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Overview of presentation

* An introduction to HEI-Energy

* Unconventional oil and natural gas development

(UOGD) detined
* Exposure and health literature related to UOGD

* Challenges and opportunities in understanding the

potential for exposures and health risks

* Suggested features of future exposure study designs




An introduction to
HEI-Energy

Why 1s a Boston-based nonprofit scientific organization
studying o1l and natural gas development?




Origin of HEI-Energy

Pennsylvania-based Shale Gas Roundtable formed
in 2011 by leaders from government, industry,
academia, environmental groups, and civil society.

The central question for the Roundtable:

s a region, how can we most effectively and responsibly
safeguard our communities and environment, grow our
economy, and manage unconventional oil and gas
development?”

The Roundtable called for “efforts to increase
balanced research and rigorous monitoring of the
possible impacts of unconventional oil and gas
development.”

HEI-Energy was formed as a direct result of the
Roundtable’s recommendation.




HEI-Energy

A new national research program, focused
initially on:

" Research on human exposures associated with onshore
development of oil and natural gas from shale and
other unconventional resources (UOGD) across the
United States

" As feasible and appropriate based on findings from the
exposure studies, targeted efforts to assess the potential
health effects that might result from exposures

Overarching goal

* Enhance understanding and inform public and private
decision-making about potential exposures associated with

UoGD
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HEI-Energy is modeled after its parent organization:
the Health Effects Institute (HE]I)

* An independent, nonprofit corporation

* Chartered to provide policy-relevant high-quality and

impartial, science

* Funded jointly by government and the oil and natural gas
industry and, occasionally, private foundations

* Funds research that is selected, conducted, overseen, and
reviewed independently of HEI-Energy’s sponsors



HEI-Energy progress to date and where
we’re headed

-

~

Requests for
Applications (RFAs)

l

Original Research Begins Complete Research

\ L

(

PHASE 1: Research Planning

PHASE 2 (Over ~ Four-Year Period): Research Implementation

f

Literature Reviews and Stakeholder Input

f

At Key Intervals:

» Update Literature Reviews

» Engage with Communities in Study Locations, Sponsors,
and Other Stakeholders




Ensuring the quality of research funded by HEI-Energy

HEI Enerov Research Committee

George Hornberger, Chair Shari Dunn-Norman

Vanderbilt University, Nashville, Missouri University, Rollo HEI—E%«?@ J’fdjj[ wotk with
Tennessee .
the Energy Research Committee
on:
Stefanie Ebelt Howard Hu m WOI‘kShOpS with
Emory University, Atlanta, University of
Georgia Washington, Stakeholders
Seattle . X
= Literature Reviews
Judy S. LaKind Bhramar Mukherjee - Deﬁﬂlﬂg research
LaKind Associates and University University of Michigan, !
of Maryland, Baltimore City Ann Arbor need? L .RCqUCStS for
Applications (RFAs)
Armistead (Ted) G. Russell Peter S. Thorne

Georgia Institute of Technology,
Atlanta

University of lowa,
lowa City




Ensuring the
relevance and utility

of research funded
by HEI-Energy

A stakeholder workshop to hear information needs
and research priorities




Unconventional oil and
natural gas development

(UOGD) defined

UOGD refers to the development and production of oil and
natural gas as practiced starting around the beginning of the
21st century through multistage hydraulic fracturing in
horizontal wells

energy
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Why are we talking about oil and natural gas now
when it’s been around since the 1800s?

Number of Producing Gas Wells in the Appalachian Region

Ohio -2012
Ohio -2008
Pennsylvania - 2012

Pennsylvania -2008

West Virginia - 2012

West Virginia - 2008

o

10,000 20,000 30,000 40,000 50,000 60,000

Number of Producing Gas Wells atend of year



Why are we talking about oil and natural gas now
when it’s been around since the 1800s?

Natural Gas Production in the Appalachian Region - 2008 versus 2012

Ohio-2012

Ohio -2008

Pennsylvania - 2012

Pennsylvania -2008

West Virginia - 2012

West Virginia - 2008

million cubic feet

Data Source: U.S. Energy Information Administration (EIA). December2013. National Gas Annual: 2012.

1 ® conventional gas wells
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1 shale gas wells
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Rise in the number of hydraulically fractured wells
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October 8 Technological innovation and market
2009 conditions influenced the scale and
location of development

* Larger well pads and more equipment
transported to and from the pad;

* Mortre raw matetials that must be
transported to the well pad;

Google earth

Googleearth ™3 1 A

* More liquid and solid waste from multiple
wells drilled on one well pad,;

* A longer period of industrial activity
required at a single well pad when multiple
wells are developed on 1t; and

* Increased truck traffic, changing demands
on community infrastructure, and other
possible community effects associated with
population mobility.

Gor >8|€ earth ~ mes - A

energy
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UOGD in space and time
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Graphic modified from: USEPA. 2016
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Potential for releases to air

Example: UOGD well pad with tank- and truck-
based hydraulic fracturing equipment

Frac Pumps

o ts
T

Fluid Storage
Tanks

Wy Chemical :

&g Storage Trucks [EERRNS Source: Suchy and Newell 2012
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Potential for
releases to water

Example: Mechanisms
related to groundwater
contamination from
shale gas production

(1) Surface (3) Migration through
(tz'z Leal:\s spills preferential paths
0 &E;OUQ I (a) Fractures or faults
e (b) Old O&G wells
&
g
Shale Y,
s & Old 08G
well q§ well




Exposure and health
literature related to

UoGD

Peer-reviewed literature and gray literature through July 2019
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HEI-Energy reports on exposure and health
literature related to UOGD

energy

SPECIAL REPORT 1

A Health Effects
Institute Affiliate

September 2019

Health Effects Institute—Energy
75 Federal Street, Suite 1400
Boston, MA 02210, USA
+1-617-488-2300
www.liei-energy.org

POTENTIAL HUMAN
HEALTH EFFECTS
ASSOCIATED WITH
UNCONVENTIONAL OIL
AND GAS DEVELOPMENT: A
SYSTEMATIC REVIEW OF THE
EPIDEMIOLOGY LITERATURE

HEI-Energy Research Committee

Energy

SPECIAL REPORT 2

Draft for Public Comment

A Health Effects
Institute Affiliate

Health Effects Institute—Energy
75 Federal Street. Suite 1400
Boston, MA 02210, USA
+1-617-488-2300
www_hei-energy.org

HUMAN EXPOSURE TO
UNCONVENTIONAL OIL
AND GAS DEVELOPMENT: A
LITERATURE SURVEY FOR
RESEARCH PLANNING

HEI-Energy Research Committee

Reports available at hei-energy.org
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HEI-Energy 2019 review of epidemiology literature

Studies displayed by location, study design, and assessed outcomes

Colorado

B McKenzie et al. 2014

O Mckenzie et al. 2007
& McKenzie et al, 2019
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Study Design
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QOutcome Assessed

== Perinatal
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Respiratory
=== Cardiovascular
e Symptoms
e Other

Shale Play
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Exposure assessment in epidemiology research

Metric Type Description

Distance
Earthquakes

Emissions

Inverse Distance

Weighting

Spatiotemporal Activity
Model

Spud date with time-
series component

Time-Period

Well density or count

Distance between household and closest well

USGS-recorded earthquakes =4 in magnitude

Annual tons of pollutants emitted by zip code

IDW, zl 1d

IDW for separate UOGD phases: Patient j=).7* 4 d);

Score incorporating location, number of wells, activity phase, use
of green completion, production volume, number of tanks on
well pad, and estimated emission rates of select VOCs by phase.

Product vector with indicator for spud date and proximity
indicator

Effect estimates compared between time periods (years; before
or after spud date)

Number of ever-spudded wells; number of newly-spudded wells;
number of wells ever drilled; number of active wells per km?

within zip code '
= T




What we would like to know about potential
exposures to assess health risk

b Release Mechanisms Media or E d
PUOG o and Transport —p  Type of =—p C Xposeq
rocess Pathways Exposure SHUDLRALY
UOGD processes:

" Identify UOGD processes

" How releases vary over space and time

" [solate UOGD from other sources
Release mechanisms and transport pathways:

* How variability in regional conditions and other factors affects
levels of UOGD agents

Media or type of exposure:
" The levels of the agent to which people might be exposed
" Route of exposure
Community exposures:
" Duration, frequency, and magnitude of exposure
22




HEI-Energy 2019 survey of
exposure-related literature

Biomonitoring

* 204 publications measured or 2
modeled one or more chemical
or non-chemical agents Mot et o tor

3%

* Compounds commonly
measured or modeled:

— Air: Volatile organic hydrocarbons
(VOCs), particulate matter (PM),
and secondary pollutant formation
(e.g., ozone) Water

. . . 35%
— Water: brine indicators, VOCs, and
metals

Air
48%

— More noise research in recent years

23



Exposure pathways assessed in the literature
(exceerpt from HEI Energy Research Committee (2019, draft report)

uoGD

Sources

—p Release Mechanisms and
Transport Pathways

Qoerational conditions:

* Emissions [e.g., vehicle and
equipment]

*  Dust [e.g., construction, tratfic)

~  Accidental conditions:

* Leaks and spills (e.g., from trucks,
storage tanks, impoundments)

*  Fugitive emissions

Cpergtional conditions
» Discharges (e.g., treated wastewater)

Potential Sources
{equipment and
operations)

Accidentsl conaitions:
»  Leaks and spills (e.g., well casing
failures, impoundments)

Operational conditions:

Notes:

1. Section numbers comespond to text in this report that provides more detailed information. More detalled depidions of these pathways can

* Produced waterreuse

—  Accidental conditions:

+ Leaks and spills [e.g., trucks)

+ Erosion and sedimentation [e.g., pad
construction)

L Operational conditions:

be found in Appendix A.
2. Accidental conditions can expose people to physical hazards, such astraffic accidents, explosions, and induced seismic

activity/earthquakes and releasesto air and water, that are not depicted here. This literature is summarized in Section 3.6.
3. People can be exposed to other non-chemical agents, such as sodal and economic change, that are not depicted here.

—>

Media or Type
of Exposure

—>

Air
(Section 3.2)

Y

&g, volatiization from surface
impoundment or spil

¥

Water
(Section 3.3)

.’.

eg. produced water migration from
roadwiay to groundwater

v

Soil and Sediment
(Section 3.4)

Sensory (e.g. noise, light,
odaor, vibration)
(Section 3.5)

Routes of
Exposure

« Inhalation

= Ingestion

* Dermal
Contact

» Inhalation

+ Ingestion

« Dermal
Contact

« Inhalation

—»

24

Exposed
Populations

Communities?
- Mearby
-Regional®

' Odors anse from chemicals in
the air, but for the purposes of
this report, we discuss this
exposure separately from other
chemical exposures as a

“SENSONy” exposure.

# Total exposures can ocour via
multiple exposure pathways and
are sometimes assessed with
biomaonitoring (Section 3.7)

? Some exposures can occur in
communities at some distance
from UOGD (e.., regional air
concentrations of 0zone)

enerqy



Air Studies by Location and Year of
Publication for 2009-2018 (n= 113)
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Sampler placement in air monitoring studies

70
60
50

40

NUMBER OF STUDIES

20

SAMPLING LOCATION

26



Water Studies by Location and Year of
Publication for 2009-2018 (n— 80)
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Water sample sources

45
40
35
30
25

20

NUMBER OF STUDIES

a0 e HHH eallo |

Effluent Groundwater  Municipal Water Produced Water Spill Surface Water Tap Water
WATER TYPE

[CJWater Monitoring & Modeling ~ [JWater Modeling Only [ Water Monitoring
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UuoGDh
Human

Health Risk L—

o2 C
Assessments [% 2

O Water-related
O Air-related

O Occupational

©)

il @ Wyoming &

.

u

Q

©)

)

%@@g@

) Colorado

100

200

400 Miles

0 100 200
S e

Pennsylvania, _
New York, & O io(®

e

)
Bg°

©

400 Miles
—

*Plus 5 others
that are either
national in scope
or focus on oil
and natural gas
operations outside

the U.S.

Important to adopt holistic view of exposures to understand health risks, but

risk assessments to date are focused primarily on chemical exposures only I I G :
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Utility of Literature in Assessing Exposure:
Strengths

Isolating UOGD sources. Some studies linked environmental
concentrations to UOGD-related sources

Constructive use of existing data. Some effort to quantify exposure
(and sometimes health risk) using existing data (e.g., from state agency
monitoring programs)

Temporal and spatial variability.

* Multiple sampling petiods (covering a vartiety of UOGD activities,
meteorological conditions, seasons, and times of day)

* Multiple sampling locations (e.g., different distances from UOGD)

Intention to quantify exposure. A subset of studies aimed to
characterize human exposure. A example: collection of air and noise

samples during different UOGD phases near residences. I_E[
30 energy




Utility of Literature in Assessing Exposure:
Limitations

* Not always clear that results can be generalized to
other populations, operations, and locations

* Overall, the studies provide an incomplete
understanding of the temporal and spatial variability
in human exposures across major oil and natural gas-
producing regions ot the United States




What do we mean by “incomplete understanding
variability in human exposures”?

Number of Studies

a. Number of Air Studies in Four Texas Shale
Basins, by Season and Sample Averaging Time

6 —

fall ===

winter
fall

Spring |
fall
winter
spring
summer
winter

winter
not reported

summer
year round
not reported

o = N w EN ul
fal| ]
spring E———
summer
year round —:I
Y 4

not reported

Barnett (n=14) Eagle Ford (n=4) Haynesville Permian (n=1)
(n=1)

Averaging Time B <12 hours O>12 hours

*Figure excludes 4 Texas studies that either did not report the
shale play where samples were collected or reported only
modeled concentrations.

32

b. Sampling Locations and Collection Methods
Relative to UOGD in the Barnett Shale Play

Averaging Times >12 Hours (n=1 study)

Fenceline
(n=1)

Collection method:
Surface Stationary

Averaging Times £12 Hours (n=4 studies)

Community
(n=3)
Collection method:

Surface Stationary, n=2
Surface Mobile, n=1

Area (n=4)

Collection method:
Surface Stationary, n=3
Aircraft, n=1




Challenges and
opportunities 1n
understanding the
potential for exposures

and health risks

Important considerations in designing future UOGD exposure
research

energy




Operational Trends

© Average Drilling Time
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— 5 .
. through the Shale Revolution.
& o
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How much do operations vary among operators? HE[
energy
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Operational Trends

Example: Number of horizontal wells
drilled per well pad, or pad density,
across U.S. shale plays

Notes:

Each icon represents a single well pad
Color indicates the number of

horizontal wells drilled on each well pad.
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Operational Trends

Example: Fluctuating levels of development in

the Permian region

ciaz Permian Region

Drilling Productivity Report

January 2020

drilling data through December
projected production through February

Monthly

Oll 81 0 February additions February 1 ,567 Gas
+2 808 January from one January 1 ,562 +5 _
averagerig | towingomcreny | | Voo ey

Permian Region

New-well oil production per rig Rig count
barrels/day ==new-well oil production per rig rgs
1000 - 600
=—rig cOUN

800 500
400

600
300
400 200
200 100

O T T T T 0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Permian Region

New-well gas production per rig Rig count
thousand cubic feet/day  wmnew-well gas production per rig rgs
6,000 n 600
—] ount

4,800 500
400

3,600
300

2,400
200
1,200 100

U T T T T 0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

When and where will operations happen?
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Changlng Special Collection: Forum: Oil and Natural Gas Development: Air Quality, Climate Science, and
1 t th Policy

re eases O e Research Article

enVironment Equipment leak detection and quantification at 67
oil and gas sites in the Western United States

. Authors: Adam P. Pacsi &%, Tom Ferrara, Kailin Schwan, Paul Tupper,
Example: leak

Miriam Lev-On, Reid Smith, Karin Ritter

detection and repair Abstract

Emissions from equipment leaks from process components, such as valves and flanges,
were measured at 67 sites in the oil and natural gas production and gathering and boosting
segments in four different onshore production basins in the western United States.
Component counts were obtained from 65 of the 67 sites where nearly 84,000 monitored
components resulted in a leak detection rate of 0.39% when detection results using both

optical gas imaging (OGI) and a handheld flame ionization detector (FID) were combined.

energy
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Changing
governance

Example: Regulatory change
focused on public health, safety,

welfare, and the environment

Related research possibility:
Accountability research to
assess whether anticipated
goals are achieved

COLORADO
0il & Gas Conservation
5 Commission

Departrment of Natural Resources

1120 Lincoln Street, Suite 801
Denver, CO 80203

MissioN CHANGE WHITEPAPER

Date: November 1. 2019

On April 16. 2019, the Governor signed SB 19-181 into law. SB 19-181 amends the
01l and Gas Conservation Act ("Aet”) and addresses the authority of local governments to
regulate o1l and gas operations. SB 19-181 ensures that the Colorado 01l and Gas
Conservation Commission (“Commission” or “COGCC”) regulates o1l and gas development
and operations in Colorado in a manner that protects public health. safety. welfare. the
environment, and wildlife resources. Specifically, SB 19-181 provides:
the Commission shall regulate oil and gas operations in a
reasonable manner to protect and minimize adverse impacts to
public health, safety. and welfare. the environment. and wildlife
resources and shall protect against adverse environmental
impacts on any alr. water, soll. or biological resource resulting

from o1l and gas operations.

§ 34-60-106(2.5)(a). C.R.5.




Variable environmental conditions across oil
and natural gas-producing regions

U.S. Shale Plays

39



Lots of ongoing work to track

Example: produced water applications

G RO U N DWAER -&\‘@6’6 https://www.epa.gov/sites/production/fil

: M B o reducedmmer 07162008
A y mé@
MEMORANDUM OF UNDERSTANDING
www wpc.or roducedwater BETWEEN
> Q -D The State of New Mexico AND

W ATER I‘\ t P’ O R T The U.S. Environmental Protection Agency

The scope of the MOU pertains to proactively clarifying and understanding the existing
Regulations, Current Practices, regulatory and permitting fr:_amewurks. and associated policy dgcisiups amcng.me parties
dR b Naads related to the re-use, recycling, and beneficial use of waters originating from oil and natural gas
and research Nee activities {produced water).

N/ﬁa l o A B i 0 S https://tempest—center.coloradO.EdU‘

It’s time for a water-treatment revolution.

https://www.nawihub.org/

DEVELOP

Water and energy are inextricably linked, yet in

use freshwater

our 20th-century water systems we
e once t o With innovations designed to enhance EHS
desalination technol u unoff, produce from ind and
inland brackish grou 1t are now seen as untreatable could all be sources of -{
clean, safe, and affordable water TEMPEST: Tailored Environmental Measurements and Products for Energy SoluTions
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https://www.nawihub.org/
https://tempest-center.colorado.edu/
http://www.gwpc.org/producedwater
https://www.epa.gov/sites/production/files/2018-07/documents/epa-nm-mou_produced-water_07-16-2018.pdf

The challenge of pursuing scientific

research in a controversial setting

LQERDIR T Y,

R ANGEROUS:

Why health professionals
reject natural gas

COMPENDIUM

OF STUDIES
DEMONSTRATING THE
SAFETY AND HEALTH
BENEFITS OF FRACKING




Suggested Features of
Future Exposure Study
Designs




HEI-Energy
research planning

* Overarching goal: Improve
understanding of UOGD
exposures across the United
States, the conditions under
which they occur, and the
likelthood of occurrence.

* Where: Multiple US. regions.

* Commmunity Engagement. Betore,
during, and after research; o
need to anticipate how results &=
will be interpreted and
communicated BEFORE

research begins.
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Criteria to guide the design of exposure
studies (alphabetical order)

Brings value to and informs decision-making
— Useful to communities in study areas, government officials, industry, and other stakeholders.
Broadly generalizable
— Designed to be applicable across geographic regions, UOGD operating conditions, or communities
over time, including periods of low and high UOGD activity, without sacrificing validity.

Determines whether an exposure pathway links a chemical or non-chemical
agent released from a UOGD process with a community.

— And, in so doing, distinguishes between UOGD process and other sources of same agent.
Expands understanding of temporal and spatial variability of exposure

— Study location and design fill important gaps in understanding variability in exposure over
temporal and spatial scales relevant for decision matking.

Optimizes use of the research budget by maximizing efficiency.

— Incorporates/ complements existing data and information and prioritizes/ sequences data collection
to maintain focus on exposures of possible concern.

Useful for assessing health risk
— Collects data, analyzes existing data, or establishes practical exposure assessment methodologies

with applications to epidemiology or risk assessment.
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