"'De'vello'ping Ecological Offsetsidorld=S."Shalé Plays:
Five Years of Learning(s)

Russ Krauss
Vice President, Marketing & Analysis PR RG]
Resource Environmental Solu_tj_gﬂg,_;L_gg i R

el

Environmental Issues and Solutions in Exploration,
Production, Refining & Distribution of Petroleum






Competition for Water in US Shale Energy Development
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Permitting U.S. Onshore

Environmental Issues for U.S. Shale Gas Plays

Barnett Shale Fayetteville Haynesville Marcellus Utica Eagle Ford
Shale Shale Shale Shale Shale

New Urban
Traffic Development Development Water Sourcing Wildlife
Areas

Hydraulic

Noise Well Siting, Well Construction .
Fracturing

Vegetation

Archeology and

Air Emissions | NORM Cultural LELEl Wetlands and

Management Streams
Resources

Surface Impacts:
Well Siting, Drilling Pads, Flowlines, Laterals, Gathering Systems, Processing Plants




NEPA: National Environmental Policy Act
One Project, Many Federal Permits

Natural Gas Act Section 7 Resource Reports

Land Use Air and
Wetlands and Water : _— : :
) Vegetation  Wildlife Fish Culture and Noise
Water Use Quality : :
Recreation Quality
Magnuson-
Clean Water Act . St_evens National National
Migratory Fishery L
and . . Historic Parks and :
: . : Bird Treaty | Conservation . . Clean Air Act
National Pollution Discharge Preservation | Recreation
T Act and
Elimination System Program Act Act
Management
Act
Archeological
Coastal Zone Management Act Endangered Species Act e Hlsto_rlc
Preservation
Act
_ National
Execut_lve Qrder 1198.8 National Wilderness Act Wilderness
(Construction in Floodplains) Act
Executive Order 11990
(Construction in Wetlands)
Wwild and
Wild and Scenic Rivers Act Scenic
Rivers Act

2010: Ruby Pipeline: 2.5 years permitting, $3.8MM

for 4.667 acres of Habitat; $1.7MM Threatened Speci

2013: Post-project Enforcement In Process

es



Haynesville Shale

Potential
Surface Impact
to Wetlands
Every 5t Well

Permits:
CWA 8404 RGP/IP
Well Pad and Infrastructure
Access Roads and Flowlines

USACE Vicksburg District
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Legend

/ D PA Select Counties Water features

PA Marcelus Shale Boundary Bay or Estuary or Ocean
— |6DigtHUC [ I steam
B 7 Wetlands [ take

| Lake Intermittent
Lake Dry

| | Reservair

Reservair Intermittent
Canal

Glacier

_ Swarmp or Marsh
- PAMajor Rivers
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Typical Regulators of Wetlands And Streams

Haynesville/LA

Marcellus/PA

Utica/OH

Eagle Ford/TX

US Army Corps of

US Army Corps of

US Army Corps
of Engineers:

US Army Corps

: N Engineers: . of Engineers:
Englneer_s. Y|cksburg Pittsburgh, Baltimore Plttspurgh, Galveston, Fort
District > Huntington o
Districts o Worth Districts
Federal Districts
US EPA Region 6 US EPA Region3 | U° EPA\;) Region | US EPA(‘S Region
. - . . US Fish & US Fish &
lés i & widie lés rens W."d"‘;e Wildlife Service | Wildlife Service
ervice Region ervice Region Region 3 Region 2
_ Pennsylvania Ohio
Loumane_l Department Department of Environmental Tgxa;
of Environmental . : Commission on
. Environmental Protection :
Quality Protection Agency Environmental
(LA DEQ) (PADEP) (Ohio EPA) Quality (TCEQ)
Ohio Texas Parks
Loumang D_epartment Pennsylvania Game Department of and Wildlife
of Wildlife and . Natural
. . Commission Department
State Fisheries (LDWF) Resources (TPWD)
(Ohio DNR)
Louisiana Department Pennsylvania Fish Texas General
of Natural Resources and Boat Land Office
(LA DNR) Commission (GLO)

Pennsylvania
Department of
Conservation and
Natural Resources
(PA DCNR)




Environmental is a small part
of our project budget.

Environmental issues and permitting have
the largest impacts on project timing.
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STATE OF ARKANSAS
WETLAND AREA MAP




Utica Shale

| oo State Boundary

-jUﬂ:a Shale Play In Ohio (10,983,383 Acres) =0 e
" Bowling Graen

lesource
Environmental 1
Solutions J Detiance.

M;;iivl!t» I.;

- Utbana

| "] ohio State Boundary
Resaurcs | "] utica Shale Play In Ohio (10,983,383 Acres)

Environmental _ -t _
Solutions Utica Streams (41,400 Miles)




EDWARDS R

Eagle Ford Shale
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Eagle Ford Shale
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CORPS OF ENGINEERS REGULATORY JURISDICTION

Tidal Waters Fresh Waters

T*“:::::m% i “Waters of the
High Tide Line T ) -
b

Section 10
(if navigable)

;dwmm E 1) I il 7 M\. pie® U nltEd StateS”

Coastal
Tidelands | Wetlands

Vegetation assoclated
‘with salt & brackish water

Wetlands

Marshes, swamps,
begs, & simllar areas

SECTION 404
Section 103 Section 404 Section 10 Dicharge of Dedged o Fl Matesl i
Ocean Disposal Discharge of Dredged or Fill Material All Structures and Work
of Dredged Material (all waters of the U.S.) (navigable waters) oG
i Al filling activities, utility lines, outfall structures, Dreding, marinas, piers, wharves, : 3 J08
Typical examples e S, Creings, Taarh il hes HpEAR, floats, intake / outtake pipes, ASiuctzes and Wik
of regulated activities Sy Jetties, some excavation activities, etc. pilings, bulkheads, ramps, fills, 3 it Navgable Wiater ofU'S,
overhead transmission lines, etc.

Percentage of Surface Drinking Water from
Intermittent, Ephemeral, and Headwater Streams

FRESH WATER RIVERS FRESH WATER
UPLAND WETLANDS SR WETLANDS URLAND
PONDS.

Corps of Engineers Regulatory Junsdiction i FRESH WATERS

|ﬁ 120 240 430

Ke%:talnlermittem, ephemeral, and headwater stream miles as percentage
of total stream miles contained in all SPAs for a given county.
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Enforcement
National Enforcement Initiatives

EPA protects people’s health and safeguards communities by assuring compliance with the nation’s
environmental laws and by taking enforcement action when laws are violated. Every three years, EPA sets
national enforcement initiatives to focus civil and criminal enforcement resources and expertise on serious
pollution problems affecting communities. The 2011-2013 initiatives were chosen with state and public input

and support EPA’s seven priorities.

Our National Enforcement Initiatives for Fiscal Years 2014 - 2016

EPA will continue our current National Enforcement Initiatives for the 2014-2016 fiscal years. Read the announcement.
(PDF) (4 p 84 kb, About PDF)

Assuring Energy Extraction Sector Compliance
with Environmental Laws

“... EPA will develop an initiative to assure that energ  y extraction
activities are complying with federal requirements to prevent
pollution of our air, water and land.”

www.epa.gov/oecaerth/data/planning/initiatives/initiatives.html



InspectionsfEvaluations and Enforcement Actions

Annual Number of EPA Energy Extraction Inspections/Evaluations
and Concluded Enforcement Actions
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ProactiV
Early Understafing ofiScop@and Magnitude
Seek Alternatives and8blutions
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“We only drill €
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Risk Manc ent = Liability Transfer

Do Not Avaid Compliance, The Costs are Too High



Ecosystem Services

Ecosystem services are societal benefits derived from ecosystems

* Provisioning Services
— Fisheries
— Fresh water
— Wood products
— Natural pharmaceuticals

 Regulating Services
— Air quality
— Local climate
— Water quality/quantity
— Waste assimilation

Q — Soil quality

e Cultural Services
— Navigation
— Recreational angling
— Scuba diving
— Education/Research

e Supporting Services

— Cycling of
carbon, phosphorus, silic
on, etc.

— Photosynthesis
— Chemosynthesis



Economics

Services

Infrastructure Services Benefits

(After Fisher, Turner and Morling, 2009)



Ecology of Wetlands

Processes

Functional
Societal Benefits of Wetlands Indicators

Services Credit for

= Wetland
Ecosystem Service Mitigation
Indicators

Methods for Valuing Wetland Services

Markets Revealed
preferen

(Adapted from Hein et al 2006 and Turner and Daily 2008)



Functional Assessment Methods Applied to
Quantify Impacts to Waters of the United

States
Play State Wetlands Streams
Haynesville Louisiana Vicksburg District: Little Rock District Stream
Charleston Method Assessment Method
Marcellus Pennsylvania Ratio and Level 2 Ratio and Level 1, Level 2
Wetland Rapid Riverine Rapid Assessment
Assessment Protocol Protocol
Utica Ohio Ohio EPA: ORAM and Ratio and
Ratio Huntington/Pittsburgh
Approaches
Eagle Ford Texas Fort Worth District: Fort Worth: Ratios, TXRAM

TXRAM, Galveston
District: HGMi

Galveston: Interim Stream
Assessment SOP




Comparison of Assessment Methods
on Single Wetland Fill Project

Cost per
Assessment | Ratio: Offsets Impact
District Method to Impacts*® Acre**
Vicksburg | Charleston Method 3.6:1 $72,000
Ohl:;vn . ModlfllevtljetChr:)e(Ijrleston 5 4-1 $48.000
Galveston HGMi 0.7:1 $15,000
Fort Worth TXRAM 0.6:1 $12,000

*Based on results of typical bottomland hardwood wetland impact/mitigation scenario
comparison conducted by Society of Wetland Scientists Functional Assessment
Workshop, National Wetlands Research Center, Lafayette, Louisiana.

**Assumes $20,000 per mitigation acre.



Mitigation
Typical Mitigation Sequence for
Environmental Impacts:

v Avoid
v Minimize
v Compensate

Compensatory Mitigation
In Order of Preference:

e Mitigation Banks
* |In Lieu Fee Programs
Q » Permittee Responsible Mitigation



BEFORE

AFTER




Post Drilling Restored Well Site




Degraded Stream Before
Restoration

Restored Stream Post
Construction
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Post Construction Strearn
Post Construction Stream With B_u_ﬁer Grown Out
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