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SECTION D – FEDERAL OIL AND GAS LEASING AVAILABILITY  

In 1987 Congress updated and enlarged the Forest Service role and authority in leasing federal oil and gas on 

National Forest System lands (Federal Onshore Oil and Gas Leasing Reform Act of 1987). The lands 

administratively available to leasing for the Revised Forest Plan was developed based on the law and the 

implementing regulations (36 CFR 228E) as well as the wide range of laws applicable to National Forest 

System lands. The federal oil and gas leasing availability decision varies for each Forest Plan Alternative and is 

displayed in Federal Oil and Gas Leasing Availability by Alternative Table. The Forest Service would authorize 

the BLM to offer as specific lands for federal oil and gas leasing the lands designated as administratively 

available under each Alternative. The Forest Service would not authorize the BLM to offer as specific lands for 

federal oil and gas leasing the lands designated as administratively unavailable under each Alternative. 

Table D1- Federal Oil and Gas Leasing Availability by Alternative (thousands of acres) 

 

Alt A  Alt B  Alt C  Alt D  Alt E  Alt F  Alt G  

Standard Lease Terms* 145 625.1 0 614.4 541.2 496.3 555.9 

Controlled Surface Use Stipulation* 825 151.8 0 161.6 159.6 105.3 161.0 

Timing Stipulation* 0 13.7 0 13.7 13.7 13.7 13.7 

No Surface Occupancy Stipulation* 41 202.4 0 200.9 274.7 158.1 262.7 

Horizontal Drilling Moratorium Stipulation  

Horizontal Drilling Operations Control 

Stipulation 0 993.0 0 990.6 0 742.0 0 

No Horizontal Drilling Stipulation 0 0 0 0.0 989.2 31.5 993.2 

Administratively Unavailable 3.1 22.1 1,015.2 24.5 26.0 241.8 22.0 

Legally Unavailable 50.7 50.8 50.7 50.7 50.7 50.7 50.7 

* In Alternatives B, D, E, F and G the lease is restricted by Stipulations on horizontal drilling. 

Note: The Horizontal Drilling Stipulations acres apply to same acres with Stipulations (CSU, Timing, NSO) and 

Standard Lease terms for vertical wells. 

Note: The No Horizontal Drilling Stipulation acres in Alt F are in public water supply watersheds. 
 

 

The determination of lands administratively available is based on the benefit mix designed for each 

Management Prescription. Congressionally withdrawn areas, such as Wilderness and Mt Pleasant National 

Scenic Area (NSA), are legally unavailable for leasing. For each Management Prescription not closed by law, the 

design of the Management Prescription included consideration of whether lands would be administratively 

available or unavailable for federal oil and gas leasing, and if available, under what terms and conditions.  The 

lease availability options are: 1. administratively unavailable, 2. available with standard lease terms and 

conditions, 3. available with Controlled Surface Use (CSU) or Timing Stipulation, 4. available with No Surface 

Occupancy Stipulation (NSO). Each Management Prescription was assigned one of these options based on the 

multiple benefit mix of the Management Prescription as shown in Table D2.  
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Table D2. Oil and Gas Leasing Options by Management Prescription Area 

Rx Management Prescription Area Description Oil and Gas Leasing 

1A Designated Wilderness Administratively Unavailable 

1B Recommended Wilderness Study Administratively Unavailable 

2C2 Eligible Wild and Scenic River-Scenic CSU 

2C3 Eligible Wild and Scenic River-Recreation CSU 

4A Appalachian Trail NSO 

4B1 Research Natural Area NSO 

4C1 Geologic Area CSU 

4D Special Biological Area CSU 

4D1 Key Natural Heritage Community Area CSU 

4E Cultural/Heritage Area NSO 

4F Mt Pleasant National Scenic Area Administratively Unavailable 

4FA Recommended National Scenic Area Administratively Unavailable 

5A Administrative Site Standard 

5B Communication Site Standard 

5C Utility Corridor Standard 

7A1 Scenic Byway CSU 

7B Scenic Corridors and Viewsheds CSU 

7C ATV Use Area Standard 

7D Concentrated Recreation Areas CSU 

7E Dispersed Recreation Areas Standard 

7E1 Dispersed Recreation Areas-Unsuitable Standard 

7E2 Dispersed Recreation Areas-Suitable Standard 

7F Blue Ridge Parkway CSU 

7G Pastoral Landscapes Standard 

8A1 Mix of Successional Habitats Standard 

8A1U Mix of Successional Habitats-Unsuitable Standard 

8B Early Successional Habitats Standard 

8BU Early Successional Habitats-Unsuitable Standard 

8C Black Bear/Remote Habitats Standard 

8CU Black Bear/Remote Habitats-Unsuitable Standard 

8E4a Indiana Bat-Primary Administratively Unavailable 

8E4b Indiana Bat-Secondary Timing 

8E7 Shen Mtn Crest-Cow Knob Salamander CSU 

9A1 Source Water Watershed Protection CSU 

10B Timber Production Standard 

10BU Timber Production-Unsuitable Standard 

11 Riparian Area and Corridor (Lake Moomaw) CSU 

12D Remote Backcountry NSO 

13 Mosaics of Habitat-Suitable Standard 

13U Mosaics of Habitat-Unsuitable Standard 
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The Alternatives respond to the oil and gas issue by varying the lease available/unavailable acres as well as 

the lease available constraints (Stipulations) that form a different mix of Management Prescriptions under 

each Alternative. The administratively available/unavailable to lease status for each Management Prescription 

is found in the Forest Plan by reference to the Forest-wide standard for oil and gas leasing and, if present, a 

Management Prescription standard for oil and gas leasing that differs from the Forest-wide standard. 

As a further response to Marcellus Shale concerns, additional Stipulations were developed and applied to the 

Alternatives to the existing Forest Plan (Alt A). The Horizontal Drilling Moratorium Stipulation and the Horizontal 

Drilling Operations Control applies to all Management Prescriptions where leasing is administratively available 

in the Alternatives to the existing Forest Plan (Alt A). A No Horizontal Drilling Stipulation prohibiting horizontal 

drilling applies to 1) Management Prescriptions where leasing is administratively available in Alternative E, and 

2) public water supply areas in Management Prescriptions where leasing is administratively available in 

Alternative F. Stipulations are shown in Appendix I. 

EXISTING CONDITIONS COMMON IN ALL ALTERNATIVES: 

1. Congressionally withdrawn areas, such as Wilderness and Mt Pleasant National Scenic Area (NSA), are 

legally unavailable for federal oil and gas leasing. 

2. Existing federal oil and gas leases are valid existing rights in place before the Revised Forest Plan is 

approved. Existing leases would be managed under the existing leases terms and conditions until the 

leases expire, terminate or are relinquished, at which time the lands would be administratively 

available or unavailable based on the Management Prescription of the area.    

3. The federal government owns 100% mineral rights on about 84% of the Forest. Private parties own 

mineral rights on about 16% of the Forest. These outstanding or reserved mineral rights are partial or 

complete mineral interests. Private mineral rights are constitutionally protected property rights. In 

each alternative, decisions on federal oil and gas leasing apply to federally-owned mineral rights, and 

do not apply to privately-owned mineral rights (outstanding or reserved mineral rights) on NFS lands. 

Oil and gas exploration and development on private minerals on NFS lands can occur regardless of 

which alternative is chosen. If the federal government were to acquire private mineral rights that 

include oil and gas rights, then these newly-acquired federal mineral rights would be administratively 

available or unavailable based on the Management Prescription of the area.    

ENVIRONMENTAL PROTECTIONS COMMON TO FEDERAL OIL AND GAS LEASING IN 

ALL ALTERNATIVES 

Federal oil and gas leasing is subject to a wide range of federal and state laws and regulations to apply and 

enforce environmental protections on oil and gas exploration and development. The Department of Interior and 

the Department of Agriculture each have roles and regulations in administering the leasing laws Congress 

established for the federal oil and gas leasing program on National Forests System lands. The BLM and Forest 

Service each have regulations providing for environmental protections in leasing and on-the-ground operations 

under a lease. 

1. Federal oil and gas leases have environmental protection requirements, such as in Section 6 of the 

standards lease terms: 

―Conduct of operations - Lessee shall conduct operations in a manner that minimizes adverse impacts to 

the land, air, and water, to cultural, biological, visual, and other resources, and to accomplish the intent of 

this section. To the extent consistent with lease rights granted, such measures may include, but are not 

limited to, modification to siting or design of facilities, timing of operations, and specification of interim 

and final reclamation measures.‖ 

2. Proposed lease operations are subject to a wide range of laws and regulations, including Endangered 

Species Act, Archaeological Resources Protection Act, Federal Water Pollution Control Act, Clean Water 

Act, Clean Air Act, National Environmental Policy Act, and all the other environmental protection laws and 
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regulations applicable to National Forest System lands. Under a federal law such as the Endangered 

Species Act, the Forest Service at the APD stage can control or prohibit surface occupancy of any size 

acreage, when justified, without a lease stipulation. 

3. Two levels of environmental protections are developed from two levels of National Environmental Policy 

Act applied to federal oil and gas leasing. In addition to the environmental analysis under NEPA and the 

environmental protections developed here for leasing availability, a second environmental analysis 

under NEPA and environmental protections would be required for proposed operations under a lease. 

The Forest Service would be lead agency and BLM a cooperating agency for NEPA for the federal 

decision on proposed operations on NFS lands. 

After a federal oil and gas lease is issued, the leaseholder cannot construct a road, drill a well, or conduct 

ground disturbing operations until the federal government (BLM and Forest Service) reviews and 

approves plans for each proposed well, road, and associated facilities. Before ground disturbing 

operations can occur, the leaseholder must submit for review and approval an Application for Permit to 

Drill (APD) that includes a Drilling Plan and a Surface Use Plan of Operations.  

4. BLM regulations for federal oil and gas lease operations have environmental protections requirements, 

including Onshore Oil and Gas Orders. BLM regulation Onshore Oil and Gas Order No. 1 contain 

environmental protection requirements for the Drilling Plan and Surface Use Plan of Operations in the 

APD.  For example, the Drilling Plan includes ground water protection requirements such as Section 

IIID3: 

The Drilling Plans must be in sufficient detail to permit a complete appraisal of the technical 

adequacy of, and environmental effects associated with, the proposed project. The Drilling Plan 

must adhere to the provisions and standards of Onshore Oil and Gas Order Number 2 (see 53 FR 

46790) (Order 2) and, if applicable, Onshore Oil and Gas Order Number 6 (see 55 FR 48958) 

(Order 6), and must include the following information: 

a. Names and estimated tops of all geologic groups, formations, members, or zones.  

b. Estimated depth and thickness of formations, members, or zones potentially containing usable 

water, oil, gas, or prospectively valuable deposits of other minerals that the operator expects to 

encounter, and the operator’s plans for protecting such resources. 

c. The operator’s minimum specifications for blowout prevention equipment and diverter systems 

to be used, including size, pressure rating, configuration, and the testing procedure and 

frequency. Blowout prevention equipment must meet the minimum standards outlined in Order 

2. 

d. The operator’s proposed casing program, including size, grade, weight, type of thread and 

coupling, the setting depth of each string, and its condition. The operator must include the 

minimum design criteria, including casing loading assumptions and corresponding safety 

factors for burst, collapse, and tensions (body yield and joint strength). The operator must also 

include the lengths and setting depth of each casing when a tapered casing string is proposed. 

The hole size for each well bore section of hole drilled must be included. Special casing designs 

such as the use of coiled tubing or expandable casing may necessitate additional information. 

e. The estimated amount and type(s) of cement expected to be used in the setting of each casing 

string. If stage cementing will be used, provide the setting depth of the stage tool(s) and amount 

and type of cement, including additives, to be used for each stage. Provide the yield of each 

cement slurry and the expected top of cement, with excess, for each cemented string or stage. 

f. Type and characteristics of the proposed circulating medium or mediums proposed for the drilling 

of each well bore section, the quantities and types of mud and weighting material to be 

maintained, and the monitoring equipment to be used on the circulating system. 
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The Surface Use Plan of Operations in the APD includes such requirements as:  

Section IIID4g: Methods for Handling Waste: The Surface Use Plan of Operations must contain a 

written description of the methods and locations proposed for safe containment and disposal of 

each type of waste material (e.g., cuttings, garbage, salts, chemicals, sewage, etc.) that results 

from drilling the proposed well. The narrative must include plans for the eventual disposal of 

drilling fluids and any produced oil or water recovered during testing operations. The operator must 

describe plans for the construction and lining, if necessary, of the reserve pit. 

Section IIID4j: Plans for Surface Reclamation: The operator must submit a plan for the surface 

reclamation or stabilization of all disturbed areas. This plan must address interim (during production) 

reclamation for the area of the well pad not needed for production, as well as final abandonment of the 

well location. 

BLM regulation Onshore Oil and Gas Order No. 1 also contains General Operation Requirements with 

environmental protections for cultural and historic resources, Endangered Species Act, safety, and 

surface protection such as Section IVc: 

Surface Protection. Except as otherwise provided in an approved Surface Use Plan of Operations, 

the operator must not conduct operations in areas subject to mass soil movement, riparian areas, 

floodplains, lakeshores, and/or wetlands. The operator also must take measures to minimize or 

prevent erosion and sediment production. Such measures may include, but are not limited to: 

 Avoiding steep slopes and excessive land clearing when siting structures, facilities, and other 

improvements; and 

 Temporarily suspending operations when frozen ground, thawing, or other weather-related 

conditions would cause otherwise avoidable or excessive impacts. 

 

Onshore Oil and Gas Order No. 2 contains environmental protection requirements for Drilling Operations, 

such as: Section IIIB: ―The proposed casing and cementing programs shall be conducted as approved to 

protect and/or isolate all usable water zones, lost circulation zones, abnormally pressured zones, and 

any prospectively valuable deposits of minerals.‖ 

Standard lease terms and federal regulations allow the Forest Service and BLM to 1) control surface use 

of proposed activities in the lease area, and 2) prohibit surface occupancy on some areas within the 

lease area. For example, a proposed oil and gas facility, such as a road, can be relocated up to 200 

meters without any stipulation.  

5. Proposed lease operations are subject to environmental protection requirements in 1) Forest Service 

regulations, including the 36 CFR 228E regulations developed to implement Federal Onshore Oil and Gas 

Leasing Reform Act of 1987, and 2) the Forest Plan. For example, the Forest Service oil and gas 

regulation surface use requirements (36 CFR 228.108) require environmental protections relating to 

access facilities, cultural resources, fire prevention, fisheries, wildlife, plant habitat, threatened and 

endangered species, safety, wastes including drilling wastes, watershed protection including surface 

water and groundwater, erosion and sediment production, riparian areas and wetlands, and reclamation. 

Soil losses would be reduced or minimized through the application of Best Management Practices on a 

site-specific basis. Examples of such practices include use of erosion curtains to protect drainages, 

surfacing roads, water bars and check dams to control runoff, stockpiling of topsoil for reclamation and 

revegetation, and use of rip-rap to control gullying and head-cutting. Other measures include appropriate 

engineering design of roads, well pads, and ancillary facilities; and avoidance of steep and/or unstable 

slopes and sensitive soils. 
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The Stipulation for National Forest System lands would be part of all leases on NFS lands and requires 

the lessee to comply with the Secretary of Agriculture’s rules and regulations for use and occupancy of 

National Forest System lands prior to approval of a permit/operation plan by the Secretary of Interior. 

6. Proposed lease operations are subject to the State laws and regulations governing oil and gas operations, 

including requirements for environmental protection and reclamation. The Virginia Division of Gas and 

Oil's responsibilities include regulating the effects of gas and oil operations both on and below the 

surface, and include issuing permits, inspection of well sites and gathering pipelines, reclamation of 

abandoned well sites, and promotion of resource conservation practices. Operation plans must include 

information such as: 

 The pre-development condition of the site 

 The construction to be undertaken on the site including information on acreage to be disturbed, 

blasting activities, proposed new roads, and existing access roads 

 The erosion and sediment control plan 

 All well site equipment and facilities 

 The design and operation of any pits 

 The drilling and stimulating plan, including information on the water and constituents of the drilling 

fluids 

 Management and disposal of pit fluids, produced waters, drill cuttings and solids 

 

The Virginia Division of Gas and Oil (DGO) reviews all applications and may deny a permit or require the 

applicant to submit more information or amend the proposed operation plan to ensure that the operator will 

comply with the law and regulation. Applicants must post a bond to guarantee that money is available for site 

reclamation and plugging should the operator fail to perform the work. The operator may not begin site work 

until DGO issues a permit. 

According to the Virginia Division of Oil and Gas (2002), ―Virginia’s Gas and Oil Act of 1990 and the regulation 

authorized by that act, provides a comprehensive program to protect public safety and the environment from 

potential impacts associated with gas and oil exploration and development. The law and regulation govern 

activities from prior to the initial disturbance of land for site preparation until after a well is plugged and 

reclaimed. The installation and operation of gathering pipelines are also governed by the law and regulation. 

The Department of Mines, Minerals and Energy’s (DMME) Division of Gas and Oil (DGO) is responsible for 

administering the law and regulation. The law and regulation require an operating permit and place special 

emphasis on water quality protection, erosion and sediment control, and protection of the public from safety 

hazards. The requirements are designed to prevent offsite disturbances from gas and oil operations.‖  

The State of West Virginia has a generally similar framework of law, regulation, and permit requirements for oil 

and gas operations in West Virginia  

REASONABLE FORESEEABLE DEVELOPMENT SCENARIO (RFD) 

Projections of the kind and amount of oil and gas activity that could be reasonably anticipated were made in 

order to analyze the environmental effects that could occur as a result of federal oil and gas leasing under 

each alternative. Forest Service regulations (36 CFR 228.102 (c) (3 and 4)) require the analysis to ―project the 

type/amount of post-leasing activity that is reasonably foreseeable as a consequence of conducting a leasing 

program consistent with that described for each alternative‖ and ―analyze the reasonable foreseeable impacts 

of post-leasing activity under (c)(3) of this section as a part of the analysis.‖ This post-leasing activity is the oil 

and gas activity, including construction of roads, well pads, pipelines, that would be expected under each 

alternative.  

Projecting the post-leasing activity is a multi-step process that begins with a Reasonable Foreseeable 

Development Scenario (RFD) prepared by the Bureau of Land Management (BLM) (Appendix K). The RFD 
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provides a baseline projection of post-leasing activity from which projections for each alternative are 

developed. To provide the baseline projection the BLM prepared a Reasonable Foreseeable Development 

Scenario based on the assumption that all the Forest except areas withdrawn from leasing by law (Wilderness 

and National Scenic Area) would be available for oil and gas leasing under standard lease terms and 

conditions (Appendix BLM RFD). The BLM baseline RFD estimates post-lease activity of 319 natural gas wells 

(Marcellus Shale) and associated surface disturbance including wells pads, roads, and pipelines over a 15 year 

planning horizon.  

The BLM baseline RFD assumptions for surface disturbance are modified here by increasing the acres of 

surface disturbance associated with pipelines and by including estimates of water use for drilling and hydraulic 

fracturing. The resulting RFD assumptions for surface disturbance, water use, and reclamation are: 

DRILLING PHASE: 

 Seismic Exploration (Vibroseis): 163 miles on existing roads (casual use minimal disturbance) 

 Exploration/Evaluation Well Pad (vertical well) - (300’x300’ pad): 2.07 acres per pad 

 Exploratory/Evaluation Well Pad (vertical well) Access Road (30’x 1.5 miles/well): 5.45 acres per road 

 Development Well Pad (vertical well) - (300’x300’): 2.07 acres per pad 

 Development Well Pad (vertical well) Access Roads (1.0 miles/well): 3.64 acres per road 

 Development Well Pad (horizontal wells, 3 wells per pad) (500’x500’ pad): 5.74 acres per pad 

 Development Well Pad (horizontal wells, 3 wells per pad) Access Road (2.0 miles/pad): 7.27 acres per 

pad 

 Water use for drilling vertical well: 20,000 gallons per well. 

 Water use for drilling horizontal well: 100,000 gallons per well. 

 

POST-DRILLING AND PRODUCTION PHASE: 

 Initial Reclamation: Part of Exploration/Evaluation Well Pad (vertical well) reclaimed: 1.84 acres per pad 

 Part of Exploration/Evaluation Well Pad (vertical well) used for production: 0.23 acres per pad  

 Initial Reclamation: Part of Development Well Pad (vertical well) reclaimed: 1.84 acres per pad 

 Part of Development Well Pad (vertical well) used for production: 0.23 acres per pad 

 Water use for hydraulic fracturing of vertical well: 400,000 gallons per well. 

 Water use for hydraulic fracturing of horizontal well: 5,000,000 gallons per well. 

 Initial Reclamation: Part of Development Well Pad (horizontal wells, 3 wells per pad) reclaimed: 5.22 

acres per pad 

 Part of Development Well Pad (horizontal wells, 3 wells per pad) used for production: 0.52 acres per pad 

 Pipelines along road (additional 20’ width along 90% of road miles): 2.42 acres per mile. 

 Pipelines not along roads (10% of road miles) and pipelines connecting to the area or field (additional 

mileage estimated at 10% of road miles) - (30’ wide corridor estimated as 20% of road miles): 3.64 

acres per mile. 

 Off well site production facilities: 25 acres 

 Final Reclamation: road acres + well pad acres + pipeline acres+ off well site production facilities acres. 
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Table D3 GWNF Baseline Reasonably Foreseeable Development 

 

GWNF federal and private mineral ownerships Baseline RFD  

 

Exploration/evaluation 

wells (vertical)  

Development wells 

(vertical) 

Development wells 

(horizontal) Total 

Number of wells 20 50 249 319 

Roads (miles) 30 50 166 246 

Roads (acres) 109 182 604 895 

Well Pads (acres) 41 103 476 621 

Road & Well Pads (acres) 150 285 1,080 1,516 

Well pads initial 

reclamation (acres) 37 92 433 562 

Well pads in production 

(acres) 5 12 43 59 

Pipelines (miles) 33 55 183 271 

Pipelines (acres) 96 160 531 787 

Off Site Production 

Facilities (acres) 0 0 0 25 

Production reclamation 

(acres) 210 353 1,178 1,766 

Total reclamation (total 

disturbance) (acres) 246 445 1,611 2,328 

Water use for drilling 

(1,000s of gallons) 400 1,000 24,900 26,300 

Water use for hydraulic 

fracturing (1,000s of 

gallons) 8,000 20,000 1,245,000 1,273,000 

 

Using these assumptions, the modified RFD is shown in the Table D3-GWNF Baseline RFD Table. This 

projection of future oil and gas activity is based on the assumption that all the Forest except areas withdrawn 

from leasing by law would be available for oil and gas leasing under standard lease terms and conditions. 

Because each alternative will have more restrictive constraints on availability of federal oil and gas leasing, 

each alternative will project less oil and gas activity than the GWNF baseline RFD. Before projecting the future 

federal oil and gas activity that varies by alternative, the following section will consider the part of the future 

activity (GWNF baseline RFD Table) that is common to all alternatives and does not vary by alternative.  

 

OIL & GAS ACTIVITY COMMON TO ALL ALTERNATIVES  

Common to all alternatives are 1) private mineral rights on NFS lands, and 2) existing federal oil and gas 

leases. 

PRIVATE MINERAL RIGHTS ON NFS LANDS 

The federal government owns 100% mineral rights on about 84% of the Forest. Private parties own mineral 

rights on about 16% of the Forest (Figure D1–Non-federal mineral rights on GWNF). These outstanding or 

reserved mineral rights are partial or complete mineral interests. Private mineral rights are constitutionally 

protected property rights. Decisions on federal oil and gas leasing apply to federally-owned mineral rights, and 
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do not apply to privately-owned mineral rights (outstanding or reserved mineral rights) on NFS lands. Oil and 

gas exploration and development on private mineral rights on NFS lands can occur regardless of which 

alternative is chosen. Assuming 16% of the GWNF Baseline RFD is due to exercise of private mineral rights on 

the Forest, the projected oil and gas activity for private mineral rights is included in the Table D3-GWNF 

Baseline RFD Table.  

If the federal government were to acquire any private mineral rights that include oil and gas rights, then the 

availability of the lands for federal oil and gas leasing would be determined by the Forest Plan direction in 

effect at that time. 

EXISTING FEDERAL OIL AND GAS LEASES 

As of September 2010, federal oil and gas leases were in effect on about 1% of the Forest (12,412 acres). Oil 

and gas exploration and development on existing federal oil and gas leases can occur regardless of which 

alternative is chosen. Assuming 1% of the GWNF Baseline RFD is due to existing federal oil and gas leases, the 

projected oil and gas activity for existing federal oil and gas leases is included in the Table D3-GWNF Baseline 

RFD Table. Existing federal oil and gas leases would be managed under the existing leases terms and 

conditions until the leases expire, terminate or are relinquished, at which time the availability of the lands for 

federal oil and gas leasing would be determined by the Forest Plan direction in effect at that time. 

SUMMARY 

Assuming 16% of the GWNF Baseline RFD is due to private mineral rights and 1% is due to existing federal oil 

and gas leases, the projected oil and gas activity common for all alternatives is assumed to be 17% of the 

GWNF Baseline RFD and is shown in the Table D3-GWNF Baseline RFD Table. 
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Figure D1– Non-federal mineral rights on GWNF 
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MARCELLUS SHALE 

The Marcellus Shale in Virginia and West Virginia is shown in Figure D2–Marcellus Shale in Virginia and West 

Virginia, location map. The Marcellus Shale on GWNF is shown in Figure D3–Marcellus Shale on GWNF in 

Virginia and West Virginia. The mineral status of the GWNF and relationship to Marcellus Shale is shown in 

GWNF Mineral Status and Marcellus Shale Table. 

 

 

 

Figure D2 – Marcellus Shale in Virginia and West Virginia, location map. 
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Figure D3 – Marcellus Shale on GWNF in Virginia and West Virginia. 
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Table D4– GWNF Mineral Status and Marcellus Shale 

Mineral Status Acres 

Percent of 

GWNF (%) 

Marcellus 

Shale Acres 

Percent of Land 

Status in Marcellus 

Shale (%) 

Total GWNF Acres 1,065,499 100.0% 592,300 55.6% 

Withdrawn from mineral leasing by law 50,727 4.8% 22,537 44.4% 

Not withdrawn from mineral leasing by law 1,014,772 95.2% 569,763 56.1% 

Outstanding or reserved mineral rights -

Partial or complete private mineral 

interest (subtotal of "not withdrawn" 

acres) 167,206 15.7% 97,615 58.4% 

100% federal mineral ownership (subtotal 

of "not withdrawn" acres) 847,566 79.5% 472,148 55.7% 

Existing federal oil & gas leases 12,412 1.2% 12,412 100.0% 

 

 

OIL & GAS ACTIVITY BY ALTERNATIVE 

The potential federal oil and gas activity on 100% federal mineral ownership for each alternative is shown in 

Table D5-GWNF Federal Oil & Gas Lease Activity by Alternative on 100% federal mineral ownership.  
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Table D5 GWNF federal oil & gas lease activity by Alternative on 100% federal mineral ownership  

 
Federal 100% Mineral Ownership Baseline RFD Alt A Alt B 

  

Explor/ Eval 
wells 

(vertical)  

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ 
Eval 

wells 
(vertical)  

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ 
Eval 

wells 
(vertical)  

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Number of wells 17 42 207 265 16 39 198 253 12 30 153 195 

Roads (miles) 30 50 166 246 24 39 132 195 18 30 102 150 

Roads (acres) 109 182 604 895 86 143 479 708 66 111 370 547 

Well Pads (acres) 34 86 476 596 33 81 378 492 25 63 292 380 

Road & Well Pads (acres) 143 268 1,080 1,491 118 224 857 1,200 92 174 662 927 

Well pads initial 
reclamation (acres) 31 76 433 540 29 72 344 445 22 56 266 344 

Well pads in production 
(acres) 4 10 36 49 4 9 34 47 3 7 26 36 

Pipelines (miles) 33 55 183 271 26 43 145 214 20 33 112 166 

Pipelines (acres) 96 160 531 787 76 126 422 623 58 97 326 482 

Off Site Production 
Facilities (acres) 0 0 0 21 0 0 0 24 0 0 0 19 

Production reclamation 
(acres) 209 351 1,171 1,767 165 278 935 1,378 128 215 722 1,065 

Total reclamation (total 
disturbance) (acres) 239 428 1,604 2,307 194 350 1,279 1,823 150 271 988 1,409 

Water use for drilling 
(1,000s of gallons) 332 830 20,667 21,829 315 787 19,767 20,868 244 609 15,267 16,119 

Water use for hydraulic 
fracturing (1,000s of 
gallons) 6,640 16,600 1,033,350 1,056,590 6,292 15,731 988,350 1,010,373 4,871 12,177 763,350 780,397 
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Alt C Alt D Alt E 

  

Explor/ Eval 
wells 

(vertical)  

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ Eval 
wells 

(vertical)  

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ Eval 
wells 

(vertical)  

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Number of wells 0 0 0 0 12 30 153 195 11 27 0 37 

Roads (miles) 0 0 0 0 18 30 102 150 16 27 0 43 

Roads (acres) 0 0 0 0 66 111 370 547 58 97 0 155 

Well Pads (acres) 0 0 0 0 25 63 292 380 22 55 0 77 

Road & Well Pads (acres) 0 0 0 0 91 173 662 927 80 152 0 233 

Well pads initial 
reclamation (acres) 0 0 0 0 22 56 266 344 20 49 0 69 

Well pads in production 
(acres) 0 0 0 0 3 7 26 36 2 6 0 9 

Pipelines (miles) 0 0 0 0 20 33 112 165 18 29 0 47 

Pipelines (acres) 0 0 0 0 58 97 326 481 51 85 0 137 

Off Site Production 
Facilities (acres) 0 0 0 4 0 0 0 19 0 0 0 18 

Production reclamation 
(acres) 0 0 0 0 127 215 722 1,065 112 189 0 301 

Total reclamation (total 
disturbance) (acres) 0 0 0 0 150 271 988 1,408 132 238 0 369 

Water use for drilling 
(1,000s of gallons) 0 0 0 0 243 608 15,267 16,118 214 534 0 747 

Water use for hydraulic 
fracturing (1,000s of 
gallons) 0 0 0 0 4,863 12,158 763,350 780,372 4,271 10,676 0 14,947 
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Alt F Alt G 

  

Explor/ Eval 
wells 

(vertical)  

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ Eval 
wells 

(vertical)  

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Number of wells 9 22 114 144 11 27 0 38 

Roads (miles) 13 22 76 111 16 27 0 44 

Roads (acres) 48 79 276 402 60 100 0 160 

Well Pads (acres) 18 45 217 281 23 57 0 79 

Road & Well Pads (acres) 66 124 493 683 83 157 0 239 

Well pads initial 
reclamation (acres) 16 40 198 254 20 51 0 71 

Well pads in production 
(acres) 2 5 20 27 3 6 0 9 

Pipelines (miles) 14 24 83 122 18 30 0 48 

Pipelines (acres) 42 70 242 354 53 88 0 141 

Off Site Production 
Facilities (acres) 0 0 0 15 0 0 0 18 

Production reclamation 
(acres) 91 154 538 783 115 194 0 309 

Total reclamation (total 
disturbance) (acres) 107 194 736 1,037 135 245 0 380 

Water use for drilling 
(1,000s of gallons) 174 436 11,367 11,978 220 550 0 769 

Water use for hydraulic 
fracturing (1,000s of 
gallons) 3,489 8,722 568,350 580,561 4,397 10,992 0 15,389 
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CUMULATIVE OIL & GAS ACTIVITY ON GWNF BY ALTERNATIVE 

The cumulative oil and gas activity from projected federal and private oil & gas lease activity on GWNF for each Alternative is shown in Table D6-GWNF 

cumulative oil & gas activity (projected federal and private oil & gas lease activity on GWNF). 

Table D6 GWNF cumulative oil & gas activity (projected federal and private oil & gas lease activity on GWNF) Table 

 

GWNF (federal and private mineral ownerships) 
Baseline RFD Alt A Alt B 

  

Explor/ 
Eval 
wells 

(vertical) 

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ 
Eval 
wells 

(vertical) 

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ 
Eval 
wells 

(vertical) 

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Number of wells 20 50 249 319 19 48 240 307 16 39 195 250 

Roads (miles) 30 50 166 246 29 48 160 237 23 39 130 192 

Roads (acres) 109 182 604 895 104 174 582 860 85 142 473 699 

Well Pads (acres) 41 103 476 621 40 99 459 597 32 80 373 486 

Road & Well Pads 
(acres) 150 285 1080 1516 144 273 1041 1458 117 222 846 1185 

Well pads initial 
reclamation (acres) 37 92 433 562 35 88 418 541 29 72 339 440 

Well pads in 
production (acres) 5 12 43 59 4 11 42 57 4 9 34 46 

Pipelines (miles) 33 55 183 271 32 53 176 260 26 43 143 212 

Pipelines (acres) 96 160 531 787 92 153 512 757 75 125 416 615 

Off Site Production 
Facilities (acres) 0 0 0 25 0 0 0 24 0 0 0 19 

Production 
reclamation (acres) 210 353 1178 1766 201 338 1135 1698 163 275 923 1380 

Total reclamation 
(total disturbance) 

(acres) 246 445 1611 2328 236 426 1553 2239 192 347 1262 1820 

Water use for drilling 
(1,000s of gallons) 400 1,000 24,900 26,300 383 957 24,000 25,339 312 779 19,500 20,590 

Water use for 
hydraulic fracturing 
(1,000s of gallons) 8,000 20,000 1,245,000 1,273,000 7,652 19,131 1,200,000 1,226,783 6,231 15,577 975,000 996,807 
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 Alt C Alt D Alt E 

  

Explor/ 
Eval 
wells 

(vertical) 

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ 
Eval 
wells 

(vertical) 

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ 
Eval wells 
(vertical) 

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Number of wells 3 9 42 54 16 39 195 249 14 35 42 92 

Roads (miles) 5 9 28 42 23 39 130 192 21 35 28 85 

Roads (acres) 19 31 103 152 85 141 473 699 77 128 103 307 

Well Pads (acres) 7 18 81 106 32 80 373 486 29 73 81 183 

Road & Well Pads 
(acres) 26 48 184 258 117 222 846 1185 106 201 184 490 

Well pads initial 
reclamation (acres) 6 16 74 96 29 72 339 439 26 65 74 164 

Well pads in 
production (acres) 1 2 7 10 4 9 34 46 3 8 7 19 

Pipelines (miles) 6 9 31 46 26 43 143 211 23 39 31 93 

Pipelines (acres) 16 27 90 134 75 124 416 615 68 113 90 270 

Off Site Production 
Facilities (acres) 0 0 0 4 0 0 0 19 0 0 0 18 

Production reclamation 
(acres) 36 60 200 300 163 275 923 1380 148 249 200 614 

Total reclamation 
(total disturbance) 

(acres) 42 76 274 396 192 346 1262 1819 173 313 274 778 

Water use for drilling 
(1,000s of gallons) 68 170 4,233 4,471 311 778 19,500 20,589 282 704 4,233 5,218 

Water use for hydraulic 
fracturing (1,000s of 

gallons) 1,360 3,400 211,650 216,410 6,223 15,558 975,000 996,782 5,631 14,076 211,650 231,357 
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Alt F Alt G 

  

Explor/ 
Eval wells 
(vertical) 

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Explor/ 
Eval 
wells 

(vertical) 

Develop 
wells 

(vertical) 

Develop 
wells 

(horizontal) Total 

Number of wells 12 30 156 198 14 36 42 93 

Roads (miles) 18 30 104 152 22 36 28 86 

Roads (acres) 66 110 378 555 79 131 103 312 

Well Pads (acres) 25 63 298 386 30 74 81 185 

Road & Well Pads 
(acres) 91 173 677 941 108 205 184 497 

Well pads initial 
reclamation (acres) 22 56 271 350 26 66 74 166 

Well pads in 
production (acres) 3 7 27 37 3 8 7 19 

Pipelines (miles) 20 33 114 168 24 40 31 94 

Pipelines (acres) 58 97 333 488 69 115 90 275 

Off Site Production 
Facilities (acres) 0 0 0 15 0 0 0 18 

Production reclamation 
(acres) 127 214 738 1094 151 254 200 623 

Total reclamation (total 
disturbance) (acres) 149 270 1009 1444 177 320 274 790 

Water use for drilling 
(1,000s of gallons) 242 606 15,600 16,449 288 720 4,233 5,240 

Water use for hydraulic 
fracturing (1,000s of 

gallons) 4,849 12,122 780,000 796,971 5,757 14,392 211,650 231,799 
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The oil & gas investments and outputs for future federal oil & gas leases on GWNF 100% Federal Mineral Ownership are shown in Table D7-Oil & Gas 

Investment and Outputs on Future Federal Oil & Gas Leases on GWNF 100% Federal Mineral Ownership. 

Table D7 Oil & Gas Investment and Outputs on Future Federal Oil & Gas Leases on GWNF 100% Federal Mineral Ownership Table 

  RFD  Alt A  Alt B  Alt C  Alt D  Alt E  Alt F  Alt G  

Oil & Gas 
Investment ($) 

$1,653,775,017 $1,580,840,846 $1,221,128,967 $0 $1,221,014,744 $66,728,073 $907,038,955 $68,701,959 

Natural gas 
production (MCF) 

661,510,017 632,336,348 488,451,594 0 488,405,905 26,691,236 362,815,587 27,480,790 

Wellhead MCF 
value based on 10 
yr average of 
$5.34/MCF ($) 

$3,532,463,489 $3,376,676,097 $2,608,331,512 $0 $2,608,087,532 $142,531,199 $1,937,435,236 $146,747,420 

Federal royalty ($) 
$441,557,936 $422,084,512 $326,041,439 $0 $326,010,941 $17,816,400 $242,179,405 $18,343,427 

25% share of 
federal royalty to 
States for 
distribution to 
counties for 
schools and roads  

$110,389,484 $105,521,128 $81,510,360 $0 $81,502,735 $4,454,100 $60,544,851 $4,585,857 
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DIRECT, INDIRECT AND CUMULATIVE EFFECTS OF FEDERAL OIL AND GAS LEASING 

AVAILABILITY  

GEOLOGIC RESOURCES 

Federal oil and gas activities that involve ground disturbance, such as construction of roads, well pads, and 

pipeline corridors, have the potential to adversely affect geologic resources. All the Alternatives with federal oil 

and gas leasing have the environmental protection requirements contained in federal oil and gas leases, BLM 

oil and gas regulations, Forest Service oil and gas regulations, State oil and gas regulations, federal laws 

applicable to NFS lands, and Forest Plan standards. The environmental protection requirements would avoid or 

reduce potential effects on the Forest’s geologic resources, such as groundwater, groundwater-dependent 

ecosystems, springs, caves, sinkholes, karst, unusual landforms, and paleontological resources. The Forest 

Plan standards to protect geologic resources are in various sections of the Forest Plan, including Geologic 

Resources, Geologic Hazards, Water, Soil, Caves and Karstlands, and Indiana Bat Management. Standards 

under all Alternatives provide that the location and design of management activities, including oil and gas 

activities, will evaluate measures to avoid, minimize, or mitigate adverse effects on geologic resources with 

identified values (scientific, scenic, paleontological, ecological, recreation, drinking water, groundwater and 

groundwater dependent ecosystems).  

The potential ground-disturbing activities associated with oil and gas activity will be used as an indicator of 

potential impact on geologic resources (Table D4). Using this indicator, Alternative C has the lowest potential 

for impact on geologic resources; Alternatives E, G, F, D and B have increasing levels of potential impact; and 

Alternative A has the most potential for impact on geologic resources.  

In regard to karst, geologic map units indicate 11% of the Forest (about 119,000 acres) with geologic 

formations containing karst (Figure A.1). These geologic map units containing karst (carbonate bedrock) are 

estimated to encompass 109,308 acres in Virginia and 9,906 acres in West Virginia. Karst areas may be less 

than 100% of the geologic map unit because other types of bedrock may be present. The Marcellus Shale 

occurs on about 56% of the Forest (about 592,300 acres) (Figure D2). The geologic map units containing karst 

(11% of Forest) generally do not overlap with the Marcellus Shale (56% of Forest). The relatively small areas of 

overlap as well as the environmental protection requirements relating to karst would reduce potential for karst 

impact. Using potential ground-disturbing activities associated with oil and gas activity as an indicator of 

potential impact on karst, Alternative C has the lowest potential for impact; Alternatives E, G, F, D and B have 

increasing levels of potential impact; and Alternative A has the most potential for impact on karst.  

In regard to groundwater, using horizontal wells as one indicator of potential impact on groundwater, 

Alternative C, E, and G would have no horizontals wells on future federal oil and gas leases, and so, would have 

the least impact on groundwater. Alternatives F, B and D would have horizontal wells, and so, an increase in 

potential impact; and Alternative A would have the most horizontal wells and the most potential for impact on 

groundwater. 

In regard to groundwater, using vertical and horizontal wells as another indicator of potential impact on 

groundwater, Alternative C would have no wells on future federal oil and gas leases, and so, would have the 

least impact on groundwater. Alternatives E, G, F, B and D would have increasing numbers of wells, and so, an 

increase in potential impact; and Alternative A would have the most wells and most potential for impact on 

groundwater. More analysis on potential effects on groundwater is in Water and Aquatics section.  

GEOLOGIC HAZARDS 

Geologic hazards are geologic processes or conditions (naturally occurring or altered by humans) that present 

a risk or potential danger to public safety, infrastructure, and property. Geologic hazards may affect or be 

affected by oil and gas activities, such as construction of roads, well pads, and pipeline corridors. Oil and gas 

activities have potential for two types of effects relating to geologic hazards:  

Type 1) Oil and gas activities have the potential to increase risk to public safety and infrastructure by not 

considering natural geologic hazards in the location, design, and maintenance of oil and gas activities. For 

example, a natural landslide may damage or destroy an access road or a gas pipeline, and injure or kill people. 
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Different geologic settings have different geologic hazards. In karst areas, there are karst geologic hazards, 

including potential for ground collapse (sinkholes). If siting, design, and maintenance of oil and gas activities 

do not consider the geologic setting and potential geologic hazards, then public safety and infrastructure may 

be inadvertently and unnecessarily put at risk.  

Type 2) Oil and gas activities have the potential to increase risk to public safety and infrastructure by not 

considering human-induced geologic hazards in the location, design, and maintenance of oil and gas activities. 

Oil and gas activities have the potential to 1) create human-induced geologic hazards, or 2) trigger or aggravate 

natural geologic hazards. For example, in karst areas, oil and gas activities have the potential to contaminate 

groundwater and to trigger or aggravate karst geologic hazards, including potential for ground collapse 

(sinkholes). Another example, excavation for oil and gas access road on a steep slope can undercut and 

remove some support from the hillside. In some geologic settings (adverse bedrock structures or weak surficial 

materials), this undercut and removal of support may lead to failure of the road cut-slope and hillside upslope. 

Or, construction of a road fill or well pad fill on a steep, geologically unstable slope may lead to a failure of the 

fill-slope. Such fill failures can transform into a debris flow and travel hundreds or thousands of feet down 

slope, endangering people and infrastructure far away from the fill failure.   If siting, design, and maintenance 

of oil and gas activities do not consider the geologic setting and potential geologic hazards, then public safety 

and infrastructure may be inadvertently and unnecessarily put at risk. 

Mitigation of these potential impacts under each Alternative is a challenge because there is no federal law with 

specific requirements that federal agencies consider the effects of ground disturbing activities on geologic 

hazards and associated risks to public safety. There are federal laws with specific requirements for federal 

agencies to consider and to protect plants, animals, artifacts, and fossils. But there is no federal law with 

specific requirements for federal agencies to consider and to protect public safety in regard to the wide range 

of geologic hazards on this Forest and other National Forests Systems lands. 

To address the wide range of geologic hazards and to reduce the potential for impacts from oil and gas 

activities, the Alternatives have Forest-wide Standards that provide:   

 Locate, design, and maintain trails, roads, other facilities, and management activities to avoid, minimize, 

or mitigate geologic hazards and potential impact on infrastructure and public safety. 

 For ground-disturbing projects on slope gradients of 50% or greater located upslope and within one-half 

mile of Forest external boundary, conduct a geologic hazard and risk assessment of off-Forest public 

safety for landslides, including debris flows. 

The potential ground-disturbing activities associated with oil and gas activity will be used as an indicator of 

potential impact on geologic hazards. Using this indicator, Alternative C has the lowest potential for impact on 

geologic hazards; Alternatives E, G, F, D and B have increasing levels of potential impact; and Alternative A has 

the most potential for impact on geologic hazards.  

CUMULATIVE EFFECTS 

In the past (1970-2000), five oil and gas wells were drilled on the Forest, but all wells were dry holes. The 

Forest does not have any active oil and gas wells. The cumulative impacts from oil and gas activity would be 

mostly due to potential future oil and gas activity under each Alternative. In addition to the effects from future 

federal oil and gas leases, discussed above, there are also potential impacts from 1) existing federal leases 

and 2) private mineral rights (outstanding or reserved mineral rights). 

As of September 2010, federal oil and gas leases were in effect on about 1% of the Forest (12,412 acres). 

Existing leases are valid existing rights in place before the Revised Forest Plan is approved. Existing leases 

would be managed under the existing leases terms and conditions until the leases expire, terminate or are 

relinquished, at which time the availability of the lands for federal oil and gas leasing would be determined by 

the Forest Plan direction in effect at that time. Oil and gas exploration and development on existing federal oil 

and gas leases can occur regardless of which Alternative is chosen. Assuming 1% of the GWNF Baseline RFD is 

due to existing leases, the projected oil and gas activity for existing leases is included in the Table D2.  
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The federal government owns 100% mineral rights on about 84% of the Forest. Private parties own mineral 

rights on about 16% of the Forest. These outstanding or reserved mineral rights are partial or complete mineral 

interests. Oil and gas exploration and development on private mineral rights on NFS lands can occur 

regardless of which Alternative is chosen. Assuming 16% of the GWNF Baseline RFD is due to exercise of 

private mineral rights on the Forest, the projected oil and gas activity for private mineral rights is included in 

the Table D2. 

Adding the Forest’s potential future oil and gas activities from existing federal leases and private mineral rights 

(Table D2) to the Forest’s potential future oil and gas activities from future federal leases (Table D4) gives the 

Forest’s potential cumulative future oil and gas activities (Table D5). 

The potential future oil and gas activities from existing federal leases and private mineral rights are the same 

for each Alternative, and so, the added potential effects on geologic resources and geologic hazards are the 

same for each Alternative. Adding these effects to the effects from future oil and gas activities from future 

federal leases gives the total effects from the Forest’s future oil and gas activities, as follows.  Using potential 

ground-disturbing activities associated with oil and gas activity as an indicator of potential effects on geologic 

resources including karst resources and on geologic hazards, Alternative C has the lowest potential for impact; 

Alternatives E, G, F, D and B have increasing levels of potential impact; and Alternative A has the most 

potential for impact. In regard to effects on groundwater from oil and gas activities, using horizontal wells as 

one indicator of potential impact on groundwater, Alternative C, E, and G would have the least impact; 

Alternatives F, B and D would more potential impact; and Alternative A would have the most potential for 

impact on groundwater. Using vertical and horizontal wells as another indicator of potential impact on 

groundwater, Alternative C would have the least impact on groundwater; Alternatives E, G, F, B and D would 

have more potential impact; and Alternative A would have the most potential for impact on groundwater. Using 

potential ground-disturbing activities associated with oil and gas activity as an indicator of potential impact on 

geologic hazards.  

Considering the oil and gas activities along with other Forest management activities (timber, recreation, etc.), 

the cumulative impact on geologic resources and geologic hazards is the combination of the impacts discussed 

in Section A with the impacts discussed above. 

SOILS  

Oil and gas lease development is likely to affect soils with displacement and compaction.  Disturbed soils are 

prone to erosion when vegetation is removed. Soils could also be affected by localized spills of fluids used 

during the drilling process, which could sterilize the soil and affect soil productivity.   

We will estimate the effects to long term soil productivity and how extensive they could be.  A threshold for a 

significant impact to soil productivity will be a fifteen percent reduction in productivity across the areas on the 

Forest that could be affected by oil and gas lease development.  When long term soil productivity is reduced on 

fifteen percent or more of the activity area by any alternative, then this would be a significant impact to the soil 

resource and would not be in compliance with the laws guiding FS policy on protecting soil productivity.  By 

identifying impacts to soil productivity and minimizing these impacts to small areas, we can protect the soil’s 

ability to function as an important part of the surrounding ecosystem. 

Activity areas are the areas on the Forest where oil and gas exploration and development could occur.  Each 

alternative has a different sized activity area because alternatives vary by emphasis and prescription.  The size 

of the different management areas on the forest changes by alternative. In each alternative we have 

subtracted the acres on the Forest that will not impacted by oil and gas development.  These are: Designated 

Wilderness Areas, Recommended Wilderness Study Areas, Eligible Wild and Scenic River Areas, Appalachian 

Trail Corridor, Mt Pleasant National Scenic Area, Recommended National Scenic Areas, Indiana Bat Primary 

Areas and Remote Back Country Areas.  The Activity Area for each alternative is used to compare with the total 

acres of long term effect to soil productivity and therefore determine the extent of the effects to soil 

productivity for each alternative.  This way we can see the effects to the soil resource from oil and gas lease 

development across the Forest.   
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Table D8  Oil and Gas Activity Areas by Alternative 

 Alt A Alt B Alt C Alt D Alt E Alt F Alt G 

Total Forest 

acres 
1,065,918 1,065,918 1,065,918 1,065,918 1,065,918 1,065,918 1,065,918 

Acres with no 

development 
265,742 276,426 563,577 278,092 353,263 450,802 339,726 

Total Activity 

Area, acres 
800,176  789,492  502,341  787,826  712,655  615,116  726,192  

 

The table below displays the long-term effects to soil productivity in the areas where leasing and development 

will occur. Long-term effects will be due to well site construction and road building.   

Table D9  Estimated Long Term Effects to Soil Productivity from RFD Oil and Gas Lease Development by Alternative 

 Alt A Alt B Alt C Alt D Alt E Alt F Alt G 

Acres of Long 

Term Productivity 

Affected  

1458 1185 258 1,185 490 941 497 

Activity Area, 

acres 
800,176  789,492  502,341  787,826  712,655  615,116  726,192  

Percent of Area 

Affected Long 

Term 

0.18% 0.15% 0.05% 0.15% 0.07% 0.15% 0.07% 

 

Cumulative effects add in wells and roads already constructed on the Forest for oil and gas development. 

As of September 2010, federal oil and gas leases were in effect on about 1% of the Forest (12,412 acres). Oil 

and gas exploration and development on existing federal oil and gas leases can occur regardless of which 

alternative is chosen. 

The estimated cumulative oil and gas development from projected federal and private oil & gas lease activity 

on GWNF for each Alternative is shown below along with cumulative effects to soils from other management 

activity, by alternative. 

Table D10  Total Cumulative Long Term Effects to Soil Productivity from Oil and Gas Lease Development  

and Proposed Forest Plan Alternatives, acres 

 Alt A Alt B Alt C Alt D Alt E Alt F Alt G 

Existing Impacts 

from Oil and Gas 

Development** 

10 10 10 10 10 10 10 

RFD Oil and Gas 

Lease Development 

Effects ** 

1458 1185 258 1,185 490 941 497 
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 Alt A Alt B Alt C Alt D Alt E Alt F Alt G 

Total Cumulative 

Effects from All 

Other Plan Activity  

6913 6733-7063 6118 7293-7813 6693-6973 6553-6793 
6773-

7103 

Total Cumulative 

Effect on Forest 

Long Term Soil 

Productivity 

8381 7928-8258 6386 8488-9008 7193-7473 7504-7744 
7280-

7610 

Percentage of 

Activity Area* 
1.1% 

 of 

800,176 

1.0-1.1%  

of  

789,492 

1.3% 

 of 

502,341 

1.1-1.1% 

 of 

787,826 

1.0-1.1%  

of  

712,655 

1.2-1.3% 

 of 

615,116 

1.1-1.1% 

of  

726,192 

*Activity Area is the area on the Forest where oil and gas can be developed.    

**Roads and Well pads.   

***Existing oil and gas long term effects result from 5 existing well sites.   

 

Existing roads for oil and gas development are included in the effects of FS system roads.  

Exploration/Evaluation Well Pad (vertical well) - (300’x300’ pad): 2.07 acres per pad used for the five existing 

wells. 

Estimated cumulative effects from RFD oil and gas development and proposed Forest Plan management 

activity are similar for all alternatives.  At least 98% of the Forest’s soil productivity will be maintained. 

Short-term effects from compaction and erosion will be minimized through implementation of the site-specific 

erosion and sediment control plans developed for all construction areas. A Spill Prevention Control and 

Countermeasures Plan are prepared for each site to minimize the possibility and impacts from spills. Overall, 

cumulative long-term effects to soil productivity from RFD of oil and gas on the George Washington NF is less 

than one percent of the activity area are considered for each alternative.  Alternative C has the least acres 

impacted, with Alternative D having the most. 

AIR QUALITY 

The George Washington National Forest is assessing the environmental consequences of leasing natural gas 

exploration and production rights on the Forest, under a variety of Alternatives. The primary criteria pollutant 

emissions from development of natural gas wells are nitrogen oxides (NOx) and volatile organic compounds 

(VOC). These pollutants combine in the presence of sunlight to form ozone, a regulated pollutant that affects 

human health, and vegetation. The purpose of this analysis is to examine potential air quality impacts of 

emissions from the proposed activities. 

Air quality impacts from development of a natural gas field can be divided into two categories: construction of 

well sites and production/operation of the wells. These activities differ in that the construction phase is 

relatively short, while the production phase will persist as long as the well continues to produce gas. 

Construction Emissions: Construction emissions include the pollutant emissions from well pad development, 

which involves three separate, sequential activities: 1) Clearing, grading and construction of the road that 

connects the existing access road to the well pad site. These activities are sources of fugitive dust emissions 

from the construction traffic over unpaved roads, and tailpipe emissions from the construction traffic. 2) Rig-

up, drilling and rig-down. These activities consist of bringing equipment and supplies by truck to the well site, 

drilling a hole to the desired depth, and removing the drilling equipment. Pollutant emissions from this phase 

of activity include particulates from the traffic on unpaved roads, tailpipe emissions from trucks, and exhaust 

emissions from the diesel powered drilling engines. 3) Completion and testing involves running pipe into the 

borehole and flaring small quantities of gas at the surface to evaluate productivity of the well. Pollutant 

emissions that occur during completion and testing include road dust from truck traffic, tailpipe emissions 
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from the trucks, and products of combustion from flaring natural gas. It was assumed that each well would 

require construction of a separate well pad.  

Production Emissions: Gas produced from leased wells on the Forest will be collected and piped to a 

compressor station located on private land. The main source of emissions from the production phase will be 

from fugitive equipment emissions. Lesser emissions come from the heater-separator that is designed to 

separate liquids from the gas stream. Heat comes from burning some of the methane produced from the well. 

The emission rates for construction and production activities have been taken from a Bureau of Land 

Management report "Environmental Assessment: Cooper Reservoir Natural Gas Development Project - 

Cumulative Air Quality Impact Analysis, May 1998". The Cooper Reservoir Project activities were similar to what 

would occur in gas field development in southwestern Virginia, which made it possible to use the pre-

calculated, construction phase emissions for this analysis. Activities were of similar duration, similar 

equipment was used, and both projects involved "sweet" gas. Sweet gas wells do not produce hydrogen sulfide 

gas during flaring. 

Analysis:  Although the Reasonably Foreseeable Development report by BLM indicates that only a portion of 

the total wells will be constructed each year, this analysis assumed that construction and production for all 

wells would occur in one year.  This approach provides a ―worst case‖ assessment of potential impacts on air 

quality.  In reality, all development scenarios would produce impacts less than presented here.   

Each Alternative has a specified maximum number of wells that could be put into production over the next 15 

years.  Nitrogen oxide and volatile organic compound emissions from construction and production are 

calculated and compared between Alternatives for the ―Direct/Indirect Effects‖ analysis. Future emissions from 

private wells on national forest system lands are added to the emissions from the Direct/Indirect effects 

analysis to assess "Cumulative Effects". Projected emissions are then compared to the current emission 

inventory (existing area and point sources of pollution, EPA 2005) for a ten-county analysis area to estimate 

the future potential effect on air quality. The analysis area includes counties with underlying Marcellus shale:  

Alleghany, Augusta, Bath, Botetourt, Highland, Rockbridge and Rockingham in Virginia; and Hampshire, Hardy 

and Pendleton in West Virginia.  

Direct/Indirect Effects: The direct effect on air quality of leasing national forest land for gas development will 

be to increase volatile organic compounds and nitrogen oxides in the atmosphere by a very small amount 

(Table D11). Maximum annual emissions from ―leased wells‖ would contribute 99 tons per year of VOC; less 

than 0.4% of current emissions in the analysis area (20,316 tons). Nitrogen oxide emissions are similar; 

maximum of 89 tons per year which is only 0.39% of current emissions (22,838 tons). 

Table D11 Maximum estimated annual air pollution emissions from projected gas well development on the GWNF, tons 

  
Direct Effects Cumulative Effects 

Alternative 

Volatile 

Organic 

Compounds 

Nitrogen 

Oxide 

Volatile Organic 

Compounds 
Nitrogen Oxide 

A 81 89 99 108 

B 63 69 80 88 

C 0 0 17 19 

D 63 69 80 88 

E 12 13 29 32 

F 46 51 64 70 

G 12 13 30 32 

BLM RFD 85 93 102 112 

Current Emissions in Tons (EPA 2005 

Emissions Inventory) 
20,316 22,838 
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There are differences in air pollution emissions between some of the Alternatives, but in all cases emissions 

are such a small portion of the overall pollution load that all Alternatives would have very little effect on air 

quality.   

Cumulative Effects: The cumulative effects air analysis included emissions from 1) wells that will be developed 

from existing leasing rights on national forest land, 2) private-rights wells developed on national forest land, 

and 3) wells projected for the various Alternatives.  Projected emissions from all wells that could be developed 

in the ten-county area are displayed in Table D9 under ―Cumulative Effects‖. Emissions from all projected 

development would equal less than 1% of current inventory of VOC and NOx emissions.  Both of these 

pollutants contribute to the formation of ozone, a criteria pollutant monitored by state air regulators.  It is 

unlikely that the emissions from any of the projected Alternatives would affect ozone attainment status at 

monitors in the region because the additional emissions are such a small component of overall emissions.  

For general information on air quality regulations and current air quality on the Forest see the Affected 

Environment: Air section of the EIS. 

WATER RESOURCES AND AQUATIC SPECIES  

The Reasonably Foreseeable Development (RFD) of federal oil and gas on the GWNF is concentrated in the 

Marcellus shale formation, thus, this analysis will concentrate on potential development of that formation.  This 

includes both vertical and horizontal well development.  Horizontal well development has not yet been utilized 

on the GWNF.  To evaluate and develop the Marcellus Shale for natural gas production, horizontal wells will 

undergo a stimulation process known as hydraulic fracturing (hydrofracking), which functions to release gas 

embedded in shale deep below the surface.  It is estimated that it takes up to 3-5 million gallons of water per 

fracking event for each well (Harper 2008) and one drilling site could contain several wells. Some references 

suggest that up to 8 million gallons of water may be needed per treatment.  Flowback water is the fluid that is 

recovered from the well following fracking.  Gelling agents, surfactants and chlorides are identified as the 

flowback water components of greatest environmental concern. Other flow back components can include other 

dissolved solids, metals, biocides, lubricants, organics and radionuclides.  The RFD estimated 3 wells could be 

drilled per pad.  The following are issues related to water resources and aquatic species and habitat: 

 Water withdrawals 

 Surface water and groundwater contamination 

 Non-point source pollution from ground disturbing activities 

 

The following indicators will be used to reflect the potential risk to watershed, riparian and aquatic resources 

and the differences between alternatives. 

 

 Percent Marcellus shale on GWNF and private land by watershed, associated with TESLR (Threatened, 

Endangered, Sensitive and Locally Rare)/MIS (Management Indicator Species)/SMC (Species of 

Management Concern) aquatic species 

 Miles of perennial, intermittent, and trout streams on the GWNF underlain by Marcellus shale 

 Percent Marcellus shale by public water supply watershed 

 Percent Marcellus shale by source water watershed (applicable to Alternative C) 

 Number of potential wells, acres of disturbed areas, and water use by alternative 

 

There are 592,300 acres of Marcellus shale under the Forest land (55.6% of land status). About 16% of the 

Forest is in outstanding or reserved mineral rights, with 58% of that in Marcellus shale. Only 1.2% of the Forest 

(12,412 acres) is under existing federal oil and gas lease, all of which is within the Marcellus shale formation.  

Table D12 lists the percent Marcellus shale found in each 5th level HUC watershed, along with the number of 

aquatic TESLR/MIS/SMC species by watershed. Columns 5-6 indicate the acres or percent of private 

subsurface ownership on the GWNF, while column 7 includes private land, since those are areas of limited or 

no Forest Service control.  See Appendix J for a table of the complete list of species by watershed. 
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Table D12 Marcellus shale and Number of Aquatic TESLR/MIS/SMC by Watershed* 

Watershed 

Marcellus 
Acres on 

GWNF 

Marcellus 
% of 

watershed 
on GWNF 

Marcellus 
% of 

watershed 
on NF & 
Private 

land 

Acres of 
Marcellus 
in private 

sub-
surface 

on GWNF 

% of 
watershed, 
Marcellus 
in private 

sub-
surface on 

GWNF 

Marcellus % 
of 

watershed: 
private, plus 
private sub-
surface on 

GWNF 

Number of 
aquatic 

TESLR/MIS
/SMC 

North Fk South Br Potomac R 10,384 5.1% 71.3%   66.2% 21 

South Fk South Br Potomac R 55,525 30.1% 90.5% 12,393 6.7% 67.1% 2 

Cacapon River 5,484 2.1% 66.9% 3,964 1.5% 66.3% 3 

Middle River 22,543 9.4% 11.0% 2,777 1.2% 2.8% 1 

Dry River-North River 110,980 58.9% 67.8% 32,557 17.3% 26.2% 4 

Naked Cr-South Fk  Shenandoah R 1,331 0.6% 0.9% 1,026 0.5% 0.8% 5 

Shoemaker R-N Fk Shenandoah R 61,945 46.5% 87.8% 26,382 19.8% 61.1% 3 

Smith Cr-North Fk Shenandoah R 333 0.2% 5.4%   5.2% 4 

Stony Cr-North Fk Shenandoah R 4,906 2.2% 20.2% 1,394 0.6% 18.6% 7 

Cedar Creek 422 0.4% 32.7%   32.3% 3 

Dunlap Creek 37,679 34.8% 73.6% 707 0.7% 39.5% 2 

Potts Creek  12,529 11.3% 47.8%   36.5% 7 

Back Creek-Jackson River 55,586 25.2% 45.0% 3,999 1.8% 21.6% 5 

Wilson Creek-Jackson River 22,436 16.2% 44.7% 1,152 0.8% 29.3% 8 

Cowpasture River 95,086 42.0% 71.9% 10,077 4.5% 34.4% 11 

Catawba Creek-James River 6,955 3.3% 22.1% 1,298 0.6% 19.4% 7 

Craig Creek 1,259 0.5% 62.1%   61.6% 11 

Calfpasture River 69,850 46.3% 72.5% 1,539 1.0% 27.2% 7 

Little Calfpasture River 14,974 28.0% 65.2%   37.2% 1 

*Birds and non-TE plants were not included in this analysis because species occurrence locations were not readily 

available in GIS format. 

Looking at stream type underlain by Marcellus shale on the GWNF; there are 792 miles of perennial streams, 

1,596 miles of intermittent streams, and 426 miles of trout water (VDGIF 2010a). 

Table D13 lists the acres and percentages of Marcellus shale in public water supply watersheds, by ownership 

pattern. Table D14 shows the acres and percentages of Marcellus shale in the source water watersheds used 

in Alternative. 
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Table D13 Marcellus shale by Public Water Supply Watershed 

Public Water Supply Watershed 

Acres of 
Marcellus 
on GWNF 

Marcellus % 
of watershed 

on GWNF 

Marcellus % 
of 

watershed 
on GWNF & 
Private land 

Acres of 
Marcellus in 
private sub-
surface on 

GWNF 

% of watershed, 
Marcellus in 
private sub-
surface on 

GWNF 

Marcellus % of 
watershed: 

private, plus 
private sub-

surface on GWNF 

North Fork Shenandoah R-
Cedar Cr 

402 0.4% 32.0%   31.5% 

Dry River and Skidmore Fork 19,959 91.8% 100.0% 7623 35.1% 43.3% 

North River 16,699 100.0% 100.0% 2270 13.6% 13.6% 

Smith Creek 457 5.1% 5.7% 64 0.7% 1.3% 

Jackson River 17 0.4% 69.4%   68.9% 

 

Table D14 Private Marcellus shale by Source Water Watersheds used in Alternative C (applicable to Alternative C) 

Source Water Watershed 

Acres of 
Marcellus in 
private sub-
surface on 

GWNF 

% of watershed, 
Marcellus in 
private sub-
surface on 

GWNF 

Marcellus % of 
watershed: 

private, plus 
private sub-

surface on GWNF 

Painter Run-Stony Creek 41 0.1% 3.5% 

Crab Run 2722 14.9% 82.6% 

Runion Creek-North Fork Shenandoah 
River 938 4.6% 62.6% 

German River 6083 30.5% 81.5% 

Riles Run-Stony Creek 574 1.7% 56.8% 

Little Dry River 6251 31.1% 51.7% 

Capon Run-North Fork Shenandoah River 1812 5.8% 39.3% 

Yellow Spring Run-Stony Creek 762 6.9% 32.1% 

Shoemaker River 8548 36.5% 66.5% 

Honey Run-Dry River 68 0.7% 16.1% 

Skidmore Fork-Dry River 10273 41.3% 56.5% 

Thorny Branch-North River 3362 11.8% 26.2% 

Black Run-Dry River 10121 46.3% 53.5% 

Little River 2573 15.8% 18.4% 

Briery Branch 659 2.1% 11.7% 

Skidmore Fork-North River 4559 18.0% 18.4% 

Muddy Creek 951 4.7% 17.5% 

Chair Draft-Calfpasture River 1341 9.3% 24.4% 

Hamilton Branch 192 1.6% 19.5% 

 

The RFD estimates a total of 319 wells within the Marcellus formation (20 vertical exploration wells, 50 vertical 

development wells, and 249 horizontal development wells).  Associated activities include: 246 miles of roads, 

621 acres of well pads, 271 miles of pipeline, 26,300,000 gallons of water for drilling, and 1,273,000,000 

gallons of water for fracturing. As previously stated, water withdrawals, ground and surface water 
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contamination, and non-point source pollution from ground disturbing activities are issues of concern in 

relation to water resources and aquatic species. 

General Effects from Water Withdrawals  

Water for hydraulic fracturing will need to be trucked in, or withdrawn from nearby streams or aquifers.  

Without proper controls on the rate, timing and location of withdrawals, stream flow modifications could result 

in negative impacts to a stream’s best uses, including but not limited to the aquatic ecosystem, downstream 

riverine and riparian resources, wetlands, and aquifer supplies.  

Impacts to Aquatic Ecosystems  

Aquatic ecosystems could be adversely impacted by:  

 changes to water quality or quantity;  

 insufficient stream flow for aquatic biota or to maintain stream habitat; or  

 the actual water withdrawal infrastructure.  

 

Many small headwater streams on the Forest undergo severe flow reductions during the summer and early fall, 

making them very susceptible to further water reductions. Drawing production water from these streams could 

cause reductions in fish and other aquatic organism populations or damage them permanently (Vokoun and 

Kanno 2009).  Similarly, massive withdrawals of groundwater in these headwater watersheds could adversely 

affect surface water flow (PSU 2009; NYDEC 2009). 

 

Seasonally, unmitigated withdrawals could adversely impact fish and wildlife health due to exposure to 

unsuitable water temperature and dissolved oxygen concentrations. It could also affect downstream 

dischargers whose effluent limits are controlled by the stream’s flow rate. Water quality could be degraded and 

exert greater impacts on natural aquatic habitat if existing pollutants from point sources (e.g. discharge pipes) 

and non-point sources (e.g. runoff from farms and paved surfaces) are not sufficiently diluted or become 

concentrated.  

Improperly installed water withdrawal structures can result in the entrainment of aquatic organisms, which can 

remove any/all life stages of fish and macroinvertebrates from their natural habitats as they are withdrawn 

with water. To avoid adverse impacts to aquatic biota from entrainment, intake pipes can be screened to 

prevent entry into the pipe. Additionally, the loss of biota that becomes trapped on intake screens, referred to 

as impingement, can be minimized by properly sizing the intake to reduce the flow velocity through the 

screens. Transporting water from the water withdrawal location for use off-site, can transfer invasive species 

from one waterbody to another via trucks, hoses, pipelines, and other equipment. Screening of the intakes can 

minimize this transfer; however additional site-specific mitigation considerations may be necessary.  

Impacts to Downstream Wetlands  

The existence and sustainability of wetland habitats directly depend on the presence of water at or near the 

surface of the soil. The functioning of a wetland is driven by the inflow and outflow of surface water and/or 

groundwater. As a result, withdrawal of surface water or groundwater for high volume hydraulic fracturing could 

impact wetland resources. These potential impacts depend on the amount of water within the wetland, the 

amount of water withdrawn from the catchment area of the wetland, and the dynamics of water flowing into 

and out of the wetland. Even small changes in the hydrology of the wetland can have significant impacts on the 

wetland plant community and on the animals that depend on the wetland. It is important to preserve the 

hydrologic conditions and to understand the surface water and groundwater interaction to protect wetland 

areas.  
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Aquifer Depletion  

The primary concern regarding groundwater withdrawal is aquifer depletion that could affect other uses, 

including nearby public and private water supply wells. This includes cumulative impacts from numerous 

groundwater withdrawals and potential aquifer depletion from the incremental increase in withdrawals if 

groundwater supplies are used for hydraulic fracturing. Aquifer depletion may also result in aquifer compaction 

which can result in localized ground subsidence. Aquifer depletion can occur in both confined and unconfined 

aquifers.  

The depletion of an aquifer and a corresponding decline in the groundwater level can occur when a well, or 

wells in an aquifer are pumped at a rate in excess of the recharge rate to the aquifer. Essentially, surface water 

and groundwater are one continuous resource; therefore, it also is possible that aquifer depletion can occur if 

an excessive volume of water is removed from a surface water body that recharges an aquifer. Such an action 

would result in a reduction of recharge which could potentially deplete an aquifer.  

Aquifer depletion can lead to reduced discharge of groundwater to streams and lakes, reduced water 

availability in wetland areas, and corresponding impacts to aquatic organisms that depend on these habitats. 

Flowing rivers and streams are merely a surface manifestation of what is flowing through the shallow soils and 

rocks. Groundwater wells impact surface water flows by intercepting groundwater that otherwise would enter a 

stream. In fact, many headwater streams rely entirely on groundwater to provide flows in the hot summer 

months. It is therefore important to understand the hydrologic relationship between surface water, 

groundwater, and wetlands within a watershed to appropriately manage rates and quantities of water 

withdrawal. 

Depletion of both groundwater and surface water can occur when water withdrawals are transported out of the 

basin from which they originated. These transfers break the natural hydrologic cycle, since the transported 

water never makes it downstream nor returns to the original watershed to help recharge the aquifer. Without 

the natural flow regime, including seasonal high flows, stream channel and riparian habitats critical for 

maintaining the aquatic biota of the stream may be adversely impacted.   Surface and subsurface sources of 

public and private water supply may be reduced.   

General Effects from Surface Water and Groundwater Contamination 

 
Surface Spills and Releases at the Well Pad  

 

Contamination of surface water bodies and groundwater resources during well drilling could occur as a result 

of failure to maintain stormwater controls, ineffective site management and surface and subsurface fluid 

containment practices, poor casing construction, or accidental spills and releases. Surface spills would involve 

materials and fluids present at the site during the drilling phase. Spills or releases can occur as a result of tank 

ruptures, equipment or surface impoundment failures, overfills, vandalism, accidents (including vehicle 

collisions), ground fires, or improper operations. Spilled, leaked or released fluids could flow to a surface water 

body or infiltrate the ground, reaching subsurface soils and aquifers.  Pit leakage or failure could also involve 

well fluids. The greater intensity and duration of surface activities associated with well pads with multiple wells 

increases the odds of an accidental spill, pit leak or pit failure if mitigation measures are not sufficiently 

durable. Concerns are heightened if on-site pits for handling drilling fluids are located in primary and principal 

aquifer areas, or are constructed on the filled portion of a cut-and-filled well pad.  

 

Hydraulic Fracturing Additives and Flowback water 

As with the drilling phase, contamination of surface water bodies and groundwater resources during well 

stimulation could occur as a result of failure to maintain stormwater controls, ineffective site management and 

surface and subsurface fluid containment practices, poor well construction and grouting, or accidental spills 

and releases. These issues are acknowledged here because of the larger volumes of fluids and materials to be 

managed for high-volume hydraulic fracturing. 
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Flowback water is the fluid that is recovered from the well following fracking.  Gelling agents, surfactants and 

chlorides are identified as the flowback water components of greatest environmental concern. Other flow back 

components can include other dissolved solids, metals, biocides, lubricants, organics and radionuclides.  The 

exact characteristics and quantities of components in flowback water will vary by location.  The additives are 

proprietary information and unavailable for analysis.   

Opportunities for spills, leaks, operational errors, and pit or surface impoundment failures during the flowback 

water recovery stage are the same as they are during the prior stages with the additional potential of releases 

from:  

 hoses or pipes used to convey flowback water to tanks, an on-site pit, a centralized surface 

impoundment, or a tanker truck for transportation to a treatment or disposal site; and  

 tank leakage or failure of a pit or surface impoundment to effectively contain fluid.  

As much as 60 – 80% of the hydrofracking water can return to the surface (Staaf and Masur 2009) 

contaminated with tens of thousands of pounds of chemicals, salt, and sand.  This wastewater is stored in 

holding ponds, potentially adjacent to perennial or intermittent stream channels and is subject to overflow, 

leakage, or spillage. Contact with adjacent waterways could cause fish kills or affect entire food webs and 

could contaminate drinking water sources. All of these streams have floodplains and, often, a complex series 

of dry flood channels that are sensitive to disturbances in these areas.  The majority of incidents that lead to 

surface water contamination result from spills and leakage during the transfer and draining of these pits 

(NYDEC 2009).   

Contaminated flowback water that is trucked off the drilling site to local wastewater treatment plants may not 

be able to be effectively treated (Soeder and Kappel 2009; Levy and Smith 2010) and, in fact, might render 

the plant useless (by killing off active media). Sand, salt, and a mixture of biocides, surfactants, lubricants, and 

solvents may pass through these treatment plants directly into larger rivers. Many of these rivers are already 

under stress from other contaminants and this would potentially add to pollution troubles (VDGIF 2010). 

 Land application of contaminated flowback water and solids have been known to sterilize soils and kill forest 

plots.  At the very least, flowback water is known to contain high levels of chloride; chlorides have a number of 

biological and non-biological effects. Chloride ions pass readily through soil and will eventually enter surface 

water. Because chloride moves through soil at the same rate as water it shares the same hydrologic cycle as 

water. This means chloride deposited on soil's surface can also enter ground water (Environment Canada 

2001).  Sodium chloride is inhibiting to soil bacteria at about 50 mg/l. High concentrations of chloride will 

damage or kill leaves or buds when delivered as a spray. Concentrations first will affect sensitive vegetation 

and trees. High enough concentrations will sterilize soil and prohibit any growth (Siegal 2007). 

Millions of gallons of contaminated flowback water can remain in the ground during and after production.  

Extra steel and concrete casing is required in wells to protect groundwater; however, corrosive agents used in 

slickwater frac could erode casings and contaminate entire aquifers. Many of these shale deposits are 

adjacent to limestone geology, thus residual frac water under pressure could find its way into groundwater 

supplies.  

Fuel oil, surfactants, and biocides are also used in slickwater frac and this gelatinous mixture has the potential 

to fill fissures underground and create pollution issues. Although it is surmised that these compounds 

comprise only a small fraction of the fracturing fluid, it becomes additive when millions of gallons of water are 

pumped into the ground.  This could add up to hundreds of pounds of chemicals over the production life of a 

well (Soeder and Kappel 2009). 

Concentrated solids, contaminated with radioactive waste (i.e. radium) are often extracted from the ground 

after being used to fracture the shale.  Some frac water in New York State exceeded the EPA safety standards 

for radioactivity.  However, more study is needed to determine the potential impacts of radioactive materials on 

aquatic organisms (Sumi 2008; Rabb 2010).  
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Centralized Flowback Water Surface Impoundments  

Use of centralized surface impoundments and flowback water pipelines as part of a flowback water dilution 

and reuse system has environmental benefits, including reduced demand for fresh water, reduced truck traffic 

and reduced need for flowback water treatment and disposal. However, any proposal for their use requires that 

the potential impacts be recognized and mitigated through proper design, construction, operation, closure and 

regulatory oversight.  

 Potential soil, wetland, surface water and groundwater contamination from spills, leaks or other failure 

of the impoundment to effectively contain fluid. This includes problems associated with liner or 

construction defects, unstable ballast or operations-related liner damage.  

 Potential soil, wetland, surface water and groundwater contamination from spills or leaks of hoses or 

pipes used to convey flowback water to or from the centralized surface impoundment.  

 Potential for personal injury, property damage or natural resource damage similar to that from dam 

failure if a breach occurs.  

 Transfer of invasive plant species by machinery and equipment used to remove vegetation and soil.  

 Consumption by waterfowl and other wildlife of contaminated plant material on the inside slopes of the 

impoundment.  

General Effects from Non-point source pollution from ground disturbing activities 

All phases of natural gas well development, from initial land clearing for access roads, equipment staging 

areas and well pads, to drilling and fracturing operations, production and final reclamation, have the potential 

to cause water resource impacts during rain and snow melt events if stormwater is not properly managed.  

Initial land clearing exposes soil to erosion and more rapid runoff. Construction equipment is a potential source 

of contamination from such things as hydraulic, fuel and lubricating fluids. Equipment and any materials that 

are spilled, including additive chemicals and fuel, are exposed to rainfall, so that contaminants may be 

conveyed off-site during rain events if they are not properly contained. Steep access roads, well pads on hill 

slopes, and well pads constructed by cut-and-fill operations pose particular challenges, especially if an on-site 

drilling pit is proposed.  

A production site, including access roads, is also a potential source of stormwater runoff impacts because its 

hydrological characteristics may be substantially different from the pre-developed condition. There is a greater 

potential for stormwater impacts from a larger well pad during the production phase, compared with a smaller 

well pad for a single vertical well.  

Each drilling pad occupies 1 – 5 acres of ground, not including roads and stream crossings. Several pads can 

occupy one site, creating the potential for a significant volume of non-point runoff (NYDEC 2009).  Fugitive dust 

may be problematic for adjacent waterways.   

Cumulative Impacts 

Cumulative impacts are the effects of two or more single projects considered together. Adverse cumulative 

impacts can result from individually minor but collectively significant projects taking place over a period of 

time. Cumulative impacts will be discussed from two perspectives: 

1) Site-Specific cumulative impacts beyond those previously discussed resulting from multi-well pads and  

2) Regional impacts which may be experienced as a result of gas development.  

Site-Specific Cumulative Impacts  

The potential for site-specific cumulative impacts as a result of multi-well pads, while real, is easily quantified 

and can be adequately addressed during the application review process (NYDEC 2009). General areas of 
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concern with regard to water use, ground disturbance, and contamination issues are the same as those of 

individual well pads. While the pads may be slightly larger than those used for single wells, the significant 

impacts are due to the cumulative time and trucking necessary to drill and stimulate each individual well.    

In relation to non-point source pollution and surface water contamination, maintenance of the roads and 

accidental vehicular spills is a concern because of the number and size of the trucks used to transport and 

deliver equipment and supplies. A horizontal well takes four to five weeks of 24-hour-per-day drilling with an 

additional three to five days for the hydraulic fracture. This duration will be required for each well, with industry 

indicating that it is common for three wells to be drilled on a multi-well pad. Typically, one or two wells are 

drilled and stimulated and then the equipment is removed. If the well(s) are economically viable, the 

equipment is brought back and the remaining wells drilled and stimulated. Current regulations require that all 

wells on a multi-well pad be drilled within three years of starting the first well. As industry gains confidence in 

the production of the play, there is the possibility that all wells on a pad would be drilled, stimulated and 

completed consecutively.  

The trucking requirements for rigging and equipment will not be significantly greater than for a single well pad, 

especially if all wells are drilled consecutively. Water and materials requirements, however, will greatly increase 

the amount of trucking to a multi-well pad compared to a single well pad. The NYDEC estimated truck trips per 

an eight well multi-well pad; those estimates were scaled back to 3 wells per pad and are as follows:  

 Drill Pad and Road Construction Equipment 10 – 25 Truckloads  

 Drilling Rig 20 Truckloads  

 Drilling Fluid and Materials 100-200 Truckloads  

 Drilling Equipment (casing, drill pipe, etc.) 100-200 Truckloads  

 Completion Rig 15 Truckloads  

 Completion Fluid and Materials 40-80 Truckloads  

 Completion Equipment – (pipe, wellhead) 5 Truckloads  

 Hydraulic Fracture Equipment (pump trucks, tanks) 150-200 Truckloads  

 Hydraulic Fracture Water 1,600 – 2,400 Tanker Trucks  

 Hydraulic Fracture Sand 80 – 100 Trucks  

 Flow Back Water Removal 800 – 1,200 Tanker Trucks  

 

Total estimates are 2,920 – 4,445 truck trips per 3 well pad. As can be seen, the vast majority of trucking is 

involved in delivering water and removing flow back. Multiple wells in the same location provide the potential to 

reduce this amount of trucking by reusing flow back water for the stimulation of other wells on the same pad. 

The centralized location of water impoundments may also make it economically viable to transport water via 

pipeline or rail in certain instances.  

 

In the production phase, the operations at multi-well pads include a small amount of equipment, including 

valves, meters, dehydrators and tanks remaining on site, which may be slightly larger than what is used for 

single wells but is still minor. The reclamation procedures are the same as for single well pads, however, there 

will be more area left for production equipment and activities. It is anticipated that a multi-well pad will require 

up to three acres compared to one acre or less for a single well pad. 

Regional Cumulative Impacts  

The level of impact on a regional basis will be determined by the amount of development and the rate at which 

it occurs. Accurately estimating this is inherently difficult due to the wide and variable range of the resource, 

rig, equipment and crew availability, permitting and oversight capacity, leasing, and most importantly, 

economic factors. This holds true regardless of the type of drilling and stimulation utilized. In other plays 

around the country, development has occurred in a sequential manner over years with development activity 

concentrated in one area then moving on with previously drilled sites fully or partially reclaimed as new sites 

are drilled. Once drilling and stimulation activities are completed and the sites have been reclaimed, the long 
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term impact at the sites will consist of widely spaced and partially re-vegetated production sites and fully 

reclaimed plugged and abandoned well sites.  However, for aquatic resources, there are areas of concern for 

cumulative impacts with regard to water use, ground disturbance, and contamination issues. The discussions 

below are examples of regional effects from these areas of concern. 

Evaluation of cumulative impacts of multiple water withdrawals must consider the existing water usage, the 

non-continuous nature of withdrawals and the natural replenishment of water resources.  Concerns over 

decreased streamflow from regional water withdrawals and the potential effect this has on aquatic habitat, 

water quality, and recreational use of rivers has prompted recent research in the East.  In Massachusetts, 

cumulative withdrawal of ground water substantially decreased low flows in the Ipswich River (USGS 2001); 

while research in this and other rivers documented measurable alterations in fish communities following water 

withdrawal induced habitat changes (Armstrong et al. 2001; Freeman 2005; Vokoun and Kanno 2009).  In 

addition to stream effects, the USGS reports that land subsidence due to the pumping of ground water occurs 

in nearly every State (USGS 1995). 

Regional cumulative effects of water contamination and sedimentation to aquatic organisms have been 

documented for many species.  The adverse modification and destruction of aquatic habitats, water pollution, 

and the introduction of non-indigenous species, have been the major causes of mussel declines and 

extinctions during this century (Stein et al. 2000).  Of all the factors contributing to the jeopardized status of 

Southeastern native freshwater fishes, non-point source pollution (primarily siltation) and alteration of flow 

regimes (primarily impoundment) are the largest contributors to fish imperilment.  Etnier (1997) points out that 

these two anthropogenic factors are responsible for 72% of imperilment problems. 

Freshwater mussel and fish populations have been reduced and, in some cases, completely extirpated from 

lakes and streams by pollutants from municipal, industrial, and agricultural sources.  Effluents impacting 

aquatic organisms include industrial discharges, fly ash and sulfuric acid spills, acid mine drainage, organic 

wastes, insecticides, and chlorinated sewage (U.S.D.I. Fish and Wildlife Service 1990).  In addition, sub-lethal 

bioaccumulation of toxins can reduce overall health and fitness of an individual or population.  Fish advisory 

warnings are currently in place on five river reaches in Virginia (for mercury, PCB’s, and kepone) (FORVA 2001). 

Alternative Comparison  

Common to all alternatives are 1) private mineral rights on NFS lands, and 2) existing federal oil and gas 

leases. The potential federal oil and gas activity on 100% federal mineral ownership will vary by alternative.  

See the Federal Oil and Gas Leasing Availability Decision by Alternative discussion in the EIS for more detail 

regarding federal and private ownership, current leases, and proposed stipulations. For alternative comparison 

in light of water resources and aquatic species, Table D5 shows projected activity for both federal and private 

oil and gas leases.  

Because the only drilling that would be done in Alternative C is that under private ownership, Alternative C has 

the lowest potential for ground-disturbing activities, and least amount of water use. Those numbers are slightly 

higher in Alternatives E and G, because although they allow vertical wells, these alternatives exclude horizontal 

drilling, significantly decreasing the amount of water use and potential for contamination.  Alternative F has the 

next highest numbers, followed by D and B, which are almost identical. Lastly, Alternative A most closely 

corresponds to the RFD and has the highest potential for ground disturbance and uses the most amount of 

water.  

Aquatic Viability Determinations for Oil and Gas Leasing 

Within the Forest Plan Revision analysis, separate viability determinations were made for each watershed 

where a species occurs, because in many cases watersheds support separate populations, and because 

factors affecting viability can vary considerably from watershed to watershed. Viability outcomes from each 

species by watershed were determined by incorporating elements of species distribution, abundance, and 

sensitivities to environmental factors; watershed condition relative to the species’ environmental sensitivities; 

and the national forest role in the watershed.  To include the effects from oil and gas leasing, the amount of 

Marcellus shale by species and watershed was determined, as well as whether or not the species occurrence 

was on federally or privately owned mineral rights (see Table J1 Appendix J). Only those species found in 
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watersheds with Marcellus shale were included.  Viability outcomes by watershed that were determined in the 

EIS based on stressors were then evaluated in light of the additional stressor of horizontal drilling in Marcellus 

shale.  Viability outcomes by species, by watershed with the potential for drilling in the Marcellus shale 

formation and Forest Plan Alternatives are found in Table J2, Appendix J. Viability outcomes are: 

Outcome A. Species is well distributed and abundant within watershed. Forest Service may influence 

conditions in the watershed to keep it well distributed.  Likelihood of maintaining viability is high. 

Outcome B. Species is potentially at risk in the watershed; however, the extent and location of NFS lands with 

respect to the species is conducive to positively influence the sustainability of the species within this 

watershed. Therefore, likelihood of maintaining viability is moderate. 

Outcome C. Species is potentially at risk within the watershed; however, the extent and location of NFS lands 

with respect to the species is NOT conducive to positively influence the sustainability of the species within this 

watershed. Therefore, species viability in the watershed may be at risk. 

Outcome D. The species is so rare within the watershed (population is at very low density and/or at only a few 

local sites) that stochastic events (accidents, weather events, etc.) may place persistence of the species within 

the watershed at risk; however, the extent and location of NFS lands with respect to the species is conducive 

to positively influence the sustainability of the species within this watershed. Therefore, likelihood of 

maintaining viability is moderate. 

Outcome E. The species is so rare within the watershed (population is at very low density and/or at only a few 

local sites) that stochastic events (accidents, weather events, etc.) may place persistence of the species within 

the watershed at risk. Forest Service ability to influence the species is limited. Therefore species viability in the 

watershed may be at risk. 

A summary of the changes by alternative is below. 

Table D15 Viability Outcomes by Alternative based on Marcellus Shale Potential Development 

Viability Outcome 

Number of Species/Watershed Combinations with the Specified Outcome 

EIS 

viability 

outcome 

Alt A Alt B Alt C Alt D Alt E Alt F Alt G 

A 

 (Low Risk) 
7 2 2 6 2 6 2 6 

B 

 (Moderate Risk, FS 

May Positively 

Influence) 

30 10 10 20 10 20 10 20 

C  

(Potential High Risk, 

Little Opportunity for 

FS Influence) 

43 68 68 54 68 54 68 54 

D  

(Moderate Risk, FS 

May Positively 

Influence) 

22 17 17 21 17 21 17 21 

E  

(Potential Very High 

Risk, Little 

Opportunity for FS 

Influence) 

13 18 18 14 18 14 18 14 
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Changes to aquatic species viability based on the additional stressor of horizontal drilling in Marcellus shale 

were similar in Alternatives C, E and G because none of the alternatives allow horizontal drilling.  The species 

viability changed from low or moderate risk to potential high or very high risk in those watersheds where the 

species occurrence was on Marcellus shale in National Forest, but with privately owned mineral rights. 

Changes to aquatic species viability were similar in Alternatives A, B, D, and F because all of those alternatives 

allow horizontal drilling in Marcellus shale to some extent.  The species viability changed from low or moderate 

risk to potential high or very high risk in those watersheds where the species occurrence was on Marcellus 

shale in National Forest.  The exception was in the North Fork South Branch Potomac River watershed 

(includes the Laurel Fork area), where although the area is underlain by Marcellus shale in Federal ownership, 

mineral leasing of the area will not be allowed in all alternatives.  

SPECIAL BIOLOGICAL AREAS, CAVES, RARE COMMUNITIES 

The majority of the Reasonably Foreseeable Development for oil and gas will occur on the Lee, North River, 

Warm Springs, and James River Ranger Districts. A number of rare communities, caves, and Special Biological 

Areas occur on the Forest and they act as a ―coarse filter‖ for the protection of biological diversity. According to 

SAMAB (1996) about 66% of TES species are associated with rare communities, and the percentage increases 

even further when riparian areas are included. By protecting rare communities, including caves, a very large 

number of TES plant and animal species also receive protection. Added to this are Special Biological Areas 

where single occurrences or assemblages of TES species are recognized and protected. 

Applicable Standards for Rare Communities/Caves/Special Biological Areas from the Forest Plan: 

FW-62: Maintain records of rare community locations and conditions across the forest. Survey project 

areas for rare communities prior to implementing projects that have the potential to negatively 

affect them.  

FW-63: A minimum of 200 foot buffers are maintained around cave entrances, sinkholes, and cave 

collapse areas known to open into a cave's drainage system. There are no soil-disturbing activities 

or harvest of trees within this buffer. Wider buffers are identified through site-specific analysis 

when necessary to protect caves from potential subterranean and surface impacts. Perennial, 

intermittent, channeled ephemeral stream standards will apply beyond the first 200 feet. 

FW-64: The use of caves for disposal sites or the alteration of cave entrances is prohibited except for the 

construction of cave gates or similar structures to ensure closure. 

FW-65: Management activities within any area draining into a cave are limited if they may affect the cave 

ecosystem through sedimentation, soil sterilization, the addition of nutrients or other chemicals 

(including pesticides and fertilizers), or if they change the cave's natural hydrology or micro-

climate. 

FW-69: The specific location of a Significant Cave cannot be made available to the public unless it is 

determined that disclosure of this information would not create a substantial risk of harm, theft, 

or destruction of the cave. Significant and potentially significant caves on the Forest are managed 

in accordance with the Cave Resources Protection Act of 1988 (16 U.S.C. 4301-4309) to protect 

them through regulating their use, requiring permits for removal of their resources, and prohibiting 

destructive acts.  

4D-005 Eradicate non-native invasive plants when the infestations are isolated. Use hand-applied 

chemicals, with Forest Supervisor approval, when necessary. 

4D-006a (9F-008) Control non-native invasive species (plants, animals, insects, and diseases) where they 

are causing negative effects to rare communities. Do not introduce non-native species in or near 

rare communities, unless it is a natural enemy of a non-native pest. 

4D-014 These areas are available for federal oil and gas leasing with controlled surface use to protect 

threatened, endangered, sensitive, and locally rare species. Other Federal minerals may be 

available on a case-by-case basis after full consideration of effects on threatened, endangered, 

sensitive, and locally rare species.  
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4D-015 Permit mineral materials for commercial, personal, free, and administrative use purposes with 

conditions to protect threatened, endangered, sensitive, and locally rare species habitat. 

4D-016 Federal oil and gas leases exist in some of these areas. Roads, wells, and other necessary 

infrastructure associated with these leases are allowed. Existing lease stipulations are used to 

minimize disturbance to threatened, endangered, sensitive, and locally rare species habitat. 

4D-017 Private mineral rights exist in some of these areas. Roads, wells, and other necessary 

infrastructure associated with these rights are allowed. Requests for access to a non-Federal 

interest in lands pursuant to a reserved or outstanding right are recognized, and reasonable 

access is granted. Encourage such interests to minimize disturbance to threatened, endangered, 

sensitive, and locally rare species habitat. 

4D-019a (9F-027) Only permit road construction to access valid existing rights and mineral leases, or if 

entering the rare community to access an adjacent area results in less environmental impact. 

Road reconstruction and minor relocation are permitted after full consideration of effects on the 

rare community and associated species. 

4D-019b (9F-028) New roads are engineered to minimize impacts to the rare community and managed as 

closed to public motorized travel. 

4D-020 These areas are unsuitable for designation of new utility corridors, utility rights-of-way, 

communication sites or wind energy development. Existing uses may continue unless removal is 

necessary to protect threatened, endangered, sensitive, and locally rare species. 

The possible effects of oil and gas development on rare communities, caves, and Special Biological Areas 

include removal of tree species, ground disturbance, changes in hydrology, changes in soil temperature, and 

possible invasion by non-native species. Even though there may be activities associated with oil and gas 

development, the Plan Standards provide protection for threatened, endangered, and sensitive species that 

occur within rare communities, caves, and Special Biological Areas. The areas may receive some disturbance, 

but project and site-specific analysis will include mitigation to prevent damage to the integrity of these areas 

and the species that depend on them. 

Forest Plan direction for rare communities, caves, and Special Biological Areas is to protect the natural 

resource values associated with them.  They are generally not actively managed, except where necessary for 

their restoration and maintenance. 

MANAGEMENT INDICATOR SPECIES 

Concerns regarding overall biodiversity of the areas proposed for federal oil and gas development are best 

addressed through the use of Management Indicator Species (MIS) as designated by the Forest Plan (Table 

B2.8). Wildlife resources on the Forest are located in Virginia and West Virginia and are managed in 

cooperation with the Virginia Department of Game and Inland Fisheries (VDGIF) and the West Virginia 

Department of Natural Resources (WVDNR). State wildlife agencies set policy for hunting and fishing 

regulations and associated law enforcement programs. The Forest Service manages the habitat conditions for 

wildlife. The following discussion focuses on the habitat conditions that support wildlife populations in the 

area. 

Under the National Forest Management Act (NFMA) the Forest Service is charged with providing for a diversity 

of plant and animal communities consistent with overall multiple use objectives. Management Indicator 

Species (MIS) are a planning tool used to accomplish this requirement (36 CFR 219.19). They are selected 

during forest planning ―because their population changes are believed to indicate the effects of management 

activities‖ (36 CFR 219.19(a)(1)) on important elements of plant and animal diversity.  

The Reasonably Foreseeable Development (RFD) for federal oil and gas (particularly in the Marcellus shale) on 

the George Washington National Forest is concentrated on the Lee, North River, Warm Springs, and James 

River Ranger Districts.  

Cow Knob Salamander. This salamander is a species with a restricted range. It is endemic to the higher 

elevations of Shenandoah Mountain along the VA/WV border. It is a terrestrial salamander that occurs 



Chapter 3 – Affected Environment and Environmental Consequences George Washington National Forest 
Draft EIS  April 2011 

 

D Federal Oil and Gas Leasing Availability  3-343 

primarily above 2500 feet in elevation and mainly occurs in rocky talus areas on north to northeast aspects. It 

forages openly on cool to warm, dark, humid/rainy nights consuming small insects and other invertebrates. 

The Cow Knob salamander is an MIS because it is a Sensitive species and a narrow endemic that occurs 

almost entirely on the George Washington National Forest (North River Ranger District). The 1993 GW Forest 

Plan created the Shenandoah Crest Special Management Zone (SC-SMZ) to protect the habitat of this 

salamander. The range of the Cow Knob salamander overlaps with the location of Marcellus shale on the 

Forest.  Under an agreement with the U.S. Fish and Wildlife Service (1994) no road construction is permitted 

on the Forest within the SC-SMZ. This would greatly inhibit gas well development.  The agreement also states, 

that while the SC-SMZ is available for oil and gas leasing, controlled surface use stipulations will be used to 

protect the salamander’s habitat and populations.  These controlled surface use stipulations are subject to 

approval by the Cow Knob salamander Conservation Team. 

Pileated Woodpecker. The Pileated Woodpecker generally prefers mature deciduous forests ranging from 

bottomlands to uplands. Key habitat requirements include older mature forests with dead trees (snags) for 

nesting. Pileated woodpeckers will also nest in large dead limbs on live trees. Nests are large cavities they 

construct usually over 30 feet above the ground. They feed on ants, insects, and insect larvae (mainly 

carpenter ants and wood-boring beetles) found by probing under the bark of standing trees and in stumps or 

fallen logs. Some fruits and berries are taken in fall and winter (Hamel, 1992). These woodpeckers are year-

round residents. The pileated woodpecker is an MIS for snag dependent wildlife. 

Ovenbird. Preferring mature, dry, deciduous hardwoods with a closed canopy, the ovenbird is an area sensitive 

MIS requiring relatively large undisturbed tracts. As ground nesters, they are especially vulnerable to predators. 

Breeding habitat is deciduous or mixed forest (rarely pure pine woods) with moderate understory, preferably in 

uplands. Since the ovenbird is a neotropical migrant, arriving in spring and departing the Forest in the fall, 

declines in populations may be caused by events happening on the wintering areas, not the Forest. 

Chestnut-sided Warbler. The habitat of this common warbler is typically second-growth hardwoods and 

overgrown fields in the Appalachian Mountains over 3,500 feet. On the Forest it’s therefore found in the Blue 

Ridge, Ridge and Valley, and Cumberland mountains. It’s most numerous in abandoned fields with scattered 

saplings, along woodland edges, and in open park-like deciduous woods. It nests 1 to 4 feet above the ground 

in saplings and shrubs and feeds on insects gleaned from leaves and twigs in deciduous vegetation (Hamel, 

1992). The chestnut-sided warbler is an MIS for high elevation early-successional habitats because of its 

strong association with these habitats, and because its populations should be responsive to forest 

management efforts that create and sustain such habitats. Also, the chestnut-sided warbler is effectively 

monitored using established breeding bird survey protocols. Since the chestnut-sided warbler is a neotropical 

migrant, arriving in spring and departing the Forest in the fall, declines in populations may be caused by events 

happening on the wintering areas, not the Forest. 

Acadian Flycatcher. This common flycatcher is found mainly in moist deciduous forests with a moderate 

understory near streams. Nests are found on horizontal or down-hanging branches of deciduous trees, usually 

over a stream. This arboreal hawking insectivore generally sits on a branch 10 to 40 feet high near a stream 

where it will sally after flying insects (Hamel, 1992). The Acadian flycatcher is deemed an appropriate species 

to indicate management-induced changes to mature riparian forests. It is highly associated with mature 

deciduous forests along streams and bottomland hardwoods throughout the Forest. This species is selected to 

help indicate the effects of management activities on mature riparian habitats. Since the Acadian flycatcher is 

a neotropical migrant, arriving in spring and departing the Forest in the fall, declines in populations may be 

caused by events happening on the wintering areas, not the Forest. 

Eastern Towhee. Also called the Rufous-sided towhee, this widespread bird is found most commonly in upland 

brushy habitats, woodland margins, thickets, cut-over woods, and overgrown fields. Key habitat requirements 

are shrubs, saplings, and understory trees where a thicket is present. Nests are most often located in thickets 

and brushy places on the ground or in shrubs and saplings up to 5 feet off the ground. Towhees forage on the 

ground and in low shrubs where they scratch in leaf litter to expose insects, seeds, and fruits that they glean 

(Hamel, 1992). Towhees are year-round residents although individuals will migrate short distances. The 

Eastern towhee was selected as an MIS to indicate the effects of management activities on early seral 

habitats. 
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Black Bear. The black bear is an opportunistic species that can thrive in a wide variety of habitats. The black 

bear's most important habitat need is considered to be freedom from constant human disturbance. Remote 

habitat free from the regular presence of humans is an important component of bear habitat quality. Access 

management does not refer to the prohibition of building or upgrading existing roads, but rather to their 

subsequent management after construction such as whether they’re open or closed and the timing of closure. 

Roads in and of themselves are not detrimental; it’s the use of these roads by the public that affects black 

bear. At least five percent of the area should be in an age class of older trees and these should be well 

dispersed over the area. Mature forests with large diameter trees are needed to provide hard mast and hollow 

den trees. 

Eastern Wild Turkey. Wild Turkeys prefer mature forests (mid- to late successional) with open understories, 

temporary and permanent clearings well dispersed, and freedom from disturbance during nesting and brood 

rearing seasons. The key components of wild turkey habitat in oak-hickory forests are brood habitat, nesting 

and fall/winter habitat, and freedom from disturbance. Brood habitat is the most limiting factor to eastern 

turkey population in the central Appalachians (Pack, personnel communication). Hens with broods use a wide 

variety of habitats. These include pastures with hay fields, utility rights-of-way, wildlife clearings, burned areas, 

and natural glades or savannas; however, the structure of vegetation is as important as vegetation types 

(Healy 1981). In mature forests, ideal brood habitat includes at least 5% of the area in well-dispersed, 

permanent grass/herbaceous openings. Ground cover should consist of patchy vegetation that does not 

impede poult movements, yet provides good horizontal cover from predators, and produces abundant insects 

for food. Partially canopied (<60%) savannahs that are open and park-like with moderate herbaceous/shrubby 

understory with little midstory vegetation provide optimal brood habitat. Nesting and fall/winter habitat may 

include uncut hay fields, areas harvested for timber, and burned forests. Nesting habitat should be near brood 

habitat. Preferred and most successful nest sites seem to be on the edge of extensive stands of brush and 

herbaceous vegetation. Hard mast (usually acorns) is the most important fall food of the eastern turkey in the 

central Appalachians. Because of the variation in mast production between oak groups, a variety of oak 

species best provides sustained mast production.  Ideal habitat includes at least 60% of the area in mast 

bearing age (50 years+).  Human disturbance to hens and broods during the nesting and brood rearing season 

should be minimized. No more than one mile of open road per 1,000 acres will minimize this disturbance. 

White-Tailed Deer. White-tailed deer use a variety of habitat types. White-tailed deer prefer early successional 

forest areas, woodland edge, and a mosaic of various forest age classes. A mixture of habitat types and 

resulting edge insures an abundant food source is available throughout the year. White-tailed deer heavily use 

hard mast in the fall (usually acorns) to accumulate sustaining fat reserves for the winter. During the winter 

woody browse makes up the majority of a deer’s diet in the central Appalachians. In the spring and summer 

they consume young growing herbaceous plants, fruits, and woody shoots and leaves. Early successional 

habitat, generally no larger than 25 acres in size, well dispersed with approximately 10% of the area in the 0-

10 age class provides forage and escape cover throughout the year. Well-dispersed forest openings 1/2 to 1 

acre in size occupying up to 5% of the area and shrub-grass habitats provide necessary spring/summer foods. 

In extensive forested areas a minimum of 60% of the area maintained in mast bearing age (40 years +) 

provides suitable fall hard and soft mast for white-tailed deer. 

Hooded Warbler. Habitat of this common warbler is moist deciduous and mixed forests with a dense 

understory, typically found in rich woods, ravines, and bottomlands. Key habitat requirements are forests 

(usually deciduous) with a thick, rich understory layer.  The hooded warbler is rarely associated with moist 

deciduous forests above 4,000 feet (Hamel, 1992). Nests are built 2 to 5 feet above the ground in shrubs and 

saplings where they are poorly concealed. These warblers forage primarily in shrubs within 15 feet of the 

ground by gleaning and hawking insect prey. The hooded warbler is an MIS for mid- to late-successional oak 

and oak-pine forests. Since the hooded warbler is a neotropical migrant, arriving in spring and departing the 

Forest in the fall, declines in populations may be caused by events happening on the wintering areas south of 

the U.S. and not on the Forest. 

Scarlet Tanager. This common woodland bird is typically found in upland mature deciduous (usually oak) 

forests for which it was selected as an MIS. It’s most common in lower and middle elevations in the mountains 

up to 4,000 feet and is rarely found over 5,000 feet. The key habitat feature is mature deciduous forests. 

Nests are located 20 to 50 feet above the ground in a hardwood tree. The scarlet tanager feeds on insects that 
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it gleans from twigs and leaves (Hamel, 1992). In the fall it often will feed on berries. Since the scarlet tanager 

is a neotropical migrant, arriving in spring and departing in the fall, declines in populations may be caused by 

events happening on the wintering areas south of the U.S. and not on the Forest. 

Pine Warbler. The pine warbler is closely associated with middle-aged to mature pine and pine-oak forests, 

generally occurring only where some pine component is present. While not among the common warblers, it is 

considered the most appropriate MIS for the yellow pine habitat component. Nests are built in pines and 

foraging for insects occurs in the crowns of pines where they glean insects from needles and twigs (Hamel, 

1992). Since the pine warbler is a neotropical migrant, arriving in spring and departing the Forest in the fall, 

declines in populations may be caused by events happening on the wintering areas south of the U.S. and not 

on the Forest. 

Wild Brook Trout.  These trout are cold-water species that require water temperature less than 69 degrees 

Fahrenheit, dissolved oxygen values greater than 7.0 parts per million, and sedimentation rates that are in 

equilibrium with the watershed. To be considered ―wild‖ they must be a reproducing population that is not 

dependent on stocking. Positive activities within watersheds that support wild trout are those that stabilize or 

improve the physical and biological conditions of the stream. For a complete discussion of effects on wild trout 

as an MIS in relation to this project see ―AQUATIC VIABILITY DETERMINATIONS FOR OIL AND GAS LEASING‖ 

Beaver (Castor canadensis).  Beavers were selected as an MIS because they are a keystone species that 

create wetland habitat with many physical and biological benefits. Beavers alter ecosystem hydrology, 

biogeochemistry, vegetation, and productivity with consequent positive effects on the plant, vertebrate, and 

invertebrate populations that occupy beaver-modified landscapes. Their impoundments trap fine textured 

sediments that act as water storage reservoirs, resulting in slow, sustained discharge that maintains 

streamflows during dry periods; afford protection from flooding of downstream areas; and produce a raised 

water table that enhances riparian zones.  Additionally, beaver habitat modifications can reduce pollution and 

improve water quality in aquatic ecosystems, by trapping sediment and nutrients; reducing downstream 

turbidity; and purifying water from acidification and other non-point source pollutants. The capability of beavers 

to store water, trap sediment, reduce erosion, and enhance riparian vegetation can be used as a management 

tool to restore degraded aquatic and riparian ecosystems.  Beavers are a habitat-modifying species and play a 

pivotal role in influencing community structure in many riparian and wetland systems.  Restoring beaver 

populations to their maximum viability on public lands is desirable because of the beaver’s capability to restore 

and maintain healthy riparian ecosystems.  Key conservation elements for the beaver on National Forest 

System lands are, therefore, protection and enhancement of aquatic and riparian habitats by management of 

water resources and riparian vegetation, beaver population enhancement by natural recolonization and 

transplants where necessary, and proactive management of beaver damage issues.  

The physical effects of oil and gas leasing upon wildlife include elimination of individual animals and their 

associated habitat by construction or reconstruction of access roads, clearing and leveling of drill pad sites, 

and construction of pipelines and off-site facilities, and reduction of availability and quality of water and 

wetland habitat (see aquatic viability determinations for oil and gas leasing).. There is no anticipated gas well 

development in the next two decades on the Pedlar Ranger District. The potential impacts from new gas well 

development on the Lee, North River, Warm Springs, and James River Ranger Districts would vary by 

Alternative: 

Currently there are no leases for Marcellus Shale gas wells on the Lee, North River, Warm Springs, and James 

River Ranger Districts.  

Forest fragmentation can affect wildlife by encouraging species that use early successional and forest edge 

habitats, such as the MIS eastern towhee and wild turkey, and discouraging animals that use interior forest 

habitats, such as the ovenbird and hooded warbler. Under all alternatives, road, pipeline, facility, and drill pad 

construction would reduce existing mature forest habitat and increase the amount of edge in the project area. 

However, these hard mast/mature forest/old age forest habitat conditions will remain well connected over the 

15-year period and forested travel corridors free from constant disturbance are maintained by road access 

closure. Forest fragmentation would be minimal given the narrow clearing widths for roads and pipelines and 

the small acreage disturbed when compared to the extensive surrounding unfragmented forests. Given the 
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Lee, North River, Warm Springs, and James River Ranger Districts are in a generally forested landscape, the 

expected negative impacts of edge are not considered significant. 

Early seral habitat would be increased in all alternatives where roads and/or well pads are not allowed to 

redevelop into forest conditions. The increase in grass/forbs under all alternatives would provide food source 

for such MIS as whitetail deer, wild turkey, and indirectly for such species as the eastern towhee. While hard 

mast is reduced under all alternatives due to reduction of forested acres, hard mast production capability is 

still retained on adjacent acreage. It is likely that soft mast production (fruits and berries) will increase under 

all alternatives with plants such as blackberry, raspberry, and pokeweed occurring where land is cleared. 

Numbers of snags will be reduced in all alternatives due to the number of acres of forest that will be cleared. 

Snag development generally takes 80 to 100+ years; therefore, even if cleared land is allowed to return to 

forest, it will take many decades for snags to develop once trees achieve a mature size and then die. However 

it is likely this loss of snags will be offset over time by increased tree mortality resulting from insect infestations 

such as gypsy moth and pine bark beetles. 

Because of lease stipulations or conditions of approval on plans of operation, development activities would be 

excluded from riparian areas. This habitat would be maintained and riparian species, such as the Acadian 

flycatcher and beaver, should have little to no change.  However, impacts from water withdrawal on wetland 

and riparian habitat could have impacts on riparian MIS such as Acadian flycatcher and beaver (see aquatic 

viability determinations for oil and gas leasing) 

A summary of expected effects to MIS are shown in Table D16 below. 

Table D16 Expected Effects to Management Indicator Species by Alternative 

Common Name Management Effects Indicated A B C D E F G 

Cow Knob 

Salamander 

TES species dependent on mature, moist hardwood 

forest 
=/= =/= =/= =/= =/= =/= =/= 

Pileated 

Woodpecker 

Snag-dependent wildlife species 
=/- =/- =/- =/- =/- =/- =/- 

Ovenbird Mature forest interior species =/- =/- =/- =/- =/- =/- =/- 

Chestnut-sided 

Warbler 

High-elevation early successional species 
=/= =/= =/= =/= =/= =/= =/= 

Acadian 

Flycatcher 

Mature riparian forest dependent species 
=/= =/= =/= =/= =/= =/= =/= 

Hooded Warbler Mid- and late successional deciduous forest species, 

inc. mixed mesophytic, oak & oak-pine forests 
=/- =/- =/- =/- =/- =/- =/- 

Scarlet Tanager Upland oak forest species =/- =/- =/- =/- =/- =/- =/- 

Pine Warbler Mid- and late successional pine and pine-oak forests =/- =/- =/- =/- =/- =/- =/- 

Deer Cold-water streams and meeting fishing demand for 

these species 
=/+ =/+ =/+ =/+ =/+ =/+ =/+ 

Eastern Wild 

Turkey 

Meeting hunting demand for this species 
=/+ =/+ =/+ =/+ =/+ =/+ =/+ 

Black Bear Meeting hunting demand for this species =/= =/= =/= =/= =/= =/= =/= 

Wild Brook Trout  Meeting hunting demand for this species See discussion under ―Aquatic Species‖ 

Population trend expressed as expected change from current levels following implementation of proposed action: ―++‖ 

relatively large increase, ―+‖ increase,―=‖ little to no change, ―-― decrease, ―- -― relatively large decrease. 
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THREATENED, ENDANGERED, AND SENSITIVE (TES) SPECIES 

The majority of the Reasonably Foreseeable Development for oil and gas will occur on the Lee, North River, 

Warm Springs, and James River Ranger Districts which provide habitat for 6 federally threatened and 

endangered terrestrial species, which include 3 plants, 2 mammals and one mussel. Two federally listed 

species, Virginia sneezeweed and swamp pink occur only on the Pedlar Ranger District where there is no 

Marcellus Shale and, therefore, are not considered further. There are 70 terrestrial species designated by the 

Regional Forester as sensitive on the Lee, North River, Warm Springs, and James River Ranger Districts. 

Sensitive species include species occurring on the Forest with range-wide viability concerns, but which are not 

included on lists of endangered, threatened, proposed, or candidate species. Sensitive species receive special 

management emphasis in order to ensure their viability and to preclude trends toward federal listing or 

endangerment. Forest terrestrial threatened, endangered, and sensitive species that might be affected by the 

oil and gas leases occur in two ecological sections: the Northern Ridge and Valley, and the Allegheny Front. 

Each of these sections contains distinct geologies and landforms, which give rise to a variety of unique habitats 

such as boreal forests, caves, wetlands, shale barrens, fire-adapted communities, glades, sinkholes, and 

springs. These unique habitats, in turn, support assemblages of rare plant and animal species. In addition to 

the habitat diversity found in the ecological sections, the Forest encompasses a wide range of latitude. Many 

plant and animal species more typically associated with northern or southern biomes reach the limit of their 

range on the Forest. For the oil and gas leasing analysis, species that could potentially be affected are shown 

below: 

Table D17 TES Species Potentially Affected by Oil and Gas Leasing on the GWNF 

Species Name 
Common 

Name Range on or near GWJNFs Habitat - Detail  TES 
G 

Rank 
VA 

SRank 
WV 

SRank 

VERTEBRATES 

Fish               

Notropis 
semperasper 

Roughhead 
shiner 

Upper James R watershed 
above Buchanan Aquatic-rivers S G2G3 S2S3 - 

Noturus 
gilberti 

Orangefin 
madtom 

S Fk Roanoke R watershed, 
Roanoke R above Salem, 
Craig Ck, Johns Ck, 
Cowpasture R Aquatic-streams S G2 S2 - 

Amphibian               

Plethodon 
punctatus 

Cow Knob 
salamander Shenandoah Mtn, VA & WV 

Mixed oak, late successional with 
loose rocks and logs, >2500' S G3 S2 S1 

Birds               

Falco 
peregrinus 

Peregrine 
Falcon 

Hack sites late 80s & early 
90s No nests, current 
migrant.  

Nests on ledges or cliffs, buildings, 
bridges, quarry walls.  Non-breeding 
sites, farmland, open country, 
lakeshores, broad river valleys, 
airports.  

S G4 
S1B/S

2N 
S1B/S

2N 
 Haliaeetus 

leucocephalus Bald Eagle 
Potomac R, James R 
watershed 

Feeds and nests on or near large lakes 
and rivers S G5 

S2S3B
/S3N 

S2B/S
3N 

Lanius 
ludovicianus 
migrans 

Migrant 
Loggerhead 
Shrike 

Ridge & Valley (Shenandoah 
Valley)  

Open grasslands with trees and 
shrubs, fencerows S G4 

S2B/S
3N 

S1B/S
2N 

Thryomanes 
bewickii altus 

Appalachian 
Bewick's 
wren 

Historical records in 
Botetourt, Giles, Highland  

Thickets, old fields, fencerows, old 
home sites S 

G5T2
Q 

S1B/S
ZN 

S1B/S
1N Washington Cos 

Mammals               
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Species Name 
Common 

Name Range on or near GWJNFs Habitat - Detail  TES 
G 

Rank 
VA 

SRank 
WV 

SRank 

Corynorhinus 
townsendii 
virginianus 

Virginia big-
eared bat 

Summer: VA - Highland Co. 
(1 cave), WV - Pendleton 
Co. (4 caves); Winter:  
Highland, Rockingham, 
Pendleton Co. (6 caves), 
largest WV population in 
Pendleton Co.  Small #’s of 
bats (usually <10) in a few 
other widely scattered 
caves during summer 
months. Bath & Pulaski 
County records are historic, 
no occupied caves currently 
known. 

Resides in caves winter and summer.  
Short distance migrant (<40 miles) 
between winter and summer caves.  
Forages primarily on moths and 
foraging habitat is common (fields, 
forests, meadows, etc.).  Forages 
within 6 miles of summer caves.  
USFWS Critical Habitat is 5 caves in 
WV (4 Pendleton Co. & 1 Tucker Co.).  
Closest Critical Habitat cave to GWJNF 
is ~3 miles in Pendleton Co., WV.  E G4T2 S1 S2 

Glaucomys 
sabrinus 
fuscus 

Virginia 
northern 
flying squirrel 

Laurel Fork area, Highland 
Co 

Spruce-fir forests and adjacent 
northern hardwoods S G5T2 S1 S2 

Microtus 
chrotorrhinus 
carolinensis 

Southern 
rock vole Alleghany Mtn, Bath Co 

Cool, moist, mossy talus under 
oaks/northern hardwoods S G4T3 S1 S2 

Myotis leibii 

Eastern 
small-footed 
bat Ridge & Valley 

Hibernates in caves during winter, 
roosts in crevices of large rock 
outcrops, cliffs, & under large rocks in 
talus & boulder-fields during summer, 
forages widely in all forested and 
open habitat types over both ridges 
and valleys. S G3 S1 S1 

Myotis sodalis Indiana bat 
Blue Ridge, Ridge & Valley, 
Cumberland Mtns  

Caves winter, upland hardwoods 
summer, forages widely along 
riparian areas and open woodlands E G2 S1 S1 

Sorex 
palustris 
punctulatus 

Southern 
water shrew 

Alleghany Mtn, Bath Co; & 
Laurel Fork, Highland Co 

Riparian areas w/in spruce-fir forests 
and northern hardwoods S G5T3 S1S2 S1 

INVERTEBRATES 

Snail (Mollusk, Class 
Gastropoda) 

            

Glyphyalinia 
raderi 

Maryland 
glyph Alleghany, Montgomery Cos 

Calciphile, edge of seeps within leaf 
litter S G2 S1S2 S2 

Helicodiscus 
diadema Shaggy coil Alleghany Co Calciphile, limestone rubble and talus  S G1 S1 - 

Helicodiscus 
lirellus Rubble coil Rockbridge Co Calciphile, limestone rubble and talus  S G1 S1 - 

Helicodiscus 
triodus Talus coil 

Alleghany, Botetourt, 
Rockbridge Cos 

Calciphile, limestone rubble on 
wooded hillsides and caves  S G2 S1S2 SH 

Clam and Mussel (Mollusk, Class Bivalvia)           

Alasmidonta 
varicosa Brook floater Potomac drainage Aquatic-rivers S G3 S1 S1 

Elliptio 
lanceolata Yellow lance Roanoke R, James R Aquatic-rivers S G2G3 S2S3 - 

Lasmigona  
subviridis Green floater  

Widely distributed in N & S 
Fk Shenandoah R, Pedlar R, 
James R Aquatic-rivers S G3 S2 S2 

Pleurobema 
collina 

James 
spinymussel 

Potts Ck, Craig Ck, Johns Ck, 
Patterson Run, Pedlar R, 
Cowpasture R, Mill Ck 
(Deerfield) Aquatic-rivers E G1 S1 S1 

Amphipod (Crustacean, Order Amphipoda)           

Stygobromus 
gracilipes 

Shenandoah 
Valley cave 

Frederick, Rockingham, 
Shenandoah, Warren Cos Caves S G3G4 S2S3 S1 
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Species Name 
Common 

Name Range on or near GWJNFs Habitat - Detail  TES 
G 

Rank 
VA 

SRank 
WV 

SRank 

amphipod 

Stygobromus 
hoffmani 

Alleghany 
County cave 
amphipod 

Low Moor cave, Alleghany 
Co Caves S G1 S1 - 

Stygobromus 
mundus 

Bath County 
cave 
amphipod Alleghany, Bath Cos  Caves S G2G3 S1S2 - 

Isopod (Crustacean, Order Isopoda)           

Miktoniscus 
racovitzai 

Racovitza's 
terrestrial 
cave isopod 

Alleghany, Botetourt, Page, 
Rockbridge, Shenandoah 
Cos Caves S G3G4 S2 - 

Millipede (Class Diplopoda)             

Nannaria 
shenandoah 

Shenandoah 
Mountain 
Xystodesmid 
millipede 

One site: along Long Run 
Road, Rockingham Co Leaf litter, mixed oak forest S G1 S1 - 

Pseudotremia 
alecto a millipede 

Griffith Knob, Alleghany Co; 
near Mountain Grove 
saltpetre cave, Bath Co Leaf litter, deciduous forests S G1 S1 - 

Centipede (Insect, Order Chilopoda)           

Nampabius 
turbator 

a cave 
centipede 

One known site: Low Moor 
cave, Alleghany Co Caves S G1G2 S1 - 

Springtail (Insect, Order Collembola)           

Arrhopalites 
carolynae 

A cave 
springtail 

Augusta, Highland, Bath, 
Lee, Wise Cos Caves S G2G4 S1 - 

Arrhopalites 
sacer 

A cave 
springtail Bath Co Caves S G1G2 S1 - 

Dragonfly and Damselfly (Insect, Order Odonata)           

Gomphus 
viridifrons 

Green-faced 
clubtail 

New R, Craig Ck, Pound R, 
Locust Spring Aquatic-rivers S G3 S2 S2 

Beetle (Insect, Order 
Cloeoptera) 

            

Cicindela 
ancocisconen
sis 

Appalachian 
tiger beetle 

Alleghany, Bath, Highland, 
Lee, Rockbridge, 
Washington, Wise Cos 

Riparian – sandy/silty edges of 
streams and rivers S G3 S2 S3 

Cicindela 
patruela 

Northern 
barrens tiger 
beetle Blue Ridge, Ridge & Valley 

Eroded slopes of exposed sandstone 
and conglomerate S G3 S2 S2S3 

Hydraena 
maureenae 

Maureen's 
shale stream 
beetle 

Alleghany, Bath, Botetourt, 
Bland, Craig, Cos 

Interstitial water in riparian-shale 
substrate along stream edge S G1G3 S1S3 - 

Butterfly and Moth (Insect, Order Lepidoptera)           

Callophrys 
irus Frosted elfin 

Frederick, Montgomery, 
Page, Roanoke Cos 

Dry, open woods, clearings, and 
road/powerline ROWs w/ abundant 
wild indigo (Baptisia tinctoria) S G3 S2? S1 

Erynnis 
persius 
persius 

Persius 
duskywing Blue Ridge, Ridge & Valley 

Bogs, wet meadows, open seepages 
in boreal forests S 

G5T1
T3 S1 - 

Pyrgus 
centaureae 
wyandot 

Appalachian 
grizzled 
skipper Ridge & Valley 

Shale barrens, open shaley oak 
woodlands S 

G5T1
T2 S1S2 S1 

Speyeria 
diana 

Diana 
fritillary Blue Ridge, Ridge & Valley 

Grasslands-shrublands, near streams 
with thistles and milkweeds, larval 
host plant, violets S G3G4 S3 S2S3 

Speyeria 
idalia idalia Regal fritillary Blue Ridge, Ridge & Valley Riparian, grasslands-shrublands S 

G3T1
Q S1 S1 



Chapter 3 – Affected Environment and Environmental Consequences George Washington National Forest 
Draft EIS  April 2011 

 

3-350                                 D Federal Oil and Gas Leasing Availability 

Species Name 
Common 

Name Range on or near GWJNFs Habitat - Detail  TES 
G 

Rank 
VA 

SRank 
WV 

SRank 

Catocala 
herodias 
gerhardi 

Herodias 
underwing 

Bald Knob, Bath; Poverty 
Hollow, Montgomery Co; 
Sand Mtn, Wythe Co (non 
FS property) 

Pitch pine/bear oak scrub woodlands, 
>3000' S G3T3 S2S3 SU 

Erythroecia 
hebardi 

Hebard's 
noctuid moth Bath Co 

Rich, mesic hardwood forest. Larvae 
host plant is Canada horse-balm 
(Collinsonia canadensis). S GU SH - 

Euchlaena 
milnei 

Milne's 
euchlaena 
moth 

Edinburg Gap, Shenandoah 
Co 

Moist, forested slopes of mixed pine 
hardwoods. Acidic oak woods. S G2G4 S2 S2 

NON-VASCULAR PLANTS 

Lichen               

Hydrothyria 
venosa Waterfan 

Amherst, Alleghany, 
Bedford, Botetourt, Giles, 
Madison, Nelson, 
Rockbridge, Shenandoah 
Cos  

Aquatic – in 
streams/springs/cascades S G3G5 S1 - 

Liverwort               

Nardia lescurii a liverwort Blue Ridge, Ridge & Valley 

Riparian – on peaty soil over rocks, 
usually in shade and associated w/ 
water, <3000' S G3? SU - 

VASCULAR PLANTS 

Aconitum 
reclinatum 

Trailing white 
monkshood Blue Ridge, Ridge & Valley 

Rich cove sites, streambanks, 
seepages all with high pH S G3 S3 S3 

Allium 
oxyphilum 

Nodding 
onion 

Monroe, Summers, Mercer, 
Greenbrier Cos, WV Shale barrens, sandstone glades S G2Q - S2 

Arabis patens 
Spreading 
rockcress 

Frederick, Lee, Page, 
Shenandoah, Warren Cos 

Shaded, calcareous cliffs, bluffs, and 
talus slopes S G3 S2 S2 

Arabis 
serotina 

Shale barren 
rockcress 

Ridge & Valley N of New R 
watershed 

Shale barrens and adjacent open oak 
woods E G2 S2 S2 

Berberis 
canadensis 

American 
barberry Blue Ridge, Ridge & Valley 

Calcareous open woods, bluffs, cliffs, 
and along fencerows S G3 S3S4 S1 

Buckleya 
distichophylla Piratebush 

Blue Ridge S of Roanoke R, 
Ridge & Valley S of James R Open oak and hemlock woods S G2 S2 - 

Carex 
polymorpha 

Variable 
sedge 

Blue Ridge, Ridge & Valley, 
N of James R 

Open acid soil, oak-heath woodlands, 
responds to fire S G3 S2 S1 

Carex 
schweinitzii 

Schweinitz's 
sedge 

Bath, Montgomery, Pulaski, 
Washington Cos Bogs, limestone fens, marl marshes S G3G4 S1 - 

Clematis 
coactilis 

Virginia 
white-haired 
leatherflower 

Ridge & Valley, Rockbridge 
Co, S to Wythe Co 

Shale barrens, rocky calcareous 
woodlands S G3 S3 - 

Corallorhiza 
bentleyi 

Bentley's 
coralroot 

Alleghany, Bath, Giles Cos 
VA;  Monroe, Pocahontas 
Cos WV 

Dry, acid woods, along roadsides, 
well-shaded trails S G1G2 S1 S1 

Delphinium 
exaltatum Tall larkspur Blue Ridge, Ridge & Valley 

Dry calcareous soil in open grassy 
glades or thin woodlands S G3 S3 S2 

Echinacea 
laevigata 

Smooth 
coneflower Alleghany, Montgomery Cos 

Open woodlands and glades over 
limestone or dolomite E G2G3 S2 - 

Euphorbia 
purpurea Glade spurge Blue Ridge, Ridge & Valley 

Rich, swampy woods, seeps and 
thickets S G3 S2 S2 

Heuchera 
alba 

White 
alumroot Shenandoah Mtn High elevation rocky woods and bluffs S G2Q S2? S2 

Hypericum 
mitchellianu
m 

Blue Ridge St. 
John's-wort Blue Ridge, Ridge & Valley 

Grassy balds, forest seepages, 
moderate to high elevations S G3 S3 S1 

Iliamna 
remota 

Kankakee 
globe-mallow 

Alleghany, Botetourt, 
Rockbridge, Bedford Cos 

Open, disturbed riverbanks and 
roadsides S G1Q S1 - 
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Species Name 
Common 

Name Range on or near GWJNFs Habitat - Detail  TES 
G 

Rank 
VA 

SRank 
WV 

SRank 

Juglans 
cinerea Butternut Blue Ridge, Ridge & Valley 

Well-drained bottomland and 
floodplain, rich mesophytic forests 
mostly along toeslopes S G4 S3? S3 

Liatris helleri 
Turgid 
Gayfeather Blue Ridge, Ridge & Valley 

Shale barrens, mountain hillside 
openings S G3 S3 S2 

Lycopodiella 
margueritae 

Marguerite's 
clubmoss Bath Co  

Seasonally moist soils, wet acidic 
ditches, borrow pits S G2 NA - 

Monotropsis 
odorata 

Sweet 
pinesap Blue Ridge, Ridge & Valley 

Dry oak-pine-heath woodlands, soil 
usually sandy S G3 S3 S1 

Paxistima 
canbyi 

Canby's 
mountain 
lover Ridge & Valley 

Calcareous cliffs and bluffs, usually 
undercut by stream S G2 S2 S2 

Phlox buckleyi 
Sword-leaf 
phlox Blue Ridge, Ridge & Valley 

Open, often dry oak woodlands and 
rocky slopes, usually over shale in 
humus rich soils, often along 
roadsides S G2 S2 S2 

Poa 
paludigena Bog bluegrass Blue Ridge, Ridge & Valley 

Shrub swamps and seeps, usually 
under shade S G3 S2 S1 

Potamogeton 
hillii 

Hill's 
pondweed Bath Co Clear, cold calcareous ponds S G3 S1 - 

Potamogeton 
tennesseensis 

Tennessee 
pondweed Ridge & Valley 

Ponds, back water of streams and 
rivers S G2 S1 S2 

Pycnanthemu
m torrei 

Torrey's 
mountain-
mint 

Bland, Bath, Giles, 
Rockbridge, Wythe Cos 

Open, dry rocky woods, roadsides, 
and thickets near streams, heavy clay 
soil over calcareous rock S G2 S2? S1 

Scirpus 
ancistrochaet
us 

Northeastern 
bulrush Ridge & Valley 

Mountain ponds, sinkhole ponds in 
Shenandoah Valley. E G3 S2 S1 

Scutellaria 
saxatilis Rock skullcap Blue Ridge, Ridge & Valley 

Rich, dry to mesic ridgetop woods, 32 
counties in VA, likely G4/S4 S G3 S3 S2 

Sida 
hermaphrodit
a 

Virginia 
mallow 

Ridge & Valley, James R 
watersheds 

Riverbank glades with loose rock or 
sandy soil S G3 S1 S3 

Trillium 
pusillum var. 
moniticulum 

Mountain 
least trillium 

Great North Mtn & 
Shenandoah Mtn, VA & WV 

Open oak woodlands in well drained 
soil and margins of thickets S G3T2 S2 S1 

Vitis rupestris Sand grape Ridge & Valley 
Scoured banks of rivers and streams 
over calcareous bedrock S G3 S1? S2 

P=potentially affect by oil and gas leasing, E=endangered, T=threatened, S=sensitive 

 

FEDERALLY LISTED SPECIES 

Following is a brief description of each of the federally listed plant and animal species currently known to exist 

on the Lee, North River, Warm Springs, and James River Ranger Districts along with current management 

strategies for recovery. 
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Table D18 Federally Threatened and Endangered Species for the GWNF 

Taxa Species Status 

Mammal 
Indiana Bat 

(Myotis sodalis) 
Endangered 

Mammal 
Virginia Big-Eared Bat 

(Corynorhinus townsendii virginianus) 
Endangered 

Mussel 
James Spiny Mussel 

(Pleurobema collina) 
Endangered 

Vascular Plant 
Shale Barren Rock Cress 

(Arabis serotina) 
Endangered 

Vascular Plant 
Smooth Cone Flower 

(Echinacea laevigata) 
Endangered 

Vascular Plant 
Virginia Sneezeweed 

(Helenium virginicum) 
Threatened 

Vascular Plant 
Swamp Pink 

(Helonius bullata) 
Threatened 

Vascular Plant 
Northeastern Bulrush 

(Scirpus ancistrochaetus) 
Endangered 

 

Northeastern bulrush (Scirpus ancistrochaetus).   

Unless otherwise noted, the information used in this analysis comes from NatureServe (accessed in 2010). 

Northeastern bulrush was listed as endangered under the Endangered Species Act in 1991. Populations are 

known from MA, MD, NH, NY (presumed extirpated), PA, VA, VT, and WV. The habitat seems to vary 

geographically, although there are not enough sites to allow generalizations to be made. However, one does 

observe that in the south, sinkhole ponds are the most common habitat for the plant, and in the north, other 

kinds of wetlands, including beaver-influenced wetlands, provide suitable habitat. When this species was listed 

as endangered there were 33 known populations.  As of 2007, there were about 113 extant occurrences 

known in the Appalachians from southern Vermont and New Hampshire to western Virginia, with most 

occurrences in Pennsylvania. Most populations are in Pennsylvania (70) and Vermont (22) (USFWS 2008). The 

other populations are in Massachusetts (1), Maryland (1), New Hampshire (9), Virginia (7), and West Virginia 

(3) (USFWS 2008). There are about ten historical occurrences: New York (1), Pennsylvania (7), Virginia (1), 

Quebec (1). The plants are restricted to fairly specific wetland habitats that are infrequent, especially in the 

southern part of the range. Various threats are associated with the habitat, including drainage and 

development, agricultural runoff, and any developments that could alter the local hydrology. Additional, 

unsurveyed habitat does exist, and more populations of this species may be found in the future if the potential 

habitats remain intact. Long-term monitoring of known sites is needed before any conclusions can be drawn 

about the habitat needs of the plant, or about the stability of its populations in changing environments. 
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The implementation schedule for the northeastern bulrush recovery plan (USDI Fish and Wildlife Service 1993) 

includes five items that directly relate to Forest Service management: 

 Secure permanent protection for known populations; 

 Resurvey sites thought to have suitable habitat; 

 Verify, monitor, and protect any additional populations; 

 Identify potentially suitable habitat for additional surveys; and 

 Survey potential sites. 

 

Throughout its range, northeastern bulrush is found in open, tall herb-dominated wetlands. Often it grows at 

the water's edge, or in a few centimeters of water, but it may also be in fairly deep water (0.3-0.9 m) or away 

from standing water. In the southern part of its range, the most common habitat is sinkhole ponds, usually in 

sandstone. Water levels in these ponds tend to vary both with the season and from year to year. At least one 

site (in Massachusetts) is in a sand plain, where water level fluctuates as well. Two sites in Vermont are 

influenced to some extent by beaver activity as well as other hydrological factors. 

 

With the information available it is difficult to compare sites throughout the plant's range. For example, lists of 

associated species may represent an entire wetland or the immediate vicinity of the plant, but this is not 

always possible to determine from available information. Nevertheless, examination of field reports indicates 

that there is considerable variety in associated species. A few species, however, are common to several of the 

sites. These are Dulichium arundinaceum, Scirpus cyperinus sens. lat., Glyceria canadensis, and Triadenum 

virginicum. 

Virginia. There are seven extant northeastern bulrush sites in Virginia, with two ranked as A/AB, two ranked 

B/BC, and one ranked E. The status of most of these sites is unknown because they have not been surveyed 

since the 1980s or 1990s. Habitat includes emergent ridgetop shallow ponds, shallow sinkhole depressions 

and mountainside bench ponds. Four sites are located on private land, three are on public land, and ownership 

of one site is undetermined. In Virginia, the northeastern bulrush is listed as State endangered; however, no 

additional protection (e.g., buffers) is afforded to wetlands supporting the species. No upland buffers are 

regulated or protected around any wetlands in the State. The northeastern bulrush is protected under the 

Endangered Plant and Insect Species Act of 1979, which prohibits take without a permit, but individual 

landowners are exempt from these permitting requirements. 

West Virginia. There are three northeastern bulrush populations in West Virginia, two of which are ranked B, 

and one of which is ranked D. These occurrences were surveyed and last observed in 2005. Habitat includes 

sinkhole ponds atop a low, flat sandstone ridge, and small seasonal ponds. Two of these sites are located on 

private lands, and one is located on National Forest land managed by the U.S. Forest Service (USFWS 2008).  

The northeastern bulrush has no official status in West Virginia, and this State does not have an endangered 

species law. No upland buffers are regulated or protected around any wetlands in the State. 

Shale barren rockcress (Arabis serotina). Unless otherwise noted, the information used in this analysis comes 

from NatureServe (accessed in 2010). 

Shale barren rockcress was listed as endangered under the Endangered Species Act on August 8, 1989.  

Shale barren rockcress is a narrow endemic known only from shale barren regions of Virginia and West 

Virginia; one of the most restricted shale barren endemics. According to NatureServe, approximately 56 

occurrences are believed extant, 34 in Virginia and 22 in West Virginia, of these most made up of fewer than 

50 individuals; there are perhaps fewer than 4,000 plants altogether. Most occurrences are on public lands, 

predominantly National Forests. Depending on the definition of an occurrence, there appear to be more 

occurrences than indicated in NatureServe.  The following is from the Forest’s Monitoring and Evaluation 

Report 2004: 

“In 1993 there were 17 known occurrences of shale barren rockcress on the Forest.  The Forest’s 

focus since this species was listed has been to attempt to locate additional populations and further 

define its range on the Forest.  From 1994 to 1998 agency personnel worked cooperatively with the 
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Virginia Division of Natural Heritage and the USFWS to inventory shale barrens on the Forest (Belden, 

Ludwig, and Van Alstine 1999).  The Virginia Division of Natural Heritage identified 809 potential shale 

barrens from aerial photographs.  Of these, 188 were examined for rare species.  The inventory 

resulted in 27 new occurrences of shale barren rockcress, bringing the total known sites on the Forest 

(in Virginia) to 37.  This number does not include two sites where shale barren rockcress was known to 

occur recently, but could not be found in 1994.  In 2004 the West Virginia Department of Natural 

Resources discovered a new population of shale barren rockcress at the Little Fork North Shale Barren 

bringing the total occurrences on the Forest from the 77 reported by the West Virginia Natural Heritage 

Program in 2000 to 78.  This includes both Virginia and West Virginia information.  Of the 78 

occurrences, 17 were known in 1993 when the GWNF Plan took effect, so there has been an increase 

of 61 occurrences.”   

Because of the highly stressful nature of shale barrens environments, this species is not believed to be 

capable of tolerating much additional disturbance. Threats include road/trail construction and maintenance, 

erosion, inundation resulting from flood control measures, deer browsing, competition from exotic plants, and 

declines of its pollinators due to the spraying of Dimilin and BT insecticides for gypsy moth control. Shale 

barren rockcress is an endemic of shale deposits, occurring only on sparsely-vegetated xeric, south or west-

facing shale slopes (barrens) at elevations from 400 to 600 meters. Populations are known from both the 

shale openings and shale woodlands adjacent to the shale openings. All extant occurrences are on shale of 

Devonian age (Ludwig pers. comm.); a single occurrence was known from the Martinsburg shale of Ordovician 

age, but it is no longer extant.  The term "shale barren" is a general reference to certain mid-Appalachian 

slopes that possess the following features: 1) southern exposures, 2) slopes of 20-70 degrees and 3) a 

covering of lithologically hard and weather-resistant shale or siltstone fragments (Dix 1990). These barrens 

support sparse, scrubby growth; frequently-observed species include Quercus ilicifolia, Q. prinus, Q. rubra, 

Pinus virginiana, Juniperus virginiana, Prunus alleghaniensis, Rhus aromatica, Celtis tenuifolia, Kalmia latifolia, 

Bouteloua curtipendula, Andropogon scoparius, Phlox subulata var. brittonii, Silene caroliniana ssp. 

pensylvanica, Sedum telephoides, Antennaria spp., Aster spp., and Solidago spp. (Dix 1990). Local variations 

in associated flora may be considerable (Braunschweig et al 1999, Jarrett et al 1996, Keener 1970, Keener 

1983, Wieboldt 1987). Although adequate moisture is available for most plants within the substrata of the 

shale layers, adverse surface conditions act to restrict germination and establishment success of plants (Platt 

1951). It is primarily the effect of high surface temperatures that limits plant reproductive success in these 

habitats. Surface soil temperatures are often well above the physiological tolerance of most plant species, 

reaching maximum temperatures of 63 degrees Celsius (Dix 1990). Such temperatures are high enough to 

cause direct damage to seedlings. For additional detailed information pertaining to the shale-barren 

community, see Dix (1990). 

Recovery tasks for the Forest identified in the shale barren rockcress Recovery Plan include: 

 Implement and evaluate the monitoring program. 

 

Smooth coneflower (Echinacea laevigata).  Unless otherwise noted, the information used in this analysis 

comes from NatureServe (accessed in 2010). 

Smooth coneflower was listed as endangered under the Endangered Species Act on September 8, 1992 and 
is known from about 100 occurrences rangewide, a majority of which are of fair to poor viability in several 

southeastern states. Most historically known populations were destroyed by development and habitat 

alteration, especially the suppression of fire, and a number of remaining populations are primarily in marginal 

locations, where they are vulnerable to urbanization, the use of herbicides, repeated mowing, and potentially, 

collection for the medicinal trade. Small remote populations may suffer from loss of habitat due to succession. 

There are two known populations of smooth coneflower on the Forest.  One is along a roadside and mainly in 

the ditch, making management very difficult and dangerous.  The other is five miles west in an open woodland 

that can be managed. 

The Recovery Plan for smooth coneflower does not have any recovery tasks specific to the Forest. Indiana bat 

(Myotis sodalis). The distribution of Indiana bats is generally associated with limestone caves in the eastern 
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U.S. (Menzel et al. 2001). Within this range, the bats occupy two distinct types of habitat. During summer 

months, maternity colonies of more than 100 adult females roost under sloughing bark of dead and partially-

dead trees of many species, often in forested settings (Callahan et al. 1997). Reproductive females may 

require multiple alternate roost trees to fulfill summer habitat needs. Adults forage on winged insects within 

three miles of the occupied maternity roost. Swarming of both males and females and subsequent mating 

activity occurs at cave entrances prior to hibernation (MacGregor et al. 1999). During this autumn period, bats 

roost under sloughing bark and in cracks of dead, partially-dead and live trees. Wintering colonies occupy very 

specific climatic regimes in cool, humid caves or mines primarily west of the Appalachian Mountains (Barbour 

and Davis 1969; Menzel et al. 2001). Few sites provide these conditions, and approximately 85% of the 

species inhabits only nine caves or mine shafts (Menzel et al. 2001; USDI FWS 1999). 

Indiana Bat (Myotis sodalis).  Although most hibernacula have been protected, the Indiana bat still appears to 

continue a 5% decline in range-wide population every two years (Cochran et al. 2000). Causes of decline are 

not known and have continued despite efforts to protect all known major hibernacula. Researchers are 

focusing studies on land use practices in summer habitat, heavy metals, pesticides and genetic variability in 

attempts to find causes for the declines. 

Recommended habitat management includes protecting known significant hibernacula from human impacts, 

retaining forested condition around the entrances to significant hibernacula, and evaluating opportunities to 

protect Indiana bats through land acquisition (Menzel et al. 2001). 

It is difficult to quantify summer roosting habitat for Indiana bat at a range-wide, regional or local level due to 

the variability of known roost sites and lack of knowledge about landscape scale habitat characteristics. Forest 

management practices that affect occupied roost trees may have local impacts on Indiana bat populations. 

However, the bats live in highly altered landscapes, depend on an ephemeral resource--dead and dying trees--

and may be very adaptable. Anecdotal evidence suggests that these bats may respond positively to some 

degree of habitat disturbance (USDI FWS 1999). 

Several caves on the Forest have been known to support Indiana bats, at least historically. Steps have been 

taken by the Forest to protect these caves for the Indiana bat. Both males and females hibernate in large 

caves and mine tunnels. In 1995, bat gates were installed in several caves on the Forest. These caves are 

Shire's Saltpetre Cave on the New Castle Ranger District, and Kelly Cave and Cave Springs Cave on the Clinch 

Ranger District. Shire's Saltpetre Cave and Kelly Cave are the only caves on the Forest known to have been 

hibernacula for Indiana bats, at least historically. Cave Springs Cave is not currently known to be a 

hibernaculum for any rare bat species, but it has the potential to serve as a hibernaculum. In addition, Cave 

Springs Cave is known to contain a variety of troglobitic amphipods and isopods. Both forest-wide standards 

and a specific management prescription surrounding Indiana bat hibernacula are designed to protect roosting 

and foraging habitat as well as the hibernacula for the Indiana bat. The primary cave protection area is 

administratively unavailable for Federal oil and gas leasing. The secondary cave protection area is available for 

leasing with controlled surface use stipulations to protect Indiana bat habitat. 

Virginia big-eared bat (Corynorhinus townsendii virginianus).  This bat has a very limited range in Virginia and 

on the Forest.  It uses caves as both hibernation and maternity sites and none of the caves known to be 

currently used in Virginia or West Virginia are on the GWJNF.  This bat is also called the Western big-eared bat 

and formerly was in the genus Plecotus (you may still see it referred to this way).  This species is listed as 

endangered both at the federal (1979) and state (Virginia, 1987) level, and as of July 1, 2005 it is officially the 

Virginia state bat.  This bat is unique in that it is one of two bats in Virginia that uses caves almost exclusively 

during both summer and fall (the other species with a similar life history is the gray bat - Myotis griscesens). In 

Virginia this bat is currently only known to occur in Tazewell County (3 caves) during the summer and 5 caves 

in three counties (Tazewell, Bland, & Highland) during the winter.  There are historic records in Rockingham, 

Bath, and Pulaski (?) counties.  The area in Virginia where this bat is concentrated, and of greatest concern, is 

in the Tazewell County area where there are relatively large (~1,500 to 2,000 individuals) and well known 

winter hibernacula and a summer maternity caves.  Elsewhere in Virginia the bat is/was known to occur in 

caves with just a few individuals (usually <10), probably as transients.  The Virginia big-eared bat forages 

almost exclusively on moths and will feed over a wide variety of habitats including hay fields, corn fields, 

meadows, forests, etc. - wherever moths are found.  Therefore, caves (and only a very few) are the key habitat 
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element for this species.  It forages widely over many different types of vegetation and foraging habitat is not 

critical, nor are moths in short supply. (Note: this is a species to closely consider in our gypsy moth related 

projects.) 

James spinymussel (Pleurobema collina). The James spinymussel was federally listed as endangered in 

1988. Historically, this species was apparently throughout the James River above Richmond, in the Rivanna 

River, and in ecologically suitable areas in all the major upstream tributaries (Clarke and Neves 1984). The 

species remained widespread through the mid-1960’s, but now appears extirpated from 90% of the historic 

range. Extant populations and historical habitats on or near the National Forest are displayed in Table 3-75. 

This species is found in slow to moderate currents over stable sand and cobble substrates with or without 

boulders, pebbles, or silt (Clarke and Neves 1984). Hove and Neves (1994) found James spinymussels in 1.5 

to 20 m wide second and third order streams at water depths of 0.3 to 2 m. Seven fish hosts, all in the family 

Cyprinidae, have been identified (Hove 1990): bluehead chub, rosyside dace, blacknose dace, mountain 

redbelly dace, rosefin shiner, satinfin shiner, and stoneroller. Freshwater mussels are filter feeders taking 

organic detritus, diatoms, phytoplankton, and zooplankton from the water column. 

The following excerpt from Hove and Neves (1994) states the current thinking on threats: ―There are several 

anthropogenic and natural threats to the James spinymussel’s continued existence. Nearly all the riparian 

lands bordering streams with the James spinymussel are privately owned. With more intensive use of the land, 

it is probable that water quality and habitat suitability will deteriorate. At present, the most detrimental 

activities include road construction, cattle grazing, and feed lots that often introduce excessive silt and 

nutrients into the stream.‖ 

The introduced Asian clam is also considered to be a threat to the James spinymussel and is beginning to 

invade several sites (Hove and Neves 1994). Despite extensive searches on the Jefferson National Forest, the 

James spinymussel has been confirmed at only one site. This consisted on one live specimen found in 1990 

(O’Connell and Neves 1991). A subsequent survey in 2001 failed to locate any live specimens at this site. 

Based on this information it is uncertain that the Forest supports a viable population of James spinymussel. 

The main avenues for the Forest to aid in this species recovery are through land acquisition, assisting in 

augmentation efforts, and working with landowners to protect streams and streamside habitat.  See section 

titled ―AQUATIC VIABILITY DETERMINATIONS FOR OIL AND GAS LEASING‖ 

Exploration and production activity would have minimal, if any, effects to any TES species that may occur in the 

area. Most effects would be associated with exploration and development activities that disturb or destroy 

habitat that supports the occurrence of a TES species. All activities that involve leases will require the 

preparation of a Biological Assessment and/or Biological Evaluation that determines effects on the TES 

species and outlines appropriate mitigation measures. TES species, no matter where they occur within the 

lease area, will be protected to ensure viable populations and suitable associated habitat. Controlled surface 

use and timing stipulations along with application of forestwide and specific standards will reduce or eliminate 

most adverse impacts. Generally, specific locations of exploration and production activity is flexible, so impacts 

to TES species can be avoided by relocating the development and confining disturbance to previously 

disturbed areas. Federally listed species will require compliance with the Endangered Species Act with species 

protection and recovery objectives outlined in the Recovery Plan prepared for each species. All known 

occurrences of federally listed plants on the Forest site are protected within Special Biological Areas. These 

areas are available for Federal oil and gas leasing with controlled surface use stipulations to protect the plants 

and their habitat as well as other rare biological resources. 

For state listed species, the Forest will cooperate fully with the protection and recovery objectives set forth by 

the state. All alternatives include the general goal of contributing towards the recovery of federally listed 

threatened and endangered species (T&E). Additionally, the following activities are common across all 

alternatives: 

 Recovery plans (when available) will be followed for all T&E species; 

 Forest-wide population objectives for threatened, endangered, and candidate 

 plants will be followed; 
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 Forest-wide standards will be followed. For example, ―sites supporting federally listed threatened and 

endangered species or individuals needed to maintain viability are protected from detrimental effects 

caused by management actions‖; 

 Threatened, endangered, and sensitive species will be conserved through the site-specific biological 

evaluation process; 

 Surveys for all TES and their habitats will continue to be conducted on the Forest, particularly as part of 

the biological evaluation process in conjunction with projects likely to affect habitat for the species 

(project-level surveys would be conducted in accordance with procedures outlined in the Region 8 

supplement of Forest Service Manual 2672); 

 Monitoring of known populations of threatened, endangered, and sensitive species will be conducted 

consistent with Forest Manual direction. 

WILDLIFE 

The physical effects of oil and gas leasing upon wildlife include elimination of individuals that cannot move out 

of existing habitats being impacted by construction or reconstruction of access roads, clearing and leveling of 

drill pad sites, and construction of pipelines and facilities. Site access is developed by building a new road or 

improving an existing one. The potential impacts from new gas well development on the Lee, North River, 

Warm Springs, and James River Ranger Districts would vary by Alternative: 

Table D19 Wildlife Effects of Gas Well Development 

Oil and gas 

activity for 

vertical and 

horizontal wells 

GWNF 

Baseline 

RFD 

Alt A Alt B Alt C Alt D Alt E Alt F Alt G 

Number of wells 319 307 250 54 249 92 198 93 

Total reclamation 

(total 

disturbance) 

(acres) 

2,328 2,239 1,820 396 1,819 778 1,444 790 

 

Currently, there are no leases for Marcellus Shale gas wells on the Lee, North River, Warm Springs, and James 

River Ranger Districts. Road and drilling pad construction would result in the creation of edge and a reduction 

of forest interior habitat. Creation of edge can result in an increase in cowbird parasitism and predation upon a 

variety of species. Given the Lee, North River, Warm Springs, and James River Ranger Districts are in a 

generally forested landscape, the expected negative impacts of edge are not considered significant. Forest 

interior habitat will be lost as a result of road construction and creation of drilling pads. This loss is considered 

to be similar for each alternative, thus habitat for the ovenbird, a forest interior management indicator species, 

will be reduced for all alternatives. Conversely, creation of edge and early seral habitat can benefit some 

species, such as white-tail deer and wild turkey. Early successional bird species, such as indigo buntings, 

eastern towhees, and field sparrows may benefit from the resulting open and brushy habitats created from 

RFD of oil and gas resources. Habitat for the eastern towhee, an early successional habitat management 

indicator species, will be improved under all alternatives. In addition, habitat for white-tailed deer and wild 

turkey will be improved. 

NON-NATIVE INVASIVE PLANTS 

The Chief of the U.S. Forest Service (USFS) has identified non-native invasive species as one of the four critical 

threats to USFS ecosystems. As defined in Executive Order 13112 issued February 3, 1999, an invasive 

species is one that meets the following two criteria: ―1) it is nonnative to the ecosystem under consideration 

and, 2) its introduction causes or is likely to cause economic or environmental harm or harm to human health.‖   

In the United States, invasive species are reported to be the second-most critical threat to conservation of 

biodiversity (Wilcove et al. 1998). Nonnative plants are known to occur across Southern and Central 

Appalachian forests, often accounting for 25% or more of the documented flora. While not all non-native 
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species are known to disrupt native ecosystems, of particular concern are those that are successful at invading 

and rapidly spreading through natural habitats. Invasive plants create a host of harmful environmental effects 

to native ecosystems including: displace native plants; degrade or eliminate habitat and forage for wildlife; 

threaten endangered species; impact recreation; affect fire frequency; alter soil properties; decrease 

biodiversity; and more. Invasive plants spread across landscapes, unimpeded by ownership boundaries.  

Infested areas represent potential seed sources for continuation of the invasion on neighboring lands. 

The potential impacts from new gas well development on the Lee, North River, Warm Springs, and James River 

Ranger Districts would vary by Alternative: 

Table D20 Non-Native Invasive Plants Effects of Gas Well Development 

Oil and gas 

activity for 

vertical and 

horizontal wells 

GWNF 

Baseline 

RFD 

Alt A Alt B Alt C Alt D Alt E Alt F Alt G 

Number of wells 319 307 250 54 249 92 198 93 

Total reclamation 

(total 

disturbance) 

(acres) 

2,328 2,239 1,820 396 1,819 778 1,444 790 

 

Currently, there are no leases for Marcellus Shale gas wells on the Lee, North River, Warm Springs, and James 

River Ranger Districts. 

Ground disturbance caused by activities associated with Marcellus gas development includes road 

construction, well pad construction, pipeline construction and maintenance, and off-site facility construction.  

Ground disturbance creates habitat suitable for NNIP infestations.  Roads and pipelines are corridors for NNIP 

to move through the landscape.  The potential for NNIP infestation and movement increases with the amount 

of ground disturbance.  Alternative A has the most acres of potential ground disturbance and therefore has the 

greatest potential for NNIP establishment.  Alternatives B, D, and F would have 23% to 55% less ground 

disturbance than Alternative A and consequently as proportionately reduced threat of NNIP infestation.  

Alternatives C, E, and G would have a 283% to 565% reduced threat of NNIP infestation versus Alternative A. 

The potential for NNIP infestations from ground disturbing activities could be offset by specifying aggressive 

NNIP treatments when authorizing special use permits. 

POTENTIAL WILDERNESS AREAS AND INVENTORIED ROADLESS AREAS  

Development of gas wells could affect Potential Wilderness Areas and Inventoried Roadless Areas on the North 

River, James River and Warm Springs Ranger Districts.  In Alternatives B, C, D, E, F, and G areas allocated to 

the Remote Backcountry Management Prescription Area would be leased with a no surface occupancy 

stipulation so there would be no impacts to those areas.  The only impacts would occur in the portions of the 

Potential Wilderness Areas or Inventoried Roadless Areas that are not allocated to Remote Backcountry.  Table 

D21 displays the Inventoried Roadless Area acres potentially affected by gas development. 
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Table D21 Inventoried Roadless Areas Potentially Affected by Gas Development 

Potential 

Wilderness Name 

Potential 

Wilderness 

Area Acres 

Inventoried 

Roadless 

Area Acres 

Acres of Inventoried Roadless Area not protected by 

Backcountry Prescription 

A  B C D E F G 

Archer Knob 7,100 
               

Beards Mountain 10,200 7,500 7,500 
      

Beech Lick Knob 14,100 
        

Crawford Knob 14,900 9,900 9,900 1,200 
 

1,400 
   

Elliott Knob 11,100 9,400 9,400 200 
     

Galford Gap 6,700 
        

Gum Run 14,500 12,600 12,600 
      

High Knob 18,400 12,900 12,900 500 
     

Jerkemtight 27,300 16,800 16,800 800 
 

800 
   

Laurel Fork 10,200 10,000 10,000 
      

Little Alleghany 15,400 10,200 10,200 700 
 

1,000 1,000 
  

Little River 30,200 27,200 27,200 1000 
     

Oak Knob - Hone 

Quarry Ridge 
16,300 10,800 10,800 800 

 
1,200 

   

Oliver Mountain 13,000 13,000 13,000 
      

Paddy Knob 6,000 
        

Potts Mountain 7,000 
        

Ramseys Draft 

Addition 
19,100 12,800 12,800 

      

Rich Hole Addition 12,200 10,900 10,900 1,500 
 

1,500 1,500 
  

Rich Patch 900 
        

Rough Mountain 

Add 
2,100 1,200 1,200 

      

Shaws Ridge 7,300 
        

Total 264,000 165,200 165,200 6,700 0 5,900 2,500 0 0 
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Table D22 displays those portions of the Potential Wilderness Areas potentially affected by gas development 

Table D22 Potential Roadless Areas Potentially Affected by Gas Development 

Potential 

Wilderness 

Name 

Potential 

Wilderness 

Area Acres 

Inventoried 

Roadless 

Area Acres 

Acres of Potential Wilderness Area not Protected by Prescription 

(Backcountry, SBA, Shen Mtn) 

A  B C D E F G 

Archer Knob  7,100   7,100 7,100   7,100   7,100 2,200 

Beards 

Mountain 10,200 7,500 2,600     1,800   1,800 1,800 

Beech Lick 

Knob 14,100   14,100 8,500   8,500     5,800 

Crawford Knob  14,900 9,900 5,000 5,000   5,000 2,500 2,500 5,000 

Elliott Knob 11,100 9,400 1,700 1,700   1,700 1,700   1,700 

Galford Gap  6,700   6,700 6,700   6,700 6,700   6,700 

Gum Run  14,500 12,600 1,900 1,900   1,400       

High Knob 18,400 12,900 5,600 5,600   5,300     4,100 

Jerkemtight  27,300 16,800 10,500 10,500   10,400 4,300 4,300 3,600 

Laurel Fork  10,200 10,000 200 200           

Little Alleghany 15,400 10,200 5,200 5,200   5,200 5,200   5,000 

Little River  30,200 27,200 3,000 3,000   2,400   2,400 1,500 

Oak Knob - 

Hone Quarry 

Ridge 16,300 10,800 5,500 5,500   4,400       

Oliver 

Mountain 13,000 13,000 0             

Paddy Knob  6,000   6,000 6,000   5,100 5,100   5,100 

Potts Mountain 7,000   7,000 7,000   7,000     7,000 

Ramseys Draft 

Addition 19,100 12,800 6,300 6,300   5,400 4,700   3,400 

Rich Hole 

Addition 12,200 10,900 1,200 1,200   1,200 1,200   1,000 

Rich Patch 900   900 900           

Rough 

Mountain Add 2,100 1,200 900 900   800     900 

Shaws Ridge 7,300   7,300 7,300   7,200       

Total 264,000 165,200 98,700 90,500 0 86,600 31,400 18,100 54,800 

 

RECREATION  

 

The Reasonably Foreseeable Development (RFD) for federal oil and gas uses the assumption that the entire is 

George Washington National Forest is open to federal oil and gas leasing except areas withdrawn by law, 

specifically designated Wildernesses and the Mount Pleasant National Scenic Area. The recreation opportunity 

settings of the national forest are inventoried using the Recreation Opportunity Spectrum (1986 ROS Book, 

USDA Forest Service).  The spectrum of settings ranges from primitive to urban.  Settings inventoried on the 

George Washington National Forest include semi-primitive non-motorized (SPNM), semi-primitive motorized 

(SPM), roaded natural (RN), and rural (R).  There are no areas on the Forest that meet the inventory criteria for 

the two extreme ends of the spectrum:  primitive and urban.   

The RN setting allows human-made structures such as wellheads but these are generally scattered and remain 

visually subordinate from sensitive travelways. In the RN setting, remoteness is of little relevance due to the 

expected proximity to roads and/or facilities.  However the semi-primitive settings provide opportunities for 

remote, backcountry recreation where there is little evidence of human-made structures other than trails and 
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their associated signs and structures.  Some vestiges from the past may be evident, but have been 

substantially reclaimed by nature.  Examples include old narrow gauge railroad grades and logging roads.   

There are approximately 995 miles of national forest system trails within the baseline RFD area, excluding 

trails in designated Wildernesses and the National Scenic Area.   These trails are multiple-use, most allowing 

hiking, horseback riding and mountain biking.  Three trails that total 65 miles allow motorized use.  Hunting 

and some fishing are common dispersed recreation activities. 

There are 59 developed recreation areas within the RFD area, and an additional 52 developed sites that 

support dispersed recreation.   

Oil and natural gas development would affect recreation activities primarily in terms of the degree to which the 

settings and patterns of use are changed due to development operations.  There are 847,566 acres, or 80% of 

the George Washington National Forest, in federal mineral ownership and not withdrawn from mineral leasing 

by law.  Access road construction, gas well pad construction, gas pipeline construction and drilling operations 

could impact the developed and dispersed recreation visitors’ experience and the recreation settings.   

The sights and/or sounds of gas development activities may negatively impact the experience of recreationists 

using trails or recreating off-trail in the general forest area in the vicinity of lease activity, particularly during the 

drilling operation, pipeline construction and subsequent maintenance periods.  A short-term result would be 

use pattern changes in the form of avoidance and displacement to other areas. A normal drilling operation 

would require about three months, beginning with site clearing and ending with site restoration. With 

production operations, the disturbance would normally be limited to the immediate area of the wellhead and 

the access road.   

Within RN settings and given the latitude for well pad location contained in existing regulations, the negative 

impacts of leases can usually be mitigated during the production phase.  Long-term, site restoration would 

allow the RN criteria to be met.  Lease stipulations or Conditions of Approval on Surface Use Plans of 

Operations would ameliorate or eliminate impacts in some cases. 

Within SPM and SPNM settings, a natural, unmodified environment should dominate.  Areas of inventoried 

SPNM and SPM recreation settings that are allocated to prescription areas where federal oil and gas leasing is 

not available or would have a No Surface Occupation stipulation include Wilderness, recommended 

Wilderness, Appalachian Trail corridor, research natural area, designated National Scenic Area, recommended 

National Scenic Area and remote backcountry.   These acres of semi—primitive settings are substantially 

protected and there would be little impacts to them.   

In SPNM and SPM settings, there should be no permanent roads, on-site management controls should be 

subtle, and within SPNM areas there should be no motorized use.  The construction, operations and 

maintenance of roads, wells, pipelines, their permanent presence in the setting, and the increased interactions 

between Forest visitors to these settings and lessees and contractors are not consistent with the experience 

characterization for SPM and SPNM.  The table below shows acres of SPNM and SPM that are allocated to 

prescription areas that would be available for oil and gas leasing with either controlled surface occupancy, a 

timing stipulation or standard lease terms. 

Table D23 Summary of Semi-Primitive Settings Available for Oil and Gas Leasing With Surface Occupancy by Alternative 

Stipulations and Terms ALT A ALT B ALT C ALT D ALT E* ALT F ALT G 

Controlled Surface Occupancy Stipulation, 

SPNM+SPM acres 
5,856 5,615 0 5,395 5,367 5,320 5,384 

Timing Stipulation, SPNM+SPM acres 656 0 0 659 659 659 659 

Standard Lease Terms, SPNM+SPM acres 183,863 167,512 0 177,968 125,643 107,763 134,355 

Summary of SP Acres Available for Oil and 

Gas Leasing 
190,375 173,127 0 184,022 131,670 113,742 140,398 

*Under Alternative E, no horizontal drilling and associated hydraulic fracturing operations will be allowed. Source of Data:  

ROS Acres by Alternative generated by GIS, with leave availability options per the Suitable Uses by Alternative Table applied.   



Chapter 3 – Affected Environment and Environmental Consequences George Washington National Forest 
Draft EIS  April 2011 

 

3-362                                 D Federal Oil and Gas Leasing Availability 

 

Based upon the baseline RFD, anticipated minerals activities and the resultant impacts from potential new gas 

well sites, associated roads, pipeline clearing and disturbance, following are the alternatives descending from 

greatest impacts to less impacts: Alternative A, Alternative D, Alternative B, Alternative G, Alternative E.   

Impacts may be mitigated by the Conditions of Approval on Surface Use Plans of Operations under all of the 

alternatives.   

All of the developed recreation sites would be protected from direct affects of gas production by the Controlled 

Surface Use stipulations or Conditions of Approval on Surface Use Plans of Operations under all of the 

alternatives. However, there is some potential for recreationists to hear or see evidence of gas development 

activities taking place near the recreation site. These would normally be short- term impacts during production 

periods. 

There is potential for roads and pipelines constructed to support oil and gas development and operations to 

impact trails and trail users.  Direct impact to trails would occur in instances where access roads or pipelines 

cross them.  Roads generate noise, dust, and safety concerns. Storm water runoff from roads and 

maintenance operations can potentially damage trails.   

Alternative C would have the least impact on trails, followed by Alternatives E and G. The alternative that would 

likely have the most impacts on trails is Alternative A.  It has the greatest potential for occurrences of crossings 

or close proximity to trails that would impact trails and trail users.  The alternatives with the next greatest 

potential for impacts to trails are Alternatives B and D.  These effects may be mitigated, to varying degrees, 

through rehabilitation, management controls, and/or trail relocation. Lease stipulations or Conditions of 

Approval on Surface Use Plans of Operations would ameliorate or eliminate impacts in some cases. 

As of September 2010, existing federal oil and gas leases were in effect on 1.2% of the George Washington 

National Forest lands.  Considering both potential federal leases and potential private minerals development 

on national forest land, and the resultant impacts from expected new gas well sites, associated roads, pipeline 

clearing and disturbance, Alternative A would have the greatest impacts on recreation resources, followed by 

Alternative D.    

SCENERY 

 

The scenic resource is affected by management activities altering the appearance of what is seen in the 

landscape. Short-term scenic effects are usually considered in terms of degree of visual contrast with existing 

or adjacent conditions that result from management activity. The scenic landscape can be changed over the 

long-term or cumulatively by the alteration of the visual character. Management activities, which result in visual 

alterations inconsistent with the assigned SIO, even with mitigation, affect scenery.  Management activities 

that have the greatest potential of affecting scenery are road construction, vegetation management, insect and 

disease control, special use utility rights-of-ways, and mineral extraction. 

Mineral management and development activities can involve major alteration to landform, as well as contrasts 

to form, line, color, and texture, causing substantially adverse scenic impacts. Natural gas drilling and 

production are not common on the George Washington National Forest. To date there have been only five 

exploration wells and no wells have gone to production.  Currently, the activities associated with minerals 

involve shale pits, limestone extraction and surface collection of building rock.  New activities associated with 

federal oil and gas leasing will impact scenery. 

The most significant visual impacts from natural gas well development would occur during the drilling 

operation and subsequent maintenance periods. Drilling rigs and other equipment would give the area an 

industrial look that is out of character with the surrounding landscape. The negative visual impacts from drilling 

would include the construction of well pads, access roads and pipelines along with the operation and sight of 

the necessary drilling equipment. A normal drilling operation would require several months, beginning with site 

clearing and ending with site restoration. The areas are moderate to steeply slope and there may be some 

steep cut slopes that would likely be necessary in the construction of roads and well pads. The following table 

shows the potential development of roads, pipelines, and well pads by alternative. 



Chapter 3 – Affected Environment and Environmental Consequences George Washington National Forest 
Draft EIS  April 2011 

 

D Federal Oil and Gas Leasing Availability  3-363 

 
Table D24  Federal Oil and Gas Leasing Activities by Alternative That Affect Scenery 

SUMMARY ALT A ALT B ALT C ALT D ALT E ALT F ALT G 

Roads (miles) 195 150 0 150 43 111 44 

Pipelines (miles) 214 166 0 165 47 122 48 

Well pad acres 492 380 0 380 77 281 79 

 

Based upon the Reasonably Foreseeable Development (RFD) scenario, potential minerals activities and the 

resultant impacts from expected new gas well sites, associated roads, pipeline clearing and disturbance to 

soils, the Alternatives rank, in descending order, from the greatest impacts to the least impacts as follows:    

Alternative A, D, B, F, G, and E. Related to oil and gas leasing, Alternative C would have no impact on scenery. 

Potential maximum direct, indirect and cumulative effects to scenery resources can be assessed according to 

the maximum extent within which the characteristic landscape is altered, including changes to line, color, 

texture and scale.  Ground-disturbance, grading and vegetation clearing activities can potentially occur for all 

alternatives except Alternative C. The principal proposed activities that could alter the characteristic landscape 

include construction of roads, well pads and pipelines.  Cumulatively, the repeated implementation of these 

project activities could, over time, result in the degradation of scenery.   

CULTURAL RESOURCES 

The George Washington National Forest contains a multitude of sites representing past human events. 

Beginning with Native American occupations dating as early as 8000 B.C., the variety of cultural resources is 

impressive. Prehistoric sites include multi-use base camps, transient camps, hunting and gathering stations, 

quarries, lithic reduction stations, and rock-shelter occupations. The most common site type is often referred to 

as a lithic scatter and represents a short-term occupation where stone tools were made and/or sharpened and 

may be associated with a plethora of ancillary activities.  Native American sites are found throughout the 

Forest for all time periods with the exception of the Ice Age Paleoindians. Unknown Paleoindian sites may exist 

on the Forest but have yet to be located.  Cultural resources are important resources that require inventory, 

evaluation, protection, and interpretation. 

Direct and indirect affects to historic or cultural resources could result from both natural and human-caused 

events. These vary depending upon the type of resource, the fragility of the resource, and the type of 

disturbance, but could include soil disturbance to varying depths, vegetation removal, looting or vandalism, 

and land use changes. 

Accordingly, five types of ground disturbing land management activities that vary in magnitude (acres or miles) 

have the greatest potential to affect cultural resources. These include:  timber management, road construction, 

fire management, mineral management, and recreation use.  To a lesser degree, other forms of land 

management, such as landownership adjustment (land exchange), special use permits, structures 

management, and wildlife management can also affect cultural resources.   

Exploration and development of leasable minerals, oil, gas, and mineral materials may impact cultural 

resources through access road construction, pipeline construction, well pad placement, and actual removal 

and displacement of minerals and soil.  Mineral extraction may produce severe, albeit localized, direct effects 

to significant cultural resources as the overburden containing historic resources are removed.  Indirect effects 

could include damage to significant cultural resources located outside the area of immediate mining resulting 

from erosion, the installation of road accesses and equipment staging areas, and vandalism and looting 

resulting from increased access to these historic properties. 

Apart from these common effects, potential maximum direct, indirect and cumulative effects to cultural 

resources can be assessed according to the maximum extent within which ground-disturbing activities can 

potentially occur for each alternative. The principal proposed ground-disturbing activities include construction 

of roads and well pads.  Cumulatively, the repeated implementation of these project activities could, over time, 
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result in the degradation of sites, a potential reduction in the number of intact historic properties, and 

increased site vandalism. 

Analysis of effects of minerals management to significant cultural resources is performed programmatically in 

compliance with existing laws and regulations (e.g., 36 CFR 296, 800, and the PA with the Virginia SHPO) and 

occurs on a case-by-case basis separate from alternatives.  Therefore, effects to cultural resources resulting 

from minerals management are not affected by alternative. 
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