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Flora (Plants) 

Thelypteris noveboracensis
Dennstaedtia punctilobula

Festuca species, with  

Trifolium pratense

Forest Health

Invasive Species

Water
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Incidents

Fauna (Wildlife) 
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Recreation

State Forest Lands

Community Engagement
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Revenue

Forest Landscapes 

Partner Monitoring
Susquehanna River Basin Commission



11Shale-Gas Monitoring Report

Research Partnerships

Crotalus horridus
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their wild character and 

Part 1: Introduction 
›› A Steward of the  

          State Forest System

Figure 1.1
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to society, are considered 

The Bureau’s Challenge: Balancing Uses and Values
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An Ecosystem Approach

Forest Resource Monitoring II. Natural Gas Development  
and State Forest Lands
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Figure 1.2

Table 1.1  Statewide state forest acreage by gas ownership type (All state forest districts).
Note: Data is based on GIS analysis. In some severed rights acres the Commonwealth has partial ownership.

State Forest
DCNR Issued 
Lease Acres

Severed Gas 
Rights Acres

Remaining  
Acreage Owned  

Fee Simple
Total State  

Forest Acreage

Michaux 0 8,296 77,206 85,502

Buchanan 2,007 8,119 59,551 69,677

Tuscarora 0 5,037 90,988 96,025

Forbes 17,350 4,149 37,021 58,519

Rothrock 0 1,204 94,771 95,975

Gallitzin 2,597 3,013 18,760 24,370

Bald Eagle 0 1,601 191,789 193,390

Clear Creek 463 12,833 2,670 15,966

Moshannon 45,016 40,157 104,858 190,032

Sproul 140,414 32,996 132,030 305,439

Lackawanna 0 0 29,603 29,603

Tiadaghton 50,076 1,566 94,948 146,590

Elk 7,493 44,427 148,032 199,952

Cornplanter 0 1,362 129 1,491

Susquehannock 61,456 86,372 112,286 260,113

Tioga 40,704 17,710 103,477 161,890

William Penn 0 734 73 807

Weiser 0 310 27,749 28,059

Delaware 0 512 82,591 83,103

Loyalsock 20,646 41,798 52,106 114,550

Total 388,222 312,197 1,460,636 2,161,054
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Figure 1.3

Pre-Shale-Gas Development
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Figure 1.4

 The 

Marcellus and Other Shale-Gas  
Geology and Development
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Figure 1.5
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Marcellus Shale and State Forest Land 

Figure 1.6 Stratigraphic column of shale targets  
in central Pennsylvania. 
Carter, Harper, Schmidt, and Kostelnik, AAPG Journal, 
January 2014
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Figure 1.7 Possible limits of the Marcellus Shale present in Pennsylvania. 
Harper, Topographic and Geologic Survey of PA, 2012

Figure 1.8 Location of current concentrations of driiling activity for the Marcellus in the Appalachian Basin. 
Harper, Topographic and Geologic Survey of PA, 2012
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Figure 1.9 Extent of the Marcellus In PA and locations of well permits issued  
by the state for the Marcellus from 2008 to the end of 2012. 
Harper, Topographic and Geologic Survey of PA, 2012

Pennsylvania State Forest Land and The Marcellus Shale

DCNR Oil & Gas Lease Agreements

Privately Owned Oil & Gas Rights

State Forest Land

Marcellus Shale Fairway1:1,900,000

·

Date: 02/27/2014

Figure 1.10
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Table 1.2 State forest acreage in Marcellus fairway subject to natural gas exploration and development.

State Forest
District Acreage in  

Marcellus Shale Fairway
Lease Tract 

Acres
Severed Rights 

Acres

Total Acreage  
Subject to Gas  
Development

Forbes 58,519 17,350 4,149 21,499

Gallitzin 24,370 2,597 3,013 5,610

Clear Creek 15,966 463 12,833 13,296

Moshannon 190,032 45,016 40,157 85,173

Sproul 305,348 139,829 32,996 172,825

Lackawanna 18,159 0 0 0

Tiadaghton 105,572 50,076 1,290 51,367

Elk 199,952 7,493 44,427 51,920

Cornplanter 1,491 0 1,362 1,362

Susquehannock 260,113 61,456 86,372 147,828

Tioga 161,890 40,704 17,710 58,414

Delaware 83,103 0 512 512

Loyalsock 114,033 20,646 41,798 62,444

Total 1,538,548 385,630 286,620 672,250

Figure 1.11

DCNR Shale-Gas Leases 
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Figure 1.12

Table 1.3 State forest shale-gas leases 2008-2010.

Lease Event # of Tracts # of Acres High Bid Total

September 2008 18 74,023 $168,408,695

January 2010 6 31,947 $128,397,888

May 2010 11 32,896 $120,162,000

Total 35 138,866 $416,968,583

Year

Wells Approved 
on State Forest 

Leases

Wells Approved on 
Severed Lands  

(Private Subsurface Rights)

Total Wells 
Approved

2008 10 11 21

2009 136 43 179

2010 244 59 303

2011 264 51 315

2012 64 12 76

2013 59 20 79

Totals 777 196 973

Table 1.4 Shale-gas well locations approved by BOF (end of 2013).

Total Number of Shale-Gas Wells Drilled on SF Lands: 568 

Total Number of Shale-Gas Wells Reporting Royalty  
Production in December 2013: 394

Leased Tract Summary  

township pertinent to each lease  

Year
Well Pads Approved on  

State Forest Leases
Well Pads Approved on  
Severed Rights Lands

Total  
Well Pads

2008 to 2013 199 27 226

Table 1.5 Number of approved well pads on state forest, Dec. 2013.
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Shale-Gas Management on State Forest Lands 

State 
, gas leases and 

Applicable Department of Environmental Protection 

State Forest Resource 



25Shale-Gas Monitoring Report – Part 1: Introduction

The Oil and Gas Lease 
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Figure 1.13 Sample lease tract map with ecological, recreational, timber management, 
and scenic areas of special consideration.

Surface Use Agreements 
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Guidelines for Administering Oil and Gas Activity  
on State Forest Lands

Gas Activity on State Forest Lands

Forest Lands

III. Monitoring Efforts/Results
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The Bureau’s Shale-Gas Monitoring Program 
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The Bureau’s Monitoring Approach

An Integrated and Dedicated Monitoring Team 

Monitoring Section

Monitoring Section

Section

Section
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Figure 1.14  Dedicated and integrated Shale-Gas Monitoring Team.

Related Forest Resource Monitoring  
and On-the-Ground Management Activities
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Table 1.6 Shale-gas monitoring protocols. 
Details regarding each protocol can be found in the respective sections of this report and the 
Bureau of Forestry’s website.

Monitoring Value Protocol Name Status

Water

Widespread Field Water Chemistry Sampling (hand-held meters) 
Pebble Counts 
Pipeline ROW Stream Crossing 
Water Quality Monitoring Stations (sondes & grab samples) 
Water Quality Monitoring Stations (HOBOs & grab samples)

Implemented 
Implemented 
Pilot 
Implemented 
Implemented

Soils
Well Pad Soils 
Wetland Buffer Soils 
Roadside Soils

Proposed 
Proposed 
Proposed

Local  
Communities

Focus Groups 
Gas Tour Surveys 
DCNR Comment Cards 
Noise 
Viewshed Analysis 
ROS Analysis

Pilot 
Implemented 
Implemented 
Implemented 
Implemented 
Implemented

Infrastructure

Road Assessment 
Chemical Dust Control 
Bridges 
Trails 
Post Construction Stormwater Management

Implemented 
Implemented 
Implemented 
Implemented 
Implemented

Invasive Species Early Detection – Rapid Response (EDRR) Implemented

Plants

Well Pad Vegetation 
Roadside Vegetation 
Species of Special Concern 
Wetland Buffer Vegetation 
Seismic 
Reclamation 
Vegetation & Overstory Inventory

Implemented 
Implemented 
Pilot 
Pilot 
Proposed 
Proposed 
Implemented

Animals Drift Fence Arrays Discontinued
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Figure 1.15 Core gas state forest districts.
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Research and External Partner Collaboration 

Core Monitoring Areas 

Shale-Gas Monitoring Reports 
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II. Introduction

Part 2: Monitoring Values
›› Infrastructure

I. Key Points:

the core gas districts, including roads, infrastructure, well pads, and pipelines.

the core gas districts. Of these, 131 miles of state forest roads that existed prior to the 
shale-gas development have been improved or upgraded for gas development activities, 
and 30 miles of new roads have been constructed for gas development activities. This road 
work involved the conversion of approximately 242 acres of forest.

core gas districts. This involved the conversion of approximately 786 acres of forest.

This involved the conversion of approximately 459 acres of forest.

installed by gas companies in the core gas districts. 

development have used non-potable water rather than chemical dust suppressants.

the use of water transport systems.

lease-term waivers are related to buffers on wetlands and roads.
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Roads
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as operational concerns associated with road conditions, 
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Well Pads
A well pad is the area where shale-gas well drilling and 

Hunting and Fishing SeasonsHolidays

Heavy hauling and seismic activity may be restricted during the following dates at the discretion  
of the district forester:

State Forest Heavy Hauling Restrictions

Figure 2.1
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Compressor Pads and Compression Systems

Fresh Water Storage and Water Conveyance Systems
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Other Types of Infrastructure and Pads 

Pipelines

Infrastructure Approvals and Waivers
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The recent  and also the 

on State Forest Land

Any
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III. Monitoring Efforts/Results

Spatial Data Assessment 

Type of Waiver Number of Waivers

Wetland Buffer 15

Road Buffer 9

Lease Boundary Buffer 5

Trail Buffer 2

Natural Area Buffer 1

Stream Buffer 0

Other 3

Table 2.1
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Roads

Table 2.2 
state forest in the core gas region.

State Forest District

Miles of  
New Road  

Construction

Miles of  
Existing Road  

Total

Moshannon 4.7 11.5 16.2

Sproul 4.0 39.1 43.1

Tiadaghton 13.5 44.4 57.9

Elk 0.3 0.0 0.3

Susquehannock 0.1 8.3 8.4

Tioga 6.0 15.8 21.8

Loyalsock 1.6 11.8 13.4

Total 30.2 130.9 161.1

Figure 2.2 
by state forest in the core gas forest districts.
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Figure 2.3 Percent increase in total district road mileage on developed tracts 
attributed to gas development from 2008 to 2012.

Table 2.3 Acres converted from forest to road ROW 
from 2008 to 2012.

State Forest District
Acres Converted  

to Road ROW

Moshannon 31.7

Sproul 20.8

Tiadaghton 68.1

Elk 1.2

Susquehannock 4.1

Tioga 47.5

Loyalsock 68.2

Total 241.6

Table 2.4 Road density on tracts with shale-gas development from 2008 to 2012.

State Forest District

Pre-Development 
Average Tract  
Road Density  

(miles/square mile)

Current (2012)  
Average Tract  
Road Density  

(miles/square mile)

Change in  
Road Density  

(miles/square mile)

Percent  
Change in  

Road Density

Moshannon 1.8 2.0 0.2 9.5

Sproul 1.0 1.1 0.1 12.7

Tiadaghton 1.0 1.5 0.4 38.9

Elk 0.9 0.9 0.0 2.7

Susquehannock 1.2 1.2 0.1 7.5

Tioga 1.1 1.3 0.2 21.0

Loyalsock 0.7 0.8 0.1 19.1
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Figure 2.4 Average road density on tracts with development from 2008 to 2012.

Pads

Table 2.5 Number and acreage of all infrastructure pads by state forest district from 2008 to 2012.

State Forest District
Number of  

Infrastructure Pads
Actual  

Pad Acres LOC Acres

Moshannon 12 63.3 96.7

Sproul 42 156.5 196.0

Tiadaghton 69 318.3 389.2

Elk 4 6.5 19.3

Susquehannock 11 32.2 37.3

Tioga 39 135.7 252.6

Loyalsock 14 73.1 95.6

Total 191 785.6 1,086.7
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Figure 2.5 Acres converted to infrastructure pads by state forest 
district from 2008 to 2012.

Figure 2.6 Acres converted by infrastructure type from 2008 to 2012.

pad acreage presented is the as-

The Tiadaghton and Tioga state 

Table 2.6 Number and acreage of well pads by state forest district 
from 2008 to 2012.

State Forest District
Number of  
Well Pads

Well Pad  
Acres

LOC 
Acres

Moshannon 11 47.6 85.9

Sproul 35 115.9 150.8

Tiadaghton 51 189.2 235.3

Elk 4 6.5 19.3

Susquehannock 5 20.8 22.0

Tioga 27 103.1 193.3

Loyalsock 10 47.9 66.4

Total 143 531.1 773
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Table 2.7 Number and acreage of compressor pads by state forest 
district from 2008 to 2012.

State Forest District
Number of  

Compressor Pads
Compressor 
Pad Acres

LOC 
Acres

Sproul 1 1.7 2.6

Tiadaghton 3 5.7 6.1

Susquehannock 1 0.03 1.0

Tioga 3 9.4 15.0

Loyalsock 1 15.0 15.0

Total 9 31.7 39.5

Table 2.8 Number and acreage of freshwater impoundments by state forest from 2008 to 2012.

State Forest District

Number of  
Freshwater  

Impoundments

Freshwater 
Impoundment 

Acres
LOC 

Acres

Moshannon 1 15.6 15.6

Sproul 3 36.7 40.4

Tiadaghton 12 108.4 133.6

Susquehannock 3 9.0 10.7

Tioga 5 17.5 29.7

Loyalsock 2 6.5 6.5

Total 26 193.8 229.1

Table 2.9 Statistics on water use and truck trips saved due to the use of water 
conveyance systems. Data provided by operators.

*Anadarko utilized its water conveyance system for both commonwealth and 
private land development. The data presented cover both.

Operator
Million Gallons 

Pumped in 2012
Truck Round Trips Eliminated 

Due to Pumping in 2012

Pennsylvania General Energy 190.9 41,300

Anadarko Petroleum Corporation* 100.8 22,000
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Recreation, aesthetics, water, and soil protection are  

Table 2.10 Number and acreage of other infrastructure pads by state forest district from 2008 to 2012.

State Forest District

Number  
of Other  

Infrastructure

Other  
Infrastructure  

Acres LOC Acres

Moshannon 0 0.0 2.7

Sproul 3 2.2 2.2

Tiadaghton 3 14.9 14.9

Susquehannock 2 2.4 3.6

Tioga 4 5.7 14.6

Loyalsock 1 3.8 8.5

Total 13 29.0 45.7
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Figure 2.7 Acres converted to infrastructure pads by management 
zone from 2008 to 2012.

Pipelines

corridors rather than create new 

Table 2.11 Miles of pipeline corridor by type, 2012.

State Forest District

Pipeline Corridor Type Miles of Shale-Gas  
Lease ROWs Coincident 

 with Existing ROWs TotalExisting Shale-Gas Lease

Moshannon 188.5 5.9 3.6 190.8

Sproul 207.3 14.5 7.0 214.7

Tiadaghton 25.4 52.4 7.1 70.7

Elk 110.8 2.0 0.0 112.9

Susquehannock 173.7 3.9 0.2 177.4

Tioga 44.7 18.5 2.7 60.5

Loyalsock 9.2 6.5 0.0 15.6

Total 759.5 103.7 20.6 842.7
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Figure 2.8 Miles of pipeline corridor by state forest district 2012.

Table 2.12 Acres converted from forest to pipeline ROW 
from 2008 to 2012.

State Forest District
Acres Converted  
to Pipeline ROW

Moshannon 39.2

Sproul 78.2

Tiadaghton 144.2

Elk 9.1

Susquehannock 29.4

Tioga 94.4

Loyalsock 64.3

Total 458.8
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Table 2.13 Density of pipeline corridors per square mile by state forest district 2012.

State Forest District

Pipeline Corridor Type

Total 
DensityExisting

Shale-Gas 
Lease

Moshannon 0.6 0.02 0.6

Sproul 0.4 0.03 0.4

Tiadaghton 0.3 0.23 0.3

Elk 0.4 0.01 0.4

Susquehannock 0.4 0.01 0.4

Tioga 0.2 0.07 0.2

Loyalsock 0.1 0.04 0.1

Total Avg. Density (mi./sq. mi.) 0.3 0.1 0.4

Figure 2.9 
EV = Exceptional Value, HQ = High Quality, and CWF = Cold Water Fishes

Table 2.14  
 EV = Exceptional Value, HQ = High Quality, and CWF = Cold Water Fishes

State Forest District TotalEV HQ CWF

Moshannon 2 2

Sproul 1 2 3

Tiadaghton 1 7 8

Susquehannock 2 2

Tioga 16 1 17

Loyalsock 1 2 3

Total 2 14 18 1 35
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Table 2.15 Miles of lease agreement pipeline corridor by slope class and state forest from 2008 to 2012.

State Forest District

Slope Category

Total0 to 10% 11 to 20% 21 to 30% 31 to 40% 41 to 50% > 50%

Moshannon 5.70 0.23 5.9

Sproul 13.59 0.84 0.02 0.07 14.5

Tiadaghton 47.32 3.21 0.86 0.37 0.40 0.23 52.4

Elk 2.00 0.01 2.0

Susquehannock 2.52 0.95 0.30 0.10 3.9

Tioga 17.56 0.80 0.09 0.10 18.5

Loyalsock 4.24 1.43 0.46 0.25 0.04 0.05 6.5

Total 92.9 7.5 1.7 0.8 0.5 0.3 104

Figure 2.10 Miles of lease agreement pipeline corridor by slope class and state forest from 2008 to 2012.
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Total Conversion

Figure 2.11 Total acreage converted to non-forest by infrastructure type from 2008 to 2012.

Table 2.16 Total acreage converted to non-forest by infrastructure type from 2008 to 2012.

State Forest District
Pad  

Acreage
Road  

Acreage
Pipeline 
Acreage

Total  
Acreage

Moshannon 63.3 31.7 39.2 134.2

Sproul 156.5 20.8 78.2 255.5

Tiadaghton 318.3 68.1 144.2 530.6

Elk 6.5 1.2 9.1 16.8

Susquehannock 32.2 4.1 29.4 65.7

Tioga 135.7 47.5 94.4 277.6

Loyalsock 73.1 68.2 64.3 205.6

Total Acreage 785.6 241.6 458.8 1,486.0
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Seismic Surveys 

Figure 2.12
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Guidelines of 

Figure 2.13  Seismic activity on state forest lands.
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Infrastructure and Recreation Field Visits 

Guidelines 

Lands
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Figure 2.14 Traditional state forest road in Loyalsock State Forest. Note the closed canopy and narrow road base.

Figure 2.15 State forest road in Tiadaghton State Forest that has minimal wild character value after it was 
improved for shale-gas development. Note the break in the tree canopy, wide base, and heavily armored edges.
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Figure 2.16 Constructed forest road, with adjacent pipeline ROW, used for shale-gas development access. 

Figure 2.17 State forest road in Tioga State Forest that is utilized for shale-gas development 
that demonstrates reduced wild character value due to overwidening.
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Figure 2.18 State forest road in Moshannon State Forest that was improved for shale-gas 

Figure 2.19 State forest road in Moshannon State Forest that was improved for shale-gas development 
but retained wild character value. Note that the canopy is still closed over the top of the road.



60 Shale-Gas Monitoring Report – Part 2: Monitoring Values, Infrastructure

Figure 2.20 State forest road in Tiadaghton State Forest that was improved for shale-gas 
development but retained wild character value. Note that the canopy is still closed over 
the top of the road.
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Figure 2.21 State forest road in Sproul State Forest that was improved for shale-gas 
development and received a soil cement treatment to the sub-base.
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Figure 2.22 View of pipeline in Tiadaghton State Forest discussed here. Note dogleg 
on opposite side of stream to minimize long, linear view of pipeline.
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Figure 2.23 View of pipeline in Tiadaghton State Forest discussed here. Note dogleg at 
top of hill to minimize long, linear view of pipeline.

Forest Road Surveys 
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GPS coordinates are collected at the starting location, 
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Road Shutdown, Reroute, and General  
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Sproul State Forest

Loyalsock State Forest

Bridge and Crossing Inspection 
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Figure 2.24 New bridge installed in Tiadaghton State Forest.

Figure 2.25 New bridge installed in Tioga State Forest.
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Sproul State Forest
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Loyalsock State Forest

IV. Conclusion/Discussion
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Part 2: Monitoring Values
›› Flora (Plants)

I. Key Points:

– Evaluating vegetation communities immediately adjacent to shale-gas development.

– Monitoring tracts subject to shale-gas development for non-native, invasive  
plant species.

– Assessing rare plant populations and important wetland habitats.

– Conducting vegetation inventories in areas of potential future shale-gas extraction.

lands occurs in the dry oak-heath community type. 

Thelypteris 
noveboracensis) and hay-scented fern (Dennstaedtia punctilobula) had the highest 
average percent cover in the understory, with 31.2 percent and 31.0 percent cover 
respectively. The most prevalent species in areas around the edges of pads  
re-vegetated with erosion and sedimentation control seed mixes were Festuca species, 
with 19.2 percent average cover, orchardgrass (Dactylis glomerata, 16.0 percent), and 
red clover (Trifolium pratense, 14.2 percent).

species with the largest mean population size was Japanese stilt-grass (Microstegium 
vimineum), which has become common across most state forest districts and spreads 
easily, especially along roadside corridors.

 
for Plant Species of Special Concern populations will be developed, implemented  
and evaluated.

opportunistically during all gas monitoring activities.
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II. Introduction
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III. Monitoring Efforts/Results

Inventory 
Manual of Procedure for the Fourth State Forest 

Figure 3.1 Acres cleared for shale-gas development infrastructure, arranged 
by forest community type.
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Figure 3.2 Acres cleared for well pads constructed for shale-gas development, 
arranged by forest community type.

1. Evaluating Vegetation Communities Adjacent  
to Shale-Gas Development

Well Pad Assessment



75Shale-Gas Monitoring Report – Part 2: Monitoring Values, Flora



76 Shale-Gas Monitoring Report – Part 2: Monitoring Values, Flora

highest incidence at well pad edges, as well as those with 

Thelypteris noveboracensis

Dennstaedtia punctilobula

Berberis 

Lysimachia quadrifolia,

Acer rubrum
Dennstaedtia punctilobula

Pteridium aquilinum

Trifolium repens

present on one plot at one pad 

only present on one pad were 
,

Triticum aestivum

Table 3.1 Highest mean percent cover values for “undisturbed forest” plots.

Species found on only one pad not included in table. 

Species Number 
of Pads

Percent 
Cover

(Thelypteris noveboracensis) 3 31.2

Hay-Scented Fern (Dennstaedtia punctilobula) 11 31.0

Mountain Laurel (Kalmia latifolia) 5 15.3

Southern Low Blueberry (Vaccinium pallidum) 4 10.8

Wintergreen (Gaultheria procumbens) 4 10.6

Striped Maple (Acer pensylvanicum) 2 10.2

Late Low Blueberry (Vaccinium angustifolium) 6 9.7

American Beech (Fagus grandifolia) 5 9.3

Sweet-Fern (Comptonia peregrina)  2 8.9

Bracken Fern (Pteridium aquilinum) 4  7.9
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Table 3.2 Highest species incidence for “undisturbed forest” plots. 

Species Number 
of Pads

Number 
of Plots

Red Maple (Acer rubrum) 15 34

Hay-Scented Fern (Dennstaedtia punctilobula) 11 21

American Beech (Fagus grandifolia) 7 12

Striped Maple (Acer pensylvanicum) 7 9

Table 3.3 Highest mean percent cover values for “disturbed native” 
vegetation plots.

Pteridium aquilinum
Quercus rubra

Acer rubrum
Dennstaedtia punctilobula

Trifolium pratense

Rumex acetosella

Elymus repens

were only present on one pad were 
Bromus ciliatus,

Triticum aestivum

Species Number 
of Pads

Percent 
Cover

Bracken Fern (Pteridium aquilinum) 2 23.2

Wintergreen (Gaultheria procumbens) 2 12.5

Hay-Scented Fern (Dennstaedtia punctilobula) 2 10.2

Witch-Hazel (Hamamelis virginiana) 2 6.6

Table 3.4 Highest species incidence for “disturbed native” vegetation plots.

Species Number 
of Pads

Number 
of Plots

Carex Species (Carex spp.) 4 4

Bracken Fern (Pteridium aquilinum) 3 4

Northern Red Oak (Quercus rubra) 3 4

Deer-Tongue Grass (Panicum clandestinum) 3 3
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Trifolium repens Lotus 
corniculatus Trifolium pratense

Phleum pratense  Lolium 
perenne

Coronilla varia
Cirsium arvense

Centaurea 
stoebe

Alliaria petiolala

Table 3.5 Highest mean percent cover values for “erosion and 
sedimentation” vegetation plots.

Species found on only one pad not included in table. 

Species Number 
of Pads

Percent 
Cover

Fescue Species (Festuca spp.) 4 19.2

Orchardgrass (Dactylis glomerata) 2 16.0

Red Clover (Trifolium pratense) 6 14.2

Rush Species (Juncus spp.) 2 12.7

Bigtooth Aspen (Populus grandidentata) 2 10.2

Virginia Wildrye (Elymus virginicus) 2 9.1

Birdsfoot Trefoil (Lotus corniculatus) 7 7.8

Field Sorrel (Rumex acetosella) 2 7.5

White Clover (Trifolium repens)  7 7.3

Table 3.6 Highest species incidence for “erosion and sedimentation” 
vegetation plots.

Species Number 
of Pads

Number 
of Plots

White Clover (Trifolium repens) 7 9

Birdsfoot Trefoil (Lotus corniculatus) 7 12

Red Clover (Trifolium pratense) 6 11

Timothy (Phleum pratense) 5 7

Perennial Rye Grass (Lolium perenne) 5 7
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Table 3.7 Mean population size among invasive species.

Species Number of 
Pads

Population Size 
(# of plants)

Japanese Stilt Grass (Microstegium vimineum) 3 60

Crown-Vetch (Coronilla varia) 1 38

Canada Thistle (Cirsium arvense) 4 27

Reed Canary-Grass (Phalaris australis) 2 27

Bull-Thistle (Cirsium vulgare) 1 16

Spotted Knapweed (Centaurea stoebe) 5 13

Japanese Barberry (Berberis thunbergii) 1 3

Honeysuckles (Lonicera spp.) 1 3

1 3

Japanese Knotweed (Polygonum cuspidatum) 1 3

Garlic-Mustard (Alliaria petiolala) 1 3

with researchers at Penn 

Roadside Plant Communities
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the potential to carry plant seed onto new 

Figure 3.3 Miles of state forest roads affected by shale-
gas development activities (per district).
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Seismic Survey Lines
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2. Monitoring Shale-Gas Development Areas  
for Invasive Plant Species

3. Assessing Rare Plant Populations and  
Critical Wetland Habitats
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Gaultheria hispidula
Platanthera ciliaris, Proposed 

Viola selkirkii, PA 
Scirpus ancistrochaetus,
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4. Baseline Vegetation Community Inventories in 
Potential Shale-Gas Development Areas

IV. Conclusion
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II. Introduction

Part 2: Monitoring Values
›› Forest Health

I. Key Points:

agents from 2008 to 2012 in the core 
gas forest districts activities were the 
gypsy moth, forest tent caterpillar, 
and frost.

 
edges created by well pads, pipelines 
and roads for tree dieback, decline, 
and mortality. 

attack, especially by non-native 
invasive species, may occur wherever 
there is forest disturbance, especially 
for trees along newly created edges. 

disturbance can only be discovered 
through long-term forest health 
monitoring.
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-

Sirex

Information and 
Education
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III. Monitoring Efforts/Results

Sirex noctilio
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Forest Damage and Pest Suppression Results for North-Central Pennsylvania from 2008-2012

Figure 4.1
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Year Programs

Forest Districts

Total9-Moshannon 10-Sproul 12-Tiadaghton 13-Elk 15-Susquehannock 16- Tioga 20-Loyalsock

2008

Damage (acres)  147,150  139,726  49,320  32  45,959  1,669  10,811 394,667 

Mortality (acres)  10,770  11,889  -  -  -  -  -  22,659 

GM Suppression  
(acres treated)  28,652  6,791  172  -  -  -  -  35,615 

HWA Suppression  
(acres treated)  -  -  -  -  -  -  -  - 

2009

Damage (acres)  2,008  26,315  101,496  2,570  297,820  14,246  3,588 478,043 

Mortality (acres)  669  40,519  477  197  697  38  245  42,842 

GM Suppression  
(acres treated)  5,465  18,635  10,362  -  -  209  192  34,863 

HWA Suppression  
(acres treated)  -  -  -  -  -  -  -  - 

2010

Damage (acres)  1,231  14,426  13,635 65,733  289,285  54,009  13,675  51,994 

Mortality (acres)  415  41,080  1,253  3  -  -  -  42,751 

GM Suppression  
(acres treated)  -  -  -  -  -  -  -  - 

HWA Suppression  
(acres treated)  -  55  76  -  15  11  100  257 

2011

Damage (acres)  2,679  1  -  -  -  -  -  2,680 

Mortality (acres)  6,510  192  1,102  2,111  19,517  5,302  6  34,739 

GM Suppression  
(acres treated) - -  -  -  -  -  -  - 

HWA Suppression  
(acres treated) - -  -  -  -  -  -  - 

2012

Damage (acres) - -  50  -  201  221  1,630  2,102 

Mortality (acres) -  652  1,370  391  4,426  3,779  35  10,653 

GM Suppression  
(acres treated) - -  -  -  -  -  -  - 

HWA Suppression  
(acres treated) - -  -  -  -  -  13  13 

Table 4.1  Principal damage-causing agents from 2008-2012. 
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IV. Conclusion/Discussion
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Part 2: Monitoring Values
›› Invasive Species

I. Key Points:
 

14 of 18 representative pads across core gas forest districts.

– The invasive plant with the largest mean population size 
was Japanese stilt-grass (Microstegium vimineum), which 
has become common across most state forest districts 
and spreads easily, especially along roadside corridors.

– An Early Detection Rapid Response protocol for invasive 
plant species was employed opportunistically during 

Monitoring Program during the 2013 growing season.

2012 in core gas forest districts activities was the gypsy  
moth (a non-native invasive species).

native invasive species, will occur wherever there is forest 
disturbance, especially for trees along newly created 
edges. However, impacts in the surrounding forests can be 
discovered only through long-term forest health monitoring.

II. Introduction

-
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Alliaria petiolata
Ailanthus altissima

Fallopia 
japonica

Persicaria 
perfoliata Vincetoxicum 

Aralia elata
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III. Monitoring Efforts/Results

Invasive Plants
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Species

Purple star-thistle (Centaurea calcitrapa)

(Centaurea solstitialis)

Houndstongue 

Scotch broom (Cytisus scoparius)

Leafy spurge (Euphorbia esula)

Hairy whitetop (Lepidium appelianum)

Whitetop (Lepidium draba)

 (Linaria dalmatica)

Scotch thistle (Onopordum acanthium)

Wavy-leaf basket grass (Oplismenus hirtellus ssp. undulatifolius)1

Sawtooth oak (Quercus accutissima)

Medusahead (Taeniatherum caput-medusae)

Table 5.1 Plant species found in Pennsylvania known to be invasive in other gas-producing states.

1 Wavy-leaf basket grass has not yet been found in Pennsylvania but is known to exist in very close 
proximity to the Pennsylvania-Maryland border.
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Coronilla varia
Cirsium arvense Centaurea 

stoebe

cuspidatum Alliaria petiolala

Early Detection Rapid Response Protocol  

Species Number  
of Pads

Population Size 
(Avg. # of Plants)

Japanese stilt-grass (Microstegium vimineum) 3 59.7

Crown-vetch (Coronilla varia) 1 38.0

Canada thistle (Cirsium arvense) 4 27.3

Reed canary-grass (Phalaris australis) 2 26.8

Bull-thistle (Cirsium vulgare) 1 15.5

Spotted knapweed (Centaurea stoebe) 5 12.5

Japanese barberry (Berberis thunbergii) 1 3.0

Honeysuckles (Lonicera spp.) 1 3.0

1 3.0

Japanese knotweed (Polygonum cuspidatum) 1 3.0

Garlic-mustard (Alliaria petiolala) 1 3.0

Table 5.2 Mean population size among invasive species found during well pad walkabouts.
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protocol, it has the potential to create a large dataset 

Invasive Pests and Diseases 
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IV. Conclusion/Discussion
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Part 2: Monitoring Values
›› Water

I. Key Points:
 

headwater streams.

naturally reproducing trout populations by the Fish and Boat Commission.

results were primarily in the circum-neutral range, with 72 percent of results between 
6.5 and 7.5 and a median pH of 7.01.

-
tance results were below 100 microsiemens( S)/cm, with a median of 41.3 S/cm.

the shale-gas region and over one year of operation for 10 continuous monitoring 
devices in key watersheds. At this early stage, the data collected are primarily for 
establishing baseline conditions.

Run to be a reference quality stream, according to a DEP criterion.

grab sampling, installation of additional continuous monitoring devices, and  
an assessment of pipeline-stream crossings.
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II. Introduction

Water and State Forest Lands

Figure 6.1 Stream map of shale-gas districts based on NHD Plus dataset.
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Stream Order
Miles of 
Stream

Percentage of  
Stream Miles

1st 1,567.1 71.7

2nd 379.9 17.4

3rd 179.7 8.2

4th 32.5 1.5

5th 26.3 1.2

Total 2,185.5 --

Table 6.1 Distribution of stream orders within 
the shale-gas region.
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Figure 6.2 Stream map of the shale-gas districts showing the DEP Chapter 93 designations of the streams. 
Where applicable, the existing use is shown. Otherwise, the designated use is shown.

Chapter 93  Miles of 
Stream

Percentage of  
Stream Miles

WWF 2.8 0.1

TSF 40.0 1.2

CWF 404.6 12.0

HQ 1,621.0 48.2

EV 1,292.1 38.5

Total 3,360.5 --

Table 6.2 
region under DEP Chapter 93.
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Sinnemahoning

Figure 6.3 

Miles of 
Stream

Trout-stocked 173.9

Naturally Reproducing Wild Trout 1,852.5

Class A Wild Trout 373.1

Wilderness Trout 204.9

Table 6.3 
shale-gas region by the PFBC.
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Figure 6.4 HUC-8 watersheds of the shale-gas region. Leased tracts and severed rights tracts are 
shown overlaying the state forest boundaries.

HUC-8 Name HUC-8 Number
Acres of State  

Forest in HUC-8

Sinnemahoning 02050202 346,942

Middle West Branch Susquehanna 02050203 342,512

Pine 02050205 264,891

Lower West Branch Susquehanna 02050206 205,200

Upper West Branch Susquehanna 02050102 148,761

Bald Eagle 02050204 82,362

Tioga 02050104 33,349

Table 6.4 Primary HUC-8s of the shale-gas region.
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Middle West Branch Susquehanna 

Pine

-

-

Lower West Branch Susquehanna

Upper West Branch Susquehanna 

-
-
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Bald Eagle

Tioga 

Importance of Water Monitoring 
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III. Monitoring Efforts/Results

Widespread Sampling of Field Chemistry
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Figure 6.5 
shown overlaying the state forest boundaries.
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Min Max

pH 2.82 8.11

11.6 866

Table 6.5 

Figure 6.6 
Most results were in the circum-neutral range.
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Figure 6.7 

abandoned-mine drainage problems are shown in red.
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Figure 6.8 
Most results were less than 100 S/cm.

Figure 6.9 
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Pebble Counts

Frequency (n) Median Min Max

Tioga 29 6.7 4.2 7.6

Sinnemahoning 85 7.2 2.8 8.1

Bald Eagle 26 7.0 3.3 7.7

Pine 60 7.1 5.0 7.5

Upper West Branch Susquehanna 34 5.9 4.8 7.8

Middle West Branch Susquehanna 54 6.9 4.1 7.5

Lower West Branch Susquehanna 42 6.9 4.3 7.7

Allegheny (HUC-4) 15 6.9 4.6 7.8

Table 6.6 Descriptive statistics of pH results by HUC-8 watershed.*

*All numbers except frequency are pH standard units

Frequency (n) Median Min Max

Tioga 29 31.4 16.9 286.0

Sinnemahoning 85 49.8 16.3 866.0

Bald Eagle 26 54.0 17.6 655.0

Pine 60 40.6 21.8 144.7

Upper West Branch Susquehanna 34 27.9 11.6 185.8

Middle West Branch Susquehanna 54 47.2 18.2 653.5

Lower West Branch Susquehanna 42 33.3 14.0 91.8

Allegheny (HUC-4) 15 34.7 24.5 104.1

Table 6.7

*All numbers except frequency are S/cm
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paired watersheds to assess whether shale-gas 
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Figure 6.10 Cumulative percent diagram of particle size distribution from pilot study of pebble count 
methodology in Browns Run. Diagram shows that approximately 10 percent of the particles were 
below the 8-mm critical size threshold, indicating that this stream is in a reference condition.
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Longitudinal Transects of Field Chemistry
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Grab Sampling
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Continuous Monitoring Devices
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Pipeline Crossing Assessment
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Monitoring Partners

IV. Discussion / Conclusion
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Part 2: Monitoring Values
›› Soil

II. Introduction

I. Key Points:

forest lands are regulated by DEP and jointly monitored by DEP and the bureau.

soils and soils with high runoff potential. 

– Of all pads, impoundments, and compressors constructed, over 85 percent 
were on well-drained to excessively well-drained soils, and over 80 percent 
were on soils with medium to very low surface runoff index.

– Of all pipelines constructed, over 70 percent occurred within well-
drained to excessively well-drained soils and within soils with medium 
to very low surface runoff index.

– Of all roads newly constructed or improved due to shale-gas 
development, over 80 percent occurred within well-drained to 
excessively well-drained soils and within soils with medium to 
very low surface runoff index.

pad construction on soil physical and chemical properties, as well 
as the effects of best management practices on hydrology and 
sediment loads.

y

forest lands are

soils and soils 

– OOOOfff f alaa l pads, 
wewereerere oooonnnn wel
wewewwwwww re oonnn sosososoils

– OOOOf 
drdrdrra
toooo v

–

p
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III. Monitoring Efforts/Results

Erosion and Sediment Control Permits
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Infrastructure Locations

Figure 7.1  Ten most common soil series components 
disturbed by pads, impoundments, and compressors. 
Analysis based on SSURGO data (Soil Survey Staff 2012). 
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Table 7.1  Percent of total area disturbed by pads, impoundments, and compressors, and percent of total 
length disturbed by new pipelines and roads according to soil drainage class. For comparison, the percent 
of total land area within the gas districts in each soil drainage class is presented as well. Analysis based on 
SSURGO data (Soil Survey Staff 2012).

Drainage Class

Percent Total 
Land Area in 
Gas Districts

Percent of  
Area of Pad  
Disturbance

Percent 
Length of 
Pipeline

Percent 
Length of 

Road

Excessively Drained 1.30% 0.42% 0.24% 0%

Somewhat Excessively Drained 2.31% 2.72% 2.30% 0.62%

Well Drained 76.11% 82.17% 71.50% 81.21%

Moderately Well Drained 16.90% 12.55% 22.12% 16.86%

Somewhat Poorly Drained 1.49% 1.80% 2.81% 1.24%

Poorly Drained 1.52% 0.29% 0.83% 0.07%

Very Poorly Drained 0.28% 0.05% 0.20% 0%

Drainage Class

Percent Total 
Land Area in 
Gas Districts

Percent of  
Area of Pad  
Disturbance

Percent 
Length of 
Pipeline

Percent 
Length of 

Road

Very low 5.33% 18.57% 12.48% 17.65%

Low 26.25% 29.24%  31.15% 29.26%

Medium 44.22% 32.89% 29.24% 35.46%

High 16.90% 14.00% 18.49% 14.32%

Very high 6.61% 5.51% 8.63% 3.31%

Table 7.2  Percent of total area disturbed by pads, impoundments, and compressors, and percent of total 
length disturbed by new pipelines and roads according to soil index of surface runoff. For comparison, the 
percent of total land area within the gas districts in each runoff class is presented as well. Analysis based on 
SSURGO data (Soil Survey Staff 2012).
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Slope Category

Total
0 to 

10 %
11 to 
20%

21 to 
30%

31 to 
40%

41 to 
50% > 50%

Miles of Pipeline 92.9 7.5 1.7 0.8 0.5 0.3 103.7

Percent of Pipeline 89.6% 7.2% 1.6% <1% <1% <1% ----------

Table 7.3  Miles of pipeline by slope category.
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Figure 7.2  Illustration of the path and elevation change of the Honniasont pipeline in Lycoming County.

Erosion Hazard From 
Forest Road or Trail

Percent Length  
of Road

Slight 35.47%

Moderate 47.01%

Severe 17.52%

Table 7.4  Percent of newly constructed length of road 
according to erosion hazard from forest road or trail 
construction. Analysis based on SSURGO data  
(Soil Survey Staff 2012).
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Pad Soil Sampling Protocol 
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Figure 7.3  Diagram of sample plots for soil sampling around pads.

IV. Conclusion/Discussion
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Part 2: Monitoring Values
›› Air

II. Introduction

I. Key Points:

decrease in several major air pollutants, such as sulfur, nitrogen oxides and carbon 
dioxide. This is due, in part, to the increased use of natural gas for power generation, the 
shutdown of several major facilities, and the installation of air pollution control equipment.

constituents and associated compounds in the vicinity of shale-gas operations. These 
compounds were not detected at concentrations that would likely cause health-related 
impacts, although some were detected at levels that would produce an odor.

 
term and cumulative effects of air emissions from compressor stations and a major 
processing facility.

 
of shale-gas operations.

Rail Trail, did not detect air pollutants above rural background conditions.
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III. Monitoring Efforts/Results

Short-Term Ambient Air Sampling

Table 8.1  Statewide pollution inventory data and emissions data from shale-gas development, 

The DEP will continue to collect annual emissions inventory data from the shale-gas industry, 
as well as other industries, for future comparison.

Category Year

Carbon  
Monoxide  

(TPY)

Nitrogen 
Oxides 
(TPY)

PM10 

(TPY)

Sulfur 
Oxides 
(TPY)

VOCs 
 

(TPY)

All Point Sources 2008 94,409 235,485 30,719 864,789 24,671

All Point Sources 2011 85,990 192,275 22,588 353,480 20,363

Difference ------ 8,419 43,210 8,131 511,309 4,308

Shale-gas Development 2011 6,852 16,542 577 122 2,820

Net Difference ------ 1,567 26,668 7,554 511,187 1,488
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Region Period (2010) Facilities Sampled

Southwest Apr. to Aug. Two compressor stations, condensate tank farm, wastewater 
impoundment, background site

Northeast Aug. to Oct. Two compressor stations, an active well site, a well site during fracking 
operations, background site

Northcentral Aug. to Dec. site during drilling operations, background site

Table 8.2  Description of DEP short-term, screening-level ambient air sampling studies.

Long-Term Ambient Air Monitoring

PM



138 Shale-Gas Monitoring Report – Part 2: Monitoring Values, Air

Ozone Assessment

Ramsey Air Monitoring Study

Air Permitting for Shale-Gas Operations
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IV. Conclusion/Discussion
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Part 2: Monitoring Values
›› Incidents

II. Introduction

I. Key Points:

in 308 notices of violations (NOVs).

document and report on the diesel fuel spill and inadvertent discharge of brine on Tract  
729 A, Pad C. The bureau investigation did not identify elevated conductivity readings 
in the down-gradient stream. Subsequent additional monitoring and site remediation by 
the responsible operator was conducted to the satisfaction of DEP.

December 31, 2012, 264 incidents in 50 different categories were reported through the 
Bureau of Forestry Incident Reporting System across all state forest districts directly 
related to gas development activity.
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III. Monitoring Efforts/Results

Field Inspections

Year
# of Incidents 

Reported
DEP NOV  

Issued

2008 1 1

2009 33 33

2010 121 114

2011 111 102

2012 58 58

TOTALS 324 308

Table 9.1  Summary of incidents reported by DEP on 
state forest land by year.

Year
# of Incidents 

Reported

# Wells Drilled 
on SF Lands 

(spud)
# Incidents Per 

Well Drilled

2008 1 21 < 1

2009 33 26 1.3

2010 121 120 1.0

2011 111 203 0.55

2012 58 143 0.41

TOTALS 324 513 0.63 avg.

Table 9.2  Incidents reported by DEP per well drilled 2008-2012.
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Guidelines for Administer

Spill Incident Reporting

Incident Reporting System 
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Rank Incident Type
# of Incident 

Reports

1 22

2 Closure 21

3 Crimes Code 20

4 No Injury 20

5 Hazards (manmade) 18

6 Criminal Mischief 15

7 Motor Vehicle Code (Title 75) 15

8 13

9 Theft 8

10 Vandalism 8

11 of Inspection 8

12 7

13 Complaint 7

14 Motor Vehicle Accident (Visitor) 6

15 Outside Agencies, Assistance 5

Table 9.3  
System related to oil and gas activity from July1, 2009 to December 31, 2012.

IV. Conclusion
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Part 2: Monitoring Values
›› Fauna (Wildlife)

II. Introduction

Penn’s Woods and the 
(SFRMP)

Penn’s Woods

I. Key Points:

infrastructure within the shale gas region.

 
and early successional habitat.

negative impacts of shale gas development  
on wildlife communities to better understand 
their long-range implications and steps that 
can be instituted to avoid and mitigate  
negative impacts.

its wildlife monitoring protocols. The bureau 
will focus on monitoring changes in habitat 
conditions in relation to gas development.

funding multiple research projects to advance 
the understanding of the impacts of shale-gas 
development to wildlife species such as interior 
forest birds and timber rattlesnakes.
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Wildlife and Habitat
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Forested Habitats

Figure 10.1 Image from Penn Sate Cooperative Extension (Forest Stewardship #5: Wildlife) 
Illustration by Rae Chambers, College of Agricultural Sciences, Penn State.
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Why Monitor Wildlife Habitat?

and which are not?
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III. Monitoring Efforts/Results
Wildlife Monitoring 
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Habitat Monitoring

Habitat Parameters

Well Pad Assessment
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Roadside Habitat Assessment

Pipeline Rights of Way Assessment

Wetland Encroachment Buffers

Restoration, Mitigation, and Reforestation Evaluation 

Aquatic Community Monitoring
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Wildlife Population Monitoring 

Other Bureau of Forestry Shale-Gas Monitoring 

IV. Other Research

V. Conclusion/Discussion
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Part 2: Monitoring Values
›› Recreation

I. Key Points:
 

Three designated state forest hiking trails have been impacted.

impacted in the core gas forest districts. It was closed to vehicle access.

miles across the state forest system. This is the result of a 203-mile decrease in joint-use trails 
and a 348-mile increase in designated snowmobile trails.

snowmobile trails have been created to replace impacted snowmobile trails. 

forest roads. Upgraded roads may be safer and easier to drive but may have lost some of their 
“wild character” value.

development. Some roads may be closed or restricted, while newly constructed roads will offer 
new opportunities for access.

measured by the Recreation Opportunity Spectrum is a 9,341-acre increase in semi-developed 
and developed acreage; a 913-acre decrease in semi-primitive acreage; a 8,409-acre decrease 
in semi-primitive non-motorized acreage; and a 19-acre decrease in primitive acreage. 

state forest lands were louder than the 55db(A) suggested by the updated Guidelines for 
Administering Oil and Gas Activity on State Forest Lands. 

 
gas forest districts indicated that Marcellus  
activity had changed their visitation experience.  
41 out of 116 respondents indicated that  
Marcellus activity had changed their 
recreational use of the state forest. 
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II. Introduction
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III. Monitoring Efforts/Results
Designated State Forest Hiking Trails
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Guidelines for 

Lands

Local Forest District Hiking Trails  

National Hiking Trails 

Vistas

State Forest Picnic Areas 

Recreation Agreements (LOAs, CAAs, and SAAs)
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ATV Trails  

Snowmobile Trails 
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located in areas that already had old-woods roads or 

2006-2007 Snowmobile Trails

2007-2008 Snowmobile Trails

2008-2009 Snowmobile Trails

2009-2010 Snowmobile Trails
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2010-2011 Snowmobile Trails

2011-2012 Snowmobile Trails

Figure 11.1
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28 roads for 116.8 miles

45 roads for 138 miles

2012-2013 Snowmobile Trails

29 roads for 132 miles

44 roads for 150.6 miles

New Snowmobile Trails:

Moshannon State Forest:
trails created
Sproul State Forest:
new pipeline
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Tiadaghton State Forest: 
onto a new pipeline 
Elk State Forest: 
Susquehannock State Forest:
placed on a new pipeline
Tioga State Forest:
new pipelines
Loyalsock State Forest:

Scenic Driving

Hunting and Fishing 

Hunting and Fishing Seasons

opening day
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Heavy hauling and seismic activity may be restricted 
during the following dates at the discretion of the 
district forester:

Leased Campsites
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Recreation Opportunity Spectrum 

Primitive
–

–

Semi-Primitive Non-Motorized
–

–

Semi-Primitive
–

–

Semi-Developed and Developed
–

–

Figure 11.2
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Guidelines 

Lands

District Primitive
Semi-Primitive 
Non-Motorized Semi-Primitive

Semi-Developed 
& Developed

Moshannon 0 -1,164 356 808

Sproul 0 -770 51 719

Tiadaghton 0 -3,259 -72 3,332

Elk 0 0 0 0

Susquehannock -19 -9 -18 46

Tioga 0 -3,207 -391 3,597

Loyalsock 0 0 -838 838

Total -19 -8,409 -913 9,341

Table 11.1  Net ROS Acreage Change (Pre-Shale-Gas vs. 2012).
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Figure 11.3

Aesthetics – Viewshed
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Figure 11.5  

Figure 11.4  Change in ROS zones.



167Shale-Gas Monitoring Report – Part 2: Monitoring Values, Recreation

Feature Size Viewshed Impacted

Road 724 feet PA-153

Road 963 feet Interstate 80

Pipeline 2,960 feet Little Pine Road

Table 11.2  Gas infrastructure in scenic viewsheds.
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Noise

on State Forest Lands

When no suitable alternatives exist and a compressor 

noise level of the compressor station should not exceed 

The SLMs were deployed when weather conditions  

District
Leased 
Tract

Leq  
db(A) Date

Tiadaghton 289 55.61 2/13/2013

Tiadaghton 685 59.15 2/14/2013

Tioga 587 61.85 2/20/2013

Tioga 595 60.47 2/26/2013

Tioga 839 60.2 3/5/2013

Sproul 285 69.63 3/7/2013

Table 11.3  Sound meter data – operating 
compressor stations.
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Comment Cards

Figure 11.6  
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Summary of Marcellus Comments;  
July to October 2012 

Has Marcellus activity changed your recreational use 
of this state forest?

Not Yet (17) [No] 

Emphatic no (8) [No]

Not applicable (7) [No]

Don’t know (2) [No]

Avoidance (11) [Yes]

 There 

Some (9) [Yes]

General Opposition (5) [Yes]

Access (4) [Yes]

Other Environmental Impact (8) [Yes] There were 

Has Marcellus activity changed your visitation 
experience of this state forest?
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Not Yet (11) [No]

Not applicable (5) [No]

Emphatic no (2) [No] 

 There 

Unpleasant experience (8) [Yes] 

General Opposition (4) [Yes] 

Avoidance (3) [Yes] 

Wildlife (3) [Yes]

Some (3) [Yes] 

Litter (2) [Yes]

Noise (2) [Yes] 

Other Environmental Impact (4) [Yes] There  

Availability of goods (1) [yes]

Figure 11.7  Shale-gas comment card responses.
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IV. Discussion / Conclusion
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Activity on State Forest Lands
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II. Introduction

-

Part 2: Monitoring Values
›› Community Engagement

I. Key Points:

effects on local communities. 

 
produce recommendations.

 
gas activity is conducted and managed on public lands and has become a source  
of understanding public perceptions.

 
on communities resulting from natural gas development on state forest lands.  
One pilot focus group targeting community leaders in Pine Creek Valley was  
conducted in November of 2013.  Two additional groups targeting government  
leaders in Tioga and Clinton counties were conducted in 2014.
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The Resource
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III. Monitoring Efforts/Results

Advisory Committees 

The 

The 
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Organized Outreach Tours on State Forest Lands

Date Group Name Attendees

02/04/11 Governor Ridge Policy Group 34

03/18/11 19

04/07/11 DCNR Park Managers 56

05/05/11 State Parks Environmental Education Specialists 26

06/08/11 Sierra Club 11

06/29/11 Executive Team #1 23

07/13/11 Latvian Delegation 25

07/18/11 House Finance Committee 25

07/25/11 Executive Team #2 34

08/24/11 Ohio Delegation #1 14

09/07/11 15

09/15/11 Senate Appropriations Committee 15

09/29/11 10

10/06/11 26

10/19/11 Ohio Delegation #2 22

11/30/11 National Forest Service 9

12/19/11 DEP/Department of Revenue 27

Table 12.1  2011 Bureau of forestry marcellus shale tours.
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Focus Groups

Rationale and Uses of Focus Groups

Date Group Name Attendees

3/6/2012 Volvo 24

3/16/2012 Wildlife Society 40

3/20/2012 Williams/Transco 16

03/22/12 Transco/Homeland Security 6

4/12/2012 U.S. Congresswoman A. Schwartz 10

4/20/2012 Department of Revenue/DCNR Policy Interns 35

4/25/2012 Pennsylvania State Representative Keller 19

5/10/2012 Leadership Lycoming 26

5/14/2012 Forest Coalition 8

6/8/2012 PA Environmental Defense Foundation 16

7/10/2012 34

7/18/2012 Keystone Soil Scientists 29

08/17/12 26

09/19/12 23

09/26/12 25

Table 12.2  2012 Bureau of forestry marcellus shale tours.
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IV. Conclusion/Discussion
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Part 2: Monitoring Values
›› Timber

II. Introduction

Penn’s Woods

I. Key Points:

activities in core-gas forest districts may be shifting 
away from areas leased for shale-gas development.  
Some of this change, however, may be due to gypsy 
moth salvage harvesting.

harvest placement and harvest allocation goals  
is inconsistent across core gas forest districts.  
More information and data are needed to discern 
reliable trends.

timber harvest revenue due to Route 44 bonding 
costs resulting from heavy hauling associated with 
shale-gas development.

disturbances have been curtailed through the usage 
of gas development access roads for timber sales.

y bbbe shhhiiififtiit ngngngnggnggggggggg 
evvvele opppppmmemmeeenntntntntntttnttnnttttnn ...  
duueueu tto o gggygyyypspppssspsspspspssspssspspppspppp yyyy yyyyy yyyyyyyy yyyyyyyyyy

onnn gogoalala s
issstrtricictsts. 
too o didiscs ernn

 bbobondinggg
cciaiated wiiwwiw ththththt  

ghh h h the e usssssagagaggggagge ee e eeeee
mbmbbbeerer sssalallesesesesesseseses..
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State Forest Timber Stumpage Sale Bidding:
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III. Monitoring Efforts/Results

Year Treatments in 
Leased Lands

Treatments Outside  
of Leased Lands

2005 1,945 6,038

2006 3,316 6,203

2007 2,017 5,830

2008 2,514 4,864

2009 4,661 5,620

2010 4,506 5,492

2011 2,236 5,529

2012 2,627 7,301

Total 23,822 46,877

Table 13.1  Silvicultural treatment acreage for  
core gas forest districts.

Figure 13.1

Figure 13.2

Figure 13.3

Figure 13.4
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Road Bonding, Route 44 and Timber Revenue

Figure 13.5

Figure 13.6

Figure 13.7

Figure 13.8



184 Shale-Gas Monitoring Report – Part 2: Monitoring Values, Timber



185Shale-Gas Monitoring Report – Part 2: Monitoring Values, Timber

Figure 13.9  Red maple nominal values in relation to timber market report 
and Route 44 corridor, 2005-2012.

Figure 13.10  Black cherry nominal values in relation to timber market report 
and Route 44 corridor, 2005-2012.
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Figure 13.11  Red maple stumpage price as percent of timber market report 
in relationship to Route 44 corridor, 2005-2012.

Figure 13.12  Black cherry stumpage price as percent of timber market 
report in relationship to Route 44 corridor, 2005-2012.
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Miles of Gas Access Roads Utilized  
for Timber Sale Access

Number of Pipeline Crossings Needed  
to Access Timber Sales

Timber Revenue Generated from Gas

IV. Conclusion/Discussion

Figure 13.13

Figure 13.14

Figure 13.15
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II. Introduction

Part 2: Monitoring Values
›› Energy

I. Key Points:

Pennsylvania comes from state forest lands. This gas is sold 
and distributed across the eastern and midwestern United 
States to service energy markets on a daily basis.

commodity that has seen the price per product unit fall from 
a high of approximately $10 per Mcf (1,000 cubic feet) in 2010 
to the current (end of 2013) $4.75 per Mcf as a direct result 
of Pennsylvania shale gas coming onto the market grid and 
forcing gas prices to moderate with respect to the gas supply.

from one to 10, with approximately four to eight wells being 
the average. A typical well drains approximately 100 acres, 

of factors (i.e., lateral length and spacing, well stimulation 
operations, rock properties). In addition, multiple shale 
formations – such as the Marcellus and Geneseo/Burket – 
can be targeted from the same well pad.

may be drilled on state forest lands to fully develop the 
current leased acreage on commonwealth gas leases, on 
which approximately 568 had been drilled by the end of 2013. 

to accurately predict and depend on market conditions and 
the performance of individual tracts.   
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Figure 14.1  U. S. historical energy consumption by source.

Figure 14.2
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Figure 14.3

Figure 14.4
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III. Monitoring Efforts/Results

IV. Discussion

reported along with the gas price and 

Gas Well Production Decline and Behavior

Figure 14.5  Theoretical Type Marcellus Well Gas Rate Decline Curve
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Pennsylvania Marcellus Gas Volume Estimates
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Figure 14.6

less or greater depending 

Pre-Marcellus Gas Production on State Forest Lands
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Year

U.S.  
Total  
Tcf

PA  
Total  
Tcf

State  
Forest  
Gas Tcf

State  
Forest %  
PA Total

1947 6.7 NA 0 NA

1948 7.2 NA 0.0019 NA

1949 7.6 NA 0.0046 NA

1950 8.5 NA 0.0038 NA

1951 9.7 NA 0.0033 NA

1952 10.3 NA 0.0183 NA

1953 10.7 NA 0.0307 NA

1954 10.9 NA 0.0942 NA

1955 11.7 NA 0.0444 NA

1956 12.4 NA 0.0472 NA

1957 12.9 NA 0.0182 NA

1958 13.1 NA 0.0157 NA

1959 14.2 NA 0.0093 NA

1960 15.0 NA 0.0074 NA

1961 15.5 NA 0.0041 NA

1962 16.0 NA 0.0136 NA

1963 16.9 NA 0.0035 NA

1964 17.5 NA 0.0031 NA

1965 17.9 NA 0.0025 NA

1966 19.0 NA 0.0013 NA

1967 20.2 0.090 0.0011 1.2

1968 21.3 0.090 0.0011 1.2

1969 22.7 0.080 0.0009 1.1

1970 23.8 0.080 0.0009 1.1

1971 24.0 0.077 0.0007 1.1

1972 24.0 0.074 0.0006 1.1

1973 24.1 0.077 0.0006 1.0

1974 22.9 0.083 0.0023 2.7

1975 21.1 0.085 0.0007 1.0

1976 20.9 0.090 0.0011 1.2

1977 21.1 0.092 0.0005 <1.0

Year

U.S.  
Total  
Tcf

PA  
Total  
Tcf

State  
Forest  
Gas Tcf

State  
Forest %  
PA Total

1978 21.3 0.098 0.0003 <1.0

1979 21.9 0.096 0.0003 <1.0

1980 21.9 0.098 0.0003 <1.0

1981 21.6 0.122 0.0002 <1.0

1982 20.3 0.121 0.0002 <1.0

1983 18.7 0.118 0.0002 <1.0

1984 20.3 0.166 0.0001 <1.0

1985 19.6 0.150 0.0002 <1.0

1986 19.1 0.160 0.0003 <1.0

1987 20.1 0.163 0.0002 <1.0

1988 21.0 0.167 0.0002 <1.0

1989 21.1 0.192 0.0002 <1.0

1990 21.5 0.178 0.0003 <1.0

1991 21.8 0.152 0.0015 1.0

1992 22.1 0.139 0.0015 1.0

1993 22.7 0.132 0.0055 4.2

1994 23.6 0.121 0.0046 3.8

1995 23.7 0.111 0.0039 3.5

1996 24.1 0.135 0.0031 2.3

1997 24.2 0.080 0.0031 3.8

1998 24.1 0.130 0.0031 2.4

1999 23.8 0.175 0.0030 1.7

2000 24.2 0.150 0.0028 1.9

2001 24.5 0.131 0.0024 1.8

2002 23.9 0.158 0.0023 1.5

2003 24.1 0.160 0.0021 1.3

2004 24.0 0.197 0.0020 1.0

2005 23.5 0.168 0.0020 1.2

2006 23.5 0.176 0.0021 1.2

2007 24.7 0.182 0.0024 1.3

Table 14.1  U. S. and Pennsylvania historic gas production comparison to gas prodution from 
PA state forest leases (pre-shale gas).
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Year Tract Lessee Mcf Wells

2008 324 Energy Corporation of America 3,262 2

653 Anadarko E&P Company LP 3,432 1

Totals 6,694 3

2009 154 Pennsylvania General Energy/Exxon 31,494 1

285 Anadarko E&P Company LP 385,840 2

324 Energy Corporation of America 3,425 2

653 Anadarko E&P Company LP 97,426 3

Totals 518,185 8

Table 14.2  Shale gas production from state forest leases by year, lease tract, and 
operator (2008 through 2012).

2010 100 Seneca Resources Corporation 77,650 1

154 Pennsylvania General Energy/Exxon 460,087 2

231 Anadarko E&P Company LP 848,134 4

252 Anadarko E&P Company LP 41,329 1

259 Anadarko E&P Company LP 13,758 2

285 Anadarko E&P Company LP 849,285 5

289 Anadarko E&P Company LP 1,284,565 3

324 Energy Corporation of America 2,559 2

343 Anadarko E&P Company LP 164,331 1

587 Talisman Energy USA Inc. 12,927,732 25

595 Seneca Resources Corporation 1,155,361 4

653 Anadarko E&P Company LP 601,721 4

678 Anadarko E&P Company LP 325,301 3

839 Ultra Resources 1,687,711 12

Totals 20,439,524 69
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Year Tract Lessee Mcf Wells

2011 001 Seneca Resources Corporation 92,816 2

007 Seneca Resources Corporation 11,350 1

154 Pennsylvania General Energy/Exxon 1,679,608 4

231 Anadarko E&P Company LP 1,904,309 4

285 Anadarko E&P Company LP 10,791,101 21

289 Anadarko E&P Company LP 20,793,726 23

290 Anadarko E&P Company LP 1,443,196 4

324 Energy Corporation of America 402 2

343 Anadarko E&P Company LP 232,093 2

356 Anadarko E&P Company LP 853,300 6

587 Talisman Energy USA Inc. 34,989,672 50

595 Seneca Resources Corporation 3,487,141 4

653 Anadarko E&P Company LP 991,868 4

678 Anadarko E&P Company LP 1,583,863 3

685 Anadarko E&P Company LP 6,159,299 10

706 EXCO Resources (PA) Inc. 402,461 5

729 Pennsylvania General Energy/Exxon 4,963,837 6

746 XTO 47,148 1

839 Ultra Resources 3,257,015 15

Totals 93,684,205 167

Marcellus Gas Production on State Forest Lands

Year
Gross Mcf Gas 

Produced
Total Producing 

Wells

2008 6,694 3

2009 518,185 8

2010 20,439,524 69

2011 93,684,205 167

2012 181,817,133 283

Totals 296,465,741

Table 14.2 Continued

Table 14.3  DCNR annual lease gas production from 
2008 through 2012 and number of producing wells.
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Year Tract Lessee Mcf Wells

2012 001 Seneca Resources Corporation 672,737 2

007 Seneca Resources Corporation 11,350 1

100 Seneca Resources Corporation 8,630,338 7

154 Pennsylvania General Energy/Exxon 953,358 4

231 Anadarko E&P Company LP 1,447,925 4

252 Anadarko E&P Company LP 42,943 1

285 Anadarko E&P Company LP 26,409,866 33

289 Anadarko E&P Company LP 18,249,052 23

290 Anadarko E&P Company LP 4,595,273 4

293 Pennsylvania General Energy/Exxon 5,638,449 9

324 Energy Corporation of America 73,681 1

343 Anadarko E&P Company LP 117,390 2

344 Anadarko E&P Company LP 1,883,043 4

356 Anadarko E&P Company LP 19,812,899 22

587 Talisman Energy USA, Inc. 44,150,155 59

595 Seneca Resources Corporation 16,761 19

653 Anadarko E&P Company LP 1,281,561 6

678 Anadarko E&P Company LP 933,847 3

685 Anadarko E&P Company LP 13,039,965 15

706 EXCO Resources (PA) Inc. 631,998 5

728 Anadarko E&P Company LP 9,538,621 11

729 Pennsylvania General Energy/Exxon 20,341,798 27

745 XTO 141,513 2

746 XTO 943,852 4

839 Ultra Resources 2,258,758 15

Totals 181,817,133 283

Table 14.2 Continued
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II. Introduction

Part 2: Monitoring Values
›› Revenue

I. Key Points:

provided a total income to the commonwealth of 
approximately $153,659,522. The shale-gas period 
(through 2012, for the purposes of this report) has 
provided $582,250,644 in revenue. The combined 
total of all revenue from the oil and gas lease 
program from 1947 to the end of 2012 has been 
approximately $735,910,166. 

 
in 2009 when most of the wells that had been  

 
drilled and connected to the pipeline system and  
gas was delivered to the market. 

from the hundreds of new shale-gas wells on state 
forest land. 

expected to continue for the next decade as the full 
development of the leases comes to a conclusion.
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III. Monitoring Efforts/Results IV. Discussion
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Year
Gas Storage

Rentals
O&G Lease

Rentals
O&G Lease
Royalties

O&G Lease
Total

Total
Income

Cumulative
Income

1947 $0 $1,022 $0 $1,022 $1,022 $1,022

1948 $0 $2,016 $119,328 $121,344 $121,344 $122,366

1949 $0 $1,633 $288,105 $289,738 $289,738 $412,104

1950 $0 $143,561 $237,969 $381,530 $381,530 $793,634

1951 $0 $189,473 $204,660 $394,133 $394,133 $1,187,767

1952 $0 $723,225 $1,143,385 $1,866,610 $1,866,610 $3,054,377

1953 $0 $817,535 $1,879,386 $2,696,921 $2,696,921 $5,751,298

1954 $0 $469,023 $5,887,370 $6,356,393 $6,356,393 $12,107,691

1955 $0 $228,275 $4,158,730 $4,387,005 $4,387,005 $16,494,696

1956 $39,700 $208,928 $4,427,055 $4,635,983 $4,675,683 $21,170,379

1957 $83,113 $279,963 $1,685,703 $1,965,666 $2,048,779 $23,219,158

1958 $84,966 $360,604 $1,356,979 $1,717,583 $1,802,549 $25,021,707

1959 $84,172 $333,377 $793,399 $1,126,776 $1,210,948 $26,232,655

1960 $100,202 $219,191 $651,082 $870,273 $970,475 $27,203,130

1961 $113,853 $189,360 $476,858 $666,218 $780,071 $27,983,201

1962 $114,861 $230,360 $1,672,554 $1,902,914 $2,017,775 $30,000,976

1963 $114,861 $277,046 $429,122 $706,168 $821,029 $30,822,005

1964 $114,861 $230,546 $377,151 $607,697 $722,558 $31,544,563

1965 $114,861 $198,845 $294,604 $493,449 $608,310 $32,152,873

1966 $114,861 $25,035 $224,740 $249,775 $364,636 $32,517,509

1967 $114,861 $56,719 $202,923 $259,642 $374,503 $32,892,012

1968 $115,192 $213,121 $195,644 $408,765 $523,957 $33,415,969

1969 $116,399 $59,946 $165,071 $225,017 $341,416 $33,757,385

1970 $116,383 $65,108 $155,570 $220,678 $337,061 $34,094,446

1971 $118,525 $267,188 $139,658 $406,846 $525,371 $34,619,817

1972 $118,646 $751,659 $129,224 $880,883 $999,529 $35,619,346

1973 $121,846 $358,802 $120,378 $479,180 $601,026 $36,220,372

1974 $230,293 $355,160 $357,150 $712,310 $942,603 $37,162,975

1975 $275,772 $150,160 $75,247 $225,407 $501,179 $37,664,154

1976 $360,763 $96,783 $246,426 $343,209 $703,972 $38,368,126

1977 $417,492 $166,600 $88,688 $255,288 $672,780 $39,040,906

1978 $489,157 $2,912,824 $37,628 $2,950,452 $3,439,609 $42,480,515

1979 $607,064 $670,732 $41,099 $711,831 $1,318,895 $43,799,410

1980 $668,212 $3,259,679 $53,596 $3,313,275 $3,981,487 $47,780,897

Table 15.1  State forest land oil and gas income by year.
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1981 $720,040 $5,782,264 $55,207 $5,837,471 $6,557,511 $54,338,408

1982 $740,970 $4,096,289 $63,401 $4,159,690 $4,900,660 $59,239,068

1983 $733,494 $1,770,915 $409,421 $2,180,336 $2,913,830 $62,152,898

1984 $927,993 $2,596,954 $1,051,065 $3,648,019 $4,576,012 $66,728,910

1985 $935,426 $2,780,875 $1,282,461 $4,063,336 $4,998,762 $71,727,672

1986 $966,932 $1,661,590 $1,442,148 $3,103,738 $4,070,670 $75,798,342

1987 $970,508 $1,733,042 $1,360,171 $3,093,213 $4,063,721 $79,862,063

1988 $988,362 $1,231,895 $1,800,408 $3,032,303 $4,020,665 $83,882,728

1989 $1,041,656 $1,005,234 $2,707,610 $3,712,844 $4,754,500 $88,637,228

1990 $1,048,531 $1,588,668 $2,513,166 $4,101,834 $5,150,365 $93,787,593

1991 $1,100,705 $1,325,086 $2,187,643 $3,512,729 $4,613,434 $98,401,027

1992 $1,103,538 $744,043 $2,108,048 $2,852,091 $3,955,629 $102,356,656

1993 $1,124,917 $481,886 $1,619,350 $2,101,236 $3,226,153 $105,582,809

1994 $1,185,549 $321,717 $1,327,362 $1,649,079 $2,834,628 $108,417,437

1995 $1,197,003 $295,306 $976,654 $1,271,960 $2,468,963 $110,886,400

1996 $1,625,090 $721,927 $1,010,017 $1,731,944 $3,357,034 $114,243,434

1997 $1,628,117 $189,629 $1,003,610 $1,193,239 $2,821,356 $117,064,790

1998 $1,628,278 $131,879 $1,104,162 $1,236,041 $2,864,319 $119,929,109

1999 $1,557,019 $170,891 $975,496 $1,146,387 $2,703,406 $122,632,515

2000 $1,493,019 $44,381 $1,528,179 $1,572,560 $3,065,579 $125,698,094

2001 $1,910,493 $183,905 $1,540,417 $1,724,322 $3,634,815 $129,332,909

2002 $1,794,620 $1,653,644 $1,048,710 $2,702,354 $4,496,974 $133,829,883

2003 $1,838,959 $112,409 $1,519,285 $1,631,694 $3,470,653 $137,300,536

2004 $1,785,640 $141,247 $1,545,974 $1,687,221 $3,472,861 $140,773,397

2005 $1,828,472 $90,494 $1,783,592 $1,874,086 $3,702,558 $144,475,955

2006 $2,238,026 $173,434 $2,402,583 $2,576,017 $4,814,043 $149,289,998

2007 $2,224,935 $75,426 $2,069,163 $2,144,589 $4,369,524 $153,659,522

2008 $2,245,823 $6,064,636 $3,128,586 $9,193,222 $11,439,045 $165,098,567

2009 $2,331,670 $163,303,356 $1,596,962 $164,900,318 $167,231,988 $332,330,555

2010 $2,288,064 $262,796,706 $11,821,463 $274,618,169 $276,906,233 $609,236,788

2011 $2,749,056 $3,703,849 $42,786,628 $46,490,477 $49,239,533 $658,476,321

2012 $2,731,718 $2,967,309 $71,734,818 $74,702,127 $77,433,845 $735,910,166

TOTALS $53,635,539 $484,454,385 $197,820,242 $682,274,627 -------- $735,910,166

Year
Gas Storage

Rentals
O&G Lease

Rentals
O&G Lease
Royalties

O&G Lease
Total

Total
Income

Cumulative
Income

Table 15.1 Continued  State forest land oil and gas income by year.
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Pre-Shale Gas Revenue
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Part 2: Monitoring Values
›› The Forest Landscape 
 Conversion, wild character, fragmentation, and restoration

I. Key Points:

greater forested landbase. This initial report focuses on forest conversion, the value 
of “wild character,” forest fragmentation, and restoration. 

converted to facilitate shale-gas development. During the same time period (2008 
to 2012), the bureau acquired 33,500 acres to add to state forest system, including 
8,900 acres in the core shale gas districts.

the Recreation Opportunity Spectrum (ROS) as a measurement tool, is a 9,340-acre 
increase in semi-developed and developed acreage. Correspondingly, there was a 
912-acre decrease in semi-primitive area, an 8,409-acre decrease in semi-primitive 
non-motorized area, and a 19-acre decrease in primitive area. 

in the semi-primitive non-motorized class. The effects of shale-gas development as 
of 2012 resulted in a decrease to 18.9 percent. The semi-developed and developed 
acreage total increased from 50.9 percent to 51.6 percent. Semi-primitive and 
primitive acreages each changed by less than one tenth of one percent.

showed the largest increases in edge forest in Tiadaghton State Forest (1,813 acres) 
and Tioga State Forest (1,257 acres). Overall, core gas forest districts added 4,355 
acres of edge forest.

than 200 hectares (495 acres). However, some of this loss was converted to a gain 
in smaller core forest blocks, as an overall gain of 1,247 acres was observed in core 
forest blocks between 100 and 200 hectares (247 and 495 acres) and a gain of 1,152 
acres was seen in core forest blocks less than 100 hectares (247 acres). 

pads that have been partially reclaimed by reducing the pad size and replanting 
the adjacent areas with vegetation. No gas infrastructure sites have received full 
ecological restoration. 
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II. Introduction

Forest Conversion

Wild Character
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Fragmentation
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Alliaria petiolata

State Forest 

Guidelines 

Forest Lands
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Reclamation and Restoration

III. Monitoring Efforts/
Results
Forest Conversion

State Forest 
District

Pad  
Acreage

Road  
Acreage

Pipeline  
Acreage

Total  
Acreage

Moshannon 63.3 31.7 39.2 134.2

Sproul 156.5 20.8 78.2 255.5

Tiadaghton 318.3 68.1 144.2 530.6

Elk 6.5 1.2 9.1 16.8

Susquehannock 32.2 4.1 29.4 65.7

Tioga 135.7 47.5 94.4 277.6

Loyalsock 73.1 68.2 64.3 205.6

Total Acreage 785.6 241.6 458.8 1,486

Table 16.1  Total acreage converted to non-forest by infrastructure type.

Figure 16.1  Total acreage converted to non-forest by infrastructure type.
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Wild Character

District Primitive
Semi-Primitive 
Non-Motorized Semi-Primitive

Semi-Developed 
& Developed

Moshannon 0 -1,164 356 808

Sproul 0 -770 51 719

Tiadaghton 0 -3,259 -72 3,332

Elk 0 0 0 0

Susquehannock -19 -9 -18 46

Tioga 0 -3,207 -391 3,597

Loyalsock 0 0 -838 838

Total -19 -8,409 -912 9,340

Table 16.2  Net ROS acreage change (pre-Marcellus vs. Dec. 31, 2012).
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Figure 16.2  Change in ROS zones.

Forest Fragmentation 
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lines, shallow gas wells, and historic wells were added as 

Figure 16.3  Example of forest fragmentation in 
Tiadaghton State Forest.
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Forest District
Total  
Acres

Non- 
forest Edge Perforated Patch

Core  
Forest  
(>200 ha)

Core  
Forest  

(100-200 ha)

Core  
Forest  
(<100 ha)

Moshannon 183,955 6,155 35,808 3,747 1,045 116,229 11,052 9,919

Sproul 302,937 9,362 53,485 8,535 1,111 209,879 8,947 11,618

Tiadaghton 145,153 1,989 17,888 1,156 401 114,249 5,315 4,155

Elk 190,472 3,649 21,033 3,696 449 153,230 4,056 4,359

Susquehannock 257,840 4,032 30,638 2,532 1,310 209,266 5,583 4,479

Tioga 157,321 3,094 19,846 1,972 248 120,316 7,848 3,997

Loyalsock 114,449 1,049 11,938 1,608 262 97,105 1,760 727

Total 29,330 190,636 23,246 4,826 1,020,274 44,561 39,254

Table 16.3  Landscape analysis results – pre-shale gas landscape conditions (all values in acres).
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Forest District
Total  
Acres

Non- 
forest Edge Perforated Patch

Core  
Forest  
(>200 ha)

Core  
Forest  

(100-200 ha)

Core  
Forest  
(<100 ha)

Moshannon 183,955 6,302 36,138 3,833 1,056 115,193 11,517 9,916

Sproul 302,937 9,631 53,848 8,659 1,213 209,136 8,702 11,748

Tiadaghton 145,153 2,575 19,701 1,225 429 111,102 5,437 4,684

Elk 190,472 3,681 21,060 3,705 452 153,163 4,056 4,355

Susquehannock 257,840 4,099 30,755 2,574 1,336 208,728 5,864 4,484

Tioga 157,321 3,462 21,103 1,989 287 117,518 8,470 4,492

Loyalsock 114,449 1,270 12,386 1,851 264 96,193 1,761 724

Total 31,020 194,991 23,836 5,037 1,011,033 45,807 40,403

Table 16.4  Landscape analysis results – 2012 landscape conditions (all values in acres).

Figure 16.4  Acres of edge forest (by state forest district) as of 2012.

Figure 16.5  Change in edge acres per district from pre-shale gas to 2012.

acres, with the largest increase 
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Forest District
Non- 
forest Edge Perforated Patch

Core  
Forest  
(>200 ha)

Core  
Forest  

(100-200 ha)

Core  
Forest  
(<100 ha)

Moshannon 146 330 86 11 -1,036 465 -3

Sproul 269 363 124 102 -743 -245 130

Tiadaghton 586 1,813 69 28 -3,147 122 529

Elk 32 27 9  3 -67 0 -4

Susquehannock 67 117 42 26 -538  281 5

Tioga 368 1,257 17 39 -2,798 622 495

Loyalsock 221 448 243 2 -912 1 -3

Total 1,690 4,355 590 211 -9,241 1,246 1,149

Table 16.5  Landscape analysis results – total change from pre-shale gas to 2012, (in acres).

Pre-Shale Gas 2012
Percentage Point 

Change

Forest District
Total  
Acres

Core  
Forest  
(>200 ha)

Core  
Forest  
(<200 ha)

Core  
Forest  
(>200 ha)

Core  
Forest  
(<200 ha)

Core  
Forest  
(>200 ha)

Core  
Forest  
(<200 ha)

Moshannon 183,955 63.2 11.4 62.6 11.7 -0.6 0.3

Sproul 302,937 69.3 6.8 69.0 6.8 -0.3 0.0

Tiadaghton 145,153 78.7 6.5 76.5 7.0 -2.2 0.5

Elk 190,472 80.4 4.4 80.4 4.4 0.0 0.0

Susquehannock 257,840 81.2 3.9 81.0 4.0 -0.2 0.1

Tioga 157,321 76.5 7.5 74.7 8.2 -1.8 0.7

Loyalsock 114,449 84.8 2.2 84.0 2.2 -0.8 0.0

Table 16.6  Landscape analysis results – percentage of core forest acres per district.
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Figure 16.6

Figure 16.7

in this pre-shale gas analysis were 

Pre- 
Shale Gas 
(in acres)

2012 
(in acres)

Change 
(in acres)

Total 
% Change

Non-forest  29,330 31,020 1,690 5.8

Edge 190,636 194,991 4,355 2.3

Perforated 23,246 23,835 589 2.5

Patch 4,827 5,037 210 4.4

Core Forest (>200 ha) 1,020,274 1,011,033 -9,242 -0.9

Core Forest (100-200 ha) 44,561 45,808 1,247 2.8

Core Forest (<100 ha) 39,253 40,404 1,151 2.9

Total State Forest Acres 1,352,127

Table 16.7  Landscape analysis results – change from pre-shale gas to 2012 
(all shale-gas districts combined).
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Restoration 

The three well pads that 

Example of interim reclamation in Elk State Forest (DSCN 0527).
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Example of interim reclamation in Moshannon State Forest (DSCN 2489).

acres each, where the 

Area adjacent to production stage of pad in Tiadaghton State Forest, with 
interim reclamation and PCSM (DSCN 2144).
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forests
-

IV. Conclusion/Discussion

-
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Part 3: Partner Monitoring 
›› Susquehanna River Basin Commission 

  Remote Water Quality Monitoring Network

Introduction
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Site Selection

gaging station
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Name of  
Waterway

Additional  
Location  

Information Forest District

Data  
Collection  
Start Date

State Forest Operators  
in Watershed

Baker Run Near Glen Union Sproul 9/19/11
Numerous NCL and 
Anadarko tracts in the 
watershed

East Fork  
Sinnemahoning Near Logue Susquehannock 5/25/11 PGE Tract 154

Grays Run Near Gray Loyalsock 5/5/11 Seneca Tract 100

Hicks Run Near Hicks Run Elk 6/16/11

Shale-gas development 
on private lands and state 
game lands, adjacent to 
state forest lands

Little Pine Creek Near Waterville Tiadaghton 6/23/11
Exxon/PGE and Anadarko 
Tracts 293, 322, 356, 357, 
and 729

Marsh Creek In Tioga County* Tioga 6/9/11 Seneca Tract 007

Moose Creek Near Plymptonville Moshannon 5/2/11
EXCO Tract 323 and  
upstream of a public  
water supply reservoir

Ninemile Run Near Walton Susquehannock 5/25/11 Part of Seneca Tract 001

Pine Creek Near Blackwell Tioga 8/8/11 Ultra Tracts 839 and 856

Upper Pine Creek Near Telescope Susquehannock 5/25/11 Part of Seneca Tract 001

Table 17.1  SRBC RWQMN sonde stations funded by the bureau and located on state forest land.

* This location is different from SRBC’s Marsh Creek near Blanchard, in Centre County.

Methodology 
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Figure 17.1  Locations and watersheds of SRBC sondes funded by DCNR (First order streams have been 
removed for aesthetic reasons).
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Evaluation of Selected Sonde Locations

Station

Monitored  
Drainage  

Area  
(square  
miles)*

Dominant  
Land Use*

Percentage 
of  

Watershed 
Comprised  

of State  
Forest Land

Average  
Annual  
Flow at  

Station (cfs)*

Natural Gas 
DrillingPads 
(as tracked  
by SRBC)*

Permitted  
Discharges 

(e.g.,  
wastewater, 
industrial)*

Baker 
Run 35 99% Forested 86% 58 9 0

East 
Fork 
Sinnem.

33 89% Forested,  
10% Grassland 94% 51 2 0

Grays 
Run 16.2 95% Forested, 

5% Grassland 34% 30.4 8 0

Hicks 
Run 34 92% Forested, 

6% Grassland 34% 58.1 4 2

Little 
Pine 
Creek

180
83% Forested, 
13%  
Agriculture

13% 251.2 26 11

Marsh 
Creek 78

72% Forested, 
22%  
Agriculture

34% 110.4 34 23

Moose 
Creek 3.3 95% Forested 98% 6.1 1 0

Ninemile 
Run 15.7

85% Forested, 
7%  
Agriculture, 
7% Grassland

73% 22.6 6 1

Pine 
Creek 385

80% Forested, 
11%  
Agriculture, 
8% Grassland

36% 545.8 83 34

Upper 
Pine 
Creek

18.6

75% Forested, 
17%  
Agriculture, 
8% Grassland

28% 26.1 0 0

Table 17.2  Basic watershed characteristics of sonde stations.
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Table 17.3  Analysis parameters and frequency for grab 
samples at sonde stations.

* Beginning in 2013, SRBC moved to four times/year for 
all parameters.

Six Times/Year* Four Times/Year

Acidity, Hot Alkalinity, Bicarbonate

Alkalinity Alkalinity, Carbonate

Barium Bromide

Chloride Calcium

pH Carbon Dioxide

Gross Alpha

Sulfate Gross Beta

Total Dissolved Solids Lithium

Total Organic Carbon Magnesium

Nitrate

Potassium

Sodium

Strontium

Sondes on State 
Forest Lands

 
Conductivity 
( mho/cm)1

Dissolved  
Oxygen  
(mg/l)2 pH3

Turbidity  
(NTU)1

Baker Run 50 9 5.7-6.7 25

East Fork  
Sinnemahoning 80 8 6.0-7.5 25

Grays Run 50 8 6.0-7.0 25

Hicks Run 80 8 6.2-7.5 50

Little Pine Creek 140 8 6.5-7.5 50

Marsh Creek 220 6 6.7-7.8 100

Moose Creek 110 8 5.5-6.7 25

Ninemile Run 110 9 6.2-7.6 25

Pine Creek 140 9 6.7-8.0 100

Upper Pine Creek 100 9 6.7-7.8 25

Table 17.4 
1Notice sent for concentrations higher than tolerance limit
2Notice sent for concentrations lower than tolerance limit
3Notice sent for values outside of tolerance range

Baker Run

East Fork Sinnemahoning Creek

Stations located in areas where 
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Grays Run

Hicks Run

Little Pine Creek

Marsh Creek in Tioga County
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Moose Creek

Pine Creek

Upper Pine Creek and Ninemile Run

Data Analysis

Sonde and Grab Sampling Data
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Figure 17.2  Median pH data from SRBC sondes from date of installation through June 30, 2012.

as erosion in watersheds is typically associated with 
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Sonde Station Median Mean
Standard 
Deviation Minimum* Maximum

Baker Run 0.7 12.1 82.1 -1.1 1117.9

East Fork  
Sinnemahoning 1.2 2.0 7.9 -0.6 188.9

Grays Run 0.0 2.1 27.8 -3.3 1373.5

Hicks Run 1.3 2.3 9.5 -4.5 213.4

Little Pine Creek 1.3 14.0 83.3 -2.0 1021.1

Marsh Creek 6.7 15.7 33.2 -1.5 353.5

Moose Creek 0.7 1.7 21.3 -3.9 1167.0

Ninemile Run 1.2 2.1 6.4 -4.3 107.5

Pine Creek 26.2 151.0 276.0 -1.9 1254.3

Upper Pine Creek 1.3 3.7 12.4 -4.2 291.8

Table 17.5  Summary of turbidity data from sondes. All units are NTU.

*Due to the nature of the electronic signal received from the turbidity probe, sondes may 
sometimes read a slightly negative turbidity value. In essence, this indicates a turbidity 
value of zero.

Figure 17.3  Monthly median dissolved oxygen readings for three SRBC sondes from date 
of installation through June 2012.



230 Shale-Gas Monitoring Report – Part 3: Partner Monitoring

Figure 17.4  
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-

Sonde Station Median Mean
Standard 
Deviation Minimum Maximum

Baker Run 0.024 0.024 0.003 0.018 0.032

Grays Run 0.030 0.030 0.003 0.021 0.050

Table 17.6a 

Table 17.6c 

Sonde Station Median Mean
Standard 
Deviation Minimum Maximum

Little Pine Creek 0.091 0.110 0.050 0.057 0.246

Marsh Creek 0.131 0.141 0.045 0.071 0.327

Moose Creek 0.102 0.124 1.017 0.017 154

Pine Creek 0.073 0.082 0.026 0.047 0.180

Table 17.6b 

Sonde Station Median Mean
Standard 
Deviation Minimum Maximum

East Fork  
Sinnemahoning 0.042 0.046 0.010 0.031 0.073

Hicks Run 0.046 0.051 0.015 0.021 0.124

Ninemile Run 0.053 0.056 0.013 0.035 0.102

Upper Pine Creek 0.065 0.070 0.020 0.012 0.114
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Figure 17.5  

Figure 17.6 
conductance with little monthly variability (i.e., Group 1).
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-

Figure 17.7 
conductance and show seasonal variability (i.e., Group 2).
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Figure 17.8 
conductance and show greater variability (i.e., Group 3).
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Figure 17.9 
Pine Creek USGS gauge.
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Benthic Macroinvertebrate Data

Analysis Frequency Median* Mean*
Standard 
Deviation* Minimum Maximum

pH 67 7.03 6.98 0.46 5.13 7.95

0.048 0.059 0.062 0.034 0.022 0.175

Total Dissolved Solids (mg/L) 48 34 41 23 15 124

Alkalinity (mg/L) 57 8 10 11 <1 45

Aluminum (mg/L) 32 0.00 0.04 0.06 <0.05 0.20

Barium (mg/L) 48 0.020 0.022 0.008 <0.011 0.040

Bromide (mg/L) 35 0.000 0.001 0.004 <0.010 0.010

Calcium (mg/L) 38 5.2 6.1 3.7 1.9 15.3

Chloride (mg/L) 48 2.8 3.8 5.8 <2.0 25.5

Gross Alpha (pCi/L) 35 0.00 0.26 0.43 <1.30 1.42

Gross Beta (pCi/L) 33 0.00 0.49 0.97 <1.80 4.21

Lithium (mg/L) 38 0.00 0.00 0.00 <0.05 <0.05

Magnesium (mg/L) 38 1.50 1.60 1.05 0.67 6.60

Nitrate(mg/L) 38 0.26 0.27 0.22 <0.20 0.78

Organic carbon (mg/L) 48 1.1 1.0 0.9 <1.0 3.8

Phosphorus (mg/L) 22 0.010 0.017 0.017 <0.010 0.080

Potassium (mg/L) 38 0.77 0.79 0.45 <0.56 2.90

Sodium (mg/L) 38 2.10 3.00 3.14 <0.56 13.00

Strontium (mg/L) 38 0.020 0.021 0.013 0.010 0.050

Sulfate (mg/L) 48 7.7 9.4 7.3 5.3 50.4

Table 17.7  Descriptive statistics for analytical results from grab sampling at sonde stations. 
Statistics calculated across all results at all stations.

* For calculation of these statistics, results below detection limit were considered zero.
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Sonde Station
Date 

Sampled

Total  
Taxa 

Richness
EPT Tax 

Richness
Beck’s 
Index

Hilsenhoff 
Biotic 
Index

Shannon 
Diversity 

Index

Percent 
Sensitive 

Individuals
IBI 

Score

Baker Run 7/26/11 44 26 43 3.35 3.19 46.7 89.5

East Fork  
Sinnemahoning 5/25/11 27 21 29 1.99 2.61 72.8 89.0

Grays Run 5/5/11 36 22 32 2.36 3.00 69.5 93.5

Hicks Run 6/16/11 32 22 37 3.45 2.71 45.3 87.3

Little Pine 
Creek 6/23/11 27 16 14 3.39 1.80 71.5 84.8

Marsh Creek 6/9/11 23 14 22 3.29 2.23 43.9 69.0

Moose Creek 5/2/11 23 15 24 2.28 2.74 71.3 81.2

Ninemile Run 5/4/11 40 28 38 2.68 2.60 67.4 93.5

Pine Creek 6/9/11 28 20 23 3.18 2.82 57.0 95.4

Upper Pine 
Creek 5/4/11 40 32 42 2.65 3.27 64.2 96.2

Table 17.8a  Benthic macroinvertebrate data from sonde stations for 2011.

EPT = Ephemeroptera, Plecoptera, Trichoptera   IBI = Index of Biological Integrity

Sonde Station
Date 

Sampled

Total  
Taxa 

Richness
EPT Tax 

Richness
Beck’s 
Index

Hilsenhoff 
Biotic 
Index

Shannon 
Diversity 

Index

Percent 
Sensitive 

Individuals
IBI 

Score

Baker Run 10/1/12 31 18 33 2.79 2.75 57.1 88.0

East Fork  
First Fork 
Sinnemahoning

10/16/12 32 22 39 2.79 2.85 70.0 94.7

Grays Run 10/4/12 30 22 38 2.48 2.70 69.0 93.3

Hicks Run 10/16/12 35 20 34 3.02 2.89 67.1 92.5

Little Pine 
Creek 10/16/12 20 10 9 3.68 2.10 60.4 70.5

Marsh Creek, 
Tioga County 10/17/12 23 6 6 3.58 1.99 51.4 63.0

Moose Creek 10/1/12 27 11 27 2.16 2.65 71.2 80.7

Ninemile Run 10/17/12 28 17 31 2.67 2.79 70.1 87.8

Pine Creek 10/17/12 18 8 6 4.36 1.88 37.1 56.3

Upper Pine 
Creek 10/2/12 32 22 35 2.98 2.69 63.1 90.7

Table 17.8b  Benthic macroinvertebrate data from sonde stations for 2012.

EPT = Ephemeroptera, Plecoptera, Trichoptera   IBI = Index of Biological Integrity
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Future Work
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Part 3: Partner Monitoring 
›› 

Audits
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Observations and Corrective  
Action Requests

CAR 01/08 — 2009 Report

development activity is planned around lease interests 

 CAR 04/10 — 2010 Report 

and likely has placed more acres in HCVF than the 

conversion, the risk of adverse impacts is considered to 

CAR 04/11 — 2011 Report 

the option for invasive plant species to be monitored 
prior to approval for site development in order to collect 

site development, they must be controlled prior to site 

occurrences of invasive plants must be controlled (for 

CAR 06/11 — 2011 Report

OBS 06/10 — 2010 Report
At the current rate of conversion, the lease income 
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OBS 05/11 — 2011 Report 

The bureau reports that conversion from older leases  
and other sources are minimal, but it does not have 

OBS 06/11 — 2011 Report

severed lands

OBS 07/11 — 2011 Report
While the Bureau of Forestry has documentation that 

OBS 08/11 — 2011 Report

OBS 09/11 — 2011 Report

the bureau relies in part on the Department of 

to visit all phases of each operation and cannot respond 
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Forest Conversion Timber Sold Due to  
Conversion Practices

Excision Policy

this process, it was decided that only lands in which  
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Part 4: Research Partnerships 
  

Introduction

Background

Project Title
Evaluating Storm Water and Erosion 
and Sedimentation Control Measures 
Associated with Shale-Gas Infrastructure 
in Forested Landscapes

Principle Investigator
Dr. Barry M. Evans,  
Penn State University
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Scope of Work
Task 1

Figure 19.1  Gas drilling permits (black dots) on state forest lands (light brown), overlaid with 
stream condition: blue = not assessed, green = good, red = impaired. 
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Task 2

Task 2

Project Title
Quantifying Soil and Landform Change across 
Shale-Gas Infrastructure in Northern Pennsylvania

Background

Scope of Work
Task 1

Principle Investigator
Dr. Patrick Drohan,  
Penn State University
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Task 3

Task 4
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Background

Scope of Work

Project Title
Quantifying the Cumulative Effects of Multiple 
Disturbance Regimes on Forested Ecosystems 
in Northern Pennsylvania

Principle Investigators
Dr. Patrick Drohan,  
Dr. James C. Finley, and  
Dr. James R. Grace,  
Penn State University

This project is to: 

Task 1 

Task 2
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Project Title
Effects of Natural Gas Pipelines and Infrastructure 
on Forest Wildlife

Principle Investigator
Dr. Margaret Brittingham,  
Penn State University

Task 3 Task 4 

Background
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Scope of Work
Task 1
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Task 2

Task 3

Task 3

Preliminary Results
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Background

is restricted to the 

Project Title
Assessing Potential Impacts of Marcellus 
and Utica Shale Energy Development on the 
Timber Rattlesnake (Crotalus horridus) in  
North Central Pennsylvania

Principle Investigators
Dr. Gian L. Rocco and  
Dr. Robert P. Brooks,  
Penn State University

Scope of Work
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Background

Project Title
Pennsylvania State Forest Visitor 
Use Monitoring (VUM) Program

Principle Investigators
Dr. Alan Graefe, Dr. Andrew Mowen, and  
Dudley Kyle Olcott (Penn State University)

Dr. David Graefe (Marshall University)

Dr. Donald English (U.S. Forest Service) 

Scope of Work 

Preliminary Results
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Part 5: References 
 Consulted in the preparation of this document:  

Flora (Plants)

Water
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Soil

Fauna (Wildlife)

The Forest Landscapes
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Partner Monitoring

Research Partnerships



259Shale-Gas Monitoring Report – Part 5: References



260 Shale-Gas Monitoring Report – Part 6: Index of Figures & Tables

Part 6: Index of Figures & Tables 
  

Index of Figures
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 shale-gas region

 riding season
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Index of Tables
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 the shale-gas region

 new pipelines and roads according to  
 soil drainage class

 pipelines and roads according to soil  

 pre-shale gas landscape conditions
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 sonde stations  

 sonde stations

 sonde stations




