Yungngora Aboriginal Corporation

Tight Gas Expert Advice

Yungngora Aboriginal Corporation

Tight Gas Expert Advice

20 June 2014
CDM Smith Australia Pty Ltd

Table of Contents
Section 1 Introduction........................................................................................................................................... 1-1
1.1
Documents reviewed ............................................................................................................................ 1-2
1.2
Review procedure .................................................................................................................................. 1-3
Section 2 Background............................................................................................................................................ 2-1
2.1
Geology and hydrogeology .................................................................................................................. 2-1
2.2
Gas exploration activities .................................................................................................................... 2-2
2.3
Likely risks................................................................................................................................................ 2-4
Section 3 The IEA Golden Rules .......................................................................................................................... 3-1
3.1
Measure, disclose and engage ............................................................................................................ 3-1
3.1.1 Local engagement ................................................................................................................. 3-2
3.1.2 Environmental baselines .................................................................................................... 3-3
3.1.3 Measure and disclose data ................................................................................................. 3-4
3.1.4 Minimise disruption ............................................................................................................. 3-5
3.2
Watch where you drill .......................................................................................................................... 3-5
3.2.1 Well site selection ................................................................................................................. 3-5
3.2.2 Geologic selection and assessment ................................................................................. 3-6
3.3
Isolate wells and prevent leaks ......................................................................................................... 3-8
3.3.1 Surface operations ................................................................................................................ 3-8
3.4
Treat water responsibly ....................................................................................................................... 3-9
3.4.1 Water operational efficiency ............................................................................................. 3-9
3.4.2 Water disposal .................................................................................................................... 3-10
3.5
Eliminate venting, minimise flaring and other emissions ..................................................... 3-11
3.5.1 Minimise air pollution ...................................................................................................... 3-11
3.6
Be ready to think big .......................................................................................................................... 3-12
3.7
Ensure a consistently high level of environmental performance ....................................... 3-12
3.7.1 Emergency response plans ............................................................................................. 3-12
3.7.2 Continuous improvement................................................................................................ 3-12
3.7.3 Independent evaluation and verification ................................................................... 3-13
Section 4 Conclusions and Recommendations ............................................................................................... 4-1
Section 5 References .............................................................................................................................................. 5-1

List of Figures
Figure 1: Geological map near Noonkanbah Station with publically available bores; total depth of wells and
availability lithology logs shown. ................................................................................................................2-3

Appendices
Appendix A - Disclaimer and Limitations

Tight Gas Expert Advice

iii

Document History and Status
Revision

Date Issued

Reviewed By

Approved By

Date Approved

Revision Type

REV0

16 June 2014

M Breitfuss

12 June 2014

FINAL

REV1

20 June 2014

L Townley,
M Breitfuss
L Townley,
M Breitfuss

M Breitfuss

20 June 2014

FINAL

Distribution of Copies
Version

Date Issued

Quantity

Electronic

Issued To

REV0

16 June 2014

1

Yes

REV1

20 June 2014

1

Yes

Jerome Frewen, Ken Jeffrey, Daniel
Tormey
Jerome Frewen, Ken Jeffrey

Printed:

20 June 2014

Last Saved:

20 June 2014 04:01 PM

File Name:

CDMSmith_PGW140049_RPT_ExpertAdvice_REV1_20140619.docx

Author:

Lynn Reid

Project Manager:

Lynn Reid

Client:

Yungngora Aboriginal Corporation

Document Title:

Tight Gas Expert Advice

Document Version:

Final

Project Number:

PGW140049

Tight Gas Expert Advice

iv

Executive Summary
A joint venture led by Buru Energy Ltd (“Buru”) is exploring for tight gas in the geological Canning
Basin, located in the Kimberley region of Western Australia. A Tight Gas Stimulation (“TGS14”)
program to hydrofracture exploration wells has been proposed to increase the flow of gas.
The Yungngora People represented by the Yungngora Aboriginal Corporation (“YAC”) are the
Traditional Owners of and have Native Title over Noonkanbah Station (“Station”), where Buru has
drilled the Asgard-1 well to 3,524 m in depth. The YAC are concerned about the effects of the
unconventional gas developments, in particular in how the activities may affect the local
environment and cultural heritage. As part of a Heritage Agreement with Buru, YAC has formed an
expert panel to advise the local community, to interpret data and reports released by Buru and to
provide information on possible risks of drilling, hydrofracturing and development. Dr Lynn Reid
of CDM Smith Australia Pty Ltd (“CDM Smith”) is a hydrogeologist and member of the panel.

The expert panel has reviewed data and reports provided by Buru on the surface hydrology,
groundwater, subsurface geology, and environmental assessment, including baseline monitoring.
The primary documents provided by Buru are an Environment Plan [Buru 2014_ENV] and
associated appendices submitted to the Western Australian (“WA”) Department of Mines and
Petroleum (“DMP”), and a voluntary referral to the WA Environmental Protection Agency (“EPA”)
[Buru, 2013_EPA; 2013_EPA2]. In this report CDM Smith focuses on whether Buru’s Environment
Plan and associated documents present a plan of action which will protect the surface and
groundwater resources on Noonkanbah Station and of the Yungngora Community. This review
compares Buru’s plans against worldwide “best practice” in the emerging field of tight gas
exploration, with particular emphasis on the local groundwater aquifers and surface water
supplies. Of particular concern for the YAC are groundwater in the Poole Sandstone, which are
used for human consumption, and shallow groundwater in the Liveringa Formation, used for
watering stock on the Station. The environmental protection of soils, plants, animals, and surface
water such as streams and the Fitzroy River are also vitally important to the Yungngora People.
This review finds that Buru’s plans represent best practice for protection of surface water and
groundwater in the field of tight gas development. Analysis provided by Buru and analysis
performed by CDM Smith suggests that the quantity of groundwater will not be significantly
affected by pilot hydrofracturing operations, and that any potential contamination will be
identified through operations and monitoring. Hydrofracturing will take place at sufficient depths
that it should not impact shallower groundwater supplies. Surface operations, such as storage of
flowback water in well-designed retention ponds, and safely storing potentially hazardous fraccing
materials such as biocides will help ensure protection of shallow groundwater and Station surface
waters. Buru has expressed their intention to work towards future minimisation of water usage,
and beneficial reuse of produced water. Buru’s TGS14 operations fulfil the worldwide standards
suggested by the IEA Golden Rules which apply to surface water and groundwater and community
engagement and transparency. If Buru’s plans are followed by Buru and subcontractors, risks to
the Yungngora Community’s human and animal water supply and to surface water streams and
rivers will be minimised.

A review of Buru’s documents has produced a few recommendations for Buru to implement or the
Yungngora Community to understand. These recommendations are based around better
understanding of the local environment, and to further reduce risks by better communication.
They include:
1. Pumping tests should be performed at the new water supply wells drilled near the
Asgard-1 well site, including one screened near the water table and one screened deeper.
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Characterisation of the aquifer materials of the Liveringa Aquifer will enable an informed
discussion of sustainable yield and more precise calculations of potential contaminant
travel time.

2. Buru could provide additional benefit to the Station by allowing use of the water supply
wells installed near Asgard-1. Of course, should gas development occur in the future,
these wells may need to be reclaimed by Buru in order to provide additional operational
water supply.

3. Based on the expected travel time of possible contaminants in the Liveringa Aquifer, water
quality monitoring should continue for at least two years after completion of fraccing
operations. In the interest of Community understanding of the monitoring results, CDM
Smith recommends that the expert panel provide feedback on monitoring results on a
quarterly basis by meeting with the YAC. In this way the results can be interpreted by
experts and the Community can be reassured they will be made aware of continuing water
quality and water levels.
4. Buru should provide graphical charts of a few representative measurements (e.g. TDS or
chloride, SO4, metal such as boron) over time to enable the Community and the wider
public to more easily understand trends in groundwater concentrations.

5. Air emissions monitoring data should be provided to the Community, and the use of lowemissions hydropressure pumps should be encouraged.

6. Details on how leaks will be detected from the on-site retention ponds should be provided,
given the high rates of beneficial evaporation which occur during the dry months at the
Noonkanbah Station.

7. CDM Smith recommends that Buru obtain Halliburton’s rationale on the ability to fully
reinject, and further assurance from Halliburton that unexpected excess flowback water
will not remain onsite at the completion of testing.
8. Explicit emergency management controls should be developed by Buru and disseminated
to their operational staff and the Community for hazardous chemicals used in the fraccing
operations. Locations where spills may impact permanent or ephemeral surface water
bodies should particularly be identified to operations personnel.

9. Where Emergency Response plans are not specific to the Station, personnel should be
thoroughly briefed on local conditions.

10. The water management plan should be updated to better reflect current Buru operational
policy.

11. Buru should inform the Community of the composition and toxicity of residual sludge left
from flowback water after reinjection. Options for the final disposal method should be
discussed in advance.
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Section 1

Introduction

A joint venture led by Buru Energy Ltd (“Buru”) is exploring for tight gas in the geological Canning
Basin, located in the Kimberley region of Western Australia. Exploration also involves the
hydrofracturing (“fraccing”) of subsurface formations to increase the flow of gas. The extraction of
gas from low permeability reservoirs is part of the rapidly-developing field of “unconventional
gas.” In 2014, Buru is proposing a Tight Gas Stimulation (“TGS14”) program to hydrofracture
exploration wells in the Kimberley.

The exploration work is partly located on land covered by Native Title rights. The Yungngora
People represented by the Yungngora Aboriginal Corporation (“YAC”) are the Traditional Owners
of and have Native Title over Noonkanbah Station (“Station”), where Buru has drilled the Asgard-1
well to 3,524 m in depth. The YAC are concerned about the possible effects of the unconventional
gas developments, in particular about how the activities may affect the local environment and
cultural heritage. Members of the Yungngora Aboriginal Community (“Community”) live on
Noonkanbah Townsite and many of them work on the pastoral cattle Station.

As part of a Heritage Agreement with Buru, YAC has formed an expert panel to advise the local
community, to interpret data and reports released by Buru and to provide information on possible
risks of drilling, fracturing and development. Dr Lynn Reid of CDM Smith Australia Pty Ltd (“CDM
Smith”) is a hydrogeologist and member of the panel. Additional expertise is provided by
Professor Manouchehr Haghighi, a petroleum engineer, and Dr Daniel Tormey, a geologist,
geochemist, and civil engineer.

The expert panel has reviewed data and reports provided by Buru on the surface hydrology,
groundwater, subsurface geology and environmental assessment, including baseline monitoring.
The primary documents provided by Buru are an Environment Plan [Buru 2014_ENV] and
associated appendices submitted to the Western Australian (“WA”) Department of Mines and
Petroleum (“DMP”), and a voluntary referral to the WA Environmental Protection Agency (“EPA”)
[Buru, 2013_EPA; 2013_EPA2]. The EPA has recently ruled [EPA, 2014] that they will not require
an environmental impact assessment on Buru’s proposal due to their belief that this “small scale,
‘proof of concept’, exploration drilling proposal is unlikely to have a significant effect on the
environment.” As most approval decisions now revert to the DMP, independent review by the
expert panel is even more important.

During a meeting with the community in late May 2014, two of the experts presented background
information on the risks of hydraulic fracturing and petroleum operations, provided an overview
of Buru’s plans and documentation, and received feedback from community members. The
questions raised by the community principally addressed the risk of contamination to water
supplies and the associated risk to people, wildlife, and Station stock.

In this report CDM Smith focuses on whether Buru’s Environment Plan [Buru, 2014_ENV] and
associated documents present a plan of action which will protect the surface and groundwater
resources on Noonkanbah Station and of the Yungngora Community. This review compares Buru’s
plans against worldwide “best practice” in the emerging field of tight gas exploration, with
particular emphasis on the local groundwater aquifers and surface water supplies and the
concerns of the Yungngora Community

This report does not address whether Buru has met legal responsibilities under the Acts and
regulations
which
govern
petroleum
operations,
hydraulic
fracturing,
or
works/environmental/safety management. Nor does it consider whether Buru and the YAC are
operating under the terms of state or federal guidelines for land use on Native Title claims
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(Western Australian Government, 2012). This report also does not extensively address whether
Buru’s interaction with the Yungngora Community represents “best practice” for community
engagement, as this topic is out of the scope of Dr Reid’s expertise. However, some comments on
community engagement are provided in Section 3.1.1.
All of these facets (environmental, regulatory, community engagement) are important to
understanding whether Buru’s activities represent a risk to the Community. A recent inquiry by
Western Australia’s Legislative Council [WA, 2013] into issues associated with hydraulic
fracturing for unconventional gas addressed current and future land uses, regulation of chemicals
used in the fraccing process, groundwater usage and recycling, and land reclamation. As part of
that enquiry, the Chairman of the WA EPA Dr Paul Vogel summarised two recent oversight reports
about unconventional gas exploration and production by the Australian Council of Learned
Academies (ALCOLA) and the New South Wales Chief Scientist and Engineer [Vogel, 2014] and
stated:
“There are a number of recurring themes in both those documents, which are common. They both form a
view that these risks and impacts are manageable subject to a number of preconditions. One is it that you
have to have a best practice management by the proponent. You need to have a robust integrated
regulatory regime; you have to have a very sound knowledge base about groundwater basins and aquifers;
and you have to have—they are very strong about this—very good community engagement—transparent,
open communication with affected communities and the broader community. There is a lot of information
and there is a lot of misinformation out there about the risks and impacts of this activity. I think it is
incumbent eventually for all these things to be brought together and provide some sound advice to the
affected communities about those risks and impacts.”

The objective of this report is to comment on the risk to water supplies at the Noonkanbah Station
from hydraulic fracturing activities of Buru in the TGS14 campaign, with particular emphasis on
the concerns of the Yungngora Community

1.1 Documents reviewed

Buru has provided two main sets of documents to the expert review panel. The first set is
organised around the Environment Plan submitted to the DMP [Buru, 2014_ENV] with more than
10 appendices. Of the appendices, this review addresses those particularly focused on
groundwater and surface operations. Documents reviewed include:
•

•
•
•
•
•
•
•

Environment Plan submitted to the DMP [Buru, 2014_ENV];

Appendix A, Buru’s broader Canning Basin Emergency Response Plan [Buru, 2013_ER];

Appendix B-4, Buru’s broader Canning Basin Oil Spill Contingency Plan [Buru, 2013_OS];
Appendix D-1, a hydrogeology assessment [Rockwater, 2014];

Appendix D-2, on baseline and continuing groundwater monitoring [Buru, 2014_GW];
Appendix E, addressing water management during fraccing operations [MWH, 2013];

Appendix H, describing calculations for pore pressure estimation [Buru, 2013_GR]; and

Appendix K, detailing how Buru believes their Environment Plan fulfils industry bestpractices [Buru, 2014_CODE]. This last appendix provides a convenient way to find
portions of the Environment Plan dealing with specific risks.

Buru also provided revisions to the Environment Plan and additional documents including:
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•

A report calculating the likelihood of reservoirs overtopping [see Section 3.3.1; MWH,
2014].

A similar document supporting the Environment Plan was voluntarily submitted to the EPA,
including a large appendix:
•

Voluntary referral to the EPA [Buru, 2014_EPA; Buru, 2014_EPA2].

In response to a request for more information on pore pressure calculations, Buru provided:
•

Two additional reports on geomechanics [Halliburton, 2013; Schlumberger, 2013].

1.2 Review procedure

The DMP regulations take a risk-based approach to determining the hazard of environmental
impacts and risks from petroleum exploration. The basic principle is that the Environment Plan
should demonstrate that the risks are reduced to As Low As Reasonably Practical (ALARP). In
their Environment Plan [Buru, 2014_EP] and EPA referral [Buru, 2014_ENV2] Buru has identified
potential environmental impacts, undertaken a risk assessment, and described risk mitigation,
management and monitoring measures.

This report has the following structure:
•

•
•

Section 2 provides background information on the geology and hydrogeology of the area
around the Asgard-1 well (Section 2.1), a basic explanation of how hydrofracturing will be
undertaken at the site (Section 2.1), and identifies likely risks described in Buru’s
documentation (Section 2.3).
Section 3 considers the suitability of Buru’s activities compared to a standard set of “best
practice” rules of engagement produced by the International Energy Agency.

Finally, conclusions and recommendations for additional activities at the Noonkanbah
Station are provided in Section 4.
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Section 2

Background

2.1 Geology and hydrogeology
In order to fully understand the risks of the proposed fraccing campaign, a brief background on the
geology and hydrogeology of the area around the Asgard-1 well is provided here. Buru is targeting
the Laurel Formation for production of gas and gas condensate.

The Station lies in the North Fitzroy Plains [Crowe and Towner, 1981], consisting of wind-blown
sand and gravel underlain by red, iron-rich laterised soils which have been altered by extensive
weathering. The landscape is reasonably flat. The Fitzroy River runs through the southern
boundary of the Station. Other surface water bodies are ephemeral, meaning they are partially or
completely dry during the dry season of April through October. Below the surface expression of
rocks, geologic formations at increasing depth below the Noonkanbah Station consist of the Blina
Shale, the Liveringa Group, the Noonkanbah Formation, the Poole Sandstone, the Grant Group, the
Reeves Formation, the Anderson Formation and the Laurel Formation.
The Noonkanbah Station lies in the Fitzroy Trough of the Canning Basin. The term “basin” is
derived from the configuration of the sedimentary rocks, in that the layered rock units are warped
to form a giant bowl, with layers being exposed by erosion around the central core. Figure 1
demonstrates how the Liveringa and Noonkanbah Formations lie in an elliptical pattern around
the central Blina Shale, and the relative locations of the Asgard-1 well site, the Fitzroy River, and
the Noonkanbah Station paddock boundaries

The Blina Shale does not extend everywhere across the Station, but does cover most of the surface
extent. The Blina Shale is composed of shale and siltstone with minor sandy claystone and fine
siltstone [Lindsay and Commander, 2006] and is considered to be a poor aquifer [Crowe and
Towner, 1981] with generally brackish to high salinities in the range of 7–10,000 mg/L. The
thickness of the Blina Shale can range up to 185 m, but on the Station is considerably less due to
the limited extent of the formation. Indeed, the Blina Shale is not identified in the driller’s log of
Buru’s Asgard-1 well, even though the Western Australian geological map suggests it exists at this
location.

The Liveringa Group is a geologic group deposited as a freshwater fluvial / river delta system
[Mory, 2009]. Three formations within the Liveringa consist of various grain sizes, ranging from
mudstones to coarse sandstones; portions are likely to be good aquifers [Crowe and Towner,
1981]. Pastoral bores on the Station and nearby properties are usually sourced from the Liveringa
Group. The Liveringa Group receives groundwater recharge primarily from rainfall onto locations
where the rocks outcrop. Groundwater flow is westward [Rockwater, 2014] and may discharge
upwards into the Fitzroy River [Harrington et al., 2011]. Groundwater salinity is marginal to
brackish (500–3,000 mg/L) [Lindsay and Commander, 2006]. Lower salinity groundwater in the
shallow Liveringa is associated with recharge areas along major rivers [Western Australian
Hydrogeologic Atlas, 2014]. Pastoral bores on the Station are generally screened in the Liveringa
Group; this formation provides a significant water supply for the Station stock and therefore water
quality protection is important for the Station’s financial viability.

The base of the Liveringa Group is the Noonkanbah Formation, a dense mudstone, shale and finegrained sandstone which acts as an aquitard and would not provide significant quantities of water.
The Poole Sandstone underlies the Noonkanbah Formation and consists of sandstones and
conglomerates in most of the section. It is likely to be a moderate to good aquifer [Crowe and
Towner, 1981]; the Noonkanbah Community wells with total depth of around 560 m are believed
Tight Gas Expert Advice
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to be screened within this aquifer [Hoile, 2014]. Recent studies using ionic tracers [Harrington et
al., 2011] have suggested that a series of north-south trending faults may allow water from the
Poole Formation to travel upwards towards the Fitzroy River discharge point. The Noonkanbah
Community wells are screened in the Poole Sandstone, so protection of the water quality in this
formation is crucial for the water supply for the Community.

Below the Poole lies the Grant Group, which has good aquifers with low salinity in the Carolyn and
Betty Formations [Johnson, 2006]. Although not used at the Station due to the depth, the Grant
Group is used as water supply for the Ellendale diamond mine to the north [Johnson, 2006], where
the formation approaches the ground surface. The Grant Group is considered the deepest useable
freshwater aquifer within the Fitzroy Trough; below the Station the base of the Grant Group lies at
about 1,300 m below ground surface, about 600 m above the top of the Laurel Formation.

Below the Grant Group are the Reeves and Anderson Formations, with alternating sandstones,
siltstones, and shale. The Laurel Formation underlies the Anderson, with interbedded limestone,
shale, siltstone, and sandstone; limestone dominates in the lower section of the formation [Crowe
and Towner, 1981]. Buru is targeting the Laurel Formation for gas production.

2.2 Gas exploration activities

Buru will perform pilot testing on the Asgard-1 well to determine if it can produce commercial
quantities of gas, and to understand the quality of the produced hydrocarbon. Because the gas is
expected to be found in tight-grained shales, siltstones, fine sandstones and carbonates of the
Laurel Formation [Buru, 2014_EPA2], traditional gas exploration pumping will not extract
sufficient quantities of gas. To provide a better flow of gas, the rock is fractured by pumping water
and chemicals at high pressure into the well bore.

The water is sourced from a separate licensed water bore drilled on the well site to over 200 m in
the Liveringa Formation. At Asgard-1, up to 18 ML of water will be removed from the Liveringa
Formation, which is licenced by the Department of Water. This water supply is stored on the well
site in specially constructed reservoirs or storage ponds. When the fracturing process begins, the
groundwater is mixed with chemicals and sand or “proppants.” The mixture is then pumped into
the Asgard-1 well. The water and chemicals press into the rock formation through perforations
located at discrete depth zones in the well bore. With sufficient pressure, the rock will crack. The
proppants hold open the created fractures by forming small bridges inside the cracks. After
fracturing, some of the water pumped into the bore returns to the surface as “flowback,” which
contains the original chemicals as well as water which naturally existed in the Laurel Formation
and is likely to be more salty than aquifers at the surface. At Valhalla-1 nearby, flowback water has
chloride concentrations approximately 500 times the concentrations found in nearby shallow
water bores (Buru, personal communication March 2014). The fracturing process will be repeated
at a total of 11 depths in the Laurel Formation over a period of approximately one month. Buru’s
aim is to determine which depths of the Laurel Formation produce the most high-quality gas.
The fractured rock provides additional pathways for the trapped gas to flow to the well when it is
pumped at the end of the fraccing operation. Any gas produced is separated from water or
petroleum fluids and burned on-site through “flaring,” because it is not economical to collect and
distribute the gas produced during the short testing period. If petroleum fluids (“condensate”) are
produced, they will be stored on site and later removed. The water produced is separated from the
hydrocarbons and stored on-site in the same reservoir pond which was used for hydrofracturing
water. The different fracturing depths can be isolated during both the fracturing and pumping
stages to test the type and quantity of gas produced.
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Figure 1: Geological map near Noonkanbah Station with publically available bores; total depth of wells and availability
lithology logs shown.
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At the completion of the testing, the water stored in the on-site ponds will likely be reinjected into
the Laurel Formation. The pilot testing and hydraulic fracturing activities at Asgard-1 are
expected to require 18 ML of water this year. The flowback water is anticipated to be 50% up to
70% of the injected water, and hence up to 13 ML may need to be disposed of. Alternatively, the
flowback water may be trucked to another well pad for usage in fracturing or eventual disposal by
injection. Buru has long-term plans to determine ways that the flowback water from future gas
production can be used for beneficial reuse, which are not practical to implement during this
TGS14 exploration phase.

2.3 Likely risks

Buru has approached the issues of risk by adopting a source/pathways/receptors approach [Buru,
2014_EP2]. In this approach, for harm to the environment to occur, there must be someone or
something to be affected (receptor), something to provide the harm (source), and a means for the
harm to reach the receptor (pathway). Where a risk is identified, Buru also provides calculations
based on a “worst-case” scenario. Risks are rated [Buru, 2013_RISK] in terms of their potential
consequences (minor to catastrophic) and in terms of the likelihood that they will happen (rare to
certain). Each of those categories has specific examples: e.g. a possible likelihood might happen
once every year, while a major consequence to human health would be a fatality. The Risk Matrix
[Buru, 2013_RISK] assumes that risks that are ALARP must have either minor consequences and
occur less than once every year, or have medium consequences and occur at most once every 1 to
5 years. Buru attempts to implement mitigation measures for any risk that is assessed higher than
ALARP to reduce either the consequence or the likelihood of occurrence.
Buru has identified several environmental areas to consider in their risk-mitigation strategy:
•

•
•
•
•
•
•

Shallow groundwater aquifers (<200 m)
Deep groundwater aquifers (>200 m)
Soil and surface water
Biodiversity

Atmosphere (air emissions)
Amenity

Cultural heritage and community

This review focuses on the first three environmental areas identified by Buru. It does not address
whether areas of cultural heritage have been protected, either under the currently operating
Heritage Plan between Buru and the YAC, or with regards to any requirements of the Federal
Environment Protection and Biodiversity Conservation Act (EPBC).

The Environment Plan [Table 24; Buru, 2014_ENV] identifies many possible risk events and
describes the potential impact, the source of the hazard, the scientific certainty with which it can
be identified, mitigation and management measures, and the inherent and residual risk ranking.
Activities for which the residual risk ranking is above ALARP include:
1. Soil and surface water impacts from a vehicle collision or rollover on access track.
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2. Soil and surface water impacts from a surface spill or leak of hydrofracturing fluid (HF) or
flowback water due to a well control event.
3. Shallow groundwater contamination from subsurface migration of HF or produced
formation waters due to a well control event.

4. Shallow groundwater contamination from surface migration of dangerous goods due to
improper handling of potential contaminants, including HF fluid constituents; or due to a
vehicle collision or rollover.
5. Flora and fauna impacts due to a bush fire caused by well site operations including gas
flaring, camp site operations including cigarettes, or from operation and movement of
vehicles, machinery and equipment.

All of these residual risks are related to surface activities, and have been addressed with
operational procedures in Buru’s Environment Plan. The EP proposes methodology to reduce any
original subsurface risks to below ALARP. This report reviews those mitigation measures and
discusses how Buru’s activities represent worldwide best practice to reduce environmental risks
to the Station and the Community.
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Section 3

The IEA Golden Rules

The International Energy Agency (IEA) has released a set of “Golden Rules” (IEA, 2012) designed
to help ensure that exploration for and production of unconventional gas resources address the
environmental risks associated with these activities. The development of the rules was provoked
by the difficult geological conditions of unconventional gas and the usual need for fraccing, and the
public anxiety related to the associated environmental and social hazards. The Golden Rules are
designed to “provide principles that can guide policy-makers, regulators, operators and other
stakeholders on how best to reconcile their interests” (IEA, 2012). The guidelines were developed
by international industry experts, environmental groups and government agencies. A subsection
in the Golden Rules report on Australia briefly discusses the future prospects of unconventional
gas in the country, the regulatory restrictions, and the growing public opposition.

The Golden Rules are well respected within the oil and gas community, and have also been
recognised as good practice within the wider community. Other “best practice” codes have been
developed. For example, the Center for Sustainable Shale Development [CCSD, 2014] has
developed performance standards that focus on air and climate, and surface and groundwater.
The Australian Petroleum Production & Exploration Association has codes of practice for both
environmental protection [APPEA, 2008] and hydraulic fracturing [APPEA, 2011]. Both of these
codes were developed by the industry itself. Other codes are developed by regulatory agencies, for
example the UK onshore best practices guide [UK DECC, 2013]. For a review of United States best
practices by state, see Richardson et al. [2013]. Many environmentally-focused public action
groups have addressed best practices; for example NRDC [2012] focuses on the proper disposal of
waste and flowback water from shale gas production. Many of the cited studies could have been
used to show how Buru’s Environment Plan compares to world-wide best practice. This report is
organised by the IEA Golden Rules, as they provide considerable emphasis on community
engagement which is a crucial aspect of the YAC’s interaction with Buru

The Golden Rules are highlighted below in each subsection. This report addresses Golden Rules
which are directly related to groundwater or surface water activities and risks, and comments on
those related to community engagement. Throughout this report, CDM Smith focuses on whether
Buru’s TGS14 plans represent best practice in the unconventional gas and environmental
industries.

3.1 Measure, disclose and engage


Integrate engagement with local communities, residents and other stakeholders into each phase of
a development starting prior to exploration; provide sufficient opportunity for comment on plans,
operations and performance; listen to concerns and respond appropriately and promptly.



Establish baselines for key environmental indicators, such as groundwater quality, prior to
commencing activity, with continued monitoring during operations.



Measure and disclose operational data on water use, on the volumes and characteristics of waste
water and on methane and other air emissions, alongside full, mandatory disclosure of fracturing
fluid additives and volumes.



Minimise disruption during operations, taking a broad view of social and environmental
responsibilities, and ensure that economic benefits are also felt by local communities.
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3.1.1 Local engagement
Based on a workshop held in Dongara, Western Australia, Taylor and Stone [2012] summarised
community concerns and interests associated with onshore gas development. Although the local
community was not based in the Kimberley, the results of this community engagement workshop
are applicable to the Noonkanbah experience. Seven principles were adopted with suggestions of
how community engagement could best address these principles. Buru’s community engagement
policies as witnessed by Dr Reid are discussed against those recommendations.
1.
Understand different types of stakeholders and their needs. The primary groups affected by
gas production and identified by Taylor and Stone [2012] include individuals or groups with legal
responsibilities, those directly impacted by drilling on their land, and those in the immediate
vicinity with local concerns or risks to shared resources such as water supplies. Other types of
stakeholders include those of the local communities in close proximity, groups with regulatory or
infrastructure responsibilities, interest-based groups, and other general and indirect interests.
Buru has identified stakeholders and maintains a register [Buru, 2014_EP]; categories of
stakeholders identified include government departments, Traditional Owner Groups, and local
community and industry associations. The Yungngora Community has Native Title over the land
on which the Asgard-1 well is drilled, and the Community and the Station are located on that
property. Moreover, Buru’s Valhalla-1 well is located nearby. Buru has identified the Community
and the Station as important stakeholders who need to be kept appraised about the exploration
activities, and their approval sought. The Environment Plan details several types of community
engagement practiced by Buru.

2.
Provide trusted, independent and timely information to stakeholders. The workshop
emphasised that although regulatory agencies and the industry can provide information,
independent advice not associated with regulation or development can help stakeholders with
decision making and understanding the facts. Buru has hosted numerous community meetings on
the Station itself as well as across the Kimberley. They have requested independent expert review
of their Environment Plan [Styles, 2013], hydrogeological risk assessments [Coles, 2013], and
fracturing risk mitigation [Green, 2014; Styles, 2014]. Through the YAC, they are financing the
independent expert panel, although the opinions expressed in this report are not influenced by
this financing arrangement.

3.
Recognising the value of local knowledge. Local and indigenous knowledge can provide
historical and practical knowledge of land and water resources; social, cultural and spiritual
values; knowledge of historical impacts; knowledge of land practices suited to local ecosystems
and production landscapes. Buru is currently using Community members to provide advice on
local employment and operations. Buru is also funding training for Environmental Science Cadets
who are learning conservation and land management. The aim is to have the cadets provide local
environmental monitoring throughout the exploration and production period, and to utilise their
local knowledge into environmental studies.

4.
Matching engagement with the stage development. Buru is currently in the testing stage of
gas exploration. While they are actively engaging with the Community, they also make it clear that
there is no guarantee that gas development will occur on the Station – future involvement will
depend upon the results of ongoing testing during TGS14. This clarity is helpful in reducing
expectations of the Community for future employment and interaction which may not come to
fruition. Buru is also investing in local infrastructure such as pastoral bores which will help the
Station in future, even if gas development does not occur.
5.
Building local as well as state-wide capability to provide effective engagement. Taylor and
Stone [2012] suggest that industry could invest in, resource and support local government hubs
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and extend support throughout the exploration and development stages. Buru is coordinating with
the local pastoralist association and the larger community in the Kimberley. Additional
engagement occurs with local schools.

6.
Taking a coordinated and transparent approach. The workshop noted that information
flows and engagement should be better coordinated across the range of government, industry, and
community information providers. Buru has voluntarily provided a submission to the WA
Environmental Protection Agency (EPA) to ensure that other agencies are informed of their
activities. Buru also provides public access via their website to some of the environmental
documents which are reviewed here [Buru, 2014_EPA; 2014_EPA2]. They also post online
Environment Plans for petroleum exploration tenements which have been previously approved by
regulators. Buru regularly acts as speakers at public forums such as University lectures or
professional meetings in order to provide information about their programs and address larger
community and technical questions.

7.
Engaging communities when questions of ‘risk’ and ‘uncertainty’ are important. The
workshop identified particular concerns about timing and extent of future development scenarios,
and the likely risks and impacts associated with development. In CDM Smith’s experience, Buru
has been “up-front” about the timing of the current exploration phase. They have largely deferred
extensive discussions about development activities, as discussed above in (4). Buru has adopted a
risk-based approach to environmental management.

In summary, although they were not party to the development of the above guidelines, Buru
appears to be following the recommended practices of the Dongara mid-West workshops, and is
acting in a transparent manner towards Yungngora Community members and the Noonkanbah
Station. Their community engagement procedures are designed to address concerns of the local
Community and the wider audience across Western Australia.

3.1.2 Environmental baselines

Environmental baselines provide essential information about the current state of the environment,
including water availability and cleanliness. Without baseline information, it is impossible to tell
whether gas exploration activities have led to environmental degradation [Vogel, 2014]. Buru
began a groundwater baseline survey in August 2012 with nearly two years of data available
before TGS14 operations would commence. Monitoring is occurring in the Liveringa Group with
four groundwater monitoring locations and one head-space gas surveillance. Two shallow
groundwater wells are designed to detect any leakage from the water retention ponds. Two sets
of nested shallow and deep bores will address possible surface-derived contamination and deeper
contamination which may emanate from the production well. All four locations will measure
groundwater levels, which will allow calculation of groundwater flow directions both horizontally
and vertically and identify any significant changes in groundwater levels [Buru, 2014_GW]. The
ground gas monitor should enable rapid detection of near-surface contamination deriving from
exploration activities.
Jackson et al. [2013] encouraged the use of baseline geochemical mapping and free and dissolved
gas detection at shale gas or tight gas exploration sites. The geochemical mapping is useful to
identify formation waters which may reach the surface through poorly constructed well bores,
while the gas sampling may identify methane leaks more accurately. At Asgard-1, Buru is sampling
water for general water quality indicators such as pH, geochemical markers such as anions,
cations, and metals like nitrate, potassium, and arsenic; and petroleum-derived contaminants such
as total petroleum hydrocarbons and dissolved methane. In addition, radionuclides are being
sampled as they often naturally exist at higher concentrations in shale formations. The gas logger
will measure gasses such as carbon dioxide and methane and propane. Chloride has been selected
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by Buru as an indicator chemical because it is chemically relatively stable (non-reactive), easy to
measure, is naturally present in shallow groundwater at the site, but is likely to be significantly
higher in water derived from the Laurel Formation [Buru, 2014_GW]. Concentrations higher than
the baseline levels already measured may indicate leakage from the Asgard-1 well itself, or from
the water retention ponds holding flowback water.

In other worldwide unconventional gas exploration locations [USEPA, 2011], baseline
environmental monitoring may have been occurring for years in the context of local water supply
or other environmental assessments. Considering the remoteness of the Station and the lack of
industrial activities nearby, there are no independent environmental data on groundwater water
quality in the area. Within the context of the gas exploration timeline Buru has provided very good
and wide-reaching environmental baselines of groundwater at available measurement locations.
This monitoring will continue throughout the TGS14 period as discussed in the next section. The
data provide an invaluable standard for regulators and the local Community to determine if the
future hydrofracturing activities may contribute to groundwater quality issues.

3.1.3 Measure and disclose data

Water levels and water quality have previously been measured at six-weekly intervals, with
frequency increasing to every four weeks leading up to the fraccing events [Buru, 2014_EP].
Results of baseline monitoring near Asgard-1 from July 2012 to July 2013 have been provided by
Buru [Rockwater, 2014] in tabular form. However, the large number of measured concentrations
and the temporal nature of the sampling make comparison of measurements difficult. CDM Smith
recommends that Buru provide graphical charts of a few representative measurements (e.g. TDS
or chloride, SO4, metal such as boron) over time to enable the Community to more easily
understand trends in groundwater concentrations. Salinity (total dissolved solids TDS in mg/L)
ranges from between 780 to 2,700 mg/L; hydrocarbons and radionuclide concentrations are
below detectable levels; cations and anions are typical of uncontaminated groundwater. Buru has
identified groundwater concentrations that exceed human drinking water standards. Near the
Asgard-1 well, measured water concentrations exceed suggested limits for TDS, chloride, sulfate,
hardness (CaCO3), and boron (in one well) [Rockwater, 2014]. Hence the shallow aquifer is
unsuitable as a potable human water supply without further treatment, but its value as a water
supply for Station stock should be preserved.
Monitoring will continue through the fraccing operations and for at least three months after the
conclusion of the proposed activities. Based on the expected travel time of possible contaminants
in the Liveringa Formation, CDM Smith recommends that water quality monitoring should
continue for at least two years after completion of fraccing operations to ensure that any shallow
contaminant discharge associated with the events is detected in monitoring bores located 10 m
away from potential contaminant sources (see discussion on travel times in Section 3.2.2).

Buru is proposing to release measured environmental data on their website [Buru, 2014_GW] with
graphical and tabular summaries; graphical reporting would be particularly welcomed. In
addition to environmental data, Buru will provide electronic weekly operations reports and
operational forecasts to all registered stakeholders [Buru, 2014_EP]. In the interest of Community
understanding of the monitoring results, CDM Smith recommends that the expert panel provide
feedback on monitoring results on a quarterly basis by meeting with the YAC. In this way the
results can be interpreted by experts and the Community can be reassured they will be made
aware of continuing water quality and water levels.
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3.1.4 Minimise disruption
Buru is interacting with Noonkanbah Station staff to ensure that TGS14 operations do not impact
cattle mustering in June and July of 2014. Buru is also cooperating with the expert review
committee to allow the Yungngora Community to adequately consider the possible risks before
beginning operations.

As previously discussed, in cooperation with the local TAFE, Buru is providing training to
Environmental Cadets. This program will not only ensure local involvement, but will provide
valuable job skills to the Cadets both with the TGS14 activities, as well as in larger environmental
studies and monitoring which occur throughout the Kimberley and Western Australia. Buru is
liaising with the Community to provide local employment opportunities where possible. They are
also economically supporting the Community with measures such as drilling new pastoral bores
and providing funding for the local football team.
In summary, Buru is interacting with the stakeholders with a very high degree of transparency.
Their baseline measurements and plans to release future data provide strong scientific evidence to
evaluate their performance in the fraccing campaign. They are attempting to provide significant
benefit to the local Community, both during the TGS14 period and for lasting benefit even if future
gas development does not occur.

3.2 Watch where you drill


Choose well sites so as to minimise impacts on the local community, heritage, existing land use,
individual livelihoods and ecology.



Properly survey the geology of the area to make smart decisions about where to drill and where to
hydraulically fracture: assess the risk that deep faults or other geological features could generate
earthquakes or permit fluids to pass between geological strata.



Monitor to ensure that hydraulic fractures do not extend beyond the gas- producing formations.

3.2.1 Well site selection
CDM Smith does not know how the Asgard-1 well site was historically selected, presumably based
on geological criteria and clearance with the YAC under the Heritage Agreement. However, it is
located in a flat region far from towns and far from surface water bodies or ephemeral streams.
Potential runoff from the site is unlikely to impact surface water, but could infiltrate into shallow
groundwater. Buru has implemented protection measures in the form of deep retention ponds to
prevent runoff from produced water, even in the eventuality of a heavy storm [MWH, 2014].

Yungngora Community members have not indicated that the well site is located near any
particularly sensitive heritage values. Previous attempted drilling at the Station in the 1970s by
AMAX, a different exploration company, was onerous to the Community because that proposed
well site was located on Pea Hill, a site of cultural significance, and the Community had not been
consulted. The current exploration program of Buru has developed a Heritage Protection
Agreement throughout their Kimberley tenements to respect Traditional Owners rights. The well
site is 19 km north of the West Kimberley National Heritage Place.

The Asgard-1 well site is located amidst the active grazing area of the Noonkanbah Station. The
Station has only one graded unpaved road and is sparsely serviced by access tracks. After creation
of a new track to the well site, a new bore for pastoral water supply was drilled along the new
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access track. The Asgard-1 well site is far from the Yungngora Community townsite and does not
impact upon the drinking water source area protection for the Community [WACP, 2009].

The biological flora and fauna in the region have been identified and described in the Environment
Plan [Section 4.9; Buru, 2014_EP]. The site sits on pindan plains, with shrublands and grasslands
and low trees. Near the well site, no threatened plants have been identified under the
Environmental Protection and Biodiversity Conservation Act (EPBC Act). Buru has indicated that
no additional vegetation will be cleared around the well site, and site work will be confined to the
existing tracks and camp sites to prevent further damage and prevent the spread of weeds. The
well site is fenced to prevent fauna such as goannas or cattle from accessing the retention ponds or
well-site areas. As part of the Environment Plan, a widespread study was performed to look for
bilby populations but none were found near the Asgard-1 site. Buru has indicated that they will
operate almost all vehicles during daylight hours and minimise vehicles on the access tracks to
reduce the likelihood of harm to animals.
Although not discussed in the Environment Plan, stygofauna are very small animals, usually
crustaceans, which may exist in the spaces of groundwater pores or larger karstic holes in
limestone formations [Humphreys, 2006]. Generally stygofauna can live only in shallow
groundwater, and would not normally be found in the Laurel Formation where gas production will
be tested. There have been a few studies of stygofauna in the Canning Basin, mostly where coal
mining would significantly disturb the shallow ground and aquifers [MBS, 2011; Subterranean
Ecology, 2012]. In a study near the Noonkanbah Station [MBS, 2011], a few species of stygofauna
were found in the Liveringa Group and the Poole Sandstone formations. These species are
widespread and were not considered endangered.
In summary, Buru has carefully selected the Asgard-1 well site to minimise disruption to Station
activities and to protect the surface water supplies of the Community. They have surveyed the
area to ensure minimal impact on plants and animals, and will operate in a way which further
protects the natural environment.

3.2.2 Geologic selection and assessment

Dr Haghighi will address some of the geological risks in his report. This report addresses the
hydrogeology of the Asgard-1 area.

Rockwater [2014] has produced a comprehensive report on the regional hydrogeology, describing
the local aquifers and aquitards. They calculate several metrics which determine the risk that
fraccing at Asgard-1 will impact local water supplies at the Station or for the Community.

3.2.2.1 Water supply

First, they estimate the yield of bores screened in the Liveringa Aquifer to be less than 100 kL/day
and have salinity between 220 to 3,900 mg/L TDS from records in the Department of Water’s
(DoW) WIN database. Data on the permeability and specific yield of the Liveringa Formation is not
available, and hence estimates of the total water available for fraccing water makeup in the
Liveringa Aquifer at Asgard-1 are not calculated. CDM Smith recommends that this public
information be augmented by performing a pumping test at one or more of the new water supply
wells drilled near the Asgard-1 well site to better understand the characteristics of the Liveringa
Aquifer. In this way the water supply necessary for any future gas fraccing and production
program can be calculated in comparison to available volumes of shallow groundwater.
Based on the hydraulic conductivity and specific yield suggested in Rockwater [2014], it is
possible to estimate how much drawdown will occur in the Liveringa Formation due to extracting
18 ML of water over an assumed 30 days. The maximum drawdown 10 m away from the water
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production bore reaches 2 m at the end of the pumped month, and recovers to less than 0.25 m of
impact within an additional month. As the hydraulic properties of the Liveringa are not known, a
more conservative calculation suggests that maximum drawdown located 10 m away from the
pumping bore may reach 15 m, and recover to less than 0.25 m within a year. Calculations show
that no impact to water levels will be seen at bores located 2 km away, such as the station stock
water supply at Gordon’s Bore. The water produced for hydraulic fracturing during TGS14 should
not impact Station pastoral shallow groundwater supplies.

3.2.2.2 Water movement

Second, Rockwater [2014] report that the vertical distance between the gas fraccing zones and the
base of the Grant Group Aquifer is 540 m at Asgard-1. Based on measured water levels,
groundwater in the shallowest Liveringa Aquifer is travelling west-southwest towards the Fitzroy
River. Rockwater [2014] calculates how fast potential contaminants might move. They estimate
that water is likely to take between 70 and 300 days to travel from the ground surface to the water
table in the Valhalla well site area. With conservative estimates of permeability, groundwater is
estimated to take at least 16,000 years to move horizontally from Valhalla 1 to the Fitzroy River.

Records in the appendix [Rockwater, 2014] indicate depth to water is approximately 20 to 25 m at
the Asgard bores. Hence, although specific calculations are not provided by Rockwater at the
Asgard-1 well site, it is possible to similarly estimate that water will likely take 200 days to travel
vertically from the ground surface to the water table at Asgard-1. The water table is located in the
Liveringa Formation, where stock bores are located. Horizontal calculations imply that
groundwater will take up to 26,000 years to travel west south-west to the Fitzroy River.
Rockwater [2014] estimates that groundwater will travel 2 m horizontally in 90 days at Asgard-1.
These lengths of time are important to understand how long it might take for possible surface
spills to reach the groundwater or surface water supply, and how monitoring programs need to be
designed. For example, possible contamination from the petroleum well would not reach the
monitoring bore 10 m away horizontally until at least 450 days. For this reason CDM Smith
recommends maintaining monitoring programs at Asgard-1 for at least two years.

One potential groundwater related problem not discussed in Buru’s various reports is
“overpressure” in the gas reservoir near Asgard-1. Normally, pressure increases with depth in the
earth in a linear fashion related to the weight of water – this is called hydrostatic pressure. Under
these conditions, liquids do not normally flow from deep in the earth towards the surface.
However, if natural pressure at depth is higher than hydrostatic, liquids can potentially flow
upwards, depending upon the permeability or ability to transmit liquids of the intervening rocks.
In the situation at Noonkanbah, it might be possible for fluids introduced or naturally occurring in
the Laurel Formation to move upwards into the shallow aquifers after fraccing under an
overpressure gradient.

At Asgard-1, the Laurel Formation is overpressured [Buru, 2013_GR; Halliburton, 2013;
Schlumberger, 2013], probably due to the presence of hydrocarbons. The Environment Plan
discusses how overlying low permeability is a practical requirement for overpressure conditions
to exist. In essence, if there was not a good “seal” between the Laurel Formation and the overlying
formations, the hydrocarbons (gas) would have escaped over many hundreds of thousands of
years. The quality of the seal is measured by the property of permeability – low permeability
allows less flow through the rock. Measurements of the permeability of the rocks between the
Laurel Formation and the surface aquifers have not been performed by Buru, in part because they
are considered to be too low in permeability to produce gas, and in part because no hydrocarbons
are expected to exist there. Hence it is difficult to quantify whether introduced or native liquids
could move out of the fracture zone, and how fast they could move. That said, it is possible to
estimate vertical travel time caused by overpressure using the same conservative (fast-moving)
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parameter values as in Rockwater [2014]. The travel time between the top of the Laurel
Formation and the base of the Poole Sandstone aquifer where the Community sources their water
supply is dependent upon the 1,100 m vertical distance between the formations and the
permeability of the intervening porous materials. The shortest vertical travel time can be
estimated to be between 1,500 and 5,900 years. These travel time estimates would be reduced if
fractures induced by hydrofracturing extend above the top of the Laurel Formation. However, the
fraccing campaign at Asgard-1 is designed to create fractures which are less than 100 m high,
significantly less than the 1,100 m separation. In addition, given the large horizontal distance
between Asgard-1 and the Community water supply bores (approximately 35 km), it is unlikely
that the naturally occurring overpressure could drive potential contaminants into the human
water supply.

In summary, Buru and their consultants Rockwater have well documented the hydrogeological
conditions around the Asgard-1 well site. They have showed that any potential contamination of
the deep aquifer would not reach the Community’s water supply in the Poole Sandstone or impact
on the Fitzroy River in less than 1,000 years. For the shallow Liveringa Formation, where stock
bores are drilled, groundwater monitoring networks will identify possible leaks or surface spills
on the well site area within two years. Additional hydraulic testing of the Liveringa Formation, and
if available, geological cores located in the Anderson or Reeves Formation would help quantify
groundwater travel times. However, these tests are likely to show that the above estimates are the
fastest reasonable times which potential contaminants could move.

3.3 Isolate wells and prevent leaks


Put in place robust rules on well design, construction, cementing and integrity testing as part of a
general performance standard that gas bearing formations must be completely isolated from other
strata penetrated by the well, in particular freshwater aquifers.



Consider appropriate minimum-depth limitations on hydraulic fracturing to underpin public
confidence that this operation takes place only well away from the water table.



Take action to prevent and contain surface spills and leaks from wells, and to ensure that any waste
fluids and solids are disposed of properly.

3.3.1 Surface operations
Surface operations were identified as a significant cause of risks above ALARP (see Section 2.3).
The primary source of possible contamination is leakage or spill of hydrofracturing fluid
constituents, flowback water, or transportation fuel.

The flowback water is expected to be stored in the on-site storage reservoirs until disposal by
reinjection. Buru commissioned a study to determine the effects of possible spills from these
above-ground storage ponds (MWH, 2014]. By considering the depth and size of the ponds and
how much water is expected to be produced from flowback from the Asgard-1 well, the
consultants MWH showed that the water level in the storage ponds will always be below ground
surface. This conclusion would also hold true if a very severe rainstorm were to occur while the
reservoirs were in use, adding additional water to the ponds. So if the walls or bunds of the
reservoirs were to be damaged, the produced water would still be contained by the waterproof
liner of the pond and would not leave the site.

Because the pond level was always expected to be below ground, MWH did not consider to where
spills would travel [MWH, 2014]. The study also did not consider the likelihood of the liners
leaking, either due to inherent failure or human activity. Buru provided details on the liner
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construction which exceeds relevant DoW requirements and indicates that liners will be inspected
for leaks with clean water prior to fraccing operations. CDM Smith would like to see calculations
which will indicate how a leak would be detected, given the high rates of evaporation which occur
during the dry months at the Noonkanbah Station.

Other materials which may be hazardous to the well-site are to be stored in impermeable fully
lined areas so accidental releases, from say storage drums, would not reach the soil or
groundwater.

In addition to well-site activities, another risk above ALARP is the roll-over of vehicles on the
access tracks. These vehicles could spill their load contents or leak diesel or petrol fuel. The
operational procedure for this type of emergency is addressed in the Emergency Response Plan
(ERP) [Buru, 2013_ER] and the Oil Spill Contingency Plan (OSCP) [Buru, 2013_OS]. Both
documents are generalised to the entire Canning Basin. The ERP is an operational manual which
describes how the incident should be classified, the appropriate chain of command and
notification, and so forth. It does not contain details about particular types of incidents. The OSPC
includes operational procedures should a tanker truck overturn and spill hydrocarbons. It does
not, however, address the procedure should a tanker release hydrofracturing chemicals which
may be dangerous to the environment, for example concentrated biocide. As 1,331 litres of biocide
are anticipated to be required for the Asgard-1 fraccing operations, CDM Smith would like to see
explicit emergency management controls for these types of chemicals. These procedures should be
well known to Buru staff, rather than leaving the management to operational subcontractors such
as Halliburton. Locations where spills may impact permanent or ephemeral surface water bodies
should particularly be identified to operations personnel.

Construction of the access tracks occurred prior to the release of the Environment Plan for TGS14.
Best practice recommendations for the design and maintenance of access tracks to oil and gas
exploration and development sites are provided in Pennsylvania [2001]. Buru has indicated [Buru,
2014_EP] that vehicles will have speed limit restrictions while travelling to and from their sites.

In summary, Buru has provided very good reassurance that surface operations will cause the
lowest risk possible to the surface water, groundwater, and environmental conditions related to
the Asgard-1 fraccing. While risks still remain above ALARP, these have been carefully managed to
ensure that operational plans reduce them as much as feasible.

3.4 Treat water responsibly


Reduce freshwater use by improving operational efficiency; reuse or recycle, wherever practicable,
to reduce the burden on local water resources.



Store and dispose of produced and waste water safely.



Minimise use of chemical additives and promote the development and use of more environmentally
benign alternatives.

3.4.1 Water operational efficiency
Using water efficiently is addressed in MWH [2013] as well as the Environment Plan [Buru,
2014_EP]. Buru’s current gas well testing campaign involves hydrofracturing at 11 depths within
the Asgard-1 well. Because the performance of each of these depths must be investigated
independently, each fraccing event uses water sourced from the shallow Liveringa Aquifer rather
than by reusing fluids from the previous testing depth. At other wells (Valhalla North 1 and
Yulleroo 4), a different fraccing regime will allow reuse of some of the flowback water. Buru has
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identified that one of the aims of the current program is to determine if the flowback fluids can be
reused or cleaned to be suitable for use elsewhere. Expected flowback water quality is detailed in
the Environment Plan, and water samples from both the production line and the water reservoir
ponds will be regularly tested for salinity and radiation as they are produced.

Flowback water may be reused for subsequent hydrofracturing treatments by being hauled to
another Buru operated TGS14 site. Depending on the quality of the flowback water at the Asgard-1
or at a nearby site, water reuse in fraccing may be possible, but water sampling results during
flowback production are first required before that decision can be made. At this time, Buru’s water
operational efficiency is a laudable aim but currently unproven. Should gas production occur in
the future after this pilot period, Buru’s plans to reuse flowback water should be further reviewed.
Their plans will necessarily be dependent upon the testing results achieved during the TGS14
campaign. There is considerable literature [e.g. USEPA, 2011] providing recommendations on how
to reduce water usage in hydrofracturing and treatment methods which can enable water reuse.
Buru is clearly aware of different options and repeats their aim to use water efficiently.

Buru has installed additional water supply bores near the Asgard-1 well, as well as voluntarily
drilled new bores for Station stock water supply. At the conclusion of the fraccing campaign, Buru
could provide additional benefit to the Station by allowing use of the water supply well near the
Asgard-1 well site. Of course, should gas development occur in the future, this well may need to be
reclaimed by Buru in order to provide additional operational water supplies.

3.4.2 Water disposal

Water produced during the flowback period will be stored in the on-site reservoir ponds. At the
completion of pilot testing, the water will be reinjected back into the Laurel Formation [MWH,
2013; Buru, 2014_EP]. The Environment Plan has a lengthy operational procedure to address
possible risks associated with this activity, which when safely performed, creates the least risk of
possible flowback contaminants being released into the environment [NRDC 2012]. The
subcontractor Halliburton has “>99% confidence that the liquid component of the flowback will be
able to be returned to formation” based on their international experience. No additional
documentation such as literature studies is provided verifying this claim. It is not clear whether
the production well at Asgard-1 satisfies typical requirements for underground injection control in
either Australia or the United States [USEPA, 2014; NRDC, 2012]. CDM Smith recommends that
Buru obtain Halliburton’s rationale on the ability to fully reinject, and further assurance from
Halliburton that unexpected excess flowback water will not remain at the completion of testing.
The MWH [2013] report suggests alternative disposal options for the flowback water, such as
evaporation at the Sundown Evaporation Pond Site, or hauled to Port Hedland for waste disposal.
CDM Smith recommends updating the Water Management Plan report to better reflect current
Buru operational policy.

In addition to water disposal by underground injection, residual sludge will be left from the
flowback water which cannot be injected. Buru does not describe the options which may be
exercised for disposal of this sludge, but only states that the composition will be studied to
determine an appropriate method. CDM Smith suggests that YAC be kept informed of the final
disposal method for the sludge, which may contain hazardous materials.
Again, if Buru should reach gas production stages in future years, the water disposal policy for
additional wells should be further reviewed. It is hoped that the objective would be to provide
water treatment for beneficial reuse, which could help the remote properties of the Kimberley, for
example by providing water of irrigation quality. There has been extensive literature [e.g.
Pennsylvania, 2001; NRDC, 2012] on ways to reduce and reuse water associated with
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unconventional gas exploration and development. Flowback water will be tested [Buru, 2014_EP]
to understand the hydrochemistry of the produced water. This step is vital [USEPA, 2011; NRDC,
2012] for determining appropriate treatment methods needed to eliminate future reinjection.

In summary, Buru has set high standards for water efficiency and disposal in line with best
practices worldwide. Due the short-term and exploratory nature of the TGS14 fraccing, it is not
possible for some plans to be implemented at this time, but Buru will gather information to allow
future improvements if gas development should occur.

3.5 Eliminate venting, minimise flaring and other
emissions


Target zero venting and minimal flaring of natural gas during well completion and seek to reduce
fugitive and vented greenhouse-gas emissions during the entire productive life of a well.



Minimise air pollution from vehicles, drilling rig engines, pump engines and compressors.

3.5.1 Minimise air pollution
In addition to the emissions to air which may be caused by the Asgard-1 well operations,
additional sources of possible air pollution will be the diesel generators used to run equipment at
the well site, and the use of trucks and vehicles for transportation into and out of the site. The
major use of generators will be to run compressors to force the fracturing fluid down into the well,
and reinjection of flowback water after the testing is completed. These emissions to air will occur
only during the fracturing and testing period of time, currently planned to be less than 90 days.
The air emissions from well completions and operations are addressed in the Environment Plan,
but these additional emissions are not detailed. There will be on-site monitoring for flux
emissions at the well site; CDM Smith recommends that this data should be released to YAC.
Although the air emissions will occur only for a short period, best practice would suggest that
Buru’s contractors and operators should ensure that their generators and vehicles are properly
maintained. CCSD [2013] recommends that fracturing pump engines should be converted to lower
polluting dual-fuel, electricity, or natural gas. If diesel engines are used, CCSD [2013] recommends
the use of ultra-low sulfur diesel fuel, and cites other US-based regulations restricting emissions
standards for particular matter emissions. The remoteness of the Kimberley operations may make
availability of particular fuel types or engines impractical; hence CDM Smith is not recommending
compliance with these suggested practices.
Travel on roads will also generate air-borne dust, which may be significant depending upon
weather conditions. The Environment Plan [Buru, 2014_EP] mentions operational management
procedures for dust control contained in Buru’s “Track Maintenance Procedure,” which should
reduce travel-related dust to lower levels of risk.

In summary, Buru has addressed the major sources of air pollution in their plans and operating
procedures. The release of data to the Community will provide confidence that long-term air
quality effects from the TGS14 campaign will not occur.
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3.6 Be ready to think big


Seek opportunities for realising the economies of scale and co-ordinated development of local
infrastructure that can reduce environmental impacts.



Take into account the cumulative and regional effects of multiple drilling, production and delivery
activities on the environment, notably on water use and disposal, land use, air quality, traffic and
noise.

For the most part, Buru has not focused on exploring economies of scale due to the current phase
of the exploration and testing program for tight gas in the Canning Basin. Should gas production
occur, appropriate economies of scale and regional infrastructure (such as the Sundown
Evaporation Farm) should be considered.

However, Buru has made a commendable effort to set environmental performance standards for
all of their TGS14 operations. They have identified individual criteria and management plans for
the seven areas of environmental concern discussed in Section 2.3, and three more operational
plans for waste management, demobilisation, and flowback fluid reinjection. These detailed plans
can be considered to be best-practice documents, in that they cover risks identified through a
comprehensive and consistent method, set performance objectives and ways to measure
performance, provide an implementation strategy including training, reporting, and emergency
response, and identifies personnel responsible for the performance.

3.7 Ensure a consistently high level of environmental
performance


Ensure that anticipated levels of unconventional gas output are matched by commensurate
resources and political backing for robust regulatory regimes at the appropriate levels, sufficient
permitting and compliance staff, and reliable public information.



Find an appropriate balance in policy-making between prescriptive regulation and performancebased regulation in order to guarantee high operational standards while also promoting innovation
and technological improvement.



Ensure that emergency response plans are robust and match the scale of risk.



Pursue continuous improvement of regulations and operating practices.



Recognise the case for independent evaluation and verification of environmental performance.

3.7.1 Emergency response plans
Buru has developed comprehensive emergency response plans [Buru, 2013_ER] for the Canning
Basin, and has an Oil Spill Contingency Plan [Buru, 2013_OS]. These plans should be carefully
checked to ensure that they are widely disseminated amongst people working on the site and the
procedures understood by the local Community which may be impacted by any emergency on the
access roads. Where the plans are generalised to the Canning Basin, detailed instructions should
be provided pertinent to local conditions on the Station.

3.7.2 Continuous improvement

Buru has revised environmental plans and emergency response documents in response to
feedback from the DMP and other agencies, and sought expert advice [Styles, 2014] when reports
were inconclusive about possible risks. These revisions have been provided to the expert panel as
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they have been released. In addition, Buru has evaluated its operations with respect to regulatory
and industry guidelines, both Australian domestic and international [Buru, 2014_CODE]. Buru has
a stated policy of continuous improvement.

3.7.3 Independent evaluation and verification

As discussed in Section 3.1.1, Buru has provided the financial means for the Yungngora Aboriginal
Corporation to hire independent experts as part of this review panel. They have also
commissioned independent studies [Coles, 2013; Styles, 2013; 2014; Green, 2014] to verify their
internal findings.
CDM Smith finds that Buru has worked to maintain a consistently high level of environmental
protection in their plans for the TGS14 fraccing.
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Section 4

Conclusions and Recommendations

This review finds that Buru Energy Ltd has thoroughly addressed environmental risks to
groundwater and surface water supplies related to gas exploration and testing activities in the
TGS14 campaign. The Environment Plan and associated Appendices have been developed by Buru
and subcontractors and reviewed by independent experts. Risks have been identified and
appropriate measures implemented to reduce the severity or likelihood of detrimental activities.
Some risks above ALARP still remain, and have been identified. Mitigation measures described in
the Environment Plan to reduce risks should be scrupulously followed.

This review finds that Buru’s plans represent best practice for protection of surface water and
groundwater in the field of tight gas development. Analysis provided by Buru and analysis
performed by CDM Smith suggests that the quantity of groundwater will not be significantly
affected by pilot fraccing operations, and that any potential contamination will be identified
through operations and monitoring. Hydrofracturing will take place at sufficient depths that it
should not impact shallower groundwater supplies. Surface operations, such as storage of
flowback water in well-designed retention ponds, and safely storing potentially hazardous fraccing
materials such as biocides will help ensure protection of shallow groundwater and Station surface
waters. Buru has expressed their intention to work towards future minimisation of water usage,
and beneficial reuse of produced water. Buru’s TGS14 operations fulfil the worldwide standards
suggested by the IEA Golden Rules which apply to surface water and groundwater and community
engagement and transparency. If Buru’s plans are followed by Buru and subcontractors, risks to
the Yungngora Community’s human and animal water supply and to surface water streams and
rivers will be minimised.

A review of Buru’s documents has produced a few recommendations for Buru to implement or the
Yungngora Community to understand. These recommendations are based around better
understanding of the local environment, and to further reduce risks:
12. Pumping tests should be performed at the new water supply wells drilled near the Asgard1 well site, including one screened near the water table and one screened deeper.
Characterisation of the aquifer materials of the Liveringa Aquifer will enable an informed
discussion of sustainable yield and more precise calculations of potential contaminant
travel time.
13. Buru could provide additional benefit to the Station by allowing use of the water supply
wells installed near Asgard-1. Of course, should gas development occur in the future,
these wells may need to be reclaimed by Buru in order to provide additional operational
water supply.

14. Based on the expected travel time of possible contaminants in the Liveringa Aquifer, water
quality monitoring should continue for at least two years after completion of fraccing
operations. In the interest of Community understanding of the monitoring results, CDM
Smith recommends that the expert panel provide feedback on monitoring results on a
quarterly basis by meeting with the YAC. In this way the results can be interpreted by
experts and the Community can be reassured they will be made aware of continuing water
quality and water levels.
15. Buru should provide graphical charts of a few representative measurements (e.g. TDS or
chloride, SO4, metal such as boron) over time to enable the Community and the wider
public to more easily understand trends in groundwater concentrations.
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16. Air emissions monitoring data should be provided to the Community, and the use of lowemissions hydropressure pumps should be encouraged.

17. Details on how leaks will be detected from the on-site retention ponds should be provided,
given the high rates of beneficial evaporation which occur during the dry months at the
Noonkanbah Station.

18. CDM Smith recommends that Buru obtain Halliburton’s rationale on the ability to fully
reinject, and further assurance from Halliburton that unexpected excess flowback water
will not remain onsite at the completion of testing.

19. Explicit emergency management controls should be developed by Buru and disseminated
to their operational staff and the Community for hazardous chemicals used in the fraccing
operations. Locations where spills may impact permanent or ephemeral surface water
bodies should particularly be identified to operations personnel.

20. Where Emergency Response plans are not specific to the Station, personnel should be
thoroughly briefed on local conditions.
21. The water management plan should be updated to better reflect current Buru operational
policy.

22. Buru should inform the Community of the composition and toxicity of residual sludge left
from flowback water after reinjection. Options for the final disposal method should be
discussed in advance.
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Appendix A - Disclaimer and Limitations
This report has been prepared by CDM Smith Australia Pty Ltd (CDM Smith) for the sole benefit of
Yungngora Aboriginal Corporation for the sole purpose of assessing the risk to water supplies at
the Noonkanbah Station from hydraulic fracturing activities of Buru Energy Ltd.
This report should not be used or relied upon for any other purpose without CDM Smith’s prior
written consent. CDM Smith, nor any officer or employee of CDM Smith, accepts no responsibility
or liability in any way whatsoever for the use or reliance of this report for any purpose other than
that for which it has been prepared.
Except with CDM Smith’s prior written consent, this report may not be:

(a)
released to any other party, whether in whole or in part (other than to Yungngora
Aboriginal Corporation’s officers, employees and advisers);

(b)

used or relied upon by any other party; or

(c)
filed with any Governmental agency or other person or quoted or referred to in any public
document.
CDM Smith, nor any officer or employee of CDM Smith, accepts no liability or responsibility
whatsoever for or in respect of any use or reliance upon this report by any third party.

The information on which this report is based has been provided by Yungngora Aboriginal
Corporation and third parties. CDM Smith (including its officer and employee):
(a)

has relied upon and presumed the accuracy of this information;

(b)
has not verified the accuracy or reliability of this information (other than as expressly
stated in this report);

(c)
has not made any independent investigations or enquiries in respect of those matters of
which it has no actual knowledge at the time of giving this report to Yungngora Aboriginal
Corporation; and

(d)
makes no warranty or guarantee, expressed or implied, as to the accuracy or reliability of
this information.

In recognition of the limited use to be made by Yungngora Aboriginal Corporation of this report,
Yungngora Aboriginal Corporation agrees that, to the maximum extent permitted by law, CDM
Smith (including its officer and employee) shall not be liable for any losses, claims, costs,
expenses, damages (whether in statute, in contract or tort for negligence or otherwise) suffered or
incurred by Yungngora Aboriginal Corporation or any third party as a result of or in connection
with the information, findings, opinions, estimates, recommendations and conclusions provided in
the course of this report.

If further information becomes available, or additional assumptions need to be made, CDM Smith
reserves its right to amend this report.
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Introduction

This report is the result of the review of fracture stimulation design components of Fracture
Stimulation Plan (TGS14) submitted by Buru Energy Limited (Buru). The objective of this report is the
evaluation of design components based on world’s best practice such that the community is aware
of environmental risks and risk management of this operation. In this report, the following
documents are reviewed
1234-

Revision of Environment Plan section 3.5. HF Operations pages 27-36
Design of Service for Asgard-1 by Halliburton Australia Pty Ltd (Halliburton) pages 1-36
Report on Fracture Modelling Results by Halliburton pages 240-303
Review of Use of Chemicals and Flow-back Water.

Some conclusive remarks are presented at the end of this report and presentations given to the
community and working group are enclosed as an appendix.
2-

Review of Undertaking the Hydraulic Fracturing (HF)

According to Environment Plan section 3.5, HF operations page 27-36, Halliburton is to implement
the hydraulic fracturing operations on Noonkanbah Station. Halliburton is one of the leading service
companies with extensive knowledge and experience for this operation. It is mentioned that the
target formations are low permeability formations in which there is negligible risk of fractures
propagating from the targeted shale formation to the shallow beneficial aquifer zones which has the
minimum distance of more than 1000 m. The shallowest HF in Asgard 1 is 2400 m below surface.
The duration of operations is estimated to be 27 days for Asgard 1. From a stimulation design point
of view, there is sufficient information regarding the characterization of geological formations
including aquifers. All activities regarding preparation and mobilising the equipment, proppant, sand
and pumping water are well scheduled. The fact that in all wells a DFIT (Diagnostic Fracture Injection
Test) will be performed at least in the first stage is a positive point because it will provide valuable
information on minimum horizontal stress and closure pressure which helps with better design and
preparation in subsequent stages.
The well integrity and risk management processes for mitigation and the occurrence of well control
events are well described. A design of service has been prepared by Halliburton and has been
independently reviewed with an environmental risk assessment focus by an international specialist
reviewer, Dr Chris Green (GFrac Technologies). Micro seismic monitoring of operations is designed
and a baseline monitoring program has been in place for the past 18 months according to the
Environment Plan. Micro seismic monitoring to provide real time data on fracture extension and
orientation is very valuable not only to mitigate the environmental risks but also for better designing
and implementing of subsequent stages and refining fracture modelling.
Although it is specified that in TGS14 pilot wells, no large fault zones are intersected based on 2-D
seismic surveying, it is recommended to build a geo-mechanical earth model in order to have more

accurate knowledge about geological stress fields and areas of faulting. Earth geo-mechanical
modelling can help to have detailed predictions of cap rock integrity and other geo-mechanical
hazards such as wellbore stability. The effects of pre-existing fractures, pore pressure, permeability
anisotropy, and lithology are important parameters to be studied. This type of modelling is
recommended after hydraulic fracturing in pilot wells and before the field development stage. For
construction of a geo-mechanical earth model in addition to DFIT, surface pressure data, and micro
seismic monitoring, the following operations to collect additional data are recommended:
1- 3-D seismic survey
2- Image logs
3- Laboratory rock mechanics stress testing

3-

Review of Fracture Stimulation Design

This section is the review of the document “Design of Service for Asgard-1” by Halliburton pages 136. Based on that document, the maximum pressure for fracture stimulation is proposed to be
8,000-9,000 psi. It is believed that this estimation is based on previous experience in Asgard-1 and
also based on the depth of target zone, rock mechanics, and geological stress profiles. It is
recommended to address excessive treating pressures due to fines in shale in which the maximum
pressure for fracture stimulation sometimes is higher if there is fine blockage around the wellbore
and more pressure loss in pipes, perforations, and the fractures due to attrition of fines and
changing the viscosity of treating fluid. Also, during water and gas production, fines and rubble
create formation damage around the wellbore and in the fractures.
This part of the report was sent to Buru Energy in order to receive their feedback. The following is
Buru’s feedback on addressing any excessive treating pressure operation:
“The well has been designed to withstand 10,000psi surface treating pressure. A stimulation surface
treatment pressure limitation of 9,000psi has been selected as a safety threshold to ensure
operations do not exceed surface equipment and well integrity. Prior to fracture stimulation
activities the well tree will be pressure tested to ensure it can withstand its rated
pressure. The pumping schedule has been specifically tailored to ensure pressure is
managed over the course of the stimulation operation. During the implementation of the
stimulation operation the treating pressures will be continuously monitored and
mitigation measures undertaken to reduce surface treating pressure if they trend higher
than expected. These measures include the pumping of HCL, water sweeps and pumping
rate adjustments. Furthermore there are 2 protective mechanisms in place to ensure the
equipment and wellbore will not be subject to excessive pressure beyond their design:
1. The pumping unit has an electronic shut down device that is pre-set to the maximum
pressure that is allowed at the wellhead. This is calibrated and checked prior to the
pumping operations. If the pressure reaches this value the pumping unit automatically
shuts down.
2. A mechanical pressure relief valve (PRV) is fitted to the flow line. It is pre-set to the
maximum pressure that is allowed at the wellhead. If the pressure reaches this value the
valve opens and relieves the pressure.

This pressure threshold of 9,000psi is clearly stated within the operational
documentation. During the pre-stimulation safety meeting the various steps of the job
will be reviewed and all personnel will be reminded of the pressure limits for the job.”
It is reported that pressure testing for well integrity, Cement Bond Log and DFIT on
stage 1 will be conducted. Two treatment schedules of slick water and hybrid are given.
Pre-job testing for gelled fluids using representative water samples is designed in the
operations. The standard of health, safety, and environmental matters during operations
are based on world standards.
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Review of Fracture Modelling

3-D simulation of the likely fracture propagation field, including extent and orientation has been
done using GOHFER software. For construction of such modelling conventional petrophysical logs
are used for stress modelling and rock mechanics properties. A wide range of overpressures are
assumed in this modelling. Two different treatment designs of slick-water and hybrid are simulated.
However, it is found that treatment schedules are different between fracture stimulation design and
fracture modelling. For example Table 6-7 in page 240 section 6.6 is different to table 10 on page 20
in Halliburton Design of Service for Asgard-1.
It is recommended that when hybrid treating fluid is used, three potential problems of formation
damage, fluid damage and leak-off which have the potential for the fracture propagation field to
exceed that modelled should also be discussed. Also, cores from formations of interest and
bounding layers should be tested for rock mechanical properties and used in fracture stimulation
simulations for future model refinement.
The feedback below was previously emailed to Buru following a meeting with Halliburton in April
2014.
“I should mention that 3D simulation for the analysis of multi-stage fracturing in geologically
complex Laurel Formation was a good decision by Buru Energy. From environmental point of view
this modelling is important to predict the vertical hydraulic fracture propagation in layered
formations. Halliburton used GOHFER software to simulate Hydraulic fracturing. GOHFER is one of
the best software that is used in the petroleum industry to model hydraulic fractures. The major
disadvantage of GOHFER is that a large number of inputs are needed. Therefore during modelling,
since all required data is not available, the default values in software are used. During modelling,
Halliburton used log derived input data to define the rock elastic properties (Young’s modulus,
Poisson’s ratio and Biot’s constant), porosity and lithology, using standard log. Laboratory core data
such as tri-axial stress test is usually used to calibrate log data. However, such core data is not
available in those wells. Laboratory rock tests including tri-axial stress tests are not vital to be
performed in the exploration phase; however, it is recommended to be run in appraisal phase.
Also Halliburton used two different treatment fluids (slick water and Hybrid) in simulation. The net
surface pressure recorded during the previous treatment was used to match the idealized net
surface pressure data from the model. The process is called history matching for the validation of
the model. Since only the result of modelling was provided to me and I do not have access to input
data, I cannot comment on the quality of modelling and history matching. In addition to pressure
history match, since no micro-seismic data is available, the resulting model is not compared to

micro-seismic measurements for model validation. I should mention that this preliminary model was
necessary in this stage and can be refined with future planned micro-seismic and subsequent DFIT
data and with core data if Buru plans to have core analysis. Also this model and future updating can
be used for uncertainty analysis. A worst case and best case scenario along with sensitivity analysis
can be developed for the best precise of fracking operation”.
Based on the 3-D simulation results, the fracture heights are predicted to not exceed 100 m and
fracture length in horizontal plane will be up to 1200 m (600 m fracture half length). This is
important to consider as fracture dimensions are limited by the volume of HF fluid pumped if no preexisting fractures are available. Therefore, it would be very unlikely that 100 m vertical fracture
propagation would be harmful to the shallow beneficial aquifer zones which have the minimum
distance of more than 1000 m.
This part of the report was also sent to Buru Energy in order to receive their feedback. The following
is Buru’s feedback:
“Buru appreciates the comments from Prof. Haghighi, and agrees with the recommendations of using
core from future wells (if available) and post stimulation data to calibrate the models. Buru intends
to implement a full evaluation suite including DFIT, micro-seismic, stimulation and production data.
The preliminary models will be updated with the post stimulation evaluation data to calibrate future
frac models. As well, the production data and evaluation techniques will provide valuable data useful
for identifying hydraulic fracture dimensions.”
5-

Review of Flow-back Water and use of Chemicals

According to the report of Revision of Environment Plan section 3.5, HF Operations page 32,
Halliburton’s CleanStim HF fluid system will be used for TGS14 program. Laboratory toxicity
testing of CleanStim fluid system without biocide, HCl and salt was conducted and found to be
nontoxic. Also, it is reported that none of the chemicals to be used are classified in their downhole form as carcinogens or teratogens and are not persistent in the environment and do not
bio-accumulate. It is also reported that the risk assessment concluded that the chemical
constituents were readily biodegradable or consumed down-hole (acids and bases). For
example, the biocide (BE-9) is reported to be rapidly biodegradable. The total water requirement
for all four (4) pilot wells is approximately 55 ML.
After fluid injection, the load recovery from fracturing treatments is necessary before gas
production starts. It is recommended to study the parameters that have major effects on postfracture flow-back using reservoir simulation software such as Eclipse. The study outcome is
expected to introduce the best practice for optimizing the fracturing fluid flow-back. For
example, it is recommended to to study the effect of time after hydraulic fracturing and starting
of flow-back (soaking time). A recent study showed that if soaking time is increased, the water
will find a chance to be accumulated at the bottom of the fracture and gas can be produced with
no or little water production. If flow-back can be eliminated or be reduced during soaking time,
environmental risks such as production of heavy metals like arsenic will be reduced.

6-

Summary
Multi-stage hydraulic fracturing in shale gas reservoirs involves the following potential
subsurface environmental risks:
1- Wellbore stability and integrity which cause inability to complete the well or leakage
including gas leakage to aquifers. Based on well design, well integrity tests and risk
management guidelines, the risk of leakage from wellbore is very low.
2- Cap rock failure which causes water resources contamination. Based on the distance
between the targeted shale formation to the shallow beneficial aquifer zones which
has the minimum distance of more than 1000 m, the risk of water resources
contamination by cap rock failure is negligible.
3- Producing some toxic material during flow-back from shales such as heavy metals.
Since Buru have planned the disposal of flow-back fluids in injection wells , this plan
is the most effective means of safely isolating these fluids from the near- surface
environment.
4- Small earthquake. According to Professor Peter Styles’ report provided for Buru
Energy, the felt seismicity associated with hydraulic fracturing is very rare.
The following recommendations are made with respect to the proposed HF operations.
•
•
•

•

•

•

Build a geo-mechanical earth model in order to have more accurate knowledge about
geological stress fields and areas of faulting.
Address excessive treating pressures due to fines in shales.
The three potential problems of formation damage, fluid damage and leak-off which
have the potential for the fracture propagation field to exceed that modelled should also
be discussed.
Those cores from formations of interest and bounding layers should be tested for rock
mechanical properties and used in fracture stimulation simulations for future model
refinement.
Study the parameters that have major effects on post-fracture flow-back using reservoir
simulation software such as Eclipse. This study has the potential to eliminate or reduce
flow-back operations.
It is also recommended that the expert panel continue to be engaged in the same
manner as prior to fracturing operations commencing throughout the hydraulic
fracturing process to monitor and make further recommendations based on any
differences in anticipated outcomes. It is recommended that the expert panel meet with
Yungngora on no less than a quarterly basis and review the reports provided by Buru on
progress of operations and monitoring, as well as monitoring of water resources when
fracturing and flaring cease.
3- Appendix
See the PDF file attached (Noonkanbah working group presentation).
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Introduction

At your request, I have agreed to participate as the Technical Expert – “Community
Engagement Roadmap” for the Noonkanbah community engagement related to Buru Energy’s
proposed use of hydraulic fracturing and other activities associated with their Tight Gas
Appraisal Activities at Noonkanbah Station. The current scope works is as follows:
•
•

•
•

Receive and review a copy of Buru Energy’s Environment Plan and related reports for
the Laurel Formation Tight Gas Pilot Exploration Program (TGS14)
Make recommendations in relation to community engagement arising from the review of
the reports, and based on experience with community engagement from other
indigenous settings
Receive, review, and provide comments on the reports to Noonkanbah Projects project
managers and to Dr. Reid and Dr. Haghighi
Comment in particular on any aspects of induced seismicity, produced water
management, use of chemical additives, surface land use compatibility that may not
form part of the reports of Drs Reid and Haghighi

The objective of this Technical Memorandum is to make initial recommendations related to the
Community Engagement Roadmap. Comments to the reports of Drs. Reid and Haghighi have
been provided separately. The advice is provided in the following format:
•
•
•

Issue: describe the specific issue or concern
Buru’s Plans: briefly summarize Buru’s plans, if any, related to the issue
Expert Opinion: based on expert experience and relation to local, national, and world
best practices, provide opinion on the degree to which Buru’s plans effectively address
the issue

•

2.0

Recommendations: describe how Buru’s plans might be augmented, modified, or
changed to better address the issue.

Community Engagement Roadmap

Issue: Effective community engagement is essential to developing a social license to operate.
The social license to operate reflects a local community’s acceptance and support for
development projects. The following figure illustrates different levels of community acceptance
for projects.

(modified from: socialicense.com)
Briefly, early and regular communication of project objectives, benefits, and protections are the
materials communicated to a community. Seeking questions and concerns of the community,
and responding to those concerns directly, is in part the manner of effective engagement that
provides these materials in a readily-understood context. The figure illustrates that failure to
achieve this communication objective can lead to the loss of community support. Once a
legitimacy boundary is crossed, project acceptance can be gained. With better engagement and
incorporating the local population more directly into the project benefits, community approval,
and in the best case community identification with the project benefits can follow.

Buru’s Plans: Buru’s Environment Plan describes their objectives, implementation steps, and
monitoring and improvement that addresses Cultural Heritage and Community Consultation
(subplan 7). The implementation of the program is further described in the Environment Plan.
The plan objectives are comprehensive, and the program has been initiated.
The Community Engagement Roadmap was also provided for review. Most projects of this type
do not include a roadmap, so this effort exceeds the work provided by most producers. The
roadmap is well laid out, and describes the flexible but ongoing process envisaged. The
graphics are particularly useful: they show the expected process with respect to the following
areas:
•
•
•
•
•

Regulatory Approvals and Compliance Processes,
Environmental Assessments
Environmental Implementation Strategy (Including Monitoring and Reporting)
Strategic Social Assessment
Economic Development

The graphics show the expected times of interaction with the community, and where Buru is in
the process. The graphics tell the story of the overall exploration and development process,
when regulatory reviews occur, and when the community can expect to have input. This last
part is particularly important in community engagement: communities need to know when they
can have input, and when the process ends.
Expert Opinion: The engagement plan as currently specified should be an effective means to
identify the concerns and needs of the local population, and provide a framework to responding
to these questions and concerns. The plan includes the following elements that have proven to
be effective in community engagement in general, and with indigenous populations in particular:
•
•
•
•

•
•

Identification of community leaders and concerned community members
Clear identification of areas of potential environmental and community risk, and direct
analysis and responses to these areas of concern
Describe the project, including its current stage of exploration, and potential later phases
of development to avoid surprises
Different means of communication and engagement: written, oral, company, outside
experts, comparison to world standards for best practice, combined with a focus on local
questions and concerns
Transparent process whereby data and supporting analysis are provided for review by
outside experts and community members
After presentation of the project (its benefits, risks, and protections) focus on the stated
concerns and questions of the local population.

From the description of the first steps of the engagement plan, Buru has developed and begun
to implement a world-class program of community engagement. The program should be
diligently maintained throughout the project in order to maintain the trust that has been

developed to this point. Providing experts in the technical and community issues is an especially
good step, as it provides a non-company perspective to the local populations.
The Community Engagement Roadmap is well done, and should be used in all of the public
meetings to indicate the overall exploration and development process that may occur, and how
the community can remain engaged.
Recommendations: I would make the following recommendation. At this stage of the
community engagement process, there needs to be a very clear focus on stated community
concerns, and direct transparent responses to those questions and concerns. In my experience,
the community engagement process can move away from listening, and towards “educating”.
However, if community concerns are not attended to, the education tends to be ineffective.
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Introduction

The objective of this Technical Memorandum is to make additional, initial recommendations
related to Buru Energy’s potential tight gas appraisal activities at Noonkanbah Station. The first
advisory addressed Community Engagement. This advisory addresses Induced Seismicity,
Surface Impacts, and Chemical Additives. As with the first advisory, the advice is provided in the
following format:
•
•
•

•

2.0

Issue: describe the specific issue or concern
Buru’s Plans: briefly summarize Buru’s plans, if any, related to the issue
Expert Opinion: based on expert experience and relation to local, national, and world
best practices, provide opinion on the degree to which Buru’s plans effectively address
the issue
Recommendations: describe how Buru’s plans might be augmented, modified, or
changed to better address the issue.

Induced Seismicity

Issue: Several earthquakes in the United States, England, and Canada have raised concerns
that hydraulic fracturing may cause large earthquakes that can be felt at the surface. Hydraulic
fracturing does cause micro seismic events as rocks fracture, but these are 10,000 to 1,000,000
times weaker than seismic events that can be felt at the surface. All government agencies that
have reviewed the question have determined that hydraulic fracturing itself is not the cause of
large earthquakes, and is likely not even capable of producing an earthquake event of any
notable size. Seismologists at the U.S. Geologic Survey have found that hydraulic fracturing
“itself probably does not put enough energy into the ground to trigger an earthquake” (USGS
2012). Review of the source studies for the articles found that many point to energy-related
activities other than hydraulic fracturing (e.g., injection for waste disposal) as the source of
induced seismicity.

As recently as June, 2012, the US National Research Council, a division of the US National
Academies of Science, released a report titled Induced Seismicity Potential in Energy
Technologies. The report found that only one felt event in England had been confirmed and
attributed to hydraulic fracturing globally. This case, caused by Cuadrilla in England in 2011,
recorded two earthquakes (one Magnitude 2.3 and one Magnitude 1.5) that Cuadrilla believes
was due to hydraulic fracturing. These are below a level that would be felt. The cause was
thought to be injection of large volumes of sand and proppant. Of the 35,000 shale gas wells
that had been hydraulically fractured, only one case was suspected, but not confirmed, to be
attributed to hydraulic fracturing connected to shale gas development (NRC 2012).
Most of the research conducted to date has pointed to the injection of fluids into deep wells for
waste disposal as a cause of induced seismicity. Injection wells can operate continuously for
many years, injecting fluids into the subsurface at pressures less than the fracture pressure of
the host rock. Although it is exceeding rare, injection of water or other fluids into deep wells
could cause seismic events capable of being felt if fluids enter faults and over long periods of
continuous injection may reduce the pressures on the fault enough to induce a small earthquake
(less that magnitude 4; de Pater and Baisch 2011).
Similarly, USGS studies have looked carefully at regions where energy production activities
have changed during recent years. The results of the studies suggest that hydraulic fracturing
has not caused the increased frequency of earthquakes; however, in some instances, the
increase in seismicity was linked to deep underground injection wells. The studies also note that
not all underground injection causes earthquakes and that there have not been conclusive
examples that underground injection may trigger large, major earthquakes (magnitude 5 or
greater) even if located near a fault (Hayes 2012).
The US National Resource Council study of induced seismicity (NRC 2012) finds that many
factors are important in the relationship between human activity and induced seismicity: the
depth, rate, and net volume of injected or extracted fluids, bottom-hole pressure, permeability of
the relevant geologic layers, locations and properties of faults, and crustal stress conditions.
Buru’s Plans: Buru’s Environment Plan describes that they have undertaken measurements of
background levels of seismicity in the area for in excess of 2 years. This sort of study is more
than is conducted at most oil and gas fields, and goes beyond any regulatory requirements. The
information will also provide an excellent baseline for comparison to future development
activities in the area.
Buru also described expert studies of the local geology and the likelihood of induced seismicity.
The study notes that, although there are older faults in the area, they are likely to be closed and
therefore unlikely to produced induced seismicity. According to the US studies cited above and
my experience, the analysis indicates that the likelihood of induced seismicity is extremely low;
not measurable.
The initial work described in the Environment Plan would not require long-term injection of
liquids into the subsurface. Therefore, the only factor that, rarely, leads to induced seismicity is
not present in this project, and the resulting risk of induced seismicity is practically nil.
Expert Opinion: The work presented in the Environment Plan related to induced seismicity
goes beyond what is required internationally, and beyond what is typically analyzed. The data

indicate that the geological factors that could lead to induced seismicity are not present in this
area. Furthermore, there is a minor amount of water injection that may occur with this Project.
Since water injection is the only factor that has led to induced seismicity in some other, rare,
cases, that factor does not exist in this project.
Taken together, the baseline work and the geological and project features indicate that there is
very little chance or induced seismicity in this area from the proposed activities.
Recommendations: I recommend that the passive measurements continue through the
hydraulic fracturing tests, and for approximately 3 months afterwards. The data during and after
the testing should be compared to the baseline data to detect any change in the pattern of
seismicity in the area. The result should be reported to the community.

3.0

Surface Impacts

Issue: The exploration phase of oil and gas field development can include construction of new
roads, new well pads, and other supporting infrastructure. Exploration can include new sources
of noise, light, and vibration. All of these activities can lead to surface impacts to people, plants
and animals, and cultural heritage. There can be incompatibility between these impacts and the
current, existing environment.
Buru’s Plans: Buru’s Environment Plan describes that these activities will be conducted using
existing infrastructure. The four wells are existing, located on existing cleared well pads, and
serviced by existing roads. No vegetation clearing will occur. Accordingly, concerns related to
new surface impacts would not be realized with this project.
The hydraulic fracturing itself is the time of greatest surface impact, since this includes more
truck traffic than currently exists in the area, storage of chemicals at the surface, and the
elevated pressures required for hydraulic fracturing. This level of activity is similar to drilling in
terms of surface activity. The fracturing itself is relatively short; one to two hours. Overall, this
interval time is relatively short and similar to the appearance during the earlier drilling activity
that has already occurred in the area.
Some of the state aims of the project, as a “proof of concept” project, are also aimed at
supporting future design of the project to further minimize surface impacts, as follows:
•
•
•
•
•

Through measurements during this project, demonstrate no or minimal risk to humans
and the environment
Demonstrate that flowback and produced water can be recycled and beneficially reused
Minimize the amount of water required for the process
Through measurements during this project, demonstrate that solid, fluid, and air
emissions do not pose adverse risks to humans or the environment
Gather information to allow minimizing the land footprint during the development stage of
the project.

Expert Opinion: The study as described minimizes new surface impact by using existing roads,
well pads, and wells. The duration of the hydraulic fracturing is very short, so any minor impacts
are temporary in nature. The analysis demonstrating this is in line with international standards.
The expert advice of Dr. Reid describes some of the spill-related risks associated with the
project, and finds that the protections provided suitably address this risk. I agree with this
finding.
The intention to measure environmental conditions before, during and after the hydraulic
fracturing goes well beyond existing requirements and practice. To date, my study of the
environmental effects at a large oil and gas field in the center of the city of Los Angeles,
California, USA, is the only such study in the world. Buru’s work can be interpreted in the
context of this earlier study in the USA (published October 2012).
Recommendations: Follow through on the described work in the Environment Plan related to
surface impacts.

4.0

Chemical Additives

Issue: The chemical additives used in hydraulic fracturing, typically 0.5 percent of the total
fluids, are necessary to ensure that the fracturing job is as effective and efficient as possible.
The various chemicals are used as friction reducers, biocides to prevent microorganism growth,
oxygen scavengers and other stabilizers to prevent corrosion of metal pipes, and acids to
remove drilling mud damage. The consequences of not using additives in the fluids include
higher engine emissions as a result of greater loads, increasing pipe corrosion (and, in turn,
compromised integrity of the well), increased water use, and decreased hydrocarbon recovery.
Most of the chemicals, including biocides and corrosion inhibitors, are also used in well drilling
and well workovers. Chemicals that produce a gel-like consistency, and to reduce friction, are
more targeted to hydraulic fracturing itself.
When new oil and natural gas development using high-volume hydraulic fracturing was initially
introduced in the northeastern United States (areas dependent on shallow groundwater
resources or water from relatively pristine watersheds), public concern was initially related to the
policy of oilfield service companies to maintain confidentiality of the precise chemical names
and concentrations used in hydraulic fracturing fluids. The initial lack of full disclosure on the
part of the oilfield service companies increased public concerns about the chemicals.
As a result of these concerns, several states initiated independent reviews of the environmental
impacts of hydraulic fracturing with an emphasis on water quality and chemical disclosure. The
current standard for disclosure is as follows:



All chemical names of compounds used as chemical additives in hydraulic fracturing;



the source and amount of water used in the exploration or production of the well;



data on the use, recovery and disposal of any radiological components or tracers injected
into the well.

Buru’s Plans: Buru’s Environment Plan describes the chemical additives proposed for the
project. This level of disclosure meets current international standards. The Plan also provides
additional context describing the chemical additives, including that the chemicals are sourced

from the food processing industry. Buru has also commissioned an ecotoxicological study of
the primary components of the mixture to be used, and found that the mixture would be
classified as non-toxic. The Environment Plan also summarizes an additional chemical risk
assessment that found similar results.
Expert Opinion: Buru’s chemical disclosure meets international standards. The additional
ecotoxicological study and the chemical risk study exceed these standards, and provide
additional assurance that the chemical additives do not pose an adverse risk to humans or the
environment. I have conducted similar ecotoxicological studies of this type, for a development
in Northern New South Wales, and at that time such additional studies were unusual.
Among the types of chemical additives with which I am familiar through my work on this subject,
Buru has chosen one of the most environmental benign mixtures available at this time.
Recommendations: Ensure that these results are communicated to the community.

