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Section 18.1 of Pennsylvania’s Bituminous Mine Subsidence and Land Conservation Act 
(BMSLCA), amended in 1994 (Act 54), requires the Pennsylvania Department of Environmental 
Protection (PADEP) to compile, on an ongoing basis, information from mine permit 
applications, monitoring reports, and enforcement actions relating to surface impacts of 
underground bituminous coal mining. The law requires PADEP to report its findings regarding 
these effects to the Governor, General Assembly and Citizens Advisory Council at five-year 
intervals (BMSLCA Section 18.1(c)). This is the fifth such report and the third completed by the 
University of Pittsburgh (the University). The assessment team brings together expertise in 
mining and civil engineering, hydrogeology, and ecology.  
 
Specifically, PADEP tasked the University with: 

 Providing a detailed analysis of the effects of underground mining on surface features 
during the 5th assessment period (21 August 2013 to 20 August 2018). 

 Evaluating the data used to identify hydrological changes associated with subsidence and 
to determine if outcomes are protective of citizen’s right and the environment.  

 
In this report the University has drawn primary conclusions from their analyses. These 
conclusions and the resultant data-based recommendations to are meant to improve 
implementation of Act 54. During draft review of this report, PADEP requested transfer of 
background material from the report to supplemental appendices to enhance their ability to use 
the report in evaluation and planning of their operations. Consequently, some background 
information and details are now included in appropriate appendices.  
 
Area Undermined. During the 5th assessment period, 49 active underground bituminous coal 
mines undermined 28,854 acres of Pennsylvania, with 62 % of the acres classified as longwall, 
29 % room-and-pillar, and 9 % pillar recovery mines. The acres undermined during the 5th 
assessment period represent a 7 % decline in the amount of land undermined compared to the 4th 
assessment period.  
 
Structure Effects. Of the 3,612 total structures that were undermined by active mining 
operations in this assessment period, there were 455 (~15 %) with reported effects from both 
active and inactive mines, and 247 (or 54 %) classified as company liable with a final resolution. 
The remaining 208 reported effects had a company not liable final resolution (99) or are still in 
interim resolution (109).  
 
Water Supplies. 2,353 water supplies were undermined. Of the 379 water supply reported 
effects (wells, springs, ponds), 192 were determined to be company liable (27 for room-and-
pillar, 6 for pillar recovery, 158 for longwall, and 1 for a mine not active during the 5th 
assessment period).  
 
Land Impacts. During the 5th assessment, at least a portion of 3,296 distinct land parcels were 
undermined. The 124 land reported effects represent an increase from prior assessment periods, 
(c.f. 108 for the 3rd assessment period and 106 for the 4th assessment period). Most (80 %) of the 
total land reported effects occurred over the six active longwall mines. Nearly all (95 %) of land 
company liable impacts occurred over longwall mines. The 43 active room-and-pillar and pillar 
recovery operations had only nine reported effects. Of these, eight had a final resolution 
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determined to be company not liable. A substantial portion of the increase in reported land 
impacts was found to be associated with a spike in reported effects over inactive mines.  
 
Groundwater. When stream flow loss occurs, augmentation of streams commences from 
groundwater or local public water sources. Of 118 stream impacted by longwall mining during 
the 5th assessment period, 92 streams were augmented. Of those augmented, 80 were augmented 
using wells or wellfields. Of the 12 streams not augmented with wells, augmentation sources 
included water hauled by truck, public water supply, pond water, and stream water. Evaluation of 
groundwater impacts relies on quarterly hydrologic monitoring data.  Definition of when and 
how to use these data to identify a groundwater effect would clarify the effectiveness of 
hydrologic system protections. 
 
Stream Impacts. In total, 126.98 miles of streams (86.16 miles if stream segments in the 200-
foot buffer zone are not included) were undermined during the 5th assessment period. Based on 
mining method, 46.75 miles were undermined by longwall mining, 38.89 miles by room-and-
pillar mining, 0.53 miles by pillar recovery, and 40.82 miles were within the 200-ft buffer zone. 
During the 5th assessment period and exclusively over longwall mines, a total of 149 flow loss 
impacts occurred over 24.44 miles of streams, and a total of 30 pooling impacts occurred over 
2.83 miles of streams. 
 
A Stream Recovery Evaluation (SRE) report must be submitted by a mine operator following 
mitigation on an impacted stream before the stream can be released by the PADEP. During the 
5th assessment period, 82 SRE reports were submitted to the PADEP. This represents a large 
increase compared to the 4th assessment period, when only 14 SRE reports were submitted. As of 
the end of the 5th assessment, 42 of the 82 streams were released by PADEP while the streams in 
the remaining 40 SRE reports had not yet been released.  
 
Wetlands. Permit renewals are the primary source of wetland data and permit schedules are not 
synchronous with the five-year Act 54 assessment periods.  Therefore, the University reports 
wetland analyses as aggregates of wetland effects that reflect the five-year permit period for each 
mine.  An estimated 90.7 acres of wetland habitat were undermined by longwall mines, including 
wetlands within the 200-ft buffer. Of this, 48.6 acres was over longwall panels, 20.5 acres was 
over room-and-pillar portions, and 21.6 acres overlaid the 200-ft buffer zones surrounding 
longwall mining extents. Two wetland mitigation projects were reported to PADEP during this 
assessment period; however, both were ongoing, so final evaluation of wetland mitigation efforts 
is not possible. 
 
Emergent Effects. The PADEP specified analyses in the defined Scope of Work (Appendix L).  
During the completion of these analyses, the University observed emergent trends that, while 
outside of the defined scope of work, are relevant findings important to the evaluation of 
bituminous coal mining subsidence effects in the Commonwealth of Pennsylvania.  These 
findings are discussed in Section 11 and include: 1) changing property holding patterns above 
underground mining; 2) unexpected subsidence effects (far field subsidence effects and effects at 
closed mines); and 3) comprehensive evaluation of the hydrologic balance 
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Recommendations. Data collection as required by Act 54 has been ongoing since 1993. One of 
the consequences of development of data tools like the Bituminous Underground Mining 
Information System (BUMIS) at a relatively early stage of the computing revolution is that older 
tools create logistical barriers. BUMIS is used by PADEP to track impacts of mining operations 
on surface structures and water supplies. However, this data management system is not easily 
integrated with tools that have emerged since Act 54 was first passed in August of 1994. Most of 
the recommendations made in this report can be achieved more efficiently with fundamental 
investments in the primary data management tool for subsidence impacts. 
 
Parallel with the need to modernize data tools is a need to require submission of the copious 
amounts of data the PADEP gathers in a form that can be seamlessly and easily integrated with 
BUMIS or a modernized data system.  Some data (e.g., hydrologic monitoring reports) were 
submitted as spreadsheets early in the 5th assessment period.  However, by the end of the period 
these submittals had reverted to hard copy documents.  This is a fundamental problem that 
further strains limited resources.   
 
As underground mining continues in the Commonwealth of Pennsylvania, best practices for 
managing big data could be utilized to ensure that the land areas above underground mining are 
sufficiently managed to protect the environment and citizens’ rights. Practices such as data 
standardization, written protocols, standard electronic data forms and electronic submission, and 
especially rapid error and standards checking following data submission, can allow efficient and 
effective protection of the Commonwealth and its citizens. 
 
Better data tools are fundamental to the effective implementation of the evolving policies 
developed to protect the environment and citizen’s rights.  In particular, the protection of 
subsidence impacted surface waters has changed dramatically since 1994 and the beginning of 
the Act 54 processes.  The PADEP is exploring better tools to evaluate flow losses in reaches 
impacted by underground mining, relying on technical assistance from the U. S. Geological 
Survey.  Use of new tools will require augmented data analysis guidance, as proposed sampling 
schedules are more difficult to track and implement than the current recommended and relatively 
simple monitoring schedules. This is particularly important given the inconsistent monitoring 
observed in SRE reports. 
 
In addition, analysis of other hydrologic system component monitoring, such as groundwater and 
wetlands, is not as clearly defined as surface water monitoring nor integrated into data systems.  
While the stream data in this assessment have, for the first time, been integrated into BUMIS, 
both groundwater and wetland data remain distinct.  Groundwater monitoring efforts can take 
advantage of the revolution in sensor technology to allow collection of more frequent data and 
clarify the role of groundwater systems in hydrologic impacts. Similarly, if wetland gain or loss 
data are submitted in an electronic format, then the effort to evaluate gain or loss caused by 
subsidence is simplified and optimized. 
 
Finally, the emergent trends deserve additional scrutiny.  Observed subsidence impacts beyond 
areas predicted by industry standard modeling tools suggest standard prediction methods need to 
be re-evaluated to ensure citizen’s rights are protected.  Similarly, the changes occurring in 
property ownership and patterns in property transfers over mining have the potential to impact 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

Executive Summary - 5 
 

entire communities. The net regional changes in property value and holdings have not been 
evaluated.  Finally, as the protection of hydrologic resources has grown increasingly important to 
the Act 54 process, policy provisions are overlapping with other parts of PADEP and other state 
agencies.  Development of policies that cross these boundaries to encourage comprehensive, 
seamless outcomes will improve protection of hydrologic systems. 
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1.A - Overview 

This section describes the need for this study and a list of its aims and objectives. The 

Introduction also contains background explanations of certain topics that are relevant to the 

report and that provide context for subsequent sections.  

1.A.1 - Need for this Study  

Section 18.1 of the Bituminous Mine Subsidence and Land Conservation Act (BMSLCA) 

requires  

(a)  The department [i.e., the Pennsylvania Department of Environmental Protection 

(PADEP)] shall compile, on an ongoing basis, the information contained in deep mine 

permit applications, in monitoring reports and other data submitted by operators, from 

enforcement actions and from any other appropriate source for the purposes set forth 

below.  

(b)  Such data shall be analyzed by the department, utilizing the services of professionals 

or institutions recognized in the field, for the purpose of determining, to the extent 

possible, the effects of deep mining on subsidence of surface structures and features and 

on water resources, including sources of public and private water supplies.  

(c)  The analysis of such data and any relevant findings shall be presented in report form 

to the Governor, the General Assembly and to the Citizens Advisory Council of the 

department at five-year intervals commencing in 1993.  

PADEP initiated a contract (Appendix L) with the University of Pittsburgh (hereafter: The 

University) and the Carnegie Museum of Natural History on 1 September 2017 with an official 

start date of 6 November 2017 to fulfill the assessment and reporting requirements for the period 

from 21 August 2013 to 20 August 2018 (hereafter: 5th 
assessment period).  

 

1.B - Environmental Laws and Coal Mining 

The Act 54 provisions emerge from over 150 years of coal mining in Pennsylvania.  Based on 

the University’s analysis, this coal mining will continue for at least 20 years and four more Act 

54 assessment periods (Appendix C).    

In the 1940s the Commonwealth began to legislatively recognize the necessity of environmental 

stewardship during mining to prevent permanent and widespread destruction of its land and 

water. The Clean Streams Law was amended in 1945 to include acid mine drainage as a 

pollution source that required regulation. In that same year, the Commonwealth passed the 

Surface Mining Conservation and Reclamation Act (Act 418), representing its first 

comprehensive attempt to prevent pollution from surface coal mining. From this point forward, 
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the Commonwealth passed several laws that directly addressed environmental issues associated 

with the deep mining of bituminous coal beds.  

1.B.1 - Bituminous Mine Subsidence and Land Conservation Act of 1966 (BMSLCA)  

The most significant of these laws was the BMSLCA of 1966. For the first time, certain 

structures built before April 1966 had to be protected from subsidence regardless of coal 

ownership rights beneath the structure. This law suggested that coal extraction ratios of less than 

50 % be used to protect surface properties, but also indicated that specific guidelines could be set 

by the state.  

Gray and Meyers (1970) investigated the pillar support area required underground to minimize 

subsidence damage on the surface. That area was dependent on the selection of an angle of 

support (Figure 1-1). An adequate angle of support was most dependent on the geologic 

character of the rocks; in their report angles varied from 15 to 25-degrees. Their method required 

the support base (the width of the pillar) at the mining level to increase between 53 to 93-ft along 

its horizontal axis with every 100-ft of overburden. The outcome was a support area for 500-ft of 

overburden that was equivalent to 3.4 times the support area required at 100-ft of overburden. 

This method remains the basic support area design for structures requiring damage prevention.  

 

Figure 1-1. An interpretation of pillar support required by the BMSLCA (1966) to protect 

structures from subsidence damage. 
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The BMSLCA also established various requirements such as permitting, mapping, protection of 

certain structures from subsidence damage, repair of subsidence damage to certain structures, 

and the right of surface owners to purchase support for their structures. Section 4 prohibited 

subsidence damage to certain structures, homes, public buildings, noncommercial structures, and 

cemeteries that were in place on 27 April 1966. Section 6 required operators of underground 

mines to 1) repair damage within six months and 2) secure a surety bond to cover possible future 

property damage. Section 15 provided certain owners the right to purchase the coal located 

beneath their property. This law did not contain any provisions addressing water supplies.  

1.B.2 - 1980 amendments to BMSLCA  

The BMSLCA was first amended in 1980 to help bring PA law into compliance with the 

minimum requirements of the recently passed federal Surface Mining Control and Reclamation 

Act of 1977 (SMCRA). Section 4, which provided protection to certain structures, was amended 

to allow the current owner of the structure to consent to subsidence damage, but the damage had 

to be repaired or the owner compensated. Section 5 was amended to require an operator of an 

underground mine to adopt measures to prevent subsidence causing material damage to the 

extent technologically and economically feasible, as well as to maximize mine stability and to 

maintain the value and reasonably foreseeable use of the surface. These measures were to be 

described in the permit application. The new language also specifically provided that the new 

subsection was not to be construed to prohibit planned subsidence or standard room-and-pillar 

mining.  

1.B.3 - Act 54 Amendments  

By the mid-1980’s, new environmental concerns were being raised about the BMSLCA. In 1986, 

Arthur Davis, a Professor at the Pennsylvania State University, organized the Deep Mine 

Mediation Project to bring together the underground bituminous coal industry, agricultural, and 

non-governmental organizations for the purpose of attaining a consensus position on the 

BMSLCA.  

Ultimately, the state legislature prepared a number of statutory amendments to BMSLCA in 

1992 and it became effective on 21 August 1994. This legislation is commonly referred to as Act 

54. For the first time, the law extended the obligation of coal companies to pay for damage 

caused to homes and businesses, regardless of when they were constructed. The Act 54 

amendments also provided for the replacement of impaired water supplies and provided 

additional remedies for structural damage:  

BMSLCA – revised water supply replacement provisions  

• Established a rebuttable presumption zone (RPZ). The RPZ consists of an area above the 

mine that is determined by projecting a 35-degree line (from vertical) from the edge of 

mining to the surface. Within this zone, the mine operator is assumed liable for any 

contamination, diminution or interruption to water supplies, but the mine operator and the 

PADEP have the opportunity to present evidence to the contrary, i.e., to rebut the 

assumption of mine operator liability.  
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• Entitled landowners with affected water supplies in the RPZ to a temporary water supply 

and restoration or replacement of a permanent supply by the mine operator.  

• Entitled landowners with affected water supplies outside of the RPZ to permanent water 

supply restoration or replacement if found to be likely caused by mining. Outside of the 

RPZ, the burden of proof is borne by landowner and PADEP.  

• Established that the RPZ does not apply if a landowner did not allow pre-mining surveys 

by the mine operator.  

• Allowed for voluntary agreements between landowners and mine operators that stipulate 

the manner in which the water supply is to be restored or an alternate supply provided or 

that provide fair compensation for the impacts.  

BMSLCA – revised structural damage repair provisions  

• Mine operators were required to repair or compensate for subsidence damage to any 
building accessible to the public, non-commercial buildings customarily used by the 

public, dwellings used for human habitation, permanently affixed appurtenant 

(secondary) structures and improvements, and certain agricultural structures.  

• Entitled the structure owner or occupant to payments for temporary relocation and other 

incidental costs.  

• Allowed the mine operator to conduct a pre-mining survey of the structure prior to the 

beginning of mining.  

• Voluntary agreements were authorized between mining operators and landowners.  

• Allowed underground mining beneath any structure, except a certain limited class of 

structures and features (churches, cemeteries, schools, hospitals, etc.), as long as the 

consequential damages are not irreparable and are repaired should they occur.  

• Stipulated that irreparable damage can only occur with the consent of the owner.  

Act 54 imposed certain restrictions and responsibilities on mine operators and on PADEP. Coal 

operators were responsible for the restoration and/or replacement of a range of features located 

above, and adjacent to, active underground coal mines. PADEP was designated to conduct field 

investigations, examine and approve permits, and report to the general public and industry 

representatives with their findings.  

Act 54 also explicitly acknowledges the Commonwealth’s responsibility to protect the surface 

waters of the Commonwealth, as codified in the Clean Streams Law, PA Code Title 25 Chapters 

89, 93, 94, 96, and 105. Consequently, underground mine operators are required to demonstrate 

that their activities will prevent damage to aquifers and perennial streams.   

1.B.4 - Act 54 Reporting Requirements  

Act 54 contained a special provision requiring PADEP to produce an assessment of the surface 

impacts of underground bituminous coal mining every five years. To date four reports have been 

issued:  

• 1
st 

assessment: Completed by the PADEP in 1999 (PADEP 1999; later amended, PADEP 

2001). Covered the period 21 August 1993 to 20 August 1998.  
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• 2
nd 

assessment: Completed in conjunction with California University of Pennsylvania in 

2005 (Conte and Moses 2005). Covered the period 21 August 1998 to 20 August 2003.  

• 3
rd 

assessment: Completed in conjunction with the University of Pittsburgh in 2011 

(Iannacchione et al. 2011). Covered the period 21 August 2003 to 20 August 2008.  

• 4th assessment: Completed in conjunction with the University of Pittsburgh in 2014 

(Tonsor et al. 2014). Covered the period 21 August 2008 to 20 August 2013.  

The University of Pittsburgh and the Carnegie Museum of Natural History (CMNH) were 

contracted by PADEP in 2017 to conduct the 5th assessment.  

Each report has generated productive discussions between the citizens of the Commonwealth and 

PADEP regarding desired enhancements to the content of the reports. This in turn has led to 

modifications of PADEP’s reporting requirements associated with mining permits. The 

University’s contract for production of the 5th 
report (Appendix L) also reflects those discussions.  

1.C - Impacts of Underground Mining on Surface Features and Structures 

Subsidence impacts occur due to adjustments in rock strata following the creation of voids at 

depth (These adjustments and their influence on subsidence are discussed in Appendix D). The 

majority of possible impacts related to underground mining discussed in this report are 

associated with mining induced surface subsidence.  

1.C.1 - Structures: Impacts of Underground Mining  

Any structure that falls within the subsidence basin has the potential to be impacted. The reasons 

for this are many, including rapidly changing surface slope, curvature, and horizontal strain 

conditions. Impacts to buildings and structures include shifting of foundations, extensional 

cracks in walls and floors, and buckling of walls and floors.  

1.C.2 - Water supplies: Impacts of Underground Mining  

Subsidence-related impacts to water supplies can diminish water flow or alter hydrologic flow 

paths changing water chemistry and sometimes reduce its residential, agricultural and 

commercial value and use. Impacts to water supplies have been occasionally known to extend 

beyond the subsidence basin (Witkowski 2011).  

Room-and-pillar mining may also affect water supplies. The altered groundwater flow paths that 

occur under specific conditions may impact the quantity and quality of water produced by wells 

and springs.  

1.C.3 - Hydrology: Impacts of Underground Longwall Mining  

Subsidence associated with underground mining has the potential to alter the hydrologic cycle in 

overlying areas. Changes to surface water flows, either through impedance (i.e. pooling) or 

routing of surface waters through sub-surface flow paths (i.e. flow loss), are described below. 

However, the hydrological impacts to non-stream portions of the landscape are less well 
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characterized. Southwestern Pennsylvania’s geologic template results in substantial groundwater 

aquifers that sustain surface water flow during periods without precipitation and provide drinking 

water for more than 3 million residents of Pennsylvania living beyond public water distribution 

networks (Swistock et al. 2009). The surface disturbances associated with longwall mining have 

significant implications for these water resources, including the potential “loss” of wells 

accessing these aquifers (i.e. diminished water yields or water quality from these wells) and the 

potential loss of flow in surface waters.  

1.C.4 - Streams: Ecology and the Impacts of Underground Mining  

With over 83,000 miles of streams (U.S. EPA 1998), Pennsylvania is rich in aquatic resources. 

Pennsylvania has the greatest miles of stream per square mile of land surface of any state in the 

continental U.S., with three-fold more than Ohio and 1.5-fold that of West Virginia. The total 

economic benefits derived from rivers and streams are substantial (U.S. National Park Service 

2001). For example, angler use and harvest from trout-stocked streams in Pennsylvania 

generated over $65.7 million across the first eight weeks of the 2005 trout season (Greene et al. 

2006). Thus, understanding the impact of underground coal mining on streams and rivers is an 

especially important issue in the Commonwealth.  

In general, subsidence impacts geological structures altering flow paths and impacting streams. 

The formation of subsidence basins above the longwall panels can create barriers to stream flow 

above the un-subsided gate road entries. The uneven subsidence between panels and gate road 

entries creates a dam-like barrier and stream water pools upstream of the gate road entries. 

“Pooling” typically occurs in flat reaches (i.e., valley slopes at less than 2 % slope). In more 

headwaters systems, compressive and tensile forces generated in the bedrock between the mine 

and the surface can cause bedrock fracturing within and beneath the streambed. The fractures can 

lead to draining of surface water into deeper strata and loss of stream flow and riparian aquifer 

storage.  

Disturbances in stream flow and changes in stream chemistry are widely regarded as the most 

critical factors influencing stream ecosystems (Resh 1988, Lake 2000, Bunn & Arthington 

2002). The effects of pooling disturbances are likely similar to those associated with dams and 

weirs. Reduction in flow variability and lowered flows adversely affect stream ecology 

(reviewed in Bunn & Arthington 2002). Impacts include excessive stream vegetation growth 

(Walker et al. 1994), increases in undesirable insect species such as blackflies (De Moor 1986), 

reduced aquatic insect diversity (Williams and Winget 1979) and ultimately reductions in fish 

populations (Converse et al. 1998). The effects of subsidence-induced flow loss disturbances are 

analogous to those of a drought disturbance. During drought, flow loss creates a reduction in 

habitat space (Lake 2000). As a result, biota are forced to exist in higher densities in small pools 

where predation and competition pressure may intensify. Further, smaller pools are more 

sensitive to abiotic stressors such as increased water temperatures and associated decreases in 

dissolved oxygen content. Ultimately, the continuity of the stream system is broken, as resources 

that are introduced upstream are no longer carried downstream. Overall, pooling and flow loss 

result in physiochemical changes that can impact the aquatic life of a stream and the ability of 

the stream to support a healthy stream community of fish and compromise the designated uses of 

the stream.  
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Under the authority of the Pennsylvania Clean Streams Law (35 P.S. §691.1 et seq.) and 

regulations in PA Code Title 25, including Chapters 86, 89, 93, 96 and 105, the PADEP “will 

ensure that underground mining activities are designed to protect and maintain the existing and 

designated uses of perennial and intermittent streams” (PADEP 2005). In Pennsylvania, four 

designated uses for streams are identified and required by law (PA Code, Title 25, Chapter 93.3) 

to be maintained and propagated:  

• Cold water fishes – waters containing or suitable for fishes, flora, and fauna that prefer 

cold water habitats, including fish species of the family Salmonidae (e.g. trout)  

• Warm water fishes – waters containing or suitable for fishes, flora, and fauna that prefer 

warm water habitats  

• Migratory fishes – water periodically containing or suitable for fishes that must move 

through flowing habitats to their breeding ground to complete their life cycle  

• Trout stocking – waters stocked with trout and fishes, and the flora and fauna that are 

indigenous to warm water habitats  

In addition, Technical Guidance Document 391-0300-002 (PADEP 2003) specifies criteria for 

classification as High Quality or Exceptional Value Waters. The ultimate criteria for 

establishment as Exceptional Value waters, and an important general criterion for establishing 

designated use category and its attainment, is based on the aquatic macroinvertebrate community 

the waters contain. Macroinvertebrate community composition generally predicts a stream’s fish 

community (e.g. Lammert & Allan 1999). In addition, macroinvertebrate taxa span a wide range 

of trophic levels and pollution tolerance, so macroinvertebrate community composition can 

reflect the physical and chemical characteristics of the stream (Barbour et al. 1999). Measures of 

the macroinvertebrate community are therefore appropriate for assessing the influence of mining 

on local stream stretches.  

1.C.5 - Wetlands: Ecology and Impacts of Mine Subsidence  

In Pennsylvania, wetlands are defined as “areas that are inundated or saturated by surface water 

or groundwater at a frequency and duration sufficient to support, and that under normal 

circumstances do support, a prevalence of vegetation typically adapted for life in saturated soil 

conditions, including swamps, marshes, bogs and similar areas” (PA Code, Title 25, Chapter 

105.1; adopted from U.S. Army Corps of Engineers). Wetlands can provide several critical 

ecosystem services for humans, including flood mitigation, storm abatement, groundwater 

recharge, pollution prevention, and recreation (Mitsch and Gosselink 2007). Wetlands also 

provide critical habitat for animal and plant species, many of which are threatened or 

endangered. Indeed, 28 % of plants and 68 % of birds listed under the U.S. Endangered Species 

Act occupy wetland habitats (Mitsch and Gosselink 2007). As a result of their importance to both 

humans and wildlife, wetlands are protected under federal law. The primary regulation guiding 

wetland protection is Section 404 of the Federal Water Pollution Control Act (commonly known 

as the Clean Water Act). The U.S. Army Corps of Engineers is responsible for administering 

Section 404, with assistance from the U.S. Environmental Protection Agency, the U.S. Fish and 

Wildlife Service, and state agencies such as PADEP.  
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Wetlands are generally characterized by three features – wetland hydrology, hydric soils, and 

vegetation (Environmental Laboratory 1987). Ultimately, the ecological characteristics of 

wetlands are dictated by surface and groundwater inputs (Keddy 2000). Changes in water level 

can simultaneously create and destroy microhabitats within wetlands and affect the size and 

overall function of the wetland.  

Mining-related subsidence can affect water levels in wetlands through three primary 

mechanisms. First, subsidence-induced pooling along streams can result in flooding of riparian 

wetlands. The excess surface water can increase the duration and extent of wetland saturation, 

resulting in the conversion of upland habitat to wetland habitat. Generally, these impacts are 

predicted to result in a net gain of wetland acreage. In contrast, subsidence-induced flow loss in 

streams can diminish surface water and groundwater inputs to riparian wetlands. Surface and 

sub-surface cracks in the bedrock can drain water from wetlands, decreasing the zones of 

inundation and/or saturation. These impacts are predicted to result in a net loss of wetland 

acreage. Lastly, migration of springs and seeps down slope following mine subsidence could 

result in the relocation of slope-side wetlands. The migration of a spring or seep and loss of the 

groundwater discharge at that location is expected to result in the loss of wetland habitat. If the 

spring re- appears downslope, then a new wetland may be created at that location. Overall, 

impacts from underground mining can either increase or decrease wetland acreage. To comply 

with federal regulations, mine operators must show that no net loss of wetlands occurs.  

1.D - Recommendations from the 4th assessment report and internal review 

During the 4th assessment (Tonsor et al. 2014), the PADEP tasked the University to provide 

recommendations based on data to improve the implementation of Act 54. The University 

provided general recommendations on data submission, management and retrieval, and specific 

recommendations to monitor impacts on structures, water supplies, groundwater, streams, and 

wetlands. The PADEP conducted an internal review of the 4th assessment report with workgroup 

participants from the Bureau of Mining Programs, the Bureau of Point and Non-Point Source 

Management, and the California District Mining Office (PADEP 2015). The PADEP also 

assessed public comments made on the report that were collected through the Citizen’s Advisory 

Council’s public hearings, summarizing public concern about “quantity and quality of data, 

access to the data, a perceived lack of data organization and management, dissatisfaction with the 

current Act and processes allowed under the law, and transparency” (PADEP 2015).  

In their internal review of the 4th assessment report, the PADEP workgroup (1) identified 95 

issues to address, (2) responded to each of the 95 issues, and (3) prepared 45 recommended 

actions for PADEP executive staff to improve implementation of Act 54 (PADEP 2015). The 

workgroup summarized key recommendations from the 4th assessment report and internal 

review. PADEP executive staff completed 30 of these 45 action items. Though 15 of the 45 

action items for executive staff are not completed because they are ongoing or long-term, the 

University observed PADEP making a good-faith effort to address the concerns and 

recommendations from the 4th assessment report. The University is confident that PADEP will 

implement electronic data submission, update data standards for uniformity in operator 

submission and staff review, review stream guidance policy, and implement research to evaluate 

effects of longwall mining on stream water quality and quantity. Other recommendations are 
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more challenging but worthy of pursuit and investment. For example, replacing BUMIS is a 

challenging long-term goal recommended in the 4th assessment report that is not currently being 

pursued by PADEP. But a replaced database could improve staff implementation of Act 54 

requirements, reduce agency costs over time, and reduce costs of mine operators.  
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2.A – Overview 
 
This section documents methods of data collection and processing used in analyses included in 
the 5th Act 54 report. Much of the data are stored in a geographic information system (GIS). In 
addition to this documentation, this chapter outlines the challenges and limitations encountered 
in assembling the necessary information and makes recommendations for improving this process.  
 
At this point it is also important to note that the spatial data depicted in all maps in this report are 
limited in their use.  In particular, according to PADEP, "The georeferenced map layers on these 
products were provided by the Pennsylvania Department of Environmental Protection. These 
maps were georeferenced using information considered to be the best historic data available. It is 
understood that there is an inherent loss of accuracy in the georeferencing process and the 
georeferenced maps may not align correctly with base maps, real world locations, and/or 
established coordinate systems. The Department assumes no responsibility for the accuracy or 
completeness of this information." 
  
 
 

2.B – Introduction 
 
The impacts of mining are distributed across broad spatial areas.  While impacts are generally 
limited to an area immediately above and surrounding the undermined area, mines stretch across 
most of southwestern Pennsylvania. This results in a complicated data management environment 
that requires the organization of precise geographic information.  The geographically organized 
data are then compared with varied data sources ranging from BUMIS to stream recovery 
evaluation reports to wetland surveys submitted as part of permit renewals.  These data 
challenges are not unique to the University, as PADEP personnel must evaluate impacts from 
coal extraction as they occur. 
 
In the previous assessment (Tonsor et al. 2014), substantial effort was devoted to tying digital 
versions of paper records, particularly six-month mining maps to geographic coordinates 
(rectification).  In this assessment, the PADEP shared rectified mine maps with the University, 
simplifying the cataloging of relevant geographic data.  This was a successful change from 
previous assessment data workflows, allowing focus on the digitization of other data sources that 
are less standardized (those efforts are described throughout the report as they are analyzed).  
The University maintains that as mine operators store and manage these data in digital formats 
that PADEP management require submission of electronic mining maps (see Tonsor et al. 2014).  
The amount of effort necessary to digitize and cross-check mine maps is substantial and strains 
limited resources.  
 
In general, the organization of spatial data proceeded in three phases: 

1) At the outset of the assessment effort mines that had ceased operation during the 
assessment period (August 2013-August 2018) were gathered. 

2) These initial data were used as cases to develop standard procedures for the processing 
and assessment of the necessary data sets. 
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3) After August 2018, information on mining extent and overlying features was collected 
and processed for all remaining mines, i.e. that continued operations throughout the 
reporting period, using the procedures developed in the second phase. 

 
This is the second assessment to be scheduled so that the data collection period (November 2017 
through December 2018) and the assessment period (August 21, 2013 through August 20, 2018) 
overlapped.  This approach has the advantage of allowing a timelier report (submitted in August 
2019).  However, the overlap in timing continues to present challenges in data quality control.  
The difficulties in reconciling the PADEP’s mine map reporting schedule, the delays associated 
with PADEP approval of the mine maps submitted by the mine operators, and the assessment 
period were noted in the last assessment (Tonsor et al. 2014).  The PADEP staggers the 
scheduled mine map reporting dates for the mine owners over the course of the year to distribute 
the effort necessary for the PADEP to process these maps.  With a six-month reporting cycle, 
maps associated with mining completed in August may not be reported to PADEP until 
February.  In addition, the California office may not receive the final maps for months after the 
submission deadline due to certifications necessary at other offices, for example the U.S. Mine 
Safety & Health Administration offices.  
 
The University anticipated this challenge and dedicated significant effort in attempts to ensure 
that the end extents of mining for the 5th assessment period were accurate.  Using the best 
available information on the extents of mining in September 2018, the University processed and 
analyzed the data provided, per the University’s agreement with PADEP.  However in February 
of 2019 the University requested maps of the weekly face positions from the PADEP to explore 
other questions and discovered that there were minor discrepancies between the extents of 
mining based on data reported to the PADEP and the University in September 2018 and the 
mapped face positions provided by the PADEP in March 2019. At this point, the data processing 
and analysis was complete, so reconciling these sources of information on mining extents at the 
end of the reporting period was not feasible.  This does not alter impact analysis in this 
assessment (see the discussion below), but it may alter the total counts of surface features.  This 
outcome is consistent with previous assessments in which final positions were ambiguous.  For 
longwall mines, the weekly face position maps provide the most accurate determination of the 
limits of mining.  To improve future assessments, the University recommends that the PADEP 
provide weekly face position maps to the University to supplement the six-month mine maps, at 
least for the longwall operations.   
 
 

2.C – Bituminous Underground Mining Information System (BUMIS) 
 

The Bituminous Underground Mining Information System (BUMIS) is maintained by PADEP to 
track surface impacts related to underground mining activities. In the previous assessment, there 
were specific recommendations for improvements in BUMIS.  Important recommendations 
included (Tonsor et al. 2014): 

X.B.2.a.2i: ALL information that can be georeferenced and is pertinent to permitting, 
regulation, and reporting should be included in BUMIS to create a true information 
system where all relevant information can be accessed. 
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X.B.3.a.i: Structures and surface features should be labelled with a unique numerical 
identifier whereby that feature can be identified solely by its numerical identification for 
a given mine.   

In both cases improvements were evident in the BUMIS.  While there remained mismatches 
between the BUMIS identifiers and the mine map identifiers, the rates of these mismatches were 
lower for this 5th assessment period than that noted in the 4th assessment period.  A substantial 
section on streams, stream impacts, and stream mitigations was added to BUMIS.  These 
improvements are important advances in the centralized management of mining data. 
 
BUMIS is the “gold standard” data source as the University evaluates impacts from underground 
mining.  That is, if a report of an impact occurs, the University assumes it is included in BUMIS.  
This reliance on a single source is fundamental to confidence that the small discrepancies 
between the reported and actual mining extents will not radically change conclusions.  The 
impact numbers were derived from BUMIS and BUMIS was queried based on a time criterion 
(i.e., please list all impacts that occurred before 8/20/2018).  Therefore, the University did not 
under- or over-count impacts in the assessment period due to mapping discrepancies.  Any 
differences would be in the counting of unimpacted features. 
 
To the extent that BUMIS is not accurate, or consistently omits impacts, analyses are inaccurate.  
In the scope of the assessment, the focus is assuring the quality of reported impacts data.  
Assessing the accuracy of the BUMIS reporting record (i.e., ensuring reporting is 100 % 
accurate) is beyond the scope of the assessment.  That assessment would entail canvassing of 
hundreds of property owners, walking miles of undermined streams, etc., tasks that require 
access to private property and presence throughout the assessment period (e.g. if a stream is 
impacted and mitigated in year one of the period, the University is categorically unable to 
evaluate that work in year five.)  This type of quality assurance is beyond the scope of work and 
not consistent with what the Act 54 legislation specifies for assessment. 
 
That said, the potential for under-reporting is diminished by PADEP policy, which requires all 
impacts to be reported regardless of agreement or ownership.  If mining companies fail to report 
any impacts within the time frame allowed by the statute and the PADEP later learns about the 
impacts, the mining companies are cited with a violation.  The occurrence of these violations is 
rare (per comm. William Keefer PADEP, Table 2-1), suggesting the potential under reporting of 
subsidence impacts is a minor concern during the 5th assessment period and the use of BUMIS as 
the gold standard for impacts allows unbiased impact tabulations. 

Table 2-1. Number of violations issued for failure to report an impact during the 5th assessment 
period (per comm, William Keefer PADEP). 

Year 2013 2014 2015 2016 2017 2018 

Number of violations for failure to report an impact 4 1 1 0 1 1

 
Throughout the assessment report, the University treats the BUMIS record as the most correct 
reported impact data set and assesses this assumption by cross-checking BUMIS data where 
possible. 
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2.D - Data Sources, Software, and Standardization 

 
2.D.1 - Base Data 
 
As with any broad spatial analysis, the use of common spatial data is helpful.  The University 
relied on federal, state, and county sources for a wide variety of base data. Table 2-2 summarizes 
the data and the source. 
 
Table 2-2. Spatial data assembled from external sources for use in the 5th Act 54 Assessment. 
Data Agency Data Web Address (if applicable)
Local Roads PennDOT http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry= 

PASDA&file=PaLocalRoads2014_02.xml&dataset=1038
State Roads PennDOT http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry= 

PASDA&file=PaStateRoads2014_02.xml&dataset=54
Networked 
Streams of 
Pennsylvania 

Environmental 
Resources 
Research 
Institute (ERRI) 
at PSU 

http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry= 
PASDA&file=netstreams1998.xml&dataset=16 

Small 
watershed 
boundaries 

Environmental 
Resources 
Research 
Institute (ERRI) 
at PSU 

http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry= 
PASDA&file=smallsheds.xml&dataset=14 

Waterbodies National 
Hydrography 
Dataset (NHD) 

http://nhd.usgs.gov 

County 
Boundaries 

PennDOT http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry= 
PASDA&file=PaCounty2014_02.xml&dataset=24

Elevation PAMAP program 
LiDAR 

http://www.pasda.psu.edu/uci/MetadataDisplay.aspx?entry= 
PASDA&file=PAMAP_DEM.xml&dataset=1247 

Washington 
County 
Parcels 

Washington 
County GIS 
Department 

Direct from GIS Department 

Greene 
County 
Parcels 

Greene County 
Department of 
Economic 
Development, 
GIS Coordinator 

Direct from GIS Department 
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2.D.2 - Data on Mining Extents and Undermined Features 
 
The University gathered mine extents and undermined feature locations from three sources: 

 Six-month mining maps and Plus Maps submitted by the mine operators to PADEP and 
rectified by PADEP 

 Digital spatial data (GIS or CAD files supplied by the mine operators to the University) 
 Bituminous Underground Mining Information System (BUMIS)  

 
2.D.2.a - Six-Month Mining Maps 
 
Six-month mining maps are submitted by the mine operator to PADEP twice a year for each 
mine. Map submittal schedules for the various mines are distributed across the year by PADEP 
to spread PADEP map evaluation effort evenly over the course of the year.  The University 
focused on the following in the six-month maps: 

 The extent of any mining that occurred during the prior six months  
 Anticipated mining extent during the next six-month period  
 Locations of surface features such as properties, structures, water supplies and utilities 

over or close to undermined areas and thus the subject of PADEP mining-related 
oversight. 

Most maps include additional information on coal depths, usually as contours.  
 
The University received rectified six-month mining maps as Tagged-Image Format (TIF) or 
multi-resolution seamless image database (MrSID / SID) format images from the California 
District Mining Office (CDMO). The University used the most recent available maps and 
incorporated newer versions as they became available.   
 
2.D.2.b - Mine Operator Data  
 
The University visited mine operators to request digital versions of the information that 
constitutes a six-month mining map to allow for data quality assurance. Most operators agreed to 
supply digital ArcGIS or AutoCAD files to enhance accuracy and diminish inherent errors 
associated with digitizing of features from paper mine maps. The digital data obtained from 
operators were compared with the paper six-month mining map records to assure both 
documents were consistent.  The University used ArcGIS 10.x software (ESRI, Redlands, CA) as 
the primary spatial data management tool and all CAD data were converted into ArcGIS 
compatible files. The CAD files were initially opened in Autodesk's AutoCAD software and 
each of the features of interest was then exported individually as a separate CAD file. This suite 
of new CAD files was then imported one-by-one into ArcMap using ESRI CAD-to-geodatabase 
tools. 
 
2.D.2.c - Use of Bituminous Underground Mining Information System in Data Gathering 
 
BUMIS tracks surface features that include structures, water supplies (wells and springs), water 
bodies, streams, and utilities (water and sewer supply systems, power lines, gas lines, and roads). 
During the 5th assessment period, a set of additional tables designed to track stream impacts 
(pooling, heaving, flow loss, etc.) and mitigation of these stream impacts was added to the 
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BUMIS database. BUMIS not only tracks impact on surface features, it also includes both 
corrective actions by mine operators and regulatory actions by PADEP.  
BUMIS access is a challenge for non-PADEP entities. The interface is built in Java, a language 
that modern internet browsers do not support due to security concerns.  For example, Java is not 
supported by current versions of Mozilla Firefox or Google Chrome. Any interaction with 
PADEP computer systems by the University therefore required the use of archived versions of 
Internet Explorer (which is less secure than actively maintained browser software).  As with the 
4th assessment, BUMIS data were downloaded by PADEP as Microsoft Excel spreadsheets and 
shared with the University. The University rebuilt data structures in Microsoft Access and 
compared these data with spatial data in ArcGIS.  This arrangement causes problems.  For 
example, for some cases there is extensive narrative included about complicated or ambiguous 
impacts.  It took several months of communication with PADEP for the University to understand 
that these comments had been moved to a new table that was not included with the Excel 
spreadsheet.  Further, once requested, this table had to be extensively processed by PADEP 
managers before it was in a workable form to use with the other data tables.  These limitations 
are frustrating for all users of BUMIS.  The University strongly recommends the modernization 
of the BUMIS data systems.   
 
The most important limitation imparted to BUMIS by these software constraints is the limited 
ability of the primary impact tracking tool to interface with data managed by geographic 
information systems.  Spatial coordinates were almost never provided for non-stream features in 
BUMIS during the 5th assessment period (e.g., there were no coordinates provided for over 1,000 
“feature” entries for structure, land, and water supply impacts recorded during the 5th assessment 
period)  . The University utilized information in the six-month mining maps and Module 22, 
Section 22.7 of the underground mining permit application (5600-PM-BMP0324) in the permit 
files to locate features based on the feature’s identification number. During the 4th assessment 
over 40 % of BUMIS features (i.e., structures, water supplies, utilities) were not assigned a 
unique identification number.  In contrast, during the 5th assessment only 16 % of all reported 
effects had to be clarified with the PADEP for any reason. While the accuracy of BUMIS 
information has improved, some of the specific suggestions made in the 4th assessment report 
were slow to be adopted or not adopted at all.  Part of this slow pace results from barriers to this 
change at fundamental levels.  For example, there are apparent legal concerns about the validity 
of professional seals in electronic versions of data. The University recommends creation of 
infrastructure to allow for electronic submission of these data.  
 
2.D.3 - Act 54 2nd and 3rd Assessment Spatial Data  
 
Because the University has created the spatial databases for the 3rd and 4th Act 54 assessments 
(Iannacchione et al. 2011, Tonsor et al. 2014), the data were readily available for use in the 
current assessment. Additionally, the University had acquired the spatial data from the California 
University of Pennsylvania’s 2nd Act 54 report (Conte and Moses 2005), however, those data are 
in a different format and therefore used less frequently.  
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2.D.4 - Standardization of Datum and Coordinate Systems 
 
Once collected, all spatial data sets were converted to a standard datum and coordinate system: 
the North American Datum of 1983 (NAD 1983) for the earth-shape model and the Universal 
Transverse Mercator (UTM) coordinate system to ensure equal area in analysis and minimize 
local distortion. During the 5th Act 54 assessment, all undermined layers lie within Zone 17 
North of the UTM coordinate system. 
 
 

2.E – Data Layers Generated by the University 
 
Using the data described above, the University generated relevant data layers for addressing the 
tasks set forth by PADEP. Specifically, the University generated the following the data layers for 
each mine, where applicable: 

 Mining Extents 
 Surface Features 
 Overburden 
 Buffers 
 Topography 
 Wetlands 

 
2.E.1 - Mining Extents 
 
As in the 4th assessment report, “mining extents” define the area on the surface within which 
room-and-pillar, longwall, or pillar recovery mining took place. Mining extents in the 5th 
assessment include all slivers of mining extent that were not captured in the 4th assessment due to 
the mine map submission schedule challenges outlined above.  That is, the mining extents are 
stored as polygons and attributed to the applicable mining type. The polygons were compared to 
the mining extents reported for the 3rd and 4th assessment periods. The comparison revealed 
small areas, “slivers” of land that were undermined during the 4th assessment but were not 
reported in the 4th assessment. These slivers of unreported prior mining were stored separately in 
the University’s GIS database, but included in the totals and analyses presented in this report.  
The end extent reported was based on the best final information available during the University’s 
data intake process and are depicted in the maps in Appendix B.  
 
Most mining extents were provided by the mine operators soon after August 30, 2018 (earlier if 
mining had ceased prior to that date) as digital files (see Section 2.C.2.2). Mining extents that 
were not available as digital files were traced by the University using ArcMap from rectified six-
month mining maps provided by PADEP (Table 2-3).  
 
2.E.C.2 - Surface features 
 
Property parcels, structures, water supplies, water bodies, streams and miscellaneous utilities are 
considered surface features. In cases where digital data were not available, these features were 
created by tracing features depicted in the six-month mining maps.  Stream and utility layers 
were obtained from the base data (Table 2-2). 
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Additional information was calculated for the structure, water supply, and water body features. 
These data were added to the feature's attributes.  The following fields were added: 

 Distance to Mining: the straight-line distance between each feature within the layer and 
the edge of mining; calculated for each mining method (Room-and-Pillar, Longwall, and 
Pillar Recovery) using ArcMap's Near tool. 

 Proximity to Buffer: classification of each feature as inside or outside of that layer's 
applicable buffer; calculated using ArcMap's Select By Location tool and the University-
created buffers (see section 2.C.4) 

 
 
2.E.3 - Overburden 
 
Overburden is the amount of overlying rock between mining and the surface. The method of 
overburden calculation varied with the data provided to the University, particularly as reporting 
of coal or surface elevation varied by mine. Depending on the data, the University utilized one of 
two methods to derive overburden layers for each mine.  
 
When overburden data were reported, it was used directly by the University after cross check 
with the six-month mining maps. Overburden rasters were used as is, while overburden contours 
were interpolated to a continuous overburden raster with the ArcGIS “Topo to Raster” tool. 
 
When overburden was not provided, coal contours were interpolated into a continuous coal 
elevation raster with the Topo to Raster tool (resolution: 30-m pixel). The coal elevation raster 
was subtracted from the surface elevation raster derived from LiDAR DEMs to generate an 
overburden raster.  
 
2.E.4 - Buffers 
 
The University created the three buffers corresponding to PADEP regulatory boundaries. Buffers 
were derived using the combined mining extents for all mining methods employed. For example, 
buffers were based on the combined extents of mining methods if a mine employed both room-
and-pillar and longwall mining methods. 
 

1. A 1,000-ft outer buffer was derived for each mine.  All features falling within this buffer 
were tracked. Any feature that fell within 1,000-ft of mining was identified and, if 
impacted, associated with the BUMIS record.  

 
2. A 200-ft outer buffer was delineated for each mine, per PADEP policy. Structures and 

streams falling within this buffer were included in structure and stream feature 
inventories compiled for each mine. 

 
3. The Rebuttable Presumption Zone (RPZ), a buffer dependent on overburden, was derived 

from the overburden rasters. Each overburden pixel falling on the mining extent 
boundary was buffered separately using the equation shown below: 
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(Where O = the overburden pixel value and RPZ = the buffer distance) 
 

The resulting pixel-buffer boundaries were combined into single polygon that served as 
the RPZ buffer. Water supplies and water bodies falling within the RPZ are presumed to 
be impacted by mining unless the mine operators rebut this presumption with additional 
data.  

 
 
2.E.5 - Wetlands  
 
Data used to calculate wetland acreage undermined by longwall mines during the 5th assessment 
period was sent to the University in different formats, including ESRI ArcGIS shapefile, 
AutoCAD, and Environmental Resource Maps. In every case, the data were converted from 
original file formats into a geodatabase feature class. For all longwall mines, post-mining 
delineations could not be recorded over the entire 5th assessment extent because post-mining 
wetland delineations are conducted on a separate five-year permit renewal schedule for each 
mine.  
 

2.F –GIS Database Structure 
 
The University organized these data into a separate folder for each mine that contained all data 
for that mine. Within the folder, each mine has: 

 A “personal” geodatabase (.mdb) containing all of the digital ArcGIS-format data layers 
collected or derived. 

 A folder of geo-referenced six-month mining maps 
 A “Topography” folder containing rasters relating to elevation  
 Original CAD files, if the data was received in Autodesk format 
 A map file (.mxd) for ArcMap versions 10.x 

 
While each mine had unique information, all were required to have certain features for analysis. 
Table 2-3 shows the full list of required features. 
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Table 2-3. Required layers, their locations, and origins. 
Feature Type Location Origin 

Overburden Layer Raster Geodatabase Collected 
Mining Extent Layer(s) Feature Class Geodatabase Collected 
Structure Layer Feature Class Geodatabase Collected 
Water Sources Layer Feature Class Geodatabase Collected 
Water Bodies Layer Feature Class Geodatabase Collected 
Properties Layer Feature Class Geodatabase Collected 
Buffer Layers Feature Class Geodatabase Created 
LiDAR DEM Raster Topography Folder Collected 
Geo-referenced Six-Month 
Mining Maps 

Geo-TIF Images Geo-referenced Maps 
Folder

Collected  

 
 

2.G – Summary 
 
To fulfill the tasks outlined by PADEP, the University constructed a Geographic Information 
System. Data collection occurred in two main efforts: collection of closed or idle mine before the 
August 2018 end date and collection of active mines beginning at the end of August 2018. The 
overlap between the University’s contracted project period and the Act 54 assessment period 
continues to pose some challenges for data collection.  PADEP’s staggered schedule for 
submission of six-month mining maps resulted in some data being unavailable to the University 
for analysis. It is not clear that the condensed project period that would result from changing the 
project period would be a better option for assessment, given the iterative nature of quality 
assurance efforts.  
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3.A – Overview 

From August 21, 2013 to August 20, 2018 forty-nine (49) underground bituminous coal 
operations undermined 28,854 acres in Pennsylvania. These mines were owned and operated by 
11 companies, and included three types of mines: longwall, room-and-pillar, and pillar recovery. 
Mines in the 5th assessment where higher in number but lower in the acres of mining compared 
to the 4th assessment period. Two new longwall mines started operating in Pennsylvania during 
the 5th assessment period, Harvey and Tunnel Ridge (Harvey Mine is a portion of Bailey Mine 
that was re-permitted). In addition, 10 new room-and-pillar mines opened during the 5th 
assessment. During this same period, 19 mines closed. As with the last assessments, most of the 
acreage mined is occurring in the Pittsburgh coalbed longwall mines of Washington and Greene 
Counties. Figure 3-1 shows all mining in longwall operations that occurred during the 5th 
assessment period.  

 
Figure 3-1. Map of all longwall mining extended during the 5th assessment period. 

 

As specified in the scope of work (Appendix L), the University performed a detailed analysis of 
all active mines in the 5th assessment period from the data collected from the PADEP and mine 
operators. During this period, acres mined, mining type and method, operating company, and 
overburden were identified and analyzed.  
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3.A.1 – Disclaimer 

Six-month mining maps near the end of the 5th assessment period were not available to the 
University. As a result, several areas (most notable the 10W panel of Monongahela County 
mine) are not included here. Likewise, areas mined in previous assessments but not logged in the 
Act 54 reports were added to the 5th assessment for completeness in future analysis. These mines 
were analyzed from a standpoint of mining type, acres mined, overburden, and impact occurring 
over the mines. Barbara 2, Brubaker, Gillhouser, Nolo, Penfield, Toms Run, Kimberly, and Twin 
Rocks AA. All had relatively small areas missed in the 4th assessment period and were added to 
the 5th assessment data. 

 
3.B - Mines in Operation during the 5th Assessment 

Of the 49 active mines during the 5th assessment period, seven were longwall mines, 37 room-
and-pillar mines, and five pillar recovery mines. The active mines were determined by reviewing 
dates of mining on 6-month mine maps provided by the PADEP, the BUMIS database, and the 
Mine Safety and Health Administration (MSHA) Mine Data Retrieval System where quarterly 
miner employment rates are available. For longwall mining operations “Plus Maps” were used 
when applicable to determine the exact face position of the longwall mines during the assessment 
period.  

3.B.1 – Types of Mining Operations 

Each of the 49 mines are categorized as: a longwall mine, a room-and-pillar mine, or a pillar 
recovery mine. These three mine types represent all the types used for the extraction of 
underground bituminous coal in Pennsylvania. Given the requested analysis of subsidence 
impacts by mining type, differentiation between mine type and mining method provides essential 
clarity.  Within a mine, different mining methods can be used. In a longwall mine, the room-and-
pillar mining method is used for developing main, gate road, and bleeder entries. Within pillar 
recovery mine, room-and-pillar mining method is used to drive main entries and develop the 
sections where pillar recovery will occur. The pillar recovery mining method involves the 
extraction of specific coal pillars in a production panel. Room-and-pillar mines only uses the 
room-and-pillar development method. Table 3-1 shows the extraction ratio used by the different 
mining methods. The room-and-pillar developments have the lowest extraction ratio while 
longwall panels have a 100 % extraction ratio. The extraction ratio is important because the 
higher the extraction ratio, the higher the potential for subsidence and, in general, the more likely 
impacts will occur. The least amount of subsidence should be expected from room-and-pillar 
mines while longwall should have the greatest.  
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Table 3-1. Extraction ratio by mining method. 

Mining Method 
Extraction 
Ratio (Re) 

Room-and-Pillar 
Developments

0.4 to 0.7 

Pillar Recovery 0.7 to 1.0 
Longwall 1.0 

 
3.B.2 - Total Acres Mined  
 
The 49 active mines mined 28,854 acres during the 5th assessment period (Table 3-2). The 
longwall mines mined 61.9 % of the total acreage and the pillar recovery mines had the least 
percentage, 8.7 %, of acres mined. 

 
Table 3-2. Acres mined per mining type. 

Mine Type 
Total Acres Mined 

3rd Assessment 4th Assessment 5th Assessment 

Longwall 24,607 (64.3 %) 17,005 (54.3 %) 17,873 (61.9 %)
Room-and-Pillar 11,552 (30.2 %) 12,353 (39.4 %) 8,487 (29.4 %)
Pillar Recovery 2,097 (5.5 %) 1,984 (6.3 %) 2,494 (8.7 %)

 
Figure 3-2 compares the acres mined per mine type for each assessment period. The 3rd 
assessment period mined the most acres and the 5th assessment period mined the least. There was 
a large drop on acres mined in longwall mining from the 3rd assessment to the 4th assessment, but 
the acres did not drop in the 5th assessment. However, for room-and-pillar the acres decreased 
from the 4th to the 5th assessment period. The pillar recovery mines have had slight changes in 
acres mined but these values are not significant. One reason for the decrease in acres mined in 
both the longwall mines and the room-and-pillar mining is the rate of mining. In past assessment 
periods, the mine operators were often working seven days a week, 24 hours a day. Currently, 
most operations mine five days a week.  
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Figure 3-2. Area mined per assessment period for the three mine types. 

 

As the subsidence impacts are analyzed on an ongoing basis, it is important to consider changes 
in mining activity that may influence the magnitude of subsidence impacts observed during the 
5th assessment period.  Over the last 15 years the total number of mines has been relatively 
constant, with a slight increase from the 4th to the 5th assessment period. However, while the 
number of mines has remained fairly constant, the acres of coal mined has decreased by 24.5 % 
(Figure 3-3).  

 
Figure 3-3. Total number of mines versus acres mined over the last 15-years. 

 
3.B.3 - Mining Methods with expected Subsidence  

It is especially important to track areas where pillar recovery and longwall mining methods 
occur, because this is where deformations and strains are projected to be greatest (Appendix D). 
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In the 5th assessment there were parts of 55 longwall panels mined, seven of these were still 
active as of August 20, 2018. Changes in panel characteristics were tracked and analyzed 
compared to impacts trends over the last 5-years.  
 
The Longwall Mining Method: The longwall mining method (panels only) undermined 16,700 
acres during the 5th assessment period.  This extent of mining is summarized by panel in Table 3-
3). The average panel width is approximately 1,400-ft and ranged between a minimum of 
approximately 1,000-ft and a maximum of approximately 1,600-ft. The average acres mined per 
day was approximately 1.13 with a minimum of 0.4 and a maximum of 2.21. 
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Table 3-3. Longwall panel size, shape, and mining history.  

Mine Panel Start End Acreage
Acres/

day
Width Length Status*

Bailey 1L 7/28/14  6/29/15 371 1.10 1462 11049 C
2L 7/14/15  6/17/16 503 1.48 1495 14359 C
3L 6/27/16  2/13/17 400 1.73 1559 11458 C
4L 2/27/17  9/5/17 419 2.21 1505 12154 C
5L 10/9/17  8/6/18 410 1.36 1571 12162 C
6L 8/20/18   40 1578  A
16I 8/21/13  10/28/13 86 1.26 1483  C
18H^ 9/16/13  1/27/14 129 0.97 1484 4070 C
19H^ 6/16/14  10/6/14 106 0.95 1491 3397 C

Cumberland 61 8/21/13  9/17/13 17 0.63 1584  C
62 10/4/13  6/15/14 398 1.57 1587 11026 C
63 7/1/14  4/12/15 397 1.39 1570 11026 C
64 4/17/15  1/7/16 399 1.51 1577 11070 C
65 1/26/16  10/1/16 398 1.60 1575 11066 C
66 10/19/16  6/14/17 398 1.67 1574 11079 C
67 7/7/17  2/13/18 268 1.21 1557 7494 C
68 2/22/18  8/20/18 245 1.37 1561  A

Emerald D1 4/28/14  2/9/15  235 0.82 1387 7402 C 
D2 4/27/15  11/21/15 112 0.54 1379 3550 C
E3 8/21/13  10/7/13 35 0.74 1454  C
E4 11/9/13  4/30/14 146 0.85 1433 4455 C

Enlow Fork E-24 8/21/13  1/15/14  191 1.30 1483  C 
E-25 12/17/13  12/31/14 316 0.83 1485 9203 C
E-26 9/25/14  2/18/16 394 0.77 1485 11580 C
E-27 5/1/15  9/19/16 415 0.82 1508 12152 C
E-28 8/13/16  4/30/17 383 1.47 1527 11118 C
E-29 7/10/17  7/8/18 374 1.03 1507 10838 A
F-23 7/29/13  8/31/14 416 1.05 1495 12157 C
F-24 5/21/14  4/17/15 416 1.26 1494 12162 C
F-25 2/12/15  4/14/16 414 0.97 1487 12153 C
F-26 4/7/16  8/7/17 421 0.86 1510 12155 C
F-27 11/30/16  6/11/18 333 0.60 1513 9628 C
F-28 3/12/18  8/20/18 65 0.40 1555  A

Harvey 1A 3/8/14  5/4/15 492 1.17 1495 14359 C
2A 6/11/15  12/12/16 503 0.91 1483 14877 C
3A 1/3/17  2/4/18 506 1.27 1486 13025 C
4A 2/19/18  8/20/18 252 1.38 1455  A

Monongalia 
County 

10W#  -  - - - 1102  A
11W 4/19/17  12/31/17 298 1.16 1113 11836 C
12W 4/25/16  2/14/17 300 1.02 1112 11831 C
13W 2/8/15  3/29/16 294 0.71 1084 11826 C
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19W 5/6/14  2/2/15 285 1.05 1080 11828 C
20W 5/6/14 2/2/15 298 1087 11944 C

Tunnel 
Ridge 

4R - - 37 - 994 1790 C
5R - - 46 - 1001 2198 C
6R - - 68 - 1199 2690 C
7R - - 81 - 1197 3174 C
8R - - 77 - 1207 3017 C
9R - - 91 - 1213 3487 C

*A=Active Panel; C=Completed Panel 
^ - Partially mined in West Virginia 
# - Panel 10W was mined in the 5th assessment period but no 6-month mining maps were 
received. 
 
The Pillar Recovery Mining Method: The pillar recovery mining method is not extensively used 
in Pennsylvania. Three of the four mines practicing pillar recovery are extracting the Sewickley 
coalbed in Greene County. The other mine is extracting the Lower Kittanning coalbed in Indiana 
County. The full extraction or partial extraction of the pillars over a typical pillar recovery 
mining front has the potential to form a subsidence basin.  
 
During the 5th assessment period, 275 acres of surface were undermined by the pillar recovery 
mining method. Pillar recovery accounts for less than one percent of the mining that occurred 
during the 5th assessment period. Table 3-4 shows that acres of pillar recovery had increased 
slightly from the Crawdad Portal B and 4 West Mines and had decreased slightly over in the 
Nolo and Prime 1 Mines.  

Table 3-4. Total acres mine during the last three assessment for the pillar recovery mining 
method for pillar recovery mines in the 5th assessment. 

Mine Name 
Pillar Recovery, Acres 

3rd 4th 5th 
Nolo 50 23 14

Crawdad 86 75 84
4 West 9 127 137
Prime 1 0 36 18

Quecreek 0 8 22
 
The Room-and-Pillar Mining Method: The two most likely causes of surface subsidence above 
room-and-pillar developments are long-term pillar instability and floor heave caused by pillars 
punching into the floor: 

Long-term pillar instability: This occurs when the strength of the coal pillars (𝑆  is 

exceeded by overburden pressure (𝜎 . If the calculate Factor of Safety drops below one, 
there is a potential for pillar failure. In the unlikely event that multiple pillars fail, 
subsidence may occur, especially at low overburdens. The overburden pressure is a 
function of the weight of the overburden rock and the extraction ratio, as shown below. It 
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is possible that long-term pillar instabilities are at least partially responsible for the 
subsidence impacts over inactive mines (Sections 4.D.4; 5.D.4; 6.D.3). 
 

𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 𝑆𝐹 𝑆 /𝜎 𝜎
𝜎

1 𝑅𝑒
𝜎 ∗

𝑝𝑙1 𝑟𝑤 𝑝𝑙2 𝑟𝑤
𝑝𝑙1 ∗ 𝑝𝑙2

 

   Where:  σv = h x 1.1 
     h = depth of mining 
     pl = pillar dimension 
     rw = room width 
 

Pillar punching: Pillar punching or floor heave, occurs when pillars are pressed into 
weaker layers, often claystone, in the mines’ floor. There were no known occurrences of 
pillar punching during the 5th assessment period. However, the University is only able to 
identify pillar punching if it is noted on the 6-month mining maps or further information 
is provided by the PADEP.  
 

3.B.4 – Age of Mining Operations 

Since the close of the last assessment period in August 2013 there have been 11 new mines 
opened in the 5th assessment period. Ten of the mines are room-and-pillar mines: Brush Valley, 
Coral Graceton, Kojancic, Kingston-West, Cass 1, Crooked Creek, Maple Springs, North Fork, 
Acosta, and Cresson Mines. The Tunnel Ridge longwall mine also mined in Pennsylvania for the 
first time during the 5th assessment period. The remaining mines have been active in previous 
assessment periods. Figure 3-4 shows the ages of the mines from 1994 when the PADEP started 
tracking mining for Act 54 until the present. There are six mines in the 5th assessment that have 
been active since the 1st Act 54 Assessment; five longwall mines, Bailey, Enlow Fork, Emerald, 
Monongalia County (previously known as Blacksville 2) and one room-and-pillar mine, Darmac 
2.  
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Figure 3-4. Active years of mines operating during the 5th assessment period. NOTE: this 

analysis shows only mines that operated during the 5th assessment, and only goes back in time to 
the passage of Act 54 in 1994. 
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There were 19 mines that ceased operations during the 5th assessment period. Four of the pillar 
recovery operations stopped mining prior to the end of the 5th assessment period, including Prime 
No. 1, Crawdad Portal B, Nole, and 4 West, as well as the Emerald longwall mine, and fourteen 
room-and-pillar mines: Harmony, Kimberly, TJS 6, Gillhouser, Roytown, Cherry Tree, Ondo, 
Twin Rocks, Starford, Tracy Lynn, Toms Run, and Barbara 2, Kingston-West, and Brubaker. 
Figure 3-5 shows how many mines ceased operations over the last three assessment periods. The 
fewest mines closed in the 4th assessment (11 mines).  
 

 
Figure 3-5. Number of mines closed per assessment period. 

 
3.B.5 – Companies Operating Mines 

The 49 active mines are owned by eleven operators (Table 3-5). Rosebud Mining Company 
operates 28 mines (57 %) of all mines active during the 5th assessment period, 27 mines are 
room-and-and pillar mines and one (Nolo mine) is a pillar recovery mine.  The remaining 10 
room-and-pillar mining operations are split between Rox Coal (4), LCT Energy (3), AK Coal 
Resources (1), C&D Mining (1), and Wilson Creek (1). The remaining four pillar recovery mines 
are owned by Dana Mining Company (3) and Rox Coal (1). The seven longwall mines are 
divided among 4 operators. CONSOL Energy operated three longwall mines, Contura LLC 
operators two, and the Monongalia Coal Company and Tunnel Ridge LLC both operated one 
longwall mine each. 
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Table 3-5. Active mines in the 5th Assessment sorted by mining company. 

Company Mine(s) # Acreage 

AK Coal Resources North Fork 1 540 
C & D Mining Kingston-West 1 69 

CONSOL Energy Bailey Deep, Enlow Fork, Harvey 3 11,382 

Contura LLC Cumberland, Emerald Deep 2 4,206 

Dana Mining Co. 4 West, Crawdad Portal B, Prime 1 3 1,969 

LTC Energy Brubaker, Cass 1, Maple Springs 3 728 

Monongalia Coal Co. Monongalia County 1 2,053 

Rosebud Mining Co. 

Barrett Deep, Beaver Valley, Brush Valley, 
Cherry Tree, Clementine 1, Coral Graceton, 

Cresson, Crooked Creek, Darmac 2, Dutch Run, 
Gillhouser, Harmony, Heilwood, Knob Creek, 

Kojancic, Logansport, Lowry, Madison, Mine 78, 
Nolo, Ondo, Parkwood, Penfield, Starford, TJS 6, 

Toms Run, Tracy Lynne, Twin Rocks

28 6,970 

Rox Coal Co. 
Barbara 2, Horning, Kimberly, Roytown, 

Quecreek 1
5 660 

Tunnel Ridge LLC Tunnel Ridge  1 231 

Wilson Creek Co. Acosta 1 45 
Total 49 28,854 

 
The number of mines and the percentage of total acres mined for each company are shown in 
Figure 3-6. Rosebud Mining Company had the most mines (28 or 57.1 %) but mined only 6,970 
acres, or 24 %, of the total area undermined during the 5th assessment period. Conversely, 
CONSOL Energy had the largest percentage of acres mined (11,382 acres, or 40.6 %) with only 
three longwall mines. The remaining longwall mine operators, Contura LLC, Monongalia Coal 
Company, and Tunnel Ridge LLC, extracted a combined 23 % of the acres mined.  
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Figure 3-6. The number of mines (left) and percentage of total acres (right) mined by each 
company. 

 

3.B.6 – Mine Operations by Counties 

When evaluating subsidence impacts, documentation of the spatial distribution of these causes is 
essential to legislators who serve undermined areas or those interested in comprehensive 
assessment of mining in the Commonwealth. There were 37 room-and-pillar mines, five pillar 
recovery mines, and seven longwall mines. All mines operated in ten Pennsylvania counties: 
Greene, Washington, Somerset, Indiana, Beaver, Cambria, Clearfield, Armstrong, Jefferson, and 
Westmoreland. In the 3rd assessment there were also ten counties with active mining, while in the 
4th assessment there were seven. All counties with mines in the 5th assessment period also had 
mining in the 3rd or 4th assessment except for Westmoreland County. Figure 3-7 outlines all 
counties that had active mining during the 5th assessment period. More specific descriptions of 
the distribution of mining among counties is included in Appendix E. 
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Figure 3-7. Counties mined in the 5th assessment period. 
 

 
3.B.7 – Room-and-Pillar Mining Operations 

Thirty-seven room-and-pillar mines were active during the 5th assessment period (Table 3-6). 
This number increased slightly from the 3rd and 4th assessment periods which had 34 and 36 
active room-and-pillar mines, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Effects of Mine Subsidence  2013-2018  University of Pittsburgh 
 

 

3-15 
 

Table 3-6. Thirty-seven room-and-pillar mines with operating company, coalbed, county, and 
Mine Code information. 

 Mine Operating Company Coalbed County Mine 
Code

1 Acosta Wilson Creek Middle Kittanning Somerset Au
2 Barbara 2 Rox Coal Lower Kittanning Somerset Bb
3 Barrett Rosebud Mining Co. Lower Kittanning Indiana Br
4 Beaver Valley Rosebud Mining Co. Upper Freeport Beaver Bv
5 Brubaker LTC Energy Lower Kittanning Somerset Bu
6 Brush Valley Rosebud Mining Co. Lower Kittanning Indiana Bs
7 Cass 1 LTC Energy Lower Freeport Somerset Ca
8 Cherry Tree Rosebud Mining Co. Upper Freeport Clearfield Ch
9 Clementine 1 Rosebud Mining Co. Lower Kittanning Armstrong Cl
10 Coral Graceton Rosebud Mining Co. Lower Freeport Indiana Co
11 Cresson Rosebud Mining Co. Lower Freeport Cambria Cr
12 Crooked Creek Rosebud Mining Co. Upper Freeport and 

Upper Kittanning
Indiana Ck 

13 Darmac 2 Rosebud Mining Co. Upper Freeport Armstrong Dm
14 Dutch Run  Rosebud Mining Co. Upper Freeport Armstrong Dr
15 Gillhouser Rosebud Mining Co. Lower Freeport Indiana Gh
16 Harmony Rosebud Mining Co. Upper Freeport Clearfield Hy
17 Heilwood Rosebud Mining Co. Brookville and Lower 

Kittanning
Indiana Hw 

18 Horning Rox Coal Lower Freeport Somerset Hd
19 Knob Creek Rosebud Mining Co. Upper Kittanning Indiana Kc
20 Kojancic Rosebud Mining Co. Lower Kittanning Jefferson Kj
21 Logansport Rosebud Mining Co. Lower Freeport Armstrong Lg
22 Lowry Rosebud Mining Co. Lower Kittanning Indiana Ly
23 Madison Rosebud Mining Co. Upper Freeport Cambria Ma
24 Maple Springs LTC Energy Lower Kittanning Somerset Ms
25 Mine 78 Rosebud Mining Co. Upper Kittanning Somerset M7
26 North Fork AK Coal Resources Middle Kittanning Somerset Nf
27 Ondo Rosebud Mining Co. Lower Kittanning Indiana Od
28 Parkwood Rosebud Mining Co. Upper Freeport Armstrong Pa
29 Penfield Rosebud Mining Co. Lower Kittanning Clearfield Pf
30 Roytown Rox Coal Upper Kittanning Somerset Rt
31 Starford Rosebud Mining Co. Lower Kittanning and 

Middle Kittanning
Cambria St 

32 TJS 6 Rosebud Mining Co. Upper Freeport Armstrong T6
33 Toms Run Rosebud Mining Co. Upper Freeport Indiana Tr
34 Tracy Lynne Rosebud Mining Co. Lower Kittanning Armstrong Tl
35 Twin Rocks Rosebud Mining Co. Lower Freeport Cambria Tw
36 Kimberly Rox Coal Lower Kittanning Somerset Kr
37 Kingston-West C&D Mining Co. Upper Freeport Westmoreland Ki
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3.B.8 –Pillar Recovery Operations 

There were five pillar recovery mines in the 5th assessment period. This number decreased 
slightly from the six pillar recovery mines in the 3rd assessment period and five in the 4th 
assessment period. The Quecreek had the largest area of pillar recovery with 355 acres. Table 3-
7 shows the active pillar recovery mines during the 5th assessment period. 
 

Table 3-7. Five pillar recovery mines with operating company, coalbed, county, and 
Mine Code information. 

 Mine Operating Company Coalbed County Mine 
Code

1 4 West Dana Mining Co. Sewickley Greene Fw
2 Crawdad Portal B Dana Mining Co. Sewickley Greene Cd
3 Nolo Rosebud Mining Co. Lower Kittanning Indiana No
4 Prime 1 Dana Mining Co. Sewickley Greene Pr
5 Quecreek 1 Rox Coal Upper Kittanning Somerset Qc
 

3.B.9 – Longwall Operations 

Seven longwall mines were active during the 5th assessment period. Table 3-8 shows the coalbed 
and county locations of all the longwall mines. The total number of longwall mines did not 
change from the 4th assessment period although one mine closed, Mine Eighty-Four, and one 
West Virginia mine began extracting coal in Pennsylvania. Tunnel Ridge Mine has its portal in 
West Virginia but parts of five panels cross the border into Pennsylvania (Figure 3-8). The 
Tunnel Ridge Mine has extensive reserves in Pennsylvania. All mines expect for Enlow Fork and 
Tunnel Ridge were in Greene County. The Bailey and Enlow Fork Mines are among the largest 
producers of coal east of the Mississippi (U.S. Energy Information Agency, 2019) 

Table 3-8. Seven longwall mines with operating company, coalbed, county, and Mine 
Code information. 

 Mine Operating Company Coalbed County Mine 
Code

1 Bailey CONSOL Energy Pittsburgh Greene By
2 Cumberland Contura LLC Pittsburgh Greene Cu
3 Emerald Contura LLC Pittsburgh Greene Em
4 Enlow Fork CONSOL Energy Pittsburgh Washington Ef
5 Harvey CONSOL Energy Pittsburgh Greene Hr
6 Monongalia County Monongalia Coal Co. Pittsburgh Greene Mo
7 Tunnel Ridge Tunnel Ridge LLC Pittsburgh Washington Tu
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Figure 3-8. Tunnel Ridge mining in Pennsylvania. 

 
3.C - Stratigraphic Influences on Mining (Mining in Different Coalbeds) 

Documentation of the distribution of mining during the 5th assessment period among 
Pennsylvania’s coal beds are provided in Appendix E 

3.D - Variations in Overburden 

As outlined in Appendix D, overburden is a very important factor in prediction of the formation 
of a subsidence basin and therefore the pattern and magnitude of subsidence impacts. More 
importantly, it is a defining variable in the delineation of the RPZ.  Therefore, documentation of 
overburden in the context of ongoing mine activity, is a fundamental part of evaluating 
subsidence impacts. Over the 49 active mines during the 5th assessment, the absolute minimum 
overburden was around 23-ft in the Madison Mine while the absolute maximum was 1,290-ft in 
the Monongalia County longwall mine. The lowest overburdens, those less than 100-ft, are 
typically associated with areas near the mine’s portals.  

3.D.1 – Overburden Categories 

For the purposes of this report, three overburden categories were established: shallow, average, 
and deep overburden. These categories were established from data collected from each active 
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mine during the 5th assessments where the maximum, minimum, average, and standard deviation 
of the overburden were measured. The average category included all mines whose average 
overburden fell within a standard deviation of the mean of all the mines. These overburden 
categories were then applied to each of the three mine types. Table 3-9 shows the categories 
developed during the 5th assessment period for each mining type. The longwall mines have the 
deepest range for average overburden, while room-and-pillar mines have the shallowest.  

Table 3-9. Overburden categories in the 5th assessment period. * 

Type of Mine 
Overburden Category 

Shallow, ft Average, ft Deep, ft 

Longwall 
< 705 705 to 907 > 907

2 mines 4 mines 1 mine

Room-and-Pillar 
< 295 295 to 425 > 425 

11 mines 17 mines 11 mines 

Pillar Recovery  
< 432 432 to 552 > 552 

2 mines 2 mines 1 mine 
*The room-and-pillar mines total more than 38 because the mines that mined more than one 
coalbed are analyzed by overburden of each coalbed they mined, so they appear twice.  

There were 23 mines that had average overburden, 13 with deep overburden, and 15 with 
shallow overburden in the 5th assessment period (Table 3-9). The average overburden for 
longwall mines was 810-ft, for room-and-pillar mines it was 360-ft and for pillar recovery 492-ft. 
For a given amount of vertical subsidence, lower overburden mines would be expected to 
produce more dramatic impacts.  
 
Table 3-10 shows the overburden categories for each of the mining types over the last 15-years. 
A notable trend can be seen in the shallow overburden category. In each of the mining types, the 
minimum value for the shallowest overburdens has increased.  
 

Table 3-10. Overburden categories for each mining type, by mining assessment period. 

Type of 
Mine 

Overburden Category 
Shallow, ft Average, ft Deep, ft 

3rd 4th 5th 3rd 4th 5th 3rd 4th 5th 

Longwall < 525 < 627 < 705 525 to 850 627 to 939 705 to 907 > 850 > 939 > 907
Room-and-

Pillar 
< 185 < 200 < 295 185 to 397 200 to 562 295 to 425 > 397 > 562 > 425

Pillar 
Recovery 

< 185 < 200 < 432 185 to 397 200 to 562 432 to 552 > 397 > 562 > 552

 
3.D.2 – Longwall Mine Overburden 

The seven longwall mines in the 5th assessment extracted some of the deepest coal in 
Pennsylvania. The overburden ranged from as shallow as 416-ft in parts of the Enlow Fork Mine 
to 1,293-ft in the Monongalia County Mine (Table 3-11). From Table 3-10 above, Enlow Fork 
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and Tunnel Ridge fall under the shallow category while Monongalia County is categorized as 
deep. The average overburden for all seven longwall mines was 810-ft with a standard deviation 
of 125-ft.  
 

Table 3-11. Overburden characteristics for the seven longwall mines. 

Mine Avg. SD* Min Max Category 

Bailey  890.7 150.7 511.5 1269.6 Average 
Cumberland  893.6 102.5 616.5 1191.6 Average 

Emerald  734.8 79.5 449.4 894.8 Average 
Enlow Fork  634 93.1 416 850 Shallow 

Harvey 870.9 95.4 688.7 1258.2 Average 

 Monongalia County  977.2 123.9 743.3 1293.1 Deep 

Tunnel Ridge  642.8 61 470.8 723.1 Shallow 

*SD - Standard Deviation  
 
Figure 3-9 graphs the values of the maximum, minimum, and standard deviation of overburden 
values for each of the longwall mines. This graph shows that two distinct groupings. The 
shallower group comprised of Enlow Fork, Emerald, and Tunnel Ridge, and the deeper group 
comprised of Monongalia County, Bailey, Cumberland, and Harvey.   

 
Figure 3-9. The distribution in overburden within each of the seven longwall mines. 
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3.D.3 – Room-and-Pillar Overburden 

The 37 room-and-pillar mines in the 5th assessment were significantly shallower than the 
longwall mines. The minimum overburden was typically greater than 100-ft. But one mine, 
Madison, had less than 100-ft near their mine portals.  The maximum overburden was 945-ft 
over the Tracy Lynne Mine (Table 3-12). The average overburden for all room-and-pillar mines 
was 360-ft with a standard deviation of 122-ft. 
 

Table 3-12. Overburden Characteristics for room-and-pillar mines. 
Mine Name Seam* Avg.  SD** Max.  Min. 
Acosta Middle Kittanning 222.5 150.7 304.7 94.9 
Barbara 2 Lower Kittanning 276.7 102.5 504.1 106.3
Barrett Lower Kittanning 507.5 79.5 613.7 241.2
Beaver Valley Upper Freeport 300 93.1 319.9 182.4
Brubaker Lower Kittanning 302.8 95.4 412.1 66.1 
Brush Valley Lower Kittanning 456.5 123.9 584.2 229.1
Cass 1 Lower Freeport 327.1 61 401.5 102.3
Cherry Tree Upper Freeport 440.2 120.1 636.3 357.7
Clementine 1 Lower Kittanning 395 86.9 508 291 
Coral Graceton Lower Freeport 262.8 19.7 386 149.1
Cresson Lower Freeport 136.1 14.31 165.3 77.7 
Crooked Creek Upper Freeport 337.3 42.1 524.3 186.8

Upper Kittanning 447.8 118.7 575.1 183.3
Darmac 2 Upper Freeport 402.2 63.2 564.1 204.2
Dutch Run  Upper Freeport 315 94.1 470.8 135.8
Gillhouser Lower Freeport 410.9 61.4 522.6 271.1
Harmony Upper Freeport 311.9 61.5 423.8 172 
Heilwood Brookville 699.7 62 771.1 634.5

Lower Kittanning 393.3 68.1 518.3 202.6
Horning Lower Freeport 192 49.7 204.7 172.8
Knob Creek Indiana 258 59.84 389.1 98.4 
Kojancic Lower Freeport 321.3 24.8 679 257 
Logansport Lower Freeport 503 80 679 257 
Lowry Lower Kittanning 395.3 76.9 777 285.7
Madison Upper Freeport 277.8 64.2 419.3 23.2 
Maple Springs Lower Kittanning 316 72.1 499 182 
Mine 78 Upper Kittanning 583.1 46.5 800.9 399.8
North Fork Middle Kittanning 231.9 61.9 435.5 101.7
Ondo Lower Kittanning 330.9 23.9 505.9 101.5
Parkwood Upper Freeport 347 65.6 615 102 
Penfield Lower Kittanning 547.1 10.2 615.2 394.7
Roytown Upper Kittanning 343.2 56.4 351.5 337.6
Starford Middle Kittanning 

&Upper Kittanning 450.7 84.3 545.7 384.1
TJS 6 Upper Freeport 202.4 117 316.7 122.9
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Toms Run Upper Freeport 549.7 60.8 866.7 337 
Tracy Lynne Lower Kittanning 516.3 96 945.7 310.98
Twin Rocks Lower Freeport 303.6 91 387.3 208.8
Kimberly Lower Kittanning 183.8 50.9 275.5 83.4 
Kingston-West Upper Freeport 237.5 90.19 314.9 77.2 
Total  360 122 502.2 203.7

*For Crooked Creek and Heilwood, the overburdens for the different seams mined 
are calculated and classified individually, instead of calculating the overburden 
for the mine. 

**SD = Standard Deviation 
 
The distribution of the average overburden of all 37 mines can be seen in Figure 3-10. Heilwood 
has the highest overburden and Cresson the least. There are 11 mines in the deep category, 11 
shallow mines, and 18 average overburden mines.  

 
Figure 3-10. Distribution of average overburdens for the 38 room-and-pillar mines. Note that 

Crooked Creek and Heilwood appear twice, as the overburdens for different coalbeds are 
calculated and categorized separately. 

 

3.D.4 – Pillar Recovery Overburden 

The pillar recovery mines had a higher average overburden than the room-and-pillar mines but 
was less than the longwall mines. Quecreek had the shallowest overburden at 190-ft while 4 
West had the deepest overburden of 919-ft (Table 3-13). 4 West was classified as deep, but 
Quecreek is in the shallow overburden category. The average overburden for pillar recovery 
mining was 492-ft with a standard deviation of 60-ft.  
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Table 3-13. Overburden characteristics of the pillar recovery mines. 
Mine Avg. SD* Min Max Category 

4 West 592 120 324 919 Deep 
Crawdad 438 87 266 649 Average 

Nolo 425 20 364 474 Shallow 
Prime 1 513 14 457 554 Average 

Quecreek 357 68 190 513 Shallow 
  *SD - Standard Deviation 

 

The overburden distribution Figure 3-11 shows that the 4 West Mine had higher overburden than 
the remaining pillar recovery mines. Nolo (14 acres) and Prime 1 (18 acres) do not have as large 
of a large spread between the minimum and maximum overburden probably because both had 
very small pillar recovery areas during the 5th assessment period. 

 
Figure 3-41. The distribution in overburden within each of the five pillar recovery mines. 

 
3.E – Future Mining Trends 

Analysis of current impacts is fundamental to development of means and methods to avoid future 
subsidence impacts. Appendix E examines ongoing trends in the spatial distribution of mining 
and the interaction of the trends with geology and technology to estimate future mining activity 
in Pennsylvania. 
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In the 5th assessment period there were 49 active mines whose conditions were tracked from 
August 21. 2013 to August 20, 2018. There were seven longwall mines, 37 room-and-pillar 
mines, and five pillar recovery mines. A total of 28,854 acres were mined, with longwall mining 
accounting for 62 % of the total, room-and-pillar 29 %, and pillar recovery 9 %. The following 
are key observations made by the University of the mining that occurred in the 5th assessment 
period: 

 Three different mining types were analyzed: longwall, room-and-pillar, and pillar 
recovery mines. Within these mining types three mining methods were employed: 
longwall panel extraction, room-and-pillar developments, and pillar recovery mining.  

 Longwall mining had the greatest extraction ratio (Re=1), pillar recovery had a slightly 
lower extraction ration (Re=0.7 to 1), and room and pillar had the lowest extraction ratio 
(Re=0.4 to 0.7). The higher the extraction ratio, the more likely it is for subsidence to 
occur. 

 There was a 7 % decline in area mined from the 4th assessment to the 5th assessment. The 
decline in acres mines from the 3rd assessment to the 4th assessment was due to the 
decrease in longwall mining, but in the 5th assessment room-and-pillar mining had the 
largest decrease in the mining types.  

 During the 5th assessment period two new longwall mines opened operations in 
Pennsylvania, Harvey and Tunnel Ridge. 

 The Bailey and Enlow Fork Mines combined continue to be one of the largest producers 
of underground bituminous coal east of the Mississippi river. 

 There were 15 mines that closed from the 4th to the 5th assessment period.  
 Rosebud Mining Company had the most mining operations in the 5th assessment period, 

all room-and-pillar mines.  
 CONSOL Energy mined the most acres, 11,382 acres, from their Bailey, Enlow Fork, and 

Harvey longwall mines. 
 Greene County had the most mining, 46.5 % of the acres mined during the 5th assessment 

period. 
 Eight different coalbeds in the Pittsburgh and Allegheny formations were mined. 
 All longwall mines were in the Pittsburgh coalbed, making it the most productive coalbed 

in the 5th assessment period.  
 Three pillar recovery mines were in the Sewickley coalbed in the Pittsburgh formation, 

while the remaining pillar recovery mines and all room-and-pillar mines were distributed 
over six coalbeds in the Allegheny formation.    

 Each mining type had three overburden categories, shallow, deep, and average.  
 There were 14 mines that had shallow overburden and 13 mines with deep overburdens. 

There was an increase in the number of mine mining extreme overburden conditions (i.e. 
the shallow and deep overburden) from the 4th to the 5th assessment period.  

 The longwall mining rate has decreased from the 4th assessment to 3,500 acres/year 
during the 5th assessment period.  
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 Technology advances continue to shape the way that longwall mining is conducted in 
Pennsylvania 

 At current mining rates and conditions, 40 years of longwall mining remain in the 
Pittsburgh coalbed of Pennsylvania. 

 The next assessment period, the average overburden for the Pittsburgh longwall mines is 
expected to increase by 5 %.  
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4.A – Overview 

The University used data collected from the PADEP and mining companies to analyze the effects 
that underground bituminous coal mining had on structures from 21 August 2013 to 20 August 
2018. Of the 3,612 total structures that were undermined by active mining operations in this 
assessment period, 455 structures (~15 %) had a structural “Reported Effects” with 247 
classified as “Company Liable.” Of particular note are 64 structural reported effects occurring at 
inactive mining operations. Using the data collected by the PADEP on each reported effect, 
analysis was done to determine category of the resolution and the amount of time to reach a 
determination. In addition, information was obtained on the structure type as well as the nature 
of the damage. Using the information collected in 3rd and 4th assessments (Iannacchione et al. 
2011; Tonsor et al. 2014), the University was able to compare and contrast ongoing changes over 
a 15-year period. 

4.B - Data Sources 

The University employed multiple data sources to obtain information on the structures 
undermined during this assessment period, working with both the mining companies and the 
PADEP to ensure a complete and accurate analysis. The structures location and designation were 
obtained through AutoCAD and GIS maps provided by the mine operators and/or 6-month mine 
maps submitted to the CDMO. All recorded impacts were obtained from the BUMIS database 
maintained by the CDMO. Clarification on reported effects was gathered through conversations 
with PADEP personnel, the staff at CDMO, Structure Analysis reports (SA), and damage reports 
sent to the CDMO by mining companies. All photographs were obtained from mine “shadow’s” 
files or from the University during site visits to impacted structures. 
  
The above data sources allowed the University to map the extent of mining using ArcGIS. All 
structures were mapped when located within a 200-ft radius from the edge of the mining extent 
(referred to as the 200-ft buffer) as well as any structures located outside of the 200-ft buffer that 
were reported effects. For each of these structures, the mine type, mining method, and 
overburden were determined. 

4.B.1 - Structures Tracked by PADEP 

Subsidence control plans are required by Pennsylvania for any structures that will be undermined 
(Pennsylvania Code, Title 25, Chapter 89.142a). The regulations required for the subsidence 
control plans of structures are summarized below.  
 
4.B.1.a - Overburden Less Than 100-ft 

§89.142a(a) requires the mine to maintain stability beneath structures when mining under 
overburden less than 100-ft.  

4.B.1.b - Pre-mining Surveys 

§89.142a(b) requires that the mine operator conducts pre-mining surveys of: 
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 Dwellings, 
 Buildings assessable to the public, 
 Noncommercial buildings customarily used by the public, and 
 Barns, silos, and certain agricultural structures. 

The survey must be conducted prior to the time the structure lays within a 30-degree angle of the 
underground mine. Surveys must describe the pre-mining condition of the structure.  If the 
structure is historically or architecturally significant, special craftsmanship to restore or replace 
the structure must be identified.  

4.B.1.c - Mining Beneath Protected Structures 

§89.142a(c) sets the default standard for mining beneath structures and features as 50 % coal 
support, although the PADEP may require a greater percentage. This requirement is only for a 
limited class of structures and features, i.e. public buildings, 20 acre-ft impoundments, etc. 
Subsection (c) also clarifies alternatives to coal support standards including surface measures 
that may be undertaken in conjunction with planned and controlled subsidence.  

4.B.1.d - Prohibition on Irreparable Damage to Dwellings and Agricultural Structures 
Greater than 500-ft2  

§89.142a(d) prohibits operators from mining in a manner which would cause irreparable damage 
to: 

 dwellings and 
 permanently affixed appurtenant structures, e.g. barns, silos, and certain permanent 

structures of 500-ft2 or more used for agricultural purposes.  

4.B.2 - University’s Process for Tracking Structures 

The University developed a protocol to track, categorize and map all structures in the ArcGIS 
database. The process below was followed for all longwall, room-and-pillar, and pillar retreat 
mine types. 
 
First, a 200-ft buffer zone was created from the edge of the 5th assessment mining extent. The 
200-ft buffer was the outer boundary set for structures that would be inventoried as 
‘undermined’. All structures outside of the 200-ft buffer, expect those with reported effects, were 
eliminated.  Next, all structures within the 200-ft buffer whose area did not meet the minimum 
requirements set in §89.142a(f)(1)(v) were eliminated. Then, using the BUMIS database, all 
structures with a reported effect, regardless of proximity to mining, were identified by matching 
the property numbers in BUMIS with the property numbers on the parcel layers in the ArcGIS 
maps. If there were multiple structures located on the property, the Feature ID column in BUMIS 
was used to identify the structure with the reported effects. In cases where the Feature ID or 
Parcel number were not available, the University corresponded with the PADEP to identify the 
structure. The structures with reported effects and a final resolution were then classified as 
company liable or company not liable. Lastly all structures were summed and classified 
according to their location relative to the mine.  
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Longwall mining operations required a special grouping to differentiate areas of full extraction 
over the panels to limited extraction over room-and-pillar developments.  The structures 
groupings over longwall are therefore: 

 Over the Longwall 
 Over Room-and-pillar 
 Within 200-ft buffer 
 Outside 200-ft buffer 

Room-and-pillar mining operations only contain areas of limited extraction. Groupings for room-
and-pillar mining are: 

 Over Room-and-pillar 
 Within 200-ft buffer 
 Outside 200-ft buffer 

Whenever a room-and-pillar mining operation contains sections where pillars are partially 
extracted, they are classified as pillar recovery mines. Groupings for room-and-pillar mining 
with pillar retreat are grouped as follows: 

 Over Room-and-Pillar 
 Over Pillar Recovery 
 Within 200-ft buffer 
 Outside 200-ft buffer 

All structures were tallied in the groups listed above, and those with reported effects were 
identified as company liable or company not liable. All structures were then identified based on 
structure type: dwelling, barn, garage, building, outbuilding, shed, silo, trailer, etc.  

4.C - Summary of Trends in Structures Undermined during the 5th Assessment Period 

In the 5th assessment there were 49 active mines that undermined 3,612 structures. There was a 
total of 391 reported effects from these active mines and an additional 64 reported effects from 
mines that were inactive during the 5th assessment (Table 4-1). 

Table 4-1.Total of undermined structures and structures with reported effects by mine type. 
Mining Type Undermined 

Structures 
Reported Effects Company Liable 

Effects 
Room-and-Pillar 1,585 45 3 

Pillar Recovery 242 1 0 

Longwall 1,785 345 229 

Mines not active in the 5th assessment - 64 15 

TOTAL 3,612 455 247 
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Of the 455 total structural reported effects from active and inactive mines, 247 (or 54 %) had a 
company liable final resolution. The remaining 208 reported effects had a company not liable 
final resolution or are still in interim resolution (Table 4-2). 
 

Table 4-2. Outcome of all structural reported effects. 

Total 
Reported 

Effects 

Reported Effects with a Final 
Resolution 

Interim Resolution 
Company 

Liable 
Company Not 

Liable 
455 247 99 109 

 
Table 4-3 summarizes the effects reported during the 5th assessment period organized by final 
resolution type and provides the context of similar data from the previous two assessment 
periods. The number of reported effects that were company liable is lower during the 5th 
assessment (decreased by 91 from the 4th assessment period) despite an increase in effects 
reported of 66. 
 

Table 4-3. Total Structural reported effects and reported effects with final resolutions over the 
last three assessment periods. 

Assessment 
Period 

Total 
Reported 

Effects 

Reported Effects with a Final Resolution 
Company Liable (% of 

reported effects) 
Company Not Liable 

(% of reported effects) 
5th  455 247 (54.3 %) 99 (21.7 %) 
4th 389 338 (86.9 %) 92 (23.6 %) 
3rd  456 301 (66 %) 59 (12.9 %) 

 
The scope of work requests reporting and evaluation of all reported structure effects.  There are 
109 structural reported effects that haven’t achieved a final resolution and are classified as an 
interim resolution. Seventy-nine are associated with active mining operations and thirty are from 
inactive mines (Table 4-4).  Structure effects in interim resolution is higher in the 5th assessment 
relative to previous assessment periods. 

Table 4-4. Number of Interim Resolutions during the 5th assessment period in the active and 
inactive mines. 

Total Interim 
Resolutions 

Active Mines (% of interim 
resolutions) 

Inactive mines (% of 
interim resolutions) 

109 79 (72.5 %) 30 (27.5 %) 
 

Table 4-5. Total number of reported effects in Interim Resolutions at the end of the last three 
assessment periods. 

Assessment Period Interim Resolutions 
5th 109
4th 59
3rd 72
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There were 247 structures classified as company liable with active longwall mines accounting 
for 229, or 92.7 %. The total number of reported effects over the room-and-pillar mines and the 
pillar recovery mines is much lower than the longwall mines. In the 5th assessment only three 
company liable effects occurred over the room-and-pillar mines and none occurred over the 
pillar recovery mines. This is consistent with patterns in the 3rd and 4th assessments. Pillar 
recovery and longwall mines are both capable of producing subsidence basins because of their 
high extraction ratios. However, many more company liable impacts occur over longwall mines 
because pillar recovery mines can selectively extract pillars, leaving appropriate support under 
structures on the surface.  

Inactive mines had 15 company liable effects recorded in the BUMIS database. All of these 
impacts were reported over the Maple Creek Mine. This mine last operated in 2003 and 
historically utilized the longwall, room-and-pillar, and pillar recovery mining methods. All these 
impacts occurred over a portion of the mine that was mined prior to the implementation of Act 
54.  

Table 4-6 shows the number of days to reach a final resolution during the 5th assessment based 
on the categories listed in BUMIS. All 346 reported effects, reaching a final resolution, were 
grouped into the twelve BUMIS categories. The category under company not liable with the 
highest number is “Not Due to Underground Mining.” On average the final resolutions that took 
the longest number of days to reach a final resolution was the “Withdrawn” category at 333 days. 
Of the company liable effects, the highest number of resolutions was the “Agreement 
(unspecified)” category at 125 with an average time of 276 days. Unspecified agreements 
occurred only in longwall mining operations. 

 
Table 4-6. Determination of liability based on final resolution category recorded in BUMIS as of 

20 August 2018. 
Final Resolution 

Number 
Average Time to 
Resolution (Days)Class Category 

Company Not Liable 
(Unaffected/No 

Liability) 

Damage Claim Form Not Returned to 
CDMO 28 127
No Liability 16 66
Not Due to Underground Mining 49 194
Withdrawn 5 333
Referred to BAMR 1 30

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 12 13

Agreement (Unspecified) 125 276

Company Purchased Property 76 11

Undisclosed Settlement 10 283

Compensated 12 221

Repaired 10 257

Resolved 2 2

TOTAL 346 162
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The average time for all structural final resolutions in the 5th assessment was 162 days. Table 4-7 
shows the average times for the 3rd and 4th assessment periods. A comparison of all three 
assessment periods shows consistency in both the number of reported effects as well as the 
average time to final resolution.  
 

Table 4-7. Average time to resolution for all reported effects over the last three assessment 
periods. 

Assessment Period Reported Effects with a 
Final Resolution 

Average Time to Resolution 

5th 346 162 
4th 360 173 
3rd 330 169 

 
Figure 4-1 shows the days to reach a final resolution by mine types based on three broad 
groupings of resolution categories. The reported effects over the inactive mines took on average 
the longest time to reach an agreement or get compensated. The longwall mines had the highest 
average for days to determine no liability, while room-and-pillar mines had the lowest. The same 
patterns occurred in the 4th assessment.  

 
Figure 4-1. Average days required to resolve reported effects based on mining type. 

 
4.C.1 - Structures Impacted 

Along with the location of the structures undermined, the type of structure was also tracked. 
Figure 4-2 shows the top ten structure types that were unmined in the 5th assessment period. 
These structures include all structures inside of the 200-ft buffer with or without reported effects 
and all structures located outside of the 200-ft buffer that had a reported effect. A dwelling was 
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the most commonly undermined structure. There were three room-and-pillar mines, Horning, 
Kocjancic, and Roytown, that did not undermine structures in the 5th assessment period. Enlow 
Fork, a longwall mine, undermined 884 structures, the largest amount by a single mine.  

 
Figure 4-2. Type of structures undermined. These data exclude Clementine 1, 4 West, and 

Crawdad Mines because the information on structure type was not available. 
 

4.D - Structures and Mining Type 

All mines in the 5th assessment period fall into three mine types, longwall, room-and-pillar, and 
pillar recovery. Within the three mine types there are three mining methods: longwall mining, 
room-and-pillar development mining, and pillar recovery mining. Longwall mines use both the 
longwall and room-and-pillar mining methods, room-and-pillar mines use only room-and-pillar 
mining, and pillar recovery employs both room-and-pillar and pillar recovery mining methods. 
The mining method that is expected to have the largest impact on structures is longwall mining. 
The size and depth of the longwall subsidence basin is largely controlled by the panel shape and 
area. In a pillar recovery mine, subsidence can occur when multiple pillars are extracted. 
However, pillar recovery can be done strategically to avoid areas with structures.  Room-and-
pillar mines are not expected to impact the surface structures. Inactive mines can impact surface 
structures when time-dependent factors act to fail the mine in ways that induce subsidence. 

4.D.1 - Active Longwall Mines 

The seven active longwall mines, accounted for 1,785 of the 3,612 structures, or 49.4 %, 
undermined during the 5th assessment period. Table 4-8 lists the structures undermined by 
mining operation. Enlow Fork undermined the most residential structures and had the highest 
amount of company liable impacts. Enlow Fork correspondingly mined the most area in the 5th 
assessment period. Monongalia County Mine was the only longwall mine that did not have any 
company liable effects.  
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Table 4-8. Number of total structures unmined by longwall mines and number of structures with 

reported effects. 

Mine Name 
Total Number of 

Structures 
Company Liable 

(% of total) 
Company 
Not Liable 

Interim 
Resolution 

Bailey  173 26 (15 %) 2 12
Cumberland 289 8 (3 %) 7 9

Emerald  160 5 (3 %) 16 3
Enlow Fork 884 180 (20 %) 12 30

Harvey 195 7 (4 %) 1 14
Monongalia County 61 0 (0 %) 5 0

Tunnel Ridge 23 3 (13 %) 0 5
TOTAL 1,785 229 (13 %) 43 73

 
The location of the structures impacted are important to note in longwall mining. Figure 4-3 
illustrates the four zones where structures could be located. Anything located over the mined 
longwall panel is in the subsidence basin, where the most damage is expected to occur. The gate 
roads used for the development of the longwall panel employs the room-and-pillar method, 
which in Pennsylvania is capable of supporting the overlying strata. Less structures are impacted 
over the gate roads. Subsidence related impacts are less likely for structures located within or 
outside the 200-ft buffer.  

 
Figure 4-3. Zones that structures were placed in based on the location over or near the edge of 
mining activity. (Figure not to scale.) 
 

Longwall mines had 345 reported effects during the 5th assessment (Table 4-1). Table 4-9 shows 
the number of reported effects located in each of the four zones for each mine. Of the 232 
structures with reported effects located over the longwall panels 81 %, or 188, had a final 
resolution of company liable. So, of the total 229 company liable effects from longwall mines in 
the 5th assessment 82 %, or 188, were located directly above a longwall panel. The University 
notes that while there are many effects over longwall panels, there were only two mines where 
more than 50 % of structures above the panels reported effects. Figure 4-4 shows that in most 
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cases small percentage of total structures over the longwall panels had a reported effect, however 
a large percentage of those reported effects was determined to be company liable. These data 
indicate that if a structure has a reported effect and is located over the longwall panel, then it has 
a high chance of becoming company liable. 
 

Table 4-9. Location of structures with reported effects per longwall mining operation. 

Mine Name 
Over 

Longwall 
Over Room-and-

Pillar 
Inside 200-ft 

Buffer 
Outside 200-ft 

Buffer 
Bailey 26 3 4 7

Cumberland 14 2 2 6
Emerald 3 1 3 17

Enlow Fork 167 35 9 11
Harvey 14 3 4 1

Monongalia County 0 0 0 5
Tunnel Ridge 8 0 0 0

TOTAL 232 44 22 47
 

 
Figure 4-4. Percent of structures over longwall panels that are company liable. 

The most common final resolution category for longwall structures that were found to be 
company liable was an “Unspecified Agreement” (Table 4-10). Pre-mining agreements were not 
as common, showing that most agreements between the companies and the landowner occurred 
after mining had passed under the structures. “Company Purchasing Property” was also a 
common resolution category. They majority of company purchased property occurred over the 
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Enlow Fork Mine. The number of days it took to reach a final resolution was 201, which is 
longer than the average for all types of mines.  

Table 4-10 Determination of liability for longwall mines based on final resolution category 
recorded in BUMIS as of 20 August 2018. 

Final Resolution 
Number 

Average Time to 
Resolution (Days) Class Category 

Company Not Liable 
(Unaffected/No 

Liability) 

Damage Claim Form Not Returned to 
CDMO 12 167
No Liability 14 144
Not Due to Underground Mining 15 302
Withdrawn 2 553

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 12 13
Agreement (Unspecified) 113 263
Closed/Info Appended to Another Case 0 0
Company Purchased Property 76 11
Compensated 10 197
Undisclosed Settlement 10 283.4
Repaired 7 268

Resolved 1 7

TOTAL 272 201
 
4.D.1.a - Structural Damage Examples 

Part of the evaluation of subsidence impacts is characterization of the range of potential impacts.  
In this subsection, photos from the field subsidence agent files are used to illustrate this range. 
Damage to a structure can occur in a variety of ways including but not limited to, cracks, uneven 
settlement, and foundation movement. The severity of the damages varies among structures. 
Some damages can be repaired by the homeowner. In other cases, the damage is so severe that 
repairs exceed the structure’s value. Figure 4-5 show the damage to a home that was undermined 
by the Enlow Fork Mine in 2015. The mine operator purchased this property 12 days before it 
was first undermined. The dwelling was located directly over a longwall panel.   
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Figure 4-5. Structural damage to a dwelling undermined by Enlow Fork panel E27 

(Photographs from the PADEP files). 
 

Figure 4-6 is an example of structural damage occurring to the interior of a home from the Bailey 
Mine in 2013. The main support beam of the house rotated, and a bump occurred in the first-
floor hallway. The property owners entered an unspecified agreement with the company for these 
damages. This dwelling was also located over the longwall panel but was in the corner of the 
panel where the surface slope created by the formation of the subsidence basin is normally the 
steepest.  

 
Figure 4-6. Rotation of a support beam in the basement of a dwelling causing a bump in the 

first-floor hallway over the Bailey Mine (Photographs from the PADEP files). 
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Mitigation techniques to help prevent and lessen damage to structures were also employed in the 
5th assessment. Timber cribs were sometimes used on outbuildings undermined to support the 
foundation (Figure 4-7). The timber cribs can move with the differential ground movement and 
be adjusted to keep the outbuilding level. Bracing has been used to support buildings expected to 
undergo lateral movement. Figure 4-8 shows a church with bracing placed on the back wall. The 
reported effects for both the outbuilding and the church were classified as being in interim 
resolutions at the end of the 5th assessment period.  
 

 
Figure 4-7. Timber cribbing to support an outbuilding over the Bailey Mine (Photograph from 

the PADEP files).  

Timber Cribs
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Figure 4-8. Bracing along a church that was undermined by the Bailey Mine (Photograph from 

the PADEP files). 

4.D.2 - Active Room-and-Pillar Mines 

The 37-active room-and-pillar mines had 45 reported effects in the 5th assessment period, with 
only three determined to be company liable. The total amount of structures undermined by room-
and-pillar mines (1,585; Table 4-11) were less than longwall mines (1,775; Table 4-8). For 
room-and-pillar mines, structures were classified into three zones, directly over the room-and-
pillar mining, within the 200-ft buffer from the edge of mining, and outside the 200-ft buffer.  

 
Table 4-11. Location of structures over room-and-pillar mines. 

Mine Name  

Over Room-and-
Pillar 

Inside 200-ft Buffer
Reported Effects 

Outside 200-ft 
Buffer 

Acosta Deep 3 2 0 

Barbara No 2 2 5 0 

Barrett Deep 48 33 0 

Beaver Valley   2 12 0 

Brubaker   17 14 0 

Brush Valley   73 34 0 

Cass No 1   8 5 2 

Cherry Tree   16 16 1 

Clementine No 1 9 37 5 

Coral Graceton   22 43 0 

Cresson   1 2 0 

Bracing
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Crooked Creek 13 5 0 

Darmac 2   27 35 0 

Dutch Run   15 9 2 

Gillhouser 24 21 0 

Harmony   9 9 0 

Heilwood   47 40 4 

Horning Deep   0 0 0 

Knob Creek   37 20 0 

Kocjancic   0 0 0 

Logansport   13 12 4 

Lowry Deep  5 5 5 

Madison   28 18 1 

Maple Springs   18 14 1 

Mine 78 211 117 3 

North Fork   14 22 0 

Ondo   5 7 3 

Parkwood   45 27 0 

Penfield   2 4 0 

Roytown 0 0 0 

Starford   0 2 1 

TJS 6 3 2 0 

Toms Run   74 51 2 

Tracy Lynne  7 21 4 

Twin Rocks  29 35 3 

Kimberly  4 7 0 

Kingston-West 12 15 0 

TOTAL 843 701 41 
 
Forty-one (Table 4-11) of the forty-five room-and-pillar structural reported effects were outside 
of the 200-ft buffer (Figure 4-9). In addition, all three company liable effects were located 
outside of the 200-ft buffer. Lower percentages of reported effects inside the 200-ft buffer as 
opposed to outside this boundary, are consistent with trends in other assessment periods. 
Arguably these trends demonstrate that the designed pillars are supporting the overburden and 
preventing damaging subsidence. Extraction ratios for most of these mines range from 0.55 to 
0.65 (random survey of 6-month mining maps). However, past assessments have found cases 
where groups of pillars failed to provide adequate support of the overburden, resulting in 
company liable effects on structures. There is no evidence of unplanned pillar failure causing 
damage to structures during the 5th assessment period.  

The three company liable effects outside of the 200-ft buffer were identified. One occurred in the 
Tracy Lynne Mine, approximately a mile from active mining in the 5th assessment. However, this 
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structure was located over room-and-pillar mining that occurred during the 3rd assessment 
period.   

 
Figure 4-9. Location of reported effects for all room-and-pillar mines. 

 
Thirty-nine of the 45 reported effects have reached a final resolution, only six are still in interim 
resolution. The most numerous final resolution category was that the reported effect is “Not Due 
to Underground Mining” (Table 4-12). Damage claims were not returned to the CDMO 41.7 % 
of the time. Reasons for not returning the claims were not identified. All three of the company 
liable effects were “Repaired.” The number of days to determine a final resolution is less than 
the longwall mines.  
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Table 4-12. Determination of liability for room-and-pillar mines based on final resolution 
category recorded in BUMIS as of 20 August 2018. 
Final Resolution 

Number 
Average Time 
to Resolution 

(Days) Class Category 

Company Not Liable 
(Unaffected/No 

Liability) 

Damage Claim Form Not 
Returned to CDMO 15 106
No Liability 2 27
Not Due to Underground Mining 18 103
Withdrawn 0 0
Referred to BAMR 1 30

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 0 0
Agreement (Unspecified) 0 0
Closed/Info Appended to 
Another Case 0 0
Company Purchased Property 0 0
Compensated 0 0
Landowner Negotiations 0 0
Repaired 3 53
Resolved 0 0
TOTAL 39 64

 
4.D.3 - Active Pillar Recovery Mines 

The five pillar recovery mines operating in the 5th assessment period undermined 242 structures 
(Table 4-13) and produced only one reported effect. Pillar recovery allows for pillars to be 
extracted in certain areas of the room-and-pillar mine. Table 4-8 shows that there were no 
structures over any area where pillar extraction occurred.  
 

Table 4-13. Location of structures per room-and-pillar mining operation. 

Mine Name 
Over Room-and-

Pillar 
Over Pillar 
Recovery 

Inside 200-ft 
Buffer 

4 West 87 0 52 
Crawdad 24 0 12 

Nolo 21 0 30 

Prime 1 0 0 0 

Quecreek 1 6 0 10 
TOTAL 138 0 104 

 
The one pillar recovery reported effect was determined to be company not liable. This structure 
was over a room-and-pillar development section of the 4 West Mine. It was approximately 280-ft 
from the closest pillar recovery section. Table 4-14 shows that the damage claim form was never 
returned to the state.  
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Table 4-14. Determination of liability for pillar recovery mines based on final resolution 
category recorded in BUMIS as of 20 August 2018. 

Final Resolution 

Number 

Average 
Time to 

Resolution 
(Days) 

Class Category 

Company Not Liable 
(Unaffected/No 

Liability) 

Damage Claim Form Not Returned to 
CDMO 1 115
No Liability 0 0
Not Due to Underground Mining 0 0
Withdrawn 0 0

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 0 0
Agreement (Unspecified) 0 0
Closed/Info Appended to Another 
Case 0 0
Company Purchased Property 0 0
Compensated 0 0
Landowner Negotiations 0 0
Repaired 0 0
Resolved 0 0

TOTAL 1 115
 
4.D.4 - Inactive Mines 

There were five inactive mines with structural report effects during the 5th assessment period. 
Subsidence impacts over room-and-pillar mines permitted since the passage of Act 54 are 
relatively rare. Subsidence impacts over longwall and pillar recovery mining sections, most 
frequently, occur shortly after undermining. Therefore, when large number of report effects 
occur after mining has ceased, it warrants further investigation. 
 
Sixty-four reported effects were associated with five inactive mines during the 5th assessment 
period. During the 3rd and 4th assessment, there were a combined 19 reported effects from 
inactive mines, all occurring in the 4th assessment period. Therefore, the number of reported 
effects from inactive mines tripled from the 4th to the 5th assessment. The Maple Creek Mine had 
the most reported effects with 55 (Figure 4-10). Fifteen of which were determined to be company 
liable, ten company not liable, and 30 are still in interim resolution. 
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Figure 4-10. Reported effect per inactive mine and their resolution category as of 20 August 

2018. 
 

The Maple Creek Mine was a room and pillar and longwall mining operation that was last active 
in the 3rd assessment period (2003). However, within this mine are areas where pillar retreat 
mining occurred. The map in Figure 4-11 shows the location of all reported effects. These 
impacts were not located over the longwall areas of the mine. Land movements associated with 
longwall mining almost always occur within months of panel extraction and this is consistent 
with the lack of impacts near longwall panels. The mechanics of why so many unexpected 
reported effects occurred in Maple Creek is not known. Further investigations are recommended. 
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Figure 4-11. Map showing the locations of Maple Creek reported effects. 

The number of days to reach a final resolution for these impacts is only slightly less than the 
active longwall mines, and much greater than the active room-and-pillar operations (Table 4- 
15). Although these mines are not now active, the companies that own the mines are still held 
responsible for any compensation, agreements, or repairs that must be done for mining that 
occurred after Act 54 implementation.  
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Table 4-15. Determination of liability for inactive mines based on final resolution category 
recorded in BUMIS as of 20 August 2018. 

Final Resolution 

Number 

Average 
Time to 

Resolution 
(Days) 

Class Category 

Company Not 
Liable 

(Unaffected/No 
Liability) 

Damage Claim Form Not Returned to 
CDMO 0 0
No Liability 0 0
Not Due to Underground Mining 16 233
Withdrawn 3 114

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 0 0
Agreement (Unspecified) 12 340
Closed/Info Appended to Another Case 0 0
Company Purchased Property 0 0
Compensated 2 291
Landowner Negotiations 0 0
Repaired 0 0
Resolved 1 2

TOTAL 34 196
 

There are 30 reported effects from inactive mines that have not reached a final resolution and are 
still in interim resolutions. All reported effects that are in interim resolution are from the Maple 
Creek Mine. Table 4-16 shows that it took an average of 196 days to reach the interim 
resolutions. 
 

Table 4- 2. Number of Interim Resolutions for inactive mines and their average days. 
Interim Resolutions Average Time to Interim Resolution (Days)

30 196 
 

4.E - Summary 

Four hundred fifty-five structural reported effects occurred during the 5th assessment as a result 
of 49 active and six inactive operations undermining a total of 3,612 structures. The mines 
employed three mining methods, longwall, room-and-pillar, and pillar recovery. Two hundred 
forty-seven reported effects had a final resolution holding the mining company liable for the 
reported effect.  Reaching a final resolution took an average of 162 days. The longwall mines 
had 92.7 % of the structural company liable effects. The most common resolution type was an 
unspecified agreement. While the most common structure undermined was a dwelling. The 
number of reported effects from the inactive mines was large compared to previous assessment 
periods. 

Figure 4-12 compares the total number of reported effects from the last three assessment periods. 
The number of total structural reported effects increased from the 4th to the 5th assessment period 
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but was very similar to the 3rd assessment period. The number of reported structural effects that 
were company liable increased by only 3 % from the 4th to the 5th assessment period. 

 
Figure 4-12. Comparison of reported effects from three Act 54 assessment periods. 
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Section 5: Water Supply Impacts 
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5.A - Overview 

The University collected data from the PADEP and cross-checked the information with digital 
versions of the same data provided by some of the mining operators to improve quality assurance 
(note, mine operators were not required to submit these data).  These data are used to perform a 
full analysis of water supplies undermined and impacted from 21 August 2013 to 20 August 
2018. There were 2,353 water supplies recorded in undermined areas during this assessment and 
379 had a reported effect. All water supplies undermined during the 5th assessment were 
analyzed and the reported effects associated with each impacted water supply enumerated.  In 
addition, the liability associated with each reported effect was assessed as well as how long it 
took to reach a final resolution using the data in BUMIS. The analysis was categorized by the 
mining type including, longwall, room-and-pillar, and pillar recovery mining. There were 14 
inactive mines with reported effects with one categorized as company liable. Finally, the analysis 
from the 5th assessment was compared to the data from the previous PADEP Act 54 analysis, 
allowing for a 15-year overview of water supply impacts. 

5.B - Data Sources 

The University used multiple data sources to locate all water supplies above mining that occurred 
during the 5th assessment period and within the rebuttable presumption zone (RPZ). All wells, 
springs, and ponds over 20-acre-ft were mapped using the 6-month mine maps provided by the 
CDMO and cross-checked with digital data provided by some of the mine operators (note, these 
digital data were not a requirement, rather a request to improved data quality assurance). All 
water supplies inside of the RPZ as well as any water supply located outside of the RPZ that had 
a reported effect were included in this mapping. Characteristics of all water supplies were 
associated with the ArcGIS locations. The water supplies with reported effects were identified 
from records provided in BUMIS. The water supplies were organized based on their locations, 
type, and impact occurrence. Additional information about the location or identification of water 
supplies was obtained through interactions with the PADEP.  

 

5.B.1 - Water supplies tracked by the PADEP 

All water supplies within the permit area must have a pre- and post-mining survey done to test 
the quantity and quality of the water as per Pennsylvania Code, Title 25, Chapter 89.145a. The 
pre-mining survey must determine the location and type of water supply as well as its existing 
and reasonable future use. The following parameters are used to define a baseline water quality 
and quantity for affected water supplies.  

5.B.1.a - Water Quality and Quantity 

§89.145a(a) states that water should be tested for both physical and chemical parameters pre- 
and post-mining to determine if there has been an effect due to mining. These parameters include 
but are not limited to: 
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Chemical Properties Physical Properties 
 Total dissolved solids 
 Specific conductance (corrected to 25 

degrees Celsius) 
 pH 
 Iron 
 Total manganese  
 Hardness 
 Total coliform  
 Acidity 
 Alkalinity 
 Sulfates 

 
 

 Flow of water 
 Depth and diameter of the well 
 Length of casing 
 Static water levels 
 Yield of water 
 Treatment and distribution systems 

 

5.B.1.b - Restoration and Replacement of Water supplies 

§89.145a(b) requires that the operators shall promptly restore or replace the affected water 
supply with a permanent alternative source which adequately serves the pre-mining uses of the 
water supply and any reasonably foreseeable uses of the water supply.   

§89.145a(c) allows the company 24 hours after the operator receives the claim to notify the 
department of the claim.  

5.B.1.c - Temporary Water Supplies 

§89.145a(e)(1&2) If an affected water supply is within the RPZ and there is no alternative water 
supply readily available to the landowner the operator shall provide a temporary water supply 
within 24 hours of being contacted by the water supply user or the PADEP, whichever occurs 
first. If a water supply is determined by the state to be affected by underground mining the 
operator is required to supply a temporary water supply no matter the location of the water 
supply with respect to the RPZ. The temporary water supply must meet quality standards equal 
to that of the pre-mining water supply. 

5.B.1.d - Permanently Restored and Replaced Water Supplies 

§89.145a(f)(1&2) the restored or replaced water supply must at minimum be as reliable, as 
permanent, and require no extra maintenance as the pre-mining water supply. As well as being 
able to be controlled and accessed as readily as the pre-mining water supply. The quality of the 
new water supply must meet the Pennsylvania Safe Drinking Water Act or be comparable to the 
previous water supply. If the fix is to tie into the public water supply the operator must provide 
the operation and maintenance cost associated with the public water supply.  The restored or 
repaired water supply must not add additional cost to the user. The landowner and operator can 
reach a one-time payment to account for the additional cost of the repaired or restored water 
supply cost.  
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5.B.2 - University’s Process for Tracking Water Supplies 

In the scope of work, the University was asked to, “Determine the number of water supplies 
undermined during the pre-determined period.”  The University created a process for tracking all 
water supplies undermined during the 5th assessment period. All mining extents were mapped in 
ArcGIS using the company supplied AutoCAD files and six-month mining maps. The coal 
contours and elevation contours were then used to create the overburden raster for each mining 
extent. Using an ArcGIS script created by the University, the RPZ for each mine was developed. 
The RPZ covers all areas above a mine plus the surface area along a line at a 35-degree angle 
from the edge of underground mining to the surface (Figure 5-1). All water supplies within the 
RPZ that are adversely affected by mining will be compensated or repaired by the mining 
companies.  One exception to this required compensation is when pre-mining data shows the 
water supply characteristics were not adversely affected as a result of mining.  

 
Figure 5-1. The components of the RPZ. Areas over mining plus the RPZ. (Figure not to scale) 

 

Once the RPZ was mapped, all water supplies located outside of the RPZ without a reported 
effect were eliminated from the ArcGIS database. The remaining water supplies were then 
divided into categories based on their locations on the maps. Each mining type had unique 
categories, below is the breakdown of the categories for longwall mining: 

 Over the Longwall 
 Over Room-and-Pillar 
 Within RPZ 
 Outside RPZ 

Categories for room-and-pillar mining: 

 Over Room-and-Pillar 
 Within RPZ 
 Outside RPZ 

And lastly the categories for the pillar recovery mines: 
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 Over Room-and-Pillar 
 Over Pillar Recovery 
 Within RPZ 
 Outside RPZ 

Once all water supplies were mapped, the total number of reported effects were analyzed. 
Finally, all water supplies located in the RPZ as well as those located outside of the RPZ that had 
a reported effect were categorized and labeled by type, i.e. spring, well, or pond. 

5.C - Summary of Trends in Water Supplies Undermined during the 5th Assessment Period 

In the 5th assessment there were 49 active mines that undermined 2,353 water supplies. Three 
hundred seventy-nine had reported effects. Longwall mining undermined the largest number of 
water supplies and had the most reported effects (Table 5-1). Fourteen percent (14.1 %) of all 
longwall and 18.9 % of room-and-pillar water supplies had a reported effect. Company liable 
effects ranged from 158 for longwall mines to 27 for room-and-pillar mines, and six for pillar 
recovery mines (Table 5-1). 
 
Table 5-1. Total number of undermined water supplies and water supplies with reported effects by mine. 

type. 

Mining Type 
Undermined 

Water supplies 

Reported Effects 
(% of water 

supplies 
undermined) 

Company Liable 
Effects (% of 

water supplies 
undermined) 

Room-and-Pillar 645 122 (18.9 %) 27 (4.1 %) 

Pillar Recovery 57 10 (25 %) 6 (15 %) 

Longwall 1,651 233 (14.1 %) 158 (9.6 %) 

Mines not active in the 5th assessment - 14 1 

TOTAL 2,353 379 192 
 
Of the 379 water supply reported effects, 192 were determined to be company liable. In the 3rd 
and 4th assessments there were significantly more reported effects than in the 5th assessment 
(Iannacchione et al. 2011; Tonsor et al. 2014). There was a 48 % decrease in company liable 
effects from the 4th to the 5th assessment (Table 5-2).  
 

Table 5-2. Water supply reported effects and company liable effects over the last three 
assessment periods. 

Assessment Period Reported Effects Company Liable Effects 
5th 379 192 
4th 855 371 
3rd 683 269 

 
The decrease in total reported effects over the last 15 years can be compared to the acres mined. 
Table 5-3 shows the number of acres mined per assessment period and the corresponding 
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company liable impacts. The percent of the total company liable impacts over the last three 
assessment period has increased, but the number of impacts per acre has decreased. The 4th 
assessment had the highest company liable impact per acre while the 5th assessment had the 
lowest.  
 

Table 5-3. Total water supply company liable impacts per acre over the last three assessment 
periods. 

Assessment 
Period 

Acres Company 
Liable Effects 

% Company 
Liable  

Company 
Liable 

Effect/acre  
5th 28,854 192 51 % 0.006 
4th 31,343 371 43 % 0.011 
3rd 38,256 269 39 % 0.007 

 
There were 379 water supply reported effects producing 192 company liable and 113 company 
not liable final resolutions with 73 categorized as interim resolutions at the end of the 5th 
assessment period. The two most significant company liable resolutions were “Agreement 
(Unspecified)” (90; Table 5-4) and “Company Purchase Property” (54; Table 5-4). Unspecified 
agreements took an average of 426 days to resolve and company purchase property averaged 150 
days. The two most significant company not liable resolutions were “Not Due to Underground 
Mining” (76; Table 5-4) and “Withdrawn” (23; Table 5-4).  Not due to underground mining took 
an average of 154 days to resolve and withdrawn claims averaged 303 days. 
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Table 5-4. Determination of liability based on final resolution category recorded in BUMIS as of 
20 August 2018. 

Final Resolution  
Number

Average Time to 
Resolution (Days)  Class  Category  

Company Not Liable 
(Unaffected/No 
Liability)  

Resolution Not Returned  1 13 
No Liability   10 24 
Not Due to Underground Mining  80 154 
Referred to Oil and Gas 1 6 
No Current Use 2 0 
Withdrawn  20 303 

Subtotal 114 176 

Company Liable 
(Assigned/Assumed 
Liable)  

Agreement (Pre-mining)  14 52 
Agreement (Unspecified)  90 426 
Closed/Info Appended to Another 
Case   0 0 
Company Purchase Property  54 150 
Undisclosed Settlement 4 643 
Compensated  4 171 
Permanent Supply 5 590 
Landowner Negotiations  1 202 
Repaired  8 279 
Resolved  12 334 

Subtotal 192 305 
Total  306 186 

 
For the remaining 73 impacts that have not reached a final resolution took an average of 329 
days to reach an interim resolution (Table 5-5).  
 

Table 5-5. Interim Resolutions in the 5th assessment and average days to reach the interim 
resolution. 

Number of Interim Resolutions Average days to Interim Resolution 
73 329 

 
Figure 5-2 shows the distribution of average days to reach final resolutions based on mine type. 
The pillar recovery and longwall mines have the highest overall average days to reach a final 
resolution and room-and-pillar mines the lowest. The outlier in the longwall mines comes from 
the Harvey Mine.  In this case, a spring used for agriculture went dry and it took 1,353 days for a 
permanent water supply and O&M bond final resolution to be reached.  
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Figure 5-2. Distribution of average days to reach a final resolution based on mining type. 

 

5.C.1 - Water Supplies Undermined 

All water supplies located within the RPZ as well as those with reported effects outside of the 
RPZ were identified by type. Figure 5-3 shows that the most commonly undermined water 
supply type was a well, followed by springs. All active mines except for Horning, Lowery, 
Crawdad, and Stafford undermined a water supply. 

 
Figure 5-3. Undermined water supply by type of water supply. 
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5.D - Water Supplies and Mining Methods 

The University was tasked with the analysis of water supply impacts by mine type. There are 
differences in the way longwall, room-and-pillar, and pillar recovery mines identify and 
implement protection or repair to water supplies affected by mining. Water supply impacts 
associated with longwall subsidence can more easily be forecast then room-and-pillar mines 
where subsidence is not expected. Pillar recovery mining can also generate subsidence, although 
these basins are much smaller in area and magnitude than basins formed by longwall mining. It 
is also common for pillar recovery mining to avoid undermining water supplies. Experience has 
shown that water supplies above longwall panels have significantly more impacts than any other 
mining method. For room-and-pillar mines, impacts can occur when groundwater flowing to 
wells and springs is disrupted by small cracks and fissures. In some cases, ground movement due 
to mining (Figure 5-4) can disrupt groundwater flow.  
 

Figure 5-4. Cracks and Fissures occurring from ground movement (Singhal, 2014, slide 2). 
 
In some cases, ground water can be released and allowed to move downward along fractures and 
laterally along bedding planes until it gets redirected, appearing further down the hillsides from a 
spring that no longer flows. Figure 5-5 shows the emergence of a spring in the hillside after the 
Bailey Mine undermined the area. 

Cracks and fissures in 

overburden that water 

can flow  
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Figure 5- 5. Emergence of a spring in a hillside after longwall mining (Photograph taken from 
PADEP files). 

 

Water supply impacts can range from the loss of flow to excessive flow and may include water 
chemistry changes. Most of the cases discussed in this section are water loss cases. However, 
pooling can result in water saturated soil and increase the potential for slope instabilities, 
especially on embankments. In some cases, the pooling will render fields unusable or even flood 
nearby structures. Pooling typically occurs in topographic lows and most often above the mined 
longwall panels where the subsidence basin causes lower elevations. Figure 5-6 shows an 
example of pooling located over the Enlow Fork Mine.   

Figure 5- 6. Pooling impacts over Enlow Fork (Photographs taken from PADEP files). 
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5.D.1 - Active Longwall Mines 

There were seven active longwall mines in the 5th assessment period that undermined 70.1 % of 
all water supplies during the 5th assessment period. Longwall mines undermined the largest 
number of acres in the 5th assessment period, approximately 17,875-acres. Table 5-6 shows the 
seven active longwall operations and the impacts that they had on the local water supplies. 
Enlow Fork undermined the most water supplies (680; Table 5-6) and had the most reported 
effects (135; Table 5-6) and company liable effects (100; Table 5-6). Conversely, the 
Monongalia County Mine had significantly lower reported effects and company liable impacts 
than Enlow Fork but the latter mined 3.5 time more acreage than the former and was located in a 
more populated area. 
 
 

Table 5-6. Total number of water supplies undermined by operation and number of reported 
effects. 

Mine Name 

Total Number 
of Water 
Supplies 

Reported 
Effects* 

Company 
Liable 

Company 
Not 

Liable 
Interim 

Resolution
Bailey  186 22 16 3 3

Cumberland 281 22 14 1 7
Emerald  123 10 5 3 2

Enlow Fork 680 135 100 8 27
Harvey 281 24 13 0 11

Monongalia County 46 6 1 3 2
Tunnel Ridge 54 14 9 1 4

TOTAL 1,651 233 158 19 56
* - Reported effects = company liable + company not liable + interim resolution 
 
All longwall mines have longwall panel mining as well as development gate roads that use room-
and-pillar mining. The extraction ratio over the room-and-pillar mining ranges from 0.4 to 0.6 so 
subsidence, even adjacent to longwall panel is typically measured in inches as compared to feet 
over the panels. However, even without significant vertical subsidence, water supply effects can 
occur anywhere within the RPZ (Refer to Figure 5-1 to see the extent of the RPZ). Table 5-7 
shows the placement of water supply reported effects for each of the seven active longwall 
operations based on their location. For all longwall mines active during the 5th assessment, 66.1 
% of water supply reported effects occurred directly over longwall panels.  
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Table 5-7. Location of reported effects over longwall mines. 

Mine Name 
Reported 
Effects* 

Location of Reported Effects 

Over 
Room-and-

Pillar 

Over 
Longwall 

Within 
RPZ 

Outside 
RPZ With 
Reported 

Effects 
Bailey 22 2 15 3 2 

Cumberland 22 1 14 7 0 
Emerald 10 0 1 7 2 

Enlow Fork 135 16 99 5 15
Harvey 24 1 17 5 1 

Monongalia County 6 0 1 0 5 
Tunnel Ridge 14 3 7 2 2 

TOTAL 233 23 154 29 27
* - Reported effects = total over room-and-pillar + total over longwall + total within RPZ + 
reported effects outside RPZ  
 
There were 177 reported effects from longwall mining that have reached a final resolution. The 
most common company liable effect was an “Unspecified Agreement” (72; Table 5-8), which 
took an average of 492 days (Table 5-8). The most common company not liable effect was “Not 
Due to Underground Mining”, taking 148 days on average to achieve a final resolution. There 
was also a large amount of company purchased properties for water supplies in the 5th 
assessment (54; Table 5-8).  
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Table 5-8. Determination of longwall mining liability based on final resolution category 
recorded in BUMIS as of 20 August 2018. 

Final Resolution  
Number

Average Time to 
Resolution (Days)  Class  Category  

Company Not Liable 
(Unaffected/No 
Liability)  

Resolution No Returned  1 13 
No Liability   0 0 
Not Due to Underground Mining  11 148 
Referred to Oil and Gas 1 6 
No current use 2 0 
Withdrawn  4 502 

Subtotal 19 206 

Company Liable 
(Assigned/Assumed 
Liable)  

Agreement (Pre-mining)  13 1 
Agreement (Unspecified)  72 492 
Closed/Info Appended to Another 
Case   0 0 
Company Purchase Property  54 150 
Undisclosed Settlement 4 644 
Compensated  4 25 
Landowner Negotiations  0 0 
Repaired  5 496 
Permanent Supply 1 1353
Resolved  5 733 

Subtotal 158 368 
Total  177 292 

 

There were 56 reported effects from longwall mining water supply reported effects that have not 
reached a final resolution and are still in interim resolution. It took an average of 441 days for the 
56 reported effects to reach an interim resolution (Table 5-9).  

Table 5-9. Reported effects in Interim Resolutions from all longwall mining. 
Number of Interim Resolutions Average time to Interim Resolution 

56 441 
 
5.D.2 - Active Room-and-Pillar Mines 

There were 37 total active room-and-pillars mines in the 5th assessment period and 122 recorded 
water supply impacts from room-and-pillar mining. Although room-and-pillar mining is not 
expected to subside the ground the ground water above the mines can, on occasion, redirect 
flows and cause impacts to water supplies at the surface. Table 5-10 illustrates the number of 
water supplies reported effects organized by active room-and-pillar mines. Their location relative 
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to room-and-pillar developments and the RPZ is included to improve the analysis of claim 
outcomes. 

Table 5-10. Location of water supply reported effects for room-and-pillar mining. 

Mine Name  
Total Water 

supplies 
Undermined 

Location of all Reported Effects Company 
Liable 
Effects 

Over Room-
and-Pillar 

Inside RPZ 
Outside 

RPZ 
Acosta 9 0 0 3 0 

Barbara 2 17 0 0 6 3 
Beaver Valley   7 0 0 2 0 

Brubaker   9 1 1 0 0 
Brush Valley   56 0 1 0 0 

Cass 1   13 0 0 4 0 
Cherry Tree   13 0 0 3 0 
Clementine 1 42 0 0 23 8 

Darmac 2   12 0 0 3 0 
Dutch Run   12 0 3 3 2 
Harmony   18 0 0 5 0 
Heilwood   52 0 1 3 2 

Knob Creek   9 0 1 2 1 
Logansport   22 0 0 4 2 

Madison   28 0 0 4 0 
Maple Springs   13 0 0 6 0 

Mine 78 30 2 0 1 1 
Ondo   10 0 0 2 0 

Parkwood   15 3 1 4 1 
Penfield   11 0 0 11 1 
Roytown 1 0 0 1 0 

Toms Run   107 0 1 5 3 
Tracy Lynne   22 0 1 4 2 
Twin Rocks  18 0 0 2 0 

Kimberly  14 0 0 5 1 
TOTAL 560* 6 10 106 27 

*- This number reflects the total water supplies with reported effects. Twelve room-and-pillar 
mines had zero reported effects. 
 

Twenty-seven of the 122 reported effects were company liable. Of these reported effects, 106 
occurred outside of the RPZ. One mine, Clementine 1, accounted for 21.7 % of the 106. Twenty, 
or 18.9 %, of the 106 reported effects outside of the RPZ were determined to be company liable. 
Six, or 5 %, of the 122 reported effects occurred directly above the room-and-pillar mining and 
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of these six, only two were company liable. Ten reported effects were in the zone between the 
edge of room-and-pillar developments and the edge of the RPZ. Five, 50 %, were company 
liable. 
   
Of the 122 reported effects, 107 have reached a final resolution. Twenty-seven impacts were 
determined to be company liable and 80 were determined to be company not liable. The 
remaining 15 reported effects are still in Interim Resolution. Table 5-11 shows the average time 
that it took to reach a final resolution. The most common final resolution is “Not Due to 
Underground Mining”, with 54 reported effects, and it took an average of 117 days to reach these 
final resolutions. The final resolution that took on average the longest to reach was the water 
supplies that were “Compensated.” This resolution for water supply impacts could take longer 
because if a new water supply is installed the water cannot cost more than the landowners 
previous water supply, and if it does the owner must be compensated the difference. A 
monitoring process may need to take place before a final compensation amount can be 
determined for the new water supply. The majority of the company liable final resolutions were 
an “Unspecified Agreement,” so more information is not known about them. The overall time to 
reach all final solutions for water supply company liable impacts over room-and-pillar mining 
was 182 days, which is less than the overall time it took to reach final resolution for longwall 
mining.  
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Table 5-11. Determination of room-and-pillar mining liability based on final resolution status as 
of 20 August 2018. 

Final Resolution  
Number

Average Time to 
Resolution (Days)  Class  Category  

Company Not Liable 
(Unaffected/No 
Liability)  

Resolution No Returned  0 0 
No Liability   9 34 
Not Due to Underground Mining  58 118 
Referred to Oil and Gas 0 0 
No current use 0 0 
Withdrawn  13 215 

Subtotal 80 106 

Company Liable 
(Assigned/Assumed 
Liable)  

Agreement (Pre-mining)  1 203 
Agreement (Unspecified)  13 118 
Closed/Info Appended to Another 
Case   0 0 

Company Purchase Property  0 0 
Permanent Supply 3 357 
Compensated  0 0 
Landowner Negotiations  1 202 
Repaired  3 134 
Resolved  6 195 

Subtotal 27 107 
Total  107 182 

 
5.D.3 - Active Pillar Recovery Mines 

The five active pillar recovery mines undermined just 57 water supplies and had ten reported 
effects with six company liable effects in the 5th assessment period.  The location of the water 
supply impacts is divided into four undermining categories: pillar recovery mining; room-and-
pillar, inside the RPZ, and outside of the RPZ (Table 5-12). The areas of pillar recovery can 
cause damage to the surface not normally seen in room-and-pillar mining. Here, the overburden 
support is compromised when the pillars are extracted. Water supplies can be adversely 
impacted. However, the area with the fewest water supplies is over pillar recovery mining. It is 
likely that mine operators sometimes plan to avoid extracting pillars beneath surface water 
supplies. The Nolo mine had the largest number of company liable effects (3), while Crawdad 
and Quecreek had none. 
 
 
 
 



Effects of Mine Subsidence  2013-2018  University of Pittsburgh 

 
 
 

5-17 
 

Table 5-12. Total number of water supplies and their location over the pillar recovery mines. 

Mine 
Total Water 

supplies 
Undermined 

Location Reported Effects 
Company 

Liable Over Room-
and-Pillar 

Over Pillar 
Recovery 

Inside 
RPZ 

Outside 
RPZ 

4 West  10 4 1 4 1 1 
Crawdad 0 0 0 0 0 0 

Nolo 28 7 0 17 4 3 
Prime 1 2 0 0 0 2 2 

Quecreek 17 8 0 9 0 0 

TOTAL 40 11 1 21 7 6 
 
Figure 5-7 shows the distribution of the reported effects and their final resolution over the areas 
in pillar recovery mines. The one water supply undermined by pillar recovery mining was 
determined to be company liable. There were only four company not liable final resolutions and 
zero interim resolutions. It is interesting to note that the area with the five company liable effects, 
or 83.3 % of the total, occurred outside of the RPZ. It is unlikely that subsidence is occurring 
outside of the RPZ given the known extents of strata aquifers in the region and the geometry of 
the RPZ. 

Figure 5-7. Location of reported impacts and their resolution. 
 

Pillar recovery mines extracted the fewest acres of all mine types in the 5th assessment period, 
approximately 2,494 acres. The impact ratio for pillar recovery is very similar as for room-and-
pillar mines. All water supply undermined with reported effects reached a final resolution. Table 
5-13 shows ten categories with the number and total average days to reach a final resolution. The 
average for all ten reported effects was 254 days. The final resolution that took the longest to 
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occur was an “Unspecified Agreement.” One claim at Prime 1 took 1,592 days to achieve a 
resolution.  
 
Table 5-13. Determination of pillar recovery mining liability based on final resolution category 

recorded in BUMIS as of 20 August 2018. 
Final Resolution  

Number
Average Time to 

Resolution (Days)  Class  Category  

Company Not Liable 
(Unaffected/No 
Liability)  

Resolution No Returned  0 0 
No Liability   0 0 
Not Due to Underground Mining  3 73.7 
Referred to Oil and Gas 0 0 
No current use 0 0 
Withdrawn  1 105 

Subtotal 4 89 

Company Liable 
(Assigned/Assumed 
Liable)  

Agreement (Pre-mining)  0 0 
Agreement (Unspecified)  4 872 
Closed/Info Appended to Another 
Case   0 0 

Company Purchase Property  0 0 
Permanent Supply 1 60 
Compensated  0 0 
Landowner Negotiations  0 0 
Repaired  0 0 
Resolved  1 160 

Subtotal 6 567 
Total  10 254 

 
The previous assessments had significantly higher numbers of reported effects (384; Table 5-14) 
and company liable effects (152; Table 5-14) over room-and-pillar mines. This is approximately 
three times the number during the 5th assessment period. The 3rd assessment period had 83 
company liable water supplies. Likewise, pillar recovery had more company liable effects in the 
3rd and 4th assessments periods than in the 5th. This is partly due to a decreased number of pillar 
recovery mines (Table 5-14).  
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Table 5-14. Room-and-pillar and pillar recovery mines categorized by their reported effects and 
company liable impacts over the last three assessment periods. 

Assessment 
Period 

Room-and-Pillar Pillar Recovery 

Number of 
Mines 

Reported 
Effects 

Company 
Liable 
Effects 

Number 
of Mines 

Reported 
Effects 

Company 
Liable 
Effects 

5th  38 122 27 4 10 6 
4th 34 384 152 5 24 13
3rd  35 238 83 6 20 10

 

5.D.4 - Inactive Mines 

There were ten inactive mines with water supply reported effects during the 5th assessment 
period. Impacts to water supplies after mining ceases and the operation closes can occur for 
several reasons. Determination of those reasons is beyond the scope of this report.  All the 
inactive mines with water supply reported effects were room-and-pillar mines. There was a total 
of 14 reported effects. Table 5-15 shows the mines that had a reported effect and their resolution. 
There was only one of the impacts that was company liable and that occurred over the David 
Dianne Mine. Two claims had not reached a final resolution. 
 

Table 5-15. Water supply reported effects resolutions per inactive mime. 

Mine Name Company Liable 
Company Not 

Liable 
Interim Resolution 

Augustus 0 1 0 
David Dianne 1 0 0 
Emilie 1 & 2 0 0 1 

Geronimo 0 1 0 
Mine 84 0 2 1 

No 3 Deep 0 1 0 
Ridge 0 1 0 

Rossmoyne 0 1 0 
Stonycreek 0 3 0 

Urling 1/3 Deep 0 1 0 
TOTAL 1 11 2 

 
There were 12 impacts that have reached a final resolution (Table 5-16), with the most common 
final resolution being “Not Due to Underground Mining.” The one company liable agreement 
had an “Unspecified Agreement,” so information about this claim was limited.  
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Table 5-6. Determination of inactive mine liability based on final resolution category recorded 
in BUMIS as of 20 August 2018. 

Final Resolution  
Number

Average Time to 
Resolution (Days)  Class  Category  

Company Not Liable 
(Unaffected/No 
Liability)  

Resolution No Returned  0 0 
No Liability   1 1 
Not Due to Underground Mining  8 244 
Referred to Oil and Gas 0 0 
No current use 0 0 
Withdrawn  2 699 

Subtotal 11 378 

Company Liable 
(Assigned/Assumed 
Liable)  

Agreement (Pre-mining)  0 0 
Agreement (Unspecified)  1 181 
Closed/Info Appended to Another 
Case   0 0 

Company Purchase Property  0 0 
Permanent Supply 0 0 
Compensated  0 0 
Landowner Negotiations  0 0 
Repaired  0 0 
Resolved  0 0 

Subtotal 1 181 
Total  12 281 

 
5.E - Summary 

The longwall mines undermined the most water supplies of all mine types (1,651, 70.1 % of all 
water supplies) in the 5th assessment period. They also had the highest number of reported effects 
(233, 61.4 % of all reported effects) and company liable impacts (158, 82.3 % of all company 
liable effects). This is expected over longwall mines because of the areal extent of longwall 
mining and occurrence of cracks and fissures within the overburden subjected to subsidence. The 
overall impacts from room-and-pillar mining decreased from the 3rd and 4th assessments and the 
company liable per acre mined was 75 % less than longwall mines. This shows the importance of 
ground support by the coal pillars. Pillar recovery was the mining type with the fewest total 
impacts as well as company liable impacts.  Although pillar recovery has expected subsidence in 
the areas that the pillars are extracted, it is important to note that there are usually no water 
supplies located over these areas. Because longwall extracts a large area of coal over a relatively 
short period of time, these operations cannot as easily avoid areas with high water supply 
densities.  
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Evaluation of subsidence impact data on an ongoing basis is central to the tasks specified in Act 
54. The total number of water supply reported effects in the 5th assessment decreased compared 
to the 3rd and 4th assessment period, i.e. 683 (former) and 855 (latter). While the percent of total 
company liable effects were highest in the 5th assessment the number of company liable effects 
per acre mined was the lowest among these assessment periods. A decline in acres mined has 
resulted in a decreased number of company liable water supply effects. 
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6.A - Overview 

The University of Pittsburgh analyzed data collected from the state and mining companies to 
assess the damages done to land from underground mining from 21 August 2013 to 20 August 
2018. There were 3,296 land parcels undermined and 124 land “Reported Effects” to the 
PADEP. Of this total, 66 were found to be “Company Liable.” The University investigated the 
following: 

 the number and percentage of impacts a) reported to the PADEP or reported effects; and 
b) determined to be the responsibility of the company to fix or compensate the property 
owner or company liable, 

 the length in time it took to reach a final resolution,  
 the location of the impacts, and  
 the type of impact that occurred.  

 
The number of land impacts that occurred in the previous Act 54 Assessments analyzed by the 
University were compared with the most recent data to examine how land impacts have changed 
over 15 years.  

6.B - Data Sources 

The land impacts were identified based on the parcel IDs used to identify property ownership. 
The property lines were obtained through: 

 6-month mine maps submitted to the CDMO,  
 AutoCAD maps provided by the mining companies, and  
 ArcGIS property lines shapefiles for Washington and Greene counties.  

 
Land impacts were obtained from the BUMIS database updated by the CDMO. All photographs 
were obtained from the mine shadow’s files or from site visits to impacted land taken by the 
University.  

All property that intersected a projection of the mine outlines on the surface, including the 200-ft 
buffer around the 5th assessment mining extents were mapped in ArcGIS. All properties with 
reported effects that were outside of the 200-ft buffer were also mapped. Lastly, the distance 
from mine workings and topographic elevation for each property were analyzed.  

6.B.1 - Land Tracked by PADEP 

Subsidence control plans are required by Pennsylvania for any structures that will be undermined 
(Pennsylvania Code, Title 25, Chapter 89.142a). The regulations required for the subsidence 
control plans of structures are summarized below.  
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6.B.1.a - Damage to Surface Lands 

§89.142a(e) The operator is responsible to correct the material damage to surface land that 
results from subsidence caused by the underground mining operations in the most 
technologically and economically feasible ways.  

6.B.2 - University’s Process for Tracking Land 

The University developed a tracking protocol to categorize and map all properties and land 
impacts from the 5th assessment period. Land damage in BUMIS is often associated with a 
particular property.  Therefore, significant effort was required to obtain the most up to date 
property line files necessary to identify changes in ownership and accurately map the location of 
the damage. The BUMIS database was then used to determine which land parcels had a reported 
effect. The parcels were identified using the common parcel number located in BUMIS and on 
the ArcGIS maps. If the parcel number did not exist in BUMIS or on the map, the PADEP was 
contacted to clarify the exact location of the reported effect. All properties with reported effects 
were mapped over the mining extent in two layers. The two layers categorized the land impacts 
based on a) their final resolution or b) status of mining company liability for each of the reported 
effects.  
 

6.C - Summary of Trends in Land Impacts during the 5th assessment period 
 

During the 5th assessment, forty-nine (49) active mines undermined at least a portion of 3,296 
land parcels. Of the 124 land reported effects, 110 were over active mines and 14 over inactive 
mines (Table 6-1). In addition, 66 were determined to be company liable, 30 were “Company not 
Liable”, and 28 reported effects were classified as “Interim Resolution”. Eighty percent of all 
reported effects were over active longwall mines, and 95 % of the company liable reported effect 
were over active longwall panels. The remaining 5 % occurred over inactive mines.  
 
Table 6-1. Total of undermined land parcels and land parcels with reported effects by mine. type. 

Mining Type Undermined Land 
Parcels 

Reported Effects Company 
Liable 

Room-and-Pillar 1,771 8 0 

Pillar Recovery 284 3 0 

Longwall 1,241 99 63 

Mines not active in the 5th assessment - 14 4 

TOTAL 3,296 124 67 

 
While room-and-pillar mines undermined the most land parcels in the 5th assessment, longwall 
mines had the most significant impact on land. The University could not directly compare the 
total land parcels that were undermined in the 3rd and 4th assessment with the 5th assessment due 
to changing land ownership and the resultant subdivision of properties that can occur during 
transfer. Given the caveat that property lines shift, there were 108 land reported effects in the 3rd 
assessment and 106 in the 4th assessment (Table 6-2). This number has increased an average of 
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16 % over the last 15 years, while the total acres undermined has decreased by nearly 25 % and 
the acres undermined by longwall mines has decreased by 30 % since the 3rd assessment (Section 
3).  
 

Table 6-2. Total number of land reported effects per assessment period. 
Assessment Period Total Reported Effects 

5th 124
4th 106
3rd 108

 
In both the 3rd and 4th assessments, 88 % of the land reported effects occurred over active 
longwall mining operations (Iannacchione et al. 2011; Tonsor et al. 2014). The high percentage 
of reported effects and associated company liable events can be attributed to the formation of the 
subsidence basin associated with longwall mining. As described in Appendix D, the total 
extraction of the longwall can cause significant changes in ground deformation and strains. 

It took an average of 149 days for reported land effects to reach a final resolution (Table 6-3). 
The longest average land final resolution was for “Repaired” land damage at 585 days (Table 6-
3).  Within the repaired land damage cases, resolution took longest over inactive mines, requiring 
700 days (Figure 6-6).  Between the three impact categories studied (structures, water supplies, 
and land), land impacts had the most final resolutions that ended up categorized as “Repaired” 
(17 %). The inactive mines had the longest time to repair for company liable effects (Figure 6-1). 
The repairs for land company liable impacts include, but are not limited to, grading the ground to 
eliminate ponding, filling tension cracks, and stabilizing mass wasting.  
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Table 6-3. Determination of liability based on final resolution category as recorded in BUMIS as 
of 20 August 2018. 

Final Resolution 
Number 

Average Time to 
Resolution (Days) Class Category 

Company Not Liable 
(Unaffected/No 

Liability) 

Damage Claim Form Not 
Returned to CDMO 7 132
No Liability 0 0
Not Due to Underground Mining 19 99
Withdrawn 4 41

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 4 33
Agreement (Unspecified) 19 369
Closed/Info Appended to 
Another Case 0 0
Company Purchased Property 19 90
Compensated 4 130
Landowner Negotiations 0 0
Repaired 16 585
Resolved 4 306

TOTAL 96 149

Figure 6-1. Average days required to resolve land reported effects based on mining type. 
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6.C.1 - Land Impact Categories  

6.C.1.a - Tension Cracks 

The University was able to categorize the land impacts into four main impact types: tension 
cracks, mass wasting, flooding, and other. The “other” category contains all remaining impacts 
that were not cracks, mass wasting, or flooding. Tension cracks were a common land impact 
during the 5th assessment, with 36 occurrences of tension cracks out of the 110 reported effects 
from active mining. Tension cracks can extend tens to hundreds of feet in length and can reach 
several feet in depth and width. They can be caused by the formation of the final subsidence 
basin as well as the dynamic subsidence wave that occurs during extraction. A tension crack may 
stay open or close shortly after opening. Some may also be subjected to compressional forces 
complicating their appearance on the surface. 

Figure 6-2 show tension cracks that formed over the Bailey 3L panel shortly after the longwall 
undermined the property. This impact was repaired by the company. Figure 6-3 is another 
example of a tension crack in the Bailey Mine, but this tension crack is much smaller in width, 
but longer in length. The tension crack extends from the road into the hill side. This crack 
formed approximately one month after the longwall face had passed and is still in interim 
resolution.  

 
Figure 6-2. Tension cracks formed during undermining of a property in the Bailey 3L panel 

(Photographs from the PADEP files). 
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Figure 6-3. Tension cracks in roadway and hillside formed a month after the Bailey 5L longwall 

face had passed (Photographs from the PADEP files). 

6.C.1.b - Mass Wasting 

There were 46 instances of mass wasting in the 5th assessment, making it the most commonly 
reported land impact. Mass wasting is the downward movement of soil and rock due to the force 
of gravity. There are several types of mass wasting as depicted in Figure 6-4. The formation of 
the subsidence basin can cause existing slopes to become unstable and fail. The geology of 
Western Pennsylvania, especially the Greater Pittsburgh region, is especially suspectable to 
landslides (Pomeroy, 1982).  

 
Figure 6-4. Types of mass movement taken from Lumen Learning (“Types of Mass Movement | 

Geology”). 
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Figure 6-5 shows a slide that occurred over the Harvey Mine during the 5th assessment period. 
This is a transitional landslide according to Figure 6-4. 

 
   

 
Figure 6-5. Mass wasting occurring over the Harvey Mine during the 5th assessment 

(Photographs from the PADEP files). 
 
6.C.1.c - Flooding 

There were 12 land impacts that specified flooding as the problem description. Flooding, like 
tension cracks and mass wasting, can be destructive. The formation of the subsidence basin 
causes the ground to form local depressions. Rainwater or parts of the flow from a nearby stream 
can fill the depressions. Periodic ponding can result in ground saturation, impacting the 
economic yield of a field or leading to mass wasting. Ponding and increased soil moisture can 
also impact agriculture production (Darmody et al., 1989; Lechner et al., 2016). The ponding can 
also bring unwanted wildlife to the area, disrupting the natural habitat of the area. For example, 
during field visits to undermined areas, the University found that beavers have inhabited areas 
where ponding occurred and constructed dams, perpetuating the inundation. Figure 6-6 is an 
example of ponding that occurred in low areas over the Cumberland Mine. 
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Figure 6-6. Ponding in low area over Cumberland Mine (Photograph taken from PADEP file). 

6.C.1.d - Methane 

There were two reported effects that cited a methane related issue. Methane is released form the 
coal and surrounding strata during mining operations. Low concentrations of methane (between 
5 to 15 %) can be explosive, making this impact extremely dangerous. Certain coal seams are 
known to have higher methane concentration than others (McCulloch, 1975).  The methane gas 
migrates from the gas bearing coalbeds into the broken strata associated with the longwall panel. 
Here the gas is free to flow from these areas of elevated pressure to the atmospheric conditions 
on the surface through connecting fracture systems.  All mines have a mechanical ventilation 
system capable of removing methane from the underground workings. Figure 6-7 shows an 
example of methane moving through rock fractures, potentially intercepting water wells and 
foundations of structures on the surface.  
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Figure 6-7. Methane migration patterns as a result of longwall mining (Singhal, 2014, slide 2). 
 

6.D - Land Impacts and Mining Types 
 

6.D.1 - Active Longwall Mines 

The seven active longwall mines accounted for 80 % of all reported land effects that occurred in 
the 5th assessment. Table 6-4 list the number of reported effects per mining operation. Enlow 
Fork undermined the largest number of land parcels and had the most company liable impacts.  
 

Table 6-4. Reported Land Effects and liability per active longwall mining operation. 

Mine Name 
Total Number of 

Land Parcels 
Company 

Liable 
Company Not 

Liable 
Interim 

Resolution 
Bailey  99 11 5 5

Cumberland 179 6 0 5
Emerald  271 3 7 1

Enlow Fork 431 31 1 5
Harvey 135 5 1 3

Monongalia County 76 4 1 0
Tunnel Ridge 50 3 0 2

 
The university found that 72 of 99 total land reported effects were located directly over the 
longwall panels (Figure 6-8). Fifty-four of the reported effects found over the longwall panels 
were company liable. The area that had the least amount of effects was the room-and-pillar 
developments associated with longwall mining. This is significant since many of these room-
and-pillar developments are located next to the longwall panels. Several of the reported effects, 
occurred outside of the 200-ft buffer. In most cases these impacts were attributed to adjacent 
inactive mining operations rather than active mining.  

Cracks in overburden that 

methane can migrate 
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Figure 6-8. Location of reported effects over active longwall mining. 

Of the 99 total land reported effects, 78 had reached a final resolution as of 20 August 2018, and 
21 were still classified as an interim resolution. On average, it took 197 days to reach a final 
resolution for the land impacts over active longwall mining (Table 6-5). Unspecified agreements 
and company purchased properties were the most common resolution for impacts that were 
company liable. Overall, the resolution that took the longest to complete was the repair of land 
impacts and the resolution that had the shortest time was a pre-mining agreement. Pre-mining 
agreements were one of the least common final resolutions for land damage over longwall 
mining. 
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Table 6-5. Determination of liability for longwall mines based on final resolution category as 
recorded in BUMIS as of 20 August 2018. 

Final Resolution 
Number 

Average Time to 
Resolution (Days) Class Category 

Company Not Liable 
(Unaffected/No 

Liability) 

Damage Claim Form Not Returned to 
CDMO 3 199
No Liability 0 0
Not Due to Underground Mining 12 99
Withdrawn 0 0

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 4 33
Agreement (Unspecified) 19 369
Closed/Info Appended to Another Case 0 0
Company Purchased Property 19 90
Compensated 4 130
Landowner Negotiations 0 0
Repaired 14 449
Resolved 3 208

TOTAL 78 197
 
The distribution of the type of reported effects for active longwall mining follows the overall 
pattern described above, with mass wasting accounting for 45 % of land impact type (Figure 6-
9). All (2) methane related impacts occurred over active longwall mining operations. 

 
Figure 6-9. Occurrence of reported effects for active longwall mines. 

6.D.2 - Active Room-and-Pillar Mines 

In the 5th assessment there were eight land reported effects from room-and-pillar mining with 
seven determined to be company not liable and one listed as having an interim resolution. Table 
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6-6 shows the active room-and-pillar mining operations with land reported effects. Mine 78 
undermined populated areas whose land parcels were divided into small areas, making the total 
number of parcels (325) much higher than the average (48). In the 3rd assessment there were 
three reported effects over active room-and-pillar mines with one company liable event. In the 4th 
assessment there were five reported effects associated with room-and-pillar mines, but data are 
not available about their final resolution in BUMIS. During the last 15 years, the impacts to land 
from room-and-pillar mining was minimal, most likely because of the low extraction ratio and 
lack of subsidence.  
 

Table 6-6. Land reported effects per active room-and-pillar operation. 

Mine Name 
Total Number of 

Land Parcels 
Company 

Liable 
Company Not 

Liable 
Interim 

Resolution 
Clementine 1 30 0 2 0
Logansport 35 0 2 0

Mine 78 325 0 2 0
Madison 68 0 0 1

Tracy Lynne 41 0 1 0
 
All reported effects determined to be company liable took an average of 88 days to reach a final 
resolution (Table 6-7). Four of the reported effects were determined to be not due to underground 
mining, while the remaining three reported effects did not have their damage claim form returned 
to the CDMO. When a damage form is not returned to the CDMO, tracking of the claim in 
BUMIS ceases and the failure to return a form is the recorded resolution. All seven reported 
effects occurred outside of the 200-ft buffer. Five of the reported effects were classified as 
tension cracks, and the remaining two were not specified.  
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Table 6-7. Determination of liability for room-and-pillar mines based on final resolution status 
as of 20 August 2018. 

Final Resolution 

Number 

Average 
Time to 

Resolution 
(Days) 

Class Category 

Company Not 
Liable 

(Unaffected/No 
Liability) 

Damage Claim Form Not Returned to 
CDMO 3 109
No Liability 0 0
Not Due to Underground Mining 4 66
Withdrawn 0 0

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 0 0
Agreement (Unspecified) 0 0
Closed/Info Appended to Another Case 0 0
Company Purchased Property 0 0
Compensated 0 0
Landowner Negotiations 0 0
Repaired 0 0
Resolved 0 0

TOTAL 7 88
  
6.D.3 - Active Pillar Recovery Mines 

The pillar recovery mines had three land reported effects during the 5th assessment period, 
occurring over two mines. Table 6-8 shows the pillar recovery mines that had the reported 
effects.  
 

Table 6-8. Reported land effects per active pillar recovery mine. 

Mine Name 
Total Number of 

Land Parcels 
Company 

Liable 
Company Not 

Liable 
Interim 

Resolution 
4 West 173 0 1 0
Nolo 28 0 0 2

 
Of the three reported effects only one had a final resolution and it was determined to be company 
not liable because the damage claim form was not returned to the CDMO, it took 88 days to 
reach the final resolution (Table 6-9). The remaining two reported effects are in interim 
resolution. 
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Table 6-9. Determination of liability for pillar recovery mines based on final resolution category 
recorded in BUMIS as of 20 August 2018. 

Final Resolution 
Number 

Average Time to 
Resolution (Days) Class Category 

Company Not Liable 
(Unaffected/No 

Liability) 

Damage Claim Form Not Returned to 
CDMO 1 88
No Liability 0 0
Not Due to Underground Mining 0 0
Withdrawn 0 0

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 0 0
Agreement (Unspecified) 0 0
Closed/Info Appended to Another 
Case 0 0
Company Purchased Property 0 0
Compensated 0 0
Landowner Negotiations 0 0
Repaired 0 0
Resolved 0 0

TOTAL 1 88
 
The reported effect over the Nolo Mine that was found to be company not liable was located 
over the room-and-pillar developments. This mining method is not normally expected to produce 
subsidence. Subsidence is only expected to occur over areas where pillar recovery occurred. The 
two reported effects in interim resolution are from 4 West Mine and occurred within the 200-ft 
buffer, but not directly over the mine.  
 
6.D.4 - Inactive Mines 
 
There were seven inactive mines with land reported effects during the 5th assessment. Three of 
these were longwall mines and four were room-and-pillar mines. Of the 14 land reported effects 
from the inactive operations, four were found to be company liable, four were classified as an 
interim resolution, and the remaining six impacts were found to be company not liable. One of 
the company liable reported effects occurred over the longwall mine, Blacksville 1. The 
remaining three company liable impacts occurred over the room-and-pillar Ridge and TJS 1 
Mines (Table 6-10). 
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Table 6-10. Reported land effects per inactive mines that occurred during the 5th assessment 
period. 

Mine Name 
Company 

Liable 
Company Not 

Liable 
Interim 

Resolution 
Maple Creek 0 3 3 
Blacksville 1 1 0 0 
Keystone East 0 1 0 

Long Run 0 1 0 
Mine 84 0 1 1 
Ridge  2 0 0 
TJS 1 1 0 0 

 
The Ridge Mine is a room-and-pillar operation that was active in the 3rd assessment but had a 
land company liable impact in the 5th assessment. TJS 1 was mined prior to the 3rd assessment 
period and little information was available on this operation. The Ridge Mine extracted a small 
pocket of Pittsburgh coalbed in Armstrong County. Figure 6-10 shows the mine outline with the 
overburden contours and the impacted parcel. Ridge Mine was developed under shallow 
overburden, averaging approximately 200-ft. At shallow overburdens, the subsurface strata are 
more capable of transmitting mining induce fractures to the surface; and roof falls in the 
underground have the potential to propagate fractured strata to the surface. The area over the 
Ridge Mine with the land company liable impacts had tension cracks formed in the fields of the 
property. Three tension cracks also occurred in the 4th assessment period. One within the same 
property as those occurring in the 5th assessment (shown in red Figure 6-10) and two in adjacent 
properties. 
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Figure 6-10. Map of the Ridge Mine and the one land parcel with a company liable effect. 

 

It took on average 325 days for the final resolution determination for the ten land reported effects 
(Table 6-11). The inactive mines took longer to resolve than all other mine categories. The final 
resolution category with the most reported effects was the “Withdrawn” category. The two 
reported effects that were repaired had the longest average completion time. 
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Table 6-11. Determination of liability inactive mines based on final resolution category as 
recorded in BUMIS as of 20 August 2018. 

Final Resolution 
Number

Average Time to 
Resolution (Days) Class Category 

Company Not Liable 
(Unaffected/No 

Liability) 

Damage Claim Form Not Returned 
to CDMO 0 0
No Liability 0 0
Not Due to Underground Mining 3 133
Withdrawn 4 41

Company Liable 
(Assigned/Assumed 

Liable) 

Agreement (Pre-Mining) 0 0
Agreement (Unspecified) 0 0
Closed/Info Appended to Another 
Case 0 0
Company Purchased Property 0 0
Compensated 0 0
Landowner Negotiations 0 0
Repaired 2 721
Resolved 1 404

TOTAL 10 325
 

6.E - Summary 

One hundred twenty-four (124) land reported effects occurred from 21 August 2013 to 20 
August 2018 from the 49-active longwall, room-and-pillar, and pillar recovery mines as well as 
seven inactive mines. Sixty-six were found to be company liable.  Most (80 %) of the total land 
reported effects occurred over the six active longwall mines. Nearly all (95 %) of company liable 
impacts occurred over longwall mines. Active room-and-pillar and pillar recovery operations had 
nine reported effects.  Of these, eight had a final resolution determined to be company not liable. 
Inactive mines had a larger amount of impacts in the 5th assessment than had been recognized 
during previous assessments. Three of the impacts were company liable. Of these four, one 
occurred over the Blacksville 1 longwall mine, two over the room-and-pillar Ridge Mine, and 
one over the TJS 1 Mine. 
 
During the 5th assessment represented recorded land impacts increased (124) relative to the  3rd 
(108) and 4th (106) assessment periods. A significant portion of the increase was found to be 
associated with a spike in inactive land reported affects. The 14 land reported effects over 
inactive mines in the 5th assessment match the combined total of reported land impacts during the 
3rd and 4th assessment periods. 
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SECTION 7: Hydrologic Balance 
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7.A – Overview 

This section describes the concept of hydrologic balance and explores the evaluation of 
hydrologic balance in PADEP’s permitting and enforcement process.  Several aspects are 
examined: 1) The water quality monitoring suite and the ability to evaluate the implications of 
subsidence and repair on water quality; 2) The completeness of flow monitoring used in stream 
recovery evaluations; and 3) The range of flow test for the recovery of streams following 
subsidence impacts.  

7.A.1 - Hydrologic Balance and the Act 54 Regulatory Framework 

The Act 54 amendments to the Bituminous Mine Subsidence and Land Conservation Act 
(BMSLCA) state that the legislation does not supersede the standards designed to maintain the 
hydrologic balance as delineated by the Surface Mining Control and Reclamation Act of 1977 
(SMCRA). SMCRA is the federal law regulating the environmental impacts of coal mining in 
the United States. Section 1266 of this law requires underground coal mining operations to 
minimize the disturbance to the hydrologic balance both at the mine site and at associated offsite 
areas. Hydrologic balance is defined as follows:  

Hydrologic balance means the relationship between the quality and quantity of water 
inflow to, water outflow from, and water storage in a hydrologic unit such as a drainage 
basin, aquifer, soil zone, lake, or reservoir. It encompasses the dynamic relationships 
among precipitation, runoff, evaporation, and changes in ground and surface water 
storage. (30 CFR § 701.5) 

Underground longwall coal mining affects the hydrologic balance through several fundamental 
mechanisms: impeded flow due to differential subsidence at the edge of the gate roads (pooling), 
rerouted surface water to subsurface flow paths (flow loss, wetland impacts), and altered aquifer 
systems that change groundwater dynamics. 

However, comparison of defined protections of hydrologic balance with policy to protect 
structures, water supplies, and land damage, reveals very limited guidance in the Act 54 
amendments about the hydrologic balance and the steps necessary to restore the hydrologic 
balance.  The PADEP has provided technical guidance (“Surface Water Protection – 
Underground Bituminous Coal Mining Operations” Technical Guidance Document 563-2000-
655) (referred to as the “TGD” in this chapter) that defines measures to protect the hydrologic 
balance during mining and to repair imbalances following mining impacts.  While this technical 
guidance applies to all underground bituminous mining, much of the guidance is provided for 
activities that cause subsidence, particularly full extraction mining.  For example, as long as 
room and pillar mines do not undermine wetlands with overburdens of less than 100 feet, 
wetlands are not required to be inventoried for room and pillar permits. 

Fundamental questions remain about mining related subsidence and the hydrologic balance.  
Groundwater systems are undoubtedly impacted by subsidence given the attention to water 
supply impacts in the Act 54 amendments and the observations of spring relocation, wetland 
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changes, and diminished stream flow common over mining.  Yet, changes in groundwater are not 
well constrained (Section 8).  For example, as part of the permitting process, subsidence models 
are prepared and compared with stream gradient to identify locations of likely pooling.  There is 
no equivalent methodology for assessing groundwater changes.  Further, there is not a consistent 
body of data the PADEP appears to use to evaluate regional changes to groundwater conditions.  
Groundwater impacts are not tracked in BUMIS and groundwater hydrologic monitoring and 
water supply loss data are not formally included in examination of stream recovery. 

Protection of the hydrologic balance is fundamental to the Act 54 legislation.  Evaluation of the 
current criteria and monitoring schedules can improve protections for both the environment and 
citizens. 

 7.B – Act 54 Hydrological Monitoring and Water Quality Dimensions of Hydrologic 
Balance  

7.B.1 – Physical and Chemical Parameters for Hydrologic Monitoring 

A substantial set of water quality parameters are monitored on a regular basis as a permit 
requirement (Permit Application 5600-PM-BMP0324, section 8.15).  The vast majority, if not 
the entirety, of this monitoring is reported on a quarterly basis in hydrologic monitoring reports 
(HMR).  This tendency arises from the flexibility in the permit requirements (Permit Application 
5600-PM-BMP0324, section 8.15.g) which allow the operator to propose a monitoring schedule 
and the minimum requirements of PA Code Title 25 Chapter 89.59.a.2 of quarterly sampling.  
The University notes for this section and others that this regulation requires a minimum 
frequency, but also states, “The Department [PADEP] may also require the operator to conduct 
monitoring and reporting more frequently than every 3 months and to monitor additional 
parameters beyond the minimum specified in this section.” in PA Code Title 25 Chapter 89.59.b. 

All underground mines are required to monitor these parameters.  However, given the 
distribution of hydrological impacts documented elsewhere in this report and in prior reports 
(Iannacchione et al. 2011, Tonsor et al. 2014), the University will focus almost exclusively on 
HMR from longwall operations in our evaluation of the sufficiency of hydrological water quality 
data. 

 

7.B.2  – Applicability of Monitored Water Quality Parameters to Subsidence Impacts 

The water quality parameter suite specified by Permit Application 5600-PM-BMP0324 is very 
effective at assessing contributions from mine drainage.  Permit Application 5600-PM-BMP0324 
governs not only longwall mining, but also room and pillar and pillar recovery mining, in 
addition to preparation plant and coal refuse disposal permits.   

However, these parameters are generally of limited utility for assessment of subsidence impacts.  
In this assessment period the overwhelming majority of hydrologic subsidence effects occurred 
over longwall operations (see Section 9). Most longwall mining occurs at depths well below 
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local shallow water cycling (Section 3).  That is, the depth of overburden over most longwall 
mines is far deeper than the bottom of the stream valley and the riparian aquifers that interact 
with the streams in these valleys.  Therefore, interaction of surface waters and shallow ground 
waters with mine drainage from longwall mines is rare. 

This limited utility is reflected in the use of the monitoring data.  The water chemistry 
monitoring is not presented as part of stream recovery evaluations.  There is no documentation of 
formal evaluation of water quality monitoring during renewals of longwall permits included in 
the permit files.  Apparent data entry errors included in the HMR (see Appendix G) are not 
clarified and corrected.  These data are expensive for the operators and not necessarily integral to 
PADEP’s impact evaluation process for subsidence impacts.  Monitoring effectiveness can be 
enhanced by clarifying water chemistry data use and need. 

7.B.3 – Emerging Potential Water Quality Impacts Associated with Subsidence 

If underground mining activities do release mine waters to the environment, then these data 
provide a record of background water quality conditions.  However, the data are not sufficient to 
evaluate specific emerging water quality concerns.  The 4th assessment report identified a 
persistent increase in conductivity in recovered streams (Tonsor et al. 2014).  Conductivity is a 
function of the dissolved solids in the stream solution.  In particular, there are two processes that 
may contribute dissolved material to streams in and around undermined areas: grouting and 
disruptions to human infrastructure. 

The widespread use of grouting as a remediation technique (Section 9) introduces a substantial 
amount of new materials (predominantly cement.) to areas directly connected to streams and 
riparian aquifers.  Grout materials, particularly easily dissolved grout materials, may contribute 
dissolved solids directly to local water bodies.  Given the current suite of water quality 
indicators, it is not possible to unambiguously assess the downstream water quality implications 
of widespread grouting (alkalinity provides one potential means to evaluate grout inputs, 
however, there are many sources of alkalinity in these environments).  The addition of calcium to 
the parameter suite would allow assessment of the role of cement inputs to local water chemistry.   

In addition, as longwall activity has moved north toward the more suburban areas around 
Washington, PA there have been an increasing number of on-lot wastewater systems that are 
undermined (Figure 7-2).  This is particularly problematic as subsidence impacts (i.e., cracks) 
can create large preferential flow paths that can compromise systems engineered to treat 
wastewaters.  That is, a subsidence crack in the drain field will create flow paths that bypass the 
soil treatment on which the septic systems rely.  These cracks are hard to detect if they do not 
create surface water discharge or system backups.  These flow paths have the potential to 
introduce substantial loads of nutrients to local ground and surface waters. Addition of nitrate 
measurements to the chemical parameter suite would allow evaluation of these impacts on 
surface and groundwaters. 
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Figure 7-2.  2010 Decennial US Census household counts are show according to census block 
counts.  One dot equals one household.  Panels shown are for the Enlow Fork Mine and have 
been proceeding northward during the 5th assessment period.  Grey areas are the Washington, 

PA sewer service area.  Dots represent a household and are randomly placed within the 
appropriate census block.  The vast majority of households not in a sewer district are assumed to 

rely on on-lot wastewater systems (“septic systems”).  This northward movement has 
undermined areas with, on average, more septic systems than previous periods. 
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7.C –Flow Data in Stream Recovery Evaluation 

PADEP requested the University evaluate whether the hydrologic data collected as part of the  
permitting and enforcement processes are adequate and complete. The two primary sources of 
hydrological data the University evaluated were the stream recovery evaluations and the 
hydrologic monitoring reports.   

This section documents a systematic evaluation of the hydrologic data in stream recovery 
evaluations.  The recent USGS study on estimation of baseflow in southwestern Pennsylvania 
(Hittle and Risser, 2019) evaluates multiple monitoring schedules designed to maximize 
information gained from a similar monitoring effort (i.e., ~60 sampling dates prior to 
undermining).  Many of these schedules are more complicated than current schedules.  
Therefore, evaluation of submitted data can inform consideration of any potential changes in data 
collection guidance. 

Evaluation of the completeness of stream monitoring, as specified in technical guidance 
documents, reveals substantial deviations from the schedule.  In addition, several important 
biases in the distributions of flow data that occur in the current data are identified so they can be 
incorporated to improve evaluation of pre- and post-mining flow 

7.C.1 – Evaluation of Stream Sampling Schedule in Stream Recovery Documentation 

The University analyzed all received stream recovery evaluation (SRE) reports to evaluate if the 
hydrologic monitoring schedules outlined in the TGD were met. This process involved the 
optical character recognition of data in paper documents submitted to PADEP.  As recommended 
in the 4th assessment report (Tonsor et al. 2014), this is a case where electronic submission of 
data would simplify and improve PADEP’s ability to assess hydrologic change. A total of 82 
SRE reports that included flow data were submitted during the 5th assessment period, and 
documented conditions in a total of 126 stream reaches.  

Based on the SRE reports, PADEP either releases the stream from company responsibility 
because the post-mining range of flows were equivalent to the pre-mining range of flows and 
biological criteria are met or does not release the stream because the post-mining monitoring did 
not demonstrate flow or biological recovery. If streams are damaged, the TGD outlines criteria 
used by PADEP to evaluate the recovery of a stream, and therefore the release of company 
responsibility for further mitigation in the stream. The TGD defines the hydrologic criteria for 
streams as follows: “observations and measurements documenting the range of flows and 
seasonal variations in flow that constitute the normal range of conditions. This information 
should be based on measurements and observations over a 24-month period, at a minimum, and 
be sufficient to show the normal range of conditions”. As mining approaches a stream a set 
schedule is dictated: “weekly measurements commencing six months prior to undermining the 
area of concern. Daily measurements commencing two weeks prior to undermining the area of 
concern and continuing until the potential for mining induced flow loss becomes negligible. If 
flow loss occurs, daily observations or measurements commencing from the date of the observed 
loss and continuing until flow fully recovers or is fully restored or until underground mining 
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operations are determined not to be the cause of the problem. Weekly measurements continuing 
six months after the conclusion of daily monitoring”.  

Twenty-three of the 126 stream segments had monitoring periods that began less than two years 
prior to undermining (Table F-1). Of these 23 stream segments, seven of the SRE reports 
provided a reason in the SRE report for the shortened pre-mining monitoring period.  The other 
16 stream reaches that had less than two years of hydrologic pre-mining monitoring did not 
explain the shortened pre-monitoring time period.  

One of the primary reasons supplied in the SRE reports for the shortened pre-mining observation 
period was that streams were undermined less than two years after new criteria outlined in the 
TGD became effective.   For example, Stream UT-41282 in Cumberland Mine was monitored 
for less than two years “due to the timing of PADEP TGD implementation and associated 
longwall mining activities” (SRE 1627).  

In many cases, for streams undermined during this period prior to this policy, if a compliance 
monitoring point was not in place, then evaluation of an adequate flow period was not possible.  
These cases include:  

 Enlow Fork, stream CrC-6L was monitored for 14 months because "a compliance 
monitoring point is not identified for CrC-6L within coal mining activity permit (CMAP) 
No. 30841317. Hydrologic response to subsidence is evaluated for data collected at TGD 
observation point CrC-6L-01” (SRE 1621).  

 Enlow Fork stream TemF-25L,1L was monitored for 10 months because "a compliance 
monitoring point is not identified for TemF-25L, 1L within CMAP No. 30841317. 
Hydrologic response to subsidence is evaluated for data collected at TGD observation 
point TemF-25L,1L" (SRE 1611). 

 Enlow Fork stream TemF-33R was monitored for 20 months because “a compliance 
monitoring point is not identified for TemF-33R within CMAP No. 30841317. 
Hydrologic response to subsidence is evaluated for data collected at TGD observation 
point TemF-33R-01” (SRE 1614).  

 Bailey stream 32539-SoF-5L-01 was monitored for 19 months because "a compliance 
monitoring point is not identified for SoF-5L, within CMAP No. 30841316; therefore, 
hydrologic response to subsidence is evaluated for data collected at TGD observation 
points SoF-5L-01, SoF-5L-02, SoF-5L-03. Monitoring of SoF-5L-01 began January 2006 
and SoF-5L-03 began February 2005, following the TGD monitoring frequency 
recommendations of section IV.1.d(v)." (SRE 1733). 

Over Enlow Fork there were two streams with less than two years of pre-mining data where 
monitoring points were close in proximity.  To adequately understand pre-conditions in the 
stream, more than one monitoring point data set was used in recovery evaluation. In these cases, 
the hydrologic monitoring point is used instead of the stream monitoring point because a full 24-
month time period of data was not collected prior to mining. Stream 32783-TemF-21L-01 and 
Templeton Fork-08 in Enlow Fork had pre-mining data only 19 months and 22 months prior to 
undermining (respectively). In stream 32783-TemF-21L-01, "CMAP No. 30841317 monitoring 
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point SW25 is located near TGD observation point TemF-21L-01. SW25 is monitored quarterly. 
Due to the proximity to SW25 and increased monitoring frequency, hydrologic response to 
subsidence is evaluated for data collected at TGD observation points TemF-21L-01. In addition, 
in order to ensure adequate representation of the stream, the hydrologic response at station 
TemF-21L-06 was also evaluated” (SRE 1615). As another example, "due to the proximity to 
SW23, SW40, and SW24 and increased monitoring frequency, hydrologic response to 
subsidence is evaluated for data collected at TGD observation points TemF-08, TemF-14, and 
TemF-17, respectively. In addition, in order to ensure adequate representation of the stream, the 
hydrologic response at station TemF-11 was also evaluated” (SRE 1612).  

In addition, the University examined the length of more frequent monitoring closer to 
undermining (weekly monitoring 6 months prior and daily monitoring 2 weeks prior).  In this 
case, instead of evaluating based on the calendar time period, the number of samples within the 
calendar period were counted.  This solved the problems of how to count gaps (if 3 weeks of 
measurement were missed in the middle of the six-month period, a calendar length evaluation 
would not capture that) and of irregular sampling (e.g., if a week was missed, sometimes 3 
samples, all spaced 5 days apart were collected to make up).  For the weekly sampling, only one 
sample was counted for each of the last two weeks when tallying the monthly numbers.  These 
results are presented in Table F-1.  In cases where the count is higher than the required count, but 
an “N” is indicated, these samples were not distributed across the weeks and therefore do not 
meet the specified schedules.   

Of all 126 stream segments evaluated for recovery 117 were evaluated on range of flows.  The 
other SRE reports presented biological data or described non-flow loss cases.  Only two of those 
117 evaluated for flow completely followed the defined schedule for flow monitoring (Table 7-
1).  The other 115 stream segments are either missing weekly data six months prior to mining, 
missing daily data two weeks prior to mining, or in many cases both. In some cases, the amount 
and timing of monitoring events were very close to those specified.  However, in this analysis a 
hard criterion is used (i.e., close does not count).  
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Table 7-1 Completeness of pre-monitoring flow data as reported in SRE reports submitted during the 5th 
assessment period. 

Stream Monitoring Compliance Summary  released  not released 

Met none of the guidelines  9  9 

Met all of the guidelines  1  1 

Met 2 years of monthly monitoring guideline only   31  50 

Met 6 months of weekly monitoring guideline only  2  2 

Met 2 years of monthly monitoring guideline and 6 
months of weekly monitoring guideline    1  6 

Met 2 years of monthly monitoring guideline and 2 
weeks of daily monitoring guideline  1  3 

Met 6 months of weekly monitoring guideline and 2 
weeks of daily monitoring guideline   1  0 

Other cases: SREs not based on flows, only 
biological data reported,  etc.  4  5 

 

The monitoring schedules proposed in the USGS report (Hittle and Risser, 2019) are more 
complicated than the current monitoring guidelines. For example, some specify a series of 
sampling events that are triggered following precipitation. The underlying assumptions of the 
more sophisticated methods rely on a sufficient sample size. Current stream monitoring is not 
gathering flow data that are consistent with TGD recommended monitoring. Identification of the 
reasons for the consistent gaps in monitoring data is beyond the University’s scope of work. 
However, the data are not complete as reported.  Use of more sophisticated monitoring schedules 
assume complete data. To encourage data completeness, the University recommends compilation 
of these pre-monitoring data as mining progresses, to ensure complete pre-mining baseline data 
are available.   

 

7.C.2 – Potential Biases Flow Monitoring Data 

In current practice, a stream is considered “recovered” when the flows in the stream have a range 
that is “consistent” with the range of flows that occurred prior to mining. Taken literally, this 
criterion is not hard to meet, as the range of flows is generally dictated by large, but less 
common, storm flows. These storm flows are generally less impacted by subsidence. 

Comparison of ranges is problematic for statistical reasons.  The equivalence of means can be 
evaluated with a t-test. There is no such established statistical test for equivalency of ranges.  
Equivalence tests have been used to compare ranges and identify extreme ranges (Hauck & 
Anderson 1984). However, extremes in stream flow are typically driven by extremes in 
precipitation. Therefore, when using a range of flows comparison, the equivalence of flow ranges 
cannot be rigorously evaluated with statistical tests. This strongly contrasts the methods used in 
biological evaluations where total biological scoring is based on underlying assumptions about 
sample statistics (e.g., total biological score). 
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New regional methods to evaluate base flows have been proposed (Hittle and Risser, 2019). 
These methods were developed to maximize the information that can be inferred given a set 
sample size. The metrics used to evaluate the information are all based on modern probabilistic 
and statistical methods (e.g., the Maintenance of Variance Extension, Type 1 method). Further, 
only low flow data were evaluated during development of these methods. Similarly, a recent 
publication on subsidence impacts using mine operator data (Silvis et al. 2019) recognizes the 
need to treat flow records as a distribution and utilize rigorous statistical approaches in flow 
evaluation. Both approaches assume specific things about data distributions, not data ranges. 

In the short term, comparison of flow ranges is policy.  If new methods are adopted, they will 
require more attention to data distributions to ensure statistical assumptions are met.  In either 
case there are several biases in sampling distributions that occur in the existing SRE report data.  
These biases need to be identified and explained whether evaluating the range of flows or using 
other emerging methods.  Flow distribution visualizations were completed for each of the SRE 
reports made available to the University and are included in Appendix F.   

 

7.C.2.a – Log--normal distributions obscure low flow data 

Broad portions of the range of stream flows are driven by high flows that occur in response to 
storms.  For example, the monitoring in UT 40410 in Greene County measured flow on 
2/15/2013 that is roughly twenty-five times higher than flows measured throughout the 
remainder of the six-year period (Figure 7-3b).  This extremely high flow suppresses the flows 
observed in the post-mining period and makes the two periods hard to contrast (Figure 7-3a&b).  
Changes to axis ranges improve comparability (Figure 7-3a&c). However, the low flow ranges 
remain a challenge to compare. 
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Figure 7-3. Plots of flow data from SRE report 1632.  Data were scanned and text optically 
recognized using the Omnipage OCR software.  Panel a) is pre-mining data, panel b) post 

mining data and panel c) the same post-mining data shown in panel b), but the axis is forced to 
meet values used in panel a). 

 

SRE report 1632 visualized flow in the pre- and post- mining periods as box and whisker ranges 
(Figure 7-4).  This visualization remains dominated by the storm flows as “whiskers” extend 
beyond the plotted range given the extreme flow on 2/15/2013.  This extreme flow influences the 
entire post-mining record (“Post-Mining” in Figure 7-4).  
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Figure 7-4.  Example of presentation of pre- and post- mining ranges in flows.  This plot is from 
SRE report 1632, the SRE report for UT 40410 in Greene County over Emerald. 

Plotting log transformed flows in conjunction with the normal flow plots clarifies low flow 
ranges and distributions (Figure 7-5).  In these log transformed plots, no-flow values are assigned 
a small value (0.1-gpm) and therefore values of negative one (-1) are no-flow samples.  The 
period of flow loss immediately after mining is clear (Figure 7-5). Outside of the post-mining 
period, there are a similar number of pre- and post-mining, no-flow measurements (roughly two 
each). A paired flow and log transformed flow time series pair improves and clarifies flow range 
evaluation.   
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Figure 7-5. Log transformed flow data from SRE report 1632 for UT 40410.  These data are the 
same data shown in Figure 7-4, after log transformation in the y-values.  In general, no-flow 

conditions are noted with a 0.1-gpm flow, so appear here as negative one. 

 
7. C.2.b – Evaluation of Sampling Bias in Flow Data 

Biases can emerge as an artifact of any defined sampling schedule. The TGD sampling 
specifications include a set schedule that does not account for precipitation.  If the undermining 
of a stream is preceded by several weeks of frequent precipitation, then this approach has the 
potential to bias the pre-mining data to storm flows relative to low flows.  Likewise, if 
undermining occurs during the late summer/early fall, the concentration of sampling frequency 
prior to undermining would bias the pre-mining data to relatively lower flow periods.  Two 
distribution comparisons can allow visual screening for potential biases: 1) the distribution of 
flows; and 2) the distribution of flow measurements across the year. 

In general, surface flow is “log normal”, that is, the number of flows measurements is expected 
to be skewed toward low flow values.  Low flow is common in a stream (even if there is one 
storm per week, that is still six times more low flows than storm flows if flows are measured on a 
daily basis).  In the case of UT 40410, both pre- and post-mining flow records are log normal 
(Figure 7-6).  This plot can reveal important contrasts in the size of the flow data sets (the pre-
mining histogram is much smaller, reflecting a shorter sampling period).  Both records have 
secondary peaks in flow frequency (pre-mining for flows between 352 and 440-gpm, post-
mining in flows between 264 and 352-gpm), so there does not appear to be bias in this record.  
However, if one sampling period is distinct in shape (e.g., SoF-2R-01 in Appendix F) bias in one 
of the records must be evaluated before the ranges are compared.   
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Figure 7-6. Distribution of flows UT 40410 as reported in SRE 1632. 

 

The other potential bias is an oversampling of a characteristically wet or dry season.  In western 
Pennsylvania, the peak water deficit occurs during late summer/early fall (Figure 7-7).  This is 
the period where regional water tables are lowest due to cumulative evapotranspiration during 
the summer and growing season.  This seasonal deficit can lower water tables in aquifers that 
feed stream flow, therefore low flows are typically lowest during this period.  Likewise, during 
late winter and early spring, regional moisture has been replenished by precipitation, and low 
flows are higher relative to the rest of the year.  This means, if one of these periods is sampled 
more heavily relative to the other portions of the year, then there will be a seasonality bias in the 
estimated range of flows.  If late summer/early fall is over sampled, then the range of flows will 
be artificially low. If late winter/early spring is over sampled, then the range of flows will be 
artificially high. 

To assess seasonal bias in sampling, the distribution of sampling days over the course of a year 
can be compared. For this analysis the Julian day (i.e., day of year) is determined for each 
sampling date in the record and the distribution of sampling days over the course of the year 
examined (Figure 7-8).  Specification of 12 bars in the histogram divides the samples records 
into approximations of the months of the year.  This method is slightly imprecise (for example 
February is overrepresented) but this imprecision doesn’t typically shift distribution shapes 
dramatically (sampling in March is not that much different than February in terms of water 
balance). 
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Figure 7-7. Plot of daily discharge from the Masontown USGS gage on the Monongahela River.  
Note the annual pattern in flows, where lowest flows are typically in late summer/early fall, 

coincident with moisture deficit maximums in western Pennsylvania. 

 

Figure 7-8. Distribution of sampling dates in UT 40410 (SRE 1632) for both pre- and post-
mining sampling periods. 

In the case of UT 40410, sampling prior to mining seems to be biased toward the summer 
months and sampling post mining is biased away from this summer period (Figure 7-8).  This 
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bias could unintentionally result in more similarity between the range of flow than is warranted 
by the actual flow conditions (more drier days in pre-mining and more wetter days in post-
mining periods).  Elimination of these biases improves the evaluation of the ranges of flow.  
Further, as base flow evaluation continues to evolve (Hittle and Risser, 2019; Silvis et al, 2019), 
identification of these biases will remain important to accurate comparisons of flow. 

 

7.C.3 – Stream Release Documentation 

Documentation of decisions regarding stream recovery improved during the 5th assessment 
period.  All SRE reports are filed with a “STREAM RECOVERY EVALUATION REQUEST 
FORM” that documents recovery based on the biology and the range of flows.  However, these 
forms do not completely justify decisions.  The widespread deviations from stipulated 
monitoring periods are very rarely mentioned.  In cases where pre-mining data do not exist, 
documentation of the argument and rationale for release was often cursory.  Most important, the 
forms document disagreement among PADEP staff that is left unaddressed.  In particular, 
subsidence agent input appeared to be less valued relative to hydrological and biological criteria.  
Certification does not trump frequent observation.  Objections to release based on field 
observations can be addressed with clear technical rationale. Continued use and expansion of this 
documentation will improve protection of hydrological resources and minimize the disturbance 
to the hydrologic balance. 

 

7.D – Summary 

The hydrologic balance is a complicated concept, a technical test developed in a political 
context.  Other sections of this report have extensive tabular content that details the reported 
effects and liability of impacts to structures, water supplies, and land.  Much of this content 
grows out of specific language in the Act 54 amendments. Such guidance for protection of the 
hydrologic balance simply does not exist. 

To increase the use and therefore effectiveness of HMR data, the University recommends 
PADEP 1) examine the water quality parameters required as part of hydrologic monitoring, and 
2) add parameters to evaluate potential emerging threats to water quality.  Development of 
simple QA checks that can be specified as part of SRE reporting will facilitate more efficient 
evaluation of stream flow. 

The incomplete reported hydrologic data in the SRE reports can undermine the accuracy of flow 
comparisons and will cause problems in potential new flow monitoring schedules based on 
statistical methods (Hittle and Risser, 2019).  At present, determination of recovery based on 
incomplete data sets occurs too often, and when it occurs the circumstances are often not 
documented.  The data gaps are not small or infrequent (i.e., this is not a case where one week is 
missed during the six-month period or the longwall moves a little faster than anticipated during 
daily sampling).  Fundamentally, assuring data completeness is vital to assessment of hydrologic 
recovery and therefore protection of the hydrologic balance. 
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SECTION 8: Groundwater 
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8.A – Overview 

This section assesses the hydrologic data collected as a requirement of the coal mining 
permitting process in Pennsylvania, focusing on groundwater conditions above longwall mining. 
Groundwater and streams are impacted by longwall mining primarily due to subsidence induced 
fracturing (Booth 2006). The groundwater monitoring data provided to the University consists 
almost entirely of quarterly measurements of groundwater elevation and chemistry.  These data 
are not sufficient to understand impacts that occur on timesteps less than quarterly.  Therefore, 
analysis of the data, as they exist, explores the tight coupling between surface water and 
groundwater to examine changes in groundwater that occur over shorter time steps. 

Subsidence due to underground mining interrupts the continuity of rock strata through 
deformation and fracturing, consequently altering surface topography (Peng 1992, Booth 2006). 
A subsidence basin typically forms when the ratio of the extraction zone width (width of the 
longwall panel) to overburden thickness (depth of mine panel) exceeds 0.25 (Iannacchione et al. 
2011). Given most recently mined longwall panels are deeper than 500-ft in Pennsylvania 
(Section 3), a subsidence basin is expected to form at panel widths greater that 125-ft. 
Pennsylvania longwall panels tend to be greater than 1,000-ft wide, therefore subsidence basins 
are expected to form with every mined panel (Iannacchione et al. 2011, Tonsor et al. 2014). 
Modern longwall mining has been practiced extensively in northern Appalachia for three 
decades, undermining many surface and subsurface water resources (Peng 2008). Effects on 
surface and groundwater are dependent on many factors, including overburden thickness and 
stratigraphy location with respect to longwall mining panels (Peng 2008) (Figure D-1 in 
Appendix D and Figure 8-1).  

Many conceptual models have been proposed to describe subsidence processes and resulting 
alterations to overlying strata. Peng (2006) describes four subsidence zones that are created in 
the overburden following longwall mine subsidence (Figure D-1 in Appendix D). The immediate 
zone above the roof of the mine is the caved zone, in which the overlying strata fall into the void 
in irregular platy shapes, expanding to 2 - 10 times the mining height. Above this zone is the 
fractured zone, where strata are broken into blocks by vertical fracturing and by separation of 
horizontal rock layers resulting in horizontal fractures. The continuous deformation zone lies 
above the fractured zone, but it does not experience major fracturing that extends through the 
strata. Finally, the soil zone varies in depth, with fractures that may extend through the entire soil 
layer. Cracks can open and close as mining progresses. Cracks may remain persistently open if 
located near or on the edge of the panel.  
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Figure 8-1. Overburden movement resulting from longwall mine subsidence and the 5 zones of 
overburden strata movement (Kendorski 2006). H = mining height.  Note this is a conceptual diagram 

and not necessarily drawn to scale. 
 
 

8.B – Groundwater and the Hydrologic Balance 
 
To comply with the Pennsylvania Clean Streams Law, the mining regulations require “measures 
to be taken to ensure the protection of the hydrologic balance and to prevent adverse hydrologic 
consequences” (25 PA Code § 89.36(a)), discussed in Section 7 of this assessment report. The 
technical guidance document (TGD) for stream water protection “Surface Water Protection – 
Underground Bituminous Coal Mining Operations” (TGD 563-2000-655) is PADEP policy that 
provides directions for mine operators on how to comply with regulatory requirements to protect 
streams and to protect the hydrologic balance. For example, in the TGD the PADEP defines 
mitigation as “addressing adverse effects which may impair surface water quality.” For stream 
flow loss, mitigation includes “augmenting flow in stream segments that have experienced 
mining induced flow loss with appropriate quality water from a spring, horizontal well, artesian 
well, vertical pumping well, public water tap, water storage impoundment or other suitable 
source.”  
 
PADEP guidance directs operators to prepare mining plans that provide for flow augmentation of 
sufficient quality and quantity to maintain the stream’s existing and designated water uses within 
24 hours of a mining induced flow loss for areas where mining induced subsidence is likely to 
result in stream flow loss. Mining plans that have the potential to cause mining induced flow loss 
but do not pose a high probability of causing flow loss must provide a flow augmentation plan 
that would commence within 15 days of the occurrence of a mining induced flow loss. The 
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regulations and the technical guidance document do not specify a measurement threshold for 
evaluating and predicting when mining plans are likely to result in flow loss. These 
determinations are made by the state on a case-by-case basis. 
 
 

8.C - Water Sources for Stream Augmentation 
 
When stream flow loss occurs, augmentation of streams commences generally from ground 
water or local public waters sources. Removal of substantial amounts of water to preserve flow 
can deplete groundwater aquifers and disrupt the hydrologic balance.  Of 118 streams impacted 
by longwall mining and tracked in BUMIS during the 5th assessment period, 92 streams were 
augmented as indicated in BUMIS (Table 8-1). Of those augmented, 80 were augmented using 
wells or wellfields. Wellfields include a collection of wells and tanks that are connected with 
surface and buried pipelines that feed augmentation discharge points.  
 
Of the twelve streams not augmented with wells, augmentation sources break down as follows: 

 Four streams were augmented with frac tanks filled by water hauled by truck.  
 40452, Jackson Run was augmented using public water supply.  
 40592, Pursley Creek was augmented with both well and public water.  
 41814, Roberts Run was augmented from a pond filled with water hauled by truck.  
 UNT 41741 R3 was augmented using stream water.  
 32618, UNT to North Fork Dunkard Fork was augmented using frac tanks filled with 

stream water.  
 41814 was augmented using water recirculated from a beaver pond downstream within 

the same stream.  
 32616, Whitethorn Run was augmented using well water hauled by trucks. 
 40447 was augmented from stream water with a pump at the confluence with Tenmile 

Creek.  
 
In addition to the cases of augmentation with stream water, there are examples in BUMIS of 
agent observations of water being pumped from streams to tanks to later serve as augmentation if 
needed to maintain sufficient flow (water pumped from 32616, Whitethorn Run to augment UNT 
32618 if needed).  While these cases are not specified in the scope of work (Appendix L), they 
represent a case where the hydrologic balance may not be preserved and therefore “the natural, 
scenic, historic and esthetic values of the environment” may not be preserved.  This is discussed 
in Section 11. 
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Table 8-1. Augmentations types by stream during the 5th assessment period. 

Mine 

PA WRDS Stream 
Code (BUMIS entry in 

parentheses if first-
order tributary 
without WRDS 
Stream Code) 

Stream Name 
Augmentation 

Type 

Bailey 32545 
UNT to Barneys 

Run
well 

Bailey 32554 UNT to Hewitt Run well

Bailey 32594 
North Fork Dunkard 

Fork
well 

Bailey 32600 Kent Run well
Bailey 32603 Polen Run frac tanks

Bailey 32605 
UNT to North Fork 

Dunkard Fork 
well 

Bailey 32616 Whitethorn Run well and trucks

Bailey 32618 
UNT to North Fork 

Dunkard Fork 

frac tanks filled 
with stream 

water

Bailey 32620 
UNT to North Fork 

Dunkard Fork 
well 

Bailey NA (KR-3R) UNT to Kent Run well

Bailey NA (NoF-14L) 
UNT to North Fork 

Dunkard Fork 
well 

Bailey NA (NoF-17L) 
UNT to North Fork 

Dunkard Fork 
well 

Bailey NA (NoF-18L,1R) 
UNT to North Fork 

Dunkard Fork 
well 

Bailey NA (NoF-19L,1L,7R) 
UNT to North Fork 

Dunkard Fork 
well 

Bailey NA (NoF-4.9R) 
UNT to North Fork 

Dunkard Fork 
well / tanks 

Bailey NA (PlnR-4L) UNT to Polen Run well
Bailey NA (PlnR-6L) UNT to Polen Run well
Bailey NA (PlnR-7L) UNT to Polen Run frac tanks

Monongalia County 41813 Roberts Run 
pond filled via 

truck

Monongalia County 41814 UNT to Roberts Run 

recirculated 
water from a 
beaver pond 

downstream in 
the same stream

Monongalia County 41815 UNT to Roberts Run well
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Mine 

PA WRDS Stream 
Code (BUMIS entry in 

parentheses if first-
order tributary 
without WRDS 
Stream Code) 

Stream Name 
Augmentation 

Type 

Monongalia County 41823 
UNT to Blockhouse 

Run
well 

Monongalia County 41826 
UNT to Blockhouse 

Run
well 

Monongalia County 41834 UNT to Toms Run well
Monongalia County NA (TmsR-4L, 2R) UNT to Toms Run well

Cumberland 40592 Pursley Creek 
well & public 

(city)

Cumberland 40615 
UNT to Pursley 

Creek
well 

Cumberland 41733 Bells Run well and tank
Cumberland 41739 Tustin Run well
Cumberland 41741 UNT to Tustin Run well

Cumberland NA (40615 L3) 
UNT to Pursley 

Creek
well 

Cumberland NA (41639 L5) UNT to Roberts Run well
Cumberland NA (41639 L6) UNT to Roberts Run well
Cumberland NA (41733 R2) UNT to Bells Run well and tank
Cumberland NA (41741 R3) UNT to Tustin Run stream water

Emerald 40447 
UNT to South Fork 

Tenmile Creek 
well 

Emerald 40448 
UNT to South Fork 

Tenmile Creek 
well 

Emerald 40452 Jackson Run public
Emerald 40465 UNT to Smith Creek well
Emerald 40466 UNT to Smith Creek well

Enlow Fork 32777 Buffalo Creek wellfield

Enlow Fork 32979 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork 32980 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork 32981 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork 32983 UNT to Sawhill Run wellfield
Enlow Fork 32984 UNT to Sawhill Run wellfield
Enlow Fork 32986 UNT to Sawhill Run wellfield
Enlow Fork 32987 UNT to Sawhill Run wellfield

Enlow Fork 32990 
UNT to Buffalo 

Creek
wellfield 
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Mine 

PA WRDS Stream 
Code (BUMIS entry in 

parentheses if first-
order tributary 
without WRDS 
Stream Code) 

Stream Name 
Augmentation 

Type 

Enlow Fork 32991 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork 32994 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork 32996 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork 32997 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork 40285 Tenmile Creek wellfield

Enlow Fork 40936 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork 40947 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork 40948 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork 40952 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork 40953 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork 40954 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork 40955 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork 40959 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (BufC-6.2L) 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork NA (BufC-7R) 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork 
NA (BufC-

8L,2L,1L,3L)
UNT to Buffalo 

Creek
wellfield 

Enlow Fork NA (BufC-8R) 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork NA (BufC-9L,1L) 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork NA (BufC-9R) 
UNT to Buffalo 

Creek
wellfield 

Enlow Fork NA (SawhR-3L) UNT to Sawhill Tun wellfield
Enlow Fork NA (SawhR-3R) UNT to Sawhill Run wellfield
Enlow Fork NA (SawhR-4L) UNT to Sawhill Run wellfield
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Mine 

PA WRDS Stream 
Code (BUMIS entry in 

parentheses if first-
order tributary 
without WRDS 
Stream Code) 

Stream Name 
Augmentation 

Type 

Enlow Fork NA (SawhR-7R) UNT to Sawhill Run wellfield
Enlow Fork NA (Sawhr-9R) UNT to Sawhill Run wellfield

Enlow Fork NA (TenC-12L,2R) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-13L) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-14L, 1L) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-15L) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-16R, 1R) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-17L, 2R) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-17R, 1L) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-17R, 2L) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-17R,4R) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-8L, 1R) 
UNT to Tenmile 

Creek
wellfield 

Enlow Fork NA (TenC-8L,2R,2R) 
UNT to Tenmile 

Creek
wellfield 

Harvey 40547 Patterson Creek Well

Harvey 40552 
UNT to Patterson 

Creek
well 

Harvey 40561 
UNT to Patterson 

Creek
well 

Harvey 40562 
UNT to Patterson 

Creek
frac tanks 

Harvey 40565 
UNT to Browns 

Creek
well 

Harvey 40566 
UNT to Browns 

Creek
well 

Harvey 40567 
UNT to Browns 

Creek
well 

Harvey NA (PatCr-11R) 
UNT to Patterson 

Creek
frac tanks 
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8.C.1 – Augmentation in inaccessible streams 
 
In Pennsylvania, the landowner owns both the stream (and access rights to it) and the streambed 
if they own the property on which the stream flows. If the stream bisects two properties, then 
each landowner owns to the middle of the stream. Thus, if the mine operator cannot obtain 
landowner permission to access the stream, then they cannot augment without trespass. There 
exist two examples of this problem recorded in BUMIS during the 5th assessment period.  
 
Reaches of two streams (32985; 40552) were not augmented because landowners did not provide 
access to the mine operators for augmentation. The University recognizes the potential for 
landowners to create substantial challenges in the operator’s effective and economic planning of 
mining, but also recognizes there are potential impacts to all citizens of the Commonwealth with 
the diminution of aquatic resources.  The Commonwealth of Pennsylvania has not determined if 
failure to augment flow loss in streams due to access issues is an unacceptable impact to waters 
of the Commonwealth.  Regardless, the University recommends that PADEP develop policy to 
minimize this situation.  This solution may involve augmentation at points further upstream and 
may require more augmentation, but access issues are surmountable.  For example, there was 
another instance described in BUMIS where a landowner did not provide access to augment (and 
the stream went dry), but the mine operator had permission to access and augment from a 
neighboring property.  

8.D – Hydrologic Monitoring of Groundwater 

The PADEP requested an evaluation of the groundwater data to determine adequacy and 
usability.  The most consistent and voluminous sets of data are the groundwater elevations 
reported in the HMRs.  Other than pre-mining background sampling of wells and springs 
required as part of the permit process, the University was not provided with other groundwater 
data, nor were data discovered as part of the analysis process.  Therefore, to evaluate the 
completeness and adequacy of the groundwater data, the University will focus on these data in 
this section.  In this section the University assumes the data are accurate, as determination of data 
quality is beyond the scope of this assessment. 

After accuracy, the most important question in the evaluation of the data is adequacy.  Accurate, 
but inadequate, data can preclude answering of the relevant question.  In Appendix F the 
University has plotted the time series of groundwater hydrologic monitoring points with more 
than 8 records that were undermined or close to areas undermined during the 5th assessment 
period.  These data are summarized in Table 8-2 

Data are summarized in Table 8-2 as follows:  If groundwater levels remain consistent before 
and after undermining, these records are called “No Change.”  Cases where undermining 
occurred early or late in the assessment period are “Insufficient Data” as water levels prior to 
undermining or after undermining are not available for comparison.  In the remaining data, two 
responses were observed, either increased water level elevations or decreased water elevations.  
These changes can occur one to two quarters before undermining (“pre-mining”), in the same 
quarter as undermining (“coincident”), or one to two quarters after undermining (“post-mining”). 
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Table 8-2. Water level responses observed in HMR time series with at least eight points from all 
undermined HMR points in the 5th assessment period. 

Water level 
response to 
undermining 

  Number of 
piezometers/wells

No Change 
 

3 

Decreased 
Elevation 

pre-mining 11 

coincident 4 

post-mining 9 

Increased 
Elevation 

pre-mining 1 

coincident 5 

post-mining 2 

Insufficient 
Data 

11 

 

Potential impacts to groundwater systems are challenging to identify in the HMR data. The 
numerous impacts to water supplies (see Section 5) indicate groundwater systems are affected by 
mining.  However, many water supply impacts are due to damage to well casings and the actual 
changes in water elevation are not clearly documented.  The HMR data provide more specific 
information about changes in groundwater levels.  Observed changes in water table do not seem 
to result from seasonal changes in water balance (i.e., the change persists across seasons).  Yet, a 
connection of observed changes to mining is not clear in many cases.  For example, a large 
number (11) of the decreases in elevation occurred a substantial amount of time before 
undermining.  Determination of these cases is beyond the scope of this assessment.  
Undermining of adjacent panels would be a logical explanation, however, one such change is 
synchronous across many wells (occurring in early 2017), so a local effect is not certain. 

Of the forty-three piezometers where a change in water level was observed, twenty-three occur at 
periods separate from undermining or do not have enough data to identify a change.  This 
discrepancy diminishes an ability to tie changes in groundwater level to undermining, as it is 
challenging to rule out coincident causes independent of mining.  It is not clear how to assure a 
water level change coincident with mining is due to mining if water level fluctuations occur 
predominantly during periods when mining is not active. 

Examination of subsidence effects on groundwater systems requires more frequent data 
collection.  Surface water flow is monitored daily for two weeks before undermining occurs.  
There is no equivalent requirement for groundwater monitoring during this period.  With the 
widespread availability of logging water level recorders, collection of this additional data will 
not create substantial work.  In fact, during site visits, the University commonly observed the 
installation of water level recorders in piezometers.  The University recommends that 
groundwater elevations in piezometers and wells being undermined be monitored at least at 
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frequencies comparable to measurements of surface water flow, and ideally much more 
frequently.  With these additional data points, the influence of mining related influence can be 
determined more accurately. 

Finally, in the technical guidance, there is no formal description of the characteristics of an 
impacted aquifer storage system.  In terms of stream impacts, there can be pooling or flow loss.  
Flow loss and recovery is evaluated by comparing ranges of flows.  There is no equivalent 
definition of an impacted aquifer.  Nor is there a timetable specified for the repair of 
groundwater impacts.  Streams are to be repaired within six years.  The University recommends 
the PADEP define how to determine if a groundwater aquifer is impacted and the time frame for 
implementation of necessary remediation.  If PADEP takes this step, then evaluation of this 
remediation could include comparison of consistent changes in surface water flow and 
groundwater conditions, clarifying the success of both. 

 
8.E – Comparison of HMR data with Regional Gage Data to Understand Groundwater 

Dynamics 

One of the challenges in HMR data analysis has been comparing flow conditions among 
hydrologic monitoring points and in undermined streams. Most hydrologic data are collected in a 
“milk run” fashion. That is, there is a day’s worth of measurements laid out across a mine, and 
once every three months the circuit is made to collect data at each point. This collection is not 
necessarily synced with the monthly/weekly/daily measurements taken before undermining.  
Most longwall mines are large enough that all sampling locations cannot be collected in a single 
day. So, quarterly HMR data from within a mine are not synchronized and comparison of 
monitoring flows with flow monitoring during the undermining period is difficult or impossible 
given variability from day to day. Further, the choice for data collection date is not consistent 
among mines, so even mines that are close (e.g., Cumberland and Emerald or Bailey and 
Harvey) cannot be evaluated together. These asynchronous sampling dates limit assessment of 
flow conditions and therefore associated groundwater dynamics from the HMR datasets. 
However, during the 5th assessment period the USGS expanded their stream gage network in 
southwest Pennsylvania to include small drainage gages.  In this section, the University 
examines the potential for using the new USGS stream gage data to clarify changes in the HMR 
that are difficult to detect because of the infrequent sampling and range of flow dominated by 
storm flows.  

8.E.1 – USGS Stream Gage Networks during the 5th Assessment Period 

In 2014, the United States Geologic Survey (USGS) expanded their network of stream gages in 
southwestern Pennsylvania and established more gages to record stream flow in Washington and 
Greene County (Figure 8-2 and Table 8-2). The analysis completed by the USGS on these new 
gages is documented in Hittle and Risser (2019).  In this report, the University uses the USGS 
data in conjunction with the HMR data to try to detect deviations in low flow from regional 
flows and therefore reveal impacts to underlying aquifer systems (methods are summarized in 
Appendix H).   
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Table 8-2. USGS stream gages used in the hydrologic analyses. Gages include the watersheds from 

USGS’s small watershed study in additional to the longer-term gaging stations that have been running for 
decades on the major streams. 

 
USGS 
Gage 

Name 
Period of 
Record 

Drainage 
Area (sq. 
mi)

State County 

1 
USGS 
3072000 

Dunkard Creek at 
Shannopin, PA 

1/1/41 - 
present

229 Pennsylvania Greene 

2 
USGS 
3072655 

Monongahela River 
near Masontown, PA

1/1/39 - 
present

4,440 Pennsylvania Greene 

3 
USGS 
3072890 

Fonner Run near 
Deer Lick, PA 

10/18/14 – 
2/28/2017

0.99 Pennsylvania Greene 

4 
USGS 
3073000 

South Fork Tenmile 
Creek at Jefferson, 
PA 

10/1/31 - 
present 

180 Pennsylvania Greene 

5 
USGS 
3111200 

Dunkle Run near 
Claysville, PA 

10/18/14 – 
3/20/2018

7.7 Pennsylvania Washington

6 
USGS 
3111235 

Unnamed tributary 
to Dog Run at 
Dunsfort, PA 

5/12/15 – 
3/27/2017 

0.28 Pennsylvania Washington

7 
USGS 
3111675 

Job Creek at 
Delphene, PA 

9/25/14 – 
10/19/2019

6.57 Pennsylvania Greene 

8 
USGS 
3111705 

South Fork Dunkard 
Fork at Aleppo, PA

10/18/14 – 
4/26/2019

8.14 Pennsylvania Greene 

9 
USGS 
3111890 

Middle Wheeling 
Creek near 
Claysville, PA 

12/12/14 – 
2/22/2017 

1.24 Pennsylvania Washington

10 
USGS 
3111955 

Wheeling Creek near 
Majorsville, WV 

1/6/12 – 
4/24/2018

152 
West 
Virginia 

Marshall 

11 
USGS 
3112000 

Wheeling Creek at 
Elm Grove, WV 

10/1/40 - 
present

281 
West 
Virginia 

Ohio 
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Figure 8-2. The distribution of USGS stream gages across Southwestern Pennsylvania and parts of West 
Virginia. Gages denoted with a circle were installed prior to the 5th assessment period whereas gages 

represented by a triangle were installed during this assessment period.  

8.E.2 –  A yield ratio approach to evaluation of HMR data 
 
The use of the yield ratio allows comparison of flow at an HMR point to regional flow status 
using USGS flow data.  These methods are detailed in Appendix H.  Two watersheds were 
examined over the Emerald Mine: Smith Creek Watershed and Sugar Run Watershed. The yields 
from these watersheds were compared to the South Fork Tenmile Creek, Dunkle Run, and 
Unnamed tributary to Dog Run stream gages as described in Appendix H. 
 



Effects of Mine Subsidence  2013-2018  University of Pittsburgh 

 

8-14 
 

 
Figure 8-3. Map of the Smith Creek watershed showing the monitoring points ST06-213 and ST08-213. 

The Smith Creek watershed was undermined by the E panels between 2012 and 2014. 

The Smith Creek watershed was undermined between 2012 and 2014 by the Emerald E-panels 
(Figure 8-3). Hydrologic monitoring points ST08-213 and ST06-213 measured discharge in 
Smith Creek and its tributaries during the assessment period (Figure 8-4). Monitoring point 
ST08-213 was undermined in 2012 by the E-2 panel. Downstream from this monitoring point is 
ST06-213 which was not undermined but drains these undermined upstream areas.  

 
Further upstream in the Smith Creek watershed are the E-3 and E-4 panels which were mined 
between March 2013 and April 2014 (Figure 8-3). Mining occurred in the headwaters of UT 
40466 (monitored by ST08-213) during January 2014. Data are unavailable for both ST08-213 
and ST06-213 between January 2014 and February 2014.  Therefore, changes in yield 
immediately following mining are not possible. On a quarterly basis however, data variability is 
predominantly driven by stormflow.  One extreme discharge measurement at ST06-213 (2,162 
cubic feet/sec) was removed from the record to allow visualization of HMR yields (Figure 8-4).  
 
Yield from the monitoring point ST06-213 is, on average, larger that the yield at the three 
comparative stream gages (i.e., the yield ratio is greater than one) for most of the monitoring 
period before 2015. Yield from the watershed decreases after December 2014 with 50 % of the 
monitoring dates having no measurable flow. Given the arrangement of mining in the watershed, 
determination of cause is not simple (i.e., the monitoring point is distant from the mining 
activity).  However, it also seems that this HMR point records substantial flow loss, even in a 
stream that seems to have yields larger than regional yields during pre-mining periods.  This 
yield has not seemed to have returned by the end of the assessment period.  The comparison of 
HMR yields with regional yields, validated by use of the USGS small stream data (Hittle and 
Risser 2019) provides a means to evaluate the HMR data in context.   
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Figure 8-4. Time series of the yield ratio of  ST06-213 i.e., the HMR monitoring point yield, normalized 
by the respective USGS gaging station record on the same days. One extreme flow (2,162 cubic feet/sec 

2013) was removed to allow visualization of yield. 

 
One important aspect of this analysis is the demonstration of how vulnerable small headwaters 
streams are to flow loss in southwest Pennsylvania.  Hydrologic monitoring point ST08-213, 
when compared to the USGS stream gages, is a small fraction of the expected regional yield (i.e., 
the yield ratio is less than one) for most non-storm portions of the record (Figure 8-5). This 
means that this stream consistently generates less surface flow than regional systems, even at the 
scale of a small watershed.  So, any flow loss impacts occurring in small headwaters streams 
have a disproportionate impact on these streams.   
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Figure 8-5 Yield from the ST08-213 HMR monitoring point compared with flow from three USGS gaging 

stations on the same days using a yield ratio approach. 

 
 

 
The Sugar Run watershed was undermined by the E-1, E-2, E-3, and E-4 panels between 2012 
and 2014 (Figure 8-6). During the 5th assessment period, the E-3 panel undermined the 
watershed between August and October 2013. Upstream of the E-3 panel is the E-4 panel, which 
undermined the headwaters of the Sugar Run watershed in April 2014.  Hydrologic monitoring 
point SW-30, downstream of the E panels, recorded discharge throughout mining (Figure 8-7).  
 
Between 2008 and 2018, yield at monitoring point SW-30 was less than the USGS monitoring 
gages for the majority of the available record. So, during the mining period, yield at SW-30 was 
consistently lower than yield at the South Fork Tenmile Creek stream gage (Figure 8-7). 
However, after 2016 and the completion of mining, the yield ratio grows more variable, ranging 
between zero and one.  This variability is captured in all three gage records, providing additional 
credence to the observation.  Increases in baseflow are consistent with increased water storage in 
riparian aquifers.  
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Figure 8-6. Map of the Sugar Run watershed showing monitoring point SW-30. Sugar Run watershed was 

undermined by the E panels between 2012 and 2014. 

  

Figure 8-7. Yield ratio of the SW-30 HMR monitoring point. HMR yield normalized by the respective 
USGS gaging station on the respective sampling days.  
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These analyses reveal several insights about surface water HMR data: 
 Yield ratios are sensitive to low flow changes and can identify shifts in yield that deviate 

from regional hydrological status (Figure 8-7). 
 Yield from small headwater streams is sometimes smaller than regional yields, indicating 

these streams are not only sensitive because of flow volume, but also sensitive because of 
the proportional amount of water these streams yield. 

 The small gage data are limited temporally, yet, they provide evidence comparisons with 
larger streams are valid in the evaluation of flow in small streams. That is, both small and 
large gage records generated consistent relative yield values.   

 
These changes in flow are linked to important shifts in groundwater.  If flow is lost, then an 
aquifer is likely receiving additional water input.  If that aquifer is downstream, then discharge to 
surface water is smaller.  If that aquifer is upstream, then discharge to surface waters increases.  
These HMR surface water data provide a window into general groundwater impacts following 
subsidence. 
 

8.F –  Summary 
 
Groundwater HMR data are collected too infrequently to link observed changes in groundwater 
to mining activity.  Piezometers that are damaged by subsidence but not replaced create 
incomplete records that do not provide a contrast between pre- and post-mining conditions.  To 
clarify groundwater impacts, there may need to be additional piezometers and/or more frequent 
sampling of these sites. 
 
The abundance of surface water data generated for evaluation of stream recovery provide some 
opportunities to infer changes in groundwater storage.  More comprehensive evaluation of 
groundwater impacts can allow additional insight into how subsidence impacts to stream and 
groundwater degrade the hydrologic system (Appendix G).  For example, surface water data, 
collected much more frequently than groundwater data, provide context and potentially clarify 
impact and recovery in processes that occur in periods shorter than quarterly.  In addition, the 
small basin flow data collected by the USGS provides an opportunity to develop regional water 
status information that can be used to normalize observations made to meet Act 54 and increase 
monitoring sensitivity to geohydrologic change. 
 
Finally, the water sources for 92 augmented streams were identified, mostly drawing water for 
augmentation from groundwater.  In this analysis, four streams were augmented with stream 
water, sometimes from the same reach, which can be a problematic approach, in terms of water 
accounting. Further, there is no good solution for cases where mine operators cannot obtain 
access to augment streams.  These streams, when impacted, remain dry. 
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9.A – Overview 
 
This report section addresses the impact of mine subsidence on streams in Pennsylvania. The 
University reports the length of streams undermined and impacted during the 5th assessment 
period. The University also provides an assessment of the effect of mining on five pre-selected 
streams based on a comparison of pre- and post-mining aquatic macroinvertebrate community 
composition. The stream recovery reports submitted to PADEP by the mine operators are 
assessed. Finally, stream monitoring pre- and post-mining, methods of flow loss mitigation, and 
incidental observation and reporting of fish kills by PADEP agents following undermining are 
examined.  
 

9.B – Length of Streams Undermined During the 5th Assessment 
 

The University was tasked with reporting the total lengths of streams undermined during the 5th 
assessment period, categorized by mining method and impact type. ArcGIS was used to clip 
(spatially associate) stream layers to the geographical extent of room-and-pillar, longwall, and 
pillar recovery mining types, and to a 200-foot buffer zone around each of the applicable mining 
types. The “Networked Streams of PA” layer available on PASDA was the source of the stream 
layer, as in previous reports. This layer does not include all small-order streams, particularly 
intermittent reaches, so the total length of undermined streams is an underestimation of the actual 
length undermined. Some of mine operators provided more detailed stream layers in 
environmental resource mapping, therefore the level of resolution among mines was inconsistent. 
Using these more detailed stream data for only some of the mines in the analysis of undermined 
lengths would result in higher stream mileage for those mines. Not only would this inaccurately 
suggest differences among mine operators in their undermining of waterways, it would create a 
distinct data set that cannot be directly compared to previous Act 54 assessments. Therefore, the 
“Networked Streams of PA” layer was used for consistency both among mines and across 
reports. 
 
In total, 126.98 miles of streams (86.16 miles directly over mining and 40.82 over the 200-foot 
buffer around mining activity) were undermined during the 5th assessment period. Divided based 
on mining method, 46.75 miles were undermined by longwall mining, 38.89 miles by room-and-
pillar mining, 0.53 miles by pillar recovery, and 40.82 miles were within the 200-foot buffer 
zone (Table 9-1). In terms of ongoing variability in subsidence impacts, the total length of 
streams undermined decreased by 10 % compared to the 4th assessment period. For longwall 
mining, the undermined stream mileage dropped from 50.59 in the 4th assessment to 46.75 in the 
5th assessment, and for room-and-pillar mining from 45.04 to 38.89 (Table 9-1).  
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Table 9-1. Length of streams undermined by mine and mining method during the 5th assessment period, 
with and without the 200-ft buffer. 

Mine 

Stream Length Undermined by Mining 
Method 

Total 
without  

Buffer (mi) 

Total  
Stream 
Length 

(mi) 

Room-and- 
Pillar 

Length (mi) 

Longwall
Length 

(mi) 

Pillar  
Recovery 
Length 

(mi) 

Buffer 
Zone 

Length 
(mi) 

4 West  5.51 0.00 0.39 2.86 5.90 8.76 

Acosta  0.00 0.00 0.00 0.00 0.00 0.00 

Bailey  3.58 7.74 0.00 3.15 11.31 14.46 

Barbara 2 0.00 0.00 0.00 0.12 0.00 0.12 

Barrett  0.56 0.00 0.00 0.38 0.56 0.94 

Beaver Valley  0.06 0.00 0.00 0.23 0.06 0.29 

Brubaker  0.00 0.00 0.00 0.02 0.00 0.02 

Brush Valley  2.00 0.00 0.00 1.68 2.00 3.68 

Cass 1  0.50 0.00 0.00 0.11 0.50 0.61 

Cherry Tree  0.36 0.00 0.00 0.19 0.36 0.54 

Clementine 1 0.08 0.00 0.00 0.33 0.08 0.41 

Coral Graceton  0.03 0.00 0.00 0.09 0.03 0.13 

Crawdad Portal B 0.18 0.00 0.09 0.04 0.27 0.31 

Cresson  0.00 0.00 0.00 0.00 0.00 0.00 

Crooked Creek 0.93 0.00 0.00 1.36 0.93 2.29 

Cumberland  2.21 8.48 0.00 2.41 10.69 13.10 

Darmac 2  0.23 0.00 0.00 0.70 0.23 0.93 

Dutch Run  0.40 0.00 0.00 0.37 0.40 0.77 

Emerald  0.39 1.32 0.00 1.74 1.71 3.44 

Enlow Fork  4.93 17.36 0.00 5.33 22.29 27.62 

Gillhouser 0.00 0.00 0.00 0.06 0.00 0.06 

Harmony  0.47 0.00 0.00 0.52 0.47 0.99 

Harvey  2.38 6.21 0.00 2.64 8.60 11.24 

Heilwood  0.61 0.00 0.00 0.72 0.61 1.34 

Horning Deep 0.00 0.00 0.00 0.00 0.00 0.00 

Kimberly 0.04 0.00 0.00 0.20 0.04 0.24 

Kingston-West 0.05 0.00 0.00 0.10 0.05 0.14 

Knob Creek  0.81 0.00 0.00 1.10 0.81 1.91 

Kocjancic  0.38 0.00 0.00 0.19 0.38 0.57 

Logansport  0.28 0.00 0.00 0.32 0.28 0.60 

Lowry  0.48 0.00 0.00 0.92 0.48 1.41 

Madison  0.41 0.00 0.00 1.42 0.41 1.83 

Maple Springs 0.35 0.00 0.00 0.39 0.35 0.73 

Mine 78 3.27 0.00 0.00 2.40 3.27 5.67 
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Table 9-1 continued. 

Mine 

Stream Length Undermined by Mining 
Method 

Total 
without  

Buffer (mi) 

Total  
Stream 
Length 

(mi) 

Room-and- 
Pillar 

Length (mi) 

Longwall
Length 

(mi) 

Pillar  
Recovery 
Length 

(mi)

Buffer 
Zone 

Length 
(mi)

Monongalia Co.  2.29 5.64 0.00 2.35 7.93 10.28 

Nolo  0.03 0.00 0.00 0.28 0.03 0.30 

North Fork 0.00 0.00 0.00 0.05 0.00 0.05 

Ondo  0.50 0.00 0.00 0.17 0.50 0.67 

Parkwood  1.26 0.00 0.00 1.50 1.26 2.77 

Penfield 0.94 0.00 0.00 0.98 0.94 1.92 

Prime 1  0.00 0.00 0.00 0.00 0.00 0.00 

Quecreek 1.56 0.00 0.05 2.01 1.60 3.61 

Roytown 0.00 0.00 0.00 0.00 0.00 0.00 

Starford  0.07 0.00 0.00 0.10 0.07 0.17 

TJS 6 0.06 0.00 0.00 0.09 0.06 0.16 

Toms Run  0.53 0.00 0.00 0.41 0.53 0.95 

Tracy Lynne 0.03 0.00 0.00 0.22 0.03 0.26 

Tunnel Ridge  0.14 0.00 0.00 0.51 0.14 0.65 

Twin Rocks 0.00 0.00 0.00 0.06 0.00 0.06 

Total 38.89 46.75 0.53 40.82 86.16 126.98 

 
 

9.C – Lengths of Streams Impacted During the 5th Assessment 
 
Table 9-2 reports the stream lengths experiencing either a flow loss or pooling impact during the 
5th assessment period. The term “stream length” is defined herein as the measured length of a 
stream reach that has been identified as being undermined. A stream reach is a segment of stream 
under which mining has occurred. In reporting lengths of stream impacted, the University is 
reporting the summed lengths of all stream segments (reaches) for which an impact was reported, 
not the summed length of the stretches within a reach in which flow was lost or pooling 
occurred. In contrast, Tables 9-3 and 9-4 summarize the number and actual lengths of flow loss 
and pooling impacts for each longwall mine. Specific details regarding each flow loss and 
pooling impact, including length and location, can be found in Appendix I. The lengths and 
locations reported in Tables 9-3 and 9-4 were obtained from BUMIS. This is an example of 
where improved data tools (i.e., BUMIS upgrades) allow simpler and more powerful analyses of 
stream impacts. BUMIS contained records for the start and end points of both flow loss and 
pooling impacts. The coordinates of these points were used to plot their location in ArcGIS. 
Once plotted the University used a tool that snaps the points to the nearest stream segment within 
a target stream layer. In cases where the impacts belonged to the streams that are a part of the 
“Networked Streams of PA” layer, they were snapped to this layer. In cases where the impacts 
belonged to small order streams that were not included in the “Networked Streams of PA” layer, 
they were snapped to the more detailed streams layer that some mine operators provided in 
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environmental resource maps. This snapping was only used for analysis of impacted streams. 
Overarching sums of stream lengths, as noted above, are based on the “Networked Stream of 
PA” data. Once all points were snapped the flow loss and pooling impacts could be traced and 
digitized from start to end points in a GIS layer. After this process, the lengths and locations for 
each impact were mapped and recorded.  
  
During the 5th assessment period over longwall mines, 30.96 miles of stream reaches experienced 
flow loss, 6.2 miles experienced pooling, and 14.82 miles experienced both flow loss and 
pooling, for a total of 51.98 miles of undermined stream reaches experiencing some sort of 
impact (Table 9-2). Overall, impacted stream reaches account for 64 % of the 80.78 miles of 
streams undermined by longwall mines (including the 200-ft buffer) during this assessment. For 
comparison, 77 % of undermined stream miles were impacted by longwall mining during the 4th 
assessment period. This information may be more valuable to landowners and managers when 
expressed in terms of the proportion of reaches impacted. Of 148 stream reaches undermined in 
the 5th assessment period, 40 % or 59 total stream reaches were impacted by underground 
mining. 
 
During the 5th assessment period, a total of 153 flow loss impacts occurred over 24.60 miles of 
streams (Table 9-3), and a total of 30 pooling impacts occurred over 2.83 miles of streams (Table 
9-4), for a total length of 27.26 miles of streams directly impacted. Areas above Enlow Fork 
experienced the most flow loss impacts (n=77), totaling 9.95 miles, while areas above Tunnel 
Ridge experienced none. Areas above Enlow Fork also experienced the most pooling impacts 
(n=11), totaling 1.51 miles, while areas above Monongalia County and Tunnel Ridge 
experienced none.  
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Table 9-2. Lengths of undermined streams categorized by impacts that occurred on the stream. These lengths do not represent the actual length of 
the impacts, rather the lengths of the undermined stream reaches that experienced impacts. 

  

 
 
 

Mine  

Flow Loss Pooling Flow Loss and Pooling Unaffected 

 
Longwall 
Length 

(mi) 

Room-
and-
Pillar  

Length 
(mi) 

 
Buffer 
Length 

(mi) 

 
Longwall
Length 

(mi) 

Room-
and-
Pillar 

Length 
(mi) 

 
Buffer 
Length 

(mi) 

 
Longwall 
Length 

(mi) 

Room-
and-
Pillar 

Length 
(mi) 

 
Buffer 
Length 

(mi) 

 
Longwall
Length 

(mi) 

Room-
and-
Pillar 

Length 
(mi) 

 
Buffer 
Length 

(mi) 

Bailey 2.77 0.47 1.24 1.89 1.07 0.18 2.34 0.33 0.23 0.73 1.71 1.49 

Cumberland 2.02 0.25 0.21 0.00 0.00 0.00 5.11 0.85 0.62 1.34 1.12 1.58 

Emerald 0.13 0.02 0.12 0.00 0.00 0.00 1.19 0.04 0.26 0.00 0.33 1.36 

Enlow Fork 8.90 1.93 0.93 2.21 0.35 0.50 1.87 0.55 0.40 4.38 2.10 3.50 

Harvey 5.05 1.24 0.99 0.00 0.00 0.00 0.86 0.07 0.10 0.30 1.07 1.55 

Monongalia Co. 3.52 0.59 0.58 0.00 0.00 0.00 0.00 0.00 0.00 2.13 1.70 1.76 

Tunnel Ridge 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.51 

Total 22.39 4.50 4.07 4.10 1.42 0.68 11.37 1.84 1.61 8.88 8.17 11.75 

30.96 6.20 14.82 28.80 
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Table 9-3. Total number and length of flow loss impacts for each longwall mine. 

Mine 
Number of Flow Loss 

Impacts 
Total Length of Flow Loss 

Impacts (mi) 

Bailey 29 5.17

Cumberland 20 3.89

Emerald 5 0.98

Enlow Fork 77 10.07

Harvey  13 3.37

Monongalia Co.  9 1.12

Total 153 24.60 
 
 
 

Table 9-4. Total number and length of pooling impacts for each longwall mine. 

Mine 
Number of Pooling 

Impacts 
Total Length of Pooling 

Impacts (ft) 
Total Length of 

Pooling Impacts (mi) 

Bailey 5 1,580 0.30

Cumberland 9 4,346 0.82

Emerald 4 911 0.17

Enlow Fork 11 7,991 1.51

Harvey  1 104 0.02

Total 30 14,932 2.82 
 
 

 
 

9.D – Stream Recovery Evaluation Reports Submitted During the 5th Assessment Period 
 

A stream recovery evaluation (SRE) report is submitted by a mine operator following mitigation 
on an impacted stream to demonstrate recovery of the stream and to demonstrate flow has 
returned to pre-mining ranges and release the operator from responsibility for continued stream 
repair. During the 5th assessment period, 82 SRE reports were submitted to the PADEP (Table 9-
5 and 9-6, information in Appendix F). This increase from the 4th assessment period when only 
14 SRE reports were submitted reflects changes in procedure and policy dictated by TGD 563-
2000-655. All but one of the SRE reports submitted (1512, Patchin Run over Harmony Mine) 
were for streams over longwall mines. Over half (43) of the SRE reports were submitted 
regarding streams above the Enlow Fork Mine. As of the end of the 5th assessment, 42 of the 82 
streams were released by PADEP. The remaining 40 have not yet been resolved. Table 9-6 
provides the status for each of the 82 streams associated with SRE reports. During the 5th 
assessment period, time in days from submission of the SRE report until resolution for the 42 
released streams ranged from 3 to 713 days, with an average of 258 days.  
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Table 9-5. Status of the 82 SRE reports submitted during the 5th assessment period. 

SRE Status # SRE reports 

Final: Released 42

Interim: Not Released 40

Total 82 
 
 

Table 9-6. A list of the 82 SRE reports submitted during the 5th assessment period and their status. 

Mine Stream Panel(s) SRE Report # Status 

Days from 
Submission 
to Release 

Bailey Barney's Run 11-12I, 16-17H 1735 Released 123 

Bailey South Fork 7-8, 10-15I 1603
Not 

released 

Bailey South Fork 2R 8I 1516 Released 96 

Bailey ST32532 14H 1514/1601 Released 713 

Bailey ST32539 9-11I 1201/1733
Not 

released 

Bailey ST32541 13H, 11I 1513
Not 

Released 

Bailey ST32543 16H 1736 Released 123 

Bailey ST32544 16H 1736 Released 123 

Bailey ST32545 18H 1737 Released 123 

Bailey ST32546 11I 1734
Not 

released 

Bailey ST32549 10-12I 1515 Released 112 

Bailey ST32551 15I 1740 Released 213 

Bailey ST32553 15-16I 1738 Released 123 

Bailey ST32554 16I 1739 Released 123 

Bailey ST32566 14-15I 1731 Released 123 

Bailey ST32567 15I 1732 Released 123 

Bailey ST32596 1-4I 1604
Not 

released 

Bailey Strawn Hollow 13-14I 1618 Released 419 

Cumberland ST40592 L7 LW60 1503/1631 Released 99 

Cumberland ST40611 L2 no data 1502/1629 Released 577 

Cumberland ST40614 no data 1402/1501/1630 Released 577 

Cumberland ST40607 LW61-62 1701 Released 3 

Cumberland ST41264 LW49-53 1626 Released 100 

Cumberland ST41267 LW49-52 1628 Released 100 

Cumberland ST41282 LW54-46 1627 Released 429 

Emerald ST40450 E1/E2 1802
Not 

released 

Emerald ST40410 C1 1632 Released 99 
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Table 9-6 continued. 

Mine Stream Panel(s) SRE Report # Status 

Days from 
Submission 
to Release

Emerald ST40461-R25 E1 1725 Released 286 

Emerald ST41239 B1 1702 Released 290 

Enlow Fork BufC-11R,1R F22-23 1746
Not 

released 

Enlow Fork BufC-9L,1L F23 1743 Released 90

Enlow Fork Buffalo Creek F20-28 1741
Not 

released 

Enlow Fork Craft's Creek E15-20 1623 Released 100 

Enlow Fork CrC-1.5R E20-21 1619 Released 475 

Enlow Fork CrC-1.7R E20-21 1625 Released 498 

Enlow Fork CrC-6L E19 1621 Released 498 

Enlow Fork CrC-9L E18 1622 Released 498 

Enlow Fork ST32739 F17-18 1616
Not 

released 

Enlow Fork ST32742 F16-18 1610
Not 

released 

Enlow Fork ST32743 F17-19 1606
Not 

released 

Enlow Fork ST32744 F18-20 1607
Not 

released 

Enlow Fork ST32745 F19-20 1608
Not 

released 
 

Enlow Fork ST32783-TF F13-16 1101/1615 Released 540 

Enlow Fork ST32996 F21-23 1742 Released 90 

Enlow Fork ST32997 F23 1744 Released 90 

Enlow Fork ST32998 F22 1745 Released 90 

Enlow Fork ST32999 F21 1747
Not 

released 
 

Enlow Fork ST33000 F21 1639 Released 483 

Enlow Fork ST40939 E21-22 1202/1638 Released 460 

Enlow Fork ST40940 E22-23 1637 Released 460 

Enlow Fork ST40941 E21 1624 Released 498 

Enlow Fork ST40942 E17-19 1728
Not 

released 
 

Enlow Fork ST40943 E21 1727
Not 

released 
 

Enlow Fork ST40944 E16-20 1729
Not 

released 
 

Enlow Fork ST40944 E16-20 1726/1729
Not 

released 
 

Enlow Fork ST40945 E16-17 1620 Released 475 
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Table 9-6 continued. 

Mine Stream Panel(s) SRE Report # Status 

Days from 
Submission 
to Release

Enlow Fork ST40949 E22-24 1749 Released 90 

Enlow Fork ST40950 E23 1752
Not 

released 
 

Enlow Fork ST40951 E22-23 1750 Released 90 

Enlow Fork TemF-21L,0.9L F16 1730
Not 

released 
 

Enlow Fork TemF-25L,1L F16-17 1611
Not 

released 
 

Enlow Fork TemF-28L,2R F20 1609
Not 

released 
 

Enlow Fork TemF-29L F20 1613
Not 

released 
 

Enlow Fork TemF-33R E19 1614
Not 

released 
 

Enlow Fork Templeton Fork F13-19, E22 1612
Not 

released 
 

Enlow Fork TenC-10R E24 1755
Not 

released 
 

Enlow Fork TenC-12R E24 1756
Not 

released 
 

Enlow Fork TenC-8L, 1R E24 1751
Not 

released 
 

Enlow Fork TenC-8L,2R,1L E23 1753
Not 

released 
 

Enlow Fork TenC-8L,2R,2R E24 1754 Released 90 

Enlow Fork Tenmile Creek E23-29 1748
Not 

released 
 

Enlow Fork TF21L-1L-2L F18-20 1617
Not 

released 
 

Harmony Patchin Run N/A 1512
Not 

released 
 

Mine 84 ST40824 6B 1505
Not 

released 
 

Mine 84 ST40829 6B 1401 Released 131 

Monongalia Co. ST41809 19M 1404
Not 

released 

Monongalia Co. ST41812 15-18W 1508
Not 

released 

Monongalia Co. ST41813 13W 1507
Not 

released 

Monongalia Co. ST41819 14-18W 1509
Not 

released 

Monongalia Co. ST41820 15W 1506
Not 

released 
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Table 9-6 continued. 

Mine Stream Panel(s) SRE Report # Status 

Days from 
Submission 
to Release

Monongalia Co. ST41826 17-20W 1504
Not 

released 

Monongalia Co. ST41831 19M 1403
Not 

released 

 

 
 
 

9.E – Pre- and Post-Mining Total Biological Score Analysis on Five Pre-determined Stream 
Sections 

 
 

9.E.1 – Methods 
 
The University was tasked with comparing pre- and post-mining total biological scores (TBS) on 
five predetermined stream sections. Pre- and post-mining TBS can be found in the 82 SRE 
reports submitted during the 5th assessment period. The five streams were determined by 
randomly choosing an SRE report from each longwall mine for which SRE reports were 
submitted during this assessment period (n=5). However, the University found that there were no 
TBS data in the SRE reports for Monongalia County Mine, so a second SRE report was then 
chosen from Enlow Fork because this was the mine with the most SRE reports submitted during 
the 5th assessment period.  
 
9.E.2 – Analysis 
 
Table 9-7 lists the five streams chosen for the pre- and post-mining TBS analysis. Four of the 
five had two monitoring points used for analysis, and one had three monitoring points. In order 
for a stream to be released, the post-mining TBS must be within 88 % of the pre-mining TBS. 
All of the post-mining scores for this analysis met this criterion, and with the exception of three 
monitoring points, all post-mining scores were actually greater than the pre-mining scores. This 
result is expected because a mine operator would not submit an SRE report for a stream that has 
not attained a post-mining score within 88 % of the pre-mining score, as it would not be released 
by PADEP. The University does not have access to any source of post-mining biological scores 
for streams for which there has not been an SRE report submitted yet, so biological recovery 
cannot be evaluated for these streams. 
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Table 9-7. Five streams chosen for pre- and post-mining TBS analysis. 

Mine Stream Panel 
Pre-mining 
TBS Mean 

Post-mining 
TBS Mean 

Post-mining TBS 
as a % of Pre-
mining TBS 

Bailey  
UNT 32539 to South 
Fork Dunkard Fork 

9I 57.4 63.8 111.1

11I 50.9 45.6 89.6

Cumberland 
UNT 40607 to 
Pursley Creek 

LW-61 67.9 75.9 111.8

LW-61 68.6 65 94.8

Emerald 
UNT 40410 to Coal 

Lick Run 

LW-C3 55.3 67.2 121.5

LW-C3 36.3 38.3 105.5

Enlow Fork 
UNT 32745 to 

Templeton Fork 

F19 52.2 54.8 105.0

F20 62.8 77.2 122.9

Enlow Fork 
UNT 32998 to 
Buffalo Creek 

F22 47.9 84.3 176.0

F23 69.5 71.2 102.4

F22/Gate 79.6 77.1 96.9
 

 
9.F – Stream Monitoring in Advance of, During, and After Longwall Undermining 

Surface subsidence has the potential to disrupt the hydrological balance within and outside of an 
area undermined by longwall extraction. 

9.F.1 – Heaves and Fractures in Relation to Face Positions 

Longwall mining causes overburden movement and surface subsidence. A potential result of this 
overburden movement is called heaving, where horizontal forces cause upward movement in 
valley bottoms due to lateral compression. A variety of factors influence heaving, therefore the 
precise locations of mining-induced impacts on streams are difficult to predict (Kay et al. 2006). 
In Australia, where some of the only published research on heaving is described, the longest 
distance of fracture site from closest edge of a longwall or series of longwalls was measured at 
1,950 feet for fractures caused by longwalls directly under a river or creek, and 1,300 feet for 
fractures caused by longwalls not directly under a river or creek (Kay et al. 2006). Observations 
in Pennsylvania suggest that fractures and heaves are more likely to occur when there is high 
horizonal stress from the strata and the orientation of the stream is at 90° the direction of 
greatest stress.  

9.F.2 – Sufficiency of pre-mining monitoring periods 

Given the potential for heaves and fractures occurring at 1,950 feet away from the longwall face 
(Kay et al. 2006), monitoring a stream for mining-induce heaves and fractures before the 
longwall face approaches is important. At this distance, it is likely that mining will take more 
than two weeks to reach the heave. The TDG 563-2000-655 “Surface Water Protection – 
Underground Bituminous Coal Mining Operations” (PADEP 2005) specifies that daily 
monitoring of stream flow begin two weeks before the panel is expected to reach the stream:  

Daily measurements commencing two weeks prior to undermining the area of 
concern and continuing until the potential for mining induced flow loss becomes 
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negligible. (In the case of longwall mining daily measurements should continue 
until the longwall face has progressed a distance equal to the cover thickness 
beyond the area of concern.)  

If heaves occur in locations that are not reached by mining within this two-week period, there is 
a potential that flow loss may be missed or the range of flows artificially diminished during the 
subsequent two-week period. To evaluate whether this two-week lead time is sufficient to 
monitor flow impacts prior to the longwall face undermining the stream, heave data from 
BUMIS were compared with face position mapping. During the 5th assessment period the 
streams over Bailey Mine were monitored by PADEP and the mine operator more than two 
weeks in advance of the longwall face undermining the streams. At Bailey Mine, heaving was 
observed at least two weeks prior to mining for four streams (Table 9-8). The longest lead time 
prior to longwall face nearing a stream was six weeks (Kent Run was not undermined but panel 
2L caused heaving six weeks before the longwall face is estimated to have neared the stream). 
There were six cases in which heaving was observed in advance of the longwall face 
undermining the stream in an adjacent panel (Table 9-9). In addition, there were five cases for 
which heaving was observed during mining in adjacent panels (Table 9-10). Two of these heaves 
(1,450 feet in unnamed tributary 32618 and 1,500 feet in Whitethorn Run) were a longer distance 
from the panel face than observed and reported in the literature for longwall mining (1,300 feet 
for the Cataract River; Kay et al. 2006). These observations suggest the period of daily 
monitoring of two weeks may not be adequate to capture impacts in advance of the longwall 
face.  

A more comprehensive examination of these data is not possible (i.e., across mines). The 
University carefully examined the records provided, primarily BUMIS, however, in most other 
cases heaving was not detected this far out. There are many cases in this location because these 
streams experiencing heaves far from the longwall face were at a location that were the focus of 
contentious legal processes and additional effort was devoted to observing the areas in advance 
of mining. The precision in the location of these heaves allows this analysis. Other records note 
heaving potentially far from the longwall face, but the precision of the measurements did not 
allow accurate measurements. Therefore, these data cannot clarify among two potential 
explanations for the observed heaving: 1) The geology of this location is prone to more intense 
subsidence impacts and this leads to anomalous heaving further from mining than most places.; 
or 2) Heaving can occur further from mining than often expected, however, because heaving is 
not expected this far out, it is not detected. Additional data are necessary to make this 
determination. Clarification of heaving distances in advance of mining is necessary to avoid 
potential biasing of pre-mining baseline measurements. 

Table 9-8. Heaves and fractures observed in streams at least 14 days in advance of longwall face over the 
same panel being mined. 

Mine (Panel) Stream Date of 
Observation

Longwall Face 
Distance from 

Stream 

Date Panel Face 
Reached Stream 

Bailey (1L) Kent Run 6/15/2015 610 feet 6/29/2015 (14 days)
Bailey (2L) Kent Run 4/25/2016 1,300 feet 6/6/2015 (42 days)
Bailey (3L) Polen Run 11/21/2016 1,400 feet 12/19/2016 (28 days)
Bailey (2L) 32620 7/30/2015 550 feet 8/19/2015 (20 days)
Bailey (2L) Whitethorn Run 11/24/2015 635 feet 12/11/2015 (17 days)
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Table 9-9. Heaves observed in advance of longwall face over an adjacent panel. 
Mine Stream Date of 

Observation 
Longwall Face Distance 

from Stream 
Date Panel Face 
Reached Stream 

Bailey 32605 9/18/2015 Heave in 3L panel (2L panel 
900 feet from the stream) 

11/22/2016 (3L) 

Bailey 32618 11/24/2014 Heave in 2L panel (400 feet 
downstream of 1L)

12/10/2014 (1L) 
10/13/2015 (2L)

Bailey 32618 9/11/2015 Heave in 3L panel (1,450 
feet away from 2L face) 

10/13/2015 (2L) 
8/29/2016 (3L)

Bailey 32618 9/30/2015 Heave in 3L panel upstream 
of previous heave

10/13/2015 (2L) 
8/29/2016 (3L)

Bailey Whitethorn 
Run 

11/3/2015 Heave in bedrock over 3L 
panel 1,150 feet from 

location of 2L panel face 

12/11/2015 (2L) 
10/10/2016 (3L) 

Bailey Whitethorn 
Run 

11/24/2015 Cracks over 3L section of 
stream, 1,500 feet from 2L 

panel face

12/11/2015 (2L) 
10/10/2016 (3L) 

 

Table 9-10. Heaves and fractures observed over an adjacent panel during or after longwall face 
progression under stream. 

Mine Stream Date of 
Observation 

Longwall Face Distance from 
Stream 

Date Panel Face 
Reached Stream 

Bailey Kent Run 7/17/2015 900 feet north of 1L panel 6/29/2015 (1L) 
(outside of panels)

Bailey Polen Run 3/23/2015 Heave and fracture 550 feet 
downstream of 1L panel edge 

3/23/2015 (1L) 
3/7/2016 (2L)

Bailey Polen Run 12/19/2016 Bedrock bowing and cracking 
620 feet and 780 feet outside 

of 3L panel to south (4L panel) 

12/19/2016 (3L) 
9/5/2017 (4L) 

Bailey 32605 8/7/2017 Heave and fracture over 5L 
panel (4L mining beneath 

stream)

8/7/2017 (4L) 
4/2/2018 (5L) 

Bailey Whitethorn 
Run 

10/14/2016 Bedrock heave in 4L section of 
stream as 3L panel undermined 

10/14/2016 (3L) 
5/22/2017 (4L)

 
 

9.G – Reasons for Augmenting and Mitigating Stream Impacts 
 
9.G.1 – Fish Kills 
 
Augmentation and mitigation are required for streams undermined by longwall because of the 
impacts on stream resources (water sources for augmentation are discussed in Section 8). One 
immediate consequence of disrupted flow without adequate augmentation before mitigation can 
be fish kills, which result in a loss of resource use (Figure 9-1, Table 9-11). Fish kill events are 
only recorded if encountered and reported by PADEP, mine operators, or landowners. The 
PADEP recorded in BUMIS 12 instances of dead fish resulting from loss of flow in nine streams 
undermined during the 5th assessment period. Five of these instances did not have the number of 
dead fish recorded in BUMIS.  
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In addition to the 12 fish kills from loss of flow, one fish kill occurred in unnamed tributary 
41639 despite the mine operator following the PADEP stream protection policy (TGD 563-2000-
655), which specifies “that the augmentation water is suitable in terms of quantity and quality for 
maintaining the stream’s water uses.” In this event, the mine operator used a landowner’s well to 
augment the stream after the stream started to lose flow from undermining. The mine operator 
pump tested the landowner’s well prior to using its water for augmentation, and aluminum was 
not initially present. However, over time, the well water quality deteriorated from increased 
aluminum levels. This event was not noted in BUMIS. 
 
PADEP does not have jurisdiction in cases of fish kills. One initial step in the prevention of 
future resource loss is improved coordination with the Pennsylvania Fish and Boat Commission 
on increasing awareness of fish presence and improved management practice and polity to 
protect the resource. Pennsylvania baseline fish data are lacking for most of the streams in the 
region undermined during the 5th assessment and for the majority of the 86,000 miles of streams 
throughout the state (53,000 miles remained unassessed in 2017; Weber and Simpson 2017). The 
Pennsylvania Fish and Boat Commission is looking to rectify this problem through the 
Unassessed Waters Initiative (PAFBC 2019). Coordination between the Fish and Boat 
Commission and PADEP in this disrupted landscape would provide data to enhance protection of 
use in undermined streams. 
 
 
 
 
 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 
 

9-16 
 

 

Figure 9-1. Photographs of fish kills in Whitethorn Run, Bailey Mine from a) Family Cyprinidae 
(Blacknose Dace, Central Stoneroller, Creek Chub on 10/4/2016, b) darters (Family Percidae: 

Etheostoma sp.) and cyprinids (Family Cyprinidae) on 10/14/2016, c) Family Cyprinidae and possibly 
other species on 10/17/2016, and d) desiccated fish remains (unidentifiable) on 6/12/2018. 
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Table 9-11. Dead fish observed in streams undermined by longwall mining during the 5th assessment 
period and recorded in BUMIS. 

Stream Date Number of 
Dead Fish 

Notes 

Kent Run 7/15/2016 Not recorded 
(reported by 

operator)

Longwall panel did not 
undermine stream (100 feet 

away) 
Polen Run 6/14/2016 30 (reported by 

operator)
Dry section 130 feet; upstream 

of 4R tributary 
Whitethorn Run 10/4/2016 90 Dry section 700 feet 
Whitethorn Run 10/14/2016 100 Dry section 2,650 feet; 1,400 

feet of flow 
Whitethorn Run 10/17/2016 200 Dry section 3,450 feet 
Whitethorn Run 6/12/2017 300 Augmentation for stream was 

off 
Unnamed tributary 

41741 to Tustin 
Run 

10/21/2015 7 Several fish trapped in pools 
similar to previous observation 

on 10/16/20 
Unnamed tributary 
32984 to Sawhill 

Run 

7/11/2016 40 Stream flowing into 
fracture/hole at upstream end of 

F26 Panel; operator unaware 
that fish were in this stream; 

augmentation installed by end 
of next day 

Unnamed tributary 
40952 to Tenmile 

Creek 

4/21/2014 Not recorded Dry section at mouth 250 feet; 
flow loss due to fracture 

Unnamed tributary 
to Sawhill Run 

7/17/2014 Not recorded 
(“several”)

Dry section 145 feet, upstream 
of heave; and dry pool 

Unnamed tributary 
to Tenmile Creek 

9/3/2015 Not recorded 
(dead 

minnows) 

Dry section 75 feet; 
communicated to operator who 
confirmed augmentation line to 

be installed 
Unnamed tributary 
to Tenmile Creek 

9/8/2015 Not recorded 
(“many” dead 

minnows)

Dry section 265 feet 

 
 
 

9.H – Stream Mitigation During the 5th Assessment 
 

9.H.1 – Methods 

Four types of stream mitigation are tracked by PADEP. These are gate cuts, grouting, synthetic 
liners, and alluvial amendments. BUMIS provided complete and adequate information on 
grouting and most liners but tracking of gate cuts was less effective. The University determined 
that two alluvial amendments were installed from SSA Excel tracking files kept individually for 
each mine and photographic documentation found in the PADEP files. However, this 
information was not entered into BUMIS because the undermining occurred before the 5th 
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assessment period. For this assessment, gate cut information was sent separately as an Excel file. 
An equivalent file with similar information would be useful for grouting as well, particularly 
date of release and panel information. The University provides recommendations for improving 
the stream mitigation data entered into BUMIS in Section 12.F.  

9.H.2 – Gate Cuts 

An intermittent or perennial stream channel with a gradient of 2.0 % (a 2-foot drop in elevation 
over a 100-foot length of stream) or less is considered a potential site of mining induced pooling 
following subsidence. For pooling impacts, TGD 563-2000-655 requires that mitigation be 
performed when the pool depth increases exceed one foot, or when other adverse conditions are 
created (e.g. loss of riffle habitat, sedimentation, nuisance to property owners; PADEP 2005).  

Gate cuts are performed on streams where pooling has occurred, generally when the edge of the 
subsidence basin (i.e., the boundary between the longwall panel and the gate roads) cross stream 
and the subsidence basin creates a barrier to stream flow. The water is no longer able to flow 
over the unsubsided ground on the upstream side of the gate road, causing it to back up and form 
a pool. During a gate cut, a channel is cut through this barrier to recreate the water surface 
elevation gradient and water can again flow downstream unimpeded (see Figure 9-2). The 
applicant must submit mitigation plans and the GP-105 for all potential gate cuts prior to the 
PADEP approving and issuing the permit. The applicant must acquire the Army Corps of 
Engineers permit to dredge bed material and disrupt the flow of the stream prior to beginning any 
mitigation work. All streams with pooling must be mitigated unless there a site-specific reason, 
but this rarely occurs. 

During the 5th assessment period, 29 gate cuts were performed over longwall mines (Table 9-12). 
This number is comparable to the 28 gate cuts that were completed during the 4th assessment . 
Twenty-four of the gate cuts completed prior to the 5th assessment were released during the 5th 
assessment (Table 9-13). In two cases gate cut dates were listed simply as 2013 and additional 
precision could not be provided to the University. These cuts were counted in the 5th assessment 
period, but it is not clear if they occurred during the 4th or 5th assessment period. They were both 
released during the 5th assessment period. There was one instance of a gate cut that was 
completed prior to the 5th assessment (Mt. Phoebe Area B7 over Emerald Mine in June 2013) 
that had not yet been released by the end of the 5th assessment.  
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Figure 9-2. An illustration depicting how a gate cut restores the gradient of a stream to mitigate 
pooling.  Figure is not to scale, note break in axis scale. 

 

One of the gate cuts performed during the 5th assessment was an emergency gate cut (Mudlick 
Creek over Bailey Mine in September 2013) and monitoring was not required for release. It is 
not clear why this emergency gate cut was exempted from monitoring, and the University 
recommends that all gate cuts be monitored beginning before the project starts and continue to 
periods following completion. Of the remaining 28 gate cuts, 16 have already been released, and 
12 are still being monitored. 

Of the 42 gate cut projects that were released during the 5th assessment, the average time to 
PADEP’s biological release from the time of undermining was 7 years 11 months, with the 
shortest time being 3 years 9 months and the longest time being 13 years 10 months. 
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Table 9-12. A list of the 56 gate cuts performed or monitored during the 5th assessment. 

Mine Panel Stream 

Undermine 
Completion 

Date 

Gate Cut 
Completion 

Date 

Undermining to 
Biological 

Release 

Bailey 7I/8I South Fork Dunkard Fork June 2007 Oct 2007 5 yrs, 0 mos

Bailey 10I South Fork Dunkard Fork Oct 2008 Sept 2009 6 yrs, 3 mos

Bailey 11I South Fork Dunkard Fork May 2009 Dec 2011 5 yrs, 8 mos

Bailey 12I South Fork Dunkard Fork Mar 2010 Nov 2010 5 yrs, 3 mos

Bailey 13I South Fork Dunkard Fork Oct 2010 Oct 2012 4 yrs, 8 mos

Bailey 12I Barney's Run Mar 2011 Mar 2012 4 yrs, 3 mos

Bailey 14I South Fork Dunkard Fork Aug 2011 Oct 2012 4 yrs, 3 mos

Bailey 15I South Fork Dunkard Fork Feb 2012 Nov 2012 3 yrs, 9 mos

Bailey 14/15I Mudlick Fork June 2012 Aug 2015 5 yrs, 9 mos

Bailey 15/16I Mudlick Fork Mar 2013 Sept 2013 N/A

Bailey 2L Whitethorn Run Dec 2015 Sept 2017 monitoring

Cumberland 51 Mt. Phoebe Area #5 May 2006 2013 11 yrs, 11 mos

Cumberland 51 Dyers Fork Area #1 May 2006 2010 11 yrs, 11 mos

Cumberland 51/52 Dyers Fork Area #2 May 2006 2010 11 yrs, 11 mos

Cumberland 51/52 Dutch Run Area #6 Oct 2006 Oct 2014 11 yrs, 5 mos

Cumberland 52/53 Dutch Run Area #7 Nov 2006 Summer 2012 11 yrs, 4 mos

Cumberland 53/54 Dutch Run Area #8 Aug 2007 Summer 2012 10 yrs, 7 mos

Cumberland 53/54 Dyers Fork Area #4 Dec 2007 Summer 2011 10 yrs, 4 mos

Cumberland 52/53 Dyers Fork Area #3 Jan 2008 Aug 2014 10 yrs, 2 mos

Cumberland 54 Dutch Run Area #5 June 2008 Sept 2013 9 yrs, 9 mos

Cumberland 54/55 Dyers Fork Area #6 June 2008 Mar 2014 monitoring

Cumberland 55 Whiteley Creek Area 3 Oct 2008 Aug 2014 9 yrs, 5 mos

Cumberland 56 Whiteley Creek Area 4 Apr 2009 Oct 2013 8 yrs, 11 mos

Cumberland 56 Whiteley Creek Area 2 June 2009 Mar 2014 monitoring

Cumberland 57 Whiteley Creek Area 1 Mar 2010 Dec 2013 8 yrs, 0 mos

Cumberland 58 Pursley Creek Area #58 Oct 2010 2012 7 yrs, 5 mos

Emerald B-6 Dutch Run Area #B6 Mar 2008 2014 10 yrs, 0 mos

Emerald B-6 Mt. Phoebe Area #B6 Dec 2008 Aug 2014 9 yrs, 4 mos

Emerald B-7 Dutch Run Area #B7 May 2009 2013 8 yrs, 10 mos

Emerald C-2/C-3 Muddy Creek Area 3 Dec 2009 Spring 2015 8 yrs, 5 mos

Emerald C-3 Muddy Creek Area 5 Dec 2009 Aug 2015 8 yrs, 5 mos

Emerald C-3 Muddy Creek Area 2 Jan 2010 Spring 2015 8 yrs, 4 mos

Emerald B-7 Mt. Phoebe Area B7 Feb 2010 June 2013 monitoring

Emerald D-1 Jackson Run D-1 Aug 2014 July 2016 monitoring

Emerald D-2 Jackson Run D-2 June 2015 Dec 2016 monitoring

Enlow Fork E9 Rocky Run May 2004 Sept 2013 13 yrs, 10 mos

Enlow Fork F13 Templeton Fork Nov 2006 Feb 2010 9 yrs, 4 mos
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Table 9-12 continued. 

Mine Panel Stream 

Undermine 
Completion 

Date 

Gate Cut 
Completion 

Date 

Undermining to 
Biological 

Release 

Enlow Fork F14 Templeton Fork July 2007 Nov 2010 8 yrs, 8 mos

Enlow Fork F15 Templeton Fork Feb 2008 May 2011 8 yrs, 1 mo

Enlow Fork F16 Templeton Fork Sept 2008 Sept 2011 7 yrs, 6 mos

Enlow Fork F17B Templeton Fork Jan 2009 Oct 2010 5 yrs, 8 mos

Enlow Fork F17A UNT Templeton Fork May 2009 Oct 2009 8 yrs, 11 mos

Enlow Fork E18 Craft's Creek May 2009 Aug 2010 5 yrs, 4 mos

Enlow Fork E20 Craft's Creek Nov 2009 June 2013 8 yrs, 5 mos

Enlow Fork F18 Templeton Fork Dec 2009 Nov 2010 4 yrs, 9 mos

Enlow Fork E19 Craft's Creek Dec 2009 Sept 2010 4 yrs, 9 mos

Enlow Fork E23 Tenmile Creek Feb 2012 Dec 2013 6 yrs, 2 mos

Enlow Fork E24 Tenmile Creek Apr 2013 Apr 2015 5 yrs, 2 mos

Enlow Fork F22 Buffalo Creek Mar 2014 Apr 2016 4 yrs, 3 mos

Enlow Fork E25 Tenmile Creek Apr 2014 Nov 2017 monitoring

Enlow Fork F23A Buffalo Creek Jan 2015 July 2016 monitoring

Enlow Fork F24B Buffalo Creek Dec 2015 Dec 2017 monitoring

Monongalia Co. 15/16W Blockhouse Run 2010 Fall 2015 monitoring

Monongalia Co. 14/15W Blockhouse Run 2011 Nov 2013 monitoring

Monongalia Co. 14W Blockhouse Run 2011 Fall 2015 monitoring

Monongalia Co. 14W Blockhouse Run 2011 Fall 2015 monitoring
 

 
Table 9-13. The number of gate cuts performed or monitored during the 5th assessment from each 

longwall mine. 
Mine Number of gate 

cuts completed 
during 5th 
assessment 

Number of gate cuts 
completed prior to and 

released during 5th 
assessment 

Number of gate cuts completed 
during the 4th assessment and 
not yet released by the end of 

the 5th assessment 
Bailey 3 8 0 

Cumberland 8 6 0 
Emerald 7 0 1 

Enlow Fork 7 10 0 
Monongalia Co. 4 0 0 

TOTAL 29 24 1 
 

9.H.3 – Grouting 

Subsidence can cause stream beds and underlying rock to fracture which leads to flow loss when 
the water flows into and through these cracks instead of downstream. Grouting is a technique 
used to restore flow to a stream by sealing these cracks.  
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During the 5th assessment period, grouting was performed 60 times on 46 streams over longwall 
mines (Table 9-14). In comparison, 57 streams were grouted in the 4th assessment (the number of 
projects is unknown). Table 9-15 summarizes the streams grouted during the 5th assessment 
period. Eight of these 60 projects were grouted a second time when the first was unsuccessful.  

Overall, a total of 8.65 miles of streams were grouted during the 5th assessment (Table 9-14). In 
the 4th assessment report, total lengths of stream grouting could not be determined, but an 
estimate was made using limited data found for Bailey Mine, indicating that half of the 
undermined stream length was likely grouted. For this report, the University found only 13.8 % 
of undermined stream lengths were grouted, but the proportion of streams grouted in each mine 
varied widely, from 3.2 % for Harvey to 59.8 % for Emerald (Table 9-15). However, since 
Harvey recently began mining and Emerald recently stopped, these two percentages are skewed 
(grouting has yet to begin for many streams undermined by Harvey and grouting has continued 
for streams over Emerald even though mining has ceased). The University also notes that 
grouting can occur over streams that do not appear on the “Networked Streams of PA” layer 
(used to determine the total mileage of undermined streams in this report), so these percentages 
do not include smaller headwaters streams not mapped in the Networked Streams of PA data. 
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Table 9-14. Grouting that occurred during the 5th assessment period. 

Mine Stream 
Grouting 

Length (ft) Start date End date 

Bailey Kent Run 100 3-Oct-16 24-Oct-16

Bailey Kent Run-3R 450 1-Sep-16 28-Sep-16

Bailey NoF-14L 800 27-Mar-18 21-May-18

Bailey NoF-17L 1,400 29-May-18 29-Aug-18

Bailey NoF-18L, 1R 600 25-Oct-17 13-Dec-17

Bailey NoF-19L,1L,7R 550 23-Nov-15 11-Dec-15

Bailey NoF-4.9R 800 1-Aug-18 31-Aug-18

Bailey Polen Run 4L 700 29-Mar-17 12-May-17

Bailey Polen Run 100 18-Jan-17 8-Feb-17

Bailey Polen Run 6L 600 7-Jul-16 3-Aug-16

Bailey Polen Run 7L 600 23-May-16 1-Jul-16

Bailey ST32545 720 19-Aug-15 25-Sep-15

Bailey ST32554 1,850 26-Sep-14 31-Dec-14

Bailey ST32605 1,400 22-Nov-17 26-Mar-18

Bailey ST32605 650 18-Jun-18 13-Sep-18

Bailey ST32618 550 1-Jun-15 30-Jul-15

Bailey ST32618 1,700 2-Mar-16 12-May-16

Bailey ST32618** 3,200 19-Jun-17 1-Nov-17

Bailey ST32620 1,100 9-Nov-15 26-Feb-16

Bailey ST32620 1,000 5-Oct-16 19-Dec-16

Bailey ST32620* 1,200 29-Nov-17 12-Feb-18

Bailey Whitethorn Run 700 2-Aug-16 30-Sep-16

Bailey Whitethorn Run 250 2-Aug-16 19-Dec-16

Bailey Whitethorn Run* 1,450 29-Jun-17 20-Nov-17

Cumberland ST40592 Pursley Creek 1,100 1-Sep-14 20-Sep-14

Cumberland ST40615-L3 1,000 2-Jun-14 1-Aug-14

Cumberland ST40616 1,000 20-Sep-17 15-Dec-17

Cumberland Bells Run (ST41733) 3,600 5-Dec-16 12-May-17

Cumberland ST41735 1,000 11-Jul-17 7-Sep-17

Emerald ST40447 1,000 12-Jun-15 12-Aug-15

Emerald ST40448 3,000 16-Oct-15 27-Jan-16

Emerald ST40449 1,400 18-Jun-15 20-Aug-15

Enlow Fork BUFC-9R 250 1-Jun-14 31-Aug-14

Enlow Fork BUFC-9R* 1,140 1-Jun-15 31-Aug-15

Enlow Fork SAWHR-3L 600 1-Apr-15 31-May-15

Enlow Fork SAWHR-4L 1,200 1-Jun-14 31-Aug-14

Enlow Fork SAWHR-9R 400 1-Jul-14 1-Oct-14

Enlow Fork ST32983 700 1-Nov-16 31-Jan-17
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Table 9-14 Continued 

Mine Stream 
Grouting 

Length (ft) Start date End date 

Enlow Fork ST32996 105 1-Dec-14 31-Dec-14

Enlow Fork ST32996* 105 1-Nov-15 31-Dec-15

Enlow Fork ST32997 620 1-Jun-14 30-Jun-14

Enlow Fork ST40948 5 1-Nov-14 1-Nov-14

Enlow Fork ST40948* 450 1-Jun-15 30-Nov-15

Enlow Fork ST40949 590 1-Sep-13 30-Nov-13

Enlow Fork ST40949C TENC-8L 1R no data 1-Sep-14 30-Nov-14

Enlow Fork ST40952 1,300 1-Jun-15 30-Nov-15

Enlow Fork ST40954 550 1-Oct-16 31-Dec-16

Enlow Fork TenC-17R,4R 600 1-May-16 31-May-16

Enlow Fork UNT to Sawhill Run 1,100 1-Nov-13 30-Nov-13

Enlow Fork UNT to Sawhill Run 1,000 1-Sep-14 1-Nov-14

Enlow Fork UNT to Sawhill Run* 1,100 1-Dec-14 31-Dec-14

Harvey PATCR-11R 450 28-Apr-15 21-May-15

Harvey ST40567 1,000 5-Jun-17 20-Jul-17

Monongalia Co. ST41815 800 26-Feb-18 9-Apr-18

Monongalia Co. ST41823 160 9-Oct-15 21-Oct-15

Monongalia Co. ST41823 150 25-Oct-15 10-Nov-15

Monongalia Co. ST41826 1,200 24-Nov-14 5-Dec-14

Monongalia Co. ST41826* 1,200 no data no data

Monongalia Co. ST41834 5 10-Dec-14 10-Dec-14

Monongalia Co. TMSR-4L,2R 5 28-Apr-14 28-Apr-14
*Denotes a second grouting (first attempt unsuccessful) 
**Denotes a combination of first and second grouting attempts 

 

Table 9-15. A summary of the lengths of stream grouting compared to total length undermined for all 
longwall mines with grouting during the 5th assessment period. “UM” in the tile rows is “undermined” 

Mine 
Length of Streams 

Grouted (mi)* 
Total UM 

Streams (mi) 
Percent UM 

Streams Grouted 

Bailey 3.75 11.31 33.2 

Cumberland 1.46 10.69 13.7 

Emerald 1.02 1.71 59.8 

Enlow Fork 1.71 22.30 7.7 

Harvey 0.27 8.60 3.2 

Monongalia Co. 0.44 7.94 5.5 

TOTAL 8.65 62.55 13.8 

*Second grouting attempt lengths removed to avoid counting the same stream length twice 
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9.H.4 – Synthetic Liners 

While grouting is the preferred method for mitigating flow loss on streams with bedrock 
substrate, grouting is ineffective on streams where the alluvial thickness is greater than three feet 
(Haibach et al. 2012). There was one use of synthetic liners to mitigate a stream flow loss during 
the 5th assessment period. This occurred over the Bailey Mine at two locations: on Polen Run in 
2015 over the 1L panel and over the 2L panel in 2016 before undermining. This use of liners was 
a condition for granting the permit to undermine the stream (PAEHB 2017). Synthetic liners 
were used to mitigate 4,500 ft of this stream, compared to a total liner use of just 1,757 ft over 
two streams during the 4th assessment period.  

Because of the impacts to Polen Run from the two liner installations during the 5th assessment 
period, there was a change in the legally allowed use of channel liners (PAEHB 2017). The 
Pennsylvania Environmental Hearing Board ruled that the use of synthetic liners cannot be 
permitted as part of the pre-approved mitigation mining process (PAEHB 2017):  

“When the Department (PADEP) anticipates that the impacts from longwall 
mining are going to be so extensive that the only way to “fix” the anticipated 
damage to the stream is to essentially destroy the existing stream channel and 
streambanks and rebuild it from scratch, the Department’s decision to issue (the 
permit) is unreasonable and contrary to the law.”  

The permit revision that allowed the undermining of Polen Run by Bailey during this assessment 
period called for a channel liner system and a complete rebuilding of 600 feet of stream. The 
facts used by the PAEHB (2017) included 1) the stream no longer exists as it had before 
undermining, 2) the stream is shorter in length and wider in cross section, 3) groundwater no 
longer enters the stream normally (from hyporheic flow) because of an impenetrable liner, and 4) 
the scope and duration of channel liner installation caused large sections of the stream to cease 
functioning for an extended period of time. The channel liner system eliminated Polen Run as it 
previously existed, which violates previous Commonwealth case law that established the Clean 
Streams Law, the Mine Subsidence Act, and their regulations require that PADEP not grant 
permits that will result in the permanent elimination of a stream (UMCO Energy, Inc. v. DEP, 
2006 EHB 489).  
 
The PAEHB also ruled in the Polen Run case that the statutes and regulations pertaining to mine 
subsidence allow for stream disruption that is limited in scope and duration of impact under 25 
Pennsylvania Code § 86.37(a)(3). The PAEHB (2017) relied on previous Commonwealth Court 
of Pennsylvania cases that determined “the Clean Streams Law and Mine Subsidence Act and 
their regulations do not require that longwall mining have no impact on the waters of the 
Commonwealth.” The previous Commonwealth Court case, UMCO Energy, Inc. v. DEP, 2006 
EHB 489, at. 585, established that the “permission to longwall mine is not absolute but remains 
subject to proper conditions.” 

Thus, if the alluvial thickness of a stream is known to be greater than three feet, or if mitigation 
is not predicted to restore stream flow, then permitting to undermine of such streams is now 
subject to demonstrating that stream flow can be restored without use of a synthetic liner at these 
magnitudes if stream flow loss occurs. The feasible mitigation space, as mandated by the 
Environmental Hearing Board, is illustrated in Figure 9-3. 
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Figure 9-3. A conceptualization of the Pennsylvania Environmental Hearing Board and Commonwealth 
Court of Pennsylvania (PAEHB 2017). The PADEP considers whether the operator is prepared to fix a 

problem if one occurs (regulated impairment). The PADEP cannot pre-approve a mitigation plan if 
mining-induced flow loss is predicted, if a channel liner will be required, or if mining will result in 

permanent elimination of a stream (prohibited impairment).  

 

9.H.5 – Alluvial Amendment Liners 

Alluvial amendments mix stockpiled alluvium with bentonite clay to form a slurry, which is laid 
down in the excavated stream channel and compacted to create a channel lining. Following 
installation of the alluvial amendment liner, the stream banks are re-graded, stabilized, and 
planted with vegetation.  

Five streams were mitigated using alluvial amendments during the 5th assessment period. Three 
of these streams are located over Cumberland Mine (ST40615-L3, ST41733, and ST41741), and 
two are located over Enlow Fork Mine (ST40944 and CrC-4R,2R). Alluvial amendments were 
used to mitigate 8,925 ft of streams overall, compared to just 1,200 ft (over two streams) during 
the 4th assessment period. Table 9-16 lists all liners, both synthetic and alluvial, used during the 
5th assessment period.  
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Table 9-16. Instances of liners used to mitigate streams during the 5th assessment period. 
Mine Stream Panel Type of liner Length (ft) Date installed 

Bailey Polen Run 1L synthetic 2,400 Apr-Dec 2015 

Bailey Polen Run 2L synthetic 2,100 May-Aug 2016 

Cumberland ST40615-L3 LW-62 alluvial 1,000 May-June 2014 

Cumberland  ST40615-L3 LW-62 alluvial 1,000 June-Aug 2014 

Cumberland  ST40615-L3 LW-62 alluvial 500 July-Aug 2016 

Cumberland  Bells Run 

(ST41733) 

LW-64 alluvial 1,000 March 2016 

Cumberland  ST41741 LW-64 alluvial 1,000 March 2016 

Enlow Fork ST40944 E16-17 alluvial 3,825 Sept-Dec 2014 

Enlow Fork CrC-4R,2R E18 alluvial 600 Fall 2014 

 

9.I – Summary 

During the 5th assessment period, longwall coal operations undermined 81 miles of streams. A 
section of undermined stream is referred to as a stream reach. Those 81 miles of streams 
comprise 148 separate undermined stream reaches, of which 59, or 40 % experienced impacts 
from underground coal mining. If a stream reach was impacted, it was most often impacted 
multiple times. PADEP data indicate 183 total impacts during the assessment period. This 
translates to an average of 3.10 impacts for every impacted stream reach with 27.42 total miles of 
streams experiencing either flow loss or pooling.  
 
A total of 82 stream recovery evaluation (SRE) reports were submitted to PADEP following 
mitigation with the intention of demonstrating stream recovery. Of those 82 SRE reports, mining 
operators were released from further responsibility for 42 of the stream impacts. 40 SRE reports 
remain unresolved. Many more stream impacts have not yet had an SRE report submitted to the 
DEP, indicating that the majority of the 183 stream impacts have yet to be resolved and released. 

Heaves and fractures in stream beds are common following undermining. Fracture sites have 
occurred at distances as long as 1,500 ft from the mining front. The University suggests that the 
current period of daily monitoring two weeks prior to undermining may not be adequate to 
capture impacts in advance of the longwall face.  

During the 5th assessment period, 12 instances of fish kills resulting from flow loss on 9 
undermined streams were reported. Pennsylvania baseline fish inventories are lacking for most 
of the streams undermined in the 5th assessment period, although that will change with the 
PAFBC’s Unassessed Waters Initiative.  

Gate cuts were completed in a total of 29 instances during the 5th reporting period. In addition, 
24 gate cuts that were completed in the 4th assessment period were released during the 5th 
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assessment. The 4th assessment reports (Tonsor et al. 2014) that on average gate cuts and the 
subsequent stream and streamside restoration restores stream function. TBS scores pre-mining 
and post gate cut restoration are statistically indistinguishable.  

Grouting was performed 60 times on 46 streams during the 5th assessment, for a total of 8.65 
miles of grouted stream beds. About 1/8th of grouted streams are re-grouted when the first 
grouting is not effective. Synthetic stream liners were employed in two places on Polen Run for 
which grouting was predicted to be ineffective, for a total of 4,500 ft of liner installation. 
However, the PA Environmental hearing board ruled (PAEHB 2017) that the use of synthetic 
liners at this magnitude can no longer be a part of the pre-approved mitigation plan. Alluvial 
amendments using bentonite clay were employed on five streams during the 5th assessment 
period, covering 8,925 ft of stream bed.  
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SECTION 10: Effects of Mine 
Subsidence on Wetlands 
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10.A – Overview 
 
PADEP tasked the University with assessing the impact of subsidence on wetlands. Specifically, 
the University reports on the acreage of wetlands undermined, the change in wetland acreage 
following mining, the change in wetland types, and wetland mitigation projects active during the 
5th assessment. 
 

 
10.B –Undermined Wetland Acreage  

 
10.B.1 – Methods  
 
The University’s scope of work included a determination of wetlands acreage undermined during 
the 5th assessment (Appendix L). The determination could not be fully accomplished due to 
incomplete data availability to the University. The most complete source of wetland information 
in the PADEP records was found in the permit files. Pre-mining wetland surveys are completed 
as part of the original permit application over the area the operator intends to mine. 
Alternatively, pre-mining wetland surveys can also be done as part of an expansion permit for a 
pre-existing mine. Permit renewal applications are then submitted every five years. These 
renewals include post-mining wetland survey data for the area undermined during that five-year 
period. The submission date of renewal applications depends on the date of the original mining 
permit, so each mine is on its own five-year renewal schedule. The renewal schedules are not 
coordinated with the five-year assessment periods. Thus, not all of the wetlands undermined 
during the 5th assessment are associated with a renewal application. Harvey Mine and Tunnel 
Ridge Mine did not reach the fifth year of their permits during the 5th assessment period and 
therefore have not yet submitted a permit renewal. As a result, the University gathered all pre-
mining wetland data for these two mines from their original permit applications.  
 
The data found in the permit files pertain to mining that overlaps the 4th and 5th assessment 
periods, and thus include wetland surveys for a combination of wetlands undermined during 
portions of the 4th assessment and 5th assessment period. To determine the acreage of wetlands 
undermined solely during the whole 5th assessment period, the University relied instead on 
environmental resource maps and assured the quality of these data by cross-checking with 
wetland information found in digital map files provided directly by some of the mine operators 
to improve quality assurance.  
 
 
10.B.2 – Undermined Wetland Acreage During the 5th Assessment Period 
 
During the 5th assessment period, an estimated 90.7 acres of wetland habitat were undermined by 
longwall mines (this includes wetlands located within the 200-ft buffer). About half of this 
acreage (48.6 acres) was over longwall mining, a quarter (20.5 acres) was over room-and-pillar 
mining, and the remaining quarter (21.6 acres) was within the 200-ft buffer surrounding the 5th 
assessment mining extent (Table 10-1). 
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Table 10-1. Acreage of wetlands undermined by longwalls during the 5th assessment period, categorized 
by mining method. 

Mine 

Undermined Wetland Acreage 

Longwall  
Room-and-

Pillar 
200-ft 
Buffer 

Total without 
Buffer Total 

Bailey 4.04 2.53 2.35 6.57 8.92 

Cumberland 9.15 1.70 2.91 10.85 13.76 

Emerald 0.07 0.18 0.09 0.25 0.34 

Enlow Fork 17.50 9.41 7.37 26.91 34.28 

Harvey 11.10 4.29 4.35 15.39 19.74 

Monongalia Co. 6.73 2.20 3.60 8.93 12.53 

Tunnel Ridge 0.00 0.20 0.88 0.20 1.08 

Total 48.59 20.51 21.55 69.10 90.65 
 

 
 

10.C – Change in Wetland Acreage and Type Following Mining 
 

Pre- and post-mining wetland acreages for all longwall mines are summarized in Table 10-2.  As 
in the 4th assessment report (Tonsor et al. 2014), data are from the most recent permit renewal for 
each mine and therefore represent a five-year period rather than the 5th assessment five-year 
period per se. Two mines have yet to submit a permit renewal, so no post-mining wetland survey 
information has been submitted to PADEP, and their pre-mining wetland information was 
gathered from original permit applications. Only one mine experienced wetland losses. In this 
case the 27.2 acres of wetlands lost represented 25 % of the pre-mining wetland acreage. For 
maps and detailed tables listing individual wetland acreages and types, see Appendix J. 
 
 
Table 10-2. Pre- and post-mining wetland acreage summary for all longwall mines. Data are from the 

most recent permit renewal or the original permit application for each mine. 

Mine 

Wetland Acreage 

Pre-mining Post-mining Change 

Bailey 6.167 6.46 +0.293 
Cumberland 6.939 14.738 +7.799 

Emerald 4.254 11.325 +7.071 

Enlow Fork 108.996 81.771 -27.225 

Harvey 24.6724 no data no data 

Monongalia Co. 9.394 16.98 +7.586 

Tunnel Ridge 5.62 no data no data 
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10.D – Wetland Mitigation during the 5th Assessment 
 

Mitigation action is required by the mine operator when net loss of wetland habitat due to 
subsidence exceeds 0.05 acres (PADEP pers. comm. 21 March 2019). Any wetland losses 
between 0.05 acres and 0.5 acres give the operator the option to contribute to the Pennsylvania 
Wetlands Replacement project fund or create a wetland of equivalent size (PADEP 1996). 
Otherwise the lost wetland acreage must be replaced by the operator. Cumberland Mine was the 
only mine with active subsidence-related wetland mitigation during the 5th assessment period. 
This was due to 4.84 acres of wetland losses experienced prior to the 5th assessment. 
Cumberland’s wetland mitigation efforts are located at two sites, Dutch Run and Whiteley 
Creek.  

 
10.D.1 – Methods 
 
Information regarding the progress of wetland mitigation projects during the 5th assessment 
comes from monitoring reports submitted by the operator every six months for the first two 
years, and yearly for years three through five following completion of the mitigation project. 
Only a three-year monitoring report and addendum for the Whiteley Creek mitigation project and 
a five-year report for the Dutch Run mitigation project were provided to the University.  
 
10.D.2 – Dutch Run 
 
The Dutch Run project was in its early stages when the 4th report was written, with the first 
wetland plantings taking place in April 2013 on the 2.22-acre site. The project was split into 
three wetland cells. In March 2019, after the end of the 5th assessment period, a five-year 
monitoring report was submitted to PADEP which covered monitoring activities from 2014, 
2015, 2016, and 2018. Monitoring did not take place in 2017 “as options to address the identified 
deficiencies and conceptual plans were evaluated” (Wallace & Pancher 2019).  

 
Results from the year one monitoring survey conducted in November 2014 revealed that the 
three cells possessed all three wetland criteria (wetland hydrology, hydric soil, and hydrophytic 
vegetation). A mixture of upland and wetland herbaceous vegetation provided dense ground 
cover over much of the mitigation site, with mature hydrophytic trees showing no signs of being 
negatively impacted by the construction.  
  
Year two monitoring conducted in October 2015 revealed a vegetative community that was 
transitioning from a mixture of upland and wetland species to facultative and obligate wetland 
plant species. The three cells continued to maintain all wetland criteria. Year three monitoring 
conducted in August 2016 yielded similar results as year two, with the continued progression of 
the vegetative community to wetland species. No monitoring was conducted in year four (2017), 
but year five monitoring conducted in October 2018 showed progression of the wetland cells 
with all three gaining at least one hydrologic indicator. Comparison photos of Wetland Cell 1 
from year one to year five can be found in Figure 10-1.  
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The report concludes that the Dutch Run mitigation project was successful in creating 0.96 acres 
of PEM and PSS wetland habitat. However, the original project plan proposed to create 2.22 
acres of wetland habitat. The remaining 1.26 acres were to be created by expanding an existing 
wetland at the project site, DR-27. Grading at this site was not done according to plan, however, 
and plantings did not take place. A field investigation conducted in 2016 determined that the DR-
27 expansion site did not exhibit any wetland characteristics and any wetland construction would 
ultimately fail, so this project will not be implemented. Combined with the wetland acreage 
created at the Whiteley Creek site, 0.56 acres of additional wetland habitat still need to be 
created to offset wetland losses over Cumberland Mine. This five-year report also includes an 
action plan for creating this additional wetland acreage, which involves expanding a different 
pre-existing wetland. Plans are currently being developed, and construction may begin as early 
as late 2019 pending approval by PADEP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10-1. Wetland Cell 1 of the Dutch Run mitigation area photographed during year one monitoring 

in 2014 (left) and during year five monitoring in 2018 (right). Photos from Wallace and Pancher. 
 
10.D.3 – Whiteley Creek 
 
For the Whiteley Creek wetland mitigation project, a 4.28-acre site in the floodplain of Whiteley 
Creek was chosen. The permit had been approved by the PADEP, but work had not begun by the 
end of the 4th assessment period. Construction was completed early in the 5th assessment period 
during the fall of 2013. Tree and shrub plantings followed in late 2013. Annual monitoring was 
performed at Year 1 (2014), Year 2 (2015), and Year 3 (2016). A three-year monitoring report 
was then submitted to PADEP in September 2017 (Wallace & Pancher 2017). This report 
summarized the findings from each of the five wetland cells for Year 1-3. The report also 
provided corrective action recommendations for each of the five cells as there were deficiencies 
in one or more of three wetland criteria: wetland hydrology, hydric soil, and hydrophytic 
vegetation.  
 
Results from the Year 1 monitoring survey conducted in 2014 indicated that 4 of 5 cells were 
covered with a mix of wetland and upland vegetation. Cell 2 (Figure 10-2) was only sparsely 
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vegetated with upland plant species. It was determined that Cells 1 and 3 did not meet the 
criterion for hydrology, and Cells 1 and 4 did not meet the criterion for hydric soils. Following 
this survey, Cells 2 and 3 were re-excavated and replanted in order to improve hydrology, soil, 
and vegetation. 
 
Results from the Year 2 monitoring survey conducted in 2015 were very similar to that of Year 
1, and the report suggested that improvements to the newly excavated Cells 2 and 3 would be 
evident in future surveys.  
 
Results from the Year 3 monitoring survey conducted in 2016 were more detailed, and outlined 
the deficiencies found in each of the five cells. The Whiteley Creek wetland mitigation project 
was reported as 60 % successful, and therefore the remaining 40 % of the project area would 
need corrective action. The final section of the report provided specific recommendations for 
such corrective action within each of the five wetland cells. For all five cells, it was 
recommended that 1) any upland vegetation be removed, 2) portions of the cells either be 
excavated to a lower elevation in order to better intercept groundwater from adjacent areas or 
backfilled to prevent over-inundation, 3) compacted soil be loosened to a depth of 12 inches, 4) 
hydrophytic trees and shrubs growing within the cells should be relocated and placed back in the 
cells after grading, 5) soil additives be used to promote establishment of new vegetation, and 6) 
the cells be revegetated appropriately. Specific recommendations were also included for 
particular cells, such as the removal of dense cattail colonies from Cells 4 and 5, and additional 
measures to direct the flow of groundwater in Cells 3 and 4. 
 
PADEP quickly granted approval for this corrective action plan to be implemented at the 
Whiteley Creek mitigation site and the work was completed in October and November of 2017. 
A follow-up report was submitted to the PADEP as an addendum to the Year 1-3 report in 
August 2018 (Wallace & Pancher 2018). This report contained results of an as-built survey of the 
repairs conducted in December 2017, which reflected the recommendations outlined above. 
These repairs restored an additional 1.96 acres of wetland habitat. When combined with the 
successful portion completed earlier, the Whiteley Creek project mitigated a total of 4.12 acres of 
wetland habitat. The area will continue to be monitored for success and reports will be submitted 
accordingly. 
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Figure 10-2. Wetland Cell 2 of the Whiteley Creek mitigation area photographed during year one 

monitoring in 2014 (left) and during year three monitoring in 2016 (right). Photographs from Wallace 
and Pancher reports. 

 

10.D.4 – Enlow Fork Wetland Losses 
 
Enlow Fork experienced wetland losses during the 5th assessment, but work has not yet begun 
on replacement mitigation. According to the latest pending permit renewal submitted by 
CONSOL to PADEP in November 2015, 11.22 acres of wetlands were lost across the E7-E23 
panels and the F6-F21 panels, mined from 2002-2013. Because renewals are submitted on a five-
year cycle, this renewal includes wetland surveys that were covered in previous permit renewals. 
The University sorted the wetland data in this latest permit renewal to include only new data 
since those included in the 4th assessment report, so as not to count any wetland twice. Based on 
this approach, Enlow Fork experienced a loss of 27.2 wetland acres in the five-year period since 
the previous permit renewal was submitted. 
 
10.E – Summary 
 
PADEP tasked the University with assessing the impact of subsidence on wetlands. Specifically, 
the University reports on the acreage of wetlands undermined, the change in wetland acreage 
following mining, the change in wetland types, and wetland mitigation projects active during the 
5th assessment. Due to the permit renewal submission schedule, which is different for each mine, 
the University reports on impacted wetland acreage for a five-year period covered in each mine’s 
most recent permit renewal, rather than the actual five-year 5th assessment reporting period. 
 
A total of 90.7 acres of wetland were estimated to have been undermined during the 5th 
assessment period. Of this, 48.6 acres was over longwall panels, 20.5 acres was over room-and-
pillar portions, and 21.6 acres overlaid the 200-ft buffer zones surrounding longwall mining 
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extents. The only longwall mine to experience wetland loss was Enlow Fork, which lost about 25 
% of the total wetland acreage overlaying mined areas.  
 
Cumberland Mine was the only mine with active wetland mitigation work related to subsidence 
during the 5th assessment period. Two sites totaling 4.86 acres were chosen, a site on Whiteley 
Creek and a site on Dutch Run. Construction began in 2013 and monitoring is ongoing.   
 
As a result of the incomplete and inconsistent data obtained for wetlands, the University could 
only report limited conclusions. The University has provided recommendations in Section 12 of 
this report that will improve protection of wetlands impacted by subsidence due to underground 
coal mining.  
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SECTION 11: Discussions 
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11.A – Overview 

 
The Amendments to Act 54 require “determining, to the extent possible, the effects of deep 
mining on subsidence of surface structures and features and on water resources.”  During review 
of the specific tasks in the scope of work, some apparent effects outside of the defined scope 
emerged.  Given the potential importance of these trends to the protection of citizen’s rights and 
protection of the environment, these issues are discussed in this section.   
 
These discussions are organized as follows: 

1) Changing property holding patterns above underground mining  
2) Unexpected subsidence effects (far field subsidence effects and effects at closed mines) 
3) Comprehensive evaluation of the hydrologic balance 

 
 
 

11.B  Changing property holding patterns above underground mining 
 

Mine operator purchases of properties above underground mining, including purchases to resolve 
subsidence impacts, have the potential to adversely alter overlying communities.  In many cases 
properties are purchased for operational needs.  The University noticed a high rate of subsidence 
impact resolution through company purchase of the impacted property.  BUMIS reveals a 
substantial proportion of impacts are resolved through company purchase of the impacted 
property (n.b., BUMIS does not differentiate between purchases pre- and post-mining).  Of the 
192 water supply impacts that were deemed company liable, 54 of those cases were listed as 
resolved by operator purchase of the impacted property (Table 5-4).  For comparison, 54 cases 
represent an increase in purchases compared to previous assessment periods (34 company 
purchases of water supply impacted properties in the 3rd assessment period and 37 during the 4th 
assessment period). 
 
These rates of operator purchase inferred from impact reports do not capture the complete scope 
of company real estate acquisitions as part of mining.  Figure 11-1 shows the extent of operator 
owned parcels over mining during the 5th assessment period in Harvey Mine. A substantial 
portion (more than 40 %) of land area over these longwall panels is owned by the mine operator.  
If these properties are impacted by subsidence during mining and the properties later sold “as-
is”, these subsidence impacts can degrade the local tax base and negatively impact the local 
community.  Demonstration of these processes are beyond the scope of the 5th Act 54 assessment 
but have the potential to create economic strain on communities living over active mines.  This 
would require an analysis of the long-term economic strain beyond the scope of work for this 
report. 
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Figure 11-1. Map of property ownership over longwall mining in Harvey Mine during the 5th assessment 

period.  All properties in grey are listed as being owned by CONSOL or by entities with a contact address 
at “1000 Consol Energy Dr.” in Canonsburg, PA (i.e., Nineveh Coal Company, Greene Hill Coal Co., 

Monongahela Railroad Company, Conrhein Coal Company) in the most recent 22.7 form submitted to the 
PADEP.  Grey areas constitute more than 40 % of the longwall panel areas. 

 

 
 

11.C  Unexpected subsidence effects 
 
 

11.C.1 – Far Field Effects 

Subsidence impacts during this assessment sometimes occurred at locations beyond those 
predicted by accepted empirical and analytical subsidence models.  In the subsidence modeling 
literature, impacts that occur outside of predicted subsidence are referred to as “far field” effects 
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(Waddington and Kay 2003).  Protections defined for subsidence impacts ranging from 
identification of pooling prone areas in streams to the width of the rebuttable presumption zone 
rely, at least in part, on the spatial distribution of subsidence predicted by these models.  
Therefore, the occurrence of far field effects in areas outside of expected zones could lead to a 
situation where the current provisions in Act 54 may not fully protect areas above mining. 

There are several cases of potential far field effects that have not been resolved.  In the absence 
of a final resolution, these could not be assessed by the University.  This discussion relies on two 
primary lines of evidence suggesting the need to: 1)  determine the cause of these far field 
effects; and 2) assess if current policies are sufficiently protective; and 3) decide if policies need 
to be altered to ensure protection from far field effects. 

In one case, a property owner in Washington County experienced structure impacts when the 
longwall face was 690-ft from their residence.  This distance was roughly 3.5 times further than 
the 200-ft buffer.  In this case, the longwall face continued underneath this residence so impacts 
ultimately were unambiguously due to mining.  However, if these far field effects had occurred 
beyond the edge of the panel, the property owner would have had a much greater burden of 
proof.  In another case, the location of heaves and fractures recorded during the 5th assessment 
period (Table 9-8) suggest that stream subsidence effects can also occur at locations beyond 
those predicted by subsidence models.  These far field effects would not have been forecasted 
from existing empirical and analytical subsidence models and therefore rely solely on the 
expertise of agents analyzing these cases.  Clarification of the causes of far field effects are 
necessary to improve predictions of subsidence impacts and advance policies designed to protect 
citizen’s rights and environmental systems. 
 
11.C.2 – Subsidence Effects over Inactive Mines. 

Another unexpected aspect of subsidence effects during the 5th assessment period was the 
substantial number of effects reported over mines that had been inactive for many years (sixty-
four structures (Section 4.D.4), fourteen water supply (Section 5.D.4), and fourteen land effects 
(Section 6.D.3)).  A large proportion of these reported effects (twenty) were found to be 
company liable impacts.  The potential for subsidence impacts occurring well after the mining 
operations have ceased makes simple policy tools for protection of environmental systems and 
property owners (e.g., bonds) less certain and therefore potentially less protective. 
 
Determination of processes responsible for subsidence impacts over inactive mines is expensive 
and likely site specific.  However, this trend in subsidence impacts over inactive mines, if not 
examined, has the potential to impact property owners long after operator liability is expected to 
end.  Clarification of processes in inactive mining areas with multiple impacts can improve 
protections for communities above these mines. 
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11.D Comprehensive Evaluation of the Hydrologic Balance 
 

As the implementation of the Act 54 provisions have evolved over time, protections for surface 
water have grown substantially.  While protections for structures, water supplies, etc. are 
specifically outlined in the actual Act 54 legislation, the language protecting streams and rivers is 
limited. But, because the Pennsylvania Constitution and the Clean Steams Law provides 
protection for these waters, the “Surface Water Protection – Underground Bituminous Coal 
Mining Operations” (TGD 563-2000-655) was formalized in 2005 (PADEP 2005).  The policies 
in this TGD provide guidance for protection of surface water systems that is not included in the 
Act 54 language. 
 
One of the challenges in the protection of surface waters is that these systems are strongly 
connected to other dynamic conditions (e.g., climate, groundwater).  In addition, jurisdiction 
over hydrological system components is divided among multiple agencies (state and federal) and 
specific divisions in the PADEP.  So, a system that integrates multiple environmental systems is 
managed by agencies with a relatively narrow focus (e.g., the PA Fish and Boat Commission 
governs fish kills; the U.S. Army Corps of Engineers governs dredge and fill of Waters of the 
United States).  In the case of mining, policies to address hydrological impacts have been 
developed while the agency diligently completes all of the other functions they are obligated to 
fulfill.  If decisions made on a case by case basis are not periodically reviewed, then policy gaps 
can emerge. 
 
Given this evolution of policies in a fractured jurisdictional framework (e.g., dredge by USACE, 
Fish by PAFBC, etc.) and the integrated nature of hydrological systems, there are cases where a 
comprehensive evaluation of policy can improve protection of the hydrological balance.  This 
section identifies several cases where a comprehensive approach may improve protections for the 
environment and ultimately the benefits citizens of the Commonwealth derive from hydrologic 
systems. 
 
 
11.D.1 – Integration of Subsidence Stream Impacts with Impairment Reporting Systems 

The Clean Water Act (Section 303(d)), requires Pennsylvania to: 

identify those waters within its boundaries for which the effluent limitations required by 
section 301(b)(1)(A) and section 301(b)(1)(B) are not stringent enough to implement any 
water quality standard applicable to such waters. The State shall establish a priority 
ranking for such waters, taking into account the severity of the pollution and the uses to 
be made of such waters. 

These 303(d) lists are the most comprehensive documentation of stream impairment and water 
quality on a statewide basis. 
 
Streams in undermined areas have been listed on the 303(d) list (Figure 11-2), under various 
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causes related to “Subsurface Mining.”  Some are related to water quality (“Subsurface Mining – 
Osmotic Pressure”), while others are much broader (“Subsurface Mining – Other Habitat 
Alterations”).  While streams impacted by subsurface mining have continued to be listed over the 
last decade, few streams that were listed as impacted by mining have been removed from 303(d) 
listing. 

Not all of the streams experiencing flow loss during the 5th assessment period are included in the 
303(d) listings.  For example, in the 5th assessment period there were 153 cases of flow loss 
impacts on 24.6 miles of stream but very few reaches of stream over panels mined during this 
period were listed (Figure 11-2). 

Integration of subsidence impacts with broader hydrological management frameworks would 
make the subsidence impacts and repairs more apparent to all citizens of the Commonwealth.  
This integration of mining subsidence policy with broader PADEP and Commonwealth of 
Pennsylvania regulatory frameworks like the 303(d) list would enhance holistic protection of 
hydrological components of environmental systems.  
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Figure 11-2. Streams listed as impaired due to subsurface mining by 303(d) list year for a) 2008, 
b) 2013, and c) 2018.  Dashed lines in later maps are streams listed in earlier periods, that have 
since been delisted.

a.  b.

c. 
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11.D.2 – Changes in Wetland Delineations 

 
Review of wetland delineations reported in permit renewals revealed significant change in 
wetland density across mine operations (Figures 11-3 and 11-4). This change is not expected 
given the similarities in landscape across a single mine.  Further, in both cases, this change in 
mapped wetland density occurs roughly in 2017.  While this timing and spatial pattern is 
surprising, determination of reasons for the change are beyond the scope of work for this 
assessment.  However, if wetland delineation methods are not consistent, then comparing 
wetland area before and after mining will not be an accurate representation of the impact of mine 
subsidence.  If the identified wetland area is less than actual wetland acreage, the end result is 
less protection of wetland areas. Further, inconsistent approaches to wetland delineation could 
reduce the benefits that citizens of the Commonwealth derive from these wetlands. 
 
The University has provided recommendations for how to standardize the wetland data gathering 
and submission process in Section 12. Please consider these inconsistencies when interpreting 
the data in Section 10.B.2, and when comparing to any future reports of mining impacts on 
wetlands. These inconsistencies together indicate that we likely could not capture all wetland 
acreage, and the University’s estimates of the total areas of wetlands undermined and any 
associated mining effects are therefore underestimates.  
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Figure 11-3. Map of Cumberland Mine indicating a change in the number of wetlands delineated over 5th assessment longwall panels. 
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Figure 11-4. Map of Enlow Fork Mine indicating a change in the number of wetlands delineated over 5th 
assessment longwall panels (compare 4thassessment and early 5th assessment panels to late 5th assessment 

panels and future panels to the south) 
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11.D.3 – Hydrologic Balance and Augmentation. 

Examination of BUMIS reveals several cases where stream augmentation waters were sourced from 
nearby surface waters.  This practice is problematic.  The hydrologic balance of nearby surface waters is 
disturbed to restore the hydrologic balance of the stream that has lost flow following subsidence impacts.  
Ideally, correction of the hydrologic balance should not require disruptions to the hydrologic balance 
elsewhere. When implemented from a downstream portion of the stream, this mitigation practice is 
effectively a water “treadmill” where water that already has flowed through a reach is removed and routed 
through the reach again.  

Focus on single reaches or monitoring stations in water policy can result in breakdowns in water flow 
accounting.  Examination of a stream segment in isolation can miss broader hydrologic inputs or outputs.  
Integration of groundwater and wetland data into assessment of stream impact and recovery at a 
watershed scale can identify impacts to these broader connections. Regular, comprehensive review of 
policy is essential to effectively ensure hydrologic balance.   
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SECTION 12: Recommendations 
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12.A – Overview 

 
PADEP tasked the University with providing data-based recommendations on how Act 54 and 
its provisions performed during the 5th assessment period including suggestions for program 
improvements. These recommendations arise from the analyses conducted by the University and 
are offered to enhance PADEP’s ability to effectively and efficiently evaluate and regulate the 
impacts of mine subsidence. 

 
 

 
12.B – Recommendations for Act 54: Methods 

 
1. In the review of data collected for this assessment, the University recognized that the 

extent of mining reported in the 4th assessment (Tonsor et al. 2014) did not match the 
extent indicated on records provided for the 5th assessment. This is not unexpected given 
the challenges in creating an annual report from reported data spread over six-month 
cycles. However, in this assessment period the University also requested the mapped face 
positions to analyze other questions. Once received, these data revealed a similar problem 
for extents of longwall mines during the 5th assessment periods (see Section 2). This was 
discovered too late to correct for the analyses presented in Sections 4, 5, and 6. However, 
use of these maps seems an effective means to accurately delineate mining activity.  

 
The University recommends inclusion of face position mapping for longwall mining 
panels as part of the base data for future assessments. 

 
2. In the 4th assessment there were a wide variety of recommendations for improvements to 

BUMIS. PADEP made notable progress on data management and infrastructure. In this 
assessment, while the University was able to recognize the progress in data management, 
the challenges in the BUMIS data structures grew more obvious. The University could 
not easily be provided access to the data viewing and entry screens the PADEP uses to 
enter and use BUMIS. This led to confusion and misinterpretation on the University side.  
For example, the narrative documented in BUMIS by field agents was not included in 
initial data transfers to the University. These data were not provided to the University 
until September 2018, well into the project period. This led to substantial effort to 
understand strange cases, many trivial questions from the University to the PADEP in 
early periods, and temporary confusion by both parties. In addition, much of the 
regulatory activity relies upon spatial data. BUMIS, as currently configured, would be 
very difficult to interface with modern GIS tools. There is no apparent evidence that 
PADEP meshes two of their primary tools, BUMIS and GIS in their work. The BUMIS 
data infrastructure needs to be modernized to enable PADEP field and technical staff to 
effectively and efficiently execute Act 54 requirements. 

 
The University strongly recommends that the PADEP modernize the data infrastructure 
their data tracking tool relies upon. The University’s role is not to recommend specific 
software or approaches; however, this underlying structure has to be compatible (i.e., 
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simple for a common user to open, manipulate, and evaluate data) with the everyday 
tools their staff uses, from analysis packages to GIS packages. The database software has 
to be versatile and adaptable to future challenges and changes in analysis needs.  This is 
potentially the most important recommendation and a consistent theme through three 
assessments. 

 
3. Another recommendation made in the 4th assessment report (Tonsor et al. 2014) was for 

requirement of electronic versions of data at submission. This has not improved. In fact, 
in terms of hydrologic monitoring reports, reports were beginning to be submitted as 
spreadsheets at the end of the last assessment period are once again submitted solely as 
hard documents. Digitization of hard copies creates inefficient work (optical character 
recognition and organization into a spread sheet takes time) and degrades accuracy 
(optical character recognition software can make mistakes). 

 
The University strongly recommends the PADEP determine what is necessary to enable 
expanded submission of electronic versions of documents and require these for all data 
submissions. Submission of electronic versions of documents will improve efficiency and 
accuracy.   
 

12.C – Recommendations for Act 54: Structures/Water Supplies/Land 
 

1. There were five inactive mines with structural report effects during the 5th assessment 
period. Subsidence impacts over room-and-pillar mines permitted since the passage of 
Act 54 are relatively rare. Subsidence impacts over longwall and pillar recovery mining 
sections most frequently occur shortly after undermining. Therefore, when large number 
of reported effects occur after mining has ceased, further investigation is 
warranted. Sixty-four reported effects were associated with five inactive mines during the 
5th assessment period. During the 3rd and 4th assessment, there were a combined 19 
reported effects from inactive mines, all occurring in the 4th assessment period. 
Therefore, the number of reported effects from inactive mines tripled from the 4th to the 
5th assessment. The Maple Creek Mine had the most reported effects with 55 (Figure 4-
11). Fifteen of which were determined to be company liable, ten company not liable, and 
30 are still in interim resolution. The Maple Creek Mine was a room and pillar and 
longwall mining operation that was last active in the 3rd assessment period. However, 
within this mine are areas where pillar retreat mining occurred. The map in Figure 4-11 
shows the location of all reported effects. These impacts were not located over the 
longwall areas of the mine. Land movements associated with longwall mining almost 
always occur within months of panel extraction and this is reinforced by the lack of 
impacts near longwall panels. The mechanics of why so many unexpected reported 
effects occurred in Maple Creek are not known.  
 
Further investigations of the mechanisms and factors driving subsidence impacts in 
inactive mines are recommended.  
 

2. There was an increase in company purchased properties (54) for water supply company 
liable impacts in the 5th assessment from the 3rd and 4th assessment. In the 3rd 
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assessment there were 34 company purchased properties, and in the 4th assessment there 
were 37. Once a company purchases a property, information about impacts on this 
property is recorded but no longer tracked by PADEP. Companies can purchase 
properties prior to mining. This may be advisable in areas where subsidence damage is 
expected. Companies can also purchase properties after mining. The University was not 
able to determine reasons for post-mining property purchases, but it is logical to assume 
that these properties were impacted by subsidence. However, if a company purchases the 
property it is difficult to determine what the nature of the damage was or if there even 
was any damage.  

 
The University recommends examination of this emerging trend in property transactions, 
particularly given the broader importance for the Act 54 amendments (e.g., does this 
subsidence impact management practice “erode the tax base of the affected 
municipalities”?) 
 

12.D – Recommendations for Act 54: Hydrologic Balance 
 
 

1. The inconsistency between stream impairments tracked during the Act 54 process and 
streams tracked in more comprehensive programs such as the 303(d) listings of impaired 
streams creates a challenge in assessment of the stream impacts relative to other 
hydrologic stressors in the Commonwealth. Therefore, neither the impairment or the 
recovery of streams in subsidence impacted areas are apparent to residents of the 
Commonwealth. 
 
The University recommends integration of subsidence impact tracking with broader 
hydrological management frameworks to make the subsidence impacts and repair more 
apparent to all citizens of the Commonwealth.  
 

2. The water quality parameter suite specified by Permit 5600-PM-BMP0324 is effective at 
assessing contributions from mine drainage, but of limited utility for assessment of 
subsidence impacts. However, there is great flexibility in the definition of required 
chemical parameters. The University recommends two parameters to enhance ability to 
assessment of emerging water quality risks. 

a. The University recommends addition of calcium to the water quality monitoring 
parameter list for full extraction mining to evaluate the contribution of grout inputs to 
local water chemistry.  

b. The University recommends addition of nitrate to the water quality monitoring 
parameter list for full extraction mining to evaluate the contribution of increased 
hydrologic connectivity to septic systems in local water chemistry. 

3. All stream recovery evaluation (SRE) reports provided to the University were analyzed to 
evaluate if the hydrologic monitoring data collection guidance outlined in the TGD were 
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met. This process involved the optical character recognition of data in paper documents 
submitted to PADEP. This process is laborious, particularly the quality assurance checks 
necessary to ensure the record was captured accurately.  
 
The University recommends digital submission of SRE report data to simplify and 
improve assessment of hydrologic change, as recommended in the 4th assessment report 
(Tonsor et al. 2014). This recommendation is particularly important if more complicated 
flow monitoring schedules are implemented. 
 

4. The mine operators are required to monitor flow in all undermined streams. The 
consistent gaps in monitoring frequency (Table 7-1) suggest this did not reliably occur. 
The University assumes all available flow data are presented in the SRE reports, and, as 
reported these data are incorrect. Currently, these data are only reported if recovery is 
evaluated (i.e., if there is an impact in the reach).  
 
The University recommends compilation of these pre-monitoring data as mining 
progresses and as the streams are undermined, to ensure complete pre-mining baseline 
data are available.   

5. Stream recovery is not evaluated based on a single metric for evaluation of flows focused 
on the range in low flows. Adequate evaluation of flow needs to check for biases that can 
affect low flow differentiation.  
 
The University recommends a set of relatively straightforward, simple measures of 1) 
flow, and 2) bias in sampling to clarify the range of low flows observed in undermined 
streams. These analyses have been completed for each of the SRE reports made available 
to the University and are included in the Appendix F to this report.   

a. The University recommends visualization of log transformed flows in conjunction with 
the normal flow plots to clarify low flow ranges and distributions. 

b. The University recommends two distribution comparisons to assess potential biases: 
1) the distribution of flows; and 2) the distribution of flow measurements across the 
year. 

 

6. Decisions on flow attainment are not adequately documented. In reviewing SRE reports, 
the University noted that the hydrologist and aquatic biologist have final say in the 
approval of stream release. In some cases, apparent reservations from field agents were 
not formally rebutted in the release decisions. 
 
The University recommends that field staff (shadows) participate more equally in the 
release process decisions. The shadows have experience monitoring each stream before, 
during, and after undermining. The University also recommends more formal 
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documentation of discussions about stream release and improved documentation of the 
final decision about release.  

 
12.E – Recommendations for Act 54: Groundwater 

 

1. The only consistent source of groundwater data for evaluation of subsidence effects are 
the hydrologic monitoring reports. Monitoring of these sites generally only occurs on a 
quarterly basis. Undermined streams are sampled on a much more frequent basis during 
the period before mining. The impacts to groundwater are likely to be connected to the 
impacts to surface water. Documentation of the relationship between groundwater and 
surface water hydrology is necessary to demonstrate stream recovery.  

The University recommends that future HMR groundwater monitoring points be sampled 
for groundwater elevation at a frequency that is at least consistent with sampling dictated 
for surface water protection during the pre- and post-mining period (TGD 563-2000-
655), if not more frequent.  

2. In the existing technical guidance, there is no formal description of the characteristics of 
an impacted aquifer storage system. In terms of stream impacts, there can be pooling or 
flow loss. Water supplies and springs can be lost or diminished. There is no similar 
definition of an impacted aquifer. Nor is there a timetable specified for the repair of 
groundwater impacts.   

The University recommends the PADEP define how to determine if a groundwater 
aquifer is impacted and the time frame for implementation of the repairs. If this is not 
possible, then another option is to define methods to identify the influence of groundwater 
impacts on other impacted hydrologic components (streams, wetlands, etc.) to clarify 
mitigation efforts in the other components.   

3. In Pennsylvania, the landowner owns both the stream (and access rights to it) and the 
streambed if they own the property. If the stream bisects two properties, then each 
landowner owns to the middle of the stream. This is important because if the mine 
operator cannot obtain landowner permission to access the stream, then they cannot 
augment without trespass. There exist only two examples of this problem recorded in 
BUMIS during the 5th assessment, but it does highlight a disruption of the hydrologic 
balance. There were other instances in BUMIS where a landowner did not provide access 
to augment (and the stream went dry), but the mine operator had permission to access and 
augment from a neighboring property.  

The University recommends that PADEP require that access to all streams be negotiated 
and settled prior to undermining. Failure to attain access to streams for collection of pre-
mining data or post-mining augmentation results in an unacceptable impact to Waters of 
the Commonwealth of Pennsylvania. If access for augmentation cannot be obtained prior 
to mining, then mine operators are not meeting the regulatory requirement to take 
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measures “to ensure the protection of the hydrologic balance and to prevent adverse 
hydrologic consequences” (25 PA Code § 89.36(a)). 

4. In addition to the cases of augmentation with stream water, there are examples in BUMIS 
of water being pumped from streams to tanks to later serve as augmentation in case this 
water is needed to maintain sufficient flow. If water is pumped from a stream to augment 
upstream or if water is pumped from a stream to store in tanks to feed the same stream, 
then flows are double counted to obscure loss of natural flow. The hydrological balance 
is not maintained. 

The University recommends PADEP limit the practice of stream augmentation with 
stream water only to those cases where this practice will allow mine operators to avoid 
other measures harmful to the hydrological systems. In these cases, the University 
recommends formal justification of tradeoffs. 

5. In some of the HMR data, piezometers that are destroyed do not seem to be replaced after 
destruction. This eliminate the possibility of any pre- vs. post-mining comparisons. This 
failure therefore eliminates one of the primary reasons for the monitoring. 

The University recommends that PADEP require replacement of groundwater monitoring 
equipment if this equipment is destroyed during undermining and enforce this 
requirement.   

6. HMR points are a challenge to locate due to limited required precision in reporting. Five 
decimal degrees are generally sufficient to accurately locate a point. 

The University recommends that PADEP require at least five decimal degrees of 
precision when coordinates are submitted as latitude and longitude. 

12.F – Recommendations for Act 54: Streams 
 

1. The TGD 563-2000-655 specifies that if criteria for stream release “are not met within 
five years and the district mining office determines that the mine operator has done what 
is technologically and economically feasible to restore the affected stream, it [District 
Mining Office] may allow the operator to compensate for the impairment of the affected 
stream by restoring or enhancing an equivalent length of stream in the same watershed or 
a nearby watershed in lieu of continuing to perform mitigation measures.” The University 
identified streams that, according to PADEP records, have not met the criteria for 
attaining use and have not been released after five years. In materials provided to the 
University, there exists no evidence of additional mitigation or compensatory stream 
rehabilitation having been required by PADEP when a stream had not met attainment 
standards after five years.  
 
The University recommends that the restoration time period of five years be evaluated.  
This evaluation might focus on streams that have not recovered after five years. If 
analyses indicate that the recovery period can sometimes exceed five years, the 
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University further recommends re-evaluation of the determination of permanent non-
attainment schedule.  

2. The University was tasked with reporting the total lengths of perennial streams 
undermined during the 5th assessment period, categorized by mining method and impact 
type. There is not a complete georeferenced stream layer for all undermined perennial 
streams. This is particularly problematic for evaluating impacts to first-order headwater 
streams. This assessment relied on the “Networked Streams of PA” layer to remain 
consistent with previous reports. This layer does not include all first-order headwater 
streams, including streams impacted during this assessment, so total lengths of 
undermined streams are underestimates. 

The University recommends PADEP consider whether additional accuracy in the 
determination of undermined stream mileage is warranted. If so, the University 
recommends that PADEP consider defining a DEM resolution and flow accumulation 
threshold to identify streams that are not included in “Networked Streams of PA” layer. 

3. For at least one stream, a mine operator was not aware that fish were present prior to 
undermining. Because the stream lost flow prior to augmentation, a fish kill resulted.  

The University recommends that PADEP and mine operators coordinate with 
Pennsylvania Fish and Boat Commission to inventory stream fish fauna and water 
quality as part of the Unassessed Waters Initiative, or other quantitative surveys, before 
and after such streams are undermined. Alternatively, the University recommends 
requiring that mine operators survey headwater streams for fish before undermining 
occurs. Some mine operators have surveyed for fish populations on their own to 
document impact even without this additional requirement (e.g., Nuttle et al. 2017).  

4. For at least one stream, a fish kill resulted despite the mine operator doing everything 
required according to policy regarding stream augmentation (PADEP 2005; TGD 563-
2000-655). which specifies “that the augmentation water is suitable in terms of quantity 
and quality for maintaining the stream’s water uses.” In this event, the mine operator used 
a landowner’s well to augment the stream after the stream started to lose flow from 
undermining. The mine operator pump tested the landowner’s well prior to using its 
water for augmentation, and aluminum was not initially present. However, over time, the 
well water quality deteriorated from increased aluminum levels.  
 
The University recommends that a temporal requirement be added to ascertain the 
quality of water over the course of augmentation. If levels of contaminants are tested as 
augmentation continues, the likelihood of fish kills and loss of resource use will be 
reduced. 
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5. The TGD 563-2000-655 (PADEP 2005) specifies that daily monitoring of stream flow 
begin two weeks before the panel face is expected to reach the stream. During the 5th 
assessment period heaving in streams was observed sometimes much longer than two 
weeks prior to undermining. For example, in Kent Run, though the stream was not 
directly undermined, a heave appeared six weeks before the longwall panel is estimated 
to have reached the stream.   

The University recommends that the duration of pre-mining daily monitoring specified in 
TGD 563-2000-655 be re-evaluated. The observation of stream impacts (heaving and 
fracturing) up to six weeks prior to undermining indicate the two-week time period may 
not be adequate to capture the occurrence of pre-mining impacts.  

6. Identification and collection of SRE reports submitted during the 5th assessment period 
was sometimes a challenge. The PADEP provided the University an Excel tracking sheet 
that was very helpful and allowed the University to effectively procure these documents 
from PADEP personnel.  

The University recommends that SRE reports be tracked in BUMIS including status from 
submission to final resolution. This will build upon the progress made in the addition of 
stream impacts that occurred during this assessment. 

7. The University was tasked with comparing pre- and post-mining TBSs on five pre-
determined stream sections. It was found that the best source of pre- and post-mining 
TBS data is in the SRE reports, so five of these (with complete TBS data) were randomly 
chosen and used for the analysis. However, these reports are only submitted by operators 
when they feel the stream has recovered, and the post-mining TBS requirement is met, 
biasing the scores provided to the University. The University is less certain about the 
TBS scores in streams that are not considered recovered by the operator.  

The University recommends that a different source of data be used to compare the TBS of 
streams before and after mining. This would require that the professionals or institutions 
conducting the assessment be given access to pre- and post-mining data for all monitored 
streams or that the professionals or institutions conducting the assessment be contracted 
to conduct post-mining surveys themselves, as in prior assessment periods. In addition, 
with each SRE report PADEP could require operators to submit TBS data as well as the 
raw data used to calculate the TBS. 

8. BUMIS was used to track stream mitigation efforts, but for some reason did not include 
gate cuts as an option for mitigation type. Instead, PADEP sent a separate Excel file 
listing the gate cuts for each longwall mine, which contained additional useful 
information not included in the BUMIS entries, such as panel information and release 
date. In addition, BUMIS was not always complete. The University also learned (from 
the SSA Excel files) of two instances of alluvial amendments being used during the 5th 
assessment that were not recorded in BUMIS. Finally, in some cases BUMIS records 
contained multiple mitigation types, creating ambiguity in the record. 
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The University recommends that gate cuts also be tracked in BUMIS. The University 
recommends that each mitigation event be entered separately (only one type of mitigation 
per entry) and that all active mitigation projects be entered, regardless of when the 
stream was undermined. Finally, the University recommends that important 
corresponding information (metadata) be included for each mitigation event, such as 
panel information and release date.  

9. In one case, an emergency gate cut was performed and monitoring of biological recovery 
was apparently not required for release of this gate cut. Determination of the decision- 
making process leading to this result is beyond the scope of this assessment. However, 
release of an impacted and repaired stream without determination of biological recovery 
is not consistent with policy outlined in TGD 563-2000-655. 

The University recommends that stream impact mitigation policies be enforced and all 
gate cuts be evaluated for recovery after repair of pooling.   

12.H – Recommendations for Act 54: Wetlands 
 

1. In conversations with PADEP personnel, the University learned that wetland mitigation 
success is evaluated biannually for the first two years, and annually for the next three 
years following completion of the project, with reports being submitted to the PADEP 
yearly. It is not clear how these policies are made known to the operators. For the two 
wetland mitigation projects active during the 5th assessment period, a single five-year 
report was provided by the PADEP for the Dutch Run mitigation project, and a three-year 
report and addendum was provided for the Whiteley Creek mitigation project.  
 
The University recommends that the PADEP enforce its policies regarding wetland 
mitigation report submission in order to better monitor the progress of these mitigation 
projects and increase transparency.  

 
2. Receipt of wetland data in paper format creates challenges to analysis and quality 

assurance. For example, the data are often lumped together across wetland types in the 
maps and the type of one wetland in a complex cannot be determined. Further this 
lumping of wetlands on paper maps makes it impossible to cross-check wetland reporting 
in permit applications. As a result, the University was not able to complete a full 
assessment of these data by wetland type, as required in the University’s scope of work 
for the assessment (Appendix L). Delineation and identification of each wetland in a 
spatial data format removes ambiguity in wetlands type when evaluating these wetlands 
over multiple assessment methods. 
 
The University recommends that wetland data be submitted by all longwall mine 
operators in a georeferenced vector-based format (e.g. shapefile, .dwg) compatible with 
GIS software. The professional standard is to identify different types of delineated 
wetlands separately and defined in a “type” field. In addition, metadata for all wetland 
delineations are needed for this layer (e.g., date delineated, wetland delineator, species 
observed).  
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3. Inconsistencies were noted among the wetland data contributed by the various mines (see 
Section 11.D.2). These inconsistencies in some cases make the University’s assessment 
impossible. In other cases, the inconsistencies make for incomplete comparisons across 
mines.  
 
The University recommends that PADEP initiate a quality control process to ensure that 
wetland delineations are performed in a consistent manner across mines and over time.   
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13.A - Overview 
 
Section 18.1 of the Bituminous Mine Subsidence and Land Conservation Act requires PADEP to 
compile, on an ongoing basis, information from mine permit applications, monitoring reports, 
and enforcement actions. This law also requires PADEP to report its findings regarding the 
effects of underground coal mining on overlying land, structures, and water resources to the 
Governor, General Assembly, and Citizens Advisory Council at five-year intervals. This is the 
5th such report and the third completed by the University of Pittsburgh.  
 
 

13.B – Bituminous Coal Mining in Pennsylvania during the 5th Assessment Period 
 
In the 5th assessment period there were 49 active mines whose conditions were tracked from 
August 21, 2013 to August 20, 2018. There were seven longwall mines, 38 room-and-pillar 
mines, and four pillar recovery mines. A total of 28,854 acres were mined, with longwall mining 
accounting for 62 % of the total, room-and-pillar 29 %, and pillar recovery 9 %. This represents 
an 7 % decrease in bituminous coal production from underground mines in Pennsylvania, but an 
increase of 6 % in the number of mines compared to the previous 5-year reporting period. Eleven 
companies operated these 49 mines.  
 
During the 5th assessment period, 455 structural reported effects occurred as a result of 49 active 
and six inactive operations undermining a total of 3,612 structures. The mines employed three 
mining methods, longwall, room-and-pillar, and pillar recovery.  Two hundred forty-seven 
reported effects had a final resolution holding the mine operator liable for the reported effect.  
Reaching a final resolution, took an average of 162 days. The longwall mines had 92.7 % of the 
structural company liable effects. The most common resolution type was an unspecified 
agreement. The most common structure undermined was a dwelling. The number of reported 
effects from the inactive mines was large compared to previous assessment periods: 64 reported 
effects for structures with 15 being company liable; 14 reported effects for water supplies with 1 
being company liable and two interim resolution; and, 14 reported effects for land with four 
being company liable.  
 
The longwall mines undermined the most water supplies (1,651, or 70.1 % of all undermined 
water supplies) in the 5th assessment. They also had the highest number of reported effects (233, 
61.4 % of all reported effects) and company liable impacts (158, 82.3 % of all company liable 
effects). This is expected over longwall mines because of the larger number of cracks and 
fissures within the overburden subjected to subsidence. The overall impacts from room-and-
pillar mining decreased from the 3rd and 4th assessment and the company liable water supply 
effect per acre mined was 75 % less than longwall mines, suggesting the importance of ground 
support by the coal pillars. Pillar recovery was the mining type with the fewest total impacts as 
well as company liable impacts. Although subsidence is expected with pillar recovery in the 
areas where the pillars are extracted, it is important to note that there are usually no water 
supplies located over these areas. In pillar recovery mining, a high extraction ratio can be 
achieved in specified areas where there are no water supplies located. Because longwall extracts 
a large area of coal over a relatively short period of time, these operations cannot as easily avoid 
areas with high water supply densities.  
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During the 5th assessment period, there were 379 reported effects to water supplies.  Of these, 73 
(19 %), including many reported late in the assessment period, remained unresolved at the end of 
the 5th reporting period and therefore cannot be included in the analysis of resolution time and 
resolution type. Among those that were resolved, the average time to resolution was 186 days. Of 
the 306 resolved effects, 63 % (192) were determined by PADEP to be due to underground 
mining. The mine operator was held responsible for the resolution of those cases. For those 
resolved effects for which the operator was held responsible the average time to resolution was 
305 days. Fifty-four percent of all company-liable water supply effects were settled through an 
agreement between the mine operator and the property owner.  
 
One hundred twenty-four (124) land reported effects occurred from 21 August 2013 to 20 
August 2018 from the 49-active longwall, room-and-pillar, and pillar recovery mines as well as 
seven inactive mines. Sixty-six were found to be company liable.  Most (80 %) of the total land 
reported effects occurred over the six active longwall mines. Nearly all (95 %) of company liable 
impacts occurred over longwall mines. Active room-and-pillar and pillar recovery operations had 
nine reported effects.  Of these, eight had a final resolution determined to be company not liable. 
A significant increase (14) in reported land effects were reported over inactive mines. 
 
Measures to protect the hydrologic balance continue to evolve. One challenge for 
implementation of these protections is that surface water impacts are not integrated into larger 
surface water protection in the PADEP such as the 303(d) listing of impaired streams. Water 
quality parameters required for monitoring are designed to assess acidic mine drainage impacts 
and do not necessarily allow evaluation of water quality implications of emerging processes such 
as the impacts of stream grouting or subsidence impacts on septic systems. As the PADEP 
evaluates methods to assess changes in surface water flows after mining, biases in the pre- and 
post-mining data sets need to be assessed when using these data to demonstrate flow recovery. 
An alarmingly high proportion of SRE reports did not contain the amount of monitoring data 
suggested by technical guidance. Gaps in flow data can violate assumptions underlying more 
sophisticated flow evaluation methods.  
 
Groundwater monitoring is conducted quarterly. This schedule does not capture changes in 
groundwater occurring during undermining that can be reliably compared with related changes in 
surface water conditions. This limits evaluation of subsidence effects on groundwater and the 
associated impact to surface waters. Most of the water sources used for 92 augmented streams 
were groundwater sources.   
 
During the 5th assessment period, longwall coal operations undermined 86 miles of streams.  
Those 86 miles of streams comprise 148 separate undermined stream reaches, of which 59, or 40 
% experienced impacts from underground coal mining. If a stream reach was impacted, it was 
often impacted multiple times. The PADEP data indicate 179 total impacts during the assessment 
period. This translates to an average of 3.03 impacts for every impacted stream reach with 27.26 
total miles of streams experiencing either flow loss or pooling. The University showed in the 4th 
assessment report (Figure VII-7 in Tonsor et al. 2014) that on average the Total Biological Score 
(TBS) declined significantly for streams with reported impacts following undermining.  
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A total of 82 stream recovery evaluation (SRE) reports were submitted to PADEP following 
mitigation with the intention of demonstrating stream recovery. Of the 82 SRE reports submitted 
in the 5th assessment period, mining operators were released from further responsibility for 42 of 
the streams evaluated. Forty SREs remain unresolved. Many more stream impacts have not yet 
had an SRE report submitted to the DEP, indicating that the majority of the 179 stream impacts 
during the 5th assessment period have yet to be resolved and released. 
 
Heaves and fractures in stream beds can occur following undermining. Fracture sites under those 
conditions have occurred at distances as long as 1,500-ft from the mining front. During the 5th 
assessment period, 12 instances of fish kills resulting from flow loss on nine undermined streams 
were reported with an additional fish kill due to contaminated augmentation water. Gate cuts 
were completed in a total of 29 instances during the fifth reporting period.  In addition, 24 gate 
cuts that were completed in the 4th assessment period were released during the 5th assessment.  
The 4th assessment (Tonsor et al. 2014) reports that, on average, gate cuts and the subsequent 
stream and streamside restoration restore stream function. TBS scores pre-mining and post gate 
cut restoration are statistically indistinguishable.  
 
Grouting was performed 60 times on 46 streams during the 5th assessment, for a total of 8.65 
miles of grouted stream beds.  About 1/8th of grouted streams are re-grouted when the first 
grouting is not effective. Synthetic stream liners were employed in two places on Polen Run for 
which grouting was predicted to be ineffective, for a total of 4,500 ft of liner installation. 
Alluvial amendments using bentonite clay were employed on five streams during the 5th 
assessment period, covering 8,925 ft of stream bed.   
 
Longwall mines undermined an estimated 90.7 acres of wetlands in the data evaluated for the 5th 
assessment.  In four of the longwall mines, there was a slight net gain of wetland acreage.  Enlow 
Fork mine was the only mine with a net loss (27 acres) of wetlands.  The Dutch Run and 
Whiteley Creek mitigation projects were implemented to compensate for losses over 
Cumberland mine during the 4th assessment and created 5.08 acres of wetland, less than the 
mitigation target of 6.19 wetland acres. 
 
The PADEP tasked the University with providing data-based recommendations on how to 
improve the implementation of Act 54. The aim of these recommendations is to enhance 
PADEP’s regulatory efficiency and their ability to more effectively evaluate the impacts of mine 
subsidence. In summary, the recommendations fall into three broad categories:  
 

1. Continued modernization and improvement of data infrastructure. 
a. The data infrastructure underlying BUMIS needs to be modernized to allow 

interaction among data tools for employees across PADEP. Examples of this need 
are provided throughout the report. 

b. The barriers to electronic submission of data need to be eliminated.  The 
transcription and organization necessary to answer simple hydrological questions 
wastes PADEP effort and slows progress toward effective regulatory activity. 

2. Development of hydrological metrics and methods. 
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a. Available data are not comprehensively used. For example, groundwater HMR 
data are not used to evaluate stream recovery. This has the potential to lead to 
remedies that do not ultimately preserve the hydrologic balance. 

b. Current hydrological evaluations lack unambiguous means to measure pre- and 
post-mining flow ranges. Better frameworks for how to use the data result in 
better data submissions and clarity in the decision-making process. 

3. Strategic foci to evaluate emerging potential impacts. 
a. Water quality HMRs are underutilized in assessment of subsidence impacts.  

Minor adjustments to the required chemical parameters to be measured can 
provide insight into the impacts of changing landscapes and mitigation practice.  

b. The widespread practice of company purchase of undermined properties has the 
potential to change the tax base and social fabric of undermined areas. These 
changes should be evaluated. 

c. The subsidence impacts in inactive mines during this assessment period creates 
the potential for extended responsibilities for mine operators that are not expected, 
both through time and across space. Processes driving these impacts can be 
clarified. 

 
 

13.C – Conclusions 
 

13.C.1 Persistent Challenges in Data Infrastructure 
 

Data collection, organization, and QA/QC checking remains the largest proportion of total 
University effort on this project. As with the 4th assessment, mining data came primarily from 
three sources – 1) six-month mining maps provided by PADEP; 2) maps and other spatial data 
provided by mine operators to PADEP including six-month mining plus maps, environmental 
resource maps, and subsidence control plan maps; and 3) PADEP’s Bituminous Underground 
Mining Information System (BUMIS). Actions taken by PADEP during the 5th assessment 
period enhanced the University’s ability to complete analyses. Rectified versions of mine maps 
were provided to the University, removing a substantial duplication in effort between the PADEP 
and the University assessment process as the University no longer had to rectify the maps 
independently. An entire section for tracking stream impacts has been added to the BUMIS, 
enabling more effective examination of stream impacts and mitigation. 
 
Despite these improvements, other data sets required substantial digitization and processing to 
answer questions about hydrologic conditions. Stream Recovery Evaluation (SRE) reports 
contain substantial measurements of flow conditions in impacted reaches both before and after 
mining. However, these data are apparently only available in hard copy form.  Hydrologic 
monitoring reports (HMRs) continue to be a primary source of hydrologic information.  At the 
end of the last assessment, these reports were included in permit files on compact discs as 
spreadsheet files. During most of the 5th assessment these reports were once again submitted in 
hard copy format. Digitization of these documents also required significant effort. Hard copy 
submittal requires substantial additional effort by PADEP staff to conduct routine analyses. 
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BUMIS was built 25 years ago, presumably in the dBase system, or another competitor at that 
time. This foundation on a legacy software architecture does not necessarily allow more with 
less. Rather, in some cases, it seems to require more work to complete tasks, work that detracts 
from already thin resources. Thus, while it may seem expensive to make an up-front investment 
in new software, continuing with the current system has substantial hidden costs in its 
inefficiencies.  
 
The mining that Act 54 regulates stretches across large areas of southwestern Pennsylvania.  
Management of the array of subsidence impacts, where effects are significant in one location but 
relatively minor in the next stream valley, is not simple even on a single mine basis. The 
increasing range of operators and variability in their internal workflows and reporting complicate 
the regulation process even further. And while individual structures and water supplies can be 
assigned responsibility relatively clearly, surface and ground waters that flow across boundaries 
require substantial effort to manage effectively. Therefore, management of subsidence impacts 
and subsidence repairs requires sophisticated information management systems. 
 
Despite the complicated data management needs, BUMIS, a database created in a software 
architecture predominant at the start of the desktop digital revolution, remains the foundation of 
information management in the regulation of mining related subsidence impacts in Pennsylvania.  
This aged software foundation creates substantial work in a modern computing environment. It is 
exceedingly difficult to interface old dBASE infrastructure with modern geographic information 
systems (GIS). For example, ESRI, the manufacture of the most common commercial GIS 
product only minimally supports files native to dBASE. Therefore, locations collected with 
global positioning systems need to be entered into a GIS to be mapped, but also need to be 
entered into BUMIS. Double entry is problematic from a data standpoint (key stroke errors are 
very problematic for data quality control). However, it is also a large time commitment for 
skilled DEP employees, the kind of process that could be automated with investment in 
information management systems. Beyond the data entry workload implications of fragmented 
data systems, when state professionals need the data, they may have to open two or three 
different, and potentially contradictory, packages to track the data down. With modern systems, a 
single entry (or even better, direct download) of important coordinates would be distributed 
automatically to all the relevant locations where that data needs to be stored. 
 
Technically all of these systems can be made to work together. However, the scale of that 
endeavor quickly grows with the variety of software a modern office will encounter. This 
melding of software quickly becomes unwieldy and a drag on productivity. This drag is 
exacerbated by the growing unfamiliarity with legacy software systems as institutional 
information technology services grow younger. People will have to learn how to make these 
fixes on the job, in time constrained environments. This is not an optimal development 
environment. Further the unfamiliarity with legacy systems may lead to help tickets on these 
systems languishing as other easily solved problems are addressed first by default. Reliance on a 
legacy information system in an environment requiring complicated management decisions is not 
optimal. 
 
The PADEP works hard to smooth data workflows and assure data quality is maintained.  
However, the people doing this work cannot transform the data systems alone. The transition to a 
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modern information management system will require substantial investment, an investment that 
has been deferred. Without a change in resources for valuation of data tools, the next assessment 
will likely include similar pleas for changes in data management. The progress in this assessment 
is encouraging and likely will continue. But to take the next step and embrace the ability to do 
more with less, achieving the needed investment will require advocates from the bottom to the 
top of the organization and the Commonwealth. 
 
13.C.2 Comprehensive Evaluation of Subsidence Impacts 
 
Subsidence impacts a complex set of interacting systems and therefore is hard to explain simply. 
Consider the evolution of Act 54 provisions over the last twenty-five years. When the legislation 
was passed, impacts to surface water systems were addressed with generalities. Since, PADEP 
has created policy (e.g., technical guidance documents) to protect surface water systems and 
define measures of system recovery. Yet, this guidance continues to evolve as the PADEP 
explores methods to document changes in flow following undermining (Hittle and Risser 2019).  
 
There is pressure to distill management practices to a set of best practices. Best practices are 
effective in well constrained systems, where impacts can be reliably predicted. However, in 
systems where impacts are not predictable and/or the effectiveness of fixes has not been 
demonstrated, they can result in sub-optimal outcomes (i.e., resources may not be fully 
protected). 
 
Attempts to simplify management of subsidence need to be coupled with comprehensive 
examination of the larger implications. For example, PADEP and the mine operators have 
developed effective means to ensure most individual landowners are compensated for damage to 
their property from subsidence impacts. This is a strength of the program. However, this focus on 
parcels may be missing important transformations on the larger landscape as operator purchases 
of undermined properties alter fundamental land uses. These are trends that can only be 
discerned by stepping back and examining the mitigation in aggregate. 
 
The need to comprehensively examine subsidence impacted systems is probably most pressing in 
hydrologic systems. Policy on surface water repair has matured into a process centered around 
stream recovery evaluation reports. However, while the PADEP collects data on both 
groundwater and wetland systems, these data are rarely integrated into assessments of hydrologic 
impact and repair. A test for groundwater impairment is not clearly defined. (e.g., In surface 
water systems, changes in the range of flows are evaluated with data collected from defined time 
frames relative to mining. In groundwater, changes in aquifer storage are acknowledged as a 
possibility, but thresholds and timeframes of changes in water storage, water chemistry, or 
aquifer hydraulic conductivity to determine an impact or evaluate recovery are not defined.)  
Wetlands are evaluated in terms of no net loss, following federal policies, however, abrupt 
changes in mapped wetland density (Section 11) can obscure measures of net loss. Continued 
integration of groundwater and wetland data into evaluations of hydrological impacts provides 
important checks on data quality and consistency. High quality data are vital to protecting 
hydrologic systems in the Commonwealth and the benefits citizens of the Commonwealth derive 
from these hydrologic systems. 
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Finally, during this assessment, unexpected impacts were observed. Far-field subsidence impacts 
occurred at distances well beyond those predicted by models accepted by the ground control 
scientific and engineering community. Company liable subsidence impacts occurred over 
inactive mines. These cases, if rare, might be aberrations. However, multiple far-field effects 
were recorded at distinct mines.  Evaluation of whether these cases are “noise” or indicative of 
important emergent processes to consider fundamentally require a holistic approach. 
 
These comprehensive evaluations require allocation of effort and continued defense of this 
allocation, as immediate concerns can sap resources from comprehensive approaches. The 
improved data management infrastructure advocated above makes this allocation easier. 
Comprehensive assessment is harder if data tools are ineffective. Continual movement toward an 
integrated analytical approach to subsidence effects would improve protections for the 
Commonwealth.   
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Mine Name 
Type 

of 
Mine** 

Mining Method (Acres) 

Total 
(Acres) 

Structures Water Supplies Land 
Streams 

Undermined 
(Miles) 

Room-
and-
pillar 

Pillar 
Recovery 

Longwall RE* CL* CNL* I* RE* CL* CNL* I* RE* CL* CNL* I* 

Acosta RP 45   45 0 0 0 0 3 0 1 2 0 0 0 0 0.00 

Barbara 2 RP 32   32 0 0 0 0 6 3 3 0 0 0 0 0 0.00 

Barrett RP 381   381 0 0 0 0 0 0 0 0 0 0 0 0 0.56 

Beaver 
Valley 

RP 138   138 0 0 0 0 2 0 2 0 0 0 0 0 0.06 

Brubaker RP 361   361 0 0 0 0 2 0 2 0 0 0 0 0 0.00 

Brush Valley RP 548   548 0 0 0 0 1 0 1 0 0 0 0 0 2.00 

Cass 1 RP 244   244 2 0 2 0 4 0 2 2 0 0 0 0 0.50 

Cherry Tree RP 158   158 1 0 1 0 3 0 3 0 0 0 0 0 0.36 

Clementine 1 RP 118   118 5 2 3 0 23 8 15 0 2 0 2 0 0.08 

Coral 
Graceton 

RP 59   59 0 0 0 0 0 0 0 0 0 0 0 0 0.03 

Cresson RP 5   5 0 0 0 0 0 0 0 0 0 0 0 0 0.00 

Crooked 
Creek 

RP 351   351 0 0 0 0 0 0 0 0 0 0 0 0 0.93 

Darmac 2 RP 180   180 0 0 0 0 3 0 1 2 0 0 0 0 0.23 

Dutch Run RP 225   225 2 0 2 0 6 2 3 1 0 0 0 0 0.40 

Gillhouser RP 146   146 0 0 0 0 0 0 0 0 0 0 0 0 0.00 

Harmony RP 339   339 0 0 0 0 5 0 4 1 0 0 0 0 0.47 

Heilwood RP 261   261 4 0 4 0 4 2 2 0 0 0 0 0 0.61 
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Mine Name 
Type 

of 
Mine** 

Mining Method (Acres) 

Total 
(Acres) 

Structures Water Supplies Land 
Streams 

Undermined 
(Miles) 

Room-
and-
pillar 

Pillar 
Recovery 

Longwall RE* CL* CNL* I* RE* CL* CNL* I* RE* CL* CNL* I* 

Horning RP 5   5 0 0 0 0 0 0 0 0 0 0 0 0 0.00 

Kimberly RP 267   267 0 0 0 0 5 1 4 0 0 0 0 0 0.04 

Kingston-
West 

RP 69   69 0 0 0 0 0 0 0 0 0 0 0 0 0.05 

Knob Creek RP 339   339 0 0 0 0 3 1 2 0 0 0 0 0 0.81 

Kojancic RP 256   256 0 0 0 0 0 0 0 0 0 0 0 0 0.38 

Logansport RP 206   206 4 0 4 0 4 2 2 0 2 0 2 0 0.28 

Lowry RP 118   118 5 0 1 4 0 0 0 0 0 0 0 0 0.48 

Madison RP 800   800 2 0 1 1 4 0 4 0 1 0 0 1 0.41 

Maple 
Springs 

RP 123   123 1 0 0 1 6 0 3 3 0 0 0 0 0.35 

Mine 78 RP 688   688 6 0 6 0 3 1 2 0 2 0 2 0 3.27 

North Fork RP 540   540 0 0 0 0 0 0 0 0 0 0 0 0 0.00 

Ondo RP 105   105 3 0 3 0 2 0 2 0 0 0 0 0 0.50 

Parkwood RP 387   387 0 0 0 0 8 1 6 1 0 0 0 0 1.26 

Penfield RP 393   393 0 0 0 0 11 1 7 3 0 0 0 0 0.94 

Roytown RP 1   1 0 0 0 0 1 0 1 0 0 0 0 0 0.00 

Starford RP 28   28 1 0 1 0 0 0 0 0 0 0 0 0 0.07 

TJS 6 RP 15   15 0 0 0 0 0 0 0 0 0 0 0 0 0.06 
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Mine Name 
Type 

of 
Mine** 

Mining Method (Acres) 

Total 
(Acres) 

Structures Water Supplies Land 
Streams 

Undermined 
(Miles) 

Room-
and-
Pillar 

Pillar 
Recovery 

Longwall RE* CL* CNL* I* RE* CL* CNL* I* RE* CL* CNL* I* 

Toms Run RP 228   228 2 0 2 0 6 3 3 0 0 0 0 0 0.53 

Tracy Lynne RP 220   220 4 1 3 0 5 2 3 0 1 0 1 0 0.03 

Twin Rocks RP 108   108 3 0 3 0 2 0 2 0 0 0 0 0 0.00 

Subtotal RP 8487   8487 45 3 36 6 122 27 80 15 8 0 7 1 15.98 

4 West PR 1577 137  1714 1 0 1 0 2 1 1 0 1 0 1 0 5.90 

Crawdad PR 150 84  235 0 0 0 0 0 0 0 0 0 0 0 0 0.27 

Nolo PR 156 14  170 0 0 0 0 6 3 3 0 2 0 0 2 0.03 

Prime 1 PR 2 18  20 0 0 0 0 2 2 0 0 0 0 0 0 0.00 

Quecreek 1 RP 333 22  355 0 0 0 0 0 0 0 0 0 0 0 0 1.60 

Subtotal PR 2219 275  2494 1 0 1 0 10 6 4 0 3 0 1 2 7.8 

Bailey L 717  2265 2982 40 26 2 12 22 16 3 3 21 11 5 5 11.31 

Cumberland L 1081  2507 3588 24 8 7 9 22 14 1 7 11 6 0 5 10.69 

Emerald L 96  523 619 24 5 16 3 10 5 3 2 11 3 7 1 1.71 

Enlow Fork L 2115  4071 6186 222 180 12 30 135 100 8 27 37 31 1 5 22.29 

Harvey L 455  1759 2214 22 7 1 14 24 13 0 11 9 5 1 3 8.60 

Monongalia 
County 

L 580  1474 2054 5 0 5 0 6 1 3 2 5 4 1 0 7.94 

Tunnel Ridge L 111  120 231 8 3 0 5 14 9 1 4 5 3 0 2 0.14 

Subtotal L 5154  12719 17873 345 229 43 73 233 158 19 56 99 63 15 21 62.69 
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Mine Name  
Type 

of 
Mine 

Mining Method (Acres) 

Total 
(Acres) 

Structures Water Supplies Land 
Streams 

Undermined 
(Miles) 

Room-
and-
Pillar 

Pillar 
Recovery  

Longwall RE* CL* CNL* I* RE* CL* CNL* I* RE* CL* CNL* I* 

Inactive Mines during the 5th Assessment Period*** 64 15 19 30 14 1 11 2 14 4 6 4  

Total 15881 254 12719 28854 455 247 99 109 379 192 114 73 124 67 29 28 86.16 

*-RE= Total Reported Effects, CL=Company Liable Effect, CNL= Company Not Liable Effect, and I= Effect in Interim Resolution. 
**-RP-Room-and-pillar mining, PR-Room-and-pillar with pillar recovery, and L=Longwall mining.  
***-Inactive mines include: Augustus, Barbara 1, Blacksville 1, David Dianne, Emilie1&2, Geronimo, High Quality, Keystone East, Long Run, 
Mine 84, 3 Deep, Ridge, Rossmoyne, Stonycreek, TJS 1, Urling 1& 3  
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APPENDIX B: Maps of Mining 
Activities, Reported Effects, and 

Undermined Streams during the 5th 
Assessment Period



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-2 
 

Longwall Mines 
 

 
Figure B-By-1. Bailey Mine total extent of mining 
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Figure B-By-2. Bailey mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-By-3. 200-ft interval overburden contour map for the total mining extent of Bailey Mine 
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Figure B-By-4. Bailey Mine 5th assessment 200-ft buffer and structures* 

*Note there are four structures with reported effects determined to be company liable that are not shown 
here for display purposes. 
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Figure B-By-5. Bailey Mine 5th assessment water supplies and RPZ 
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Figure B-By-6. Properties associated with the 5th assessment period over the Bailey Mine  
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Figure B-By-7. All streams undermined by Bailey Mine during the 5th assessment period 
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Figure B-By-8a. Streams impacted by Bailey Mine during the 5th assessment period 
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Figure B-By-8b. Streams impacted by Bailey Mine during the 5th assessment period 

 
 
 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-11 
 

 
Figure B-By-9a. Wetlands undermined by Bailey Mine during the 5th assessment period 
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Figure B-By-9b. Wetlands undermined by Bailey Mine during the 5th assessment period 
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Figure B-Cu-1. Cumberland total extent of mining 
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Figure B-Cu-2. Cumberland mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Cu-3. 100-ft interval overburden contour map for the total mining extent of Cumberland Mine 
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Figure B-Cu-4. Cumberland Mine 5th assessment 200-ft buffer and structures* 

*Note There are two structures with reported effects far from mining that were determined to be company 
not liable and are not included here for display purposes. 
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Figure B-Cu-5. Cumberland Mine 5th assessment water supplies and RPZ 
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Figure B-Cu-6. Properties associated with the 5th assessment period over the Cumberland Mine 
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Figure B-Cu-7. All streams undermined by Cumberland Mine during the 5th assessment period 
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Figure B-Cu-8. Streams impacted by Cumberland Mine during the 5th assessment period 
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Figure B-Cu-9a. Wetlands undermined by Cumberland Mine during the 5th assessment period 
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 Figure B-Cu-9b. Wetlands undermined by Cumberland Mine during the 5th assessment period
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Figure B-Em-1. Emerald Mine total extent of mining 
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Figure B-Em-2. Emerald mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Em-3. 100-ft interval overburden contour map for the total mining extent of Emerald Mine 
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Figure B-Em-4. Emerald Mine 5th assessment 200-ft buffer and structures* 

*Note there is one structure with a reported effect that is far from mining and is not included here for 
display purposes. 
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Figure B-Em-5. Emerald Mine 5th assessment water supplies and RPZ 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-28 
 

 
Figure B-Em-6. Properties associated with the 5th assessment period over the Emerald Mine 
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Figure B-Em-7. Streams undermined by Emerald Mine during the 5th assessment period 
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Figure B-Em-8. Streams impacted by Emerald Mine during the 5th assessment period 
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Figure B-Em-9a. Wetlands undermined by Emerald Mine during the 5th assessment period 
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Figure B-Em-9b. Wetlands undermined by Emerald Mine during the 5th assessment period 
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Figure B-Ef-1. Enlow Fork Mine total extent of mining 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-34 
 

 
Figure B-Ef-2. Enlow Fork mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Ef-3. 100-ft interval overburden contour map for the total mining extent of Enlow Fork Mine 
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Figure B-Ef-4. Enlow Fork Mine 5th assessment 200-ft buffer and structures* 

*Note there are three structures with reported effects that are far from mining, company not liable, and 
not included here for display purposes.  
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Figure B-Ef-5. Enlow Fork Mine 5th assessment water supplies and RPZ 
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Figure B-Ef-6. Properties associated with the 5th assessment period over the Enlow Fork Mine 
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Figure B-Ef-7. All streams undermined by Enlow Fork Mine during the 5th assessment period 
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Figure B-Ef-8a. Streams impacted by Enlow Fork Mine during the 5th assessment period 
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Figure B-Ef-8b. Streams impacted by Enlow Fork Mine during the 5th assessment period 
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Figure B-Ef-9a. Wetlands undermined by Enlow Fork Mine during the 5th assessment period 
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Figure B-Ef-9b. Wetlands undermined by Enlow Fork Mine during the 5th assessment period 
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Figure B-Hr-1. Harvey Mine total extent of mining 
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Figure B-Hr-2. Harvey mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Hr-3. 100-ft interval overburden contour map for the total mining extent of Harvey Mine. 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-47 
 

 
Figure B-Hr-4. Harvey Mine 5th assessment 200-ft buffer and structures 
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Figure B-Hr-5. Harvey Mine 5th assessment water supplies and RPZ 
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Figure B-Hr-6. Properties associated with the 5th assessment period over the Harvey Mine 
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Figure B-Hr-7. All streams undermined by Harvey Mine during the 5th assessment period 
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Figure B-Hr-8. Streams impacted by Harvey Mine during the 5th assessment period 
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Figure B-Hr-9. Wetlands undermined by Harvey Mine during the 5th assessment period 
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Figure B-Mo-1. Monongalia County Mine total extent of mining 
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Figure B-Mo-2. Monongalia County mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Mo-3. 100-ft interval overburden contour map for the total mining extent of Monongalia 
County Mine 
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Figure B-Mo-4. Monongalia County Mine 5th assessment 200-ft buffer and structures* 
*Note there are four structures with reported effects that are far from mining, company not liable, and 

not included here for display purposes. 
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Figure B-Mo-5. Monongalia County Mine 5th assessment water supplies and RPZ 

 
 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-58 
 

 
Figure B-Mo-6. Properties associated with the 5th assessment period over the Monongalia County Mine 
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Figure B-Mo-7. Streams undermined by Monongalia Mine during the 5th assessment period 
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Figure B-Mo-8. Streams impacted by Monongalia Mine during the 5th assessment period 
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Figure B-Mo-9a. Wetlands undermined by Monongalia Mine during the 5th assessment period 
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Figure B-Mo-9b. Wetlands undermined by Monongalia Mine during the 5th assessment period 
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Figure B-Tu-1. Tunnel Ridge Mine total extent of mining. 
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Figure B-Tu-2. Tunnel Ridge mining extent for the 5th assessment period 
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Figure B-Tu-3. 100-ft interval overburden contour map for the total mining extent of Tunnel Ridge Mine 
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Figure B-Tu-4. Tunnel Ridge Mine 5th assessment 200-ft buffer and structures 
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Figure B-Tu-5. Tunnel Ridge Mine 5th assessment water supplies and RPZ 
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Figure B-Tu-6. Properties associated with the 5th assessment period over the Tunnel Ridge Mine 
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Figure B-Tu-7. Streams undermined by Tunnel Ridge Mine during the 5th assessment period 
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Figure B-Tu-8a. Wetlands undermined by Tunnel Ridge Mine during the 5th assessment period 
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Figure B-Tu-8b. Wetlands undermined by Tunnel Ridge Mine during the 5th assessment period 
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Room-and-Pillar Mines 
 

 
Figure B-Au-1. Acosta Deep Mine total extent of mining 
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Figure B-Au-1. Acosta Deep Mine mining extent for the 5th assessment period 
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Figure B-Au-2. Fifty-foot overburden contour intervals for the Acosta Deep Mine 
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Figure B-Au-3. Acosta Deep Mine 5th assessment 200-ft buffer and structures* 

*Note there are two structures with reported effects that are far from mining and are not included here 
for display purposes. 
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Figure B-Au-4. Acosta Deep Mine 5th assessment water supplies and RPZ* 

*Note there are three water supplies with reported effects that are far from mining and not included here 
for display purposes. One of the water supplies was determined to have no actual problem and the 

remaining two are in interim resolution. 
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Figure B-Au-5. Properties associated with the 5th assessment period over the Acosta Deep Mine 
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Figure B-Au-6. Streams near Acosta Deep Mine during the 5th assessment period 
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Figure B-Bb-1. Barbara No. 2 Mine total extent of mining 
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Figure B-Bb-2. Barbara No. 2 mining extent for the 5th assessment period 
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Figure B-Bb-3. Barbara No. 2 mining extent for the 4th and 5th assessment periods* 

 
*Note the area labeled “Mining Extent added to the 5th assessment from the 4th assessment” outlined in 

red was mined in January 2013 during the 4th assessment period. This area was not considered during the 
4th assessment period due to an oversight. This area was added to the 5th assessment period so that all of 
the mine area can be analyzed. Only the area of the mining from the 4th assessment, the structures, water 
supplies, and land with no reported effects are added to this assessment. All structures, water supplies, 

and land with reported effects were assumed to be accounted for in the 4th assessment. 
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Figure B-Bb-4. Fifty-foot overburden contour intervals for the Barbara No. 2 Mine 
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Figure B-Bb-5. Barbara No. 2 Mine 5th Assessment 200-ft buffer and structures 
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Figure B-Bb-6. Barbara No. 2 Mine 5th assessment water supplies and RPZ* 
*Note there is one water supply with a reported effect that is determined to be 

company liable and three water supplies with a reported effect determined to be not company liable that 
are not shown for display purposes. 
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Figure B-Bb-7. Properties associated with the 5th assessment period over the Barbara No. 2 Mine 
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Figure B-Bb-8. Streams undermined by Barbara No. 2 Mine during the 5th assessment period 
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Figure B-Br-1. Barrett Mine total extent of mining 
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Figure B-Br-2. Barrett mining extent for the 4th and 5th assessment periods 
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Figure B-Br-3. Fifty-foot overburden contour intervals for the Barrett Mine 
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Figure B-Br-4. Barrett Mine 5th assessment 200-ft buffer and structures 
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Figure B-Br-5. Barrett Mine 5th assessment water supplies and RPZ 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-92 
 

 
Figure B-Br-6. Properties associated with the 5th assessment period over the Barrett Mine 
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Figure B-Br-7. Streams undermined by Barrett Mine during the 5th assessment period 
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Figure B-Bv-1. Beaver Valley Mine total extent of mining 
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Figure B-Bv-2. Beaver Valley mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Bv-3. Fifty-foot contour intervals for the Beaver Valley Mine 
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Figure B-Bv-4. Beaver Valley Mine 5th assessment 200-ft buffer and structures 
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Figure B-Bv-5. Beaver Valley Mine 5th assessment water supplies and RPZ 
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Figure B-Bv-6. Properties associated with the 5th assessment period over the Beaver Valley Mine 
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Figure B-Bv-7. Streams undermined by Beaver Valley Mine during the 5th assessment period 
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Figure B-Bu-1. Brubaker Mine total extent of mining 
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Figure B-Bu-2. Brubaker mining extent for the 5th assessment period 
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Figure B-Bu-3. Brubaker mining extent for the 4th and 5th assessment periods* 

 
*Note the area labeled “Mining Extent added to the 5th assessment from the 4th assessment” outlined in 
red was mined before the 4th assessment collection period was finalized. Due to the late submission of 

these data and the early reporting requirements, this area was not considered during the 4th assessment 
period. This area is added to the 5th assessment period so that all area of the mine will be analyzed. 
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Figure B-Bu-4. Fifty-foot overburden contour intervals for the Brubaker Mine 
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Figure B-Bu-5. Brubaker Mine 5th assessment 200-ft buffer and structures 
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Figure B-Bu-6. Brubaker Mine 5th assessment water supplies and RPZ 
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Figure B-Bu-7. Properties Associated with the 5th Assessment Period over the Brubaker Mine 
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Figure B-Bu-8. Streams undermined by Brubaker Mine during the 5th assessment period 
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Figure B-Bs-1. Brush Valley Mine total extent of mining 
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Figure B-Bs-2. Brush Valley mining extent for the 5th assessment period 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-111 
 

 
Figure B-Bs-3. Fifty-foot overburden contour intervals for the Brush Valley Mine 
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Figure B-Bs-4. Brush Valley Mine 5th assessment 200-ft buffer and structures 
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Figure B-Bs-5. Brush Valley Mine 5th assessment water supplies and RPZ 
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Figure B-Bs-6. Properties associated with the 5th assessment period over the Brush Valley Mine 
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Figure B-Bs-7. Streams undermined by Brush Valley Mine during the 5th assessment period 
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Figure B-Ca-1. Cass No. 1 Mine total extent of mining 
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Figure B-Ca-2. Cass No. 1 mining extent for the 5th assessment period 
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Figure B-Ca-3. Fifty-foot overburden contour intervals for the Cass No. 1 Mine 
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Figure B-Ca-4. Cass No. 1 Mine 5th assessment 200-ft buffer and structures* 

*Note there are two structures with reported effects that are far from mining, not company liable, and not 
included here for display purposes. 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-120 
 

 
Figure B-Ca-5. Cass No. 1 Mine 5th assessment water supplies and RPZ 
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Figure B-Ca-6. Properties associated with the 5th assessment period over the Cass No. 1 Mine 
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Figure B-Ca-7. Streams undermined by Cass No.1 Mine during the 5th assessment period 
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Figure B-Ch-1. Cherry Tree Mine total extent of mining 
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Figure B-Ch-2. Cherry Tree mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Ch-3. Fifty-foot overburden contour intervals for the Cherry Tree Mine 
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Figure B-Ch-4. Cherry Tree Mine 5th assessment 200-ft buffer and structures* 

*Note there are two structures with reported effects that are far from mining and are not included here 
for display purposes. 
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Figure B-Ch-5. Cherry Tree Mine 5th assessment water supplies and RPZ* 

*Note there are two water supplies with reported effects that are far from mining and are not included 
here for display purposes. 
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Figure B-Ch-6. Properties associated with the 5th assessment period over the Cherry Tree Mine 
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Figure B-Ch-7. Streams undermined by Cherry Tree Mine during the 5th assessment period 
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Figure B-Cl-1. Clementine Mine total extent of mining 
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Figure B-Cl-2. Clementine mining extent for the 3rd, 4th, and 5th assessment periods 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-132 
 

 
Figure B-Cl-3. 100-ft overburden contour intervals for the Clementine Mine 
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Figure B-Cl-4. Clementine Mine 5th assessment 200-ft buffer and structures* 

*Note there are two structures with reported effects that are far from mining and are not included here 
for display purposes. 
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Figure B-Cl-5. Clementine Mine 5th assessment water supplies and RPZ* 

*Note there are water supplies with reported effects that are far from mining and are not included here 
for display purposes. 

 
 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-135 
 

 
Figure B-Cl-6. Properties associated with the 5th assessment period over the Clementine Mine* 

*Note there are properties with reported effects that are far from mining and are not included here for 
display purposes. 
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Figure B-Cl-7. Streams undermined by Clementine Mine during the 5th assessment period 
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Figure B-Co-1. Coral Graceton Mine total extent of mining 
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Figure B-Co-2. Coral Graceton mining extent for the 5th assessment period 
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Figure B-Co-3. Fifty-foot overburden contour intervals for the Coral Graceton Mine 
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Figure B-Co-4. Coral Graceton Mine 5th assessment 200-ft buffer and structures 
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Figure B-Co-5. Coral Graceton Mine 5th assessment water supplies and RPZ 
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Figure B-Co-6. Properties associated with the 5th assessment period over the Coral Graceton Mine 
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Figure B-Co-7. Streams undermined by Coral Graceton Mine during the 5th assessment period 
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Figure B-Cr-1. Cresson Mine total extent of mining 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-145 
 

 
Figure B-Cr-2. Cresson mining extent for the 5th assessment period 
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Figure B-Cr-3. Fifty-foot overburden contour intervals for Cresson Mine 
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Figure B-Cr-4. Cresson Mine 5th assessment 200-ft buffer and structures 
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Figure B-Cr-5. Cresson Mine 5th assessment water supplies and RPZ 
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Figure B-Cr-6. Properties associated with the 5th assessment period over the Cresson Mine 
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Figure B-Cr-7. Streams near Cresson Mine during the 5th assessment period 
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Figure B-Ck-1. Crooked Creek Mine total extent of mining 
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Figure B-Ck-2. Crooked Creek mining extent for the 5th assessment period 
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Figure B-Ck-3. Fifty-foot overburden contour intervals for the Crooked Creek Mine 
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Figure B-Ck-4. Fifty-foot overburden contour intervals for the Crooked Creek Mine  
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Figure B-Ck-5. Crooked Creek Mine 5th assessment 200-ft buffer and structures 
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Figure B-Ck-6. Crooked Creek Mine 5th assessment water supplies and RPZ 
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Figure B-Ck-7. Properties associated with the 5th assessment period over the Crooked Creek Mine 
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Figure B-Ck-8. Streams undermined by Crooked Creek Mine during the 5th assessment period 
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Figure B-Dm-1. Darmac No. 2 Mine total extent of mining 
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Figure B-Dm-2. Darmac No. 2 mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Dm-3. Fifty-foot overburden contour intervals for the Darmac No. 2 Mine 
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Figure B-Dm-4. Darmac No. 2 Mine 5th assessment 200-ft buffer and structures 
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Figure B-Dm-5. Darmac No. 2 Mine 5th assessment water supplies and RPZ* 

*Note there are two water supplies with reported effects that are far from mining and are not included 
here for display purposes. 
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Figure B-Dm-6. Properties associated with the 5th assessment period over the Darmac No. 2 Mine 
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Figure B-Dm-7. Streams undermined by Darmac No. 2 Mine during the 5th assessment period 
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Figure B-Dr-1. Dutch Run Mine total extent of mining 
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Figure B-Dr-2. Dutch Run mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Dr-3. Fifty-foot overburden contour intervals for the Dutch Run Mine 
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Figure B-Dr-4. Dutch Run Mine 5th assessment 200-ft buffer and structures* 
*Note there are two structures with reported effects that are far from mining and are not included here 

for display purposes. 
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Figure B-Dr-5. Dutch Run Mine 5th assessment water supplies and RPZ* 

*Note there are three water supplies with reported effects that are far from mining and are not included 
here for display purposes. 
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Figure B-Dr-6. Properties associated with the 5th assessment period over the Dutch Run Mine 
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Figure B-Dr-7. Streams undermined by Dutch Run Mine during the 5th assessment period 
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Figure B-Gh-1. Gillhouser Run Mine total extent of mining 
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Figure B-Gh-2. Gillhouser Run mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Gh-3. Gillhouser Run mining extent for the 3rd, 4th, and 5th assessment periods* 
* Note the area labeled “Mining Extent added to the 5th assessment from the 4th assessment” outlined in 

red was mined in July 2013, a month before the 4th assessment collection period was finalized. Due to the 
late submission of these data and the early reporting requirements, this area was not considered during 

the 4th assessment period. This area is added to the 5th assessment period so that all area of the mine will 
be analyzed. 
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Figure B-Gh-4. Fifty-foot overburden contour intervals for Gillhouser Run Mine 
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Figure B-Gh-5. Gillhouser Run Mine 5th assessment 200-ft buffer and structures 
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Figure B-Gh-6. Gillhouser Run Mine 5th assessment water supplies and RPZ 
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Figure B-Gh-7. Properties associated with the 5th assessment period over the Gillhouser Run Mine 
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Figure B-Gh-8. Streams undermined by Gillhouser Run Mine during the 5th assessment period 
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Figure B-Hy-1. Harmony Mine total extent of mining 
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Figure B-Hy-2. Harmony mining extent for the 4th and 5th assessment periods 
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Figure B-Hy-3. Fifty-foot overburden contour intervals for Harmony Mine 
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Figure B-Hy-4. Harmony Mine 5th assessment 200-ft buffer and structures 
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Figure B-Hy-5. Harmony Mine 5th assessment water supplies and RPZ* 

*Note there is one water supply with a reported effect that was determined to be company not liable and 
is not shown on the map for display purposes. 
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Figure B-Hy-6. Properties associated with the 5th assessment period over the Harmony Mine 
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Figure B-Hy-7. Streams undermined by Harmony Mine during the 5th assessment period 
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Figure B-Hw-1. Heilwood Mine total extent of mining 
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Figure B-Hw-2. Heilwood mining extent for the 4th and 5th assessment periods 
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Figure B-Hw-3. Fifty-foot overburden contour intervals for the Heilwood Mine Brookville coal seam 
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Figure B-Hw-4. Fifty-foot overburden contour intervals for the Heilwood Mine Lower Kittanning coal 
seam 
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Figure B-Hw-5. Heilwood Mine 5th assessment 200-ft buffer and structures 
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Figure B-Hw-6. Heilwood Mine 5th assessment water supplies and RPZ 
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Figure B-Hw-7. Properties associated with the 5th assessment period over the Heilwood Mine 
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Figure B-Hw-8. Streams undermined by Harmony Mine during the 5th assessment period 
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Figure B-Hd-1. Horning Deep Mine total extent of mining 
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Figure B-Hd-2. Horning Deep mining extent for the 4th and 5th assessment periods 
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Figure B-Hd-3. Fifty-foot overburden contour intervals for Horning Deep Mine 
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Figure B-Hd-4. Horning Deep Mine 5th assessment 200-ft buffer and structures 
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Figure B-Hd-5. Horning Deep Mine 5th assessment water supplies and RPZ 
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Figure B-Hd-6. Properties associated with the 5th assessment period over the Horning Deep Mine 
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Figure B-Hd-7. Streams near Horning Deep Mine during the 5th assessment period 
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Figure B-Kc-1. Knob Creek Mine total extent of mining 
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Figure B-Kc-2. Knob Creek mining extent for the 4th and 5th assessment periods 
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Figure B-Kc-3. Fifty-foot overburden contour intervals for the Knob Creek Mine 
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Figure B-Kc-4. Knob Creek Mine 5th assessment 200-ft buffer and structures 
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Figure B-Kc-5. Knob Creek Mine 5th assessment water supplies and RPZ* 

*Note there are two water supplies with reported effects that are far from mining and are not included 
here for display purposes. 
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Figure B-Kc-6. Properties associated with the 5th assessment period over the Knob Creek Mine 
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Figure B-Kc-7. Streams undermined by Knob Creek Mine during the 5th assessment period 
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Figure B-Kj-1. Kojancic Mine total extent of mining 
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Figure B-Kj-2. Kojancic mining extent for the 5th assessment period 
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Figure B-Kj-3. Fifty-foot overburden contour intervals for the Kojancic Mine 
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Figure B-Kj-4. Kojancic Mine 5th assessment 200-ft buffer and structures 
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Figure B-Kj-5. Kojancic Mine 5th assessment water supplies and RPZ 
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Figure B-Kj-6. Properties associated with the 5th assessment period over the Kojancic Mine 
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Figure B-Kj-7. Streams undermined by Kojancic Mine during the 5th assessment period 
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Figure B-Lg-1. Logansport Mine total extent of mining 
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Figure B-Lg-2. Logansport mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Lg-3. Fifty-foot overburden contour intervals for the Logansport Mine 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-220 
 

 
Figure B-Lg-4. Logansport Mine 5th assessment 200-ft buffer and structures* 

*Note there are two structures with reported effects that are far from mining and are not included here 
for display purposes. 
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Figure B-Lg-5. Logansport Mine 5th assessment water supplies and RPZ 
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Figure B-Lg-6. Properties associated with the 5th assessment period over the Logansport Mine 
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Figure B-Lg-7. Streams undermined by Logansport Mine during the 5th assessment period 

 

 

 

 

 

 

 

 

 

 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-224 
 

 
Figure B-Ly-1. Lowry Mine total extent of mining 
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Figure B-Ly-2. Lowry mining extent for the 4th and 5th assessment periods 
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Figure B-Ly-3. Fifty-foot overburden contour intervals for the Lowry Mine 
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Figure B-Ly-4. Lowry Mine 5th assessment 200-ft buffer and structures* 

*Note there is one structure with reported effect that is far from mining, not company liable, and not 
included here for display purposes. 
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Figure B-Ly-5. Lowry Mine 5th assessment water supplies and RPZ 
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Figure B-Ly-6. Properties associated with the 5th assessment period over the Lowry Mine 
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Figure B-Ly-7. Streams undermined by Lowry Mine during the 5th assessment period 
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Figure B-Ma-1. Madison Mine total extent of mining 
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Figure B-Ma-2. Madison mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Ma-3. Fifty-foot overburden contour intervals for the Madison Mine 
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Figure B-Ma-4. Madison Mine 5th assessment 200-ft buffer and structures 
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Figure B-Ma-5. Madison Mine 5th assessment water supplies and RPZ  

 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-236 
 

 
Figure B-Ma-6. Properties associated with the 5th assessment period over the Madison Mine 
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Figure B-Ma-7. Streams undermined by Madison Mine during the 5th assessment period 
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Figure B-Ms-1. Maple Spring Mine total extent of mining 
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Figure B-Ms-2. Maple Spring mining extent the 5th assessment period 
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Figure B-Ms-3. Fifty-foot overburden contour intervals for the Maple Spring Mine 
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Figure B-Ms-4. Maple Spring Mine 5th assessment 200-ft buffer and structures 
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Figure B-Ms-5. Maple Spring Mine 5th assessment water supplies and RPZ 
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Figure B-Ms-6. Properties associated with the 5th assessment period over the Maple Spring Mine 
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Figure B-Ms-7. Streams undermined by Maple Springs Mine during the 5th assessment period 
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Figure B-M7-1. Mine 78 total extent of mining 
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Figure B-M7-2. Mine 78 mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-M7-3. Fifty-foot overburden contour intervals for Mine 78 

 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-248 
 

 
Figure B-M7-4. Mine 78 5th assessment 200-ft buffer and structures 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-249 
 

 
Figure B-M7-5. Mine 78 5th assessment water supplies and RPZ* 

*Note there is one water supply with a reported effect determined to be not company liable that is far 
from mining and is not included here for display purposes. 
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Figure B-M7-6. Properties associated with the 5th assessment period over Mine 78  
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Figure B-M7-7. Streams undermined by Mine 78 during the 5th assessment period 
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Figure B-Nf-1. North Fork Mine total extent of mining 
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Figure B-Nf-2. North Fork mining extent for the 5th assessment period 
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Figure B-Nf-3. Fifty-foot overburden contour intervals for the North Fork Mine 
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Figure B-Nf-4. North Fork Mine 5th assessment 200-ft buffer and structures 
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Figure B-Nf-5. North Fork Mine 5th assessment water supplies and RPZ 
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Figure B-Nf-6. Properties associated with the 5th assessment period over the North Fork Mine 
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Figure B-Nf-7. Streams undermined by North Fork Mine during the 5th assessment period 
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Figure B-Od-1. Ondo Mine total extent of mining 
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Figure B-Od-2. Ondo mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Od-3. Fifty-foot overburden contour intervals for the Ondo Mine 
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Figure B-Od-4. Ondo Mine 5th assessment 200-ft buffer and structures* 

*Note there is one structure with reported effects that is far from mining and are not included here 
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Figure B-Od-5. Ondo Mine 5th assessment water supplies and RPZ 
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Figure B-Od-6. Properties associated with the 5th assessment period over the Ondo Mine 
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Figure B-Od-7. Streams undermined by Ondo Mine during the 5th assessment period 
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Figure B-Pa-1. Parkwood Mine total extent of mining 
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Figure B-Pa-2. Parkwood mining extent for the 4th and 5th assessment periods 
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Figure B-Pa-3. Fifty-foot overburden contour intervals for the Parkwood Mine 
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Figure B-Pa-4. Parkwood Mine 5th assessment 200-ft buffer and structures 
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Figure B-Pa-5. Parkwood Mine 5th assessment water supplies and RPZ 
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Figure B-Pa-6. Properties associated with the 5th assessment period over the Parkwood Mine 
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Figure B-Pa-7. Streams undermined by Parkwood Mine during the 5th assessment period 
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Figure B-Pf-1. Penfield Mine total extent of mining 
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Figure B-Pf-2. Penfield mining extent for the 3rd, 4th, and 5th assessment periods* 

*Note the area labeled “Mining Extent added to the 5th assessment from the 4th assessment” outlined 
in red was mined before the 4th assessment collection period was finalized. Due to the late submission of 
these data and the early reporting requirements, this area was not considered during the 4th assessment 

period. This area is added to the 5th assessment period so that all areas of the mine will be analyzed. 
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Figure B-Pf-3. Fifty-foot overburden contour intervals for the Penfield Mine 
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Figure B-Pf-4. Penfield Mine 5th assessment 200-ft buffer and structures 
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Figure B-Pf-5. Penfield Mine 5th assessment water supplies and RPZ* 

*Note there are two water supplies with reported effects that are far from mining and are not included 
here for display purposes. 
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Figure B-Pf-6. Properties associated with the 5th assessment period over the Penfield Mine 
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Figure B-Pf-7. Streams undermined by Penfield Mine during the 5th assessment period 
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Figure B-Rt-1. Roytown Mine total extent of mining 
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Figure B-Rt-2. Roytown mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Rt-3. Fifty-foot overburden contour intervals for the Roytown Mine 
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Figure B-Rt-4. Roytown Mine 5th assessment 200-ft buffer and structures 
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Figure B-Rt-5. Roytown Mine 5th assessment water supplies and RPZ* 

*Note there is one water supply with a reported effect that is far from mining and is not included here for 
display purposes. 
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Figure B-Rt-6. Properties associated with the 5th assessment period over the Roytown Mine 
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Figure B-Rt-7. Streams near Roytown Mine during the 5th assessment period 
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Figure B-St-1. Starford Mine total extent of mining 
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Figure B-St-2. Starford mining extent for the 4th and 5th assessment periods 
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Figure B-St-3. Fifty-foot overburden contour intervals for Starford Mine 
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Figure B-St-4. Starford Mine 5th assessment 200-ft buffer and structures* 

*Note there is one structure with a reported effect that is far from mining and is not included here for 
display purposes. 
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Figure B-St-5. Starford Mine 5th assessment water supplies and RPZ 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-292 
 

 
Figure B-St-6. Properties associated with the 5th assessment period over the Starford Mine 
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Figure B-St-7. Streams undermined by Starford Mine during the 5th assessment period 
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Figure B-T6-1. TJs No. 6 Mine total extent of mining 
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Figure B-T6-2. TJs No. 6 mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-T6-3. Fifty-foot overburden contour intervals for the TJs No. 6 Mine 
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Figure B-T6-4. TJs No. 6 Mine 5th assessment 200-ft buffer and structures 
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Figure B-T6-5. TJs No. 6 Mine 5th assessment water supplies and RPZ 
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Figure B-T6-6. Properties associated with the 5th assessment period over the TJs No. 6 Mine 
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Figure B-T6-7. Streams undermined by TJs No. 6 Mine during the 5th assessment period 
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Figure B-Tr-1. Toms Run Mine total extent of mining 
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Figure B-Tr-2. Toms Run mining extent for the 3rd, 4th, and 5th assessment periods  
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Figure B-Tr-3. Toms Run mining extent for the 3rd, 4th, and 5th assessment periods* 

 
*Note the area labeled “Mining Extent added to the 5th assessment from the 4th assessment” outlined in 

red was mined in July 2013, a month before the 4th assessment collection period was finalized. Due to the 
late submission of these data and the early reporting requirements, this area was not considered during 

the 4th assessment period. This area is added to the 5th assessment period so that all area of the mine will 
be analyzed. 

 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-304 
 

 
Figure B-Tr-4. Fifty-foot overburden contour intervals for Toms Run Mine 
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Figure B-Tr-5. Toms Run Mine 5th assessment 200-ft buffer and structures* 

*Note there is one structure with a reported effect that is far from mining and is not included here for 
display purposes. 
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Figure B-Tr-6. Toms Run Mine 5th assessment water supplies and RPZ* 

*Note there are three water supplies with reported effects that are far from mining and are not included 
here for display purposes. 
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Figure B-Tr-7. Properties associated with the 5th assessment period over the Toms Run Mine 
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Figure B-Tr-8. Streams undermined by Toms Run Mine during the 5th assessment period 

 

 

 

 

 

 

 

 

 

 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-309 
 

 
Figure B-Tl-1. Tracy Lynne Mine total extent of mining 
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Figure B-Tl-2. Tracy Lynne mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Tl-3. Fifty-foot overburden contour intervals for Tracy Lynne Mine 
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Figure B-Tl-4. Tracy Lynne Mine 5th assessment 200-ft buffer and structures* 

*Note there are three structure with reported effects that are far from mining and are not included here 
for display purposes. 
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Figure B-Tl-5. Tracy Lynne Mine 5th assessment water supplies and RPZ 
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Figure B-Tl-6. Properties associated with the 5th assessment period over the Tracy Lynne Mine 
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Figure B-Tl-7. Streams undermined by Tracy Lynne Mine during the 5th assessment period 
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Figure B-Kr-1. Kimberly Run Mine total extent of mining 
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Figure B-Kr-2. Kimberly Run mining extent for the 4th and 5th assessment periods 
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Figure B-Kr-3. Kimberly mining extent for the 4th and 5th assessment periods* 

 
* Note the area labeled “Mining Extent added to the 5th assessment from the 4th assessment” outlined in 

red was mined in April 2008- January 2009. This area was not considered during the 4th assessment 
periods. This area is added to the 5th assessment period so that all area of the mine will be analyzed. Only 

the area of the mine from the 4th assessments, the structures, water supplies, and land with no reported 
effects are added to this assessment. All structures, water supplies, and land with reported effects were 

assumed to be accounted for in the 4th assessment. 
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Figure B-Kr-4. Fifty-foot overburden contour intervals for the Kimberly Run Mine 
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Figure B-Kr-5. Kimberly Run Mine 5th assessment 200-ft buffer and structures 
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Figure B-Kr-6. Kimberly Run Mine 5th assessment water supplies and RPZ 
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Figure B-Kr-7. Properties associated with the 5th assessment period over the Kimberly Run Mine 
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Figure B-Kr-8. Streams undermined by Kimberly Run Mine during the 5th assessment period 
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Figure B-Ki-1. Kingston West Mine total extent of mining 
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Figure B-Ki-2. Kingston West mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Ki-3. Fifty-foot overburden contour intervals for the Kingston West Mine 
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Figure B-Ki-4. Kingston West 5th assessment 200-ft buffer and structures 
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Figure B-Ki-5. Kingston West Mine 5th assessment water supplies and RPZ 

 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-329 
 

 
Figure B-Ki-6. Properties associated with the 5th assessment period over the Kingston West Mine 

 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-330 
 

 

Figure B-Ki-7. Streams undermined by Kingston West Mine during the 5th assessment period 
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Figure B-Tw-1. Twin Rocks Mine total extent of mining 
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Figure B-Tw-2. Twin Rocks mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Tw-3. Twin Rocks mining extent for the 3rd, 4th, and 5th assessment periods* 

 
*Note the areas contained in the red squares were mined in July 2013, 20 days before the 4th assessment 

collection period was finalized, they were not recorded during the 4th assessment period. This 
area is added to the 5th assessment period so that all areas of the mine will be analyzed.  The area circled 
in red was given by Rosebud as having been mined during the 5th assessment period, but was previously 

analyzed in the 4th assessment period so it was not included in the 5th assessment period. 
 

 

 

 

 

 

 

 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-334 
 

 
Figure B-Tw-4. Fifty-foot contour intervals for the Twin Rocks Mine 
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Figure B-Tw-5. Twin Rocks Mine 5th assessment 200-ft buffer and structures* 

*Note there are two structures with reported effects that are far from mining and are not included here 
for display purposes. 
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Figure B-Tw-6. Twin Rocks Mine 5th assessment water supplies and RPZ* 

*Note there are two water supplies with reported effects that are far from mining and are not included 
here for display purposes. 
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Figure B-Tw-7. Properties associated with the 5th assessment period over the Twin Rocks Mine 
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Figure B-Tw-8. Streams undermined by Twin Rocks Mine during the 5th assessment period 
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Pillar Retreat Mines 

 
Figure B-Fw-1. 4 West Mine total extent of mining 
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Figure B-Fw-2. 4 West mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Fw-3. 4 West mining extent for the 3rd, 4th, and 5th assessment periods* 

*Note the area labeled “Mining Extent added to the 5th assessment from the 4th assessment” outlined in 
red was mined before the 4th assessment collection period was finalized. Due to the late submission of 

these data and the early reporting requirements, this area was not considered during the 4th assessment 
period. This area is added to the 5th assessment period so that all areas of the mine will be analyzed. 
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Figure B-Fw-4. Fifty-foot overburden contour intervals for the 4 West Mine 

 
 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 

 

B-343 
 

 
Figure B-Fw-5. 4 West Mine 5th assessment 200-ft buffer and structures 
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Figure B-Fw-6. 4 West Mine 5th assessment water supplies and RPZ 
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Figure B—Fw-7. Properties associated with the 5th assessment period over the 4 West Mine 
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Figure B-Fw-8. Streams undermined by 4 West Mine during the 5th assessment period 
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Figure B-Cd-1. Crawdad Portal B Mine total extent of mining 
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Figure B-Cd-2. Crawdad Portal B mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Cd-3. Fifty-foot overburden contour intervals for the Crawdad Portal B Mine 
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Figure B-Cd-4. Crawdad Portal B Mine 5th assessment 200-ft buffer and structures* 

*Note there are two structures with reported effects that are far from mining and are not included here 
for display purposes. 
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Figure B-Cd-5. Crawdad Portal B Mine 5th assessment water supplies and RPZ 
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Figure B-Cd-6. Properties associated with the 5th assessment period over the Crawdad Portal B Mine 
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Figure B-Cd-7. Streams near Crawdad Mine during the 5th assessment period 
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Figure B-No-1. Nolo Mine total extent of mining 
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Figure B-No-2. Nolo mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-No-3. Fifty-foot overburden contour intervals for the Nolo Mine 
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Figure B-No-4. Nolo Mine 5th assessment 200-ft buffer and structures 
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Figure B-No-5. Nolo Mine 5th assessment water supplies and RPZ* 

*Note there are three water supplies with reported effects that are company liable and one water supply 
with reported effect that is not company liable that are far from mining and are not included here for 

display purposes. 
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Figure B-No-6. Properties associated with the 5th assessment period over the Nolo Mine 
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Figure B-No-7. Streams undermined by Nolo Mine during the 5th assessment period 
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Figure B-Pr-1. Prime No. 1 Mine total extent of mining 
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Figure B-Pr-2. Prime No. 1 mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Pr-3. Fifty-foot overburden contour intervals for the Prime No. 1 Mine 
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Figure B-Pr-4. Prime No. 1 Mine 5th assessment 200-ft buffer and structures 
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Figure B-Pr-5. Prime No. 1 Mine 5th assessment water supplies and RPZ 
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Figure B-Pr-6. Properties associated with the 5th assessment period over the Prime No. 1 Mine 
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Figure B-Pr-7. Streams near Prime No. 1 Mine during the 5th assessment period 
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Figure B-Qc-1. Quecreek No. 1 Mine total extent of mining 
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Figure B-Qc-2. Quecreek No. 1 mining extent for the 3rd, 4th, and 5th assessment periods 
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Figure B-Qc-3. Fifty-foot overburden contour intervals for the Quecreek No. 1 Mine 
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Figure B-Qc-4. Quecreek No. 1 Mine 5th assessment 200-ft buffer and structures 
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Figure B-Qc-5. Quecreek No. 1 Mine 5th assessment water supplies and RPZ 
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Figure B-Qc-6. Properties associated with the 5th assessment period over the Quecreek No. 1 Mine 
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Figure B-Qc-7. Streams undermined by Quecreek No. 1 Mine during the 5th assessment period 
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C.1 - The Importance of Pennsylvania’s Bituminous Underground Coal Mining Industry 

The coal industry in Pennsylvania directly employed 5,458 workers in 2017 with 3,837 
employed in underground bituminous mining (Figure C-1). This represents more than 10 % of 
coal mine empoyees in the United States with 53,051 total employed and 31,487 employed in 
underground coal mining. Since 2001, Pennsylvania labor hours for underground coal mining 
have averaged 11.8 % of the total U.S. labor hours (Figure C-2). These data demonstrate the 
prominent role coal plays in the lives of Commonwealth citizens.  

 

Figure C-1. Coal mine employees for Pennsylvania and the United States (2001-2017). Data 
from U.S. Energy Information Administration.  
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Figure C-2. Coal mine labor hours for Pennsylvania and the United States (2001-2017). Data 
from U.S. Energy Information Administration. 

C.1.A - Trends in U.S. Coal Production since the 1950s  

Over the last 70 years, U.S. coal production has undergone significant changes.  Production 
hovered between 500 and 600 million tons after World War II before continuously rising to 
almost 1.2 billion tons in 2008 (Figure C-3). Since then production has fallen to approximately 
750 million tons (U.S. Energy Information Administration 2018a).  
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Figure C-3. U.S. Coal production as reported by the Energy Information Agency. 

U.S. underground coal mining reached a high of approximately 420 million tons in 1997. It 
gradually dropped to approximately 355 million tons in 2014, then falling sharply to 
approximately 273 million tons in 2017.  Since 2014, underground coal mining production has 
dropped by 23 %.  In comparison, U.S. surface coal mining dropped 39 % from 2008 (815 
million tons) to 2017 (501 million tons).   

Over the last decade, U.S. electric generation from large scale utilities has shifted dramatically 
away from coal and towards natural gas and renewable energy sources (Figure C-4). Renewables 
(includes solar and hydroelectric) now contribute 17.1 % and natural gas 35.1 % of the total 
megawatts of power consumed in 2018 (U.S. Energy Information Administration 2018b, Table 
1.1).  Of particular note are the successes in shale gas production driving down the cost of 
natural gas and resulting in less electric generation from coal.  
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Figure C-4. New Generation by energy source for large scale utilities in the U.S. (U.S. Energy 

Information Administration, 2018b). 

C.2 - Underground Bituminous Coal Mining’s Historical Role in Pennsylvania 

Coal has been extracted in western Pennsylvania for over 200 years. Coal production trends, 
since the enactment of Act 54 25-years ago, demonstrate the continued importance of 
Pennsylvania’s underground bituminous coal industry and the need to continue assessment of 
subsidence impacts and associated mitigation and repair.  In 1994, Pennsylvania produced 57.6 
million tons of bituminous coal, 69 % from underground mines (Figure C-5).  In 2017, 
Pennsylvania produced 47.2 million tons, 92 % from underground mines.  These data also show 
that Pennsylvania bituminous coal production fell by 22 % while the underground mining sector 
actually rose by 9 %.  These data suggest that underground bituminous coal mining remains a 
significant industry.  So, when bituminous coal mining creates subsidence impacts, the 
protection of Act 54 for local property owners is as relevant today as it was in 1994. 
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Figure C-5. Pennsylvania coal production with a focus on underground bituminous. 

Data from the U.S. Energy Information Agency rank Pennsylvania 3rd in U.S. coal production.  
Over the last 25-years, the most underground bituminous coal was produced in 1998 with 59.1 
million tons.  Since then coal production has slowly declined.  It is also apparent that bituminous 
surface mining continues to decline, producing just 3.7 million tons of coal in 2017. 

C.3 - Future of Pennsylvania underground bituminous coal 

The amendments to the Act 54 legislation require the “ongoing” compilation of subsidence 
impact data.  While much coal has been mined, there remain approximately 952 million tons of 
recoverable reserves at producing mines and 9,753 million tons of estimated recoverable reserves 
of bituminous underground coal in Pennsylvania (U.S. Energy Information Administration 
2018a, Table 15).  Therefore examination of future coal mining is warranted, to enable better 
planning for ongoing administration of mining regulations.   

Pennsylvania has one of the most important natural energy resources in the world, the Pittsburgh 
Coalbed. It has been mined extensively for over 150 years and there are still considerable 
reserves available for future longwall mining (for more on this subject, see Appendix E).  
Pennsylvania longwall mines are among the most productive in the U.S.  In the absense of 
mining conditions that have the potential to negatively impact any mining operation, e.g. 
abundant natural gas production at historically low prices, Pennsylvania longwall mining 
operations should remain a competitive contributor to electric power generation in our region for 
at least the next 20 years. 
 
Another asset for Pennsylvania is its substantial reserves of high-quality, metallurgical-grade 
coal.  Metallurgical coals are typically low in ash, surfur, and phosphorus and are distinquished 
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from other coals by the strong, low-density coke product produced from them.  Coke is 
important in the steel making process.  Metallurgical coals are often associated with coal rank.  
Typically the medium-to-low rank coals are popular metallurgical grades.  Pennsylvania mines 
extracting Allegheny Formation coalbed found in Armstrong, Cambria, Clearfield, Indiana, 
Jefferson, and Somerset Counties (Section 3.B.6) largely sell their coal as metallurgical grade. 
These operations use the room-and-pillar mining method as it allows for flexible mine design 
over a wide range of extraction heights and overburdens.  The demand for metallurgical coal is 
expected to remain strong over the next decade (U.S. Energy Information Administration, 
2018a). 
 
Lastly, the opportunities for exporting coal are favorable as world consumption of coal is not 
declining.  In fact, with the exception of China and the U.S., other major coal producing 
countries like Australia, Indonesia, and Russia continue to expand production (Figure C-6).  
Under current conditions, the U.S. is exporting 108.5 million tons of coal (U.S. Energy 
Information Administrat, 2018a) or approximately 14 % of its total production.  EIA estimates 
that the U.S. has 22 % of the worlds proven coal reserves, more than Russia (16 %), Australia 
(14 %), China (13 %) and India (9 %). These conditions create the potential for increased future 
demand for export coal. 

In summary, Pennsylvania has significant reserves of coal and possesses a strong longwall 
mining component within the electric generation market as well as a significant capacity to 
supply metallurgical grade coal for steel production.  World demand for U.S. coal has recently 
shown signs of growth and has the potential to increase in the future. 
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Figure C-6. Coal production from the major producing nations. 
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APPENDIX D: Subsidence Effects
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D.1 - Subsidence Associated with Underground Bituminous Coal Mining 

D.1.A - Room-and-Pillar Mining 

Whenever coal is mined by the underground room-and-pillar mining method, an opening in the 
rock is created. Groundwater moving through overlying strata can find its way into these 
openings, creating a loss of groundwater and, if the water discharges from the mine, can create 
acid mine drainage. Also, under-designed pillars can punch into a softer floor rock and 
potentially produce subsidence on the surface.  

D.1.B - Pillar Recovery and Longwall Mining  

Both pillar recovery and longwall mining allow the overlying strata to collapse into the mine 
void, resulting in the formation of a subsidence basin. The strata immediately above the full 
extraction area caves and the broken rock layers fill the void (Figure D-1). Above the cave zone 
is the zone of extensive fracturing. It can extend as much as 20 times the extraction zone height 
in thickness (Figure D-1). Peng (2006) has reported that the zone of extensive fracturing can 
extend from 111 to over 170-ft above Pennsylvania longwall panels. On occasion, persistent 
fractures can extend over much greater distances.  Above this zone, the stratum gently bends into 
the subsidence basin to form the zone of continuous deformation (Figure D-1). 
 

 
Figure D-1. Idealized subsidence basin overlying a portion of a typical longwall panel showing four 

zones (from Peng 2006). Values on the right show the ranges for the thickness of the caved and fracture 
zones as reported by Peng (2006). 

The angle of draw (δ) is defined as the angle formed between the edge of the longwall panel and 
the place on the surface where no measurable subsidence occurs (Figure D-1). The prominent 
bending promotes separations along bedding as the strata moves inward toward the center of the 
subsidence basin. These fractures and bedding plane separations can affect the water-bearing 
strata by altering the groundwater flow path. The zone of groundwater impacts is most 
commonly found within the basin defined by the angle of draw. It outlines the limits of 
deformation associated with the subsidence basin formation (Figure D-1). 
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D.1.C - Formation of Subsidence Basins  

A subsidence basin can be initiated when the extraction zone width-to-overburden ratio exceeds 
0.25 (Peng 1992). In longwall mining, the extraction zone width (panel width) during the 5th 
assessment period ranged from 1,000 to 1,600-ft (Table E-1) while overburden averaged 810-ft 
with a standard deviation of 125-ft (Table 3-11). On average, longwall panels have an extraction 
zone width-to-overburden ratios ranging from 1.2 to 2.0, so well-formed subsidence basin are 
common. These ratios will yield supercritical subsidence basins. 

In pillar recovery mines, full extraction panels are typically 400 to 800-ft wide with overburdens 
averaging 492-ft (Table 3-13), yielding extraction zone width-to-overburden ratios ranging from 
0.8 to 1.6. These ratios will yield a combination of subcritical and supercritical subsidence 
basins.  Therefore, a subsidence basin, with significant vertical deformations (> 1-ft), will 
develop with every longwall and pillar recovery panel mined in Pennsylvania. Furthermore, the 
maximum vertical subsidence is achieved when the extraction zone width-to-overburden ratio 
exceeds 1.0. The maximum vertical subsidence is dependent on the thickness of the extraction 
zone multiplied by a subsidence factor for that coalbed. Subsidence factors are dependent on 
overburden and the characteristics of the overlying strata.  

D.2 - Overburden and Panel Width Influence 

Because general conditions from the past, present, and future are available, subsidence models 
can be used to investigate how changing overburden and panel widths have influenced surface 
impacts.  In conducting this work, the University has used several models to investigate 
Pennsylvania subsidence characteristics.  Of these models, the one with the least number of 
parameters and easiest to apply is the profile function.  Here a profile function is used to simulate 
the formation of a basin from a flat surface.  Profile functions (Peng and Cheng, 1981, Karmis et 
al. 1984, and Peng, 1992) also allow for the indirect evaluation of deformations and strains along 
the surface subjected to basin formation. For example, a hyperbolic tangent function method is 
suitable for simulating conditions associated with a supercritical panel, i.e. longwall panels 
where the width of the panel is greater than the overburden.  Currently, the majority of all 
longwall panels in Pennsylvania are considered supercritical. 

For the analysis below, a hyperbolic tangent function (Equation 1) was used: 

 S(x) = Smax/2 * (1 – tanh ((c * x)/h))    [1} 

 where, S = vertical movement, ft 
  Smax = maximum possible vertical movement, ft 
  c = 8.3 is the coefficient for the Pittsburgh Coalbed,  
  x = distance (ft) from the inflection point (pointing outwards),  
  -x = distance (ft) from the inflection point (pointing inwards), and 
  h = overburden, ft 
 
A key component of the hyperbolic tangent function is the inflection point (Figure D-2). The 
inflection point on a cross-section of the subsidence basin divides the convex and concave 
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portions of the cross-sectional profile. For supercritical panels, it is typically found when the 
vertical movement (S) is one-half of the maximum possible vertical movement (Smax). This is 
the point when the slope of the curve is at its maximum and the curvature is zero. Its location is 
dependent on size of extraction zone and geology of the strata in the overburden.  When 
extraction zone is small, the inflection point can be located over solid coal. As the extraction 
zone grows, the inflection point moves inward towards of the center of the basin. 
 

 

Figure D-2. Parameters important in characterizing a supercritical subsidence basin.  Note, the depth of 
the subsidence basin is exaggerated to allow visualization of the inflection point. Therefore, this figure is 

not to scale. 

Another important parameter is the inflection point offset distance (d) from the edge of the 
mined longwall panel.  Peng (1992) using numerous case histories from Pittsburgh Coalbed 
longwall panels, derived an empirical relationship (Equation 2) between the offset distance (d) 
and overburden (h). 
 
 d = 0.45439*h*e^(-0.000914*h) [Pittsburgh Coalbed]   [2] 
 
Figure D-3 shows the relationship between overburden (h) and the offset distance (d) for the 
Pittsburgh Coalbed. This relationship has been confirmed with observations and measurements 
made by the University. 
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Figure D-3. Relationship between offset distance (d) and overburden (h) for the Pittsburgh Coalbed. 

Applying the above conditions for a 7-ft extraction height, yields a generalized shape for the 
Pittsburgh coalbed subsidence basins.  Figure D-4a shows the vertical movement of a half-width 
subsidence basin for conditions associated with past (low overburden and panel width), current 
(moderate overburden and panel width), and future (high overburden and panel width) longwall 
mining in Pennsylvania. Two conditions are obvious. The overburden and panel width increase, 
the maximum vertical subsidence and the steepness of the subsidence basin sides decrease. 
 

 
Figure D-4. a) vertical movement associated with three different conditions of overburden and panel 

width; and b) slopes of subsidence basins associated with different conditions of overburden and panel 
width. 

The more important of these two conditions is the steepness of the subsidence basin.  Steeper 
sides produce higher slopes (Figure D-4b). Areas of maximum slope represent places on the 
surface where deformations will be the greatest. These data show, when examining the 
permanent subsidence basin, surface impacts are most likely to occur along the sides of the 
subsidence basin. It also implies that, in general, the magnitudes of strains and deformation will 
diminish as overburden and panel width increase.  

D.3 - Impacts during Active Longwall Panel Extraction (Dynamic Subsidence) 

Most surface impacts will occur during panel extraction.  The developing subsidence basin 
produces a wave of deformation that first extends then compresses points on the surface.  As 
discussed above, the transition from tension to compression occurs at the inflection point. The 
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inflection point occurs in a continuous form around the developing dynamic subsidence basin 
(Figure D-5). All points on the surface, between the side inflection points, experience both 
extension then compression. This flexing of the surface has the potential to impact all features 
overlying this portion of the longwall panel. 
 

 
Figure D-5. a) dynamic deformation wave associated with a developing subsidence basin showing the 
position of the inflection line; b) cross-sectional view of the advancing subsidence basin showing the 

tension and compression of the surface.  
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E.1 – Spatial Patterns in Mining During 5th Assessment Period 

The distribution of acres mined in the ten Pennsylvania counties was not uniform. Three 
geological factors responsible for the lack of uniformity were identified in the 4th assessment that 
still apply in the 5th assessment period: 

1. The occurrence of bituminous coal thick enough to be extracted with modern mining 
techniques, 

2. The overburden above the minable coalbed greater than 100-ft but less than 1,200-ft. At 
present there is very little coal mined at depths greater than 1,200-ft in Pennsylvania, and 

3. The coal has sufficient quality to compete in either the electric generation or 
metallurgical markets. 
 

The ten Pennsylvania counties listed in Figure E-1 have all these geological factors but they 
occur in varying quantities and qualities. As a result, Green and Washington Counties, contain 
thick deposits of the Pittsburgh coalbed (nominally 7-ft thick) with acceptable overburdens for 
longwall mining of 600 to 1,000-ft and quality that meets current electric generation 
requirements. The other eight counties mine the Freeport and Kittanning Coalbeds (nominally 4-
ft thick) with acceptable overburdens for room-and-pillar mining of 300 to 600-ft and quality that 
meets metallurgical coal requirements. Greene County had the most mining activity during 5th 
assessment period, with eight active mines. However, five of the active mines were longwall 
mines. The remaining active longwall mines, Enlow Fork and Tunnel Ridge were in Washington 
County which had the second most mining activity occur. The remaining counties had all the 
room-and-pillar mines dispersed over them. These county trends are expected to continue unless 
the fundamental geological factors listed above are changed by mining technology or market 
requirements.  
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Figure E-1 Percentage of Total Area undermined in Pennsylvania during the 5th assessment 

period by county 
 

E.2 - Stratigraphic Influences on Mining (Mining in Different Coalbeds) 

Pennsylvania is the third largest producer of coal in the nation (U.S. Energy Information Agency, 
2019). The coal resources in Pennsylvania are contained within the Pennsylvanian and Permian 
Geological Systems, however in the 5th assessment only coalbeds located in the Pennsylvanian 
System were mined. These strata are from 299 to 318-million years old (U.S. Geological Survey 
Geologic Names Committee 2007) and range in thickness from 1,300-1,500-ft (Edmunds et al. 
1999). The six most commonly mined formation in this region of the Pennsylvanian System 
(Figure E-2): 

 Uniontown-Late Pennsylvanian shales, sandstones, and thin coalbeds 
 Pittsburgh- minable coalbeds, shales, sandstones, and limestones 
 Casselman-claystones, shales, sandstones, and thin limestones 
 Glenshaw-claystones, shales, sandstones, and thin limestones 
 Allegheny- minable coalbeds, shales, claystones, sandstones, and limestones 
 Pottsville- early Pennsylvania shale and sandstones 

4.7%
0.5%
3.3%

3.1%

46.5%
9.4%0.9%

9.2%

22.2%

0.2% Armstrong

Beaver

Cambria

Clearfield

Greene

Indiana

Jefferson

Somerset

Washington

Westmoreland



Effects of Mine Subsidence  2013-2018  University of Pittsburgh 

 
 

E-4 
 

Figure E-2 shows the stratigraphic columns for the two coal bearing formations within 
Pennsylvania. All coalbed mined in the 5th assessment period were part of the Allegheny and 
Pittsburgh formations.   

 
Figure E-2. Stratigraphic sections of the (a) Allegheny and (b) Pittsburgh formations and the 

minable coalbeds contained in them (Edmunds, et al. 1999). 
 
E.2.1 -- Coalbeds Mined 

The complete listing of bituminous coalbeds mined underground in Pennsylvania over the last 15 
years are shown in Table E-1. The Lower Kittanning Coalbed has had the highest number of 
mines (n=42). The Middle Kittanning and Brookville coalbeds have been mined in the 5th 
assessment for the first time in 15 years. Several mines have mined more than one coalbed, i.e. 
Heilwood, Starford, and Crooked Creek 
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Table E-1. Coalbeds with active mines, listed by number and formation. 

Formation Coalbed 
Number of Mines 

3rd 

Assessment 
4th 

Assessment 
5th 

Assessment 

Pittsburgh 
Sewickley 5 4 3 
Pittsburgh 9 7 7 

Allegheny 

Upper 
Freeport 

14 9 10* 

Lower 
Freeport 

2 3 6 

Upper 
Kittanning

8 8 7* 

Middle 
Kittanning

0 0 2 

Lower 
Kittanning

12 15 15* 

Brookville 0 0 1* 
Total 50 46 49 

*Heilwood mined the Lower Kittanning and Brookville coalbeds, and Crooked 
Creek mined the Upper Freeport and Upper Kittanning coalbeds. 

 
Eight coalbeds were actively mined in the 5th assessment period. The longwall mines exclusively 
extracted the Pittsburgh coalbed within the Pittsburgh formation. The Pittsburgh coalbed, unlike 
most of the other minable coalbeds in Pennsylvania, is both persistent in thickness and quality 
over large area of Washington, Greene, Fayette, Westmoreland, and Allegheny Counties. Three 
of the pillar recovery mines extract the Sewickley coalbed in the Pittsburgh formation. All room-
and-pillar mines and one pillar recovery mines extracted the remaining six coalbeds in the 
Allegheny Formation.  
 
The Pittsburgh coalbed lateral consistency in thickness and quality have made it a premier target 
for the longwall mining method (Figure E-3). The Pittsburgh coalbed extracted the highest 
number of acres in all three assessment periods for this reason. Within southwestern 
Pennsylvania, the Pittsburgh coalbed has a consistent thickness averaging 7-ft and ranging from 
0 to 11-ft. The other coalbeds located in the Allegheny formation are not as consistently thick. 
Because of this, the room-and-pillar mining method is preferred over the longwall mining 
method.  
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Figure E-3. The number of mines and acres mined per coalbed. 

 

The range in areas mined during the 5th assessment period is shown in Figure E-4. Enlow Fork, a 
longwall mine, has extracted the largest area and Roytown, a room-and-pillar mine, has extracted 
the smallest area. 
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Figure E-4. Areas mined and coalbeds for all 49 mines for the extent of total mining. It should be 
noted that this only counts areas mined within the state of Pennsylvania, as some mines span 

across state lines. Two mines also appear twice on this chart because they mine two coalbeds.  
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E.3 - Future Mining Trends 

In the Introduction (Section 1) and Appendix C the importance of coal mining in Pennsylvania in 
the past as well as the projected demand for it in the future was discussed. In sections above, the 
dominance of the longwall mines in the Pittsburgh coalbed has been demonstrated. In this 
subsection, the future mining trends within the Pittsburgh coalbed is analyzed specifically as it 
relates to overburden conditions and unmined reserves.  

E.3.1 - Data Collection 

All Pittsburgh coalbed longwall mines active during the 5th assessment period were verified from 
6-month mine maps obtained through the PADEP permit files. The older mines of the Pittsburgh 
coalbed were obtained through the PADEP abandoned mines database found on the 
Pennsylvania Spatial Data Access (PASDA) site. To date, thirteen longwall mines have operated 
since the introduction of longwall mining in the late 1960s.  It should be noted that over 300 
longwall panels were mined in coalbeds other than the Pittsburgh. All of these mines ceased 
operation by the mid-to-late 1990s. The following analysis focuses on the future longwall mining 
in the Pittsburgh coalbed. The University does not have sufficient information available to do a 
similar analysis of future room-and-pillar mining in Pennsylvania. 

E.3.2 - Changes in the Pittsburgh Coalbed 

The outline of the thirteen Pittsburgh coalbed longwall mines is shown in Figure E-5. This figure 
also shows the changes in overburden. The overburden values of the unmined areas should be 
noted because these areas show variable overburden conditions within the 5th assessment periods. 
The northern area of the coalbed has shallower overburden ranging from 100 to 300-ft while the 
southern area has overburden exceeding 1,000-ft. The average overburden in the 5th assessment 
period was previously calculated at 810-ft, which is higher than previous assessment periods. 
The unmined permit areas of the active mines in the 5th assessment period were all located in 
areas of deeper overburden except for the Tunnel Ridge Mine. So as future mining continues the 
operators will encounter deeper overburden (Section E.4.4.).  As overburden increases, stress 
within the surrounding strata and methane content increases. These factors require innovations in 
mining equipment and methods to keep pace with these ever-present hazards. 



Effects of Mine Subsidence  2013-2018  University of Pittsburgh 

 
 

E-9 
 

 
Figure E-5. Map showing the longwall mines in the Pittsburgh Coalbed. The map shows areas 

that have been mined and the unmined permit areas.  
 
E.3.3 - Assumptions 

This analysis of future mining assumes that technology will continue to allow for deeper 
longwall mining, especially for the kinds of overburdens that will occur in the future mining. 
This assumption is backed by the manner in which mining technology has evolved and adapted 
to changing conditions over the last 50 years. Figure E-6 demonstrates this capability by showing 
how longwall panel widths have increased through time. The wider panels are needed to allow 
for a decrease in gate road developments cost and an increase in resource recovery. 
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Figure E-6. How technology advances longwall mining of the Pittsburgh coalbed has influence 

panel width. 
 

The need to increase panel width, and therefore overall size, is sometimes opposed by the 
continuity of the Pittsburgh coalbed. Geologic anomalies like sandstone paleochannels can 
restrict longwall mining. Another issue is landownership. Lastly, panels are also being impacted 
by the placement of existing and planned gas wells.  

E.3.4. - Future Longwall Mining 

The area depicted in green on Figure E-7 is the unmined area of the Pittsburgh coalbed. Using 
the trends established above and assuming that half of the reserves will eventually be mined, 
approximately 50 % of 280,000 acres of Pittsburgh coalbed will be mined in the future.  If this 
reserved is mined at a rate of 3,500 acres/year, approximately 40 years of Pittsburgh coalbed 
longwall mining remains in Pennsylvania.  
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Figure E-7. Location of unmined Pittsburgh coalbed in southwestern Pennsylvania. 

 
During the 4th assessment period there was a predicted 37 years left of mining in the Pittsburgh 
Coalbed. The increase in years of predicted mining from the 4th assessment to the 5th assessment 
can be attributed to the decreased mining rate from the 4th assessment (4,161 acres/year) to the 
5th assessment (3,500 acres/year). The decreased longwall mining rate is because most longwall 
mines have lowered their operating hours over the last 5 years. Mines that were once working 7 
days a week have dropped to operating 5 days a week.   

As mentioned in Section 3.F.2 the unmined permit areas in Figure E-7 are areas of future mining 
typically over a 5-year period. An analysis of the overburden in the unmined permit areas shows 
that the average depth of these areas will be 858-ft (Table E-2). This is a 5 % increase in 
overburden from the 5th assessment period. The maximum overburden value is also a 5 % 
increase from the deepest portion of the Monongalia County Mine in the 5th assessment period. 
So, from this analysis it can be concluded that mining of the Pittsburgh coalbed, and hence the 
longwall mines in Pennsylvania, will occur at greater overburdens during the next assessment. 
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Table E-2. Unmined longwall permit area of the Pittsburgh coalbed overburden statistics. 
Average  858-ft
Max 1364-ft
Min 97-ft
Standard Deviation  220-ft
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Table F-1. SRE report data for released streams evaluated during 5th assessment period including pre-mining monitoring effort as reported in the 

SRE. 

Mine Stream Panel SRE Released?

2-
Years 
of 
Pre-
Data? 

Length of 
Pre-
Monitoring 
(Years) 

Start Pre-
Monitoring

Stop Pre-
Monitoring 

Weekly for 6 
months? (26 
Collections) 

Daily for 2 
weeks? (14 
Collections) 

Cumberland 

Released 

Cumberland UT-41282 LW54-46 1627 Y N 0.27 7/16/2008 10/24/2008 N - 22 N - 1

Cumberland UT-41264 LW49-53 1626 Y N 1.43 2/15/2006 7/24/2007 N - 18 N - 1

Cumberland ST40611 L2 1629 Y N 1.57 6/3/2010 12/27/2011 N - 11 N- 12

Cumberland ST40614  1630 Y N 1.72 7/7/2010 3/25/2012 N - 22 N - 11

Cumberland 
UT-40607-
MR7 LW61-62 1701 Y Y 2.13 6/1/2010 7/18/2012 Y Y 

Cumberland ST40611 L2  1502 Y Y 2.31 8/24/2009 12/16/2011 N - 10 N - 6

Cumberland ST40592 L7 LW60 1631 Y Y 2.55 7/15/2009 1/31/2012
No pre-
mining data

No pre-
mining data 

Cumberland 
UT-40607-
MR8 LW61-62 1701 Y Y 3.21 6/1/2010 8/18/2013 N - 48 N - 10

Cumberland ST40614  1402 Y Y 5.49 9/21/2006 3/18/2012 N - 21 Y 

Cumberland UT-41267 LW49-52 1628 Y Y  
No pre-
mining data

No pre-
mining data 

Cumberland Dyers Fork   1510 Biological data only 0.00 

Cumberland 

Not Released 

Cumberland ST40614  1501 N Y 5.49 9/21/2006 3/18/2012 N - 21 Y 

   
Enlow Fork 

Released 
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Mine Stream Panel SRE Released?

2-
Years 
of 
Pre-
Data? 

Length of 
Pre-
Monitoring 
(Years) 

Start Pre-
Monitoring

Stop Pre-
Monitoring 

Weekly for 6 
months? (26 
Collections) 

Daily for 2 
weeks? (14 
Collections) 

Enlow Fork CrC-9L E18 1622 Y N 0.63 1/23/2008 9/9/2008 Y - 40 N - 2

Enlow Fork CrC-6L E19 1621 Y N 1.15 1/16/2008 3/12/2009 N - 34 N - 2

Enlow Fork CrC-1.5R E20-21 1619 Y N 1.70 1/25/2008 10/7/2009 N - 23 N - 3

Enlow Fork CrC-1.7R E20-21 1625 Y N 1.71 1/30/2008 10/16/2009 Y - 32 N - 2

Enlow Fork ST40945 E16-17 1620 Y N 1.97 2/23/2005 2/12/2007 N - 6 N - 1

Enlow Fork ST40941 E21 1624 Y Y 2.81 1/22/2007 11/12/2009 N - 26 N - 3

Enlow Fork ST33000 F21 1639 Y Y 3.01 1/28/2008 1/31/2011 N - 17 N - 12

Enlow Fork ST40940 E22-23 1637 Y Y 3.23 1/10/2008 4/4/2011 N - 15 N - 3

Enlow Fork 
ST40939-CrC-
1R-01 E21-22 1638 Y Y 3.30 2/20/2007 6/9/2010 N - 23 N - 2

Enlow Fork ST40951 E22-23 1750 Y Y 3.47 1/24/2008 7/13/2011 N - 18 N - 2

Enlow Fork 
ST40949-
TenC-8L-02 E22-24 1749 Y Y 3.56 1/24/2008 8/18/2011 N - 17 N - 1

Enlow Fork TenC-8L,2R,2R E24 1754 Y Y 3.69 1/16/2009 9/24/2012 N - 16 N - 3

Enlow Fork ST32998 F22 1745 Y Y 3.73 2/4/2009 10/28/2012 N  - 28 Y - 14

Enlow Fork 
ST40939-CrC-
1R-05 E21-22 1638 Y Y 4.04 3/19/2007 4/4/2011 N - 14 N - 3

Enlow Fork BufC-9L,1L F23 1743 Y Y 4.17 2/9/2009 4/12/2013 N - 19 N - 2

Enlow Fork 
ST40949-
TenC-8L-01 E22-24 1749 Y Y 4.23 1/24/2008 4/16/2012 N - 23 N - 3

Enlow Fork ST32997 F23 1744 Y Y 4.81 2/10/2009 12/4/2013 N - 19 N - 1

Enlow Fork ST32996 F21-23 1742 Y Y 5.05 2/9/2009 2/27/2014 N - 14 N - 1

Enlow Fork 

Not Released 

Enlow Fork ST40944 E16-20 1729 N N 0.81 1/15/2008 11/5/2008 Y - 53 N - 2

Enlow Fork TemF-25L,1L F16-17 1611 N N 1.16 5/22/2007 7/17/2008 N - 19 N - 9
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Mine Stream Panel SRE Released?

2-
Years 
of 
Pre-
Data? 

Length of 
Pre-
Monitoring 
(Years) 

Start Pre-
Monitoring

Stop Pre-
Monitoring 

Weekly for 6 
months? (26 
Collections) 

Daily for 2 
weeks? (14 
Collections) 

Enlow Fork 
ST32783-
TemF-21L-01 F13-16 1615 N N 1.55 2/18/2004 9/7/2005 N - 10 N - 1

Enlow Fork TemF-33R E19 1614 N N 1.62 1/31/2008 9/14/2009 N - 21 N - 3

Enlow Fork 
Templeton 
Fork-08 F13-19, E22 1612 N N 1.84 1/20/2004 11/23/2005 N - 9 N - 4

Enlow Fork TF21L-1L-2L F18-20 1617 N Y 2.03 5/31/2007 6/9/2009 N - 18 N - 3

Enlow Fork ST40942 E17-19 1728 N Y 2.19 1/30/2006 4/9/2008 N - 11 N - 3

Enlow Fork 
Craft's Creek-
03 E15-20 1623 N Y 2.27 1/23/2007 4/30/2009 N - 30 Y - 14

Enlow Fork 
Craft's Creek-
06 E15-20 1623 N Y 2.46 1/31/2005 7/18/2007 N - 9 N - 1

Enlow Fork 
ST40944-CrC-
4R-01 E16-20 1726 N Y 2.50 1/31/2005 8/1/2007 N - 11 N - 2

Enlow Fork 
Craft's Creek-
02 E15-20 1623 N Y 2.51 2/22/2007 8/25/2009 N - 65 N - 3

Enlow Fork 
Buffalo Creek-
26 F20-28 1741 N Y 2.63 1/28/2008 9/15/2010 N - 19 N - 3

Enlow Fork 
Templeton 
Fork-17 F13-19, E22 1612 N Y 2.64 1/23/2008 9/15/2010 Y - 74 Y - 14

Enlow Fork ST32743 F17-19 1606 N Y 2.66 7/17/2006 3/16/2009 N - 27 N - 3

Enlow Fork ST32739 F17-18 1616 N Y 2.72 2/16/2006 11/4/2008 N - 41 N - 3

Enlow Fork ST32744 F18-20 1607 N Y 2.83 1/23/2007 11/20/2009 N - 39 N - 3

Enlow Fork TenC-10R E24 1755 N Y 2.91 3/19/2009 2/15/2012 N - 16 N - 2

Enlow Fork ST32999 F21 1747 N Y 2.99 2/10/2009 2/6/2012 N - 20 N - 3

Enlow Fork 
ST40943-CrC-
3R-1R01 E21 1727 N Y 3.01 1/8/2007 1/13/2010 N - 21 N - 2

Enlow Fork 
ST40943-CrC-
3R-1R02 E21 1727 N Y 3.01 1/8/2007 1/13/2010 N - 20 N - 1

Enlow Fork TemF-29L F20 1613 N Y 3.09 1/24/2008 2/24/2011 N - 11 N - 2
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Mine Stream Panel SRE Released?

2-
Years 
of 
Pre-
Data? 

Length of 
Pre-
Monitoring 
(Years) 

Start Pre-
Monitoring

Stop Pre-
Monitoring 

Weekly for 6 
months? (26 
Collections) 

Daily for 2 
weeks? (14 
Collections) 

Enlow Fork 
ST32783-
TemF-21L-06 F13-16 1615 N Y 3.13 2/25/2005 4/15/2008 N - 7 N - 3

Enlow Fork ST40950 E23 1752 N Y 3.16 3/23/2009 5/21/2012 N - 21 N - 3

Enlow Fork TenC-8L, 1R E24 1751 N Y 3.17 3/23/2009 5/23/2012 N - 23 N - 2

Enlow Fork 
ST40944-CrC-
4R-02 E16-20 1726 N Y 3.27 1/31/2005 5/8/2008 N - 15 N - 9

Enlow Fork ST32742 F16-18 1610 N Y 3.31 4/11/2005 8/1/2008 N - 20 N - 5

Enlow Fork TemF-28L,2R F20 1609 N Y 3.39 2/21/2008 7/14/2011 N - 25 N - 13

Enlow Fork 
Templeton 
Fork-11 F13-19, E22 1612 N Y 3.43 6/17/2004 11/20/2007 N - 12 N - 1

Enlow Fork TenC-8L,2R,1L E23 1753 N Y 3.47 3/23/2009 9/11/2012 N - 16 N - 2

Enlow Fork ST32745 F19-20 1608 N Y 3.54 1/22/2007 8/6/2010 N - 22 N - 10

Enlow Fork 
Templeton 
Fork-14 F13-19, E22 1612 N Y 3.80 1/30/2006 11/17/2009 N - 37 N - 2

Enlow Fork BufC-11R,1R F22-23 1746 N Y 3.81 2/4/2009 11/28/2012 N - 15 N - 3

Enlow Fork 
Buffalo Creek-
21 F20-28 1741 N Y 4.08 1/20/2010 2/18/2014 N - 23 N - 3

Enlow Fork TenC-12R E24 1756 N Y 4.13 1/27/2009 3/15/2013 N - 20 N - 3

Enlow Fork 
Tenmile Creek-
07 E23-29 1748 N Y 4.85 3/27/2007 1/30/2012 N - 9 N - 3

Enlow Fork 
Tenmile Creek-
09 E23-29 1748 N Y 5.32 2/21/2007 6/16/2012 N - 39 N - 10

Enlow Fork TemF-21L,0.9L F16 1730 N 0.00 

   
Emerald 

Released 

Emerald 
UT-40410-RM-
P1 C1 1632 Y N 1.91 8/19/2010 7/18/2012 Y Y 
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Mine Stream Panel SRE Released?

2-
Years 
of 
Pre-
Data? 

Length of 
Pre-
Monitoring 
(Years) 

Start Pre-
Monitoring

Stop Pre-
Monitoring 

Weekly for 6 
months? (26 
Collections) 

Daily for 2 
weeks? (14 
Collections) 

Emerald 
UT-40410-RM-
T2 C1 1632 Y Y 2.00 7/8/2010 7/8/2012 Y - 35 N - 12

Emerald UT-41239 B1 1702 Y Y 0.00 

Emerald UT-40461-R25 E1 1725 Y 0.00 

Emerald 

Not Released 

Emerald ST40450-SUG2 E1/E2 1802 N N 0.89 7/1/2010 5/23/2011 N - 12 N - 2

Emerald ST40450-SUG1 E1/E2 1802 N N 1.47 7/1/2010 12/21/2011 N - 6 N - 1

   
   

Bailey 

Released 

Bailey ST32567 15I 1732 Y N 1.82 3/31/2010 1/23/2012 N - 24 N - 13

Bailey ST32566 14-15I 1731 Y Y 3.08 7/5/2006 8/3/2009 N - 12 N - 2

Bailey 
ST32532-DF-
19R-07 14H 1514 Y Y 3.15 1/27/2005 3/24/2008 N - 38 N - 2

Bailey ST32554 16I 1739 Y Y 3.41 1/27/2010 6/24/2013 N - 10 N - 10

Bailey 
Strawn Hollow-
01 13-14I 1618 Y Y 3.52 7/25/2006 1/31/2010 N - 22 N - 2

Bailey 
ST32532-DF-
19R-04 14H 1514 Y Y 3.62 5/15/2003 12/28/2006 N - 26 N - 2

Bailey ST32549 10-12I 1515 Y Y 3.66 4/27/2006 12/22/2009 N - 10 N - 12

Bailey ST32545 18H 1737 Y Y 3.75 3/9/2009 12/7/2012 N - 15 N - 10

Bailey 
Strawn Hollow-
02 13-14I 1618 Y Y 4.14 7/25/2006 9/14/2010 N -23 N - 3

Bailey ST32553 15-16I 1738 Y Y 4.42 1/23/2008 6/25/2012 N - 22 N - 2
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Mine Stream Panel SRE Released?

2-
Years 
of 
Pre-
Data? 

Length of 
Pre-
Monitoring 
(Years) 

Start Pre-
Monitoring

Stop Pre-
Monitoring 

Weekly for 6 
months? (26 
Collections) 

Daily for 2 
weeks? (14 
Collections) 

Bailey 
ST32544-BarR-
8R-02 16H 1736 Y Y 4.48 7/28/2006 1/20/2011 N - 12 N - 2

Bailey 
Barney's Run-
03 

11-12I, 16-
17H 1735 Y Y 4.55 7/28/2006 2/15/2011 N - 10 N - 3

Bailey ST32551 15I 1740 Y Y 4.99 7/25/2006 7/22/2011 N - 19 N - 3

Bailey 
ST32543-BarR-
8R-01 16H 1736 Y Y 5.21 6/29/2005 9/15/2010 N - 12 N - 2

Bailey 
Barney's Run-
05 

11-12I, 16-
17H 1735 Y Y 6.28 9/12/2005 12/22/2011 N - 17 N - 2

Bailey 

Not Released 

Bailey ST32596 1-4I 1604 N N n/a 
No Flow 
Data

No Flow 
Data n/a n/a

Bailey 
South Fork 2R-
01 8I 1516 N N 1.19 3/8/2006 5/15/2007 N - 22 N - 3

Bailey 
South Fork 2R-
02 8I 1516 N N 1.27 3/8/2006 6/15/2007 Y - 22 N - 5

Bailey 
ST32539-SoF-
5L-01 9-11I 1,733 N N 1.51 1/26/2006 8/1/2007 N - 20 N - 3

Bailey 
ST32539-SoF-
5L-03 9-11I 1,733 N Y 2.07 2/22/2005 3/19/2007 N - 23 N - 3

Bailey 
ST32539-SoF-
5L-02 9-11I 1,733 N Y 2.44 2/22/2005 8/1/2007 N - 20 N - 3

Bailey ST32546 11I 1734 N Y 2.45 2/22/2006 8/4/2008 N - 18 N - 5

Bailey South Fork-01 7-8, 10-15I 1603 N Y 2.54 2/26/2004 9/12/2006 N - 24 N -2

Bailey South Fork-12 7-8, 10-15I 1603 N Y 2.81 2/17/2009 12/12/2011 N - 27 N - 2

Bailey South Fork-06 7-8, 10-15I 1603 N Y 3.14 2/2/2006 3/25/2009 N - 44 N - 3

Bailey South Fork-09a 7-8, 10-15I 1603 N Y 3.33 1/15/2008 5/17/2011 N - 14 N - 2
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Mine Stream Panel SRE Released?

2-
Years 
of 
Pre-
Data? 

Length of 
Pre-
Monitoring 
(Years) 

Start Pre-
Monitoring

Stop Pre-
Monitoring 

Weekly for 6 
months? (26 
Collections) 

Daily for 2 
weeks? (14 
Collections) 

Bailey 
ST32541-BarR-
01 13H, 11I 1513 N Y 3.77 6/29/2005 4/7/2009 N - 23 N - 3

Bailey 
ST32541-BarR-
02 13H, 11I 1513 N Y 3.59 9/12/2005 4/17/2009 N - 22 N - 2

   
Monongalia County 

Not Released 

Monongalia ST41812 16W 1508 N N 1.08 1/29/2008 2/28/2009 N - 25 N - 2

Monongalia ST41819 16W 1509 N Y 2.23 7/10/2007 9/30/2009 Y - 26 N - 3

Monongalia ST41812 18W 1508 N Y 2.61 6/23/2009 1/31/2012 N - 22 N - 3

Monongalia 
ST41831-
HSW-04 19M 1403 N Y 2.61 1/30/2006 9/8/2008 Y - 38 N - 3

Monongalia 
ST41809-
HSW-02 19M 1404 N Y 2.86 1/30/2006 12/11/2008 N - 25 N - 11

Monongalia 
ST41831-
HSW-05 19M 1403 N Y 3.01 1/30/2006 2/4/2009 Y - 26 N - 2

Monongalia ST41820 15W 1506 N Y 3.18 1/25/2007 3/31/2010 N - 26 Y - 14

Monongalia 
ST41809-
HSW-03 19M 1404 N Y 3.22 1/6/2005 3/27/2008 N - 15 N - 9

Monongalia ST41812 15W 1508 N Y 3.24 1/29/2007 4/28/2010 N - 26 N - 3

Monongalia ST41819 15W 1509 N Y 3.32 1/30/2007 5/26/2010 Y - 36 N - 3

Monongalia ST41826 17-20W 1504 N Y 3.37 1/17/2008 5/31/2011

No pre-
mining flow 
data

No pre-
mining flow 
data

Monongalia ST41819 14W 1509 N Y 3.55 8/7/2007 2/22/2011 N - 17 N - 3

Monongalia ST41820 14w 1506 N Y 3.79 1/25/2007 11/11/2010 Y - 73 N - 3

Monongalia ST41812 17W 1508 N Y 3.80 7/10/2007 4/27/2011 N - 25 N - 3

Monongalia ST41819 17W 1509 N Y 4.14 7/10/2007 8/31/2011 Y - 26 N - 3
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Mine Stream Panel SRE Released?

2-
Years 
of 
Pre-
Data? 

Length of 
Pre-
Monitoring 
(Years) 

Start Pre-
Monitoring

Stop Pre-
Monitoring 

Weekly for 6 
months? (26 
Collections) 

Daily for 2 
weeks? (14 
Collections) 

Monongalia ST41819 18W 1509 N Y 5.47 7/10/2007 12/28/2012 N - 24 N - 2

Monongalia 
ST41809-
HSW-01 19M 1404 N Y N/A N/A N/A

No pre-
mining data

No pre-
mining data 

Monongalia ST41813 13W 1507 N Y
N/A N/A 

N/A
No pre-
mining data

No pre-
mining data 

   
Harmony 

Not Released 

Harmony Patchin Run n/a 1512 N Y
No pre-
mining data

No pre-
mining data 

   
Mine 84 

Released 

Mine 84 
ST40829-
HSW-01 6B 1401 Y N 1.85 8/25/2003 6/29/2005 N - 6 N - 1

Mine 84 
ST40829-
HSW-02 6B 1401 Y Y 2.61 11/21/2002 6/30/2005 N - 7 N - 2

Mine 84 

Not Released 

Mine 84 
ST40824-
BrR12 6B 1505 N Y 0.19 1/12/2006 3/24/2006 N - 7 N - 3

Mine 84 
ST40824-
BrR13 6B 1505 N Y 0.19 1/12/2006 3/24/2006 N - 7 N - 3

Mine 84 
ST40824-
BrR14 6B 1505 N Y 0.19 1/12/2006 3/24/2006 N - 7 N - 3

Mine 84 
ST40824-
BrR15 6B 1505 N Y 0.19 1/12/2006 3/24/2006 N - 7 N - 3
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Each SRE report data set with flow data is presented as follows in Appendix F.  Two pages are meant to 
be examined in book format (i.e., Page F-12 and F-13 are a pair, etc.): 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mine – Release Status 

SRE and Stream Name 

Map 

Monitored segment in red 

Pre‐mining 

 

Post‐mining 

 

Flow Time Series 

Log Transform Flow Time Series 

(‐1 indicates no flow) 

Distribution of Flows 

Distribution of Sample Dates 
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Bailey Mine – Not Released 
SRE 1513 BarR-01 
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G.1 - Case Study:  Hydrologic Monitoring Data in Stream Recovery Evaluation in Crafts 

Creek 

As outlined in Section 7, groundwater and surface water are tightly coupled in terms of 
hydrologic balance, so an impact to one following subsidence will affect the other. However, in 
the Stream Recovery Evaluation (SRE) reports provided to the University, hydrologic 
monitoring report (HMR) groundwater data or other groundwater data are not used to evaluate 
flow recovery.  Here, the University examines several SRE reports to demonstrate how 
groundwater data are used and further, how they might be used. 

PADEP technical guidance document number 563-2000-655 (TGD) “Surface Water Protection – 
Underground Bituminous Coal Mining Operations” requires submission of mining plans prior to 
mining. For full extraction mining, mining plans should consider all undermined streams at risk 
for potential flow loss. The TGD recommends that flow in these streams be measured monthly 
beginning 2 years prior to undermining; weekly “commencing six months prior to undermining 
the area of concern.”; and daily measurements “commencing two weeks prior to undermining” of 
the stream. After mining, if flow loss is not detected, measurements should continue “until the 
longwall face has progressed a distance equal to the cover thickness beyond the area of concern.”  
However, if flow loss occurs, the TGD requires “daily observations or measurements 
commencing from the date of the observed loss and continuing until flow fully recovers or is 
fully restored or until underground mining operations are determined not to be the cause of the 
problem.” In either case, weekly measurements for six months after the conclusion of daily 
monitoring are also required.  

G.1.A - Crafts Creek (Unnamed Tributaries 40942, 40943, and 40944) 

This case study focuses on three streams over the Enlow Fork Mine, all “unnamed” tributaries 
(UNT) of Crafts Creek: 40942, 40943, and 40944 (Figure G-1). These streams were chosen due 
to their location in state game lands and the potential for follow up examinations based on data 
analyses described here.  Stream recovery evaluation reports, SRE report numbers 1727, 1728, 
and 1729 were submitted to the PADEP on 5/17/2017 describing stream recovery on these 
streams. None of these tributaries were released. In the SRE reports, recovery was primarily 
evaluated based on four monitoring points: CRC-4R, 2R located at the mouth of UNT 40944, 
CRC-3R-01at the mouth of UNT 40942, and CRC-3R,1R-01/CRC-3R,1R-02 located near the 
mouth of UNT 40943 just above its confluence with UNT 40942 (Figure G-1).  

These three tributaries to Crafts Creek were undermined between 2008 and 2011. Stream 
recovery evaluation reports included measurement of pre- and post-mining stream discharges. 
Flow was not measured during augmentation. Unnamed tributary 40942 has a drainage area of 
372 acres as reported in SR1729, UNT 40943 has a drainage area of 73 acres, and UNT 40944 
has the smallest drainage area of 48 acres.  For this analysis the monitored flows provided in the 
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SRE reports (in gpm) were normalized by the drainage areas associated with each tributary and 
have been converted to inches per day. As the University evaluated the SRE report data 
provided, two things were examined: The distribution of measurements over the course of a year 
and the flow record.   

 

 

Figure G-1. The three monitored tributaries of Crafts Creek and their monitoring points as reported in 
SRE reports 1727, 1728, and 1729. The larger basin is the entire Craft Creek watershed. Monitoring 

point locations were provided in the SRE reports. 

 

G.1.A.1 - UNT 40942 

Unnamed tributary 40942 is the largest stream reported in the SRE reports discussed here. 
Unnamed tributary 40942 was undermined between 03/2008 by panel E17 and 02/2011 by panel 
E21. Monitoring station CRC-3R-01, located on longwall panel E17, was undermined on 4/2008. 
Pre-mining measurements were recorded from 1/30/2006 until 4/9/2008 and post-mining stream 
flow records began on 2/8/2011 and ended 12/26/2016.  For this stream, daily measurements 
were not provided in the SRE report for the pre-mining period.  Weekly measurements were only 
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provided for three and a half months prior to mining.  Moreover, there is a five-month data gap 
between July 2007 and January 2008. These monitoring periods do not seem to follow the 
guidance provided in TGD 563-2000-655.  

Technical guidance defines the hydrological dimension of stream recovery as, “restoring flow to 
the normal range of conditions.”  Comparison of pre- and post-mining flows must account for 
systematic variation in hydrologic conditions over the course of the year.  In general, in 
southwestern Pennsylvania there is more water in streams during the fall and winter when 
evapotranspiration is a less important process.  Therefore, if pre-mining monitoring data sets 
heavily sample summer and fall low flows and post-mining data sets heavily sample winter and 
spring low flows, a part of the observed differences in ranges may be due to seasonal variation in 
low flow.  Ideally, comparison of pre- and post-mining flows should rely on samples collected 
from similar seasonal distributions. 

For UNT 40942, flow measurement distributions sample distinct seasonal samples in the pre- 
and post-mining periods (Figure G-2). During pre-mining monitoring, late winter, spring, and 
mid-summer months (i.e., January, February, March, June, July) were measured more often.  In 
contrast, during post-mining monitoring, discharge measurements were collected more often 
during spring and fall (i.e., peaks in April and October). Monitoring station CRC-3R-01 recorded 
low flow periods in both pre- and post-mining periods but limited pre-mining data makes a clear 
comparison a challenge. At this monitoring station, there are 33 pre-mining measurements that 
have been taken in contrast to 135 post-mining measurements.  

 

G.1.A.2 - UNT 40943 

Unnamed tributary 40943 is a tributary of UNT 40942 with two monitoring points. Monitoring 
point CRC-3R-1R01 is located at the mouth of the tributary on panel E20 while CRC-3R-1R02 
is located approximately 660 feet upstream between panels E20 and E21 (Figure G-5).  
According to SRE report 1727, this stream was undermined between 03/2010 and 11/2010. Pre-

Figure G-2. Distribution of stream flow measurements over the course of a year at CRC-3R-0.1 
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mining measurements were recorded from 1/8/2007 until 1/13/2010 and post-mining stream flow 
records began on 1/18/2010 and continued until 12/27/2016. Pre-mining data for UNT 40943 
were sampled disproportionately in June and July while the post mining measurements were 
relatively evenly spaced over the years (Figure G-3). Flow measurements in UNT 40943 stopped 
2 months prior to the stream being undermined. Pre-mining measurements were taken up until 
01/13/2010. The map provide in SRE report 1727 shows that the drainage area, outlined in red in 
Figure G-5, for tributary 40943 was not undermined until 2/8/2010. This gap in measurements 
does not follow TGD 563-2000-655 guidelines. 

 

At monitoring station CRC-3R-1R01 there are substantial variations in the low flow values prior 
to mining (Figure G-4). Further, there were only 6 no-flow events captured in the pre-mining 
data. Post-mining data shows this segment of the tributary experienced a significant increase in 
dry periods with 78 % of measurements recording no flow zero values. No flow values were 
converted to 0.0001-in/day for display purposes on the logarithmic scale. The pre- and post-
mining flow data at CRC-3R-1R02 (Figure G-6) have fewer no flow measurements post-mining 
relative to CRC-3R-1R01 (Figure G-4). Still, this segment shows consistent periods of no flow 
with 46 % of measurements recorded as dry. Monitoring station CRC-3R-1R02 is located 
between panels while CRC-3R-1R01 is located in the middle of panel E20. The SRE report also 
suggests construction activity 140 feet upstream of CRC-3R-1R01 could contribute to flow loss 
but does not offer supporting evidence for this possibility.  

Stream recovery evaluation report 1727 states that grouting occurred prior to 10/2013 and 
possibly again prior to 12/2017. It however does not specify when exactly grouting and 
augmentation took place. More details about grouting such as injection density, amount of 
cement used, etc. and exact dates of grouting are helpful for assessing hydrologic recovery in the 
SRE reports. 

Figure G-3. Monthly count of when stream flow measurements were recorded at monitoring locations CRC-
3R-1R01 and CRC-3R-1R02. 
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Figure G-4. Monitoring station CRC-3R1R01 pre- and post-mining flow data normalized in in/day, lower 
panels with a log transformed y scale. The two values circled in red represent abnormally high flow 

events that occurred on 5/1/09 (0.51 in/day) and 5/4/09 (0.7409 in/day). 

 

 

Figure G-5. Tributary 40943 face positions as reported by Civil & Environmental Consultants Inc in 
SRE report 1727.
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Figure G-6. CRC-3R1R02 pre- and post-mining flow data normalized in in/day, lower panels with log 10 
transformed y axis. 

 

G.1.A.3 - UNT 40944 

Unnamed tributary 40944 is a 1st order stream tributary of a 3rd order stream that flows into Craft 
Creek. This segment was undermined between 6/2008 and 12/2009 by panels E17 and E18. Pre-
mining observations were made between 1/15/2008 and 11/25/2008. Post-mining observations 
were made between 5/29/2009 and 12/27/2017.  Pre-mining flow data were only recorded in 
2008 and has a relatively large number of measurements taken in the summer (Figure G-7). Post-
mining flow data were relatively evenly distributed with the exception of large number measured 
in August which had 23 data points recorded, approximately twice the number of samples 
collected in every other month. A heave was grouted in 2009 and augmentation last occurred in 

Figure G-7. Distribution of stream flow measurements over the course of a year at CRC-4R-2R. 
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May 2011. Unnamed tributary 40944 has remained consistently dry, other than during apparent 
storm flows, since augmentation was stopped.  

One interesting aspect of this record is the apparent change in stream flow between pre-mining in 
July 2008 (Figure G-8) and prior measurements. Periods between July 2008 and November 2008 
are considered “pre-mining”.  However, the changes observed in July correspond with the 
passing of the face along the E17 panel on the southern portion of the tributary where monitoring 
point CRC-4R-2R is located (Figure G-9). The face position map provided in SRE report 1729 
shows this location as undermined in late June of 2008. The reduced flow observed in CRC-4R-
2R occurs roughly a month after the face passed and six months before the E18 panel 
undermined the reach. Given there is less than a year of pre-mining data, the University was 
unable to determine if this is a regular annual pattern in flow.  However, the post-July 2008 data 
appears to be more similar to post-mining data than the other pre-mining data. This suggests that 
24 of the 68 pre-mining measurements were recorded while UNT 40944 was potentially 
impacted by subsidence from E17.  It appears that the no flow period in UNT 40944 beginning in 
July 2008 may have lost flow during mining of the E17 panel and likely should be considered 
post-mining flow. 

        

 

 

 

 

Figure G-8. CRC-4R-2R pre- and post-mining flow data normalized in in/day, lower panels with log 10 
transformed y axis. 
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G.1.B - The Role of Precipitation in Observed Flows  

Daily precipitation values were evaluated to constrain the flow data presented in the SRE reports 
and evaluate the role of the water budget on stream flow conditions.  Figure G-10 shows the 
locations of the precipitation (USC00361377) monitoring station used in this analysis. To 
compare the daily precipitation data to the SRE periods of record, the average precipitation of the 
10 days before a flow measurement was taken were calculated (Figure G-11). Sampling dates 
used to calculate these averages consist of pre- and post-mining dates recorded in SRE report 
1727. Stream recovery evaluation report 1727 was chosen because this report has the most pre- 
and post-mining measurements combined.  

Precipitation averages are similar during pre- and post-mining periods (Figure G-11). The post-
mining data have approximately 0.011 in/day more precipitation in the 10-day period before 
sampling. Thus, rainfall differences did not strongly impact stream flow and likely increased 
post-mining flows.  

 

 

Figure G-9. Tributary 40944 face positions as reported by Civil & Environmental Consultants Inc in 
SRE report 1729. 
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Figure G-10. Locations of precipitation and temperature gauging stations used to calculate the averages. 
for precipitation. 

Figure G-11. Distribution of average precipitation for ten days prior to sampling events both pre- 
and post-mining data in SRE report 1727. 
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G.1.C - Hydrologic Monitoring Reports and Stream Recovery Evaluation in Crafts Creek  

G.1.C.1 - Crafts Creek Surface Water HMRs 

Hydrologic monitoring report surface water data from the 4th and 5th (Figure G-12) were 
compared with results reported in the SRE report. These comparisons were not a part of the SRE 
reports, but serve to help evaluate the role of HMR data in hydrologic assessment (Figures G-13 
to G-17). Hydrologic conditions were measured once per quarter at each monitoring station 
throughout both the 4th and 5th assessment periods. Here, null stream flow values were either 
removed or treated as zero depending on the comments provided in the HMR document. If there 
was no additional information provided by the measurement or “ND” implying No Data was 
recorded then the measurement for that day was removed. If the stream was noted as “Dry” or 
experiencing “No Flow” the measurement was treated as a zero.  

 

Figure G-12. Locations of the HMR monitoring stations within the Crafts Creek watershed in relation 
to the SRE monitoring stations and extent of mining discussed in this case study. 
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Data on background hydrologic conditions allow evaluation of flow loss reported in SRE reports 
in the context of the larger basin, and therefore a more regional groundwater influence. 
Monitoring stations SW-35 and SW-36 are located on mainstem Crafts Creek. Monitoring 
station SW-35 is closer to the SRE report sites (Figure G-12). A total of 53 stream flow 
measurements were taken between 2007 and 2017 at SW-35. Mining occurred along panels E-18 
and E-19 between 2008 and 2009. Flux is examined to evaluate changes in dissolved yields 
before and after mining activity (Figure G-13). If deeper, saltier groundwater sources contribute 
to surface water flow as a result of changes driven by subsidence, it should be reflected in the 
flux of dissolved materials out of the basin.  Flux, reported in milligram dissolved solids per 
second, was calculated by multiplying the total dissolved solids (TDS) and stream flow rate in 
liters per second. Empty spaces on the flux plot are due to either missing data on dissolved solids 
for that date or no discharge for that date. The timing of undermining in Crafts Creek results in 
minimal pre-mining data which limits before/after evaluation of the HMR data.  However, 
impacts do not seem to accumulate during mining or change substantially after mining. 

Hydrologic monitoring station SW-36 is located downstream of SW-35 on Crafts Creek. 
Monitoring station UNT 40938-D1 is located on Crafts Creek downstream of hydrologic 
monitoring stations SW-36, UNT 40939-D1, UNT 40939-U1 (Figure 12). There is no TDS data 
supplied at UNT 40938-D1 during the pre-mining period.  In this case the University used the 
specific conductance data to estimate TDS (TDS (mg/l) = 0.45 x SC (μmho /cm)). Hydrologic 
monitoring station UNT40939-U1 is located on tributary 40939 upstream from UNT40939-D1. 
Though this location was not undermined, mining near the location occurred between 2010 and 
2012. No TDS values were provided for UNT 40939-U1 and UNT 40939-D1 so TDS was 
instead calculated from specific conductance. Hydrologic monitoring station UNT 40939-D1 is 
located downstream of UNT 40939-U1 and has similar flow patterns to UNT 40939-U1. The 
HMR data do not indicate substantial changes in flow or dissolved flux before and after mining 
at the regional scale. Together, these HMR points seem to indicate relatively minor changes at 
the regional scale in water and chemical flux. 
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Figure G-13. Stream flow and water chemistry values recorded at HMR monitoring station SW-35.  Basin normalized flow (in/day) is 
shown in both linear and log 10 scale.  The TDS values and total dissolved flux (mg/sec) are shown in the lower panels. The straight 

red lines indicate the duration the stream was undermined. 
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Figure G-14. Stream flow and water chemistry values recorded at HMR monitoring station SW-36.  Basin normalized flow (in/day) is shown 
in both linear and log 10 scale.  The TDS values and total dissolved flux (mg/sec) are shown in the lower panels. The straight red lines 

indicate the duration the stream was undermined. 
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Figure G-15. Stream flow and water chemistry values recorded at HMR monitoring station UNT40938-D1.  Basin normalized flow (in/day) is 
shown in both linear and log 10 scale.  The TDS values and total dissolved flux (mg/sec) are shown in the lower panels. The straight red lines 

indicate the duration the stream was undermined. 
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Figure G-16. Stream flow and water chemistry values recorded at HMR monitoring station UNT40939-U1.  Basin normalized flow (in/day) is 
shown in both linear and log 10 scale.  The TDS values and total dissolved flux (mg/sec) are shown in the lower panels. The straight red lines 

indicate the duration the stream was undermined. 
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Figure G-17. Stream flow and water chemistry values recorded at HMR monitoring station UNT40939-D1.  Basin normalized flow (in/day) is 
shown in both linear and log 10 scale.  The TDS values and total dissolved flux (mg/sec) are shown in the lower panels. The straight red lines 

indicate the duration the stream was undermined. 
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G.1.C.2 - Crafts Creek Groundwater HMRs 

More central to an understanding of the impacts of mining on groundwater than surface water 
observations are the monitoring of groundwater elevations.  Four wells/piezometers that were 
monitored throughout both assessments are located within the Crafts Creek watershed. Figures 
G-18 through G-21 display time series plots of changes in depth to water level and dissolved 
solid concentrations for each location throughout the 4th and 5th assessments. Total dissolved 
solids were calculated from specific conductance using the same method used to calculate TDS 
for surface water monitoring stations as described in G.1.C.1.  

Monitoring stations PZ-KD and PZ-ID are located approximately 482 feet apart between 
longwall panels E19 and F18 (Figure G-12). Although neither of these piezometers were 
undermined, panels E19 and F18 were mined between 2008-2009 and 2009-2010. Measurements 
at PZ-ID ceased after 4/9/2011 due to the destruction of the piezometer. Three of the four 
piezometers (PZ-KD, PZ-ID, and PZ-HD) are located outside the boundaries of the longwall 
mining panels. Piezometer PZ-KD is located approximately 1,647 feet from longwall panel E21 
which was completed in March 2011. 

 

 

 

 

Figure G-18. Depth to water level and estimated TDS values recorded at HMR piezometer station PZ-ID.  
This piezometer was destroyed by subsidence impacts in 2011 and not replaced, so evaluation of post 

mining conditions is not possible. 
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Water table elevations decrease in both piezometers PZ-HD and PZ-KD during the first quarter 
of 2017 (Figures G-19 and G-20 respectively). These decreases in groundwater elevation on the 
same date (2/8/2017) are however difficult to interpret when compared to the rest of the record.  
Changes in groundwater of hundreds of feet generally occur and recover more slowly.  If field 
equipment was malfunctioning, these two piezometers, roughly 3.8 miles apart, would likely 
both be affected.  Similar low depth to water levels were reported between the 2nd quarter of 
2012 and the 2nd quarter of 2013 in PZ-HD (Figure G-19). It is not clear what these low depth to 
water values mean, but without complete documentation of QA/QC measures a field equipment 
malfunction cannot be ruled out.   However, if the drops in PZ-HD are subsidence impact 
related, there is not a corresponding change in surface waters (Figures G-13 to G-17).  

 

 

Figure G-19. Depth to water level and estimated TDS values recorded at HMR piezometer station PZ-HD. 
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Well 872-W1 is located to the southeast of PZ-HD and PZ-ID, just inside of panel E-18 which 
was completed in 2009 (Figure G-12). During undermining measurements were not recorded. 
Well 872-W1 shows an implausible water elevation with a depth to water level of 1,107 feet. 
This is followed by a length of dry periods beginning after the first quarter of 2009. The low 
water elevation is likely a case where the static water elevation is recorded as the depth to water 
at the time of measurement. The overburden under this well is only ~710 ft thick. This means 
that the well would be deeper than the coal seam, which would be an impractical design for a 
well that was designed to measure subsidence effects. 

G.1.D - Crafts Creek Water Supply Losses 

As a final piece of information, the University attempted to identify water supply losses near 
these streams.  However, upon consultation of BUMIS, it was determined that the water supplies 
in this area were some of those with non-unique identification, as described in the 4th assessment 
report (Tonsor et al., 2014).  Given this ambiguity, the University does not present these data 
here.  However, use of these data, when available, may provide additional insight into the 
impacts on groundwater.  

 

Figure G-20. Depth to water level and estimated TDS values recorded at HMR piezometer station PZ-KD. 
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G.1.E - Crafts Creek Case Summary 

This case focuses on three impacted but unreleased undermined streams over the Enlow Fork 
Mine and attempts to use a broader set of available data to evaluate groundwater impacts and 
their role in flow loss in surface waters. In general, the HMR data, sampled at a monthly interval 
were not particularly useful.  The infrequent sampling makes evaluation of points that do deviate 
hard to diagnose.  In addition, there seems to be QA/QC problems with data, as implausible data 
values are included in the records (e.g., 872-W1).  In other cases, piezometers that were 
destroyed near the time of undermining were not replaced, making comparison of pre- and post-
mining conditions impossible to compare. 

The HMRs do allow the potential to examine changes in water contributions to surface waters. 
Changes in TDS can indicate a change in groundwater source to the stream, or if observed in 
groundwater data, dominant flow paths.  However, in these cases, once discharge variability is 
factored in with the flux calculation, quarterly fluxes in dissolved solids seem relatively 
consistent.  Likewise, with the exception of two or three isolated points, TDS in groundwater is 
consistent throughout the HMRs and changes in dissolved solids do not seem to be temporally 
associated with mining activity.   

 

 

Figure G-21. Depth to water level and estimated TDS values recorded at HMR piezometer station 
872-W1.
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G.2 - Case Study:  Hydrologic Monitoring Data in Stream Recovery Evaluation in Pursley 
Creek 

Stream recovery evaluation reports 1501 and 1503 were submitted to the PADEP on 12/19/2014 
and describes the recovery of two “unnamed” tributaries (UNT) of Pursley Creek: 40614 and 
40592-L7 over the Cumberland Mine (Figure G-21).  Neither of these reports resulted in the 
release of the tributaries. In SRE report 1501, recovery was primarily evaluated based on 
monitoring point PC-T3. Stream recovery evaluation report 1503 does not use flow data but 
rather uses the proportion of flowing water in the reach. Given that the vast majority of SRE 
reports relied on flow data this record is distinct and not considered in the remainder of this case. 

These two tributaries, UNT 40614 and UNT 40592-L7, were undermined between 2011 and 
early 2013 (Figure G-21). Stream recovery evaluation report 1501 included measurement of pre- 
and post-mining stream discharges and specified periods of augmentation (Figure G-23). The 
monitored flow values provided in SRE report were normalized by the drainage areas and are 
plotted as inches per day.    

Figure G-22. UNT 40614 and UNT 40592-L7, tributaries to Pursley Creek over Cumberland.  Recovery 
evaluated in SRE reports 1501 and 1503. 
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G.2.A - UNT 40614 

This case illustrates the frequency and distribution of hydrologic data collected to assess stream 
recovery in the Pursley Creek watershed. Unnamed tributary 40614 was undermined between 
6/21/11 and 6/28/2011 by panel LW-59 (Figure G-22). The tributary was undermined again 
between 3/19/2012 and 4/18/2012 by panel LW-60. Monitoring station PC-T3 is located between 
panels LW-60 and LW-60A and was not undermined by a longwall panel (Figure G-22). For this 
case, measurements before 6/21/11 will be considered “pre-mining” and measurements after 
4/18/2012 will be considered “post-mining.” Flow measurements were similarly distributed over 
the course of the years (Figure G-23). Both monitoring periods have proportionally more 
measurements in the early summer months and do not seem strongly biased in season of 
collection. Daily measurements for both pre-mining periods (before and after LW-59 was 
undermined and before and after LW-60 was undermined) met requirements set by TGD. 
Weekly measurements were also taken leading up to daily measurements and continued 
following undermining.  

 

 

  

Stream recovery evaluation report 1501 included detailed information on mitigation efforts.  
Grouting occurred between 6/20/2012 and 10/5/2012 with approximately 1,200 feet of the 
channel mitigated. During mitigation, 1,246 boreholes were drilled, 225 bags of cement, and 25 
bags of bentonite were consumed. Manual bedload removal was performed along areas with 
excess alluvium (exceeding 24 inches in thickness) and where grouting was completed. Flow 
augmentation was provided from 6/18/2012 through 7/2/2012. No further augmentation was 
performed per landowner request on August 2012. The landowner additionally requested 
discontinuation of any further mitigation activity along this stream on 4/3/2014.  

 

Figure G-23. Distribution of sampling events at PC-T3 on UNT 40614 over the course of a year 
during pre- and post-mining periods. 
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G.2.B - Hydrologic Monitoring Reports and Stream Recovery Evaluation in Pursley Creek  

Hydrologic monitoring data from HMR points in the Pursley Creek watershed were analyzed to 
evaluate broader hydrologic changes in surface and groundwater throughout the watershed. 
Surface water flow was measured quarterly at several locations near PC-T3 (Figure G-25). 
Hydrologic conditions over the Enlow Fork Mine were measured once per quarter at each 
monitoring station throughout both the 4th and 5th assessment periods. When analyzing these 
data, null stream flow values were either removed or treated as zero depending on the comments 
provided in the HMR documents. Measurements were removed if additional information about 
the measurement was not provided, “ND” implying No Data was recorded, or a monitoring 
station was unable to be measured. If the stream was noted as “Dry” or experiencing “No Flow” 
the measurement was also treated as a zero. The suite of reported measurements for these HMRs 
included: Alkalinity, pH, Se, Br, Cl, nitrate, nitrite, sulfate, Ba, Mg, K, Na, and Sr. In the HMRs 
for these points, TDS and/or conductivity was not reliably reported. As a result, the dissolved 
solid fluxes were not included in plots for this case study.  

 

 

Figure G-24. PC-T3 pre- and post-mining flow data normalized in in/day, lower panel with log 10 
transformed y axis. Flow data provided in SR1501 as gpm normalized via drainage area for tributary 40614. 
The orange line represents periods where the stream was undermined by longwall mining, the grey line shows 
when augmentation occurred, and the purple dashed line shows when mitigation such as grouting took place. 
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G.2.B.1 Pursley Creek Surface Water HMRs 

Monitoring stations S-74, S-75, and S-76 are located along Pursley Creek (Figure G-25). Pursley 
Creek flows toward the north with S-76 being located upstream of S-75 and both located 
upstream of S-74.  Measurements at these locations were taken between 2010 and 2015 (Figures 
G-26 to G-28). Panels 62- 59 were mined between 2012 and 2014. Flow decreases at monitoring 
points S-74 and S-75 during or briefly after undermining. Flow returns to levels observed before 
mining within three to nine months (Figure G-26 and G-27).  Monitoring point S-76 appears 
relatively unaffected. This suggests a sensitivity to disturbance in these smaller watersheds. More 
precise timing information is however not possible given the frequency of HMR observations.  
In addition, insight about changes in water source are hard to infer given the suite of chemical 
parameters reported for these stations. 

 

 

 

 

Figure G-25. Locations of the HMR stations within the Pursley Creek watershed near SRE monitoring 
stations PC-T3. 
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Figure G-26. Stream flow recorded at monitoring station S-74 in both normalized (in/day) and log 10 scale. 
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Figure G-27. Stream flow recorded at monitoring station S-75 in both normalized (in/day) and log 10 scale. 
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Figure G-28. Stream flow recorded at monitoring station S-76 in both normalized (in/day) and log 10 scale. 
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G.2.B.2 - Pursley Creek Groundwater HMRs 

In addition to the surface water monitoring stations, there are two groundwater hydrologic 
monitoring points reported for this area (Figure G-25). Water levels and specific conductance 
were observed at 3121-W1 and 3121-W3 for relatively short periods (Figures G-29 and G-30). 
Monitoring point 3121-W3 was described as “collapsed” in the 4th assessment.  Monitoring point 
3123-W3 was also installed in the area but it was destroyed prior to the beginning of the 4th 
assessment. There is no TDS data supplied at these stations during the pre-mining period. 
However specific conductance is provided in μmho/cm for the two local piezometers (3121-W1 
and 3121-W3). Specific conductance data were used to estimate TDS (TDS (mg/l) = 0.45 x SC 
(μmho /cm)). Finally, BUMIS cases of water loss in the 4th assessment near these streams were 
examined and all cases were resolved in agreements.  The resultant terse documentation limits 
their use in clarifying groundwater impacts. 

G.2.C – Pursley Creek Summary 

Groundwater data for these Pursley Creek cases are extremely limited.  Hydrologic groundwater 
monitoring points were not replaced after they were damaged.  Water supply impacts and 
mitigation are not documented once agreements have been made.  In this case the surface water 
HMR data does suggest a regional impact.  However, the parallel changes in groundwater 
conditions cannot be evaluated.
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Figure G-29. Depth to water level and estimated TDS values recorded at HMR piezometer station 3121-W1.  This piezometer has been 
unmeasurable since 1st quarter of 2013, so evaluation of post mining conditions is not possible. 
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Figure G-30. Depth to water level and estimated TDS values recorded at HMR piezometer station 3121-W3.  This piezometer has been 
unmeasurable since 1st quarter of 2013, so evaluation of post mining conditions is not possible.
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H.1 - Comparisons among gages in the USGS Stream Gage Network 

Available USGS data vary among gaging stations and can include stage, instantaneous discharge 
(15-minute interval), and daily averages. Daily discharge data (the average of all the streamflow 
data for the day) are used for comparisons among the gages in this analysis. Averaging daily data 
smooths storm responses if flow varies over periods shorter than a day (i.e., the storm flow peak 
is smoothed across the day). However, flow loss impacts are most important at low flows, and 
analytical approaches should be sensitive at low flows. The USGS gaged watersheds draining 
southwestern Pennsylvania range in size from <1 square mile to 4440 square mile (Table 8-2). 
This large range in drainage area makes comparisons of simple discharge difficult as bigger 
drainage areas, by definition, produce bigger flows. Therefore, the daily discharge data for each 
stream gage (https://waterdata.usgs.gov/nwis) were normalized, dividing the discharge by the 
watershed area to produce water yields and enable “apples to apples” comparisons among 
streams. 

From the USGS discharge records, the University compared gages to select gage records 
representative of regional streamflow. Each gage yield was systematically compared to the other 
gages. For each gage pair, daily yield values were plotted against each other and compared with 
the one to one line. If precipitation is uniform across both watersheds and the hydrology of the 
watershed is similar, the yield in both basins should be similar and therefore plot near the one to 
one line (Figure H-1A). Individual points that deviate from this one to one line are cases where 
flow in one basin is either lower or higher than the comparison gage. For example, data plotting 
above the one to one line indicate that yield in South Fork Tenmile Creek is proportionately 
higher than Job Creek at low flows (Figure H-1B).  

Deviation from the one-to-one line can occur as a result of both natural and human-made factors. 
For example, dams and other flow control measures that maintain flow in a stream can lead to 
enhanced base flows as storm flow is captured and released slowly according to management 
plans. Differences in watershed land-use can also alter streamflow patterns, as impervious 
surfaces such as roads can accelerate runoff. Natural factors such as the size of the aquifers 
feeding low flows can lead to differences in yield. Larger aquifer systems store more water and 
can sustain larger and more stable yield longer than streams fed by smaller perched and strata 
aquifers. 

Each small watershed in the USGS network (<10 sq. mi in Table 8-2) was compared against the 
other small watersheds (Table H-1). Gages were evaluated based on the slope of the data fit and the 
strength of association (R2) value. Job Creek (avg. slope = 0.68) and South Fork Dunkard Creek 
(avg. slope = 0.58) had substantially smaller low flows when compared with the other small 
basin gages (Table H-1). Given this, gage records with relatively higher low flows were chosen 
to be conservative in subsequent analysis as use of lower flow streams in comparison with 
impacted streams would obscure impacts. The Fonner Run flow record was noisy relative to the 
other stream gages (avg. R2=0.64). Therefore, the gages the University chose as representative 
of regional small drainage water conditions are Unnamed tributary to Dog Run (avg. slope = 
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0.88, avg. R2=0.72) and Dunkle Run (avg. slope =1.06, avg. R2=0.70). Middle Wheeling Creek 
(avg. slope =0.61, R2=0.79) was also considered but its average slope deviated further from one 
than Unnamed tributary to Dog Run (“Dog Run”) and Dunkle Run. 

A B 

 

Figure H-1. A) Showing data plotting close to the one to one line B) Showing data that deviates from the 
one to one line. Note that this deviation occurs in the low flows. 

However, these small basin gages were established as part of a special study and therefore only 
active for portions of the 5th assessment period (these gages were established in 2014 and 
ceased data collection beginning in 2017). Thus, they can only be used during this period and 
cannot be applied to future or historical HMR data.  To expand this range, the University 
compared the selected small gage records with the longer USGS stream gage records collected 
in larger streams and rivers to select the best comparative long gage record for evaluation of 
HMR data.  This allows evaluation of HMR data during periods where small basin gage data 
are not available.  

The Dunkle Run and Dog Run records were compared to the stream gages in the five larger 
catchments (Table H-2). The Monongahela yield was larger than the Dunkle Run yield (slope 
=0.59, R2 = 0.42) and larger than the Dog Run yield at low flows (slope=0.56, R2=0.53). These 
differences in yield are likely due to the navigation dams on the Monongahela and resultant 
larger yields at low flows. So, the Monongahela gage is not a good comparison for undermined 
streams.   
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Table H-1. Fit statistics from pair wise comparisons of USGS small basin gages. Grey boxes are those 
selected as gage records for comparison with HMR data (Dunkle Run and Unnamed Tributary to Dog 

Run). 

Gage Fonner 
Run 

 

Dunkle 
Run 

 

Unnamed 
Tributary 

to Dog 
Run 

Job 
Creek 

 

South 
Fork 

Dunkard 
Creek 

 

Middle 
Wheeling 

Creek 

Fonner 
Run 

 

      

Dunkle 
Run 

 

S=0.55 
R2=0.63 
I=-3.25 

     

Unnamed 
Tributary 

to Dog 
Run 

S=0.96 
R2=0.62 
I=-0.53 

S=1.023 
R2=0.79 
I=-1.57 

    

Job 
Creek 

 

S=0.78 
R2=0.59 
I=-1.62 

S=1.30 
R2=0.62 
I=1.95

S=1.13 
R2=0.65 
I=0.89

   

South 
Fork 

Dunkard 
Creek 

 

S=0.83 
R2=0.54 
I=-1.23 

S=1.55 
R2=0.64 
I=3.83 

S=1.23 
R2=0.59 
I=1.58 

S=1.03 
R2=0.87 
I=0.24 

  

Middle 
Wheeling 

Creek 

S=0.71 
R2=0.74 
I=-2.14 

S=1.12 
R2=0.77 
I=0.75

S=0.90 
R2=0.76 
I=-0.76

S=0.64 
R2=0.75 
I=-2.7

S=1.36 
R2=0.74 
I=0.57

 

 

Next, Wheeling Creek at Elm Grove and Wheeling Creek near Majorsville gages were 
compared with Dunkle Run and Dog Run. Given that these gages are both on Wheeling Creek, 
the fits are not independent and could be biased by the similarity in flow. To avoid potential 
bias, the University did not use the Wheeling Creek gage records. 

The Dunkard Creek and South Fork Tenmile Creek which had comparable statistics when 
compared with the small basins. While either are probably applicable, South Fork Tenmile 
Creek (avg. slope = 0.98, avg. R2 = 0.81) was selected rather than Dunkard Creek (avg. slope = 
0.96, avg. R2 = 0.77) as it had an average slope that was closer to one and a stronger fit. 
Therefore, the South Fork Tenmile Creek record is used as the comparison yield datasets for 
evaluation of HMR records during periods where small basin data are not available. 
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Table H-2. Comparison of Dunkle Run and Unnamed Tributary of Dog Run to regional large stream 
and river records. 

Large Drainage Dunkle Run Unnamed Tributary of Dog Run 

Monongahela River 
S=0.59 
R2=0.42 
I=-2.92

S=0.56 
R2=0.53 
I=-3.08 

Wheeling Creek at Elm Grove 
S=0.99 
R2=0.80 
I=-0.15

S=0.82 
R2=0.78 
I=-1.30 

Wheeling Creek near Majorsville 
S=0.96 
R2=0.70 
I=-0.39

S=0.86 
R2=0.76 
I=-1.03 

Dunkard Creek 
S=0.89 
R2=0.62 
I=-0.9

S=0.81 
R2=0.69 
I=-1.46 

South Fork Tenmile Creek 
S=0.93 
R2=0.71 
I=-0.77

S=0.81 
R2=0.72 
I=-1.54 

 

H.2 - Comparison of HMR Data with USGS Stream Gage 

The HMR points vary widely in area drained.  Therefore, just as with the USGS gages, all HMR 
discharges were converted to yields.  To determine HMR point drainage area, HMR points were 
plotted and matched to the nearest flow accumulation line derived from the 10-meter DEMs.  As 
noted in the 4th assessment report, this requires a laborious QA process, (electronic submission of 
HMR point locations would simplify the following process).  Given the detail provided in the 
SRE reports (e.g., Figure G-5) it is apparent the mining operators already track this data for 
impacted stream monitoring points. 
 
To infer changes in yield at the HMRs and evaluate the subsidence impacts on groundwater 
storage, the yield ratio was used.  The yield ratio is the HMR yield for a specific day divided by 
the USGS yield in the appropriate reference stream on that day. These ratios were calculated for 
HMR points. Monitoring points were primarily selected in watersheds undermined during the 5th 
assessment period or downstream of areas undermined during the 5th assessment period.   
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Table I-1. A list of all flow loss impacts to streams that occurred during the 5th assessment 
period. 

Mine Panel Stream Flow Loss Length (ft) 
Bailey 3L Trib 32620 to North Fork Dunkard Fork 1259 
Bailey 2L Trib 32620 to North Fork Dunkard Fork 1129 
Bailey 4L Trib 32618 to North Fork Dunkard Fork 895 
Bailey 3L Trib 32618 to North Fork Dunkard Fork 1972 
Bailey 2L Trib 32618 to North Fork Dunkard Fork 1158 
Bailey 1L Trib 32618 to North Fork Dunkard Fork 610 
Bailey 4L Whitethorn Run 911 
Bailey 1L Whitethorn Run 2176 
Bailey 2L Whitethorn Run 441 
Bailey 3L Whitethorn Run 1926 
Bailey 4L Trib 32605 to North Fork Dunkard Fork 1573 
Bailey 5L Trib 32605 to North Fork Dunkard Fork 561 
Bailey 1L Polen Run 43 
Bailey 3L Polen Run 66 
Bailey 4L Polen Run 479 
Bailey 2L Polen Run 40 
Bailey 2L Kent Run 572 
Bailey 2L Trib 32554 to Hewitt Run 1885 
Bailey 2L Trib 32545 to Barneys Run 718 
Bailey 5L UNT to North Fork Dunkard Fork 1155 
Bailey 2L UNT to Kent Run 452 
Bailey 2L UNT to Polen Run 1406 
Bailey 2L UNT to Polen Run 820 
Bailey 4L UNT to North Fork Dunkard Fork 1128 
Bailey 2L UNT to 32620 559 
Bailey 5L UNT to North Fork Dunkard Fork 1492 
Bailey 3L UNT to Polen Run 597 
Bailey 3L UNT to 32618 503 
Bailey 5L UNT to North Fork Dunkard Fork 783 

Cumberland LW-62 Pursley Creek 2631 
Cumberland LW-63 Trib 41741 to Tustin Run 718 
Cumberland LW-64 Trib 41741 to Tustin Run 1695 
Cumberland LW-66 Trib 41736 to Bells Run 1488 
Cumberland LW-66 Trib 41735 to Bells Run 976 
Cumberland LW-63 Trib 41740 to Tustin Run 215 
Cumberland LW-64 Bells Run 1905 
Cumberland LW-65 Bells Run 1433 
Cumberland LW-63 Bells Run 273 
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Mine Panel Stream Flow Loss Length (ft) 
Cumberland LW-68 Trib 41639 to Roberts Run 1454 
Cumberland LW-67 Trib 41639 to Roberts Run 864 
Cumberland LW-68 Trib 41639 to Roberts Run 312 
Cumberland LW-67 Roberts Run 366 
Cumberland LW-63 Tustin Run 408 
Cumberland LW-67 Trib 41638 to Roberts Run 120 
Cumberland LW-67 Trib 41638 to Roberts Run 70 
Cumberland LW-62 UNT to 40615 1918 
Cumberland LW-65 UNT to 41741 1252 
Cumberland LW-64/65 UNT to Bells Run 1821 
Cumberland LW-68 UNT to 41639 665 

Emerald LW-D1 Trib 40449 to South Fork Tenmile Creek 935 
Emerald LW-D1 Trib 40447 to South Fork Tenmile Creek 614 
Emerald LW-D2 Trib 40448 to South Fork Tenmile Creek 1403 
Emerald LW-D1 Trib 40448 to South Fork Tenmile Creek 1541 
Emerald LW-D2 Jackson Run 665 

Enlow Fork E-29 Trib 40959 to Tenmile Creek 117 
Enlow Fork E-27 Trib 40955 to Tenmile Creek 1010 
Enlow Fork E-27 Trib 40955 to Tenmile Creek 200 
Enlow Fork E-27 Trib 40954 to Tenmile Creek 720 
Enlow Fork E-26 Trib 40953 to Tenmile Creek 1996 
Enlow Fork E-25 Trib 40952 to Tenmile Creek 1888 
Enlow Fork E-25 Trib 40948 to Tenmile Creek 547 
Enlow Fork E-25 Trib 40948 to Tenmile Creek 688 
Enlow Fork E-26 Trib 40947 to Tenmile Creek 1113 
Enlow Fork E-25 Trib 40947 to Tenmile Creek 884 
Enlow Fork E-27 Trib 40936 to Tenmile Creek 185 
Enlow Fork E-25 Tenmile Creek 9 
Enlow Fork E-25 Tenmile Creek 4 
Enlow Fork E-25 Tenmile Creek 43 
Enlow Fork F-23 Trib 32997 to Buffalo Creek 625 
Enlow Fork F-27 Trib 32994 to Buffalo Creek 360 
Enlow Fork F-25 Trib 32992 to Buffalo Creek 283 
Enlow Fork F-26 Trib 32990 to Buffalo Creek 16 
Enlow Fork F-23 Trib 32987 to Sawhill Run 792 
Enlow Fork F-23 Trib 32987 to Sawhill Run 275 
Enlow Fork F-22 Trib 32987 to Sawhill Run 175 
Enlow Fork F-23 Trib 32987 to Sawhill Run 112 
Enlow Fork F-25 Trib 32986 to Sawhill Run 365 
Enlow Fork F-24 Trib 32986 to Sawhill Run 993 



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 
 

I-4 
 

Mine Panel Stream Flow Loss Length (ft) 
Enlow Fork F-26 Trib 32985 to Sawhill Run 458 
Enlow Fork F-26 Trib 32984 to Sawhill Run 1091 
Enlow Fork F-25 Trib 32984 to Sawhill Run 2932 
Enlow Fork F-27 Trib 32983 to Sawhill Run 612 
Enlow Fork F-26 Trib 32983 to Sawhill Run 294 
Enlow Fork F-26 Trib 32983 to Sawhill Run 187 
Enlow Fork F-28 Trib 32981 to Buffalo Creek 695 
Enlow Fork F-28 Trib 32980 to Buffalo Creek 168 
Enlow Fork F-28 Trib 32979 to Buffalo Creek 402 
Enlow Fork F-28 Trib 32979 to Buffalo Creek 120 
Enlow Fork E-24 UNT to Tenmile Creek 504 
Enlow Fork E-24 UNT to Tenmile Creek 604 
Enlow Fork E-24 UNT to Tenmile Creek 1651 
Enlow Fork F-23 UNT to 32991 423 
Enlow Fork F-23 UNT to 32996 294 
Enlow Fork F-23 UNT to 32996 621 
Enlow Fork F-24 UNT to 32991 1822 
Enlow Fork F-24 UNT to 32991 575 
Enlow Fork F-26 UNT to 32994 1005 
Enlow Fork F-23 UNT to Sawhill Run 1419 
Enlow Fork F-23 UNT to Sawhill Run 512 
Enlow Fork F-24 UNT to Sawhill Run 1250 
Enlow Fork F-24 UNT to Sawhill Run 303 
Enlow Fork F-27 UNT to Sawhill Run 390 
Enlow Fork F-28 UNT to Buffalo Creek 520 
Enlow Fork E-29 UNT to 40959 737 
Enlow Fork E-29 UNT to 40956 925 
Enlow Fork E-28 UNT to Tenmile Creek 329 
Enlow Fork E-28 UNT to Tenmile Creek 797 
Enlow Fork E-27 UNT to 40955 393 
Enlow Fork E-25 UNT to Tenmile Creek 679 
Enlow Fork E-25 UNT to Tenmile Creek 577 
Enlow Fork E-25 UNT to 40957 871 
Enlow Fork E-27 UNT to 40936 1179 
Enlow Fork E-27 UNT to 40955 414 
Enlow Fork E-27 UNT to 40955 188 
Enlow Fork F-24 UNT to Buffalo Creek 1293 
Enlow Fork F-25 UNT to Buffalo Creek 1126 
Enlow Fork F-24 UNT to Buffalo Creek 2270 
Enlow Fork F-27 UNT to Buffalo Creek 228 
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Mine Panel Stream Flow Loss Length (ft) 
Enlow Fork F-27 UNT to Buffalo Creek 1163 
Enlow Fork F-27 UNT to 32994 1003 
Enlow Fork E-27 UNT to 32993 386 
Enlow Fork E-27 UNT to 40954 724 
Enlow Fork E-26 UNT to 40953 617 
Enlow Fork E-27 UNT to Tenmile Creek 1269 
Enlow Fork E-26 UNT to Tenmile Creek 1098 
Enlow Fork F-26 UNT to Sawhill Run 338 
Enlow Fork F-23 UNT to 32996 335 
Enlow Fork E-26 UNT to 32993 297 
Enlow Fork E-25 UNT to 40957 629 
Enlow Fork F-25 UNT to Buffalo Creek 424 
Enlow Fork -- -- --* 

Harvey 4-A Trib 40574 to Browns Creek 2449 
Harvey 2-A Trib 40567 to Browns Creek 2063 
Harvey 3-A Trib 40566 to Browns Creek 27 
Harvey 2-A Trib 40565 to Browns Creek 5193 
Harvey 2-A Trib 40565 to Browns Creek 133 
Harvey 1-A Trib 40562 to Patterson Creek 1379 
Harvey 3-A Trib 40561 to Patterson Creek 1662 
Harvey 2-A Trib 40561 to Patterson Creek 425 
Harvey 1-A Trib 40552 to Patterson Creek 1264 
Harvey 2-A Patterson Creek 2057 
Harvey 2-A UNT to Patterson Creek 52 
Harvey 1-A UNT to Patterson Creek 444 
Harvey 3-A Patterson Creek 627 

Monongalia Co. 20-W Trib 41823 to Blockhouse Run 1503 
Monongalia Co. 13-W Roberts Run 441 
Monongalia Co. 12-W Trib 41814 to Roberts Run 682 
Monongalia Co. 12-W Roberts Run 524 
Monongalia Co. 20-W Trib 41826 to Blockhouse Run 388 
Monongalia Co. 19-W Trib 41823 to Blockhouse Run 617 
Monongalia Co. 20-W Trib 41834 to toms Run 216 
Monongalia Co. 19-W UNT to 41834 243 
Monongalia Co. 20-W UNT to 41834 1314 

 

*Exact length and location of flow loss was not recorded 
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Table I-2. A list of all pooling impacts to streams that occurred during the 5th assessment period. 

Mine  Panel  Stream Name 

Length of 
Pooling 

Impact (ft) 
Gate Cut 

Required? 
Bailey 2L Polen Run 72 no 
Bailey 1L Whitethorn Run 60 no 
Bailey 5L North Fork Dunkard Fork 692 yes 
Bailey 2L Whitethorn Run 308 yes 
Bailey 5L North Fork Dunkard Fork 448 yes 

Cumberland LW-66 Bells Run 258 no 
Cumberland LW-65 Tustin Run 130 no 
Cumberland LW-65 Bells Run 286 no 
Cumberland LW-67 Roberts Run 1642 yes 
Cumberland LW-68 Roberts Run 1198 yes 
Cumberland LW-67 Trib 41639 to Roberts Run 265 yes 
Cumberland LW-66 Trib 41740 to Tustin Run 141 yes 
Cumberland LW-66 Tustin Run 169 yes 
Cumberland LW-65 Trib 41740 to Tustin Run 257 no data 

Emerald LW-D1 Trib 40449 to South Fork Tenmile Creek 130 no 
Emerald LW-D2 Trib 40448 to South Fork Tenmile Creek 83 no 
Emerald LW-D2 Jackson Run 410 yes 
Emerald LW-D1 Jackson Run 288 yes 

Enlow Fork F-25 Buffalo Creek 559 yes* 
Enlow Fork E-26 Tenmile Creek 226 yes 
Enlow Fork E-27 Tenmile Creek 574 yes 
Enlow Fork E-28 Tenmile Creek 676 yes 
Enlow Fork E-29 Tenmile Creek 485 yes 
Enlow Fork F-26 Buffalo Creek 713 yes 
Enlow Fork F-27 Buffalo Creek 769 yes 
Enlow Fork F-28 Buffalo Creek 1253 yes 
Enlow Fork E-25 Tenmile Creek 1448 yes 
Enlow Fork F-23/24 Buffalo Creek 664 yes 
Enlow Fork F-24 Buffalo Creek 624 yes 

Harvey  2-A Trib 40561 to Patterson Creek  104 no 
 
*As of August 2018, no property access for mitigation 
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Table J-1. Pre- and post-mining wetland data for Bailey Mine. All data are from the most recent permit renewal. 

Wetland Name 

 Pre-mining acreage Post-mining acreage Change in acreage 

Panel Total PEM PSS Total PEM PSS Total PEM PSS 

Bailey-20D 13I 0.075 0.075 0.206 0.206 0.131 0.131 0

Bailey-21D 13I 0.101 0.101 0.131 0.131 0.03 0.03 0

Bailey-23D 13I 0.001 0.001 0.013 0.013 0.012 0.012 0

Bailey-24D 13I 0.033 0.033 0.004 0.004 -0.029 -0.029 0

Bailey-27D 13I 0.089 0.089 0 0 -0.089 -0.089 0

Bailey-32D 13I 0.067 0.067 0.02 0.02 -0.047 -0.047 0

Bailey-38D 13I 0.042 0.042 0.026 0.026 -0.016 -0.016 0

Bailey-39D 13I 0.008 0.008 0.004 0.004 -0.004 -0.004 0

Bailey-45D 13I 0.031 0.031 0.022 0.022 -0.009 -0.009 0

Bailey-41E 13I 0.015 0.015 0.015 0.015 0 0 0

PM-Bailey-11A 13I 0 0.124 0.124 0.124 0.124 0

PM-Bailey-12A 13I 0 0.151 0.151 0.151 0 0.151

Bailey-22D 14I 0.019 0.019 0.014 0.014 -0.005 -0.005 0

Bailey-29D 14I 0.018 0.018 0.004 0.004 -0.014 -0.014 0

Bailey-30D 14I 0.071 0.071 0.002 0.002 -0.069 -0.069 0

Bailey-37D 14I 0.046 0.046 0.046 0.046 0 0 0

Bailey-40D 14I 0.059 0.059 0.033 0.033 -0.026 -0.026 0

Bailey-43D 14I 0.035 0.035 0.073 0.073 0.038 0.038 0

Bailey-44D 14I 0.05 0.05 0.011 0.011 -0.039 -0.039 0

Bailey-18D 15I 0.1 0.1 0.058 0.058 -0.042 -0.042 0

Bailey-19D 15I 0.007 0.007 0.006 0.006 -0.001 -0.001 0

Bailey-25D 15I 0.003 0.003 0.006 0.006 0.003 0.003 0

Bailey-26D 15I 0.001 0.001 0.054 0.054 0.053 0.053 0

Bailey-28D 15I 0.034 0.034 0.013 0.013 -0.021 -0.021 0

Bailey-29D 15I 0.02 0.02 0.049 0.049 0.029 0.029 0

Bailey-31D 15I 0.086 0.086 0.078 0.078 -0.008 -0.008 0
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Bailey-33D 15I 0.071 0.071 0.025 0.025 -0.046 -0.046 0

Bailey-34D 15I 0.017 0.017 0 0 -0.017 -0.017 0

Bailey-35D 15I 0.026 0.026 0.011 0.011 -0.015 -0.015 0

Bailey-36D 15I 0.006 0.006 0.002 0.002 -0.004 -0.004 0

Bailey-46D 15I 0.009 0.009 0 0 -0.009 -0.009 0

Bailey-8E 15I 0.038 0.038 0 0 -0.038 -0.038 0

Bailey-9E 15I 0.087 0.087 0.068 0.068 -0.019 -0.019 0

Bailey-10E 15I 0.019 0.019 0 0 -0.019 -0.019 0

Bailey-11E 15I 0.015 0.015 0 0 -0.015 -0.015 0

Bailey-12E 15I 0.089 0.089 0.012 0.012 -0.077 -0.077 0

Bailey-13E 15I 0.005 0.005 0.003 0.003 -0.002 -0.002 0

Bailey-14E 15I 0.002 0.002 0.013 0.013 0.011 0.011 0

Bailey-16E 15I 0.011 0.011 0.003 0.003 -0.008 -0.008 0

Bailey-17E 15I 0.008 0.008 0.009 0.009 0.001 0.001 0

Bailey-64E 15I 0.162 0.162 0.033 0.033 -0.129 -0.129 0

Bailey-65E 15I 0.028 0.028 0.036 0.036 0.008 0.008 0

Bailey-66E 15I 0.007 0.007 0.024 0.024 0.017 0.017 0

Bailey-67E 15I 0.044 0.044 0.027 0.027 -0.017 -0.017 0

PM-Bailey-13A 15I 0 0.012 0.012 0.012 0.012 0

Bailey-47D 16I 0.01 0.01 0 0 -0.01 -0.01 0

Bailey-48D 16I 0.004 0.004 0.003 0.003 -0.001 -0.001 0

Bailey-49D 16I 0.041 0.041 0.3 0.3 0.259 0.259 0

Bailey-43E 16I 0.014 0.014 0.003 0.003 -0.011 -0.011 0

Bailey-44E 16I 0.026 0.026 0 0 -0.026 -0.026 0

Bailey-46E 16I 0.013 0.013 0.206 0.206 0.193 0.193 0

Bailey-47E 16I 0.012 0.012 0.012 0.012 0 0 0

Bailey-48E 16I 0.005 0.005 0.003 0.003 -0.002 -0.002 0

Bailey-49E 16I 0.001 0.001 0.021 0.021 0.02 0.02 0

Bailey-50E 16I 0.015 0.015 0.05 0.05 0.035 0.035 0
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Bailey-51E 16I 0.021 0.021 0 0 -0.021 -0.021 0

Bailey-52E 16I 0.012 0.012 0 0 -0.012 -0.012 0

Bailey-53E 16I 0.018 0.018 0.01 0.01 -0.008 -0.008 0

Bailey-54E 16I 0.009 0.009 0 0 -0.009 -0.009 0

Bailey-55E 16I 0.01 0.01 0 0 -0.01 -0.01 0

Bailey-56E 16I 0.027 0.027 0.02 0.02 -0.007 -0.007 0

Bailey-57E 16I 0.195 0.098 0.097 0.079 0.04 0.039 -0.116 -0.058 -0.058

Bailey-58E 16I 0.008 0.008 0 0 -0.008 -0.008 0

Bailey-59E 16I 0.005 0.005 0 0 -0.005 -0.005 0

Bailey-60E* 16I 0.038 0.038 no data  no data

Bailey-61E 16I 0.036 0.036 0 0 -0.036 -0.036 0

Bailey-62E 16I 0.002 0.002 0.001 0.001 -0.001 -0.001 0

Bailey-68E 16I 0.014 0.014 0.017 0.017 0.003 0.003 0

Bailey-69E 16I 0.018 0.018 0.007 0.007 -0.011 -0.011 0

Bailey-70E 16I 0.004 0.004 0.003 0.003 -0.001 -0.001 0

Bailey-71E 16I 0.053 0.053 0.008 0.008 -0.045 -0.045 0

Bailey-73E 16I 0.005 0.005 0 0 -0.005 -0.005 0

Bailey-74E 16I 0.003 0.003 0.007 0.007 0.004 0.004 0

Bailey-84E 16I 0.025 0.025 0.052 0.052 0.027 0.027 0

Bailey-85E 16I 0.019 0.019 0.072 0.072 0.053 0.053 0

Bailey-89E 16I 0.029 0.029 0.025 0.025 -0.004 -0.004 0

Bailey-90E 16I 0.067 0.067 0.005 0.005 -0.062 -0.062 0

Bailey-100E 16I 0.016 0.016 0 0 -0.016 -0.016 0

PM-Bailey-21A 16I 0 0.004 0.004 0.004 0.004 0

PM-Bailey-26B 16I 0 0.109 0.109 0.109 0.109 0

Bailey-32E 15H 0.082 0.082 0 0 -0.082 -0.082 0

Bailey-33E 15H 0.049 0.049 0.019 0.019 -0.03 -0.03 0

Bailey-34E 15H 0.05 0.05 0.044 0.044 -0.006 -0.006 0

Bailey-35E 15H 0.019 0.019 0.005 0.005 -0.014 -0.014 0
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Bailey-36E 15H 0.165 0.165 0.127 0.127 -0.038 -0.038 0

Bailey-37E 15H 0.066 0.066 0.068 0.068 0.002 0.002 0

Bailey-38E 15H 0.069 0.069 0.012 0.012 -0.057 -0.057 0

Bailey-40E 15H 0.001 0.001 0.001 0.001 0 0 0

Bailey-42E 15H 0.017 0.017 0.014 0.014 -0.003 -0.003 0

Bailey-92A/112E 16H 0.419 0.419 0.576 0.576 0.157 0.157 0

Bailey-93A 16H 0.073 0.073 0.03 0.03 -0.043 -0.043 0

Bailey-94A 16H 0.064 0.064 0.047 0.047 -0.017 -0.017 0

Bailey-104E 16H 0.03 0.03 0.016 0.016 -0.014 -0.014 0

Bailey-105E 16H 0.014 0.014 0.036 0.036 0.022 0.022 0

Bailey-110E 16H 0.118 0.118 0.044 0.044 -0.074 -0.074 0

Bailey-111E 16H 0.017 0.017 0.028 0.028 0.011 0.011 0

Bailey-116E 16H 0.009 0.009 0.002 0.002 -0.007 -0.007 0

Bailey-119E 16H 0.017 0.017 0.013 0.013 -0.004 -0.004 0

Bailey-120E 16H 0.146 0.146 0.104 0.104 -0.042 -0.042 0

Bailey-17D 17H 0.017 0.017 0.034 0.034 0.017 0.017 0

Bailey-21E 17H 0.182 0.182 0.107 0.107 -0.075 -0.075 0

Bailey-106E 17H 0.024 0.024 0.04 0.04 0.016 0.016 0

Bailey-107E 17H 0.008 0.008 0.011 0.011 0.003 0.003 0

Bailey-108E 17H 0.077 0.077 0.054 0.054 -0.023 -0.023 0

Bailey-109E 17H 0.055 0.055 0.047 0.047 -0.008 -0.008 0

Bailey-113E 17H 0.129 0.129 0.092 0.092 -0.037 -0.037 0

Bailey-115E 17H 0.046 0.046 0 0 -0.046 -0.046 0

Bailey-117E 17H 0.171 0.171 0.174 0.174 0.003 0.003 0

Bailey-118E 17H 0.069 0.069 0.022 0.022 -0.047 -0.047 0

Bailey-16D 18H 0.06 0.06 0.034 0.034 -0.026 -0.026 0

Bailey-15E 18H 0.259 0.259 0.31 0.31 0.051 0.051 0

Bailey-18E 18H 0.213 0.213 0.26 0.26 0.047 0.047 0

Bailey-19E 18H 0.005 0.005 0.01 0.01 0.005 0.005 0



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 
 

J-6 
 

Bailey-20E 18H 0.035 0.035 0.004 0.004 -0.031 -0.031 0

Bailey-22E 18H 0.024 0.024 0.02 0.02 -0.004 -0.004 0

Bailey-79E 18H 0.004 0.004 0 0 -0.004 -0.004 0

Bailey-86E 18H 0.164 0.082 0.082 0.12 0.12 -0.044 0.038 -0.082

Bailey-87E 18H 0.117 0.059 0.058 0.133 0.133 0.016 0.074 -0.058

Bailey-88E 18H 0.006 0.006 0.007 0.007 0.001 0.001 0

Bailey-97E 18H 0.012 0.012 0.012 0.012 0 0 0

PM-Bailey-25B 18H 0 0.014 0.014 0.014 0.014 0

Bailey-65D 19H 0.003 0.003 0 0 -0.003 -0.003 0

Bailey-72D 19H 0.146 0.146 0.227 0.227 0.081 0.081 0

Bailey-73D 19H 0.022 0.022 0.029 0.029 0.007 0.007 0

Bailey-74D 19H 0.162 0.162 0.3 0.3 0.138 0.138 0

Bailey-75D 19H 0.031 0.031 0.079 0.079 0.048 0.048 0

Bailey-76D 19H 0.028 0.028 0.337 0.337 0.309 0.309 0

Bailey-78E 19H 0.038 0.038 0.037 0.037 -0.001 -0.001 0

Bailey-80E 19H 0.01 0.01 0.008 0.008 -0.002 -0.002 0

Bailey-81E 19H 0.009 0.005 0.004 0.001 0.001 -0.008 -0.005 -0.003

Bailey-82E 19H 0.013 0.013 0.013 0.013 0 0 0

Bailey-95E 19H 0.046 0.046 0.015 0.015 -0.031 -0.031 0

Bailey-96E 19H 0.086 0.086 0 0 -0.086 -0.086 0

Bailey-98E 19H 0.008 0.008 0.012 0.012 0.004 0.004 0

Bailey-103E 19H 0.071 0.071 0.162 0.162 0.091 0.091 0

PM-Bailey-23A 19H 0 0.03 0.03 0.03 0.03 0

PM-Bailey-24A 19H 0 0.039 0.039 0.039 0.039 0

PM-Bailey-27B 19H 0 0.022 0.022 0.022 0.022 0

TOTAL   6.167 5.964 0.241 6.46 6.269 0.191 0.293 0.305 -0.05
 

*No property access, could not conduct post-mining survey, pre-mining acreage not included in total 
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Table J-2.  Pre- and post-mining wetland data for Cumberland Mine. All data are from the most recent permit renewal. 

Wetland Name 

 Pre-mining acreage Post-mining acreage Change in acreage 

Panel Total PEM PSS PFO POW Total PEM PSS PFO POW Total PEM PSS PFO POW 

W02DAM41916 LW-63 0 0.012 0.012  0.012 0.012 0 0 0

W03GMM41916 LW-63 0 0.015 0.015  0.015 0.015 0 0 0

W02ABK70617 LW-64 0 0.218 0.196 0.011 0.011 0.218 0.196 0.011 0.011 0

W03ABK70617 LW-64 0 0.14 0.14  0.14 0.14 0 0 0

W04ABK70617 LW-64 0 0.063 0.044 0.003  0.016 0.063 0.044 0.003 0 0.016

W01SHD70717 LW-64 0 0.011 0.01 0.001  0.011 0.01 0.001 0 0

W02SHD70717 LW-64 0 0.006 0.005 0.001  0.006 0.005 0.001 0 0

W03SHD70717 LW-64 0 0.014 0.012 0.002  0.014 0.012 0.002 0 0

W04SHD70717 LW-64 0 0.012 0.012  0.012 0.012 0 0 0

W01ABK80717 LW-64 0 0.015 0.015  0.015 0.015 0 0 0

W02ABK80717 LW-64 0 0.027 0.027  0.027 0.027 0 0 0

W03ABK80717 LW-64 0 0.198 0.178 0.01 0.01 0.198 0.178 0.01 0.01 0

W01DAM80917 LW-64 0 0.066 0.066  0.066 0.066 0 0 0

W01ABK82317 LW-65 0 0.057 0.057  0.057 0.057 0 0 0

W02ABK82317 LW-65 0 0.047 0.043 0.002 0.002 0.047 0.043 0.002 0.002 0

W03ABK82317 LW-65 0 0.024 0.023 0.001  0.024 0.023 0.001 0 0

W04ABK82317 LW-65 0 0.032 0.032  0.032 0.032 0 0 0

W01ABK82417 LW-65 0 0.007 0.007  0.007 0.007 0 0 0

W02ABK82417 LW-65 0 0.08 0.08  0.08 0.08 0 0 0

W02GMM81915 LW-63 0 0.016 0.016  0.016 0.016 0 0 0

W02DAM8917 LW-65 0 0.068 0.068  0.068 0.068 0 0 0

W03DAM8917 LW-65 0 0.024 0.023 0.001 0.024 0.023 0 0.001 0

MR_22312_1 LW-60 0.539 0.539 0.539 0.539  0 0 0 0 0

PC-2 LW-62 0.111 0.111 0.596 0.596  0.485 0.485 0 0 0

PC-3 LW-61 0.474 0.474 0.779 0.779  0.305 0.305 0 0 0

W01GMM62614 LW-61 0 0.272 0.258 0.014  0.272 0.258 0.014 0 0
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W02GMM62614 LW-61 0 0.064 0.058 0.006  0.064 0.058 0.006 0 0

W01GMM91514 LW-61 0 0.085 0.085  0.085 0.085 0 0 0

W01GMM91614 LW-61 0 0.06 0.054 0.006 0.06 0.054 0 0.006 0

W02GMM91614 LW-61 0 0.03 0.03  0.03 0.03 0 0 0

W01GMM8315 LW-61 0 0.128 0.122 0.006  0.128 0.122 0.006 0 0

W01GMM8615 LW-62 0 0.065 0.065  0.065 0.065 0 0 0

W01DAM8715 LW-62 0 0.022 0.022  0.022 0.022 0 0 0

W01GMM81015 LW-62 0 0.035 0.033 0.002  0.035 0.033 0.002 0 0

W02GMM81015 LW-62 0 0.197 0.187 0.01  0.197 0.187 0.01 0 0

W03GMM81015 LW-62 0 0.202 0.202  0.202 0.202 0 0 0

W01GMM81115 LW-62 0 0.077 0.073 0.004 0.077 0.073 0 0.004 0

W02GMM81115 LW-62 0 0.117 0.111 0.006 0.117 0.111 0 0.006 0

W01DAM81715 LW-62 0 0.011 0.011  0.011 0.011 0 0 0

W02DAM81715 LW-62 0 0.02 0.02  0.02 0.02 0 0 0

W01GMM81915 LW-62 0 0.009 0.008 0.001  0.009 0.008 0.001 0 0

W01DAM82015 LW-63 0 0.011 0.011  0.011 0.011 0 0 0

W01GMM82015 LW-63 0 0.046 0.046  0.046 0.046 0 0 0

W01GMM41916 LW-63 0 0.043 0.043  0.043 0.043 0 0 0

W02GMM41916 LW-63 0 0.069 0.069  0.069 0.069 0 0 0

TH-3 LW-60 0.297 0.282 0.015 0.232 0.22 0.012  -0.065 -0.062 -0.003 0 0

W01DAM42214 LW-60 0 0.003 0.003  0.003 0.003 0 0 0

W02DAM42214 LW-60 0 0.018 0.014 0.003 0.001 0.018 0.014 0.003 0.001 0

W01DAM42314 LW-60 0 0.058 0.048 0.009 0.001 0.058 0.048 0.009 0.001 0

W02DAM42314 LW-60 0 0.057 0.048 0.006 0.003 0.057 0.048 0.006 0.003 0

TR-2 and TR-3 LW-64 1.173 1.138 0.035 1.167 0.934 0.233 -0.006 -0.204 0 0.198 0

TR-4 
LW-
64/65 4.345 4.128 0.217 3.944 3.865 0.079  -0.401 -0.263 -0.138 0 0

W01GMM41816 LW-63 0 0.015 0.013 0.001 0.001 0.015 0.013 0.001 0.001 0

W01DAM41816 LW-63 0 0.021 0.02 0.001 0.021 0.02 0 0.001 0

W01DAM41916 LW-63 0 0.006 0.005 0.001 0.006 0.005 0 0.001 0



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 
 

J-9 
 

W02ABK80316 LW-64 0 0.002 0.002  0.002 0.002 0 0 0

W01ABK81016 LW-64 0 0.012 0.011 0.001  0.012 0.011 0.001 0 0

W02ABK81016 LW-64 0 0.018 0.018  0.018 0.018 0 0 0

W03ABK81016 LW-64 0 0.014 0.014  0.014 0.014 0 0 0

W01ABK82616 LW-64 0 0.69 0.242  0.448 0.69 0.242 0 0 0.448

W02ABK82616 LW-64 0 0.079 0.079  0.079 0.079 0 0 0

W03ABK82616 LW-64 0 0.01 0.01  0.01 0.01 0 0 0

W01DAM82616 LW-64 0 0.086 0.086  0.086 0.086 0 0 0

W02DAM82616 LW-64 0 0.021 0.021  0.021 0.021 0 0 0

W03DAM82616 LW-64 0 0.203 0.203  0.203 0.203 0 0 0

W04DAM82616 LW-64 0 0.023 0.018 0.005 0.023 0.018 0 0.005 0

W05DAM82616 
LW-
64/65 0 1.166 0.816 0.233 0.117 1.166 0.816 0.233 0.117 0

W01DAM82916 LW-64 0 0.004 0.004  0.004 0.004 0 0 0

W02ABK81517 LW-65 0 0.165 0.157 0.008  0.165 0.157 0.008 0 0

W03ABK81517 LW-65 0 0.866 0.823 0.043  0.866 0.823 0.043 0 0

W01ABK81617 LW-65 0 0.01 0.01  0.01 0.01 0 0 0

W02ABK81617 LW-65 0 0.402 0.201 0.02 0.06 0.121 0.402 0.201 0.02 0.06 0.121

W01SHD81617 LW-65 0 0.021 0.021  0.021 0.021 0 0 0

W02SHD81617 LW-65 0 0.045 0.043 0.002  0.045 0.043 0.002 0 0

W01ABK81717 LW-65 0 0.052 0.052  0.052 0.052 0 0 0

W02ABK81717 LW-65 0 0.009 0.009  0.009 0.009 0 0 0

W03ABK81717 LW-65 0 0.146 0.146  0.146 0.146 0 0 0

W01ABK81817 LW-65 0 0.005 0.005  0.005 0.005 0 0 0

W02ABK81817 LW-65 0 0.042 0.042  0.042 0.042 0 0 0

W01ABK82117 LW-65 0 0.053 0.053  0.053 0.053 0 0 0

W02ABK82117 LW-65 0 0.026 0.026  0.026 0.026 0 0 0

W03ABK82117 LW-65 0 0.015 0.015  0.015 0.015 0 0 0

W04ABK82117 LW-65 0 0.403 0.383 0.02  0.403 0.383 0.02 0 0

TOTAL  6.939 6.672 0.232 0.035 0 14.738 13.183 0.507 0.463 0.585 7.799 6.511 0.275 0.428 0.585



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 
 

J-10 
 

Table J-3. Pre- and post-mining wetland data for Emerald Mine. All data are from the most recent permit renewal. Panel information 
not provided in renewal. 

Wetland Name 

Pre-mining acreage Post-mining acreage Change in acreage 

Total PEM PSS PFO Total PEM PSS PFO Total PEM PSS PFO 

DR_01Y 0 0 0.27 0.27   0.27 0.27 0 0

DR_04X 0 0 0.514 0.514   0.514 0.514 0 0

DR_05X 0 0 0.023 0.023   0.023 0.023 0 0

DR 5 0.267 0.267 0 0   -0.267 -0.267 0 0

MP 5* 0.2 0.2 no data  no data

MP 6* 0.021 0.021 no data  no data

MP_08Y 0 0 0.602 0.572  0.03 0.602 0.572 0 0.03

MP_09Y 0 0 0.095 0.086 0.009 0.095 0.086 0.009 0

MP_10Y 0 0 0.211 0.127 0.063 0.021 0.211 0.127 0.063 0.021

MP_11Y 0 0 0.005 0.004 0.001 0.005 0.004 0.001 0

MP_12Y 0 0 0.031 0.029 0.002 0.031 0.029 0.002 0

MP_13Y 0 0 0.131 0.117 0.007 0.007 0.131 0.117 0.007 0.007

MP_14Y 0 0 1.082 0.974 0.108 1.082 0.974 0.108 0

CBCL_02X 0 0 0.009 0.008 0.001 0.009 0.008 0.001 0

CBCL-1 0.074 0.074 0 0   -0.074 -0.074 0 0

CBCL-2 0.154 0.154 0.22 0.162 0.058 0.066 0.008 0.058 0

CBCL-7 0.073 0.051 0.022 0.073 0.058 0.015 0 0.007 -0.007 0

CBCL-8 0.455 0.273 0.182 1.296 1.102 0.064 0.13 0.841 0.829 -0.118 0.13

CBCL-9 0.034 0.034 0.034 0.034   0 0 0 0

CBRM-1 0.19 0.19 0.031 0.031   -0.159 -0.159 0 0

CBRM-1A 0 0 0.112 0.112   0.112 0.112 0 0

CBRM-1A1 0 0 0.044 0.044   0.044 0.044 0 0

CBRM-2 0.03 0.03 0.017 0.017   -0.013 -0.013 0 0

CBRM-3 0.048 0.048 0.074 0.074   0.026 0.026 0 0

CBRM-5 0.183 0.183 0.183 0.183   0 0 0 0
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CBRM-6 0.21 0.21 0.21 0.21   0 0 0 0

CBRM-7 0.09 0.09 0.011 0.011   -0.079 -0.079 0 0

CBRM-8 0.173 0.173 0.021 0.021   -0.152 -0.152 0 0

RM_01X 0 0 0.025 0.024 0.001 0.025 0.024 0.001 0

RM_02X 0 0 0.086 0.082  0.004 0.086 0.082 0 0.004

RM_03X 0 0 0.014 0.014   0.014 0.014 0 0

RM_03X1 0 0 0.015 0.015   0.015 0.015 0 0

RM_04X 0 0.014 0.013 0.001 0.014 0.013 0.001 0

RM_05X 0 0.004 0.004   0.004 0.004 0 0

RM_006X 0 0.012 0.011  0.001 0.012 0.011 0 0.001

RM_007X 0 0.312 0.312   0.312 0.312 0 0

RM_07X1 0 0.051 0.051   0.051 0.051 0 0

W01DAM82514 0 0.14 0.14   0.14 0.14 0 0

W01GMM042314 0 0.026 0.021 0.003 0.002 0.026 0.021 0.003 0.002

W02WJR42414 0 0.063 0.063   0.063 0.063 0 0

W04WJR42414 0 0.031 0.031   0.031 0.031 0 0

CBMC-1 0.346 0.346 0.117 0.117   -0.229 -0.229 0 0

CBMC-2 0.423 0.381 0.042 0.01 0.006 0.001 0.003 -0.413 -0.375 -0.041 0.003

CBMC-3 0.198 0.159 0.039 0.031 0.026 0.005 -0.167 -0.133 -0.034 0

CBMC-4 0.47 0.282 0.188 0.404 0.283 0.121 -0.066 0.001 -0.067 0

CBMC-5 0.055 0.045 0.01 0.103 0.088 0.015 0.048 0.043 0.005 0

CBMC-5A 0.02 0.02 0 0   -0.02 -0.02 0 0

CBMC-6 0.143 0.143 0.096 0.091  0.005 -0.047 -0.052 0 0.005

CBMC-7 0.04 0.04 0 0   -0.04 -0.04 0 0

CBMC-8 0.011 0.011 0 0   -0.011 -0.011 0 0

CBMC-9 0.075 0.075 0.051 0.051   -0.024 -0.024 0 0

HH-1 0 0.982 0.982   0.982 0.982 0 0

HH-1A 0 0.061 0.061   0.061 0.061 0 0

MC_01Y 0 0.082 0.062  0.02 0.082 0.062 0 0.02
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MC_02Y 0 0.056 0.056   0.056 0.056 0 0

MC_03Y 0 0.009 0.009   0.009 0.009 0 0

MC_04Y 0 0.017 0.017   0.017 0.017 0 0

MC_05Y 0 0.061 0.061   0.061 0.061 0 0

MC_06Y 0 0.014 0.014   0.014 0.014 0 0

MC_008Y 0 0.027 0.022 0.002 0.003 0.027 0.022 0.002 0.003

MC_09Y 0 0.102 0.102   0.102 0.102 0 0

MC_09Y1 0 0.023 0.023   0.023 0.023 0 0

MC_010Y 0 0.304 0.258 0.016 0.03 0.304 0.258 0.016 0.03

MC_010Y1 0 0.046 0.039 0.002 0.005 0.046 0.039 0.002 0.005

MC_010Y2 0 0.021 0.018 0.001 0.002 0.021 0.018 0.001 0.002

MC_011Y 0 0.011 0.009  0.002 0.011 0.009 0 0.002

MC_012Y 0 0.034 0.026 0.005 0.003 0.034 0.026 0.005 0.003

MC_013Y 0 0.036 0.036   0.036 0.036 0 0

MC_014Y 0 0.016 0.016   0.016 0.016 0 0

MC_015Y 0 0.127 0.127   0.127 0.127 0 0

MC_016Y 0 0.175 0.166 0.009 0.175 0.166 0.009 0

W01GMM042114 0 0.05 0.05   0.05 0.05 0 0

W02GMM042114 0 0.789 0.789   0.789 0.789 0 0

W03GMM042114 0 0.032 0.026 0.005 0.001 0.032 0.026 0.005 0.001

W01GMM042214 0 0.336 0.336   0.336 0.336 0 0

W02GMM042214 0 0.009 0.007 0.001 0.001 0.009 0.007 0.001 0.001

W03GMM042214 0 0.04 0.038 0.002 0.04 0.038 0.002 0

SC_01Y 0 0.038 0.036 0.002 0.038 0.036 0.002 0

SC-17 0.074 0.074 0 0   -0.074 -0.074 0 0

SC-18 0.126 0.126 0.126 0.126   0 0 0 0

SC-19 0.106 0.064 0.042 0 0   -0.106 -0.064 0 -0.042

SC-22 0.183 0.156 0.018 0.009 0.183 0.165 0.009 0.009 0 0.009 -0.009 0

SC-23 0.003 0.002 0.001 0.003 0.002 0.001 0 0 0 0
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W01DAM83115 0 0.008 0.008   0.008 0.008 0 0

W01DAM91214 0 0.043 0.039 0.002 0.002 0.043 0.039 0.002 0.002

W01DAM92214 0 0.022 0.022   0.022 0.022 0 0

W01GMM83115 0 0.042 0.042   0.042 0.042 0 0

W02GMM83115 0 0.026 0.025 0.001 0.026 0.025 0.001 0

W01DAM82815 0 0.019 0.017 0.002 0.019 0.017 0.002 0

W02DAM82815 0 0.085 0.085   0.085 0.085 0 0

W03DAM82815 0 0.124 0.124   0.124 0.124 0 0

W02DAM91614 0 0.015 0.015   0.015 0.015 0 0

W01DAM91014 0 0.054 0.054   0.054 0.054 0 0

W01DAM91514 0 0.003 0.003   0.003 0.003 0 0

W02DAM91514 0 0.012 0.012   0.012 0.012 0 0

W01DAM91614 0 0.158 0.155  0.003 0.158 0.155 0 0.003

TOTAL 4.254 3.922 0.502 0.051 11.325 10.506 0.535 0.284 7.071 6.805 0.033 0.233
 

*No property access, could not conduct post-mining survey, pre-mining acreage not included in total 
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Table J-4. Pre- and post-mining wetland data for Enlow Fork Mine. All data are from the most recent permit renewal.  

Wetland 
Name 

 Pre-mining acreage Post-mining acreage Change in acreage

Panel Total PEM PSS PFO PUB Total PEM PSS PFO PUB Total PEM PSS PFO PUB 

E15-30C E Tailgate 0.01 0.01 0 0  -0.01 -0.01 0 0 0

E15-31C E Tailgate 0.184 0.184 0 0  -0.184 -0.184 0 0 0

E15-32C E Tailgate 1.194 1.194 0.696 0.696  -0.498 -0.498 0 0 0

E15-33C E Tailgate 1.185 1.185 0.841 0.841  -0.344 -0.344 0 0 0

E15-29C E Tailgate 1.484 1.484 1.054 1.054  -0.43 -0.43 0 0 0

E15-28C E Tailgate 0.078 0.078 0.02 0.02  -0.058 -0.058 0 0 0

E14/E15-73C E Tailgate 0.018 0.018 0.025 0.025  0.007 0.007 0 0 0

E14/E15-24C E Tailgate 0.281 0.281 0.035 0.035  -0.246 -0.246 0 0 0

E14/E15-25C E Tailgate 0.009 0.009 0.017 0.017  0.008 0.008 0 0 0

E15-26C E Tailgate 0.033 0.033 0.071 0.071  0.038 0.038 0 0 0

E15-27C E Tailgate 0.056 0.056 0 0  -0.056 -0.056 0 0 0

E15-17C E Tailgate 1.772 1.772 1.228 1.228  -0.544 -0.544 0 0 0

E15-19C E Tailgate 0.468 0.468 0.22 0.22  -0.248 -0.248 0 0 0

Enlow-1C E21 1.257 1.257 1.104 1.104  -0.153 -0.153 0 0 0

E21-49C E21 0.214 0.214 0.012 0.012  -0.202 -0.202 0 0 0

E21/E22-53C E21 0.065 0.065 0.03 0.03  -0.035 -0.035 0 0 0

E21-54C E21 0.077 0.038 0.039 0.014 0.007 0.007  -0.063 -0.031 -0.032 0 0

E21/E22-55C E21 0.659 0.339 0.32 0.811 0.406 0.405  0.152 0.067 0.085 0 0

F20/E21-74C E21 1.267 0.633 0.634 0.976 0.488 0.488  -0.291 -0.145 -0.146 0 0

E21-75C E21 0.181 0.181 0.08 0.08  -0.101 -0.101 0 0 0

E21-76C E21 0.609 0.609 0.499 0.499  -0.11 -0.11 0 0 0

E21-80C E21 0.034 0.034 0.016 0.016  -0.018 -0.018 0 0 0

E21-81C E21 0.033 0.033 0.006 0.006  -0.027 -0.027 0 0 0

Enlow-98D E21 0.064 0.064 0 0  -0.064 -0.064 0 0 0

Enlow-9F E21 0.058 0.029 0.029 0.044 0.022 0.022 -0.014 -0.007 0 -0.007 0

Enlow-18F E21 0.439 0.219 0.22 0.193 0.096 0.097 -0.246 -0.123 0 -0.123 0
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Enlow-22F E21 0.11 0.11 0.222 0.222  0.112 0.112 0 0 0

Enlow-40F E21 0.018 0.018 0.009 0.009  -0.009 -0.009 0 0 0

Enlow-52F E21 0.001 0.001 0 0  -0.001 -0.001 0 0 0

Enlow-53F E21 0.083 0.083 0.093 0.093  0.01 0.01 0 0 0

Enlow-128A E21 0.101 0.101 0.175 0.175  0.074 0.074 0 0 0

Enlow-129A E21 0.176 0.176 0.139 0.139  -0.037 -0.037 0 0 0

E22-47C E22 0.019 0.019 0.006 0.006  -0.013 -0.013 0 0 0

E22-48C E22 1.876 1.876 1.417 1.417  -0.459 -0.459 0 0 0

E22-50C E22 0.02 0.02 0 0  -0.02 -0.02 0 0 0

E22-51C E22 1.586 1.586 1.302 1.302  -0.284 -0.284 0 0 0

E22-52C E22 0.109 0.109 0.091 0.091  -0.018 -0.018 0 0 0

E22-56C E22 0.05 0.05 0.038 0.038  -0.012 -0.012 0 0 0

E22-57C E22 1.081 1.081 0.733 0.733  -0.348 -0.348 0 0 0

E22-82C E22 0.239 0.239 0.132 0.132  -0.107 -0.107 0 0 0

E22-83C E22 0.01 0.01 0 0  -0.01 -0.01 0 0 0

E22-84C E22 0.51 0.51 0.333 0.333  -0.177 -0.177 0 0 0

E-22-85C E22 0.306 0.306 0.21 0.21  -0.096 -0.096 0 0 0
Main F21/E22-
99C E22 0.012 0.012 0.007 0.007  -0.005 -0.005 0 0 0
Gate E22/E23-
100C E22 0.125 0.125 0.021 0.021  -0.104 -0.104 0 0 0

Enlow-99D E22 0.004 0.004 0.006 0.006  0.002 0.002 0 0 0

Enlow-100D E22 0.018 0.018 0.026 0.026  0.008 0.008 0 0 0

Enlow-101D E22 0.019 0.019 0.007 0.007  -0.012 -0.012 0 0 0

Enlow-102D E22 0.569 0.569 0.6 0.6  0.031 0.031 0 0 0

Enlow-31F E22 0.006 0.006 0.006 0.006  0 0 0 0 0

Enlow-32F5 E22 0 0 0 0  0 0 0 0 0

Enlow-34F E22 0.303 0.303 0.198 0.198  -0.105 -0.105 0 0 0

Enlow-36F E22 0.063 0.063 0.234 0.234  0.171 0.171 0 0 0

Enlow-37F E22 0.187 0.187 0.273 0.273  0.086 0.086 0 0 0

Enlow-39F E22 0.095 0.095 0.081 0.081  -0.014 -0.014 0 0 0
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Enlow-41F E22 1.046 1.046 0.612 0.612  -0.434 -0.434 0 0 0
PM-Enlow-
14B E22 0 0.027 0.027  0.027 0.027 0 0 0

Enlow-93E E23 0.237 0.237 0.542 0.542  0.305 0.305 0 0 0

Enlow-33F E23 0.039 0.039 0.083 0.083  0.044 0.044 0 0 0

Enlow-38F E23 0.03 0.03 0.033 0.033  0.003 0.003 0 0 0

Enlow-1H E23 0.681 0.681 0.667 0.667  -0.014 -0.014 0 0 0

Enlow-2H E23 0.221 0.221 0.181 0.181  -0.04 -0.04 0 0 0

Enlow-7H E23 0.39 0.39 0.348 0.348  -0.042 -0.042 0 0 0

Enlow-8H E23 0.063 0.063 0.165 0.165  0.102 0.102 0 0 0

Enlow-9H E23 0.093 0.093 0.245 0.245  0.152 0.152 0 0 0

Enlow-10H E23 0.069 0.069 0.193 0.193  0.124 0.124 0 0 0

Enlow-11H E23 0.044 0.044 0.04 0.04  -0.004 -0.004 0 0 0

Enlow-12H E23 0.112 0.112 0.203 0.203  0.091 0.091 0 0 0

Enlow-13H E23 0.243 0.243 0.333 0.333  0.09 0.09 0 0 0

Enlow-15H E23 0.073 0.073 0.041 0.041  -0.032 -0.032 0 0 0

Enlow-39H E23 0.074 0.074 0.087 0.087  0.013 0.013 0 0 0

Enlow-47H E23 0.078 0.078 0.162 0.162  0.084 0.084 0 0 0

Enlow-48H E23 0.151 0.151 0.174 0.174  0.023 0.023 0 0 0

Enlow-50H E23 0.322 0.322 0.387 0.387  0.065 0.065 0 0 0

Enlow-51H E23 1.097 0.548 0.549 2.217 1.108 1.109  1.12 0.56 0.56 0 0

Enlow-166B E23 1.24 1.24 1.322 1.322  0.082 0.082 0 0 0

Enlow-167B E23 0.067 0.067 0 0  -0.067 -0.067 0 0 0

Enlow-168B E23 0.048 0.048 0.198 0.198  0.15 0.15 0 0 0

Enlow-169B E23 0.012 0.012 0.01 0.01  -0.002 -0.002 0 0 0

Enlow-170B E23 0.024 0.024 0.036 0.036  0.012 0.012 0 0 0

Enlow-171B E23 0.18 0.18 0.43 0.43  0.25 0.25 0 0 0

Enlow-172B E23 0.201 0.201 0.185 0.185  -0.016 -0.016 0 0 0
PM-Enlow-
14B E23 0 0.063 0.063  0.063 0.063 0 0 0
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PM-Enlow-
15B E23 0 0.032 0.032  0.032 0.032 0 0 0

Enlow-68G F16 0.017 0.017 0.019 0.019  0.002 0.002 0 0 0

Panel F17-1C F16 0.01 0.01 0.005 0.005  -0.005 -0.005 0 0 0

Panel F17-2C F16 1.039 1.039 0.882 0.882  -0.157 -0.157 0 0 0

Panel F16-10C F16 0.765 0.765 0.71 0.71  -0.055 -0.055 0 0 0

Panel F16-11C F16 0.395 0.395 0.204 0.204  -0.191 -0.191 0 0 0

Panel F17-11C F16 0.121 0.121 0.05 0.05  -0.071 -0.071 0 0 0

Panel F17-12C F16 0.047 0.047 0.012 0.012  -0.035 -0.035 0 0 0

Panel F17-14C F16 0.073 0.073 0.012 0.012  -0.061 -0.061 0 0 0

Panel F17-15C F16 0.007 0.007 0 0  -0.007 -0.007 0 0 0

Panel F17-17C F16 0.021 0.021 0.024 0.024  0.003 0.003 0 0 0

Panel F17-18C F16 0.021 0.021 0.012 0.012  -0.009 -0.009 0 0 0

Panel F17-19C F16 0.068 0.068 0.1 0.1  0.032 0.032 0 0 0

Panel F16-20C F16 0.11 0.11 0.125 0.125  0.015 0.015 0 0 0

Panel F17-21C F16 0.118 0.118 0.168 0.168  0.05 0.05 0 0 0

Panel F17-23B F16 0.028 0.028 0.028 0.028  0 0 0 0 0
Gate F16/F17-
27C F16 0.009 0.009 0 0  -0.009 -0.009 0 0 0

Main-27C F16 1.296 0.148 1.148 0.315 0.157 0.158  -0.981 0.009 -0.99 0 0

Main-28C F16 0.058 0.058 0.06 0.06  0.002 0.002 0 0 0

Main-29C F16 0.204 0.102 0.102 0.192 0.096 0.096  -0.012 -0.006 -0.006 0 0

Panel F16-30C F16 0.052 0.052 0 0  -0.052 -0.052 0 0 0
Gate F16/F17-
34C F16 0.456 0.456 0.142 0.142  -0.314 -0.314 0 0 0

Panel F17-35C F16 1.011 1.011 1.025 1.025  0.014 0.014 0 0 0

Panel F17-36C F16 0.005 0.005 0 0  -0.005 -0.005 0 0 0

Panel F17-37C F16 0.023 0.023 0.012 0.012  -0.011 -0.011 0 0 0

Panel F17-38C F16 0.032 0.032 0 0  -0.032 -0.032 0 0 0

Panel F16-39C F16 0.118 0.118 0.091 0.091  -0.027 -0.027 0 0 0

Panel F17-39C F16 0.1 0.1 0.012 0.012  -0.088 -0.088 0 0 0
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Panel F16-40C F16 0.222 0.222 0.089 0.089  -0.133 -0.133 0 0 0

Panel F17-40C F16 0.01 0.01 0.008 0.008  -0.002 -0.002 0 0 0

Panel F16-41C F16 0.098 0.098 0.036 0.036  -0.062 -0.062 0 0 0

Panel F17-41C F16 0.014 0.014 0.007 0.007  -0.007 -0.007 0 0 0

Panel F17-42C F16 0.032 0.032 0 0  -0.032 -0.032 0 0 0

Panel F17-43C F16 0.06 0.06 0.021 0.021  -0.039 -0.039 0 0 0

Panel F16-44C F16 0.121 0.121 0.028 0.028  -0.093 -0.093 0 0 0

Panel F16-45C F16 0.103 0.103 0.154 0.154  0.051 0.051 0 0 0

Panel F17-47C F16 0.011 0.011 0.002 0.002  -0.009 -0.009 0 0 0

Panel F17-48C F16 0.074 0.074 0.053 0.053  -0.021 -0.021 0 0 0

Panel F17-50C F16 0.943 0.943 0.922 0.922  -0.021 -0.021 0 0 0

Panel F17-51C F16 1.096 1.096 0.671 0.671  -0.425 -0.425 0 0 0

Panel F16-55C F16 0.649 0.649 0.649 0.649  0 0 0 0 0

Panel F17-56C F16 0.179 0.179 0.14 0.14  -0.039 -0.039 0 0 0
Gate F16/F17-
58C F16 0.008 0.008 0.004 0.004  -0.004 -0.004 0 0 0

Panel F17-60C F16 0.338 0.338 0.143 0.143  -0.195 -0.195 0 0 0
PM-Enlow-
50C F16 0 0.006 0.006  0.006 0.006 0 0 0
PM-Enlow-
51C F16 0 0.01 0.01  0.01 0.01 0 0 0
PM-Enlow-
52C F16 0 0.002 0.002  0.002 0.002 0 0 0
PM-Enlow-
63C F16 0 0.015 0.015  0.015 0.015 0 0 0
PM-Enlow-
64C F16 0 0.02 0.02  0.02 0.02 0 0 0
PM-Enlow-
65C F16 0 0.271 0.271  0.271 0.271 0 0 0
PM-Enlow-
66C F16 0 0.271 0.271  0.271 0.271 0 0 0
PM-Enlow-
67C F16 0 0.03 0.03  0.03 0.03 0 0 0

Enlow-2G F17 0.117 0.117 0.039 0.039  -0.078 -0.078 0 0 0

Enlow-3G/47C F17 0.427 0.427 0.57 0.57  0.143 0.143 0 0 0
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Enlow-9G F17 0.076 0.076 0 0  -0.076 -0.076 0 0 0

Enlow-99G F17 0.021 0.021 0.001 0.001  -0.02 -0.02 0 0 0

Enlow-100G F17 0.025 0.025 0 0  -0.025 -0.025 0 0 0
Panel F17-
13C* F17 0.006 0.006

no 
data  no data 0 0 0

Panel F17-
16C* F17 0.021 0.021

no 
data  no data 0 0 0

Panel F17-3C F17 0.433 0.433 0.123 0.123  -0.31 -0.31 0 0 0

Panel F17-4C F17 1.143 1.143 0.195 0.195  -0.948 -0.948 0 0 0

Panel F18-5C F17 0.136 0.136 0.175 0.175  0.039 0.039 0 0 0

Panel F18-6C F17 1.326 1.326 0.879 0.879  -0.447 -0.447 0 0 0

Panel F18-13C F17 0.774 0.774 0.318 0.318  -0.456 0 -0.456 0 0

Panel F17-9C F17 0.083 0.083 0.047 0.047  -0.036 -0.036 0 0 0

Panel F18-7C F17 0.377 0.377 0.061 0.061  -0.316 -0.316 0 0 0

Panel F17-8C F17 0.051 0.051 0.013 0.013  -0.038 -0.038 0 0 0

Panel F17-10C F17 0.059 0.059 0.031 0.031  -0.028 -0.028 0 0 0

Panel F18-12C F17 0.13 0.065 0.065 0.022 0.011 0.011 -0.108 -0.054 0 -0.054 0

Panel F18-14C F17 0.65 0.65 0.269 0.269  -0.381 -0.381 0 0 0

Panel F18-15C F17 0.047 0.047 0.004 0.004  -0.043 -0.043 0 0 0
Gate F17/F18-
42C F17 0.025 0.025 0.014 0.014  -0.011 -0.011 0 0 0
Gate F17/F18-
43C F17 0.091 0.091 0.114 0.114  0.023 0.023 0 0 0

Panel F17-44C F17 0.015 0.015 0.008 0.008  -0.007 -0.007 0 0 0

Panel F18-65C F17 0.094 0.094 0.078 0.078  -0.016 -0.016 0 0 0

Panel F17-46C F17 0.233 0.233 1.158 1.158  0.925 0.925 0 0 0
Gate F17/F18-
46C F17 0.207 0.207 0.207 0.207  0 0 0 0 0

Panel F18-48C F17 0.032 0.032 0.001 0.001  -0.031 -0.031 0 0 0
Gate F17/F18-
49C F17 0.021 0.021 0.005 0.005  -0.016 -0.016 0 0 0

Panel F17-49C F17 0.031 0.031 0.109 0.109  0.078 0.078 0 0 0

F18-50C F17 0.093 0.093 0 0  -0.093 -0.093 0 0 0
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F18-51C F17 0.203 0.203 0.143 0.143  -0.06 -0.06 0 0 0

Panel F18-52C F17 0.104 0.104 0.03 0.03  -0.074 -0.074 0 0 0

Panel F18-53C F17 0.06 0.06 0.025 0.025  -0.035 -0.035 0 0 0

Panel F17-54C F17 0.095 0.095 0 0  -0.095 -0.095 0 0 0

PM-EFM-53C F17 0 0.005 0.005  0.005 0.005 0 0 0

PM-EFM-54C F17 0 0.127 0.127  0.127 0.127 0 0 0

PM-EFM-90C F17 0 0.056 0.056  0.056 0.056 0 0 0

PM-EFM-92C F17 0 0.007 0.007  0.007 0.007 0 0 0

PM-EFM-93C F17 0 0.033 0.033  0.033 0.033 0 0 0

PM-EFM-95C F17 0 0.028 0.028  0.028 0.028 0 0 0

Enlow-8G F18 0.035 0.035 0.378 0.378  0.343 0.343 0 0 0

Enlow-11G F18 0.025 0.013 0.012 0.005 0.002 0.003  -0.02 -0.011 -0.009 0 0

Enlow-16G F18 0.038 0.038 0 0  -0.038 -0.038 0 0 0

Enlow-44G F18 0.051 0.051 0 0  -0.051 -0.051 0 0 0

Enlow-45G F18 0.152 0.152 0 0  -0.152 0 0 -0.152 0

Enlow-46G F18 0.062 0.062 0.015 0.015  -0.047 -0.047 0 0 0

Enlow-92G F18 0.065 0.065 0.173 0.173  0.108 0.108 0 0 0

Panel F18-1C F18 0.049 0.049 0.045 0.045  -0.004 -0.004 0 0 0

Panel F18-2C F18 0.02 0.02 0 0  -0.02 -0.02 0 0 0

Panel F18-3C F18 0.622 0.622 0.493 0.493  -0.129 -0.129 0 0 0

Panel F18-4C F18 0.122 0.122 0.031 0.031  -0.091 -0.091 0 0 0
Gate F18/F19-
5C F18 0.209 0.209 0.128 0.128  -0.081 -0.081 0 0 0
Gate F18/F19-
6C F18 0.044 0.044 0.035 0.035  -0.009 -0.009 0 0 0
Gate F17/F18-
7C F18 0.79 0.79 0.51 0.51  -0.28 -0.28 0 0 0

Panel F18-8C F18 0.062 0.062 0.038 0.038  -0.024 -0.024 0 0 0

Panel F18-9C F18 0.017 0.017 0.029 0.029  0.012 0.012 0 0 0

Panel F18-10C F18 0.024 0.024 0.022 0.022  -0.002 -0.002 0 0 0

Panel F18-11C F18 0.125 0.125 0.113 0.113  -0.012 -0.012 0 0 0
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Panel F18-16C F18 0.082 0.082 0.012 0.012  -0.07 -0.07 0 0 0

Panel F18-30C F18 0.794 0.794 0.179 0.179  -0.615 -0.615 0 0 0

Panel F18-31C F18 0.271 0.271 0.052 0.052  -0.219 -0.219 0 0 0

Panel F18-32C F18 0.541 0.27 0.271 0.314 0.314  -0.227 0.044 -0.271 0 0

Panel F18-33C F18 0.098 0.098 0.031 0.031  -0.067 0.031 -0.098 0 0

Panel F18-34C F18 0.012 0.012 0.012 0.012  0 0 0 0 0

Panel F18-44C F18 1.27 1.27 0.858 0.858  -0.412 -0.412 0 0 0

Panel F18-45C F18 0.461 0.231 0.23 0.198 0.198  -0.263 -0.033 0 -0.23 0

Panel F18-46C F18 0.05 0.05 0.021 0.021  -0.029 -0.029 0 0 0
Panel F18/F19-
47C F18 0.076 0.076 0.04 0.04  -0.036 -0.036 0 0 0

Panel F18-49C F18 0.078 0.078 0.006 0.006  -0.072 -0.072 0 0 0
Gate F18/F19-
50C F18 0.026 0.026 0.014 0.014  -0.012 -0.012 0 0 0

F18/F19-51C F18 0.027 0.027 0.014 0.014  -0.013 -0.027 0.014 0 0

Panel F18-54C F18 0.012 0.012 0.011 0.011  -0.001 -0.001 0 0 0

Panel F18-56C F18 0.047 0.047 0.08 0.08  0.033 0.033 0 0 0

Panel F18-57C F18 0.033 0.033 0.011 0.011  -0.022 -0.022 0 0 0
Panel F18-
120C F18 0.069 0.069 0.024 0.024  -0.045 -0.045 0 0 0
Panel F18-
121C F18 0.019 0.019 0.003 0.003  -0.016 -0.016 0 0 0
Panel F18-
122C F18 0.258 0.258 0.29 0.145 0.145  0.032 -0.113 0.145 0 0
Panel F18-
123C F18 0.356 0.356 0.328 0.328  -0.028 -0.028 0 0 0
Panel F18-
128C F18 0.05 0.05 0.051  0.051 0.001 0 0 0 0.001
Panel F18-
129C F18 0.258 0.258 0.283 0.283  0.025 0.025 0 0 0

Main-124C F18 0.024 0.024 0.023 0.023  -0.001 -0.001 0 0 0

Main-125C F18 0.064 0.064 0.026 0.026  -0.038 -0.038 0 0 0

Main-126C F18 0.011 0.011 0 0  -0.011 -0.011 0 0 0

Main-127C F18 0.011 0.011 0 0  -0.011 -0.011 0 0 0
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PM-Enlow-
84C F18 0 0.09 0.09  0.09 0.09 0 0 0
PM-Enlow-
86C F18 0 1.159 1.159  1.159 1.159 0 0 0
PM-Enlow-
88C F18 0 0.016 0.016  0.016 0.016 0 0 0
PM-Enlow-
89C F18 0 0.017 0.017  0.017 0.017 0 0 0
PM-Enlow-
94C F18 0 0.039 0.039  0.039 0.039 0 0 0

Panel F19-1C F19 0.879 0.879 0.615 0.615  -0.264 -0.264 0 0 0

Panel F19-10C F19 0.224 0.224 0.16 0.16  -0.064 -0.064 0 0 0

Main-12C F19 0.167 0.167 0.05 0.05  -0.117 -0.117 0 0 0

Main-13C F19 0.051 0.051 0.248 0.248  0.197 0.197 0 0 0

Main-14C F19 0.041 0.041 0.021 0.021  -0.02 -0.02 0 0 0

Main-15C F19 0.052 0.052 0.015 0.015  -0.037 -0.037 0 0 0

Main-16C F19 0.203 0.203 0.188 0.188  -0.015 0 -0.015 0 0

Panel F19-15C F19 1.299 1.299 0.062 0.062  -1.237 -1.237 0 0 0

Panel F19-16C F19 0.66 0.66 0.363 0.363  -0.297 -0.297 0 0 0

Panel F19-17C F19 1.008 1.008 0.631 0.631  -0.377 -0.377 0 0 0

Panel F19-21C F19 0.144 0.144 0.014 0.014  -0.13 -0.13 0 0 0

Panel F19-29C F19 0.025 0.025 0 0  -0.025 -0.025 0 0 0

Panel F19-30C F19 0.118 0.118 0 0  -0.118 -0.118 0 0 0

Panel F19-31C F19 0.192 0.192 0.003 0.003  -0.189 -0.189 0 0 0

Panel F19-33C F19 0.021 0.021 0 0  -0.021 -0.021 0 0 0

Panel F19-35C F19 0.125 0.125 0.031 0.031  -0.094 -0.094 0 0 0

Panel F19-36C F19 0.098 0.098 0 0  -0.098 -0.098 0 0 0

Panel F19-37C F19 0.514 0.514 0.193 0.193  -0.321 -0.321 0 0 0

Panel F19-43C F19 0.039 0.039 0.011 0.011  -0.028 -0.028 0 0 0

Panel F19-48C F19 0.065 0.033 0.032 0.015 0.015  -0.05 -0.018 -0.032 0 0

Panel F19-52C F19 0.107 0.107 0 0  -0.107 -0.107 0 0 0

Panel F19-53C F19 0.036 0.036 0.009 0.009  -0.027 -0.027 0 0 0

Panel F19-55C F19 0.034 0.034 0.01 0.01  -0.024 -0.024 0 0 0
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Main-F19/E20-
77C F19 0.018 0.018 0.018 0.018  0 0 0 0 0
Main-F19/E20-
78C F19 0.056 0.056 0.03 0.03  -0.026 -0.026 0 0 0
Main-F19/E20-
79C F19 0.03 0.03 0.014 0.014  -0.016 -0.016 0 0 0
Panel F19-
101C F19 0.049 0.049 0.037 0.037  -0.012 -0.012 0 0 0
Panel F19-
102C F19 4.413 0.615 3.798 3.041 0.882 2.159  -1.372 0.267 -1.639 0 0

Bleeders-103C F19 0.01 0.01 0.032 0.032  0.022 0.022 0 0 0

Bleeders-104C F19 0.433 0.433 0.589 0.476 0.113  0.156 0.043 0.113 0 0

Bleeders-107C F19 0.205 0.205 0.047 0.047  -0.158 -0.158 0 0 0
Panel F19-
115C F19 0.24 0.24 0.041 0.041  -0.199 -0.199 0 0 0
Panel F19-
116C F19 0.009 0.009 0 0  -0.009 -0.009 0 0 0
Panel F19-
119C F19 0.131 0.131 0.079 0.079  -0.052 -0.052 0 0 0

Enlow-181C F19 0.014 0.014 0.014 0.014  0 0 0 0 0

Enlow-182C F19 0.014 0.014 0.051 0.051  0.037 0.037 0 0 0

Enlow-183C F19 0.09 0.09 0.099 0.099  0.009 0.009 0 0 0

Enlow-184C F19 0.044 0.044 0.022 0.022  -0.022 -0.022 0 0 0

Enlow-185C F19 0.182 0.182 0.065 0.065  -0.117 -0.117 0 0 0

Enlow-186C F19 0.091 0.091 0 0  -0.091 -0.091 0 0 0

Enlow-70G F19 0.037 0.037 0.044 0.044  0.007 0.007 0 0 0
PM-Enlow-
59C F19 0 0.008 0.008  0.008 0.008 0 0 0
PM-Enlow-
97C F19 0 0.017 0.017  0.017 0.017 0 0 0

Panel F20-2C F20 4.995 4.995 4.05 1.35 1.35 1.35 -0.945 1.35 1.35 -3.645 0

Enlow-2C F20 2.523 2.523 1.378 0.689 0.689  -1.145 0.689 -1.834 0 0

Panel F20-3C F20 0.022 0.022 0.007 0.007  -0.015 -0.015 0 0 0

Panel F20-4C F20 0.017 0.017 0.014 0.014  -0.003 -0.003 0 0 0

Enlow-4C F20 0.21 0.21 0.09 0.09  -0.12 -0.12 0 0 0

Panel F20-5C F20 0.057 0.057 0.091 0.091  0.034 -0.057 0.091 0 0
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Enlow-5C F20 0.054 0.054 0.038 0.038  -0.016 -0.016 0 0 0

Panel F20-6C F20 0.017 0.017 0.045 0.045  0.028 0.028 0 0 0

Enlow-6C F20 0.255 0.255 0.063 0.063  -0.192 -0.192 0 0 0

Panel F20-7C F20 0.058 0.058 0.042 0.042  -0.016 -0.016 0 0 0

Panel F20-8C F20 0.01 0.01 0.001 0.001  -0.009 -0.009 0 0 0

Panel F20-9C F20 0.209 0.209 0.153 0.153  -0.056 -0.056 0 0 0

Enlow-9C F20 0.086 0.086 0.062 0.062  -0.024 -0.024 0 0 0

Enlow-10C F20 0.108 0.108 0 0  -0.108 -0.108 0 0 0

Panel-F20-11C F20 0.084 0.084 0.07 0.07  -0.014 -0.014 0 0 0

Panel F20-12C F20 0.061 0.061 0 0  -0.061 0 -0.061 0 0

Panel F20-13C F20 0.092 0.092 0.042 0.042  -0.05 -0.05 0 0 0

Panel F20-14C F20 0.067 0.067 0.026 0.026  -0.041 -0.041 0 0 0

Gate F19/F20- F20 0.008 0.008 0.036 0.036  0.028 0.028 0 0 0

Enlow-18C F20 0.078 0.078 0 0  -0.078 -0.078 0 0 0

Panel F20-19C F20 0.187 0.187 0.014 0.014  -0.173 -0.173 0 0 0

Enlow-19C F20 0.041 0.041 0 0  -0.041 -0.041 0 0 0

Panel F20-20C F20 0.148 0.148 0.08 0.08  -0.068 -0.068 0 0 0

Panel F20-22C F20 0.034 0.034 0.025 0.025  -0.009 -0.009 0 0 0

Panel F20-23C F20 0.499 0.499 0.361 0.361  -0.138 -0.138 0 0 0

Panel F20-24C F20 0.016 0.016 0.009 0.009  -0.007 -0.007 0 0 0
Gate F19/F20-
25C F20 0.068 0.068 0.016 0.016  -0.052 -0.052 0 0 0
Gate F19/F20-
26C F20 0.021 0.021 0.004 0.004  -0.017 -0.017 0 0 0

Panel F20-27C F20 0.024 0.024 0 0  -0.024 -0.024 0 0 0
Gate F19/F20-
28C F20 0.275 0.275 0 0  -0.275 -0.275 0 0 0

Panel F20-32C F20 0.022 0.022 0 0  -0.022 -0.022 0 0 0

Panel F20-34C F20 0.077 0.077 0.025 0.025  -0.052 -0.052 0 0 0
Gate F19/F20-
38C F20 0.094 0.094 0.075 0.075  -0.019 -0.019 0 0 0
Gate F19/F20-
39C F20 0.162 0.162 0.07 0.07  -0.092 -0.092 0 0 0
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Gate F19/F20-
40C F20 0.069 0.069 0.041 0.041  -0.028 -0.028 0 0 0
Gate F19/F20-
41C F20 0.111 0.111 0.051 0.051  -0.06 -0.06 0 0 0

Panel F20-42C F20 0.113 0.113 0.024 0.024  -0.089 -0.089 0 0 0

Panel F20-45C F20 0.039 0.039 0.002 0.002  -0.037 -0.037 0 0 0
Gate F19/F20-
46C F20 0.158 0.158 0.081 0.081  -0.077 -0.077 0 0 0
Main F20/E21-
58C F20 1.906 0.462 1.444 1.567 1.042 0.525  -0.339 0.58 -0.919 0 0
Main F20/E21-
59C F20 0.052 0.052 0.065 0.065  0.013 0.013 0 0 0
Main F20/E21-
61C F20 0.051 0.051 0.035 0.035  -0.016 -0.016 0 0 0

Panel F20-63C F20 0.851 0.851 0.505 0.505  -0.346 -0.346 0 0 0

Panel F20-64C F20 0.103 0.103 0.033 0.033  -0.07 -0.07 0 0 0

Panel F20-65C F20 0.115 0.115 0 0  -0.115 -0.115 0 0 0

Panel F20-66C F20 0.041 0.041 0 0  -0.041 -0.041 0 0 0

Panel F20-67C F20 0.039 0.039 0 0  -0.039 -0.039 0 0 0

Panel F20-68C F20 0.065 0.065 0.029 0.029  -0.036 -0.036 0 0 0

Panel F20-69C F20 0.014 0.014 0.007 0.007  -0.007 -0.007 0 0 0

Panel F20-72C F20 0.082 0.082 0.018 0.018  -0.064 -0.064 0 0 0

Panel F20-73C F20 0.014 0.014 0 0  -0.014 -0.014 0 0 0

Panel F20-86C F20 0.389 0.389 0.355 0.177 0.178  -0.034 -0.212 0.178 0 0

Panel F20-87C F20 0.11 0.11 0.081 0.081  -0.029 -0.029 0 0 0

Panel F20-88C F20 0.149 0.149 0.122 0.122  -0.027 -0.027 0 0 0

Panel F20-89C F20 0.031 0.031 0.047 0.047  0.016 0.016 0 0 0

Panel F20-93C F20 0.011 0.011 0.019 0.019  0.008 -0.011 0.019 0 0

Panel F20-94C F20 0.134 0.134 0.113 0.113  -0.021 -0.021 0 0 0

Panel F20-95C F20 0.011 0.011 0.004 0.004  -0.007 -0.007 0 0 0

Panel F20-96C F20 0.02 0.02 0.021 0.021  0.001 0.001 0 0 0
Gate F19/F20-
97C F20 0.021 0.021 0.029 0.029  0.008 0 0.008 0 0
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Gate F19/F20-
98C F20 0.007 0.007 0.002 0.002  -0.005 -0.005 0 0 0
Panel F20-
105C F20 0.095 0.095 0.138 0.138  0.043 0.043 0 0 0
Panel F20-
106C F20 0.561 0.561 0.512 0.256 0.256  -0.049 -0.305 0.256 0 0
Panel F20-
114C F20 0.039 0.039 0.024 0.024  -0.015 -0.015 0 0 0
Gate F19/F20-
117C F20 0.056 0.056 0.045 0.045  -0.011 -0.011 0 0 0
Gate F19/F20-
118C F20 0.007 0.007 0 0  -0.007 -0.007 0 0 0
PM-Enlow -
96C F20 0 0.052 0.052  0.052 0.052 0 0 0

Enlow-3C F21 0.755 0.755 0.261 0.261  -0.494 -0.494 0 0 0

Enlow-7C F21 0.034 0.034 0.025 0.025  -0.009 -0.009 0 0 0

Enlow-8C F21 0.661 0.661 0.229 0.229  -0.432 -0.432 0 0 0

Enlow-12C F21 0.045 0.045 0.002 0.002  -0.043 -0.043 0 0 0

Enlow-13C F21 0.037 0.037 0 0  -0.037 -0.037 0 0 0

Enlow-14C F21 0.264 0.264 0.021 0.021  -0.243 -0.243 0 0 0

Enlow-15C F21 0.046 0.046 0.03 0.03  -0.016 -0.016 0 0 0

Enlow-16C F21 0.066 0.066 0.399 0.399  0.333 0.333 0 0 0

Enlow-17C F21 0.022 0.022 0 0  -0.022 -0.022 0 0 0

Enlow-20C F21 0.107 0.107 0.054 0.054  -0.053 -0.053 0 0 0

Enlow-21C F21 0.083 0.083 0.054 0.054  -0.029 -0.029 0 0 0

Enlow-22C F21 1.715 1.715 1.203 1.203  -0.512 -0.512 0 0 0

Enlow-23C F21 0.051 0.051 0.028 0.028  -0.023 -0.023 0 0 0

Enlow-24C F21 0.016 0.016 0 0  -0.016 -0.016 0 0 0

Enlow-25C F21 0.253 0.253 0.221 0.221  -0.032 -0.032 0 0 0

Enlow-26C F21 0.064 0.064 0.072 0.072  0.008 0.008 0 0 0

Enlow-27C F21 0.455 0.455 0.328 0.328  -0.127 -0.127 0 0 0

Enlow-28C F21 0.078 0.078 0 0  -0.078 -0.078 0 0 0

Enlow-29C F21 0.048 0.048 0.001 0.001  -0.047 -0.047 0 0 0

Enlow-30C F21 0.01 0.01 0.01 0.01  0 0 0 0 0
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Enlow-31C F21 0.018 0.018 0.028 0.028  0.01 0.01 0 0 0

Enlow-32C F21 0.023 0.023 0.04 0.04  0.017 0.017 0 0 0

Enlow-33C F21 0.232 0.232 0.034 0.034  -0.198 -0.198 0 0 0

Enlow-35C F21 0.599 0.599 0.315 0.315  -0.284 -0.284 0 0 0

Enlow-36C F21 0.254 0.254 0.01 0.01  -0.244 0 -0.244 0 0

Enlow-37C F21 0.028 0.028 0 0  -0.028 -0.028 0 0 0

Enlow-38C F21 0.004 0.004 0.016 0.016  0.012 0.012 0 0 0

Enlow-39C F21 0.081 0.081 0.047 0.047  -0.034 -0.034 0 0 0

Enlow-42G F21 0.019 0.019 0.013 0.013  -0.006 -0.006 0 0 0
Main F21/E22-
60C F21 0.458 0.458 0.294 0.294  -0.164 -0.164 0 0 0
Main F20/E21-
62C F21 0.078 0.078 0.025 0.025  -0.053 -0.053 0 0 0
Gate F20/F21-
70C F21 0.032 0.032 0.009 0.009  -0.023 -0.023 0 0 0
Gate F20/F21-
71C F21 0.012 0.012 0.018 0.018  0.006 0.006 0 0 0

Enlow-78C F21 1.077 1.077 0.612 0.612  -0.465 -0.465 0 0 0

Enlow-79C F21 0.018 0.018 0 0  -0.018 -0.018 0 0 0

Enlow-80C F21 0.065 0.065 0.005 0.005  -0.06 -0.06 0 0 0

Enlow-81C F21 0.21 0.21 0.154 0.154  -0.056 -0.056 0 0 0

Enlow-87C F21 0.008 0.008 0 0  -0.008 -0.008 0 0 0

Enlow-88C F21 0.01 0.01 0 0  -0.01 -0.01 0 0 0

Enlow-89C F21 0.067 0.067 0.025 0.025  -0.042 -0.042 0 0 0

Enlow-90C F21 0.007 0.007 0 0  -0.007 -0.007 0 0 0

Enlow-90G F21 1.233 1.233 1.162 1.162  -0.071 -0.071 0 0 0
Panel F20/F21-
90C F21 0.056 0.056 0 0  -0.056 -0.056 0 0 0

Enlow-91C F21 0.003 0.003 0 0  -0.003 -0.003 0 0 0

Panel F21-91C F21 0.039 0.039 0.008 0.008  -0.031 -0.031 0 0 0

Panel F21-92C F21 0.01 0.01 0.005 0.005  -0.005 -0.005 0 0 0

Enlow-92C F21 0.01 0.01 0.003 0.003  -0.007 -0.007 0 0 0

Enlow-163C F21 0.045 0.045 0.024 0.024  -0.021 0 -0.021 0 0
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Enlow-164C F21 0.023 0.023 0.035 0.035  0.012 0.012 0 0 0

Enlow-165C F21 0.008 0.008 0.004 0.004  -0.004 -0.004 0 0 0

Enlow-166C F21 0.017 0.017 0.005 0.005  -0.012 -0.012 0 0 0

Enlow-167C F21 0.022 0.022 0.007 0.007  -0.015 -0.015 0 0 0

Enlow-168C F21 0.084 0.084 0.067 0.067  -0.017 -0.017 0 0 0

Enlow-180C F21 0.108 0.108 0.043 0.043  -0.065 0 -0.065 0 0

Enlow-187C F21 0.849 0.849 0.75 0.75  -0.099 -0.099 0 0 0

Enlow-188C F21 0.273 0.273 0.255 0.255  -0.018 -0.018 0 0 0

Enlow-189C F21 0.078 0.078 0.102 0.102  0.024 0.024 0 0 0

Enlow-190C F21 0.054 0.054 0.03 0.03  -0.024 -0.024 0 0 0

Enlow-191C F21 0.013 0.013 0 0  -0.013 -0.013 0 0 0

Enlow-192C F21 0.048 0.048 0.034 0.034  -0.014 -0.014 0 0 0

Enlow-193C F21 0.018 0.018 0.025 0.025  0.007 0.007 0 0 0
PM-Enlow-
98C F21 0 0.019 0.019  0.019 0.019 0 0 0
PM-Enlow-
99C F21 0 0.045 0.045  0.045 0.045 0 0 0
PM-Enlow-
100C F21 0 0.013 0.013  0.013 0.013 0 0 0
PM-Enlow-
101C F21 0 0.06 0.06  0.06 0.06 0 0 0

Panel E12-2C E12 0.04 0.04 0.06 0.06  0.02 0.02 0 0 0

Panel E12-16C E12 0.016 0.016 0.061 0.061  0.045 0.045 0 0 0

Panel E12-17C E12 0.026 0.026 0.004 0.004  -0.022 -0.022 0 0 0

Panel E12-18C E12 0.009 0.009 0.027 0.027  0.018 0.018 0 0 0

Panel E12-19C E12 0.006 0.006 0.003 0.003  -0.003 -0.003 0 0 0
PM-Enlow 
Fork Mine-62C E12 0 0.008 0.008  0.008 0.008 0 0 0
Panel E13-36C 
(Combined w/ 73C) E13 0.244 0.244 0.132 0.132  -0.112 -0.112 0 0 0

Panel E13-37C E13 1.309 1.309 1.186 1.186  -0.123 -0.123 0 0 0

Panel E13-70C E13 0.034 0.034 0.036 0.036  0.002 0.002 0 0 0

Panel E13-75C E13 1.21 1.21 0.836 0.836  -0.374 -0.374 0 0 0
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Panel E13-76C E13 0.052 0.052 0.015 0.015  -0.037 -0.037 0 0 0

Panel E13-77C E13 0.229 0.229 0.041 0.041  -0.188 -0.188 0 0 0

Panel E13-78C E13 0.01 0.01 0.009 0.009  -0.001 -0.001 0 0 0
PM-Enlow 
Fork Mine-46C E13 0 0.39 0.39  0.39 0.39 0 0 0
PM-Enlow 
Fork Mine-48C E13 0 0.517 0.517  0.517 0.517 0 0 0

Panel E14-1A E14 0.193 0.193 0.022 0.022  -0.171 -0.171 0 0 0

Panel E14-20C E14 0.057 0.057 0.046 0.046  -0.011 -0.011 0 0 0

Panel E14-21C E14 0.488 0.488 0.075 0.075  -0.413 -0.413 0 0 0

Panel E14-22C E14 0.049 0.049 0 0  -0.049 -0.049 0 0 0

Panel E14-23C E14 0.022 0.022 0 0  -0.022 -0.022 0 0 0

Panel E14-35C E14 0.032 0.032 0 0  -0.032 -0.032 0 0 0

Panel E14-38C E14 0.42 0.42 0.289 0.289  -0.131 -0.131 0 0 0

Panel E14-72C E14 0.767 0.767 0.446 0.446  -0.321 -0.321 0 0 0

Panel E14-77C E14 3.191 3.191 3.075 3.075  -0.116 -0.116 0 0 0

Panel E14-78C E14 0.131 0.131 0.026 0.026  -0.105 -0.105 0 0 0

Panel E14-79C E14 0.016 0.016 0.007 0.007  -0.009 -0.009 0 0 0

Panel E14-80C E14 0.124 0.124 0.121 0.121  -0.003 -0.003 0 0 0

Panel E14-81C E14 0.31 0.31 0.201 0.201  -0.109 -0.109 0 0 0

Panel E14-82C E14 0.367 0.367 0.09 0.09  -0.277 -0.277 0 0 0

Panel E14-83C E14 0.146 0.146 0.081 0.081  -0.065 -0.065 0 0 0
PM-Enlow 
Fork Mine-47C E14 0 0.143 0.143  0.143 0.143 0 0 0
PM-Enlow 
Fork Mine-49C E14 0 0.009 0.009  0.009 0.009 0 0 0
PM-Enlow 
Fork Mine-68C E14 0 0.011 0.011  0.011 0.011 0 0 0

Panel E16-18C E15 0.469 0.469 0.257 0.257  -0.212 -0.212 0 0 0

Main-26C E18 0.182 0.182 0.241 0.241  0.059 0.059 0 0 0
PM-Enlow-
60C E18 0 0.004 0.004  0.004 0.004 0 0 0

E19-22C E19 0.057 0.057 0.033 0.033  -0.024 -0.024 0 0 0
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E19-23C E19 0.028 0.028 0.012 0.012  -0.016 -0.016 0 0 0

E19-24C E19 0.049 0.049 0.02 0.02  -0.029 -0.029 0 0 0
PM-Enlow-
58C E19 0 0.054 0.054  0.054 0.054 0 0 0

E/F Main-17C E20 0.074 0.074 0.044 0.044  -0.03 -0.03 0 0 0

E20-18C E20 0.003 0.003 0 0  -0.003 -0.003 0 0 0

E/F Main-19C E20 0.024 0.024 0.008 0.008  -0.016 -0.016 0 0 0
Gate E19/E20-
20C E20 0.04 0.04 0.027 0.027  -0.013 -0.013 0 0 0

E20-21C E20 0.007 0.007 0.006 0.006  -0.001 -0.001 0 0 0

Panel F14-34C F13 3.291 3.291 1.953 1.953  -1.338 -1.338 0 0 0
Enlow Fork- 
Panel F14-12A F13 0.248 0.248 0.162 0.162  -0.086 -0.086 0 0 0
PM-Enlow-
76C F13 0 0.006 0.006  0.006 0.006 0 0 0
PM-Enlow-
77C F13 0 0.006 0.006  0.006 0.006 0 0 0
PM-Enlow-
80C F13 0 0.054 0.054  0.054 0.054 0 0 0
PM-Enlow-
81C F13 0 0.099 0.099  0.099 0.099 0 0 0
PM-Enlow-
82C F13 0 0.113 0.113  0.113 0.113 0 0 0

Panel F15-64C F14 0.021 0.021 0.005 0.005  -0.016 -0.016 0 0 0

Panel F15-65C F14 0.052 0.052 0.007 0.007  -0.045 -0.045 0 0 0

Panel F15-66C F14 0.403 0.403 0.179 0.179  -0.224 -0.224 0 0 0

Panel F15-67C F14 0.026 0.026 0.01 0.01  -0.016 -0.016 0 0 0

Panel F15-68C F14 0.098 0.098 0.148 0.148  0.05 0.05 0 0 0

Panel F15-69C F14 0.193 0.193 0.006 0.006  -0.187 -0.187 0 0 0
PM-Enlow-
44C F14 0 0.086 0.086  0.086 0.086 0 0 0

Panel F16-28C F15 2.863 2.863 2.318 2.318  -0.545 -0.545 0 0 0
Gate F15/F16-
52C F15 0.032 0.032 0.023 0.023  -0.009 -0.009 0 0 0

Panel F16-53C F15 0.017 0.017 0 0  -0.017 -0.017 0 0 0

Panel F16-54C F15 0.798 0.798 0.617 0.617  -0.181 -0.181 0 0 0
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TOTAL  108.996 90.846 12.436 5.691 0.05 81.771 71.823 8.417 1.48 0.051 -27.225 -18.996 -4.019 -4.211 0.001 
 

*No property access, could not conduct post-mining survey, pre-mining acreage not included in total 
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Table J-5. Pre-mining wetland data for Harvey Mine. All data are from the original permit application. No post-mining data are 
included because no renewal has been submitted yet. 

Wetland Name 

 Pre-mining acreage 

Panel Total PEM PSS PFO 
W-1 A1-A3 0.096 0.019 0 0.077

W-2 A1-A3 0.005 0.005 0 0

W-3 A1-A3 0.025 0.025 0 0

W-4 A1-A3 0.024 0.023 0 0.001

W-5 A1-A3 0.013 0.012 0.001 0

W-6 A1-A3 0.009 0.009 0 0

W-7 A1-A3 0.497 0.497 0 0

W-8 A1-A3 0.019 0.019 0 0

W-9 A1-A3 0.011 0.011 0 0

W-10 A1-A3 0.526 0.526 0 0

W-11 A1-A3 0.051 0.051 0 0

W-12 A1-A3 0.018 0.018 0 0

W-13 A1-A3 0.023 0.023 0 0

W-14 A1-A3 0.022 0.022 0 0

W-15 A1-A3 0.059 0.059 0 0

W-16 A1-A3 0.041 0.041 0 0

W-17 A1-A3 0.012 0.01 0 0.002

W-18 A1-A3 0.018 0.017 0.001 0

W-19 A1-A3 0.005 0.004 0 0.001

W-20 A1-A3 0.302 0.181 0 0.121

W-21 A1-A3 0.073 0.073 0 0

W-22 A1-A3 0.11 0.105 0.005 0

W-23 A1-A3 0.023 0.021 0.002 0

W-24 A1-A3 0.021 0.021 0 0

W-25 A1-A3 0.006 0.006 0 0
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W-26 A1-A3 0.007 0.007 0 0

W-27 A1-A3 0.22 0.209 0.011 0

W-28 A1-A3 0.022 0.022 0 0

W-29 A1-A3 0.075 0.075 0 0

W-30 A1-A3 0.001 0.001 0 0

W-31 A1-A3 0.01 0.01 0 0

W-32 A1-A3 0.045 0.043 0.002 0

W-33 A1-A3 0.076 0.076 0 0

W-34 A1-A3 0.255 0.23 0.025 0

W-35 A1-A3 0.115 0.115 0 0

W-36 A1-A3 0.038 0.036 0.002 0

W-37 A1-A3 0.772 0.733 0 0.039

W-38 A1-A3 0.074 0.074 0 0

W-39 A1-A3 0.089 0.089 0 0

W-40 A1-A3 0.089 0.067 0 0.022

W-41 A1-A3 0.255 0.255 0 0

W-42 A1-A3 0.013 0.013 0 0

W-43 A1-A3 0.06 0.06 0 0

W-44 A1-A3 0.068 0.068 0 0

W-45 A1-A3 0.558 0.335 0.223 0

W-46 A1-A3 0.006 0.006 0 0

W-47 A1-A3 0.039 0.037 0.002 0

W-48 A1-A3 0.017 0.015 0.001 0.001

W-49 A1-A3 0.011 0.011 0 0

W-50 A1-A3 0.027 0.026 0.001 0

W-51 A1-A3 0.574 0.574 0 0

W-52 A1-A3 0.009 0.009 0 0

W-53 A1-A3 0.359 0.359 0 0

W-54 A1-A3 0.114 0.114 0 0
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W-55 A1-A3 0.129 0.129 0 0

W-56 A1-A3 0.038 0.038 0 0

W-57 A1-A3 0.023 0.023 0 0

W-58 A1-A3 0.112 0.112 0 0

W-59 A1-A3 0.041 0.041 0 0

W-60 A1-A3 0.009 0.009 0 0

W-61 A1-A3 0.026 0.026 0 0

W-62 A1-A3 0.288 0.259 0.029 0

W-63 A1-A3 0.007 0.007 0 0

W-64 A1-A3 0.003 0.003 0 0

W-65 A1-A3 0.004 0.004 0 0

W-66 A1-A3 0.07 0.07 0 0

W-67 A1-A3 0.034 0.034 0 0

W-68 A1-A3 0.059 0.059 0 0

W-69 A1-A3 0.005 0.005 0 0

W-70 A1-A3 0.057 0.057 0 0

W-71 A1-A3 0.002 0.002 0 0

W-72 A1-A3 0.065 0.065 0 0

W-73 A1-A3 0.011 0.01 0.001 0

W-74 A1-A3 0.2 0.18 0 0.02

W-75 A1-A3 0.003 0.003 0 0

W-76 A1-A3 0.283 0.283 0 0

W-77 A1-A3 0.245 0.245 0 0

W-78 A1-A3 0.507 0.406 0.101 0

W-79 A1-A3 0.014 0.014 0 0

W-80 A1-A3 0.122 0.122 0 0

W-81 A1-A3 0.317 0.317 0 0

W-82 A1-A3 0.019 0.019 0 0

W-83 A1-A3 0.246 0.234 0 0.012
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W-84 A1-A3 0.034 0.034 0 0

W-85 A1-A3 0.019 0.018 0.001 0

W-86 A1-A3 0.163 0.163 0 0

W-87 A1-A3 0.04 0.04 0 0

W-88 A1-A3 0.101 0.091 0.01 0

W-89 A1-A3 0.013 0.012 0.001 0

W-90 A1-A3 0.005 0.005 0 0

W-91 A1-A3 0.065 0.065 0 0

W-92 A1-A3 0.025 0.025 0 0

W-93 A1-A3 0.03 0.029 0.001 0

W-94 A1-A3 0.015 0.015 0 0

W-95 A1-A3 0.002 0.002 0 0

W-96 A1-A3 0.01 0.01 0 0

W-97 A1-A3 0.088 0.088 0 0

W-98 A1-A3 0.08 0.08 0 0

W-99 A1-A3 0.125 0.125 0 0

W-100 A1-A3 0.052 0.052 0 0

W-101 A1-A3 0.092 0.092 0 0

W-102 A1-A3 0.001 0.001 0 0

W-103 A1-A3 0.067 0.064 0.003 0

W-104 A1-A3 0.001 0.001 0 0

W-105 A1-A3 0.003 0.003 0 0

W-106 A1-A3 0.171 0.171 0 0

W-107 A1-A3 0.098 0.098 0 0

W-108 A1-A3 0.023 0.023 0 0

W-109 A1-A3 0.018 0.018 0 0

W-110 A1-A3 0.005 0.005 0 0

W-111 A1-A3 0.074 0.059 0 0.015

W-112 A1-A3 0.051 0.048 0.003 0
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W-113 A1-A3 0.029 0.023 0.006 0

W-114 A1-A3 0.038 0.032 0.006 0

W-115 A1-A3 0.178 0.178 0 0

W-116 A1-A3 0.008 0.008 0 0

W-117 A1-A3 0.005 0.005 0 0

W-118 A1-A3 0.06 0.057 0.003 0

W-119 A1-A3 0.203 0.183 0.02 0

W-120 A1-A3 0.118 0.118 0 0

W-121 A1-A3 0.048 0.046 0.002 0

W-122 A1-A3 0.841 0.757 0.042 0.042

W-123 A1-A3 0.136 0.122 0.014 0

1-BC-103 A1-A3 0.002 0.0019 0.0001 0

1-BC-104 A1-A3 0.134 0.127 0.007 0

1-BC-105 A1-A3 0.019 0.019 0 0

1-BC-106 A1-A3 0.038 0.038 0 0

1-BC-107 A1-A3 0.014 0.014 0 0

1-BC-108 A1-A3 0.013 0.012 0.001 0

1-BC-109 A1-A3 0.218 0.196 0.011 0.011

2-BC-W13 A1-A3 0.142 0.128 0.014 0

2-BC-W14 A1-A3 0.034 0.034 0 0

2-BC-W15 A1-A3 0.038 0.038 0 0

1-EF-W01 A1-A3 0.052 0.052 0 0

1-EF-W01A A1-A3 0.131 0.131 0 0

1-EF-W02 A1-A3 0.087 0.087 0 0

1-EF-W03 A1-A3 0.314 0.314 0 0

1-EF-W04 A1-A3 0.026 0.023 0.003 0

1-EF-W04A A1-A3 0.008 0.006 0.002 0

1-EF-W05 A1-A3 0.042 0.042 0 0

1-EF-W06 A1-A3 0.029 0.028 0 0.001
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1-EF-W07 A1-A3 0.105 0.089 0.005 0.011

1-EF-W08 A1-A3 0.226 0.215 0 0.011

1-EF-W09 A1-A3 0.17 0.17 0 0

1-EF-W10 A1-A3 0.061 0.058 0 0.003

1-EF-W11 A1-A3 0.012 0.012 0 0

1-EF-W12 A1-A3 0.265 0.265 0 0

1-EF-W13 A1-A3 0.12 0.114 0 0.006

1-EF-W13A A1-A3 0.197 0.177 0 0.02

1-EF-W13B A1-A3 0.033 0.033 0 0

1-EF-W14 A1-A3 0.034 0.034 0 0

1-EF-W14A A1-A3 0.016 0.016 0 0

1-EF-W16 A1-A3 0.018 0.018 0 0

1-EF-W16A A1-A3 0.013 0.013 0 0

1-EF-W17 A1-A3 0.055 0.055 0 0

1-EF-W18 A1-A3 0.06 0.06 0 0

1-EF-W18A A1-A3 0.027 0.027 0 0

2-EF-W01 A1-A3 0.011 0.011 0 0

2-EF-W02 A1-A3 0.066 0.066 0 0

2-EF-W02A A1-A3 0.03 0.03 0 0

2-EF-W03 A1-A3 0.03 0.03 0 0

2-EF-W04 A1-A3 0.225 0.134 0.023 0.068

2-EF-W05 A1-A3 0.022 0.021 0.001 0

2-EF-W07 A1-A3 0.072 0.072 0 0

2-EF-W08 A1-A3 0.009 0.009 0 0

2-EF-W09 A1-A3 0.016 0.015 0 0.001

2-EF-W09A A1-A3 0.04 0.04 0 0

2-EF-W10 A1-A3 0.157 0.157 0 0

2-EF-W11 A1-A3 0.098 0.098 0 0

2-EF-W11A A1-A3 0.007 0.007 0 0
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2-EF-W12 A1-A3 0.143 0.143 0 0

2-EF-W13 A1-A3 0.263 0.263 0 0

1-PC-W1 A1-A3 0.077 0.073 0.004 0

1-PC-W2 A1-A3 0.162 0.162 0 0

1-PC-W2A A1-A3 0.021 0.021 0 0

1-PC-W3 A1-A3 0.029 0.029 0 0

1-PC-W4 A1-A3 0.194 0.184 0.01 0

1-PC-W5 A1-A3 0.23 0.23 0 0

1-PC-W6 A1-A3 0.647 0.634 0.013 0

1-PC-W7 A1-A3 0.591 0.591 0 0

1-PC-W7A A1-A3 0.03 0.03 0 0

1-PC-W8 A1-A3 0.7351 0.6615 0.0368 0.0368

1-PC-W8A A1-A3 0.0291 0.0261 0.0015 0.0015

1-PC-W9 A1-A3 0.016 0.016 0 0

1-PC-W9A A1-A3 0.008 0.008 0 0

1-PC-W10 A1-A3 0.036 0.034 0.002 0

1-PC-W10A A1-A3 0.004 0.0038 0.0002 0

1-PC-W11 A1-A3 0.005 0.005 0 0

1-PC-W12 A1-A3 0.099 0.099 0 0

1-PC-W12A A1-A3 0.03 0.03 0 0

1-PC-W13 A1-A3 0.049 0.047 0.002 0

1-PC-W14 A1-A3 0.005 0.005 0 0

1-PC-W15 A1-A3 0.013 0.012 0.001 0

1-PC-W16 A1-A3 0.124 0.112 0.012 0

1-PC-W16A A1-A3 0.007 0.006 0.001 0

1-PC-W17 A1-A3 0.006 0.0057 0.0003 0

1-PC-W18 A1-A3 0.3 0.255 0.045 0

1-PC-W19 A1-A3 0.028 0.022 0.006 0

1-PC-W19A A1-A3 0.002 0.0016 0.0004 0
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1-PC-W20 A1-A3 0.032 0.029 0.003 0

1-PC-W21 A1-A3 0.141 0.134 0.007 0

1-PC-W22 A1-A3 0.132 0.125 0.007 0

1-PC-W23 A1-A3 0.004 0.004 0 0

1-PC-W24 A1-A3 0.005 0.005 0 0

1-PC-W24A A1-A3 0.001 0.001 0 0

1-PC-W24B A1-A3 0.035 0.035 0 0

1-PC-W25 A1-A3 0.062 0.056 0.003 0.003

1-PC-W26 A1-A3 0.01 0.01 0 0

1-PC-W27 A1-A3 0.027 0.027 0 0

1-PC-W28 A1-A3 0.01 0.0095 0.0005 0

1-PC-W29 A1-A3 0.017 0.017 0 0

1-PC-W30 A1-A3 0.021 0.018 0.002 0.001

1-PC-W31 A1-A3 0.026 0.023 0.003 0

2-PC-W01 A1-A3 0.027 0.027 0 0

2-PC-W02 A1-A3 0.123 0.117 0.006 0

2-PC-W03 A1-A3 0.007 0.006 0 0.001

2-PC-W04 A1-A3 0.045 0.041 0.002 0.002

2-PC-W05 A1-A3 0.042 0.038 0 0.004

2-PC-W06 A1-A3 0.036 0.036 0 0

2-PC-W09 A1-A3 0.018 0.018 0 0

2-PC-W10 A1-A3 0.091 0.091 0 0

2-PC-W11 A1-A3 0.089 0.085 0 0.004

2-PC-W12 A1-A3 0.048 0.043 0 0.005

2-PC-W13 A1-A3 0.134 0.134 0 0

2-PC-W14 A1-A3 0.018 0.018 0 0

4-PC-W01 A1-A3 0.058 0.052 0.006 0

4-PC-W02 A1-A3 0.071 0.067 0.004 0

4-PC-W03 A1-A3 0.173 0.121 0.035 0.017
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4-PC-W04 A1-A3 0.038 0.038 0 0

4-PC-W04A A1-A3 0.026 0.026 0 0

5-PC-W01 A1-A3 0.0091 0.0086 0.0005 0

5-PC-W02 A1-A3 0.01 0.0075 0.0015 0.001

RS-6 A1-A3 0.11 0.099 0.011 0

AS-1 A1-A3 0.084 0.0798 0.0042 0

AS-2 A1-A3 0.0381 0.0362 0.0019 0

W-132 A1-A3 0.024 0.024 0 0

W-132b A1-A3 0.012 0.012 0 0

W-133 A1-A3 0.034 0.034 0 0

W-130 A1-A3 0.012 0.012 0 0

W-131 A1-A3 0.022 0.022 0 0

W-131b A1-A3 0.014 0.014 0 0

W-131c A1-A3 0.011 0.011 0 0

W-131d A1-A3 0.011 0.011 0 0

W-129 A1-A3 0.047 0.047 0 0

W-129b A1-A3 0.003 0.003 0 0

W-134 A1-A3 0.024 0.024 0 0

7N2_W1 A1-A3 0.013 0.013 0 0

W-76Y1 A1-A3 0.031 0.031 0 0

W-76Y A1-A3 0.06 0.06 0 0

W-126 A1-A3 0.29 0.29 0 0

W-124b A1-A3 0.024 0.024 0 0

W-125 A1-A3 0.114 0.114 0 0

W-127 A1-A3 0.012 0.012 0 0

W-128 A1-A3 0.012 0.012 0 0

W-128b A1-A3 0.001 0.001 0 0

W-149A A1-A3 0.12 0.108 0.012 0

W-153A A1-A3 0.012 0.01 0.001 0.001
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W-154A A1-A3 0.013 0.013 0 0

W-155A A1-A3 0.012 0.008 0.004 0

W-155A1 A1-A3 0.007 0.007 0 0

W-155A2 A1-A3 0.013 0.011 0.0013 0.0007

W-155A3 A1-A3 0.012 0.006 0.006 0

W-156A A1-A3 0.111 0.078 0.033 0

W-156A1 A1-A3 0.045 0.045 0 0

W-157A A1-A3 0.009 0.009 0 0

W-158A A1-A3 0.033 0.031 0.002 0

W-159A A1-A3 0.028 0.028 0 0

W-160A A1-A3 0.02 0.014 0.005 0.001

W-229A A1-A3 0.024 0.022 0.002 0

W-229A1 A1-A3 0.013 0.013 0 0

W-230A A1-A3 0.006 0.005 0.001 0

W-153B A1-A3 0.107 0.107 0 0

W-153B1 A1-A3 0.374 0.374 0 0

W-154B A1-A3 1.028 1.028 0 0

W-155B A1-A3 0.07 0.07 0 0

W-156B A1-A3 0.008 0.007 0.001 0

W-157B A1-A3 0.128 0.128 0 0

W-157B1 A1-A3 0.049 0.049 0 0

W-158B A1-A3 0.09 0.0855 0.0045 0

W-159B A1-A3 0.05 0.05 0 0

W-159B1 A1-A3 0.024 0.024 0 0

W-159B2 A1-A3 0.034 0.034 0 0

W-160B A1-A3 0.116 0.11 0.006 0

W-161B A1-A3 0.027 0.026 0.001 0

TOTAL  24.6724 23.2097 0.8987 0.564
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Table J-6. Pre- and post-mining wetland data for Monongalia County Mine. All data are from the most recent permit renewal. 

Wetland Name 

 Pre-mining acreage Post-mining acreage Change in acreage 

Panel Total PEM PSS PFO Total PEM PSS PFO Total PEM PSS PFO 

Blacksville-30D 14W 0.047 0.047 0.083 0.083 0.036 0.036 0 0

Blacksville-33D 14W 0.042 0.042 0.823 0.823 0.781 0.781 0 0

Blacksville-35D 14W 0.04 0.04 0.02 0.02 -0.02 -0.02 0 0

Blacksville-11E 14W 0.534 0.534 0.541 0.541 0.007 0.007 0 0

Blacksville-12E 14W 0.392 0.392 0.29 0.29 -0.102 -0.102 0 0

Blacksville-13E 14W 0.025 0.025 0.014 0.014 -0.011 -0.011 0 0

Blacksville-20E 14W 0.231 0.231 0.247 0.247 0.016 0.016 0 0

Blacksville-22E 14W 0.483 0.483 0.525 0.525 0.042 0.042 0 0

Blacksville-26E 14W 0.057 0.057 0.057 0.057 0 0 0 0

Blacksville-27E 14W 0.15 0.15 0.232 0.232 0.082 0.082 0 0

Blacksville-37E 14W 0.027 0.027 0.028 0.028 0.001 0.001 0 0

Blacksville-41E 14W 0.305 0.305 0.142 0.142 -0.163 -0.163 0 0

Blacksville-42E 14W 0.133 0.133 0.027 0.027 -0.106 -0.106 0 0

Blacksville-63E 14W 0.07 0.035 0.035 0.052 0.052 -0.018 0.017 0 -0.035

PM-Blacksville-17B 14W 0 0.038 0.038 0.038 0.038 0 0

PM-Blacksville-14B 14W 0 0.128 0.128 0.128 0.128 0 0

PM-Blacksville-16B 14W 0 0.011 0.011 0.011 0.011 0 0

PM-Blacksville-121A 14W 0 0.034 0.034 0.034 0.034 0 0

PM-Blacksville-122A 14W 0 0.002 0.002 0.002 0.002 0 0

PM-Blacksville-123A 14W 0 0.436 0.436 0.436 0.436 0 0

Blacksville-36D 15W 0.011 0.011 0 0 -0.011 -0.011 0 0

Blacksville-38E 15W 0.049 0.049 0.052 0.052 0.003 0.003 0 0

Blacksville-40E 15W 0.006 0.006 0.04 0.04 0.034 0.034 0 0

Blacksville-43E 15W 0.571 0.571 0.952 0.952 0.381 0.381 0 0

PM-Blacksville-15B 15W 0 0.074 0.074 0.074 0.074 0 0

Blacksville-37D 16W 0.015 0.015 0.014 0.014 -0.001 -0.001 0 0



Effects of Mine Subsidence | 2013-2018  University of Pittsburgh 
 
 

J-43 
 

Blacksville-38D 16W 0.439 0.439 0.132 0.132 -0.307 -0.307 0 0

Blacksville-50E 16W 0.409 0.409 0.33 0.33 -0.079 -0.079 0 0

Blacksville-64E 16W 0.427 0.427 0.52 0.52 0.093 0.093 0 0

Blacksville-67E 16W 0.524 0.524 0.644 0.644 0.12 0.12 0 0

Blacksville-1F 16W 0.028 0.028 0.438 0.438 0.41 0.41 0 0

Blacksville-2F 16W 0.069 0.035 0.034 0.632 0.632 0.563 0.597 -0.034 0

Blacksville-3F 16W 0.011 0.011 0.01 0.01 -0.001 -0.001 0 0

Blacksville-5F 16W 0.44 0.22 0.22 0.06 0.06 -0.38 -0.16 -0.22 0

PM-Blacksville-11B 16W 0 0.055 0.055 0.055 0.055 0 0

PM-Blacksville-12B 16W 0 0.191 0.191 0.191 0.191 0 0

PM-Blacksville-13B 16W 0 0.223 0.223 0.223 0.223 0 0

Blacksville-48E 17W 0.011 0.011 0.013 0.013 0.002 0.002 0 0

Blacksville-49E 17W 0.1 0.1 0.004 0.004 -0.096 -0.096 0 0

Blacksville-65E 17W 0.019 0.019 0 0 -0.019 -0.019 0 0

Blacksville-113E 17W 0.046 0.023 0.023 0.059 0.03 0.029 0.013 0.007 0.006 0

Blacksville-4F 17W 0.033 0.033 0.005 0.005 -0.028 -0.028 0 0

Blacksville-6F 17W 0.057 0.029 0.028 0.12 0.101 0.019 0.063 0.072 -0.009 0

PM-Blacksville-18B 17W 0 0.496 0.496 0.496 0.496 0 0

PM-Blacksville-19B 17W 0 0.006 0.006 0.006 0.006 0 0

PM-Blacksville-20B 17W 0 0.073 0.073 0.073 0.073 0 0

PM-Blacksville-21B 17W 0 0.025 0.025 0.025 0.025 0 0

Blacksville-24E 18W 0.041 0.021 0.02 0.081 0.081 0.04 0.06 -0.02 0

Blacksville-44E 18W 0.075 0.075 0.038 0.038 -0.037 -0.037 0 0

Blacksville-51E 18W 0.093 0.047 0.046 0.122 0.122 0.029 0.075 -0.046 0

Blacksville-66E 18W 0.024 0.012 0.012 0.037 0.037 0.013 0.025 0 -0.012

Blacksville-107E 18W 0.342 0.342 0.279  0.279 -0.063 -0.342 0.279 0

Blacksville-108E 18W 0.129 0.129 0.086 0.086 -0.043 -0.043 0 0

Blacksville-111E 18W 0.026 0.026 0.04 0.04 0.014 0.014 0 0

Blacksville-7F 18W 0.168 0.168 0.13 0.13 -0.038 -0.038 0 0
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PM-Blacksville 124A 18W 0 0.006 0.006 0.006 0.006 0 0

PM-Blacksville 125A 18W 0 0.028 0.028 0.028 0.028 0 0

PM-Blacksville 126A 18W 0 0.009 0.009 0.009 0.009 0 0

PM-Blacksville 127A 18W 0 0.014 0.014 0.014 0.014 0 0

PM-Blacksville 128A 18W 0 0.659 0.659 0.659 0.659 0 0

PM-Blacksville 129A 18W 0 0.006 0.006 0.006 0.006 0 0

PM-Blacksville 130A 18W 0 0.017 0.017 0.017 0.017 0 0

PM-Blacksville 131A 18W 0 0.048 0.048 0.048 0.048 0 0

PM-Blacksville 132A 18W 0 0.195 0.195 0.195 0.195 0 0

Blacksville-25E 19W 0.035 0.018 0.017 0.006 0.006 -0.029 -0.012 -0.017 0

Blacksville-52E 19W 0.34 0.17 0.17 1.092  1.092 0.752 -0.17 0.922 0

Blacksville-53E 19W 0.044 0.022 0.022 0.08  0.08 0.036 -0.022 0.058 0

Blacksville-54E 19W 0.122 0.122 0.06 0.06 -0.062 -0.062 0 0

Blacksville-55E 19W 0.09 0.09 0.065 0.065 -0.025 -0.025 0 0

Blacksville-56E 19W 1.125 1.125 2.987 2.987 1.862 1.862 0 0

Blacksville-61E 19W 0.476 0.476 1.098 1.098 0.622 0.622 0 0

Blacksville-70E 19W 0.054 0.027 0.027 0.102  0.102 0.048 -0.027 0.075 0

Blacksville-87E 19W 0.38 0.38 0.228 0.228 -0.152 -0.152 0 0

Blacksville-115E 19W 0.029 0.015 0.014 0.009 0.009 -0.02 -0.006 -0.014 0

PM-Blacksville-24A 19W 0 0.007 0.007 0.007 0.007 0 0

PM-Blacksville-25A 19W 0 0.011 0.011 0.011 0.011 0 0

PM-Blacksville-26A 19W 0 0.018 0.018 0.018 0.018 0 0

PM-Blacksville-27A 19W 0 0.021 0.021 0.021 0.021 0 0

PM-Blacksville-28A 19W 0 0.172 0.172 0.172 0.172 0 0

PM-Blacksville-29A 19W 0 0.032  0.032 0.032 0 0.032 0

PM-Blacksville-30A 19W 0 0.21 0.21 0.21 0.21 0 0

PM-Blacksville-31A 19W 0 0.031 0.031 0.031 0.031 0 0

PM-Blacksville-32A 19W 0 0.02  0.02 0.02 0 0.02 0

PM-Blacksville-33A 19W 0 0.019 0.019 0.019 0.019 0 0
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PM-Blacksville-34A 19W 0 0.009 0.009 0.009 0.009 0 0

PM-Blacksville-35A 19W 0 0.01 0.01 0.01 0.01 0 0

TOTAL  9.394 8.726 0.621 0.047 16.98 15.327 1.653 0 7.586 6.601 1.032 -0.047
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Table J-7. Pre-mining wetland data for Tunnel Ridge Mine. All data are from the original permit application and Phase II expansion 
application. No panel information was provided. No post-mining data were found in most recent permit renewal. 

Wetland Name 

Pre-mining acreage 

Total PEM 

34 0.01 0.01

37 0.058 0.058

38 0.044 0.044

42 0.039 0.039

76 0.366 0.366

77 0.017 0.017

78 0.014 0.014

79 0.151 0.151

80 0.054 0.054

81 0.018 0.018

87 0.037 0.037

88 0.031 0.031

89 0.034 0.034

90 0.047 0.047

91 0.06 0.06

92 0.016 0.016

93 0.026 0.026

94 0.017 0.017

95 0.056 0.056

96 0.02 0.02

97 0.112 0.112

98 0.024 0.024

99 0.11 0.11

100 0.088 0.088

101 0.047 0.047
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105 0.016 0.016

106 0.01 0.01

107 0.764 0.764

108 0.046 0.046

109 0.056 0.056

110 0.068 0.068

111 0.035 0.035

156 0.031 0.031

159 0.265 0.265

160 0.031 0.031

161 0.07 0.07

162 0.471 0.471

163 0.025 0.025

268 0.027 0.027

269 0.004 0.004

312 0.016 0.016

319 0.061 0.061

320 0.187 0.187

321 0.02 0.02

322 0.329 0.329

323 0.005 0.005

324 0.215 0.215

325 0.011 0.011

326 0.025 0.025

327 0.042 0.042

328 0.019 0.019

329 0.112 0.112

330 0.135 0.135

331 0.018 0.018
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332 0.009 0.009

333 0.017 0.017

334 0.02 0.02

335 0.029 0.029

336 0.009 0.009

337 0.011 0.011

338 0.04 0.04

339 0.029 0.029

340 0.209 0.209

342 0.148 0.148

346 0.115 0.115

347 0.017 0.017

348 0.029 0.029

WL-2 0.032 0.032

WL-3 0.076 0.076

WL- 4 0.22 0.22

TOTAL 5.62 5.62
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APPENDIX K: Piezometer HMR Data 
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K.1 - Overview 
 
 
This appendix contains time series plots of all HMR data regarding water level elevations in 
piezometers and wells.  The data plotted here were chosen using the following criteria: 1) the 
monitoring point had to be undermined during the 5th assessment period and 2) the HMR record 
had to have more than 8 data points (i.e., 2 years).  This scoped the data and illustrates the 
limited range of data available to describe groundwater impacts. 
 

K.2 - Bailey 

 
Figure K-1. Map of the piezometers and wells undermined by the Bailey Mine during the 5th assessment 

period. 
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Figure K-2. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 1802-

117A PZ-D. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-3. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 1802-
117A PZ-I. The vertical line represents the approximate date when the monitoring point was undermined. 
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Figure K-4. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 1802-
117A PZ-S. The vertical line represents the approximate date when the monitoring point was undermined. 
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Figure K-5. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 2208-
134 PZ-S. The vertical line represents the approximate date when the monitoring point was undermined. 
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Figure K-6. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 2208-
135PZ-D. The vertical line represents the approximate date when the monitoring point was undermined. 
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Figure K-7. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 2208-
135 PZ-I. The vertical line represents the approximate date when the monitoring point was undermined. 
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Figure K-8. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 2212-
116 PZ-S. The vertical line represents the approximate date when the monitoring point was undermined. 
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Figure K-9. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 2212-
134 PZ-D. The vertical line represents the approximate date when the monitoring point was undermined. 
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Figure K-10. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 

2212-141 PZ-D. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-11. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 

2212-141 PZ-I. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-12. Static water elevation and total dissolved solids (TDS) at Bailey Mine monitoring point 

2212-156 PZ-S. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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K.3 - Cumberland 
 

 
Figure K-13. Map of the piezometers and wells undermined by the Cumberland Mine during the 5th 

assessment period. 
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Figure K-14. Static water elevation and total dissolved solids (TDS) at Cumberland Mine monitoring 
point 2634-W1. The vertical line represents the approximate date when the monitoring point was 

undermined. 
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Figure K-15. Static water elevation and total dissolved solids (TDS) at Cumberland Mine monitoring 

point 2644-W1. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-16. Static water elevation and total dissolved solids (TDS) at Cumberland Mine monitoring 

point 2644-W2. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-1713. Static water elevation and total dissolved solids (TDS) at Cumberland Mine monitoring 

point 2644-W4. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-18. Static water elevation and total dissolved solids (TDS) at Cumberland Mine monitoring 

point 2644-W9. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-19. Static water elevation and total dissolved solids (TDS) at Cumberland Mine monitoring 
point 2644-W1. The vertical line represents the approximate date when the monitoring point was 

undermined. 

 
 
 
 

 
K.4 - Emerald 

 
No Piezometer HMR points were undermined in Emerald during the 5th assessment. 
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K.5 - Enlow Fork 

 
Figure K-20. Map of the piezometers and wells undermined by the Enlow Fork Mine during the 5th 

assessment period. 
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Figure K-21. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-3-4.01 PZ EFK30. The vertical line represents the approximate date when the monitoring point 
was undermined. 
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Figure K-22. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-3-22 PZ-ED. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-23. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-3-22 PZ-EI. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-24. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-3-22 PZ-ES. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-25. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-3-25.18-7 PZ-I EFK28. The vertical line represents the approximate date when the monitoring 
point was undermined. 
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Figure K-26. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-3-25.18-7 PZ-I EFK29. The vertical line represents the approximate date when the monitoring 
point was undermined. 
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Figure K-27. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-5-7.02 PZ-FD. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-148. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-5-7.02 PZ-FI. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-159. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-5-7.02 PZ-FS. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-30. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-6-12.01 PZ-LD. The vertical line represents the approximate date when the monitoring point 
was undermined. 
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Figure K-31. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 27-6-12.01 PZ-LS. The vertical line represents the approximate date when the monitoring point was 
undermined. 



Effects of Mine Subsidence  2013-2018  University of Pittsburgh 

 

K-33 
 

 
Figure K-32. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 59-8-6.05 PZ-I EFK35. The vertical line represents the approximate date when the monitoring point 
was undermined. 
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Figure K-33. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 
point 59-8-6.05 PZ-S EFK34. The vertical line represents the approximate date when the monitoring 

point was undermined. 
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Figure K-34. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 59-8-12 PZ-CD. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-35. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 59-8-12 PZ-CS. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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Figure K-36. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 59-11-16.05 PZ-I EFK33. The vertical line represents the approximate date when the monitoring 
point was undermined. 
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Figure K-37. Static water elevation and total dissolved solids (TDS) at Enlow Fork Mine monitoring 

point 59-11-16.05 PZ-I EFK32. The vertical line represents the approximate date when the monitoring 
point was undermined. 
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K.6 - Harvey 
 

 
Figure K-168. Map of the piezometers and wells undermined by the Harvey Mine during the 5th 

assessment period. 
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Figure K-179. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring 

point 1805-101 PZ-D BNZ06. The vertical line represents the approximate date when the 
monitoring point was undermined. 
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Figure K-40. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring 

point 1805-101 PZ-I BNZ05. The vertical line represents the approximate date when the 
monitoring point was undermined. 
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Figure K-41. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring 

point 1805-101 PZ-S BNZ04. The vertical line represents the approximate date when the 
monitoring point was undermined. 
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Figure K-42. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring 

point 1805-101 PZ-S2 BNZ07. The vertical line represents the approximate date when the 
monitoring point was undermined. 
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Figure K-43. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring 

point 1802-117 PZ-D BNZ03. The vertical line represents the approximate date when the 
monitoring point was undermined. 
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Figure K-44. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring 

point 1802-117 PZ-I BNZ02. The vertical line represents the approximate date when the 
monitoring point was undermined. 
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Figure K-45. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring 

point 1802-117 PZ-S BNZ01. The vertical line represents the approximate date when the 
monitoring point was undermined. 
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K.7 – Monongalia County 

 
Figure K-46. Map of the piezometers and wells undermined by the Monongalia Mine during the 5th 

assessment period. 
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Figure K-48. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring point 

1305-117 PZ C1. The vertical line represents the approximate date when the monitoring point was 
undermined. 

 

Figure K-187. Static water elevation and total dissolved solids (TDS) at Monongalia Mine monitoring 
point 1305-117 PZ CS. The vertical line represents the approximate date when the monitoring point 

was undermined. 
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Figure K-199. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring point 

1305-106 W1. The vertical line represents the approximate date when the monitoring point was 
undermined. 

 
 
 

 
Figure K-50. Static water elevation and total dissolved solids (TDS) at Harvey Mine monitoring point 

1305-105 PZ D1. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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K.8 - Tunnel Ridge 

 
Figure K-51. Map of the piezometers and wells undermined by the Tunnel Ridge Mine during the 5th 

assessment period. 
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Figure K-52. Static water elevation and total dissolved solids (TDS) at Tunnel Ridge Mine monitoring 

point PIEZ 04. The vertical line represents the approximate date when the monitoring point was 
undermined. 
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