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PROPOSED OFFSHORE OIL EXPLORATION IN 

EXMOUTH GULF AND NINGALOO MARINE PARK 

PUBLIC ENVIRONMENTAL REPORT 

The Environmental Protection Authority (EPA) invites persons and 
organisations to make a submission on this proposal. 

This Public Environmental Report (PER) for the proposed offshore 
oil exploration in Exmouth Gulf and Ningaloo Marine Park has 
been prepared by LeProvost, Semeniuk & Chalmer, Environmental 
Consultants, on behalf of Minora Resources NL. The PER will be 
available for comment for eight weeks, 	beginning on 6 August 
1988, and finishing on 7 October 1988. 

Comments from Government agencies and from the public will 
assist the EPA in preparing an Assessment Report, in which it 
will make a recommendation to Government. 

WHY WRITE A SUBMISSION? 

A submission is a way to provide information, express your 
opinion and put forward your suggested course of action 
including any alternative approach. 	It is useful if you indicate 
any suggestions you have to improve the proposal. 

All submissions received will be acknowledged. 

DEVELOPING A SUBMISSION 

You may agree or disagree, or comment on, the general issues 
discussed in the PER or with specific proposals. 	It helps if you 
give reasons for your conclusions, supported by relevant data. 

You may make an important contribution by suggesting ways to 
make the proposal environmentally more acceptable. 

When making comments on specific proposals in the PER: 

clearly state your point of view; 
indicate the source of your information or argument if this 
is applicable, and 
suggest recommendations, safeguards or alternatives. 



POINTS TO KEEP IN MIND 

It will be easier to analyse your submission if you keep in 
mind the following points: 

attempt to list points so that the issues raised are clear. 
A summary of your submission is helpful; 

refer each point to the appropriate section of the PER; 

if you discuss different sections of the PER, keep them 
distinct and separate, so there is no confusion as to which 
section you are considering; 

attach any factual information you wish to provide and 
give details of the source. Make sure your information is 
accurate; 

please indicate whether your submission can be quoted, in 
part or in full, by the EPA in its Assessment Report. 

Remember to include: 

your name, 
your address, and 
date. 

The closing date for submission is 7 October 1988. 

Submissions should be addressed to: 

The Chairman, 
Environmental Protection Authority, 
1 Mount Street, 
PERTH WA 6000. 

Attention: Mr M. Waite 
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SUMMARY 

1 THE PROPONENT 

Minora Resources NL (Minora) is the operator for a joint venture 
comprising Minora, Giorno Pty Ltd, Wespet Pty Limited, and 
Barrack Energy Limited. In November 1987 the above joint 
venture applied for and was granted Exploration Permit 325 
(EP 325) by the Government of Western Australia for a period of 
five years. In its application, the joint venture not only 
identified two potential exploration prospects (Whatebone No. 1 
and Rivoli No. 1), 	but also committed themselves to an 
exploration programme involving the collection of seismic data 
and the drilling of three wells within the first two years. 

2 THE PROPOSAL 

The objective of the proposal is to search for commercial 
hydrocarbons, honouring the joint venture's commitments to the 
Government. 

Specifically the proposal involves: 

drilling two offshore exploration wells (one on each 
prospect) between November 1988 and February 1989; 

acquiring further seismic data in the vicinity of the 
Whalebone prospect for probably one day in November 1988 
prior to drilling. 

The locations of the two proposed wells are: 

Rivoli-1 

Approximately 8.5 km east of the town of Exmouth. 

Whalebone-1 

Approximately 4 km southeast of Point Murat in Exmouth 
Gulf. 

Each well will take approximately 30 days to complete and will. 
be  drilled by a jack-up rig, currently drilling in similar 
environments in Western Australia. 

The two prospects both occur in Exmouth Gulf in two adjoining 
Environmentall.y Sensitive Locations (ESL's) as defined by the 
Department of Conservation and Environment (DCE) (1984). The 
Whalebone Prospect is located inside the eastern end of the 
recently proclaimed Ningaloo Marine Park. This park was 
proclaimed subsequent to Minora being granted EP 325. 
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3 ALTERNATIVES TO THE PROPOSAL 

Instead of drilling Whalebone-1 from within the Ningaloo Marine 
Park, Minora has investigated the feasibility of drilling a 
deviated well from both onshore and offshore but outside the 
park boundary. However, the combination of the large horizontal 
distance (approximately 5 km) and a shallow target depth 
(approximately 2 km) means that a deviated well 	is not 
possible. 

The only other option is not to drill Whalebone No. 1, but this 
would severely restrict Minora's ability to meet its exploration 
commitments to the State Government. 

Therefore no alternative to the Whalebone-1 proposal exists. 

4 ENVIRONMENTAL MANAGEMENT 

Minora will implement a management programme aimed at 
minimising the environmental effects of the proposed drilling 
operation. 

Minora proposes to achieve this objective by: 

complying with legal requirements; 

adopting industry and government standards and guidelines 
for well design and control; 

utilising an inert non-toxic drilling fluid; 

implementing a fluid discharge strategy aimed at 
minimising environmental impact; 

implementing a workforce education programme; 

adopting a rigorous oil spil.l contingency plan; 

implementing a monitoring programme to confirm the 
predictions of this PER. 

It is proposed to drill Rivoli-1 first so that its effects on the 
environment can be monitored and results provided to 
environmental authorities prior to the initiation of the Whalebone 
No. 1 well. 

If commercial quantities of hydrocarbons are discovered, 	it is 
accepted by the proponent that any development proposals for 
the resources would require further environmental assessment by 
the Environmental Protection Authority (EPA). 
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5 THE ENVIRONMENT 

5.1 PHYSICAL CHARACTERISTICS 

The two prospects are located in approximately 20 m of water in 
the northwestern portion of Exmouth Gulf. 	The western shore of 
the gulf is comprised largely of a narrow coarse-grained beach 
abutting onto a low intertidal limestone platform. 	The southern 
and eastern shores of the gulf are comprised primarily of 
extensive mud/sand flats although limestone platforms occur in 
places. 

Numerous islands occur in the eastern and southern portion of 
the gulf, and these are ringed by narrow beaches and fringing 
shallow subtidal to intertidal limestone platforms and coral 
reefs. 

The climate is very hot and humid during the period of the year 
when drilling will occur (November-February). Most rainfall 
occurs early in the wet season (January to July) as the result 
of tropical cyclones which occur approximately once every one to 
two years. 

Winds at this time of year predominate from the south to 
southeast in the morning with a moderate south to west 
seabreeze becoming dominant in the afternoon. 

Two tides occur on most days. The mean spring tidal range is 
1,7 m at Point Murat. 	Tidal current velocities are appreciable 
throughout the gulf and tend to flow parallel to the shore in a 
north/south orientation. Water temperatures at this time of year 
are warm (30-31

0
C), and water clarity is reduced as a result of 

wave action and terrestrial run-off as well as increased 
phytoplankton activity. 

5.2 BIOLOGICAL CHARACTERISTICS 

The marine ecosystem of the gulf is extremely diverse and 
contains all of the components characteristic of the Tropical 
Indo-Pacific Zoogeographic Region to which it belongs. The 
seafloor in the vicinity of both prospects is relatively bare (of 
epifauna) and primarily supports a burrowing benthic infauna 
in a gravel to coarse sand substrate at Whalebone, and a fine 
but firm silt/sand mud substrate at Rivoli. 

The southern and eastern shores of the gulf are lined by 
shallow mud fiats and extensive mangrove and salt marsh 
assemblages. The islands to the east and north of the prospects 
are fringed by limestone pavement which supports algae and 
seagrass assemblages and coral reefs. A moderate sized coral 
reef extends south from Point Murat to south of the town of 
Exmouth, whilst the Ningaloo Reef commences at Cape Vlaming 
and runs down the west side of the cape peninsula. The nearest 
coral reef to the prospects is Bundegi Reef located some 4.3 km 
west-northwest of Whalebone-i. 
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5.3 ECOLOGICAL CHARACTERISTICS 

The major ecological resources of the region are the shallow 
mud/sand flats and mangrove/salt marsh assemblages which form 
the eastern and southern shores of the gulf. These assemblages 
are major sources of primary production and detrital 
decomposition, both important sources of food and nutrient for 
marine ecosystems. The shallow mud flats provide nursery areas 
for numerous species of marine biota including the prawns which 
are the basis of the commercial fishery. They also provide 
extensive feeding grounds for migratory wading birds. 

Coral reefs are also an important ecological resource but tend to 
be located on the outer edge of the gulf and are not as 
extensive in the gulf as the mangrove and mud flat 
assemblages. 

The ecological resources of the region are subject to natural 
perturbations and changes through human use. 

Tropical ecosystems occasionally undergo natural catastrophic 
events as a result of cyclones, major river discharges, extreme 
low tides and warmer than normal water. 

The condition of the marine ecosystem in the study area is not 
pristine. The gulf has supported a commercial prawn trawling 
fishery for some 25 years and must have been modified as a 
result. The Ningaloo Reef is also heavil.y fished by recreational 
fishermen. A jetty for transfer of oil to the Naval Base is 
located at Point Murat and the only relatively safe anchorage in 
the gulf is behind Bundegi Reef. 	Intertidal organisms on the 
tidal platform between Cape Vlaming and Bundegi Reef are 
heavily exploited. 	Extensive damage to corals in the northern 
part of the marine park has recently occurred as a result of 
predation by a coral-eating gastropod. 

Whilst the ecosystem is not in pristine condition and does 
undergo natural catastrophic events at times, it is resilient and 
recovers from such events relatively quickly. 

5.4 SOCIAL CHARACTERISTICS 

The town of Exmouth was established in 1963 as a base for the 
United States Navy Communication Station on North West Cape. It 
has grown since then through the development of tourism and 
commercial fishing (mainly prawn trawl.ing). Tourism is believed 
to be the growth industry for the next 30 years. 

There is also a long history of petroleum exploration in the 
region dating back some 25 years. One offshore well has already 
been drilled in the area (Bundegi-1, 	1978). One onshore well 
has also been drilled within what is now the Ningaloo Marine 
Park (Yardie East-i; 1982). 



The major tourist attraction in the region is Ningaloo Reef. This 
tract of reef was proclaimed a Marine Park in September 1987. A 
management plan for utilisation of the park resources has 
recently been released for comment by the Department of 
Conservation and Land Management (CALM). 

CALM's 	plan 	would 	allow 	commercial fishing 	in 	the park 
(including prawn 	trawling) 	in 	selected 	areas. 	CALM also 
recognises the 	legality 	of 	companies holding 	oil 	exploration 
tenements over parts of 	the park seeking to exercise 	their rights 
under 	the petroleum 	legislation 	which takes 	precedence over 
other State legislation. 

The park is designated an ESL in DCE Bulletin 104 (1984) and is 
considered to be of international, national and State ecological 
significance. Exmouth Gulf is also designated an ESL of similar 
significance. 

The marine environment also supports a large number of the 
Beneficial Uses identified in DCE Bulletin 103 (1981). 

6 ENVIRONMENTAL ASSESSMENT 

6.1 BACKGROUND 

The Australian oil exploration industry has an excellent 
environmental record spanning some 20 years work in the region. 
It is regulated by a wide range of laws, government standards 
and guidelines which are administered by the Government of 
Western Australia. 	Substantial local experience in offshore oil 
exploration exists on which to base impact assessment. Numerous 
exploration wells have been drilled in similar environments in 
the region. Several oil and gas offshore fields are now 
producing and others are being developed. 

6.2 SEISMIC SURVEY 

The proposed short seismic survey will have no adverse effects 
on the marine ecosystem, Ningaloo Marine Park or the commercial 
fishery. 	- 

6.3 DRILLING OPERATIONS 

The proposed exploration drilling operation will also produce no 
adverse effects on the marine ecosystem. Only minor impacts will 
arise from the discharge of drill cuttings and drilling fluid. 
Documented international experience and local experience gained 
from previous studies in Exmouth Gulf combine to indicate that 
the effects of these discharges are extremely localised (within 
500 m of discharge point) and not adverse to local marine biota. 
The turbidity generated by the occasional discharges of drilling 



fluid will be extremely localised and most unlikely to exceed 
maximum natural levels caused by cyclones or prawn trawling. 
Bundegi Reef will not be affected by normal drilling operations. 

The community of Exmouth will not be adversely affected by the 
drilling operation. 	Neither will the commercial prawn fishery, 
nor will. Ningaloo Marine Park. Some small benefit may accrue as 
the result of provision of accommodation for helicopter crews and 
in-transit personnel. 

6.4 POTENTIAL FOR AN OIL SPILL 

It is recognised that the major environmental concern associated 
with the proposal is the potential for an oil spill as the result 
of an accident or blow-out. The chances of a major spill 
occurring are extremely small. The technology used in offshore 
exploration drilling is designed to ensure extremely high safety 
standards for the rig and workforce. 

Despite the low probability of occurrence, 	it is responsible to 
assess what the likely impact of a spill might be as the basis 
for designing an oil spill contingency plan aimed at minimising 
that impact. 	Minora commissioned simulations of potential oil 
spill trajectory predictions under wind and tidal current 
conditions prevailing in the gulf in an effort to determine the 
area that might be affected, the sensitive resources that occur 
in the predicted paths of a spill and the response time 
available for oil spill containment and dispersal operations. 

The marine resources most at risk in the unlikely event of a 
spill occurring during the proposed drilling operations are those 
which occur in the northeastern to southeastern part of the gulf 
because prevailing winds will be mainly from the west to south 
sector. This area contains a wide range of resources including 
islands, coral reefs, mud flats and mangroves. The assemblages 
considered most sensitive to contamination by oil are the 
mud/sand flats and mangrove assemblages which border the 
eastern and southern shores of the gulf. The coral reefs which 
fringe the larger islands in the northeastern sector of the gulf 
are at risk only during low spring tides. 

These marine resources may not be adversely affected by a spill 
because rapid weathering of the oil will occur (80% of volume is 
lost within six hours of discharge), and containment and 
dispersal techniques and equipment are available to limit the 
area affected. If mangrove assemblages were threatened it is 
likely that dispersants would be applied to the spill. Mangroves 
are known to be less sensitive to oil/dispersant mixes than to 
oil. alone. 	Long-term damage or loss of this major resource is 
unlikely. 

In the unlikely event that the mangrove assemblage was 
adversely affected, it is likely that the area affected would be 
localised and would represent a small proportion of that type of 
resource available in the region. Hence localised reduction in 
abundance of affected biota might be expected, but it is highly 
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unlikely that the total population of any one organism in the 
gulf would be decimated. Recovery of most assemblages would 
also be expected to be rapid, with the possible exception of 
mangroves and intertidal coral reefs. 

The potential effect of a large spill on the local community has 
also been assessed. The commercial prawn fishery is the only 
industry potentially at risk from a spill. 	However, 	the risk to 
the fishery is small and at worst, the effect on prawn 
populations is likely to be only short term as recovery will 
ensure no long-term effects. 

It is concluded that neither the present economic base of 
Exmouth nor its future growth potential are likely to be 
substantially affected in an adverse way by an oil spill. 

7 CONCLUSION 

It is concluded that the proposal is most unlikely to adversely 
affect either the marine environment or the social environment of 
the region. 

Even in the unlikely event of an oil spill occurring, the 
potential effects are likely to be localised and of little 
long-term ecological significance when compared to the scale of 
ecological effects in the region that result from regularly 
occurring natural catastrophic events. 

It 	is 	recognised that 	the 
protection 	from 	a spill 	ar 
mangrove 	assemblages that 
shores of 	the 	gulf and 	the 
part 	of 	Ningaloo Marine 
protection 	of 	these resources 
contingency plan. 

marine resources most in need of 
the shallow mud/sand flats and 

border the eastern and southern 
shallow coral reefs of the northern 
Park. Management proposals for 
are incorporated into the oil spill 

Given the extremely low level of risk posed to the environment 
by the proposal and the potential benefits of an oil discovery to 
Exmouth, as well as to the State, it is submitted that the 
proposal should be approved. 



MINORA RESOURCES NL 

EXPLORATION PERMIT 325 

PUBLIC ENVIRONMENTAL REPORT 

1 INTRODUCTION 

1.1 THIS DOCUMENT 

This document is a Public Environmental Report (PER) which has 
been prepared by Minora Resources NL (Minora), Joint Venture 
operator of Exploration Permit 325 (EP 325) for their proposed 
offshore petroleum exploration programme in Exmouth Gulf, 
Western Australia. 

In April 1988, Minora lodged with the Western Australian Mines 
Department an application to drill two exploration wells within 
permit area 325. A Notice of Intent (NOl) was also submitted in 
accordance with guidelines presented in Department of 
Conservation and Environment (DCE) Bulletin 104 (1984). The NOl 
was referred to the Environmental Protection Authority (EPA) 
which subsequently determined that the proposal should be 
reviewed by the public and requested the preparation of a PER. 
Guidelines for the production of this document were provided by 
the EPA and are presented in this document in Appendix 1. 

The purpose of this document is to seek approval from the EPA 
for the proposal to proceed. 

The structure of this document generally follows that outlined in 
the EPA guidelines. Section 1 introduces the proponent and the 
proposal, discusses the need for the proposal and the actual 
and potential benefits to the community arising from the 
proposal, and outlines the legislative requirements which apply 
to the proposal. Section 2 describes the proposal to the level 
necessary to provide an understanding of the technologies and 
methodologies involved in offshore exploration drilling, and 
evaluates the alternatives to the proposal. 	Section 3 describes 
the physical, biological and social environments of the project 
location to the extent necessary to allow assessment of the 
environmental implications of the project. 

The environmental effects of the proposal are assessed and 
important resources requiring protection are identified in 
Section 4. 	Section 5 subsequently 	details the management 
programme which will be conducted by Minora to minimise the 
potential for adverse impacts. Major conclusions of the PER are 
synthesised in Section 6. 

References cited in this document are presented in Section 7. 



1.2 THE PROPONENT 

The proponent 	is 	Minora 	Resources 	NL 	(Minora), a 	Perth 	based 
petroleum 	exploration 	and 	production 	company which 	is 	active 
throughout 	the major Australian 	basins. 	It 	was incorporated and 
successfully 	listed 	in 	1984. 	Minora 	has 	its 	own 	team 	of 
executives and 	board of 	directors. 	Many 	of the executives have 
a 	long 	involvement 	and 	substantial 	experience 	with 	the 	oil 
industry 	at 	an 	international 	and 	national 	level. Some also have 
substantial 	local 	exploration 	background, through 	their 
experience 	during 	the 	1970's 	and 	1980's, 	with Mesa 	Australia, 
Western 	Mining Corporation, 	Woodside-Burmah, West 	Australian 
Petroleum 	Pty 	Ltd 	(WAPET), 	Australian 	Occidental and 	Bond 
Petroleum. 

Minora is the operator for a consortium comprising Minora (30%), 
Giorna Pty Ltd (25%),  Wespet Pty Limited (25%)  and Barrack 
Energy (20%). The above consortium applied for the (then) 
Application Area L87-14 during mid 1987. 	Subsequently, 	the 
Government of Western Australia granted the group EP 325 on 23 
November 1987 for a period of five years. 

In its application, the consortium identified potential exploration 
prospects and made a commitment to conducting a minimum work 
programme which involved acquiring seismic data and drilling 
three exploration wells within the first two years. 	The general 
location of the proposed exploration wells and associated work 
programme was therefore known to the Mines Department prior to 
the granting of the exploration permit. 

1.3 THE PROPOSAL 

1.3.1 Objective, scope and timing 

The objective of the proposal is to continue the search for 
commercial hydrocarbons and much work has already been 
accomplished in this area. Prior to applying for the exploration 
permit, 	seismic data available from previous exploration in the 
area were reviewed and analysed to identify the existence of the 
two prospects which are the subject of this document. Subsequent 
to the granting of the permit, an intensive seismic survey of the 
permit area and particularly one of the prospect localities, was 
undertaken in December 1987 and January 1988. 

Minora now proposes to test these prospects by: 

(I) 	acquiring further seismic data in the immediate vicinity of 
the northern prospect, probably for one day in mid 
November 1988; 

(ii) drilling two exploration wells (one on each prospect) 
- 

	

	 during the period late November 1988 to late February 
1989. 
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The wells will be drilled sequentially using a jack-up rig such 
as the 'Maersk Valiant'. Shore based facilities will be 
established in Port Hedland (work boats) and Exmouth will 
probably be the base for helicopter support). 

The location of each of the proposed wells is shown on Figure 1 
and identified as: 

Rivoli Prospect - 
21 0  58 minutes south, 114 

013 minutes east; 

Whalebone Prospect - 
21

051 minutes south, 114
013 minutes east. 

Figure 1 also shows the boundary of the permit area. 	The 
bathymetry of the region adjacent to the prospects is shown in 
Figure 2. 

1.3.2 Relation to Environmentally Sensitive Locality 

The DCE Bulletin 104 (1984), 	which categorises the Western 
Australian coastline according to its ecological sensitivity to oil 
spills, identifies Exmouth Gulf as an Environmentally Sensitive 
Locality (ESL). 	Figure 3 presents the boundaries of various 
ESL's and their relative special and immediate protection zones 
in the region, 	while Figure 4 presents the location of the two 
prospects in relation to ESL and marine park boundaries. 

The two prospects occur in two adjoining ESL's. These areas are 
described below. 

1.3.2.1 Rivoli Prospect - Exmouth Gulf 
Environmentally Sensitive Locality 

Exmouth Gulf is considered to have international, 	national and 
state ecological significance. The gulf has economic importance 
as a commercial fishery and prawn nursery, and is a popular 
area for recreation, tourism and sport fishing. 

The DCE Bulletin 104 (1984) identifies the main resources and 
associated activities of importance in this locality (Area 33) as 
being: 

"Dugongs. Simpson and Whalebone Islands are proposed A 
Class reserves 	(System 9). 	Rich 	echinoderm 	fauna. 
Extensive mangrove and tidal flats. Seabird feeding areas. 
Turtles. Commercial prawn and fin fish fishery. Commercial 
pearl culture in Giralia Bay and Gales Bay. Fish and 
prawn nursery area. Tourism. Sport fishing. W.A. Museum 
research areas." 

The Rivoli Prospect occurs about 8.5 km east of the town of 
Exmouth and about 9 km south of the Ningaloo Marine Park 
Boundary. 
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1.3.2.2 Whalebone Prospect - Ningaloo Marine Park 
Environmentally Sensitive Locality 

Ningaloo Marine Park is an area considered to have 
international, national and state ecological significance, 
economic importance, recreation utilisation as a major tourist 
destination, and scientific research and educational values. 

The DCE Bulletin 104 identifies the main resources and 
associated activities of importance in this locality (Area 34) as 
being: 

"Proposed Marine Park (Ref 13). 	Important large rich 
accessible barrier coral reefs with associated flora and 
fauna, clear waters, sandy beaches and rocky headlands. 
Mangroves. Turtle breeding areas. Tourism. Recreation. 
Shells. Sport fishing. Coral Bay marine reserve. Biological 
research area." 

The Marine Park was officially designated in September 1987 and 
a Draft Management Plan for the park was released for public 
comment in May 1988 [Department of Conservation and Land 
Management (CALM), 19881. 

The Whalebone prospect occurs about 4.3 km east-southeast of 
Bundegi Reef, 	some 10 km west of the boundary between the 
Ningaloo Marine Park ESL and the Rowley Shelf Special 
Protection Locality (SPL), 	and 3.7 km north of the boundary 
between Ningaloo Marine Park ESL and Exmouth Gulf ESL. 

1.4 NEED FOR THE PROPOSAL 

1.4.1 Need for oil in Australia 

Oil is a particularly strategic material, essential to our 
lifestyle. 	It provides fuel for transport, 	power for industry, 
lubricants and is an essential ingredient in the manufacture of 
many items. Australia currently produces most of its oil 
requirements but this desirable situation will not continue when 
the large Bass Strait oil fields near the end of their productive 
lives during the early 19901 s. Unless more oil discoveries are 
made soon, Australia will have to rely on imported oil. 
Australia would then face a huge oil import bill of billions of 
dollars per year and might have to absorb foreign currency. 

The 	need 	to 	find 	more 	oil 	is 	recognised 	by 	both 	federal 	and 
state 	governments 	who 	actively 	encourage 	companies 	to 	explore 
for 	the 	substance. Prospective 	areas 	around 	Australia 	are 
divided 	into 	application areas 	and 	then 	released 	for 	tender. 
Petroleum 	exploration permits 	are 	generally 	awarded 	to 	the 
tenderer 	who 	offers to 	conduct 	the 	most 	rigorous 	exploration 
programme within 	the time 	period of 	the 	permit. 	The 	successful 
tenderer 	is 	legally committed 	to 	undertake 	the 	exploration 
programme as part of the conditions 	attached to 	the 	granting 	of 
the 	permit. 
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Exploration Permit 325 lies in the southwest extremity of the 
North West Shelf which is now regarded by the petroleum 
industry and the Australian Government as the most likely area 
in which significant new petroleum hydrocarbon reserves will be 
discovered. 

1.4.2 Potential benefits to the community 

The community will benefit from the proposal in the following 
ways: 

revenue accrues to the government from monies paid with 
the permit application and for rental of the permit area; 

the proponent will spend approximately $10 million by the 
time the two prospects are drilled. Much of this 
expenditure returns to the community via wages and taxes; 

more information will be obtained about the geological 
structure of the permit area, enhancing the prospects for 
future discoveries in the area. 

In the event of a commercial oil discovery being made and being 
developed, additional benefits would include: 

substantial royalties and taxes will be paid to 
government. For example, the Harriet Field will pay a 
Western Australian State royalty in the order of $90 million 
during the 14 year life of the field. Each of the joint 
venturers would also be liable for company tax on profits 
made from production of the oil; 

the company will leave behind various shore based 
facilities for use by local residents at the end of the 
(potential) oilfield life; 

substantial investment and expenditure will boost both the 
local and state economies. 	A deep water port, 	which is 
strongly desired by local residents, may be necessary to 
allow tankers to take the oil to markets. Local employment 
could be boosted by such a project in both development 
and production phases; 

Australia's known reserves of oil will be increased through 
and postponing the need to import oil. 

1.5 LEGISLATIVE REQUIREMENTS 

Petroleum exploration practices and standards are regulated by 
the Western Australia Petroleum (Submerged Lands) Act (1982). 
The exploration permit was issued under the Petroleum Act (1967) 
(Western Australia) for a period of five years commencing 23 
November 1987 and expiring 22 November 1992. 



The permit authorises the joint venturers, subject to the 
Petroleum Act and Regulations and to various particular 
conditions, to explore for petroleum and to carry out operations 
and works necessary for that purpose. 

It is a condition of the permit that the joint venturers carry 
out minimum work requirements. These are essentially as follows 
(with estimated expenditure shown also): 

Estimated Expenditure 
Year of Term Minimum Work in 	Constant 	Dollars 
of Permit Requirements (indicative only) 

First 1 	080 km Seismic 1 	800 000 
(23.11.87-22.11.88) Survey 

Second Three 	(3) 	Wells 8 500 000 
(23.11.88-22.11.89) 

Third 500 km Seismic 700 000 
(23.11.89-22.11.90) Survey 

Fourth Two 	(2) 	Wells 4 500 000 
(23.11.90-22.11.91) 

Fifth Two 	(2) 	Wells 4 500 000 
(23.11.91-22.11.92) 

Further conditions of the permit require the joint venturers to 
comply with the Petroleum Act and regulations and all directions 
given by the Minister for Minerals and Energy ('the Minister') 
under that Act, and also to take adequate measures for the 
protection of the environment and to comply with all directions 
of the Minister in that regard. 

To minimise interference with the commercial fishery, the 
proponent has undertaken that offshore operations would be 
conducted where ever possible during the period 15 November to 
28 February each year. This period is the closed season for the 
commercial prawn fishery which operates in Exmouth Gulf. 

The permit also prevents the construction or installation of any 
equipment in the permit area without the consent of the Minister 
or his designate. 

Certain provisions of the Environmental Protection Act (1986), 
Western Australia also apply as part of the permit area falls 
within the Ningaloo Marine Park. Exploration for petroleum 
within the park boundaries is legitimate as the Petroleum Act 
(1967) takes precedence over other State legislation. However, 
the Minister may impose conditions on these activities and any 
proposals may be subject to environmental impact assessment 
(CALM, 1988). 

The joint venturers have lodged two applications for the 
proposed exploration activities with the Mines Department. These 
applications were then referred to the EPA under the 
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Environmental Protection Act. The EPA determined that the 
proposal should be assessed under Part (iv) of the 
Environmental Protection Act (1986) and requested the joint 
venturers to prepare a PER and submit it to the EPA before the 
drilling application is finally processed. 

Many State laws will apply to this proposal. 	Those laws which 
are particularly relevant are as follows: 

Petroleum Act (1967-1981) 
Petroleum Tbmerged Lands) Act (1982) 
Environmental Protection Act (16) 
Western Australian MarineTSea Dumping) Act (1981) 
Prevention of Pollution of Water by Oil Acr71960) 
Fisheries Act (1905) 

In the event that oil is discovered, it is recognised and 
accepted by the proponent that any plans to commercially 
develop the resource will first require further environmental 
approval. 
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2 DETAILS OF THE PROPOSAL 

2.1 INTRODUCTION 

This section describes the proposal to the level required to 
allow the layperson to understand the procedures, equipment and 
technologies involved in offshore oil exploration. Emphasis is 
placed on waste discharges to the marine environment and on 
methodologies available for prevention of blow-outs. The 
description is introduced by some local background information 
regarding previous exploration in the region and the location of 
the potential resource, followed by an evaluation of alternative 
exploration methods. 

2.2 PREVIOUS EXPLORATION 

Seismic surveying of the L87-14 area began in the mid 1960's 
following the early success by WAPET at Rough Range and 
Barrow Island. Subsequently, numerous seismic surveys were 
conducted by WAPET up until 1974, both onshore and offshore. 
Figures 5 and 6 show current seismic coverage of the area. Two 
wells (Hope Island-i, Urala-1) have been drilled within the 
permit area, but several other wells have been drilled close to 
the area's boundaries (Fig. 7). 	Urala-1 (WAPET, 	1968) was 
drilled in the onshore part of EP 325 to evaluate a structure 
mapped on the Yanrey Ridge. This well intersected good quality 
reservoir sands in the Birdrong Sandstone and the Mungaroo 
Formation (Fig. 8), 	but no indications of hydrocarbons were 
found. Hope Island-i (WAPET, 1968) was drilled as part of the 
WAPET island drilling programme. This well, located on the 
western flank of the Yanrey Ridge, 	intersected 21 m of the 
Birdrong Sandstone, but no significant hydrocarbon shows were 
found. Bundegi-i (WAPET, 	1977) was drilled 1 km west of the 
permit area offshore in Exmouth Gulf. This well encountered gas 
bearing sands in the Jurassic Learmonth Formation (Fig. 8). 

The Rough Range-i (WAPET, 1953) oil discovery is located 21 km 
south of the permit area (refer Fig. 7). This well tested oil at 
rates up to 1 300 barrels of oil per day (BOPD), but subsequent 
appraisal drilling was disappointing. 	The field is not currently 
in production. 

Several commercial oil and gas fields have been discovered north 
of the permit boundary, the closest being the Saladin Field, 
100 km away. Southwest of Saladin, minor recoveries of oil have 
been achieved from wireline testing in several Esso-BHP wells. 

The Tubridgi Gas Field is located 7 km east of the permit 
boundary. An estimated 78 billion cubic feet (BCF) of 
recoverable gas is reservoired in the Birdrong Sandstone which 
has a shallow gas/water contact at 525 m. 	It is believed that 
showings of residual oil have also been indicated. 
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2.3 LOCATION OF THE POTENTIAL RESOURCE 

The hydrocarbons being sought by the drilling programme are 
expected to be reservoired in the Cretaceous Birdrong Sandstone, 
the Jurassic Learmonth Formation and sandstones of the Triassic 
Mungaroo Formation (Fig. 8). These formations occur at depths 
between 1 940 m and 2 000 m below Mean Sea Level (MSL). Total 
Depth (TD) of the well is approximately 2 000 m below MSL. 

2.4 EXPLORING THE POTENTIAL RESOURCE 
AND AVAILABLE ALTERNATIVES 

Despite the advances made in recent years in geophysical 
exploration methods, there is, as yet, no means of forecasting 
positively the presence or absence of hydrocarbons in any 
prospect until a physical connection with that prospect has been 
established. This connection can only be made by drilling a 
hole which penetrates the zone of interest. The fluid content of 
the formation may then be tested or measured by down-hole 
reading of sensing instruments, or alternatively it may be 
produced to the surface under controlled conditions and tested. 

The only practical means of drilling a hole through the 
prospects is to employ a drilling rig specially designed for 
working in the marine environment. The type of rig proposed is 
a jack-up rig such as the 'Maersk Valiant'. 	This rig is shown 
in Plate 1, 	drilling off Onslow in 1987. 	This rig is currently 
drilling a series of three wells near Onslow, and will probably 
be used to drill the two prospects associated with this proposal. 

The practicability of drilling a directionally deviated hole from 
either onshore or offshore but outside the Ningaloo Marine Park 
boundary has been evaluated for the Whalebone Prospect and 
found to be impossible. The closest onshore location to the 
proposed 	Whalebone-1 	structure 	is Point 	Murat, 	4.7 km 
northwest. The closest edge of Ningaloo Marine Park is 3.6 km 
south (refer Fig. 4). 	Both these surface locations are totally 
impractical in terms of drilling a deviated well to the proposed 
top of the reservoir at 1 940 m MSL on the Whalebone Structure. 
The directional programme would require a maximum deviated 
angle of 

750  which is extreme. 	However, the deviated course 
length of approximately 4 100 m to the top of the objective 
makes it absolutely impossible due to both the excessive drag 
this would induce and hole cleaning difficulties likely to be 
encountered. 

Therefore no practical alternative to the proposal exists. 



2.5 EXPLORATION DRILLING OPERATIONS 

2.5.1 Components 

Offshore exploration drilling is a complex and expensive exercise 
in logistics and organisation. 	It involves the use of specially 
designed rigs, supply boats, stand-by vessels and helicopters. 
For this proposal, a jack-up rig will be towed to the prospect 
site and, once in position, the legs will be jacked down to the 
seafloor and the floating platform will then be jacked up some 
20-30 m above the sea surface. Two supply/tug boats, each of 
approximately 4 500 BHP and having the capability of towing the 
rig independently, are used to tow the rig to location, position 
the rig and supply it with fresh water, fuel, dry bulk drilling 
fluid materials, food and all drilling hardware. 	These boats 
will operate between Port Hedland and the drilling location. 

A stand-by vessel is stationed permanently in close proximity to 
the rig and is utilised as a safety vessel offering search and 
rescue facilities and an alternate communications centre, should 
those on the rig fail. 

Crew changes of personnel from Perth via fixed wing charter are 
likely to use Exmouth airfield with twin engined 10 seater 
helicopters ferrying crew between the airfield and the rig 
offshore. 

2.5.2 Rig operations 

A detailed review of the methods employed by the oil exploration 
industry is presented by Dodds (1977). Succinct summaries of the 
major features of offshore oil developments are also presented by 
Gilbert (1982). 

The following summary of drilling procedures has been produced 
from the above references, together with personal experience of 
LSC and Minora staff. 

Modern offshore rigs of the type proposed for use on this project 
are designed to satisfy two primary objectives: 

to ensure the safety of the persons working on the rig, 
and 
to drill to the prospective oil formation. 

Prior to the initiation of drilling (or 'spudding in' as it is 
termed), a number of precautions are undertaken by the rig 
operator to ensure the stability of the rig and minimise the risk 
of 'foundation failure' or abnormal penetration of the seabed 
during storm conditions. These precautions involve: 

seabed surveys to determine the nature and stability of 
the seabed and the underlying strata; 



load testing whereby each leg is loaded to twice its 
loading allowable during operational conditions; 

supervision of the jack-up operation by the rig owners, 
the rig mover, the insurance company's rig mover and 
Minora's drilling supervisor. 

Once the drill bit penetrates the ocean floor, the most important 
aspect of drilling operations is well control to prevent a 
blowout. Blowout prevention is important not only to safeguard 
the environment, but also more importantly, to ensure the safety 
of workers on the rig. 	Therefore each well is designed and 
engineered to ensure that at all times it is under the complete 
control of on-site engineers operating under a programme 
designed to international specifications and approved by the 
Mines Department. 	Wells are rarely drilled 'blind' these days. 
To achieve control of the well, 	the condition of the underlying 
strata must be considered, especially if oil and gas zones are 
to be safely contained. 	This containment depends primarily on 
proper design of the drill hole casing and drilling fluid system. 
The hydrostatic pressure of the drilling fluid circulated in the 
hole prevents oil or gas from entering the well bore. 	Blowout 
preventers provide a backup to the drilling fluid system and 
can be used to contain an escape of hydrocarbons should the 
drilling fluid system fail. 

During drilling, 	the driller and-  drilling supervisor are 
constantly monitoring instruments which give an indication of 
formation pressure in the well, 	and the volume of the drilling 
fluid in the drilling fluid tank. Should the pressure in the 
reservoir formation be greater than the pressure exerted by the 
drilling fluid column, 	the well will start to flow and thisis 
immediately indicated by an increase in volume in the drilling 
fluid tank. This is known as a 'kick' and the well is brought 
immediately under control by closing it in with one of the 
blowout préventers. Subsequently, the weight of the drilling 
fluid in the column is increased by the addition of weight 
material, and once it returns to a level whereby it exerts about 
200 pounds per square inch more pressure on the bottom of the 
well than the pressure in the formation, drilling proceeds with 
care. 

There is substantial experience available from the previous wells 
drilled in the vicinity on which to base design of safe and 
controlled wells for the two prospects which are the subject of 
this proposal. Hence the chances of a blowout are extremely 
small. 

The preliminary details of the well design for both prospects are 
presented in Table 1.' The casing sizes and lengths have been 
calculated and the depths at which it is proposed to seal the 
hole around the casing with cement have been selected to 
maximise the efficiency of well control. This well design is 
schematically presented in Figure 9. 
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Subsequent to the completion and testing of the well, 	it will be 
abandoned. Wells are abandoned according to and only with the 
approval of the Department of Mines. Regulations and guidelines 
are set out in the 'Petroleum (Submerged Lands Acts): Specific 
Requirements as to the Offshore Petroleum Exploration and 
Production, 19851 . 

Under these regulations, permeable hydrocarbon or fresh water 
zones are isolated from any other permeable zone and surface by 
setting cement plugs over and beyond the entire hydrocarbon or 
freshwater formation zone. 

Two cement plugs are then set inside the last string of casing 
run, one at the bottom of the string and the other at the top. 
The second plug (surface plug) inside the casing is set just 
below the seabed and extending at least 45 m below the seabed. 

For 'dry' wells which are unlikely to produce hydrocarbons, 
casings which extend up from the seabed are cut at a depth of 
at least 5 m below the seabed and recovered, leaving the seabed 
clear of any obstruction. 

A well that has been successful, and is a potential producer, is 
capped with a retrievable plug extended 2-3 m above the 
seabed. A navigation marker is moored directly above it. 

2.5.3 Operational discharges 

Various types of waste are produced during drilling operations. 
The majority of the waste is drilling fluid residue comprised of 
a clay slurry used primarily to control pressure inside the hole. 
Drilling fluids also transport drill cuttings from the bottom of 
the hole to the surface, lubricate and cool the drill bit and 
drilling string, and stabilise the wall of the hole. 

Common wastes and the normal disposal methods are: 

drill cuttings - disposed of into the ocean after separation 
from drilling fluid through solids control equipment; 
drilling fluid residues - disposed of into the ocean; 
lubricating oil waste - disposed of on land; 
sanitary waste - treated before disposal into the ocean; 
deck drainage - disposed of into the ocean after passing 
through an oily water separator; 
solid waste - burned or properly disposed of on land. 

Further detail on the operational discharges which will be 
generated during the drilling programme is presented below. 

2.5.3.1 Cuttings 

Figure 9 shows a casing design schematic and an approximate 
schedule of cuttings and drilling fluid discharge for the both 
prospects. (NB: The use of imperial 'measures is standard 
practice in the oil industry.) 
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During the drilling of the 40 m deep, 	36 inch diameter well 
section, the limestone cuttings will be circulated out to the 
seabed since at this stage there is no conductor pipe in place 
to convey the cuttings to the rig deck. 

The remaining sections of the well will be drilled with cuttings 
being returned to the surface to the solids control equipment, 
where the solid and liquid phases are separated. The solids are 
discharged overboard, whilst the liquids are returned to the 
holding pits to be recirculated down the well. A minor quantity 
of liquids adheres to the solids which are discharged overboard. 

The cuttings will be of a consolidated carbonate nature down to 
-1 230 m. 	The aTount  of cuttings discharged would be 
approximately 258 m over 4 days. Shales will be drilled fror 
-1 230 m to -1 960 m, the total volume of cuttings being 72 m 
over 51  days. 	From -1 960 m to total depth at -2 030 m, 
sanstone will be drilled with a total volume of cuttings being 
4 m over two days. 

The cuttings are inert3  and will be approximately 0.6 mm3  in 
size. A total of 334 m of cuttings, 	including liquids adhering 
to the solids, will be disposed into the ocean at each prospect. 

2.5.3.2 DrillIng fluid 

During the drilling of the 36 inch hole to 40 m below 3 the sea 
bed, sea water is used as the primary fluid with 4.7 m sweeps 
of inert drilling fluid circulated every 10 m to bring cuttings t 
the seabed surface. Subsequently, the hole is drilled with 40 m 
of inert drilling fluid prior to running casing. 	This drilling 
fluid in turn would be displaced into the sea upon running 
casing into the hole. 

It is intended that the remainder of the well be drilled with a 
seawater polymer drilling fluid system using inert additives. 
There is a possibility that whilst drilling dispersive formations 
such as shales, the drilling fluid will thicken, requiring 
dilution with seawater to maintain optimum properties. With 
correctly set up and operated solids control equipment, this gill 
be minimised. However, it is likely that on occasions 29 m of 
cuttings and drilling fluid would be discharged at a controlled 
rate from the sand traps. The best estimate of the number of 
discharges of drilling fluid required during the course of the 
well is five. These would occur once every two days while 
drilling 17 and 12 inch open hole (OH), 

On completion of the well the drilling fluids in the tanks can 
remain on board, if necessary, until the rig has been towed 
clear of sensitive areas and then discharged. 



2.5.3.3 Domestic wastes 

Sewage and wastes from kitchen, showers and laundry are 
treated through a sewage plant prior to being discharged 
overoard. The treated discharge amounts to approximately 
80 m of water per day. 

Biodegradable detergents will be used for cleaning 
functions. 

All combustible material, consisting of packing cases, 
sacks and cardboard food cartons is burnt on site. All 
non-combustible material is returned to the shore base for 
disposal. 

2.5.3.4 Deck drainage wastes 

The rig storm drains are ducted into an 'oily water 
separator', where the oil is drawn off into drums for 
shipment onshore. The expected volume is approximately 
15 L per day. 	The separated water is discharged 
overboard. 

Containment areas exist around all areas where oil is 
likely to be used or stored. Drains are ducted into a 
waste oil tank from which the oil is pumped out and 
transported ashore for disposal. 

2.6 SEISMIC SURVEY PROCEDURE 

The locations of the two prospects have been selected on the 
basis of encouraging information gained from previous and 
recent geophysical surveys. Geophysical surveys are used to 
evaluate the oil and gas potential of the offshore area. In 
seismic exploration, a compressional sound wave is sent through 
potential oil bearing structures and is reflected to a listening 
device onboard or towed behind a survey vessel. Modern sound 
sources are confined explosion devices such as air guns, gas 
exploders, gas sleeve exploders, or sparkers that involve small, 
controlled charges of chemical explosives, gas or air, or 
electrical discharges. 	Use of these sound sources has little if 
any adverse impact on the marine environment. 

Previous (pre-1987, Fig. 5) surveys have used a wide range of 
explosive devices in the area. The survey conducted by Minora 
in 1987 employed the use of an air gun array as an energy 
source. This array used compressed air to generate a pressure 
wave which in turn generates an accoustic wave which is the 
energy source. 

The seismic air gun array to be used in the short survey 
proposed for November 1988 will consist of a five gun array of 
the following capacities: 
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one gun of 10 cubic inches; 
one gun of 20 cubic inches; 
one gun of 40 cubic inches; 
two guns of 40 cubic inches fired 	simultaneously 	to provide 
an effective capacity of 80 cubic 	inches. 

The total capacity of the array will be 150 cubic inches. 

This 	air 	gun array 	will 	be suspended 	in 	a string 	from 	a 	float 
comprised of four Norwegian Buoys and 	towed behind 	the seismic 
vessel. 	The air 	gun 	array will 	be 	adjusted to 	discharge 	at 	a 
depth 	of 	3.5 m 	below the 	surface of 	the sea. Firing of 	the 	air 
guns occurs at approximately 25 m 	intervals. 

The 	proposed 	location 	of the 	seismic 	lines is 	shown 	in 
Figure 	10. 



3 DESCRIPTION OF ENVIRONMENT 

This section provides a summary description of the salient 
physical, 	biological and social characteristics of the locality of 
the proposal. The information presented has been obtained 
largely from a desk review of available documents, supplemented 
by a brief field survey of the site and adjacent marine 
habitats. 

A number of goverment publications describe the demographic 
profile and socioeconomic structure of the area [State Planning 
Commission (SPC), 1988; Department of Regional Development and 
the Northwest, 1985; Western Australian Tourism Commission 
(WATC), 	1986]. The physical and biological environments of the 
study area have been described by May et al. (1983), and LSC 
(1986a). Jones (1986) has identified the marine resources of 
Western Australia at potential risk in the event of an oil spill. 
Part 1 of Jones (1986) provides maps and accompanying text on 
coastal geomorphology, ocean circulation and wind regimes, and 
the resources and associated activities which exist along each 
section of the coast. These maps are available for reference at 
the 	Fisheries Department 's, 	Marine Research Laboratories. 
Relevant maps have been reproduced for this study. Information 
on winds and oceanography has been specifically provided for 
this study by Steedman Limited (Appendix 2) as background for 
oil spill trajectory analysis. 

3.1 PHYSICAL ENVIRONMENT 

3.1.1 Climate 

Exmouth Gulf lies in a hot, seii-arid region, with very hot 
summers (frequently exceeding 30 C between November and April) 
and a temperate climate for the remainder of the year (15-27 C). 
Annual rainfall is highly variable. Most rainfall occurs during 
a 'wet season' from January to July, 	with heaviest falls early 
in the season (February/March) as the result of tropical 
cyclones (Logan et al., 1976). 

Southerly winds dominate the wind pattern. South to southeast 
winds tend to prevail in the morning throughout the year. 
During the summer (October to April), south to southwest 
seabreezes become dominant in the afternoons. Strong winds from 
the north and northeast are infrequent but are commonly 
associated with cyclones (Logan et al., 	1976). Offshore wind 
roses for the area including Exmouth Gulf are shown in 
Figure 11 (from Jones, 1986). 

Cyclones of a minor nature can be expected during the period 
January to March every two years in three. A severe (40-50 knot 
wind strength) cyclone• can be expected to occur about once 
every three (+ two) years. Cyclones mainly move west, 
southwest, south or southeast inducing strong east and southeast 
winds which swing to northeast and north if the cyclone passes 
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to the west of the gulf, and to the south and southwest if the 
cyclone passes to the east. Wind speeds of up to 100 knots may 
be sustained for several hours (Coleman, 1971). 

3.1.2 Oceanography 

3.1.2.1 TIdes and currents 

Two tides of almost equal magnitude occur on most days. The 
mean spring tidal range is 1.7 m at Point Murat, with a mean 
difference between high and low tide of 1 m (May et al., 1983). 
Tidal range increases towards the head of the gulf, with a mean 
spring tidal range of 2.1 m at Learmonth. 

Tidal current velocities are appreciable throughout the gulf. 
Under normal conditions (i.e. 	without strong wind influences), 
currents of about 0.5-0.65 m per second have been measured in 
deep water (near spring tides), 	with 0.5-1.0 m per second 
currents in unrestricted shallow areas. Numerical modelling by 
Steedman Limited (see Appendix 2) indicates that spring tidal 
currents at the mouth of the gulf between Point Murat and 
Muiron Islands can reach 0.8 ms . 	Wind and tidal currents 
along the western shore platform near the proposed drill sites 
would tend to be directed north along the shore under 
southeasterly winds and ebbing tides, and south along the shore 
under northwesterly winds and flooding tides. 

Tidal influences of cyclones are not well documented as there 
are no permanent tidal recording stations in the immediate area. 
Barometrically induced rises in water level should be 
appreciable close to the center of an intense cyclone (0.5-1.0 m 
for 50-100 mb pressure reductions), and surge effects should be 
expected. 

3.1.2.2 Waves 

Under normal conditions, an oceanic swell enters the gulf from 
the Indian Ocean, affecting the north and northeast of the gulf. 
Wave action is dominated by local wind effects, with the east 
facing shore along the peninsula showing most influence of wave 
action (LSC, 1986a). Prevailing southerly to southwesterly winds 
generate seas which are generally less than 1 m in height with 
periods of less than five seconds. These seas impinge oblique to 
the shoreline immediately to the west of the proposed well sites. 
Storm surge wave range for the Exniouth coastline is 1 . 1 m on a 
50 year return period (Riedel & Byrne, 1986). 

Under tropical cyclone conditions, wind generated waves may 
exceed 2 m. Strong cyclone activity to the north or northeast of 
the gulf may propagate long period swells with heights up to 
4-5 m and periods up to 15 seconds in the vicinity of the 
proposed well sites. 
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3.1.3 Geology and geomorphology 

The North West Cape region lies in the geological province 
known as the Carnarvon Basin (Playford et at., 1975). Exmouth 
Gulf is a north facing marine embayment, 40 km wide by 80 km 
long. 	It is isolated from the Indian Ocean to the west by the 
Cape Range Peninsula (100-300 m high). The eastern hinterland 
is more low lying, 	sloping gently westward to the embayment 
(LSC, 1986a). 

Exmouth Gulf comprises four main physiographic provinces: 
embayment, 	western, eastern and southern (Fig. 12) (LSC, 
1986a). 	The proposed drill sites lie in the embayment province, 
i.e. the floor of the U-shaped marine embayment, but are close 
to the western province. 

The prospects are situated in the northwestern part of the 
embayment, to the east and south of Bundegi Reef. A discrete 
intertidal to subtidal platform is developed along the western 
shoref ace (LSC, 	1986a). 	The platform is 300-800 m wide and 
slopes gently from high tide levels to about the 5 m contour. 
Beyond this contour, the seafloor slopes steeply and then more 
gently, merging with the embayment floor in depths of about 
10 m at 2-3 km from shore. The embayment floor deepens to the 
northwest, reaching depths in excess of 20 m adjacent to North 
West Cape. 

Bundegi Reef occurs in the sheltered waters adjacent to the 
northern end of the Cape Range peninsula. The reefs in the 
region consist of a partially dissected basement platform of 
Pleistocene origin or aeolian sediments of Tertiary limestone 
which is covered by living or dead coral. 

The coastal geomorphology of the region has been mapped in 
broad categories by Jones (1986). This map is presented in 
Figure 13. 

3.1.4 Coastal processes 

Mobile sediments on the contemporary western shore of Exmouth 
Gulf come from three sources: 

creek flow; 

marine erosion of pre-existing sediments (mainly in the 
intertidal zone); 

skeletal particles from benthic organisms. 

Medium to coarse beach sands abut a thin and discontinuous 
veneer of fine sands and silts in hollows on the platform. More 
extensive sheets of medium sand occur in deeper water below 
about 2 m (LSC, 1986a). 
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There appears to be negligible transport of sediment under 
prevailing conditions. Sediment transport under cyclone 
conditions is more difficult to predict. Transport would be 
expected to occur north and south along the beach and on the 
shore platform, but the size and significance of the exchange is 
not known. Fragments of coral found at 2-3 m above mean sea 
level indicate that intense wave action does occur at times (LSC, 
1986a). 

3.2 BIOLOGICAL ENVIRONMENT 

3.2.1 Marine habitats 

The major marine habitats of the western shoreline of Exmouth 
Gulf in the vicinity of the proposed wells are: 

narrow sandy beaches; 

limestone shore platform, which extends from low water 
mark to a depth of approximately 5 m; 

offshore sands and muds of the embayment floor; 

coral reefs, which are extensive at the northern end of the 
Cape at Bundegi Reef and south of Cape Vlaming. 

At the broader scale, there are a number of islands in Exmouth 
Gulf which contain beach, intertidal platform and coral reef 
habitats. The eastern shore of the Gulf is comprised largely of 
extensive areas of shallow mud flats and mangrove habitats. 

The 	distribution 	of the 	nearshore 	marine 	habitats 	in study the 
area 	is 	presented in 	Figure 	14. 	This figure 	is 	based on 	the 
results 	of 	a 	brief aerial, 	underwater and onshore (low 	tide) 
inspection 	of 	the study 	area 	and 	on discussions with 	local 
residents 	(G. 	King and 	P. 	Arscott). Each 	of 	the habitats 	is 
described below. 

3.2.2 IntertidaU habitats and assemblages 

3.2.2.1 Sandy beaches 

The intertidal sandy beach habitat is widely distributed on the 
western shore of Exmouth Gulf (Plate 2) and on the western side 
of the Cape Range peninsula. 	It forms the shoreline along the 
whole of the western gulf between Learmonth and Point Murat, 
with the exception of a small section of mangroves and adjacent 
rocky shore opposite the south end of Bundegi Reef, and 
occasional small shoreline outcrops south of Exmouth. 

Extending to the west from Point Murat, the sandy beaches are 
broken by rocky headlands with an extended section of rocky 
shoreline on the western side of North West Cape (Fig. 14). 
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The beaches are composed of cream coloured sands, frequently 
with a narrow band of detrital algae and shells marking the 
high tide line (Plate 3), 	and a bank of larger shell fragments 
and the rounded pebbles which are a characteristic of Exmouth 
beaches. 

The sandy beach habitat supports small resident populations of 
ghost crabs (Ocypoda) and burrowing bivalves. Birds forage 
a'ong the shoreline on the falling tide and turtles build nests 
in the foredune area at the back of the beach. 

3.2.2.2 Rocky shores 

The 	rocky shore 	habitat is 	most 	extensively 	developed between 
North West Cape 	(Plate 4) and Vlaming Head, 	but occurs also on 
the 	western 	side 	of 	the peninsula, 	the 	promontories in 	the 
southern part of 	the 	gulf and 	the offshore islands, 	e.g. North 
and South Muiron 	Islands. A small 	section 	of 	rocky 	shore also 
occurs on the shoreline 	adjacent to 	the 	southern 	end 	of Bundegi 
Reef. 

The fauna in this environment consist of oysters, barnacles, 
rock boring mussels, chitons and a variety of gastropod molluscs 
(Plate 5) and small crabs. Most of these organisms browse on a 
short algal turf. 

3.2.2.3 Limestone pavement 

The intertidal limestone pavement habitat is frequently found as 
a lower tidal extension of both the rocky shore and sandy beach 
habitats. Adjacent to the sandy beaches of the gulf, the 
pavement is generally exposed only on the lowest tides, while on 
North West Cape (Plate 6) the pavement occurs over most of the 
tidal range and extends into the shallow subtidal zone. 

The pavement supports a wide range of organisms which are 
distributed according to tidal height and local variations in the 
surface of the pavement, e.g. presence of rock pools. 

The flora in this habitat generally consist of a sparse algal 
turf at the lower end of the tidal range with some larger algae, 
e.g. Padina and Hal imeda, present in the rock pools. The fauna 
include clams and a variety of gastropod molluscs and small 
crabs. A variety of fish move into the shallows to feed on the 
rising tide. 

3.2.2.4 Sand/mud tidal flats 

Extensive tidal flats are developed along the eastern shore of 
Exmouth Gulf and in the embayments at the southern end of the 
gulf, 	e.g. 	Gales Bay (Plate 7), 	Giralia Bay and the Bay of 
Rest. Smaller occurrences are at a tidal creek at Learmonth and 
a small embayment near the southern extent of Bundegi Reef. 
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This habitat is dominated by mangroves and three species have 
been identified within this region (Jones, 	1986). 	The attendant 
biological assemblage includes algae, oysters and wood boring 
molluscs. The tidal flats, which include the mangrove belt and 
inshore saline tidal flats, are recognised as an important 
nursery area for prawns which are fished commercially in the 
gulf. The mangroves also provide a feeding area for numerous 
fish species. The flats also provide a major feeding area for 
migratory wading birds many of which are protected by 
international agreements. 

3.2.3 Shallow subtidal habitats and assemblages 

3.2.3.1 Sandy seafloor 

The shallow sand (i.e. less than 5 m deep) habitat is limited in 
its distribution by the presence of an exposed limestone 
pavement which is present along much of the Cape Range 
peninsula. The shallow sandy seafloor tends to be restricted to 
areas where there is an offshore reef which results in the 
accumulation of sand in the protected inshore waters, e.g. 
Bundegi (Plate 8), or where sand is deposited as a result of 
current/wind wave interaction, e.g. Point Murat. 

The sands vary from highly mobile barren sands characterised 
by a rippled surface (Plate .9) to 'stable' areas supporting 
seagrass and algae (Plate 10). 	Exposure of the underlying 
limestone pavement is common, in places, showing the strata of 
the parent material (Plate 11). 

The flora and fauna of this habitat vary with the stability of 
the sands and with additional diversity which results from the 
presence of patches of raised pavement within this habitat. The 
rippled sand areas typically support a low density of burrowing 
bivalves and polychaete worms, while the more stable areas 
'provide a substrate for seagrasses such as Halophila (Plate 12). 
Algae occurring in this habitat are frequently to be found 
anchored to the underlying pavement. 

3.2.3.2 Subtidaii limestone pavement 

Shallow subtidal limestone pavements are common throughout the 
area, occurring between the sandy beach and deeper gulf 
sediments on the eastern side of the peninsula, and as a 
platform inside the reef rim on the western side. 

The:assemblage present on the platform ranges from algae, with 
seagrass occurring in sand filled depressions (Plate 13), 	to 
extensive algal meadows (Plate 14), 	and isolated corals and 
sponges. Coral bommies are present in the Ningaloo Reef lagoon 

- and on the gulf pavement, 	particularly offshore from Exmouth 
townsite. 
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In addition to the sedentary organisms, numerous reef fish are 
attracted to this area as a natural extension of their feeding 
grounds. 

3.2.3.3 Coral reef 

The two major reef areas are at Bundegi Reef (on the eastern 
side of North West Cape) and the Ningaloo Reef which extends 
southward from Viaming Head on the western side of North West 
Cape (Fig. 14). 

The reefs are based on a limestone substrate which occurs as a 
shelf on the western side of the peninsula and as a series of 
resistant subtidal limestone ridges elevated above the level of 
the surrounding seafloor at Bundegi Reef. Both reefs feature 
extensive development of corals (Plates 15 and 16) and are 
associated with a diverse range of fish, crustaceans and 
molluscs. 

The fauna associated with the coral reefs in the North West Cape 
region is diverse and spectacular (May et al., 	1983). The reefs 
are variable, 	with coral cover and species richness changing 
over short distances (May et al., 	1983). Coral communities are 
diverse, containing 170 species of 44 genera of soft corals. Many 
species are typical of the tropical Indo-Pacific region and do 
not occur further south in Australia (May et al., 	1983). The 
reefs support a rich fauna, 	including echinoderms (90 species), 
molluscs (about 600 species recorded in the Gulf and west of 
North West Cape), and crustaceans, 	including three species of 
rock lobsters. The fish fauna represent one of the most diverse 
Indo-Pacific reef communities in Western Australia, with over 460 
species recorded (May et al., 1983). Northwest snapper and red 
emperor occur in large numbers. 

The 	fauna of 	Bundegi 	Reef 	are 	considered 	to be 	exceptionally 

rich 	and diverse, 	including western 	rock 	lobster 	(Panulirus 

cygnus), ornate rock 	lobster (P. 	ornatus) 	and coral 	or painted 

rock 	lobster 	(P. 	versicolor). The 	mol lusc 	fauna 	on 	the 	reef, 

however, is reported as having been degraded by prolonged and 
heavy 	shell collecting 	(May 	et al., 	1983). 

3.2.3.4 Sandy mud habitat 

The shallow subtidal sandy mud habitat occurs seaward of the 
mangrove zone (Plate 17), 	predominantly on the eastern and 
southern shore of Exmouth Gulf. It forms a natural extension of 
the feeding and nursery areas provided by the mangroves which 
contribute large amounts of organic detritus to this environment. 
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3.2.4 Seafloor in the vicinity of proposed well sites 

3.2.4.1 Whalebone Prospect 

The 	Whalebone 	Prospect 	is 	located 	in 	22 m 	of 	water 
approximately 4 km southeast of Point Murat. 	The seafloor in 
this area is flat and composed largely of coarse grey sand with 
a surface of loosely packed calcareous gravel. Brown silt is 
present within the sand matrix as a minor component of the 
sediment. The sedentary fauna within this environment is 
dominated by solitary ascidians with occasional sponges and soft 
corals also present. The mobile faunal elements include urchins 
and starfish. No burrows were observed in the seafloor, 
although burrowing organisms such as bivalves and polychaete 
worms could be expected in this environment (Plate 18). 

3.2.4.2 Rivoli Prospect 

The Rivoli Prospect occurs in approximately 23 m of water and 
is located approximately 8.5 km east of Exmouth townsite. The 
site is also located in an area of flat seafloor, although in this 
area the sediment is composed of a more tightly packed medium 
to coarse grained sand with a larger silt fraction (Plate 19). 
The only biota observed were occasional gorgonians and sponges, 
but large burrows (2-3 cm in diameter) with a frequency of 
approximately one per square metre were observed. 

3.2.5 Ecological considerations 

3.2.5.1 Ecosystem considerations 

Little information is available on the ecological relationships 
within the area. However, it is possible to construct a 
preliminary conceptual model based on general ecological 
principles. 

The basis of all ecosystem models is the amount of food 
available for consumption and transfer by all the organisms 
which comprise the food web of the ecosystem. The fundamental 
source of all food available to these organisms is green plants 
which photosynthetically fix energy from the sun. Growth of 
plant material requires both sunlight and inorganic nutrients. 
These food generating plants are termed primary producers. The 
organisms which eat these plants are termed consumers and 
because they in turn are eaten by other organisms higher up 
the food web, they are known as secondary producers. 

Consumption of plant material occurs at two levels. Living plant 
material is consumed by herbivores whilst dead plant material is 
consumed by detritivores (such as bacteria and fungi). 
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Hence for any ecosystem analysis it is necessary to identify: 

the location of areas of high biological productivity (i.e. 
areas where both primary and secondary producers occur 
in abundance); 

the source of nutrients for these areas; and 

the physical processes which provide/produce those 
nutrients and maintain the habitats which support the 
areas of high biological productivity. 

The major factors governing the persistence of the marine 
ecosystem are outlined below. 

The marine biota of the region are distributed according to 
availability of suitable habitats. The major primary producers 
in the marine environment and their distribution are as follows: 

mangroves which occur in extensive stands intertidally 
along the southern and eastern gulf shorelines in protected 

2 	 embayments, and in smaller stands along the west coast of 
the gulf near Learmonth and just south of Bundegi Reef; 

algae which occur as extensive meadows on the limestone 
pavement along the west coast of the gulf and around the 
Murion Islands; 

corals which occur as reefs or groups of large bommies on 
hard substrate in shallow nearshore waters along both 
sides of the Cape Range peninsula and around offshore 
islands; 

seagrasses which occur in sediment veneers on shallow 
limestone pavements; 

phytoplankton which occur in the water column. 

These producers are regionally significant because they are the 
basic food source for most of the region's marine fauna. 

The sites where these producers (with the exception of 
phytoplankton) occur in abundance are often important as areas 
of secondary productivity and are generally recognised as being 
areas of particularly high biological productivity. They are 
known to provide nursery habitats for many of the fish which 
roam the deeper oceanic waters of the Continental Shelf as well 
as for the prawns which form the basis of the commercial 
fishery. 

The sources of nutrients for the primary producers in the marine 
environment are likely to be as follows: 

In situ breakdown of organic material by detritivores. 
Mangroves in particular produce substantial quantities of 
organic material and detritus, as do macroalgae. Whilst 
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some of this material is consumed in Situ, much of it is 
transported to other parts of the marine ecosystem by tidal 
and wind currents. 

The seasonal growth cycle for algae extends from late 
winter through early summer terminating with the onset of 
the cyclone season in mid-summer. Following the initial 
occurrences of the summer cyclones and storms, extensive 
rafts of algal wrack are commonplace throughout the 
region. These rafts eventually strand on island and 
mainland shores and are gradually broken down by 
decomposition and detritivores. 

Input from the mainland via river and creek flood 
discharge (the sink for much of the organic debris and 
nutrient bearing sediments brought down the rivers is 
nearshore coastal waters although a smaller proportion may 
be carried to offshore coastal waters). 

Upwelled deep ocean water. This is a rich source of 
nutrients. Whilst upwelling is a recognised phenomenon off 
the west .coast of South America, its importance in Western 
Australian waters is not thought to be great. However, 
large surface blooms of phytoplankton occur extensively 
throughout the region during summer, indicating that 
nutrients occur occasionally in the water mass. 

Therefore, the highly productive mangroves, coral reefs, and 
algal and seagrass assemblages of the shallow limestone platform 
can be identified as major areas of primary production and 
therefore most in need of protection from any possible impacts of 
oil exploration. 

The major physical factors governing the rate of primary 
production in the region are temperature, water clarity and 
wave energy. These factors are strongly seasonal to the extent 
that winter is generally characterised by calm, clear temperate 
waters, and summer by turbulent, turbid and warm waters. This 
seasonal pattern has a marked effect on plant growth. 
Macroalgae, seagrasses and phytoplankton all undergo a 
relatively short growth period followed by rapid senescence and 
decay as a result of seasonal change in conditions. Mangroves 
on the other hand do not undergo seasonal decay and senescence 
but do undergo seasonal fluctuations in growth rate and 
production of organic material. As a result of the above factors, 
there is a marked seasonality in abundance and distribution of 
many marine organisms. 

Major catastrophic events in the local marine environment are 
not infrequent and tend to be related to climatic extremes such 
as intense cyclones, exceedingly low tides or major flood 
discharge of coastal rivers. Substantial and extensive mortality 
of shallow water marine organisms can and does occur under 
these conditions, and recovery can take many years because of 
the longevity of the organisms affected (such as corals and 
mangroves). Cyclone induced mortality of corals in the Dampier 
Archipelago is discussed by Forde (1985). 
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Large scale predation of corals by plagues of gastropods (CALM, 
1988) and Crown of Thorns starfish (Marsh, 1978) have occurred 
in the area. Numerous cases of coral bleaching (Zooxanthellae 
loss) have been reported this year from coastal waters in the 
Kimberley to Exmouth Gulf region (Simpson, EPA, pers. comm.). 
This phenomenon is believed to be related to the 'El Nino' event 
occurring in the eastern Indian Ocean this year. 	Such events 
have previously caused mass coral mortality in the eastern 
Pacific Ocean (Robinson, 1987). 

Cyclones are known to affect prawn populations in the gulf, 
both adversely and favourably depending on where the juveniles 
are at the time of the cyclone (Penn & Caputi, 1986). 

Hence numerous natural causes of mortality exist in the marine 
environment of the region. These events have occurred for 
thousands of years and are always followed by a period of 
recovery. Thus dynamicism in population characteristics is a 
feature of ecosystems in the region. 

The most important ecological resource in the gulf is the 
mangrove assemblage and its associated tidal flat which occur 
along the eastern and southern shore of the gulf. This 
assemblage is a major source of nutrient and site of primary 
production, secondary consumption and decomposition. 

3.2.5.2 Present condition of environment 

It is difficult to determine how modified the marine environment 
is because there is little baseline information available with 
which to compare present conditions. However, it is likely that 
the marine environment of the area is not in a pristine, 
unmodified condition. 

The commercial prawn fishery which exists in the gulf must 
exert a major influence on the abundance and distribution of 
marine biota in the gulf, both directly through removal of 
benthic biota and damage to seafloor communities from trawling, 
and indirectly through increasing water turbidity, by trawling. 

Coral reefs which occur toward the southern end of the gulf 
(near Roberts Island and Point Lefroy) are depauperate, dead 
and silted (Arscott, pers. comm). 

Bundegi Reef appears to be in healthy condition, and supports a 
rich and diverse marine community. This is despite the fact that 
it is probably one of the most accessible reefs in the region to 
tourists and a fishing boat anchorage lies close by. 

Charter 	and 	other 	boats 	load fuel next 	to 	the 	jetty 	at 	Bundegi 

by 	various 	methods depending 	on facilities 	available. Spills 
have 	occasional I y occurred. 	The extent, 	if 	any, of 	the 

discharging 	of 	bilge and 	other 	wastes 	in 	the 	Ningaloo Marine 
Park 	is 	not 	known. Some 	boats, however, 	are 	cleaned using 
copper 	sulphate, releasing 	large quantities 	into 	the water 
(CALM, 	1988). 
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In addition, 	larger ships occasionally moor at the Point Murat 
jetty where petroleum products and other supplies are offloaded 
for the defence establishment on the cape. 

The 	molluscs and 	other 	marine 	animals 	on 	intertidal platforms 

around Point Murat 	between 	Vlaming Head and Bundegi Reef are 
being 	heavily exploited 	by 	shell 	collectors 	and 	reef fossickers 
(May, 	1983). There has been recent extensive damage to corals 

in 	back 	reef habitats 	of 	the 	northern 	part of 	Ningaloo 	Reef, 
apparently 	due 	to 	predation 	by 	the 	coral eating gastropod 
Duprella carnus 	(CALM, 	1988). 

Amateur and professional fishing is also very popular in the 
Ningaloo Reef area and adjacent offshore islands, and the 
fishing pressure, particularly during peak holiday seasons, is 
intense. Such fishing must have modified, at least temporarily, 
the structure of reef fish communities in popular fishing 
locations. 

Thus the marine habitats in the vicinity of the two prospects 
are heavily exploited and probably modified to some extent as a 
result of that exploitation. 

3.3 SOCIAL ENVIRONMENT 

3.3.1 Exmouth 

Exmouth, the largest town in the region, was established in 1963 
as a support town for the United States Navy Communication 
Station on North West Cape. The town has also grown through 
the development of two other major industries, commercial prawn 
fishing and tourism. Exmouth serves as the centre for tourism 
for the North West Cape area, providing a base for a diversity 
of recreational activities. 

3.3.1.1 Demographic profile 

According to a council survey conducted in 1987, the population 
of Exmouth was 2 526 (SPC, 1988). The population was composed 
of a large proportion of people in the 20-40 year age bracket, 
particularly males. This highlights the employment opportunities 
in the town for young technicians at the communications base 
and in public administration, and for fishermen and labourers. 
Exmouth is a major winter destination for retired people and 
this is reflected by a significant proportion of the population 
being in the 60+ age group. About 25% of the total population 
were United States citizens, mostly involved with the 
communications base. The proportion of people in the 15-19 age 
group was considered to be relatively small due to school 
leavers seeking employment elsewhere or senior high school 
students continuing their education at other centres under some 
form of board arrangement (SPC, 1988). 
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During the holiday season, the population almost doubles as the 
numerous holiday accommodation facilities fill up with tourists. 
The main tourist influx occurs between the months of April and 
October with a peak in June/July/August. In recent years, a 
secondary and smaller influx has occurred during January, 
primarily as the result of Pilbara residents spending school 
holidays in the area. 

3.3.1.2 Economic base 

Defence 

The two defence installations at Exmouth are the United 
States Naval Communications Station and the Royal 
Australian Air Force (RAAF) Base at Learmonth. Those 
facilities continue to be the town's main employers, 
accounting for 40% of Exmouth's work force (SPC, 	1988). 
Jointly operated by the Royal Australian Navy (RAN) and 
United States Navy personnel, the communications base 
operates as a facility to use very low frequency radio 
waves to communicate with submarines under water. In 
19871  personnel included 318 from the United States Navy, 
47 from RAN and 240 civilians. 

The 	economic benefits 	of 	the 	naval communications 	station 
to Exmouth 	is estimated currently as $7.6 million 	per 	year 
in 	salaries to 	Australian 	civilians, and 	a 	further 	$1.5 
million 	of United 	States 	Government expenditure 	on 
construction, repairs 	and 	services (SPC, 1988). 	Current 
indications 	are 	that 	the 	communications base 	will 	remain 
and present staffing 	levels continue. 

Commercial fishing 

A number of commercial fisheries operate in the region 
(Jones, 1986; Fisheries Department of Western Australia, 
1987). These are listed below: 

a large prawn fishery operates trawlers in the gulf 
during the period between 1 March and 15 November 
each year. 	The fishery is closed at other times of 
the year to allow replenishment of prawn stocks; 

a beach seine fishery operates in the gulf all year 
round, supplying fish such as mullet, whiting, Perth 
herring and bream to local and Perth markets; 

a wet line fishery also operates in the gulf and 
offshore waters for northwest snapper, emperor and 
mackerel. Some charter boat operators also hold 
professional licences in this fishery; 

a rock lobster fisherman operates in Ningaloo Marine 
Park during the open season of July to October; 
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two pearl culture leases are held in Gales Bay and 
Giralia Bay, and operate mainly during winter. 

The location of the major fishing areas in the region is 
shown in Figure 15 which is based on Jones (1986) map of 
professional fishing areas. 

The fishing industry makes an important contribution to 
Exmouth's economy and has developed the state's second 
largest prawning industry. The major component of this 
industry is the prawn fishery which in 1987 returned a 
total liveweight catch of 1 243.5 tonnes with a gross value 
of $14.4 million (E. Sporer, 	Western Australian Marine 
Research Laboratories, pers. comm.). Currently 17-20 
prawning vessels trawl in Exmouth Gulf. Of these, 	Kailis 
Fisheries operate 12 and employs 36 fishermen. 	In 1984, 
the wages paid to fishermen totalled $120,000 with a 
further $400,000 paid to skippers. 	There are fifty factory 
staff and twenty-one shore staff who between them earned 
$500,000 in 1984 (Department of Regional Development and 
the North West, 	1985). 	Section 3.3.3 provides more detail 
on the commercial fishery operating in Exmouth Gulf. 

Little information is available about the value of the 
beach seine fishery. Jones (1986) estimated that the fishery 
was worth about $100,000 in 1982/1983. 	Information on the 
value of pearling is presented in the Interim Report of the 
Pearling Industry Review Committee (PIRC, 1987). The 
fishery is regulated and managed. One company operates 
in Exmouth Gulf under a quota per annum of 35 000 
culture shells in 1987 and 1988. A widely used benchmark 
in the industry is that 10 000 shells should generate about 
$1 million gross. Thus an estimate of the value of the 
pearl leases in Exmouth Gulf is $3.5 million per annum 
although this estimate depends on the success of present 
oysters under culture. 

A total of 34 licensed fishing vessels operated from 
Exmouth in 1984/85 with 23 vessels employed for prawn, 
eight for mackeral and snapper fishing (inc'uding three 
charter boats) and three for beach seine fishing 
(Department of Regional Development and the North West, 
1985). 

The limited entry management system employed by the 
Department of Fisheries and local fishermen indicate that 
current licence levels and fishing efforts are at a 
maximum for the gulf. 	In order to retain viability for the 
industry, these levels are to be maintained. 

(iii) Tourism 

The Gascoyne region has become a major winter tourist 
destination offering a pleasant climate and a diversity of 
recreation activities. Exmouth serves as a base for tourism 
in the North West Cape. Conclusions from visitor surveys 
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conducted by the WATC for the Gascoyne Region indicate 
that Exmouth is close to some of the region's most popular 
tourist attractions (Department of Regional Development and 
the North West, 1985). 

These main tourist attractions are: 

water based and coastal activities of fishing (60% of 
people surveyed), 	skindiving, surfing and general 
beach going, including camping. Ningaloo Reef 
presents a significant recreational attribute catering 
for these needs and also is of easy access (only 
50 m from the coast in some places). The location of 
amateur fishing areas is shown in Figure 16 based 
on information collated by Jones (1986); 

Cape Range National Park (29.5% of people 
surveyed); 

Naval communications station (11.7% of people 
surveyed). 

For the two year period 1984/85 to 1986/87, the increase in 
tourist numbers was 9% (Western Australian Tourist 
Commission, 1986). Tourism is seen as a major growth 
industry for Exmouth. The Exmouth Structure Plan (1988) 
highlights infrastructure changes required to cater for this 
growth. This includes a commercial fishing and 
recreational boating facility at Exmouth. The present jetty 
available to recreation and charter boats is located at 
Bundegi (10 km north of the town) and is presently only 
usable at very high tide. 

(iv) Future growth 

Steady growth of the tourist industry (and associated 
developments) is expected to continue in Exmouth for the 
medium to long term (10 to 20+ years). The SPC (1988) 
recommends that because the other economic activities 
which support the town (i.e. defence and fishing) may not 
be expanded, tourism should be encouraged to develop at 
Exmouth in order that the town should prosper. 

3.3.2 Petroleum exploration 

Although no petroleum is currently produced in the locality, the 
area has a long history of exploration dating back some 25 
years. Much of the Cape Range has been opened up to visitors 
as a result of roads built by various companies in the area. 
The road to Shot-hole Canyon was built by WAPET in the early 
19601 s. Some of the road to Yardie Creek was built by Mesa 
during the early 1980's to provide access for drilling Yardie 
East-i. This well was drilled near the shore and deviated out 
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beneath the offshore coral reef. 	The infrastructure left behind 
includes a water well and a level drilling pad which is now 
used as a caravan park. 

Most wells have been drilled onshore, but a substantial number 
were drilled on offshore islands, mainly by WAPET, during the 
1960's and 1970's. One offshore well, Bundegi-1, was drilled in 
the gulf by WAPET during the late 1970's. 	Figure 6 shows the 
location of all wells drilled in the vicinity of the permit area. 

Numerous offshore and onshore seismic surveys have been 
conducted throughout the region. Various energy sources have 
been utilised, ranging from air gun arrays to substantial 
explosives charges. 

The town of Onslow, 	located approximately 120 km east of 
Exmouth, serves as the base for regional petroleum exploration 
activity because it offers port facilities at Beadon Creek though 
these are limited to shallow draft vessels only. 

3.3.3 Prawn fishery 

The prawn fishery is a major cohtributor to the economy of 
Exmouth. In recognition of this fact, additional detail is 
presented below on the fishery and on the ecology of the species 
which are fished. 

3.3.3.1 Management 

A trawling industry for prawns was initiated 	in 	Exmouth Gulf 	in 
1963 	when 	vessels 	began 	daylight fishing 	for 	schooling banana 
prawns 	(Penaeus 	merguensis). 	By 1965 	the 	brown tiger prawns 
(P. esculentus) 	had 	become 	the 	major component of 	the catch 
with 	two 	other 	penaeids, the 	western king prawn 
(P.* latisulcatus) 	and 	the 	endeavour prawn (Metapenaeus 
endeavouri) 	also 	being 	fished. By 	this 	stage, the fishery 
operated mostly at night. 

A detailed description of these changes in the fishery and its 
development under a system of limited entry management prior to 
1980 have been documented by Bowen & Hancock (1982). The 
history of management since 1980 has been reported by Penn & 
Caputi (1986). 

Difficulties in the limited entry system arise in a multispecies 
fishery situation such as Exmouth Gulf. 	Overfishing of. tiger 
prawn stock occurred during 1981-1984 due to the subsidising 
effect of two alternative species (i.e. king and endeavour 
prawns). Following the drastic decline in tiger prawn catches 
during this period (catches were the lowest since 1964), the 
number of licences was reduced to 21 in 1983 and then to 17 in 
1984 (Penn & Caputi, 	1986). Catches have improved since then 
and the number of licences currently approved (1987-88) is 20. 



3.3.3.2 Ecology of prawns 

Brown tiger prawn (Penaeus esculentus) 

The tiger prawn follows the general prawn life cycle 
involving spawning offshore with a high fecundity, 
fertilisation of the eggs in the water column, 	a three 
stage larval phase, post larval settlement and growth of 
the juveniles in shallow areas, followed by migration into 
deeper waters (Jones, 1986). In Exmouth Gulf the usual 
estuarine environment for the juvenile phase is substituted 
by the hypersaline marine littoral zone along the eastern 
shoreline (White, 	1975). Spawning occurs in the central 
marine waters of the embayment in late winter spring and 
the main offshore movement of maturing juveniles occurs 
about six months later, in autumn (Penn & Caputi, 1986). 

Trawling 	occurs during 	the 	offshore 	migration 	of adults 
during autumn 	when tiger prawns reach 	a 	length 	of about 
15 cm 	for 	males and 	18 cm 	for females 	(Jones, 1986). 
Vessels operate 	at night 	in muddy or 	silty 	habitats in 	the 
nearshore oceanic areas. 

Penn & Caputi (1986) have documented considerable 
variation in the catch of tiger prawns over the history of 
the Exmouth fishery. Possible reasons for these fluctuations 
are fishing pressure by the industry and environmental 
factors affecting stock recruitment. Conditions in Exmouth 
Gulf affecting prawn recruitment 	(e.g. salinity and 
turbidity) are relatively stable with tropical cyclones 
providing the only major variation. The survival rate of 
juveniles living in subtidal nursery areas can be 
detrimentally affected by cyclones altering inshore salinity 
due to rainfall, physical damage to nursery areas by wave 
action, and displacement of juveniles by tidal surges and 
coastal flooding (Penn & Caputi, 1986). On the other hand, 
it is suggested that if a cyclone occurs after the bulk of 
the juveniles move offshore, then predation mortality can 
be reduced as a result of increased turbidity of nearshore 
waters (Penn & Caputi, 1986). 

Western king prawn (Penaeus latisulcatus) 

The western king prawn occurs in coastal waters along 
most of Western Australia's coastline, however the post 
larval and juvenile phases prefer areas where hypersaline 
conditions prevail. T.he preferred habitat for juveniles is a 
shallow, silty or sandy bottom just below low water mark 
(Jones, 1986). In March and April, the sub-adults move 
offshore to oceanic waters where they later spawn in areas 
with silty sand or hard coral bottoms. As a result, 
trawlers have to extend further offshore for king prawns 
than for tiger prawns (refer Fig. 15). Adult king prawns 
reach a similar size to adult tiger prawns. 

32 
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(iii) Endeavour prawns (Metapenaeus endeavouri) 

Spawning of the endeavour prawn occurs in late summer 
and autumn with recruitment of post-larvae into the 
shallows predominantly in late autumn. Juveniles may 
spend up to nine months in the nursery areas but at 
different times of the year from juveniles of the western 
king prawns. The distribution of adults falls between that 
of the more offshore king prawns and the more inshore 
tiger prawns. Offshore migration occurs in spring and 
summer, and adults are not normally found in water 
deeper than 25 m. 	The taking of endeavour prawns is 
incidental to fishing for king and tiger prawns. 

3.3.4 Conservation and Ningaloo Marine Park 

There are three major conservation areas in the region - Cape 
Range National Park, Ningaloo Marine Park and the islands 
within Exmouth Gulf. 

The EPA recognised the conservation and recreation value of 
Exmouth Gulf, offshore islands and the Ningaloo Reef Tract in 
1975 [Conservation Through Reserves Committee (CTRC), 1975]. 
Only some of the EPA's 1975 recommendations regarding this area 
have since been acted upon. The offshore islands have been 
proposed as either Class A reserves for the purpose of 
Conservation of Flora and Fauna, or Class B reserves for the 
purpose of recreation and conservation of flora. The present 
status of proposed island reservation is shown on Figure 17 
(after Jones, 1986). However, little progress has been made on 
these proposals. Most of the larger islands (Muiron, Serrurier) 
are presently C Class reserves, 	whilst the smaller islands are 
Vacant Crown Land. 

The offshore islands, Exmouth Gulf and Ningaloo Reef Tract are 
also designated special protection status from oil spills in DCE 
Bulletin 104 (1984) (refer Fig. 3). 

The Ningaloo Reef Tract was proclaimed a marine national park 
in September 1987. The park is managed by CALM for 
conservation and recreation; it has been separated into discrete 
management units (zones) in an attempt to minimise conflict 
between uses and protect inherent values of the park (CALM, 
1988). This is achieved by separating potentially conflicting 
uses and activities into different areas. Activities are defined 
and regulated within each zone. Three zones of activity have 
been proposed: 

sanctuary zone, 
recreation zone, 
general use zone. 

The area from Point Murat to the southern limit of the park in 
Exmouth Gulf is zoned as a recreation area. Bundegi Reef and 
the marine environment between the reef and the coast are 
defined as a sanctuary zone (Fig. 18). 
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Management objectives of sanctuary zones are to provide: 

"special viewing areas where flora and fauna may be 
observed free of any form of interference; 

special protection areas for wildlife (e.g. nesting or 
nursery areas); 

reference areas for scientific study; 

replenishment areas which may provide recruits to 
re-populate other areas which are fished or have become 
degraded" (CALM, 1988). 

The recreation zone encompasses waters approximately three 
nautical miles east of the Bundegi Reef (Fig. 18). 

Management objectives of recreation zones are: 

"to provide for recreational uses consistent with 
conservation of natural resources; 

commercial fishing from this zone is precluded, however 
charter vessels carrying recreational fishermen may operate 
under concession permits whilst complying with Recreational 
Fishing Guidelines and other requirements for the zone". 

A general use zone covers the remainder of 	the marine park not 
defined 	as either sanctuary or recreation zones 	(Fig. 18). 	This 
zone 	provides 	for 	commercial and 	recreational uses consistent 
with 	conservation of 	natural 	resources. CALM 	(1988) recommend 
that 	"commercial trawling 	in the 	Park be 	restricted to 	areas 
zoned for General Use and a monitoring program 	be established 
to determine any impacts on Park values". 

The Whalebone Prospect is located on the boundary between this 
general use zone and the recreation zone. 

CALM (1988) recognises that it is likely (and legitimate) that 
"companies holding oil exploration tenements over parts of the 
Park will seek to exercise their rights under the petroleum 
legislation". On this basis, they recommend that "liaison be 
maintained between the petroleum industry, the Department of 
Minerals and Energy and CALM to ensure that adequate 
conditions are set and followed to minimise detrimental 
environmental effects of petroleum exploration in the Park". 

The above management zones apply to uses involving the 
collection of living and non-living resources of the marine park. 
Hence, strictly speaking, they do not apply to exploration 
drilling since no park resources are consumed by this activity, 
although it is unlikely that drilling would be permitted in a 
sanctuary zone. 
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3.3.5 Marine resources and Beneficial Uses 

The DCE Bulletin 103 describes water quality criteria for 
recognised Beneficial Uses of Marine and Estuarine Waters (DCE, 
1981). The Beneficial Uses which apply to the area are selected 
on the basis of known resources available to the community. The 
marine resources which are known to occur in the area are 
itemised in DCE Bulletin 104 (1984) (refer Section 1.4), 	and 
described in detail and mapped by Jones (1986). 	Figure 17 
presents the current status of knowledge on marine resources in 
the area of the two prospects. 

The resources and associated activites identified by Jones (1986) 
that have relevance to Exmouth Gulf are listed below: 

professional fishing, 
recreational fishing, 
fish nursery areas, 
other crustacea (i.e. those not covered under professional 
fishing), 
other molluscs (i.e. those not covered under professional 
fishing), 
pearl oysters, 
breeding and feeding seabirds, 
turtles, 
dugongs, 
mangroves, 
seagrasses, 
algal mats, 
reefs, 
recreation, 
scientific research and educational areas, 
anchorages, marinas and ports, 
marine reserves and parks. 

Based on the above information, the following Beneficial Uses 
apply to the study area. 

Beneficial Use 1 - Direct Contact Recreation 

Swimming is 	popular 	in the 	clear oceanic water at Bundegi 	and 
Point Murat and further south 	at Exmouth, as well 	as within 	the 
Ningaloo Marine 	Park. Surfing 	is popular between Cape Vlaming 
and 	Point Murat, 	and diving 	is popular at Bundegi 	and within 
the Ningaloo Marine Park. 

Beneficial Use 2 - Harvesting of Aquatic Life 
(Excluding Molluscs) for Food 

Both commercial and recreational fisheries for fish and crustacea 
operate in Exmouth Gulf. 

Beneficial Use 3 - Harvesting of Molluscs for Food 

Oysters, clams and other gastropods are harvested from the 
rocky shore and intertidal platforms by fishermen for 
consumption and bait. 
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Beneficial Use 4 - Harvesting of Aquatic Life for Non-edible Uses 

Shells are collected on Bundegi Reef and live animals for the 
aquarium trade are collected from within the Ningaloo Marine 
Park. 

Beneficial Use 5 - Passage of Fish and Other Aquatic Life 

Beneficial Use 6 - Aquaculture of all Forms 

Pearl oyster leases occur in the southern end of the gulf. 

Beneficial Use 7 - Maintenance and 
Preservation of Aquatic Ecosystems 

The conservation values of Bundegi Reef and the surrounding 
marine environment in the Ningaloo Marine Park have been 
widely recognised, as have those of Exmouth Gulf and offshore 
islands. 

Beneficial Use 9 - Scientific and Educational Uses 

The DCE has recognised Exmouth Gulf as a Western Australian 
Museum research area, and Ningaloo Marine Park as a biological 
research area (Jones et al., 1984). 

Beneficial Use 16 - Navigation and Shipping 

Large ships occasionally tie up and offload at the naval jetty 
on Point Murat, and some 23 fishing boats operate in the area. 
The area shoreward of Bundegi Reef presents the only sheltered 
anchorage for small craft at present in Exmouth Gulf. 



4 ENVIRONMENTAL EFFECTS 

4.1 INTRODUCTION 

This section evaluates the potential effects of the proposal on 
the environment and important marine resources of the study 
area with a view to determining both the significance of 
potential impacts and identifying those impacts requiring 
management to minimise their effect. 

Assessments of this nature are based on knowledge gained from 
local experience and experience elsewhere in similar parts of the 
world. A number of review articles on the effects of the oil 
industry in tropical marine environments have been reviewed for 
this assessment and referred to where appropriate. 

It is important to appreciate from the outset that: 

the oil industry in this state has an excellent 
environmental record spanning some 20-30 years, largely 
as a result of the pioneering work in environmental 
management introduced by WAPET in the mid to late 1960's; 

there is a long history of oil exploration in the region, 
many offshore and island exploration wells have been 
drilled and there are a number of producing ollfields 
[Barrow, Harriet, South Pepper and Saladin (under 
construction) 1; 

the oil industry is self regulated and was one of the first 
industries in Australia to develop its own code of 
environmental practice which is administered by the 
Australian Petroleum Exploration Association (APEA); 

the oil industry is also regulated by a wide range of 
government standards, guidelines and laws, most of which 
are administered by the Western Australian Mines 
Department. 

The impact assessment has been divided into three sections: 

the first dealing with the effects of the seismic survey; 
the second dealing with the effects of normal drilling 
operations; 
the third dealing with the effects of potential oil spills. 

4.2 EFFECT OF SEISMIC SURVEY 

The proposed short (one to two day) seismic survey is most 
unlikely to cause any adverse impact on the marine ecosystem. 

There is little published information available about the 
environmental effects of modern seismic survey methods largely 
because there has been little reason to determine these effects. 
That which is available, has been reviewed by Pierce (1984) 
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and Linton et at. (1984). Both reviewers concluded that 
non-explosive seismic sources (such as the airgun) appear to 
have little adverse physiological effect on marine organisms. The 
most relevant information available is a local study conducted 
by Minora in late 1987 aimed at determining the immediate 
effects of a seismic survey on adult tiger prawns in Exmouth 
Gulf (LSC, 1988a). 

This study was designed and implemented with the co-operation 
of both the Western Australian Fisheries Department and 
M.G. Kailis Gulf Fisheries Pty Ltd. 

The scope of work involved placing live prawns in cages at 
known distances emanating away from the seismic discharge line, 
and observing the condition of the prawns immediately after the 
discharge andat six and 24 hours after the discharge. 

No evidence of mortality as a result of the air gun array 
discharge was observed. 

It is therefore considered that no adverse impact on the marine 
and social environments of Exmouth Gulf and Ningaloo Marine 
Park will occur as a result of this short survey. 

4.3 EFFECT OF DRILLING OPERATIONS ON MARINE ECOSYSTEM 

Normal drilling operations will, also cause no long-term adverse 
impact on the marine ecosystem. The only detectable impacts will 
arise from the short-term relatively continuous discharge of drill 
cuttings and occasional discharges of drilling fluid. The 
anticipated volume of discharges at each prospect is not great. 

A review of recent 	scientific literature indicates 	that the effects 
of 	these discharges 	are 	extremely 	localised 	and 	not necessarily 
adverse to 	marine 	biota. 	A 	survey of 	19 000 	welts drilled 
offshore and 	in 	coastal 	waters of 	the United 	States of 	America 
determined 	that 	environmental 	impacts of 	cuttings 	and 	drilling 
fluids 	were negligible 	(Monaghan 	et 	al., 1980). 	Gettleson 	(1980) 
reviewed historical 	data 	concerning the 	possible impacts 	of 
drilling operations on reef communities. He concluded that there 
were no detectable 	effects 	of 	drilling operations on hard bank 
and reef communities. 

The primary impact of drill cuttings on the marine environment 
is physical burial of the sea floor directly under the platform 
(Sanders & Tibbetts, 	1987). Associated with these drill cuttings 
are drilling fluids. 

The seawater based drilling fluid which will be used to drill 
the wells contains clays, barite and polymers. The polymers are 
organic polysaccharides and polyanionic cellulose, both of which 
are food additives. A third polymer that is used is 
polyacrylimide which has not been shown to be toxic. 
Ferrochr'ome lignosulphonates are used as dilutants and will be 
held on standby for use should viscosity control be a problem. 
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Various research groups have investigated the toxicity of the 
above elements to marine organisms. 

Whilst some researchers (Chaffee & Spies, 	1982; Michel et al., 
1986) have noted both lethal and sub-lethal effects of the water 
soluble fraction of water based ferrochrome lignosuiphonate 
drilling fluids, the concentrations and exposure periods at which 
these effects occur are far in excess (order of magnitude) of 
those found in the field. Neff et al. (1981) observed little to no 
acute toxicity in marine animals after exposure to water based 
drilling fluids at concentrations typical of those found in the 
immediate vicinity of an oil drilling platform. 

Menzie (1983) reviewed the results of a comprehensive series of 
acute toxicity tests on 48 marine species. These tests found that 
for the drilling fluids (components) and species tested, the 
acute lethal toxicity of drilling fluids was not high. 

The American experience is supported by local, experience. 	In 
1978 7  WAPET undertook an environmental appraisal of the effects 
of drilling Bundegi No. 1 on the seafloor of Exmouth Gulf 
(WAPET, 1978). This involved sampling the seafloor and 
conducting chemical analyses for drilling fluid components both 
before and after drilling. 	A small mound of drill cuttings was 
found beneath the rig, associated with a patchy veneer of 
cuttings covering the seafloor 30 m north and south, and 10 m 
east and west of the discharge pipe. Concentrations of free 
chrome and total chromium were slightly elevated but not to 
significant levels. 	The study concluded that the effect on the 
seafloor of drilling Bundegi No. 1 was of negligible ecological 
significance and would soon be virtually impossible to detect 
(WAPET, 	1978). This finding was subsequently corroborated by 
the Fisheries Department who grab sampled the drill area during 
a prawn monitoring survey and found little trace of drill 
cuttings 	(J. Penn, 	Western 	Australian 	Marine 	Research 
Laboratories, pers. comm.). 

Numerous offshore exploration wells have been drilled close to 
coral reefs elsewhere in the region and no adverse impact has 
been reported. These wells are: 

Harriet A (6 km from Lowendal coral reef), 
Chervil 1 and 2 (1 km from Taunton Reef), 
Saladin 1 (2 km from Thevenard Island reef platform), 
Saladin 2 (1 km from Thevenard Island reef platform), 
Saladin 3 (0.5 km from Thevenard Island reef platform), 
Saladin 7 (0.5 km from Thevenard Island reef platform), 
Scott Reef 1 (20 km from Scott Reef), 
Geelvink 1 (35 km southeast of Pelsart Island, Abrolhos), 
Batavia 1 (20 km east of Pelsart Island, Abrolhos), 
Gun Island 1 (inside lagoon Half Moon Reef, Abrolhos), 
Houtman 1 (20 km northwest of Rat Island, Abrolhos). 

The effect of occasional discharges of drilling fluid from either 
silt traps or drilling fluid tanks is to cause localised and 
temporary turbidity of the water beneath the rig. However, 
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personal experience shows that this turbidity is rapidly diluted 
and dispersed to background concentrations within an hour of 
discharge and 500 m of the discharge point. 

It is considered that the effects of drilling fluids and cuttings 
discharge from the rig during its short period of operation at 
each prospect is highly unlikely to result in a detectable 
adverse impact on the marine ecosystem. Localised turbidity of 
the water (within 250-500 m of the rig) will be the only 
detectable evidence of fluid discharge. Drill cuttings may be 
found on the seafloor and even if they are 2 found, the cuttings 
are inert and of such a small size (0.6 mm ) that they would be 
easily dispersed across the seafloor. The biota on the seafloor 
are not particularly sensitive to turbidity and are sparsely 
distributed. Hence, even if a few organisms were smothered, 
their loss would not be ecologically significant and recovery of 
the population would probably be rapid. 

It is therefore concluded that any detectable effects of drilling 
operations will be short term and extremely localised in 
occurrence and will not have any effect on sensitive ecological 
resources in the gulf. 

The coral assemblage of Bundegi Reef is not at risk from 
discharges of drilling fluids because: 

(I) 	the reef lies some 4 km away from the Whalebone Prospect 
which is more than sufficient distance to dilute the 
drilling fluids to background concentrations; 

tidal and wind induced currents in the gulf at the time of 
year when the drilling will be undertaken are 
predominantly north-south parallel to the shore owing to 
the strong southerly component in wind direction at that 
time of year and to the pattern of tidal current; 

the coral assemblage already tolerates periods of intense 
water turbidity during cyclones and easterly gales in 
winter. Forde (1985) documented large scale, short-term 
resuspension of solids as a result of tropical cyclones. 
High suspended loads were recorded at both inshore and 
offshore sampling sites in Mermaid Sound, Dampier 
Archipelago. LSC observed the same phenomena in Mermaid 
Sound following Cyclone Victor in March 1986 when total 
suspended solids reached levels of up to 30 mg/L. Plate 20 
shows the intense nearshore water turbidity generated over 
Bundegi Reef in May 1988 during a 25 knot easterly gale. 
The abrasion and turbidity effects of such natural events 
have much more potential for adversely affecting the reef 
than drilling fluids disposal some 4 km offshore; 

local high levels of turbidity are currently produced by 
prawn trawling in the vicinity of the reef with no obvious 
deleterious impacts. 
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4.4 EFFECT OF DRILLING OPERATIONS ON SOCIAL ENVIRONMENT 

4.4.1 Effect on tourism 

The tourism industry is unlikely to be adversely affected by the 
presence of the rig and its normal operational discharges if 
Bundegi Reef is not affected. Recreational fishing will not be 
adversely affected by the presence of the rig or its occasional 
discharges. 

4.4.2 Effect on prawn fishery 

It is also considered that the commercial prawn fishing industry 
will not be adversely affected by the presence of the rig and 
its normal operational discharges. This is because: 

(I) 	the drilling is planned to be conducted during the closed 
season for the fishery; 

the cuttings will not form a hazard to trawlers; 

the water turbidity generated by the drilling fluids 
disposal is insignificant in comparison to that generated 
by the trawlers themselves. 	Plate 21 shows a prawn 
trawler fishing along the eastern shore of the gulf during 
May 1988; 

the time of year during which drilling will occur is 
characterised by strong winds and turbid waters as a 
result of both synoptic winds and occasional cyclones. 

4.4.3 Effect on Ningaloo Marine Park 

As outlined above, the marine ecosystem will not be adversely 
affected by normal operation of the drilling rig for such a short 
period of time. Neither will Bundegi Reef be adversely affected. 
Hence the marine park should not be adversely affected, 
particularly since the drilling will. occur adjacent the general 
use zone, in which prawn trawling is permitted. At worst, a 
small pile of cuttings may form on the seafloor. 	If this does 
eventuate, experience shows that it will soon be colonised by 
opportunistic settling organisms and provide for locally 
increased diversity of biota. 

4.4.4 Effect on marine resources and Beneficial. Uses 

The proposal is most unlikely to adversely affect any marine 
resource or Beneficial Use identified for the area. 	The drilling 
rig will temporarily attract fish from the surrounding waters 
and may provide temporary roosting space for seabirds. 



4.4.5 Effect on Exmouth 

The local economy of Exmouth will not be adversely affected by 
the proposal. To the contrary, Exmouth will benefit in a small 
way from the provision of accommodation to the personnel 
associated with the project. 	In addition, the community will 
have access to helicopters and work boats in the event of a 
local emergency. 

4.5 EFFECT OF POTENTIAL OIL SPILL ON MARINE ECOSYSTEM 

4.5.1 Introduction 

The major environmental concern associated with the proposal is 
the potential for marine oil pollution on a large scale as a 
result of a blow-out during drilling, and the subsequent effects 
of spillage control and clean-up operations which can adversely 
affect marine ecosystems and the local community. This concern 
applies to the industry in general but is particularly 
significant for this proposal because of its location within an 
ESL as designated by the DCE (Bulletin 104, 1984) and a marine 
park. Many of the substantial and important natural resources 
of the area are believed to be sensitive to oil. 

Therefore, 	whilst it is recognised that the chances of a major 
spill occurring are extremely small, 	it is also recognised that 
there is a need to thoroughly investigate the potential effects of 
a large oil spill on the marine resources of the area in an 
endeavour to determine the level of environmental risk posed by 
the proposal. This investigation has been accomplished by: 

identifying the potential sources and volumes of oil that 
could be spilled; 

determining the probability of a spill occurring from these 
sources; 

assessing the likely weathering characteristics of spilled 
oil at sea; 

determining the area that may be affected by an oil spill; 

identifying the important resources within that area; 

outlining the potential effects of the oil on these 
- 	 resources; 

outlining the oil spill contingency procedures that will be 
available to combat the spill and hence reduce the area 
affected; 

defining clean-up procedures aimed at minimising adverse 
effects and the recovery period of the affected 
environment. 
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The potential sources and effects of an oil spill are discussed 
here. 	Oil spill contingency and clean-up measures are detailed 
in Section 5. 

4.5.2 Potentiali source and volume of oil spills 

There are three potential sources of oil spillage associated with 
the proposal. These are: 

spillage of diesel fuel oil during refuelling of the rig; 
spillage of crude oil during production test; 
a blow-out of crude oil from the well. 

In the unlikely event of such occurrences, the potential volume 
of spillage which may occur is as follows. 

4.5.2.1 Rig refuelling 

The 	transfer 	of 	diesel 	oil 	from 	a 	work 	boat to 	the 	rig 	is 	a 
potential spill 	situation should 	the 	thee 	inch 	reinforced 	hose 
rupture, resulting 	in 	a spill 	of 	0.17 	m 	(0.13 tons), 	being the 
volume 	of the 	hose 	from the 	ship 	to 	the 	rig. The 	work 	boat 
Master or 2nd Officer 	monitors 	the 	transfer 	of bulk 	materials 	to 
the rig 	at all 	times and would shut 	down the 	pump 	immediately, 
should 	the hose rupture. 

During the course of the drilling operation the rig is likely to 
have to be refuelled• on only one occasion during each well 
taking approximately two hours, therefore the risk of such an 
occurrence is negligible. 

4.5.2.2 Flow test 

Spillages of formation oil could only occur during flow tests on 
the well.. The exploration industry recognises this as an area of 
risk and therefore equipment specifically designed for the task 
is operated by trained engineers and technicians who supervise 
all aspects of temporarily producing the well. 

Procedures are laid down and approved by the governing body 
prior to the commencement of any flow tests. Guide!ines for 
conducting such tests are set out in the Submerged Land Acts 
1982. 

The equipment used allows the well to be shut in (the flow 
- - 	turned off) at several stations both down hole and on surface. 

Should a spillage occur, the spillpoint or breakage can be 
isolated instantaneously, 	resulting in only the volume of oil in 

:fl 	line •or tank spilling into a containment area on deck. 

The maximum volume of a spill would be 8 m3  (6.3 tons) should 
the gauge tank rupture. This volume could be mopped up within 
the containment area on deck. This is an extremely unlikely 
occurrence. 



4.5.2.3 Blow-out 

Should such an event occur, the amount of oil which would 
escape is dependent on several factors: 

permeability of the producing formation; 
pore pressure of the producing formation; 
thickness of the producing interval; 
obstructions and fluids in the well; 
amount of time before the well bridged over or was 
brought under control; 
viscosity of the oil. 

Until a productive zone has been tested, it is difficult to assess 
the possible productivity. Taking an average figure from other 
tested3  wells in the basin, 	the blow-out rate of flow could be 
636 m (500 tons) per day. 	The period of blow-out could be 
anything from one hour to six months. 

4.5.3 Probability of a spill occurring 

The risk of any of the above spillages occurring is extremely 
small, particularly with the application of modern drilling 
technology and the understanding of the origin of formation 
pressures. 

Exploration wells are designed to control sub-surface pressures 
and so eliminate the risk of hydrocarbons escaping at the 
surface. This is achieved by correct casing design, drilling 
fluid engineering, well head design, drilling techniques and 
modern drilling engineering where formation pressures are 
monitored as drilling proceeds. 

The design of an exploration well always considers the most 
extreme parameters and hence is highly conservative. Design 
factors are developed from information gathered from other wells 
drilled in the basin. The Carnarvon Basin is considered to be 
predictable in its geological composition and therefore offset well 
data is considered reliable. 

Good control is gained from Murat-1 (onshore) and Bundegi-1 
(offshore) 10 km west-southwest and 20 km south-southwest from 
Whalebone Prospect respectively, drilled through identical 
stratigraphly without encountering any abnormal pressures in 
hydrocarbon bearing zones. Therefore, the Carnarvon Basin is 
considered a normally pressured basin to the depth which Minora 
intend to drill. 

It is now possible, using analytical techniques, to monitor any 
increase in formation pressure whilst drilling and so increase 
the drilling fluid weight accordingly should these specific 
increases in pressure not have been predicted by studying offset 
well data. 	It is now common practice to contract a company 
which specialises in this field to monitor these parameters at all 
times. 
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The drilling fluid weight being used is the primary means of 
well control and will have at least a 200 psi overbalance in 
hydrostatic pressure over the anticipated formation pressure. 	In 
the event of drilling into a grossly overpressured formation 
without warning, fluid will flow into the well, which will cause 
a gain in the drilling fluid volume at the surface. Several 
independent electronic systems and individuals monitor the 
drilling fluid volumes and any gains are immediately reported to 
the driller who takes immediate action to shut in the well using 
the Blow Out Preventors (BOP's). 	The well is then monitored to 
determine the extent of the 'kick'. Should it be genuine (and in 
many cases it may not be, nevertheless the crews are trained to 
act instinctively to any gain in drilling fluid volumes), the 
invading fluid is circulated out under pressure while heavy 
drilling fluid is circulated down to the bit, 	so as to create a 
hydrostatic pressure at the over pressure zone greater than the 
formation pressure. Once this heavier drilling fluid is circulated 
throughout the system the well can be opened and drilling 
resume. 

A well would only blow-out if all the warning signs are ignored 
and the casing, wellhead and BOP's failed. These critical 
components are designed with large safety factors and rated 
greatly in excess of requirements. The BOP's and wellheads are 
also tested at least once a week. 

The monitoring of well conditions on an offshore well is 
undertaken as a matter of prime concern, since the lives of 
50-70 persons are in acute danger should there be an escape of 
hydrocarbons or hydrogen suiphide (H2S) gas creating a fire or 
death by H25 poisoning. These are very real dangers if proper 
safeguards are not adhered to, since the only means of escape 
is by survival capsule. 	In light of this, 	supervision, crew 
attitude, response levels, engineering and maintainance are of a 
very high standard, with a great awareness of the dangers not 
only to the environment but also to themselves. 

A spillage risk assessment has been conducted by the 
Commonwealth Department of Transport (1983) who calculated a 
figure for offshore drilling rigs of a spill rate (size of spill 
unspecified) of one for every 455 wells drilled. 

Information on the Australian experience concerning oil spills 
associated with offshore oil exploration is provided by: 

the Petroleum Branch of the Bureau of Mineral Resources in 
their Petroleum and Minerals Resources and Industry 
Information Pamphlet, January 1988; 

The Mines Department, Western Australia, Petroleum 
Division, in: 

Petroleum Exploration Activity in Western Australia to 
30 June 1986 (Geological Survey Records, 1987/2), 

The West Australian Mines Department Annual Report, 
1 July 1986 to 30 June 1987 and Annual Review. 



46 

This 	information 	shows 	that 	there have 	been 	no 	oil spills 
associated 	with 	the 	total 	of 	798 offshore wells 	drilled in 
Australia to 	30 	June 	1987, 	of 	which 267 were development wells 
and 	the remainder 	were 	exploration wells. Two 	hundred and 
sixty-six of 	these 	wells 	were drilled in 	Western Australia, 16 of 
them for development purposes. 

Therefore it is clear that the chances of a major oil spill 
occurring are extremely small. 

4.5.4 Fate of spilt oil, 

It is important to realise that crude oil does not remain in its 
natural form once exposed to the atmosphere but undergoes a 
series of physical and chemical changes dependent largely on its 
chemical composition and characteristics, 	and weather and sea 
conditions at the spill location. Once oil enters the sea, it 
undergoes changes by a wide variety of physical processes, 
including spread, evaporation, dissolution, photo-oxidation, 
emulsification, biodegradation, sinking and beaching. 

It is not proposed to discuss these processes in detail here but 
the interested reader is referred to WAPET (1987) (Saladin 
Oilfield Environmental Review and Management Programme 
(ERMP), Volume 2, Appendix 6) for further detail, and to Jones 
[1986 (Part 2)] for a review of all potential changes undergone 
by oil spilt at sea. For this report it is only necessary to note 
that these changes do occur and that they act to reduce the 
volume, concentration and toxicity of the spilt oil as time 
progresses. 

The type of oil which may be encountered in the prospects is 
likely to be a Light Australian Crude. This type of oil is 
expected to weather rapidly in tropical climates because the 
primary processes regulating the rate of weathering are 
controlled to a large extent by temperature. The warm water and 
atmospheric temperatures of the North West Region will increase 
the rate of spread, evaporation, photo-oxidation and dissolution 
of the spilled oil. 

Light Australian crude oil should not be confused with the 
heavier crudes and refined fuel oils that have been associated 
with famous spillages such as the Torrey Canyon in 1967 and 
the Amoco Cadiz (250,000 tons) in 1978, 	or even the recent 
sinking of the Korean Star off Western Australia's Cape Cuvier. 
These heavier crudes are much less degradable than the lighter, 
more volatile light Australian crudes. 

To provide a basis for oil spill contingency planning, an 
attempt to predict the characteristics of an oil spill in the 
vicinity of the two prospects is presented below based on an 
assessment conducted by WAPET (1987) (ERMP, 	Volume 1) for 
Saladin oil. 
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Light Australian crude is a very light oil, having an API 
gravity of 47 (jet fuel has an API gravity of 48). 	After six 
hours, 80-90% of the oil is expected to evaporate. 	This will 
include the higher molecular weight aromatics. The 10-20% of oil 
remaining will resemble diesel fuel. This residue will undergo 
additional evaporation with time. Approximate volumes remaining 
are given below. 

Time 	 % Remaining 

6 hours 10-20 
12 hours 6-12 
18 hours 4.5-9 
30 hours 3.5-7 
48 hours 2.5-5 

Less than 2% of the oil remaining after 48 hours is composed of 
the higher and potentially more toxic components (C11-C15 
range). 

The oil, 	once spilled, 	will spread out over the surface of the 
water. Within hours of being spilled, the oil will have 
evaporated to a point where the residue resembles diesel fuel. 
Based on predicted spreading rates of diesel fuel, 	a 2 tonne 
spill will, have spread out to a thickness of less than 0.1 mm 
within three hours. 	A 200 tonne spill will reach this thickness 
within approximately 12 hours. 	This thickness, 	0.1 mm, 	is 
significant in clean-up operations as slicks less than 0.1 mm 
thick are very difficult to recover. 

The rapidity of evaporation associated with the light nature of 
the oil will also reduce the volume of toxic alkylated benzenes, 
napthalenes and methyl napthalenes that can dissolve in the 
water column. Light Australian oils do not have a high content 
of these compounds. 

Additional physical and chemical processes affecting the oil are 
photo-oxidation, emulsion formation, sinking and spreading. 
Spreading is discussed above in relation to clean-up procedures. 
It is also important in terms of weathering. Thinly spread oil is 
photo-oxidised easily and this will probably be a significant 
breakdown mechanism in the region due to the amount of 
sunlight and high temperatures. 	Little oil is expected to sink 
unless the weather conditions are so bad that oil is emulsified 
and/or droplets are entrained throughout the water column 
(WAPET, 1987). 

4.5.5 Area and resources affected by a potential. oili spill!  

Assessment 	of 	the effects 	of a 	potential 	oil 	spill 	requires 
knowledge of 	the resources at risk 	within 	the 	area 	likely 	to be 
affected. Therefore oil spill trajectory 	predictions 	have 	been 
prepared for 	simulated oil 	spills at 	the 	two 	prospect 	locations 
assuming a 48 hour flow of 	oil. These predictions were conducted 
by Steedman Limited and detail is presented 	in Appendix 2. 
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In brief, the oil spill trajectory predictions are based on linear 
numerical circulation models driven by wind and tidal forcing. 
These forces have been shown to be the predominant driving 
mechanisms for water circulation in shallow coastal situations. 
Steady surface wind driven currents were modelled using a 
2.5 dimension (D) numerical, model whilst tidal currents were 
modelled using a 2 D depth averaging model. 

This model, was run to simulate an oil spill at selected locations 
under various wind and tide conditions. A total of eighteen case 
studies were conducted. Simulation runs were made for eight 
different wind directions (the cardinal directions north, 
northeast, east, southeast, south, southwest, west and 
northwest) with a steady wind speed of 10 ms . 	This wind 
speed is stronger than most conditions that will be experienced 
(it is exceeded on average only 11% of the time, and will 
persi.st  for 24 hours or more less than 2% of the time). 	Each 
wind case was simulated for currents corresponding to spring 
and neap tides. The cores of spring and neap tidal currents 
with no winds (calm conditions) were also simulated. 

The eight wind directions modelled are not equally likely. 	In 
fact, each of the directions excluding south, southwest and west 
occurs on average for about 5% or less of the time. Winds with 
directions in octants other than south, 	southwest and west also 
tend to be lighter. 	Table 2 presents a wind speed direction 
percentage occurrence matrix for winds at Exmouth during the 
summer (November to April,) period. Predominant winds occurring 
during the drilling period will, probably emanate from the south, 
southwest and west octants and wil.l be moderate to strong in 
strength (15-20 knots). 

Tropical cyclones were not modelled because all drilling 
operations would cease during these events and the well would 
be shut in. 

A complete set of trajectory envelopes for the maximum extent of 
oil travel after six, 12, 24 and 48 hours from release for each 
of the case studies simulated is presented in Appendix 2 and 
also in the oil spill contingency plan. Selected trajectories are 
presented in this report and discussed below. 

It is important to note that these trajectory envelopes present 
an overstated worst case simulation and hence they need careful 
interpretation. This overstatement occurs because: 

each simulation is produced by releasing parcels of oil 
into the model at 30 minute intervals throughout the four 
time periods investigated. In practice, this is most 
unlikely to occur because of the installation of automatic 
sensors and mechanisms designed to shut off the oil supply 
in the event of abnormal operating conditions. Hence 
actual spills would be short-term events and much smaller 
in area and volume than the simulations suggest. Small 
and short-term spills would therefore occur somewhere 
within the envelope of the trajectory. Oil would only occur 
throughout the entire trajectory envelope in the case of a 
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major blow-out where continuous flow would occur until the 
well could be capped. However, even in this situation, the 
longer time period simulations are overstated because they 
do not allow for the rapid weathering which is expected to 
significantly reduce the volume of the oil spill within six 
hours of spillage; 

the model used is a simple one which assumes that the oil 
travels with the ocean currents; 	that the spill does not 
weather or degrade with time but maintains initial form; 
and that horizontal and vertical diffusion processes do not 
occur. 

However, in reality these assumptions are known to be 
conservative because oil on the surface tends to travel at 
lower speeds than the underlying water; oil spills in 
tropical water do degrade rapidly with time as a result of 
weathering and chemical transformation; and horizontal 
and vertical diffusion processes do occur which can reduce 
the volume and distance travelled by the slick; 

it 	is 	assumed 	that no 	attempts 	to 	control or 	combat the 
spill 	are 	initiated during 	the 	period 	of simulation. In 
practice, 	detailed oil 	spill 	contingency plans 	would be 
initiated 	to 	minimise 	spread 	and 	maximise recovery of the 
oil 	and disperse the oil 	within 	six 	hours of spillage; 

the simulation for winds from all directions other than the 
prevailing south to west sector are based on overstated 
wind strengths. Table 2 shows that most winds from these 
low frequency directions are in the gentle to moderate 
categories of wind strength (10-15 knots). 

Therefore, the area shown in each envelope is not representative 
of the total area likely to be affected by an oil spill. In 
reality, 	the six to twelve hour dispersion simulations are more 
representative and even they are still, conservative. 	However, 
the envelopes are useful in that they define a maximum potential 
risk area in the unlikely event of a major spill occurring. They 
allow identification of the resources at risk within this area 
and therefore the design of oil. spill contingency plans are 
aimed at minimising the effect of an oil spill on these 
resources. 

Analysis of the simulations show that: 

in calm wind conditions, 	tidal flow will advect oil in a 
north-northeast, 	south-southwest 	direction 	at 	Rivol i 
Prospect. From Whalebone Prospect, tidal flow will advect 
oil in similar directions, 	and as it moves into the mouth 
of the gulf, the tidal currents swing round to the 
southeast. This effect causes much greater spreading of the 
oil to the east of Whalebone Prospect. 	In both cases, roil 

will not advect onto the coastline (refer Fig. 19); 
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for the dominant wind directions - south, southwest and 
west - there is some possibility of advected oil making 
landfall1  from either proposed well. Strong westerlies 
(10 ms 	or greater) could cause advected oil from 
Whalebone Prospect to affect the Rivoli Islands (Y and 
Eva) and the coastline from Tent Point to the north after 
24 hours. 	Oil travelling from Rivoli Prospect might affect 
the coastline in the vicinity of Tent Point after 48 hours 
under similar wind conditions. Spring tides will cause 
additional spreading of the oil in north, and south 
directions, increasing the extent of coastline that could be 
affected when compared with rieap tides (refer Fig. 20); 

southeasterly winds could cause oil to be advected onto the 
northern tip of the North West Cape. From Whalebon 
Prospect, 	this might happen after six hours for 10 ms 
winds, whilst oil from Rivoli would take closer to 48 hours 
to reach the Muiron Cape Islands (refer Fig. 21). Winds 
from southeast to south are expected to cause oil to reach 
the Muiron Islands within six to 12 hours; 

strong winds with directions between northwest and east 
could cause oil to be advected from Whalebone Prospect 
onto the coastline between North West Cape and Gales Bay. 
Note again that strong winds from these directions rarely 
occur and the coastline south of Exmouth would be affected 
if the wind directions were from the north-northwesterly 
sector,1  and for advection times of 24 hours or more for 
10 ms 	winds. 	For north, 	northeast and easterly wind 
directions, the coastline at risk would be that between 
Exmouth and Bundegi Reef, Bundegi Reef and Point Murat, 
Point Murat and North West Cape. It is possible that 
northeasterl,ies or easterlies could advect oil, onto th 
coastline to the west of North West Cape. 	For 10 ms 
winds, landfall could occur in six hours or less (refer 
Fig. 22). Much the same areas are at risk from a spill at 
the Rivoli Prospect except the west coast of the cape 
(Fig. 22); 

Therefore, in summary, the resources which may be affected in 
the unlikely event of a major oil spill are those which occur in 
the northeastern to southeastern sectors of the gulf. The marine 
resources in this area are shown on Figure 17. They include 
mainly islands and fringing coral reefs (Murion and Rivoli 
Islands) and the extensive mud/sands flats and mangrove 
assemblages which border the east coast of the gulf. 	The far 
shores of the gulf are threatened within 24 to 48 hours of a 
spill whilst the offshore islands would be affected within a 
shorter period (12 to 24 hours). 

In 	the 	even 	more unlikely event 	of 	a 	spill 	occuring 	during 
strong winds from the east 	to northwest sector, 	then the western 
and 	southern 	shoreline 	of the 	cape 	is 	threatened and 	the 
northwest shoreline past Cape Viaming 	is also at 	risk. The main 
resources occurring in 	this 	sector 	of 	the 	gulf 	are 	the Ningaloo 
Marine 	Park 	near the 	cape, 	Bundegi 	Reef 	and estuarine 
mud/sand flats and mangrove assemblages in Gales Bay. 



4.5.6 	011111 spill, effects 

The effects of oil spills on marine resources and associated 
activities internationally is reviewed by Jones [1986 (Part 2)] 
and placed into the Western Australian context. 	This review is 
based on a wide spectrum of international literature. A detailed 
review of literature on the effects of oil spills in tropical 
marine environments is provided in WAPET (1987) (ERMP, 
Volume 2, Appendix 6). 	This review is summarised in Table 3 
which presents the type of effect and damage to which various 
tropical biotic assemblages are known to be susceptible, their 
sensitivity to oil, their recovery rates following damage by oil, 
and the range of possible clean-up actions available. 

The actual, effect of an oil spill on these resources is difficult 
to predict because very little is known about the effect of local 
oil on local tropical marine organisms. However, enough 
experience is available from other tropical parts of the world to 
show that in general., whilst a localised reduction in the 
abundance and diversity of organisms may occur immediately 
after the spill, recovery takes place relatively rapidly (in 
comparison to temperate environments) and long-term adverse 
impacts have only been detected in mangrove environments. Coral 
reefs have not been substantially affected. Intertidal zones have 
been most affected and substantial mortality has been recorded 
in these areas. However, these zones are also the quickest to 
recover and generally do so within a twelve month period. 

In addition, depending on the state of the tide and the 
weathered nature of the oil in the vicinity of the important 
resources, it is possible that very little adverse impact would 
occur. 	The time of year also determines the effects of an oil 
spill. Population recruitment and growth tend to be seasonal and 
an oil spill occurring just prior to the cyclone season may have 
less effect than one occurring after the cyclone season because 
cyclones can be major catastrophic events that cause natural. 
redistribution and mortality of many marine organisms, 
particuarly algae and coral. 

The marine resources which are known to be highl.y sensitive to 
oil pollution are seabirds and mangrove assemblages. Mangrove 
assemblages in particular can take a long time (decades) to 
recover. Seabird colonies usually recover within one to two 
generations. 

Coral reef assemblages are believed to be sensitive but the 
extent of damage following an oil spill is very variable and 
depends on a number of factors. The state of the tide appears 
to be a major determinant affecting whether or not corals are 
harmed by an oil spill. Most incidents of coral mortality 
reported in the literature occurred in areas where the coral was 
exposed at low tide and directly coated by the oil. 	Oil floating 
on the surface above corals however, has been shown to have 
little adverse affect on the corals below (Ferguson Wood & 
Johannes, 1975). Knap (1987) concluded that oil is rapidly 
removed from coral reef systems. 
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Recent experience in Egypt confirms that corals can survive oil 
spills. 	Roberts & Sheppard (1988) reported on a recent spill of 
700 tonnes of Bunker C fuel oil spilled at Sharm-el-Sheikh on 
the southern tip of the Sinai Peninsula in Egypt. The area is 
internationally famous amongst divers and biologists for its 
coral reefs and diverse underwater life. Worst affected areas 
were beaches and intertidal platforms. However, the reefs 
suffered little damage despite reports of unbroken sheets of oil 
covering them for several days. This fortuitous situation is 
believed to have occurred because the spill occurred during the 
neap phase of the tidal cycle. 

Local experience also indicates that oil spills do not necessarily 
result in mass mortality of marine biota. 	In July 1986, a minor 
spill 	(approximately 	10 barrels) of 	light Australian crude 
occurred from the Harriet A production platform. The oil was 
tracked and observed to flow over a coral reef located mid-way 
between Varanus Island and the Montebello Islands within 30 
hours of spillage. Hydrocarbon concentrations in oyster tissue 
collected from islands near the reef confirmed the occurrence of 
the spill but subsequent monitoring surveys of both the rocky 
shore assemblages and the coral reef detected no increases in 
mortality of organisms in either assemblage (LSC, 1986b). 

Therefore, the occurrence of an oil spill need not necessarily 
result in mass mortality of marine organisms, particularly if a 
large degree of weathering occurs before contact with potentially 
sensitive assemblages is made. 

In the event that a spill does cause mortality of marine 
organisms, that mortality is generally localised and short term, 
particularly in the case of algal flats, 	intertidal beaches and 
rocky shores. 	In comparison to the natural catastrophes which 
can occur in these waters, 	it is unlikely that these short-term 
effects of a spill would cause any significant long-term impact 
on these ecosystems. Coral reefs and mangrove assemblages, 
however, can be affected over the long term and their mortality 
could have adverse but localised ecosystem effects. Therefore, 
these two assemblages require protection priority. The mangrove 
and shallow subtidal mud flats need particular protection 
because of their ecological, importance and their importance as 
prawn nursery grounds and wading bird habitat feeding. 

4.5.7 Potential, effect of oil, spill on social, environment 

4.5.7.1 Effect on Nlngaloo Marine Park 

It is unlikely that the marine park will be adversely affected 
even in the event of a major oil spill.. 

The oil spill trajectories show that the shores and nearshore 
waters around Point Murat between Exmouth and Cape Vlaming 
are at risk only under moderate wind conditions emanating from 
the north to the southeast sector. Table 2 shows that only 17.1% 
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of winds emanate from this sector at time of year when drilling 
would occur and that most of these winds are in the light to 
gentle breeze strength category. 

As shown earlier in this report, the winds which predominate in 
the gulf at this time of year originate from the south to west 
sector. Under these conditions, 	oil is dispersed offshore in an 
easterly direction away from the marine park. 

It is therefore considered that the risk of significant damage to 
the park is slight because: 

(I) only a very small proportion of the park would be 
affected. The bulk of the park occurs along the west coast 
of the peninsula; 

the probability of an oil spill occurring under the adverse 
wind conditions is low; 

the probability that oil spill containment activities will be 
successful under these gentle wind conditions is high; 

Bundegi Reef is unlikely to be threatened unless the oil 
spill occurs at spring tide. 

In the extremely unlikely event of oil beaching around Point 
Murat, most of the shore is either sand or rock platforms and 
whilst some reduction in abundance of organisms may occur, 
rapid recovery can be expected and no long-term adverse impact 
is likely. 

4.5.7.2 Effect on tourism 

The tourism industry is also most unlikely to be adversely 
affected by an oil spill at either of the two prospects, because: 

(I) 	the recreational fishery is highly unlikely to be affected; 

the vast majority of Ningaloo Reef is also unlikely to be 
adversely affected; 

the period of drilling is not a major tourist season and is 
immediately followed by two months of off-season, thereby 
allowing recovery time before the onset of the peak tourist 
season in the following winter. 

Hence, Exmouth's attraction for tourists is unlikely to alter. 

The only 	effects are 	likely 	to be temporary 	and very short term 
and will 	apply 	to tourists 	already 	in 	the 	area at the 	time 	of 
the spill. 	These tourists may be inconvenienced for a few days 
by the 	restriction of 	access to favoured fishing spots or beaches 
if 	these areas are in 	the path of 	the 	spill. 
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The charter fishing industry is unlikely to be affected either in 
the short or long term. 	The only business which is potentially 
at risk is the glass bottomed 'Coral Princess' (coral viewing 
boat) which is based at Bundegi Reef and may be adversely 
affected if large sections of the reef were damaged. 

4.5.7.3 Effect on commerciali fisheries 

Local commercial fisheries are unlikely to be adversely affected 
in the long term but short-term impacts are possible. 

Reported effects of oil spills on fisheries include (Jones, 1986): 

reduced abundance of catch due to mortality in the catch 
population; 

tainting of fish flesh and shellfish tissue; 

fouling of fishing gear by oil. 

Fouling of fishing gear is unlikely to be a problem because the 
period of drilling occurs in the closed season for the prawn 
fishery and the off-season for most of the other fisheries (seine 
and pearl). 

Tainting of fish flesh is unlikely because the light volatile 
nature of the oil keeps it on the surface and as such it is 
unlikely to come in contact with the main wet line species. Jones 
(1986) considers that it is unlikely that demersal fish would be 
directly affected unless the oil penetrates to the sea bed. Even 
then it is not certain that they would be adversely affected. 
Pe'agic fish are not expected to be greatly affected either due 
to their mobility. No commercial fishery for edible mollusc tissue 
exists in the gulf. 

The industry potentially most at risk from an oil spill is the 
prawn fishery. 	Both pelagic and benthic crustacea are more 
sensitive to oil than fin fish or molluscs. 	Larval and juvenile 
stages are particularly sensitive. Prawn catches are dependent 
on a stable annual recruitment and could be adversely affected 
were an oil spill to occur during the spawning period, or were 
oil to reach the shallow areas where the juveniles are 
concentrated. 

At the time of year when drilling will occur (December, January) 
spawning is unlikely to take place although the Endeavour 
prawns do commence spawning in late summer and an early start 
to spawning is possible. Endeavour prawns, however, do not 
form a major part of the commercial catch. 

During the December/January period the prawns which form the 
bulk of the fishery (Tiger and King prawns) will, be in the 
juvenile phase of their life cycle which occurs in the shallow 
mud/sand flats bordering the mangrove assemblages along the 
eastern shore of the gulf. 
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The oil. spill, trajectories indicate that an oil spill, is likely to 
reach the shallows on the eastern side of the gulf only after 24 
hours of dispersal by westerly to northwesterly winds. Table 2 
shows that winds from this sector occur for approximately 22.4% 
of the time and tend to be of moderate strength. Thus the 
probability of a spill occurring during these unfavoureble 
conditions is small but not insignificant. Based on the 
weathering analysis presented earlier (Section 4.4.5) only about 
4-8% of the original volume of oil spilled is likely to remain 
after 24 hours of weathering, the rest having evaporated. Thus 
the area of nursery habitat which may be adversely affected is 
likely to be relatively small (in comparison to that available 
within the gulf) and localised in extent (i.e. the entire eastern 
shore of the gulf is most unlikely to be at risk). 

Assuming that localised mortality of juvenile prawns occurred 
within the area affected by the spill, then there may occur a 
slight reduction in commercial prawn catches the following 
season. Such an effect is by no means certain. 	It is possible 
that the oil, would not affect the prawns because its toxicity 
would be markedly reduced as a result of weathering and its 
light nature would keep it on the water surface. 

The worst case scenario of anihilation of the total population of 
juvenile recruits is most unlikely to occur as a result of oil 
spill, and, in fact, has more chance of occurring as a result of 
cyclones, or overfishing as have both occurred in the past. 

It is therefore considered that of the commercial fisheries which 
occur in Exmouth Gulf, the prawn fishery is the most at risk in 
the unlikely event of an oil spill. However, 	the risk to the 
fishery is small and likely to be only short term as recovery 
will ensure no long-term effects. 

4.5.7.4 Effect on marine resources and Beneficial, Uses 

The marine resources at risk in Exmouth Gulf are identified in 
Section 3.3.5 and Figure 17 of this report based on information 
collated by Jones (1986). 	Of these, the shallow mud/sand flats 
and mangrove assemblages which border the eastern and 
southern end of the gulf are considered to be of greatest 
concern. These assemblages are a major regional ecological 
resource and their destruction on a large scale would inevitably 
result in substantial reduction in local populations of marine 
biota because of their role in production of food and provision 
of nursery habitat for juveniles of deeper water fish and 
crust acea. 

However, 	their destruction on a large scale by oil spill, is most 
unlikely as outlined in the preceding sections. 	In addition, 	if 
mangrove assemblages were threatened by an advancing oil 
spilt, dispersants would probably be applied to the slick in 
order to minimise the damage. Mangroves are highly sensitive to 
heavy crude oil. Their sensitivity to the local light crudes is 
not known but is assumed to be also high. However,mangroves 
are known to be Iss sensitive to dispersants and oil/dispersant 
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mixes (Getter et at., 1985). Dispersed oil causes lower sublethal 
effects and mortality in mangroves than oil atone (Thorhaug, 
1987). As a result, the policy adopted by the State Oil Pollution 
Combat Committee is to approve the application of dispersant to 
oil slicks which are considered to threaten important mangrove 
assemblages. Hence long-term damage or loss of this resource is 
unlikely. 

Of the Beneficial Uses for the area, which are also listed is 
Section 3.3.5, 	those that may be affected by an oil spill and 
the scale of that effect are outlined below: 

Beneficial Use 1 - Direct contact recreation 

Swimmers and surfers may be inhibited from utilising 
nearshore waters between Cape Vlaming and Exmouth for a 
few days. 

Beneficial Use 2 - Harvesting of aquatic life (excluding 
molluscs) for food 

The only fishery considered potentially at risk is the 
prawn fishery. However, the risk is considered small and 
effects are likely to be slight rather than catastrophic, 
and temporary. 

Beneficial Use 3 - Harvesting of molluscs for food 

Oysters and clams and other intertidal food organisms that 
occur in the path of a spill may be tainted for a short 
period. Again the effect is temporary and short term. 

Beneficial Use 6 - Aquaculture 

The pearl leases in the southern end of the gulf are at 
risk from oil spill. However, they occur sufficiently 
distant from the prospects that some 48 hours of 
weathering is likely to occur prior to oil, reaching the 
leases. Molluscs are also generally more tolerant of oil 
than other marine species. Hence, the risk to the pearl 
leases is slight. 

Beneficial Use 7 - Maintenance and preservation of aquatic 
ecosystems 

As outlined in the preceding section, 	an oil spill, is only 
likely to affect a small and locaised part of the marine 
ecosystem of the gulf and the major primary producers 
within that system are unlikely to be adversely affected 
(i.e. corals and mangroves). 

The effect is unlikely to be as catastrophic as that which 
can result from natural events which tend to be much more 
widespread in extent. 



4.5.7.5 Effect on Exmouth 

It is considered that neither the present economic base of 
Exmouth nor its future growth potential are likely to be 
substantially affected in any adverse way as a result of an oil 
spil.l offshore from the town emanating from an exploration 
drilling rig. 	As outlined above, 	the tourism potential of the 
area is unlikely to be threatened and this is recognised as the 
main growth area in the Exmouth economy. 	The only industry 
that may be adversely affected is the commercial prawn fishery 
but that affect is likely to be slight and short term. The Naval 
Communications Base is still the economic mainstay of the town 
and this base will not be affected adversely by an offshore oil 
spill. 

Hence, the potential costs to the community of Exmouth in the 
event of a spill are not considered substantial. 	On the other 
hand, the potential benefits from exploration could be quite 
significant. In the event of a commercial development, 
substantial royalties and taxes would be generated. By way of 
example the Harriet Field will pay a royalty in the order of $90 
million during the life of the field. 	Each of the joint venturers 
would also be liable for company tax on profits made from 
production. Development of a discovery would involve substantial 
investment and expenditure in both the local and state 
economies. A deep water port, desired strongly by local 
residents, may be necessary to allow tankers to take the oil to 
markets. Local employment would be boosted by such a project 
in both production and development phases. 

From a cost/benefit viewpoint, therefore, Exmouth and the State 
stand to gain from the discovery of oil benefits substantially in 
excess of the costs which may be associated with an oil spill. 

4.6 CONCLUSION AND SYNTHESIS 

It is concluded from the above assessment that the proposal is 
most unlikely to adversely affect either the marine environment 
or the social environment of the region. The proposed drilling 
programme is very short term in duration, is unlikely to 
adversely affect local marine resources and is being conducted 
at a time selected to minimise interference with the prawn 
fishery. 	The effect of disposal of drill, cuttings and drilling 
fluids will be very localised and will certainly be of less 
environmental impact than the effects of commercial prawn 
trawl.ing or cyclones. 

The only environmental concern associated with the proposal is 
the potential for oil. spill resulting from a 'blow-out' during 
operations. The chances of such an event occurring are 
negligible. 	However, even in the unlikely event of a blow-out 
occurring, the potential effects are likely to be localised and of 
little long-term ecological significance when compared to the 
scale of ecological effects that can occur in the region as a 
result of natural catastrophic events. 
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It is recognised that the marine resources most in need of 
protection from a spill are the shallow mud/sand flats and 
mangrove assemblages that border the eastern and southern 
shores of the gulf. 	Bundegi Reef and the Murion Islands also 
require particular protection in the event of a spill. Management 
proposals for ensuring the protection of these resources will 
therefore be required and will, need to be incorporated into the 
oil 5Il;I contingency plan. 



5 ENVIRONMENTAL MANAGEMENT 

5.1 INTRODUCTION 

The 	environmental 	management programme which 	will be 
implemented for 	this 	proposal 	is detailed 	in this 	section. The 
objective 	of the 	programme 	is to 	minimise the 	environmental 
effect 	of 	the 	drilling 	operation as 	much 	as 	practicable and 
financially reasonable, 	bearing in 	mind 	the low 	level 	of risk 
posed to the environment by normal 	operations of 	this 	type. 

Minora proposes to achieve this objective by: 

complying with legal requirements; 

adopting industry and government standards and guidelines 
for well design and control; 

util.ising an inert non-toxic drilling fluid; 

implementing a fluid discharge strategy aimed at 
minimising environmental, impact; 

implementing a workforce education programme; 

adopting a rigorous oil. spill contingency plan; 

implementing a monitoring programme to confirm the 
predictions of this PER. 

Details of most of the above tasks are presented in subsequent 
sections. Legislative requirements and industry standards have 
already been discussed in Sections 1.4 and 2.5. 	It is not 
proposed to repeat that information here other than to draw 
attention to the facts that: 

(I) 	laws, regulations and standards exist for the safe and 
environmentally acceptable operation of offshore exploration 
drilling programmes; 

these laws and standards are administered and supervised. 
by government authorities, mainLy the Western Australian 
Mines Department; and 

there exists a long history of experience in this state by 
both operators and regulators with offshore exploration 
drilling. 
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5.2 OPERATIONAL MANAGEMENT 

5.2.1 DrilJing fluid disposali 

During drilling, drilling fluid and formation cuttings are 
brought to the surface. These are passed through solids control 
equipment which separates the drilling fluid from the cuttings. 
The cuttings are continuously discharged from the rig whilst the 
drilling fluid is recirculated down the well. 	However, there 
may occasionall.y be a need to discharge drilling fluid into the 
sea as a result of either drilling through a formation (such as 
shale) which produces excess drilling fluid, or a need to modify 
the properties of the drilling fluid. The effect of such a 
discharge is temporary and highly localised and creates 
substantially less turbidity than would be caused by cyclone 
induced wave action or prawn trawling. 

The drilling fluid will be a seawater based clay polymer 
system. 	This is an innocuous non-toxic fluid containing mainly 
inert materials. 

To minimise the area affected by high turbidity and maximise 
the dilution rate, it is proposed to discharge fluids slowly when 
tidal and wind currents are at their strongest and when 
currents are moving parallel to the shore and into the gulf 
(flood tide). 

5.2.2 Cuttings disposal 

As outlined above, it is proposed to continuously discharge 
cuttings from the rig. This is considered environmentally 
acceptable because: 

the material is inert and of the same size and composition 
of existing seabed material at both prospect sites; 

previous experience (Bundegi-1) indicates that cuttings 
will be so widely dispersed that it is unlikely they will. 
form a recognisable mound or substrate on the seafloor; 

The prawn fishery reported no problems subsequent to the 
Bundegi-1 well.; 

even if small recognisable mounds of cuttings did form, 
these would be rapidly colonised by biota if not dispersed 
by trawling activity or rig relocation procedures. 

Therefore, there is no environmental reason to prevent discharge 
of cuttings to the seafloor. In addition, there is a high 
financial cost involved in implementing alternative means of 
disposal. The practicability and costs associated with collection 
of cuttings for disposal offsite have been evaluated and are 
presented in Appendix 3. 	This assessment shows that cuttings 
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collection would not only cost approximately $300 000, but would 
also extend the drilling period at each site by at least two 
days. This could jeopardise the successful drilling of the well 
through causing undesirable delays in drilling. 

5.2.3 Response to cyclones 

It is recognised that the proposed drilling period occurs during 
the cyclone season and that special measures may be required to 
safeguard both the wel.l and the rig personnel. Procedures 
setting out various levels of response to cyclones are contained 
in the operator's Emergency Response Manual. 

During the cyclone season, Minora's Perth office and the rig 
will be advised of cyclonic developments on a 24 hour basis via 
the Cyclone Watch Centre in Perth. 

The ultimate response is to secure the well by closing two BOP's 
so that no fluids may escape, 	shut down and secure the rig, 
and evacuate personnel to Exmouth or Onslow. The rig selected 
will be capable of withstanding cyclonic wind and wave action. 

Upon recommencement of operations, procedures are followed 
whereby any hydrocarbons entrained in the drilling fluid that 
may have migrated to below the BOP's (assuming a hydrocarbon 
bearing zone had first been penetrated) are circulated out under 
controlled conditions prior to the well being opened and 
operations recommencing. 

It 	should 	be remembered that 	the 	hydrostatic 	pressure 	of the 
drilling 	fluid will 	always exceed that 	of the formation pressure, 
therefore no 	hydrocarbons can 	enter 	the 	well 	bore, 	other than 
when 	the hole is 	drilled through 	the 	reservoir, 	in 	which case 
the 	fluid 	in the 	drilled pore 	space 	becomes 	entrained 	in the 
drilling 	fluid. This 	is a negligible amount. 

5.2.4 Education programme 

Prior to commencement of their duties, each crew member, 
Including workboat crews, will be given an education 
presentation advising them of the sensitive nature of the 
environment in which the rig is operating. The "do's and 
don 'ts" of drilling in such an area will be emphasised in a 
document similar to that presented in Appendix 4. 

This document details the environmental protection procedures to 
be fol:lowed by all. personnel and in particular the drilling 
fluids engineer, derrick man, shaker hand, barge engineer, tool 
pusher, supply vessel captains, helicopter pilots and divers. No 
drilling fluid discharges will be made without the approval of 
the rig superintendent and even then only under selected 
favourable wind and tide conditions. 
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5.3 OIL SPILL CONTINGENCY PLAN 

A large variety of methods are available for control and 
treatment of offshore oil spills. The appropriateness of each 
method depends on the probable origin of the spill., geographical 
location, site, size, weather, sea conditions, and other 
variables. Treatments require evaluation to determine whether 
they may cause environmental, impact in addition to, or in 
excess of, the spilt oil. 

The main techniques considered in offshore contingency plans in 
Western Australia have been the use of booms or similar 
containment or deflection devices, dispersion with chemical 
treatments and absorption with fibre mats, sand and/or hay for 
beached oil. 

Approved chemicals are available to disperse and clean up oil 
spills. These dispersants may be used in relatively more 
difficult weather and ocean conditions than booms, and can be 
deployed rapidly by specially adapted light aircraft and 
helicopters. 

Guidelines and procedures for the protection of the Western 
Australian marine environment from oil spills are provided in 
DCE Bulletin 104 (DCE, 	1984). 	This document outlines the 
procedures formulated for the protection of ESL's during offshore 
oil exploration. One of these procedures is the submission of an 
oil spill contingency plan for review and approval by the State 
Committee for Combating Oil Pollution. A prime feature of such a 
plan for exploration drilling in ESL's is that the operators be 
able to cope by themselves for the first 24 hours of any spill. 
This means having adequate mechanical diversion equipment and 
stocks of approved dispersant and absorbant at the nearest 
regional centre. 

Because both prospects are located in 	ESL's, 	Minora 	propose to 
have 	oil 	spilil containment and 	clean-up equipment 	maintained 
continuously on 	site 	with 	a crew 	trained in 	its 	deployment 	and 
the 	retrieval, of 	oil. 	Such equipment 	will include 	booms and 	oil. 
skimmers, dispersants 	and applicators, and 	biodegradable 
absorbants. 

The potential adverse ecological effects of dispersants and 
oil/dispersant mixtures are recognised, as is the need for 
authorisation from the designated authority prior to their use in 
ESL's. 	It is not proposed to apply dispersants to a slick if it 
is heading west toward the shore of the gulf. The intertidal 
marine resources located, along this coast to the south of 
Bundegi Reef are not of particular significance and will 
probably rapidly recover from beached oil. The type of oil, 
anticipated is a high gravity crude of the Barrow/Saladin type. 
This oil is highly volatile and evaporates rapidly. 

However, the application of dispersants will be contemplated if a 
slick disperses toward the extensive mangrove and prawn 
nursery habitats of the east and south coast of the gulf. 
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Dispersants would be applied only if containment procedures 
have been unsuccessful and if authorisation has been provided 
by the designated authority. 

Detail on the oil spill contingency plan is presented in 
Appendix 5. It is based on a standard plan issued by the Mines 
Department for offshore exploration drilling operations in Western 
Australia. The plan has been completed by the insertion of 
appropriate relevant information by Minora. Minora is committed 
to following the plan as part of the conditions attached to the 
exploration permit. 

The plan has been upgraded by the addition of information on 
the location of: 

coastline geomorphology (Fig. 13); 
nearshore marine habitat distribution (Fig. 14); 
marine resources of the area requiring protection 
(Fig. 17). 

In addition to the contingency plan, a strategy plan has been 
devised. This is designed to maximise protection of 
environmentally important resources in the region by specifying 
strategies for dealing with oil spills in different circumstances. 
The oil spill, contingency strategy proposed by Minora is 
summarised in Figure 23. 

Containment with booms and removal of oil will. be  attempted if 
at all, possible. However, effective deployment of booms is likely 
to be hampered in rough water and near islands and shoals 
where navigation is hazardous and currents strong. 

If containment is not possible, further treatment will, depend on 
the direction in which the oil slick is travelling, 	its state of 
weathering, and on the proximity of important environmental 
resources. 

If the oil is moving out to sea into deeper waters and no 
coastlines are at risk, the slick will be monitored but left to 
biodegrade naturally. Dispersants may be used, particularly in 
relatively deep water outside environmentally sensitive areas, if 
there is a risk of tidal flow eventually moving the slick back 
toward shorelines. Dispersants will not be used near coral reefs, 
algae, seagrass beds and beaches. Studies reported in the 
literature suggest that crude oil is less damaging to marine 
biota than an oil dispersant mix. 

If the oil is moving toward intertidal habitats, booms will be 
used in an attempt to prevent beaching and to shepherd the 
slick out to deeper water for treatment with dispersants. If it is 
not possible to prevent the oil from beaching, 	booms will, be 
deployed to protect vulnerable and important habitats, including 
coral reefs, 	if at all possible. 	Otherwise, the oil. will be 
allowed to beach. 
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Once the oil has stranded it will be left to biodegrade naturall.y 
without treatment. Decomposition of the oil and recovery of the 
biota will be monitored. Stranded oil rarely floats off again and 
successive tides usually move it higher up the shore. Once 
beached, there is little risk of further contamination to seabirds 
or other birds using intertidal habitats for feeding. 

Natural degradation, though a slow process, is the most 
appropriate strategy from a biological viewpoint. Attempts to 
clean habitats such as mangroves, beaches and mud flats have 
caused greater environmental damage than the oil pollution 
itself. Turtle nests are found above the high water mark and, 
although not affected by oil, can be crushed by clean-up 
operations. Covering stranded oil with sand only inhibits 
biodegradation. 

If natural degradation of stranded oil is considered 
unacceptable on environmental or recreational grounds, beached 
oil may be removed by scraping or absorbents. Pollution of 
beaches used by turtles for nesting may warrant such treatment. 
Again, recovery following treatment would be closely monitored. 

5.4 MONITORING PROGRAMME 

5.4.1 Objectives 

It is proposed to conduct a monitoring programme to provide 
feedback on the accuracy of predictions made in this PER. 
Specific predictions to' be tested are: 

discharge of drill cuttings will not form a mound on the 
seafloor that will. pose either a navigation hazard or an 
obstacle to commercial, prawn trawlers; 

discharge of drilling fluid and fluids will cause only 
local.ised and temporary increases in water turbidity and 
should dilute to background concentrations within 500 m of 
the discharge point; 

Bundegi Reef will, not be adversely affected by the 
proposed discharge of drilling fluids and cuttings. 

In addition, a short surface current monitoring exercise will be 
conducted to: 

confirm the reliability of the oil spill, trajectories; 

provide information on direction and speed of water 
movement under various typical weather conditions as input 
to both the oil spill contingency plan, 	and the drilling 
fluid dumping programme. 

It is further proposed to drill the Rivoli Prospect first and test 
the above predictions before moving on to drill the Whalebone 
Prospect. The results of the surveys will be submitted to 



65 

relevant authorities prior to commencement of drilling the 
Whalebone Prospect, thereby allowing for last minute modification 
of operations if considered necessary by appropriate government 
authorities. 

5.4.2 Tasks 

The proposed tasks which will be conducted to satisfy the above 
objectives are: 

establish current movement patterns in the vicinity of the 
rig at each prospect under measured wind conditions; 

establish baseline conditions of seafloor and water quality 
in the immediate (500 m radius) vicinity of the drilling 
rig at each prospect along transects oriented in the 
direction of prevailing currents; 

monitor the effects on local water turbidity of both drill 
cuttings discharge and drilling fluid discharge with a 
view to determining the distance required for dispersal to 
background concentrations of Total Suspended Solids; 

inspect the seafloor after completion of drilling at the site 
established in task (ii) above to determine the extent of 
seafloor modification by cuttings; 

inspect Bundegi Reef at selected marked locations, both 
before the drilling programme and subsequent to 
completion. 

5.4.3 Reporting 

Three brief interim reports will be produced after each field 
survey as follows: 

Report 1: Results of water surface tracking surveys to 
confirm reliability of oil spill trajectory predictions.. 
Results of water turbidity surveys in the vicinity of the 
rig during disposal of cuttings and drilling fluid. 	To be 
completed within two weeks after commencement of drilling 
at Rivoli Prospect. 

Report 2: Results of seafloor inspection and sampling 
subsequent to reaching total depth at the Rivoli Well. To 
be completed within two days of total depth being reached. 

Report 3: Results of seafloor inspection and sampling, and 
results of inspection of Bundegi Reef subsequent to 
completion of Whalebone well. To be completed within two 
weeks of well. completion. 

A final report will be produced which presents the total results 
of the above three reports and collates the various studies into 
one volume. 



5.5 SUMMARY OF COMMITMENTS 

Minora Resources NL hereby commit themselves to comply with 
commitments made in this PER. Specifically this means that 
Minora will,: 

(i) 	comply with all legislative requirements pertaining to this 
project; 

adopt industry and government standards and guidelines 
for safe exploration drilling practices; 

implement the environmental management programme 
documented in this PER; 

comply with guidelines provided in the oil spill. 
contingency plan; 

implement the monitoring programme outlined in the 
environmental management programme. 

5.6 AUTHORITIES RESPONSIBLE FOR MANAGEMENT 

The authorities responsible for management of this proposal are 
identified below as: 

Minora Resources NL 
The Western Australian Mines Department 
The Environmental Protection Authority 
The Department of Conservation and Land Management 
The Western Australian Fisheries Department 

Details of responsibilities for each of the above authorities are 
as follows. 

5.6.1 Minora Resources NL 

Minora is responsible for: 

compliance with the conditions of EP 325; 
compliance with all, relevant 	legislature; 
compliance with the commitments made 	in 	this PER; 
submitting brief interim 	reports to 	the 	EPA, 	CALM 	and 
Fisheries; 
submitting a final 	report 	to 	the EPA, CALM and Fisheries. 

5.6.2 Mines Department 

The Mines Department is responsible for ensuring that all 
industry standards, guidelines and legal requirements are 
complied with by Minora. The Department will also receive a 
copy of the interim reports and the final report. 
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5.6.3 Environmental1 Protection Authority 

The EPA will, review the interim reports and final report, 	and 
provide comment to Minora within one week of receipt of interim 
reports and one month of receipt of the final report. 

5.6.4 The Department of Conservation and Land Management 

CALM will review the interim reports and final report, and 
provide comment to Minora within one week of receipt of interim 
reports and one month of receipt of the final report. 

5.6.5 Fisheries Department 

The Fisheries Department will, review the interim reports and 
final report, and provide comment to Minora within one week of 
receipt of interim reports and one month of receipt of the final 
report. 



6 CONCLUSIONS 

Normal 	operation 	of 	the oil 	exploration 	programme 	proposed 	by 
Minora for Exmouth Gulf will 	cause no 	adverse impacts 	on either 
the marine ecosystem or the local 	community. In 	addition, 	both 
the 	local community 	and 	the 	State 	stand 	to derive 	substantial 
benefits 	if a commercial oilfield 	is 	discovered. 

The only environmental concern associated with the proposal is 
the potential for oil spill resulting from a blow-out' during 
operations. The chances of such an event occurring are 
negligible. 	However, even in the unlikely event of a blow-out 
occurring, the potential effects are likel.y to be localised and of 
little long-term ecological significance when compared to the 
scale of ecological effects that can occur in the region as a 
result of natural catastrophic events. 

Ecologically and commercially important marine resources have 
been identified and management proposals for their protection 
have been incorporated into the oil spill contingency plan. 

Given the extremely low level of risk posed to the environment 
by the proposal and the potential benefits of an oil discovery to 
Exmouth, as well as to the State, it is submitted that the 
proposal should be approved. 

M. 
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TABLE 1 

DRILLING PROGRAMME SUMMARY 

I 
Casing Size Hole 

I 
Hole Depth Shoe Depth 

I 
I 	Proposed Top 	of 	I 

Size (MD) (MD) Cement 	(MD) 	I 

30" I 	Drilled/Driven +80 m-93 m +80 m-93 m To surface/none 

I 	20" I 	26" +500 m +500 m I 	Mud 	line 	hanger 

13 3/8 I 	17" +1 350 m +1 350 m 300 m 

I 
I 	9 5/8 

I 
I 	121" 

I 
I 	+1 	950 m +1 950 m 

I 
1 100 m or DV 

collar 
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TABLE 2 

PERCENT (Z) OF TIME WIND BLOWS FROM GIVEN DIRECTION 
MEASURED NOVEMBER TO APRIL, 1972-73 TO 1975-76 

EXMOUTH 

JOB NO. 	769 LOCATION: 	EXMOUTN 

WIND SPEED-DIRECTION PERCENTAGE OCCURRENCE MATRIX 

LATITUDE: 	21. 	49' 	0" s 	LONGITUDE: 	114 	10' 0" 	E 
ELEV AND: EL.EV AGL: 	10.0 	M. 

PERIOD: 	NOVEMBER - APRIL., 	1972/73 TO 1975/76 

WIND SPEED (M/S) 

0.1 	2.1 4.1 	6.1 	6.1 	10.1 12.1 	14.1 TOTALS 

TO 	TO TO 	TO 	TO 	TO TO 	AND 
2.0 	4.0 6.0 	8.0 	10.0 	12.0 14.0 	OVER 

N 	 .9 1.0 	.8 	.3 	.1 .2 3.3 

NE 	.2 	1.2 1.6 	1.0 	.4 	.3 .1 	.2 4.6 

D 
I 	£ 	.1 	.7 .8 	.8 	.4 	.4 .2 	.2 3.6 

R 
E 	SE 	.2 	1.3 2.2 	1.0 	.2 	.3 .2 	.1 5.4 

C 
T 	S 	.5 	2.6 6.5 	8.7 	7.4 	6.1 2.3 	.5 34.7 

I 
O 	SW 	.9 	3.8 4.3 	4.2 	2.0 	1.8 .3 17.4 

N 
W 	.8 	2.3 2.8 	4.4 	3.1 	1.4 .3 	.1 15.3 

NW 	.2 	1.1 1.7 	2.9 	.9 	.2 .1 	.1 7.1 

TOTALS 	3.0 	13.9 20.9 	23.6 	14.8 	10.5 3.4 	1.4 

OCCURRENCE OF CALMS 6.5% 

STATISTICAL SUMMARY 

5066 DATA POINTS USED 

MEAN MAX S.D. 

U - COMP 1.2 -26.1 4.2 

V - COMP 3.5 -31.3 5.1 

WIND SPEED 6.8 33.9 3.2 

NOTE: 

SPEEDS 	IN GROUP 0.1 TO 	2.0 	IMPLIES 	0.0 	( S 	<= 	2.0,ETC 

DIRECTION GROUPS 22.5 DEG EITHER SIDE OF SPECIFIED DIRECTION 
DATA SAMPLE INTERVAL IS 	180 MINUTES 
U - COMP IS +'VC EAST, 	V - COMP IS +'VE NORTH 

S. 	DATA SAMPLED 	0-2100 

[from Steedman Limited, 	1988 (Appendix 2)] 
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TABLE 3 

A SUMMARY OF EFFECTS OF OIL IN TROPICAL MARINE ENVIRONMENTS 

----- I 
Community or 	Damage and Type of Effecti Recovery Rates 	I Relative 	I 
Population Type 	 I Following Damage 	j Sensitivityi 

IToOil 	I 

Coral Reefs Susceptible to damage 

from oil, drilling muds 

& dispersants. Effects 

range from mortality to 

abnormal responses and 

reduced growth and 

reproductive processes. 

Behavioural effects 	Sensitive 

teniporary.Recovery 

rates poorly known. 

Recolonisation of oiledl 

areas is delayed. 	I 

Seagrass Beds 	Some species show short— 	Recovery may be rapid 	Sensitive 

term local damage. Severel after minor damage. 

damage to intertidal 	Retention of oil in 

organisms as a result of 	sediments may cause 

oil and dispersant. 	long—term problems. 

Epifaunal communities 

suffer damage. 

I Mangroves 	 Highly susceptible to 	I Recovery is slow. 	Very 

even light oiling 	 Estimates from 10's— 	Sensitive 

resulting in defoliation 	100's of years to 

C death. Faunal mortali— 	attain a mature forest. 

ties leading to decrease 	Retention of oil in 

in population density. 	sediments may cause 

long—term problems. 

1 
Intertidal mud 	Rich flora and fauna, 

sand flats 	includes seagrass beds, 

mangroves, spawning and 

nursery grounds. Many 

plants and animals may 

be killed if oil pene—

trates the sediments or 

covers the mud surface. 

Bird and fish feeding 

impacted. 

Vary from rapid (mo/yr) 

I to slow (10's of yrs) 
depending on degree of 
oil retention and 
availability of 
recolonising species. 

Sensitive 

I Seagrass flats 	Susceptible to oiling, 	Recovery rapid, 	I Sensitive  I 
I 	 leads to death, denuding 	within 12 months. 	 I 
I 	 ofarea. 	 I 	I 
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TABLE 3 (cont'd) 

Community or Damage and Type of Effectl Recovery Rates Relative 

Population Type Following Damage 	I Sensitivity 
jToOil 

Rocky Intertidal Little effect, 	organisms Fast recovery. Return Low 

hardy. Damage done by of species 	with 	I Sensitivity 
coating leading to mobility. 	 I 
suffocation or loss of 

purchase on substrate. 

Seabed Sediments 
I 

Vary from severe 
I 

May form a sink for Sensitive 

macrofaunal depletion to pollutants. oil may 

subtle disturbances Largely unknown, reach them 

to community structure. persistence will 	dependl slowly 

Increase in abundance of on degree of retention 

opportunist species may of 	oil. 	 I 
occur. Offshore oilfields I 
may produce a distinct 

zone of effect, 	usually 

restricted to within 

1000m of platform. 

I 	Open Waters 
I 
I 	Surface dwelling Unknown. 	Local breedingl Some 

organisms may suffer populations of larval components 

(birds, 	mammals, 	plank- fish & shellfish may sensitive 

I 	ton, 	neuston). 	Lethal take longer to recover. 

and sublethal effects on Plankton should recover 

fish by oil & flesh rapidly. 

tainting occurs. 

Benthic 	 Mortalities lead to 	Immigration from 	Some 

Communities 	decrease in population 	I surrounding areas 	components 
density & age distribut- 	should speed up 	 sensitive 

ions. Change in species 	recovery. 

abundance and distribut-

ion, imbalance between 

interacting populations. 

I Birds 	 I Very easily damaged, 	I Damage to breeding 	I Very 	I 
I 	 I oiling of plumage and 	population will cause 	sensitive 

I 	 I ingestion of oil result I slow recovery. 	 I 	I 
I in large mortalities. 	 I 	I 
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TABLE 3 (cont'd) 

I 
I 	Community 	or 

I 	 I 
Damage and Type of Effectl Recovery Rates 

I 
I 	Relative 

I 	Population Type Following Damage I 	Sensitivity 

I lToOil 

Fish 
F 	 F 
Possible to avoid spills.l Fast to moderate I 	Moderate 

Greatest danger to local recovery rates. Fast I 	sensitivity 

breeding populations in immigration of larvae 

confined waterways or and adults. 

benthic fish 	in 	heavily 	I 
polluted substrates. 	I 

Mammals Chances of impact Slow if population is Unknown 

reduced by low abundance seriously affected. I 
I 	of mammals and ability to I 

escape the area impacted. 

I 	Conclusive evidence of 

death due to oil 	is rare 

Possible effects include 

ingestion of oil during I 
grooming, 	loss of thermal 

insulation and/or water— 

I proofing and eye 

I irritation. 

Sources: Dicks (1984) 

Hyland & Schneider (1977) 
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LeProvost. Semeniuk & Chalmer 

DRILLING SCHEDULE 

Rotary Table 
- Primary drilling fluid seawater. Discharge of inert 

mud 4.7m every hour for 4 hours plus 40m3 
on completion. Volume of cuttings returned to 

361 	\ 	sea floor 26m3 
OH 	\ 

"Mud system closed 
92m 
30 

casing 

Discharge 29m3 mud 

17 1'2 OH 
r4 

Discharge of cuttings over 4.5 days = 258m3 
Discharge 29m3 mud 

1280 	 J m 	 = 57m3/day 

133/8" casing 	 with mud from 171/2"OH 	133/8 
KSS = 54.5ppf 

Discharge 29m3 mud 121 14 0H 

1211410H 	

Discharge of cuttings over 5.5 days =72m3 

charge 

 20001 	

1960m. 

Discharge 29m3 

mud 

KSS =43.5ppf 

casing
5111 

	

81/ 	
Discharge 29m3 mud 

2 OH Cuttings 4m 
2030m 

I 	I 	I 	I 	I 	I 	I 	I 	I 	I 	I 	I 	-I 

024 681012141618202224 

DAYS ON LOCATION 

Note: 1. All depths relate to Rotary Table on rig 

2. 3601-1 is the diameter of the open hole of the well. 
30 is the diameter of the downhole steel casing. 

CASING 
DESIGN 

36" OHJ
30 

	
1 

1"WT X52 

17I/2"OH 

T.D. 

Ilc~ 
LeProvost C0P Minota 	I Minora Resources N.L. 	 Figure 
Semeniuk & Drawn Environrnental 	CASING PROGRAMME ANDChalmer 
Environmental 
  I Consultants 	Date July 1988 	DISCHARGE SCHEDULE 
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rrurier Island 

Islands 
NingalooMaiineParkboundary\ 	

Muiron 

North West Cape 

C LeProvost 	Comp: Minora 	 Minora Resources NL. 	 Figure 

Semeniuk & 
 Chalmer 	

i Drawn: Environmental 
i 	

PROPOSED SEISMIC 10 
Consultants

t 	
Date: July 1988 I 	
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Percentage frequency 
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Speed in knots 
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Note 
Percentage of calms given in inner circle 

Wind direction Is towards the inner circle 
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LeProvost 	ompJones (1986)1 	

Mlnora Resources N.L. 	 Figure 

Semeniuk & 
Chalmer 	 Enviroflmefltall 	

OFFSHORE WIND ROSES 	
I ii1 w Consultants 	1 Date : March 1988 	 ROWLEY SHELF 	
I 

Ennironmental 	 I 
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I n d i a n 	Ocean 

o 	20km 
I 	 I 

From LeProvost, Semeniuk & Chalmer, 1986 

I 

C LoProvost ICOmP: I LeProvost 
i 	

Minors Resources N.L. 	 Figure 

Semeniuk a 

ConsuItfltS 	 Date: March 1988 	 OF EXMOUTH GULF 1 2 Chalmer 	Drawn: Environmental PHYSIOGRAPHIC PROVINCES 
Environment8 	I 
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Spring tide only 
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B. RIVOLI PROSPECT 
Spring tide only 
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A. WHALEBONE PROSPECT 
, 	Wind speed of 10m/se from S.E. during spring tides 
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B. RIVOLI PROSPECT 
Wind speed of lOm/sec from S.E. during spring tides 
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A. WHALEBONE PROSPECT 
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Plate 1: 	The exploration drilling rig "Maersk Valiant" whilst 
drilling offshore, 	Onslow 1987; 	a rig supply vessel 
and stand-by vessel are also shown 



LeProvost, Semeniuk & Chalmer 	 102 

-. 	- -.r-- •- - 

'. •:... : 

Plate 2: 	Sandy beach habitat, 	Point Murat, 	looking south 
toward Exmouth and showing extent of Bundegi Reef 
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Plate 3: 	Sandy beach at Bundegi; 	black band at the tide line 
is algal wrack 
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Plate 4: 4: Limestone rocky shore, North West Cape 
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Plate 5: 	Rocky shore, Vlaming Head, showing proliferation of 
molluscs around tidal pools 

Plate 6: Intertidal limestone pavement, Viarning Head 
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Plate 7: 	Sand/mud 	tidal 	flats 	with 	extensive 	fringing 
mangroves, Gales Bay 
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Plate 8: Sandy seafloor protected by offshore reefs, Bundegi 
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Plate 9: Barren rippled sands, Bundegi 

Plate 10: Seagrass and algae on sand overlying pavement, 
Bundegi 
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Plate 11: 	Exposed rock strata in area thinly overlain by mobile 
sands, Bundegi 
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Plate 12: Halophila meadow in sheltered lee of Bundegi Reef 
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Plate 13: 	Algae and coral rubble on partially sand covered 
pavement 
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Plate 14: Algal meadow on limestone pavement 
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Plate 15: Bundegi Reef showing extensive growth of healthy corals 
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Plate 16: Coral "gardens", Bundegi Reef 
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Plate 17: 	Extensive 	subtidal 	sand/mud 	flats 	adjacent 	to 
mangroves, south Exmouth Gulf 

Plate 18: Cobble/gravel flat seafloor as seen at Whalebone 
Prospect site (depth 22 m) 
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Plate 19: 	Sandy substrate with minor bioturbation as seen in 
vicinity of Rivoli Prospect (depth 23 m) 

Plate 20: 	Nearshore water turbidity induced by 25 knot easterly 
winds, Bundegi Reef, June 1988 
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Plate 21: 	Nearshore water turbidity induced by prawn trawler 
(arrowed) off east coast, Exmouth Gulf 
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