CCBs. 
Stable isotope ratios were analyzed for carbon, strontium, oxygen, nitrogen, and 
sulfur. Out of these elements, carbon was found to show the most consistent 
difference between CCB placement and reference sites, with CCB placement sites 
having isotopically “heavier” carbon in surface waters. The authors suggest that 
further stable isotope studies could prove to be useful in tracking the potential 
impacts, if any, of CCB placement at mine reclamation sites. 
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Project Benefits to Western Maryland 

It was shown in both phases of the AL study that pH values were above 6, 
indicating that acid mine drainage is not occurring, and heavy metals were not 
detected in the drainage areas. This water monitoring is important to ensure that 
CCBs are effectively mitigating potential AMD from reclaimed mines and that 
the CCBs are not releasing heavy metals into surface waters.  

In comparison to the reference sites, the AL study identified higher levels of 
specific conductance, TDS and sulfate in the drainage from the CCB placement 
sites. However, it is difficult to determine if CCB placement is the main cause 
since baseline water quality data before mining is not available. 

The AL study included recommendations for future monitoring at these or other 
CCB placement sites. Their recommendations included seasonal sampling to 
capture variations in water quality as well as monitoring of flow rates in 
discharge areas. These recommendations could improve the quality of future 
monitoring plans at many mine reclamation sites, whether they are surface or 
subsurface coal mines and whether or not they include the use of CCBs. 
Furthermore, the stable isotope studies, while still preliminary, offer another 
potential tool for tracking potential water quality impacts, if any, derived from 
CCBs that would be used in reclamation projects.  
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4.0 KARST PROJECTS 

4.1 HOYES RUN/KEYSTONE QUARRY 

Project Overview 

Hoyes Run is a trout stream in Garret County, Maryland that drains to the 
Younghiogheny River. The DNR Fisheries Division has studied the stream since 
the late 1980’s and found it to be a high quality trout habitat. The stream flows 
over limestone bedrock. Limestone is a valuable commodity that is quarried for a 
variety of industrial uses. One such quarry, the Keystone Quarry, is situated 
adjacent to Hoyes Run. Limestone bedrock is also subject to the development of 
fractures, solution cavities, caves, and sinkholes, which are features that are 
collectively termed karst geology.  

During the mid-1990’s declining trout populations were observed along with 
changes in water flow and water quality in Hoyes Run. One section of the stream 
located near the adjacent quarry lost water completely to the subsurface during 
dry periods. When water reappeared approximately 100 yards downstream, it 
was warmer and had higher turbidity. This water loss caused two problems. Not 
only was the trout population adversely impacted by the degraded habitat, the 
extra water flow into the quarry increased water management problems.  

Beginning in 2001, PPRP began work alongside the Department of Fisheries, 
WMRC&D, WMRGISC and others to study the stream flow and quality issues in 
Hoyes Run and to propose solutions to cut water loss to the quarry and protect 
wildlife habitat in the stream. 

Project Outcomes  

Between 2002 and 2003, geologic studies provided insight into the bedrock 
structures beneath Hoyes Run and between the stream and the quarry. A 
geologic study of the stream by the University of Pittsburgh, which included 
remote sensing surveys supported by the United States Department of Energy’s 
National Energy Technology Laboratory (NETL), detected apparent cavities 
filled with water and/or mud beneath the stream. PPRP sponsored a drilling 
investigation to confirm the results.    

Concurrent with the geologic studies being performed, a stream sealing remedy 
was proposed. Stream sealing would occur in 2 phases. Phase I involved the use 
of a polyurethane grout to seal stream fractures and allow cavities below the 
stream to drain. Polyurethane grout is considered to be environmentally benign 
and approved for use in water and food storage areas by United Laboratories. 
Phase II involved the use of a CCB-based grout to fill the underlying cavities. 
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Figure 15: Photos During and Shortly After 2007 CCB-Grout Injection at Hoyes Run 
Stream flow was restored within hours of grout injection. 

Monitoring of stream flow and water quality both before and after injection was 
included in the work plan for the project (DNR, 2003). 

The Phase I injection occurred in 2002 with the injection of a polyurethane grout 
into streambed fractures known to be losing stream water. This injection was not 
successful in sealing the fractures because the expansive nature of the grout 
forced rock layers more widely apart. Further work focused on sealing the 
stream fractures using CCB-based grout. 

The Phase II injection occurred in fall 2007. The CCB-based grout was effective in 
sealing the streambed fractures and quickly restored stream flow in the water 
loss zones (Figure 15). Post injection monitoring between 2008 and 2010 showed 
that the grout seals remained intact and no adverse impact to water quality was 
detected. Although the CCB seals remained intact, new areas of stream loss 
opened in the stream bed. A second round of grout sealing was proposed in 
2011; however, the second round could not be completed due to adverse weather 
conditions as well as activity at the quarry.  

Although the second phase of CCB grout injection could not be implemented, it 
was anticipated that water loss to the quarry would stop when quarry operations 
ceased in 2015. Monitoring of the stream has continued since the closure of the 
quarry and a report on the project is currently in preparation (WMRC&D, 2016c). 

Project Benefits to Western Maryland 

Protecting wildlife habitat is not only beneficial to the environment in Western 
Maryland, but also protects a valuable recreational resource in this part of the 
State. The demonstration of CCB grout application in the Hoyes Run stream 
sealing project provides a model for possible stream restoration at many similar 
sites in Western Maryland affected by karst geology, which is common in this 
region.  
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The stream sealing project sponsored by PPRP provided a valuable interim 
measure to protect the stream during active quarrying. PPRP-sponsored 
monitoring of Hoyes Run continues, and the results will be used to assess 
whether the loss of stream water ceases with the closure of the nearby quarry.  
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5.0  CONCLUSIONS 

PPRP has supported a number of research and demonstration projects in 
Western Maryland. All of these projects focus on protecting valuable natural 
resources of the region and/or finding remedies for environmental problems 
related to geology as well as current and historic mining practices in the area. 
Some of these projects have provided direct benefits to mitigate environmental 
problems in the region associated with its history of coal mining and limestone 
quarrying. Other projects have demonstrated technologies with the potential to 
further mitigate such problems, if applied on a wider scale. Finally, other 
projects, particularly research projects and field studies have served to provide 
detailed characterization of environmental issues faced by this region due to coal 
mining, karst geology, and quarry operations. These studies highlight areas that 
should be prioritized for remedial activities and provide suggestions for actions 
that could be taken to improve and protect existing natural resources.   
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