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Dear Mr. Shuler,

This letter accompanies the University’s 5™ Act 54 assessment period report entitled “The Effects of
Subsidence Resulting from Underground Bituminous Coal Mining, 2013 to 2018”. This report is the
culmination of work by 19 researchers at the University of Pittsburgh and the Carnegie Museum of
Natural History over a two-year period.

Thank you for the opportunity to work with you in providing this information to the citizens of the
Commonwealth of Pennsylvania.

Sincerely,
TR == A T
_:k,:’_’\\,‘. i ’r:’ 7 gﬁﬂr&%_\ W L—awk/_-;-,}' T
Daniel J. Bain Patrick D. Shirey Stephen J. Tonsor Anthony T. [annacchione
Assistant Professor Postdoctoral Associate Director of Science Associate Professor

and Research, CMNH

il



Effects of Mine Subsidence | 2013-2018 University of Pittsburgh

Participating University and Carnegie Museum of Natural History Personnel:

University of Pittsburgh Dietrich School of Arts and Sciences

Department of Geology and Environmental Science

Daniel J. Bain, Assistant Professor

Patrick D. Shirey, Postdoctoral Associate
Marja A. Copeland, Graduate Researcher
Jared Deglmann, Graduate Researcher
Memphis J. Hill, Graduate Researcher

Dilki Kandanarachchi, GIS Specialist

Sadie Trout, GIS Specialist

Dolores Sullivan, Undergraduate Researcher
Rachel Dodson, Undergraduate Researcher

University of Pittsburgh Swanson School of Engineering

Department of Civil and Environmental Engineering

Anthony T. Iannacchione, Associate Professor
Taylor R. DaCanal, Graduate Researcher
Emily Adelsohn, Undergraduate Researcher
Benjamin Grunauer, Undergraduate Researcher
Zachary Kaminski, Undergraduate Researcher

Carnegie Museum of Natural History

Stephen J. Tonsor, Director, Science & Research
Andrea R. Kautz, Research Entomologist

Robert “Max” Winn, GIS Analyst

James V. Whitacre, GIS Research Scientist

John W. Wenzel, Director, Powdermill Nature Reserve

il



Effects of Mine Subsidence | 2013-2018 University of Pittsburgh

Table of Contents

EXCCULIVE SUIMMATY ..eeiiiieeiiiieciie ettt e et e et e e e taeeestaeeessaeeensaeeessaeesssaeesnseeensseeas EX-1
Section 1: INIrOAUCTION......cc..iiiiiiiiiiie ettt et e 1-1
SECtion 2: MENOMAS ......eeiiiiiieie et ettt ettt et st 2-1
Section 3: MINING OPETAtIONS ......eeeevieerrieeriieeireeeiteeesteeesteeesssreessseeessseesssseeessseessssessssseessseeenns 3-1
Section 4: Structure IMPACTS ......cc.eiiiiiieiiie et e e sae e e eeesaeesseeesnbaeesnseeees 4-1
Section 5: Water SUPPLY IMPACES.....c..eiiiiiiiiieciecee et erae e saee e 5-1
Section 6: Land Damages .........cccueeieiieiiiieiiiie ettt ettt e et e e eetae e e b e e ebaeesraee e 6-1
Section 7: Hydrolo@ic Balance ............cocuiiiiiiieiiiiciie ettt saee e 7-1
Section 8: GrOUNAWALET ........ooiuiiiiiiiiiiiie ettt ettt et e st e et e it e b e saeeeneeas 8-1
Section 9: Effects of Mine Subsidence on Streams ...........coooueeeeeiiiiiiienieeiienieeiee e 9-1
Section 10: Effects of Mine Subsidence on Wetlands...........ccoceeiiiiiiiiiiiiiiiiniiieieicee 10-1
SECtION 11: DISCUSSIONS ...eeuitieiiiiiiieiieeite ettt ettt ettt et e st e b e sat e e bt e sabeenbeesaeeenbeesaeeenbeenane 11-1
Section 12: RecOMMENAALIONS.......cccuiiiiiiiiiiiieiieiie ettt 12-1
Section 13: Summary and CONCIUSIONS .......c.eieiiiieiiiieeiieeeiee et e e e eaeeeseaee s 13-1

Appendix A: Summary of Mining Activities, Reported Effects, and Undermined Streams during
the 51 ASSESSINENT PEIIOA ..., A-1

Appendix B: Maps of Mining Activities, Reported Effects, and Undermined Streams during the

Sth ASSESSMENt PETIOM ......oviiiiiiiiiiieie ettt ettt B-1
Appendix C: Trends in Mining ACHVIEY ...ccvveeieeriierieeiienieeieeseeereeseeeereeseeeeveesseessseeseessseenns C-1
Appendix D: Subsidence EffECtS .......c.cooovieiiieiiiiiiiiiicieccee e D-1
Appendix E: Location of Mining ACHIVILY .......c.cccveriierienieeieenieeieenieeeieesieeereesseessseeseeenseenne E-1
Appendix F: Stream Recovery Evaluation Report Data...........c.ccocveviiiiiieniiciiieiecieeeee, F-1
Appendix G: Comprehensive Groundwater Evaluation Case Studies..........ccccccvevvevveenirennnnnne. G-1

v



Effects of Mine Subsidence | 2013-2018

University of Pittsburgh

Appendix H: Yield Ratio Comparison Methods...........ccceevieiieniieiieniiiieeieceeeee e H-1
Appendix [: Summary of Stream IMPACtS .......c.cociiriiiiiieiiieiiece e I-1
Appendix J: Pre- and Post-Mining Wetland Data.............cccooveviieiiieniiinieciceeeee e J-1
Appendix K: Piezometer HMR Data .........ccccoooiiiiiiiiiiiiiiiicieeeecie et K-1
Appendix L: Master Agreement between PADEP and the University.........ccccceevvevveenirennnnnne. L-1

Units of measurement

%
cfs
ft

ft*
GB
gpm
in
Ibs
m
MA
mi
umho/cm

General
Act 54
ArcGIS
AutoCAD
BAMR
BMSLCA
BUMIS
CAD
CDMO
CMAP
CMNH
DEM
EIA

EPA
ERRI
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percent

cubic feet per second
feet

cubic feet

gigabytes

gallons per minute
inches

pounds

meters

million years ago
miles

microohms per centimeter

1994 amendments to BMSLCA

geographic information systems software produced by ESRI
design software produced by Autodesk

Bureau of Abandoned Mine Reclamation

Bituminous Mine Subsidence and Land Conservation Act
Bituminous Underground Mining Information System
computer-aided design

California District Mining Office

Coal Mining Activity Permit

Carnegie Museum of Natural History

digital elevation model

United States Energy Information Administration

United States Environmental Protection Agency
Environmental Resources Research Institute
Environmental Systems Research Institute

geographic information system



Effects of Mine Subsidence | 2013-2018

University of Pittsburgh

HMR
LiDAR
LLC
MrSID
MSHA
NAD 1983
ND
NHD
NWIS
OCR

op

PA
PADEP
PAEHB
PAFBC
PASDA
PennDOT
PEM
PFO
POW
PSS
PSU
PUB
QA/QC
Re

RPZ

SA

SD

SF

SC

SID
SMCRA
Sp

SRE
SSA
TBS
TGD
TGD 363-0300-001

TGD 391-0300-002
TGD 563-2000-655
TDS

TIF
UNT

Hydrologic Monitoring Report

Light Detection and Ranging

limited liability corporation

multi-resolution seamless image database

Mine Safety and Health Administration

North American Datum of 1983

no data

National Hydrography Dataset

National Water Information System

optical character recognition

overburden pressure

Pennsylvania

Pennsylvania Department of Environmental Protection
Pennsylvania Environmental Hearing Board
Pennsylvania Fish & Boat Commission

Pennsylvania Spatial Data Access

Pennsylvania Department of Transportation
Palustrine emergent

Palustrine forested

Palustrine open water

Palustrine scrub/shrub

Pennsylvania State University

Palustrine unconsolidated bottom

quality assurance/quality control

extraction ratio

rebuttable presumption zone

structure analysis

standard deviation

safety factor

specific conductance

seamless image database

Surface Mining Control and Reclamation Act of 1977
strength of coal pillar

Stream Recovery Evaluation

Surface Subsidence Agent

Total Biological Score

Technical Guidance Document

Technical Guidance Document 363-0300-001, “Design Criteria — Wetland
Replacement and Monitoring”

Technical Guidance Document 391-0300-002, “Water Quality
Antidegradation Implementation Guidance”
Technical Guidance Document 563-2000-655, “Surface Water Protection
— Underground Bituminous Coal Mining Operations”
Total Dissolved Solids

tagged-image format

Unnamed tributary

Vi



Effects of Mine Subsidence | 2013-2018 University of Pittsburgh

USGS United State Geological Survey
UTM Universal Transverse Mercator coordinate system
VPN Virtual private network

WRDS Water Resources Data System

vii



Effects of Mine Subsidence | 2013-2018 University of Pittsburgh

Acknowledgements

The University would like to thank many individuals and groups for their assistance with various
aspects of this project. First, the University thanks the employees of PADEP for their support of this
project. In particular, thanks go to:

PADEP Bureau of Mining Programs
e Greg Shuler, Geologist, for his patient and effective administration of the Act 54 contract and
rapid assistance in data collection and logistics throughout the assessment project
e Directors of the Bureau of Mining Program Tom Callaghan and William Allen and Chief of
Permits and Technical Section Sharon Hall for their oversight and review of this report

PADEP California District Mining Office

e William Keefer, Environmental Group Manager, Richard Kormanik, Surface Mine
Conservation Inspector Supervisor, Richard Verscharen, Mining Permit and Compliance
Specialist, Tyler Brown, Aquatic Biologist, and Matt Cavanaugh, Mining Resource Program
Specialist, for their help in collecting, interpreting, and reviewing data in the office files

e Surface Mine Conservation Inspectors, Anne Hong, Joseph Laslo, Richard Kormanik, and
Zachary Bell, and Environmental Trainee, Valerie Dillie, for arranging field trips for the
University to observe impacted and restored features and for sharing their first-hand
knowledge of the compliance process.

e David Tissue, Information Technology Generalist, for assistance in remote access to
department data

e Michael Bodnar, Chief of the Mine Subsidence Section for assistance with gathering and
interpretation of structure analysis data

e Greg Ohler, Clerk, for assisting with data collection

e Adam Ofstun, Mining Specialist, for assistance in data delivery

During the assessment, the University was privileged to visit active mines. The University is
particularly thankful to Evan Midler, Land Manager at Tunnel Ridge, LLC, Joe Zelanko, Senior
Mining Engineer, and John St. Clair, Manager of Permitting, both at Rosebud Mining Company for
arranging these visits.

For several mines, the University directly requested digital data from the mine companies. The
companies generously supplied AutoCAD or ArcGIS files containing data that had accompanied mine
permits to PADEP. The data included precise mining extents and the spatial locations of undermined
structures and water supplies. The University thanks the following companies for supplying digital
data:

Consol Energy, Inc.

Contura Energy

Tunnel Ridge, LLC

Corsa Coal Corporation

Rosebud Mining Company

LTC Energy

Mepco, Inc.

X



Effects of Mine Subsidence | 2013-2018 University of Pittsburgh

From Consol Energy, Inc, the University specifically thanks Lyndsey Olmstead, Project Engineer,
Joshua Silvis, Manager of Hydrogeology, and Brian Benson, Supervisor of Stream Mitigation, for
providing a field trip for the University to examine stream impacts and associated mitigation efforts.

From Contura LLC, the University specifically thanks Senior Environmental Compliance Coordinators
Jeff Ambrose and Lori Dayton, for providing a field trip for the University to examine stream impacts
and associated mitigation efforts.

Lastly, the University thanks people and groups at the University of Pittsburgh whose support was
critical to the completion of this project:

e Lynn Ruminski, Sponsored Projects Administrator, for assistance with contractual and
budgetary processes

e Jennifer Woodward, Vice Chancellor for Research Operations, for assistance with contract
obligations

X



