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THE NATURE CONSERVANCY

SAVING THE LANDS AND WATER ON WHICH ALL LIFE DEPENDS

_CONSERVING
CRITICAL LANDS

SECURING
FRESH WATER

RESTORING
OUR OCEANS




DEVELOPMENT BY DESIGN

Developmentby Design Framework

1. Setting Priorities: Develop a Iandscap?

Avoid conservation plan (ecoregional
assessment) Landscape
1 : 5 —— Level
2. Projecting Impacts: Blend landscape Analvsis
Minimize planning with the mitigation hierarchy; -
evaluate impacts based on vulnerability
l & irreplaceability =
3. Identifying Best Options: Determine
Restore residual impacts associated with project ~v
development; select optimal offset ' OeC,r
portfolio 1 aa
Offset 4. Measuring Progress: Estimate offset

contribution to conservation goals
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Pipeline Development — Minimizing
Landscape Impacts

* Scale and Nature of Impacts

e Strategies and Tools for Reducing Landscape
Impacts



Most People Focus on This...

Photo; Martha Rial




But Most of the Impacts Come From This
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Scale and Nature of Impacts



Scope and Scale of Energy Development
Unprecedented in North America

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

Energy development is expanding into many areas that
previously were not at risk

Significant opportunities for improved siting and mitigation

Source: Fargione et al (in press)



Direct vs. Landscape impact




Direct vs. Landscape impact




Direct Impact 51M acres

(Nebraska)

2%11%

w coal
w biofuels

. gas 10 millionacres
w oil

w nuclear

.. renewables

Source: Fargione et al (in press)



Indirect Impact

203M acres

2%\0%

(Texas)

w gas 110 millionacres

w oil

.. coal

w biofuels

w renewables

= nuclear

Source: Fargione et al (in press)
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Appalachian Energy Projections — Forest Risk

»
gheNature @

onservancy ~

Protecting nature. Preserving life.”

nature.org

Central Appalachian Energy Assessment
Intersection between High Probability
Energy Develpment Areas

and Forest Cover in the Appalachian LCC

l:\ Appalachian LCC
|:] No Intersection
- Wind

- Shale Gas

Map Produced by Judy K. Dunscomb
Date: 6/3/2014




Geographic Projections for Marcellus
Development

Modeled the relationship between:
* Drilled and permitted Marcellus wells (from PA-DEP data)

 Spatial variables related to geology and infrastructure:

- Thermal Maturity s

- Shale Depth o

- Shale Thickness T -

- Percent Slope *“f;'"

- Distance to Roads T T
- Distance to Pipelines g




Geographic Projections for Marcellus
Development

MEDIUM DEVELOPMENT SCENARIO
(I0,000 NEW WELL PADS BY 2030 WITH AN AVERAGE OF 6 WELLS PER PAD)

New York

Ohio |
|
\
|

W %@ E

New Jersey

@ [lrojected Pad Locations
Probability Surface

- High

b Low

Maryland

West Virginia




How Many New Gas Pipelinesin U.S?

» 298,000 miles of large diameter
natural gas transmission pipelines in
U.S.

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

» Pipeline industry estimates >5,000
miles of large diameter natural gas
transmission pipelines are being built
annually.

Photo: Nels Johnson - TNC




How Many New Gas Pipelinesin PA?

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

» Pipeline mileage in PA will at least
quadruple by 2030

» The gathering pipeline footprint alone
is larger than the cumulative area
impacted by all other Marcellus gas
infrastructure combined

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



Water Quality — Sediment and Nutrients
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Land Use — Habitat Loss

Photo: Mark Godfrey-TNC




Land Use — Habitat Fragmentation

Oil/Gas Transmission Pipelines (12 acres/mile)
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Environmental Impacts of Pipeline ROWs
Physical Impacts

Soll disturbance/erosion
Noise (electrostatic)

Noise (compressor
stations)

VOC and methane
emissions (natural gas)

Light (large electric lines)

Chemical use/spills

Photo: Mark Godfrey- T, |

Mowing/cutting vegetation
"



Ecological Impacts of Transmission ROWs

Habitat fragmentation
Increased predation

Vectors for invasive
species

Animal travel corridors

Favorable sites for early
successional/grasslan
d species

Photo: 'Mark Godfrey - TNC

Audubon Pipeline Workshop - Harrisburg, PA



Strategies and Tools to Reduce Ecological
Impacts




Strategies to Minimize Pipeline Impacts

1) Demonstrate Need/Share Capacity

2) Regional/Landscape Planning

« EnSitu Landscape Tool
 Regional Pipeline Siting Tool

3) Impact or Mitigation Fees
4) Co-Locate Pipelines With Other Right-of-Ways
5) Narrow Right-of-Ways

1) Right-of-Way Management
« TNC Recommenaed Conservation Practices



Tools to Reduce Impacts: EnSitu

Flexibility in Siting at the Surface




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

The ArcGIS-Based Shale Siting Tool:

* Generates shale oil/gas surface infrastructure scenarios
that avoid and reduce environmental impacts and risks

* |Incorporates existing environmental regulations and
encourages exclusions and setbacks beyond regulatory
minimums

+ Assesses trade-offs between environmental impacts and
infrastructure development costs

Environmental Impact

0 Additional Project Cost Max



Tools to Reduce Impacts: EnSitu

Tool Applications

* Reduce habitat impacts and minimize risks by
going beyond regulatory compliance

* |dentify optimized infrastructure layouts for
many well pads at the same time

* Compare individual layouts in terms of
environmental impacts and financial costs

* Site only linear infrastructure (with known pad
locations)



Tools to Reduce Impacts: EnSitu

Tool Inputs

Base Data User-Provided Customized

Layers Data Layers Settings
(Optional)

Preduction Unt




Tools to Reduce Impacts: EnSitu

» Target Audiences:
= Qil and gas operators
= Qil and gas consultants
= Large land owners and managers
= Regulators




Tools to Reduce Impacts: EnSitu

NEW YORK

o




Tools to Reduce Impacts: EnSitu

Basic Processing Steps (highly simplified)




Tools to Reduce Impacts: EnSitu

Tool Outputs

Alternative Infrastructure Scenarios
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Tools to Reduce Impacts: EnSitu

Alternative Infrastructure Scenarios

Layout 4



Tools to Reduce Impacts: EnSitu

Results by Metric

Forest acreage lost

E_J
E:E
: 3 | 2 0 4 }
Layout

Cutfill and slope costs
Pad Pipe Road

Forest acrenge lost
H B OB H

B0,
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1 1 % 4 0
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Tools to Reduce Impacts: EnSitu

Environ. Impacts

Results by Layout

Monetary Cosls
$6.38T7421| S10137.776| §1,267 379
$11,154 801 5435 062 $142 91

2165128 105,238 230 504

HA $&50,000 $150 000
1,828,000 MA FA,
221,535,350 S11.528.076| §1,580814

$1.076, 767 pad | 5924, 76 1/mile | $525,01/mile




Tools to Reduce Impacts: EnSitu

Tradeoff of impact and cost
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S33.0M £33.5M £34.0M 34 5M $35.0M £35.5M S$36.0M

Estimated cost




Tools to Reduce Impacts: EnSitu




Tools to Reduce Impacts:

Step-wise Menu

EnSitu

% Step 1: Analysis Boundaries

¥ Step 2: Infrastructure and Production Unit Dimensions
¥ Step 3: Existing Infrastructure
¥ Step 4: Infrastructure Construction Costs

< Step 5: Base Setbacks and Impacts

¥ Step 6: Additional Setbacks and Impacts
< Step 7: Analysis Settings

¥ Step 8: Slope Cost Estimation




Tools to Reduce Impacts: EnSitu

User-Defined Inputs

X Step 1: Analysis Boundaries
¥ Production Area/leasehold Boundary

¥ Pipe Placement Boundary

¥ Road Placement Boundary

¥ Step 2: Infrastructure and Production Unit Dimensions

¥ Step 3: Existing Infrastructure
¥ Step 4: Infrastructure Construction Costs
¥ Step 5: Base Setbacks and Impacts




Tools to Reduce Impacts: EnSitu
Regulatory or Recommended Practice Setbacks

¥ Step 1: Analysis Boundaries : |
¥ Step 2: Infrastructure and Production Unit Dimensions
¥ Step 3: Existing Infrastructure

¥ Step 4: Infrastructure Construction Costs

X Step 5: Base Setbacks and Impacts . .
7] Adopt Leadng Practice Setback Detances < VVhen this box is checked,

R S exclusion distances double
' Layer Infrastructure type(s) Exclusion distance (ft) | (oo
Streams /water Pads only 2000 '
Wetands Pads only 200 i]
Property boundanes Pads only 330 z]
N

-

I

¥ Step 6: Additional Setbacks and Impacts
¥ Step 7: Analysis Settings
¥ Step 8: Slope Cost Estimation

| ok || cancel | |envwonments...| | Showhep >> |




Tools to Reduce Impacts: EnSitu

User Guide and Documentation
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Tools to Reduce Impacts: Regional Pipeline Siting
Tool




Tools to Reduce Impacts: Regional Pipeline Siting
Tool

* Considers costs of pipeline (can account for above
and belowground, other factors affecting costs)

e Considers avoidance areas

* Considers mitigation costs (e.g. wetlands,
endangered species)

» User can specify costs

* |dentifies least cost paths




Summary Conservation Practices Documents

Summary Documents by Major Topic
" [nform a broad audience about habitat and wildlife impacts

= Synthesize existing practices that help avoid/lessen impacts

Promote TNC’s science—bas

hale gas development involves various types of infrastructure, including well padd
arcas, pipelines, compressor stations, and roads. The impact of this development

sca

fragmentation of important wildlife and aquatic habitats. The combination of vast, cc

forest habitat and rapid gas de

Fach well pad requires roads and pipe

LANDSCAPE

SCALE PLANNING

nd irs infrastructure, impacting Appalachian ecosystems and wildiife on a larger,

clopment in the Appalachian region makes landscape !

central to reducing the impacts of shale gas development

Substantial research roveals
that impacts from development are not
ocalizod but can have profound effocts
o termestrial and squabc scnsystams on
o larger scale, making it lear that
planaing shoukd taks into acoount both
Tocal and landscape characteristics
Major concorns associated with the
devalopment of shals gas across the
Appslachian region include ks af forest
habstat. forest fraqmentation. and

(oads and pipedines. and the spread of
Invasive speces. Sudes demonsirate
that the efects of fragmentstion across
alandscape can be cumlative
cccurming orer vast areas and varying
widely, depending upan the type and
w20 of opersngs. the surrounding
landscape. and spocies. Generalist
species (species that can thrive n 3
varioty of anviroaments), such a5
opossums and bss Jays. can bens
from the effects of frage

tion

corridors to transport marerials.

negatvely influercs th
sucoess, habtat use, &
many spocies.

Additional research to

threshold levels where
Iragmentation, and de

ystems through habitat loss and jon; air, noise, and light pollution; the spread of
SR = et e b ek
d diseribution of wildlife and qualicy in the region. Proper location, design, and

maintenance of mads can help lesen impacts on fish and wikdlife habitats

STATE OF THE

& RESEARCH

Extenuie resaarch etts

roldig studks speeic to the Appah-
‘chian rogjon Stuxtos show that poorly
Jocatadt, constructad, and maimiained
urpaved forast rads can bs conskder-

WIKIe razpomas o dktLrbances
aseochtad wh roads vary 2s well
acoceding 1 spacke, 16K, d age.
‘Stuties show mary groups of widite
bang affectad i zoma way by the
presanca of oads, Iekading smal and
1arge mammals, bids, rapties, amphEl-
ans,fsh, and planis. Mary studies hawe
found 3 negathe ralaticnship betwsan

‘Sconysiems. The major affacts of macs
Fohido hatiat ks and fragmantaton;
Forasd [0k and el dsturbancs:

sky and spactes richnoss In
b largs mammak,

and changas or ot Wik
‘3pread of invasiva piart spocies; wdthe

hanga mnot e

TheNature
Conservancy
R

Appatachian Shale
Energy Development:
Recommended
Conservation Practices

—

wildlife by inteefering with

high volumes of truck raf
process, and compressor starions These chronic or sporadic sources of

ounds of nature are an important characteristic of the Appalachian mountains. A
production has increased throughour the region. it has brought with it many sou
construction equipment and operarions, the f

ed recommended practices

noise-reds

STATE OF THE

@

Toe inpact of nthopagenic
e o widife is  relathey now
ubiect

veducing habi

etween species. ExcAxling liboratoey
experments,responass of widite 1o
e have been predomiately suced
o birds, Ivestock, and marne snmas.

Aaa resu e

y [ ——"
‘ssggests that note can affect e apecies specitc esporaes and tokranc-
owidtte, s €% ok

well a8 trere wih communcation
oweves, s exent of these effects i

e Appalichian region. MOTOsC much
of the research spaciic 1o gas develop.

carion and benavior may nct scem Ike
sarous impects they can transate nto

Fabat makig i harder b extrapolate
man practces to 3 hesly

bioptysic

quality. and causing chan{
“The following provides a summary of research on the impacts of increased noise to w}
1 practices that can help to alleviate these impacts

Examples of
el et

DR

cological buffers are prorected zones established around sensitive or critical areas — such as wildlife

breeding or hibernation habirats, streams, and werlands—to lessen the impacts of human activity
and disturbance. Shale oil and gas development can directly reduce habieat by removing native forests
and grasslands to locate well pads, roads and pipelines. It can also fragment farge areas of forest,
reducing the qualicy of migration, forage, and nesting habitass for fish and wildlife. Warershed. Here
we summarize research on how ecological buffers may be used eo reduce or minimize the risks of and
use disturbance and proximity of infrastructure specifically associared with shale energy development

STATE OF THE nterior hebatats. The
RESEARCH impact of dsturbance 1o these species

Howeves, width 1 not e only o that

efiectveness of maktaining riparsn
bules around streams, lakes and
‘wetlands to miimuze ingacts 1o watkr
quaity”* Mast ol thes research ts desmed
from moestorng esponses 1o forestry
and agricedtural practioes. In sddison to
reducing development kmpacts 1o water

upland beffess sund mpertant
habitat, parbiulary during szualir

& Inchuding breedig and ibema.
ton 2+ Studies specihc o hablats and
species inthe Appalachian reggon and
shade energy Infrastructure coud
mprove the efiecaveness of consena-
g

quaty Have o ben
shorwn 10 suppoct cre Pabiat and
provide cormdors for mary species of
brds mammas, repties amcesbins

Efiscive widths of ecological buffess

e or shong the lengh of @ serwive
Fabitat area can be more fective $an
Fagmented bufers 1 prowcing e and
widfe habttat s preserving ecceys-
2 heakth?3+7 Furthes conservation
sutegges that target

s Induding e corsiguratin
and comectivy of buless and cumida.
sve watesshed development are most
effectve ot supperting regiond blodver-
=y

Will be released in September 2015



Tools to Reduce Impacts: Recommended
Conservation Practices

» State of the research — characterizes existing body of
literature

* Evidence of impact — summarizes impacts documented
in scientific literature

e Existing conservation practices and scientific support
— summarizes existing practices and support from the
literature

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



Tools to Reduce Impacts: Recommended
Conservation Practices

Topics Covered Topics In Development
* Landscape-scale Planning « Pipeline Development
* Ecological Buffers e |Invasive Plants

 Road Development
« Stream Crossings
« Water Withdrawals
» Timing of Activities * Air Quality
.  Noise * Reclamation

e L « Risks of Spills
 Artificial Lightin
riiclal Lighting  Public Health and Safety

Topics Not Covered
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