HALLBURT. N
LEVEL 10, ,2. ,4THE ESPLANADE . PERTH, WESTERN AUSTRALIA6000
TEL: +61 8 64244600 . FAX: +6, 8 9455 5300

4 October 2013

The Chairman

Legislative Council Standing Committee on Environment and Public Affairs
Parliament of Western Australia
Harvest Terrace
Perth WA 6000

By email: env

arliament. wa. ovau

Dear Chairman

Halliburton is pleased to have the opportunity to respond to the Committee's inquiry into
the implications for Western Australia of hydraulic fracturing for unconventional gas
Halliburton is a member of the Australian Petroleum Production and Exploration
Association (APPEA) and has had the opportunity to view its submission to the inquiry
We are generally in agreement with the views set outin the APPEA submission and

have therefore soughtto focus the comments in this response on areas where
Halliburton has additional thoughts or expertise to contribute.
I. About Halliburton

Halliburton is a leading provider of services to the energy industry and is the global
leader with respectto oil and gas production enhancement, and hydraulic fracturing (HF)
in particular. Overthe past 60 years, Halliburton has provided hydraulic fracturing
services to hundreds of thousands of wells around the world in a wide variety of settings
and geological formations.

In more recent years, HF has been the catalyst forthe 'revolution'in unconventional gas
which has produced major economic and energy security benefits forthe United States
and also other nations.

At the core of Halliburton's business is technological innovation and a very strong longterm 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 hydraulic fracturing operations in Western Australia are
performed in the most environmentally responsible and effective manner possible
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By way of background on Halliburton in Australia, the company commenced operations

in this country in 1958, and now employs nearly 1,000 staff across the country, including
over 300 in Western Australia. Our Australian corporate office is in Perth, with bases in
Jandakot and Dampier and new facilities planned in Broome. In 2012, Halliburton spent

more than $143 million on Australian vendors, of which around $50 million was spentin
Western Australia.

Halliburton began providing HF services in Australia in the late 1960s, and has since
performed more than 2,500 jobs (in Western Australia, including Barrow Island, as well
as Northern Territory, South Australia, Victoria, NSW and Queensland)in a broad range
of conventional, unconventional and geothermal plays.
2. Overview of Unconventional Gas

The APPEA submission provides a robust overview of the role of shale and tight gas
globalIy, the substantial resources identified in Western 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 overthe 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. While shale can only be
accessed using hydraulic fracturing and other stimulation technology, by contrast only up
to 10% of coal seam gas (CSG) requires hydraulic fracturing due to its high permeability
In Queensland, for example since 2000, only approximately 5% of CSG wells have been
hydraulically fractured

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
. Natural gas prices have decreased from an average of $9.26 per incf in 2008 to

an average of $4.89 per incf in 2011, 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 $1 00 billion.
The U. S. EPA recently 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: 7990-2077,
ES-11
htt : WWW. e a. ovclimatechan e Downloads h emissions Us-GHGInvent0 -2013-BS. d
Greenhouse gas emissions were lower in the United

States in the first quarter of 2012 than they were during any first quarter since
1992, due in significant part to increased electric generation from natural gas.
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3. H draulic Frocturin Fluid S sterns

As outlined in APPEA's submission to the Committee, HF is the practice of using highly
pressured fluid to create tiny fissures in a targetrock reservoir. The makeup of a
fracturing fluid system for a particular well site mainly depends on the nature of the
formation to be fractured, which means the specific components may vary from field to
field, reservoirto reservoir and even wellto well.

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
offurictions depending on the characteristics of the formation being evaluated.
Typical formulations used in Australia by Halliburton are available at:
htt : WWW. halliburton. cony ublic roects ubsdata/H draulic Fracturin fluids disclosure. htm

I For instance, in the case of deep HF treatment, the following diagram presents the
typical composition of a fracturing fluid formulation:
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The functions served by the less than I% of chemical additives used in a typicalfrac
formulation include:increasing the viscosity of the fluid to improve proppanttransport,
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 orin
household products such as cosmetics, shampoo and cleaning products. See
ht

WWW. ener

inde thor frac-fluid. df

4. Linka e Between Disclosure Re ulation and Productlnnovation

In the section of its submission entitled, 'The Delivery of Robust and Efficient
Regulation', APPEA sets outthe comprehensive regulatory regime that already exist in
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Western Australia for onshore gas exploration and production. The APPEA submission
also references the May 2013 report by the Australian Council of Learned Academies
(ACOLA),'Engineering Energy: Unconventional Gas Production', which provides a
valuable overview of key economic, environmental, technological and other aspects of
the industry in Australia and its potential. While the ACOLA report makes a valid point
as to the importance of a robustregulatory framework, Halliburton agrees with APPEA's
view that Western Australia's existing regulatory regime achieves this benchmark.
In this regard, Halliburton is aware that the Western Australian Department of Minerals
and Petroleum (DMP) has recently examined the regulatory process for chemical
disclosure in an unconventional gas context. DMP has recently settled on a systemsbased approach to chemical disclosure combined with an environmental risk

assessment approach for case-by-case assessment of chemicals and products.
Halliburton agrees with the APPEA position that DMP's approach will be workable in
relation to the majority of products required by the state's unconventional gas industry
Importantly, however, for innovative HF fluids, drilling muds and other products
developed by companies like Halliburton to be made available in Western Australia,

supplementary regulatory arrangements to protect proprietary information will be
required.

These innovative products are the result of significantinvestments in research and
development and provide valuable economic benefits in terms of production
enhancements as well as 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.
htt ICO cc. state. co. us/Rule akin IPart Status/Rebuttalstmts/HESIRebuttal. dfat p. 27

One possible supplementary disclosure regulation model available for consideration in
Western Australia to support utilisation of innovative products is the approach to
protecting proprietary information regarding HF fluids adopted in the U. S. by the
Colorado Oil & Gas Conservation Commission ("COGCC"). The Colorado regulatory
system provides for disclosure of HF ingredients and maximum concentrations on a well-
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by-well basis to the public. Forthe small number of ingredients in a particular HF
formulation that are genuinely proprietary, the following information must be provided:
. (i) a chemical family name or similar description in lieu of a specific chemical
name, and

(ii) certain basic details regarding the basis for a claim for protection of
proprietary information.

Regulators or medical personnel can gettimely access to confidential information in the
event it is needed to respond to a spill or other incident.

As an alternative, Halliburton supports the approach adopted by the Australian National
Industrial Chemicals Notification and Assessment Scheme ("NICNAS"). Full disclosure is
made by companies to NICNAS but proprietary information is protected from public
release.

5. Benefits of Product Innovation

The recognition and protection of proprietary information in a balanced regulatory
framework provides the basis for companies to invest on ongoing technological
innovation. This innovation continues to result in direct and significant improvements in
environmental performance and well productivity. In Halliburton's case, this is supported
by a substantial annual investment in research and development, with expenditure in
2012 totalling $460 million.
Specific HF and other product innovations by Halliburton that have led to significant
environmental and production benefits include:

. CleanstimAUS 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

PermstimTM fracturing fluid provides a cleaner, more robust system than typical
guar-based fluid systems. Permstim fluid is a denvatised natural polymer that
contains no insoluble residue, enabling improved well clean-up and better
sustained productivity
'Froc of the Future' reduces our footprint with the use of our high efficiency QIO
pumps and SandCastle vertical storage bins, which can reduce the wellsite size
required from about ten acres to as little as three acres. 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 forthis

approach known as Froc of the Future

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
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cases, the Cleanstream process can be 99.9% effective, dramatically reducing
the need for chemical biocides.

ADPTM 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 has removed over 30 million
gallons of hydro-treated light petroleum distillates from HF fluid in North America.

WellLock Resin is another 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 has designed to work with aqueous-based fluids (i. e. water
based muds, cement slurries).

Further, the additional production benefits of these and other technologies allow for less
drilling to occur with maximized production on smaller well pads, resulting in a reduced
overallfootprint
6. Disclosure Throu h FrocFocus

Halliburton 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 FrocFocus Hydraulic Fracturing Chemical Disclosure Registry ("FrocFocus")
website: htt : fracfocus. or

FrocFocus is a web-viewable system used to obtain, store, and publish information
concerning the chemicals used in HF. In the U. S. , FrocFocus is a joint project of the
Ground Water Protection Council("GWPC") and the Interstate Oil and Gas Compact
Commission ("10GCC"). Halliburton has supported the use of FrocFocus as a platform
for providing the public with information regarding the fluids used in hydraulically
fracturing individual wells. FrocFocus has been very successful in the U. S. and Canada
and is currently being considered by regulators in the EU and Australia
The key characteristics of FrocFocus are as follows

It 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 and the data is made publicly available (no registration
required) and searchable at htt ://frocfocus. or

The disclosure form is geographicalIy tagged to allow the public and regulators to
find and view information about wells based on theirlocation. The system allows
website users to locate wells by state, county, coordinates, a unique identifier
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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. FrocFocus 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 FrocFocus along with hazard information provided by
MSDSs is sufficient in many instances to allow regulators to perform any
necessary assessments.
FrocFocus has received over 48,000 disclosure records from 550 different

companies and has been visited by almost 500,000 people from over 134
countries

FrocFocus has functioned effectiveIy as a voluntary reporting mechanism. At the
same time, 18 U. S. states, representing a majority of the oil- and gas-producing
states, and the Us'federal Bureau of Land Management have either proposed or
have already opted to require or allow companies to use FrocFocus to meet state
reporting requirements.

FrocFocus 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
meettheir needs

7. Protectin Groundwater

APPEA's submission to the Committee makes a clear presentation of the steps taken in
the well construction management and process to protect groundwater and mitigate
againstthe risk of HF contaminating drinking water sources. In over 60 years in which
more than one million wells have been hydraulically fractured internationally there is no
confirmed evidence that this type of contamination has ever occurred. A summary of
recent statements by Us regulators and policymakers in this regard has been collated by
the American Petroleum Institute:

htt ://WWW. a i. or I~/medialFiles/Polic IH draulic Freerurin IHFComments-b -Us-Officials. of
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HF has been thoroughly studied and carefully reviewed by numerous governmental
agencies and regulatory officials internationally, as well as academic organisations
Studies have repeatedly confirmed that there is little or no risk to drinking water aquifers
due to HF activities - references to a number of these studies are provided below
In May 2013, a Halliburton-commissioned study by Gradient Corporation, one of the
world's leading environmental and risk science firms, examined various shales and tight
formations (such as tight sands)in the U. S. and concluded that the migration of
fracturing fluids from a tightformation to a shallow aquifer is implausible and that HF
operations do not pose any significant risk to drinking water supplies. This study
updated a January 2012 study in which Gradient concluded that the migration of
fracturing fluids from the Mareellus Shale to an overlying groundwater aquifer is "an
implausible contamination pathway. "
http://WWW. energyindepth. org/new-report-hf-does-not-pose-crediblehealth-risk/; htt ://WWW. ener inde th. or Iw -

content/u loads//2013/05/Gradient-Re on 2. of at p. ES-5
Gradient has also recently prepared two peer-reviewed journal articles on the lack of risk
to groundwater. The first paper discusses the physical constraints on upward fluid
migration from black shales such as the Mareellus and Bakken (Us)to shallow aquifers
that concludes that upward migration of HF 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
htt : onlinelibra .wile .couldoil0.1/11 wat. 12095 abstract

The second paper prepared by Gradient and a Halliburton expert examines the potential
for fluid migration via induced fractures and considers the potential for interactions with
natural faults to provide migration pathways. It concludes that it is not physically
plausible for induced fractures to create a hydraulic connection between tightformations
at depth and overlying drinking water aquifers.
Flewelling at al. ,"Hydraulic fracturing height limits and fault interactions in
tight oil and gas formations, " Geophysica/ Research Letters (Jul. 26,
2013), available at
htt ://onlinelibra .wile .comboi/10,1002/ r1.50707/abstract

A January 2013 study from the U. S. Geological Survey ("UsGS") on the Fayetteville
Shale in Arkansas which analysed 127 groundwater samples forthe potential effects of
gas production activities concluded that that there were no apparent effects on shallow
groundwater quality from shale gas production.
htt 71 ubs us s. OVISir/2012/5273/sir2012-5273. of
htt ://dx. dojor 1101/016/'. a eochem. 20,304,013.

The New Zealand Parliamentary Commissioner forthe Environment issued a report in
November 2012 stating that"there is no evidence thatfracking has caused groundwater
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contamination in New Zealand" and that"[in]igration of contaminants into aquifers
through the cracks created during the fracking process is only a remote possibility. "
htt ://WWW. ce. antament. nz/inw -

internal/de5fs23hu73ds/ ro ress?id=as Ms9aWh atp. 43
An October 2012 report regarding HF operations in the Inglewood Oil 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
htt ://WWW. in Iewoodoilfield. coin/fracturin -stud .

The South African Department of Mineral Resources issued a report in July 2012 stating
that"potable aquifers are expected to be farremoved from shale gas targetformations
and safe from contamination from injected fracking fluids, as the latter are immobile
under normal conditions with no 'drive' once the fracturing operation has been
completed. "

htt ://WWW. info. ov. za/view/DownloadFileAction?id=1740/5 at p. 6.
The U. K Royal Society concluded in a June 2012 report 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
htt ://WWW. roen .or .uk/inw -

internal/de5fs23hu73ds/ ro ress?id=kHK jinm/C atp. 37
In a May 2012 report, the Councilforthe 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
htt ://WWW. trc. ovi. nz/assets/Publications/ uidelines- rocedures-and-

ublications/h draulic-fracturin Ihf-ina 2012- re h- 19. of at p. 32.
The Shale Gas Production Subcommittee of the U. S. Secretary of Energy Advisory
Board found in August 2011 that"tnegulators and geophysical experts agree that the
likelihood of properly injected fracturing fluid reaching drinking water through fractures is
remote where there is a large depth separation between drinking water sources and the
producing zone. "
htt ://WWW. shale as. ener . ov/resources/0811/1 90 da re on. of

P. 19.

The International Energy Agency released a June 2011 report titled "Are We Entering
the Golden Age of Gas?"which states that the risks associated with natural gas
exploration and production can be managed effectiveIy.
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htt ://WWW. worldener outlook. or linedia/weowebsite/2011NVE02011 G
oldenA eofGasRe on. df.

The Energy and Climate Change Committee appointed by the British House of
Commons concluded in May 2011 that HF itself"does riot pose a directrisk to water
aquifers, provided that the well-casing is intact before this commences. "
htt ://WWW. ublications. antament. uk/ a/cm201012/cmselecVcmener 17

95/79502. htm at s. 5, 113.

ICF International's analysis for NYSDEC in 2009 concerning the proposed development
of the Marcellus Shale concluded that"hydraulic fracturing does riot present a
reasonably foreseeable risk of significant adverse impacts to potential freshwater
aquifers. "

htt ://WWW. dec. n . ov/data/dinn/ads eisfu110911. of at p. 6-53.
The fundamental conclusion of the U. S. EPA's 2004 report was that HF of coalbed
methane ("CBM") wells poses little or no threatto underground sources of drinking
water.

htt ://water. e a ov/t e/ roundwater/uic/class2/h draulicfracturin Iwells
coalbedmethanestud .of in
8. Further Information

Halliburton is willing to provide further information to the inquiry as required. We would
also like to extend an invitation to the committee to visit Halliburton's facilities in Perth as

well as the company's global technology centre in the United States, should an
appropriate opportunity arise.

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

David Guglielmo
Country Manager
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