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Independent Scientific Panel Inquiry  

Locked Bag 33 

Cloisters Square, Perth WA 6850 

 

By email only: info@frackinginquiry.wa.gov.au 

 

RE: SUBMISSION ON INDEPENDENT SCIENTIFIC PANEL INQUIRY INTO HYDRAULIC FRACTURE 

STIMULATION IN WESTERN AUSTRALIA 2017 

1 PREAMBLE: THE NATURE OF YAWURU’S RELATIONSHIP TO COUNTRY  

 

Yawuru are the native title holders of some 530, 000 hectares of land and waters in and around 

Broome, as determined by the Federal Court of Australia in 2006. Yawuru people’s inherent and prior 

rights to Yawuru country stem from the all-encompassing power and world-creating epoch of 

Bugarrigarra. Yawuru country is imbued with a life-force arising from Bugarrigarra. In the native title 

determination, Merkel J noted:  

 

 The source of the Yawuru community’s traditional laws and customs, which include 

the laws and customs known as the southern tradition, is the Bugarrigarra… Those 

laws and customs have plainly been transmitted from generation to generation, find 

their origins in pre-sovereignty norms and, notwithstanding their evolution over 

time, have had a continuous existence and vitality since sovereignty (Rubibi 

Community v State of Western Australia (No 6) [2006] FCA 82). 

 

Yawuru language, spirit and ancestral wisdom arise from an enduring and interconnected relationship 

with country. Sacred Law and responsibilities conveyed in stories and rituals bind Yawuru people to 

country. The Yawuru Cultural Management Plan (Yawuru RNTBC 2011) describes this as, country being 

viewed through a holistic lens as a living cultural landscape – “the ecology and biodiversity; the 

hydrology and geomorphology; the history; the harvesting of resources; and the cultural story”. 

 

All facets of Yawuru country and cultural life are inextricably linked and are reinforced by the 

responsibility of traditional owners to look after country. Yawuru are active regulators and monitors 

of activities taking place on country through a cultural and conservation management plan with 

rangers and country managers engaging in cultural heritage monitoring, wetlands monitoring, 

conservation estate monitoring, geospatial mapping and other research projects.  

 

Yawuru native title decision-making processes are governed by the Yawuru Native Title Holders 

Aboriginal Corporation also referred to as the Yawuru Prescribed Body Corporate (Yawuru PBC). The 

Yawuru PBC is authorised to hold on trust the Yawuru native title rights. This entity has a prescribed 

legal role to manage and protect native title for present and future generations and has profound 

cultural responsibility to promote the long term wellbeing of Yawuru people and the management of 
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Yawuru country. Applications by third parties to use Yawuru country must be referred to the Yawuru 

PBC. The Yawuru PBC Constitution contains a platform for Yawuru decision-making; it mandates 

informed consent either by consensus or special majority of Yawuru native title holders on native title 

matters.  

 

Yawuru manage and protect a number of key land and water assets and culturally significant sites. 

These include the Yawuru Conservation Estate, Roebuck Plains pastoral station, Roebuck Bay Marine 

Park, pockets of land in and around the Broome town site and the Yawuru Indigenous Protected Area 

(Yawuru IPA) formally dedicated in August 2017. Yawuru’s use of land and sea is defined by traditional 

ecological knowledge passed down from ancestors, for example, understanding the nine habitats and 

following the cycle of six seasons. It is a significant part of Yawuru’s cultural heritage.  

 

2 INTRODUCTION                                                                                                                                                                                                 

  

The Yawuru PBC’s submission on the 2017/18 Scientific Inquiry into Hydraulic Fracture Stimulation in 

Western Australia (the Inquiry) is comprised of: 

 

 The Yawuru PBC’s submission to the Standing Committee on Environment and Public Affairs in 

relation to Report 33:  Inquiry into the Implications for Western Australia of Hydraulic Fracturing 

for Unconventional Gas where relevant (the Standing Committee Submission)1; 

 An overview of the Yawuru community’s experience in dealing with Buru Energy’s 2014 Laurel 

Formation Tight Gas Stimulation Program Environment Plan (TGS14 EP) in relation to the 

company’s Yulleroo exploration programme and the accompanying Yawuru Expert Group’s 

Consolidated Report  (Yawuru Expert Report)2; and 

 Recent developments that have occurred since 2014 including the declaration of the Yawuru IPA 

last year. 

 

The above information highlights ongoing key concerns and issues that Yawuru native title holders 

have on the subject of hydraulic fracture stimulation (fracking) for unconventional gas on Yawuru land 

and waters and in greater Western Australia (WA).  There are known shale and tight rock formations 

contained within the Canning Super Basin and exploration and fracking has already taken place on 

Yawuru country and was proposed at Yulleroo in 2014 as part of the TGS14 EP.  

 

More widespread gas exploration is envisaged for the area that would directly affect Yawuru country 

and marine environments. 3 As Yawuru hold rights to protect, access and live on our traditional lands, 

                                                           
1 Attached as Attachment 1. It is noted that Buru Energy dispute a number of the scientific contentions and assumptions 
made in the Standing Committee Submission and the Yawuru PBC will follow these matters up with the company in due 
course. 
2 Attached as Attachment 2. Buru Energy funded the engagement of Yawuru’s expert panel. 
3 The Yawuru PBC is currently dealing with tenement applications from Goshawk Energy and Goshawk – Squadron. The 

former’s proposed tenement application lies within a P1 Water Reserve as well as Conservation Estate and the Yawuru 
Indigenous Protected Area. 
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it is imperative that we gain a comprehensive understanding of the implications of fracking on our 

country. Therefore, we have a strong interest in this Inquiry and its recommendations.  

 

Yawuru are cognisant of the heightened global and national concerns surrounding fracking and its 

environmental and social impacts noting that fracking has been banned in a number of jurisdictions 

including the state of Victoria. Similarly, there is a high level of concern within the Yawuru community. 

The Yawuru PBC has publicly stated that it is opposed to fracking until the practice has been shown to 

be safe beyond doubt.  

 

It is incumbent on the Yawuru PBC to investigate all aspects of unconventional gas exploration and 

production, in particular fracking, prior to any further activities taking place on Yawuru country. The 

Yawuru PBC considers it imperative to set in place a transparent process through which the community 

is informed and consulted about the implications of operators’ proposed practices. To enable this, 

Yawuru require comprehensive information and advice from independent experts such as occurred 

with the TGS 14 EP4.  

2.1  THE INQUIRY’S TERMS OF REFERENCE 

 

The Inquiry’s Background and Issues Paper states that the Independent Scientific Inquiry will: 

 

 Identify environmental, health, agriculture, heritage and community impacts associated with 

the process of hydraulic fracture stimulation in Western Australia, noting that impacts may vary 

in accordance with the location of the activity; 

 Use credible scientific and historical evidence to assess the level of risk associated with identified 

impacts; 

 Describe regulatory mechanisms that may be employed to mitigate or minimise risks to an 

acceptable level, where appropriate; 

 Recommend a scientific approach to regulating hydraulic fracture stimulation; and 

 Hold community meetings in Perth, and the Midwest and Kimberley regions. 

 

The Inquiry was established following the State Government ban on fracking in the Perth Metropolitan, 

Peel and South-West regions, and put in place a moratorium for the rest of the State. The 

Government’s ban in some areas and not others sends out a confusing and destabilising message to 

the WA public. If the Government is confident that fracking can be undertaken safely then there would 

be no reason to ban it anywhere. On the other hand, if the Government believed fracking cannot be 

undertaken safely, i.e. the risks to the environment are too high, then logically it should apply the ban 

throughout the State. 

 

By imposing a ban in some areas and not others the Government is effectively saying to the WA public 

who reside in the non-banned more remote areas - we do not value your environmental values as 

highly as in the banned areas and consequently we are prepared to risk fracking in your areas. For this 

                                                           
4 The TGS14 engagement process is discussed later in this paper. 
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reason it is submitted that the Inquiry is flawed from the outset as members of the WA public are not 

being treated equally. 

 

It is also disappointing that the Inquiry is purely a scientific process rather than an opportunity for the 

WA public to meaningfully “have their say" on fracking in broader terms. One of the key lessons from 

Yawuru’s experience in dealing with the TGS14EP was that in terms of assessing risks associated with 

fracking, western science, whilst a vitally important element, is not all-encompassing.  

 

This is because Yawuru’s understanding of risk is to be viewed through a holistic lens of country as a 

living cultural landscape – “the ecology and biodiversity; the hydrology and geomorphology; the 

history; the harvesting of resources; and the cultural story”. 

 

The Terms of Reference (ToR) as currently framed also disadvantage indigenous groups such as 

Prescribed Body Corporates that typically lack the financial resources to engage scientists to provide 

advice and “supporting evidence” on the risks associated with fracking on their traditional lands. 

Therefore the narrow scientific approach of the Inquiry risks further alienating traditional owners on 

the contentious issue of fracking. It is also unclear what the WA Government means by “supporting 

evidence” and what it expects to be provided in this context.  

3 POTENTIAL ENVIRONMENTAL IMPACTS ON YAWURU COUNTRY – TOR 1 AND 2  

 

The potential risks of fracking have been dealt with in a broad sense in Yawuru’s Standing Committee 

Submission5 and the Yawuru Expert Report and are relied on, where relevant, in relation to the current 

ToR. It should be noted that at the time of completing the Yawuru Expert Report in 2014 there were a 

limited number of issues that were subject to further review.6  

 

The first issue concerned the Well Integrity Report for the Y3 and Y4 wells at Yulleroo (Finding 6.2, 

page 44). In relation to Y4 the Yawuru Expert Group noted: 

 

For Y4 … the CBL results show that the cement bond was moderate to good from 955 

m – 2,005 m. The cement quality also varied from 2,005 m to the target depth (TD). 

It is clearly indicated in the CBL analysis that: 

 

1. There is possible micro-annulus and channelling below the top of the 

cement (933 m) behind the production casing. 

2. There is poor cement coverage within the interval 2,005 to 3,065 m with 

possible signs of channelling behind the production casing. 

3. There is intermittent poor cement bonding near the TD (with 3,065 to 3,846 

m). 

                                                           
5 As previously noted Buru Energy dispute a number of the scientific contentions and assumptions in the Standing 

Committee Submission and this matter will be followed up with the company in due course. 
6 As previously noted the Yawuru Expert Report was posted on the Yawuru website in 2014. Since that time, NBY has 
received no queries or criticisms of the methodology or findings from the Yawuru Expert Group. 
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It is to be noted that the overall scope for the Y4 well is to perform hydraulic fracture 

operations on 13 separate intervals/stages. The proposed perforations and bridge 

plug locations are provided in Table 5 the of Hydraulic Fracturing Services report 

(pages 7-8 of file: Buru Energy Yulleroo-4 DoS Frac Rev 0_28Nov13.pdf), where the 

fracturing operations would be carried out. 

 

The locations of all stages as indicated in this report are within the interval, 2,345 to 

3,810 m; as indicated above, this fracturing interval falls within the poor cement 

coverage interval 2,005 to 3,846 m. 

 

The above results pose serious questions regarding a potential mechanical integrity 

failure due to a weak cement bonding issue. This assessment, especially when 

considering future potential leakage of fracturing fluids during fracturing 

operations, could result in leakage of these and production fluids, potentially as a 

result of the existence of poor varying quality cement which clearly has not been 

adequately addressed. 

 

There was no mitigation plan found in the Well Integrity Report. The mechanical 

integrity associated with cementing and potential risks of upward movement of 

reservoir or external fluids during and after the hydraulic fracturing operations 

should be addressed. 

  

The purpose in highlighting this issue identified at the time is not a criticism of the company involved 

or its Environmental Plan but rather to highlight that no invasive process such as fracking can be 

considered risk free – problems can and do occur notwithstanding how comprehensive an 

Environment Plan, there is always the risk of human error or mechanical failure that can result in 

impacts on environmental values.  

 

Other examples that illustrate this point in the Expert Report concerns the recommendation that the 

company prepare a comprehensive Chemical Spill Contingency Plan (Finding 7.7, page 5).The 

recommendation from the Yawuru Expert Group was:  

  

Further evaluation should be done on the capacity of the external resources that will 

be relied on in the event of Tier 2 and 3 emergency responses 

 

Similarly the Yawuru Expert Group noted at Finding 7.8, page 54:  

 

Yawuru requires more information relating to calling in emergency services in a 

remote location like Yulleroo e.g. specific spill response skills and capacity, 

response times etc. For all future exploration and production wells, the training 

and readiness capacity of the WA DFES to respond to Tier 2/3 spills will need to be 

made available to Yawuru. 
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The Yawuru Expert Group also noted the concerns of the Yawuru PBC, Department of Health and 

WaterCorp related to ground water and well integrity with the relevant company needing to develop 

a clear Well Integrity Response Plan in the unlikely event that they lose control of a well (7.13, page 60 

– 61). Loss of well control is defined by the International Association of Drilling Contractors as:  

  

…uncontrolled flow of subterranean formation fluid such as gas, oil, water etc. 

and/or well fluids into the environment or into a separate underground formation 

(Source: API Standard 65 – Pt 2, Isolating Potential Flow Zones During Well 

Construction, Upstream Segment, Second Edition, 2010).  

 

…the Cherry Creek Blowout in Feb 2014 occurred due to a failure of the barriers. In 

the event of barrier failure there should be an appropriate response plan to contain 

the blowout as quickly as possible. The Cherry Creek incident demonstrated that loss 

of well control can and does occur and an appropriate timely response plan is 

required in the extremely unlikely event of a loss of well control (Finding 7.13, page 

60-61). 

 

The TGS14 EP proponent provided a response to this issue with the Yawuru Expert Group 

recommending the company provides the details of the standby well control specialist (i.e. Company 

name, address and location), and the required response time of the well control specialist (e.g. 24 

hours). All future well approvals will require details of the standby well control specialist company, and 

their response time. 

 

Again these examples from the Yawuru Expert Report are not intended to target the company involved 

or diminish its responses to the Yawuru experts that are set out in the Report. Rather, the point of 

raising these issues is that once independent experts raise the potential risk of surface chemical spills 

and well failure; no matter how remote the risk, it becomes very challenging for indigenous groups 

such as Yawuru to move forward in their deliberations on whether to approve a particular project 

notwithstanding how comprehensive the response/risk management strategies in place to address 

such potential risks.7 

 

For Yawuru who view country through a holistic lens of a living cultural landscape, the heavy, almost 

unbearable, burden on its members in deciding whether to approve what is seen as a contentious, 

controversial project such as fracking cannot be understated. The burden is marked by a sacred 

responsibility to care for country for future generations of Yawuru people - a duty bestowed on the 

current generation by previous generations since time immemorial. 

 

The example of potential risks associated with fracking are acknowledged in Tables 3, 3.1, 3.2, 3.3 and 

3.4 of the Inquiry’s Background and Issues Paper. For Yawuru the potential risks from fracking to 

groundwater and surface water on environmental and cultural values generates the most anxiety.  

                                                           
7 In terms of Buru Energy’s 2014 Yulleroo exploration programme these risks are dealt with in the Yawuru Expert Report. 
However as noted previously there are other pending exploration applications in Yawuru country including an application 
by Goshawk Energy that lies over a P1 Water Reserve, Birragun Conservation Estate and the Yawuru Indigenous Protected 
Area. 
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Policy and best practise techniques cannot entirely account for human error or equipment failure.  It 

is within this window of uncertainty that Yawuru sees the potential for incidents leading to significant 

environmental impact to occur.  Human error is increased by exposure to heat and fatigue (Ung, 2018).  

In many cases, human error and equipment failure pose much more of an environmental and safety 

issue from hydraulic fracking fluid spills than the fracking itself (Gardner, 2011).  Analysis shows that 

spills from return water are on the increase in the fracking industry (Clancy, Worrall, Davies, & Gluyas, 

2017); as a result, it is Yawuru’s position that these incidents cannot be fully mitigated. 

 

Multiple studies and reviews of well barrier integrity across nine countries found that there is a high 

variability of failure rates for both conventional and unconventional gas extraction of between 1.9% 

and 75% (Davies et al., 2014).  Studies in Marcellus shale between 2005 and 2013 and Pennsylvania 

between 2008 and 2011 found that 6.3% and 2.4% of the wells investigated, respectively had some 

form of barrier or integrity failure (Davies et al., 2014).  The risk of well barrier failure cannot be entirely 

eliminated and by nature, the integrity is highly variable.  These finding are compounded by the fact 

that weaknesses have already been identified in well barriers on Yawuru country.  There is evidently a 

residual risk which Yawuru cannot accept. 

 

There are many contaminants within hydraulic fracturing fluids (crosslinker, biocide, friction reducer, 

etc), for many of which, ecological impacts are not yet entirely understood (Brantley et al., 2014).  

Sediment discharge into surface water, whether it be intentional or unintentional, can be increased 

due to the construction of well pads and pipelines and can have long term environmental effects 

(Brantley et al., 2014).  The uncertainty of the impacts of hydraulic fluid constituents on the 

environment is an unacceptable risk for Yawuru.  

 

For Yawuru these risks are viewed as having a potentially irreversible impact on the environmental and 

cultural values. These values are captured in documents developed over many years following the 

“epic struggle” by the Yawuru community in securing native title recognition over their traditional 

country. 8 These documents include Walyjala-jala buru jayida jarringgun buru Nyamba Yawuru 

Planning for the future: Yawuru Cultural Management Plan and the Yawuru Indigenous Protected Area 

walyjalajala nabulagabu birrangun buru Plan of Management 2016 – 2026. 

3.1 WATER RESOURCE IMPACTS 

 

There are many examples of surface and groundwater contamination from incidences involving 

unconventional natural gas exploration.  Although considered rare, a review of wells in Pennsylvania 

found that one fifth of wells were issued with violations from the regulator, with 3.4% relating to well 

construction issues (Brantley et al., 2014).  The volume of water required for fracking is also a concern 

and depending on the source, can place stress on aquifers and associated wetlands  (Brantley et al., 

2014). This could impact the health of people, flora and fauna. This level of risk is seen by Yawuru as 

                                                           
8  Rubibi Community v State of Western Australia (No. 7) (2006) FCA 459 (159). 
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unacceptable in such a sensitive environmental area, which particularly relies on the health and 

presence of surface water and groundwater to function.  

 

3.1.1 Groundwater 

 

Hydraulic fracture and its associated activities could impact groundwater quality. This could result 

from: 

 Leakage of wells due to a failure in well integrity, or degradation over the  leakage of wells due 

to a failure in well integrity, or degradation over the life of the well; 

 Spillage of chemicals, flowback water or brines produced from water treatment; 

 On-site spills resulting from the overtopping of water storage tanks due to extreme weather 

events; 

 Spills from the transportation of chemicals; 

 Induced connectivity between hydraulically fractured shale and aquifers; or 

 Reinjection of treated water. 

3.1.2 Surface Water 

 

Hydraulic fracturing and its associated activities could impact surface water quality. This could result 

from: 

 Spillage of chemicals, flowback water or brines produced from water treatment; 

 On-site spills resulting from the overtopping of water storage tanks due to extreme weather 

events; or 

 Spills from the transportation of chemicals. 

3.2 ENVIRONMENTAL VALUES OF THE YAWURU INDIGENOUS PROTECTED AREA 

 

The Yawuru IPA was dedicated in 2017. A protected area is a clearly defined geographical space, 

dedicated and managed to achieve the long term conservation of nature with associated ecosystem 

services and cultural values. A map of the Yawuru IPA is attached as Attachment 3 and shows portions 

of Roebuck Plains Station (RPS) within the IPA. 

 

RPS is a pastoral lease comprising 276,378 hectares situated 35 kilometres east of Broome and 

currently held by Nyamba Buru Yawuru under Crown Lease No 516/1997, known as Pastoral Lease 

3114 / 499, since 1 April 2015. The Indigenous Land Corporation (ILC) subsidiary Pastoral Indigenous 

Agribusiness Company (AIA) operates RPS under a Sublease from NBY largely as a beef cattle breeding 

and grazing enterprise. In the future Yawuru will take over the cattle enterprise and are investigating 

diversification projects on RPS.  

 

The majority of the current and proposed mining and gas activity on Yawuru country is centred on RPS 

including Yulleroo that was subject to the TGS 14 EP.  Even with a comprehensive regulatory 

framework, DMP guidelines, comprehensive Environmental Plans and industry best practice, lapses 
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and accidents by the mining and gas industry do occur.  In the case of Yawuru, these incidents can 

potentially impact on Yawuru’s economic interests on RPS as well as environmental values of national 

and international significance. 

 

The Yawuru IPA plan sets out eight targets for conservation of culture and environment, five of which 

have the potential to be directly affected by the proposed work on RPS.  These are discussed below. 

3.2.1 Bilarra (Ramsar wetlands, springs, lakes and intertidal mudflats) 

 

The Yawuru IPA zones align with International Union for Conservation of Nature (IUCN) categories. The 

following are the most relevant zone one areas, which are of immediate conservation priority within 

RPS: 

 

1. Barley Springs (water reserve ^1512) 

A water reserve and old government well site, of historical and cultural significance. This 

area has been identified for permanent stock exclusion.  

2. Lake Yiddar paddock and water reserve (water reserve ^1505) 

A wetland, with permanent surface water, of great cultural and historical significance, 

supporting a wide variety of bird life, including migratory species that are inland 

specialists. The area has been fenced to the exclusion of cattle.  

3. Tharndoo – Ngunjal / Lake Campion (water reserve ^9697) 

A wetland of great cultural and historical significance. 

4. Collins Lagoon (water reserve ^726) 

A wetland of great cultural and historical significance continues to be a major watering 

point for the pastoral lease and the Kimberley DeGrey Stock Route, to be monitored for its 

ecological and cultural values.  

5. Taylors Lagoon (water reserve ^1510) 

A wetland of great cultural and historical significance continues to be a major watering 

point for the pastoral lease and the Kimberley – DeGrey Stock Route, to be monitored for 

its ecological and cultural values.  

6. Roebuck Plains: Yulleroo water reserve 

A wetland of great cultural and historical significance continues to be a major watering 

point for the pastoral lease and the Kimberley DeGrey Stock Route, to be monitored for its 

ecological and cultural values. 

 

The areas reflect the importance of the flood plain and its numerous drainage lines. The ecosystems 

around the freshwater bodies within RPS such as Taylors Lagoon and Lake Yiddar are very sensitive 

and, as permanent freshwater bodies are not common in this area, they are of critical importance to 

local wildlife. It is noted that Lake Yiddar is included in the Commonwealth Directory of Important 

Wetlands in Australia and has been made a permanent entry on the Shire of Broome’s heritage 

inventory. 

 

The water from the flood plain flows into Roebuck through the RAMSAR listed wetland and is 

acknowledged as globally significant and very sensitive. Any activity which impacts ground or surface 
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water at RPS including by increasing the amount of sediment or changing the chemical composition of 

the water through a fracking surface spill, would have a detrimental effect on the Ramsar wetland. 

3.2.2 Nagulagun – Salt Water Country 

 

The Roebuck Bay ecosystem lies beyond the Ramsar wetlands and is reliant on the natural process of 

water and nutrient flow through the inland country and across the plains.  Nutrients provided by this 

process are the foundation of the unique and highly productive ecosystem in Roebuck Bay.  The risk of 

any changes to vegetation or landscape function caused by clearing for infrastructure or incidences 

involving well integrity and the discharge of hydraulic fracture fluid would have unacceptable 

implications on the delicate balance between nutrient flow and natural filtration and sediment capture 

provided by the plains.  Altering the function of the base of Roebuck Bay’s ecosystem will impact all 

species in the system as well as the people who rely on it. 

3.2.3 Birra – Inland Country  

 

A search of the NatureMap and Commonwealth Environmental Protection and Biodiversity 

Conservation Act 1999 (the EPBC Act) databases identifies a total of 222 animal species and 186 plant 

species that have been recorded, or are known to occur in the habitats found on RPS. These comprise 

species listed as: Vulnerable, Endangered or Migratory species under the EPBC Act and Schedule 3 of 

the Wildlife Conservation Act 1950; Threatened fauna under the WA Wildlife Conservation Act 1950; 

or Priority fauna listed by the Department of Biodiversity Conservation and Attractions. 

 

The entirety of Roebuck Plains is considered an Environmentally Sensitive Area, with many peripheral, 

smaller ESAs representing waterbodies extending past the eastern boundary of the plains themselves.  

ESAs are declared by the Minister for Environment under section 51B of the Environmental Protection 

Act 1986 (EP Act).  A review of the Department of Biodiversity, Conservation and Attraction’s (DBCA) 

Threatened (TEC) and Priority (PEC) Ecological Community Database reveals that one vulnerable TEC 

and four PECs are present on Roebuck Plains Station.  Ecological communities are naturally occurring 

biological assemblages associated with a particular type of habitat. These communities are important 

due to their unique structure, species richness and threats posed from anthropological impact. At 

Commonwealth level, TECs are protected under the Environment Protection and Biodiversity 

Conservation Act 1999 (the EPBC Act). PECs include potential TECs that do not meet survey criteria, or 

where more research on their structure an importance is needed.   

 

During the 1970s, John Beard and associates conducted a systematic survey of native vegetation, 

describing the vegetation systems in Western Australia at a scale of 1:250 000.  Vegetation type and 

extent and has since been developed in digital form by Shepherd in 2002, and updated by the 

Department of Agriculture and Food, Western Australia (DAFWA) in 2012.  The vegetation unit 

associated with Roebuck Plains represents less than 0.01% of vegetation in Western Australia and is 

restricted to within 200 km from Broome.  This reflects the TEC and PEC ratings as an important 

vegetation community of high conservation value. 
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Unconventional gas exploration may also promote the dispersal of exotic plant species across RPS. 

Fourteen exotic plant species have been recorded on the station (Department of Parks and Wildlife 

and WAM 2015). None of these weeds are Weeds of National Significance (WoNS). Two of these 

weeds, Rubber Bush (Calotropis procera) and Noogoora burr (Xanthium strumarium) are declared 

pests under the Biosecurity and Agriculture Management (BAM) Act 2007 (C3) on Roebuck Plains. C3 

category weeds should be prevented from increasing in population size or increasing in range to 

previously pest free areas (DAFWA 2014a). 

 

The significance of impacts on the native flora and fauna also impacts upon the access of Yawuru 

people to hunting areas with healthy populations of target species, as well as bush resources for the 

construction of cultural materials or use for other food sources.  Spills and contamination from fracking 

could cause death of vegetation (Wolf, Brye, & Gbur, 2015), with generally only 65% of spill volume 

recoverable (Clancy et al., 2017).  It also has to be reiterated that many of the effects of fracture fluid 

constituents on the environment are not yet fully understood, with at least one constituent known to 

be toxic to fish (Brantley et al., 2014). The possibility of spills adversely impacting the flora and fauna 

and the unknown effects the constituents may have on the environment is an unacceptable risk for 

Yawuru. 

 

There is evidence to support that unconventional gas extraction has wider impacts on the 

environment, beyond the usual focus of surface and groundwater impacts.  Fracking has been shown 

to cause changes to the anthroposphere, which in turn has a follow-on effect to the atmosphere and 

biosphere which can influence factors such as climate change (Meng, 2017; Teasdale, Hall, Martin, & 

Manning, 2014). This ultimately impacts the flora and fauna which hold environmental and cultural 

values. 

3.2.4 Yawuru Significant Areas / Seasonal Resources and Biodiversity 

 

These two targets reiterate the importance of a healthy ecosystem to Yawuru people.  They address 

the importance of significant areas such as the wetlands and springs and other hunting areas.  For 

these areas to continue to be utilised, they rely on a healthy ecosystem to support healthy and 

abundant flora and fauna populations.  Changes to this system that may result from unconventional 

gas extraction would have a detrimental effect on both the environment and the living Yawuru culture. 

3.3 THE PRECAUTIONARY PRINCIPLE 

 

The EBPC Act has a precautionary principal for decision making in cases where not all information is 

available to make an informed decision that will not adversely impact the environment.  This principle 

is a risk based approach that takes into account the possible long and short term impacts of a decision 

made without the proper information, or where residual risk is too high.  In the case of unconventional 

gas extraction, the residual risk and uncertainty cannot be fully mitigated – especially when the full 

environmental impacts of fracking are not totally understood.  Yawuru believes the precautionary 

principle applies to unconventional gas extraction which should not go ahead due to the uncertainty 

of safety and environmental impact. 
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4 REGULATORY MECHANISMS 

4.1 FREE, PRIOR AND INFORMED CONSENT 

 

It is submitted that the regulatory framework for unconventional gas projects must involve a 

mandatory requirement that proponent obtain from indigenous groups, in particular native title 

claimants and holders their free, prior and informed consent (FPIC) before fracking can go ahead. FPIC 

pertains to indigenous peoples’ rights to participate in decision-making regarding policies, 

programmes and projects affecting their land and wellbeing. FPIC is a coherent philosophical 

framework and a principle approaching universal recognition, achieved through the United Nations 

Declaration on the Rights of Indigenous Peoples (UNDRIP). 

 

 It is Article 32 in UNDRIP that is most relevant to Yawuru:  

 

States shall consult and cooperate in good faith with the indigenous peoples 

concerned…in order to obtain their free, prior and informed consent prior to the 

approval of any project affecting their land or territories and other resources, 

particularly in connection with the development, utilization or exploitation of 

mineral, water or other resources (United Nations 2008).  

 

According to the Commission on Human Rights (2005:15), FPIC, in the context of development projects 

affecting indigenous peoples’ land and resources, refers to the right not to be coerced or intimidated 

when making choices (free), giving consent prior to the authorisation and commencement of projects 

(prior), possessing full information about the scope and effects (informed), and lastly, having the 

decision to give or withhold consent respected. 9 

 

For Yawuru, FPIC acts as a guiding principle for native title decision-making processes. The 

implementation of FPIC principles is two-fold for Yawuru. Firstly, it is relevant to Yawuru’s dealings 

with third parties and governments concerning proposed developments on Yawuru lands, and 

secondly, with Yawuru community consultation and engagement procedures regarding native title 

decisions. 

 

Acknowledging FPIC demonstrates a commitment to information-sharing and transparency in 

regulatory processes. Yawuru calls on operators and government agencies to abide by FPIC as its 

recognition would ensure that respect for the authority of traditional owners is duly given and that a 

principled and prudent approach is followed for obtaining community confidence and a social license 

to operate unconventional gas developments.  

 

FPIC is not a veto right and is not intended to impair the “territorial integrity or political unity” of states 

(United Nations 2008). FPIC, however, implies the legitimate authority of indigenous peoples to 

demand “that third parties enter into an equal and respectful relationship with them based on the 

                                                           
9 Relevant information also includes the potential financial and non-financial benefits associated with any unconventional 
gas project. 
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principle of informed consent” (United Nations 2004:5). This enables native title holders, like Yawuru, 

to demand appropriate information, full transparency, and to exercise meaningful choice over their 

experiences of economic, social, and cultural development. 

 

The norm of FPIC is to ‘Show Respect and Ask First’, this norm is the most important Yawuru cultural 

protocol and guiding principle embedded in Yawuru laws and traditions. This involves showing respect 

to our senior people and requesting Yawuru’s permission to do any activities on Yawuru country. These 

norms, particularly FPIC, could be implemented in WA in a number of ways:  

 

 Public commitment by companies to respect FPIC of native title holders and traditional owners  

 Promotion of FPIC at all phases of the project cycle including exploration, construction, 

operation and closure (Rumler 2011)  

 Requirement for companies to follow the existing protocols held by native title holders and 

traditional owners when engaging with such groups  

 Development of a clear ‘protocol’ by operators for seeking consent from indigenous groups. 

Such a ‘protocol’ clearly outlines the expectations, commitments and processes of engaging 

with community  

  If consent is given by the community, then a binding agreement between the company, 

community and government can be formed (in exchange for the consent) (Rumler 2011:7)  

 Consider a formal structure or shared agreement between all stakeholders in the particular 

region (such as the Canning Basin) facilitating the implementation of FPIC.  

 

In terms of the TGS14 EP community engagement process Yawuru developed, with the consent and 

support of the proponent, a process that involved the National Native Title Tribunal who commended 

Yawuru’s “constructive approach to a very complex issue, both technically and personally”.10  The role 

of the proponent should be acknowledged as both funding the engagement of the Yawuru 

independent experts but also respecting the wishes of the Yawuru people at the conclusion of the 

engagement process.   

4.2 REGULATORY CONCERNS 

 

Yawuru believes that the regulatory mechanisms currently in place are not equipped to deal with the 

onset of unconventional gas extraction in remote areas, particularly with the speed and pressure at 

which the industry is moving forward. It is Yawuru’s opinion that regulatory bodies such as DMP may 

not currently have the resources to enforce the regulations in remote areas given the high risk nature 

of unconventional gas extraction. 

There still remains a need for the development and use of credible, rigorous scientific and historical 

evidence to assess the level of risk associated with identified potential short and long-term impacts to 

socio-economic cultural, environmental landscape caused by gas exploration and extraction.  

                                                           
10 Attached as Attachment 4. 
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Therefore, there is a clear need for investment into the scientific research agenda by the State; this is 

critical in order to assist with development of regulatory mechanisms that may be employed to 

mitigate or minimise risks to an acceptable level.  Where appropriate, this shouldn’t be solely left to 

the responsibilities of resource industry to provide data and information for the State to use in 

regulation of the industry.  In the case of this high risk extraction, the state needs to play a more active 

role in regulation and enforcement. 

The State Governments blueprint for marine science is a good example of approaches to gas 

extraction, research and knowledge sharing. Yawuru sees this as an innovative model which could be 

applied the terrestrial scene to improve understanding and mitigate risk.  At the very least the marine 

and terrestrial approaches should align.  The State Government’s blueprint for marine science 2050: 

 Is an independent, objective assessment of the participating stakeholders’ priorities for future 

marine research in Western Australia; 

 The Blueprint is stakeholder focussed to ensure any resulting research agenda is guided by real 

world priorities; 

 This process has provided a sobering picture of the work required to underpin efficient and 

sustainable development of our ocean to 2050; 

 Aside from the priorities identified, this process has begun the important across-sector 

conversation about the work ahead 

This conversation must be continued and expanded as we acknowledge the need for greater collective 

understanding of our ocean beyond just the project, fishery, or marine park scale.  An independent 

Australian Venture Consultants report into the State Governments blueprint for marine science 2050 

commissioned by the blueprint steering group to all stakeholders clearly articulates that, “there is a 

great deal we still need to learn if we are to make informed decisions about activities that are 

increasingly marginal, costly and contentious.” 
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Preamble: The Nature of Yawuru’s Relationship to Country  

Yawuru are the native title holders of some 530, 000 hectares of land and waters in and around 

Broome, as determined by the Federal Court of Australia in 2006. Our inherent and prior rights to 

our country stem from the all-encompassing power and world-creating epoch of Bugarrigarra. 

Country is imbued with a life-force arising from Bugarrigarra. In the native title determination, 

Merkel J noted:  

The source of the Yawuru community’s traditional laws and customs, which include the laws and 

customs known as the southern tradition, is the Bugarrigarra… Those laws and customs have plainly 

been transmitted from generation to generation, find their origins in pre-sovereignty norms and, 

notwithstanding their evolution over time, have had a continuous existence and vitality since 

sovereignty (Rubibi Community v State of Western Australia (No 6) [2006] FCA 82). 

Our language, spirit and ancestral wisdom arise from our enduring and interconnected relationship 

with our country. It is not only the physical horizons that give meaning to our country, but sacred 

Law and responsibilities conveyed in our stories and rituals also bind Yawuru to country. As asserted 

in the Yawuru Cultural Management Plan (Yawuru RNTBC 2011), country ought to be viewed 

through a holistic lens as a living cultural landscape – “the ecology and biodiversity; the hydrology 

and geomorphology; the history; the harvesting of resources; and the cultural story”. All facets of 

Yawuru country and cultural life are inextricably linked and are reinforced by the responsibility of 

traditional owners to look after country. Yawuru are active regulators and monitors of activities 

taking place on country; we have a cultural and conservation management plan with rangers and 

country managers engaging in cultural heritage monitoring, wetlands monitoring, conservation 

estate monitoring, geospatial mapping and other research projects. 

Yawuru native title decision-making processes are governed by the Yawuru Native Title Holders 

Aboriginal Corporation also referred to as the Yawuru Prescribed Body Corporate (PBC). The Yawuru 

PBC is authorised to hold on trust the Yawuru native title rights. This entity has a prescribed legal 

role to manage and protect native title for present and future generations and has profound cultural 

responsibility to promote the long term wellbeing of Yawuru people and the management of Yawuru 

country. 

Yawuru manage and protect a number of key land and water assets and culturally significant sites. 

These include the Yawuru Conservation Estate, Roebuck Plains pastoral station, Roebuck Bay Marine 

Park, pockets of land in and around the Broome townsite and the proposed Yawuru Indigenous 

Protected Area (which would incorporate some of the aforementioned areas within Yawuru land and 

sea estates). Yawuru’s use of land and sea is defined by traditional ecological knowledge passed 

down from ancestors, for example, understanding the nine habitats and following the cycle of six 

seasons. It is a significant part of Yawuru’s cultural heritage.  

Applications by third parties to use Yawuru country must be referred to the Yawuru PBC. The 

Yawuru PBC Constitution contains a platform for Yawuru decision-making; it mandates informed 

consent either by consensus or special majority of Yawuru native title holders on native title matters.  
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Introduction – Purpose of this Submission 

In acknowledging Yawuru’s unique rights and interests to protect, access, and live on our traditional 

country, there is a need for the Standing Committee to address Aboriginal interests and Yawuru 

native title holders’ legitimate concerns. The purpose of this submission is to highlight critical 

concerns that Yawuru native title holders have on the subject of hydraulic fracturing (also referred to 

as fracking) for unconventional gas in Western Australia (WA) and in and around Yawuru land and 

waters. There are known shale and tight rock formations contained within the Canning Super Basin 

and subsequently, exploration and fracking has already taken place on Yawuru country. More 

widespread exploration is envisaged for the area and would directly affect Yawuru country and 

marine environments. As Yawuru hold rights to protect, access and live on our traditional lands, it is 

imperative that we gain a comprehensive understanding of the implications of fracking on our 

country. Therefore, we have a strong interest in this inquiry and its recommendations.  

Yawuru are cognisant of the heightened global and national concerns surrounding fracking and its 

environmental and social impacts. Similarly, there is a high level of concern within the Yawuru 

community. The Yawuru PBC has publicly stated that it is opposed to fracking until the practice has 

been shown to be safe beyond doubt. It is incumbent on the Yawuru PBC to investigate all aspects of 

unconventional gas exploration and production – in particular, fracking – prior to any further 

activities taking place on Yawuru country. The Yawuru PBC considers it imperative to set in place a 

transparent process through which the community is informed and consulted about the implications 

of operators’ proposed practices. To enable this, Yawuru require comprehensive information and 

advice from independent experts. Yawuru hope that the Standing Committee’s inquiry will facilitate 

this process by shedding light on the impacts of fracking and identifying critical information gaps.  

This submission raises questions for the Standing Committee regarding a number of key issues: the 

terms of reference for the inquiry; free, prior and informed consent; water contamination; the lack 

of understanding of subsurface ecology; air pollution; public health concerns; regulation of 

chemicals; indigenous land use and management; and the issue of the State Agreement for the 

Canning Basin and regional input into decision-making. By raising these questions Yawuru seek to 

highlight the underlying and urgent need for more detailed information on all of these aspects of 

fracking prior to both exploration and development activities.  

Free, Prior and Informed Consent 

Free, prior and informed consent (FPIC) pertains to indigenous peoples’ rights to participate in 

decision-making regarding policies, programmes and projects affecting their land and wellbeing. 

FPIC is a coherent philosophical framework and a principle approaching universal recognition, 

achieved through the United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP). It is 

Article 32 in UNDRIP that is most relevant to Yawuru: 

States shall consult and cooperate in good faith with the indigenous peoples concerned…in order to 

obtain their free, prior and informed consent prior to the approval of any project affecting their land 

or territories and other resources, particularly in connection with the development, utilization or 

exploitation of mineral, water or other resources (United Nations 2008). 

According to the Commission on Human Rights (2005:15), FPIC, in the context of development 

projects affecting indigenous peoples’ land and resources, refers to the right not to be coerced or 
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intimidated when making choices (free), giving consent prior to the authorisation and 

commencement of projects (prior), possessing full information about the scope and effects 

(informed), and lastly, having the decision to give or withhold consent respected. For Yawuru, FPIC 

acts as a guiding principle for native title decision-making processes. The implementation of FPIC 

principles is two-fold for Yawuru. Firstly, it is relevant to Yawuru’s dealings with third parties and 

governments concerning proposed developments on Yawuru lands, and secondly, with Yawuru 

community consultation and engagement procedures regarding native title decisions. 

Acknowledging FPIC demonstrates a commitment to information-sharing and transparency in 

regulatory processes. Yawuru calls on operators and government agencies to abide by FPIC as its 

recognition would ensure that respect for the authority of traditional owners is duly given and that a 

principled and prudent approach is followed for obtaining community confidence and a social license 

to operate unconventional gas developments. FPIC is not a veto right and is not intended to impair 

the “territorial integrity or political unity” of states (United Nations 2008). FPIC, however, implies the 

legitimate authority of indigenous peoples to demand “that third parties enter into an equal and 

respectful relationship with them based on the principle of informed consent” (United Nations 

2004:5). This enables native title holders, like Yawuru, to demand appropriate information, full 

transparency, and to exercise meaningful choice over their experiences of economic, social, and 

cultural development. 

Also in line with the norm of FPIC is to ‘Show Respect and Ask First’, the most important Yawuru 

protocol and guiding principle embedded in Yawuru laws and traditions. This involves showing 

respect to our senior people and requesting Yawuru’s permission to do any activities on Yawuru 

country.  

These norms, particularly FPIC, could be implemented in WA in a number of ways: 

 Public commitment by companies to respect FPIC of native title holders and traditional 

owners 

 Promotion of FPIC at all phases of the project cycle including exploration, construction, 

operation and closure (Rumler 2011) 

 Requirement for companies to follow the existing protocols held by native title holders and 

traditional owners when engaging with such groups 

 Development of a clear ‘protocol’ by operators for seeking consent from indigenous groups. 

Such a ‘protocol’ clearly outlines the expectations, commitments and processes of engaging 

with community 

 If consent is given by the community, then a binding agreement between the company, 

community and government can be formed (in exchange for the consent) (Rumler 2011:7). 

 Consider a formal structure or shared agreement between all stakeholders in the particular 

region (such as the Canning Basin) facilitating the implementation of FPIC. 

Yawuru Concerns over the Terms of Reference of the Inquiry 

The terms of reference established by the Standing Committee promote public inquiry into only a 

few of the many implications of fracking. In this way, the terms of reference are narrow in their 

scope, constraining the space in which the public can voice their broader concerns relating to 
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fracking. The terms of reference omit broader concerns of environmental degradation, such as water 

contamination, air pollution, as well as other issues of hydrology and hydrogeology, produced water, 

public health, and indigenous land use and management.  

Yawuru calls on the Committee to recommend a far wider public inquiry into fracking with 

broadened terms of reference, which supports analysis on an array of issues and their subsequent 

social, cultural and environmental impacts. There is an evident knowledge gap regarding the impacts 

of unconventional gas development, with a lack of rigorous scientific testing and controlled studies 

of impacts, especially in Australia. The community ought to possess a comprehensive understanding 

of the nature and effects of fracking and gas development activities prior to giving consent for such 

activities to go ahead. With this in mind, Yawuru have put forward a number of concerns and 

questions to be addressed by the Committee. Yawuru would like to request a copy of the 

Committee’s report following this inquiry. 

Yawuru Concerns and Questions 

Surface and Groundwater Contamination 

Yawuru understands that the major causes of water contamination through fracking usually emerge 

during surface operations, such as the management of produced water and defective wells. In both 

cases, the depths of the shale or tight rock formations at which the fractures are made do not have 

significant bearing on whether or not water can be potentially contaminated.  

Firstly, fracking can release toxic substances embedded within the source rock itself, along with the 

desired gas resource. Evidence from America suggests that these particulates include naturally 

occurring radioactive material, salts, oils, arsenic, benzene, toluene, ethylbenzene and xylene (BTEX), 

mercury, hydrogen sulphide, lead and dissolved hydrocarbons among others (Colborn et al 2010:4; 

Bamberger and Oswald 2012:71). In the fracking process, these particulates, along with other 

naturally occurring water found in the shale formation, return to the surface as ‘produced water’. 

Flowback water is also a form of wastewater but refers to the fracturing fluid pumped into the shale 

formation that flows back to the surface (usually 25% to 75% of initial fracking fluid) (Schramm 2011; 

The Royal Society and The Royal Academy of Engineering 2012:20). Inadequate treatment or 

disposal of the produced water may lead to contaminated surface water and groundwater. 

The Department of Mines and Petroleum (DMP), the regulators of petroleum activities in WA, have 

noted that produced water is likely to be stored in polymer and clay lined ponds (evaporation ponds) 

or enclosed tanks when there are multiple production wells (Government of Western Australia 

2013a). In these ponds, the produced water evaporates and the residue is tested and then taken to a 

disposal facility. Some studies suggest that produced water contained in evaporation ponds involves 

major risks to both surface water and groundwater. Research shows that accidental spills, 

inadequate treatment of produced water, and storm events or high rainfall may lead to overflow of 

ponds, with the runoff potentially contaminating other surface waters (Broomfield 2012:x; Hunter 

2011:12). Further, the composition of the flowback and produced waters depends on the nature of 

the rock formation, and if there is insufficient knowledge on the formation, the effects of the 

produced water are also unclear (The Royal Society and The Royal Academy of Engineering 2012:20).  
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Research has demonstrated that chemicals (in produced water) in the evaporation ponds show more 

harmful health effects than the chemicals used in the fracking formula (Colborn et al 2010:10). 

Evaporation ponds are banned in NSW and in Queensland and are criticised internationally, as there 

are significant environmental risks and impacts associated with the use of this mechanism. Given 

this, it is disconcerting for Yawuru that DMP has stated it would typically store produced water in 

ponds in WA. Furthermore, DMP requires operators to submit a strategy for managing produced 

water within the ‘Environment Plan’ (under the Petroleum and Geothermal Energy Resources 

(Environment) Regulation 2012); however, Yawuru understands that DMP does not provide 

guidelines, standards or any oversight on water management, which is problematic. 

Secondly, studies indicate that poor well structural integrity, including faulty or disbonding steel 

casings and imperfections in the cement sealing outside the well, can lead to stray gases and other 

fluid leakages. More specifically, problems can include tubing and casing leaks, poor mud 

displacement, improper cement slurry design and damage to initial cementation (Brufatto et al). 

Ingraffea (2012) conducted well integrity research in the Marcellus shale formation (1.5 – 2.5 

kilometres underground) in Pennsylvania, United States, and found that loss of well structural 

integrity is still common (6.6 per cent of wells in 2012 reported violations and ‘violations impending’ 

comments). The potential deteriorating effects of repeated fracturing and pressurisation of the well 

casing and cement are not adequately known, and therefore more research is required (Broomfield 

2012:ix).   

Yawuru understands that the uncontrolled migration of hydrocarbons as a result of poor well design 

can potentially contaminate aquifers and surface waters. Studies on the Marcellus shale divulge that 

stray gases or uncontrolled migration of hydrocarbons, particularly methane, do occur within close 

distances to well pads (1 km) resulting in contamination of drinking water (Ingraffea 2012; Osborn et 

al 2011; Jackson et al 2013). Hunter (2011), in her review of DMP’s regulations, argues that there 

have only been small companies who have explored and drilled wells in the Perth and Canning 

Basins, and subsequently may not possess corporate knowledge of well design enjoyed by larger 

global operators. DMP must ensure best practice is followed to maintain integrity of wells. Further, 

the collection of baseline data and ongoing monitoring of water quality would assist in identifying 

the impacts of unconventional gas development activity on water sources. 

The implications of potential water contamination through fracking would be devastating for 

Yawuru. The wetlands in Roebuck Bay (Ramsar Wetland of International Importance), Roebuck 

Plains Pastoral Station and Yawuru recreational activities and traditional food sources on nearby 

country could be threatened.  Yawuru considers water sites on country to be ‘living waters’, which 

are permanent springs and manifestations of Bugarrigarra (Yawuru RNTBC 2011). Many Yawuru 

water sites are inhabited by powerful snake-like spiritual beings (Yawuru RNTBC 2011). 

Contaminated waters as a result of fracking would impact upon the sustainability and cultural 

integrity of water sites and therefore impinge on Yawuru’s fundamental native title rights and 

responsibility to look after country. Water resources are fundamental to native title interests and 

the practice of culture; therefore, specific conditions regarding their exploitation and management 

must involve Yawuru. 
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Yawuru seek answers to the following questions relating to surface and groundwater 

contamination: 

 What types of metals and substances embedded within source rock are released during the 

fracking process in addition to the desired gas resource? What are the potential impacts of 

these substances being released? Are they harmful to human health and the environment?  

 

 How will DMP mitigate environmental risks around produced water and what other 

domestic and international best practices could DMP draw upon for managing produced 

water?  

 

 Why hasn’t WA developed standards or a reference document for produced water disposal 

and wastewater treatment?   

 

 If evaporation ponds for produced water from fracking practices are banned in Queensland 

and NSW, why are they being proposed for WA? 

 

 Is there a requirement for DMP or independent bodies to conduct baseline surveys for 

monitoring surface and ground water quality?  How will the impacts of fracking and 

unconventional gas development be assessed as against pre-fracking conditions?  If so, 

would these be available to the public?  

 

 How can the long-term impacts of fracking on groundwater be assessed? 

 

 How will DMP address the public’s and other stakeholders’ lack of information and 

misinformation around fracking? 

  

 What are the implications of stray gases and uncontrolled migration of hydrocarbons during 
the fracking process for water sources? What tools would DMP use to prevent the hazard of 
stray gases and uncontrolled migration of gases, fluids and hydrocarbons?  

 

 How can DMP guarantee that human error will not have unexpected consequences or create 

serious hazards in relation to unconventional gas activities? 

    

 

Subsurface Ecology 

Yawuru perceive that there is a lack of understanding within the public, industry and other 

stakeholders of the complexity of the subsurface ecology as it relates to shale and tight gas 

resources within the Canning Basin and in Australia more generally. Usually the risk to groundwater 

ecology is low to moderate but because of the lack of information on “deep stratigraphy, faults, 

discontinuities, stress distribution and deep hydrogeological processes”, there is high uncertainty 

about the impacts (Cook, Beck, Brereton, Clark, Fisher, Kentish, Toomey and Williams 2013:130-

131). Without this understanding, there is the possibility that fracking operations would interfere 

with aquifers and aquatards, causing water contamination, change of water quality, and change of 

aquifer discharge and recharge flow regimes (Warner et al 2012 cited in Cook et al 2013:113; Osborn 

et al 2011). 
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Yawuru seek answers to the following questions relating to the ecology of the subsurface: 

 What are the effects of fracking on the subsurface ecology and hydrology of the regions in 
question? How can we know for sure what impacts fracking will have on the hydrology of a 
region? 
 

 What processes and strategies of water management are in place to prevent groundwater 
depletion? Are these strategies integrated along with land-use planning and Environment 
Plans prior to the approval of gas development?  

 

 How will the Department of Water and the DMP work together to ensure compliance to 
water management practices in relation to fracking? 

 
 Given that the unconventional gas industry in Australia is still embryonic, how will DMP 

manage the uncertainties associated with the long term presence of hydraulic fracturing 
fluids underground in shale and tight formations?  

 

At a recent briefing, DMP officials informed Yawuru that companies already exploring for 

unconventional gas on Yawuru land are yet to fully understand the nature of the rock formations in 

the area, and that fracking may not necessarily be appropriate to extract the gas in the area. This 

raises concerns for Yawuru, because without comprehensive scientific understanding of the geology 

and subsurface ecology, DMP cannot ensure that fracking and exploration activities on Yawuru land 

are safe and that waste waters would not contaminate or seriously disrupt hydrological systems.  

A precautionary approach needs to be taken; hence, Yawuru submits that more public information 

on the subsurface ecology of the region – as well as broader environmental and scientific studies 

about fracking impacts and risks – is required prior to further exploration and development.  A 

recent report by the Australian Centre of Learned Academies (ACOLA) also calls for “spatially 

adequate and explicit ecological hydrological and geological data” as part of strategic environmental 

assessments. Moreover, regional biophysical planning and cumulative risk assessment prior to gas 

development is required to assess risks to landscapes and mitigate regional environmental impacts 

(Cook et al 2013:23,111).  

 

Air Pollution  

Air pollution is a concern arising from fracking processes and gas production. Yawuru understands 

that air pollutant emissions can arise from trucks and drilling equipment, processing and 

transporting natural gas, chemicals from evaporation ponds (evaporative emissions) and spills and 

well blow-outs (Lechtenbohmer et al 2011:22). Additionally, ground-level ozone can be generated 

through the potential escape of volatile toxic contaminants (VOCs) such as BTEX, fugitive emissions 

(methane) and other hydrocarbons combined with nitrogen oxides (NOx) (diesel fuel exhausts and 

other equipment) (Colborn et al 2010:5). The public health implications of ground-level ozone are 

severe, potentially causing negative respiratory, neurological and cardiac health effects (Colborn et 

al 2010:5; Schmidt 2011:A352; McKenzie, Witter, Newman and Adgate 2012). In this context, 

Yawuru would be particularly concerned about the health and safety of Yawuru people working on-

country to oversee any unconventional gas activities, such as Yawuru cultural monitors. Whilst some 

research around the Barnett shale in the U.S suggests ozone levels have been declining and that 
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Yawuru seek answers to the following questions relating to air pollution as a result of fracking: 

 Are there any strategies in place for monitoring air quality and mitigating air pollutant 
emissions? 

 Have health impact studies been conducted to assess the human health effects of air pollution 
as a result of fracking? 

 

there are no health effects of air quality in the region, studies from Wyoming found that oil and 

natural gas development are the largest sources of VOCs and nitrogen oxides (Schmidt 2011:A352). 

There is a need for regular monitoring of ozone, VOCs and NOx as well as collecting baseline data of 

air quality in order to gauge the long-term effects of unconventional gas activities on air pollution. If 

unconventional gas activities proceed, appropriate measures must be in place to ensure the health 

and safety of people on or in the vicinity of work sites.  

 

Public Health Concerns 

Yawuru understands that specific health effects attributed to fracking are rarely documented due to 

previous lack of disclosure of chemicals used in fracking. It is noted that negative impacts of fracking 

on human health are typically caused by exposure to emissions or contaminants in the air or in 

water. The contamination of water can be traced back to the chemicals used in fracking, some of 

which are benign and others highly toxic to humans; one study found that over 25% of the chemicals 

can cause cancer and mutations and 37% can undermine the endocrine system affecting 

reproduction and development (Colborn et al 2010:9). Although industry argues that the 

concentrations of chemicals used in fracking and other gas activities are too low to represent a 

threat to human health, it is contended that some of the chemicals have negative health 

repercussions if ingested at any concentration (Colborn et al 2010:11). They may not be immediate 

health effects but delayed, chronic problems spanning generations (Colborn et al 2010:11). 

Secondly, negative health effects from contaminants in the air, specifically during well development, 

are argued in a study to constitute the greatest risk to health from gas development activities 

(McKenzie, Witter, Newman and Adgate 2012).  

 

The cumulative impact of these potential health effects would be very problematic for the Yawuru 

community as it may compromise the health of those who live out on country and work on country, 

as well as those future generations who seek to live on Yawuru country. The state and health of 

country is strongly linked to the physical, spiritual and mental wellbeing of Yawuru community.  As 

previously mentioned, country is a living cultural landscape where the natural environment and 

Yawuru cultural life are interconnected. 

 
More controlled and systematic assessments and epidemiologic studies into the health impacts of 

fracking are required for safeguarding human health and safety. Testing of water and air prior to 

drilling (for baseline information against which changes can be measured) and at regular intervals 

during drilling would also generate useful data for public health analysis (Bamberger and Oswald 
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Yawuru seek answers to the following questions relating to public health: 

 Given that there is a lack of consensus and information on the potential types, frequency, 
and severity of health impacts of fracking activities, why isn’t DMP conducting 
comprehensive and systematic health impact studies or requiring the operators to do so? 

 

 Has DMP taken preventative actions to protect the health of the population such as 
employing public health professionals to advise on the health effects of exploration and 
development activities or including a public health component to planning and negotiation 
processes?  

2012:68). These ought to be incorporated in the regulations, such as the submission of an 

independent and cumulative health impact assessment.  

Many scientists and groups advocate for the ‘precautionary principle’, which draws upon the 

principle of ‘first, do no harm’ (Finkel and Law 2011:785) and which argues that if there is 

uncertainty about an action causing harm, “then in the absence of a scientific consensus” the burden 

of proof rests with the proponents of the activity (Bamberger and Oswald 2012:52). Yawuru support 

this principle. The affected community is entitled to full information on the health effects of possible 

gas developments in their region in advance. Understanding health risks at this embryonic stage of 

unconventional gas development in WA would prevent burdens on its health care institutions in the 

future. 

 

 

Regulation and Impact of Chemicals 

DMP requires an Environment Plan from operators under its new regulations, Petroleum and 

Geothermal Energy Resources (Environment) Regulations 2012, including chemical disclosure 

guidelines for all ‘down-hole’ petroleum and geothermal activities. Whilst Yawuru acknowledge that 

disclosure is a crucial step, knowledge of the potential environmental and public health impacts of 

the chemicals is equally, if not more, important.  

Yawuru understands that DMP ‘encourages’ operators to carry out their own environmental risk 

assessments of chemicals if the operator deems a risk to be moderate to high. DMP state they are 

responsible for assessing products that pose unacceptable risks and impacts to the environment; 

however, DMP will only assess hazards and risks on a case-by-case basis (Government of Western 

Australia 2013b:4). Yawuru considers that this is insufficient; there needs to be an enforceable 

obligation on operators to undertake comprehensive risk assessments of chemicals, which should 

then be carefully scrutinised by DMP. 

If petroleum activities are considered by DMP to have significant environmental impacts and risks, 

the department will table it with the Environmental Protection Authority (EPA) for environmental 

impact assessment under the Environmental Protection Act 1986. This measure falls short of the 

rigor and duty of care expected by the public since the criteria for this referral are limited and the 

experience and competency within DMP to make these judgements on environmental impacts may 

be lacking. The environmental impacts of unconventional petroleum activities would be more 

appropriately regulated if they all were to fall under the Environmental Protection Act 1986 and be 

administered by the Department of Environment Regulation (DER), for example. Moreover, there is 
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an inherent conflict of interest in the state’s regulatory mechanisms, where the department 

promoting investment into mining and petroleum is also charged with the responsibility to manage 

the environmental implications of such activities. It would be prudent for all gas development 

proposals to be subject to EPA and DER procedures and approval. 

Moreover, an independent scientific body or post focused on unconventional gas activities would 

add significantly to the effectiveness, efficiency and accountability of the regulatory regime. 

Independent scientific experts should be appointed to an independent supervisory body and report 

at least annually on the environmental impacts monitored. Such a body would act as an authority to 

which the public could appeal. In response to uranium mining at Ranger Uranium Mine in the 

Northern Territory, for example, a supervising scientist was established under the Commonwealth 

Environment Protection (Alligator Rivers Region) Act 1978 to research, review and advise on 

environmental impacts of uranium mining on the Alligator Rivers region (Ball 2012; Commonwealth 

of Australia 2013). A similar model needs to be introduced in relation to gas development in the 

Canning Basin.  

 

Indigenous Land Use and Management 

Exploration and infrastructure relating to unconventional gas in WA already exists over lands where 

native title is recognised or claimed, and is likely to be proposed over more native title areas. Shale 

and tight gas activities and infrastructure (drilling pads, pipelines and road networks) are not well 

developed in Australia, and expansion of the industry would require large areas of land. This 

potentially involves clearing of native vegetation, increased traffic (with around 250 truck trips per 

day to one site during the development stage) (Broomfield 2012:xi), fragmentation of landscapes on 

which agricultural or pastoral activities rely, division of habitats (through roads and fencing) and 

reduced biodiversity (Cook et al 2013:107). These potential impacts significantly concern Yawuru, in 

terms of both the long-term effect on Yawuru country and interference with Yawuru people’s 

exercise of their native title rights.  

Yawuru seek answers to the following questions relating to the regulation of chemicals: 

 Petroleum hydrocarbons containing benzene, toluene, ethylbenzene and xylene (BTEX) and 

chemicals that are likely to produce BTEX’s are prohibited in fracturing stimulating fluids in 

Queensland (Environmental Protection Act 1994) and in NSW (Government of New South 

Wales 2012).Why doesn’t DMP ban the use of BTEX in WA instead of merely encouraging 

the use of low hazard chemicals? 

 

 What is the specific set of standards adopted by DMP to assess operators’ development 

activities and ‘Environment Plans’?  

 

 Why isn’t there an enforceable obligation for operators or independent bodies to conduct 

comprehensive risk assessments of chemicals followed by thorough government oversight? 

 

 Given this conflict of interest and great uncertainty around the environmental implications 

of fracking, why aren’t the EPA, DER or independent scientific supervisors more involved in 

regulatory processes?  

http://www.environment.gov.au/ssd/about/legislation/index.html


12 
 

Prior to any further gas exploration or development in and around Yawuru country, it is imperative 

that Yawuru’s current land use and plans for future land use are considered. Yawuru’s use and vision 

for areas including Roebuck Plains Pastoral Station, the Yawuru Conservation Estate and the Marine 

Park, as well as the associated infrastructure, hydrology and water resources needs, would need to 

be carefully considered. Yawuru strive to uphold our cultural responsibility to look after country as 

well as balance this with appropriate and sustainable development and community wellbeing.  

An independent review of DMP’s regulations recommended that a land use management strategy 

be formed in a consultative manner with relevant stakeholders and communities (Hunter 2011). This 

recommendation was not agreed to by DMP (2011); the department argues that encouraging 

petroleum title holders to “constructively engage” with relevant stakeholders and community 

groups is sufficient. However, a just process for managing land use associated with unconventional 

gas development is critical. This would require negotiations to be undertaken with landholders – 

including native title holders – in good faith, strategic multiple land use agreements to be developed 

in consultation with all stakeholders, and processes to give effect to FPIC to be implemented.  

While traditional owners’ right to negotiate and other procedural rights under the Native Title Act 

1993 may apply in many cases, there is no veto right afforded to native title holders to be able to 

stop gas exploration and development activities. There is a requirement in the Petroleum and 

Geothermal Energy Resources (Environment) Regulation 2012 for preliminary and ongoing 

consultation with relevant stakeholders (in the Environment Plan), however, the requirement for 

continued consultation after the project’s completion (to manage issues relating to abandoned wells 

and land rehabilitation for example) is omitted. The regulations do not outline standards or 

guidelines for an ongoing consultation program with stakeholders; instead, regulators rely on the 

operators to establish those consultation standards and protocols that operators then have to meet. 

In this way, there is potential for operators to establish only minimal consultation processes, since 

there are inadequate guidelines and oversight provided. With this lack of clarity on the process of 

approaching traditional owners and Aboriginal interests, it is appropriate to invoke the principle of 

FPIC as a starting point along with other rights native title holders may possess for managing their 

land interests. 

 

Yawuru seek answers to the following questions relating to indigenous land use and 

management: 

 How will DMP manage competing land use and land rights issues without the requirement 

of a process or strategy for multiple land use? 

 Operators are required to submit to the state reports detailing preparatory consultation 

with stakeholders and plans for ongoing consultation. Why isn’t there a requirement for 

consultation after the project’s completion to deal with continuing problems and grievances 

faced by stakeholders? 

 How will DMP ensure that operators engage in meaningful consultation processes with 

stakeholders, since there aren’t adequate guidelines for consultation provided? 
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Additional Issues 

Natural Gas (Canning Basin Joint Venture) Agreement Act 2013 

In June 2013 the WA parliament passed the Natural Gas (Canning Basin Joint Venture) Agreement 

Act 2013. This formalises a State Agreement between the WA Government and Buru Energy over 

future gas exploration and production in the Canning Basin, which includes much of Yawuru country. 

Buru Energy is particularly interested in developing the gas resources at its Yulleroo site on Roebuck 

Plains Pastoral Station, over which Yawuru holds exclusive possession native title. The Department 

of State Development failed to engage with Yawuru during the process of forming and finalising this 

State Agreement, and Yawuru first became aware of the State Agreement through an Australian 

Stock Exchange announcement. We continue to maintain a high level of concern around the lack of 

due process followed to form the State Agreement, as well as its implications for native title 

interests, as operators are now allowed to hold exploration permits for a much longer period of time 

(at least 25 years) and are exempt from the existing relinquishment obligations of 50% of the area of 

the permits. This potentially affects Yawuru native title rights and is very concerning for the 

community.  

Regional input into decision-making 

Much of the decision-making around exploration and development for unconventional gas in 

regional areas of WA, such as in the Canning Basin, occurs in centralised government agencies and 

corporate offices in Perth. This leads to a disconnect between decision makers and affected 

stakeholders in regional areas – for example, native title parties, private land owners and pastoral 

lease holders. Those officials and authorities making decisions regarding development on regional 

land may not have a comprehensive understanding of the region, the interests of affected parties or 

culturally and ecologically significant areas. Accordingly, there is a pressing need for a regional 

mechanism or body to enable regional voices and perspectives to be heard and incorporated into 

decision-making processes. Regional stakeholders urgently require access to independent advice and 

resources to be able to adequately negotiate and express their interests or have a representative 

body to do so on their behalf.  

Well abandonment 

Monitoring and preventing gas migration and water contamination following the abandonment of 

wells is another issue requiring attention. Well abandonment usually involves filling the well with 

cement after production, followed by welding a cap in place and burying it (The Royal Society and 

The Royal Academy of Engineering 2012:27). This procedure prevents the flow of gas into water 

resources or up onto the surface. Well failures, however, are still possible post-well abandonment, 

leading to gas migration outside the cement casings. One paper noted that 269 abandoned wells out 

of more than 8600 in Pennsylvania demonstrated leakages of natural gas, and oil and acid mine 

drainage into the air, groundwater and surface water – and the subsequent plugging of these wells 

were funded by taxpayers (Finkel and Law 2011:784). It is noted that DMP require operators to 

submit a Field Abandonment Program that follows industry best practice, standards and codes for 

field abandonment and for well plugging and abandonment; however, these standards and codes 

have not been made explicit. Continual monitoring of ground gas and aquifers post-well 
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abandonment is necessary to detect possible well failures (The Royal Society and The Royal Academy 

of Engineering 2012:27); however, DMP’s requirements for such monitoring are unclear. 

 

Conclusion and Recommendations  

As highlighted throughout this submission, there is a lack of both scientific understanding and public 

information on fracking and on the associated environmental, social and health impacts, particularly 

as they relate to the Canning Basin and other areas earmarked for development in WA. Further, the 

limited terms of reference of this inquiry diminish the capacity for the public to gain awareness on 

broader issues relating to fracking.  

In line with the precautionary principle, Yawuru considers that further extensive research is required 

into the potential impacts of fracking in WA and the ways in which fracking will be regulated. More 

information is necessary to ensure that fracking does not cause irreversible harm to human health, 

the natural environment and indigenous people’s enjoyment of and connection to country. In this 

submission, Yawuru has therefore posed a number of questions to the Standing Committee in an 

attempt to draw attention to knowledge gaps and the potential inadequacies in the state’s and 

operators’ procedures. We look forward to receiving comments on these questions in the ensuing 

report from the Standing Committee. 

As set out in this submission, free, prior and informed consent is a guiding principle for Yawuru and 

one that should be actively upheld in the context of proposed unconventional petroleum activities. 

Operators and government must obtain the free, prior and informed consent of native title holders 

and traditional owners before unconventional gas exploration and development – including fracking 

– can occur. Prior to the process of withholding or giving consent with respect to fracking, it is 

imperative for Yawuru to conduct a comprehensive consultation and information-sharing process 

within the Yawuru community. 

The need for reliable information and independent expert advice for native title parties, such as 

Yawuru, and other regional stakeholders cannot be emphasised enough. As part of this, an 

independent scientific body or post – such as the supervising scientist in the Northern Territory – 

should be appointed for the Canning Basin. Such independent experts can act as a supervisory 

authority advising and reporting on environmental impacts associated with fracking. Further, there 

should be greater involvement of the DER and EPA in monitoring and regulating companies’ 

operations, given the inherent conflict in DMP’s industry development and regulatory roles.  

Yawuru seek answers to the following questions relating to these additional issues: 

 What do the best practice, standards and codes of plugging and abandonment of wells 

require?  

 What processes does DMP have in place for monitoring abandoned wells, ensuring there are 

no gas leaks or contamination of surface waters? For how long will abandoned well sites 

continue to be monitored?  
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1. Introduction
Nyamba Buru Yawuru, on behalf of the Yawuru PBC and Yawuru Community, engaged
independent peer review specialists (the ‘Yawuru Expert Group’) to undertake a review of
Buru Energy’s proposed 2014 hydraulic fracturing project at the Yulleroo 3 (Y3) and Yulleroo
(Y4) gas wells in the Canning Basin. Buru Energy calls this project the Laurel Formation
Tight Gas Pilot Exploration Program or “TGS14”.

The Yawuru Expert Group comprised:

· ENVIRON, an international environmental consultancy, to review environmental
issues;

· Department of Petroleum Engineering, Curtin University, to review engineering
issues; and

· Dr Tina Hunter, Senior Lecturer and Director, Centre for International Mining and
Resources Law, University of Queensland, to review regulatory and best practice
issues.

Buru Energy lodged their TGS14 Environment Plan (TGS14 EP) with the Department of
Mines and Petroleum (DMP) on the 26th of November 2013. Buru Energy then developed
and updated versions of the TGS14 EP and submitted these to DMP for review, as follows:

· Revision 1 (dated 19th March 2014)

· Revision 2 (12th May 2014)

· Revision 3 (26th May 2014)

· Revision 4 (6th June 2014)

These versions of the TGS14 EP were also reviewed by the Yawuru Expert Group.

The Yawuru are the Traditional Owners of the land on which the hydraulic fracturing project
is taking place and hold the Native Title Rights.

The TGS14 EPs present the proposed hydraulic fracturing of four wells in the Canning
Basin. Only two of these wells, Y3 and Y4 are relevant to our review as these are located on
Yawuru land. The remaining wells (e.g. Valhalla and Asgard) are located on land owned by
another group and are hence not part of our review.

The Y3 and Y4 gas wells have already been drilled (in late 2012 and early 2013
respectively), as such the TGS14 documentation does not include any activities related to
drilling. The main activities that form part of the TGS14 operations include:

· Site setup;
· Hydraulic fracturing operations;
· Flowback testing; and
· Monitoring, care and maintenance.

The main body of this report contains the consolidated peer review findings of the Yawuru
Expert Group and Buru Energy’s responses (in red font) to our initial findings. Thereafter, a
series of follow-up comments were provided to Buru Energy, and subsequent responses
were received. These comments/responses are all outlined (and dated) in the Consolidated
Table of Findings (see Appendix A).
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2. Expert Group Findings
2.1 Environment Plan
The Petroleum and Geothermal Energy Resources Act 1967 provides the regulatory
framework for petroleum exploration and production onshore and in the internal waters of
WA. The Petroleum and Geothermal Energy Resources (Environment) Regulations 2012
(hereafter referred to as the ‘Regulations’), published by the Department of Mines and
Petroleum (DMP) on the 28th of August 2012, supports this Act and provides overall
requirements for the development of an EP.

The objectives of the Regulations are to ensure that an oil and gas “Activity” is:

· Consistent with the principles of ecological sustainability; and
· Managed in accordance with an EP that has appropriate environmental performance

objectives, standards and measurement criteria for determining whether the
objectives and standards have been met.

The Regulations allow for a risk-based approach to managing the environmental
performance of a project. The EP regime requires that environmental risks and impacts are
reduced to a level that is “as low as reasonably practicable’ (ALARP)”. The DMP note that
“what is considered practical will evolve over time as technology, best practice and expertise
improve”.

An EP that is developed in accordance with the Regulations must demonstrate:

· It is appropriate for the nature and scale of the activity or proposed use;
· That the environmental impacts and risks of the activity will be ALARP;
· Appropriate environmental performance objectives, environmental performance

standards and measurement criteria;
· An appropriate implementation strategy and monitoring, recording and reporting

arrangements;
· An appropriate level of consultation with authorities, persons and organisations in

developing the plan; and
· That it complies with the relevant Act, the relevant Regulations and applicable State

statutes.

The DMP published “Guidelines for the Preparation and Submission of an Environment
Plan” (hereafter referred to as ‘EP Guidelines’) in August 2012 to support the Regulations.
This document outlines specific requirements for the structure and content of an EP.

The EP Guidelines specify the following chapters in an EP:

1. Overview.
2. Corporate Environmental Policy.
3. Environmental legislation and other requirements.
4. Description of the activity.
5. Description of the environment.
6. Environmental risk assessment.
7. Performance objectives, standards and measurement criteria.
8. Implementation strategy.
9. Reporting.
10. Consultation.
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The following sections analyse the extent to which Buru Energy has followed the EP
Guidelines and overall requirements contained in the Regulations.

2.1.1 Overview

The TGS14 EPs contain an Executive Summary that links together the main elements of the
proposed activity: including the legislative components; a detailed description of the
activities; identification of key risk sources and impacts; assessment of the risks by
categorising them according to internationally accepted risk assessment methodologies;
outlining the performance standards and implementation strategies related to managing the
key, identified impacts; outlining the consultation process and drawing out the key
conclusions and recommendations contained in the main body of the EP.

ENVIRON is of the view that this chapter meets the requirements of the EP Guidelines.

2.1.2 Corporate Environmental Policy

Buru Energy’s Corporate Environmental Policy is included as Appendix B-1 of the EP.

ENVIRON is of the view that this chapter meets the requirements of the EP Guidelines.

2.1.3 Environmental Legislation and Other Requirements

The objective of this chapter is to demonstrate that Buru Energy has considered the
provisions of all the relevant environmental legislation that is applicable to the project.

Buru Energy has included a comprehensive list of the internal controls, State and
Commonwealth legislation that is applicable to the project. While they do not go into any
specific detail in linking each piece of legislation to a particular aspect of the project, the list
of legislation is comprehensive.

Buru Energy has also included a list of codes and practices (local and international) that they
believe are applicable to TGS14, as follows:

· Five American Petroleum Institute (API) standards, which Buru Energy states are
identified by the Australian Petroleum Producing and Exploration Association
(APPEA) Code as constituting good practice.

· International Energy Agency (IEA) Golden Rules.
· United Kingdom Shale Gas Well Guidelines.

Appendix K of the EP provides a detailed outline of how the TGS14 project complies with
APPEA’s seven guidelines for hydraulic fracturing projects as contained in their Code of
Practice. These include:

· Guideline 1 – Community, landowner, and stakeholder interaction.
· Guideline 2 – Protection of aquifers.
· Guideline 3 – Sourcing and use of water.
· Guideline 4 – Use of chemicals in hydraulic fracturing.
· Guideline 5 – Fluid flowback and produced fluids containment.
· Guideline 6 – Fugitive emissions.
· Guideline 7 – Continuous improvement.

Buru Energy has committed to the implementation of international best practice measures on
TGS14 and all future stages of the project. However, Buru Energy does not clearly identify
which industry body it will use as its primary benchmark in attaining this goal.
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Buru Comment (20-05-14):

Guidelines released by each of these bodies are not in conflict with each other. Buru Energy
is using the range of industry guidelines to measure itself against. Buru Energy does not see
it as relevant that we have not identified one particular industry body.

Buru encourages the specialist review panel to assess the TGS14 EP in the context of the
various guidelines available. Appendix K may assist in this regard.

Finally, Dr Hunter states the following in the regulatory assessment report, suggesting a
range of available guidelines should be used by Company’s when considering standards and
practices to use in shale gas operations.

The annex of regulation and best practice from the IEA refers to regulators from several
countries and best practices from a number of agencies, including USA Canadian,
European, Australian and British agencies. It is an excellent reference guide and should be
utilised by companies when considering standards and practices to use in shale gas
operations.

This approach has been followed by the Company in the planning of the Activities and the
preparation of the TGS14 EP.

Yawuru Expert Group Response (07-07-14):

Refer to page 2 and 3 [“Section 2.3 (page 6-8) and Appendix K”] in the Consolidated Table
of Findings (Appendix A) for further discussion of this issue.

ENVIRON is of the view that this chapter meets the requirements of the EP Guidelines.

2.1.4 Description of the Activity

Buru Energy has provided a comprehensive and detailed description of the different
activities related to the TGS14 operations.

ENVIRON is of the view that this chapter meets the requirements of the EP Guidelines.

2.1.5 Description of the Environment

Buru Energy has provided a comprehensive and detailed description of the affected
environment that would be impacted by the TGS14 operations.

ENVIRON is of the view that this chapter meets the requirements of the EP Guidelines.

2.1.6 Environmental Risk Assessment

The Environmental Risk Assessment (ERA) is a critical element of the EP as it not only
identifies the various impacts and risk sources on projects like TGS14 but it also evaluates
the likelihood and potential consequence of the impacts. Impacts are assessed before the
introduction of mitigation measures (the inherent risk) and after mitigation (residual risk).

This process culminates in the categorisation of the risks as either Level 1, 2, 3 or 4 risks.
This rating, in turn, dictates the level of management required to ensure the impacts are kept
within the acceptable, specified limits.

Buru Energy has adopted the Australian and New Zealand Standard AS/NZS ISO
31000:2009 (Risk Management) approach to the ERA, which is consistent with the EP
Guidelines.
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Buru Energy followed an approach to impact identification whereby a “multidisciplinary team
of personnel was assembled with different perspectives and knowledge of the Activity,
including Company representatives, environmental consultants, operation service providers
and technical specialists. Extensive literature reviews were undertaken by representatives of
the Company and specialist advice sought to ensure that potential impacts and their
consequences and likelihoods were adequately identified and assessed”.

While some of Buru Energy’s risk and scientific certainty ratings could be debated (e.g. are
they sufficiently protective of the environment), the approach adopted by Buru Energy is
sound and is in accordance with the EP Guidelines.

ENVIRON is of the view that the ERA is comprehensive and is consistent with the
requirements of the EP Guidelines.

2.1.7 Performance Objectives, Standards and Measurement Requirements
2.1.8 Implementation Strategy
2.1.9 Reporting

Buru Energy has dealt with all three of these requirements in a single chapter entitled
“Implementation Strategy”. Buru Energy developed the strategy to ensure that the
environmental values of the affected environment are protected.

The strategy was arranged into a series of sub-plans, dealing with the key environmental
values and operational elements, as follows:

· Shallow Potable Groundwater Aquifers.
· Deep Groundwater Aquifers.
· Soil and Surface Water.
· Biodiversity.
· Atmosphere (Air Emissions).
· Amenity.
· Cultural Heritage and Community.
· Waste Management.
· Demobilisation.
· Flowback Fluid Reinjection.

Each sub-plan includes the following components that outline how Buru Energy will achieve
the aim of managing impacts to ALARP:

· Environmental value.
· Risk sources/impacting processes.
· Key performance objectives.
· Performance standards.
· Measurement criteria.
· Implementation strategy.
· Environmental monitoring and auditing.
· Training.
· Reporting.
· Management response.
· Responsibility.
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Currently, the performance standard component includes reference to Company
documentation and relevant legislation and guidelines. However, they do not include specific
reference to what Buru Energy would consider international best practice measures that
could be applied to the protection of each of the documented environmental values.  This is
an important, additional step as it will reinforce Buru Energy’s stated commitment to not just
meet minimum legislative standards but also international best practice.

Buru Response (20-05-14)

The Guidelines for the Preparation and Submission of an EP states that:

The primary goal of an Implementation Strategy is to direct, review and manage activities so
that environmental impacts and risks are continually being reduced to ALARP and
performance objectives and standards are met over the life of the facility or activity.

The Implementation Strategy section therefore provides specific measures that will be
implemented on ground to mitigate environmental risks associated with the Activity. This
section therefore describes the requirements that must be met for executing the Activity. It is
not the appropriate place for demonstrating that Activities are consistent with international
best practice, as suggested by the reviewers. However, alignment with internationally
recognised best-practice during the program has been clearly demonstrated in Appendix K.

Buru encourages the specialist review panel to evaluate the TGS14 program in the context
of the various international best-practice guidelines and standards.

Yawuru Expert Group Response (07-07-14)

Noted.

The “Implementation Strategy” chapter is comprehensive and provides detailed information
on the individual components required by the EP Guidelines. As such, ENVIRON is of the
view that this chapter meets the requirements of the guidelines.

2.1.10 Consultation

The Regulations require that the EP allows DMP to determine whether the relevant
stakeholders have been identified and properly consulted before submission of the EP.

In this section of the EP, the operator should clearly identify all relevant stakeholders
consulted. It should include a description of the nature of consultations, including the level of
information provided to stakeholders, the date of the consultations, the issues and concerns
raised by those stakeholders and how they were resolved.

The TGS14 EP Rev_0 does not currently include all the issues and concerns raised by the
Yawuru PBC Board, nor how Buru Energy addressed these issues. It is understood this
information will be included in future revisions of the EP.

Buru Comment (20-05-14)

The information requested has been included in the subsequent revision of the EP. Where
required, the revised Environment Plan (Rev_2) has also been updated to address Yawuru
comments.

Yawuru Expert Group Response (07-07-14)

Refer to page 27 and 28 [“Section 7 (page 160)”] in the Consolidated Table of Findings
(Appendix A) for further discussion of this issue.
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2.2 Environmental and Engineering Studies
The following sections outline the detailed comments provided by technical specialists on the
individual environmental and engineering studies that were undertaken by Buru Energy in
support of the TGS14 EPs. These include studies on:

· chemical risk and ecotoxicology
· water and wastewater management
· hydrogeological and groundwater characterisation
· geology, geomechanics and microseismicity
· oil spill response planning
· well integrity and completion
· hydraulic fracturing operations.

The technical specialists that participated in the peer review of the environmental and
engineering studies included the following:

· Dr Robert DeMott (chemical risk and ecotoxicology);
· Dr Carl Adams (water and wastewater management);
· Mark Travers and Fiona Robinson (hydrogeological and groundwater

characterisation);
· Prof Brian Evans, Prof Reza Rezaee, Prof Vamegh Rasouli (geology, geomechanics

and microseismicity);
· Joe Nicolette (oil and chemical spill response planning); and
· Dr Mofazzal Hossain (well integrity and completion).

2.2.1 Chemical Risk Assessment and Ecotoxicology

The TGS14 Environmental Risk Assessment of Chemicals (ERAC) follows a chemical
hazard evaluation and chemical screening approach that is in line with the DMP Guidelines
and is consistent with regulatory programs for commercial products used elsewhere around
the world, including Europe, China and the United States.

The range of potential hazards identified is appropriate for a hydraulic fracturing setting. The
conclusions and judgements reached are generally appropriate and useful.

From our independent review of the information provided regarding the composition of
hydraulic fracturing fluids, the MSDS information provided and the expected control
measures, ENVIRON concurs with the overall representation provided in the TGS14 ERAC
that environmental risks from the down-hole hydraulic fracturing mixture of chemicals are
generally low.

Two key factors are important to this conclusion. Firstly, when introduced into the well for
hydraulic fracturing, the various commercial products are diluted into large volumes of water.
Also, a critical element needed for potential human health risk, contact or exposure with the
chemicals is minimal for the down-hole mixture. Secondly, risks for organisms other than
humans are also minimal down-hole because there is no normal living ecosystem at the
depths and pressures of the wells. In fact, organisms introduced down into the well are
typically the result of biological contamination from the surface and biocides are included in
the hydraulic fracturing fluid mixture specifically to help eliminate microbes from colonising
wells.
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Additionally, for the down-hole fluids, potential human risks are not primarily related to the
toxicity of the mixture, but would be dependent upon its corrosivity, or pH, due to the acids
present.  Neutralisation of acidic fluids before they are released back at the land surface is
important for controlling such risks, but this is a well-recognised hazard standard in many
industrial settings. Therefore, control measures such as the use of caustic for neutralisation
and staff training are expected to be robust and can be effectively implemented to control
this hazard.  Also, pH is readily monitored in liquids and, as the TGS14 ERAC recommends,
Buru Energy could investigate and implement monitoring requirements to ensure that pH
adjustment is occurring appropriately.

For the down-hole hydraulic fracturing fluid, the primary potential environmental risk
emerging as a concern for hydraulic fracturing is not related to direct exposure to the fluids
for humans or other organisms and the chemical or toxicity characteristics of the commercial
product used, but rather relates to potential transport of these fluids in subsurface aquifers
and impacts on groundwater where such transport can occur.

Buru Comment (20-05-14)

Potential transport of fluids from the down-hole fluid system into the subsurface aquifers is
not a realistic risk based on Source-Pathway-Receptor analysis and the outcomes of the
Environmental Risk Assessment.

Yawuru Expert Group Response (07-07-14)

Noted.

Setting aside the down-hole mixtures, there are two other sources of potential releases and
exposure that need to be considered, 1) stored supplies of undiluted concentrates of the
various products used in the hydraulic fracturing fluid, and 2) stored flowback water that has
been neutralised and returned to the land surface.

A more detailed description of the chemical risks associated with the storage and handling of
undiluted chemicals at surface (particularly biocide and acids) and flowback water would
strengthen the overall chemical risk assessment in TGS14 EP Rev_0.

Buru Comment (20-05-14)

Returned flowback water will be stored in triple lined reservoirs and fully characterised as
described in Section 3.5.6 of the EP.

For more information on the stored supplies of undiluted concentrates, please refer to the
Operations and Safety Management Plan for Buru Operations (attached) and the HACCP
analyses provided on Page 30 below.

Yawuru Expert Group Response (07-07-14)

Refer to page 6-10 [“Section 3.4.4 (page 23)”] and Finding 2 (page 31-36) in the
Consolidated Table of Findings (Appendix A) for further discussion of this issue.

2.2.2 Water and Wastewater Management

These findings only address the water and wastewater management strategies on the actual
well site and include source water (groundwater) and return flows (flowback and produced
waters, referred to as produced fracturing water).
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It is evident that Buru Energy has followed international guidance in handling the waters and
wastewaters on the site. However, it is too premature to assess the actual implementation of
international guidelines herein. There are no return flow (wastewater) data provided, other
than a mention of saline water, which is characteristic of all return flows worldwide from
hydraulic fracturing projects.

Buru Comment (20-05-14)

It is inaccurate for the reviewers to state that:

“it is too premature to assess the actual implementation of international guidelines herein.
There are no return flow (wastewater) data provided, other than a mention of saline water,
which is characteristic of all return flows worldwide from hydraulic fracturing projects”

As described in Section 3.5.6 of the updated EP, data from drill cutting analysis of the Laurel
formation, flowback water from the Yulleroo 2 frac in 2010, chemical analysis of produced
water from Ungani oil wells and bore logs and geological samples in Petroleum wells have
been included in an Environmental Risk Assessment for flowback fluid. Based on these data,
the flowback held in water retention ponds from TGS14 wells is expected to have the
following water quality attributes (from Section 3.5.6 of EP – Rev_2):

· Very low or non-detectable levels of heavy metals that are of concern in urban
industrial wastewaters such as chromium, copper, nickel, zinc, cadmium, lead,
arsenic and mercury

· Very low or non-detectable levels of BTEX.

· Radiation levels (gross alpha and gross beta) well below (<20%) guideline trigger
levels for drinking water and much below baseline radiation levels in the surrounding
potable Broome aquifer.

· Elevated levels of salt (NaCl) approximately 6 times the level of seawater.

· High levels of calcium.

· Metals in flowback waters such as iron, calcium, magnesium, and boron, at levels
that are well within known ranges for normal produced waters such as at Ungani and
at non-toxic levels.

Worst-case scenario analysis has also been used by the Company to assess the risk posed
by flowback to the environment (Refer Section 3.5.7 of the updated EP). In particular, the
risk posed by Benzene (one of the most toxic of the BTEX compounds) and Chloride
(constituent of potential concern in highest concentration in flowback) have been specifically
evaluated.

Finally as stated above, all flowback water will be stored in triple lined water reservoirs while
it is fully characterised to inform reuse options during subsequent programs. The use of triple
lined water reservoirs is consistent with best practice guidelines for the management of
flowback water.

Yawuru Expert Group Response (07-07-14)

Refer to Finding 2 (page 31-36) in the Consolidated Table of Findings (Appendix A) for
further discussion of this issue.
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The flowback characterisation programme, advanced by Buru Energy, is adequate and will
provide a basis for process selection.

Figure 2-3 in the MWH report presents a reasonable approach to evaluation and selection of
cost-effective and high performing technologies. When developed, a reliable database will
allow development of a comprehensive, on-going water management strategy. The
proposed operational monitoring program is excellent and will follow the on-going
operational monitoring for selection and dosage of chemical additives.

The produced fracturing water will be stored in the water reservoirs at each well site,
sampled and analysed in accordance with the Produced Water Monitoring Procedure (OP-
PR-024). It is then intended to thoroughly analyse the contents of the water reservoir with
the intent to reuse and/or dispose of the returned produced fracturing water, including re-
injection into the gas wells.

Without a representative chemical constituent database, it is not possible to address specific
measures and protocols for water and wastewater management, e.g., evaluating and
selecting process technologies for 80% return to the wells. However, the proposed approach
by Buru Energy will allow this development.

Acceptable international standards and protocols, concerning water management during
unconventional gas development, specifically, hydraulic fracturing is summarised below.

The process train represents a practical, viable approach to achieving 100% recycling of
return flows of the fracturing liquids and the residual produced water.

1. Address air emissions as related to water management:

a. Contain return flows in covered/sealed tanks or basins to eliminate the air emissions
(important as the water reservoirs can concentrate certain potential inorganic
contaminants, such as BTEX, NORM, heavy metals, etc.);

b. Enclose wastewater treatment processes and pull a low flow, negative draft of
ambient air, which is routed to a small carbon canister.

2. Divert all incidental rainfall and spills and route to a sump for transfer to the return basin
or tank.

3. Consider high levels of TDS (>15,000 mg/L) as a biocidal inhibition agent, thus,
reducing the amount of chemical biocide added.

4. The main process wastewater treatment train is most likely to contain the following:

a. Screening for large debris removal from the drill out of the plugs;

b. Sand trap for disposal/recovery of proppant;

c. Oil and floatables removal;

d. Coarse filtration;

e. Fine filtration (possibly to remove fragmented polymer from friction reducer and gel
breaker);

f. Polishing (e.g., resins) for removal of specific constituents, e.g., boron, ferrous iron;

g. Other, such as electrolytic coagulation;

h. Slightly acidic pH to avoid precipitation of major constituents contributing to sludge
production and concentration of NORM and heavy metals.
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The comments above present an assessment of state-of-the-art water and wastewater
management, including minimisation of air emissions, using an integrated approach to water
management. The use of sealed or covered water/wastewater reservoirs is an issue that
have been raised by all the members of the Yawuru Expert Group as being consistent with
international best practice.

Buru Comment (20-05-14)

A risk benefit analysis for selection of water storage approaches has been included in
Section 3.4.4 of the revised TGS14 EP. This risk-benefit analysis clearly shows that water
retention ponds provide better outcomes in terms of Environment, Safety and Amenity.

Based on the expected volumes of flowback, storage in tanks would require approximately
1,000 (40 m3) tanks, with approximately half of these located at the Yulleroo well sites. The
use of tanks will lead to much higher Environmental (and Health and Safety) risks associated
with the program.

Covered water/wastewater reservoirs are thought to mitigate risks associated with air
emissions. However, information from the international literature and modelling undertaken
in the TGS14 Environment Plan (Refer to sections 3.5.7 and 4.8) show that the risks
associated with air emissions are negligible and equivalent to a 300 L diesel spill (refer
above response relating to flowback water and 3.5.7 of the updated EP). The following
additional detail has been included in Section 3.4.4 of the updated EP (Rev_2)

Risk Benefit Analysis

A risk-benefit analysis was undertaken to compare the risks and benefits associated with using tanks
or water retention ponds to manage flowback at each of the well sites. Available tanks used to contain
liquids on site in Company operations are typically 40 m3 in size. Table 6shows the number of tanks
required to contain the indicative volumes of flowback fluid provided in Table 14 below. Given flowback
will be occurring simultaneously at each of the well sites, a total of 1,008 tanks will be required to contain
the flowback water during the Activity.

Table 6: Number of tanks required to contain indicative volumes of flowback at each of the well sites.

Location Number of tanks required
Yulleroo 3 140
Yulleroo 4 365
Valhalla North 1 195
Asgard 1 308

Total: 1,008
The results of the risk benefit analysis are provided in Table 7 below.

Table 7: Risk-benefit analysis comparing the use of tanks and water retention ponds for the containment
of flowback water during TGS14.

Risk Source Information

Spills of
flowback fluid

Tanks:

Risks of spills associated with using tanks include the following:

· Risks to integrity associated with loading, transport and unloading of tanks,

· Spills associated with switching between tanks when one tank becomes full
upon flowback,

· There will also be a greater risk of incidental spills from flowlines given the
greater distances that flowlines will need to cover to fill tanks.
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Often the only way that failures in tank integrity are detected is when the tank is full.
This may result in the loss of up to 40 m3 (40,000 L) of flowback fluid onto the
ground during flowback if the leak is not immediately recognised and flowback to
that tank stopped.

Water Retention Ponds:

Leaks in water retention ponds may arise due to poor construction of the liners for
the water retention ponds or puncture of the liners during or following installation.

The risk associated with puncture of the liners during construction will be mitigated
by using HDPE liners that are pre-fabricated and QA/QC checked in the factory
prior to shipping to location.

Water retention ponds will be triple lined with two HDPE liners in-dispersed with a
geotextile fabric to further mitigate risk of spills to the environment. Liners will be
checked for leaks following installation and prior to filling ponds with bore water.

Finally, water retention ponds have been designed with 1.5 m freeboard upon
flowback, sufficient to withstand a 1:100 year ARI as outlined in WQPN39 (DoW,
2009).

Other:

A comprehensive groundwater monitoring program has been implemented at all
well sites as outlined in Section 6.7.1 below. This monitoring program will ensure no
impacts on groundwater as a result of TGS14 Activities.

Traffic impacts
leading to a loss
of amenity and
increased HSE
risks.

Tanks:

Each of the 1,008 tanks required to contain the flowback fluid must be transported to
site. This will result in an additional 2,016 truck movements during the TGS14
program, significantly increasing the traffic associated with the Activity and impacting
on amenity. A greater number of truck movements also increases the risks of a traffic
accident with associated environmental and health & safety risks.

Water Retention Ponds:

Installation of water retention ponds will not increase the traffic associated with the
Activity as the equipment required to be transported to site to construct the ponds will
already be present on site for the site works.

Clearing leading
to impacts on
biodiversity

Tanks:

Each of these tanks has a footprint of 18 m2, though tanks must be arranged with a
minimum of 0.5 m surrounding each to allow regular inspection, giving an effective
footprint of 22.75 m2.

Based on 1,008 tanks as outlined above, this will lead to a requirement to clear an
additional 2.3 Ha of vegetation (0.57 Ha at each well site).

Tanks will also be required to be arranged with access tracks between tanks and
within bunded areas, further increasing both the ground disturbing works and area of
vegetation required to be cleared.

Water Retention Ponds:

Water retention ponds will still be required for source bore water prior to HF
operations occurring. At best, one of the 55 m x 55 m retention ponds will not be
required at each of the well sites. This represents a saving of (0.3 Ha) at each well
site.

Fugitive
Emissions
impacting air
quality

Tanks:

Tanks will mitigate any potential impacts to the environment or amenity associated
with fugitive emissions.
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Water Retention Ponds:

As outlined in Sections 3.5.7 and 4.8 below, the risks associated with fugitive
emissions have been assessed as low based on international studies and the results
of Yulleroo 2 flowback water analysis together with the proposed flowback
management measures to be adopted in TGS14. Similarly, based on conservative
assumptions, fugitive emissions of Benzene (one of the most toxic of the VOC-BTEX
compounds) are equivalent to 300 litres of fuel assuming 2% benzene content). This
indicates the risks to air quality associated with the proposed Activities are low.

Other:

A comprehensive air quality monitoring program based on Optical Remote Sensing
has been implemented at all well sites as outlined in Section 4.8 below.

This monitoring program is based on the Vertical Radial Plume Mapping of upwind
and downwind stations to determine the flux of pollutants as a result of TGS14
Activities at a well site.

This will provide quantitative data that will be used to monitor any project attributable
effects on air quality at selected well sites.

Other –
Logistics

Tanks:

The number of tanks required to contain flowback fluid would require many lifts to
load and unload tanks from trucks. These lifts will both increase Health and Safety
risks as well as increase the risk of damage to tanks.

Following the completion of reinjection, each of the tanks will need to be cleaned out.
This will include the removal of proppant that has settled out into each of the tanks.
This will further increase the HSE risks associated with the Activity.

Water Retention Ponds:

The use of water retention ponds will mitigate many of these HSE risks. Following the
completion of reinjection, the sand remaining in tanks will be swept up and
transported away for disposal at a licenced disposal facility as outlined in Section
3.5.11 below.

Yawuru Expert Group Response (07-07-14)

Refer to Finding 2 (page 31-36) in the Consolidated Table of Findings (Appendix A) for
further discussion of this issue.

2.2.3 Hydrogeology and Groundwater Characterisation

For the purposes of this review, the findings are divided into those related to:

· the far-field monitoring programme
· near-field programme.

Far-field Programme

Buru Energy has undertaken water quality baseline measurements at Company well sites
(i.e. Y1 and Y2) and at surrounding station monitoring wells. This is referred to as the far-
field programme and includes sample collection, from the upper surface aquifer system,
every six weeks from five well locations.

It is noted that these wells are screened to the surface and are not dedicated monitoring
wells. However, it is considered that these wells, particularly those screened within the
Broome Sandstone, are reflective of the water quality within the near-surface aquifers.



Y3 & Y4 Hydraulic Fracturing Project,
Canning Basin, Western Australia
July 2014

Yawuru Expert Group
Consolidated Peer Review Report	

	

14 | P a g e

Buru Comment (20-05-14)

Wells used for the far-field monitoring program are screened in the Broome Sandstone
aquifer. This is the uppermost aquifer in the Yulleroo region (refer to Table 3 and Figure 2 in
Appendix D-1).

Yawuru Expert Group Response (07-07-14)

Noted.

Monitoring has been undertaken since August 2012 and is able to provide an evaluation of
seasonal variation, particularly variation in water table heights.

Monitoring comprises a range of analytes that are consistent with typical baseline
parameters. Monitoring results indicate unusual data for coliforms and iron (in Y1), which
may reflect compromised samples. Alpha and beta radiation were also detected in Y1, Y2
and Y3.

The monitoring program is considered sufficient to identify baseline groundwater conditions
in the upper surface aquifers. Ongoing monitoring of the far-field wells should be undertaken
on a quarterly basis to continue this data collection.

Buru Comment (20-05-14)

Buru Energy questions the value of ongoing monitoring of far-field wells on a quarterly basis.
It is not clear what value this ongoing monitoring will add for detecting any impacts
associated with the proposed activities.

Yawuru Expert Group Response (07-07-14)

Noted.

Reporting of far-field monitoring results is not outlined in the Buru Energy Characterisation
and Assessment Program Report and should be consistent with the near-field reporting
program.

Buru Comment (20-05-14)

Results of far-field baseline monitoring are included as an appendix to the Rockwater report
(Appendix D-1 to the TGS14 EP) that has been provided to the Yawuru and specialist
reviewers. A summary of the results are also included in Section 6.7.1 of the revised EP.

Yawuru Expert Group Response (07-07-14)

Noted.

Baseline groundwater monitoring of the upper aquifer systems is considered to be sufficient
to assess impacts from the project on a regional scale. This data is vital for ongoing
monitoring of impacts to the deep aquifer system and should be routinely continued after
demobilisation.

Buru Comment (20-05-14)

Buru Energy agrees that monitoring of the upper aquifer system is important for detecting
impacts on the shallow aquifer system. This program will be continued for 6 months following
the completion of activities as outlined in Table 30 of the updated TGS14 EP (Rev_2).

Yawuru Expert Group Response (07-07-14)

Noted.
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Near-field Programme

Buru Energy has identified potential risks associated with the surface activities in the TGS14
operations. Specifically, this has included the identification of activities that could result in
impacts to the potable water supply (most notably in the Broome Sandstone).

Buru Energy has identified that the surface activities, including the use and storage of
flowback water and the use of hydraulic fracturing fluids, could give rise to contamination of
the surface aquifers. Measures for the safe onsite storage of these waters are proposed in
conjunction with monitoring for impacts in the near-surface aquifers. Monitoring is proposed
to comprise a shallow and deep nested well at three locations within each well pad. As such,
this is referred to as the near-field programme.

Nested wells will be located immediately (10 m) downgradient, and approximately 50 m
upgradient and downgradient of the Turkey’s nests on site. ENVIRON considers these well
locations appropriate.

Wells will be installed to monitor the immediate upper aquifer (shallow well) and the first
permeable zone (deeper well). Final details of well screening depths will depend on the
geology encountered during drilling.

ENVIRON notes that wells should be screened within the aquifers and that screens should
be limited in length to prevent screening across any aquitards present.

Buru Comment (20-05-14)

Buru Energy can confirm that monitoring bores will be screened in aquifers and will not
extend across aquitards. Buru will provide the Yawuru with details of bore installation once
the bores have been installed. This will include the following; GPS location, depth, screen
depth, screen length, bore specifications, standing water level, summary of lithology (as
available).

Yawuru Expert Group Response (07-07-14)

Noted.

Monitoring is proposed to comprise a range of analytes that reflect site parameters and
includes total dissolved solids and gross alpha radiation, which are considered key
parameters. The deep well (40 m depth) will have a gas clam installed, for real time logging
of ground gases including hydrocarbons.

Buru Comment (20-05-14)

Gas clams will also continuously measure and record water table depth.

Yawuru Expert Group Response (07-07-14)

Noted.

The reporting program is proposed to evaluate data succinctly and to (amongst other things)
identify unusual or noteworthy observations.

Consistent with the objectives of the monitoring program (to protect the surface aquifer), the
program should establish a set of trigger levels for data that is considered to be
unusual/noteworthy. This can be achieved by simple spreadsheets that provide a quick
evaluation against a set of acceptable parameters, for example background concentrations
or drinking water guidelines (ANZECC 2000).
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Buru Comment (20-05-14)

Data collected during surveillance monitoring will be compared to data collected during the
baseline monitoring program. Comparison to ANZECC Guidelines is not relevant given the
baseline data collected to date.

In particular, Chloride will be used as the key sentinel indicator to detect any “breakout” of
fluid from water retention ponds. However, a full suite of other parameters will also be
monitored as outlined in Section 6.7.1 (Table 29) of the updated TGS14 EP.

Yawuru Expert Group Response (07-07-14)

Noted.

The near-field monitoring network is considered appropriate for monitoring impacts on the
near-surface aquifers from surface site operations. Monitoring includes a regular collection
and analysis of samples for a range of parameters.

2.2.4 Geology, Geomechanics and Microseismicity

Upward growth of hydraulic fractures towards shallower aquifers is the major fracturing issue
of environmental concern. It is a common belief that for unconventional reservoirs where
massive and asymmetric fracture growth is common, it is difficult to predict hydraulic fracture
growth. Fisher and Warpinksi (2011) showed that fracture growth during the stimulation
process deeper than 1,500 m in laminated shale and sand/shale layers, remains well
confined to the target interval, even in the presence of faults. In addition, Davies et al. (2012)
has shown that the maximum reported height for any fracture propagation is 588 m.

Based on this evidence the UK Government has implemented a minimum separation of 600
m between the hydraulic fracture zone and overlying aquifers.

Some other studies (Daneshy, 1978; Warpinksi et al., 1982; Miskimins and Barree, 2003)
also show that lithological layering together with the application of low viscosity fracking fluid
will result in very restricted height growth of a fracture.

The Early Carboniferous Laurel Formation is a particularly favourable tight gas reservoir for
petroleum exploration. The Laurel Formation is predominantly sandstone, with carbonate
and shale intervals formed in mixed environments from shallow marine to deltaic and fluvial
systems.

The Laurel Formation occurs at the depth of more than 2,100 m in the Yulleroo area and
major aquifers are not deeper than 500 m. This indicates that for the Buru Energy target
zone, in this area, there is more than 1,600 m of sediments between the deepest aquifer and
the fracture stimulation zone, which far exceeds international leading practice requirements.

The Anderson Unit which overlies the Laurel Formation is quite thick and is a tight formation
in nature. Therefore this has created an effective seal of hydraulic isolation that has
prevented the upward migration and escape of hydrocarbons in the Laurel Formation over
tens of millions of years. The presence of hydrocarbons in the Laurel Formation indicates
that the fine-grained sediments in/over them form very effective confining layers.

Apart from this, numerous shale intervals can prevent vertical upward fracture propagation
into the shallower aquifers as a result of fracture termination at bedding contacts due to slip
along the contact.

Based on the above information it seems that the risk to aquifers from hydraulic fracturing in
the Y3 and Y4 area is low.
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The environmental impacts of hydraulic fracturing operations are concerned with different
issues that may occur during or after the fracturing operation. These include the upward
growth of fractures which may intersect with the aquifer and also the reactivation of any
existing faults or large scale fractures due to the invasion of hydraulic fracturing fluids.

Reviewing the documents provided by Buru Energy, it appears that all different measures
and considerations are in place in order to address the environmental issues associated with
the operation, before, during and post the fracturing operation.

From a geomechanical point of view, stress analysis has been professionally performed and
accordingly the potential for any upward fracture height growth appears to be unlikely. Also,
by designing the fracture length to be far enough away from the potential faults (> 1 km) the
opportunity for triggering shear displacements along the fault planes has been reduced.

When wells are fractured to stimulate the production of gas within tight low permeability
formations, the act of splitting the rock produces a very small seismic pressure wave.

This seismic wave passes outwards and can be detected by using geophones, single or
three component, to receive the pressure wave arrival. This arrival looks on a piece of paper
like the classic earthquake ‘wiggle’.

By having a number of geophone sensors housed in a vertical well within 1 km of a
fracturing operation, it is possible to then record the vertical line (or ‘array’) of sensors in the
well. If the velocity of seismic energy is known for the rock between the well that is being
fractured and the sensor well, it is possible to compute the approximate location of the
fracture’s location, or ‘epicentre’.

This has been successfully used to understand the location of fractures in wells for many
years, and has particularly been useful in offshore operations in the North Sea and Gulf of
Mexico.

It is also a practice being performed for both shale gas fracture operations in North America
where close proximity to ground water is an issue, and also in geothermal fracturing of deep
formations where a good knowledge of the fracture geometry is particularly beneficial for
understanding where injected water may be travelling, and for continued operations of steam
production.

In Australia, the fracturing of the geothermal well Paralana 2 was used to develop a risk
assessment for continued operations, in which not only was it important to understand the
location and propagation directions of fracture wings from a well bore but also to ensure the
injection rate was such that microseismic disturbances would not be so high as to cause
potential for localised earth quakes or fault reactivation. However, the issue of fault
reactivation tends to be more prevalent in a hard rock environment where fracturing travels
some way further than in the soft rock sedimentary environment, where rocks are more
elastic and boundaries with other layering surfaces can simply terminate the fracture growth.

Buru Comment (20-05-14)

Buru will implement a Microseismic Monitoring program during the TGS14 Activities. This is
described in Appendices H-2 and H-3 to the TGS14 EP and includes the risk based
approach used for the geothermal well Paralana 2 in Australia as well as the
recommendations of the UK Royal Society review into Hydraulic Fracturing.

Yawuru Expert Group Response (07-07-14)

Noted.
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2.2.5 Oil Spill Contingency Planning

The peer review of Buru Energy’s OSCP has found that the plan is fit-for-purpose.

Buru Energy should consider expanding the scope of the OSCP to include specific spill
response planning for other hazardous and/or dangerous materials that would be used as
part of the TGS14 operations.

The above finding is based on the fact that the current OSCP is general in nature and is
better suited to dealing with hydrocarbon-related spillages. The nature of some of the
chemicals to be used (particularly biocide and acids) would suggest more tailored plans are
required for these sorts of substances.

Buru Comment (20-05-14)

A site-specific spill response plan has been developed for TGS14 Activities. This was
included with the Operational Approvals documents for the TGS14 program and is included
here.

Yawuru Expert Group Response (07-07-14)

Refer to Finding 5 (page 42-43), Finding 7.7 and 7.8 (page 53-56) in the Consolidated Table
of Findings (Appendix A) for further discussion of this issue.

2.2.6 Well Integrity and Completion Assessment

The Well Integrity Report for the Y3 and Y4 wells covered best recommended practices and
methodologies following the guidelines/schedules of various government regulatory
authorities (Western Australia – Petroleum Schedule) or standardised agencies (e.g. API,
Texas Rail Road Commission Rule 13, Oil and Gas, UK etc.).

The report addressed every detail in relation to ensuring best possible well integrity during
and after hydraulic fracturing treatments following best practices and methodologies. From
the selection of casing (types, sizes, pressure rating) and pressure testing operational point
of view, no major anomalies were noticed during this review that requires to be addressed.

As indicated in the Well Integrity Report (TGS14 - Well Integrity), the cementing completion
job for Y3 and its associated pressure test were found to comply with best standard
practices and methodologies.

A good cement bonding throughout all of the casings of this well (Y3) was established from
the Cement Bond Log (CBL) interpretation. This well also did not show any signs of pressure
in the annulus of surface and intermediate casings, which confirms good pressure isolation
in the annulus between the intermediate casing (244 mm or 9-5/8 inch) and production
casing (178 mm or 7 inch).

For Y4 however, the CBL results show that the cement bond was moderate to good from
955 m – 2,005 m. The cement quality also varied from 2,005 m to the target depth (TD). It is
clearly indicated in the CBL analysis that:

1. There is possible micro-annulus and channelling below the top of the cement (933 m)
behind the production casing.

2. There is poor cement coverage within the interval 2,005 to 3,065 m with possible signs
of channelling behind the production casing.

3. There is intermittent poor cement bonding near the TD (with 3,065 to 3,846 m).
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It is to be noted that the overall scope for the Y4 well is to perform hydraulic fracture
operations on 13 separate intervals/stages. The proposed perforations and bridge plug
locations are provided in Table 5 the of Hydraulic Fracturing Services report (pages 7-8 of
file: Buru Energy Yulleroo-4 DoS Frac Rev 0_28Nov13.pdf), where the fracturing operations
would be carried out. The locations of all stages as indicated in this report are within the
interval, 2,345 to 3,810 m (MD-RT); as indicated above, this fracturing interval falls within the
poor cement coverage interval 2,005 to 3,846 m.

The above results pose serious questions regarding a potential mechanical integrity failure
due to a weak cement bonding issue. This assessment, especially when considering future
potential leakage of fracturing fluids during fracturing operations, could result in leakage of
these and production fluids, potentially as a result of the existence of poor varying quality
cement which clearly has not been adequately addressed.

There was no mitigation plan found in the Well Integrity Report. The mechanical integrity
associated with cementing and potential risks of upward movement of reservoir or external
fluids during and after the hydraulic fracturing operations should be addressed.

In principle, a well has to demonstrate that it has sound mechanical integrity in all
circumstances (e.g. during and after a fracturing treatment operation, during production as
well as abandonment). The mechanical integrity includes:

(i) internal mechanical integrity (i.e. no leaks in the tubing/packer or casing); and
(ii) external mechanical integrity (i.e. all external fluid injected into the well must be

contained within the permitted injection interval ensuring no upward
movement/migration behind the casing due to any kind of channelling and/or
existence of any micro annulus caused mainly by poor cement job, or any fault or
flaws, or development of micro-fracture(s) in the long run during production or
abandonment).

Both of the above internal and external mechanical integrity issues are most likely to be
directly associated with casing cementing operations. Therefore the cementing operation
should be rigorously evaluated prior to any subsequent operation (e.g. completion,
perforation, fracturing operation etc.).

Accurate evaluation of the quality of a cementing operation is paramount as this may
develop potential risks for the development of leakage pathways that allow vertical
movement or the escape of injection or external fluids up the hole and increase the potential
chance of contamination of fresh water.

Figure 1 illustrates potential leakage pathways that can be developed during the fracturing
operation due to a poor cementing operation and in the long run during production (adapted
from Viswanathan et al., 2008; Hossain, et al, 2010), which could cause the escape of
external fluid up the hole.
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Figure 1: Potential leakage pathways causing escape of external fluid up the hole: (1)
leakage through the casing (2) leakage through casing – cement interface (3) leakage
through cement matrix (4) leakage due to bulk dissolution induced pathway (5) leakage
within the cement due to induced fracture (6) leakage due to cement defect/mud channel
and (7) leakage at cement-cap rock interface flow.

As illustrated in Figure 1 the potential leakage pathways include:

1. Leakage through the casing due to corrosion or erosion – a possible risk that may occur
during fracturing treatment and/or in the long run during production operations;

2. Leakage through casing  and cement interface - a possible risk that may occur during
cementing operation due to poor cementing operation;

3. Leakage through cement matrix - possible risk that may occur during cementing
operation due to poor cementing operation;

4. Leakage due to bulk dissolution induced pathway – a possible risk that may occur
during fracturing treatment and/or in the long run during production;

5. Leakage within the cement due to an induced fracture - a possible risk that may occur
during cementing operations due to poor cementing operations or injection of hydraulic
fracturing fluid;

6. Leakage due to cement defect/mud channel - a possible risk that may occur during poor
cementing operations or injection of hydraulic fracturing fluid; and

7. Leakage at cement-cap rock interface - a possible risk that may occur during poor
cementing operations.

As mentioned above, there are at least five possible risks of the development of potential
leakage pathways due to mainly poor cementing. Therefore special care should be taken to
accurately evaluate the integrity of cementing.

There are standard practices i.e. use of a pressure test and CBL or Variable Density Log
(VDL) for the evaluation of cement integrity. It is considered standard to use a CBL/VDL to
determine cement top and assess the quality of cement-cement and cement-formation
bonds. However, CBL/VDL cannot provide 100% accuracy on the assessment of cement
bonds quality due to the tool’s limitation.

More importantly these tools do not measure the hydraulic seal but rather measure the loss
of acoustic energy as it propagates.
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This loss of energy is related to the fraction of the casing perimeter covered by cement, and
hence does not have the ability to provide 100% coverage of the casing wall. The nature of
the assessment is more qualitative than quantitative.

The interpretation may not necessarily provide a conclusive result especially in relation to
identification of some of the above addressed potential leakage paths, hydraulic
communication behind the casing and/or any micro-annulus. In addition, failure in the
placement of tools in the centre of the well during operations could encourage misleading
interpretation.

It is recommended to use an ultrasonic imaging tool (USIT) along with a CBL. USIT is a
continuously rotating pulse-echo type tool that has nearly 100% coverage of the casing wall
and provides highly sophisticated computer processed colour coded images.

The use of a USIT along with a CBL would provide the best possible overall picture of well
integrity. The tool running operations should be conducted by competent personnel ensuring
the accurate placement of tools.

To ensure all fluid is contained within the well bore, and no upward flow behind the casing
(i.e. no hydraulic communication behind the casing), during and after the fracturing
treatment, it is strongly recommended to run PLTs (production logging tools) along with a
pressure test at the shoe (FIT/LOT/XLOT).

An Oxygen Activation log usually refers to a Water Flow Log (WFL) or hydrolog to detect
water flow behind the casing which may be considered if re-entry is to be performed.

Tree and wellhead integrity is an important requirement in order to ensure safe operations.
While some operational action plans are in place which conform with best practice and
methodologies especially in regards to the pressure tests, this issue should be approached
cautiously and properly in order to ensure that future high pressure operations are contained
under all circumstances.

This will then ensure Tree and Wellhead Integrity, during and after hydraulic fracture
operations. Prior to any operation, wellhead seal tests need to be carried out to ensure the
integrity of all sealing elements, valves and seats as well as their sealing ability against
maximum possible well pressure.

Buru Response (20-05-14)

Please refer to separate response regarding well integrity (G Frac response on page 44-48
of Consolidated Table of Findings).

Yawuru Expert Group Response (07-07-14)

Refer to Finding 6.2 (page 44-48) in the Consolidated Table of Findings (Appendix A) for
further discussion of this issue.

2.3 Regulatory and Best Practice Framework
Dr Tina Hunter reviewed the TGS14 EPs with the overall objective of providing an analysis,
assessment and advice on the degree to which the document meets standards required of
worlds’ best practice regulatory frameworks (and beyond). Dr Hunter’s initial findings are
outlined in Table 2 below (with Buru Energy responses).
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Buru Response (20-05-14)

Buru Energy has reviewed Dr Hunters report. Buru Energy’s responses to comments to
matters raised in Dr Hunter’s “Regulatory and Best Practice Findings” are incorporated in
Table 2 below.

Furthermore, Dr Hunters report also includes a review of issues raised by the Yawuru in their
submission to the Parliamentary Inquiry on Hydraulic Fracturing (Implications for Western
Australia of Hydraulic Fracturing for Unconventional Gas). To that end, Buru Energy would
like to draw the attention of the Yawuru to the document Buru Energy Response to Yawuru
Parliamentary Inquiry Submission (HSE-REP-038) provided to the Yawuru on the 24
February 2014. As indicated by Dr Hunter, this is considered relevant to the current process.

Table 2: Regulatory and Best Practice Findings

No. Finding

1 Buru Energy should consider the use of international best practice on
this project, particularly the use of all appropriate API standards, and
UKOOG well guidelines to ensure that best practice in shale gas
hydraulic fracturing is observed.

Refer to Section
2.1, 2.2, 2.3, 6.1.

Buru Response (20-05-14)
Buru has considered all available guidelines and regulations in the planning of the proposed
activities. Please refer to Appendix K and the previous response to Yawuru comments.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.1 (page 50) in the Consolidated Table of Findings (Appendix A).

2 The approach to risk minimisation is sound. The risk minimisation
strategy is comprehensive and consistent with the requirements of the
Environmental Regulations1.

Refer to Section
4.3.

Buru Response (20-05-14)
Noted.

3 Buru Energy should disclose all incidents, reports and data on its
website as well as report to DMP as the regulator in order to promote
transparency and build community trust.

Refer to Section
4.5.

Buru Response (20-05-14)
As stated by Dr Hunter in her report:

In the UK, all data that is collected by the operator is not only submitted to the regulator but
the DECC requires operators to publish data pertaining to water and well integrity on their
website (DECC, 2012, p 3) such disclosure promotes transparency and community
assurance regarding the capacity of the regulator and the activities of the operator.
This is considered best-practice.

As stated in Subplan 1 (6.3.1) of the TGS14, Operational groundwater quality information will be
reported on the Company’s website during the Activity. This is consistent with best practice as stated
by Dr Hunter.
The DECC (2012) report appears to have been misquoted by Dr Hunter. There is no requirement
under the regulations for operators to publish data relating to well integrity on their website. Further,
Buru Energy does not know what information relating to well integrity might be published on the
website.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.3 (page 50) in the Consolidated Table of Findings (Appendix A).

																																																													
1 The Petroleum and Geothermal Energy Resources (Environment) Regulations 2012
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Table 2: Regulatory and Best Practice Findings

No. Finding

4 Buru Energy has complied with the chemical disclosure requirements of
the Environment Regulations. The summary of the chemicals to be used
down hole is not yet available to the public, since the EP is currently on
hold. Sourcing information from the DMP website is difficult, and there is
presently no provision for the filing of all chemicals used on a single
website, such as frac-focus in the USA and Canada. It is suggested that
Buru Energy provide a summary of the chemicals used on its website. In
addition, Buru Energy needs to assess all of the chemicals that are
produced as part of the flow back water/produced water when hydraulic
fracturing is undertaken.

Refer to Section
5.1.

Buru Response (20-05-14)
All chemicals proposed to be used are available on the Buru Energy website and have been since
November 2013.
Flowback water will be fully characterised following the TGS14 program. Results of this analysis will
be made available to Yawuru and their advisors following the TGS14 program.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.4 (page 51) in the Consolidated Table of Findings (Appendix A).

5 The use of turkeys’ nests as a method of managing produced water and
mitigating surface water contamination is not preferable. The API
developed standards and guidelines for the management of water and
surface contamination in 2009/10, and does not advocate the use of
such ponds. Furthermore, the use of open storage ponds is not
permitted in UK shale gas operations as they pose an unacceptable high
risk for surface water pollution. The use of closed metal tanks for
produced and flow-back water represents best practice. To reduce water
use, and the need for chemical use and water disposal, recycling of
water should be maximised by Buru Energy.

Refer to Section
5.2.

Buru Response (20-05-14)
From her report, Dr Hunter appears to be confusing the Evaporation Ponds commonly used in the
Queensland CSG industry with the water retention ponds that will be used by Buru Energy for the
containment of flowback water during TGS14. The purpose of the water retention ponds is to contain
flowback water in impermeable lined ponds while it is characterised. Following flowback, the water
will then be reinjected to the Laurel Formation. Evaporation will not be used as the end point disposal
option as suggested by Dr Hunter.
Buru Energy disagrees with Dr Hunter’s statement that “the issue of overtopping of the turkey’s nests
is not adequately addressed by the Buru Energy’s EP”. Buru Energy has engineered water retention
ponds so that freeboard exceeds 1:100 ARI events as outlined in the MWH Surface Spill Trajectory
Modelling Report for TGS14 Well Sites included as an attachment. This supports the risk assessment
and conclusions made in the EP.
The Company agrees with the assertions of Dr Hunter that multiple barriers to contamination and a
risk management framework are essential for the protection of water resources. This is the approach
that has been adopted by Buru Energy during TGS14.
Buru Energy acknowledges the guidance contained in the UK Onshore Shale Gas Guidelines for
managing flowback water and has consulted with Dr Chris Green and Prof. Peter Styles who advised
the UK Government and Royal Society on hydraulic fracturing (refer to references cited on Page 6 of
Dr Hunters Report). Both advisors recommended using the risk based approach for TGS14 to take
into account local environmental conditions. Section 7.3.1-1 of the UK Onshore Guidelines states:

Fracturing/flow-back/testing operations are planned and fully risk assessed as part of the well
design and operations programming process
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Table 2: Regulatory and Best Practice Findings

No. Finding
In accordance with the UK Guidelines and the risk management approach suggested by Dr Hunter,
Buru Energy has undertaken a risk-benefit analysis comparing the use of tanks vs. water retention
ponds.
This is included in Section 3.4.4 of the EP and has clearly shown that the triple lined water retention
ponds suggested here deliver better Environmental, Safety and Amenity outcomes compared to the
use of steel tanks. The triple-lined design of the steel tanks also exceeds the regulatory requirements
of the WQPN39 (DoW, 2009).
As stated in Section 3.5.2, the Company will maximise reuse during the program and has set itself
the goal of re-using 30% of the total volume of flowback water during the program.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.5 (page 51-53) in the Consolidated Table of Findings (Appendix A).

6 Buru Energy seeks to reduce their footprint on Yawuru land. This
footprint reduction is considered in chapter 3 of the TGS14 EP Rev_0.

Refer to Section
5.4.

Buru Response (20-05-14)
Buru Energy points out that the CSG industry which Dr Hunter is most familiar with requires a much
greater number of wells than development of shale gas development.
Buru Energy agrees that we seek to minimise our footprint on Yawuru land.
Furthermore, Buru Energy is working with the Yawuru to collect spatial information on the cultural
and environmental values of the wider Yulleroo region. A spatial survey of the Yulleroo region will
occur the week commencing 9 June. This cultural and environmental mapping process will support
open and transparent decision making by Buru Energy and the Yawuru regarding potential project
footprints during the ongoing gas roadmap process.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.6 (page 53) in the Consolidated Table of Findings (Appendix A).

7 Buru Energy should prepare a comprehensive Chemical Spill
Contingency Plan, and make it clearly available similar the Oil Spill
Contingency Plan found in Appendix B4.

Refer to Section
5.5.

Buru Response (20-05-14)
Chemical spills have been considered as part of the site specific spill response plan which is included
as an attachment. This site specific spill response plan was included with the operational approvals
for the TGS14 program. Like hydrocarbon spills, the clean-up of chemical spills is predicated on the
three pillars of oil spill containment: control, contain and clean up.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.7 (page 53) in the Consolidated Table of Findings (Appendix A) for further
discussion of this issue.

8 Buru Energy’s Oil Spill Contingency Plan is comprehensive, well
structured and meets the requirements of the Regulations. However, if
there were a large spill of hydrocarbon, especially oil, it is unlikely that
the spill response kits would make a major contribution to cleaning spills.

Refer to Section
5.6.

Buru Response (20-05-14)
Buru Energy agrees. The site specific spill response plan is based on maximum feasible spill
scenarios.
However, in the event that there is a large spill of hydrocarbons or chemicals, this would trigger a Tier
2/3 response which would include the calling of Emergency Services and external assistance (as
required). This is included in the Company’s OSCP.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.8 (page 54) in the Consolidated Table of Findings (Appendix A) for further
discussion of this issue.
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Table 2: Regulatory and Best Practice Findings

No. Finding

9 Using APPEA or IEA standards do not represent best practice (for well
integrity). To ensure the integrity of wells that have been drilled and
maintained by Buru Energy, API standards should be used at a
minimum. The integrity of wells drilled should be assured by a third party
expert in well integrity. This would provide assurance to Yawuru that the
wells are of sufficient integrity to mitigate and reduce the risk of damage
to country. APPEA and IEA Standards are not recognised as best
practice. The hydraulic fracturing standards that have been developed
by the UKOOG represent best practice. Furthermore the independent,
objective shale gas standards and the risk management framework of
DNV (Standards and Recommended Practices) represent best practice
at present, and should be utilised by Buru Energy. Buru Energy should
adhere to the use of API standards and practices for well construction as
a minimum.  Buru Energy should also implement the DNV Shale gas
standards and practices, and the UKOOG hydraulic fracturing
guidelines.

Refer to Section
6.1.

Buru Response (20-05-14)
As stated in the previous response to ENVIRON comments (Page 2 of response provided to Yawuru
on 31 March), the API standards represent a set of engineering standards. The APPEAA Code as
well as the Onshore Petroleum Schedule use API as a basis for their respective standards but
translate the API standards into more prescriptive detail. Therefore, by designing and executing
Activities in accordance with the Onshore Schedule and APPEA Code of Practice, the Company is
meeting the API standards.  The standards used by the Buru Engineering team are further outlined in
Appendix I: Well Integrity of Yulleroo 3 and Yulleroo 4 and include:

· API Standards 65, API Guidance Document HF1 and API Technical Report 10TR1,
· Texas Rail Road Commission Rule 13 – Casing, Cementing, Drilling, Well Control and

Completion Requirements,
· Oil and Gas UK – Well Integrity Guidelines, Issue 1 July 2012,
· UK Onshore Shale Gas Well Guidelines – Exploration and Appraisal Phase, Issue 1,

February 2012,
· Pennsylvania Department of Environmental Protection – Chapter 78. Oil and Gas Wells.

The Company disagrees with Dr Hunter’s statements that “risks associated with well control and well
integrity are not identified as part of the EP”. Please refer to Sections 2.3, 2.4, 3.1, 4.2 of Table 27:
Environmental Risk Assessment in the TGS14 EP. Please also refer to Appendix I to the TGS14 EP
for information regarding well integrity.
The integrity of wells along with the design of HF Operations has been assured by a third party
expert in well integrity, Dr Chris Green from G Frac. Please refer to Appendix I/J sign off (attached).
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.9 (page 56) in the Consolidated Table of Findings (Appendix A) for further
discussion of this issue.

10 The TGS14 EP does not stipulate whether there will be a requirement
for well plugging and abandoning. If plugging and abandoning does
occur, Buru Energy seeks to undertake these operations without utilising
best practice guidelines from the UK. Buru Energy should ensure that
they utilise Best Practice Guidelines when undertaking plugging and
abandoning operations. Present best practice guidelines are the
UKOOG guidelines and DNV Shale gas standards and recommended
practices

Refer to Section
6.2.

Buru Response (20-05-14)
In response to previous comments from ENVIRON provided on 31 March 2014, further information
regarding plugging and abandonment of wells has been included in Section 3.6.2 of the updated EP.
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Table 2: Regulatory and Best Practice Findings

No. Finding
It should be noted that following the TGS14 works program, Buru Energy does not intend to abandon
the Yulleroo 3 or Yulleroo 4 wells.
Buru Energy is currently developing a Well Operations Management System (WOMS) that will
include a framework for the life cycle management of Petroleum wells. This WOMS will outline the
process for P+A of wells which will be undertaken in accordance with the UKOOG and the DNV
Shale gas standards. Therefore, it can be confirmed that both of the Yulleroo wells will be Plugged
and abandoned in accordance with best practice international standards.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.10 (page 57) in the Consolidated Table of Findings (Appendix A).

11 The geological assessment reveals little seismic activity and an unlikely
risk of seismicity post hydraulic fracturing. To ensure that seismic events
so not occur during or after hydraulic fracturing, Buru Energy should
ensure that 3D seismic modelling is undertaken to ensure that the
greatest possible amount of information is available prior to hydraulic
fracturing operations.

Refer to Section
6.3.

Buru Response (20-05-14)
3D seismic surveys were completed in Yulleroo in 2011. This is stated in the TGS14 EP.
Yawuru Expert Group Response (07-07-14)
Noted.

12 A baseline monitoring programme of the deep aquifers should be
implemented at Y3 and Y4. Furthermore, ongoing monitoring of the deep
water aquifers should be undertaken before, during and after hydraulic
fracturing operations. The monitoring should be long-term, given the
possible slow rate of infiltration from a poorly constructed well into the
deep water aquifer.

Refer to Section
6.4.

Buru Response (20-05-14)
Buru disagrees with this statement. Significant justification for the undertaking a baseline monitoring
program has not been provided by Dr Hunter. In Section 6.4 of her report, Dr Hunter states:

it is recognised that subsurface contamination of water resources arises not from
interconnection of the fracture zone and the aquifer, but from loss of well control, often
associated with a poor cement bond (King and King, 2013),

Buru points to research by the same author, cited by Dr Hunter in Section 6.1 of her report (page 35):
Investigations into groundwater pollution from conventional wells in Ohio over twenty-six
years (examining 65,000 producing wells) and Texas over sixteen years (250,000 wells)
demonstrate that many well integrity incidents (drilling and well completion) leading to
groundwater pollution were attributable to cementing isolation problems (King, 2012, p 12).
The incident rate was 1 in 5,000, with the incidents confined to conventional well activities,
rather than hydraulically fractured wells well (King, 2012, p 12).

This demonstrates a well failure rate of less than 0.02%.
Buru also draws attention to the work of Kell (2011) as cited in Section 3.1 of Table 27 in the TGS14
EP:

A recent regulatory review of state oil and gas agency groundwater investigations in Texas
found not a single groundwater contamination incident resulting from site preparation, drilling,
well construction, completion, hydraulic fracturing stimulation, or production operations at
over 16,000 horizontal shale gas wells that were drilled during the study period (Kell 2011).

A basic tenant of designing monitoring programs in EIA is that monitoring must be meaningful and
proportional to the risk.
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Table 2: Regulatory and Best Practice Findings

No. Finding
This means that higher risk events identified during the Environmental Risk Assessment process are
monitored more intensively than low risk events. As reported in the international literature and cited
above, failure of well integrity leading to impacts on groundwater are between 0 and 0.02% -
representing a very low risk to groundwater resources. Therefore, the protection of deep groundwater
systems during the TGS14 program will focus on ensuring well integrity and cementing is adequate
prior to undertaking the proposed TGS14 program. It will also focus on the operational monitoring of
pressure including:

· Pressure kickouts and pop-off valves to prevent exceedances in design pressures.
· Double isolation barriers on fracture stimulation equipment.
· Immediate shutdown monitoring system installed (high and low pressure systems).

These measures are outlined in Section 2.3 of Table 27 in the TGS14 EP.
Notwithstanding these measures, the Company has collected groundwater samples from Crab Creek
Bore 1/ Flowing Bore on Roebuck Bay station which intersects the Wallal Sandstone. This will assist
with characterising the Wallal Sandstone downstream of the Yulleroo region. Results from this
monitoring will be provided to the Yawuru.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.12 (page 58-60) in the Consolidated Table of Findings (Appendix A) for further
discussion of this issue.

13 Given the concerns of the Yawuru, Department of Health (DoH) and
WaterCorp related to ground water and well integrity, Buru Energy
needs to develop a clear Well Integrity Response Plan in the unlikely
event that they lose control of a well.

Refer to Section
6.5.

Buru Response (20-05-14)
WaterCorp make the following statement in regards to well integrity in their Parliamentary Inquiry
submission:

...it is essential PDWSA's are protected to prevent contamination from:
· Well integrity issues

The only reference to well integrity in the DoH submission is
Hydraulic fracturing bore design should reflect best practice to prevent contamination of
groundwater.

Nonetheless, Buru Energy agrees that demonstrating and protecting well integrity is important to
protecting the environment during HF operations as reflected in our comments above.
Dr Hunter appears to be misinformed regarding the nature of well control events during HF
operations.
Conventional well control events (blow outs) associated with drilling such as the Mocondo Deepwater
Horizon blowout, Montara blowout in the Timor Sea or McKee blowout in NZ cited by Dr Hunter as a
possibility do not occur during the pumping of HF treatments.
Well control events during HF instead refer to the sub-surface failure of well integrity and are
extremely rare (refer to international literature cited in the response to finding 12 above).
As outlined in Buru’s response to finding 12 above, a number of operational controls will be installed
to ensure that well control events do not occur. These are outlined in Section 2.3 of Table 27 in the
TGS14 EP.
These automated pressure systems will ensure that design pressures of the well are not exceeded
during the pumping of HF treatments. As stated in Section 3.1 of Table 27, the incidence of these
pressure relief valves being activated during pumping is less than 0.0022%.
The well can also be immediately shut down at the master valves on the well head.
Further, the hydraulic work over rig (snubbing unit) will be available on site, allowing the cause of the
anomalous pressure readings to be observed and remediation actions taken on the well, as required.
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Table 2: Regulatory and Best Practice Findings

No. Finding
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.13 (page 60) in the Consolidated Table of Findings (Appendix A) for further
discussion of this issue.

14 Buru Energy intends to undertake active management to mitigate air
emissions, focussing on the maintenance of the company’s vehicle fleet
and the frequent monitoring of the integrity of the flow lines and storage
tanks to ensure that point sources of fugitive emissions are identified
and minimised. In line with best practice arising from the UK, this data
from Buru Energy should be reported to the regulator, DMP, so that it
may form the basis of a new fugitive emissions and human health
database.

Refer to Section
7.2.

Buru Response (20-05-14)
Buru agrees. Buru routinely reports all emissions and discharges to the DMP in accordance with the
Company’s Emissions and Discharges Monitoring Procedure (HSE-PRO-010) and the requirements
of the NGER and NPI legislation.
Yawuru Expert Group Response (07-07-14)
Refer to Finding 7.14 (page 62) in the Consolidated Table of Findings (Appendix A) for further
discussion of this issue.

2.4 Consolidated Table of Findings
Table 3 (in Appendix A) provides the Consolidated Table of Findings, which outlines the
independent peer review findings related to different versions of Buru Energy’s TGS14 EP.

The findings in the table approximately follow the same chronological order as the sections
in the most recent EP (namely TGS14 EP Rev_4), which included several appendices that
contained the supporting environmental, technical and engineering assessments for the
project.

Buru Energy has provided responses to our findings at various points in the peer review
process. These responses, along with the date they were received, are included in the table.

It is common practice in a peer review process to attempt to close out issues where available
information permits or a satisfactory response has been provided by the authors of the
report. In this way, the peer review process is able to distil out the impacts or risks of
greatest significance, and concentrate effort on resolving these by ensuring that additional
mitigation measures and/or management actions are put in place to reduce the risks on the
project.

The Consolidated Table of Findings (and, more generally, this peer review process) has
adopted the above approach. Based on the detailed peer review of TGS14 EP Rev_0, 1, 2,
3 and 4 (and Buru Energy’s responses to our comments), our findings have been
categorised as follows:

Comment resolved; satisfactory response from Buru Energy.

Comment pending closure subject to review.

Comment still open and requires further discussion.
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3. Conclusions and Recommendations
3.1 Environment Plan
The DMP published guidelines for the preparation of EPs in August 2012. Buru Energy’s
TGS14 EPs were reviewed against the requirements outlined in the EP Guideline.

The overall conclusion is that the TGS14 EP is comprehensive and meets both the structural
and content requirements outlined in the EP Guidelines.

3.2 Chemical Risk Assessment and Ecotoxicology
The chemical risk and ecotoxicology assessment of down-hole activities, undertaken by
Buru Energy, is appropriate and a scientifically valid characterisation of the potential
chemical hazards associated with the hydraulic fracturing of Y3 and Y4.

The risk assessment approach is generally consistent with current DMP Guidelines and is a
commonly used scientific approach for hazard evaluation.

The overall findings that the impacts and risks associated with down-hole chemicals are
limited (and that Buru Energy’s controls are sufficiently protective) are reasonable and
appropriate.

Human exposures to the chemical additives, particularly for community members away from
the occupational setting where the hydraulic fracturing is being conducted, are limited and
would not be expected to produce adverse health impacts.

We have noted in Section 2.2.1 that there are specific elements that would strengthen the
overall chemical risk assessment in TGS14 EP Rev_0, for example, a more detailed
description and analysis of the risks associated with the storage and handling of undiluted
chemicals (e.g. biocide and acids) at the surface and flowback water.

We are in agreement with Buru Energy’s response to our comment that the “Ecosus
Report2…should differentiate, describe and evaluate the potential risk sources of diluted and
undiluted chemical products” and the “Ecosus Report…does not address in detail the
potential chemical hazards associated with the handling, storage and disposal of flowback
water” (see page 21 of Table 3). The purpose of the Ecosus Report is to focus on the
chemical risks for down-hole activities, as this is what is required by the DMP Guidelines.

However, this does not change the fact that other chemical risks of concern must be
assessed with an equal degree of rigour to that of the Ecosus Report, such that a
comprehensive account of all the potential, chemical risks can be obtained.

This peer review has found that the chemical risks associated with down-hole activities have
been comprehensively dealt with. However, the same is not true for undiluted chemicals and
flowback water.

More detailed analysis is required of the specific risks associated with the storage, handling,
spill containment and emergency response aspects for undiluted chemicals and flowback
water on site. Within this analysis, it would be important to understand what, if any,
requirements would be imposed on Buru Energy by the Dangerous Goods Safety
Regulations (2007) and how these have been met.

																																																													
2	 TGS14 Environmental Risk Assessment of Down-Hole Chemicals (Ecosus, October 2013). 	



Y3 & Y4 Hydraulic Fracturing Project,
Canning Basin, Western Australia
July 2014

Yawuru Expert Group
Consolidated Peer Review Report	

	

30 | P a g e

Buru Response (20-05-14)

As stated in the TGS14 Environment Plan and Safety Management Plan for Buru
Operations, all Chemicals will be labelled, documented, stored, handled, used and disposed
of in accordance with the Dangerous Goods Safety Regulations (2007).

On-ground, all chemicals handling and use will be undertaken in accordance with the
Halliburton Middle East/Asia Pacific Procurement and Materials group Dangerous Goods
and Hazardous Substances manual. The Dangerous Goods Safety Regulations (2007) are
administered by the DMP. The Safety Management Plan for Buru Operations is attached
and has been submitted to the DMP for approval in accordance with the Dangerous Goods
Safety Regulations (2007).

In addition, a Hazard Analysis Critical Control Point (HACCP) has been completed for the
transport, storage, handling and disposal of dangerous goods and hazardous substances on
site. This HACCP has been completed for both hydrochloric acid and chemicals used in the
down-hole fluid system. Chemicals used in the down-hole fluid system are considered
together due to similarities in how these are transported, stored, handled, used and disposed
of on site. The outcomes of the HACCP are provided below.

Yawuru Expert Group Response (07-07-14)

Noted.
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HACCP analysis for 15% HCL that will be used during well stimulation.

15% HCL HACCP Analysis

Critical Control Point Hazard Analysis Hazard  Control Hazard Monitoring Corrective Action

HCl truck tanker
mobilisation to site

�Traffic or road accident en route
to site
� Truck rollover/ chemical spill en
route to site 

�Ensure transport truck is
mechanically sound and had
adequate service history
� Ensure driver is adequately
trained and holds up to date
current Australian HR license

� Designate regular radio check
points along access road

� Inform appropriate emergency
authorities in the event of a traffic
accident or spill
� Review HSE procedures

HCl truck tanker storage on
site

� Blanking cap, control/drainage
valves tampered with
� Traffic collision with loading
equipment

� Blanket 10km/hr speed limit
on site.
� Driver ensures caps and valves
are securely fastened upon
arrival and after parking vehicle.
� Ensure isolation padlock is
fixed to delivery coupling.

� Regular visual inspections of
valves caps whilst stored on site
�HSE personal monitoring traffic
pathways

� Ensure spill kits are on hand to treat
unwanted spills
� Review on site traffic management
plan

Before Loading

� Inlet line contains portions of
HCl which may spill when blanking
cap is removed
� Delivery hose to Blender
manifold/tanker coupling may not
be sealed
� Minor leaks or spills may come
into contact with operator during
loading preparation

�Ensure transfer hose is
pressure tested before use
� Ensure all operators are fitted
with long sleeve PPE, rubber
gloves, gumboots and safety
goggles
� Have HCl containment vessels
are on hand should inlet valve
require drainage
� Ensure hose connections and
connections points are enclosed
in bunded area 

� Visually inspect all connection
equipment (couplings, hoses, valves
manifolds) for any defects before
use
� Ensure all pre loading preparation
works are supervised by Buru PIC

� Ensure Spill kits are on hand to treat
unwanted spills
� Douse operators in nearest

shower/wash down facility should
they come into contact with acid
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15% HCL HACCP Analysis

Critical Control Point Hazard Analysis Hazard  Control Hazard Monitoring Corrective Action

During Loading

� Transfer hose may burst/
dislodge
� Wrong valves be opened and
closed, allowing possible spill
through drainage valve

�Ensure transfer hose is
pressure tested before use
� Ensure all operators are fitted
with long sleeve PPE, rubber
gloves, gumboots and safety
goggles
� Have HCl containment buckets
on hand should inlet valve
require drainage
� Ensure hose connections and
connections points are enclosed
in bunded area 

� At all times ensure loading
process is being observed by
operator on standby to suspend
loading should it be required.

� Suspend all loading operation to
blender until a time in which it is
deem safe 
� Ensure spill kits are on hand to
treat unwanted spills
� Review on site traffic
management plan.

After Loading

� Air pressure is shut down and
control valve closed
� Potential pressure build up in
hose
� Potential spill hazard if valves
are not switched off properly

� Ensure lines and hose are
check to see if they are free of
pressure
� Make sure blanking cap is
securely fitted to truck coupling
� Ensure isolation padlock is
refitted on delivery coupling

� Visually inspect all connection
equipment (couplings, hoses, valves
manifolds) for traces of acid and
wash down into appropriate closed
loop area should it be required
� Ensure all valves are in the right
configuration and the blanking cap
is securely fasten prior to
mobilisation.

� Ensure Spill kits are on hand to
treat unwanted spills
� Douse operators in nearest

shower/wash down facility should
they come into contact with acid
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HACCP analysis for down-hole chemicals that will be used during well stimulation.

Down-hole Chemical HACCP Analysis

Critical Control Point Hazard Analysis Hazard  Control Hazard Monitoring Corrective Action

Chemical truck mobilisation
to site

�Traffic or road accident en route
to site
� Truck rollover/ chemical spill en
route to site 

�Ensure transport truck is
mechanically sound and had
adequate service history
� Ensure driver is adequately
trained and holds up to date
current Australian HR license

 Transport of chemicals in
accordance with Halliburton
Transport Standards (1, 7 & 8).

� Designate regular radio check
points along access road

� Inform appropriate emergency
authorities in the event of a traffic
accident or spill
� Review Halliburton Transport Standards
(1, 7 & 8) prior to transport.

Storage of chemicals on site

� Chemical drums tampered with.
� Collision of loading equipment
with chemicals.

� Chemicals stored in taut liners
or bunded areas on site.
� Chemicals stored in designated
containers in accordance with
the Dangerous Goods
regulations.

� Site will be manned so visual
monitoring at all times.
�Regular checks of storage areas for
spills of chemicals in accordance
with TGS14 EP and Operations
Management Procedure (HE-PR-
025)

� TGS14 Program Spill Response Plan for
Hydrocarbon and Chemical Spills is in
place,
� Site specific spill plan includes location
of spill kits.

On site handling of chemicals

� Chemicals are stored in IBC's
and containers. These will be kept
in chemical storage area on site or
designated taut liner trailer.
� Minor leaks or spills of
chemicals due to poor sealing of
containers.
� Spills due to poor handling
practices (e.g. damage to
chemical containers during
transfer).

�Blanket 10 km/hr speed limit
on site.
� Spotters present when using
forklifts on site.
� All Operators on site to wear
appropriate PPE when on site,
including long sleeves, rubber
gloves, gumboots and safety
glasses when handling
chemicals.
� Well site is level and large
wheeled forklift for operating on
gravel pads is used. 

� Visually check all storage
containers for defects and leaks in
accordance with TGS14 EP and
Operations Management Procedure
(OP-PR-025).
� At all times, ensure chemical
handling is being observed by
operator on standby to suspend
loading should it be required.

� TGS14 Program Spill Response Plan for
Hydrocarbon and Chemical Spills is in
place. 
� Site specific spill plan includes the
location of spill kits on site.
� Review on site traffic management plan
including exclusion areas for vehicle
movements and vehicle speeds.
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Down-hole Chemical HACCP Analysis

Critical Control Point Hazard Analysis Hazard  Control Hazard Monitoring Corrective Action

Following emptying of
chemical drums

� Spills of residual chemicals from
near-empty drums.
� Inappropriate storage or
handling of empty drums, leading
to spill of residual chemicals.
� Potential spill hazard if drums
are not closed properly.

� Once drums are emptied,
drums to be sealed and stored in
taut liner trailer or bunded
chemical storage areas.
� No cleaning of chemical drums
undertaken on site
� All empty chemical drums to
be transported off site by
Contractor and disposed of at
licenced waste disposal facility.

� Visual monitoring of handling of
chemical containers during transfer.
� Visually check all empty chemical
containers in accordance with
TGS14 EP and Operations
Management Procedure (OP-PR-
025).

� TGS14 Program Spill Response Plan for
Hydrocarbon and Chemical Spills is in
place. 
� Site specific spill plan includes the
location of spill kits on site.
� Review on site traffic management plan
including exclusion areas for vehicle
movements and vehicle speeds.
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3.3 Water and Wastewater Management
The approach to water and wastewater management, proposed by Buru Energy, conforms
to internationally accepted standards. There are opportunities to advance the current water
and wastewater management plan to a state-of-the-art, 100% recycling programme, which
will become the norm in international hydraulic fracturing projects in the near future.

A common conclusion amongst the expert group is that Buru Energy should consider the
use of sealed or covered water and wastewater storage facilities (e.g. storage bladders or
covered storage facilities). Open reservoirs are not considered best practice and potentially
emit a range of undesirable constituents (e.g. BTEX, NORM, heavy metals) and pose
significant risks to surface and groundwater features in the event of failure.

Buru Energy Comment (20-05-14)

Please refer to above responses and risk-benefit analysis included in Section 3.4.4 of the
updated TGS14 EP.

Yawuru Expert Group Response (07-07-14)

Noted.

An economical, reusable and covered storage facility is considered the most cost-effective
solution to this issue as this will seal the flowback from the surrounding environment. Reuse
of many of the chemical additives should be economically recovered when utilising the 100%
recycle concept.

It is accepted that the TGS14 programme is already too advanced for the implementation of
covered or sealed water/wastewater reservoirs as outlined above. However, it is
recommended that Buru Energy considers implementation of this type of technology in future
stages of the project, as the 100% recycling and reuse plans develop.

3.4 Hydrogeology and Groundwater Characterisation
Buru Energy’s baseline groundwater monitoring programme for the upper aquifer system is
considered comprehensive and consistent with internationally accepted standards. Ongoing
monitoring of the far-field well network should continue beyond demobilisation.

Monitoring of potential impacts from surface activities on the shallow groundwater system is
considered adequate. Further development of triggers and trigger responses will improve
this monitoring program. Monitoring of the near-field monitoring network should continue
beyond demobilisation.

Identification of risks to the groundwater system from the proposed activities, including
shallow and deep aquifer systems, is considered adequate.

Control measures proposed to be implemented are also considered to be adequate.

It is recommended that a baseline monitoring programme of the deep aquifers is
implemented at Y3 and Y4. Furthermore, ongoing monitoring of the deep water aquifers
should be undertaken before, during and after hydraulic fracturing operations.

The monitoring should be long-term, given the possible slow rate of infiltration from a poorly
constructed well into the deep water aquifer.
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Buru Response (20-05-14)

Please refer to above response to Dr Tina Hunters finding 12. Monitoring must be
meaningful and proportionate to the level of environmental risk.

Yawuru Expert Group Response (07-07-14)

Refer to Finding 7.12 in the Consolidated Table of Findings (Appendix A) for further
discussion of these issues.

3.5 Geology, Geomechanics and Microseismicity
The Y3 and Y4 wells may produce gas from the Laurel Formation, which occurs at a depth
of more than 2,100 m in the Yulleroo area. The major aquifers in this area are shallower than
500 m, some 1,600 m above the Laurel.

The tight Anderson Unit overlies the Laurel Formation, sealing any migration of gas upwards
towards the aquifers. The Anderson Unit appears greater than 75 m thick. Thus, there
appears to be a competent seal above the gas-bearing formation.

Buru Comment (20-05-14)

As shown in Figure 2 of Appendix D-1 to the TGS14 EP, the Anderson Formation is a
minimum of 1,600 metres thick in the Yulleroo region.

Yawuru Expert Group Response (07-07-14)

Noted.

International case histories, particularly in the U.S., have shown that the furthest a fracture
has migrated has been 588 m (above the Barnett Shale), and consequently it has become
law (particularly in U.K.) that no unit to be fractured is allowed to be closer than 600 m from
known aquifers. It is therefore considered that the closest aquifer to the Laurel Formation
(the Betty unit of the Grant Formation at 900 m to 1 km depth) is some 2 km above the
Laurel, and that there is little chance of contamination of that aquifer by fracture fluids.

With regard to microseismicity, it is recommended that whenever future fracturing stimulation
operations are to be performed, it would be imperative to drill at least one or more
microseismicity monitoring wells around the site, to perform the same function as those
which were performed at Paralana 2. That is to monitor the location of fractures as they
propagate, and to also monitor if there are any other microseismic activities in the region
surrounding the well site, which may indicate reactivation of surrounding faults and fracture
systems.

This recommendation is not dissimilar to the recommendations of the Styles report, in that it
should become common practice that one or more microseismic wells be drilled and
instrumented, to allow future pre-, during and post- fracture operation monitoring, which will
provide a far higher level of confidence that there are no new geological risks as a result of
the fracturing operations.

3.6 Oil Spill Response Planning
Buru Energy’s OSCP is fit-for-purpose and meets the requirements of the Environmental
Regulations. It is recommended that the scope of the OSCP is expanded to include specific
spill response planning for other hazardous and/or dangerous materials. This
recommendation is based on the fact that the current OSCP is general in nature and is
better suited to dealing with hydrocarbon-related spillages.
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The nature of some of the chemicals to be used (particularly biocide and acids) would
suggest more tailored plans are required for these sorts of substances. Our view is that this
issue remains open for the purposes of the peer review (see Table 3) as further discussion
with Buru Energy is required.

3.7 Well Integrity and Completion
As noted in Section 3.5, there is little chance of contamination of surface aquifers by fracture
stimulation fluid. Rather, the greatest potential for contamination is from the upward
movement of hydrocarbons and fracturing fluids via the outer casing well cement bonding.

The TGS14 EP Rev_0 uses Tables 1 and 4 to summarise the commitments outlined by Buru
Energy to manage the environmental risks associated with stimulation operations before,
during and after operations. If implemented in full, most of the concerns related to the
environmental impact of hydraulic fracture operations will be addressed.

At this time, we cannot be absolutely certain that fracture stimulation test fluids will not cause
cement to fracture. The Well Completion Report did not explicitly cover tree and wellhead
integrity, and it would be better if wellhead seal tests were performed to ensure the integrity
of all sealing elements, valves, seats and their sealing ability under maximum possible
wellhead pressures, if they have not been done.

The Schlumberger Report accepts the CBL report in Y3 on cement integrity but does
emphasise that if a pressure test for cement bonding at the highest pressures (9,000 psi) is
not performed, there may be subsequent cement bonding issues. The recommendation is
that appropriate cement sealing tests be performed prior to fracture operations in any wells.

This study found that for at least the lower 1 km of Y4, the Well Integrity Report confirms that
there is not only a poor cement bond of the well, but also channelling. Consequently if
hydraulic fracturing fluids under high pressure were to be applied within this range, there is a
strong probability that the fluids would leak up the exterior well skin, not only potentially
leaking higher than the formations to be hydraulically fractured, but also causing pressure
and fluid loss for the hydraulic fracturing operations.

It is recommended that before any further operations occur in this well, a thorough cement
bond test be performed including the running of a CBL log, and if required, a further well
cement bonding (injection) operation be performed, followed by a further survey, to ensure
the well’s integrity is sustained prior to any future formation fracturing operations.

Buru Response (20-05-14)

Please refer to separate response regarding well integrity.

Yawuru Expert Group Response (07-07-14)

Refer to Finding 6.2 in the Consolidated Table of Findings (Appendix A) for further
discussion of this issue.

3.8 Regulatory and Best Practice Framework
Dr Tina Hunter’s Regulatory and Best Practice Framework Report has considered the issues
and concerns raised by the Yawuru, DoH and WaterCorp in their submissions to the
Western Australia Standing Committee on Environment and Public Affairs, Inquiry Into the
Implications for Western Australia for Hydraulic Fracture of Unconventional Gas.
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The report has also considered Buru Energy’s TGS14 EPs for the hydraulic fracturing
operations in light of global regulation and legislation, best practice standards, and the
information provided by Buru Energy in the EP that is required by the lead regulator, the
DMP.

The report has found that Buru Energy has endeavoured to meet all of the requirements
required by the DMP in order to undertake the hydraulic fracturing operations.

It is the opinion of the author that Buru Energy has met the regulator requirements. However,
there is room for improvement in Buru Energy’s management of hydraulic fracturing
operations in light of global regulation and best practice.

Buru Energy should adhere to the use of API Standards and Practices for well construction
and integrity, as a minimum.  Buru Energy should also implement the DNV Shale Gas
Standards and Practices, and the UKOOG hydraulic fracturing guidelines.

It is further recommended that the integrity of wells drilled should be assured by a third party
expert in well integrity. This would provide assurance to Yawuru that the wells are of
sufficient integrity to mitigate and reduce the risk of damage to country.



	

Appendices



	

Appendix A

Consolidated Table of Findings
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Table 3: Consolidated Table of Findings

Key:

Comment resolved; satisfactory response from Buru Energy.

Comment pending closure subject to review.

Comment still open and requires further discussion.
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Page No. Comment/Query Status of Comment/Query

Section 2.3
(page 6-8)
and
Appendix K

Comment/Query
Buru Energy has included a list of codes and practices (local and international) that they believe are applicable to
TGS14, as follows:

· Five American Petroleum Institute (API) standards, which Buru Energy states are identified by the
Australian Petroleum Producing and Exploration Association (APPEA) Code as constituting good
practice.

· International Energy Agency (IEA) Golden Rules.
· United Kingdom Shale Gas Well Guidelines.

Buru Energy has committed to the implementation of international best practice measures on TGS14 and all
future stages of the project. However, Buru Energy does not clearly identify which industry body it will use as its
primary benchmark in attaining this goal.
Appendix K in the EP provides a detailed overview of how the project meets the APPEA Code but it does not do
a similar exercise for the API, IEA or UK Guidelines. Does this mean that Buru Energy considers APPEA as the
international benchmark or is the lack of a comparison of their performance against the other international
standards/guidelines an inadvertent omission? It would appear, from the literature, that API is considered the
international benchmark for hydraulic fracturing projects. If Buru Energy supports this indication, it should not
only be clearly stated but they should also expand Appendix K to include an equally detailed comparison of their
environmental performance against the other international standards/guidelines listed in Section 2.3 of their EP.
Buru Energy Response (20-05-14)
Appendix K has been updated to show how TGS14 EP meets the guideline elements of IEA and UK. Please
note the APPEA Code as well as the Onshore Petroleum regulations use API as the basis for their respective
Standards. Reference to API is actually to a set of engineering standards, much the same as bridge or tall
building construction is linked to an array of Engineering Standards and Codes. These standards are translated
into more prescriptive detail in the APPEA Code as well as the Onshore Petroleum Standards.
Yawuru Expert Response (11-06-14)
The revised Appendix K is an improvement on the previous version as it now provides greater clarification on
how Buru Energy will perform in relation to the IEA Golden Rules and the UK Onshore Gas Well Guidelines.
However, there is still one important element that is missing that would add significant value to Buru Energy’s
self-evaluation of their environmental performance against international codes and practices, namely a similar
comparison (to that which they have done for the IEA and UK Guidelines) against specific API standards,
namely:

· API HF1 – Hydraulic Fracturing Operations – Well Construction and Integrity Guidelines (October 2009);
· API HF2 – Water Management Associated with Hydraulic Fracturing (June 2010);

Comment resolved.
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Page No. Comment/Query Status of Comment/Query
· API HF3 – Practices for Mitigating Surface Impacts Associated with Hydraulic Fracturing (January

2011);
· API Standard 65, Part 2 – Isolating Potential Flow Zones During Well Construction (December 2010);
· API RP 516 – Environmental Protection for Onshore Oil and Gas Production Operations and Leases

(July 2009).
These standards are included in Section 2.3.1 of the TGS14 EP Rev_4 and Buru Energy is correct that these are
referenced by APPEA as being considered good practice. However, we would not only want to see these
referenced, we would like to see the detail on how Buru Energy believes it is performing against the specific
elements outlined in these standards.
An additional comment is that in Buru Energy’s self-evaluation against the UK Guidelines, they have simply
included a title or brief descriptor of the Guideline. We would like to see these expanded to include more of the
specific detail that is contained in the Guidelines.
The same applies when they do the evaluation against the detail of the API standards. Buru Energy has provided
this type of informative detail in their evaluation of the APPEA and IEA Guidelines and we would like to see
something similar for the UK Guidelines and API standards.
Buru Response (26-06-14)
Please refer to the revised Appendix K provided during the last round of Yawuru review for a self-evaluation
against UK Guidelines.
Buru Energy will provide a self-evaluation of the EP against API Standards to ENVIRON reviewers. This will
follow.

Section 2.4
(page 8)

Comment/Query
The EP Guidelines3 include a provision for the operator to list any international agreements/conventions that may
be applicable to their activities. Buru Energy has not provided any detail in this chapter on whether any
international agreements apply to this project.
Buru Energy Response (20-05-14)
No international agreements or conventions are applicable.

Comment resolved.

Section 3.2.2
(page 11)

Comment/Query
Buru Energy states that according to the Schedule4, “the Conductor and Surface Casing Strings are cemented to
surface; all other strings are cemented to a minimum of 150 m above the casing shoe…or to a height of at least
100 m above any zone not previously cased containing fluid hydrocarbons or mobile formation water”.

Comment resolved.

																																																													
3  The DMP Guidelines for the Preparation and Submission of an Environment Plan 2012	
4 The Schedule of Onshore Petroleum Exploration and Production Requirements 1991
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Which of these two requirements have been applied to the intermediate and production casings at Y3 and Y4? If
neither, please specify what has been applied.
Buru Energy Response (20-05-14)
Cement has been brought to surface on all casing strings at all the TGS14 test wells. The text in the updated EP
has been revised to ensure this is clear.

Section 3.2.2
(page 11)

Comment/Query
Please confirm that both Y3 and Y4 have four casing strings (conductor, surface, intermediate and production
casings).
Buru Energy Response (20-05-14)
This is confirmed. The text in Section 3.2.2 has been revised in the EP to make this absolutely clear.

Comment resolved.

Figure 3
(page 14)

Comment/Query
Please confirm the depth of the “deepest recognised aquifer” at the Y3 and Y4 wells.
Buru Energy Response (20-05-14)
The deepest recognised aquifer is the Wallal although it is not considered potable at the Yulleroo area due to
elevated salinity.  However the base elevation of the Wallal in this area is approximately -461m below ground
level. This has been clarified in the revised hydrogeological report (Appendix D-1).

Comment resolved.

Figure 3
(page 14)

Comment/Query
The depth of the 7-inch casing shoe in the Y4 stratigraphy diagram reads 2,840.75m. This appears to be
incorrect and should read 3,840.75m. Please clarify the issue as this makes a significant difference to both the
length of the hydraulic fracturing zone and the distance to the deepest recognised aquifer.
Buru Energy Response (20-05-14)
This figure has been corrected. The correct depth of the casing shoe is 3,840.75 m

Comment resolved.

Figure 3
(page 14)

Comment/Query
Based on these diagrams, the length of the “hydraulic stimulation zone” appears to be 1,451 m for Y3 and
1,521 m for Y4. Please confirm these figures are correct.
Buru Energy Response (20-05-14)
Information on the Total Interval Distance and Expected Coverage for each well is presented in Table 9 of the
revised TGS14 EP.

Comment resolved.
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Figure 3
(page 14)

Comment/Query
If the hydraulic treatments for Y3 and Y4 are undertaken, will these start at the base of the hydraulic stimulation
zone (i.e. bottom-up) or from the top of the zone (i.e. top-down)?
Buru Energy Response (20-05-14)
It has been clarified that hydraulic treatments will start from bottom and work upwards (bottom up). The text has
been amended to clarify this.

Comment resolved.

Figure 3
(page 14)

Comment/Query
Please confirm the actual distance from the top of the hydraulic stimulation zones to the deepest recognised
aquifers in Y3 and Y4.
Buru Energy Response (20-05-14)
Note: While the Wallal is a recognised aquifer in other areas, in the Yulleroo region it is saline and non-potable
and remains so as it flows westwards towards Roebuck Bay. However for conservative evaluation:

· Minimum distance between hydraulic fracturing and Wallal is at Y3.
· Top  hydraulic fracturing is 2,291 m depth
· Base Elevation of Wallal aquifer (non-potable aquifer in this region) = -461m
· Distance separation = 1,830 m

In comparison, the maximum distance a hydraulic fracture has been recorded to propagate is 588 m.

Comment resolved.

Section 3.2.5
(page 17)

Comment/Query
Buru Energy states that, “The provisional stimulation zones are proposed for each well and summarised in Table
3”. Firstly, it appears this should read Figure 3, not Table 3. Secondly, why are the zones noted as “provisional”?
Are these likely to change?
Buru Energy Response (20-05-14)
The text in the revised EP has been amended to include Table 3 as well as Figure 3. The reason they are
provisional is that the exact perforation mid-point in each zone will be decided operationally during close
inspection of the logging tool results. This discretionary interpretation on ground means the precise depth for
each perforation mid-point cannot be absolutely given but will be within +/- 10 m vertical depth of those shown in
Figure 3.

Comment resolved.

Section 3.2.5
(page 17)

Comment/Query
Table 3. Why does Y4 require so many more hydraulic fracturing treatments than Y3?

Comment resolved.
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Buru Energy Response (20-05-14)
The lower section of Y4 between 2,970-3,450 m depth will be evaluated using a high density hydraulic fracturing
treatment pattern. This method looks at evaluating the whole rock section within the 480 m high density hydraulic
fracturing section rather than identifying targeted layers or “sweet spots” based on the drilling logs. As discussed,
TGS14 is a test programme to determine if there is movable gas in the Laurel and in which lithology would it be
best to drill a lateral. The process of optimising the performance of wells in a given formation is a continuous
effort and will continue throughout the life of the project. On Y3, we selected target sand stringers within the
lithology for stimulation. These targets have slightly different properties and the goal is to see how each target
responds to stimulation.
On Y4, we selected a 500 metre section of the deeper slightly over pressured section to more densely fracture to
try and fully stimulate to see if the well would produce economically and what would be the decline rate of the
well. Using both approaches/techniques is considered best practice in maximising the chance for success in
initial exploratory stages of tight rock formations. A similar approach will be used in the Valhalla North/Asgard
area.

Section 3.4.4
(page 23)

Comment/Query
Buru Energy states that, “Each Turkey’s nest will be triple-lined…with Geotextile fabric (A34). This approach to
water management exceeds the APPEA and IEA Guidelines”. Please specify how these measures exceed these
Guidelines (and provide the reference, as necessary).
Buru Energy Response (20-05-14)
The text in this section has been amended to state:
Based on the expected water quality in flowback, this approach to storage of water and management exceeds
those outlined by the Department of Water (DoW) in Water Quality Protection Note 39 (WQPN) for wastewater
stabilisation ponds and the DMP fact sheet for water use and management. It is also consistent with the
conservative approach adopted by the Company that exceeds the levels required under the regulatory
assessment process.
Yawuru Expert Response (11-06-14)
If Buru Energy is using the DoW WQPN (in this case No. 39) as a guide for the design of the water retention
ponds (or Turkey’s nests) then we would question whether WQPN 39 is the most appropriate for this type of
project. Note 39 states that the scope applies to “constructed ponds…wastewater treated in stabilisation ponds
that derived from abattoirs, animal by-product works and feedlots, food processors, stockyards, sewage systems
and wineries”. Further to this, the note suggests the guidelines apply to ponds that largely settle organic matter
that may be constructed from low permeability natural soil liners. Synthetic liners are only required where
materials are imported to site.

Comment resolved.
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Given the above considerations, we would suggest that WQPN 26 “Liners for containing pollutants, using
synthetic membranes” is the more appropriate guidance to use for the more industrial setting of the TGS14
activities. Note 26 applies to “aquaculture ponds, containment facilities for municipal sewage or animal wastes,
storage for mineral processing fluids, contaminated dewatering effluent unsuitable for reuse or soakage disposal,
solid residue holding areas for mining or mineral processing waste or sediment”.
While it is recognised from the Buru Energy commentary in the EP, that the likely concentrations of certain
pollutants (e.g. heavy metals, BTEX) may be low, the flowback will contain materials that could cause local
contamination if released to the environment. This is the reason why Buru Energy is building the ponds with triple
liners. As such, application of WQPN 26 would seem the more appropriate guideline.
If WQPN 26 is to be applied, then we would like to see further detail on the extent to which it meets the
requirements of the note e.g. in respect of permeability, storage capacity and freeboard and points 11-17 under
“High density polyethylene geo-membranes” in WQPN 26.
Buru Response (26-06-14)
Please refer to the following table regarding how chosen liners meet the properties of High Density Polyethylene
(HDPE) liners as defined in WQPN 26.

11. HDPE liners should have the following properties:

WQPN 26 Buru Specification (GHD 2014)

8 All synthetic fluid containment liners should have a
coefficient of permeability of less than 2 x 10-10 m/s
(which equates to about 6 mm/year seepage) when
tested using the American Society for Testing and
Materials (ASTM) method D4716 (reference 1). For
non-specified materials test methods, refer to US EPA
recommendations on materials testing (reference 7a).

Each liner is 1.5 mm thick HDPE with a
permeability <<1 x 10-10 m/s.

a. minimum thickness of 0.75 mm (tolerance of up to
5%) for low hazard waste containment with
mechanical jointing.

HDPE liner material shall be nominally
1.5 mm thick, smooth on both sides, HDPE
geomembrane liner. Minimum thickness of
1.4 mm.

b. HDPE liners of 1.5 mm thickness are recommended
for long-term containment facilities with heat welded
joints.

As above.
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c. specific gravity of 0.94 or more (ASTM method
D1505).

Minimum density of 0.94.

d. melt index of 0.05 g to 0.30 g in 10 minutes (ASTM
method D1238, condition E 190/ 2.16).

 7.9 g/10 min.

e. carbon black content of 2–3% (ASTM method
D1603).

Carbon black content of 2-3%.

f. minimum tensile strength at yield of 16,000 kN/m2. Minimum strength at yield of 14,667 kN/m2.

g. minimum tensile strength at break of 550 kN/m2

(ASTM method D638, type IV 2).
Minimum strength at break of 26,667 kN/m2.

h. minimum elongation at yield of 10%, and at break
300% (ASTM method D638).

Minimum elongation at yield of 12%.

12 The liner should be fabricated to form the shape of
excavation.

Individual panels of HDPE liner shall be
supplied in dimensions to suit the approved
layout.

All seams and joins made on site should be
continuous.

The Contractor shall weld the seams of the
HDPE liner as per the approved panel layout
drawing.

Panels of the liner should be overlapped by a
minimum of 100 mm, prior to heat welding or
mechanical jointing.

The materials shall be continuous sheets
down embankments or across the floor and
shall be overlapped over adjacent
membrane sheets by a minimum of 50 mm
or to an additional width as demanded by
the type of welding equipment to be
employed.

13 Any membrane welding materials should be
supplied by the liner manufacturer, and should be
identical with the liner membrane.

All geomembrane materials, including
welding rod, shall be manufactured from the
same resin from the same source and by the
same manufacturer.

14 All seams and joins should be constructed and
tested as watertight over their full length using a
vacuum test unit, air pressure testing or other

All duel welds will be pressure tested, all
other welds will be vacuum or probe tested.
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approved method used in the HDPE membrane
industry.

15 Where fluid recovery from consolidating slurries
and/or monitoring of integrity against seepage for
multi-liner containment systems is needed, liners
should grade to sumps connected to accessible
monitoring or recovery wells to permit seepage
collection by gravity. The liner should grade at not less
than 1 in 100 to the sump. Herringbone pipe-work
underdrainage systems may be used to assist fluid
recovery.

Slope of 1 in 50 to edge.  Flowback fluid is
not slurry.  Deposition in the retention pond
will be from proppant sand and blow in sand.

16 HDPE liners should not be used on soils subject to
differential movement (settling) as they have a low
resistance to shearing and stress cracking. Low
density polyethylene liners have recently been
introduced to lessen these problems, but may be less
resistant to abrasion, ultraviolet light and chemical
attack than HDPE.

The Contractor shall make due allowance for
predictable differential settlements of the
foundation material, and/or variations in
temperature where possible.

17 HDPE liner shear resistance should be tested in
accordance with ASTM D5321-02.

This standard has been superseded by
ASTM D5321 / D5321M.
Destructive seam testing shall proceed
continuously as the HDPE liner installation is
carried out. The first (sample) shall be used
to provide 6 No 25 mm wide nominal weld
strips for field testing in peel and shear.
For the shear test, the mode of failure is
noted but is not critical. Pass criteria is that
the ultimate tensile strength of the weld shall
exceed 80% of the ultimate tensile strength
of the base material. The purpose of this test
is to ensure that welds which meet the FTB
criteria in peel mode do not suffer from
weakening of the parent material in the
region adjacent to the weld.
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Figure 7
(page 26)

Comment/Query
Please confirm the total storage capacity of the Turkey’s nests at each well site.
Please provide this capacity calculation, including and excluding the 1.5 m freeboard that will be maintained at all
times during operations.
Buru Energy Response (20-05-14)
An independent assessment of the capacity of water retention ponds has been undertaken by MWH Australia.
This includes available freeboard upon flowback.
This report will be provided with the updated TGS14 EP.

Comment resolved.

Section 3.4.4
(page 23)

Comment/Query
A general observation related to water and wastewater management is that the EP does not address, in any
detail, the potential risk of overtopping or structural failure of the Turkey’s nests during operations.
The EP does also not provide sufficient information on how the stored volumes in the Turkey’s nests will be
managed to avoid overtopping scenarios. Given that the wastewater in the Turkey’s nests represents a potential
source of contamination to the surface soils and shallow aquifers, further description of these aspects is
required.
Buru Energy Response (20-05-14)
The text in this section has been updated to address these concerns.
Yawuru Expert Response (11-06-14)
In general, Section 3.4.4 and the MWH assessment deal adequately with the capacity, freeboard and
overtopping issue.
It appears from the Buru Energy/MWH assessment that there is more than adequate capacity in the ponds to
deal with the projected flowback volumes and worst-case rainfall events.
However, what is not clear is whether the MWH freeboard calculations (in their Table 3-3 “Reservoir Capacity
and Freeboard”) are based on the ponds being empty when the flowback enters the ponds or whether it takes
into account that there will already be fresh water in the ponds (from the on-site boreholes prior to the hydraulic
fracturing).
If these freeboard calculations do not include the scenario where there will already be fresh water in the ponds
prior to the entry of flowback, then we would like to see what effect this has on the freeboard calculations for the
ponds at the Y3 and Y4 well sites.

Comment resolved.
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Buru Response (26-06-14)
Excess bore water remaining in the retention ponds following well stimulation will be used for a scheduled
maintenance grading operation on the access track following the departure of the hydraulic fracturing fleet and
prior to flowback commencing.

Section 3.5.5
(page 38)

Comment/Query
The last paragraph states that the “Total chemicals (not including salt) used in each hydraulic fracturing
treatment is approximately 3,908 L”. Please provide a detailed account of how you obtained this figure as it does
not tally with the volumes of chemicals (per single hydraulic fracture treatment) outlined in Table 10.
Buru Energy Response (20-05-14)
Table 10 of the revised EP has been amended to include details of upper-bound volume estimates for all
chemicals at each well.
Yawuru Expert Response (11-06-14)
The single hydraulic fracturing treatment chemical volumes in Table 10 and 12 still do not tally with the Buru
Energy estimate of total chemicals for each hydraulic fracture treatment. If you add up the volumes of all the
chemicals (acetic acid, BE-9, CLBXTAU121, CLLAU301, CLWGAU421, DCA-30001, DCA-23001, FE-2, DCA-
17004, HCl) in a single hydraulic fracturing it comes to 6,127 L. This is substantially more than that quoted in the
text. Buru Energy needs to clarify this as it is still not clear.
Buru Response (26-06-14)
The total amount of chemicals used in each hydraulic fracturing treatment has actually been reduced to
approximately 3,529 L from 3,908 L in Rev 1. The hydraulic fracturing service provider, Halliburton, advises that
HCl is NOT part of the Cleanstim fluid system. This is because HCl is an option that may be used, prior to the
introduction of the Cleanstim fluid hydraulic fracturing treatment, to clean up any carbonates/cement in the well
bore/perforation zone and near well bore area in the formation.  The Cleanstim hydraulic fracturing Fluid system
volumes were slightly modified from the original in Rev 1 by the reservoir specialists and although the disclosure
tables were updated, the text in the paragraph was not. However, for the purposes of the regulator, the chemical
disclosure tables (Table 10 & Table 12 & Appendix F1) are the critical focus in the final approved TGS14 EP; not
a “typo” in the text.

Comment resolved.

Section 3.5.5
(page 38)

Comment/Query
ENVIRON has reviewed the volumes (and composition) of fluids in each “Buru Energy Pre-Job Single Frac” and
have a number of clarification queries, as follows:

1. Row 2. Please confirm that the “1,154 kL FR Water” is the fresh water that would be extracted from the
on-site boreholes for each hydraulic fracturing treatment.

Comment resolved.
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2. The water volume quoted in Row 3 of Table 5 is specified as 1,347,460 L which is substantially higher

than the 1,154 kL quoted in the first row of the table. Please confirm what makes up the difference.
Buru Energy Response (20-05-14)
Further clarification regarding water use has been provided in Section 3.4.3 of the EP.
Yawuru Expert Response (11-06-14)
Table 10 has been revised and no longer contains the figures outlined in this query. This query has been
resolved.

Section 3.5.5
(page 38)

Comment/Query
What is the 189 kL of CleanStimAus? Is this compound different to the CLWGAU421, the gelling agent that is
noted in row 8 of Table 5 and MSDS D.11 in the Ecosus Report5? If it is the same compound, then why does row
8 state that only 567 L of CLWGAU421 will be used while the volume quoted in the first line is substantially more
at 189 kL? Please clarify this as it is not currently clear.
Buru Energy Response (20-05-14)
Please refer to revised Table 10 in the EP for clarification. CLWGAU421 is one of the components of
CleanStimAus.
Yawuru Expert Response (11-06-14)
Table 10 has been revised and no longer contains the figures outlined in the first query. The remaining queries
have been resolved.

Comment resolved.

Section 3.5.5
(page 39)

Yawuru Expert Response (11-06-14)
Table 10. Tracers have now been included in the hydraulic fracturing fluid, which is different to the original
scenario. Buru Energy had previously indicated in response to preliminary queries by Yawuru that the company
had abandoned the use of tracers. Could Buru Energy specify why they have made this change? Further, the
last paragraph on page 41 states that details of the tracers and environmental chemical risk assessment are
included in Appendix F. We have reviewed the version of the chemical risk assessment that was provided by
Buru Energy (TGS14 Environmental Risk Assessment of "Down-Hole" Chemicals -
J1312_Buru_TGS14_ERAC_3 (19th March, 2014) and there is no mention of tracers or assessment of their
chemical risk.
Buru Response (26-06-14)
The use of tracers is considered “best practice” as noted in previous Responses by Yawuru independent experts
from Curtin University. Tracers provide valuable diagnostic information on the reservoir and hydraulic fracturing

Comment resolved.

																																																													
5		 Onshore Canning Basin – TGS14 Environmental Risk Assessment of “Down-Hole” Chemicals J312_Buru_TGS14_ERAC_1. Ecosus Pty Ltd, November 2013.
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treatment results including information pertaining to environmental outcomes such as detecting potential
anomalous movement of proppant along the well bore in the cement annulus at each perforation zone. However,
tracers for use in exploration for tight gas stimulation activities are a global niche market.
They are used in exceedingly small quantities of less than 1ppb which is roughly equivalent to 2 ml in an Olympic
swimming pool.  However, under the tough regulatory disclosure requirements in WA the chemicals in the
tracers still need to be disclosed.  Tracers were not included in previous revisions of TGS14 EP because the
proposed tracer service provider from the USA would not provide adequate disclosure of constituents due to IP
concerns.  However, a new service provider (recently located into Perth) was very recently identified. The
company was able to provide adequate disclosure of the tracer products to meet the tough regulatory
requirements for down-hole chemical disclosure in WA. The disclosure of the chemicals in the tracers to meet
DMP requirements is now contained in the DMP approved version of TGS14 Appendix F1.
Please refer to J1312_Buru_TGS14_ERAC_Rev.5 (4 June, 2014) for risk assessment of tracers.

Section 3.5.5
(page 37)

Comment/Query
Paragraph 2 states that the “CleanStimAus fluid system” was sent for laboratory assessment (and used in the
toxicity testing). Please provide the detailed composition of the fluid system that was used in the assessment and
the results.
Buru Energy Response (20-05-14)
The fluid system was provided in the concentrations listed in Table 10 minus the salt, HCl acid and BE-9.  All
other ingredients in the down-hole fluid system were included.
The results of the assessment are contained in Appendix D of the Chemical Risk Assessment (Appendix F).
Ecotoxicity D.13 “Toxicity Assessment of a Fraccing Fluid, Buru Energy, Test Report”, Ecotox Services
Australasia, August 2013.

Comment resolved.

Section 3.5.5
(page 38)

Comment/Query
The volume of chemicals required for Y3 and Y4 (all treatments) are 24,050 L and 62,050 L, respectively. This
equates to 4,810 L per hydraulic fracturing treatment for Y3 and 4,796 L for Y4. These figures are different to the
3,908 L on page 24 (and different to the figures in Table 5). Please clarify why these figures are different.
Buru Energy Response (20-05-14)
Table 7 and Table 9 have been updated in the revised TGS14 EP to clarify chemical volumes.
Yawuru Expert Response (11-06-14)
Tables 10 and 12 (not 7 and 9 as Buru Energy indicate) have been revised with updated water, chemical and
proppant volumes. The outcome of this is that the chemical volumes quoted in Tables 10 and 12 (per single
hydraulic fracturing treatment and total volumes) have increased compared to the figures provided in TGS14 EP
Rev_0. The discrepancy in figures has already been resolved in a previous question.

Comment resolved.
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Section 4.8
(page 85)

Comment/Query
It is not clear from the document what “green completion” is. Please specify what is meant by green completion
and what the process entails.
Buru Energy Response (20-05-14)
The text in this section has been updated as follows to provide further clarification.
Air emissions have been considered during the environmental risk assessment for the activity and the
preparation of the TGS14 Environment Plan.
During the TGS14 activities, all wells will be flowed using reduced emissions completions (REC) processes. REC
capture and separate natural gas during well completion and work over activities and have become a key
technology to limit the amounts of methane and longer chain organic compounds that can be vented during the
flowback period (US EPA, 2012).
This is achieved in process engineering steps in which the flowback mixture passes through a sand trap, a three-
phase separator removes natural gas liquids and water from the gas, which is then flared. Gas liquids will be
sent to an onsite bunded condensate storage tank for subsequent shipment to a refinery. Flowback water is
subsequently passed to the retention pond.
Venting of gas to the atmosphere is to be avoided and when this is not possible for operational or safety
reasons, it is to be kept to a minimum.
Flaring at the Company well pads will be a carefully controlled process.
Yawuru Expert Response (11-06-14)
Buru Energy has removed reference to green completion and replaced it with “reduced emissions completion”.
The text that was originally in Section 3.5.4 has been moved to Section 4.8 hence why the page number is out of
sequence in this table.

Comment resolved.

Appendix F Comment/Query
Table 8.1 Chemical Screening for Risk Assessment in the Ecosus Report. This table lists the compounds
included in the risk assessment. There are a few compounds that appear in the table that were included for
assessment but are not present in the MSDSs in the Ecosus report, for example; aluminium sulphate, sodium
bisulphite, sodium hydroxide and acrylonitrile. Which of the hydraulic fracturing fluids or chemical additives do
these compounds occur in and were they part of the fluid system that was subjected to ecotoxicity tests?
Buru Energy Response (20-05-14)
The DMP disclosure guidelines require that all chemicals and their total concentration in the down-hole fluid
system are disclosed.  The guidelines however do not require that the chemicals in each individual product and
respective concentrations are disclosed.

Comment resolved.
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Similarly the MSDS do not require that all chemicals are disclosed in each product; particularly where they are
considered trace (e.g. <<1 mg/L in the product). This requirement is consistent across all industries.
However, as stated previously all products were subject to ecotoxicity testing as the TGS14 down-hole fluid
system except for salt, TTPC and HCl. There are 17 chemicals in the TGS14 fluid. All 14 other chemical
constituents of the down-hole fluid were included in the fluid system used for laboratory analysis.

Section 3.5.7
(page 41)

Comment/Query
The EP is currently unclear about the options for flowback. There is no reference to reuse, only reinjection of
80%, of the flowback in this section of the EP. However, the MWH Report6 states that 70-95% of the flowback
could be used in subsequent hydraulic fracturing treatments in Y3 and Y4 in the TGS14 operations. Please
provide clarity on whether reuse (to the levels suggested in the MWH Report) is an option in the TGS14
operations, as this would not only reduce the initial fresh water requirement but also reduce the amount of
flowback that would be reinjected into the wells (at the end of TGS14) and the residual liquid/sediments that
would need to be trucked off-site. Reuse of flowback and waste minimisation is an important best practice
principle. If Buru Energy intends to adopt flowback reuse for the hydraulic fracturing treatments in Y3 and Y4, to
the extent suggested in the MWH report, this needs to be clearly described in this section.
Buru Energy Response (20-05-14)
Industry best practice does include the reuse of flowback fluid for fracturing fluid, and Buru Energy has started
planning accordingly. Included in our engineering team are engineers who have implemented such reuse of
flowback fluid in the US. A reuse programme requires movement of water from one location to another or pad
locations with multiple wells on the pad. The relatively small amounts of water we have in the programme and
the issues with transporting fluid between Y3 and Y4 does not make reuse a viable engineering choice during
TGS14 between well pads. However, we may have the opportunity to reuse fluid on the upper section of Y4
following stimulation and flowback of the lower section. After stimulation and flowback of the first (lower) 10
stages at Y4, the well will have the plugs drilled out and flowed back. The flowback water will then be stored in
the ponds, and when we pump the last 2 stages this fluid would be available to be pumped.

Comment resolved.

Section 3.5.7
(page 41)

Comment/Query
If the MWH figures are correct and Buru Energy is intending to reuse between 70-95% of the flowback water in
subsequent hydraulic fracturing treatments, what volume of fresh water will be required for the operation (Buru
Energy currently quotes a figure of 5.5 ML for Y3 and 14.3 ML for Y4 but it is assumed this excludes the reuse
option)?
What volume would need to be reinjected into the formation at the end of TGS14? What volume would need to
be trucked off-site? Does this influence the quantity of chemicals in the TGS14 operations?

Comment resolved.

																																																													
6  Laurel Formation TGS14 Exploration Programme – Review of the pilot phase water management strategy (REV-0), MWH, November 2013
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Buru Energy Response (20-05-14)
The reuse programme will not affect the amount of chemicals greatly (except salt) because the reuse water will
still be gelled before being pumped. The amount of salt needed to be added will be reduced with reuse because
of the salt already dissolved into the flowback water. The reinjected volume has been conservatively estimated at
70% of the flowback water for the entire programme. This amount may be less, but this is a safe high estimate.
The amount trucked offsite is really more of a function of the ability to drain the ponds, and how much solids are
in the ponds after the process. The solids in the ponds will be both from the well, and from blow in dirt which may
be an appreciable amount over the approximate 4 month time the ponds will contain flowback water.

Section
3.5.12 (page
53)

Comment/Query
Sewage and Grey Water. With regard to sewage and grey water that is generated in the camp, is the intention to
release this to the environment (e.g. via a soak away)?
If this is the case, Buru Energy may need to reconsider this and look at alternative options (e.g. trucking it off-
site) as it does represent a potential, additional contamination source.
Buru Energy Response (20-05-14)
As agreed at the Yawuru workshop on the 18/19 of February, all sewage will be stored in tanks on site and then
trucked off-site for disposal at a licensed facility. Further, all grey water will be treated through an aerated
wastewater treatment system designed to comply with AS/NZS 1546.3: On-site domestic wastewater treatment
units. The commitments in the risk management table (Table 27) of the TGS14 EP have been updated to reflect
this.

· All sewage to be stored on site then taken off site for disposal by a licenced contractor for disposal at a
licenced facility.

· All grey water to be treated through an aerated wastewater treatment system designed to comply with
AS/NZS 1546.3: On-site domestic wastewater treatment units.

Comment resolved.

Section 3.5.7
(page 41)

Comment/Query
Buru Energy provided the composition of the flowback from the Y2 operation. How many samples is this
characterisation based on?
Buru Energy Response (20-05-14)
This characterisation is based on approximately 80 samples collected and analysed during the flowback period
in 2010.

Comment resolved.

Section 3.5.8
(page 45)

Comment/Query
The EP goes into some detail about the quality and quantity of flowback and produced water. Current indications
are that flowback/produced water quality will be within required Australian standards.

Comment resolved.
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However, will there be any environmental (and human health) risks associated with concentrating these
compounds in the Turkey’s nests e.g. BTEX, heavy metals, NORMs? The EP does not currently provide
sufficient explanation or description of this potential risk.
Buru Energy Response (20-05-14)
Section 3.5.7 and Section 3.5.8 have been updated to provide a detailed response to this query.

Section 3.7
(page 58)

Comment/Query
Buru Energy states that depending on the results of TGS14 the wells could be plugged and abandoned and that
this would be done in accordance with Clause 637 of the Schedule. Please provide further, detailed information
on what plugging of the gas wells entails.
Buru Energy Response (20-05-14)
Section 3.7.1 has been updated to include further detail on what would be undertaken in the event that wells are
plugged and abandoned.

Comment resolved.

Section 3.7
(page 58)

Comment/Query
Upon suspension of the wells, is there likely to be any water/sediments in the Turkey’s nests at Y3 and Y4?
Buru Energy Response (20-05-14)
Upon suspension of the wells, the only material remaining in the water retention ponds (Turkey’s nests) will be
dry sand and pindan that has blown into the ponds.

Comment resolved.

Section 4.1.1
(page 60)

Comment/Query
This section states that a baseline seismicity study has been on-going for more than a year. Have the results of
this survey been documented and, if so, can this be made available?
Buru Energy Response (20-05-14)
EP has been updated to include: Appendix H-1: Yulleroo and Valhalla Passive Seismic Monitoring Report. This
report has been provided to Yawuru and is included with the responses here.
Yawuru Expert Response (11-06-14)
Buru Energy states that it has been undertaking baseline seismic surveys for two years and that this information
is contained in Appendix H1. However, the Appendix H1 that Buru Energy provided only covers the period from
Day 166 to 329 in 2012. Please provide the remainder of the reports for the full two year period.
Buru Response (26-06-14)
The data provided in Appendix H1 shows the monitoring period was “seismically quiet” in relative terms. Clear
detection of seismic signals emanating from blasting operations at mining operations in the eastern Kimberley’s
during this monitoring period demonstrates the sensitivity of the detection techniques used.

Comment resolved.
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However, it has only recently come to our attention that the seismic baseline data recording for the subsequent
period was lost due to either the equipment being stolen or destroyed by cattle. Buru Energy and its independent
experts who are specialists in this area, Professor Peter Styles and Dr Chris Green, do not consider this in any
way impairs the capability of the approved active seismic surveillance programme to be used in TGS14, which has
been provided in Appendix H2 and H3, to detect anomalous events as a result of TGS14.
The Geoscience Australia database can be seen here http://www.ga.gov.au/earthquakes/searchQuake.do
This should be seen as an independent database that anyone can access, and the information Buru Energy
collected as complimentary as they were focused collection points for the Yulleroo and Valhalla areas.
The long term Canning Basin seismicity information collated from Geoscience Australia through Professor Peter
Styles provides a much longer period of significant seismic events and epicentre locations throughout the Canning
Basin against which TGS14 active seismic surveillance monitoring can be compared. Please refer to The
Geomechanical Conditions of the Yulleroo and Valhalla Prospects report by Professor Styles previously provided
to Yawuru reviewers for this information.
Yawuru Expert Response (07-07-14)
While it is unfortunate that a longer baseline monitoring programme is not available, the information that has been
collected does indicate a seismically quiet area. We are in agreement that this should not impact the capability of
the surveillance programme.

Section 3.5.4
(page 34)

Statement
Yulleroo Area. This section states there is one seismic scale, normal fault line within the section of interest for
hydraulic fracturing at each of Y3 and Y4. Further, it states that the faults may compromise fracture propagation
but are not considered a geomechanical hazard.
We have a number of clarification queries, as follows:
Comment/Query
Please provide a definition of a seismic scale fault.
Buru Energy Response (20-05-14)
A seismic scale fault refers to faults down to 4-5m “throw” in 3D seismic reflection surveys such as at Yulleroo.
Faults are fractures in a rock in which one side has been displaced relative to the other.
In measuring the horizontal or vertical separation, the “throw” of the fault is the vertical component of the dip
separation and the “heave” of the fault is the horizontal component, as in "throw up and heave out”.
Faults do not continue ad infinitum; as a rule of thumb the throw at the centre of a fault may be about one-tenth
of the fault length in the vertical or horizontal dimension. The end of the fault (the tip) may grow as the fault
moves. This normally happens in small jerks - such sudden displacements are earthquakes. The fault surface is
composed of crushed rock, surrounded by fractured rock in the block on each side. Faults are mapped by field

Comment resolved.
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geologists. Identification at depth requires geophysical methods, of which imaging by the seismic reflection
method is by far the best. Two-dimensional seismic profiles can image faults with a throw of about 30 m or more.
So the 'resolution' - the finest detail that can be seen - is at least 30 m in length. The 3D seismic technique
improves the resolution to the order of 4-5 m.

Section 3.5.4
(page 34)

Comment/Query
What horizontal and vertical fracture growth length does Buru Energy expect at Y3 and Y4? Has Buru Energy
undertaken fracture propagation modelling? If so, have these results been documented and are they available
for review?
Buru Energy Response (20-05-14)
Buru Energy expects horizontal fracture growth lengths of 600 m from the well and vertical fracture lengths of a
maximum of 100 m. Further detail on the propagation modelling has been provided in Section 3.5.4 of the
Environment Plan. This detail has also been included in Appendix J which has been passed on to Curtin
University for review on behalf of the Yawuru.

Comment resolved.

Section 3.5.4
(page 34)

Comment/Query
How far away from the gas wells are these faults?
Buru Energy Response (20-05-14)
Faults are located in the vicinity of Y2, approximately 4.5 km away.
Comment/Query
Will the hydraulic fractures reach the faults?
Buru Energy Response (20-05-14)
No. The hydraulic fractures will not reach the faults.
Comment/Query
In his peer review report, Professor Styles states, “…it would be desirable for all hydraulic fracturing stages to
the fracking geometry can be designed so (sic) that all hydraulic fracturing stages to be more than 1 km away
from a pre-existing fault” [sic]. Will Buru Energy implement this recommendation?
Buru Energy Response (20-05-14)
Buru Energy has implemented this recommendation. Y2 where the “fault” is located is not included in TGS14 and
is located more than 4 km from Y3 – the closest well to the identified fault.

Comments resolved.

Section 4.1.2
(page 61)

Comment/Query
On what basis is each fault not considered a geomechanical hazard? This is one of the main conclusions of the
Company geologists but it is not clear where the supporting evidence is for this statement or conclusion.

Comment resolved.
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Buru Energy Response (20-05-14)
Faults with a throw in the order of less than 300 m are not considered a geomechanical hazard (Refer to text
below and Rutqvist et al, 2013). The following information regarding the geomechanical risk associated with
faults has been included in Section 4.1.2 of the TGS14 EP. This EP fully complies with these recommendations.
A recent assessment on the risk of fault reactivation during hydraulic fracturing of shale gas reservoirs from the
US Department of Energy Berkley Science Laboratory (Rutqvist et al 2013) considered that:

· Faults in gas-bearing shales are likely to have low permeability, as otherwise the gas would have escaped
over geological time

· If faults were permeable, they would be active and critically stressed and in such a case, only seismic slip
might occur and, because of ductile slip, the permeability would not change considerably.

The Berkley scientists concluded that the possibility of hydraulically induced fractures at great depth (thousands
of meters) causing activation of faults and creation of a new flow path that can reach shallow groundwater
resources (or even the surface) is remote (Rutqvist et al, 2013). A similar conclusion was reached by the US EPA
which found that fault reactivation due to hydraulic fracturing would likely occur on small distances of a few meters
(US EPA, 2012).
Several major national and international government reviews have however, recommended that:

· Adequate site characterisation for identifying and avoiding large scale faults, greater than 300 m, should
be a priority in any shale gas development (e.g. Rutqvist et al., 2013).

· Care should be taken with continuous monitoring of pumping pressure and induced seismicity from the
start of the injection to detect any runaway fracturing along faults.

Section 4.1.2
(page 63)

Comment/Query
Given that reinjection is one of the options for the disposal of flowback water, what are the seismic risks
associated with reinjection of large volumes of water into the formation in the vicinity of fault lines?
Buru Energy Response (20-05-14)
Nil. Water will not be reinjected in the vicinity of “fault lines”.

Comment resolved.

Section 4.4
(page 68)

Comment/Query
Buru Energy states that the maximum potential spill is unlikely to spread more than 100 sq. m. What is this
calculation based on?
Buru Energy Response (20-05-14)
This value should read 100 metres square which equates to 10,000 square metres.
This calculation is based on the maximum volume of liquid present on surface in the down-hole fluid system
which will be 15,000 L.

Comment resolved.
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This equates to 1.5 mm of liquid spread across a 10,000 square meter area (1 Ha). Such a spill is most unlikely
to occur and is conservative. Should such a spill occur, it would all be contained within the 3 Ha well pad area.
An assessment of potential spill from the water retention ponds has been undertaken in the event of a
catastrophic failure of the ponds and is included as an attachment. Because water levels of flowback water will
be kept at 1.5 m below top of bund which is effectively ground level, the potential for large release of flowback
water in the event of a catastrophic failure is remote.

Section 4.5
(page 75)

Comment/Query
Buru Energy states that the ecotoxicity testing concluded that the hydraulic fracturing fluid had no effect on fish
(used as the ecological indicator species) at twice the concentration classified as “very slightly toxic” in Australia,
in other words it was non-toxic.
As per a query in the hydraulic fracturing fluid composition section, please provide detailed information on the
composition of the hydraulic fracturing fluid that was used in the ecotoxicity tests.
Buru Energy Response (20-05-14)
All of the hydraulic fracturing fluid constituents were included with the exception of salt, HCl and biocide.

Comment resolved.

Section 4.5
(page 76)

Comment/Query
Buru Energy states the estimated travel times of groundwater from Y3 to Lake Eda are 640 years and 1,400
years to Roebuck Bay. Where has this information been derived from? We understand there is a Conceptual
Hydrogeological Model – is the information from this model? Please provide a copy of this work.
Buru Energy Response (20-05-14)
This information was derived from the conceptual hydrogeological model which was provided as Appendix D-1 to
the EP. The estimated travel times have since been revised upwards due to some new water level contour
information and included as amendments in Appendix D-1 Revision 1 which has been provided to Yawuru
advisors.
The applicable formula for flow velocity, a form of the Darcy equation, is:
V = K.i/Sy, where

· V = velocity (m/d),
· K = hydraulic conductivity, e.g., 15 m/d
· i = average hydraulic gradient, = 35/28,500 (Y1 to the Roebuck Bay, using the water-level contours on

the DoW Broome Hydrogeological Sheet), and
· Sy = specific yield = 0.1 to 0.2 (assumed 0.1 for a worst-case and fastest velocity).

This gives an average velocity of 0.0897 m/d, and a travel time from Y1 to Roebuck Bay of 1,800 years. If the
specific yield is 0.2, the travel time would be about 3,600 years.

Comment resolved.
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Section 4.6
(page 81)

Comment/Query
Buru Energy states that the fracture envelopes (there appear to be 6 for Y3 and 6 for Y4) have an approximate
vertical height of 100 m. Does Buru Energy anticipate that the fractures (in each envelope) will connect to/or
reach fractures from the envelope above or below?
Buru Energy Response (20-05-14)
Overlap is aimed for in Y4 in the high density zone between 3,630 m and 3,160 m. Overlap is unlikely in Y3 or in
the shallower low pressure section of Y4.

Comment resolved.

Section 4.7
(page 84)

Comment/Query
Buru Energy states that the Laurel Formation and the overlying surface aquifers are separated by at least
1,800 m at Yulleroo. However, on page 38, it states it is more than 2,000 m – which is the correct figure? The
document needs to be precise and consistent in these figures throughout.
Buru Energy Response (20-05-14)
Precise location of hydraulic fracturing zones has only been recently finalised. Geological layers are also not
perfectly flat.
The Wallal is a recognised aquifer but in the Yulleroo region it is saline and non-potable and remains so as it
flows downhill to the sea. However for conservative evaluation:
Minimum distance between hydraulic fracturing and Wallal is at Y3.
Top of hydraulic fracturing zone is 2,291 m depth
Base Elevation of Wallal aquifer (non-potable aquifer in this region) = -461 m
Distance separation = 1,830 m
Distance to base of surface aquifer (Broome Sandstone) is 2,291-73 = 2,218 m. This is more than 2,000 m
separation distance.

Comment resolved.

Section 4.8
(page 85)

Comment/Query
Buru Energy states that there is no evidence of elevated radiation levels in flowback from Y2 in 2010 or from
drilling cuttings recently completed by the Company. How many samples from Y2 has this conclusion been
based on? Where were these samples taken from?
Buru Energy Response (20-05-14)
Over 80 samples were taken consecutively during flowback.  Two samples were selected from the late stage of
flowback for radiation testing.

Comment resolved.
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Section 4.8
(page 86)

Comment/Query
Buru Energy states venting of gas to the atmosphere will be avoided and when this is not possible, it will be kept
to a minimum. Please provide further detail on when (or under what circumstances) venting is likely to occur?
What steps would be put in place to avoid and/or minimise this?
Buru Energy Response (20-05-14)
Small releases of gas sometimes occur when gas is trapped between valves or in lines and this gas is vented
when the lines or valves are swapped.
The other possible time that gas may be vented for a short time in small quantities is when gas first cuts through
the flowback fluid. The returns during the early stages of flowback comprise the fracturing fluid and small
amounts of proppant.
The rate of this flowback is controlled by a choke at the well head and the fluid is directed to the water retention
pond. Over time flowback of sand slows and then gas will appear. At the point gas or hydrocarbons appear in the
flowback fluid, the fluid is directed to a gas separator so that the gas can be flared.
Even if the flowback is directed through a separator the full time the amount at first may be in such small
quantities that the flare even with pilot does not stay lit, which may lead to small releases of methane gas.

Comment resolved.

Table 27
(page 104)

Comment/Query
What is a “well control event”?
Buru Energy Response (20-05-14)
A “well control event” refers to any uncontrolled release of the fluid from the well, which may include:

· A leak in the “iron” (flow lines at surface).
· A leak in one of the flange connections on the well head.
· Valve or line cuts out and flow starts coming out of the well.
· A piece of iron comes unscrewed and starts leaking.
· A valve cuts and the well is flowing.
· A complete separation of the production casing. (Very Rare)

All sources of leaks from the well are rare, but when pumping sand laden fluid if a leak does start then it can very
quickly cut the iron and turn into a high rate flow.
A dual barrier approach has been implemented for the hydraulic fracturing operations to mitigate against such
events. Procedures are also in place for the shut-down of the well and evacuation of the well site if required. The
pumping equipment is remote computer controlled so shutting the trucks does not involve going into the high
pressure “iron” area (“Red Zone”).

Comment resolved.
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Table 27
(page 105 &
109)

Comment/Query
Risk item 2.4 and 3.3. The risk source does not include overtopping of the water reservoirs and what
actions/mitigation would be implemented to prevent this from occurring.
Buru Energy Response (20-05-14)
The risk of overtopping of the water reservoirs has been addressed in the revised EP. Please also refer to the
provided MWH report which addresses the potential risk associated with the storage of water in the retention
ponds.

Comment resolved.

Table 27
(page 105)

Comment/Query
Please provide further detail on why pH levels of flowback are monitored to ensure that acid concentrations are
neutralised to the required threshold values. Is this done to ensure that acidic flowback does not corrode the
liners in the Turkey’s nests and/or to prevent certain compounds precipitating out in solution?
Buru Energy Response (20-05-14)
It is expected that the acid will be spent/neutralised in formation prior to flowback. The intention of monitoring pH
levels is to ensure that no free acid comes back in the early stages of flowback. This is most unlikely but
important to check for worker safety. As flowback proceeds, any potentially free acid will be quickly diluted. The
liners will not be affected by the acidity.

Comment resolved.

Table 27 Comment/Query
Please provide further information on the isotope tracer that is proposed for use in the operations. What is its
purpose? Would the beads be returned to surface with the flowback? What disposal arrangements would need
to be made for the residual material once it returns to the surface?
Buru Energy Response (20-05-14)
The Company has decided that no isotope tracers will be used during the TGS14 programme. The EP has been
updated to reflect this.
Yawuru Expert Response (11-06-14)
On page 77 (risk event 2.4) of the TGS14 EP Rev_0, Buru Energy assessed the risk of isotope tracers in the
flowback. In Rev_4 this assessment was omitted, despite isotope tracers being included in the hydraulic
fracturing fluid (see new issue outlined on page 9 of this Consolidated Table of Findings).
Buru Response (26-06-14)
The use of tracers is considered “best practice” as noted in previous Responses by Yawuru independent Experts
from Curtin University. Tracers provide valuable diagnostic information on the reservoir and hydraulic fracturing
treatment results including information pertaining to environmental outcomes such as detecting potential
anomalous movement of proppant along the well bore in the cement annulus at each perforation zone. However,

Comment resolved.
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tracers for use in exploration for tight gas stimulation activities are a global niche market.  They are used in
exceedingly small quantities of less than 1 ppb which is roughly equivalent to 2 ml in an Olympic swimming pool.
However, under the tough regulatory disclosure requirements in WA the chemicals in the tracers still need to be
disclosed.  Tracers were not included in previous Revisions of TGS14 EP because the proposed tracer service
provider from the USA would not provide adequate disclosure of constituents due to IP concerns. However, a
new service provider (recently located into Perth) was very recently identified. The company was able to provide
adequate disclosure of the tracer products to meet the tough regulatory requirements for down-hole chemical
disclosure in WA.  The disclosure of the chemicals in the tracers to meet DMP requirements is now contained in
the DMP approved version of TGS14 Appendix F1.
Please refer to J1312_Buru_TGS14_ERAC_Rev.5 (4 June, 2014) for risk assessment of tracers.

Table 27
(page 110)

Comment/Query
The only risk source identified here is propagation of fractures. However, as with Event 3.1 will there not also be
a contamination risk to deep aquifers as a result of well failure at greater depths?
Buru Energy Response (20-05-14)
Well integrity failure at greater depths has been included as a risk source in this section.

Comment resolved.

Table 27
(page 110)

Comment/Query
This risk source deals with potential contamination of deep aquifers through reinjection of flowback that may
contain contaminants e.g. chemicals. However, it does not deal with the potential seismic risk associated with
reinjection of flowback into the formation. The mitigation measure (outlined under “Operational Management”) is
not related to contamination, but rather monitoring seismicity. These two risk sources need to be dealt with
separately (deal with the seismic risk under Event 1.1 and the contamination risk under Event 4.2).
Buru Energy Response (20-05-14)
We don’t follow the logic in this. The formation has already been hydraulically fractured prior to the reinjection
stage. A smaller amount of fluid than that used in the hydraulic fracture will be returning to the same zone more
than 90 days later. In addition the volumes are extremely small in terms of risk of inducing detectable seismicity
at surface; There is a large amount of literature cited in the EP that supports this together with international
experience.  Moreover, in the TGS14 well areas, seismic reflective data has mapped the subsurface and no
significant faults are present even at the high resolution available in 3D seismic at Yulleroo.

Comment resolved.

Section 6.3.1
(page 119)

Comment/Query
The second bullet point under “Implementation Strategy” refers to modelling of a predicted hydraulic fracturing
containment envelope that was undertaken. Can this information be made available?

Comment resolved.
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Buru Energy Response (20-05-14)
This information has previously been made available to Curtin University Petroleum Engineers as part of the
Yawuru specialist review process.

Section 6.3.2
(page 122)

Comment/Query
The values in the green, orange and red seismic risk categories that are to be applied in the operations differ to
those provided in Professor Styles’s peer review report. Please clarify what these values are based on and
where they have been obtained from.
Buru Energy Response (20-05-14)
The values used in the proposed Buru Energy traffic light system for seismic risk have been adapted from Styles’
values by Michael Hasting from Hasting Micro-seismic Consulting in the US. The values proposed for use are
based on the approach suggested by the Department of Primary Industries and Regions, South Australia
(PIRSA) for use in the Cooper Basin.
Unlike Professor Styles' values which use earthquake magnitude as the triggering threshold, the approach
adopted by Buru Energy also takes into account the  frequency of observed acceleration values as high
accelerations at high frequency are not as energetic as low  frequency events (>10Hz). This is because high
frequency events have shorter wavelengths than longer-wavelength low frequency events, and are therefore less
damaging to local infrastructure (if there is any) as they do not interact strongly at the dimensional characteristics
of the building.
During well stimulation, an automatic event detection and location programme (Earthworm) will be used to
estimate the magnitudes of the seismic events.  Earthworm can also be configured to read the acceleration data
in real-time and send out a warning message to the operator when threshold levels are reached such that the
operator can take immediate action.  The approach taken by Buru Energy has been reviewed by Prof. Styles as
part of the peer review process.

Comment resolved.

Section 6.3.5
(page 131)

Comment/Query
The air quality monitoring programme appears to be quite general in nature. For example, if Buru Energy wishes
to trace back air and/or fugitive emissions to the most significant sources, how will this be done? This will be
important in future operations because Buru Energy will better understand the key sources of air pollution and be
able to mitigate these appropriately.
Buru Energy Response (20-05-14)
We disagree with this comment.  The TGS14 programme is a small scale pilot study. Surface infrastructure will
change significantly as/if the project progresses past this early pilot stage. In addition (and based on international
literature), the likelihood of detecting any anomalous air pollutants beyond diesel fumes during hydraulic

Comment resolved.
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fracturing is remote as outlined in the EP. The air quality monitoring programme that has been put together will
confirm this.

Section 6.7
(page 148)

Comment/Query
Buru Energy states that a minimum of one internal environmental audit will take place. Is this for the whole of the
TGS14 programme? If so, is this sufficient?
Buru Energy Response (20-05-14)
Section 6.7 of the revised EP has been updated to state that that:
An internal environmental audit will be undertaken at each of the well sites by environmental personnel during
the activity in accordance with the Company Internal Environmental Audit Procedure (HSE-PR-023). In addition
to an audit during hydraulic fracturing operations, an audit will also be undertaken on each phase of hydraulic
fracturing operations (i.e. site setup, hydraulic fracturing operations, flowback testing and demobilisation).

Comment resolved.

Section 6.8.2
(page 158)

Comment/Query
Buru Energy states that a reportable incident is an incident with a risk rating of B or above (in the Company risk
matrix). Is this based on the rating of the inherent risk or the residual risk?
Buru Energy Response (20-05-14)
This is based on the residual risk rating.

Comment resolved.

Section 7
(page 160)

Comment/Query
The EP Guidelines state that the operator should clearly identify all relevant stakeholders consulted. It should
include a description of the nature of consultations, including the level of information provided to stakeholders,
the date of the consultations, the issues and concerns raised by those stakeholders and how they were resolved.
Currently, the EP does not include the issues and concerns raised by stakeholders, nor how Buru Energy
addressed these issues.  Can Buru Energy advise how it intends to address this part of the EP?
Buru Energy Response (20-05-14)
Chapter 7 has been updated in the revised EP to include issues and concerns raised by stakeholders and the
process Buru Energy is implementing to address the issues raised. This section of the EP will continue to be
iterated in subsequent versions of the EP as the consultation process progresses with the Yawuru and other
relevant stakeholders.
Essentially, the issues raised during consultation will be addressed with further management measures
incorporated into the revised versions of the TGS14 EP where appropriate. For example, the matters raised in
the current document have been incorporated in Revision 1 of the TGS14 EP. Once finalised, the TGS14 EP is a
statutory document that must be implemented for the activity, giving stakeholders’ confidence that their concerns
have been addressed.

Comment resolved.
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This section will continue to be iterated as the respective specialist review processes proceed. As a general note
however, the issues and concerns raised by stakeholders is due to confusion about tight shale gas industry
processes and those of coal seam gas which are very different.
In addition much of the concern from stakeholders has been due to misinformation given to them by local media
and issue motivated groups. Buru Energy is addressing this through community days, information forums, media,
Q&As and so forth.

Section 8
(page 168)

Comment/Query
Paragraph one of the Conclusions provides a list of five Class 2 Risks (rated as such after mitigation had been
applied). One risk that appears to be missing (but is rated as Class 2 in Table 27) is Event 3.2, the “inappropriate
storage or handling of dangerous goods or hazardous substances including hydraulic fracturing fluid
constituents”. In addition, another risk “large (>80 L) surface spills…” is included but is rated as a Class 1 Risk in
Table 18. This needs to be corrected.
Buru Energy Response (20-05-14)
Noted. This error will be amended in Rev_2 of the TGS14 EP.

Comment resolved.

Section 3.3
(page 18)

Yawuru Expert Comment (11-06-14)
This section refers to an Extended Production Test (EPT), depending on the results of the programme. We have
the following queries:

· When will it be known which well(s) will be selected for the EPT?
· Will Yawuru have the opportunity to review the EP or bridging document that would be required for this

adjustment to the programme?
· Over what period of time (and season) would be EPT be conducted?

Buru Response (26-06-14)
Buru Energy will not know which well is selected for an EPT or the timing of the possible EPT until the flowback
period commences. The Company will notify the Yawuru once it is known which well will be selected for an EPT.
The operational approach used during flowback will be the same as the operational approach described in the
TGS14 EP.

Comment resolved.

Section 3.5.3
(page 33) &
4.9 (page 87)

Yawuru Expert Comment (11-06-14)
Buru Energy states the need for working outside of daylight hours, with activities taking place both on-and-offsite.
Please provide further information on why this is required and whether there are alternatives that could be
considered. Moreover, this requirement contradicts the statement in Section 4.9 that Buru Energy is one of the
few resources companies that has a “no night-time driving policy”, which was put in place for worker safety and
biodiversity protection.

Comment resolved.
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It also contradicts the mitigation measures that have been included in the environmental risks assessment (Table
27) to manage certain risks e.g. “vehicle collision or rollover on access track”. In addition, night-time work
activities have not been evaluated in Table 27 as a separate and distinct risk event/source.
Buru Response (26-06-14)
Please refer to Section 3.5.3 (Night time Operations in Rev 4 of TGS14 EP for a description of the approved
activity set for night-time operations. A risk assessment has been undertaken and the risk associated with night-
time activities shown to be reduced to ALARP. The risk assessment and mitigation measures around the night-
time driving have been included in the final approved Rev 4 TGS14 EP. This protocol for driving is similar to what
was utilised at Y4 during drilling the well in 2013.

Section 3.5.9
(page 50)

Yawuru Expert Comment (11-06-14)
Buru Energy has changed the approach to flaring (from a vertical flare to a flare pit) based on the “HSE risk”.
Please provide further detail on what these risks entail? In addition, does the use of a flare pit change risk
sources/factors that are outlined in EP document e.g. air emissions, fire risk, surface and groundwater
contamination etc.? Additional detail is also required on the design aspects of the flare pit, including measures
for surface and groundwater protection, run-off management etc.
Buru Response (26-06-14)
Please refer to Section 3.5.9 (Flaring in Rev 4 of TGS14 EP) for a description of the approved activity. The flare
pit has been engineered to be impermeable to liquids. Concrete will be 150 mm thick on the bottom and sides of
the flare pit and 200 mm thick at the end of the flare pit where the flare is situated. The reason horizontal flaring
has been adopted over a vertical flare is to further mitigate the risk of bushfire by keeping the flame close to the
ground and alongside the retention pond.

Comment resolved.

No. Comment/Query - Technical Studies Status of Comment/Query

Finding 1 Chemical Risk and Ecotoxicology

Table A-2
Appendix F-2

Comment/Query
Why is crystalline silica listed as “non-toxic”? While this is accurate when it is in the hydraulic fracturing fluid, it is
not the case when it comes to the occupational health risk.
Buru Energy Response (20-05-14)
The Environmental Risk Assessment of Chemicals (ERAC; Appendix F-2) has been conducted in accordance
with the following Guidelines

· Department of Mines and Petroleum. Chemical Disclosure Guideline. Version 2 August 2013.
· Department of Mines and Petroleum. Environmental Risk Assessment of Chemicals used in WA

Petroleum Activities Guideline. Version 2 August 2013 (DMP ERA Guideline).

Comment resolved.
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In accordance with these Guidelines, the overall purpose of the TGS14 ERAC for use down-hole (CleanStimAus
– fluid system) does not include workers health or safety onsite which is covered by other legislation (pg. 10,
DMP ERAC Guideline). The TGS14 ERAC has been performed for down-hole activities in accordance with the
DMP ERAC Guideline.
Workplace risk management of hazardous chemicals, including compliance with the Occupational Health and
Safety Regulations 1996 (WA) and the Dangerous Goods Safety Regulations 2007 (WA), are dealt with in the
Safety Plan and Operations Plan for TGS14.
Chemical exposure pathways at surface via air emissions or contact with concentrated chemicals are more
appropriately dealt with under these Plans. The equipment and standard operating procedures for transportation
and onsite handling of hydraulic fracturing chemicals will be implemented by the largest hydraulic fracture global
service provider, Halliburton, who undertakes several thousand hydraulic fracture services every month around
the world including in Australia. Appendix F (Rev 3) has however, been updated to clarify this approach.

Table 27
(page 105)

Comment/Query
The Ecosus Report and EP should differentiate, describe and evaluate the potential risk sources of diluted
versus undiluted chemical products (e.g. BE-9, HCl and ChemStimAus) as they carry quite different risk profiles.
Buru Energy Response (20-05-14)
We disagree. Please refer to above response.
Yawuru Expert Response (11-06-14)
We agree with Buru Energy that the Ecosus ERAC may not be the best mechanism for dealing with the different
risk profiles of diluted vs undiluted chemicals because these are more related to surface impacts e.g. a spill of
concentrated chemicals on the well site. It is correct to state that the regulatory requirement is for the ERAC to
focus on impacts of down-hole chemicals.
Therefore, it would be more appropriate to deal with this issue in the EP itself, which Buru Energy has done in
the revised versions of the EP. The different risk profiles of diluted and undiluted chemicals have been
recognised by Buru Energy in specific locations in the EP (e.g. risk events 2.1 and 2.3 in Table 27 “Detailed
assessment of environmental risks, impacts and management”). However, we have noted that Buru Energy has
the risk rating for risk event 2.3 “Surface spill or leak of hydraulic fracturing fluid – leak or spills (>80 L) of
concentrated chemicals…” as category A4 (inherent risk) and A3 (residual risk).  This contradicts the rating in the
Executive Summary section, where “large spills (>80 L) of concentrated chemicals” are identified as a “serious
but rare” risk. This would suggest that the rating in Table 27 (top of page 107) is incorrect and should be
changed to C2 (inherent risk) and C1 (residual risk). Changing this risk category would then add a 6th Class 2
Risk to the Executive Summary and Conclusions section of the document.

Comment resolved.
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Buru Response (26-06-14)
A spill of concentrated chemicals has been highlighted in the Executive Summary as a potential Class 2 risk.
Changing the risk ranking in the Table will not increase the number of Class 2 risks identified in the Executive
Summary.
In the conclusions, this risk has been identified as “Inappropriate storage or handling of dangerous goods or
hazardous substances including hydraulic fracturing Fluid constituents”. This is worded differently to the
Executive Summary but refers to the same impacting process. This will not result in an additional Class 2 risk.

Appendix F-2 Comment/Query
The Ecosus Report and EP does not address in detail the potential chemical hazards associated with the
handling, storage and disposal of flowback water.
Buru Energy Response (20-05-14)
Please refer to above response.
Yawuru Expert Response (11-06-14)
Buru Energy has provided further evaluation of the chemical risks associated with the flowback in the TGS14 EP
Rev_4 (Sections 3.5.5 and 3.5.7).

Comment resolved.

Finding 2 Water and Wastewater Management

Section 3.4.4
(page 23),
3.5.7 (page
41)

Comment/Query
Acceptable international standards and protocols, concerning water management during unconventional gas
development, specifically, hydraulic fracturing is summarised below. The process train represents a practical,
viable approach to achieving 100% recycling of return flows of the fracturing liquids and the residual produced
water.
1. Address air emissions as related to water management:

a. Contain return flows in covered/sealed tanks or basins to eliminate the air emissions (important as the
water reservoirs can concentrate certain potential inorganic contaminants, such as BTEX, NORM, heavy
metals, etc.);

b. Enclose wastewater treatment processes and pull a low flow, negative draft of ambient air, which is
routed to a small carbon canister.

2. Divert all incidental rainfall and spills and route to a sump for transfer to the return basin or tank.
3. Consider high levels of TDS (>15,000 mg/L) as a biocidal inhibition agent, thus, reducing the amount of

chemical biocide added.
4. The main process wastewater treatment train is most likely to contain the following:

For the purposes of the TGS14
programme, the issue of the
use of Turkey’s nests has
been resolved. However, as
the scale of the TGS
programme (potentially)
expands in the future, Buru
Energy will need to include
alternative storage
mechanisms (e.g. bladders) for
the storage and
characterisation of flowback in
the project.
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a. Screening for large debris removal from the drill out of the plugs;
b. Sand trap for disposal/recovery of proppant;
c. Oil and floatables removal;
d. Coarse filtration;
e. Fine filtration (possibly to remove fragmented polymer from friction reducer and gel breaker);
f. Polishing (e.g., resins) for removal of specific constituents, e.g., boron, ferrous iron;
g. Other, such as electrolytic coagulation;
h. Slightly acidic pH to avoid precipitation of major constituents contributing to sludge production and

concentration of NORM and heavy metals.
The comments above present an assessment of state-of-the-art water and wastewater management, including
minimisation of air emissions, using an integrated approach to water management.
The use of sealed or covered water/wastewater reservoirs is an issue that has been raised by all the members of
the Yawuru Expert Group as being consistent with international best practice.
Buru Energy Response (20-05-14)
A risk benefit analysis for selection of water storage approaches has been included in Section 3.4.4 of the
revised TGS14 EP. This risk-benefit analysis clearly shows that water retention ponds provide better outcomes
in terms of Environment, Safety and Amenity.
Based on the expected volumes of flowback, storage in tanks would require approximately 1,000 (40 m3) tanks,
with approximately half of these located at the Yulleroo well sites. The use of tanks will lead to much higher
Environmental (and Health and Safety) risks associated with the programme.
Covered water/wastewater reservoirs are thought to mitigate risks associated with air emissions. However,
information from the international literature and modelling undertaken in the TGS14 EP (Refer to Sections 3.5.7
and 4.8) show that the risks associated with air emissions are negligible and equivalent to a 300 L diesel spill
(refer above response relating to flowback water and 3.5.7 of the updated EP).
The following additional detail has been included in Section 3.4.4 of the updated EP (Rev_2)
Risk Benefit Analysis
A risk-benefit analysis was undertaken to compare the risks and benefits associated with using tanks or water
retention ponds to manage flowback at each of the well sites. Available tanks used to contain liquids on site in
Company operations are typically 40 m3 in size.
Table 6 shows the number of tanks required to contain the indicative volumes of flowback fluid provided in Table
14 below.
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Given flowback will be occurring simultaneously at each of the well sites, a total of 1,008 tanks will be required to
contain the flowback water during the Activity.
Table 6: Number of tanks required to contain indicative volumes of flowback at each of the well sites.

Location Number of tanks required

Y3 140

Y4 365

Valhalla North 1 195

Asgard 1 308

Total: 1,008

The results of the risk benefit analysis are provided in Table 7 below.
Table 7: Risk-benefit analysis comparing the use of tanks and water retention ponds for the containment of
flowback water during TGS14.

Risk Source Information

Spills of
flowback fluid

Tanks:
Risks of spills associated with using tanks include the following:

· Risks to integrity associated with loading, transport and unloading of tanks,
· Spills associated with switching between tanks when one tank becomes full

upon flowback,
· There will also be a greater risk of incidental spills from flowlines given the

greater distances that flowlines will need to cover to fill tanks.
Often the only way that failures in tank integrity are detected is when the tank is full.
This may result in the loss of up to 40 m3 (40,000 L) of flowback fluid onto the
ground during flowback if the leak is not immediately recognised and flowback to
that tank stopped.
Water Retention Ponds:
Leaks in water retention ponds may arise due to poor construction of the liners for
the water retention ponds or puncture of the liners during or following installation.
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The risk associated with puncture of the liners during construction will be mitigated
by using HDPE liners that are pre-fabricated and QA/QC checked in the factory
prior to shipping to location.
Water retention ponds will be triple lined with two HDPE liners in-dispersed with a
geotextile fabric to further mitigate risk of spills to the environment. Liners will be
checked for leaks following installation and prior to filling ponds with bore water.
Finally, water retention ponds have been designed with 1.5 m freeboard upon
flowback, sufficient to withstand a 1:100 year ARI as outlined in WQPN39 (DoW,
2009).
Other:
A comprehensive groundwater monitoring programme has been implemented at all
well sites as outlined in Section 6.7.1 below. This monitoring programme will ensure
no impacts on groundwater as a result of TGS14 Activities.

Traffic impacts
leading to a loss
of amenity and
increased HSE
risks.

Tanks:
Each of the 1,008 tanks required to contain the flowback fluid must be transported to
site.
This will result in an additional 2,016 truck movements during the TGS14 programme,
significantly increasing the traffic associated with the Activity and impacting on
amenity.
A greater number of truck movements also increases the risks of a traffic accident
with associated environmental, health and safety risks.
Water Retention Ponds:
Installation of water retention ponds will not increase the traffic associated with the
Activity as the equipment required to be transported to site to construct the ponds will
already be present on site for the site works.

Clearing leading
to impacts on
biodiversity

Tanks:
Each of these tanks has a footprint of 18 m2, though tanks must be arranged with a
minimum of 0.5 m surrounding each to allow regular inspection, giving an effective
footprint of 22.75 m2.
Based on 1,008 tanks as outlined above, this will lead to a requirement to clear an
additional 2.3 Ha of vegetation (0.57 Ha at each well site).
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Tanks will also be required to be arranged with access tracks between tanks and
within bunded areas, further increasing both the ground disturbing works and area of
vegetation required to be cleared.
Water Retention Ponds:
Water retention ponds will still be required for source bore water prior to hydraulic
fracturing operations occurring. At best, one of the 55 m x 55 m retention ponds will
not be required at each of the well sites. This represents a saving of (0.3 Ha) at each
well site.

Fugitive
Emissions
impacting air
quality

Tanks:
Tanks will mitigate any potential impacts to the environment or amenity associated
with fugitive emissions.
Water Retention Ponds:
As outlined in Sections 3.5.7 and 4.8 below, the risks associated with fugitive
emissions have been assessed as low based on international studies and the results
of Y2 flowback water analysis together with the proposed flowback management
measures to be adopted in TGS14. Similarly, based on conservative assumptions,
fugitive emissions of Benzene (one of the most toxic of the VOC-BTEX compounds)
are equivalent to 300 litres of fuel assuming 2% benzene content). This indicates the
risks to air quality associated with the proposed Activities are low.
Other:
A comprehensive air quality monitoring programme based on Optical Remote
Sensing has been implemented at all well sites as outlined in Section 4.8 below. This
monitoring programme is based on the Vertical Radial Plume Mapping of upwind and
downwind stations to determine the flux of pollutants as a result of TGS14 Activities
at a well site.
This will provide quantitative data that will be used to monitor any project attributable
effects on air quality at selected well sites.

Other –
Logistics

Tanks:
The number of tanks required to contain flowback fluid would require many lifts to
load and unload tanks from trucks.
These lifts will both increase Health and Safety risks as well as increase the risk of
damage to tanks.
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Following the completion of reinjection, each of the tanks will need to be cleaned out.
This will include the removal of proppant that has settled out into each of the tanks.
This will further increase the HSE risks associated with the Activity.
Water Retention Ponds:
The use of water retention ponds will mitigate many of these HSE risks. Following the
completion of reinjection, the sand remaining in tanks will be swept up and
transported away for disposal at a licenced disposal facility as outlined in Section
3.5.11 below.

Yawuru Expert Response (11-06-14)
The Yawuru Expert Group has concluded that, while not representing current best practice, the use of the water
retention ponds for the storage and characterisation of flowback in the TGS14 programme appears justified.
However, as the project increases in scale and the programme moves towards 100% recycling of flowback in
future phases, Buru Energy must include alternative storage mechanisms for the flowback e.g. covered/sealed
tanks or bladders (also refer to Curtin University finding 6.3 and Tina Hunter’s finding 7.5).

Finding 3 Hydrogeology and Groundwater Characterisation

Appendix D1 Comment/Query
The groundwater monitoring suite does not include coliforms and these should be included on a routine basis.
Buru Energy Response (20-05-14)
We disagree with this comment. Addition of coliforms will serve no purpose. The surveillance programme has
been designed to focus on meaningful monitoring.

Comment resolved.

Appendix D1 Comment/Query
Additional chemicals used during the hydraulic fracturing process should also be incorporated in the analytical
suite.
Buru Energy Response (20-05-14)
Chloride has been identified as our conservative tracer as outlined in the revised TGS14 EP.

Comment resolved.

Section 6.7.1
(pages 149 -
156)

Comment/Query
The monitoring programme should establish a set of trigger levels for data that is considered to be unusual or
noteworthy. The monitoring programme does not currently outline the steps that will be implemented following
identification of an unusual result and should include the range of responses that will be implemented following a
trigger event.

Comment resolved.
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Buru Energy Response (20-05-14)
We consider that detection of any constituents of potential concern such as hydrocarbons in the groundwater
above detection levels where it has not been detected previously is significant at either well site.
The following text has been included in the revised TGS14 EP:
Chloride has been used as a conservative tracer in hydrogeochemical studies for decades and is well documented
in the literature (Clement et al., 2000; Farrell et al., 1994; Lamontagne et al., 2005; Negrel and Lachassagne, 2000;
Nelson et al., 2001; Paine, 2003; van Breukelen et al., 1998). Conservative solutes are ones that can be modelled
using only advection and dispersion. Common examples are chloride and bromide, but bromide levels in the
samples collected from Y2 flowback and also in the large flowback study in the Marcellus shale in the USA (Hayes,
2009) were several orders of magnitude lower than chloride levels. Non-conservative solutes can only be modelled
using advection, dispersion, retardation, and/or decay.
Examples of non-conservative solutes are volatile/semivolatile organics (e.g. benzene, toluene, PAHs, PCBs, etc.),
sulphate, iron, and many others. Non-conservative species subsequently migrate slower throughout the
subsurface than do conservative tracers and therefore are inappropriate to use as indicators of shale flowback
water impact to a system. Nearly all classes of volatile and semivolatile organics in flowback have been shown to
be sequestered to various types of soils, thereby significantly retarding their mobility in the environment (Linz and
Nakles, 1997).
Chloride, on the other hand, is more mobile and has considerable potential as an early sentinel indicator of
flowback water impacts due to a number of advantages. In addition to being conservative (by virtue of its non-
volatile, non-sequestering, nonreactive property), chloride is usually present in relatively high concentrations
ranging from 10,000 to 200,000 mg/l, ten to a hundred times the concentration of most inorganics and more than
a million times the levels of most volatile and semi-volatile organic constituents. In Y2 flowback, Chloride
concentrations average approximately 103,000 mg/l whereas bore water at the site is approximately 111 ± 7.4
mg/L.  Chloride is also easily measured with field kits that can determine the presence of this anion with small
samples, and verified in its presence with simple conductivity instruments. Due to its high concentration and its
ubiquitous presence in flowback waters, chloride anion is an excellent monitoring tool for even the smallest leaks
of flowback water into the environment (Hayes, 2009).
Buru Energy proposes to use chloride as the key environmental sentinel indicator for Y3 and Y4 operations.  Bore
water at these sites during the baseline monitoring programme was approximately 133 ± 10.2 mg/L and 220± 8.4
mg/L respectively.

Appendix D1 Comment/Query
Additional parameters to monitor biocides should be included.

Comment resolved.
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Buru Energy Response (20-05-14)
We disagree with this statement. The biocide is classified as not toxic to humans by ingestion and rapidly
biodegrades (<14 days). The fact that the active ingredient in the biocide rapidly biodegrades, makes it a useless
analyte to monitor in the groundwater.
Moreover, the action of the acid components in the down-hole fluid system on TTPC accelerates the decay of
this compound to the point that the flowback fluid is expected to have levels of TTPC (<< 1 mg/L) below the
threshold that is toxic to fish (see Appendix F- Ecosus Report). It should be further noted the breakdown
products are harmless to fish.
Groundwater movement to the fence line of the well sites will take approximately 3 years. Therefore, the logic for
including “additional parameters to monitor biocides” as suggested is unclear. It is also unknown what these
“additional parameters” might be.
The logic for the selection of the sentinel indicator (chloride) is outlined in the response above and in the revised
TGS14 EP. Meaningful monitoring is important in surveillance programmes.

Finding 4 Geological Risk

Revised
Appendix G

Comment/Query
The EP is currently missing a comprehensive and structured interpretation of the geological information collected
by Buru Energy, in support of the TGS14 programme.
This is manifested in Buru Energy drawing a number of key conclusions in the geological risk assessment
without providing adequate detail and evidence-based argument to fully support the statements (e.g. in Appendix
H, “…all faults identified are closed…” and	“…although they may negatively impact upon fracture propagation,
they pose no geomechanical hazard for upward propagation of hydraulic fracturing fluids or hydrocarbons into
the recognised aquifers….”.
These omissions and inadequate aspects include:
Comment/Query
A description and analysis of the historical seismicity in the area.
Buru Energy Response (20-05-14)
This information has been provided in Appendix H1 to the TGS14 EP.
Comment/Query
A description and analysis of the baseline seismic monitoring that has been on-going for over a year.
Buru Energy Response (20-05-14)
This information has been provided in Appendix H1 to the TGS14 EP.

Comments resolved.
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Revised
Appendix G,
Sections
3.5.4, 4.1.1
and 4.1.2.

Comment/Query
A comprehensive analysis and discussion of the characteristics of the faults in the area and how the Y3 and Y4
stimulation plans have been developed in response to this (in particular, with emphasis on stimulation monitoring
and pressure adjustments).
Buru Energy Response (20-05-14)
All faults at Y3 and Y4 are on the edge of 3D seismic reflection resolution with small throws of approximately
5 m.  Major faults (~300 m) do not exist in the area of the wells in the stimulation zone.
The following information on the physical parameters that make significant upward propagation of fractures
implausible (including via faults) is included in the revised EP:
Permeability is a general term applied to fluids (liquids and gases); it is a measure of how easily a fluid can flow
through the medium.
The permeability of shale/tight gas formations is extremely low and these formations are often over-pressured,
partially due to the low permeability combined with the internal gas generation.
A recent assessment on the risk of fault reactivation during hydraulic fracturing of shale gas reservoirs from the
US Department of Energy Berkley Science Laboratory (Rutqvist et al 2013) considered that:

· Faults in gas-bearing shales are likely to have low permeability, as otherwise the gas would have escaped
over geological time

· If faults were permeable, they would be active and critically stressed and in such a case, only seismic slip
might occur and, because of ductile slip, the permeability would not change considerably.

The Berkley scientists concluded that the possibility of hydraulically induced fractures at great depth (thousands
of meters) causing activation of faults and creation of a new flow path that can reach shallow groundwater
resources (or even the surface) is remote (Rutqvist et al, 2013).
A similar conclusion was reached by the US EPA which found that fault reactivation due to hydraulic fracturing
would likely occur on small distances of a few meters (US EPA, 2012).
Several major national and international government reviews have however, recommended that:

· Adequate site characterisation for identifying and avoiding large scale faults, greater than 300 m, should
be a priority in any shale gas development (e.g. Rutqvist et al., 2013).

· Care should be taken with continuous monitoring of pumping pressure and induced seismicity from the
start of the injection to detect any runaway fracturing along faults.

This EP fully complies with these recommendations.

Comment resolved.
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Revised
Appendix G,
Sections
3.5.4, 4.1.1
and 4.1.2.

Comment/Query
A comprehensive seismic monitoring programme should be based on data from the seismic surveys, historical
seismicity in the area, borehole image analysis, well bore logs, planned well injection methods, ground motion
modelling and baseline seismic monitoring. It is not clear whether all these elements are in place for TGS14 and
the extent to which they have contributed to the development of the “traffic light” system of monitoring that Buru
Energy is proposing.
Buru Energy Response (20-05-14)
This information has been provided as Appendices H-2 and H-3 to the TGS14 EP.

Comments resolved.

Revised
Appendix G,
Sections
3.5.4, 4.1.1
and 4.1.2.

Comment/Query
While it is recognised that the probability of fluid migration to surface aquifers is low, a more comprehensive
assessment of fluid migration should be included.
Buru Energy Response (20-05-14)
While the risk of fluid migration from deep tight shale gas formations as a result of hydraulic fracturing has been
deemed to be implausible by all of the mainstream academic expert community worldwide, we have provided a
short summary of the reasons for this implausibility of fluid migration as a pathway mechanism from the deep
tight gas Laurel formation to groundwater in the updated EP in Section 4.1.2 (Geological Hazards).
Further detailed discussion is provided in the Buru Energy response to the Yawuru Parliamentary Inquiry
submission.
The basis for the concerns raised in the Yawuru submission are hinged on premature academic publications,
based on small and faulty data sets, from a small issue motivated group of academics in Duke University.
These papers have since been rebutted by a range of key academic and regulatory science groups using large
and robust data sets (See Section 19 of Buru Energy Response to Yawuru Parliamentary Inquiry Submission, 24
February, 2014).
For completeness, a short response is provided below:
As noted by Professor Peter Styles, while there are some faults revealed on the seismic sections provided in the
Company Geological Risk Assessment (Appendix H) for the Yulleroo area (e.g. see Figure 2 = Y3) and Valhalla
well areas they have small throws especially at the level of the Laurel Formation (Figure 3) where the boreholes
show a reasonably large area of unfaulted rock as shown by dip attribute images.
These small faults must be considered as closed and therefore impermeable or else there would be no
hydrocarbon reservoir. The conditions for extending the fault are essentially identical to those for extending a
facture in competent rock.

Comment resolved.
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The reason is that the strength of the rock is a negligible factor in fracture propagation; almost all of the work is
performed in the opening of the fracture against the rock and the in-situ stresses (Fisher and Warpinski, 2012;
Flewelling et al, 2013).
There are major existing faults in the Laurel formation that are remote from the Y3 and Y4 wells and present no
plausible environmental risk or geomechanical hazard to the proposed TGS14 operations.
A recent study that models the relationship to predict maximum fracture height as a function of hydraulic
fracturing fluid volume has been undertaken (Flewelling and Sharma, 2013).
This study found where there is an upward gradient, permeability of the overlying seal to the reservoir must be
low to have kept the gas and oil in place for hundreds of millions of years, therefore upward flow rates are
extremely low in geological time scales, and mean travel times are long (often >1 million years).
Consequently, the rapid upward migration of brine and hydraulic fracturing fluid proposed by Duke University
authors, suggested to occur as a result of increased hydraulic fracturing activity, is unrealistic.
The study concluded that fracture heights are limited by hydraulic fracturing fluid volume, that hydraulic fracturing
fluid volume imposes a bulk limit on fracture height and that unbounded fracture growth to shallow depths is not
physically plausible regardless of whether the fluid interacts with faults (Flewelling and Sharma, 2013).
It would also require incredible volumes of water, horsepower and pumping time to force fluid up a fault. Direct
hydraulic communication between tight formations and shallow groundwater via induced fractures and faults is
not a realistic expectation based on the limitations on fracture height growth and potential fault slip (e.g. Zoback
et al., 2010; Flewelling et al 2013; King, 2012).
Furthermore, the extraction of fluid (e.g. gas and oil) at formation level via flowback up the well over time will
create negative pressure gradients which will oppose any upward hydraulic gradient.
This means that as a well produces over time the direction of subsurface pressure differentia is actually lower
inside the well than outside and fluid-drive will be from the formation to the well. Under these conditions any
potentially occurring leak path is into the well and impact potential is absent (Flewelling and Sharma, 2013).
Consider also that the thickness of the overlying confining rock layers to the Laurel Formation such as the
Anderson Unit and the strongly cemented nature of these rock layers have created an effective seal of hydraulic
isolation that has prevented upward migration and escape of hydrocarbons in the Laurel Formation over
hundreds of millions of years.
This provides clear evidence the proposed hydraulic fracturing zones are isolated and will adsorb fluid additives
and produced formation water within the bedrock far below drinking water/ecosystem aquifers.

Revised
Appendix G,

Comment/Query
The higher density of fractures in the Y3 area could result in “fluid leakoff, proppant bridging, and higher injection
pressures.” It is not clear from the documentation how Buru Energy proposes to manage these issues.

Comment resolved.
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Sections
3.5.4, 4.1.1

Buru Energy Response (20-05-14)
Y4 is the well where the higher density stimulations will be undertaken. The operating procedures during well
stimulation are provided in the Design of Service documents which are included as Appendix J to the EP. These
procedures have been independently reviewed and signed off by Dr Chris Green of G Frac Technologies.

Revised
Appendix G,
Sections
3.5.4, 4.1.1,
4.1.2.

Comment/Query
Buru Energy’s risk management plan should provide a more thorough evaluation of the likelihood that a larger
felt (Mode 2) seismic event could: (a) do damage at the surface; (b) change groundwater flow conditions and (3)
reduce structural competency in the adjacent rock body (the consideration would be the future well stimulation
activities could exacerbate weaknesses induced during previous fracturing events).
Buru Energy Response (20-05-14)
Impacts on amenity through induced seismicity have been considered in the Environmental Risk Assessment.
We do not follow the reasoning for suggesting that further work on a Mode 2 seismic event be provided. The
likelihood of a Mode 2 seismic event as suggested by the reviewer is implausible based on the international
literature and the geological conditions in the Yulleroo region.
Finally, we do not understand the mechanism by which the reviewer is drawing a link between a “Mode 2 seismic
event” and changes in groundwater flow conditions.

Comment resolved.

Revised
Appendix G,
Sections
3.5.4, 4.1.1
and 4.1.2.

Comment/Query
With regard to the Y3 and Y4 borings, the presence of numerous “breakout zones” in the boring logs and
stratigraphic descriptions should be evaluated more extensively to assure that well stimulation operations will not
exacerbate these less competent zones.
Buru Energy Response (20-05-14)
We don’t understand what “exacerbate” means in the “less competent zones” nor the logic behind this. The
purpose of hydraulic fracturing activity is to create fractures in the rock.

Comment resolved.

Finding 5 Oil Spill Response Planning

TGS14 EP Comment/Query
Is Buru Energy intending to expand the scope of the OSCP to include spill response planning to other hazardous
and/or dangerous materials?
Buru Energy Response (20-05-14)
The OSCP is the Company’s general response plan. It therefore deals with general response to liquid spills
(including dangerous goods and hazardous substances) such as acid, hydrocarbons, flowback water etc.

Comment resolved.
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Where deficiencies or gaps in spill response planning are identified, additional management measures/
mitigations are included in site or activity specific plans such as the TGS14 EP.
The Company has no plans to expand the scope of the OSCP in the near future but should further environmental
risks be identified, the Company will ensure they are appropriately controlled and managed, either through the
TGS14 EP or site/activity specific plans.
Yawuru Expert Response (11-06-14)
Buru Energy has now developed a site-specific hydrocarbon and chemical spill response plan for the TGS14
programme.
The plan provides a more comprehensive evaluation of the risks, clean-up measures, procedures etc. One
suggested improvement to the spill plan would be to include a table that lists the chemicals that will be used on
site and also to include the “Accidental Release Measures” in the MSDSs for each chemical type.
The spill plan should be included in the EP as an appendix. Currently, it does not have an appendix number, and
is not listed in the Buru Energy “Table of Updated Documentation”.
Buru Response (26-06-14)
MSDS’s are provided by subcontractors and are unable to be modified by Buru Energy. All chemicals on site are
listed in the spill response plan. The mechanisms for “accidental release measures” are by definition, difficult to
predict. However, the likely spill scenarios are included in the spill response plan.
As an Emergency Response Document, the spill plan is included as an Appendix to the Operations Plan. More
importantly, the document will be available to personnel on site to guide the response in the event of a spill.

6 Comment/Query – Curtin University, Department of Petroleum Engineering Status of Comment/Query

Findings contained in the Consolidated Yawuru Expert Report dated July 2014

Finding 6.1 Comment/Query
The Y3 and Y4 wells may produce gas from the Laurel Formation, which occurs at a depth of more than 2,100 m
in the Yulleroo area. The major aquifers in this area are shallower than 500 m, some 1,600 m above the Laurel.
The tight Anderson Unit overlies the Laurel Formation, sealing any migration of gas upwards towards the
aquifers. The Anderson Unit appears greater than 75 m thick. Thus, there appears to be a competent seal above
the gas-bearing formation. International case histories, particularly in the U.S., have shown that the furthest a
fracture has migrated has been 588 m (above the Barnett Shale), and consequently it has become law
(particularly in U.K.) that no unit to be fractured is allowed to be closer than 600 m from known aquifers. It is
therefore considered that the closest aquifer to the Laurel Formation (the Betty Unit of the Grant Formation at
900 m to 1 km depth) is some 2 km above the Laurel, and that there is little chance of contamination of that
aquifer by fracture fluids.

Comment resolved.
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With regard to microseismicity, it is recommended that whenever future fracturing stimulation operations are to
be performed, it would be imperative to drill at least one or more microseismicity monitoring wells around the
site, to perform the same function as those which were performed at Paralana 2.
That is to monitor the location of fractures as they propagate, and to also monitor if there are any other
microseismic activities in the region surrounding the well site, which may indicate reactivation of surrounding
faults and fracture systems.
This recommendation is not dissimilar to the recommendations of the Styles report, in that it should become
common practice that one or more microseismic wells be drilled and instrumented, to allow future pre-, during
and post- fracture operation monitoring, which will provide a far higher level of confidence that there are no new
geological risks as a result of the fracturing operations.
Buru Energy Response (20-05-14)
As shown in Figure 2 of Appendix D-1 to the TGS14 EP, the Anderson Formation is a minimum of 1,600 metres
thick in the Yulleroo region.

Finding 6.2 Comment/Query
The Well Integrity Report for the Y3 and Y4 wells covered best recommended practices and methodologies
following the guidelines/schedules of various government regulatory authorities (Western Australia – Petroleum
Schedule) or standardised agencies (e.g. API, Texas Rail Road Commission Rule 13, Oil and Gas, UK etc.).
The report addressed every detail in relation to ensuring best possible well integrity during and after hydraulic
fracturing treatments following best practices and methodologies. From the selection of casing (types, sizes,
pressure rating) and pressure testing operational point of view, no major anomalies were noticed during this
review that requires to be addressed.
As indicated in the Well Integrity Report (TGS14 - Well Integrity), the cementing completion job for Y3 and its
associated pressure test were found to comply with best standard practices and methodologies.
A good cement bonding throughout all of the casings of this well (Y3) was established from the Cement Bond
Log (CBL) interpretation.
This well also did not show any signs of pressure in the annulus of the surface and intermediate casings, which
confirms good pressure isolation in the annulus between the intermediate casing (244 mm or 9-5/8 inch) and
production casing (178 mm or 7 inch).
For Y4 however, the CBL results show that the cement bond was moderate to good from 955 m – 2,005 m. The
cement quality also varied from 2,005 m to the target depth (TD). It is clearly indicated in the CBL analysis that:
1. There is possible micro-annulus and channelling below the top of the cement (933 m) behind the

production casing.

Comment pending closure
subject to further review.

The results of the additional
testing of the Y4 well will be
assessed by the Yawuru
Expert Group.
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2. There is poor cement coverage within the interval 2,005 to 3,065 m with possible signs of channelling

behind the production casing.
3. There is intermittent poor cement bonding near the TD (with 3,065 to 3,846 m).
It is to be noted that the overall scope for the Y4 well is to perform hydraulic fracture operations on 13 separate
intervals/stages. The proposed perforations and bridge plug locations are provided in Table 5 the of Hydraulic
Fracturing Services report (pages 7-8 of file: Buru Energy Yulleroo-4 DoS Frac Rev 0_28Nov13.pdf), where the
fracturing operations would be carried out.
The locations of all stages as indicated in this report are within the interval, 2,345 to 3,810 m; as indicated above,
this fracturing interval falls within the poor cement coverage interval 2,005 to 3,846 m.
The above results pose serious questions regarding a potential mechanical integrity failure due to a weak
cement bonding issue. This assessment, especially when considering future potential leakage of fracturing fluids
during fracturing operations, could result in leakage of these and production fluids, potentially as a result of the
existence of poor varying quality cement which clearly has not been adequately addressed.
There was no mitigation plan found in the Well Integrity Report. The mechanical integrity associated with
cementing and potential risks of upward movement of reservoir or external fluids during and after the hydraulic
fracturing operations should be addressed.
In principle, a well has to demonstrate that it has sound mechanical integrity in all circumstances (e.g. during and
after a fracturing treatment operation, during production as well as abandonment).
There are standard practices i.e. use of a pressure test and CBL or Variable Density Log (VDL) for the
evaluation of cement integrity. It is considered standard to use a CBL/VDL to determine cement top and assess
the quality of cement-cement and cement-formation bonds. However, CBL/VDL cannot provide 100% accuracy
on the assessment of cement bonds quality due to the tool’s limitations.
More importantly these tools do not measure the hydraulic seal but rather measure the loss of acoustic energy
as it propagates.
This loss of energy is related to the fraction of the casing perimeter covered by cement, and hence does not
have the ability to provide 100% coverage of the casing wall. The nature of the assessment is more qualitative
than quantitative.
The interpretation may not necessarily provide a conclusive result especially in relation to identification of some
of the above addressed potential leakage paths, hydraulic communication behind the casing and/or any micro-
annulus. In addition, failure in the placement of tools in the centre of the well during operations could encourage
misleading interpretation.
It is recommended to use an ultrasonic imaging tool (USIT) along with a CBL. USIT is a continuously rotating
pulse-echo type tool that has nearly 100% coverage of the casing wall and provides highly sophisticated
computer processed colour coded images.
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The use of a USIT along with a CBL would provide the best possible overall picture of well integrity. The tool
running operations should be conducted by competent personnel ensuring the accurate placement of tools.
To ensure all fluid is contained within the well bore, and no upward flow behind the casing (i.e. no hydraulic
communication behind the casing), during and after the fracturing treatment, it is strongly recommended to run
PLTs (production logging tools) along with a pressure test at the shoe (FIT/LOT/XLOT).
An Oxygen Activation log usually refers to a Water Flow Log (WFL) or hydrolog to detect water flow behind the
casing which may be considered if re-entry is to be performed.
Tree and wellhead integrity is an important requirement in order to ensure safe operations. While some
operational action plans are in place which conform with best practice and methodologies especially in regards
to the pressure tests, this issue should be approached cautiously and properly in order to ensure that future high
pressure operations are contained under all circumstances.
This will then ensure Tree and Wellhead Integrity, during and after hydraulic fracture operations. Prior to any
operation, wellhead seal tests need to be carried out to ensure the integrity of all sealing elements, valves and
seats as well as their sealing ability against maximum possible well pressure.
Buru Energy Response (20-05-14)
Buru Energy Drilling department had intended to undertake well head change out together with new cement
evaluation runs and pressure tests in Q3 of 2013. Unfortunately the site work was halted after intervention from a
Yawuru working group member. This was partly due to miscommunication by Buru Energy reporting the
proposed well inspection work through the routine weekly updates provided to Yawuru. The intervening wet
season and ongoing TGS14 consultative processes with Yawuru have further delayed the implementation of the
well inspection programme, approved by the DMP.
The following sequence of TGS14 well operations work is scheduled in the next 6 weeks for each of the TGS14
wells:
· Well clean-out
· Well head tree installation
· Well head tree integrity pressure testing assessment
· Well casing pressure testing assessment
· Conduct cement evaluation
· Consider next steps if required
Once the results of this evaluation have been completed, Buru Energy will be in a position to make a definitive
decision about Y4.
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Buru Energy also provided the following additional feedback from their independent well expert, G Frac:
· Y4 cement problems have been highlighted as a potential problem for upward migration of hydraulic

fracturing fluids and as such to guarantee well (sic) there is a pressure limit of 5000 psi at the moment for any
treatment in the well, which is the pressure of the original completion test done in the well to test the cement.

· It should be pointed out that any logging technique can have limitations and the primary test to check the
sealing ability of the cement should always be a pressure test of the completion, at, or preferably above, the
pressure that will be used for the hydraulic fracturing treatment itself.

· G Frac recommends the use of either CBL or Ultrasonic logs, but only in a pressured well to remove the
interpretation problems associated with microannulli. Not having cement in the treatment  section is not
necessarily a problem that will lead to upward growth, though there is a high chance that spacing and
separation of the hydraulic fractures will be an issue and only a single zone may be treated with each
successive stage.

· From the data that we have it seems that the zone 955-2005 m provides adequate upward growth protection
internally within the annulus but the intermediate casing shoe is exposed. Fortunately, this has been tested
and could provide a barrier to upward growth, through the pressure will be limited to a safety factor, applied
to the interpreted fall-off test data. G Frac has approved a plan to revisit the site, check all the wellheads and
the completion itself and pressure up the completion and relog the well, prior to the planned operations
themselves.

· G Frac’s preference is always to cement to above the liner top as per UK regulations (min 300mMD using
UKOOG, Oil and Gas UK Well Integrity Guidelines and DCR), but not to surface in such deep wells. Using
this alternative completion there is at least a liquid–filled space that can be monitored.

· Applying the guidelines to the present completion there is the potential for the hydraulic fracturing fluid to flow
upwards to the exposed intermediate casing shoe which has a stated FOT value of some 1.1 psi/ft.

· The forward plan is now to check this FOT data, before applying a safe pressure limit that could be used for
the hydraulic fracture.

· Cement remediation is not something that G Frac would recommend, just to pass a test, and instead we
would recommend a perforation and test of the zone to check the actual cement quality.

· Well integrity is covered by the WIMS system that Buru Energy has implemented and that will be
independently verified by G Frac using the agreed Buru Energy well examination scheme.

· The statement about check afterwards using PLT’s and FIT/XLOT/LOT needs clarification as a pressure test
of the shoe will not be possible afterwards?

Yawuru Expert Response (11-06-14)
The Buru Energy and G Frac comments/recommendations are valid and in line with our recommendations. It is
agreed that G Frac’s statement that “Cement remediation is not something that G Frac would recommend, just to
pass a test, and instead we would recommend a perforation and test of the zone to check the actual cement
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quality” is valid and a feasible recommendation. However, there should be a contingency arrangement in this
regard, in case this test infers any defect cement quality.
In response to G Frac’s last bullet point above, our comment is made to provide for an extra measure for
accounting for potential risks of post fracture related damage associated with the development of induced
channels/cracks behind the casing and/or further deterioration of cement defects/micro-channels during
fracturing operations, which could cause vertical migration of fracture or produced liquids. We agree that
pressure tests at the shoe is not possible after the completion of the fracturing job, however, it is possible to run
PLTs like temperature logs and WFL to detect if there is any water flow or channel behind the casing in the
injected (fracturing fluid) wells. This would ensure that there is no chance of any further occurrence of post
fracture related damage.
Buru Response (26-06-14)
The concern for the well integrity is prioritised to addressing potential issues during the hydraulic fracturing
operations, as that is the time when we would have sufficient pressure to sustain the necessary hydraulic
fracturing extension growth. We reiterate that Buru Energy’s intention is to re-run the CBL/Ultrasonic logs for Y4,
but only in a pressured well to remove the interpretation problems associated with microannulli. Once the logs
have been acquired these will be referred to an independent specialist for assessment to confirm status of the
cement bond in this zone. The results will be provided to DMP for information. Buru Energy will also provide the
results and interpretation to Yawuru advisors.
With respect to post hydraulic fracturing assessment, the use of diagnostic isotopic tracers in the proppant will
provide useful confirmatory mapping of the extent of vertical height of proppant movement in the near well bore
zone including to detect if there is any anomalous water flow or channel behind the casing in the injected
(fracturing fluid) wells. If time and opportunity exists post hydraulic fracturing at each perforation interval then a
temperature log may also be run to determine extent of the hydraulic fracturing extension along the well bore.

Finding 6.3 Comment/Query
A note on the use of water bladders. Digging holes for use as injectate water containers is becoming
unacceptable in the Canadian tundra, due to the environmental issues it produces. Instead, a Canadian
company has sold the industry on the application of large bladders. The issue of the use of bladders is one of
cost, application and operational acceptability. For example, the points to be raised are:
1. Storing fluids in open ponds is useful and common practice for short term storage and evaporation (if

required), but leakage may occur. It is not ideal to have mixed products of fluid where even low-grade acid
may be involved.

2. Storage ponds require bulldozing of the earth to one or more metres in depth, dependent on the amount to
be stored, which may leave permanent marks on the ground.

3. The cost of bulldozing and lining storage ponds is an acceptable cost as part of conventional operations.

Comment resolved.



Y3 & Y4 Hydraulic Fracturing Project,
Canning Basin, Western Australia

Yawuru Expert Group
Consolidated Peer Review Report	

	

49 | P a g e
	

Page No. Comment/Query Status of Comment/Query
Use of bladders
1. Storing fluids in enclosed bladders has only been introduced over the last two years, where fracture

stimulation is occurring in environmentally sensitive areas. Examples include the Canadian tundra and
working adjacent to public housing and domestic areas. Using bladders in the tundra is a case of not wishing
to damage the snow/ice-covered earth by deeply dug ponds open to freezing weather (where the fluids may
freeze and not be usable), while using bladders working adjacent to public housing and domestic areas stops
local people from access to the ponds and avoids evaporation and/or foul smelling odours from the fluids
used.

2. Storage ponds still require bulldozing to contain the first bladder so that it beds into the earth well, but the
depth does not need to be as deep as a conventional pond. Consequently there is still earth movement
involved though not as deep as with conventional ponds.

3. The cost of bulldozing may be slightly less, but the cost of the bladders will no doubt be a lot greater than just
lining ponds.

4. An advantage, according to the manufacturers, is that bladders can be stacked, so that fracture treatment
fluids for one stage may be separated from those of another stage. This will only be useful where different
additives are to be used and need to be separated.

In the final analysis, it is acceptable from a practical point of view, to proceed with conventional ponds for the
proposed work. However, if the fracture operation is successful and there is upside in having a number of wells
drilled and stimulated from the same pad, then it is strongly suggested that the use of stackable bladders be
considered.
Buru Energy Response (TGS14 EP Rev_2, page 23-25, 12-05-14)
Based on the outcomes of a risk benefit analysis, water retention ponds were identified as the approach that
provided the best Health, Safety and Environmental outcomes for the management of flowback water.
Yawuru Expert Response (11-06-14)
Refer to earlier ENVIRON response and Tina Hunter comment in finding 7.5.
The Yawuru Expert Group has concluded that, while not representing current best practice, the use of the water
retention ponds for the storage and characterisation of flowback in the TGS14 programme appears justified.
 However, as the project increases in scale and the programme moves towards 100% recycling of flowback in
future phases, Buru Energy must include alternative storage mechanisms for the flowback e.g. covered/sealed
tanks or bladders.
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7 Comment/Query - Dr Tina Hunter Status of Comment/Query

Findings contained in the Consolidated Yawuru Expert Report dated July 2014

Finding 7.1 Comment/Query
Buru Energy should consider the use of international best practice on this project, particularly the use of all
appropriate API standards, and UKOOG well guidelines to ensure that best practice in shale gas hydraulic
fracturing is observed.
Buru Energy Response (20-05-14)
Buru Energy has considered all available guidelines and regulations in the planning of the proposed activities.
Please refer to Appendix K and the previous response to Yawuru comments.

Comment resolved.

Finding 7.2 Comment/Query
The approach to risk minimisation is sound. The risk minimisation strategy is comprehensive and consistent with
the requirements of the Environmental Regulations7.
Buru Energy Response (20-05-14)
Noted.

Comment resolved.

Finding 7.3 Comment/Query
Buru Energy should disclose all incidents, reports and data on its website as well as report to DMP as the
regulator in order to promote transparency and build community trust.
Buru Energy Response (20-05-14)
As stated by Dr Hunter in Section 4.5 of her report: “In the UK, all data that is collected by the operator is not
only submitted to the regulator but the DECC requires operators to publish data pertaining to water and well
integrity on their website (DECC, 2012, p 3) such disclosure promotes transparency and community assurance
regarding the capacity of the regulator and the activities of the operator. This is considered best-practice.”
As stated in Subplan 1 (6.3.1) of the TGS14, operational groundwater quality information will be reported on the
Company’s website during the Activity. This is consistent with best practice as stated by Dr Hunter.
The DECC (2012) report appears to have been misquoted by Dr Hunter. There is no requirement under the
regulations for operators to publish data relating to well integrity on their website. Further, Buru Energy is unsure
what appropriate information relating to well integrity might be published on the website.
Yawuru Expert Response (11-06-14)
The recommendation comes from UKOOG Shale Gas Well Guidelines (Recommendation 7.4 and 9.3). The

Comment resolved.

																																																													
7 The Petroleum and Geothermal Energy Resources (Environment) Regulations 2012
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recommendation encourages all information to be reported, not just ground water quality information.  This
includes any well incidents, reports to DMP (that do not contain commercial in confidence information) and
environment plan summaries. The reasoning behind this is to ensure that the community has a single place to
consult for all information relating to the TSG14 activities (even though some of this information may be reported
elsewhere).
Buru Response (26-06-14)
The specific reporting conditions cited by DMP as part of their approval for TGS14 will also be made
simultaneously available on the Company website:

• Buru Energy are to provide DMP with the results of all environmental monitoring programmes
implemented during TGS14 as soon as results are available. This includes results from the proposed
water quality monitoring, air quality monitoring, soil monitoring, microseismic monitoring, flowback fluid
monitoring (specifically the results of tests to determine if reuse/recycling is possible) and Greater Bilby
monitoring programmes.

• Buru Energy are to immediately initiate a remediation programme should any contamination attributable
to hydraulic fracturing operations be detected in the TGS14 water quality and soil monitoring
programmes.

Finding 7.4 Comment/Query
Buru Energy has complied with the chemical disclosure requirements of the Environment Regulations. The
summary of the chemicals to be used down hole is not yet available to the public, since the EP is currently on
hold. Sourcing information from the DMP website is difficult, and there is presently no provision for the filing of all
chemicals used on a single website, such as frac-focus in the USA and Canada. It is suggested that Buru Energy
provide a summary of the chemicals used on its website.
In addition, Buru Energy needs to assess all of the chemicals that are produced as part of the flowback
water/produced water when hydraulic fracturing is undertaken.
Buru Energy Response (20-05-14)
All chemicals proposed to be used are available on the Buru Energy website and have been since November
2013. Flowback water will be fully characterised following the TGS14 programme. Results of this analysis will be
made available to Yawuru and their advisors following the TGS14 programme.

Comment resolved.

Finding 7.5 Comment/Query
The use of Turkeys’ nests as a method of managing produced water and mitigating surface water contamination
is not preferable. The API developed standards and guidelines for the management of water and surface
contamination in 2009/10, and does not advocate the use of such ponds.

Comment resolved.
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Furthermore, the use of open storage ponds is not permitted in UK shale gas operations as they pose an
unacceptable high risk for surface water pollution. The use of closed metal tanks for produced and flowback
water represents best practice. To reduce water use, and the need for chemical use and water disposal,
recycling of water should be maximised by Buru Energy.
Buru Energy Response (20-05-14)
From her report, Dr Hunter appears to be confusing the Evaporation Ponds commonly used in the Queensland
CSG industry with the water retention ponds that will be used by Buru Energy for the containment of flowback
water during TGS14.
The purpose of the water retention ponds is to contain flowback water in impermeable lined ponds while it is
characterised. Following flowback, the water will then be reinjected to the Laurel Formation. Evaporation will not
be used as the primary end point disposal option as suggested by Dr Hunter.
Buru Energy disagrees with Dr Hunter’s statement that “the issue of overtopping of the Turkey’s nests is not
adequately addressed by the Buru Energy’s EP”. Buru Energy has engineered water retention ponds so that
freeboard exceeds 1:100 ARI events as outlined in the MWH Surface Spill Trajectory Modelling Report for
TGS14 Well Sites included as an attachment.
This supports the risk assessment and conclusions made in the EP. The Company agrees with the assertions of
Dr Hunter that multiple barriers to contamination and a risk management framework are essential for the
protection of water resources. This is an international philosophy generally adopted for risk management across
may disciplines/activities. The multiple-barrier approach has been adopted by Buru Energy for the TGS14
Activity as well as more generally in its Activities.
Buru Energy acknowledges the guidance contained in the UK Onshore Shale Gas Guidelines for managing
flowback water and has consulted with Dr Chris Green and Prof. Peter Styles who advised the UK Government
and Royal Society on hydraulic fracturing (refer to references cited on Page 6 of Dr Hunters Report).
Both advisors recommended using the risk based approach for TGS14 to take into account local environmental
conditions. Section 7.3.1-1 of the UK Onshore Guidelines states: Fracturing, flowback, testing operations are
planned and fully risk assessed as part of the well design and operations programming process.”
In accordance with the UK Guidelines and the risk management approach, also suggested by Dr Hunter, Buru
Energy has undertaken a risk-benefit analysis comparing the use of tanks vs. water retention ponds. This is
included in Section 3.4.4 of the EP and has clearly shown that the triple lined water retention ponds suggested
here deliver much better Environmental, Safety and Amenity outcomes compared to the use of steel tanks. The
triple-lined design of the Retention Ponds also exceeds the guideline requirements for containment of
wastewater outlined in WQPN39 (DoW, 2009) based on the expected quality of the TGS14 flowback water.
As stated in Section 3.5.2, the Company will maximise reuse during the programme and has set itself the goal of
re-using 30% of the total volume of flowback water during the programme.
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Yawuru Expert Response (11-06-14)
Refer to earlier ENVIRON response and Curtin University comment in finding 6.3.
The Yawuru Expert Group has concluded that, while not representing current best practice, the use of the water
retention ponds for the storage and characterisation of flowback in the TGS14 programme appears justified.
 However, as the project increases in scale and the programme moves towards 100% recycling of flowback in
future phases, Buru Energy must include alternative storage mechanisms for the flowback e.g. covered/sealed
tanks or bladders that are consistent with DNV Shale Gas Guideline 6.3.2.1.

Finding 7.6 Comment/Query
Buru Energy is sensitive to the impact of its activities on the land, and seeks to reduce their footprint on Yawuru
land. This footprint reduction is considered in Chapter 3 of the TGS14 EP Rev_0.
Buru Energy Response (20-05-14)
Buru Energy points out that the CSG industry which Dr Hunter is most familiar with requires a much greater
number of wells in a given area than development of shale gas development.
Buru Energy agrees that we seek to minimise our footprint on Yawuru land. Furthermore, Buru Energy is working
with the Yawuru to collect spatial information on the cultural and environmental values of the wider Yulleroo
region.
A spatial survey of the Yulleroo region will occur the week commencing 9 June. This cultural and environmental
mapping process will support open and transparent decision making by Buru Energy and the Yawuru regarding
potential project footprints during the ongoing gas roadmap process.
Yawuru Expert Response (11-06-14)
Dr Hunter is familiar with the footprint of both shale gas and CSG operations. Buru has committed to reducing
their footprint in present and future processes with regards to potential footprint.

Comment resolved.

Finding 7.7 Comment/Query
Buru Energy should prepare a comprehensive Chemical Spill Contingency Plan, and make it clearly available
similar the Oil Spill Contingency Plan found in Appendix B4.
Buru Energy Response (20-05-14)
Chemical spills have been considered as part of the site-specific spill response plan which is included as an
attachment. This site-specific spill response plan was included with the operational approvals for the TGS14
programme.
Like hydrocarbon spills, the clean-up of chemical spills is predicated on the three pillars of oil spill containment:
control, contain and clean up.

Comment pending closure
subject to further review.

Further evaluation should be
done on the capacity of the
external resources that will be
relied on in the event of Tier 2
and 3 emergency responses.
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Yawuru Expert Response (11-06-14)
This plan is Document HSE-PLN-024 Rev 0 dated 14/4/2014. Note however the spill response plan does not
allow for loss of flowback fluid from the well head in a loss of well control incident. This should be factored into
the spill response plan.
Buru Response (26-06-14)
The spill response plan is premised on the maximum feasible spill and includes the failure of pipes near the
down-hole fluid system resulting in the loss of hydraulic fracturing fluid or flowback fluid.
The purpose of this site-specific spill response plan is to provide a plan for the immediate management and
clean-up of Tier 1 spills on site. In the event of a Tier 2 or 3 spill (which may include a well control event),
personnel on site will escalate the response to a response that involves external resources – either involving the
regional office in Broome and/or calling in external resources (to be led by the DFES). In the event of such an
escalation, personnel on site will continue to respond to the situation as long as it is safe while external
resources involve on site.
Any external response will be managed according to the overarching Company-wide Spill Response Plan that
the specialist reviewers have reviewed.
Yawuru Expert Response (07-07-14)
The Tier 1 Spill Response Planning is acceptable. Note, however, that Tier 2 and Tier 3 Response Planning
relies on external resources, particularly the WA DFES. The capacity of the WA DFES to deal comprehensively
with all project-specific risks/issues has not been assessed or determined by Buru Energy at this stage and
should be done.

Finding 7.8 Comment/Query
Buru Energy’s Oil Spill Contingency Plan is comprehensive, well structured and meets the requirements of the
Regulations. However, if there was a large spill of hydrocarbons, especially oil, it is unlikely that the spill
response kits would make a major contribution to cleaning spills.
Buru Energy Response (20-05-14)
Buru Energy agrees. The site-specific spill response plan is based on maximum feasible spill scenarios.
However, in the event that there is a large spill of hydrocarbons or chemicals, this would trigger a Tier 2/3
response which would include the calling of Emergency Services and external assistance (as required). This is
included in the Company’s OSCP.
Yawuru Expert Response (11-06-14)
Agreed based on site-specific scenarios, but it does not include loss of well control (Cherry Creek scenario, see
finding 7.13 below). Yawuru requires more information relating to calling emergency services in a remote
location for a Tier 2/3 response. What is the likely response time, and how would that impact spill containment?

Comment pending closure
subject to further review.
Yawuru requires more
information relating to calling in
emergency services in a
remote location like Yulleroo
e.g. specific spill response
skills and capacity, response
times etc. For all future
exploration and production
wells, the training and
readiness capacity of the WA
DFES to respond to Tier 2/3
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What level of training has the local Fire Department received in relation to first response for a Tier 2/3 spill
response?
Buru Response (26-06-14)
The loss of well control as cited in the Cherry Creek example led to the discharge of manageable volumes of 6-8
cubic metres per day. In the case of this event, it is unlikely that this would trigger a Tier 2/3 response.
The Company and associated contractors has undertaken risk assessments and have relevant procedures in
place to ensure no spills to the environment. The Company does not foresee any spill scenarios but has
response plans in place as a contingency. These response plans are premised on maximum feasible spills and it
is not possible to provide exact information on unexpected events as these are by definition unexpected (and
rare). However, given the volumes and nature of fluids used during activities, it is highly unlikely that a massive
spill (over ~100 m3) will occur due to the volume of fluid in the well at any one time and international experience.
The hydraulic fracturing fluid has also been shown to be non-toxic; flowback water has been shown to be highly
saline but low in COPC (refer to relevant sections of TGS14 EP).
However in the rare instance of a large unexpected event, further resources are available in Broome, located
approximately 70 km away from the Yulleroo region. In the event of such a spill, Emergency Services will reach
the Yulleroo well sites in <1 hour.
Personnel on site will continue to work to contain the spill while emergency services are responding as long as it
is safe to do so as outlined in the Company’s overarching spill response plan. In the event of a larger spill, the
Company may also mobilise sucker trucks from Toxfree in Broome and civils equipment to build containment
bunds (as required). Such a Tier 2/3 response would be tailored to the nature of the emergency situation.
The training records of local DFES staff are not publically available, nor is it appropriate for Buru Energy to
evaluate the level of training of these staff. However, as stated on the DFES website:
As Western Australia's leading hazard management agency, the Department of Fire and Emergency Services
(DFES) (Formerly The Fire and Emergency Services Authority of WA) performs a critical role coordinating
emergency services for a range of natural disasters and emergency incidents threatening life and property.	
Supported by an extensive network of over 29,000 volunteers and 1111 career firefighters DFES works together
with the community and government to prevent, prepare for, respond to and recover from a diverse range of
emergencies. Operating 24 hours a day, every day of the year, DFES provides emergency services across our
vast state of 2.5 million square kilometres on land, by sea and air. DFES was established to improve the
coordination and planning of emergency services in Western Australia. DFES has adopted an ‘all hazards’
approach to emergency management, working in partnership with the community and other government
agencies to prevent, prepare for, respond to and recover from natural disasters and emergencies.

spills will need to be made
available to Yawuru.
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Yawuru Expert Response (07-07-14)
As noted in 7.7 above, Buru Energy relies on the WA DFES for response to Tier 2/3 spills, however, the specific
spill response skills and capacity of WA DFES is not known to either Buru Energy or Yawuru. There is an
expectation that for all future exploration and production wells, the training and readiness capacity of the WA
DFES to respond to Tier 2/3 spills will be made available by Buru Energy to Yawuru for assessment.

Finding 7.9 Comment/Query
Using APPEA or IEA standards do not represent best practice for well integrity. To ensure the integrity of wells
that have been drilled and maintained by Buru Energy, API standards should be used at a minimum. The
integrity of wells drilled should be assured by a third party expert in well integrity. This would provide assurance
to Yawuru that the wells are of sufficient integrity to mitigate and reduce the risk of damage to country. APPEA
and IEA Standards are not recognised as best practice. The hydraulic fracturing standards that have been
developed by the UKOOG represent best practice. Furthermore the independent, objective shale gas standards
and the risk management framework of DNV (Standards and Recommended Practices) represent best practice
at present, and should be utilised by Buru Energy. Buru Energy should adhere to the use of API standards and
practices for well construction as a minimum. Buru Energy should also implement the DNV Shale gas standards
and practices, and the UKOOG hydraulic fracturing guidelines.
Buru Energy Response (20-05-14)
As stated in the previous response to ENVIRON comments (Page 2 of response provided to Yawuru on 31
March), the API standards represent a set of engineering standards. The APPEA Code as well as the Onshore
Petroleum Schedule use API as a basis for their respective standards but translate the API standards into more
prescriptive detail. Therefore, by designing and executing Activities in accordance with the Onshore Schedule
and APPEA Code of Practice, the Company is meeting the API standards.
The standards used by the Buru Engineering team are further outlined in Appendix I: Well Integrity of Y3 and Y4
and include:

· API Standards 65, API Guidance Document HF1 and API Technical Report 10TR1,
· Texas Rail Road Commission Rule 13 – Casing, Cementing, Drilling, Well Control and Completion

Requirements,
· Oil and Gas UK – Well Integrity Guidelines, Issue 1 July 2012,
· UK Onshore Shale Gas Well Guidelines – Exploration and Appraisal Phase, Issue 1, February 2012,
· Pennsylvania Department of Environmental Protection – Chapter 78. Oil and Gas Wells.

The Company disagrees with Dr Hunter’s statements in her report that “risks associated with well control and
well integrity are not identified as part of the EP”. Please refer to Sections 2.3, 2.4, 3.1, 4.2 of Table 27:
Environmental Risk Assessment in the TGS14 EP. Please also refer to Appendix I in the TGS14 EP for
information regarding well integrity.  The integrity of wells along with the design of hydraulic fracturing operations

Comment resolved.
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has been assured by a third party expert in well integrity, Dr Chris Green from G Frac. Please refer to Appendix
I/J sign off (attached).
Yawuru Expert Response (11-06-14)
The APPEA standards do not represent best practice, but do represent accepted practice.
The UKOOG and DNV standards are higher than API, and thus represent best practice, particularly in relation to
flowback water storage and environmental aspects. Note also that the integrity of one well has been found to be
lacking in relation to the cement bond in Y4 by Curtin University.
As noted by Professor Styles and Dr Green in the Preese Hall report referred to above by Buru Energy, well
integrity is critical. As noted in Section 2.2.6 of the Yawuru Expert Group Consolidated Report, there are issues
with poor cement bonds and channelling in the Y4 well. The issue of well integrity will remain open until the
independent Yawuru Expert Group can ascertain that well integrity is assured.
Buru Energy’s response to finding 7.10 below is to use UKOOG and DNV standards for plugging and
abandoning. These standards should be uniformly applied to all aspects of the operation, including well integrity.
Buru Response (26-06-14)
Buru has been adopting well integrity practices that comply with the highest industry standards and best
practices (primarily UKOOG and Norsok). These standards are incorporated in the ongoing development of the
Buru Energy Well Operations Management System. Please see comment in finding 6.2 with respect to potential
Y4 well integrity issue.	

Finding 7.10 Comment/Query
To ensure the integrity of wells that have been drilled and maintained by Buru Energy, the integrity of the wells
should be assured by a third party expert in well integrity, such as DNV. This would provide assurance to Yawuru
that the wells are of sufficient integrity to mitigate and reduce the risk of damage to country.
Buru Energy Response (20-05-14)
In response to previous comments from ENVIRON provided on 31 March 2014, further information regarding
plugging and abandonment of wells has been included in Section 3.7.1 of the updated EP.
It should be noted that following the TGS14 works programme, Buru Energy does not, at this stage intend to
“plug and abandon” the Y3 or Y4 wells. Buru Energy has developed a Well Operations Management System
(WOMS) that adopts a framework for the life cycle management of petroleum wells. The WOMS adopts the
continuous improvement philosophy.
The WOMS outlines, among many other relevant matters, the process for plugging and abandoning of wells
which will be undertaken in accordance with the UKOOG and the DNV Shale gas standards. Therefore, it can be
confirmed that both of the Yulleroo wells will be plugged and abandoned in accordance with best practice
international standards.

Comment resolved.
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Yawuru Expert Response (11-06-14)
Buru Energy’s assurance to use best practice, not just practice accepted by the DMP for plugging and
abandoning is noted and will be the standard required for all plugging and abandoning.

Finding 7.11 Comment/Query
The geological assessment reveals little seismic activity and an unlikely risk of seismicity post hydraulic
fracturing.
To ensure that seismic events do not occur during or after hydraulic fracturing, Buru Energy should ensure that
3D seismic modelling is undertaken to ensure that the greatest possible amount of information is available prior
to hydraulic fracturing operations.
Buru Energy Response (20-05-14)
3D seismic surveys were completed in Yulleroo in 2011. This is stated in the TGS14 EP.

Comment resolved.

Finding 7.12 Comment/Query
A baseline monitoring programme of the deep aquifers should be implemented at Y3 and Y4. Furthermore,
ongoing monitoring of the deep water aquifers should be undertaken before, during and after hydraulic fracturing
operations.
The monitoring should be long-term, given the possible slow rate of infiltration from a poorly constructed well into
the deep water aquifer.
Buru Energy Response (20-05-14)
Buru disagrees with this statement. Firstly the “deep aquifers” at Yulleroo are not potable.
The geological formations hosting this non-potable groundwater in Yulleroo region have also demonstrated
natural presence of hydrocarbons as outlined in the Geological Environmental Risk Assessment (Appendix H)
further diminishing the relevance of monitoring these groundwater systems.
Significant justification for undertaking a baseline monitoring programme has not been provided by Dr Hunter. In
Section 6.4 of her report, Dr Hunter states:
“it is recognised that subsurface contamination of water resources arises not from interconnection of the fracture
zone and the aquifer, but from loss of well control, often associated with a poor cement bond (King and King,
2013)”.
Buru points to research by the same author, cited by Dr Hunter in Section 6.1 of her report (page 35):
“investigations into groundwater pollution from conventional wells in Ohio over twenty-six years (examining
65,000 producing wells) and Texas over sixteen years (250,000 wells) demonstrate that many well integrity
incidents (drilling and well completion) leading to groundwater pollution were attributable to cementing isolation
problems (King, 2012, p 12)”.

For the purposes of the TGS14
programme, this issue is
considered to be resolved.
However, for future stages of
the TGS programme, this
issue will need to be revisited
and a comprehensive
assessment will need to be
undertaken to determine the
potential advantages and
disadvantages of a deep water
aquifer monitoring programme.
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The incident rate was 1 in 5,000, with the incidents confined to conventional well activities, rather than
hydraulically fractured wells (King, 2012, p 12).
This demonstrates a well failure rate of less than 0.02%. Buru also draws attention to the work of Kell (2011) as
cited in Section 3.1 of Table 27 in the TGS14 EP:
“A recent regulatory review of state oil and gas agency groundwater investigations in Texas found not a single
groundwater contamination incident resulting from site preparation, drilling, well construction, completion,
hydraulic fracturing stimulation, or production operations at over 16,000 horizontal shale gas wells that were
drilled during the study period (Kell 2011)”.
A basic tenet of designing monitoring programmes in EIA is that monitoring must be meaningful and proportional
to the risk.
This means that higher risk events identified during the Environmental Risk Assessment process are monitored
more intensively than low risk events.
As reported in the international literature and cited above, failure of well integrity leading to impacts on
groundwater are between 0 and 0.02% - representing a very low risk to groundwater resources. Therefore, the
protection of deep groundwater systems during the TGS14 programme will focus on ensuring well integrity and
cementing is adequate prior to undertaking the proposed TGS14 programme. It will also focus on the operational
monitoring of pressure including:

· Pressure kickouts and pop-off valves to prevent exceedances in design pressures.
· Double isolation barriers on fracture stimulation equipment.
· Immediate shutdown monitoring system installed (high and low pressure systems). These measures are

outlined in Section 2.3 of Table 27 in the TGS14 EP.  
Notwithstanding these measures, the Company will shortly install environmental monitoring bores on the well
pads. The bores intercept the Broome Sandstone which hosts the only potable aquifer present in the lithology of
the area. One of the environmental monitoring bores incorporates sensitive continuous hydrocarbon loggers
(“Gasclams") close to and downstream of the Yulleroo well bores to detect the presence of hydrocarbons that
may potentially (but considered most unlikely) migrate up the well bore and into the potable Broome Sandstone
aquifer.  Buru Energy has also collected groundwater samples from Crab Creek Bore 1/ Flowing Bore on
Roebuck Bay station which intersects the Wallal Sandstone. This will assist with further characterising the
groundwater quality of the Wallal Sandstone downstream of the Yulleroo region. Results from this monitoring will
be provided to the Yawuru.
Yawuru Expert Response (11-06-14)
The deep water may not be potable, but it is inherently part of the Aboriginal culture and heritage, and should
therefore be protected. Refer to comment on Cherry Creek below. There was a loss of well control near Cherry
Creek, North Dakota in Feb 2014, resulting in hydraulic fracturing flowback water and gas leaking for several



Y3 & Y4 Hydraulic Fracturing Project,
Canning Basin, Western Australia

Yawuru Expert Group
Consolidated Peer Review Report	

	

60 | P a g e
	

Page No. Comment/Query Status of Comment/Query
days. The chance of blowout is highly improbable, but not impossible, therefore Buru Energy should reduce the
risk to ALARP. Baseline studies of deep groundwater will provide fundamental knowledge on the water. The King
and King (2013) article on environmental risk from well integrity failure notes that single barrier failures are more
common and total well failure is rare, with incidence in Texas range from 0.005% - 0.1% of production wells, and
0.03% – 0.07% for injection wells (Table 8, p 13). Cherry Creek illustrates that it does happen – see
http://www.envirotech-online.com/news/water-
wastewater/9/breaking_news/fracking_blowout_results_in_wastewater_and_oil_leak/28725/
The importance of underground water to the Yawuru People cannot be overstated. The implementation of
baseline and ongoing monitoring of deep aquifers is necessary for the long-term protection of groundwater
resources.
Buru Response (26-06-14)
The cited Cherry Creek incident appears to be localised wastewater contamination with small manageable
volumes of 6-8 cubic metres per day.  This is equivalent to a moderate flow rate from a garden hose. The article
cites this blowout as a “large event”.
As shown elsewhere in TGS14 EP, the predicted flowback fluid will in the main, be non-toxic. The concern would
be the levels of concentration (of hydraulic fracturing fluids and produced water) relative to the surface conditions
(depending on where (and if) a leak occurred).
Please also note DMP TGS14 approval condition:
Buru Energy are to immediately initiate a remediation programme should any contamination attributable to
hydraulic fracturing operations be detected in the TGS14 water quality and soil monitoring programmes.
Finally, please refer to accompanying response from Professor Neil Coles from UWA in relation to this matter.
Yawuru Expert Response (07-07-14)
Deep water reserves, although not potable, have significant value to the Yawuru People from a cultural
perspective. Given the cultural values and significance of all water resources to the Yawuru (whether potable or
not), the expectation will be that for all future production wells, a deep water monitoring programme (including
baseline studies) will be required to protect deep water reserves. This monitoring is based on the cultural value
of deep water resources, rather than the commercial value/potability of the deep water reserves.

Finding 7.13 Comment/Query
Given the concerns of the Yawuru, Department of Health (DoH) and WaterCorp related to ground water and well
integrity, Buru Energy needs to develop a clear Well Integrity Response Plan in the unlikely event that they lose
control of a well.

Comment pending closure
subject to further review. Buru
Energy has provided the
details of the standby well
control specialist but is not
able to provide the response
time.
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Page No. Comment/Query Status of Comment/Query
Buru Energy Response (20-05-14)
It is not clear what is meant here by “loss of well control”? These tight gas wells do not flow unless stimulated
and even when pressure is applied during the short duration (~ 2 hour) hydraulic fracturing treatment operation,
and in the unlikely event of a barrier failure, the pressure drop is instantaneous.
Dr Hunter appears to be misinformed regarding the nature of well control events during hydraulic fracturing
operations. Conventional well control events (blow outs) associated with drilling such as the Mocondo Deepwater
Horizon blowout, Montara blowout in the Timor Sea or McKee blowout in NZ cited by Dr Hunter as a possibility
do not occur during the pumping of hydraulic fracturing treatments.
Well control events during hydraulic fracturing instead refer to the sub-surface failure of well integrity and are
extremely rare (refer to international literature cited in the response to finding 7.12 above). As outlined in Buru
Energy’s response to finding 7.12 above, a number of operational controls will also be installed to ensure that
well control is rigorously managed as outlined in the Operations and Safety Plan. The key management criteria
are also outlined in Section 2.3 of Table 27 in the TGS14 EP. These include automated pressure control systems
which will ensure that design pressures of the well are not exceeded during the pumping of hydraulic fracturing
treatments.
Shutdowns are immediately instigated where anomalous pressure readings occur. As stated in Section 3.1 of
Table 27, the incidence of these pressure relief valves being activated during pumping is less than 0.0022% in
the extensive North American shale gas industry. The well can also be immediately shut down at the master
valves on the well head. Further, the hydraulic work over rig (snubbing unit) will be available on site, allowing the
cause of the anomalous pressure readings to be observed and remediation actions taken on the well, as
required.
Yawuru Expert Response (11-06-14)
Loss of well control is defined by the International Association of Drilling Contractors as uncontrolled flow of
subterranean formation fluid such as gas, oil, water etc. and/or well fluids into the environment or into a separate
underground formation (Source: API Standard 65 – Pt 2, Isolating Potential Flow Zones During Well
Construction, Upstream Segment, Second Edition, 2010). I beg to differ with Buru Energy that loss of well
integrity from Shale Gas wells do not cause surface flows – refer to the recent incident at Cherry Creek:
http://www.reuters.com/article/2014/02/14/energy-crude-blowout-idUSL2N0LJ15820140214.
The Cherry Creek Blowout in Feb 2014 occurred due to a failure of the barriers. In the event of barrier failure
there should be an appropriate response plan to contain the blowout as quickly as possible. The Cherry Creek
incident demonstrated that loss of well control can and does occur, and an appropriate timely response plan is
required in the extremely unlikely event of a loss of well control.
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Buru Response (26-06-14)
Buru Energy has not suggested that blowouts do not potentially cause surface flows. The cited Cherry Creek
incident however appears to be localised wastewater surface contamination with small manageable volumes of
6-8 cubic metres per day.  This is equivalent to a moderate flow rate from a garden hose. The article cites this
blowout as a “large event”. As shown elsewhere in TGS14 EP, the predicted flowback fluid will in the main, be
non-toxic. The concern would be the levels of concentration (of hydraulic fracturing fluids and produced water)
relative to the surface conditions (depending on where (and if) a leak occurred). Under the Well Insurance
provisions held by Buru Energy, an accredited specialist service provider for catastrophic well control events is in
place.  The specialist provider has the necessary emergency response processes in place to respond to these
events in regaining well control.   This is similar to all Well Insurance Policies held by onshore and offshore
petroleum companies in WA. Operators are required to provide evidence of a current well insurance policy
(including cover provisions for work over operations such as hydraulic fracturing to the DMP as a matter of
course.
Please also note DMP TGS14 approval condition:
Buru Energy are to immediately initiate a remediation programme should any contamination attributable to
hydraulic fracturing operations be detected in the TGS14 water quality and soil monitoring programmes.
Yawuru Expert Response (07-07-14)
Yawuru requires that Buru Energy provides the details of the standby well control specialist (i.e. Company name,
address and location), and the required response time of the well control specialist (e.g. 24 hours). All future well
approvals will require details of the standby well control specialist company, and their response time.

Finding 7.14 Comment/Query
Buru Energy intends to undertake active management to mitigate air emissions, focussing on the maintenance of
the Company’s vehicle fleet and the frequent monitoring of the integrity of the flow lines and storage tanks to
ensure that point sources of fugitive emissions are identified and minimised. In line with best practice arising
from the UK, this data from Buru Energy should be reported to the regulator, DMP, so that it may form the basis
of a new fugitive emissions and human health database.
Buru Energy Response (20-05-14)
Buru agrees. Buru routinely reports all emissions and discharges to the DMP in accordance with the Company’s
Emissions and Discharges Monitoring Procedure (HSE-PRO-010) and the requirements of the NGER and NPI
legislation.

Comment resolved.
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Yawuru	  Native	  Title	  Holders	  Aboriginal	  Corporation	  RNTBC	  ICN	  7033	  
	  

	  

	  
	  

	  

Background	  Information	  

Yawuru	  people	  adopt	  United	  Nation’s	  best	  practice	  processes	  in	  their	  dealings	  with	  Buru	  Energy	  

Buru	  Energy’s	  Laurel	  Formation	  Tight	  Gas	  Pilot	  Exploration	  Program	  proposes	  fracking	  at	  two	  wells	  
at	  Yulleroo,	  which	  is	  situated	  on	  Roebuck	  Plains	  pastoral	  lease	  where	  Yawuru	  people	  hold	  
exclusive	  possession	  native	  title	  rights.	  	  	  

The	  Yawuru	  Native	  Title	  Holders	  Aboriginal	  Corporation	  strongly	  asserts	  that	  Buru	  Energy	  must	  
obtain	  the	  Yawuru	  community’s	  free,	  prior	  and	  informed	  consent	  before	  the	  company	  proceeds	  
with	  its	  2014/2015	  Yulleroo	  program.	  	  

Yawuru	  has	  been	  in	  on-‐going	  discussions	  with	  Buru	  Energy	  about	  its	  Yulleroo	  program	  since	  the	  
company	  lodged	  its	  Environment	  Plan	  with	  the	  Department	  of	  Mines	  and	  Petroleum	  (DMP)	  in	  
November	  last	  year.	  	  

At	  that	  time,	  Yawuru	  established	  a	  rigorous	  information	  and	  review	  process	  to	  assist	  the	  Yawuru	  
community	  in	  making	  an	  informed	  decision	  about	  their	  position	  on	  the	  proposed	  fracking.	  	  
	  
This	  process	  is	  underpinned	  by	  the	  United	  Nations	  Declaration	  on	  the	  Rights	  of	  Indigenous	  
People’s	  principle	  of	  free,	  prior	  and	  informed	  consent,	  and	  has	  included	  the	  following:	  
	  

1. Insisting	  that	  Buru	  Energy	  commit	  to	  the	  principle	  of	  free,	  prior	  and	  informed	  consent;	  
2. Urging	  the	  WA	  Government	  and	  the	  Environmental	  Protection	  Authority	  to	  assess	  the	  

2014	  Yulleroo	  program	  to	  the	  highest	  possible	  standards;	  
3. Appointing	  independent	  experts	  to	  examine	  every	  aspect	  of	  Buru	  Energy’s	  Environment	  

Plan	  and	  provide	  advice	  to	  Yawuru	  as	  to	  whether	  the	  Environment	  Plan	  meets	  world’s	  best	  
practice;	  

4. Constructively	  engaging	  with	  Buru	  Energy	  to	  ensure	  Yawuru	  had	  access	  to	  all	  relevant	  
information	  held	  by	  the	  company	  and	  maximising	  Yawuru	  influence	  in	  the	  development	  of	  
the	  Environment	  Plan;	  

5. Keeping	  the	  Yawuru	  community	  informed	  of	  the	  process	  and	  seeking	  feedback	  from	  the	  
community	  along	  the	  way;	  	  	  
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6. Contracting	  an	  expert	  to	  produce	  maps	  that	  show	  Yawuru	  cultural	  and	  ecological	  values	  as	  
a	  tool	  for	  explaining	  the	  potential	  impacts	  of	  Buru	  Energy’s	  proposed	  Yulleroo	  program.	  

The	  Native	  Title	  Tribunal	  have	  commended	  Yawuru	  on	  their	  approach	  to	  community	  engagement	  
after	  attending	  a	  forum	  hosted	  by	  Yawuru	  leaders.	  

James	  McNamara,	  Native	  Title	  Tribunal	  Member,	  commented	  that	  he	  had	  not	  been	  involved	  in	  a	  
consultation	  process	  like	  this	  before	  and	  that	  it	  was	  a	  “very	  useful	  exercise.”	  

	  
“I	  was	  impressed	  with	  Yawuru’s	  constructive	  approach	  to	  a	  very	  complex	  issue,	  both	  technically	  
and	  personally.	  At	  the	  community	  meeting	  I	  attended	  on	  13	  June,	  experts	  from	  all	  areas,	  such	  as	  
CSIRO,	  were	  invited	  to	  present	  information	  and	  the	  community	  could	  question	  and	  enquire	  about	  
that	  information,”	  said	  James.	  

On	  23	  June	  2014,	  Buru	  Energy	  announced	  that	  DMP	  had	  approved	  its	  2014	  Yulleroo	  program.	  	  

DMP	  approval	  means	  Buru	  Energy	  can	  legally	  proceed	  with	  18	  hydraulic	  fracturing	  treatments	  at	  
the	  Yulleroo	  3	  and	  4	  wells.	  As	  Buru	  Energy’s	  exploration	  permits	  are	  already	  granted,	  Yawuru	  do	  
not	  have	  a	  right	  to	  negotiate	  under	  the	  Native	  Title	  Act	  1993.	  Under	  Australian	  law,	  there	  is	  no	  
legal	  basis	  for	  Yawuru	  to	  veto	  Buru	  Energy’s	  proposed	  activities.	  

A	  meeting	  was	  held	  on	  18	  July	  for	  all	  Yawuru	  PBC	  members.	  The	  purpose	  of	  the	  meeting	  was	  to	  
seek	  guidance	  from	  the	  Yawuru	  membership	  on	  how	  to	  respond	  to	  Buru	  Energy	  about	  its	  
2014/2015	  Yulleroo	  program.	  The	  members	  were	  asked	  to	  indicate	  their	  position	  on	  the	  
2014/2015	  fracking.	  

A	  separate	  statement	  will	  be	  issued	  about	  the	  outcome	  of	  the	  meeting.	  	  	  

	  

Media	  Contact:	  Kate	  Sutton:	   	  
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