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About RFF
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RFF

« A nonprofit and nonpartisan organization that conducts
Independent research — rooted primarily in economics
and other social sciences — on environmental, energy,
natural resource and environmental health issues.

« Headquartered in Washington, DC.

e 30 Ph.D. environmental economists, 12 visiting and
nonresident scholars, 10 research assistants

 Website: http://www.rff.org
e Blog: http://common-resources.org
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RFF Initiative: “Managing the Risks of Shale Gas Development”

 RFF’s Center for Energy Economics and Policy (CEEP)
* An independent, broad assessment of the key
environmental risks associated with the shale gas

development process.
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Surveying the Experts: Who & What?

215 experts:
« NGOs (35): Most national environmental groups, some local
« Academics (63): Universities/think tanks

« Government (42): Federal agencies; about half the relevant states; river
basin commissions

 Industry (75): Operating and support companies, trade associations,
consulting firms, law firms

Chose high priorities among 264 possible risks
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Overlap of each groups’ high priority routine risk pathways

Industry

Academia Government
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Consensus routine risk pathways

ROUTINE RISK PATHWAYS

Activities Environmental Burdens Impacts

n Site Preparation

infrastructure construction ""*| Habitat fragmentation b ’ Habitat
disruption
E Drilling

Yenting of methane —H Methane |—.- m

fm Fracturing and
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Storage of fracturing fluids _H Fracturing fluids Hm
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mw Storage/disposal
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ADDITIONAL ROUTINE RISK PATHWAYS IDENTIFIED BY TOP EXPERTS

Casing anc cemerting — | Wamane |

ACCIDENT RISKS PATHWAYS

Casing accidents ——j» Mothane
Cementing accidents » Crrillimg fluids’ cuttings

S e g —= Groundwater |

Flowrback armd
produced water




Public Survey

Public concerns for shale gas development well
known, but no information currently available on

* Risk valuation
* Risk preference tradeoffs

We survey public in Texas and Pennsylvania to elicit

attitudes and (monetary) preferences for five key risk
attributes

Three information “treatments” describing risks
(industry, NGO, “neutral”):



Does the Public Support Shale Gas Development?
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How Much Are People WTP for Risk Reductions?

($/household/year)
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Groundwater Surface Water (% Air Quality (days Traffic Wildlife Habitat
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How Do Messages Affect Support?
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Surface Water Quality Risk Study (PNAS, 2013)

We exploit spatial and temporal variation in the
proximity of shale gas wells, waste treatment
facilities, and surface water quality monitors in
Pennsylvania to estimate:

1. the impact of shale gas wells on downstream
chloride and TSS concentrations; and

2. the impact of shale gas waste treatment and
release to surface water on downstream
chloride and TSS concentrations.
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#

A Treatment Facilities Accepting Shale Waste Water quality monitors (Cl- and/or TSS)
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Conclusions
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No statistically significant impact of shale gas wells on

downstream chloride concentrations.
» A positive result here would have been consistent with
contamination problems from spills, dumping, etc.

Release of treated shale gas waste to surface water by
permitted waste facilities appears to increase

downstream chloride concentrations.
« Effectis significant only for POTWs, not CWTs.

Shale gas wells appear to increase downstream TSS
concentrations.

14
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Findings from Washington County property

value stud

Properties closer than 2 km to a well pad:
* 10% Increase

* Unless the property depends on
groundwater: 16% decrease

e Groundwater concerns cost 26% of property
value
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Wastewater characteristics from Marcellus shale gas development in PA

 Researchers: J. Shih, S. Olmstead, J.
Chu, L. Muehlenbachs, J. Saiers (Yale),
S. Anisfeld (Yale).

o Statistically analyzes characteristics of
flowback, produced water, and drilling
fluid waste sent to wastewater treatment
facilities in PA, 2008-2011.

« Data Source: Form 26R, submitted to
PADEP by “residual waste” generators.

o 432 different analytes were identified in

the data, in the following categories:
General chemicals

Organics

Pesticides

Metals

Radioactive Materials
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Comparison of metals in brine and fracking fluid waste
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Findings from analysis of wastewater characteristics

High chemical concentrations are observed pre-treatment.

« When Ba is detected (92% of samples), median concentration is > 40
times PA’'s wastewater effluent standard and > 200 times the SDWA
maximum contaminant level.

e Concentrations of CI-, TDS, bromide, 2?8Ra and Sr in pre-treatment
wastewater are also far higher than either wastewater effluent standards
or drinking water standards.

« Wastewater composition is highly variable over the course of the
shale gas extraction process.

» A challenge for effective treatment and management.
 Form26 filed oncel/year/waste type/generating location.

* Produced water has very different composition than flowback,
typically having higher CI-, TDS and 228Ra concentrations.

« Many constituents may be effectively removed by chemical waste
treatment facilities currently treating this waste (e.g., metals); others
may not (e.g., salts).
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The state of state shale gas regulation

 Researchers: N. Richardson, M. Gottlieb, A. Krupnick,
H. Wiseman

« 25 regulatory elements common to shale gas
development across 31 states with current or potential
development.
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Setback Restrictions from Water Sources
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Pre-drilling Water Well Testing Requirements
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Casing and Cementing Depth Regulations
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Cement Type Regulations

Specified cement type requirement:
(11 states)

Addressed in permit
(6 states)

No evidence of regulation found
(14 states)
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Intermediate Casing Cement Circulation Regulations
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Production Casing Cement Circulation Regulations
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Water Withdrawal Regulations

Permit required over threshold
shown (1,000 gal/day) (21 states)

Registration & reporting required over
threshold shown (1,000 gal/day) (4 states)

Permit, registration & reporting required over
threshold shown (1,000 gal/day) (5 states)

C] No evidence of regulation found (1 state)

D States with no natural gas wells (2011)
C] Not in study :

. Source: US Energy Information Administration. Number of Producing Gas Wells.
http /i waw.eia.gow'dnav/ng/ng_prod wells 51 a.htm.

Top 5 states by number of natural gas wells (2011)

K* Water Management Plan required



Fracturing Fluid Disclosure Requirements
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Findings from state regulatory analysis

 High degree of heterogeneity among states in:
Most elements regulated: NY, WV.

([
 Fewest elements regulated: CA, VA.

* The five states with the most gas wells regulate more

elements than the national average.
s . Stringency (qualitative regulations and
unregulated elements)
. Stringency (quantitative regulations)
RFF TEE=2 3350 25,5 REIA3T G5=F
2 £ g = &



Other points

 The States First initiative

 Federal: BLM weakened first set of proposed rules, opportunity to
model best regs missed.

» Other federal: EPA's significant green completion rule helps
address methane, but still a long way to go, as shown by the recent
ICF/EDF report. Methane not that important anyway

* Need greater attention to local control. Bans and Act 13 repeal.
* Impact of regulations on the energy industry and local
communities.
e |mpact on power sector;

« obviously not impeding SGD. Leading to lots of pipeline construction
and plans.

* |mpact on communities =» traffic, property value studies, NGl report.
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Thank you!

krupnick@rff.org
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Risk Matrix

Site Development and Drilling Preparation
After locating a site for shale gas development, the area must be excavated and prepared for drilling. Preparation activity also often includes
leveling of the site.

Activity Intermediate Impacts
Clearing of landiconstruction Stormwater flows Stormwater flows Conventional air Habitat Industrial landscape

of roads, well pads, pipelines, pollutants and CO,  fragmentation
other infrastructure ) . .
Invasive species Invasive species Light pollution
Noise pollution

On-road vehicle activity Stormwater flows Conventional air Other Noise pollution
pollutants and CO, Road

congestionfaccidents

Off-road vehicle activity Stormwater flows Conventional air Other MNoise pollution
pollutants and CO5

Drilling Activities
Drilling begins by baoring a single well shaft vertically into the desired formation. One or mare lateral wells are then drilled from the end of the
vertical wellbore, angling to run horizontally through the shale formation.

Intermediate impacts
Drilling equipment operation at gslflills] Drilling Drilling Conventional air Industrial landscape
fluidsicuttings fluidsicuttings fluidsicuttings pollutants and CO5 . .
Light pallution
Noise pollution
Drilling of vertical and lateral JREUENT Drilling Methane

wellbore fluidsicuttings

Drilling
fluidsfcuttings
Intrusion of saline-

formation water into
fresh groundwater
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Example of Impact Pathways

Intermediate

Activities » Burdens » Impacts —— Final Impacts
Morbidity
Conventional air
pollutants and
coz Air quality Climate change
impacts
On-road _ _
vehicle activity Noise pollution
Community
disruption Aesthetics

Road congestion

Time loss




Research on Environmental Risks

Sine Development and Drilling Preparation
------- 3 e for shae bs gevelcpment, I

1. Expert survey of
: : shale gas development
Risk Matrix / ke P

l

2. Statistical analysis:
‘ a) Effects of shale gas activity
on surface water quality in
Pennsylvania

b) On property values
c) Truck traffic on accidents
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d) Analysis of chemical assays
of flowback/produced water

3. State-by-state regulatory
analysis

4. Public Survey

37



Surveying the Experts: Responsibility

Who should be responsible for managing risks?

| NGOl _Industry| Academic| __Gov't| All experts

Government 93.8% 49.4% 74.9% 74.8% 69.4%
Industry 6.2% 50.6% 25.1% 25.2% 30.6%

» All groups prefer shared responsibility

» [For consensus pathways, majority of industry supports government
responsibility
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