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Dear Justice Pepper

Halliburton is pleased to have the opportunity to make a submission to the inquiry you are
chairing on behalf of the Government into hydraulic fracturing of onshore unconventional shale
reservoirs in the Northern Territory.

In 2014, Halliburton lodged a submission with the Northern Territory Inquiry into Hydraulic
Fracturing (Hawke Review), and subsequently made submissions to the Government on the
formulation of an updated regulatory framework for the industry in the Northern Territory. On 10
March 2017, the undersigned had the opportunity to appear before the Panel and present an
overview of Halliburton, the hydraulic fracturing process and some of the key issues and
benefits associated with it.

This submission updates the information we provided to the Hawke Review nearly three years
ago.

Halliburton is willing to provide further information to the Inquiry as required.

Please don't hesitate to contact me should you require any further information regarding this
submission or any other questions you may have.

Yours sincerely

Jason Jeow
Senior Area Manager, Australasia
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A. Executive Summary

Over the past decade or so, hydraulic fracturing techniques (HF) have been the catalyst for the
‘revolution’ in unconventional gas which has produced major economic and energy security
benefits for the United States and other nations. Australia is benefitting from the substantial
growth in the unconventional gas industry and the country, and the Northern Territory in
particular, is well placed to expand this industry and the benefits that flow from it.

Halliburton is a leading provider of services to the energy industry and is the global leader with
respect to oil and gas production enhancement, and HF in particular. Over the course of nearly
70 years, Halliburton has provided HF services for hundreds of thousands of wells around the
world in a wide variety of settings and geological formations. Halliburton’s role in the sector is to
provide these well services to our customers. Halliburton however, does not own or operate
wells in Australia.

The key environmental risk issue that has been raised over recent years in relation to HF is the
protection of groundwater. As a result of community concerns there have been numerous
inquiries and studies into HF undertaken by various governments and agencies around the
world. In over 60 years, in which more than 2.5 million wells have been hydraulically fractured in
Australia and internationally, there is no confirmed evidence that HF fluids have ever
contaminated groundwater as part of a HF process. Independent scientists such as those at
CSIRO have repeatedly identified wellbore integrity as the critical factor in protecting ground
water.

A critical factor in the growth and success of the unconventional gas industry in the last decade
has been technological advances and innovations in HF fluids and other technologies.
Halliburton is a leader in the field having developed innovative new products from ongoing
research and development. For example in 2015, Halliburton invested nearly half a billion
dollars company-wide on research and development. These innovative new products, the result
of R&D investments, deliver economic benefits in terms of production enhancements as well as
significant environmental benefits. For example, the innovative ‘CleanStim’ is a fracturing fluid
system developed by Halliburton which is made entirely of ingredients sourced from the food
industry and it provides exceptional fracturing and environmental performance as compared to
traditional formulations.

Halliburton supports public disclosure of fracturing fluid ingredients and has taken a number of
steps to provide the public with information regarding the chemicals used in HF operations,
including supporting the disclosure of information regarding the makeup of the fluids used in HF
operations at individual well sites in the U.S. through the FracFocus Hydraulic Fracturing
Chemical Disclosure Registry (“FracFocus”) website: http://fracfocus.org. Indeed, the FracFocus
website contains detailed, well-specific information concerning the fluids used by Halliburton in
hydraulically fracturing tens of thousands of wells.

Australia currently has a thriving natural gas industry, leveraging its significant offshore and
onshore deposits. In more recent years, Australia has tapped the additional potential for
onshore unconventional gas deposits — including shales, other ‘tight’ deposits and coal seams -


http://fracfocus.org/

where technologies like HF sometimes have an important role to play in enhancing production
and project viability.

Recent Reviews into Unconventional Gas/Hydraulic Fracturing

Halliburton has participated in various independent reviews of unconventional gas and HF in
Australia over recent years, which have been undertaken by and for state parliaments and
governments. These include:

- West Australian Parliament’'s Standing Committee on Environment and Public Affairs
inquiry into Hydraulic Fracturing for Unconventional Gas (2013-15)

- Independent Inquiry into Hydraulic Fracturing in the Northern Territory (2014, Allan
Hawke AC)

- Independent Review into Coal Seam Gas Activities in NSW (2014, NSW Chief Scientist)

- Victorian Parliament’s Planning and Environment Committee’s Inquiry into
Unconventional Onshore Gas (2015)

- South Australian Parliament’s Natural Resources Committee inquiry into Unconventional
Gas (2015-2016)

There is a consensus in the conclusions of these reviews that the risks associated with
unconventional gas production, including HF, are low and manageable, and can be conducted
safely. This consensus is similar to the conclusions drawn by independent reviews and
substantial scientific evidence from around the world.

B. About Halliburton

Halliburton is a leading provider of services to the energy industry and is the global leader with
respect to oil and gas production enhancement, and hydraulic fracturing (HF) in particular. Over
the course of nearly 70 years, Halliburton has provided HF services for hundreds of thousands
of wells around the world in a wide variety of settings and geological formations.

In more recent years, HF and horizontal drilling has been the catalyst for the ‘revolution’ in
unconventional gas which has produced major economic and energy security benefits for the
United States and other nations.

At the core of Halliburton’s business is technological innovation and a very strong long-term
commitment to research and development. In the area of HF, technological innovation is
substantially increasing the efficiency and viability of natural gas production, and doing so in a
way that minimizes environmental impact. Halliburton has a strong interest in ensuring that any
future hydraulic fracturing operations in Australia are performed in the most environmentally
responsible and effective manner.

Halliburton commenced operations in Australia in 1958, and now employs around 1000 staff
across the country. In 2016, Halliburton spent $143 million sourcing goods and services from
around 600 Australasian vendors.



Halliburton began providing HF services in Australia in the late 1960s, and has since performed
more than 2,500 jobs (in South Australia, the Northern Territory, Western Australia, Victoria,
NSW and Queensland) in a broad range of conventional, unconventional and geothermal
projects. Specifically in the Northern Territory, this includes a HF treatment for Falcon Oil and
Gas in 2011 and 20 to 30 treatments at Meerenie.

C. Opportunities Associated with Unconventional Gas

In the context of previous Australian policy inquiry processes, APPEA as the peak industry body
has provided a comprehensive overview of the role of shale and other unconventional gas and
the resources identified in Australia, as well as the history and operational characteristics of HF
as a critical production enhancement technology.

While HF has been used over many decades in accessing conventional gas reserves, advances
in HF technology over the last 10 to 15 years in particular have seen it become critical to the
recovery of oil and gas from shales and other unconventional formations, such as tight sands.
These unconventional sources generally must be stimulated to produce oil or gas in commercial
quantities. Unlike shales or tight sands, not all CSG wells require HF to produce gas due to
higher permeability.

Natural gas development, particularly relating to unconventional gas sources where HF has
been a critical technological catalyst, has yielded important social, economic and environmental
benefits over recent years. In the U.S., for example:

e Natural gas prices have decreased from an average of $8.89 per MMBtu in 2008 to a
little over $3.00 per MMBtu today, primarily as a result of large-scale unconventional gas
development. This has resulted in major economic benefits, both through the creation of
jobs and by providing consumers lower costs for home heating and electricity. HF has
boosted U.S. natural gas production by about 30 percent since 2005. Companies who
use natural gas as a feedstock have built new manufacturing plants in the U.S. worth
over $100 billion.

e The U.S. EPA has noted that the increase in electric generation from natural gas has led
to a decrease in the overall carbon intensity of electricity generation. (U.S. EPA,
Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011, ES-11
http://www.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2013-
ES.pdf). Greenhouse gas (“GHG”) emissions were lower in the United States in the first
quarter of 2012 than they were during any first quarter since 1992 and overall GHG
emissions in 2012 were at their lowest level since 1994, due in significant part to
increased electricity generation from natural gas.

Closer to home, APPEA has determined more than 27,000 people were employed in
Queensland’s CSG industry in Q4 2012, and that the industry contributed over $97 million in
economic flows to local communities in Queensland in 2011 and 2012.



D. Hydraulic Fracturing Fluid Systems

HF specifically refers to the process of pumping fluids and proppant at high pressures to create
fractures in the rock. In order to achieve this, a physical pathway from the wellbore to the
reservoir must be available. To create a connection, any range of different techniques could be
utilised such as: a wireline perforating process using explosive charges; hydrajetting on the end
of coiled tubing with abrasive fluids to erode the casing; and cement or sliding sleeve
technology. It is important to note that these processes are considered independent of hydraulic
fracturing itself as each could also be performed in wells without any hydraulic fracturing
treatments pumped.

Water and proppant (sand) typically make up over 99% of the fracturing fluid system. The
remaining small percentage is made up of chemical additives that perform a variety of functions
depending on the characteristics of the formation being evaluated.

For instance, in the case of deep HF treatment, the following diagram presents the typical
composition of a fracturing fluid formulation:

The functions served by the less than 1% of chemical additives used in a typical frac formulation
include: increasing the viscosity of the fluid to improve proppant transport, reducing friction,
inhibiting bacterial growth, preventing corrosion in the well casing and limiting the formation of
scale and other precipitants that could impede the flow of oil and gas and fluids.

Many of the chemicals in the additives used in the process are also found in foods or in
household products such as cosmetics, shampoo and cleaning products. See
http://www.energyindepth.org/frac-fluid.pdf
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E. Benefits of Product Innovation

A critical part of the success of the unconventional gas industry in the last decade has been
technological advances and innovations in HF fluids and other technologies. Where companies
like Halliburton have developed innovative products, these are the result of significant
investments in research and development; for example, Halliburton spent $487 million
company-wide on research and development in 2015 These innovative products provide
demonstrable economic benefits in terms of production enhancements as well as significant
environmental benefits. For example, studies performed by Halliburton in the Marcellus Basin
and the Codell Basin in the U.S. show that:

The use of Halliburton’s proprietary HF products results in an average increase in
production of 33% as compared to non-proprietary stimulation fluids.

The use of microemulsion surfactants developed by Halliburton has been found to result
in long-term increases in oil and gas production of as much as 50% as compared to
wells hydraulically fractured with conventional fluids.

24-41% more wells would need to be drilled to achieve the production enhancement that
advanced technology provides.

Halliburton’s innovative products also facilitate the recycling of flowback and produced
water.

See: http://cogcc.state.co.us/RuleMaking/PartyStatus/RebuttalStmts/HESIRebuttal.pdf at p. 27.

Specific HF and other product innovations by Halliburton that have led to significant
environmental and production benefits include the following:

CleanStim is a fracturing fluid system made entirely of ingredients sourced from the food
industry that provides exceptional fracturing and environmental performance as
compared to traditional formulations.

PermStim™ fracturing fluid provides a cleaner, more robust system than typical guar-
based fluid systems. PermStim fluid is a derivatised natural polymer that contains no
insoluble residue, enabling improved well clean-up and better sustained productivity.

UniStim™ is a high performance HF fluid that is tolerant of high concentrations of total
dissolved solids, including contaminants consistent with heavy produced water brines.
This tolerance facilitates recycling because it allows significantly greater use of minimally
treated oilfield produced and flowback water, thereby reducing demands on fresh water
and the associated need for truck transportation and disposal.

‘Frac of the Future’ reduces our footprint with the use of our SandCastle vertical storage
bins, which can reduce the well site size required for HF operations from about four
hectares to as little as 1.2 hectares. This size reduction is accompanied by a reduction in
noise and emissions through using fewer diesel engines. Reducing the number of



pumping units required is reducing truck traffic to and from the wellsite. Halliburton won
the 2012 World Oil HSE Award for this approach.

e CleanStream® Service treats bacteria present in the water provided at the well site with
ultraviolet light instead of the biocides that are commonly used. In many cases, the
CleanStream process can be 99.9% effective, dramatically reducing the need for
chemical biocides.

e ADP™ Advanced Dry Polymer Blender enables mixing any of Halliburton’s fracturing
fluids using a dry polymer, eliminating the need for liquid gel concentrates and resulting
in conservation of petrochemical materials and reduced vehicle miles travelled
transporting liquid gelled material. During 2012, the use of ADP blenders and associated
dry gel removed over 30 million gallons of hydro-treated light petroleum distillates from
HF fluid in North America.

o WellLock Resin is an advanced cementing product developed by Halliburton with
significant environmental benefits. WellLock resin is a synthetic thermosetting polymeric
material that helps control and prevent annular flow, thereby protecting against potential
migration of gas and water. Unlike other resins, WellLock resin is non-flammable and
tolerates water (i.e. does not react exothermically) and is designed to work with
aqueous-based fluids (i.e. water-based muds, cement slurries).

In short, these and other technologies minimize the use of chemicals, promote recycling, limit
fresh water requirements, and reduce traffic and air emissions as well as surface disturbances
while enhancing production, resulting in a reduced overall footprint. The recognition and
protection of proprietary information in a balanced regulatory framework provides the basis for
companies to invest in ongoing technological innovation.

F. Environment Risks and Mitigation Issues
Impacts on Groundwater

The key environmental risk issue that has been raised over recent years in relation to HF is the
protection of groundwater. In over 60 years in which more than 2.5 million wells have been
hydraulically fractured internationally there is no confirmed evidence that contamination of
drinking water aquifers has ever occurred as a result of HF operations.

The environmental outcomes of hydraulic fracturing of unconventional oil or gas deposits can be
influenced by the geology, hydrogeology and hydrology at and in the vicinity of the well site. For
example, one consideration in designing an HF operation is the depth of drinking water aquifers
relative to the anticipated height of induced fractures; in areas where the separation between
the target zone and shallow aquifers is limited (conditions that are more likely to be encountered
with CSG and that are unlikely to be encountered in Northern Territory shale or tight gas plays),
the design of an HF operation must be carefully considered. In addition, the location of faults
must be taken into account; these areas are generally avoided for a variety of reasons and are
unlikely to be the site of HF operations in the first place.



Relevantly for the Northern Territory and this inquiry, sedimentary basins that are the focus of
shale projects around the world share a number of characteristics that ensure that the likelihood
of fracturing fluids migrating from the target zone to shallow aquifers is remote. Gradient
Corporation, one of the world’s leading environmental and risk science firms, undertook an
extensive analysis of the potential risks to drinking water associated with the use of HF fluids in
2013, evaluating whether it is possible for fluids pumped into a tight formation during the HF
process to migrate upward to reach drinking water aquifers. Gradient, National Human Health
Risk Evaluation for Hydraulic Fracturing Fluid Additives (May 1, 2013) (“Gradient 2013 Study”),
available at http://www.energy.senate.gov/public/index.cfm/files/serve?File id=53a41a78-c06¢c-
4695-a7be-84225aa7230f.

Gradient determined that once the fracturing fluids are pumped into a tight formation, it is simply
not plausible that the fluids would migrate upwards from the target formation through a thousand
meters or more of rock to contaminate drinking water aquifers. Gradient found that there are a
variety of factors that contribute to the implausibility of this scenario:

¢ Tight oil and gas formations are found in geologic settings that greatly restrict upward
fluid movement due to the presence of multiple layers of low permeability rock.
Because studies show that fractures remain at least 500 metres — and usually more
than a thousand metres — below the surface fluids would have to migrate an
extended distance through multiple layers of rock, many of very low permeability, in
order to reach shallow aquifers;

o Another factor inhibiting upward fluid migration is the inherent tendency of the
naturally-occurring formation water (brines) to sink and form a stable layer below
rather than mingle with or rise above fresh water (density stratification). In order for
the fracturing fluids and brines to reach fresh drinking water aquifers, the fluids would
have to overcome this natural stratification. However, upward hydraulic gradients
that might otherwise be sufficient to overcome this stratification are found only where
there is an overlying rock layer of very low permeability, which essentially prevents
any upward fluid movement. The effect of these constraints is demonstrated by the
fact that the oil and gas and the brines have been trapped in the target formation for
millions of years;

e The HF process itself does not create conditions that would overcome these natural
restrictions on fluid movement because the associated pressures are too short-term
and localized to push fluids through hundreds or thousands of metres of low
permeability rock. A typical HF stage lasts only 1-2 hours, and the pressures exerted
extend only about 3 meters from the fractures that are created. Moreover, any fluids
introduced into a deep shale formation typically will be soaked up and trapped within
the shale by natural capillary forces. At the same time, the removal of brine and
oil/gas from the well during long-term production reduces the pressure in the target
formation near the wellbore over a period of years, meaning that any fluid flow will be
in that direction (i.e., towards the wellbore or towards lower pressure in accordance
with Darcy’s Law). Therefore any remaining fluids would be drawn to the wellbore
and would not be likely to migrate away;


http://www.energy.senate.gov/public/index.cfm/files/serve?File_id=53a41a78-c06c-4695-a7be-84225aa7230f
http://www.energy.senate.gov/public/index.cfm/files/serve?File_id=53a41a78-c06c-4695-a7be-84225aa7230f

e The fractures created during HF are of limited height. This is confirmed by
microseismic data from over 12,000 HF operations in shale plays and other
formations across the U.S. which show that the “tallest” fracture was less than 600
metres in height with typical fracture heights being far less (the median fracture
height was less than 80 meters), and in all cases there were at least 500 metres (and
usually more than a thousand metres) of intact bedrock above the fractures. These
data are consistent with the limits on fracture height growth suggested by basic
geophysical principles, which indicate that fracture heights are limited by fracturing
fluid volume and that the amount of fluid used in an HF operation is simply
insufficient to propagate a fracture from the typical depth of a shale formation upward
to a depth that is anywhere close to drinking water aquifers;

o Additional factors limiting fracture height growth include (i) the existence of stress
contrasts between sedimentary layers, which tend to limit the growth of fractures into
adjacent layers, (ii) the creation of fracture networks and the leakoff of fracturing
fluids that results in the energy created during HF operations by the fluid pressure
being spread across multiple fractures rather than being concentrated in driving a
single fracture to its maximum possible height, and (iii) the tendency of fractures to
become horizontal rather than vertical at shallower depths (above about 600 metres
below ground surface). In fact, the few fractures in the extensive database
mentioned above that were shallower than 600 metres below ground surface showed
essentially no height growth. See also Fisher & Warpinski, Hydraulic Fracture Height
Growth: Real Data, Society of Petroleum Engineers SPE 145949 (Feb. 2012),
available at
http://www.spe.org/atce/2011/pages/schedule/tech _program/documents/spe145949

%201.pdf ; and

o The same microseismic data show that — despite speculation to the contrary — the
presence of natural faults in the bedrock does not significantly contribute to the
upward movement of fluids. The data indicate that existing faults are activated to
only a very limited extent (movement over a distance of less than 20 metres) during
HF operations, resulting in very little additional fluid movement beyond the
movement through induced fractures.

Gradient stated that its analysis covered a wide range of sedimentary basins in the U.S. with
different characteristics and would apply to sedimentary basins around the world with similar
characteristics.

Gradient also analyzed the potential for spills of HF fluids (or flowback fluid) to reach drinking
water wells or surface waters. Using a “probabilistic” approach to address a wide range of spill
scenarios and hydrologic conditions as well as very conservative assumptions (e.g., no spill
mitigation measures in place and no adsorption of chemical constituents to the soil or
degradation in the environment), Gradient determined the concentrations at which HF
constituents might be found in surface water or a drinking water well as a result of a spill and
compared them to levels at which health effects might become a concern. Gradient found that
any human health risks would be insignificant because various dilution mechanisms would
further reduce the already low concentration levels of HF constituents before they ever reached
drinking water sources.
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In short, while local conditions should be considered, the common characteristics of
sedimentary basins, generally applicable geological and hydrogeological principles and the
nature of HF operations mean that the environmental outcomes of hydraulic fracturing of shales
and other tight formations will not involve adverse human health impacts to groundwater or
surface water.

We have consolidated in Appendix A, for your information, a range of statements and studies
from Australian authorities, U.S. Federal officials, U.S. State government agencies, and others
to corroborate that there is little or no risk of fracturing fluids contaminating groundwater. In all
there are more than twenty studies and inquiries referenced which demonstrate the minimal
risks.

Reducing Impact on the Landscape and Use of Water Resources

Many installations for production now utilise multiple horizontal wells drilled at a common well
pad in order to maximize oil and gas production and minimize the amount of land disturbance
when developing the well network to extract the oil and/or natural gas. Well pads for multi-well
installations may vary somewhat in size, depending on the number of wells installed and
whether the operation is in the drilling or production phase. Six to twelve horizontal wells can be
drilled from a single wellpad.

Horizontal drilling and hydraulic fracturing reduce the “footprint” of natural gas operations by 400
percent over operations involving vertical wells. This is because with one well pad at the
surface, horizontal drilling using hydraulic fracturing can extract the amount of natural gas that
would take a number of well pads to extract using vertical drilling only. This reduction in surface
use to an area of approximately a hectare has ancillary benefits in terms of less truck traffic,
reduced air emissions, a lower risk of spills and stormwater runoff, and reduced use of
resources overall.
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A single HF process for a horizontal well typically uses 11 to 19 million litres of water. In
Australian tight-gas vertical wells, the amount of water used in hydraulic fracturing is
substantially less, typically in the order of several hundred thousand litres or less. For Australian
vertical shale wells, the water volumes tend to be similar to those of the designs for the
horizontals.

Industry recycling efforts minimise fresh water consumption and the costs associated with
procurement and disposal, as well as trucks needed to transport water to well sites, meaning
less impact on rural communities. In the US, millions of litres of water are currently being treated
and reused. For example, regulators in Pennsylvania recently reported that operators in the
Marcellus Shale region of the state are recycling up to 90% of their flowback and 65% of their
produced water. Halliburton has also assisted its customers in resolving water supply
challenges through technology, including the development of fluid systems that use briny or
salty water as the base fluid instead of fresh water.

Halliburton encourages the recycling of wastewater by its operators and has developed
innovative technologies to support reuse and recycling efforts. For example, Halliburton has
developed CleanWave®, a water treatment system that treats wastewater at the well site to
enable recycling and reuse of the wastewater for drilling and fracturing subsequent wells.
Halliburton has also developed UniStim, a high performance HF fluid that is tolerant of high
concentrations of total dissolved solids, including contaminants consistent with heavy produced
water brines. This tolerance facilitates recycling because it allows significantly greater use of
minimally treated oilfield produced and flowback water, thereby reducing demands on fresh
water and the associated need for truck transportation and disposal.

Importance of Well Design, Construction and Control Standards

The construction of an oil or natural gas well is undertaken in accordance with government
regulatory regimes as well as industry standards (such as those developed by APl and APPEA)
and other good engineering practices.

Multiple layers of cement and steel casings provide zonal isolation — not only to protect the
groundwater but also to provide safe conduits for operations — including placing fracturing
treatments in the desired formation.

Studies have concluded that the probability of fracture fluids reaching an underground source of
drinking water due to failures in the cementing or casing of a properly constructed well is
estimated at less than 1 in 50 million wells. See Technical Assistance for the Draft
Supplemental Generic EIS: Oil, Gas and Solution Mining Regulatory Program (ICF Task 1:
Technical Analysis of Hydraulic Fracturing), available at
http://www.nyserda.ny.gov/Cleantech-and-Innovation/Environment/Environmental-Research-
and-Development-Technical-Reports/Natural-Gas-Environmental-Impact.aspx at p. 21.

There have been isolated incidents unrelated to HF that have been caused by improperly
constructed wells. Recent studies confirm that even the risk of such incidents is very low. See
https://fracfocus.org/sites/default/files/publications/state oil _gas agency groundwater investi
gations optimized.pdf
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There is considerable literature available on well integrity and barrier failure of oil and gas wells,
primarily in respect to the United States experience. Halliburton considers that the recent paper
Environmental Risk Arising From Well-Construction Failure — Differences Between Barrier and
Well Failure, and Estimates of Failure Frequency Across Common Well Types, Locations and
Well Age (King & King, 2013) will assist the Inquiry on the topic of well leak statistics and other
matters. A copy of the King and King 2013 paper is included at Appendix B_of this submission
for information.

The King & King paper is a peer approved publication, and considers an extensive data set of
600,000 wells worldwide. It not only identifies failure rates, but explains the key factors
contributing to well failures. The data set available allows a conclusion to be drawn in respect to
the overall frequency of leaks from wells and the risk that leaks pose to groundwater. However,
it does not quantify the volumes of above surface or subsurface leaks into the outside formation
arising from any incidents. Particular summary points that may be of interest to this Inquiry
include:

¢ QOil and gas wells are comprised of multiple layers of steel, cement, seals and valves,
providing multiple barriers between well fluids, oil or gas and the surrounding
environment. Well design is a geomechanical, fit-for-purpose engineering exercise,
with design taking account of unknowns associated with the outside formation and
worst-case loads and forces. Wells are engineered to both warn of a potential problem
and prevent the occurrence of a problem. One or more individual barriers of a well may
fail without creating a pathway to the outside formation and the potential for impact to
the environment or groundwater.

e The paper differentiates between individual barrier failures and well integrity failure
when all barriers fail, giving rise to the possibility of a leak. While there is considerable
variability in failure rates across the globe, King & King conclude that oil, gas or
injection wells constructed to current standards have an overall leak frequency ranging
from 0.005 to 0.03%. These well integrity failure rates are two to three orders of
magnitude less than for single barrier failures. King & King also conclude that the
overall risk of pollution to groundwater from producing wells is extremely low.

e The paper refers to a previous study of groundwater contamination incidents relating to
65,000 wells in Ohio and 250,000 wells in Texas'. That study identified no incidents
that directly involved hydraulic fracturing. The data indicate that historical
environmental incidents associated with oil and gas development are more commonly
associated with above ground issues — fluid handling, leaking tanks or flowlines or use
of surface pits to contain fluids.

e The most common leak points for producing wells are at the surface, such as failed
gaskets or valves, which can be easily repaired. Outward subsurface leaks are
uncommon due to the lower pressure gradient in the well compared to the outside

! State Oil and Gas Agency Groundwater Investigations and Their Role in Advancing Regulatory Reforms, A Two
State Review: Ohio and Texas (Groundwater Protection Council, Kell 2012).
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formation. Where subsurface leaks occur, these are more likely water from the outside
formation leaking into the well.

e The most important factors contributing to well integrity failure are well age and
construction era. A number of historical issues identified in the King & King paper will
not represent risks in the South Australian context, given the stage of development of
the industry here.

In addition, a failure of the cement (if it occurs) is not likely to create a pathway for migration of
fracturing fluid up the well annulus to shallow depths. Water is the wetting fluid in shales and
the large capillary forces in predominantly oil- and gas-saturated shale would more likely draw
fluid into the rock pore spaces (a process called imbibition). Moreover, fracturing fluid is
typically denser than shallow groundwater (especially after mixing with naturally-occurring brine
near the targeted formations) and migration through a compromised cement barrier toward the
surface would not occur in the absence of a mechanism to force the dense fluid upward; this
type of mechanism would generally not be present in the vicinity of a producing well, which
creates a low pressure zone near the wellbore and draws fluids toward the well rather than
allowing them to migrate up along the casing. Moreover, extraction of oil and gas leads to a
significant pressure reduction in the targeted formation that is expected to diminish any naturally
pre-existing elevated pressure (if present), such that there would not be a long term driving
force for upward migration of dense fracturing fluid after a well is plugged and abandoned.

Cement bonds play a critical role in isolating the oil/gas well from other subsurface formations,
including water-bearing formations. Monitoring of these seals, referred to as cement bond
integrity logging, is conducted to confirm the presence and the quality of the cement bond
between the casing and the formation. Such logging is typically conducted using a variety of
electronic devices for each cement bond associated with the well (API, 2009). By following
these well installation and testing best practices, wells are carefully constructed, with a number
of key design and monitoring elements (e.g., well casings/cement bonds, logging to ensure the
adequacy of cementing, and pressure integrity testing). These practices protect drinking water
aquifers by achieving full zonal isolation from overlying formations.

Prior to commencing the HF treatment, the well casing and all equipment to be used in the
process (e.g., pumps, high pressure lines) are pressure tested to ensure that they can withstand
the pressure to be applied during HF. Any leaks observed during such testing are addressed.
The pressure testing of equipment helps to minimize the likelihood of any fluid spills during the
HF process.

Halliburton supports the efforts of the operators to employ best practices and comply with all
applicable requirements for well testing and monitoring to ensure well integrity.

Monitoring During HF Operations

Similar to well design and installation, the HF process is carefully planned and monitored to
ensure that the induced fractures are contained within the target formation to the extent
possible, and if there are any indications of abnormal conditions (e.g., abnormal pressure drop),
immediate actions can be taken to halt the HF operation. The required HF treatment (e.g., the
fracturing pressure, the additive mix and sequencing, duration) is designed by experts. In some
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cases, these experts will utilize state of the art computer models to ensure that the HF treatment
being applied is appropriate for the job and results in fractures that are contained within the
target zone. In other cases, experts may rely on prior experience in hydraulically fracturing
other wells in the area, the designs for which may have been based in part in models. In
addition, a “mini-frac” treatment, utilizing a small volume of HF fluid, may be initially conducted
to collect diagnostic data, which are then used to refine the prior computer modeling results and
to finalize the HF execution plan.

Data are continuously collected during hydraulic fracturing to monitor operating conditions and
to ensure that fractures are propagating in the subsurface consistent with the design. For
example, pressure data are collected at several key locations: the pump, wellhead, and
intermediate casing annulus (if the intermediate casing has not been cemented to the surface).
Typically, pressure variations are minimal and only slight adjustments are required during the
HF process. Unusual pressure changes during an HF operation are typically a sign of a problem
(such as a surface spill). In such cases, pumping operations are immediately shut down. In
addition to pressure monitoring, pressure relief mechanisms are also included in the production
wells. For example, APl recommends that the intermediate casing annulus should be equipped
with a pressure relief valve, with the line from such a valve leading to a lined pit. Such a
pressure relief mechanism ensures that if there is a leak from the production casing, any
released fracturing fluid is contained within the intermediate casing annulus, and removed
before it migrates into the subsurface.

Halliburton has developed a menu of tools to support these monitoring efforts that are available
for well operators’ use. These include microseismic monitoring and Halliburton Foray fracture
analysis. Halliburton’s microseismic monitoring, or microseismic fracture mapping, provides an
image of the fractures by detecting microseisms or micro-earthquakes that are triggered by
shear slippage on bedding planes or natural fractures adjacent to the hydraulic fracture. The
location of the microseismic events is obtained using a downhole receiver array that is
positioned at the depth of the fracture in an offset wellbore. Microseismic fracture mapping
helps assure that the fracture stays in the intended zone and minimizes the number of wells and
fractures required.

Halliburton Foray fracture analysis services as a part of the PE Tool Kit and Analysis Services
can show an operator where and when fractures are propagating. Using highly sophisticated
mathematics, Foray turns events in a microseismic cloud into fracture planes. The software
then displays those planes to show the dimensions and principal directions of the fractures to
reveal the complexity of the fracture network in a specific formation. This helps prevent over-
treatment that could waste fluid and proppant. The information also proves useful in optimizing
the number and spacing of stages when fracturing. By better understanding how the formation
responds, Halliburton can improve the next stimulation design.

The Schedule of Requirements prescribes minimum monitoring during drilling operations. This
includes mud monitoring equipment to determine the concentration of gas in the drilling mud,
penetration rate and formation pressure monitoring to warn against possible and approaching
pressure increases and well performance monitoring. There are also a range of regulatory
reporting requirements, from daily drilling reports to incident, injury and emergency notifications.
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G. Regulatory Approach

Halliburton believes that in those Australian jurisdictions where unconventional gas projects are
either underway or under development, regulatory frameworks are in place that are robust and
effective. The Northern Territory is no exception in this regard.

Halliburton participated in consultations leading to the introduction of the 2016 Petroleum
Regulations, and believes them to be robust and fit-for-purpose. In combination with global
industry standards and practices, the Northern Territory regulatory framework will ensure
appropriate operational and production practices, reporting/disclosure and project monitoring.

At a global level, Halliburton understands there is an increasing desire on the part of local
communities and the public at large for even greater transparency and access to information.
At the same time, laws and regulations that protect innovative technology and proprietary
information enable the development of greener chemistry and products that deliver greater
environmental and production benefits. Accordingly, Halliburton supports public disclosure of
ingredient information related to its HF chemical products, provided that proprietary information
of Halliburton and other innovator companies is protected.

There is significant experience in the United States and Canada in the design of regulatory
frameworks that strike a balance between disclosing information to the public about chemical
use and protection of proprietary information in order to promote innovation and the availability
of the most efficient and environmentally advanced technologies for use in the oil and gas
industry. Based on this experience, Halliburton considers best regulatory practice for a
chemical disclosure regime for HF fluids to encompass the following principles and concepts:

(a) Disclosure must be made of chemicals proposed to be intentionally added to a
hydraulic fracturing fluid or mixture through provision of the following details:
i. The trade name, vendor and a brief descriptor or function of each
additive/product used in the fluid or mixture.
ii. An aggregated list of chemical names and CAS numbers (where available,
or another appropriate descriptor if unavailable) for each chemical included
in the overall fluid or mixture.

(b) The maximum proposed concentration by mass of each chemical in the overall
fluid.

(c) If any of the information in (a) is claimed to be confidential business information
(CBI) it is not required to be disclosed, however:

i. Each piece of CBI which is not being disclosed must be identified and a
justification for the claim that it is CBI must be provided (unless it has
already been accepted as exempt information by NICNAS under the
Industrial Chemicals (Notification and Assessment) Act 1989 (Cth) in which
case CBI will be assumed).

ii. An alternative description of each piece of information which is claimed to
be CBI must be provided. For example, a chemical family name may be
used in lieu of a specific chemical name.
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(d) The information disclosed is posted by the relevant government agency to a
public website which allows the public to search for individual well sites and
obtain a list of the chemicals used in onshore petroleum activities. This is along
the lines of the FracFocus model, outlined below.

(e) In the event of emergency, the relevant CBI must be disclosed to the relevant
government agency, an emergency manager or medical personnel. The
information will still be deemed to be confidential and emergency managers or
medical personnel must enter into confidentiality agreements either before, or if
time does not permit it in an emergency situation, after the CBI has been
provided.

The benefits of this approach are as follows:

o The government and the public will have routine access to meaningful and detailed
information regarding the chemicals used in hydraulic fracturing fluids for individual
wells.

e Companies will be able to continue to compete for business and introduce new and
innovative hydraulic fracturing fluids which have environmental and production
benefits.

e The responsible government agency does not need to devote time and expense to
protecting confidential information and instead may focus its resources on other
activities that contribute to environmental protection, such as monitoring casing and
cementing programs and ensuring wellbore integrity.

H. Disclosure Through FracFocus

Halliburton supports public disclosure of fracturing fluid ingredients and has taken a number of
steps to provide the public with information regarding the chemicals used in HF operations,
including supporting the disclosure of information through the FracFocus Hydraulic Fracturing
Chemical Disclosure Registry (“FracFocus”) website: http://fracfocus.org.

FracFocus is a web-viewable system used to obtain, store, and publish information concerning
the chemicals used in HF operations at individual well sites. In the U.S., FracFocus is a joint
project of the Ground Water Protection Council (‘GWPC”) and the Interstate Oil and Gas
Compact Commission (“lIOGCC”). Halliburton has supported the use of FracFocus as a platform
for providing the public with information regarding the fluids used in hydraulically fracturing
individual wells. FracFocus has been very successful in the U.S.

The South Australian Resource Information Geoserver (SARIG), the leading online tool of its
type in Australia, bears some similarities to FracFocus, but the latter specifically focuses on
well-specific chemical disclosure.

The key characteristics of FracFocus are as follows:

¢ |t allows companies to post information about chemicals used in the fracturing of oil and
gas zones on a well-by-well basis. Companies upload HF fluid composition information
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and the data are made publicly available (no registration required) and searchable at
http://fracfocus.org.

The disclosure form is geographically tagged to allow the public and regulators to find
and view information about wells based on their location. The system allows website
users to locate wells by state, county, coordinates, a unique identifier known as an
American Petroleum Institute (“API”) number, well name and number, Chemical
Abstracts Service (“CAS”) number, and ingredient (chemical) name.

The FracFocus disclosure information identifies the base fluid and additive products
used to fracture a well and includes information concerning the constituents of those
additive products such as ingredient names, CAS numbers, and maximum ingredient
concentration in the overall HF fluid. FracFocus allows for companies to protect
confidential business information through the use of general chemical descriptors in lieu
of providing specific chemical identities for certain proprietary ingredients. The chemical
identity and concentration information provided on FracFocus along with hazard
information provided by MSDSs is sufficient in many instances to allow regulators to
perform any necessary assessments.

FracFocus has received over 117,000 disclosure records from 1200 different companies
and has been visited by over 750,000 people from over 134 countries.

FracFocus has functioned effectively as a voluntary reporting mechanism. At the same
time, 24 U.S. states, representing over 80% of U.S. onshore oil production and 92% of
gas production, and the US’ federal Bureau of Land Management have either proposed
or have already opted to require or allow companies to use FracFocus to meet state
reporting requirements.

FracFocus has been a successful regulatory tool in the U.S. and Canada because it
allows regulators to provide information regarding the fluids used in hydraulically
fracturing individual wells to interested members of the public and at the same time
obtain information to support various regulatory functions. It is sufficiently flexible that a
number of different states have been able to use it to meet their needs.
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. Appendices

APPENDIX A

(a) U.S. Federal and International Studies

The U.S. Environmental Protection Agency (“EPA”) released its final report entitled
“Hydraulic Fracturing for Oil and Gas: Impacts from the Hydraulic Fracturing Water
Cycle on Drinking Water Resources in the United States” in December 2016,
representing the culmination of a six-year study requested by Congress. The report
concludes that hydraulic fracturing (“HF”) “can impact drinking water resources under
some circumstances.” EPA identified certain conditions under which impacts from
HF activities can be more frequent or severe, including: (1) spills during the
management of HF fluids and chemicals or produced water that result in large
volumes or high concentrations of chemicals reaching drinking water resources; (2)
injection of HF fluids into wells with inadequate mechanical integrity, allowing gases
or liquids to move to drinking water resources (wells are generally constructed today
with multiple barriers and EPA concluded that a barrier was reported to be
compromised in 3% of HF operations and in most of these cases operations were
halted until the problem was resolved); (3) injection of HF fluids directly into drinking
water resources (which EPA concluded occurs infrequently, i.e., an estimated 0.4%
or less of hydraulically fractured wells; and (4) disposal or storage of HF wastewater
in unlined pits (a practice that is prohibited in many states and is not consistent with
industry best practices, which call for steps to be taken to prevent infiltration of
wastewater into the subsurface). U.S. EPA, Hydraulic Fracturing for Oil and Gas:
Impacts from the Hydraulic Fracturing Water Cycle on Drinking Water Resources in
the United States (December 2016), available at
https://cfpub.epa.gov/nceal/hfstudy/recordisplay.cfm?deid=332990.

A U.S. EPA study of allegations of contamination from hydraulic fracturing of coalbed
methane (“CBM”) wells “did not find confirmed evidence that drinking water wells
have been contaminated by hydraulic fracturing fluid injection into CBM wells.” U.S.
EPA, Evaluation of Impacts to Underground Sources of Drinking Water by Hydraulic
Fracturing of Coalbed Methane Reservoirs, ES-1 (2004), available at
http://water.epa.gov/type/groundwater/uic/class2/hydraulicfracturing/wells _coalbedm
ethanestudy.cfm

The U.S. Geological Survey released a study in January 2013 that examined
groundwater samples representing approximately one-third of the Fayetteville Shale
gas production area and found no regional effects on groundwater from activities
related to gas production. Kresse, T.M. et al., Shallow groundwater quality and
geochemistry in the Fayetteville Shale gas-production area, north-central Arkansas,
2011, U.S. Geological Survey Scientific Investigations Report 2012-5273 (Jan.
2013), available at http://pubs.usgs.gov/sir/2012/5273/sir2012-527 3.pdf



https://cfpub.epa.gov/ncea/hfstudy/recordisplay.cfm?deid=332990
http://water.epa.gov/type/groundwater/uic/class2/hydraulicfracturing/wells_coalbedmethanestudy.cfm
http://water.epa.gov/type/groundwater/uic/class2/hydraulicfracturing/wells_coalbedmethanestudy.cfm
http://pubs.usgs.gov/sir/2012/5273/sir2012-5273.pdf
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A USGS analysis of 21 private drinking water wells in northeastern Pennsylvania
where homeowners suspected that their well water was contaminated by flowback
fluids indicated that in fact none of the wells was contaminated by flowback fluid
associated with HF operations. Reilly et al., “Identification of local groundwater
pollution in northeastern Pennsylvania,” Environ Earth Sci (Jan. 3, 2015), available at
http://link.springer.com/article/10.1007%2Fs12665-014-3968-0#

A group of USGS scientists who evaluated national USGS surface water data in an
attempt to detect trends in surface water quality in regions of oil and gas
development found no consistent trends in water quality in areas with increasing
unconventional oil and gas development. Bowen et al., “Assessment of Surface
Water Chloride and Conductivity Trends in Areas of Unconventional Oil and Gas
Development - Why Existing National Datasets Can’t Tell Us What We Would Like to
Know,” Water Resources Research (Jan. 30, 2015), available at
http://onlinelibrary.wiley.com/doi/10.1002/2014WR016382/abstract

USGS researchers studying water quality in the Monongahela River Basin where
shale gas exploration has occurred for eight years compared recent water samples
with historical samples and found no significant difference in groundwater quality.
Chambers et al., Water Quality of Groundwater and Stream Base Flow in the
Marcellus Shale Gas Field of the Monongahela River Basin, West Virginia, 2011-12,
USGS Report 2014-5233 (Apr. 2015), available at
http://pubs.usgs.gov/sir/2014/5233/.

Another paper recently published by USGS researchers found that water samples
collected from 30 randomly distributed domestic wells in 2013 in the area of the
Bakken Formation in Montana and North Dakota gave no indication that energy
development activities affected groundwater quality. McMahon et al., Quality and
Age of Shallow Groundwater in the Bakken Formation Production Area, Williston
Basin, Montana and North Dakota, Groundwater Vol. 53 (2015), available at
http://www.ncbi.nlm.nih.gov/pubmed/25392910.

Researchers from the National Energy Technology Laboratory published a paper
and report in September 2014 regarding a study of HF operations at a Marcellus
Shale well site in Greene County, Pennsylvania. The researchers took samples from
Upper Devonian/Lower Mississippian wells at depths of up to about 4,400 feet below
ground surface both before and up to 14 months after fracturing of the deeper
Marcellus (at depths of about 8,000 feet). The study found no compelling evidence
that the shallower wells — which were still about 4,000 feet below drinking water
aquifers — were affected by any upward migrating fluids from the Marcellus over the
study period. Indeed, the researchers found that there was no evidence of migration
of gas from the Marcellus to the shallower wells over the 14 months. U.S.
Department of Energy, National Energy Technology Laboratory, An Evaluation of
Fracture Growth and Gas/Fluid Migration as Horizontal Marcellus Shale Gas Wells
are Hydraulically Fractured in Greene County, Pennsylvania, NETL-TRS-3-2014
(Sept. 15, 2014), available at
http://www.netl.doe.gov/File%20Library/Research/onsite%20research/publications/NETL-
TRS-3-2014 Greene-County-Site 20140915.pdf.



http://link.springer.com/article/10.1007%2Fs12665-014-3968-0
http://onlinelibrary.wiley.com/doi/10.1002/2014WR016382/abstract
http://pubs.usgs.gov/sir/2014/5233/
http://www.ncbi.nlm.nih.gov/pubmed/25392910
http://www.netl.doe.gov/File%20Library/Research/onsite%20research/publications/NETL-TRS-3-2014_Greene-County-Site_20140915.pdf
http://www.netl.doe.gov/File%20Library/Research/onsite%20research/publications/NETL-TRS-3-2014_Greene-County-Site_20140915.pdf
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A peer-reviewed paper by researchers at the Lawrence Berkeley National Laboratory
reports on some of the results of modeling being conducted for EPA’s study of the
impacts of HF on drinking water and concludes that the possibility of hydraulically
induced fractures at great depths causing activation of faults and creation of a new
flow path that can reach shallow groundwater resources is “remote.” Rutqvist, J., et
al., “Modeling of fault reactivation and induced seismicity during hydraulic fracturing
of shale-gas reservoirs,” Journal of Petroleum Science and Engineering (2013),
available at http://dx.doi.org/10.1016/].petrol.2013.04.023

The New Zealand Parliamentary Commissioner for the Environment issued a report
in 2012 finding that “there is no evidence that fracking has caused groundwater
contamination in New Zealand.” Government of New Zealand, Parliamentary
Commissioner for the Environment, Evaluating the environmental impacts of fracking
in New Zealand: An interim report, 43 (Nov. 2012), available at
http://www.pce.parliament.nz/publications/all-publications/evaluating-the-
environmental-impacts-of-fracking-in-new-zealand-an-interim-report/

In a May 2012 report, the Council for the Taranaki Region in New Zealand found that
there was no evidence of environmental problems related to the HF operations that
had been undertaken in the region over a period of almost 20 years and that there is
little risk to freshwater aquifers from properly conducted HF operations. Government
of New Zealand Taranaki Regional Council, Hydrogeologic Risk Assessment of
Hydraulic Fracturing for Gas Recovery in the Taranaki Region, 3-4 (May 2012),
available at https://www.trc.govt.nz/council/plans-and-reports/research-and-
reviews/hydraulic-fracturing/

The South African Department of Mineral Resources has stated that there are “no
documented cases of properly placed hydraulic fracturing fluids migrating through
the overlying strata to contaminate groundwater.” The Department found that
“potable aquifers are expected to be far removed from shale gas target formations
and safe from contamination from injected fracking fluids, as the latter are immobile
under normal conditions with no ‘drive’ once the fracturing operation is completed.”
Republic of South Africa, Department of Mineral Resources, Investigation of
Hydraulic Fracturing in the Karoo Basin of South Africa, 31 (July 2012), available at
http://www.dmr.gov.za/publications/summary/182-report-on-hydraulic-fracturing/852-

executive-summary-investigation-of-hydraulic-fracturing-in-the-karoo-basin-of-south-

africa.html

The United Kingdom Department of Energy and Climate Change concluded in a
December 2013 report that groundwater contamination from HF “has not been
observed in practice and would be unlikely” and that “it is considered reasonable to
suggest that any risk of contamination from fracturing activities is exceptionally low.”
AMEC Environment & Infrastructure UK Limited, Department of Energy and Climate
Change, Strategic Environmental Assessment for Further Onshore Oil and Gas
Licensing, 96 (Dec. 2013), available at
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/27399
7/IDECC SEA Environmental Report.pdf



http://dx.doi.org/10.1016/j.petrol.2013.04.023
http://www.pce.parliament.nz/publications/all-publications/evaluating-the-environmental-impacts-of-fracking-in-new-zealand-an-interim-report/
http://www.pce.parliament.nz/publications/all-publications/evaluating-the-environmental-impacts-of-fracking-in-new-zealand-an-interim-report/
https://www.trc.govt.nz/council/plans-and-reports/research-and-reviews/hydraulic-fracturing/
https://www.trc.govt.nz/council/plans-and-reports/research-and-reviews/hydraulic-fracturing/
http://www.dmr.gov.za/publications/summary/182-report-on-hydraulic-fracturing/852-executive-summary-investigation-of-hydraulic-fracturing-in-the-karoo-basin-of-south-africa.html
http://www.dmr.gov.za/publications/summary/182-report-on-hydraulic-fracturing/852-executive-summary-investigation-of-hydraulic-fracturing-in-the-karoo-basin-of-south-africa.html
http://www.dmr.gov.za/publications/summary/182-report-on-hydraulic-fracturing/852-executive-summary-investigation-of-hydraulic-fracturing-in-the-karoo-basin-of-south-africa.html
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/273997/DECC_SEA_Environmental_Report.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/273997/DECC_SEA_Environmental_Report.pdf
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The Energy and Climate Change Committee appointed by the British House
of Commons concluded in May 2011 that “hydraulic fracturing itself does not
pose a direct risk to water aquifers, provided that the well-casing is intact
before this commences.” United Kingdom Parliament, House of Commons,
Energy and Climate Change Committee, Fifth Report: Shale Gas (May 10,
2011), available at
http://www.publications.parliament.uk/pa/cm201012/cmselect/cmenergy/795/

79502.htm


http://www.publications.parliament.uk/pa/cm201012/cmselect/cmenergy/795/79502.htm
http://www.publications.parliament.uk/pa/cm201012/cmselect/cmenergy/795/79502.htm
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(b) Statements by Australian and U.S. Federal Officials

(c)

The Western Australia Department of Mines and Petroleum has stated that “[s]ince
1958, more than 780 petroleum wells have undergone fracture stimulation in WA
with no known adverse effects on the environment, water sources or peoples’
health.” WA Department of Mines and Petroleum, Natural Gas from Shale and Tight
Rocks Fact Sheet: Providing responses to misinformation (August 2013), available at
http://www.dmp.wa.gov.au/shaleandtightgas

Then-EPA Administrator Lisa Jackson stated in testimony before the House
Committee on Oversight and Government Reform that she was “not aware of any
water contamination associated with the recent drilling” in the Marcellus Shale. Pain
at the Pump: Policies that Suppress Production of Oil and Gas, Hearing Before the
H. Comm. on Oversight & Gov't Reform, Rep. No. 112-54, 87 (May 24, 2011),
available at http://www.gpo.gov/fdsys/pka/CHRG-112hhrg70675/pdf/CHRG-
112hhrg70675.pdf She again made statements to the press on April 30, 2012 that
“in no case have we [EPA] made a definitive determination that [hydraulic fracturing]
has caused chemicals to enter groundwater.” See
https://www.youtube.com/watch?v=_tBUTHB 7Cs

Then-U.S. Bureau of Land Management (“BLM”) Director Bob Abbey stated that he
had “never seen any evidence of impacts to groundwater from the use of fracing
technology on wells that have been approved by” BLM. Challenges Facing Domestic
Oil and Gas Development: Review of Bureau of Land Management/U.S. Forest
Service Ban on Horizontal Drilling on Federal Lands, Hearing before the Subcomm.
on Energy and Mineral Resources of the H. Comm. on Natural Resources and the
Subcomm. on Conservation, Energy and Forestry of the H. Comm. on Agriculture,
112th Cong. (July 8, 2011), available at http://www.gpo.gov/fdsys/pka/CHRG-
112hhrg72151/pdf/CHRG-112hhrg72151.pdf

U.S. Department of Energy Secretary Ernest Moniz made remarks to the press on
August 1, 2013 that, “to my knowledge, | still have not seen any evidence of fracking
per se contaminating groundwater.” See http://thehill.com/blogs/e2-wire/e2-
wire/315009-energy-secretary-natural-gas-helps-battle-climate-change-for-now

Studies and Statements from U.S. State Governments and Agencies

In 1998 the U.S. Ground Water Protection Council surveyed 25 state agencies
responsible for oil and gas development and found that there was not a single
substantiated claim of contamination of drinking water supplies attributable to
hydraulic fracturing. Ground Water Protection Council, Survey Results on Inventory
and Extent of Hydraulic Fracturing in Coalbed Methane Wells in the Producing
States (1998), available at
https://cogcc.state.co.us/RuleMaking/PartyStatus/FinalPrehearingStmts/HESIExhibit
s.PDF

The Interstate Oil and Gas Compact Commission (“IOGCC”) surveyed its state
regulatory agency members in 2002 and found that nearly one million wells had been


http://www.dmp.wa.gov.au/shaleandtightgas
http://www.gpo.gov/fdsys/pkg/CHRG-112hhrg70675/pdf/CHRG-112hhrg70675.pdf
http://www.gpo.gov/fdsys/pkg/CHRG-112hhrg70675/pdf/CHRG-112hhrg70675.pdf
https://www.youtube.com/watch?v=_tBUTHB_7Cs
http://www.gpo.gov/fdsys/pkg/CHRG-112hhrg72151/pdf/CHRG-112hhrg72151.pdf
http://www.gpo.gov/fdsys/pkg/CHRG-112hhrg72151/pdf/CHRG-112hhrg72151.pdf
http://thehill.com/blogs/e2-wire/e2-wire/315009-energy-secretary-natural-gas-helps-battle-climate-change-for-now
http://thehill.com/blogs/e2-wire/e2-wire/315009-energy-secretary-natural-gas-helps-battle-climate-change-for-now
https://cogcc.state.co.us/RuleMaking/PartyStatus/FinalPrehearingStmts/HESIExhibits.PDF
https://cogcc.state.co.us/RuleMaking/PartyStatus/FinalPrehearingStmts/HESIExhibits.PDF
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hydraulically fractured over the course of several decades but again found no
evidence of substantiated claims of contamination of drinking water supplies due to
hydraulic fracturing. IOGCC, States Experience with Hydraulic Fracturing: A Survey
of the Interstate Oil and Gas Compact Commission (2002), available at
http://www.mde.state.md.us/programs/Land/mining/marcellus/Documents/Interstae

Oil_Gas_Compact_Commission_States Experience_w_Hydraulic_Fracturing 2002.
pdf I0GCC continues to confirm on its website that “lOGCC member states have all
stated that there have been no cases where hydraulic fracturing has been verified to
have contaminated drinking water.” See http://www.iogcc.state.ok.us/hydraulic-

fracturing

The Susquehanna River Basin Commission’s Data Report of Baseline Conditions for
2010-2013 found that conductance and turbidity had not changed over the monitored
years, there was no correlation between well pad density and stream temperature or
well distance and biotic integrity, and very few water samples exceeded water quality
levels or levels of concern. Susquehanna River Basin Commission, Data Report of
Baseline Conditions for 2010 — 2013, Pub. No. 297 (June 2015), available at
http://www.srbc.net/pubinfo/techdocs/publications/techreports.htm.

Regulators in various U.S. states have likewise affirmed the absence of evidence of
groundwater contamination from HF:

o New York — “[N]Jo known instances of groundwater contamination have
occurred from previous horizontal drilling or hydraulic fracturing projects in
New York State.” New York State Department of Environmental
Conservation, Revised Draft Supplemental Generic Environmental Impact
Statement on the Oil, Gas and Solution Mining Regulatory Program, 6-47
(2011), available at http://www.dec.ny.gov/energy/75370.html.

o Alaska — “In over fifty years of oil and gas production, Alaska has yet to suffer
a single documented instance of subsurface damage to an underground
source of drinking water.” Alaska Oil and Gas Conservation Commission,
Hydraulic ~ Fracturing in Alaska (Apr. 6, 2011), available at
http://doa.alaska.gov/ogc/reports-studies/HydraulicFracWhitePaper.pdf.

o Colorado — “[W]e have found other instances where activities associated with
oil and gas operations have impacted water supplies. These events have
typically been tied to incidents such as a leaking storage pit, a poorly
cemented oil and gas well, or leaking production equipment. These cases,
however, have not been linked to the specific act of hydraulic fracturing
hydrocarbon layers thousands of feet below the surface, and typically,
thousands of feet below groundwater supplies.” David Neslin, Written
Answers to Follow-up Questions from the Senate Committee on the
Environment and Public Works (May 17, 2011), available at
http://cogcc.state.co.us/Announcements/Hot Topics/Hydraulic Fracturing/En
viroPublicWorksQA.pdf.



http://www.mde.state.md.us/programs/Land/mining/marcellus/Documents/Interstae_Oil_Gas_Compact_Commission_States_Experience_w_Hydraulic_Fracturing_2002.pdf
http://www.mde.state.md.us/programs/Land/mining/marcellus/Documents/Interstae_Oil_Gas_Compact_Commission_States_Experience_w_Hydraulic_Fracturing_2002.pdf
http://www.mde.state.md.us/programs/Land/mining/marcellus/Documents/Interstae_Oil_Gas_Compact_Commission_States_Experience_w_Hydraulic_Fracturing_2002.pdf
http://www.iogcc.state.ok.us/hydraulic-fracturing
http://www.iogcc.state.ok.us/hydraulic-fracturing
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o In 2012, regulators from a number of states — including Arkansas, Colorado,
Louisiana, North Dakota, Ohio, Oklahoma, Pennsylvania and Texas -
confirmed to the U.S. Government Accountability Office that, based on state
investigations, the HF process had not been identified as a cause of
groundwater contamination in their states. U.S. GAO, Information on Shale
Resources, Development and Environmental and Public Health Risks, 49
(Sept. 2012), available at hitp://www.gao.gov/assets/650/647791.pdf.

o California — “In California it has been used for 60 years, and actively used for
40 years, and in California there has been not one record of reported damage
directly to the use of hydraulic fracturing.” See
http://www.nationaljournal.com/new-energy-paradigm/california-s-top-oil-
regulator-on-fracking-climate-change-and-fossil-fuels-20131016.

o Michigan — “As far as migration of gas or fracture fluids, we have never seen
an instance where a fracture communicates directly with the fresh water
zone.” See https://www.youtube.com/watch?v=A979CqCeHO00.

In August 2014, the California Council on Science and Technology, Lawrence
Berkeley National Laboratory and the Pacific Institute issued a study conducted for
the U.S. Bureau of Land Management regarding the use of HF and other well
stimulation technologies in California. The study found that where the target
formation is more than 2,000 feet below the overlying aquifers, the creation of
migration pathways as a result of HF operations seems unlikely. The report noted
that most studies comparing baseline trends to post-stimulation measurements have
not found any statistically significant changes in water quality in nearby drinking
water wells. The study concludes that the primary impacts to California’s
environment from well stimulation activities will be indirect impacts due to increases
in oil and gas production, not impacts due to well stimulation itself. California Council
of Science and Technology et al., Advanced Well Stimulation Technologies in
California: An Independent Review of Scientific and Technical Information, 234-37
(Aug. 28, 2014), available at http://ccst.us/projects/fracking public/BLM.php!/.

The Maryland Department of the Environment (“MDE”) and Department of Natural
Resources (“MDNR”) found that “[t]he available scientific evidence indicates that the
possibility that fracturing fluids would migrate upward through the overlying rock
formations to reach drinking water is extremely remote.” Maryland Department of the
Environment and Maryland Department of Natural Resources, Marcellus Shale Safe
Drilling Initiative Study Part Il Interim Final Best Practices (July 2014) available at
http://www.mde.state.md.us/programs/land/mining/marcellus/pages/index.aspx.

In January 2015, MDE and DNR issued a joint Risk Assessment for Unconventional
Gas Well Development in the state. The assessment concluded that the risks of
impact to groundwater from saline intrusion during drilling of vertical and lateral
wellbore or due to casing and cement failure are low. The assessment stated that
“the best practices for casing and cement reduce the risk of casing and cement
failures.” In addition, based on a literature review and the best management


http://ccst.us/projects/fracking_public/BLM.php/
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practices available, the risk of impact to groundwater from fracturing fluids and
mobilized substances through faults and old wells was also found to be low.
Maryland Department of the Environment and Maryland Department of Natural
Resources, Assessment of Risks from Unconventional Gas Well Development in the
Marcellus Shale of Western Maryland, Appx. H (Jan. 20, 2015), available at
http://www.mde.state.md.us/programs/Land/mining/marcellus/Pages/Risk _Assessme

nt.aspx.

The Wyoming Environmental Department of Environmental Quality (“WDEQ”)
investigated drinking water quality issues in the rural area east of Pavillion,
Wyoming. WDEQ found that evidence does not indicate HF fluids had risen to
shallow depths utilized by water-supply wells, and that it is unlikely that HF caused
any impacts to the water-supply wells. Wyoming Department of Environmental
Quality and Acton Mickelson Environmental, Inc., Pavillion, Wyoming Area Domestic
Water Wells Final Report and Palatability Study (Nov. 7 2016), available at
http://deq.wyoming.gov/wad/pavillion-investigation/resources/investigation-final-
report/. A supporting study by Maurice Dusseault concluded that there is no
evidence that HF fluids have migrated upward to reach protected groundwater
resources and that the possibility of this occurring is negligibly small.

(d) Other Statements and Studies

Dr. Mark Zoback, Professor of Geophysics, Stanford University and member of the
Shale Gas Production Subcommittee of the Secretary of Energy Advisory Board
stated that “[f]racturing fluids have not contaminated any water supply and with that
much distance to an aquifer, it is very unlikely they could.” See
http://news.stanford.edu/news/2011/august/zoback-fracking-ganda-083011.html

The Royal Society concluded in a June 2012 report that a variety of factors constrain
fracture height growth and that while it might be theoretically possible to create
pressures that would allow a fracture to grow vertically to shallow depths, the
“volume of fluid injected is simply insufficient by orders of magnitude to create these
pressures” and that “such an enormous pressure could not be sustained.” The
report also found that “[u]pward flow of fluids from the zone of shale gas extraction to
overlying aquifers via fractures in the intervening strata is highly unlikely” and that, in
general, it is “very difficult to conceive” how such upward fluid flow might occur given
the hydrogeological conditions found in the relevant areas of the U.K. The Royal
Society, Shale gas extraction in the UK: a review of hydraulic fracturing (June 2012),
available at https://royalsociety.org/~/media/policy/projects/shale-gas-
extraction/2012-06-28-shale-gas.pdf

MIT performed a study in 2011 on the potential risks of hydraulic fracturing to
groundwater aquifers and found that “no incidents of direct invasion of shallow water
zones by fracture fluids during the fracturing process have been recorded.” MIT
Energy Initiative, The Future of Natural Gas: An Interdisciplinary MIT Study, Appx.
2E (2011), available at https://mitei.mit.edu/publications/reports-studies/future-

natural-gas



http://www.mde.state.md.us/programs/Land/mining/marcellus/Pages/Risk_Assessment.aspx
http://www.mde.state.md.us/programs/Land/mining/marcellus/Pages/Risk_Assessment.aspx
http://news.stanford.edu/news/2011/august/zoback-fracking-qanda-083011.html
https://royalsociety.org/~/media/policy/projects/shale-gas-extraction/2012-06-28-shale-gas.pdf
https://royalsociety.org/~/media/policy/projects/shale-gas-extraction/2012-06-28-shale-gas.pdf
https://mitei.mit.edu/publications/reports-studies/future-natural-gas
https://mitei.mit.edu/publications/reports-studies/future-natural-gas
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An October 2012 report regarding HF operations in the Inglewood Qil Field in the
Baldwin Hills area of Los Angeles County showed that, based on actual groundwater
monitoring results, the groundwater quality in the area was not affected by HF
activities. Cardno Entrix, Hydraulic Fracturing Study: PXP Inglewood QOil Field (Oct.
2012), available at http://www.inglewoodoilfield.com/fracturing-study/

Gradient’s 2013 National Human Health Risk Evaluation evaluates whether it is
possible for fluids pumped into a tight formation during the HF process to migrate
upward to reach drinking water aquifers. Gradient determined that once the
fracturing fluids are pumped into a tight formation, it is “simply not plausible” that the
fluids would migrate upwards from the target formation through several thousand feet
of rock to contaminate drinking water aquifers. Gradient, National Human Health
Risk Evaluation for Hydraulic Fracturing Fluid Additives (May 1, 2013), available at
http://www.energy.senate.gov/public/index.cfm/files/serve?File_id=53a41a78-c06c-
4695-a7be-84225aa7230f

A peer-reviewed paper by Gradient discusses the physical constraints on upward
fluid migration from black shales to shallow aquifers and concludes that upward
migration of frac fluid and brine as a result of HF activity does not appear to be
physically possible. Flewelling & Sharma, “Constraints on Upward Migration of
Hydraulic Fracturing Fluid and Brine,” Groundwater (Jul. 29, 2013), available at
http://onlinelibrary.wiley.com/doi/10.1111/gwat.12095/abstract

Another peer-reviewed paper by Gradient and a Halliburton expert concludes that it
is not physically plausible for induced fractures to create a hydraulic connection
between tight formations at depth and overlying drinking water aquifers, even
through connections with existing faults. Flewelling et al., “Hydraulic fracturing height
limits and fault interactions in tight oil and gas formations,” Geophysical Research
Letters (Jul. 26, 2013), available at
http://onlinelibrary.wiley.com/doi/10.1002/grl.50707/abstract

A 2013 paper examines fracture growth data obtained as a result of microseismic
monitoring conducted during thousands of HF treatments in unconventional
reservoirs across the country along with the reported aquifer depths in the vicinity of
the fractured wells. The paper finds that “[flracture physics, formation mechanical
properties, the layered depositional environment, and other factors all conspire to
limit hydraulic-fracture-height growth, causing it to remain in the nearby vicinity of the
targeted reservoirs.” Fisher, K. and Warpinski, N. 2012. “Hydraulic-Fracture-Height
Growth: Real Data,” SPE Prod. & Oper. 27 (1): 8-19, SPE-145949-PA.
http://dx.doi.org/10.2118/145949-PA.

Several recently-published peer reviewed papers in the U.S. have likewise found that
there are significant constraints on fluid movement that — particularly when
considered in combination — lead to the conclusion that migration of fluids from even
a moderately deep, tight formation to reach drinking water resources is extremely
unlikely. Saiers, J. E. and Barth, E. (2012), Potential Contaminant Pathways from
Hydraulically Fractured Shale Aquifers. Ground Water, 50: 826-828. doi:


http://www.inglewoodoilfield.com/fracturing-study/
http://www.energy.senate.gov/public/index.cfm/files/serve?File_id=53a41a78-c06c-4695-a7be-84225aa7230f
http://www.energy.senate.gov/public/index.cfm/files/serve?File_id=53a41a78-c06c-4695-a7be-84225aa7230f
http://onlinelibrary.wiley.com/doi/10.1111/gwat.12095/abstract
http://onlinelibrary.wiley.com/doi/10.1002/grl.50707/abstract

10.1111/j.1745-6584.2012.00990.x.; Carter, et al., “Technical Rebuttal to Article
Claiming a Link between Hydraulic Fracturing and Groundwater Contamination”
(2013); Dusseault, M., et al. “Seepage pathway assessment for natural gas to
shallow groundwater during stimulation, production and after abandonment,”
Environmental Geosciences 21 (2014) 107-126; Engelder, T. et al., “The fate of
residual treatment water in gas shale,” Journal of Unconventional Oil and Gas
Resources, 7: 33-40 (2014), available at
http://www.sciencedirect.com/science/article/pii/S2213397614000202. For example,
the paper by Engelder et al. notes gas shales readily absorb (imbibe) water and
that fracturing fluids will therefore tend to flow into rather than out of gas
shales. The paper also notes that the capillary seals that have prevented gas
leakage up existing pathways for hundreds of millions of years will continue to
operate.

e A 2014 peer-reviewed paper examined data from thousands of pre-drilling
groundwater samples from domestic water wells in northeastern and southwest
Pennsylvania, eastern Ohio, and north-central West Virginia. The paper evaluated
concentrations of major ions and metals relative to federal drinking-water-quality
standards and found that the recent pre-drilling geochemical data is similar to
historical data, concluding that there were no broad changes in variability of chemical
quality in the large dataset to suggest any unusual salinization caused by possible
release of produced waters from oil and gas operations, even after thousands of gas
wells have been drilled among tens of thousands of domestic wells within the two
areas studied. Siegel et. al, “Pre-drilling water-quality data of groundwater prior to
shale gas drilling in the Appalachian Basin: Analysis of the Chesapeake Energy
Corporation dataset” Applied Geochemistry 63 (2015) 37-57, available at
http://www.sciencedirect.com/science/article/pii/S0883292715300056.

e A 2016 peer-reviewed paper studied whether aqueous and gas phases from the D-J
Basin in Colorado were transported concurrently to drinking water aquifers, and
found that aquifer wells with demonstrated gas phase contamination have not been
contacted by an aqueous phase from oil and gas operations according to the
methodology used and current groundwater quality data from the Colorado Oil and
Gas Conservation Commission. Li et. al, “Concurrence of aqueous and gas phase
contamination of groundwater in the Wattenberg oil and gas field of northern
Colorado” Water = Research 88 (2016) 458-460, available at
http://www.sciencedirect.com/science/article/pii/S00431354 15302967 .

In light of this extensive evidence, the report on unconventional gas production issued by the
Australian Council of Learned Academies notes that the consensus among experts is that,
despite significant public concerns about risks to groundwater, the primary risk is to surface
water. However, this risk is carefully managed. As the ACOLA report states, “the industry takes
great care to avoid spillage” and “already has rigorous systems for dealing with spillage, or from
the incorrect disposal of the hydraulic fracturing fluid.” Australian Council of Learned
Academies, Engineering Energy: Unconventional Gas Production (May 2013), at 16, 112, 131.
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Appendix B — King and King Paper
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