
Shale Oil and Gas Development: Ecological 

Impacts in the Appalachians

Penn Future Conservation Summit
Boiling Springs, Pennsylvania  June 12, 2014

Nels Johnson

Pipeline Development – Strategies and Tools to 
Minimize Landscape Impacts 

Pennsylvania Pipeline Task Force

September 23, 2015

Nels Johnson



THE NATURE CONSERVANCY
SAVING THE LANDS AND WATER ON WHICH ALL LIFE DEPENDS

CONSERVING 
CRITICAL LANDS

RESTORING 
OUR OCEANS

REDUCING IMPACTS OF 
CLIMATE CHANGE

SECURING
FRESH WATER



DEVELOPMENT BY DESIGN



Pipeline Development – Minimizing 
Landscape Impacts

• Scale and Nature of Impacts

• Strategies and Tools for Reducing Landscape 
Impacts



Most People Focus on This…

Photo:  Martha Rial



But Most of the Impacts Come From This

Nels Johnson - TNC



Scale and Nature of Impacts



Scope and Scale of Energy Development 
Unprecedented in North America

Energy sprawl is (by far) biggest driver of habitat loss in the 

United States

Energy development is expanding into many areas that 

previously were not at risk

Significant opportunities for improved siting and mitigation

Source:  Fargione et al (in press)



Direct vs. Landscape impact



Direct vs. Landscape impact
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110 million acres



New Energy Landscapes: Fracking
321M acres at risk

up to 141M acres developed

Source:  Fargione et al (in press)



Appalachian Energy Projections – Forest Risk 



Well Pad Footprint (3 acres/well pad )
Water Storage (3- 15 acres/impoundment)

Compressor Stations (5 acres/station)
Compressor Stat ions (5 acres/station)

Modeled the relationship between:

• Drilled and permitted Marcellus wells (from PA-DEP data) 

• Spatial variables related to geology and infrastructure:

- Thermal Maturity
- Shale Depth
- Shale Thickness
- Percent Slope
- Distance to Roads
- Distance to Pipelines

Geographic Projections for Marcellus 
Development 



Well Pad Footprint (3 acres/well pad )
Water Storage (3- 15 acres/impoundment)

Compressor Stations (5 acres/station)

Geographic Projections for Marcellus 
Development 

Compressor Stat ions (5 acres/station)



How Many New Gas Pipelines in U.S?

 298,000 miles of large diameter 
natural gas transmission pipelines in 

U.S.

 160,000 miles of hazardous liquid 
pipelines (oil, gasoline, butane, etc.)

 Pipeline industry estimates >5,000 
miles of large diameter natural gas 

transmission pipelines are being built 
annually.

Photo:  Nels Johnson - TNC



How Many New Gas Pipelines in PA?

 PA has >12,000 miles of large diameter 
oil/gas pipelines 

 Pipeline mileage in PA will at least 
quadruple by 2030

 The gathering pipeline footprint alone 
is larger than the cumulative area 

impacted by all other Marcellus gas 
infrastructure combined

 Total direct land impact could exceed 
300,000 acres (1% of PA land area) 

Photo:  Nels Johnson - TNC



Water Quality – Sediment and Nutrients

Photo:  Patrick Drohan – Penn State

Photo:  Josh Parrish – TNC



Well Pad Footprint (3 acres/well pad )
Water Storage (3- 15 acres/impoundment)

Photo:  Mark Godfrey - TNC

Land Use – Habitat Loss

Photo:  Mark Godfrey - TNC

Compressor Stat ions (5 acres/station)



Well Pad Footprint (3 acres/well pad )
Water Storage (3- 15 acres/impoundment)

Photo:  Mark Godfrey - TNC

Land Use – Habitat Fragmentation

Photo:  Mark Godfrey - TNC

Oi l /Gas T ransmission Pipelines (12 acres/mile) )

Nels Johnson – TNC



Edge Effects on Forest Interior Species

Photo:  Josh Parrish – TNC

Increased light

Reduced humidity

Increased invasive species

Increased predation

Increased storm damage (trees)

Reduced mobility (animals)



Environmental Impacts of Pipeline ROWs 

Physical Impacts

Soil disturbance/erosion

Noise (electrostatic)

Noise (compressor 

stations)

VOC and methane 

emissions (natural gas)

Light  (large electric lines)

Chemical use/spills

Mowing/cutting vegetation
Photo:  George Gress - TNCPhoto:  Mark Godfrey - TNC



Ecological Impacts of Transmission ROWs

Habitat fragmentation

Increased predation

Vectors for invasive 
species

Animal travel corridors

Favorable sites for early 
successional/grasslan
d speciesPhoto:  Mark Godfrey - TNC

Audubon Pipeline Workshop - Harrisburg, PA



Strategies and Tools to Reduce Ecological 
Impacts



Strategies to Minimize Pipeline Impacts

1) Demonstrate Need/Share Capacity

2) Regional/Landscape Planning

• EnSitu Landscape Tool
• Regional Pipeline Siting Tool

3) Impact or Mitigation Fees

4) Co-Locate Pipelines With Other Right-of-Ways

5) Narrow Right-of-Ways

1) Right-of-Way Management

• TNC Recommended Conservation Practices
Photo:  Tamara Gagnolet- TNC



Tools to Reduce Impacts:  EnSitu

Photo:  Tamara Gagnolet- TNC



Tools to Reduce Impacts:  EnSitu
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Tools to Reduce Impacts:  EnSitu
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Tools to Reduce Impacts:  EnSitu

Photo:  Tamara Gagnolet- TNC

Step-wise Menu



Tools to Reduce Impacts:  EnSitu

Photo:  Tamara Gagnolet- TNC

User-Defined Inputs



Tools to Reduce Impacts:  EnSitu

Photo:  Tamara Gagnolet- TNC

Regulatory or Recommended Practice Setbacks



Tools to Reduce Impacts:  EnSitu

Photo:  Tamara Gagnolet- TNC



Tools to Reduce Impacts:  Regional Pipeline Siting 
Tool

Photo:  Tamara Gagnolet- TNC



Tools to Reduce Impacts:  Regional Pipeline Siting 
Tool

Photo:  Tamara Gagnolet- TNC

• Considers costs of pipeline (can account for above 

and belowground, other factors affecting costs)

• Considers avoidance areas

• Considers mitigation costs (e.g. wetlands, 

endangered species)

• User can specify costs

• Identifies least cost paths



Summary Conservation Practices Documents

Summary Documents by Major Topic

 Inform a broad audience about habitat and wildlife impacts

 Synthesize existing practices that help avoid/lessen impacts

 Promote TNC’s science–based recommended practices

Will be released in September 2015



Tools to Reduce Impacts:  Recommended 
Conservation Practices

Photo:  Tamara Gagnolet- TNC

• State of the research – characterizes existing body of 
literature 

• Evidence of impact – summarizes impacts documented 
in scientific literature

• Existing conservation practices and scientific support 
– summarizes existing practices and support from the 
literature

• TNC Recommended Conservation Practices – science 
based recommendations to reduce impacts during 
construction and operation of oil/gas infrastructure



Topics Covered

• Landscape-scale Planning

• Ecological Buffers

• Road Development

• Stream Crossings

• Water Withdrawals

• Timing of Activities

• Noise

• Artificial Lighting

Topics Not Covered

• Air Quality

• Reclamation

• Risks of Spills

• Public Health and Safety

• Pipeline Development

• Invasive Plants

Tools to Reduce Impacts:  Recommended 
Conservation Practices

Topics In Development



Tools to Reduce Impacts:  Recommended 
Conservation Practices

Photo:  Tamara Gagnolet- TNC

Contacts:

njohnson@tnc.org

tgagnolet@tnc.org

elizabeth__johnson@tnc.org


