
1.  Introduction
On September 4, 2002, as a direct result of the Quecreek Mine inundation, Governor Mark Schweiker signed an Executive Order establishing the Commission on Abandoned Mine Voids and Mine Safety.  (A copy of the Executive Order is attached as Appendix A.)  The mission of the Commission was … “to investigate and document the hazards posed by abandoned mine voids, in particular the flooding of adjacent operating mines, and to make recommendations regarding the accurate location of voids and avoidance of other hazards associated with mining.”

The Commission’s functions, as enumerated in the Governor’s Executive Order, were to make recommendations regarding the following:

· Best engineering practices to be used in the design and layout of modern mines adjacent to abandoned mine workings.

· Regulatory policies and permit review procedures for permitting mines adjacent to abandoned underground mine workings.

· Practices and procedures of mine operations in advance of mining to detect mine voids.

· Training of mine workers who operate mines adjacent to underground mine workings.

· Inspection and compliance of the mine operations with the approved mine plans and operating requirements.

· Rescue and response procedures, which shall include policies for sharing information with families of miners affected by the accident.

This report constitutes the Commission’s findings and recommendations.

Encountering water in underground coal mines is not unusual as underground mine openings can intercept and convey surface water and groundwater.  When excavated below the water table, mine voids serve as low-pressure sinks inducing groundwater to move to the openings from the surrounding saturated rock.  The result is the dewatering of nearby rock units via drainage of fractures and water-bearing strata in contact with the mine workings.  Provisions for handling the normal inflow of water into the mines through collecting the water in sumps and pumping it to the outside are standard procedures in the mining industry.  However, the sudden influx of large quantities of water into a mine is a dangerous event.  When this influx is unexpected, the lives of miners and the safety of the mine are threatened.  Such inundations can be associated with loss of lives and property.  Inundations of coal mines have occurred from surface waters, nearby aquifers, and from water-logged mine workings in the same mines or in adjacent mines.

The potential for mine workings to be inundated should be recognized as long as mine are operating adjacent to pools of water.  The recognition of the inundation potential and the communication of the inundation hazard are essential steps in increasing the perception of the 

inundation hazard to all the miners working in mines with the inundation potential.  Unless there is a clear perception of the inundation hazard, there is little likelihood of an assessment of the risk posed by the hazard or of adequate protective measures being taken to eliminate or control the hazard.  On the other hand, enhancing the perception of the inundation potential can lead to a mine design that offers increased protection from pools of water, to operational practices that utilize effective monitoring techniques for avoiding the hazards, and to training miners in safe practices and procedures to avoid contacting these hazards.  Hazard identification, risk assessment, and risk reduction constitute the major steps for hazard mitigation.  All these actions would result in a safe and productive mine.

In the Commonwealth of Pennsylvania, underground coal mining has a long history, dating back to the early 1700s.  The Commonwealth was a leading producer of anthracite and bituminous coals that powered the nation’s expansion to the west.  Needless to say, this voluminous exploitation of the coal reserves has left a legacy of many old and abandoned mines in the anthracite and bituminous coalfields of the Commonwealth.  Active mining in conducted in proximity to these old and abandoned mines, which may be filled with water or other fluids.  This long legacy of mining has also left behind an extensive record of mine health and safety laws that in later years were to prove to be the mainstay for the federal legislation on coal mine health and safety.  The laws of the Commonwealth on anthracite and bituminous coal mines have numerous provisions to ensure safe operation of a coal mine in the vicinity of an abandoned mine.  Yet, the occurrence of the Quecreek Mine incident (see sidebar 1) brings to the fore the need to examine the weak links in the process of preparing to mine coal properties that lie adjacent to abandoned mines.

While the federal and state laws with regard to mine boundaries and to the manner to conduct mining when approaching these boundaries are designed to reduce the chances of inundation, the Quecreek Mine incident has raised fundamental questions on the adequacy of the current procedures for designing, permitting, and operating mines in the vicinity of abandoned mine voids.  The questions encompass several issues.  Some of these are concerned with the sources of data on the abandoned mines, the validation of the data used in the preparation of the mine permit application, and the mine permit evaluation and acceptance.  Others are concerned with such issues as the measures that can be taken during the mining process to reduce the chances of accidentally breaching the boundary and the enhancement of the training programs for the miners to improve their appreciation of the inundation hazards in their mines and the means to avoid them.

History of Mine Inundations

Inundations, i.e. unplanned inundations of water or gas, are one of twelve events that are immediately reportable to the federal Mine Safety and Health Administration (MSHA).  An MSHA 7000-1 form must also be submitted for each event.  The coding and the associated narrative of the form is sometimes confusing, and as a result different analyses of the data can result in slightly different summary statistics.  Moreover, if there were multiple injuries from a single event, multiple forms may be filed, thereby resulting in “double counting” of a single inundation. Nonetheless the data are quite enlightening.  

	 Sidebar 1
Quecreek No. 1 Mine – Sudden inundation from uncharted section of adjacent, flooded underground mine(
Fatalities:  None     Type of Mine:  Underground - Bituminous coal

Location:  Lincoln Township, Somerset County, Pennsylvania

Mining method: room-and-pillar, 35-foot extended cut plan using remote-controlled scrubber miner, ATRS roof bolter, and shuttle cars    Coal seam:  Upper Kittanning   Seam thickness:  42 to 52 inches locally

Mining History: Underground development of the Quecreek Mine began in March 2001.  The Quecreek No.1 mine was developed via a 4-entry drift portal located in a box cut.  After the initial development from the box cut, the 4 entries were expanded to 7 entries.  At the time of the inundation, limited development had taken place in the mine.  From the portal, the mine’s main entries (Mains) were developed down structure approximately 5800 feet.  At approximately 3700 feet inby of the portals, the 1 Left section was developed up-dip and perpendicular to the Mains to a distance of approximately 3200 feet.  Work was just beginning on the 2 Left entries, which were being developed approximately 1200 inby of, and parallel to, the 1 Left entries.

Inundation incident:  On Wednesday, July 24, 2002, miners working in the # 6 entry of the 1 Left section unknowingly mined to within two feet of uncharted workings of the adjacent, flooded Harrison #2 Mine.  The Harrison #2 Mine is located in the Upper Kittanning seam, up structure from the Quecreek workings.  Within minutes, as the remote controlled continuous miner was preparing to “clean-up” the cut, a breach formed in the remaining section of barrier and a portion of the Harrison #2 mine pool, an estimated 75 million gallons of water, poured into the Quecreek workings.  Eighteen miners were working two active sections in the Quecreek Mine at the time of the barrier pillar failure.  Nine miners were working near the point of the barrier breach in the 1 Left section.  Nine additional miners were working in the other active section, near the Mains, at the advancing face of the newly started 2 Left section.  

When the barrier pillar failed, the 1 Left section crew immediately phoned a warning the 2 Left miners, allowing that nine-man crew to escape to safety along the Mains to the drift entries.   The 1 Left section crew were unable to escape due to the flooding of a low “dip area” along the Mains immediately outby of the 1 Left section.  Inrushing water accumulated in this low area, blocking the escape route.  Miners working at the 2 Left face reached this low area sooner and were able to wade through the rising water and escape to higher ground along the Mains and eventually to the drift entries.

Due to the flooding of the “dip area,” the 1 Left crew was forced to retreat back up the 1 Left headings to the highest ground available.  This high point was located in the #1 entry near the working face of the 1 Left section.  The 1 Left crew remained trapped at this location for over 75 hours until the early morning hours of July 28th  when all nine men were rescued via a 30-inch vertical borehole using an MSHA recovery cage attached to a crane. 




Over the past twenty years, i.e. from 1983 to the present, there have been a total of 449 inundations in underground mines:  397 in coal and 52 in metal/nonmetal.  These inundations have resulted in 4 fatalities (3 in coal and 1 in metal/nonmetal), 13 lost time injuries (5 in coal and 8 in metal/nonmetal), and 6 injuries with no lost time (6 in coal and 0 in metal/nonmetal).  These inundations are shown by commodity and year in Figure 1. 

However, not all of these inundations result from proximity to abandoned mines.  In some cases, the active mining has cut into either sumps or sealed areas of the active mine; in other cases, active mining has mined into an old uncharted gas well.  There were 134 water inundations and 68 gas inundations from abandoned mines over the past twenty years, resulting in 1 fatality and 1 lost time injury (Figure 2).  
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Figure 1.  All inundations in underground mines, by commodity and year.
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Figure 2.  Inundations from abandoned mines into active underground coal mines, by type and year.

Appendix B contains a table of recorded inundations that have occurred in the U.S. since the late 1800s.

The Commission is aware of the failure of a 72-acre coal refuse impoundment near Inez, Kentucky in 2000 (sidebar 2).  The National Research Council’s (NRC) investigation and recommendations regarding the Inez incident are relevant to the tasks assigned to the Commission. Pertinent recommendations from the NRC’s report were reviewed and considered by the Commission.  

	Sidebar 2

The failure of a 72-acre surface impoundment of liquid waste on October 11, 2000, which released 250 million gallons of the slurry into an underground coal mine, was the focus of a study by a specially constituted committee of the National Academy of Sciences [National Research Council, 2002].  One of the three tasks of the study was to evaluate the accuracy of mine maps and to explore ways and means to improve surveying and mapping of underground mines to delineate more accurately how underground mines relate to current or planned slurry impoundment.  The findings and conclusions of this study on mine maps, Chapter 3 in the NRC report, and on the technologies for locating mine workings, Chapter 4 in the NRC report, are relevant to the present study on eliminating or reducing the inundation hazard in an active underground mine from an adjacent mine.  The NRC study recognized that maps of mines operating since the 1970s are likely to be more suitable for impoundment design, and that maps of older mines may not be suitable and that mine maps may be inaccurate due to unrecorded final cuts.  In these cases, the study stated that additional investigation to locate the underground workings is warranted, and that invasive drilling programs can provide the necessary information.  Noting both the cost and environmental issues involved in intensive drilling programs, the study suggested that well-planned and appropriate use of geophysical techniques can help minimize the amount of drilling required to detect mine voids.  The NRC Committee however cautioned that no geophysical technique is capable of performing optimally under all geological and topographic conditions and that multiple geophysical techniques may be necessary to reduce the probability for error to an acceptable level.  Further, the Committee noted that while the geophysical methods have proved successful in some cases, drilling is still necessary to confirm interpretations of the geophysical and remote sensing data.




2.  Commission’s Tasks

The nine-member Commission was sworn in on September 12, 2002 in Harrisburg, Pa.  The commissioners unanimously agreed that the Commission would undertake, to the extent possible, an analysis of the publicly available information on each of its functions and solicit information from knowledgeable and interested parties through public hearings.  

The Commission agreed that the Quecreek mine accident provided the opportunity to take a systems view to the solution of the problems that are associated with mining near abandoned voids.  The Commission divided its work into six tasks:

1. Permitting mines adjacent to abandoned mine workings, 

2. Planning and designing of mines adjacent to abandoned mine workings,

3. Operational practices to detect mine voids in advance of mining,

4. Regulatory inspections for compliance with approved plans and procedures, 

5. Training of miners working in mines adjacent to abandoned mines, and

6. Emergency response and rescue procedures.

The Commissioners agreed that each task must be addressed with regard to: a) the current state- of-the-art of technology, practice, and procedures in the industry, b) the advanced state-of-the-art in terms of practices, procedures and technology, c) the potential application of the advanced state-of-the-art to the enhance the safety of each of the task, d) the potential limitations of such applications, and e) recommendations arising out of this assessment of the technology, practice and procedures.  The commissioners then detailed each task with a list of questions that would serve as a template for the task narrative contained in section 3-8 of this report.  The questions generated for each task are listed below.

Task 1.  Permitting mines adjacent to abandoned mine workings.

· What are the applicable state and federal statutes and regulations governing mine safety, mine mapping, and mining near abandoned workings?

· Do current applicable laws, regulations or policies limit the regulatory agencies’ ability to comprehensively assess the safety implications of mining near flooded underground workings?

· Are specific changes in the 1961 Bituminous Coal Mine Act warranted with regard to its provisions on mining near abandoned underground mine workings?

· What are the current permitting procedures?

· How does DEP deal with storage, availability and georeferencing of mine maps?

· How is the information in the permit application regarding the location and level of inundation of adjacent mine workings verified by the regulatory agency?

· What interactions take place between the operator and the permitting agency to establish the reliability of the data used in the permit application?  If the issues are not fully resolved, what recommendations are made to ensure verification before permit issuance?

· What is MSHA’s role in Pennsylvania permitting?

Task 2. Planning and designing mines adjacent to abandoned mine workings.
· What are the current practices and/or considerations regarding design and layout of underground mines adjacent to abandoned mine workings?

· Where do mine operators get information on abandoned mine workings?  What measures are taken to verify that the information on hand is the most up-to-date?  How is this information used in the layout of mines?

· What is the current state-of-the-art regarding mapping underground mines in the U.S. and does Pennsylvania compare well with national pace-setters?  

· What sort of engineering practices could be incorporated to improve mine barrier design and mine map verification in Pennsylvania?

Task 3.  Operational practices to detect mine voids in advance of mining.
· What are the current pratices and procedures that operators use to verify the validity of assumptions made during the permit application process and design and layout phase of the underground mine’s life?  Are these practices adequate or is there room for improvement due to technological advances?

· What technologies and methodologies rank as state-of-the-art for detecting underground mine voids?

· What is the current status of remote sensing technologies and their relative applicability and limitations for mapping abandoned mine workings?

· Are there any drilling technologies that may have value in detecting adjacent mine voids?  What are their applications and limitations?

· What are the utility and/or applicability of operational indicators, such as changes in water chemistry and/or flow to provide early warning of hazards from adjacent flooded mine workings?

Task 4.  Regulatory inspections for compliance with approved plans and procedures.

· Does the frequency and type of inspections allow regulatory agencies to appropriately validate and verify assumptions made during the permitting process?  What are the information needs for the regulatory agencies to ensure that such verification is continuously being achieved?  How can this information be obtained within the framework of the current state and federal inspection programs?  

· What are the roles of state and federal inspectors?  Can data sharing between agencies be improved?

· Is there need for increased or hazard-specific inspection regarding mining near abandoned mine workings?

Task 5.  Training of mine workers who operate mines adjacent to underground mine workings.  

· Is customized training based on site-specific hazards made available to underground workers?  Is training on the hazards associated with, and responses to, sudden inrushes of water from nearby mines specifically needed for miners who may be working near flooded abandoned mine workings?

· Are current training procedures taking advantage of new technologies to make training less intrusive and more available to mine employees?

· Are flooded adjacent workings given appropriate weight during training to increase perceptions of the hazards of sudden mine inundation?  Are workers aware of this hazard even when they may not be working in the immediate vicinity of adjacent flooded workings?

Task 6.  Rescue and response procedures. 

· What is the current status regarding effectiveness and integration of all agencies to systematically respond to mining emergency?  How does this status compare with readiness of response to non-mining emergencies?

· How does the size of the coal mining operation impact its ability to respond to emergencies – small v. large operator readiness?

· How can the ability of the government, industry, and public to respond to mining emergencies, particularly those occurring at small mining operations, be enhanced?

3.  PERMITTING MINES ADJACENT TO ABANDONED MINE WORKINGS 

In the course of its investigation the Commission has considered the role that mine safety laws play in protecting miners from the hazards posed by abandoned mine voids.  Several legal provisions protecting miners from the hazards posed by abandoned mine voids, were uncovered and are discussed here.

 SEQ CHAPTER \h \r 1Pennsylvania Mine Safety Laws

Because of the long history of coal mining in Pennsylvania, the Pennsylvania General Assembly has enacted mine safety laws and amendments many times.  The first mine safety laws date to 1870, 99 years before the first major Federal legislation on the subject.  The Pennsylvania mine safety laws were the only requirements in effect during the mining of the Harrison #2 Mine, i.e., the abandoned mine encountered by the Quecreek miners.

The provisions of Pennsylvania’s mine safety laws for bituminous and anthracite coal developed separately and to this day are set forth in different statutes.
  The Federal Mine Safety and Health Act and its regulations apply to mines in both coalfields.  Sometimes the requirements of these laws are the same or similar, but in many cases they are not.  Appendix C.1 is a table that summarizes the current requirements of Pennsylvania laws (bituminous and anthracite) and Federal law on subjects relevant to the Commission’s charge.

Mapping:  Pennsylvania’s mine laws have required some form of mine mapping since 1870 for anthracite coal mines and 1885 for bituminous coal mines.  Since 1911 “final” surveyed and certified maps have been required when mine close.  A detailed outline of the development of mine mapping in Pennsylvania’s mine safety laws is contained in Appendices C.2 and C.3.  The changes and refinements to the mine map requirements show that encountering abandoned mine voids containing accumulations of water or gas has been a concern for a long time.   Pennsylvania’s long standing concern about protecting miners from the hazards posed by abandoned mine voids is evidenced by many of the map related provisions, including requiring mine maps to show adjacent workings and any impounded water and allowing miners to examine the mine maps if they are concerned about encountering dangerous accumulations of water or gas.  (Sections 301, 302 and 311 of the Anthracite Act, 52 P.S. §§ 70-301, 70-302 and 70-311; Sections 235 and 237 of the Bituminous Act, 52 P.S. §§ 701-235 and 701-237)

Over the years, the mapping requirements applicable to bituminous and anthracite coal mines have become more similar.  The essence of these requirements is as follows:  the operator or superintendent of a mine must prepare an accurate map and update that map on a regular basis to show additional workings and other changes.  Upon completion of mining, the state mine inspector must be informed and an updated map of the mine must be provided.

However, there are some significant differences between the statutes, which may have an effect on protecting miners from the hazards posed by abandoned mine voids.

Access to Maps.  Maps of anthracite mines that are provided to the Department of Environmental Protection (DEP) by operators or superintendents are considered to be “property of the Commonwealth.”  Since 1891
 miners and members of the public have been able to examine the maps.  (Sections 310 and 311 of the Anthracite Act, 52 P.S. §§ 70-310 and 70-311)  Bituminous mine maps submitted to the state mine inspector, however, are only “official records,” and generally may not be examined by the public.  (Section 239 of Bituminous Act, 52 P.S. § 701-239)  The general public only has a right to inspect the “final” bituminous mine map, which today is not submitted to the inspector.  (Section 240 of Bituminous Act, 52 P.S. § 701-240)  In addition, the “Six Month” maps submitted to DEP pursuant to Section 8 of the Bituminous Mine Subsidence and Land Conservation Act (BMSCLA), 52 P.S. § 1406.8, are public records that may be examined by the public.  The “Six Month” maps show mining projections for the next six months and past mining.

Filing of “Closure Maps.”  All anthracite maps are submitted to and retained by the state mine inspector.  (Sections 303-05 and 310 of the Anthracite Act, 52 P.S. §§ 70-303 – 70-305 and 70-310)  The Bituminous Act does not clearly state where the final bituminous map is to be submitted.  It states only that the map shall be provided to “the Department.”  (Section 240 of Bituminous Act, 52 P.S. § 701-240)  This ambiguity may account for some of the difficulty the DEP has in locating “final” maps, and the many gaps in the official map repositories.
   There is anecdotal evidence that during some periods in the past mine owners and operators filed final bituminous mine maps with state mine inspectors, but no clear policy or agency directives have been uncovered.  Today it appears that, pursuant to DEP policy, final closure maps are filed in the Bureau of Deep Mine Safety (BDMS) office in Uniontown.  

Frequency of updating maps.  When the initial mapping requirements were enacted for anthracite mines (1870) and bituminous mines (1885) the mine maps were to be updated every six months.
  Despite many advances in mining technology in the past 100 years, which have increased the rate of mining markedly, bituminous maps are still only updated every six months.  (Section 238 of Bituminous Act, 52 P.S. § 701-238)  However, in 1959, following the Knox Mine Disaster
, the General Assembly required anthracite maps to be updated every two months.
  (Sections 304 of the Anthracite Act, 52 P.S. § 70-304)  This difference in the frequency that mine maps are updated is curious and irrational since the rate of advance for the larger and highly mechanized bituminous mines is much greater than for anthracite mines.

Duplicate Surveying.  The Anthracite Act requires duplicate surveys to be made of some sensitive portions of the mine.  Duplicate surveys are required for areas that will flood and for locating pillars between adjoining properties.  (Sections 305 and 312 of the Anthracite Act, 52 P.S. §§ 70-305 and 70-312)  Both surveys must be filed with the state mine inspector.  Requiring duplicate surveys should enhance the confidence in the location of these areas.  No similar requirement exists in the Bituminous Act.

Drilling and Barrier Requirements:  The provisions for drilling when approaching inaccessible workings and for establishing barriers with inaccessible workings are generally consistent for bituminous coal and anthracite mines.  Each Act requires advance drilling when approaching abandoned workings and each requires a barrier to be established.  These provisions also show a long-standing concern about protecting miners from the hazards posed by abandoned mine voids.  The purpose of these requirements is preventing miners from encountering impounded water or gas in adjacent abandoned mine voids.

There are, nevertheless, a few differences between the Acts and some shortcomings in each Act.  

Drilling.  The Bituminous Act is more protective than the Anthracite Act because it requires advance drilling when approaching any adjacent mine.  (Section 224(b) of Bituminous Act, 52 P.S.§ 701-224(b))  The Anthracite Act requires drilling only when approaching inaccessible workings likely to contain water. (Section 238 of the Anthracite Act, 52 P.S. § 70-238)

The Acts specify the distance from adjacent workings when advance drilling must commence, 200 feet for bituminous mines and 100 feet for anthracite mines.  The 200-foot distance to commence drilling was added to the bituminous law in 1961.  

To operate within that zone requires drilling of holes, in a fan shaped pattern, at least 20 feet in advance of any workings.  This kind of requirement first appeared in 1893.  The first requirements were for boreholes 12 feet in advance of the workings with angled holes drilled into the ribs.   The length of the holes was changed to 20 feet in the 1929 amendments to the law.  

In the 1893 statute the boreholes were required when the active workings were in ‘dangerous proximity’ to abandoned workings.  After a subsequent court interpretation, the General Assembly restated its intent.  The 1911 revised statute required the boreholes when workings advanced to within ‘supposedly dangerous proximity’ to abandoned workings.   The current statute dates to 1961 and it replaced the ‘supposedly dangerous proximity’ standard with a 200-foot distance.  There is no record available to the Commission that explains the significance of 200 feet.  Coincidence suggests that its origin may be an attempt to be consistent with the Safety Zone Act of 1959.  That act, passed after the Knox Mine Disaster, requires a 200-foot safety zone from the ‘known perimeter (emphasis added) of water bodies sufficiently large to constitute a hazard to mining’. 

Problems with old maps include maps not showing the full development of the workings, uncertainty of survey methods and non-standardized coordinate systems and scales.   Therefore, the requirements of current law can mask the true level of the hazard posed by mining near abandoned mine workings.   As no testimony or other evidence presented to this Commission has suggested that the degree of error in determining the distance between mines is limited to more or less than 200 feet, the use of a 200-foot standard can lull mine planners and government regulators into a false sense of security.  It should be noted that the design of any barrier pillar, i.e., the barrier of un-mined coal between two mines, is only as good as the accuracy and reliability of the abandoned mine map.  

Drilling ahead of the advancing mining face, done in an appropriate way, is a proven technique to identify mine workings.  Properly developed, the holes can be used to drain water or gases from the old workings and eliminate the hazard.   Any arbitrary distance chosen to begin drilling, whether the 200 feet in the law or the 500 feet specified in administrative orders issued to many mines in September 2002 is measured from an essentially unknown point.  Therefore, guidelines are needed to promote establishment of appropriate drilling distances based on site-specific conditions.    

Today, many bituminous mines advance workings using remotely controlled continuous mining machines.  These machines are capable of a single advance of more than 35 feet.  When operating within 200 feet of known workings, drill holes must be advanced 20 feet ahead and at 45-degree angles every 8 feet.  To accomplish this requires the machine to back out of the advance each 8 feet, bolt the roof, and then drill the holes.  The current law negates virtually all of the advantages of the modern continuous miner.  Using the type of advance drilling contemplated by the Acts is outmoded for modern bituminous operations.

A different situation exists in anthracite mines.  Continuous mining machines cannot operate in the steeply dipping anthracite seams.  Instead advance of the working face is done by hand.  Accordingly the rate of advance is much less, typically 6 to 12 feet per day.   Drilling 20 feet ahead when operating within 100 feet of suspected abandoned workings is a practical and effective measure.  While existing requirements are effective and practical in anthracite mines, advance drilling requirements of the 1961 Act and productive use of modern mining machines are not compatible.

The Commission heard testimony about the success of horizontal drilling to detect mine voids in advance of mining.  The Commission also heard about several promising geophysical technologies that, in the near future, may be able to accurately locate abandoned voids in advance of mining.  However, because of the specific requirements of the Acts, none of these or other means may be employed without obtaining a variance.  The Commission’s concerns about the prescriptive nature of the Acts are discussed further below.

Barriers.  The Acts require the use of two different empirical formulae to determine the minimum safe barrier between active and abandoned workings.  (Section 238 Anthracite Act, 52 P.S. § 70-238; Section 291 of Bituminous Act, 52 P.S. § 701-291)  These are two of many barrier pillar equations.  More than a dozen formulae were brought to the Commission’s attention during testimony; some were developed after the Acts were passed.  The Commission also heard testimony about using computer methods to design barrier pillars.  Neither Act, however, allows for the use of alternate formulae or numerical methods to determine barrier sizes.  This is another example of a situation where the prescriptive nature of the Acts may not be in the interest of mine safety.  The Commission’s concerns are discussed later in this section.

Incorporating Changes and Advances In Methods and Technology:  Many of the provisions in the Anthracite Act and Bituminous Act are prescriptive in nature, i.e., they specify the particular means and method of compliance.  Since neither of the Acts as been amended since the 1960s, all of the provisions date back at least that far and many can be traced back to laws passed in the early Twentieth Century or the late Nineteenth Century.   However, it does not follow that all of the Acts’ provisions are outmoded simply because they have been in place for many years.  To the contrary, many portions of the Acts are valuable and offer viable measures that help to keep Pennsylvania’s miners safe every day.  This continuing success is a testament to the foresight of the drafters of Pennsylvania’s mine safety laws.  In many ways, Pennsylvania’s mine safety laws were both pioneering and forward looking.

However, in some cases the employment of new technology and practices is hampered by the prescriptive provisions.  The Acts do not give DEP the authority to promulgate regulations or otherwise account for changes in mining practices and technology.  Such regulation promulgating authority is essential for modern regulatory agencies.  Most of the other statutes administered by DEP contain this authority,
 as does the Federal Mine Safety and Health Act.
  Currently, the only way that new equipment, technology, methods or processes may be approved is by obtaining a variance under the Acts.
  The applicant must show that the proposed change will provide substantially the same or greater protection than the prescriptive provision that it is replacing.  The DEP has in place a policy for handling such variance requests.

While variance procedures may be a good approach for unique deviations from a norm, they are inherently inefficient and poorly suited to dealing with generally accepted advancements and improvements in mining technology.  For example, the Commission heard testimony that modern horizontal drilling methods can be more efficient and effective in determining if abandoned mine voids exist in the area proposed for mining than boring holes into the working face and ribs as specified in Section 224(b) of the Bituminous Act.  Though horizontal drilling is a well-known and accepted technology, the only way to use it for this purpose is by obtaining a variance under Section 702 of the Bituminous Act for each mine.  Witnesses have told the Commission that this can be a time consuming process.  However, given the prescriptive requirements of the Acts, the DEP must require individual variance applications for each mine.

Compliance Responsibility:  The Bituminous Act and Anthracite Act vest the primary responsibility for the operation of the mine and compliance with the law on the mine foreman.  (Sections 220-237 of the Anthracite Act, 52 P.S. §§ 70-220 – 70-237; Sections 218-226 of the Bituminous Act, 52 P.S. §§ 701-218 – 701-226)  This system dates back to the earlier mine safety laws enacted in the late Nineteenth and early Twentieth Centuries.  (E.g. Act of May 15, 1893, P.L. 52)  In essence, an individual takes personal responsibility for a collective commercial enterprise.  However, it is not a commercial enterprise that the mine foreman owns or controls.  Nevertheless, the primary sanction when the requirements of the Acts are violated is the suspension or revocation of the mine foreman’s license.
  There are few avenues to assign responsibility for compliance to the mine owner or operator.

This arrangement appears to be common in other coal producing states, but is unusual in other regulatory contexts.  For example, compliance with the environmental and subsidence requirements for the same mine rests with the operator and permittee.
   The Federal Mine Safety and Health Act also places the responsibility for compliance on the mine operator.
  

Moreover, there are some provisions of the Pennsylvania mine safety laws, which place duties on superintendents, mine owners and operators.  This unsystematic division of responsibilities can lead to confusion.  This confusion can be succinctly illustrated by examining the “barrier” related provisions for underground bituminous coal mines.  Three different persons or entities have responsibility for implementing three different, but related, barrier provisions.  Under Section 224(b) of the Bituminous Act, the mine foreman is responsible for assuring the boreholes are drilled when mining comes within 200 feet of adjacent workings.  The superintendent, however, is responsible for establishing the barrier pillar between his workings and an abandoned mine or a property boundary under Section 291 of the Bituminous Act.  Finally, under Section 2(b) of the “Safety Zone Act,” the mine’s “Operator and/or the Lessor” must seek any relief from the 200-foot barrier.

The Pennsylvania Anthracite Act and Bituminous Act and their predecessor laws have helped to protect miners for many years.  The protection they provide is still important.  However, the Commission’s investigation has shown that some provisions should now be amended.  The sections that address mine maps, barriers and advance drilling, regulations, and responsibility for mine operations should be amended consistent with the recommendations set forth at the end of this section.

Overview of Pennsylvania Mining Regulatory Program For Underground Coal Mining 

Program Development:  The Commonwealth of Pennsylvania has been regulating aspects of coal mining since at least 1870.
  The first state agency charged with regulating mining, the Bureau of Mines, was created as a part of the Department of Internal Affairs in 1897.
   By 1903, however, the agency was upgraded to Department status; the Department of Mines was created to administer the mining laws.
   The Department of Mines continued to regulate mining in Pennsylvania until 1971 (now SMCRA), though the Department’s name was changed to the Department of Mines and Mineral Resources in 1956.
  The Department, however, took on additional duties and functions, such as mine permitting and reclamation following the passage of the Bituminous Coal Open Pit Mining Conservation Act in 1945 and the Anthracite Strip Mining and Conservation Act in 1947.
  Up to this time, mine safety was the state’s primary regulatory focus.  

In 1971, the new Department of Environmental Resources (DER) was created, consolidating several existing state agencies including the Department of Mines and Mineral Industries and the Pennsylvania Topographic and Geologic Survey, which has geologic related functions.  The DER added the authority to permit underground coal mines in 1966, with the passage of the Bituminous Mine Subsidence and Land Conservation Act (BMSLCA).
  Following the passage of the Federal Surface Mining Control and Reclamation Act (Federal SMCRA)
 in 1977, Pennsylvania attained primacy in 1982, and has operated a federally approved permitting program for surface and underground mines since then.  In 1995, the DER was split into two agencies:  the Department of Environmental Protection (DEP), and the Department of Conservation and natural Resources (DCNR).  All of the mining programs, including deep mine safety stayed with DEP.  However, the Topographic and Geologic Survey was placed into the new DCNR.  

Given all of these changes in the past century, it is not surprising that some details about the predecessor agencies have been forgotten, and some documents and records may have also been misplaced, lost or destroyed.  

Today within DEP’s Mineral Resources Deputate, the Bureau of District Mining Operations (BDMO) handles permitting for surface and underground mines.  Bituminous mines are permitted in the McMurray district office and Anthracite mines in Pottsville .  Deep mine safety is handled by the Bureau of Deep Mine Safety (BDMS) with primary offices in Uniontown (bituminous) and Pottsville (anthracite).  The following section examines how these bureaus regulate underground mines, and their relationships with each other, the regulated community and other stakeholders.

Permitting Procedures

BDMO Activities:  BDMO is responsible for the environmental permitting of mines including the environmental aspects of barrier pillar design.  This function is performed at the McMurray District Office for bituminous underground mines and at the Pottsville District Office for anthracite underground mines.  The Bureau of Deep Mine Safety (BDMS) does not permit or approve the opening of a new mine or extending the permit boundary of an existing mine.  

BDMO has a pre-application procedure that is intended to identify potential issues prior to submittal of a permit application.  That process includes a face-to-face meeting between government regulators, the mine operator, and their consultants.  After application submittal interaction is both formal through deficiency letters sent by the reviewer to the applicant, and informal through telephone or personal communications to clarify application information.  To issue a permit BDMO must be convinced that a preponderance of evidence provided during the application submittal review process supports compliance with the criteria for approval/denial established in 25 PA Code 86.37.  If the issues are not fully resolved then BDMO can insist on appropriate modifications, can unilaterally condition the permit, or can deny the application.  

The appropriate BDMO office provides portions of mine permit applications to BDMS for their review and comment, specifically regarding compliance with the Bituminous Coal Mine Act (or Anthracite Coal Mine Act) and Pennsylvania’s Safety Zone Act.  BDMS is provided a 30-day comment period but is not required to comment.  BDMS’s review is discussed in detail below.

BDMO’s goal for environmental permitting of barrier pillars is the control of mine drainage pollution to the waters of the Commonwealth.   The physical layout of underground mines is used to control adverse hydrologic impacts to surface waters.  The overall strategy is to achieve complete flooding of the mine workings in order to minimize the potential for acid mine drainage.  Tactics include:

· Promotion of postmining inundation of the workings through down-dip development, careful location of entries and sizing of barrier pillars.

· Allowing mining only where groundwater flow is slow so that the time for transport of contaminates is longer than the documented natural amelioration rate within mine pools.

· Restricting mining near groundwater discharge zones.

Applicants for permits must certify that the information is accurate to the best of their knowledge.   Relevant portions of the application require the seal of a Professional Engineer, Professional Geologist, and/or a registered Professional land Surveyor.

Bituminous Underground Coal Mines:  Applicants for bituminous underground mines are required to provide the following information regarding mines adjacent to the proposed operation:

· A map (1” = 500’ scale) showing the areas environmental resources in the general area of the proposed mine including the outlines of other active, inactive, abandoned mine workings (surface, auger, and underground), which lie above, below, or within 1,000 feet laterally of the proposed underground permit area.  For other active operations, the proposed limit of coal extraction or permit boundaries must be shown. 

· The same map also showing the outlines of mine pools in workings above, below, and within 1,000 feet laterally of the proposed underground permit area, including previously identified ‘safety zones’ required under the Safety Zone Act. 

· Information regarding adjacent (within 1,000 feet of the proposed permit boundary) underground mines including the name of the operator, site name, permit number, status, coal seam(s), mine opening elevations, discharge elevations, and mine pool elevations.  Information regarding any discharges from adjacent mine discharges above, below, or within 1,000 feet of the proposed permit boundary including a description of the discharge, mine name, elevation, contributing mine pool level, range of flow rates, and qualityInformation supporting the designs of the barrier pillars proposed around the perimeter of the mine to promote inundation.

· Site specific information and data, which confirms assumptions used in determining barrier width and integrity. 

· A narrative evaluation of the potential for postmining inundation to cause or contribute to discharges from adjacent mines. 

· A Subsidence Control Plan Map (1” = 500’ scale) showing the coal barriers around the permit of the underground permit area.  

Anthracite Underground Coal Mines:  The following information regarding mine pools and adjacent mining is solicited through the anthracite underground mine application.

· Identification of, and depth to, mine pool underlying the proposed operation. 

· Geologic cross-sections showing mine pool elevations.

· Geologic cross-sections showing abandoned underground mines which will be intercepted by proposed mine.

· Descriptions of proposed working in relation to local mine pools including: discharge points from mine pool(s), extent of mine pool(s), elevation of mine pool(s), elevation of lowest working in proposed mine, distances to and name of adjacent mine pools, and name of mine pool or working that will receive drainage from proposed mine after mining. 

· Appropriate scale permit map (1” = 100’ to 1” = 400”) of underground permit area plus 1,000 feet showing boundaries of underground operations, location of active, inactive, or abandoned underground mines with location and extent of mine pools, and location and width of all coal barrier pillars. 

Non-coal Underground Mines:  Non-coal underground mines located in the coal measures, or in other areas where toxic strata may be disturbed during mining, are reviewed from the standpoint of preventing postmining pollutional discharge.  As with underground coal operations, these mines are designed to preclude discharges at the mine opening and in shallow cover areas while promoting flooding of the workings.  The following information is requested through the non-coal underground mine application.

· Mine Development Map (1” = 400’) showing boundaries of proposed underground operation and 1,000-foot perimeter zone, barrier pillars designed to promote post-closure flooding, locations of adjacent active and inactive underground mines. 

· Description of measures taken to ensure returning the hydrologic system to premining conditions, including discussion of mine water quantity, adjacent mining, mine closure procedures, and fractures and/or lineaments.

Note:  No Pennsylvania law specifically regulating non-coal underground mine safety exists.

Hydraulic barriers:  There is no legal or regulatory standard for determining the appropriate width of a barrier pillar for environmental purposes.  However BDMO-McMurray uses the formula:

Environmental Barrier Width = 50 feet + Predicted Maximum Hydrostatic Head

Any given result of solving this formula is tempered by site-specific conditions like the presence of incised stream valleys, thin or fractured overburden, and the proximity of weathered outcrop material.  

BDMO is not authorized to evaluate the safety of proposed mines and the permit issued is not a safety permit.  BDMS is provided an opportunity to comment on potential safety issues but lacks statutory authority to issue approvals or permits.  (See discussion below.) 

The potential exists that the information provided on the existing abandoned mine workings lacks detail or is not verifiable.  Seeking out mine openings or mine discharges does not provide direct evidence of the extent of the mine workings.  Barrier pillars designed to prevent pollution from the proposed mine are not the same as pillars designed to protect the miners in the mine while it operates.  However, significant information is developed in permit applications that could be used to evaluate the safety of the proposed mine.

BDMS Activities:  BDMS is notified during the mine permitting process.  BDMS is provided with a portion of the mine permit application and is given 30 days to submit comments back to BDMO.  The BDMS review consists of ensuring compliance with Section 236 of the Bituminous Act and the Safety Zone Act (Act 729).

Specifically, BDMS:

· Reviews the mine permit boundary to ensure that all mines located within 1000 feet of the permit boundary or mines within the permit boundary are properly represented to satisfy Section 236 of the Bituminous Act. 

· Determines, based upon the information within the permit, whether or not a safety zone will be established pursuant to the Safety Zone Act.
An outline of the in-house procedures used by BDMS engineering staff to review a permit when requested from BBDMO is shown in Sidebar 3.  

The method of conveying comments from BDMS to BDMO has evolved over time.  Previously, comments were provided to BDMO only for those permits that raised BDMS concerns.  Usually BDMS engineer called an engineer in BDMO to explain the concern.  Communication continued until the issue was resolved.  If the permit information was acceptable, no calls or acknowledgements were made to BDMO.

In 1999 the process was changed to require a letter from BDMS to BDMO stating that:

1. BDMS has no comment because the permit is acceptable to BDMS or BDMS lacks jurisdiction.

2. BDMS has comments and issues requiring clarification, which are set forth in the letter.

If it is determined that a Safety Zone is, or may be, required pursuant to the Safety Zone Act within the first stage of mining, then the safety zone requirements are incorporated within the permit process.  Otherwise, safety zones are handled within the BDMS plan approval process.  The approval authority for safety zones lies with BDMS.

During the Quecreek Mine permitting process, no comments were provided by BDMS to BDMO on the initial application or revision to add underground acreage.

The Safety Zone Act:  The Safety Zone Act requires a safety zone to be established beneath and adjacent to every stream, river and natural or artificial body of water in the Commonwealth that is sufficiently large to constitute a hazard to mining in the opinion and in the discretion of the BDMS.  Such safety zones, in the case of such streams and rivers, shall extend horizontally two hundred feet from the high water mark of each bank.  In the case of any other body of water sufficiently large to constitute a hazard to mining in the opinion and in the of the BDMS, the safety zone shall extend horizontally 200 feet from the known perimeter of the body of water.  In any case, the zone shall extend downward to the limit of the workable beds.
No mining or removal of minerals shall be permitted within the safety zone unless authorization is specifically granted in advance and in writing by the BDMS.

In no instance will any plan be approved if there is less than 35 feet of rock cover.  Factors considered in plan approval shall include thickness of bed, width of mine openings, width of pillars and such other factors as are deemed applicable by the BDMS

	Sidebar 3

BDMS’s review process regarding application for a new or revised bituminous underground mine includes the following steps:

1. The permit application is reviewed to determine whether or not it is applicable to BDMS’s jurisdiction and whether or not “miners safety” is an issue.

2. For permits that are under BDMS jurisdiction, the submitted permit information is reviewed to determine if all appropriate information is included:

a. Hydrology module

b. Geologic Information

c. Subsidence Control and Underground Mine Maps

d. Module 9, Surface and Underground mines… 

e. Exhibit 19.2 Environmental Resources Map

3. Hydrology

a. Determine discharge elevations for all mine discharges

b. Look at all boreholes and piezometers

i. Use to determine where mine pools are located

4. Geologic sections

a. Look at cross sections and core-hole logs throughout the mine

i. Look for abnormalities

ii. Look at inter-burden between seams

iii. Look at rock types and structure

5. Subsidence Control Module

a. Review planned mining sequence and timing of mining

b. Complete review of areas to be mined first for safety zones

6. Complete OSM and BDMS map repository search

a. Search OSM maps by quad sheet and UTM coordinates.  Compare the OSM maps to the permit maps and BDMS maps

b.  Search BDMS database by coal company name, mine name, quad sheet and township.

c. Use this information to verify that the maps shown on the permit are the latest information available and the workings are aligned properly

7. 19.2 Environmental Resources Map

a. Compare outlines of all mines and identified coal seams with module 9.1 and 9.2 information, (surface and underground mines)

b. If the information is incorrect or does not correlate, then contact the mine operator or its engineering firm to determine a course of action to correct.

8. Prepare letter of response to BDMO

a. Send letter stating that the permit application complies with the Bituminous Coal Mining Act

b. Or send letter to BDMO stating reasons for non-compliance with the Act.




BDMS approval process:  When a plan approval is required by the Safety Zone Act (or certain provisions of the Bituminous Act), the mine operator will submit a plan to the BDMS mine inspector.  The operator’s plan is routed from the mine inspector through his supervisor to the Engineering Division.  A BDMS mine engineer will review the plan to determine if the barrier is adequate.  The required barrier pillar is calculated using either the prescribed requirements of the Bituminous Act or in the absences of a prescribed formula, Ashley’s Formula (see sidebar 4) from U.S. Bureau of Mines Information Circular #8741 is used.  The formula is 20 + 4t + 0.1d  (where t is the seam thickness in feet and d is the depth of cover in feet).  After the mining engineer has reviewed the barrier requirements and calculations, the plan and recommended action is routed through the Bituminous Division Chief to the BDMS Director for final action.

The design of any barrier pillar size is only as reliable as the map of the abandoned mine map utilized to calculate and design the barrier pillar.  False levels of confidence based on inaccurate mine maps can unduly reduce perception of hazard and result in unanticipated incidents, which can endanger lives and property.

Sidebar 4

In 1927 the Governor of Pennsylvania appointed a commission designated as the Barrier Pillar Commission.  In contrast to the current Governor’s commission that was formed following a breakthrough of the barrier pillar at the Quecreek Mine, the 1927 commission was established because the pillars required by the Mining Code were causing an “unnecessary economic burden” for the operators.  

The legislation that established the commission stated “that its duties shall be to ascertain from investigation the geologic formation and strength of bituminous coals in this Commonwealth and determine the practicable and safe thickness of barrier pillars to be established jointly between adjoining mining properties…”

The Commission reached several conclusions which are relevant to the existing Commission including:

1. “A report covering 84 drowning disasters in England, showed that all but 18 were due to mining through into flooded workings where mine maps of those workings were faulty or lacking.  The other 18 were cases of running into water-bearing strata over denuded coal, or into faulty and dislocated strata.”  Additionally the Commission determined that three inundation deaths occurred in Pennsylvania and the investigation found that “mining had been carried into forgotten or poorly mapped workings.  Through as one of the juries found, ‘misleading maps and drafts.”

2. Following hearings, the Commission established a formula for appropriate pillar size, which is still used today.  The formula is commonly referred to as the Ashley’s Formula (named after Secretary to the Commission, George H. Ashley) and states “…the minimum pillar shall be not less than 20 feet, plus four times the thickness of the coal bed, plus 10 feet for each 100 feet or fraction thereof of cover at the boundary in question”.

3. The Commission recommended that “the distance to which drilling must be maintained ahead of workings designed to drain water from abandoned mine workings” be increased to 25 feet.  The Commission acknowledged the need for this recommendation because advanced mining methods (of that time) which leave only 3 feet of coal “which might conceivably blow out into the flooded mine”. 

MSHA’s activities:  MSHA has no involvement in the permitting process of underground mines in Pennsylvania.  MSHA is notified of each coal mine permit application.  They issue an ID number and, at least for surface mine permits, need to approve mining within 500 feet of abandoned mine workings.  All involvement is separate from the permitting process and involves plans for training, roof control, ventilation, etc.  
Mine Map Resources

Legal requirements for mine maps:  In the bituminous region a registered engineer or registered surveyor makes mine maps.  During operations, in addition to keeping a copy of the map at the mine and providing the inspector their copy, which is updated every six months, the operator is required to exchange maps with operators working in adjacent seams.  The anthracite regulations are similar, with a few differences.  The most notable one is that maps must be updated every two months.  The law requires inspectors to pass maps to their successor.  Making copies of anthracite maps without the consent of the operator is prohibited.  Despite the requirements of law described above, it is apparent that maps were not passed to the successor inspectors.  This is evidenced by the events at the Quecreek mine and the Harrison #2 ‘final’ map found in a museum.   Making copies of anthracite maps or non-final bituminous maps without the consent of the operator is prohibited.

Upon abandoning all or part of an anthracite mine the operator is required to have the workings ‘surveyed in duplicate and such surveys must practically agree’.  A certified copy of the survey map must be filed with the mine inspector.  For bituminous mines being abandoned, the operator is to update the mine inspector’s map within 60 days and to ‘send to the Department a tracing or print of [the] complete map which is to be kept by the Department as a public document.’  The engineer or surveyor who makes the map is to certify the copy as true and correct copy of an original map that is a ‘true, complete, and correct map and survey of all the excavations.’  

Prior to the 1969 Federal Health and Safety Act, only Pennsylvania law required the filing of a “Final Map” for abandoned mines.  Starting in 1911, the Pennsylvania Bituminous Act required a final certified map of the entire mine to be filed with the “Department.”  The Federal MSHA regulations require one copy of a final map to be filed with the Coal Mine Safety District Office.  Since these state maps were the only  “final maps” ever filed prior to 1969, tracing their existence and location is vitally important.  Unfortunately, based on information supplied to the Commission by former BDMS Director Water Vicinelli (personal communication), it appears that there was no standard procedure for map submittal in place prior to 1970.  

As discussed earlier, mine regulation has been handled by several Commonwealth agencies since the 1890s.  The fate of maps submitted to predecessor agencies is unknown.  While some may form the core of the state repository collections, it is not known if all maps were so transferred.

Old mine maps are held in various collections and repositories.  BDMS, BDMO, Pennsylvania’s Bureau of Topographic and Geologic Survey and Bureau of Abandoned Mine Reclamation have collections of old maps.  It is unknown if either the Pennsylvania Historic and Museum Commission or other Commonwealth archives have map collections.  BDMO and BDMS have maps of recent and current mines.  None of these agencies have published inventories of their collections and none has established specific archival policies.  There is no coordination of collection efforts between the agencies.   BDMO-McMurray has scanned for electronic storage approximately 2000 maps, and BDMS-Uniontown about 3,500 maps.   

The Federal Office of Surface Mining (OSM) has a repository of anthracite maps in its Wilkes-Barre office, and of bituminous mine maps at the Eastern Technical Service Center in Pittsburgh.  It is presumed that MSHA also has maps.  Another possible Federal source of maps is the U. S. Geologic Survey.  Historic maps are added to OSM’s repositories as they become available but maps from recent mines are not collected.  Public availability of some maps in OSM’s repositories is limited by confidentiality agreements.  OSM is engaged in preservation of the collections through microfilming and electronic storage.  Approximately 25% of maps in the Pittsburgh repository are scanned.

Mine maps are also found in public places like universities, libraries, and museums.  The availability of a catalogue of these collections is varies.  Mining companies, engineering firms, and private individuals also have mine maps.  Little is known about the extent or conditions of these collections.  In many cases the owners of these maps may not even know of their existence.  How many mine maps are lost when company’s close or individuals die is also not known.  One individual testifying at a Commission hearing stated he had seen maps in the abandoned offices of five mining companies.  

Clearly, the use of old mine maps as a planning tool for present or future mines, or for construction of homes, commercial buildings, or transportation infrastructure, and for evaluating mine subsidence insurance claims, requires verification and validation of their level of accuracy.  Underground coal mining in Pennsylvania dates from the 1750s.  Significant reserves were mined without any map record of the workings.  Maps produced for planning and design, or maps produced before the complete development of the mine can be mistaken for final maps and lead to false conclusions about the extent of mine workings.  

Limitations on Use of Old Mine Maps:  Survey methods used to develop a map can limit its value.  Many old mine maps used mine-specific coordinate systems and datums (elevations).  If the monuments used as the base for the coordinates are lost or destroyed then placing the workings on modern maps is approximate at best.  Similarly, the scale used may have been modified to accommodate the original surveyor’s whims.  Testimony provided to the Commission noted that some anthracite maps add 500 feet to the survey elevation.  This was apparently done because the workings extended below sea level and the surveyor did not want to use negative numbers.  In some cases, wander of the earth’s magnetic north pole makes it necessary to adjust “north” to the present system from readings taken in the past.  

Lack of inventories and catalogues of map collections hinder useful access and cause duplication of scanning and digitizing efforts.  In addition, preservation of maps is jeopardized by lack of proper archival methods.  This may adversely affect the maps’ legibility, availability, and even existence.

Verification of Mine Workings during permit review:  Verification of any information in a permit application is done in several ways: comparison with other files and databases maintained by the Commonwealth, by ground truthing during field visits, by comparisons with knowledge provided by the public or from institutional knowledge of the agency, and through the rational evaluation of the application as a whole.  This is also true of verification of old mine workings.

The location of abandoned mine workings is verified by the BDMO reviewer.  Applicants typically do not provide the source of their information, an assessment of its validity, or an explanation of how the information was projected onto the current maps.  The review process performed to verify abandoned mine workings is described in greater detail in an earlier portion of this report.  

Verifying the location of abandoned mine voids and of the hydrologic systems developed in old mines is central to the permit review.  The problem has three components.  First, it is not reasonable to presume that all old mine workings were mapped.  Take as example the mine workings beneath the Hill District in the City of Pittsburgh.  Coal mining on those reserves began in the 1700s and exhausted the resource by 1870.   If any maps were made of those mines, they do not survive today.  Such early mining was not unique to Pittsburgh.  The second component is assessing the accuracy of maps that do exist.   A cursory review of old maps quickly leads to the conclusion that not all surveys are equal.  Testimony provided to the Commission pointed out that old maps prepared by large mining companies are often reliable, but those for smaller mines may not be.  For example, maps that depict workings on a map that look like ‘crow’s feet’ are suspect.  The third component relates to the projection of the old map information onto the proposed mine’s plans.  Old mines often were mapped using a site-specific coordinate system and/or map scale.  Converting that system/scale to the one in use for the modern mine is crucial.  As discussed previously, verification may not be possible if the workings were never mapped, if the surveys do not encompass the final extent of the workings, or if the old survey data cannot be accurately projected onto new mapping.

The permitting of mines under SMCRA and BMSCLA is predicated on the applicant demonstrating and the Commonwealth finding that the information submitted meets the criteria of permit approval.  Permit reviewers are not limited in the sources of information used in making that finding.  Permit reviewers use application information as a starting point.  Comments form the public and other agencies are valuable, but those other agencies may not be focused on providing assistance relevant to abandoned mine voids.  Field reviews can help by identifying tell tale signs of past mines.

For bituminous mines, BDMO-McMurray reviewers use the information in the application, maps in the office’s repository, information submitted by the public, and comments from other government agencies.  

Notice of the application is forwarded to the Bureau of Mining and Reclamation (BMR) and BDMS.  At present BDMS considers the seal of a professional engineer as proof of accuracy of the location of the abandoned mine.  The underground mine inspectors are not involved in the process.  

BMR provides information on mine workings from its “mylar” files.  To verify the location of abandoned mine workings, the BDMO permit reviewer compares application information with DEP’s “mylar” information.  This information is a seam-by-seam mapping of the outlines of other applications previously submitted, as mylar overlays to 1:2000 scale topographic maps.  With that information, permit and inspection files may be accessible for sites active in the 1970s or later.  The reviewer can also compare the application information with maps held in the Commonwealth’s map repositories.  The level of adjacent mine workings inundation is typically inferred from the hydrologic data submitted in the application, though other sources, such as survey elevations of discharges or static water levels in wells may be used.

The Bureaus involved in permitting of anthracite mines are better coordinated.  The BDMO-Pottsville permit reviewers work closely with BDMS-Anthracite Division staff and inspectors.  The review considers all of the information noted above but BDMS does comment.  The anthracite underground inspectors are involved and do comment on the applications.  Testimony provided to the Commission showed that the applicant, its consultant, BDMO, and BDMS will conduct joint inspections of the proposed site to look for relevant field conditions including openings, subsidence areas, and mine buildings.  Industry representatives and a mining engineer specializing in anthracite mining both confirmed this information.

No comprehensive review of information relevant to locating abandoned mine workings, which is held by the Commonwealth in its many parts, has ever been undertaken.  Many other data sources exist.  Some are more readily available than others.  Reviewers may not fully understand the value of those sources.  For example:

· Industry has been submitting information on coal production since the 1870s.  

· Inspection records are available for the more modern mines.  This may include a confirmation of the sealing of the mine.  

· The United Mine Workers of America maintains dues and payroll information that could confirm the closing date of mines. 

· Subsidence claims and abandoned mine inquires may shed light on the location of mine workings.  

· Other data sources, such as museums and universities, are likely to exist.  

The evaluation of historical evidence requires it be considered holistically with all other information.  Historical information is often plagued with conflicting facts.  The greater the internal consistency between all of the facts the greater the confidence in any conclusions reached using the facts.

Focused use of all information can help to verify information submitted in the application.  Verification of mapped information allows for an informal examination of the credibility of the plans of the proposed mine, when questions exist it can allow for engineering plans that factor in the uncertainties.   

On the basis on the above discussion, the Commission concludes that verification of data on the location of abandoned mines is presently not a systematic process.  

Recommendations

· The Commission recommends that mine safety requirements for anthracite and bituminous mines be consolidated in a single statute.

· The Commission believes that the Acts and all parties involved with underground mining in Pennsylvania would benefit by revising existing mine safety laws to be consistent with most modern regulatory statutes by making the mine operator primarily responsible for compliance at the mine.  Naturally, such a change would also necessitate adding new provisions that provide for enforcement tools, such as civil penalties and administrative orders that apply to operators rather than individuals.  These tools are also common in most statutes administered by the DEP
 and in the Federal Mine Safety and Health Act.

· Pennsylvania’s mine safety statutes should be amended to allow the Department to promulgate regulations that allow programmatic upgrades to keep pace with technology, to eliminate prescriptive tones, and to shift a share of the responsibility for compliance to the mine operator.

· The Commission recommends more formal and detailed interaction and communication procedures between BDMS, BDMO and the operator to ensure verification and validation of the mine maps and abandoned mine voids pertinent to the proposed operation.  In regard to verifying the accuracy of the abandoned maps, the BDMS must take a more deliberate role in identifying the potential for any hazards created by mining near abandoned mines.  They must do so not to relieve responsibility from the operator or consultant, but to serve as a final review in the prevention of mining into abandoned mine voids.

· Since, prior to 1969, the only “Final Map” requirement was to the predecessors of DEP, a deliberate and concentrated effort must be undertaken to find, identify and catalog the “Final Maps” submitted to the Department since 1911.  It is necessary to catalog all Commonwealth collections of mine maps.  These catalogs should include common metadata fields so that further preservation efforts use the best copy of any given map.  

· It is important that DEP have statewide authority to copy all mine maps.  While recognizing the issues of private and public interests, as well as property and proprietary rights, the need for the state to deal with future mine permits and future environmental and health and safety issues demands that a workable solution be developed.  Museums, universities, and other private agencies may acquire map collections from the mining companies or other sources.  However, copies of these maps must be made available to the DEP to avoid situations like Quecreek.  Therefore, the Commonwealth should systematically inquire into the presence of maps in the public and private sector to expand the Commonwealth collection.  

· A Technical Guidance Document should be developed to establish how information for abandoned mines should be assembled, presented, and evaluated.

· DEP should require a specific evaluation of the credibility of the information on the extent of adjacent abandoned mine workings.  

· DEP should establish rational guidelines for the operator and the regulatory agencies to evaluate and establish the limits of a hazard zone from abandoned mine boundaries.  In the likely event that reliable mapping does not exist, procedures such as drilling should be adopted to further define the limits of abandoned mines and the appropriate safety barriers. 

· Pennsylvania’s 200-foot drilling threshold should be retained as a minimum threshold for initiation of drilling, but should be allowed to be overridden based on site-specific conditions.  The ‘dangerous proximity’ standard is, in practice, likely to be more protective, because it requires a site-specific evaluation of the evidence to define the hazard.

· Because BDMO’s main responsibility is for environmental purposes, BDMS should be charged with the responsibility of reviewing all safety aspects of a permit.  BDMS should provide relevant comments on each application for a new mine, or the expansion of an existing mine.  If credible evidence of adjacent abandoned mine workings is not provided, then BDMS should suggest both the appropriate barrier distance and the operational measures needed to maintain the barrier.  If either BDMO or BDMS denies a permit application it will not be granted.

· BDMS should evaluate applications for new mines and designate barrier pillars between the new and old mines based on the veracity of the known information about the abandoned mine voids.  Procedures for reducing those barriers during the permit review and memorialized in conditions of the Coal Mining Activity Permit.  The procedures should include solicitation of comments from the mining industry, the UMWA, and all other stakeholders.  

· The Commission recommends that a single Commonwealth agency be designated as the ‘official keeper’ of mine maps.  Policies and procedures should be put in place to ensure the timely transfer of maps from recent, present, or future mines to the designated ‘keeper.’   It is also recommended that DEP explore the County Recorder of Deeds Office as a secondary location for archiving mine maps.

· All final maps filed with the Department should be based upon the Pennsylvania State Plane Coordinate System.  If that particular mine is not in this system, the mine survey control system shall provide the Pennsylvania State Plane Coordinate System values in additional to the local mine coordinate system for its monumentation.  The elevation above Mean Sea Level, based upon the North American Datum 1983 for all control points, shall be indicated as well.

· The Commission recommends that all future “Final Maps” meet the following criteria:

1. All maps should meet or exceed the proposed mapping standards of this Commission.

2. All maps be endorsed and dated by a Professional Engineer or Professional Land Surveyor with appropriate experience and qualifications.

3. All maps should contain a dated statement and appropriate endorsement by an official representative of the operator (possibly an officer of the company or corporation) that this is the “Final Map”.

4. All final maps should be filed with BDMS as per Section 240.  Final maps should also be filed at a facility to be designated as the central repository. 

5. BDMS should provide documentation that the final map has been received, cataloged and filed

6. The final map should be in the form of one contiguous map where possible. 

· The Commission recommends implementation of a preservation program that includes archival storage and photographic and electronic recording of original mine maps and georeferencing of electronic maps to increase availability and to improve compatibility with modern map technology.  

· The Commission recommends the development of databases containing production information of mines, which has been collected and recorded since the 1870s.  This data should be correlated with the maps of mines in the repositories to provide a more complete picture of the coverage of the collections.  Additionally, it is recommended that a systematic review be undertaken to identify potential sources of other collaborating information.  The collected information should then be organized to facilitate its utility to industry, the public, and government regulators.  

· The Commission recommends that guidelines for assessing credibility of location evidence be developed.  Applicants for mine permits should provide the source of information used to locate old mines on maps supplied during the permit process because simply sealing a map does not give an opportunity for the regulatory agency to assess the applicant’s validation and verification procedures.  

MSHA should be included as a notified agency during the permit application process and be given an opportunity to make health and safety comments and/or recommendations on the proposed underground mining proposal.

4.  PLANNING AND DESIGNING MINES ADJACENT TO

ABANDONED MINE WORKINGS

The most important factor in the planning and designing a safe barrier for mines above, below or adjacent to abandoned mine workings is the correct location of the boundary of the abandoned mine in relation to the proposed boundary of the active mine.  The manner in which this information is evaluated has the potential for not properly identifying these boundaries, thus creating the dangers from accidental breaching of the barrier and exposing miners to inundation and explosive and noxious gases in the old workings.  

If there is an uncertainty in the identification of these boundaries, then there is a need to develop measures of reliability that can be assigned to the boundary based upon the ability to validate its location.  The procedure to validate the assumptions made during the mine permitting stage and precautions to be taken during mining to avoid breaching the barrier should be site-specific.  These procedures should include mitigation plans to address unique geologic features, such as a local variations in the coal seam resulting in “low” areas in the mine workings, where fluids can accumulate potentially limiting escape. 

Commonly, during the planning and design stages for new mines, nearby abandoned mines cannot be entered and inspected.  In some cases major remnant surface structures (shafts and slope entries) of the abandoned mine can be established from a new survey.  The new survey can then provide a good basis to assign high reliability to the old mine map and to the extent of workings shown on the old map with regard to their outlines and bearings.  However, stringent efforts to verify the boundary of the old mine will be needed during mining.  In other cases, old mine workings are in the vicinity of the proposed mine but sufficient monuments are not available to establish the reliability of the old mine maps, or the extent of the working shown on the maps.  In general, whatever the reliability of the abandoned workings location prior to planning, designing, and permitting, there is always a certain amount of residual uncertainty as to their exact location.  As the mine workings approach these old workings, this uncertainty must be greatly reduced through frequent validation of the assumptions made about this boundary during the mine planning, designing, and permitting stages.  Reducing this uncertainty is essential to eliminating the chances of barrier breaching and inundation. 

Design of current underground mines adjacent to abandoned mine workings

When abandoned mine workings are believed to be present (adjacent, subjacent, and/or superjacent) within 1000 feet (regulatory threshold for identifying adjacent abandoned workings), the engineer must perform diligent research and obtain the “final” mine map(s) and confirm the location(s) in relationship to the proposed underground mine layout.  The engineer must exhaust all possible sources (state, federal, public and private) to ensure he has obtained a copy of the “final” mapping of the mine(s) and he is certain the map indicates the total extent of mining.  Cross checking of coal seam names, elevations of coal, and on-site field reconnaissance must be diligent.  It is a known fact that past mining activities, particularly in old mines, are not routinely identified on mine maps.  It is also not uncommon for archived mine maps to show mine projections, which also lends a degree of uncertainty to the procedure.  Any abandoned workings identified by the engineer must then be assessed for potential safety concerns (inundation, methane, and carbon dioxide (“black damp”)).

Upon obtaining the final map, the engineer must then locate the mine in relation to the proposed mine layout. This can be done by transformation of a known coordinate system from the abandoned mine, location of surface features from the abandoned mine (slopes, shafts, drifts, boreholes), utilizing known property lines and corners to locate the mine or carefully utilizing surface features shown on the old mine map such as roads, creeks, and power lines. 

Following completion of the aforementioned work, the engineer must evaluate the degree of certainty as to the extent and location of the abandoned mine workings. 

Once the engineer has confirmed the extent and location of the abandoned mines, barrier pillars must be designed for both the safety of the miners and protection of the environment.   Barrier pillars can be designed using numerical modeling techniques or empirical methods developed throughout the years.  Guidance on the various empirical methods is contained in the USBM Informational Circular 9427 (1995), “Practical Design Methods for Barrier Pillars” 

BDMO utilizes the following rule of thumb to assess the minimum barrier width submitted by the permitee, W=50+H, where W is the barrier width in feet and H is the maximum hydrostatic head that exist from the abandoned mine or is possible upon completion of mining of the proposed mine, whichever is greater.  BDMS utilizes the formula W=10+2*T+5*OB/100 to calculate the required safety barrier pillar between mines.  In the equation, W is barrier pillar width, T is the thickness of the coal seam (mining height) and OB is thickness of the overburden at the proposed location.  Most small operators in the bituminous coalfield will maintain either the larger barrier pillar width as calculated by BDMO or BDMS or the 200-foot drill limit from abandoned mine workings required by section 224(b) of the Bituminous Act, whichever is greater.  The operator will maintain the 200-foot drill limit to avoid downtime and lost revenue due to the drilling requirements.  

When the extent and location of abandoned mine workings are known, the Commission believes that the current barrier pillar and test drilling limit requirements the Commonwealth’s laws and permitting procedures are adequate to assure the protection of the coal miners.

Communications:  Another safety feature that should be addressed when planning and designing mines is the installation of an in-mine communication system.  In-mine communications and communications between miners and outside mine personnel is vital.  Inundations can profoundly disrupt normal communications.  Miners at the Quecreek Mine commented on the need for a communication system that would allow trapped miners to communicate with the surface.  The mine communication system at Quecreek Mine quickly became inoperative as the lines and phones became submerged in water.  Unfortunately, the cost to “harden” mine communications systems to survive a disaster and continue to function would be astronomical.  The specter of miners trapped underground after a fire, explosion, roof fall or other mine disaster has prodded organizations around the globe to look for methods to communicate with the victims.  These so-called “trapped miner” communication systems would be based on technology which could be carried by each miner, and which would serve to provide a basic communication link during after a disaster.  This link wouldn’t have the features to meet normal communication needs, but only the ability to communicate basic information.  Sidebar 5 provides information regarding new developments in in-mine communications.

	Sidebar 5

Two-Way Trapped Miner Communication Systems

The former U.S. Bureau of Mines conducting pioneering research in the 1970’s on the propagation of radio waves through tunnels and directly through the earth to detect and locate trapped miners.  A body of knowledge was developed on the advantages and limitations of communication systems ranging from VF (300 – 3000 Hz) to UHF (300 to 3000 MHz).  Early attempts by the Bureau of Mines showed that VF signals around 1 KHz could be transmitted through more than 1000 feet of overburden.  An Australian mining industry research initiative resulted in the commercial availability of a “paging” system for underground mines.  The Personal Emergency Device (PED) communication system is a “through-the-earth” transmission system that enables communication of specific messages with individuals underground, no matter their location, and without dependence on cables or wiring underground.   It functions with a carrier wave frequency of 1,000 Hz, and employs a frequency-modulated signal for transmitting messages entered to the transmitter from a personal computer.  Messages can be directed to an individual, to a group, or to all underground personnel.  When a message is received, the cap lamp flashes and the miner can then read the message from the LCD on top of the lamp battery.  

There are currently 17 PED systems installed in U.S. coalmines and one in a metal/nonmetal mine. The first successful evacuation of miners attributed to the PED occurred during the Willow Creek mine fire, in Helper, Utah, on November 25, 1998.  The paging system was activated when one miner saw flames and telephoned the dispatcher to evacuate the mine.  The PED system allowed a mine-evacuation plan to be safely carried out before the mine passageways filled with smoke.  All 46 underground miners escaped in approximately 45 minutes.  While very successful, the system is not bi-directional (two-way).  Thus, miners can be directed from the surface station to evacuate an area, the miners have no means of notifying the surface station of their status or anything else.

Transtek, Inc., demonstrated a prototype of their wireless through-the-earth two-way voice communication system at NIOSH’s Lake Lynn Experimental Mine in August of 2000.  The underground antenna consisted of two 60-ft diameter loops placed in E-drift near the fan portal.  An identical antenna was placed 300-ft above on the surface near the fan house and was offset from the underground antenna by several feet.   The voice communication signal (hand sets fixed to each loop) exhibited good clarity at both underground and surface locations.  Work is continuing in this area, and Transtek is planning another test within the next few months.

Other two-way systems have been proposed and built utilizing VF and medium frequency (300 - 3000 KHz) to solve the problem under varying conditions.  Newer digital technologies for AM radio may open up possibilities for improved medium frequency systems, which depend on wires already in place.  

While the technical problems and potential solutions for emergency two-way communications are reasonably well understood, there are no commercial systems which will operate in all situations, and only a small number of companies selling custom systems.  Further, there are no “handbooks” which would allow a designer to put together a guaranteed working system in any specific mine.  Each system needs to be custom designed and tested for a specific mining environment and its particular functional requirements.  

The lack of practical engineering designs coupled with a small potential market
 limits the availability of commercial systems, rather than a lack of basic technical knowledge.  NIOSH has and is continuing to work with communication vendors to demonstrate systems at its Lake Lynn facility, but what is needed are demonstrations under real world conditions which could lead to practical guidelines.  




Information on abandoned mine workings

The information on abandoned mine workings can come from a multitude of sources.  The list of possible sources includes:

1. State repositories

2. Federal repositories

3. Present and former land companies or owners; 

4. Adjacent land companies or owners (past and present); 

5.   Field reconnaissance


6.     
Former mining companies, managers, employees, or owners;

7.     
Adjacent mining companies, managers, employees, or owners;

8.     
County property records;

9.  The engineer’s own files due to past involvement;

10.  Annual production records from the State.

The verification of the data obtained is normally based upon the professional judgment of the engineer and mine management.  There may never be a final authentication, therefore, there should be some criteria to express this uncertainty.  The engineer can further utilize the data obtained to determine if additional use of exploration technologies currently available (geophysical, remote sensing, and drilling) is needed to assist in determining the location and sizing of barrier pillars.

In response to Quecreek, several states have conducted a review of the their active mines.  MSHA also conducted a review of active mines nationwide.  MSHA’s risk assessment categories are as follows:

· High Risk Category Mines – old workings within 500 feet, questionable maps, and flooded old workings.

· Intermediate Risk Category Mines – old workings between 500 to 1,000 feet, and some reliable maps.

· Low Risk Category Mines – no old working within 1,000 feet.

According to MSHA, there are respectively 207, 203, and 96 high-risk, intermediate risk, and low risk mines in the United States.  Although it is recognized that definition of risk and assignment of risk are complicated, MSHA’s approach is a least a start to assessing the problem.

On the subject of enhancing the reliability of old maps where there are questions, several approaches are necessary.  The first and foremost method is to cross-reference all available information on production, taxes, workmen’s compensation, county property records, subsidence records, employment records and other records that can indicate the timing and extent of mining activities in the mine.  Surveying and mapping to verify the location of surface features should be conducted.  Drilling from the surface or from other known locations to establish the extent of the abandoned workings and their conditions can be done.  However, drilling is often expensive and cannot be easily interpreted without an adequate number of closely spaced holes.  Application of geophysical tools and techniques can provide an indication of the existence of an anomalous structure or interface, and with proper interpretation, it may be possible to determine the type of structure.  Additionally, the age of the maps, the shape of the workings (irregular or haphazard workings can be an indication of poor mapping), and the condition of the maps all should be considered.  A combination of these approaches can provide credible evidence regarding a map’s level of reliability and can lead to greater confidence in the map.

Mapping underground mines  

The practice of mapping underground mines in Pennsylvania is quite diversified.  The engineers and surveyors responsible for performing these services have historically used diverse standards and procedures that have led to serious issues with correlating data on maps.  Issues regarding the mapping of underground mines include closure standards for mine surveys, coordinate/datum systems, mapping “last cut” workings along barrier pillars, archiving and storage of maps and map availability.

Closure Standards for Mine Surveys:  The basis for achieving precise mine maps is the accuracy of the surveying that is performed to control and locate the mine workings.  To determine accuracy, a survey must be closed-looped.  According to law and sound surveying practice

underground operators establish at least two, preferably three, permanent baseline survey points.  Surveying accuracy is defined by the closure and measurement of the errors, of such a survey.  The errors measured include angular ties as well as coordinate ties. The American Land Title Association (ALTA) has set standards in regard to property surveys depending on the location of the properties.  Various coal producing states in the eastern United States have either adopted ALTA or set their own standards for property surveys.  Pennsylvania, West Virginia, and Indiana have none specified. (NAS, 2002).  MSHA regulations (30 CFR 75.1200-2) require underground mine operators to perform closed-loop surveys.  However, the regulations do not establish a distance between the last closed loop and the active or final mine face nor impose a closure standard.  Ohio and Virginia are the only eastern coal producing states that have established a closure standard. (NAS, 2002). The underground mines within the Pennsylvania are currently controlled by MSHA standards since standards are not mandated by state law.  However, based upon testimony given before the Commission, surveying is possibly being performed in the anthracite coalfield that is not in compliance with MSHA regulations. 
Methodology used to determine survey closure varies within the profession.  Methodologies used include 1) closed-loop system of the raw data, 2) balancing of angles first and then calculating closure, and 3) a system whereas the surveyor ties into a previous loop and uses the balanced work of the previous loop in the closure calculations.  Methods 2 and 3 uses “calculated data” in the determination of the closure, while Method 1 allows the professional to accept or reject the survey based upon the actual raw data collected.  

Underground survey work must be performed by the closed-loop method with minimum closure errors established to ensure mine workings are accurately located in respect to other existing and future mines and surface features.  It is necessary to establish the minimum distance that a closed-loop survey is required to be from the final face of a mining section.  Although the preference would be the last open crosscut, realistically, a suggested distance would be 100 feet or the next-to-last open crosscut of a mining section. 

Equally important as the mine survey is the establishment of elevations within the mine. In the past, mines within both the anthracite and bituminous coalfields in Pennsylvania have established elevations based upon various local assumptions.  For example, the Commission received testimony that in one case in the anthracite field a coal company had added 500 feet to the established elevations to avoid dealing with negative or below sea level numbers. With the complexity of the coalfield, due to the steeply pitching seams, it would be virtually impossible to correlate the X,Y,Z location of this mine to other mines and surface features in the area without knowing this unique fact.  Another problem, which has commonly occurred in Pennsylvania, as well as throughout the United States, is the establishment of the coal seam names for a particular mine. The seam names often have been established locally, such as the A, B, C, D, and E seams of central Pennsylvania; seams are miscorrelated; or seams are named for whatever coal seam the customer was wanting to buy at the time.  Consequently, accurate elevations become crucial in establishing the location of a mine with respect to other active and abandoned mines in the area. 

The required locations and intervals for elevations have been set forth by the Pennsylvania mine laws (Bituminous Coal Mine Act and Anthracite Coal Mine Act) and by MSHA regulation (30CFR 75.1200, 30CFR75.1200-1). The operator should be required to note on all mine maps  the elevation datum the mine elevations are based on, for example, a nationally known standard system such as the USGS (United States Geologic Survey).  As for mine surveys, neither law establishes a closure criterion for elevations. Because mines in both coalfields can occur in relatively close proximity to each other, a closure standard should be established by the Commonwealth to ensure an accurate depiction of a mine regardless of the coal seam name being utilized.  A suggested standard would be ±0.01 feet per 1,000 feet.  

Coordinate/Datum Systems:  According to Pennsylvania Mine Law and MSHA Regulations (30 CFR75.1200-1(h)), underground mine operators are required to establish two, preferably three, permanent baseline survey points that are coordinated with the associated underground and surface mine traverses.  In addition, two permanent elevation bench marks are to be established which reference the elevation survey of the mine. In the past, mine operators have had a choice of using previously established coordinate and elevation datum systems on a property or creating a new system for the mine to state plane coordinate systems.  No uniform standards have been set, thus creating the need for coordinate transformation between neighboring mines.  As long as the permanent survey stations exist, this does not pose a problem.  However, over time, the permanent survey stations have often been lost or destroyed making these transformations impossible to perform.  

Two state plane coordinate systems exist in the United States, North America Datum 27 (1927) and North America Datum 83 (1983) and both are widely used by surveyors.  The Commonwealth should designate one of these as the preferred system and require all new and recently permitted mines to convert to that system.  Today, requiring all mines to be on a state plane system is not unreasonable.  Using state plane coordinates is beneficial because surface planimetric features (roads, utility lines, etc.) are normally referenced to a state plane system and mines can be easily located on maps available to the public that are based on these systems, such as United States Geological Survey topographic maps.  Should the permanent survey points be lost or destroyed following final closure of the mine, the location of the mine could still be established.

The conversion of older mines to the designated system could be very time consuming and prone to errors.  These mines could possibly be “grandfathered” and would only be required to establish the coordinate system on the permanent survey monuments and all mine openings, such as shafts, slopes, drift, boreholes and pump holes.  The coordinate transformation(s) between the local system used by the grandfathered mine and the designated state plane coordinate system should be noted on all maps submitted to the Commonwealth.  In regard to the establishment of elevations, for reasons referenced earlier in this report, all mines within the Commonwealth should be required to use or reference mean sea level (USGS elevation) to establish the vertical location of the mine.

Mapping “Last Cut” Workings Along Barrier Pillars.   Mapping of the “last cut” along barrier pillars and other locations in the mine has become an area of concern under scrutiny because often, particularly in a continuous miner section using room and pillar retreat mining methods, the last cut in an entry may not be bolted or retreat mining may commence without notification to the engineer or surveyor.  Either case may make it impossible for the engineer or surveyor to physically access the area to accurately depict the extent of the mine workings.  To produce the most correct and accurate map possible, these practices must be avoided. 

The mine foreman should not authorize retreat mining or abandonment of a section before the final depth of penetration of each entry can be established.  Should conditions warrant the immediate abandonment of the working faces, the mine foreman should be required to estimate the final locations of each heading and the engineer or surveyor should be required to distinguish these estimated locations on the map by a symbol.  The engineer or surveyor, responsible for the mapping, should make a notation describing the reliability of the approximate area of mining.

An engineer or surveyor should not certify that an area of the mine has undergone second, or retreat, mining unless they have direct knowledge or survey data.  If the engineer or surveyor has depended on the mine foreman to provide a description of the pillars mined, the engineer or surveyor should be required to note the source of the information used for mapping of the mining activity since this coal recovery is not surveyed but estimated

Archiving and Storage of Maps.  Current underground mine maps are required to be collected and stored at both the state and federal levels. On the federal level, MSHA has the regulations and the responsibility as the source of maps for active mines only.  Once a mine is closed, MSHA forwards a copy of the final map to the OSM National Mine Map Repository located in Pittsburgh, Pennsylvania. (Maps of anthracite maps are to the OSM Repository in Wilkes-Barre, Pennsylvania.)  The major steps followed by OSM in the archiving and storage of mine maps include:

· Assigning the maps document numbers and checking for completeness and damage.

· Locating and plotting mine maps on topographic maps.

· Preparing data entry sheets.

· Microfilming mine maps and producing the aperture card.

· Assuring quality control in the microfilming process.

· Stamping aperture cards with the document number.

· Entering data sheets into the database and index preparation.

· Filing aperture cards in the repository system.

· Returning the map originals and one copy of the aperture card to the map donor.  

According to testimony before the Commission, the OSM Repository in Pittsburgh is currently in the process of digitally scanning the maps contained in the repository.  This in-house project is approximately 25 percent complete.  The anthracite mine repository in Wilkes Barre has not started the project.  The OSM repositories currently contain in excess of 125,000 maps with an excess of 11,290 maps for Pennsylvania.  Even with these maps, extensive additional uncharted mining has been discovered in the western-middle and southern anthracite fields in Pennsylvania.

DEP’s state repositories are located in Pottsville (anthracite) and in Uniontown and McMurray (bituminous).  Collections of maps also exist at DCNR’s Bureau of Topographic and Geologic Survey and DEP’s Bureau of Abandoned Mine Reclamation.  According to testimony before the Commission, there is no database that catalogs these collections.  There are ongoing projects within different agencies to digitally scan the maps and some effort is being made to geo-reference the mines; however, this has not been coordinated across the agencies.  The Commission has also determined that maps are being stored across the Commonwealth in areas not equipped to preserve and protect the maps from deterioration. 

Map Availability.   As stated previously in this report, maps of active mine maps are available for public review and copying on the federal level through MSHA and at the state level through the BDMS and BDMO.  Maps of closed and abandoned mines may be examined at the OSM repositories in Pittsburgh and Wilkes-Barre along with Pennsylvania state repositories located in Pottsville and Uniontown and McMurray.  Maps within the repositories have been obtained and donated from various sources including federal and state agencies, coal and land companies, and individuals.  According to testimony before the Commission, complete cataloging of the map repositories does not exist, a comparison between repositories (state and federal) has not been performed, verification whether the maps contained in the repositories are final maps or duplicate maps of the same mine has not been completed and updating of folios (folios are comprehensive bound packets which contain a surface topographic map and maps of mines underlying in descending order) have not been updated since they were originally made.

However, not all abandoned mine maps and final maps can be found in the repositories.  Older mine maps may be found at a university, museum, abandoned buildings of defunct coal and land companies. Maps may also be found at consulting companies, individual homes, or the maps could have simply been destroyed.

Recommendations

· The Commission recommends that standards for mapping be established.  The recommended standards for various aspects of mapping are:

1. Minimum angular ties as well as coordinate ties should be established by the Commonwealth for all mines that are currently permitted and all future mines.  The recommended minimum standard, for raw data only would be an angular tie of less than 00˚01’00’’ (1 minute) and a coordinate tie of greater than 1:10,000 (1 foot in 10,000 feet) for any given closed loop survey. (Standards could possibly be relaxed given the specific circumstances such as a hill-top mine with all outcrop reserve and no previous mining in the area.)   The Commission recommends a standard for elevation closure of +/- 0.01 feet per 1,000 feet.  The Commonwealth should establish the minimum distance that a closed loop survey is required to be from the final face of a mining section.  

2. Two state plane coordinate systems exist in the United States, North America Datum 27 (1927) and North America Datum 83 (1983) and both are widely used by surveyors.  Choosing which system can be a matter of debate; however, the Commonwealth should designate one of these as the preferred system.  (The Commission recommends the NA83 Datum.)  All new and recently permitted mines should be required to convert to a unified state-designated system.  The conversion of older mines to these systems could be very time consuming and prone to errors.  The Commission recommends these mines be “grandfathered”, meaning they would only be required to establish the coordinate system on the permanent survey monuments and all known mine openings, such as shafts, slopes, drift, boreholes and pump holes.  The coordinate transformation(s) between the local system used by the grandfathered mine and state plane coordinate system should be noted on all maps submitted to the Commonwealth.  In regard to the establishment of elevations, for reasons referenced earlier in this report, all mines within the Commonwealth should be required to use or reference mean sea level (USGS elevation) to establish the vertical location of the mine.

· The Commission recommends that mine foremen not authorize retreat mining or abandonment of the section before the final depth of penetration of each entry can be established.  Should conditions warrant the immediate abandonment of the working faces, the mine foreman should be required to estimate the final locations of each heading and the engineer or surveyor should be required to distinguish these estimated locations on the map by a symbol.  A notation describing the reliability of the approximate area of mining should be made by the engineer or surveyor responsible for the mapping.

· Current mine design procedures and practices are adequate.  The Commission recognizes and stresses that many mines operating in areas with abandoned mines and have successfully negotiated their active operations around old mine works.  No major improvement is needed in mine design and layout if the data available for planning is correct.

· The Commission recommends that mining plans be evaluated by BDMS to ensure that the mine plan includes appropriate mitigation measures to address situations that occur during the operational life of the mine, such as encountering low, flood-prone areas along escape ways, that may hamper mine evacuation in inundation emergencies.    
· The Commission recommends projects be undertaken by the Commonwealth to:

1. Assess the proper technology and methodologies to digitally store and georeference mine maps.

2. Complete cataloging of all maps contained within the state system into a database and cross-reference to production records maintained by the Commonwealth.  Initiate a joint project between DEP, DCNR and OSM repositories to ensure each contains all maps available within Pennsylvania.

3. Investigate and research procedures for the preservation and protection of maps to avoid further deterioration.

· The Commission views verification and validation of the maps of abandoned mines as a joint task involving the state mining and geological agencies, mining companies, federal agencies connected with mining, mining engineering consultants and certified engineers and miner’s representatives, as applicable.  Funds for such verification and validation exercises must be obtained from diverse sources including the abandoned mine land funds from OSM, the conservation of energy funds from the federal Department of Energy, and health and safety funds from MSHA, NIOSH and other federal and state mining agencies.  As the information gathered during the verification and validation process are useful for numerous other purposes such as water resources, environmental protection control, and community health and safety, the involvement of other agencies, such as EPA and USGS, should also be considered.  
· The Commission recommends that the Commonwealth undertake a public advertising campaign to solicit the assistance of the public to locate and copy maps of abandoned mines throughout the state.  The airing of a public service message during the airing of Disney’s Quecreek television movie would be an opportune way to kick off such a campaign. 
· Inundations can profoundly disrupt normal communications, therefore the Commission recommends that communication systems be developed to withstand variable conditions within the mine, including those realized during mine flooding.
· The Commission recommends that DEP develop a system to determine the “scale of certainty” to allow a proper a more complete assessment regarding the extent and location of abandoned mine workings in respect to a proposed or active mine. 
· The Commission recognizes that the ability of a small operator to fund the additional research needed for establishment of the credibility of the evidence presented in the permit application may be limited.  The Commission recommends the regulatory agencies involved explore possible assistance from the Federal AML funds or look into setting up a program, similar to OSM’s Small Operators Assistance Program, to facilitate these efforts.

The Commission notes that the Nation Research Council’s (NRC) report, titled Coal Waste Impoundment: Risks, Responses, and Alternatives, has provided a set of recommendations for mapping underground mines.  The NRC’s report was generated in response to a slurry impoundment breakthrough into an underground mine in Martin County, Kentucky in October of 2000.  Approximately 250 million gallons of slurry flowed through abandoned underground mine workings before reaching local creeks and streams.  The NRC’s mapping recommendations are included in sidebar 6.

	Sidebar 6

Excerpt from Chapter 4 of Coal Waste Impoundment: Risks, Response, and Alternatives. (NRC, Nation Academy Press, 2002)

“In many instances, nonexistent, erroneous, or incomplete mine maps prevent knowing the extent, location, and depth of mine areas.  Therefore, the committee recommends that MSHA work with OSM and state agencies to establish standards for mine surveying and mapping.  These should include the following:

· Determining surface coal outcrop locations by aerial topographic measurements, where adjacent to existing or proposed refuse impoundments,

· Implementing a coordinated and assertive approach to collecting and archiving mine maps,

· Scanning paper copies of mine maps into electronic data files upon receipt,

· Setting standards for minimum closure error for all underground closed-loop surveys and that a closed-loop survey be maintained within a standard distance (to be determined by MSHA),

· Recording the depth of the last cut taken to a level of accuracy to be determined by MSHA, 

· Using state plane coordinates or latitude and longitude, and bottom-of-seam elevations as the map base references,

· Listing of appropriate coordinate transformation equation(s) on the mine map,

· Adding a qualifying statement to accompany any coordinate transformation that is based upon the alignment of surface features,

· Improving and maintaining the location of surface controls,

· Determining which mine permit documents should be retained, in what form, and for how long,

· Avoiding the use of coal seam names as the sole basis for determining the vertical location of an abandoned mine.”




5.  Detecting Mine Voids in Advance of Mining
Currently, operators attempt to verify the existence of nearby abandoned mine voids by cross-referencing all available mapping and by obtaining word-of-mouth information concerning the possibility and location of abandoned mines.  Occasionally, exploratory drilling programs, which are designed to evaluate reserves, may inadvertently discover abandoned mine voids.  Upon establishing of the existence of abandoned mine voids, barrier pillars are designed utilizing accepted barrier pillar design criteria.  It is now recognized, as illustrated previously in this report, that the location of mine voids includes some degree of uncertainty.  Consequently, the need to detect mine voids during the mining operation is of paramount importance.
Technologies for detecting underground voids

Several methods have been utilized for the detection of mine voids.  Some methods are very basic, such as visually locating surface disturbance resulting from subsidence.  Others are quite intense, such as the application of modern geophysical techniques and longhole drilling. 

Surface reconnaissance:  On-site visual inspections and investigations are utilized in the initial environmental evaluation as part of the permit application.  The consulting engineer or geologist travels the surface areas within the permit area as well as the surface areas within 1,000 feet of the permit boundary to gather hydrological and geological information.  During this process evidence of previous mining may be discovered.  Mine discharges may also indicate the existence of an abandoned mine.  This evidence would justify and require further investigation.  The application of simple field reconnaissance is limited since only obvious surface disturbance or mine discharge points may be visible to indicate the possibility of an abandoned mine.

Vertical drilling:  Vertical drill hole exploration is typically used to establish and evaluate the quality, quantity, limits and mineabilty of the coal reserve.  Vertical drilling is also used in underground mining for mine drainage, communication, power distribution and ventilation.  Vertical drilling may also be utilized to prove the existence of a mine void.  However, the typical drilling pattern for evaluating reserves is seldom enough to detect or verify, with sufficient reliability, the existence or total absence of voids.  In limited applications such as low cover and limited barrier verification vertical drilling may be suitable.  Since the vertical drill holes are spaced from one another, an assumption must be made that the area between two “solid” drill holes is also “solid” and free of mine voids.  The closer the drill holes are to one another, the more likely the area between the holes is also solid and free of voids.  However, vertical drilling may involve a number of problems.  Vertical drill holes may not be truly vertical and may drift in any direction.  Vertical drilling is limited by surface accessibility.  The area required to erect the drill must be nearly level.  Drilling perpendicular to the surface contour may be impossible.  The cost and reliability of vertical drill holes increase as the depth of cover to the coal seam and mine void increase.  Large surface areas may need to be disturbed in order to establish a drilling pattern. 

Horizontal drilling:  Horizontal drilling techniques have been a standard method for methane drainage in underground longwall panels.  Recently, their use for detecting mine voids in underground mines has been reported.   In its simplest form underground drilling is as basic as auger drill holes powered by hand, electricity, air or hydraulics with the ability to drill limited distances with limited directional control.   Modern directional drilling was developed by the oil and gas industry and has proven the ability to control the direction of the hole as well the capability of drilling distances in excess of 5,000 feet.  Horizontal drilling is the only method of drilling or exploration that can prove an area such as a barrier to be completely solid and completely free of mine voids.  Horizontal drilling may be used to both locate and verify mine voids or conversely, to verify a solid coal area and the absence of mine voids.  

Geophysical techniques:  Applied geophysics is the application of geophysical methods directed towards the determination of subsurface geological structure, lithology, stratigraphy, and the characterization of void and void-filling phases.  Applied geophysical methods are tremendously diverse with respect to the types of measurements made and modes of survey.  The recognized methods include and may not be limited to measurements of electromagnetic fields, seismic studies, radar, surface imaging, and in-seam applied geophysical techniques.  Geophysical techniques do not provide definitive locations or limits of mine voids.  Each method has its own unique application and limitations.  

Factors affecting the use of geophysics include but are not limited to depth from the surface, previous mining activity, soil characteristics, void fill material or lack of material, geological anomalies and cost.

Robotics:  Robotics has been advanced as a possible technique for mapping underground mine voids.  Certainly the use of robots would be advantageous but one must recognize this application is only experimental at present.   Development of robots that can function in difficult mine environments reportedly is underway.  Consequently, the ability of robots to map in this environment has yet to be determined.  Pennsylvania and federal mine safety laws maintain rigid standards for permissibility and additional safety considerations, which must be addressed prior to acceptance of a robot into a working mine environment. The application of robotics is limited by the mine environment, mining regulations (state and federal), ability to maneuver over roof falls and through impounded mine water and the ability to access the abandoned mine.
Note:  Commissioners Bill Harbert and Steve Kravits prepared comprehensive document on geophysical methods/robotics and longhole horizontal drilling respectively in support of this section.  These documents are part of the Commission file and are available upon request.

Mine Void Detection Using Geophysical Surveying 

With respect to the detection of mine voids, geophysical methods utilize a variety of both active and passive energy sources and collect data recording displacement (seismic methods), electromagnetic fields (EM and remote sensing methods), or potential fields (gravity, magnetic and self-potential methods) arising from surface, near surface or deep conditions.  After data collection, these geophysical records are analyzed and modeled to constrain subsurface structure and the possible presence of subsurface voids.    A summary of relevant geophysical methods and cost comparisons is contained in Table 2.  Methods discussed and presented at Commission hearings are highlighted. 

Table 2.  Geophysical Methods – application, limitations, and relative costs.

	Method
	Interpreted Parameters
	Depth  or Range of Use
	Relative Cost
	Advantage
	Disadvantage

	Airborne Electromagnetic

Frequency Domain (FDEM).
	Geologic structure*. Groundwater geometry+
	150 meters.
	Low
	Fast.

Complete 

spatial coverage.
	Cultural electromagnetic noise.

Topography can interfere with measurements.

	Airborne Electromagnetic Time Domain (TDEM).
	Geologic structure. Groundwater geometry.
	500 meters.
	Low
	Fast.

Complete 

spatial coverage.
	Cultural electromagnetic noise.

Topography can interfere with measurements.

	Ground survey-based electrical and electromagnetic

2D and 3D.

(Resistivity Sounding, spontaneous potential, induced polarization, electromagnetic, VLF, and magneto-telluric).
	Geologic structure. Groundwater geometry.
	10-200 meters.
	Low
	Fast.

Easy 

data collection.  
	Some of these techniques are only useful at shallow depths.  

Some of these techniques have not been well demonstrated. 

	Magnetics.
	Geologic structure.  Presence of manufactured materials.
	50 meters.
	Low
	Fast.

Complete 

spatial coverage.
	Cultural electromagnetic noise.

Topography can interfere with measurements.

	Microgravity.
	Geologic structure.

Voids.
	20 meters.
	Medium
	Easy 

Data collection.
	Require metal in void

	Ground survey-based Reflection Seismic; 2D and 3D.
	Geologic structure.

Voids.
	20 meters.
	High
	Simple Theory.
	Geophysical signal is weak.

	Ground survey-based Seismic Refraction. 
	Geologic structure.

Voids.
	30 meters.
	Medium
	Simple Theory.
	Geophysical signal is weak.

	Ground survey Seismic Surface Waves
	Geologic structure.

Voids.
	200 meters.
	Medium
	Produces 

2D image or 3D data cube.
	Intensive Data Processing

	Ground-penetrating radar.
	Geologic structure.  

Voids.
	10 meters.
	Low
	Easy Interpretation.
	Limited Depth of Surface Wave Penetration

	Radio Imaging (RIM) cross-hole.
	Geologic structure within 3D region between drill holes.

Voids.

Regions of water concentration between drill holes. 
	300 meters.
	Medium
	Easy

Data Processing.
	Indirect Detection.

Velocity Inversion Masking.

	Remote Sensing.
	Surface geologic and lineation structure.
	Top of soil.
	Low
	Relatively Easy Data Collection.
	High conductivity zones can mask underlying strata



	Thermal Imaging.
	Surface and shallow subsurface structure.
	5 meters
	Medium
	Fast
	Limited Depth 

	InSAR
	High resolution topography.

Variation in topography related to subsidence.
	Dependent on subsidence.
	Low
	Fast
	Limited Depth of Investigation. 

	Method
	Interpreted Parameters
	Depth  or Range of Use
	Relative Cost
	Advantage
	Disadvantage

	Horizontal Drilling (in seam).
	Presence of voids along drill path.
	Length of drill hole.
	Low
	Fast
	Subsidence is required.

	Horizontal Drilling with Geophysical Tools (in seam).
	Presence of voids along or near drill path.
	1-5 meter radius zone along length of drillhole.
	Medium
	Direct Verification.
	Void must be drilled. 

	Radio Imaging (RIM) (in seam).
	Geologic structure within 3D region between drill holes.

Voids.

Regions of water concentration between drill holes. 
	300 meters.
	Medium
	Direct 

in-seam investigation.
	Drillhole must pass close to void. 

	Modified Horizon Sensing on cutting drum
	Senses voids ahead during coal cutting.
	2-5 meters
	Low
	Produces Image.
	Regions with high dielectric constants can limit signal.

	In seam survey Reflection Seismic.
	Geologic variation within the strata.

Voids.
	
	Medium
	Detects

Voids ahead of cutting drum.
	Limited look-ahead range.

	In seam microgravity.
	Geologic structure.

Voids.
	
	Medium
	Produces Image.
	Intensive Data Processing


The determinations of subsurface or underground structure based upon geophysical models are by their nature non-unique.  A variety of models of geophysical data can, unfortunately, fit measured geophysical data equally well. This non-uniqueness can be visualized as arising from the basic mathematical foundations of geophysical methods.  The mathematics involved show that geophysical anomalies are a function of both the separation of the geophysical source and receiver and the geometry and magnitude of the contrast in the material property that is producing the anomaly.   

However, this lack of a single unique geophysical model or interpretation based upon such a model, should not be regarded as an insurmountable problem because there are limits to the expected type of subsurface structure, or variation in geological material or pore filling phase that are expected to be present in a study region.  For example, if a mine void is being investigated using microgravity, the range of estimated cross sectional sizes of the expected void is relatively well known.  That is, the range of sizes of underground room and pillars can be estimated from maps of the abandoned mine workings.  In addition, rather than being unknown, contrasts in density between a void filled with air, water, or rubble, with respect to the surrounding country rock is also possible to estimate.  In this example, using microgravity data with the additional information of the range of likely models produces realistic geophysical models of gravity measurements that are potentially very useful in void detection.   The application of multiple types of geophysical methods within the same region of study can significantly increase the accuracy of geophysical subsurface models. 

Another limitation to the applied geophysical method is that all such methods are based upon the contrast of a material property within a subsurface region.  If this material property does not vary within a study region then there will be no geophysical anomaly at all.  A related limitation to applied geophysical methods is that many anomalies become difficult to detect with increasing distance between the instrument making the geophysical measurements and the region being studied.  For mine void detection applications, taking the geophysical instrument underground may represent the best solution to deep mine void detection. 

In general geophysical methods can also be classed into those that give a clear indication of structure and subsurface variation and those which show the presence of anomalous structures while poorly constraining the position of these structures.  Some methods, such as gravity, will at best identify a region that requires additional study or should be viewed as potentially dangerous.  Geophysical methods in general may be best viewed as reducing the region within which dangerous voids may be present.  They can help minimize (but not replace) required drilling and give, in some instances, clear indications of dangerous regions that miners should approach with caution.  The use of multiple geophysical methods is necessary to reduce the probability of abandoned mine void related accidents.   
Directional Drilling

BDMS has given mine operators approval to use in-mine directionally drilled horizontal boreholes in numerous cases.  The in-mine drilling was approved to verify that abandoned mine voids will not be intercepted during active or future mine development.  Furthermore, MSHA and other state regulatory agencies have accepted in-mine directionally drilled horizontal boreholes as a method of locating abandoned workings and adjacent mines.  

Directionally drilled in-mine horizontal boreholes have long been accepted worldwide as a cost-effective method to reduce coalbed methane emissions during mine development.  Although in-mine directional drilling technology was developed primarily for degasification, directionally drilled in-mine horizontal boreholes have also been used as an effective alternative for coalbed exploration, water drainage and abandoned mine verification. 
  In-mine directional drilling techniques have also been applied to horizontal boreholes initiated from the surface at outcrops or highwalls.  Since 1990, improvements in, or new development of, acoustic and cable real-time transmission permissible survey systems have been primarily responsible for increased implementation of in-mine directionally drilled horizontal boreholes.

Geophysical technologies currently being developed that will potentially enhance in-mine directional drilling include radio imaging mapping (RIM) and in-seam seismic
.  These techniques, developed as compliments to directional drilling, will potentially permit the mapping of voids between two parallel boreholes or between a mine entry and a horizontal borehole. The geophysical equipment if used in an in-mine borehole would require permissibility approval by BDMS and MSHA. 

Surface directional drilling technology for degasification of coalbeds in advance of mining (otherwise known as articulated drilling or horizontal drilling in the oil and gas industry) has gained popularity in central and northern Appalachian coal basins.  The surface directional drilling technique consists of drilling a vertical borehole segment to a predetermined depth and then directionally drilling a ninety (90) degree arc or curve at a designed build rate or radius to intercept the coalbed horizontally.  Although, this technique has apparently not been applied to abandoned mine verification, its potential for this application exists for verification of abandoned mines prior to the permit approval.  Drilling, surveying and associated equipment approved as permissible by MSHA would not be required.  However, issues including, cost, surface access, permits, and right-of-way logistics, etc., would need to be considered.

In summary, abandoned mine verification horizontal boreholes can be directionally drilled from within the mine, from a highwall or coal outcrop or surface directionally drilled from the surface starting vertical and steered to horizontal to intercept the coal. They can be applied in several ways. First they can serve to establish a safe barrier pillar of coal exists between the borehole and mine development. Secondly, they can be steered to intercept the abandoned mine void in numerous locations. Importantly, in either case, sidetracks intercepting the roof and floor can be conducted to verify the borehole is in the coal and the coalseam is intact.  

Examples of Directionally Drilled Horizontal Abandoned Mine Verification Boreholes

In the first example, a mine operator mining the Pittsburgh coal wanted to develop towards an abandoned mine that was closed in 1926.  The plan approved by the DEP required an in-seam borehole be drilled parallel to, and 30 feet away from, the suspected abandoned mine boundary.  Mining would be allowed to approach no closer than 50 feet to the directionally drilled horizontal borehole.  The completed borehole was directionally drilled to 1,990 feet maintaining the desired course. While all directional drilling was conducted, drilling parameters were closely monitored including drill effluent return for color and volume. The borehole enabled the mine operator to safely recover the coal reserve to the boundary established by the borehole. 

In another example, a Pennsylvania mine operator used two (2) directionally drilled abandoned mine verification boreholes to “box out” future mine development from abandoned mine works permitting them to turn a corner around the abandoned mine.  The abandoned mine verification boreholes were drilled first, parallel to mine development, establishing that a safe barrier of coal exists between the borehole and the mine development.  During the directional drilling of the boreholes, several sidetracks were completed due to either difficulty in steering in the very soft coal, saturated with water apparently from the abandoned mine, or because the abandoned mine voids were intercepted.  Rubber cement pigs were staged in the borehole segments that intercepted the mine voids to stop the low pressure (~ 20 psi) flow of abandoned mine water into the borehole and to start a sidetrack “out-by” the borehole position or depth the cement pig was installed.  After intercepting the abandoned mine several times, indicating the abandoned mine map was not entirely accurate, sidetracks were conducted and ultimately the borehole was completed providing a safe barrier of coal between the boreholes and mine development. 

Operational indicators from adjacent flooded mine openings
Testimony provided to the Commission pertaining to changes in water chemistry and/or flow associated with adjacent flooded mine voids was contradictory at best.  Testimony was given indicating that changes in water quality and flow had been detected hundreds of feet of flooded mine voids.  Testimony was also given that mining may take place within several feet from flooded works with absolutely no indication.  The overwhelming consensus seemed to indicate that each mine had its own characteristics and water conditions should be monitored for any changes.  Change may not indicate the existence of a flooded mine void but would certainly justify further investigation.

Until the incident at Quecreek, the characteristics of water underground including quantity, color, chemistry and odor may not have been monitored sufficiently.  Changes in water quantity and flow as well as color, chemistry and odor may indicate the existence of a flooded mine void.  Water quality in the immediate face area of the mine that differs from baseline water chemistry history of the active mine indicate the existence of a flooded abandoned mine void. 

It is the nature of a coal mine for the hydrology to vary throughout the mine.  Therefore changes in water flow and chemistry must be recognized as an indicator to a “possible hazard” not necessarily as an indicator to a “hazard”.

Currently, no special inspection or monitoring procedures are required when mining near an abandoned mine void.  When the possibility exists for mining operations and personnel to be exposed to abandoned mine voids, mine personnel must be alerted to the existence of the abandoned mine voids and instructed to monitor their work area and environment for changes which may indicate the possibility of a hazard.  

Recommendations

· The Commission recommends and encourages the utilization of visual examinations, drilling processes and the application of geophysical methods, where practical, to verify the existence or non-existence of abandoned mine voids.  Particularly where the credibility of the maps is in question.

· The Commission recommends the continued development of the horizontal directional drilling techniques and method.  Although the present status of this technique appears to be superior to other existing and developing methods enhancement of this method would be highly beneficial.  Existing contractors must make provisions to assure the mining industry that the skilled manpower and equipment will be readily available.

· The Commission recommends continued research, development and refinement of the various geophysical methods and techniques to enable these techniques to be applied separately or in conjunction with drilling techniques to provide more positive results pertaining to the location of and definition of mine voids.  Request funding from appropriate government agencies for geophysical tests to be conducted under approved protocols.

· Encourage development of alternatives to the 20-foot test hole procedures required under section 224(b) due to exposure of miners to possible safety hazards, such as drilling into a body of water under pressure.

6.  Regulatory Inspections for Compliance with

approved plans and procedures
Prevention of inadvertent breakthroughs into abandoned mine workings begins with identification of the hazard.  While risks should be assessed during the engineering of the mine and during review of permits and plans, risk assessment does not end there.  It is vital for examiners and inspectors to understand the risks and the measures taken to mitigate any hazards.

Mine Inspections: Both MSHA and BDMS inspect the underground portions of mines.  These inspection cycles occur at a minimum rate of once every two months for anthracite mines and once every quarter for bituminous mines and take at a minimum of several days to complete.

Other inspectors from BDMO inspect surface facilities of underground mines with oversight from OSM.  These inspections are done pursuant to SMCRA and regulations developed under it.  MSHA also has responsibility for safety aspects of surface activities.  The state inspections occur monthly and typically are completed within a day.

Underground mine operators also have responsibilities to examine their workings.  The Commonwealth certifies individuals as Mine Officials: mine examiners, assistant mine foremen or mine foremen.  Their duties are prescribed by statue
 and include examining the mine, or a definite portion of the mine, for gasses, inspecting roof face and rib conditions, and addressing road and conveyor hazards.  The mine examiner’s inspection does include verification that the requirements of law or of approved plans are being implemented.

Review of the maps for a mine is an integral part of the examination or inspection.  Locations of abandoned mine workings on the maps certified by a professional engineer are not questioned.  Inspections of the mines start with a review of the latest maps for the mine and of the citation history of the operation.  When adjacent abandoned workings are shown on the map, the inspector ensures that the legal requirements for advance drilling within 200 feet of the abandoned mine, or other such plans as are approved by DEP, are implemented. 

BDMS – MSHA Inspection:  The state inspection may occur at the same time as the federal inspection but the state and federal personnel do not  conduct  the inspections jointly.  Reports from BDMS and MSHA inspectors are available at the mine but it appears that they do not directly compare results of their inspections.

Communication between the state and federal inspectors is vital to understand risks, identify unusual conditions, and develop appropriate mitigation plans.  However, communication cannot overcome gaps in knowledge or the limits of inspections noted below.

BDMS Inspectors:  The requirements to become a state mine inspector are rigorous.   Applicants must be between 30 and 55 years of age, have scored at least 90 % on the inspector examination, have 10 years of practical mining experience (5 years must immediately precede the examination), have practical and comprehensive knowledge of gases, of mining machines and methods, of emergency first aid and mine rescue, of electricity, of ventilation systems.

State mine inspectors duties include performing regularly spaced inspections of assigned mines to see that ‘every necessary precaution is taken to secure the safety of the workmen’ and that the law is fully obeyed.  In the course of an inspection the inspector personally visits each active working face and faces that have advanced since the last inspection to examine ventilation, roof control, and drainage.
  At the end of the inspection the inspector holds an exit conference with the operator to discuss findings, problems, and necessary actions.

In practice, mine inspectors are a recognized and respected part of a mine operation.  They typically interact with mine management, miners, and if the mine has one, the safety committee.
Inspections – When Mining Advances Toward Abandoned Workings:  When a mine is advancing towards old workings, examiners and inspectors should look for any telltale signs or indicators of nearby impounded water.  Such indicators can include a change in the location, quantity, color and odor of water.  Testimony provided the commission suggests that in some bituminous mines water leaking into an active mine from an old mine will be yellow or orange in color, and/or have a stale or “rotten-egg smell.”  Water within anthracite mines may not have the same color or odor indicators, but the amount and location of water are significant.  Inspectors and examiners are generally aware that impounded water in old mines may manifest itself through changes in water location, quantity, color, or odor.  

Testimony provided to the Commission also suggests that changes in the chemistry of the water can assist in verification of the risk.  Formation water seeping into a mine is likely to have different chemistry than impounded water.  Many water filled abandoned mines discharge to the surface at some point.  Sampling of those discharges is required during permit review.  Sulfate is a common constitute of mine drainage.  It is considered  ‘conservative’ in that it persists and  does not readily break down or react with other constituents.   In cases where the formation water encountered by the active workings is low in sulfate, samples from the active workings and from the abandoned mine discharge can form a baseline.  In such a case, increasing sulfate concentrations while advancing to the workings may signify an increasing proximity to the abandoned workings.  Other chemical constituents or isotopes may also work for this purpose.

Physical changes may also indicate that the workings are approaching a flooded mine: Testimony provided to the Commission included observations from miners working in a Pittsburgh Coal seam in southwestern Pennsylvania.  The miners noted that the floor of the mine would become soft or slick when approaching abandoned flooded workings.  While floor conditions are partially controlled by the geology of the rock that makes up the floor (typically claystone in Pittsburgh Seam mines), other testimony suggests that weakening of the floor is one mechanism of inundations.  In two recent cases it is believed that the floor was weakened to such an extent that the impounded water passed beneath the coal and weakened the rib to the point that it failed.  (Ref 7.)  Other places to look for changes in the quantity of inflowing water are through the face and the roof.  Depending on geologic conditions increases in the amount of water encountered during roof bolting can be a sign of impounded water ahead but in others is not.

Close attention to the approved plans for the mine is necessary when facing the risks from abandoned mine workings.  Examiners and inspectors should verify that drilling is done at the appropriate distances and locations and in the proper situations.  

Limitations of Inspections:  Even the most diligent inspection regime cannot eliminate all risks associated with abandoned mine works.  Many mines were never mapped, so risk evaluation and mitigation planning is not possible.  However, if a final map is thought to exist, its accuracy must be verified and validated.  An inaccurate map may be more dangerous than no map at all.  

Recognizing that information regarding abandoned mines has limits suggests that care is needed as workings move towards abandoned mines.  Inspections of advancing works towards identified hazards consider, but are not specific to, the hazards posed.  Hazard specific inspections focus the attention of the inspector on the issue and on any early warnings that may exist.  Inspections looking for the changes discussed above can provide significant information on unanticipated conditions.

However, inspections alone cannot overcome the limits of knowledge about abandoned mine workings or replace proper design and operation of mines.  Knowledge and implementation of controls cannot overcome improper plans, designs or inaccurate maps.  Symptoms and telltale signs may be indicators, however they cannot take the place of proper exploration, design, or operation.    

Recommendations

· DEP should develop and implement a protocol for hazard specific inspections of mines advancing towards abandoned underground mine workings.  The Commission recommends the development of specific procedures to: a) provide guideance to  inspectors  when mining near abandoned mine voids, b) ensure that mine inspectors understand the limits of mine maps, and c) verify and document that approved plans for locating old works are implemented properly. 

· Mine examiners and inspectors should pay particular attention to changes in water conditions in the mine, including flow, color, and odor of water, and roof and floor conditions during an advance towards abandoned mine workings.

· The Commission recognizes the importance of establishing regular and effective communication between state and federal inspectors and recommends that open and regular communication be encouraged by DEP and MSHA.  

· The Commission recommends that the Commonwealth make a thorough and scientifically valid evaluation of the inability of using water chemistry as a diagnostic tool for alerting mine operators of nearby flooded workings.

7.  Miner Training

The most valuable asset in a mining operation is the mineworker.  Because miners work in a relatively dangerous and dynamic environment, it is critical that they follow an effective safety and health program.  Mine safety professionals unanimously agree that training is a critical component of an effective mine safety and health program.  

The inundation at Quecreek Mine has raised many questions.  Of interest here, are those regarding training, including, “Were these miners trained about inundations,” and “could or should miners be better trained about inundations in the future.”  These are complex issues, but there are straightforward answers to these questions, and the Commission has provided recommendations on training. 

The Quecreek incident underscores the need for miners who may work in mines with inundation potential to be aware of the locations and contents of adjacent mine voids.  Without this knowledge, there will be no perception of the hazard.  Secondly, individual miners must be familiar with their mine map so they can recognize the boundary between the current workings and any adjacent mine or mine void.  They must be trained to recognize and report any changes in the mine workings arising either from water quantity or quality, floor, roof, or coal characteristics.  They should be made aware of the mining company’s policy and procedures with regard to mining near abandoned mine voids, and trained on the tools, techniques and methods that are to be used when mining near voids.  If there are aspects of the mine design that can prevent safe exit from the mine in the event of an inundation, such as a local roll where fluids can accumulate and block the entry completely, miners should be made fully aware of this condition through training.  In this situation, alternative means of escape must be available and miners must be made aware of them.  Finally, miners need to be aware of gas inundation hazards as well as those from water.

Safety professionals from the private and public sectors agree that it is difficult to incorporate additional training components to the present miner training schedule prescribed by federal mine statute (30 CFR Part 48).  Moreover, changes in both mining conditions and mining technology has necessitated additional training on topics not envisioned within Part 48, such as hazard communications, noise regulations, and diesel-powered equipment.  As work conditions and job functions change within the mining industry, there is a need to evaluate how these changes create new hazards, affect accident and injury possibilities, and call for new opportunities for education and training.  Fortunately, alternative training strategies are being developed and applied.  These provide a viable mechanism to ensure that miners are adequately trained, including training related to inundations.  These strategies, including a discussion of the aging workforce issue can be found in the recently released publication entitled, “Strategies for Improving Miners’ Training,” NIOSH IC 9463, which are available at www.niosh.gov.  

While computer-based training is not extensively used in the mining industry, there are several advantages of this type of training.  For example, it can overcome some of the limitations of the traditional classroom and on-the-job training programs and promote self-learning.  Virtual-reality training modules, developed with an appreciation of the mining environment, would improve miner’s ability to react appropriately to hazardous situations [National Research Council, 2002].  It should be possible to develop a virtual-reality training model for illustrating the dangers of inundation from abandoned mine voids, as well as the safe procedures to be followed to avoid these hazards.  However, the application of virtual-reality to miners’ safety training is in its infancy.  While this approach may be quite beneficial as a tool for training future generations of miners, it may be several years before it will become feasible to use virtual-reality on a widespread basis to train miners.  Therefore, training needs to be designed in such a way that it can be easily administered at both large mining operations with ample training facilities and small mining operations with minimal training facilities.  

Several effective, low-cost tabletop training simulations dealing with a variety of mine emergency response issues have been developed by NIOSH and MSHA (www.msha.gov).  Unfortunately, none of these training exercises focus on the hazard of water inundations.  It is recommended that such materials be developed and used at mines where inundations are a threat to the safety of the underground workforce. 

The increasing average age of the mining workforce and the projected retirements of trained miners from the industry have also created problems of significant proportions in specialized areas, such as response to mine emergencies and mine rescue teams.  During the Commission’s hearings, both miner’s representatives and mine management alluded to the need to address this area.  The problem is also complicated by the fact that small mines are not in the same position as their larger counterparts to respond to such emergencies.  

Recommendations

· The Commission recommends the development and implementation of a training module for mine inundation is advisable, and its mandatory application in mines with an inundation risk is recommended.  The content of the module needs to be developed, and an effective training intervention must be developed.  The Commission recommends, that whenever practical, training should be taken to the workplace.  “Toolbox” and video training provide an excellent method of delivering training modules to the workplace and customizing the training.  Further, the Commission recommends frequent short, structured “safety talks” conducted at the face or portal which, when done correctly, are a low-cost way to impart much critical information in short time frames.  
· Based on the events at Quecreek, Command Center training should be stressed and supported by the government and industry and the “emergency communication triangle” training module should be made widely available.

· The Commission recommends that a continuing education module be developed for mining professionals, mine managers, and mine inspectors.
· Research has shown that people often do not get the information they need for the purpose of taking appropriate action in their workplaces.  Structured safety talks, with valid content, presents a procedure to communicate critical information.  Material can be developed for use in short safety-training sessions such as start-of-shift safety or "toolbox" talks.  The information can be presented in as little as fifteen minutes, and can be tailored to any work setting or contingency by employing appropriate examples.  Safety talks, done correctly, are a low-cost way to impart much critical information in short time frames and should be done routinely at all operations.
8.  Rescue and Response Procedures 
Due to the lack of familiarity with personnel and techniques of the many agencies and organizations that may be involved during a mining emergency, there is potential for difficulties to arise.  Written, site-specific, emergency response plans (ERP) and regular training for the key individuals involved can minimize these difficulties.  As early as 1979, the National Academy of Sciences recommended development of a unified response to mine emergencies. (NRC report, Chapter 4, Underground Mine Disaster Survival and Response).  The report recognized the uniqueness of mine disasters and the role that must be played by specialized personnel and that prior training in emergency response and mine rescue techniques is critical for future success.  The Commission notes that BDMS provides training and assistance to mine operators to develop ERPs.  The Black Wolf Coal Company had a written ERP for Quecreek mine.  

The preparation and training of mine rescue personnel was evident at the Quecreek incident.  The mine operator followed their ERP and immediately notified appropriate parties, assigned duties to mine personnel, and established a Command Center and locations for family members and news media.  The Command Center team comprised of the mine operator, MSHA District 2 Manager, and Director of BDMS or their designated representatives, were responsible for planning and approving the activity of the rescue operation.  At Quecreek, over 700 individuals and 100 organizations came together and worked as a team with each contributing their expertise to achieve a common goal.

DEP trains about 80 individuals statewide in emergency response procedures and mine rescue techniques.  On a monthly basis, mine rescue team members receive one day training in the use of self-contained breathing apparatus (SCBA), mine gases, fire fighting, mine ventilation, first aid, and rescue techniques.  Mine managers are provided two days of training annually on managing mine emergencies.  

Additionally, DEP, National Institute for Occupational Safety and Health (NIOSH), Mine Safety and Health Administration (MSHA), and mine personnel participate semi-annually in mine emergency response demonstrations (MERD).  MERDs are conducted at NIOSH’s underground Lake Lynn Laboratory, MSHA’s Bruceton Experimental Mine and mine operators’ underground mines.  The MERDs consist of a mock mine emergency involving simulated situations that require rescue of miners.  Mine rescue team members, mine managers and representatives of federal, state, and labor role-play in their respective duties.  These provide individuals the opportunity to practice their training while the emergency response and mine rescue trainers critique and coach the process.  The MERDs include simulated explosions and fires requiring mine rescue teams to use SCBA to operate in artificial smoke and visibility of less than 2 feet.  The activity of the mine rescue team is in constant communication with, and monitored by, the underground fresh air base and the surface command center team.  Individuals representing the mine operator, MSHA, and DEP comprise the fresh air base and command center teams. 

Although DEP and the mining community have provided extensive emergency response training to those within the mining industry, very little training has been provided to the non-mining community.  The lack of understanding of mine rescue procedures by those outside the mining community caused some conflicting direction at the Quecreek rescue. 

At times during the Quecreek operation, different organizations assumed leadership roles.  For instance, local first-responders, in this case, Somerset Area Ambulance Service and the Special Medical Response Team (SMRT) were immediately immobilized.  Additionally, fire and police organizations arrived on scene shortly after the initial call for help and established a basic command system for fire/rescue and site access operations. Because of the specialized, technical nature of the rescue, when state mine safety personnel arrived on scene, operational management passed to that agency.  In turn, when federal officials arrived, liaison was established and lead management responsibility was assumed by MSHA. There was, however, no consistent effort to establish a structured management system for the overall incident as it evolved.

There were instances during the event when at least three, uncoordinated management structures were simultaneously operational.  While this situation was resolved from an on-scene operations standpoint, it continued to affect support functions, for example, equipment needed on-scene was being sourced by or supplied through first responders, mine safety agencies (both on-site and in Harrisburg), the county emergency management agency and private sector entities.

Testimony was provided to the Commission describing the contrast between the Quecreek incident and a typical emergency medical response (EMR).  The usual response to which EMR, many of which are staffed by volunteers, are called upon to support is a short term, acute event.  The crew responds, provides care and transport and returns to station.  The regional EMR protocols and system policies that address the traditional response are not written to address an extended standby rescue scenario. Over 100 physicians, paramedics, emergency medical technicians, nurses and various other clinicians and specialists participated in aspects of the emergency medical response to this event.  Federal participation also included military assets.

As can be expected with any operation of this magnitude, some communications problems did exist.  For example, the number of aircraft and the absence of a single point of communication and coordination for managing their response caused serious disruption.

Uniform Incident Management System

While the Quecreek rescue was a tremendous success from an ERP viewpoint, there is a clear recognition of the need for an effective, uniform management system for such events.  The organization of the response and rescue efforts at Quecreek illustrates some of the difficulties that typically arise in large and/or complex operations.  For example, the control of the rescue site has been an element in mine rescue training for years, but because of the tremendous public attention to this site, non-essential individuals came across fences and through fields and co-mingled with rescue workers.

Across Pennsylvania, federal, state and local emergency service, law enforcement, and counter-terrorism task force organizations have begun resolving operational, command, logistics, planning, finance and communication issues in advance by adopting a common approach to handling emergencies.  This approach is known as the Incident Management System (IMS).  This system is transferable to any organization or group of organizations with responsibility for emergency response operations.  Federal, state, county and local agencies responsible for mine rescue responses could benefit from IMS and should adopt, train and exercise IMS at agency and inter-agency levels.

Incident Management Systems have been given considerable attention within the emergency services and emergency management communities.  The system consists of procedures for controlling personnel, facilities, equipment, and communication.  Incident Management Systems allow agencies to communicate using common terminology and operating procedures.  More information regarding Incident Management Systems can be found in Appendix C.

An effective Incident Management System has five major functional areas:

1. Command

2. Operations

3. Planning

4. Logistics

5. Finance

Personnel from all agencies, in a collaborative and coordinated manner, are assigned to the components of IMS based on their experience and expertise, not on their affiliation.  By blending all personnel and agency resources, a “broad view” of the incident is maintained throughout the IMS.  The numbers of personnel assigned and the actual units within each section can be expanded and contracted to meet the continuing needs of the incident.

Family member support

Special attention must be paid to the treatment of family members of anyone involved in an emergency situation.  At the Quecreek incident, each family was provided with a Red Cross Counselor and a CERT Team member, who stayed with them even after the rescued miners were taken to the hospitals.  This arrangement maintained continuity and the families became accustomed to the faces of these individuals and felt comfort in their presence.

The Commission heard testimony from a pastor who opened a counseling center that provided support to the families of the trapped Quecreek miners.   He discussed the need for better communication with the family members.  Specifically, he noted that there were numerous individuals disseminating information to the families, with no consistent point of contact.  This inconsistency reduced the comfort level among the families and eventually led to an atmosphere of suspicion and distrust.  Additionally, information was provided from the rescue site, prior to notifying the families, and the families saw the news unfolding on the television.  This caused great grief within the family center.  

He observed that at times there were hundreds of people in the family center.  By asking each family to supply a list of “approved” people, non-essential persons and news media had limited access.

Recommendations

· The Commission recommends that training should be provided to key individuals outside the mining community on mine emergency response and mine rescue techniques.  Conversely, it would benefit key individuals in the mining industry to be trained in the procedures of other agencies that may become engaged during a mine emergency.

· The Commission recommends that the Incident Management System (IMS) should be adopted as Pennsylvania’s statewide standard for mine emergency response, and the current “Command Center” system should be integrated into IMS.  All mine rescuers, operators, and responders should be trained in IMS.  Local emergency response agencies should receive mine rescue awareness training to enhance understanding and improve on-scene coordination.  All parties involved in mine rescue efforts should regularly communicate, coordinate their activities in advance, development a good understanding of IMS and their respective roles in it, conduct table-top and functional exercises of mine emergency responses using IMS as the structure, and evaluate these exercises to improve plans and responses.

· The Commission supports the mutual aid legislation presently introduced in the legislature as part of the Homeland Security initiatives to ensure the adequacy of resources, the protection of the responders and the site security initiatives presently being developed as part of the Homeland Security effort to better control access at mine emergency sites.

· The Commission recommends that the standards of family communication, care and support initiated by the airline industry and American Red Cross following recent air tragedies be adopted as Pennsylvania’s standard for mine emergencies. 

· The Commission recommends that the emergency response contact list developed by DEP following Quecreek should be maintained and utilized as a resource for all future mine emergencies. 

· The Commission recommends that BDMS continue actively working with NIOSH and MSHA taskforces to remedy the alarming shortage of mine rescue teams, personnel and equipment in the Commonwealth.  The remedy should ensure the transfer of knowledge and expertise from older personnel to a new generation of miners and mine rescuers. 

· The Commission recommends that DEP establish, as an ongoing budget item, a fund to pay the costs of local law enforcement, fire, rescue, hazardous materials, emergency medical and medical personnel providing services at mine emergencies. 





























































( A detailed history of the Quecreek Mine inundation and the subsequent 3-day rescue operation is included in PA Bureau of Deep Mine Safety accident investigation report.


�  Pennsylvania Anthracite Coal Mine Act, Act of November 10, 1965, P.L. 721, 52 P.S. 70-101 – 70-1405 (Anthracite Act); Pennsylvania Bituminous Coal Mine Act, Act of July 17, 1961, P.L. 659, 52 P.S. 701-101 – 701-706 (Bituminous Act).  


� Act of June 2, 1891, P.L. 176, Art. III, Sect. 9.


� Maps submitted as part of a permit application pursuant to the Bituminous Mine Subsidence and Land Conservation Act and regulations are also public documents that may be inspected by the public.


�  The 1897 law, which established the Pennsylvania Bureau of Mines in the Department of Internal Affairs, required mine inspectors to submit maps of all coal mines and annual updates to the maps to the Chief of the Bureau (Act of July 15, 1897, P.L. 279, Section 9).  However, this express provision was not retained when the Legislature created the Department of Mines in 1903; the Secretary was only generally authorized to keep records of the office (Act of April 14, 1903, P.L. 180.  Subsequent legislation has not expanded or clarified this provision.


� Act of March 3, 1870, P.L. 3, Section 1; Act of June 30, 1885, P.L. 205, Section 1.


� The Knox Mine Disaster was an innundation accident that occurred on January 22, 1959 in Jenkins Township, Luzerne County.  Miners working in the Knox Mine Company’s River Slope mine breached the Susquehanna River.  Some ten billion gallons of water drained into the interconnected mines, killing twelve miners.





� Act of December 16, 1959, P.L. 1878, Section 2. 


�  E.g.  Surface Mining Conservation and Reclamation Act , The Clean Streams Law, The Bituminous Land Conservation and Reclamation Act.


� 30 U.S.C. § 811(c).


� Section 1402 of the Anthracite Act, 52 P.S. § 70-1402; Section 702 of Bituminous Act, 52 P.S. § 701-702.


� “Procedure For Processing Requests to Adopt New Items or Methods Under Sections 702 and 1402 of the Pennsylvania Mining Laws,” Technical Guidance Document (TGD) No. 580-2200-004.  The Environmental Hearing Board approved the use of this TGD.  United Mine Workers of America v. Department of Environmental Protection, 2001 EHB 1040.


� See “Mine Officials Act,” Act of June 3, 1943, P.L. 848, 52 P.S. §§ 11 - 18.


� See generally statutes cited in n. 9, above.


� 30 U.S.C. § 803.


� See Act of March 3, 1870, P.L. 3 (among other things authorizing mine inspectors), Act 1; Act of April 5, 1870, P.L. 50 (creating offices and clerks in certain counties).  


� Act of July 15, 1897, P.L. 279.  


�  Act of April 14, 1903, P.L. 180. 


�  Act f May 31, 1956, P.L. 1915.  


� Act of May 31, 1945, P.L. P.L. 1198 (Bituminous); Act of June 27, 1947, P.L. 1095 (Anthracite).


�  Act of April 27, 1966, P.L. 31.  


�  30 U.S.C. Section 1201 et seq.


�  See generally statutes cited in n. 9, above.


�  30 U.S.C. §§ 814, 820.


� According to MSHA, there were 1007 underground mines in the US in 2001.  MSHA data indicates that only 200 of these mines employ 50 or more workers.  This number rises to 500 for mines employing 20 or more.


� See Sections 201-16, Bituminous Act, 52 P.S. §§ 701-201 – 701-216; Sections 201-06,  Anthracite Act, 52 P.S.  §§ 70-201 – 70-206.


� See Sections 218-28, Bituminous Act, 52 P.S. §§ 701-218 – 701-228; Sections 220-228, Anthracite Act, 52 P.S. §§ 70-220 – 228.


� See Sections 105-108, Anthracite Act, 52 P.S. §§ 70-105 – 70-108; Section 105-06, Bituminous Act, 52 P.S.


§§ 701-105 – 701-108.


� See Section 117, Bituminous Act, 52 § 701-117; Section 117, Anthracite Act, 52 P.S. § 70-117.
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AllUgInundations

		Number of all inundations in Underground Coal and MNM  mines by year

								Metal/nonmetal

				Year		Coal		Stone		Nonmetal		Metal		MNM subtotal		Grand total

				1983		19						2		2		21

				1984		16						1		1		17

				1985		17								0		17

				1986		10								0		10

				1987		18				8		1		9		27

				1988		14				8				8		22

				1989		27				6		2		8		35

				1990		17				1		1		2		19

				1991		20						2		2		22

				1992		22				1		2		3		25

				1993		24				2		1		3		27

				1994		25				2		1		3		28

				1995		22						3		3		25

				1996		24								0		24

				1997		34		1						1		35

				1998		29				2				2		31

				1999		15						1		1		16

				2000		18				2				2		20

				2001		21				1				1		22

				2002 (May)		5				1				1		6

				Total		397		1		34		17		52		449
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AllUgInundationInj

		Number of Fatalities/lost-time injuries/injuries with no lost-time for all Underground inundations

						Coal		Nonmetal		Metal		MNM subtotal		Grand Total

		Fatalities		1984						1		1		1

				1985		1								1

				1988		1								1

				1991		1								1

				Total		3		0		1		1		4

		Lost-time injuries		1983						2		2		2

				1985		1								1

				1989						3		3		3

				1990						1		1		1

				1991		1								1

				1993				2				2		2

				1995		3								3

				Total		5		2		6		8		13

		Injuries with no lost-time		1983		1								1

				1990		1								1

				1994		2								2

				1999		2								2

				Total		6		0		0		0		6
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UgCoalInundations

		Number of inundations (water or gas) in Underground Coal mines resulting from cutting into abandoned mines, by year														Number of Fatalities/lost-time injuries/injuries with no lost-time

				Year		Water		Gas		Total												Water

				1983		8		0		8						Fatalities				1985		1

				1984		9		1		10

				1985		10		1		11

				1986		7		1		8						Lost-time injuries				1991		1

				1987		7		7		14

				1988		5		3		8

				1989		9		5		14

				1990		2		6		8

				1991		12		4		16

				1992		8		4		12

				1993		10		5		15

				1994		6		5		11

				1995		5		1		6

				1996		4		8		12

				1997		11		5		16

				1998		7		6		13

				1999		5		4		9

				2000		3		1		4

				2001		3		1		4

				2002 (May)		3		0		3

				Total		134		68		202
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