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EXECUTIVE SUMMARY 

DESCRIPTION OF PROPOSAL 

Western Australia has massive undeveloped gas reserves remotely located at deep—

water offshore sites such as Gorgon, Tidepole, Brecknock and West Tryal Rocks. 

However, at this time the State only has need for small incremental gas supplies 

above those provided by the Woodside North Rankin 'A' Platform. 

Hadson Australia Development Pty Ltd, and the joint venture participants listed 

within this Consultative Environmental Review, propose to develop the small gas 

reserves (known as Bambra, Sinbad, Campbell and Rosette) discovered near the 

existing Harriet oil field. 	This would fulfill the State's need for incremental 

gas supplies over the next decade. If these small gas reserves were left 

undeveloped beyond the operating life of the Harriet oil field (currently operated 

by the Proponent), the cost to operate, and hence the cost to the consumer, would 

be higher than that possible if the reserves were developed in conjunction with 

Harriet oil field. 	Gas currently being flared from the oil production would be 

utilised if the project were to proceed. 

The gas reserves in any individual field are not enough to underwrite the 

development of the project, but in combined production concurrent with gas from the 

operation of the Harriet oil field, the threshold of commercial viability can be 

achieved. 

The project involves the following elements: 

gathering gas from the Harriet, Bambra, Sinbad, Campbell and Rosette fields, to 

a common point on Varanus Island; 

processing of that gas to SECWA specifications; 

transmission of that gas by pipeline from Varanus Island to the Dampier—Wagerup 

Pipeline. 

This project could commence gas production within 17 months from the date of formal 

commitment. 



A schematic fold—out figure located at the back of this document shows the 

relationship of the various elements of the project to such factors as topography and 

pipeline burial requirements. The relevant text references for each element are also 

given. 

ENVIRONMENTAL ASSESSMENT AND MANAGEMENT 

The 	main 	environmental 	issues 	related 	to 	the project 	have been 	identified 	as 	the 

potential 	impacts 	on 	the 	mangroves, the 	impact of a Marine Exclusion Zone 	on the 

Onslow 	commercial 	prawn 	fishery, disruption to 	pastoral activities 	during 	the 

construction 	phase 	of 	the 	mainland section 	of the 	pipeline, and 	potential 	impacts 

from 	pipeline 	ruptures. 	The 	Consultative 	Environmental 	Review discusses 	in 	detail 

the management procedures that will be adopted to minimise these and other minor 

impacts. 

MANGROVES 

The assessment of project impacts on the mangroves in the transition 	zone between 

marine and mainland environments has considered 	the 	effects of physical 	disturbance 

(e.g. 	sedimentation, 	erosion, 	changes 	to hydrological 	regimes) and 	the 	actual removal 

of mangroves 	in 	the 	construction 	zone. The Proponent has undertaken to minimise 

impacts 	in 	the 	mangal 	zone 	through 	sensitive construction 	methods 	which recognise 

these 	difficulties. 

COMMERCIAL PRAWN FISHERY 

The Harriet Gas Project area is located within Area 3 of the Onslow Fishery. 

Implementation of a 2km wide Marine Exclusion Zone would affect about 10% of this 

area. 	The Proponent will undertake the necessary notifications and approval 

processes to ensure that a properly defined exclusion limit is established. Hadson is 

also investigating options to minimise the impact on the fishing industry in co-

operation with the Western Australian Fishing Industry Council and the Fisheries 

Department. 



PASTORAL ACTIVITIES 

Mardie 	Station 	is the 	only pastoral 	lease 	affected 	by the proposed pipeline. 	The 
pipeline 	will 	be buried and 	will 	therefore not 	disrupt access or 	impede 	the 

movement of stock, except during 	construction. During construction the 	trench and 

stockpiles 	may 	be a 	potential 	barrier 	to 	movement 	of stock and an impediment to 

normal 	pastoral 	activities. Construction 	will not 	be concurrent with 	mustering 

activities, 	therefore serious disruption 	to 	Mardie Station will 	not 	result. 

There will be close co-operation between the pipeline construction contractor, 

Hadson and the owners of Mardie Station to minimise problems. 	Scheduling of 

construction will be discussed in advance so that, if necessary, all parties can 

arrange their activities accordingly. 	During construction, close co-operation will 

continue so that mutually acceptable arrangements can be made for location of 

cross-overs. 	If such co-operation is undertaken, the disruption to pastoral 

activities should be minimal. 

PIPELINE RUPTURES 

While the likelihood of pipeline ruptures is extremely small, the Proponent 

recognises the importance of successful management of such contingencies. 

The gathering lines contain quantities of petroleum liquids and untreated gas. 	Oil 

spill management would follow procedures successfully in place for the Harriet oil 

field operations. 

The environmental impacts of a gas pipeline rupture are considerably less than for 

an oil pipeline. 	Contingency planning for the gas pipeline from Varanus Island to 

the SECWA Dampier-Wagerup pipeline would consist of automatic shut-off valves, 

compressor shutdown and alarms. 



IMPLEMENTATION OF MANAGEMENT PROGRAMME 

The Proponent already has a successful Environmental Management Plan in place for 

the Harriet oil field operations. This will be expanded, and amended where 

necessary, to encompass the new Harriet Gas Project. The Proponent has appointed 

an experienced environmental advisor and all permanent and contract staff will be 

inducted and trained in environmental procedures in all phases of the project. 

CONCLUSIONS 

The proposed Harriet Gas Project has been conceived in terms of the environmental 

capacity of the area and surrounding ecosystem to support the various elements of 

the proposal. 	Extensive environmental, planning and engineering investigations 

have been carried out to ensure that the environmental impacts of the project will 

be minimal. 
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CONSULTATIVE ENVIRONMENTAL REVIEW 

HARRIEF GAS PROJECT 

1.0 INTRODUCTION 

Hadson Australia Development Pty Ltd (Hadson), and the joint venture participants 

listed in Section 1.3, are the Proponents of the Harriet Gas Project and the present 

owners of the Harriet oil field. Hadson, and previously Bond Corporation Pty Ltd (on 

behalf of the previous owners), have successfully operated the offshore Harriet oil 

field, 8km north east of the Lowendal Islands since late 1985. Continuing exploration 

efforts have resulted in the discovery of four small gas fields, three located offshore 

and one drilled from Varanus Island. These fields have been named Bambra, Campbell, 

Sinbad and Rosette. 

The gas reserves in any individual field are not enough to underwrite the development 

of the project. 	However, in combined production, concurrent with gas from the 

operation of the Harriet oil field, the threshold of commercial viability can be 

achieved. 

The project involves the following elements: 

gathering gas from the Harriet, Bambra, Sinbad, Campbell and Rosette fields, to 

a common point on Varanus Island; 

processing of the gas to SECWA specifications; 

transmission of the gas by pipeline from Varanus Island to the Dampier-Wagerup 

Pipeline. 

Figure 1 schematically shows the overall design and integration of facilities for the 

Harriet Gas Project. 

The Proponent has an Environmental Management Plan in place (Bond Corporation Pty 

Ltd, 1986) but will require additional environmental plans for the current project. 

The Proponent has produced this Consultative Environmental Review (CER) to permit 

interested parties to examine the project. This report provides information in 

sufficient detail to permit evaluation of the possible environmental and social impacts 

of the project pursuant to specific guidelines issued by the Environmental Protection 

Authority (EPA). The guidelines are reproduced in Appendix A. 
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Hadson acquired the operatorship of the Harriet oil field from Bond Corporation Pty 

Ltd in January 1990. The present joint venture, through their affiliated companies, 

have worldwide experience in the development and operation of oil and gas resources. 

1.1 BACKGROUND AND OBJECTIVES 

Western Australia has massive undeveloped gas reserves remotely located at deep-

water offshore sites such as Gorgon, Tidepole, Brecknock and West Tryal Rocks. 

However, at this time the State only has need for small incremental gas supplies 

above those provided by the Woodside North Rankin 'A' Platform. 

The objective of this proposal is to develop the small gas reserves discovered near 

the Harriet oil field. This would fulfill the State's need for incremental gas supplies 

over the next decade. If these small gas reserves were left undeveloped beyond the 

operating life of the Harriet oil field, the cost to operate, and hence the cost to the 

consumer, would be higher than that possible if the reserves were developed in 

conjunction with Harriet oil field. 	Gas currently being flared from oil production 

would be utilised if the project were to proceed. 

This project could commence gas production within 17 months from the date of 

Ministerial approval. The proposed schedule is shown on Figure 2. 

1.2 PROPOSED AND EXISTING FACILITIES 

The following table outlines the proposed and existing infrastructure and facilities 

associated with the Harriet Gas Project. 
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TABLE 1 

EXISTING AND PROPOSED FACILITIES 

HARRIET GAS PROJECT 

ITEM EXISTING PROPOSED 

Offshore 
Platforms 4 2 
Pipelines 32km 134km 
Wells 12 5 

Varanus Island 
Tankage 750.000 bbl none 
Accommodation 84 none 
Gas processing* none 60 TJ/day 
Gas compression none 3MW 
Wells i none 

Mainland 
Pipeline none 30km 
Metering and Control System none yes 

* 	Facilities on Varanus Island for gas processing as part of an LPG Project have 
already been approved by the EPA. 

1.3 THE PROPONENT 

The Proponents for the Harriet Gas Project are a joint venture consisting of: 

Hadson Australia Development Pty Ltd 

Phillips Australian Oil Company 

Phillips Petroleum International Australia Pty Ltd 

Petro Energy Ltd 

Kufpec Australia Pty Ltd 

Hardy Petroleum Ltd 

Marubeni Oil Australia Pty Ltd 

Swedish Exploration Consortium AB 

New World Oil and Development Pty Ltd 
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The Operator of the joint venture, and nominated Proponent, is Hadson Australia 

Development Pty Ltd which has its registered office at: 

35 Ventnor Avenue 

WEST PERTH WA 6005 

1.4 THE PURPOSE OF THE CONSULTATIVE ENVIRONMENTAL REVIEW 

The Environmental Impact Assessment (EIA) procedure is a formalised process designed 

to provide information to the Environmental Protection Authority (EPA) and the 

public. The EIA examines proposed developments and their potential environmental 

effects pursuant to the requirements of the Environmental Protection Act 1986 of 

Western Australia. The procedures formalise the review process and the enforcement 

of management commitments made by the proponent, and are illustrated 

diagrammatically on Figure 3. 

The EPA has advised that this project will be assessed as a Consultative 

Environmental Review (CER), the lowest level of formal assessment. 	A copy of the 

final guidelines issued by the EPA for the preparation of this CER are attached as 

Appendix A. 

1.5 OTHER LEGISLATIVE CONSIDERATIONS 

Apart from environmental impact assessment, this proposal must satisfy other 

requirements and licensing from a variety of regulatory authorities. 

The Harriet Gas Project lies upon lands and in waters controlled by, or subject to, 

the laws of the State of Western Australia. 

The development will be facilitated under two State Acts: 

Petroleum (Submerged Lands) Act 1982 

Petroleum Pipelines Act 1969 
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The requirements of the following other Acts will also need to be adhered to where 

applicable: 

Environmental Protection Act 1986 

Conservation and Land Management Act 1984 

Land Act 1933 

Maritime Archaeology Act 1973 

Fisheries Act 1905 

Soil and Land Conservation Act 1945 

Bush Fires Act 1954 

Agriculture and Related Resources Protection Act 1976 

Wildlife Conservation Act 1950 

Aboriginal Heritage Act 1972 

Licensed Surveyors Act 1909 

Prevention of Pollution of Waters by Oil Act 1960 

1.6 THE STUDY TEAM 

The following organisations contributed to the text of this report: 

Hadson Energy Limited - project details 

Dames & Moore - terrestrial studies and report preparation 

LeProvost Environmental Consultants - offshore and island resources 

Riedel & Byrne - nearshore and mangal dynamics 

Associated Surveys - offshore hydrography and geomorphology 

Dinara Pty Ltd - review 
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2.0 NEED FOR THE PROPOSAL 

The Harriet Gas Project would satisfy the State's growing gas needs in excess of 

existing commitments for the next decade and would provide an alternative source of 

supply to the existing North West Shelf operations. Other benefits arising from the 

proposed project are outlined below. 

2.1 LOCAL BENEFITS 

There would be 	peripheral 	activities associated with construction and with movement 
of 	materials and 	personnel 	to 	and from 	the 	worksite. 	These would 	provide 
employment and some investment in the 	local area. 	Some examples are: 

unloading, storage and road transport of pipeline material from a port such as 

Dampier or Port Hedland to the onshore work area south of the Fortescue River; 

the possibility of manufacture of large quantities of concrete weights or weight 

coating for the pipe in a location such as Onslow or Karratha; 

crane hire and wharf labour; 

survey activities for the onshore and offshore sections of the pipeline; 

employment of boats and crews from the Dampier area; 

accommodation and services for construction personnel. 

However, the local benefits would be limited due to the nature of most of the 

construction work, which would involve large barges and drilling equipment mobilised 

from distant centres and generally crewed by labour from outside the local area. The 

gas treatment facilities would be largely completed in skid form and transported to 

the site using roll -on/roll -off methods. 
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2.2 STATE BENEFITS 

The Harriet Gas Project offers the following benefits to the State: 

sufficient gas for SECWA to commit to the first stage of a combined-cycle 

power Station north of Perth. 	The combined gas reserve is conservatively 

estimated as sufficient to fuel a 300MW gas-turbine station for a period of at 

least 12 years; 

increased flexibility in power planning options (i.e. SECWA would be assured of 

adequate gas supplies to provide a viable alternative to coal); 

an alternative source of gas in the offshore North West Shelf to provide a 

competitive environment for future gas price negotiation and additional security 

of supply; 

the potential for gas conversion (to minerals upgrading, chemicals from natural 

gas and liquid fuels) and value-added projects in the North West due to the 

probable lower development cost of further shallow-water or onshore gas 

discoveries in the Barrow Sub-basin; 

utilisation of a resource that would otherwise be lost through flaring (i.e. the 

associated gas at Harriet oil field); 

utilisation of the small gas accumulations at Campbell, Sinbad, Bambra and 

Rosette that may otherwise not be economically extracted due to the long 

distance to existing pipeline infrastructure. The operation costs are largely 

covered by the existing Harriet oil field operation; 

establishment of an infrastructure to encourage additional exploration for oil and 

gas without the risk to explorers of not being able to dispose of solution gas 

from oilfields or to market gas from gasfields; 

engineering, manufacturing and construction activities with a combined value of 

some $100 million, a high proportion of which will be expended in Western 

Australia; 

royalty payments projected to exceed $50 million on the value of the gas 

produced, payable to the State Government. 
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2.3 NATIONAL BENEFITS 

Nationally, there would be benefits from the Harriet Gas Project through the potential 

for Australian companies to supply materials and equipment and the payment of 

payroll and company taxes. Additionally, the Harriet Gas Project would aid in the 

achievement of self-sufficiency in the production of natural and LPG gas. Australia 

would have greater security of supply and a more stable market through the reduced 

need for importing energy requirements. 

The pipeline infrastructure will be available for the transmission of natural and 

solution gas from future developments of petroleum fields in nearby Commonwealth 

waters, resulting in payment of additional taxes such as Resource Rental Tax. 
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3.0 EVALUATION OF ALTERNATIVES 

The development plan detailed in Section 4.0 is the smallest in scale and least 

obtrusive of the limited alternatives available. 

3.1 THE "NO PROJECT" OPTION 

The benefits associated with the Harriet Gas Project, as outlined in Section 2.0, would 

be foregone should the project not proceed. The most significant of these are: 

A currently unutilised resource would remain unused and royalty revenues would 

be lost; 

The loss of opportunity to diversify natural gas sources; 

The lack of provision for flexible future energy options for power generation; 

Utilisation of a resource that would otherwise be lost through flaring (i.e. the 

associated gas at Harriet oil field). 

Although the proposed project's environmental impacts are minor, they would be 

avoided if the project were not implemented. 

3.2 IN-FIELD FACILITIES 

The pipelines gathering gas from the Campbell, Sinbad and Bambra fields will run from 

the new platforms 	at 	these 	locations to Varanus Island, as 	shown on Figure 4 and 

described in 	Section 	4.6.3. 	Subsea wells 	are the 	only 	alternative 	to 	platforms. 

However, these are more difficult to maintain and have a greater risk of hydrocarbon 

spillages. There 	is 	no 	economically feasible 	alternative to 	the 	gathering 	pipeline 

routes as these currently follow the most direct route to Varanus Island. 



3.3 VARANUS ISLAND FACILITIES 

The general layout of Varanus Island facilities is similar to that proposed to and 

approved by the EPA for an LPG project which was not subsequently implemented 

(Bond Corporation Pty Ltd, 1987). The current proposal, incorporating these approved 

facilities, is shown on Figure 5. There are no practical alternatives to the proposed 

layout as the Proponent is constrained by the existing lease boundaries on Varanus 

Island and the existing operational layout. The gas processing plant could be located 

on an offshore island other than Varanus Island but that would be a less desirable 

option from an economic, environmental and operational stand point. Processing and 

other facilities could not be located on the Harriet 'A' platform due to space 

limitation.s and operational and safety constraints. 

3.4 GAS TRANSMISSION PIPELINE 

3.4.1 	Pipeline Route Options 

For the main pipeline between Varanus Island and SECWA's pipeline the following 

five route options were considered. The beginning of each route is a point on the 

existing dredged trench from Varanus Island, and the end point corresponds to one of 

the Main Line Valves (MLV) on the SECWA pipeline. These five route options are 

shown on Figure 6. 

Option 1 - From Varanus Island in a straight line almost due east to the coast 

just north of the Maitland River, then crossing saline flats to the southern 

corner of the road enclosing the Dampier Salt evaporators, then following the 

route of the existing disused water pipeline to MLV 7 near Cajuput Well. 

Option 2 - From Varanus Island to a point near the coast midway between North 

East Regnard Island and South West Reef, then in a direct line to MLV 8, 

passing along the centre of Yanyare River for the first 2km. MLV 8 is adjacent 

of the North West Coastal Highway and is 3km east-northeast of Slopers Well. 

Option 3 - From Varanus Island east-southeast to the coast at a point south of 

Cape Preston, deviating around Fortescue Island and Potter Island to cross the 

coast near James Point, then in a direct line to MLV 9 which is adjacent to the 

Highway near McKay Creek. 



Option 4 - From Varanus Island in a direct line to MLV 10 which is on the 

northern side of the Fortescue River at the crossing of the North West Coastal 

Highway. 

Option 5 - From Varanus Island to a point midway between Passage and Angle 

Islands, deviating around the north side of Meda Reef, then in a direct line to 

MLV 11 at the first compressor station on the SECWA pipeline. This is the 

selected option. 

A further option, combining options 4 and 5, was considered as a means of avoiding 

the active zone of the prawn fishery near the Passage Islands. The offshore 

environmental survey included sufficient observations to the north of Sholl Island to 

justify the route (Appendix B). However, no onshore survey has been made for the 

section from Mount Salt, along the old North West Coastal Highway to join the line 

of route option S. 	Further consideration of this route has been deferred until 

discussions with the prawn fishing industry have been completed, including an 

examination of factors affecting operation of trawling vessels near the gas pipeline. 

The route via the Port of Dampier was not considered due to the potential for anchor 

damage or, alternatively, the need to trench the pipeline deeply in the hard rocky 

seabed. 

3.4.2 	Justification of the Preferred Option 

A combination of operational, economic and environmental factors were considered in 

selecting the route to SECWA's Compressor Station No. 	1 (MLV 	11) via Passage Island 

(Option 	5). 	This option is also 	supported by SECWA as being the most acceptable. 

From an operational point of view, the safest point of connection to the SECWA 

pipeline is at an existing compressor station where utilities and other support 

facilities required for the metering station already exist. 	Personnel will regularly 

visit the compressor station to attend to inspection and calibration of the metering 

system, which will include complex analytical equipment as well as systems for control 

and measurement of gas flow. 
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The preferred option also allows the centralisation and rationalisation of facilities 

with a concommitant decrease in environmental disturbance. An airstrip exists at the 

SECWA Compressor Station No. 1, allowing fast access to the metering system both 

under normal and emergency conditions. It is noteworthy that the terrestrial section 

of all the options occur in flood-prone areas, although the selected option is the least 

affected. 

The main valve stations along the pipeline are not the preferred tie-in points because 

whilst they are provided with telemetry systems and access roads, the level of 

support facilities is very limited. 

The operating pressure of the SECWA pipeline decreases with distance from Dampier. 

Therefore, a tie-in at MLV 7 would require a higher gas delivery pressure than at 

MLV 8, and so on. The lowest delivery pressure is at the Suction side of SECWA 

Compressor Station No. 1. 	The ultimate capacity of the Varanus gas transmission 

pipeline would be limited by the pressure capacity at the Varanus Island end. 

Therefore, an increase in delivery pressure would result in a decrease in usable 

pipeline capacity due to the overall increase in operation pressure of the line. 

Delivery at the relatively low pressure at Compressor Station No. 1 would also have 

the benefit of reduced investment in compression facilities on Varanus Island and 

hence reduced fuel consumption. 	It also would provide a convenient tie-in point 

since a tee with a valve can be included with the emergency by-pass line when it is 

installed for the Compressor Station No. 1. This would delete any hot-tap 

requirements when the new pipeline from Varanus Island is installed. 

Hot-tapping into the SECWA pipeline, although technically possible, is not a 

preferred option. Hot tapping involves welding an assembly onto the operating gas 

line and activating a mechanism which Cuts through the pipe wall with the pipe in 

service. Due to the higher risks, significant precautions must be taken during the 

burial, welding and reburial of the host pipeline to avoid damage or rupture. Further, 

if a tie-in were made away from an existing mainline valve, a new access road would 

be required. 

A further advantage to SECWA of the delivery 	point being at Compressor Station No. 

1, 	rather 	than 	at 	some 	point further north, 	is 	the reduction 	in 	the 	length 	of 	their 

pipeline which would require looping in 	the 	future to 	increase capacity. 
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The Option 1 route to MLV 7 was not selected because the length of the line is 

greater, particularly for the offshore section. This greater length would result in 

increased capital costs and potentially more significant environmental impact from the 

construction and access across Regnard Bay, noted on the hydrographic charts as 

being very shoaly. The onshore section is quite level but numerous creek crossings 

would be involved in the final section. 

The Option 2 MLV 8 route also 	requires a longer offshore component and involves 

crossing 	very 	shoaly areas near 	the 	coast. The 	inshore 	section 	is relatively 

unsheltered. Although the onshore 	section is 	apparently 	quite 	flat, 	the first 	2km 

would need to follow Yanyare River to avoid creek crossings. 	This option would be 

more costly than the Passage Island preferred route but appears 	to be little different 

from an environmental point of view. 

The Option 3 MLV 9 route appears straightforward in the offshore section, which is 

the same length as that of the preferred Passage Island route, but the onshore section 

crosses very hilly and rocky terrain which would require extensive blasting and 

excavation. The likelihood of finding significant Aboriginal sites is presumed to be 

higher than in the very flat terrain on the preferred route. 

The Option 4 MLV 	10 route has several disadvantages. 	The reefs near 	Sholl 	Island 

would need to the crossed and the onshore section involves more heavily timbered 

terrain and more floodway crossings than does the preferred option. The proximity to 

Mount 	Nicholson and 	the 	Fortescue 	River would 	probably 	require 	avoidance 	of 

Aboriginal 	sites. The final section would also require crossing the Fortescue River, a 

major river crossing. 

The preferred route (Option 5) has been surveyed for both marine and terrestrial 

habitats and flora, and for Aboriginal sites. The offshore route is mainly across a 

flat sandy seabed devoid of reefs or unusual marine growth. A relatively narrow 

mangrove fringe exists at the coast, the major trees being sufficiently spaced that the 

pipeline can be accommodated without their removal. The entire onshore route is 

very flat and ideal for pipeline construction, requiring no blasting or excavation apart 

from that required for the pipeline trench. The only important Aboriginal area which 

requires preservation is a waterhole. This requires a route deviation of approximately 

20m for protection. 
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In summary, the preferred route offers: 

the simplest construction work and thus the 	least environmental 	impact; 

it 	is 	the 	safest and most desirable connection point to the SECWA pipeline; 

it offers least damage to vegetation and flora; 

only one Aboriginal site 	has 	been 	identified as 	requiring protection; 

there is an absence of unusual reefs and marine growth in the offshore section; 

mangrove areas are limited; 

there are no major drainage crossings; 

the Passage Islands protect and 	stabilise the 	shoreline. 



4.0 DESCRIPTION OF THE PROJECT 

4.1 INTRODUCTION 

The Harriet oil field, located 8km north east of the Lowendal Islands, has been 

successfully operated since late 1985. 

Oil is produced from 12 wells located at three separate platforms, Harriet 'A', 'B' 

and 'C', and stored in tanks on Varanus Island, the largest island of the Lowendal 

Group. From there it is loaded onto tankers and shipped to domestic and foreign 

refiners. 

Continuing exploration efforts have resulted in the discovery of four small gas fields, 

three located offshore and one drilled from Varanus Island. These fields have been 

named Bambra, Campbell, Sinbad and Rosette. Figure 7 shows the additional 

Production Licence areas required for production from these new fields. 

The gas reserves in any individual field are not enough to underwrite the development 

of the fields, but in combined production concurrently with the Harriet oil field, the 

threshold of commercial viability can be achieved. The gas can be delivered to the 

SECWA Dampier-Wagerup pipeline for transmission and then to domestic and industrial 

use in Western Australia. 

The project involves the following elements: 

gathering gas from the Harriet, Bambra, Sinbad, Campbell and Rosette fields, to 

a common point on Varanus Island; 

processing of gas to SECWA specifications; 

transmission of gas by pipeline from Varanus Island to the Dampier-Wagerup 

Pipeline on the mainland. The pipeline is likely to be buried in the onshore 

section and be mostly laid on the seabed surface in the offshore section. 
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4.2 GATHERING FACILITIES 

	

4.2.1 	Platforms 

Three small offshore platforms are required for the Bambra, Campbell and Sinbad 

fields. These will be similar in design to the Harriet 'B' and 'C' platforms. Figure 8 

shows the substructure of the Bambra platform. This is typical of the design for all 

the platforms. The platforms will be unmanned and serviced daily by personnel based 

on Varanus Island who will commute by helicopter. 

	

4.2.2 	Wells 

Typically three wells will be drilled at each platform location. The weliheads will be 

located above water within the framework of, and supported by, the platform. 

	

4.2.3 	Gathering Pipelines 

Product from each platform will be gathered in a pipeline system of 65km in total 

length, as shown on Figure 4 and described in Section 4.6.3. 

4.3 VARANUS ISLAND FACILITIES 

A portion of Varanus Island has been occupied since 1985 to provide storage, 

accommodation and logistic support for the Harriet oil field operations. 

Within the existing boundaries of those facilities on Varanus Island, gas processing 

and gas compression equipment will be installed. The locations are shown on Figure 

5. 

4.4 TRANSMISSION PIPELINE 

After processing on Varanus Island, the gas will be transmitted by pipeline to the 

SECWA Dampier—Wagerup Pipeline located on the mainland, a total distance of some 

100km. 
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The pipeline will traverse various terrains, approximately: 

55km of open ocean 

15km of nearshore shallow waters 

1km of littoral and mangal 	zones 

8km of onshore mudflats 

20km of onshore 	pastoral grasslands 

The pipeline will terminate at SECWA Compressor Station No. 1, located on Mardie 

Station. The gas will be metered and injected into the existing trunkline. 

4.5 METHODS OF CONSTRUCTION 

4.5.1 	Platforms 

The platforms will be prefabricated at existing heavy engineering facilities such as at 

Port Hedland, Geraldton and Perth, and transported by road to a suitable port such as 

Dampier or Geraldton for loading on conventional supply boats. 

The drill rig which drills the production wells will also assemble and install the 

platforms, taking some 4 days to do so in each case. 	Installation will involve the 

drilling of a number of large diameter holes (say im) to a depth of approximately 40m 

for installation of foundation piles. 

4.5.2 	Wells 

The wells will be integral with the platforms and drilled by a jack—up drilling rig. It 

is expected that it will take approximately 30 days to drill each well. 

4.5.3 	Gathering Pipelines 

The gathering pipelines may be installed by: 

laying from a barge: or 

assembly onshore and towing into the desired location. 
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The pipelines may require added weight to resist movement during cyclones. This may 

be in the form of: 

a concrete coating (weight coat) 

lay-over concrete mats (flexmats) 

a rock-bolting type system 

Australia has very limited industrial infrastructure related to offshore pipeline 

construction and the Proponent does not wish to restrict the options in such a way as 

to preclude local companies from effectively bidding and undertaking the work. 

Hence, there is a lack of specific descriptions with respect to the matter of pipeline 

stabilisation. 

The approach to Varanus Island will be along the existing trench which was dredged 

for the oil pipelines. 

4.5.4 	Varanus Island Facilities 

The process equipment and compressor package for Varanus Island will be assembled 

in the Perth metropolitan area. 	It will then be transported by road (in sub- 

components) to Onslow for onward transport by barge to Varanus Island. Once at 

Varanus Island, the components will be further assembled and then commissioned. The 

contractors' personnel will be accommodated within existing facilities on Varanus 

Island. 

4.5.5 	Transmission Pipeline 

The gas transmission pipeline will leave Varanus Island through the same trench as 

the gathering pipelines, then swing south around the Island. The installation of the 

main offshore section of the transmission pipeline will be as described for the 

gathering pipelines. However, in the shallow nearshore areas, a variety of methods 

may be employed. This will be necessary because of the draft limitations, access 

restrictions and environmental sensitivity of the area. The options are: 



- 19 - 

lay from a shallow-draft barge; 

pulling of an offshore-assembled pipe string by a shore-based winch; or 

pulling of an onshore-assembled pipe string by an offshore-based winch. 

The nearshore shallows are technically the most difficult phase of the pipeline route 

and have the potential for construction to inflict the most damage to the 

environment. 	The sensitivity of this area and the proposed management are 

highlighted in Sections 5.4 and 7.1.4. 

In order to traverse the onshore mudflats, a backhoe will dig a trench from the 

shoreline to the inshore limits of the mudflats. This trench will be filled with water, 

and the pipe assembled at the inland end of the trench and floated to the shoreline. 

Once the pipeline is in place and stabilised, the trench will be backfilled, compacted 

and trimmed with a grader. 

Inshore of the mudflats the pipe will be assembled and buried by conventional land 

lay techniques using backhoes, side booms and later trimming with a grader. 

The Proponent's practices for construction, repair and reinstatement of the right-of--

way will follow current best practice, as already exemplified by the WANG, SECWA 

and Harriet pipelines. 

A construction camp facility, at a place to be nominated, will be necessary during the 

construction phase of the mainland section of the transmission line. A workforce 

numbering 20 to 30 will be involved. The duration of construction work onshore is 

expected to be 8 to 12 weeks. 

Disposal of wastes. generated during the mainland construction phase will be to 

approved sites. No toxic wastes will be generated. 

Once the pipeline is installed, it will be hydrostatically tested by filling with water 

and inspecting the pipe's behaviour under high pressure. This will be done prior to 

filling the pipe with gas. The approved means of disposal of test water will depend 

on its condition after testing. Test water for the offshore section of the pipe will 

probably be seawater for the offshore and transition zone sections of the pipeline. 

Test water for the onshore section will be either seawater or freshwater depending on 

the preferred means of disposal. 



The 	addition 	of 	corrosion—inhibiting chemicals to the 	test 	water 	will 	not 	have 	any 

significant long term impact on the environmen due to the biodegradable nature of the 

additives. 	No biocides or 	toxic chemicals will be added to the 	test water. 

4.5.6 	Use of Offshore Island 

Certain offshore islands have survey control points which are based on the Australian 

Map Grid. Radio—ranging systems will have to be placed at these points for accurate 

hydrographic navigation for drilling and pipe laying. 

Access and use of these control points is an ongoing requirement of government, 

industry and military and is restricted to professional surveyors and their staff 

pursuant to the provisions of the Licensed Surveyors Act 1909. 

4.6 DESIGN OF FACILITIES 

4.6.1 	Codes 

The following construction codes will be adhered to: 

Offshore Platforms 	 API RP-2A Planning, Designing and Constructing of 
Fixed Offshore Platforms 

Pipelines 	 AS 2885-1982 Pipelines, Gas and Liquid Petroleum 

Process Piping 	 ANSI B31.3 Petroleum Refinery Piping 
and Equipment 

Pressure Vessels 	 AS 1210-1989 Unfired Pressure Vessels 

4.6.2 	Consultants for Design Criteria 

The following consultants will be responsible for certain components of the work: 

Oceanographic Design Data 	Steedman Science and Engineers 

Geotechnical Design 	 Dames & Moore 

Coastal Engineering 	 Riedel & Byrne 
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4.6.3 	Pipeline Sizes 

The pipeline sizes have been determined bearing in mind Australian Design Standards, 

and are: 

From To Diameter (mm) Length (km) Service 

Campbell Sinbad 300 8.5 untreated gas 
Campbell Sinbad 100 8.5 petroleum liquids 
Sinbad Varanus 300 21 untreated gas 
Sinbad Harriet A 100 15 petroleum liquids 
Bambra Harriet A 150 6 untreated gas 
Bambra Harriet A 75 6 petroleum liquids 
Varanus C.S No. 	1 300 100 SECWA specification gas 
Rosette Gas Plant 100 1 untreated gas 

4.6.4 	Works on Varanus Island 

Gas Processing Plant 

capacity: 60 TJ/day 

product dewpoint: 00C 

product dryness: 48 mg/Nm3  water content 

typical 	analysis: 85% methane 
7% ethane 
4% propane 
4% carbon dioxide 

liquid extraction 90% butane 

design 	life: 20 years 

energy source: process gas 

cooling method: air cooling 

compressor size: 3MW 

inlet 	pressure: 4 Mpa 

outlet 	pressure: 10 Mpa 

noise 	levels: comply 	with 	requirements 	of 	AS1269, 	SAA 
Hearing Conservation Code. 

Other Related Works 

Fence enclosing the Rosette wellhead, local lighting and a small air compressor. 

Flowline and services from the Rosette wellhead to the Gas Processing Plant 

area. 

0 	a separator located in the Gas Processing Plant area. 
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provisions to be made for collection, segregation and treatment of rainwater 

which may be contaminated with spilled oil. 

automatic process control systems, with an alarm system to allow for operator 

intervention when required. 

lighting for night operation to be designed in accordance with existing 

requirements limiting visibility from the beach, to avoid interference with 

phototropic animals. 

safety facilities, including Emergency Shutdown, blowdown relief valves, remote 

and local alarm and shutdown facilities. Fire and gas detection and protection 

systems to be in accordance with the relevant codes, standards and regulations. 

beach and dune crossing re-excavation, construction and reinstatement. 

4.6.5 	Corrosion Control 

Corrosion Coating 

All platforms, pipelines and process equipment items will be painted or have a 

continuous external barrier coating to the standards cited by the governing codes. 

Cathodic Protection 

All platforms and pipelines will be cathodically protected by anode systems designed 

to the requirements of the governing codes. 

Corrosion Inhibitors 

Pipelines transmitting untreated gas containing both carbon dioxide and water will be 

chemically treated with inhibitors. These are absorbed into the oil or water streams 

and will become a part of those streams. 

4.7 CONTINGENCY PROCEDURES 

The following contingency procedures describe examples of potential incidents, 

outcome and reaction in the event of an emergency failure or breakage. 
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4.7.1 	Offshore Platforms 

Potential Incident: 	Impact by vessel 

Probable effect: 	Some damage to the platform, probably extensive damage to 
the vessel. 	If any process piping breaks or ruptures, the 
subsurface safety valve in the wells and the pipeline isolation 
valve will shut. This would prevent backflow of gas to the 
site of incident. Loss of life or major pollution is unlikely. 

Remedy: 	 Repair and reconstruction. 

4.7.2 	Varanus Island Gas Plant 

Potential Incident: 	Accidental ignition of gas 

Probable effect: 	Small local explosion and fire, resulting in initation of the 
fire protection and emergency shutdown systems. This would 
cause the plant to alarm, shut down and exhaust gas to the 
ground flare. 	Major pollution or loss of life is unlikely. 
The overall layout of the facilities on the Island would 
prevent the incident from spreading. 

Remedy: 	 Repair and reconstruction 

4.7.3 	Offshore Pipelines 

Potential Incident: 	Ship or drill rig dragging anchors across a pipeline and 
causing a rupture 

Probable effect: 	On 	an 	industry-associated 	vessel, 	the 	Operator's 
representative on board would initiate action to shut-in and 
depressurise the pipeline. 

For other vessels, if the incident was not reported the 
rupture would be detected by changes in the operating 
pressure and flow characteristics of the pipeline. 

Remedy: 	 If the pipeline was a gathering pipeline containing oil, escape 
of liquid hydrocarbons into the sea would be dealt with by 
the existing management plan for the oil field. 	If a gas 
pipe, there would only be an escape of gas. 

Locate, 	repair, 	hydrotest, 	dewater, 	dehydrate 	and 
recommi ss ion. 
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4.7.4 	Onshore Pipeline 

Potential Incident: 	Third-party interference causing rupture 

Probable effect: 	Explosion, possible loss of life and possible bush fire. 

Remedy: 	 Repair and reconstruct. 

4.7.5 	Normal Precautions 

Safety Zones 	 Declaration of location of offshore facilities pursuant to 
Section 119 of the Petroleum (Submerged Lands) Act 1982. 

Charting 	 Incorporation of facility locations and warnings on marine 
navigation charts, specificially Royal Australian Navy Chart 
AUS 742 and 743. 

Navigation Aids 	Use of high visibility paint systems and navigation lights on 
platforms. 

Marking 	 Marking of right-of-ways as required by the AS 2885 Code 
and Petroleum Pipelines Regulations. 

Procedures 	 Implementation of work safety procedures, including "hot and 
cold work procedures" already in effect for the Harriet oil 
field operation. 

Mooring Manuals 	Incorporation of warnings in the procedures manuals issued 
to tankers using the Ports of Varanus Island and Barrow 
Island. 

Procedures Manuals 	Incorporation of warnings in the procedures manuals issued 
to offshore drilling rigs operating in adjacent seas pursuant 
to the provisions of the Petroleum (Submerged Lands) Act 
1982. 
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4.8 EASEMENT/LEASE CONSIDERATIONS 

All facilities will be placed within: 

Production and Pipeline Licence areas granted pursuant to the Petroleum 

(Submerged Lands) Act 1982; 

lands on Varanus Island already leased and licensed; 

the easement for the SECWA Dampier—Wagerup natural gas pipeline; 

licences and easements granted pursuant to the Petroleum Pipelines Act 1969 

upon the Mardie Station Pastoral Lease and other mainland areas. 

It is likely that the pipeline will be laid on the seabed surface for most of the 

offshore route and buried on the nearshore and onshore section of the transmission 

line. 

4.9 DECOMMISSIONING 

At decommissioning, the works specified by legislation current at that time will be 

undertaken. As the life of the platforms and pipe is 30-50 years, there is no benefit 

to be derived in specifying a preferred option at this stage. 

Restoration requirements for Varanus Island are defined in the Lease Agreement with 

the Department of Conservation and Land Management. 
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5.0 EXISTING ENVIRONMENT 

5.1 CLIMATE 

5.1.1 	General 

The region has an arid-tropical climate controlled by the seasonal movement of sub-

tropical high pressure belts and by summer continental heating. During winter (May 

to October), the climate is controlled by high pressure systems passing across the 

continent from west to east. A winter depression may also carry heavy rains. 

Data are available from Mardie meteorological station established in 1956. These 

data are considered representative of the project area. 

TABLE 2 

METEOROLOGICAL DATA 

MARDIE 

J F M A M J J A S 0 N D 

Mean Daily 
Maximum Temp. (°C) 37.9 37.5 37.4 35.7 31.2 28.0 27.3 29.1 32.2 34.7 36.6 37.8 

Mean Daily 
Minimum Temp. (°C) 24.7 25.0 23.7 20.5 16.5 13.5 11.4 12.1 14.0 16.8 19.7 22.7 

Total Monthly 
Rainfall (mm) 56.5 61.7 56.4 13.8 49.4 40.7 16.1 7.9 1.5 1.3 1.6 8.1 

Relative Humidity 
0900 hours (%) 51 59 56 49 49 35 50 46 37 34 36 41 

Relative Humidity 
1500 hours (%) 42 48 42 33 33 35 32 30 26 29 32 37 
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The most significant feature of the rainfall in the region is the variability in the 

amount received each year. The uneven distribution of monthly rainfall and hence 

total annual rainfall is the result of cyclonic systems, originating mostly in the Timor 

Sea and moving in a west or south west direction parallel to the coastline. Some of 

these storms cross the coast, bringing heavy rains and strong winds inland. 

Mean annual rainfall for Mardie (from 30 years of data) is 315mm. An examination 

of extreme rainfall events (Beard, 1975) shows that most rainfall events occurring in 

the Pilbara are greater than 20mm (over 78% for all years between 1908 and 1967 at 

Onslow). The probability of occasional extreme rainfall events is therefore high and 

must be allowed for in the project design. 

At Mardie, daily maximum temperatures range from 37.90C in January to 27.30C in 

July. The range of average daily minimum temperatures is 25.0°C in February to 

11.40C in July. 

Humidity data indicate that regionally high humidities occur at Mardie due to its 

location near the coast. Monthly averages vary from 59% in February to 26% in 

September. 

Wind patterns are dictated by the seasonal movement of atmospheric pressure systems. 

The migrating high pressure cells are over Central Australia during winter (May- 

August), producing predominantly easterly winds averaging 7.5 - 30 km/hr. 	In 

summer (October-March) the high pressure cells are centred in the southern ocean, 

and produce south-westerly winds of 15 - 30 km/hr. Wind speeds and directions are 

variable in the transitional months. 

Evaporation records are available from Dampier Salt Pty Ltd, located near the Burrup 

Peninsula. Evaporation rates are extremely high during the summer months. Average 

yearly evaporation is 2500mm which exceeds rainfall by almost eight times. Average 

monthly evaporation exceeds average monthly rainfall for each month of the year at 

Dampier Salt. 

Tides near Varanus Island are mixed semi-diurnal (i.e. twice daily high water) with a 

mean spring tidal range of 2.5m. Atmospheric pressure differences, particularly low 

cyclonic pressures, can generate sea level rises of up to im above the normal tidal 
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range. 	Tidal currents generally contribute 90% of water current speed (up to 1.2 

knots) although velocities can be enhanced by baroclinic events. Steedman estimated 

current velocities to rise some 4 knots during the passage of a 1 in 100 year cyclone 

(Bond Corporation Pty Ltd, 1985). 

Some protection from winter wave trains generated by east-southeast to south east 

winds is afforded to the project area as a result of the Passage Islands and other 

island/shoal complexes to the east and south. However, waves of up to 2m can be 

expected for prolonged periods in winter. 

5.1.2 	Cyclonic activity 

Tropical cyclones, occurring mainly between January and March, are an important 

feature of the climate of the Pilbara. 	They occur with a frequency of about 12 

every decade (over 42 years of records), between the latitudes of 170  and 220  which 

are considered to constitute the Pilbara (Beard, 1975). The Bureau of Meteorology 

(1983) records show seven cyclones that caused damage crossed the coastline between 

Onslow and the area near Mandora between 1975 and 1982. Major cyclones having 

wind speeds greater than 100km/hour (50 knots) occur at Onslow at an average 

frequency of 1.3 years. Cyclones do not generally occur between May and October. 

Cyclones form over some of the tropical oceans, mainly within narrow bands between 

latitudes 50  and 200.  Those affecting Western Australia often form in the Arafura 

and Timor Seas but may even develop as far west as the Cocos-Keeling Islands. 

Occasionally a system which has developed as far east as the Coral Sea will cross the 

north of the continent and descend with renewed vigour on Western Australia. A 

number of cyclones also form further westward in the Indian Ocean, but these seldom 

affect Western Australia (Bureau of Meteorology, 1983). 

In the Southern Hemisphere, cyclones develop mainly in the months of January, 

February and March, and to a lesser degree in November, December and April. Only 

rarely do they form outside these months near the continent and no authenticated 

storms have been recorded in June, August or October. They do occur, however, over 

the ocean areas to the west of the continent and, if these are included, only the 

month of June has been cyclone-free. 
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The most significant impact on the pipeline from cyclones would be wave and current 

action generated by winds. Winds caused by cyclones can be very strong. The 

strongest gusts measured on the north-west coast are: 232 kilometres per hour at 

Onslow during a cyclone in February 1963, 246 kilometres per hour also at Onslow 

during "Trixie" on 19 February 1975 and 260 kilometres per hour at Mardie on 19 

February 1975, also during "Trixie". These observations suggest the Mardie region 

may be particularly susceptible to severe cyclonic storms. 

The huge waves generated by cyclone wind fields over the open sea constitute a 

hazard to ships of all sizes. In addition, offshore operations (such as oil drilling) can 

beseverely disrupted and considerable damage may result to structures and equipment. 

There are few accurate recordings of the magnitude of cyclone waves in the 

Australian region. During a tropical cyclone in the 1972-73 season, a wave recorder 

off the north-west coast of Western Australia measured a wave of 7m at a point some 

75km off the cyclone track, and about 4 hours prior to the time of closest approach 

of the centre. The theoretical maximum wave height for that cyclone was estimated 

to be around 18m (Bureau of Meteorology, 1983). 

Because of the extreme winds in the inner regions of a cyclone, very high seas are 

generated. Near the centre of the cyclone, wave trains moving in different directions 

meet, giving rise to the development of very confused and pyramidal seas. Outside 

the actual area of the storm, the wave trains travel away as a swell which gradually 

decreases in height. 

A storm surge is the name given to an abnormal rise in water level which may 

accompany the movement of a tropical cyclone near or over a coast. The rise in 

water level is caused by the combined effects of wind stress on the water surface and 

the reduction in atmospheric pressure. In deep water this latter effect is the most 

significant so that the maximum surge height occurs at the storm centre. As a 

cyclone approaches the coast the combined effects of the reduction in water depth, 

the underwater shape of the coastal basin, the reduction in pressure and the 

frictional stress of the wind on the water surface combine to increase the surge 

height. The height of the surge is superimposed on the normal tidal level so that if 

the surge occurs at a time of high tide, extensive flooding of low-lying coastal areas 

is possible. The large tidal range along the north-west coast has reduced the 

incidence of surge flooding, however, it is a very important consideration when 

designing shoreline structures and assessing the suitability of coastal land for 

development. 
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Observations made from aerial photographs and personal knowledge of the Mardie area 

(H. Butler, pers. comm.) suggest that normal tidal movements fill and empty the tidal 

creeks. The saline flats in the hinterland only flood during storm surges, high tides 

and heavy rainfall events. 

5.2 VARANUS ISLAND 

5.2.1 	Regional Setting, Tenure and Constraints 

Varanus Island, the site of the existing crude oil storage tanks and related facilities 

for the Harriet oil field and the proposed compressor station, is part of the Lowendal 

Islands. These islands were collectively recommended by the EPA for gazettal as a 

'B' Class reserve in 1976. 	Lowendal Islands are currently gazetted as a 'C' Class 

reserve for the Conservation of Flora (C33902) and are vested in the National Parks 

and Nature Conservation Authority (NPNCA). Varanus Island is the largest of the 

Lowendal group, being some 1.3km2  in area and with an elevation of up to 30m. The 

Operator, on behalf of the Proponent, occcupies a section of Varanus Island pursuant 

to a licence granted under the Petroleum Pipelines Act 1969 and a lease from the 

Department of Conservation and Land Management. 

The Lowendal Islands, apart from the portion already in use by the Harriet oil field 

project, are in relatively pristine condition. They contain important habitats for a 

variety of marine biota including seabirds and turtles. 

5.2.2 	Geomorphology, Soils, Surface and Subsurface Hydrology 

The Lowendal group and shallow submarine shelf areas comprise skeletal Pleistocene 

limestone. Ribbons and crescentric dunes of oolitic limestone rest unconformably on 

the basement limestone to produce island highpoints, while Holocene sediments have 

accumulated to form upper shorelines, sand pockets and sheets (LeProvost, Semeniuk & 

Chalmer, 1986). 

The regional topography has been planed by marine erosion to produce islands, stacks, 

nearshore intertidal reefs and shallow—water limestone pavements. The modern 

shorelines of the islands continue to be subjected to erosional processes. 
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The subtidal environment comprises predominantly Pleistocene limestone pavement. 

Cores of this substrate taken near Harriet 'A' platform showed that it formed a hard 

caprock at the surface (Bond Corporation, 1987). In many places the limestone 

pavement is veneered by dynamic sheets and ribbons of sand. These sandy areas, 

which vary in thickness from less than 5cm to over lm, are mobilised and dispersed 

by prevailing sand wave trains, tidal currents and episodic cyclonic events. 	The 

generally coarse sandy sediments are generated by the breakdown of islands and reefs 

and by in Situ biota. 

The major bathymetric features of the island section of the project area comprise the 

following: 

nearshore shallow (<Sm) areas around the Lowendal and Passage Islands; 

a moderate slope (from 5-20m) east of the Lowendals, with gradients between 

1:100 and 1:500; 

a generally flat channel area some 13-16m deep between the Lowendal and 

Passage Island groups; and 

a shallow subtidal area (<5m) with a gentle incline between the Passage Islands 

and adjacent mainland coastline. 

5.2.3 	Vegetation and Flora 

Studies of the vegetation and flora of Varanus Island were undertaken as part of 

previous development on the island (Bond Corporation Pty Ltd, 1985; 1987). Butler 

described the vegetation of the Lowendal Island group and noted that Varanus Island 

recorded the highest number of species. This is to be expected, as there is generally 

a direct relationship between island size and number of species. All species identified 

by Butler appear to be represented widely on the adjacent Barrow and Montebello 

Islands. None is known to be rare and endangered. 

The intertidal and transition zone vegetation of Varanus Island can be summarised as 

follows: 

Sandy beaches are widely distributed throughout the Lowendal groups but none is 

extensive. Two mangrove assemblages (Avicennia marina and Rhizophora stylosa) 

of up to 4m in height occur in restricted areas on the Lowendal Islands. 
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Intertidal rocky shorelines, limestone pavement and areas with a raised beach 

platform occur at Varanus Island. These habitats are colonised by a variety of 

brown and green algae and include calcareous species (Appendix B). 

Vegetation of the terrestrial section of the island consists of: 

bare coastal limestone 

beach dunes stabilised with spinifex (Spinifex longifolius) 

Ptilotus exaltus, Sarcostemma australe and Salsola kali cover the centre area of 

the island at approximately 80% canopy cover. 

The previously approved site for the gas processing plant has been cleared of 

vegetation. 

5.2.4 	Fauna 

The fauna of the intertidal sandy beaches includes polychaetes, bivalve molluscs, 

amphipods and ghost crabs. Both waders and seabirds utilise these beaches. 

Groups of rock oysters (Saccostrea) are common at mid-tidal areas on intertidal rocky 

shorelines and beachform platforms, accompanied by a cryptic community comprising 

rock-boring mussels, whelks, crabs and barnacles. A wider range of fauna occurs 

below the mid-tidal level including sponges, anenomes, soft and hard corals, tube 

worms, limpets, chitons, crabs, gastropods and bivalve molluscs and starfish (Appendix 

B). 

The 	sand 	sheets 	of the 	intertidal limestone 	pavement 	are 	colonised by 	a 	fauna 

(polychaetes, 	molluscs, crustaceans) that 	is 	less 	diverse 	than 	that found on the bare 

pavement. 	The fauna of 	this 	latter habitat 	includes both hard and 	soft corals. 

The fauna of the terrestrial section of Varanus Island has been documented by Dunlop 

and Atkinson and by Butler in the Notice of Intent for the Harriet oil field 

Development (Bond Corporation Pty Ltd, 1985). The following descriptions are taken 

from the results of these studies. 
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Wedge-tailed Shearwaters were noted as breeding on the island. Most sandy regions on 

the island, particularly near Salsola and Sarcostemma shrubs, have extensive deep 

burrows. The birds remain in the burrows in the day and feed at sea during the 

night. 	Ospreys also breed at the island. 	Several species of wading birds were 

observed along the beach zones. 

Turtle tracks were observed on all beaches of the island and Green Turtles were 

observed mating in the nearshore shallows. It is also known that Hawksbill and 

Loggerhead Turtles inhabit the island. Several other species of reptiles not exclusive 

to Varanus Island were also found. 

One mammal of particular note found during previous surveys was the Dugong (Dugong 

dugon). A half grown Dugong and very small young were in the waters around 

Varanus Island, as were Cowfish (Tursiops) with one-third grown young. 

5.2.5 	Heritage Values 

No known heritage values are associated with Varanus Island. 

5.2.6 	Existing and Proposed Human Use 

Apart from the Harriet oil field development, human activity on Varanus Island is 

restricted to the occasional camper on the area of the island not leased by the 

Proponent. 

5.3 OFFSHORE ENVIRONMENT 

Surveys of the offshore area of the pipeline route were carried Out in June 1990 and 

the results are summarised in the following sections. The full report is contained in 

Appendix B (LeProvost Environmental Consultants, 1990). 
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5.3.1 	Regional Setting, Tenure and Constraints 

The offshore section of the project is set within the warmer waters of the Indian 

Ocean between Onslow and Dampier. 	The seabed is generally flat with gently 

undulating sands or bare rocky sea floor. Two small areas of coral reef occur in the 

offshore project area. Oil and gas production is a notable activity in this section of 

offshore coastline. The waters are "internal" (not Commonwealth) waters of Western 

Australia. 	In 1984 the Department of Conservation and Environment released a 

bulletin to define zones of protection (DCE, 1984) for the purposes of petroleum 

production. 

The Passage Island Group is also located on the offshore transmission route. These 

form part of the Mary Anne to Regnard group of islands which are currently 'B' Class 

Nature Reserves vested in the NPNCA. However, none of these islands will be 

directly impacted by the Harriet Gas Project. Discussions will therefore concentrate 

on the nearshore and offshore areas around the islands. 

The gathering lines and offshore gas transmission line are all within these delineated 

areas as shown on Figure 9. 	Part of the project is within the Port of Varanus 

operated by the Proponent. The only other constraint to the project is the prawn 

fishery and trawling which operate in the area. These are discussed in Section 5.3.5. 

Based on criteria such as habitats with relatively high productivity or supporting 

breeding requirements of protected or unusual species, the following have been 

identified as important areas within the project marine setting (LeProvost, Semeniuk & 

Chalmer, 1986): 

sandy beaches (turtle nesting grounds) and mangrove stands; 

mangrove stands on offshore islands; 

limestone reefs; and 

areas containing seagrass patches (food for dugongs) and the subtidal pavements 

and accompanying sand sheets where macroalgal. or coral cover is dense. 
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5.3.2 	Geology, Geomorphology and Bathymetry of the Seabed 

Water depths due south of the Lowendals rarely exceed lôm, although depths greater 

than 20m do occur 	less than 	5km 	to 	the 	east 	and 	south 	east 	of Varanus 	Island 

(Appendix 	B). Examination 	of 	selected 	transect 	lines, 	recording 	of 	the 	bathymetric 

profile, 	inspection of 	the substrate 	and 	bounce 	dives 	at 	various locations 	were 

undertaken as part 	of the survey methodology (Figure 	10). 

Inspection showed that the following substrates occurred along the seabed of the 

offshore pipeline route: 

Nearshore Zone East of Varanus Island 

A limestone pavement covered with a veneer of coarse, white, calcareous sands 

or bare and colonised with algae and occasional whip-corals occurred mainly in 

the nearshore zone east of Varanus Island. Parallel, low limestone ridges trend 

in a north-south direction adjacent to Jackson Rocks. 

A raised limestone pavement with coarse sand or algae, and scattered small to 

medium size corals and coral bommies in the north eastern part of this section 

of the offshore project area. 

Campbell to Sinbad 

The bathymetric profile of the seabed indicates the presence of a series of high 

ridges comprised of sand waves up to 7m high. Rock was encountered only on one 

ridge to the south of the Sinbad well. The rock formed a small cliff and appeared to 

be sandstone. 

Bambra to Harriet 'A' 

The bathymetric profile of this area indicates that the surface is undulating with 

gentle sandy rises of up to 2-3m in height. 

Varanus Island to the Mainland 

The bathymetric profiles surveyed between Varanus Island and the mainland shows the 

substrate to be mainly flat. Inspections of the seafloor indicate that the substrate in 

the deeper waters along the route is a low and flat limestone pavement with a 

coarse sandy veneer. 
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Closer to the shore, the substrate is primarily rippled sand. Between the Passage 

Islands and the coast, the sediments become finer grained, unrippled and burrow-

pocked. The seabed in the shallow subtidal environment adjacent to the coast 

comprised medium to coarse-grained rippled sand. 

Shallow Water Environment around the Passage Islands 

Sandy beaches occur around most of the islands inspected. 	None of these is 

extensive, with some beaches comprising only a sandy veneer covering limestone or 

beachrock which may periodically be exposed. A long sand shoal south of Passage 

Island is exposed at low spring tide. 

Rocky shores and areas with beachrock platforms occur at Long Island, Angle Island 

and Passage Island. Much of the intertidal zone comprises a limestone pavement 

covered with mobile sand veneers and colonised by brown and green algae, including 

calcareous species. 

Subtidal limestone pavement, with raised limestone ledges in places, occurs near the 

Passage Islands. An inspection of the seafloor showed that the substrate was 

composed of limestone pavement colonised by algae and various corals. Most of this 

habitat was covered with a thin layer of silty sands (Appendix B). 

5.3.3 	Biotic Characteristics 

The biota of the offshore area was inspected using a video camera mounted on a 

remotely operated vehicle (ROy), bounce dives and underwater transects (Appendix B). 

Age-dating of coral gravels indicates that coral accumulation in the region is slow, 

and frequently interrupted by widespread catastrophic events such as cyclones and 

shifting sand sheets (LeProvost, Semeriiuk & Chalmer, 1986). As a result there is 

little build-up of substantial coral structures in the project area (Appendix B). 

The following provides an outline of the features of the flora and fauna encountered 

along the offshore pipeline route: 

'I 
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Nearshore Zone East of Varanus Island 

A habitat distribution map is shown on Figure 11. Transect surveys found that, apart 

from a small reef at Jackson's Rock, the substrate in this area consisted of three 

habitats: 	a limestone pavement (with or without a covering of coarse calcareous 

sands), and a raised limestone platform with a relief of up to im in height. The 

latter occurs mainly in the north east portion of the nearshore zone, and is 

associated with the presence of several genera of coral including Acropora, 

Turbinaria, Porite and Faviidae (Appendix B). The condition of these potential reef—

forming corals appeared healthy and coral cover was reasonably high. In other areas 

where isolated coral colonies were present, they were generally small and scattered, 

except in some locations where an occasional Porite bommy attained a height of 2-3m 

(Appendix B). 

The other common biotic habitat in this section of the pipeline route was a patchy 

cover of algae which occurred mainly on the bare limestone pavement. The principal 

genera present were Sargassum, Halimeda, Padina, Dictyota, Dictyopteris and 

Cystophora. 

Campbell to Sinbad 

The seabed in this section of the pipeline was relatively devoid of epibiota. A school 

of trevally was the main biota recorded, in addition to a few benthic fish common to 

low reef and rubble environments. No coral was observed on the sandstone formation. 

Bambra to Harriet 'A' 

Inspections of the sandy rises in this section showed that they were largely devoid of 

surface biota. 

Varanus Island to the Mainland 

Inspections of the sea floor indicated that the limestone pavement in the deeper water 

supports scattered sponges, algae, whip and soft corals as well as occasional hard 

corals (mostly Turbinaria sp.). Closer to the shore the substrate is devoid of epibiota. 



Shallow Water Environment around the Passage Islands 

The biota of the sandy substrates around the islands consists largely of a benthic 

fauna such as polychaetes and bivalve molluscs. Ghost crabs (Ocypodidae), turtles, 

wading birds and seabirds were observed on some of the beaches. Figure 12 shows 

habitats of the area near the Passage Islands. 

The biota of the intertidal rocky shores, and beachrock platform and adjacent shallow 

subtidal areas included algae such as Sargassum, Dictyota, Cystosierra, calcareous 

species, Hydroclathrus, Cladophora, Codium, Halimeda, Padina and Caulerpa. Small 

areas containing seagrass Thallasia and Halophila spp. were also observed. 	Fauna 

observed in this area included: 

Porifera - sponges 

Cnidaria 	anemones, soft corals, hermatypic corals (e.g. Porite, Turbinaria, 

Faviidae) 

Polychaetes - tube worms 

Crustaceans - hermit crabs, spider crabs and barnacles 

Molluscs - cerithiids, Morula margaritacola, trochus, giant clams, volutes, conch 

and razor shells and octopi 

Echinoderms - starfish and holothurians 

Chondrichthians - blue—spotted rays 

Reptilians - green turtle (Chelonia mydas) 

Dugongs, dolphins and whales could also be expected to inhabit this area, although 

none was observed during the survey. 

The biota of the flat areas of the intertidal pavement was less diverse, which can be 

related to the lack of habitat niches such as depressions. The main elements of this 

	

biota are algae (Sargassum, Padina, Dictyota, Hydroclathrus, Caulerpa and Codium), 	 - 

giant clams, soft coral and some hard corals. 
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The subtidal limestone pavement further offshore from the islands is colonised mainly 

by algae and corals. There is substantial coral damage, with large quantities of dead 

broken or overturned corals throughout the subtidal habitat of the Passage Islands. 

The main surviving corals observed in this habitat were the massive and encrusting 

varieties, although there was some evidence of regrowth of branching corals in some 

areas. The main coral genera observed included Galaxia, Porites, Turbinaria, 

Lobophyllia, Faviidae, Platygyra, Fungiidae, Pectinidae and Montipora. 

5.3.4 	Heritage Values 

Three historic shipwrecks lie to the north and west of the project area (off Barrow 

Island and the Montebellos). Up to four other vessels are known to have disappeared 

in the project region during the early part of this century. 	No indications of the 

wrecks, or artefacts, have been discovered during surveys of the proposed gas pipeline 

routes. However, personnel involved with laying the proposed pipeline will be 

informed of the provisions of the Western Australian Maritime Archaeology Act 1973 

and the discovery of any shipwreck will be reported to the Maritime Archaeology 

Department of the Western Australian Museum. 

5.3.5 	Existing and Proposed Human Use 

Apart from the Harriet oil field development, human activity in the marine section of 

the Harriet Gas Project areas is restricted to commercial fishing, in particular prawn 

trawling. Recreational fishing activities are minimal owing to the isolated nature of 

the adjacent mainland coastline and the distance and exposed nature of the waters 

between this coastline and the Lowendal Islands. 

A commercial sea-trout fishery occurs in the nearshore area close to the coastline 

(Department of Fisheries, pers. comm). 

The project area is part of the Onslow Prawn Fishery grounds utilised by licensed 

commercial vessels that operate from Dampier and Onslow. 	It falls within the 

Fisheries Licence Area 3 (Figure 13), with 32 vessels licensed to trawl within this 

zone. Also marked on Figure 13 is WAFIC's preferred fishing area, centred around 

the nearshore shallows of the Passage Islands. 



The north-west prawn fishery is a restricted-entry fishery which operates from 2 

April to 5 November each year, with night-time trawling operations targeted mainly 

for western king prawns and tiger prawns. 	Other species, such as coral and 

endeavour prawns, form a valuable by-catch, while banana prawns are targeted during 

their spawning aggregations in August and September. 	Banana prawns are a surface 

swarming species and are therefore normally caught midwater rather than being 

bottom-trawled (Dr James Andrews, Department of Fisheries, pers. comm.). 

Smaller vessels utilise the grounds in the shallow waters between the Passage Island 

chain and the mainland, while larger vessels utilise areas near Meda Reef. The 

fishing boats use conventional beam-mounted trawis and occasionally a skid-mounted 

net which skims the seabed. 

The actual trawled areas are not fixed; the boats tend to move around in a "rotational 

harvest" system which is determined by informal agreement and co-operation of the 

skipper of each boat. This ensures that some areas are not consistently fished, 

although it is understood that some skippers have "favourite spots" (WAFIC, pers. 

comm). 

Preliminary data from the Fisheries Department indicate that the value of the catch 

from Areas 2 and 3 (estimated from figures supplied by Dr James Andrews of the 

Department of Fisheries) in 1989 was as follows: 

Banana prawns 

Tiger prawns 

King prawns 

Endeavour prawns 

47,250 kg @ $6-8/kg 

9,000 kg @ $16-18/kg 

19,000 kg @ $9-12/kg 

8,500 kg @ $6-8/kg 

TOTAL 

$283,500 -378,000 

$144,000- 162,000 

$171,000- 228,000 

$51,000- 68,000 

$649,500 -836,000 
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5.4 TRANSITION ZONE 

	

5.4.1 	Regional Setting, Tenure and Constraints 

The transitional zone forms part of a mangrove belt and associated tidal flats which 

begins north of the 26th parallel. The Harriet Gas Project area is part of the Zone 2 

(Dry Tropical) biogeographical zone (Bridgewater, 1985). The complexity of vegetation 

pattern increases in a northerly direction, as a consequence of a greater species 

richness. The mainland from 40m inland of the high water mark is part of Mardie 

Pastoral Lease. Below this (i.e. the intertidal zone and below 40m), the area is Crown 

land. There are no specific legislative or tenure constraints to the construction of 

the pipeline in the transition zone. 

	

5.4.2 	Geology, Geomorphology, Soils, Surface and Subsurface Hydrology 

Regionally, the coast is fringed by tidal and salt flats, mangrove swamps, sand shoals 

and sand dunes. The coastal fringe consists of salt flats, tidal swamps and coastal 

sand dunes, the chief soils of which are saline barns with shelby sands. There are 

also small areas of calcareous earths and shallow barns are associated with mans. 

Examination of the soils of the interzone section of the project area was undertaken 

as part of field studies for the project. 

The mud of the 	offshore 	area 	seaward of the mangal was not examined in 	detail, 

except by helicopter at about 200m altitude and by a brief excursion at low tide. 	It 

appeared to be entirely mud, with no evidence of surface rock. 	There was evidence 

of drainage channels 	from 	the 	creeks, 	but no evidence of long—shore 	scouring. 	No 

larger 	plants were seen, and there was no evidence of algal growth. 	Mud depth by 

probing was in excess of 3m. 
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Examination of aerial photographs taken in 1957, 1970 and 19901  shows the offshore 

mudflats to be extremely stable. There is no measurable change visible in the 

location, alignment or aerial extent of the mangroves or salt flats in the 33 year span 

between the photographs (Riedel & Byrne, 1990). This would indicate a relatively 

stable coastline not subject to long-term net erosion or accretion. There has been 

some meandering of the submarine flow channels of the tidal creeks but this is minor 

and localised. Every indication is that the mudflats are very stable but that cyclonic 

rains which fall on the hinterland drain off the mudflats quickly and the tidal creeks 

therefore carry a high sediment load. This sediment is deposited haphazardly near the 

creek entrances and causes the flow channels to waver from side to side. 

The mangal was examined on foot. All the "soil" consisted of mid-brown to grey-

brown waterlogged mud. There was no discernible variations in grain size; all would 

be classified as heavy clay. The water "table" at the low tide was at or less than 

10cm below the mud surface in the lower areas. 

Again, according to examination of the aerial photographs, the mangal zone is very 

stable. Many individual mangrove trees, both large and small, could be recognised on 

photographs up to 33 years apart. 

Immediately inland from the mangal was a salt marsh. The salt marsh area dominated 

by "samphire" species was very similar to the mangrove zone. 	The muds were a little 

more variable in colour, but this was mostly due to the degree of waterlogging. 	The 

texture 	was 	all 	heavy clay. On 	the 	slight 	topographic 	highs (10-20cm), 	a 	surface 

crust 	of 	slightly 	harder mud and a coating of salt crystals was common. 

Behind the salt marsh stretched a largely featureless salt flat colonised by algae. 

Soils across this flat varied with distance from the coast. Soils nearer the coast were 

of marine origin, with a clay texture and had no pebbles but had shell fragments and 

crab claws embedded to a depth of 70cm (the limit of investigations). No gypsum 

layers were present. In soils of terrestrial origin, pebbles were present to a varying 

extent, increasing in proportion to the distance from the coastline. There was a 

complete absence of marine material further from the sea but algal mats occurred 

1 	Yarraloola Run 4 No. 5378 6 September 1957 
Yarraloola Run 4 No. 5207 20 August 1970 
Lowendal Island Pipeline Survey - Onshore Run 1, 1:30,000 2 June 1990 
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extensively in the areas closer to the main part of the coast. 	These gradually 

disappeared when soils became barns rather than clays. Gypsum crystals are present 

in a layer, gradually disappearing towards the interface of the interzone/terrestrial 

ecosystem. 

There is no exploitation of groundwater in the interzone, although shallow, 

hypersaline groundwater is known to occur. 

5.4.3 	Vegetation and Flora 

Regional Vegetation 

Beard (1975) has mapped the transition zone of the project area, at a scale of 

1:1,000,000, as consisting of mangroves, mudflats and spinifex with no trees or shrubs. 

On the seaward fringe of the plain there is a zone of hypersaline mud which is 

usually between 2-5km in width. This is fringed by a narrow mangrove zone of 

Avicennia marina, or rarely by sandhills on the inland side. The sandhills are sparsely 

vegetated, predominantly with Triodia pungens. 

Site Vegetation 

Field 	studies 	indicate that 	the 	vegetation is 	more 	complex 	and varied 	than 	it 	is 

possible to show on a large scale map such as that of Beard. 	The marine/terrestrial 

interzone, where the proposed Harriet Gas Project pipeline crosses the coast, consists 

(progressively 	inland) of: 	an 	offshore mudflat 	with 	no 	vascular 	plants; 	a 	mangrove 

community (mangal); a "samphire" 	zone; and a non—vegetated saline flat 	colonised 	by 

microalgae. 

Mangals are typically found only on sheltered, well protected and stable shores. This 

indicates that the coast in the project area has been stable for some time, as do the 

sequential aerial photographs (Section 5.4.2). Mangrove—dominated shores develop 

where abundant silt and clay is transported to the shore from nearby rivers, and 

where sediments of marine origin are deposited from offshore sources. As is typical 

of mangrove shores on north—west Western Australia, the mangroves are backed by 

bare salt flats or salt marshes cobonised by algal mats. Both of these saline habitats 

are present in the project area. 

Within the project area, there is a distinct zonation of the mangrove species caused 

by complex interactions of frequency of tidal flooding, soil type, salinity, drainage and 

biological interactions. The most obvious cause of zonation is micro—topographic, with 
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the lower-lying areas occupied by Ceriops tagal and the higher areas by Avicennia 

marina. The difference in topography, while varying only 30-50cm, would directly 

result in the flooding, salinity and other variations outlined above. 	The mangal - 

dominated area varies from im to 300m in width, depending on location. 	The 

mangroves varied in height from shrub lifeforms up to 0.5m tall and less than 2% 

canopy cover in the less favourable areas to tree lifeforms of up to Sm tall and more 

than 90% canopy cover. 

Behind the mangal on the landward side is a salt marsh dominated by a quite rich 

assemblage of succulent halophytes. Density varied from 70- 100% canopy cover in the 

moister patches to scattered plants on the more elevated areas or where the mud was 

denser. Height rarely exceeded 30cm. Species recorded were Halosarcia 

halocnemoides tenuis, Limonium salicorniacaeum, Halosarcia prerygosperma denticulata 

and ?Tecticornia australasica. 

Behind 	the salt 	marsh there 	is 	a 	broad saline flat 	which contains 	algal 	mats, 	the 

functions 	of which are discussed 	below. This abuts 	on 	to the 	edge 	of 	the 	areas 

described as "terrestrial" vegetation (see Section below). 

The algal mats of the transition zone in the Dampier Archipelago region consist 

mainly of non-heterocystous, filamentous genera such as Microcoleus, Phormidium, 

Oscillatoria and the coccoid genus Aphanocapsa (Paling, 1986) and the same general 

distribution could be expected in the salt flats of the project area. 	Three main 

factors appear to affect algal mat distribution on tidal flats: 

tidal height; 

degree of tidal current and sediment influx; and 

conditions of drainage. 

The algal mats have an important role in binding and stabilising the substrate to 

prevent severe erosion and to conserve moisture. They also appear to be an 

important source of nutrients to the mangal communities. Data indicate that 

significant particulate organic nitrogen and phosphorous, derived from dead algal 

organic material, could be transported out of the system by a tide (Paling, ibid). This 

loss of nutrients has important implications for mangrove stability should construction 

activities alter hydrological regimes. 
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Dunes 	- 	soils were principally very well—i 5.4.4 	Fauna 

with an abundance of heavy mineral sands. 

Savannah - soils were either: very poorly d .. The 	fauna of 	the 	mangrove 	belt 	and 	interzone 	basically 	reflect 	the 	convergence 	of 

crabhole depressions of 70-90cm in depth; ç two 	types 	of 	habitat: 	a 	sheltered, 	marine, 	muddy, 	intertidal 	habitat 	and 	terrestrial 

cracking clay 	to clay loam with a surface o sand 	dunes. 	Few 	terrestrial 	vertebrates 	are 	restricted 	to 	mangroves although avian 

endemics 	do 	occur 	in 	north 	west 	Australia. 	The 	majority 	are 	casual 	visitors. 

Water for stock 	is drawn from wells and bores However, 	there 	is a very diverse fauna associated with mangroves (Hutchings, 	1981), 

groundwater is obtained at shallow depth from all iu especially 	invertebrates and 	birds. 

deeper wells have tapped Cretaceous and Protero 

quality of the 	water depends principally on the JA 5.4.5 	Heritage Values 

where subsurface flows persist throughout the y 

spring at Mount Salt, northwest of Mardie homesi .. An 	ethnographic 	and 	archaeological 	survey 	for 	Aboriginal 	sites 	was 	undertaken 	by 

from 	this 	spring. McDonald Hales and Associates along the onshore route of the proposed Harriet Gas 

Project pipeline. 	Their 	report 	is attached as Appendix 	C. 

5.5.3 	Vegetation and Flora 

No artefact material was found on the salt flats, other than on a sand island. 	Here a 

Regional Vegetation low density (2 per m2) scatter of artefacts and shell fragments were found within a 

Beard has mapped the project area at a scale of 1: " small 	drainage 	basin. 

shrub savanna but 	remarks that 	the 	vegetation o ai 

owing to the 	rapid changes in soil 	type (Beard, 75 No materials of Aboriginal origin were found in the mangrove—dominated coastal area. 

However, 	in 	the 	area 	directly 	behind 	the 	mangroves, 	an 	extensive, 	although 	low 

According to Beard's map the hard alkaline red ea s density, scatter of bivalve shell species known to have been collected by Aborigines, 

Acacia 	ineguilatera 	and 	Hakea 	suberea 	as 	chan and three artefacts, were found. 	Because of the strong tidal currents common in the 

general cover 	of Triodia pungens, 	locally I. 	base wi Pilbara area, 	the 	provenance 	of 	the artefacts 	is 	not 	certain. 

sp. aff. aspera and E. dichromophloia on drainage 

5.4.6 	Existing and Proposed Human Use 

On 	the 	neutral 	red 	earths, 	especially 	with 	a 	g -, 

characteristic 	in 	association 	with 	A. 	victoria€ dl The 	area 	is 	currently 	used 	as 	part 	of 	the 	Mardie 	Pastoral 	Station, 	although, 	as 

association sometimes appears as scrub, with an u gr discussed in Section 5.4.1, the pastoral lease does not actually begin until 40m inland 

spp. 	and 	ephemerals. 	More 	commonly 	it 	occt beyond the high water mark. 	The 	transition zone is periodically entered by station 

formation with a ground layer of grasses (e.g. Cei rt people when mustering sheep. 	An Aboriginal informant said that the area was used by 

eriopoda and Eriachne ovata) or as shrub steppe his people "in the old days" but no food collecting or other activities were currently 

carried out 	in the area. 	There are 	no 	recreational 	uses. 

On the lower—lying damp clay soils, open stands o: 

tall and a dense cover of grasses. 	Trees are E. a. 

grasses 	Aristida 	latifolia 	and 	the 	grasses 	listed 	ab - 



Future use of the area will be mainly pastoral, aitho 

interzone, sheep cross it but do not use it. Ther 

future Aboriginal or recreational use. WAFIC has ir 

mangrove may be an important prawn nursery. 

5.5 THE MAINLAND 

	

5.5.1 	Regional Setting, Tenure and Constraints 

The mainland section of the proposed pipeline route 

a relatively homogeneous area of rugged hills and 

vegetation. The proposed Harriet Gas Project pipe 

Station. The station is held as a pastoral lease i 

1933. There are no legislative constraints to the p 

	

5.5.2 	Geology, Geomorphology, Soils, Surface anc 

The terrestrial section of the project area is part c 

broad low-lying expanse of alluvium that slopes gentl 

units are mapped at a scale of 1:250,000 by the 

Australia (Williams, 1968): 

Pleistocene alluvium and eluvium (Qp) consistin 

brown clay, silt, sand, sandy clay, gravel; she 

veneer in places; gilgais common. This is the n 

piedmont following the erosion of the retreatin, 

Recent alluvium (Ql) consisting mainly of cia 

unconsolidated. These are flood deposits in the 

clay pans related to present day drainage pattel 

General soils of the coastal plain are predominantly 

areas of acid and alkaline red earths, frequently v 

There are also plains dominated by hard alkaline rec 

cracking and non-cracking clay soils. 

Field studies of the terrestrial section of the project 

types occurred. These were associated with the 

follows: 

Site Vegetation 

A vegetation survey indicated that two basic habitat types occur between the inland 

edge of the salt flat portion of the interzone and the point where the proposed 

Harriet Gas Project pipeline will join the SECWA Dampier-Wagerup pipeline. 

The most seaward terrestrial habitat is a relatively narrow belt of dune sands which 

lies on the edge of the salt flats. 	These form a flat plain about 3m higher in 

elevation than the salt flat portion of the interzone. They form a narrow belt of 

spinifex-covered land surface immediately adjacent to the more inland plain, and also 

form several islands" on the salt flat itself (Figure 14). The vegetation of the dune 

sands is Triodia pungens hummock grass with 30-60% canopy cover. On the "islands" 

which are less frequently burned the clumps may be up to one metre in height but it 

is more commonly less than half a metre high. Other plant species recorded on the 

dunes include Acacia ampliceps and Frankenia ?ambita. 

After crossing the 	interzone and the narrow dune area, all 	of the remainder of the 

pipeline 	route 	is 	savannah. 	The 	savannah 	consists 	of 	two 	closely associated sub- 

habitats - Hummock Grass Savannah and Bunch Grass Savannah. 	The distribution of 

each 	sub-habitat 	is controlled by minor 	topographic variations, with the Bunch Grass 

Savannah 	tending to occur 	on 	lower-lying "cracking clays" 	and 	the Hummock Grass 

Savannah on higher areas of non-cracking clays. 

As a consequence of the differences in elevation, the Bunch Grasses are in the very 

shallow sheet-wash drainage lines and hollows. The Hummock Grasses are between 

the sheet wash drainage lines and on pebbly areas which have been slightly more 

protected from erosion and hence are better drained. 

The Bunch Grass Savannah comprises Eragrostis sp. bunch grass averaging 30cm in 

height with 40-80% canopy cover depending on drainage. 	The Hummock Grass 

Savannah comprises Triodia pungens hummock grass to 0.7m tall and averages 40-80% 

canopy cover. 

Table 3 shows the more common flora of the project area and notes the habitat in 

which they occur. 

/ 
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TABLE 3 

SPECIES FOUND IN TERRESTRIAL VEGETATION COMPLEXES 

SPECIES MANGROVES SAMPHIRE 
FLAT 

SAND DUNES SPINU?EX 
PLAIN 

TUSSOCK 
CRASS PLAIN 

Jialosarcia pteiygosperma denticulata X D 

Hoiosarcia ha! ocnemoides knuis X 

Limoraum sa2icorniaceum D 

Auicenrua marina D 

Suedes arbuscutus X 

Acacia amp! sceps X 

Acacia xiphophylla D 

Euchylaerna 7 tomen!osa 

Acacia trach)ccps X X 

Triwnfetta spL X X 

Acacia ancistrocarpa 

Acacia sp. X 

Acacia tetragonophyita X 

Heterodend rum oleifolium X 

Acacia off. victoriac X 

Cassiosp X 

Acacia acierosperma X 

Eremophila 7 Icngifolia X 

Tbiodia sp D 

Eragros1is sp D 

anhenas ambita X 

Tecticornia 	austrolisica X 

Ha! osarcia pruinosa X X 

Soi solo ha!! X 

Rhagodia erratum X 

Rhynchosia X 

Neohassia asirocarpa X 

B - dominant within a complex 
X - present within a complex 
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5.5.4 	Fauna 

Little fauna survey work has been carried out in the coastal Pilbara and only limited 

published records are available. The birds, small mammals, herpetofauna and ants of 

the Hamersley Range National Park are described by Johnstone, Dunlop and Sawle, 

Johnstone and Majer, respectively, in Muir (1983). However, this review describes the 

fauna of the eastern Pilbara, whereas the project area is part of the Onslow Coastal 

Plain. The soils of the project area are also largely alluvial rather than the granites 

of the eastern Pilbara. The SECWA Dampier—Wagerup Natural Gas Pipeline Study 

(Dames & Moore, 1979a) and a study of the Lower Fortescue River (Dames & Moore, 

1979b) also contained the results of faunal studies in the area. No unusual fauna was 

found during either survey although it must be borne in mind that both surveys were 

general in nature because of the wide scope of the projects. 

There have been extensive faunal studies on the Burrup Peninsula and Dampier 

Archipelago (e.g. Tingay and Tingay, 1978; Butler, 1983; CALM, 1990) but again these 

habitats are different to those at Mardie Station. There are also some general regional 
	 I,  

references such as Storr's (1984) work on birds of the Pilbara but these are not 

specific to the pipeline area. 

Despite this lack of precise information it must be borne in mind that the 

geomorphological unit which includes Mardie Station extends from near the Fortescue 

River south west to near the Cane River and averages about 25km wide. There is thus 

some 2500km2  of habitat comparable to the habitat near the pipeline route. As the 

route will affect about 0.025 of a square kilometre (about 0.001%) of the habitat it is 

clear, when put in perspective, that the overall impact on the fauna is likely to be 

insignificant. This is particularly so when it is considered that the disturbance will 

be linear and not areal. 

5.5.5 	Heritage Values 

An ethnographic and archaeological survey for Aboriginal sites was undertaken along 

the route of the proposed Harriet Gas Project pipeline by MacDonald Hales and 

Associates. Their public report is attached as Appendix C and a more detailed 

confidential report has been lodged with the Department of Aboriginal Sites of the 

Western Australian Museum. 



An Aboriginal informant, a member of the Mardudunera people, the traditional owners 

of the area, indicated the presence of two ethnographic sites in the terrestrial area: 

a water hole, which was used by the local Aboriginal people as a water source 

as they moved to the coast. 

a camping site and associated soak located five kilometres west of the pipeline 

route. 

Artefact densities were characteristically low (approximately one artefact per 5- 

10m2) in the red soil plains. 	Densities are greater (one artefact per 2m2) in the 

pebble—pavement areas. This was perhaps due to factors such as the greater visibility 

of artefacts in the stony areas and the absence of drawdown effects of the clays on 

the artefactual material. The following archaeological sites were located during field 

studies: 

a site located around an ephemeral drainage feature (the waterhole discussed 

above) which has an artefact density of two to five pieces per m2. The site 

extends for about a 500m radius from the water hole. It lies almost exactly on 

the proposed Harriet Gas Project pipeline. 

a low density "midden" deposit at the junction of the red soil plain and the 

coastal salt flats, comprising a low density scatter of artefacts approximately 

lOm from the proposed pipeline route. The scatter stretches discontinuously 

along the dune base for about 50m. The "midden" is of doubtful provenance, 

however, and may be the result of cyclonic surges rather than past Aboriginal 

activity. 

5.5.6 	Existing and Proposed Human Use 

These are the same as discussed for the interzone, namely: 

pastoral activities as part of Mardie Station; 

no Aboriginal activities in recent times; and 

no recreational activities. 

pipeline access 
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Future human use, as far as can be determined, will only be pastoral activities which 

will not be affected by the proposed project except perhaps to a limited extent during 

the construction period. 
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6.0 ENVIRONMENTAL IMPACTS 

6.1 OFFSHORE 

The offshore section of the Harriet Gas Project is discussed in two sections: 	the 

Passage Islands, where impacts will be minimal, and the remainder of the offshore 

area, where impacts require more detailed examination. 

6.1.1 	The Passage Islands 

Passage and Angle Islands, North East Regnard Island, Fortescue and Potter Islands—

these islands collectively are part of an extensive chain of coastal islands from Mary 

Anne Island to Regnard Island. 	The islands were recommended and subsequently 

declared as 'B' Class reserves for the purpose of Conservation of Flora in the EPA's 

recommendations for conservation reserves for System 8 "the Pilbara" in the Red Book 

(EPA, 1975). They are currently vested in the National Parks and Nature 

Conservation Authority. The preferred option,  involves the pipeline following a route 

between Passage and Angle Islands. 

It is not proposed to impinge on the islands themselves except for the installation of 

navigation beacons in accordance with the Licensed Surveyors Act 1909. Options 2 

and 3, involving North East Regnard Island and Fortescue and Potter Islands 

respectively, like the preferred option, avoid any direct impact on the islands 

themselves other than navigation beacons. 

The offshore islands are significant nature reserves. Recreation is limited to 

recreational fishing, camping and picnicking in accordance with restrictions placed on 

nature reserves. There is no expected impact on recreation. 
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6.1.2 The Offshore Areas 

6.1.2.1 	Physical 

As discussed in Section 5.3.2, the seabed is generally flat, with sand beds of varying 

thickness over flat limestone and isolated ridges of limestone projecting from the 

seabed floor in some areas. 

Pipeline crossing of one of these ridges, south of the Sinbad platform, will require a 

smooth path which may be achieved through either dredging or blasting. No corals or 

other important biotic assemblages were observed on this ridge. It appears unlikely 

that blasting will be required to level the sea floor for the transmission pipeline 

between Varanus Island and the Passage Islands. This is because the pipeline can be 

laid to avoid outcrops of limestone, including Meda Reef. 

The potential for scour and damage to the line through altered tidal velocities and 

storm surges around the pipeline means that stabilisation of the pipeline is necessary. 

The pipeline could be stabilised via a number of methods, depending on the area 

(Section 4.5.3). 

The impact of all of these various activities outlined above can be summarised as 

follows: 

Blasting of limestone ridges may cause temporary disturbance and destabilisation 

of the seabed floor with consequent short term turbulence and localised 

deterioration in water quality. 

Construction may result in a temporary sediment plume which can be expected to 

be rapidly dispersed by prevailing tidal currents. 

Scour caused by increased velocity of tidal movement in the vicinity of the 

pipeline and platforms may cause temporary sediment movement and turbulence 

until equilibrium of the new seafloor profile is reached. 

Burying of the pipeline could involve substantial disturbance to the seabed. 

Installation of anchors, bolts or weight mats may also involve localised 

disturbance of the seabed and interception of trawling nets. 

Disposal of hydrotest water containing sediments and corrosion inhibitor would 

result in temporary contamination which would be quickly dispersed by tidal 

currents. 
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6.1.2.2 	Biological 

The marine biota may be both directly and indirectly adversely affected by the 

installation of the gas pipeline, platforms and associated infrastructure as part of the 

Harriet Gas Project. Operations producing direct impacts are: 

Chaining techniques to clear the pipeline route in limited areas will cause 

temporary localised disturbance to the benthic environment, including removal of 

macroalgae and occasional isolated coral heads. 

The installation of platforms, wells, concrete mats and other anti-scour devices, 

and the pipeline, will remove or reduce biota underneath or in the immediate 

vicinity of these structures. 

No parts of the proposed gas pipeline routes were found to contain significant or 

unusual subtidal benthic communities. 	No coral reefs were encountered and the 

limestone pavement/algal communities that were observed are widely distributed 

throughout the region (Appendix B). Only two limestone reef systems containing coral 

and associated fish assemblages lie within 500m of the proposed pipeline route. These 

are Jackson Reef (near Varanus Island) and Meda Reef (north west of Angle Island). 

Indirect impacts may be more significant than the transient, localised impacts 

described above. Indirect impacts which may result as a consequence of the pipeline 

include: 

The temporary deterioration in water quality caused by construction methods. 

As as outlined in Section 6.1.1, this may adversely affect marine organisms in 

the short term. 

The pipeline and/or anti-scour devices which are not buried below the seabed 

floor may act as a barrier to movement of flora and fauna, especially less 

mobile, more territorial species. This can potentially cause temporary loss of 

species diversity and prevent or impede gene flow from one side of the pipeline 

to the other (H. Butler, pers. Comm.). 

Recolonisation of the pipeline, concrete mats and other sub-sea structures 

following disturbance may result in a different community to that originally 

found in the area. 
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6.1.2.3 	Human Activities 

Fishing Activities 

The pipeline on the seafloor will have no adverse impact on recreational fishing. 

The 	offshore 	area 	which 	includes 	the 	pipeline 	route is 	also used as a commercial 

fishing area for prawn trawling and for trout (Section 5.3.5). Unless 	the 	pipeline 	is 
buried, 	it 	will be an obstruction to the beam nets of prawn trawlers. 

Because of the danger to the pipe (which would not break, but could be damaged) and 

the 	risk 	• of 	loss 	of the trawl 	nets, 	it would 	be 	necessary 	to 	operate 	a 	Marine 

Exclusion Zone along the pipeline 	route. This exclusion zone would be about 2km 

wide, 	as 	the 	prawn trawlers' 	navigation systems 	might 	not 	be 	absolutely 	accurate. 
Such 	an 	exclusion zone would 	alienate about 	40km2 	of 	the 	fishing grounds. 	This 

represents about 	10% of the active 	zone (WAFIC Preferred Area) within Area 3 as 

shown on Figure 	13. 

Even if it were buried, an exclusion zone may still be necessary. 

The alternative pipeline route options would not greatly improve this situation. The 

Western Australian Fisheries Industries Council (WAFIC) has, however, indicated that 

the most northerly pipeline route option (Option 1 to MLV 7 discussed in Section 

3.4.1) would be most acceptable to the industry. This is, however, the longest 

offshore route, and it is possible that the greater area affected by the pipeline may 

offset the advantages of placing the pipe in a lesser quality fishing ground. 

Shipwrecks 

The Western Australian Maritime Museum has indicated that there are only three 

known shipwrecks within the vicinity of the Harriet Gas Project. The wrecks are: the 

Trial (1622) which is approximately 12km north-west of the Montebellos; an 

unidentified wreck, possibly the Wild Wave (1873), which is approximately 10km north 

of Barrow Island; and a pearling lugger wreck (Parkes) (circa 1915) within the waters 

of the Montebellos. None of these will be affected by development work, although 

personnel involved with the project will need to be made aware of the provisions of 

the Maritime Archaeology Act 1973 which protects historic wrecks, such as the Trial, 

from damage or tampering. The discovery of any new wrecks will need to be reported 
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to the Minister of Home Affairs through the Maritime Archaeology Department of the 

Western Australian Maritime Museum. Up to four ships are known to have disappeared 

within the locality in the early part of this century, including the Marutta (1905) 

which is somewhere south west of Barrow Island and an unidentified ship south of 

Great Sandy Island. 

6.2 VARANUS ISLAND 

Varanus Island 	is the largest island of the Lowendal Group. The Group was 

recommended for declaration as a 'B' Class reserve for the Conservation of Flora in 

the EPA's Red Book recommendations for conservation reserves for System 8 ("the 

Pilbara") (EPA, 1975). Varanus Island is currently a 'C' Class reserve vested in the 

National Parks and Nature Conservation Authority. This island is proposed as the site 

for the gas processing plant facilities. 

6.2.1 	Physical 

No blasting will be required near Varanus Island because the pipelines will be laid in 

the existing trench constructed during the earlier phase of the project. The 

installation of the two (incoming and outcoming) new 300mm diameter pipelines across 

the dune on the northern side of the Island will involve the excavation of sand 

covering the three existing pipelines. The dune system has been successfully 

excavated and then subsequently rehabilitated on two previous occasions. Spoil would 

be placed on the work area west of the dune cut or on the rock bench east of the 

dune cut. The pipeline would be assembled on a barge some distance from the Island 

and pulled ashore along the existing trench. After pipe installation, the cut would be 

backfilled and the surface stabilised to prevent erosion. 

Impact of construction works on the physical environment of Varanus Island will be 

negligible since the new facilities will occupy land which is already part of the 

Harriet oil field operations. The sites have all been previously cleared and prepared 

except that for the compressor station. 
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The exact area and details of the gas processing plant are the same as those referred 	- 

to in the NOl submitted in December 1987 (Bond Corporation Pty Ltd, 1987) and 

approved by the Minister for the Environment. The new work will be contained 

entirely within the lease boundaries on the Island. 

However, additional or increased physical impacts which may arise from the project 

are outlined below: 

site disturbance and/or earthworks may affect soil structures, surface and 

subsurface hydrology and drainage. 

as for the interzone section of the mainland, the installation of the pipelines 

may cause erosion/accretion or destabilisation of the shoreline. 

atmospheric emissions from the pump station may have potentially adverse 

environmental impacts. 

domestic and general wastes may affect the environment. 

6.2.2 	Biological 

As outlined above, the sites have been cleared apart from that required for the 

compressor station. Biological impacts should be limited to the following issues: 

Artificial lighting is of particular significance to phototrophic species, the most 

notable of which is young turtles. 

Erection of fences, bunds, pipelines, drainage ditches, etc., all effectively create 

barriers to fauna, and to a lesser extent, flora. 

Noise and vibration may affect both terrestrial (particularly birds) and marine 

fauna. 

These issues have been successfully resolved during the Harriet oil field Project. 

Experience gained will be beneficially used for the proposed project. 

6.2.3 	Human Activities 

The Lowendal Islands are significant nature reserves. However, recreational fishing, 

camping or picnicking do occasionally occur on Varanus Island, although these are 

restricted in accordance with the nature reserve classification of the island. These 

activities will not be affected by this project. 
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6.3 TRANSITION ZONE 

6.3.1 	Physical 

As noted in Section 4.5.5, a specific construction technique has not yet been selected 

for 	the environmentally sensitive 	transition 	zone. 	The technique 	selected 	will 

recognise the 	potential difficulties 	of 	construction 	in this 	mangal 	zone, 	and 

particularly in 	terms 	of trench 	stability. 	Guidelines 	to which 	the 	construction 

technique will adhere are outlined 	in 	Section 	7.1.4.1. 

A construction technique which requires the removal of a strip of mangroves to 

install the pipeline may have the following potentially important physical effects: 

It would create a "channel" of low hydraulic resistance between the mudflats on 

the seaward side of the community and the low lying flats on the landward site 

of the mangroves. As the landward mud flats are about 0.25m below sediment 

levels in the mangrove, a tidal flushing of the channel would be expected. This 

could cause net erosion rather than sediment deposition along the length of the 

pipeline. 

It would destabilise sediments in this "channel" through the physical mixing of 

sediment and water and the destruction of root systems. Sediment conditions 

could be expected to be relatively unstable for a period of years before plant 

stabilisation. 

The zone of mangrove colonisation is a strip between two mud flats, and a 

breach in the vegetation may allow marine water to penetrate behind the 

colonisation. If the breach is not repaired or controlled it may spread and could 

profoundly alter the algal environment on the landward side of the mangrove 

community (i.e. the salt flat) through increased marine influence. 	In addition, 

the hypersaline salt flat may become hydraulically connected to the mangrove 

community. 

A detrimental effect on the quality of the hypersaline shallow groundwater in 

the vicinity of the salt flats could be expected if the above impacts occur. 



Measurement of tidal currents undertaken by Riedel & Byrne (1990) (Appendix D) 

indicates that the hinterland drains during ebb tides, with the bulk of the flow being 

channelled through the two main creek systems on either side of the proposed pipeline 

route. 	The current patterns are generally aligned along the proposed pipeline route 

and are therefore unlikely to be significantly affected by its construction. 

6.3.2 	Biological 

As outlined in Section 5.4.3, the interzone area is dominated by mangrove 

communities. Dense mangrove communities, especially those with a high density of 

pneumatophores, cause substantial hydraulic resistance. This resistance has an 

important function in stabilising shorelines and controlling the location of depositional 

communities. 

The zonation of species within mangrove communities, in relation to distances to the 

sea, indicates that the species are extremely sensitive to the alteration of 

hydrological conditions, sediment conditions and water quality. Effects may only 

become apparent after several years. 

The pipeline could create a breach in a continuous band of mangroves which exists 

between two areas of unsuitable growth environment. The conditions in the newly 

cleared zone may not be conducive to recolonisation by the same species of mangroves 

because of altered hydrology, water quality, sediments and substrate elevation. 

The exact construction method in the tree mangal zone has not been chosen. However, 

the Proponent is aware of the implications of mangrove destabilisation. Construction 

methods which maximise trench stability and surface control, whilst minimising or 

eliminating the need to physically remove mangroves or mangrove root systems, will 

be preferred. Guidelines to which the construction technique must adhere are outlined 

in Section 7.1.4.2. The decision as to the preferred construction method to be used 

will be made on the basis of environmental, technical and economic grounds. 
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6.3.3 	Human Activities 

The interzone is isolated and not used for recreation by either the public or the 

owners of Mardie Station. 	Stock use the area to reach isolated sandhills which 

occur in the interzone. The potential impacts on stock and Mardie Station are 

described in Section 6.4.4. 

6.4 THE MAINLAND 

6.4.1 	Physical 

Two geomorphological units and their soils may potentially be impacted upon by the 

Harriet Gas Project: 

Dunes and their associated sands and sandy barns 

Savannah plains with cracking and non—cracking red clays 

The installation and burial of the pipeline will disturb the soil surface. However, 

these soils and geomorphic units are essentially stable and therefore not prone to 

erosion or destabilisation. No significant impacts on soils or geomorphology are 

expected as a result of the Harriet Gas Project provided that standard pipeline and 

trenchline stabilisation techniques are used. 

There is no surface water or groundwater at shallow depths (<2m) in the vicinity of 

the preferred pipeline route in the terrestrial section and no significant impact on the 

deep groundwater supplies is expected. 

6.4.2 	Biological 

Two principal vegetation communities occur along the pipeline alignment and may be 

impacted by the Harriet Gas Project: 

Triodia pungens hummock grass 

Hummock Grass Savannah and Bunch Grass Savannah 
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In addition, Buffel Grass (Cenchrus ciliaris), a naturalised pasture grass, is widely 

grazed by stock at Mardie Station. 

Both of the native vegetation types are regionally common. No unusual habitats or 

flora were found during surveys of the project area. There is currently no general 

access to the pipeline route for machinery and equipment. Access would be provided 

along an unsealed right-of-way. The installation of the pipeline and construction of 

the right-of-way would involve localised destruction of these communities for an area 

of 20m wide by 20km long. However, because the pipeline will be buried in the 

terrestrial section of the Harriet Gas Project, rehabilitation can commence immediately 

following completion of the pipeline. 	Section 7.1.5.1 contains details of topsoil 

storage, replacement and rehabilitation. 

Fauna of the region can be broadly described as being of two categories: mobile 

(widely dispersing) and non-mobile (poorly dispersing) species. Mobile and widely 

dispersing species include such animals as kangaroos, birds and flying insects. Non-

mobile and poorly dispersing species would include those which do not move very far, 

e.g. snails, and those which may be quite mobile but disperse only infrequently, e.g. 

some small marsupials, or slowly, e.g. lizards. 

The freely mobile species will simply move out of the area when disturbance 

commences. Many will return following completion of the pipeline. The confined, 

linear extent of the disturbance in the vast, largely homogeneous habitat will ensure 

that recruitment will be rapid after works cease. The fact that the pipeline will be 

buried also ensures that rehabilitation could commence immediately following 

installation and ongoing disturbance would be minimal. 

Tlie non-mobile species which occupy the site of the pipeline and associated 

operations will be destroyed. This would include snails, soil fauna and perhaps some 

reptiles. However, reptile densities in these types of arid environment are usually 

fairly low, and most species are sufficiently mobile to leave the area. There are 

expected to be no significant impacts on fauna as a result of the installation of the 

terrestrial section of the pipeline. 
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6.4.3 	Heritage Values 

Aboriginal artefact scatters are widespread throughout the mainland area. Surveys 

suggest that these have no particular archaeological significance in that they are 

similar to scatters throughout the Pilbara in almost any locality. The removal of 

some of these scatters by pipeline construction (and associated activities) is not 

considered significant. 

A waterhole which was identified as of traditional Aboriginal interest (but not of 

sacred or other significance) occurs on the route. The Proponent has moved the 

proposed pipeline route 50m to the west of the original alignment in order to protect 

the waterhole, and so there will be no impact. 

6.4.4 	Human Activities 

Recreation 

The mainland is isolated and not used for recreation by either the public or the 

owners of Mardie Station. As the pipeline is buried, there would be no disruption of 

access except during construction. 

Pastoral Activities 

The only pastoral station affected by the proposed pipeline will be Mardie Station. 

The station has an area of 225,510ha. The pipeline will be buried and so will not 

disrupt access or impede the movement of stock except during construction. 

During construction, the trench and stockpiles may be a potential barrier to movement 

of stock and an impediment to normal pastoral activities. However, management of 

this issue is outlined in Section 7.1.5. Should active construction be concurrent with 

mustering activities, serious disruption to Mardie Station could result. There will be 

close co—operation between the construction contractor, Hadson and the owners of 

Mardie Station to minimise such problems. Scheduling of construction will need to be 

discussed in advance so that, if necessary, all parties can arrange their activities 

accordingly. 	During construction, close co—operation will continue so that mutually 

acceptable arrangements can be made for location of cross—overs. 	If such co- 

operation is undertaken, the disruption to pastoral activities should be minimal. 



There will be a period when the pipeline clearance has removed vegetation and before 

natural rehabilitation occurs. Assuming the cleared area will be 20m wide by 20km 

long, the total area of disturbance will be about 40ha or 0.02% of the station. This is 

an insignificant proportion of the entire station's area, especially in view of the 

linear nature of the right-of-way. The impact on productivity may be significant in 

the year of construction due to effects on stock movement and pasture access. The 

station owner has advised the Proponent that the grazing quality of the section of 

Mardie Station to be affected by the pipeline is higher than on other areas of the 

station. 
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7.0 MANAGEMENT 

The objective of management will be the minimisation of the risk of damage to the 

natural environment or, where damage is unavoidable, the minimisation, amelioration 

and management of that damage. This objective will apply throughout the design, 

construction, operation and decommissioning phase of the project. 

Management will be carried out within the requirements of applicable State and 

Commonwealth legislation and under the guidelines already in place from the 

Environmental Management Plan for existing operations (Bond Corporation Pty Ltd, 

1986). 

All stages of the construction phase will be adequately supervised to ensure that the 

the contractors follow the environmental criteria and safeguards required by the 

Proponent and the regulatory authorities. 

7.1 MANAGEMENT DURING CONSTRUCTION 

7.1.1 	Offshore 

7.1.1.1 	Physical 

Well Drilling 

Drilling will follow accepted practices already used for the existing 12 wells in the 

Harriet oil field. 

Platform Construction 

Offsite fabrication and the modularised construction of the support facilities will 

ensure that the construction of the platforms causes minimal disturbance to the 

physical environment. 



Pipeline Construction 

Almost all of the route between Campbell, Sinbad, Harriet, Varanus Island and Passage 

Island comprises a relatively thin layer of sand over flat limestone pavement. In a 

few areas, notably between Bambra and Harriet, and between Passage Island and the 

coast, there is a substantial and apparently stable depth of sand. 

To minimise impacts on the marine environment, the pipeline will generally be laid on 

the surface of the seabed. 	Negotiation of obstructions and shore crossings may 

require limited blasting and trenching operations. 

As noted in Section 4.5.5, conventional lay—barge techniques can be used for all of 

the offshore route except the last few kilometres approaching Varanus Island and the 

mainland. Physical disturbance will be kept to a minimum consistent with the need to 

achieve adequate pipeline and trenchline stability. 

7.1.1.2 	Biological 

There may be blasting or trenching operations in areas where the pipe cannot be 

directly laid on the seabed surface. Where it was necessary to remove obstructions, 

there would be disruption or loss of fauna or flora associated with the substrate. The 

areas so treated will be kept to a minimum. 

Potentially adverse effects due to disposal of hydrotest water will be managed by 

selection of a corrosion inhibitor which has no effect on biota, following the 

practices previously approved for offshore pipelines in the area. 

7.1.1.3 	Human Activities 

The only offshore human activity which will be affected by the pipeline is the prawn 

fishing industry which uses the area on a commercial basis. In order to protect the 

trawlers and pipeline, the Proponent will undertake the necessary approval processes 

and required notifications to ensure that a properly defined exclusion limit is 

established. This would be necessary regardless of which pipeline route option was 

selected. 	WAFIC has indicated to the Proponent that a deviation of the proposed 

route (Option 5), in which the pipeline traverses the Passage Island chain to the 

north of Scholl Island, would ensure that popular trawling grounds near Passage Island 
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would not be disturbed (Section 3.4.1; Appendix B). The Proponent is investigating 

such options to minimise the impact on the fishing industry and is negotiating with 

both the Fisheries Department and the Western Australian Fishing Industry Council on 

this matter. 

7.1.2 	The Passage Islands 

The only impact on the Passage Islands would be the installation of navigation 

beacons. The requirements of the Marine Navigation Aids Act 1981 would be followed 

at all times. As with the external lighting at Varanus Island, lights would be directed 

away from important nesting areas for phototropic fauna. 

7.1.3 	Varanus Island 

The management of construction impacts during the installation of the proposed 

facilities would be similar to those successfully adopted during the original 

construction phase of the Varanus Island oil field facilities and which were outlined in 

Bond Corporation Ny Ltd (1987). 

7.1.3.1 	Physical 

During the initial phase of the project, appropriate measures would be adopted to 

ensure that noise and dust caused by construction activities were minimised. These 

measures would include appropriate noise-reduction equipment fitted to all earth-

moving machinery. Dust suppression would also be undertaken, as necessary, using 

freshwater from desalination or carried from the mainland. Fire fighting equipment 

and procedures are already in place on Varanus Island. 

Surface stabilisation and restoration will commence as soon as practicable. Runoff 

from disturbed areas will be controlled to ensure that it follows existing drainage 

patterns. 

7.1.3.2 	Biological 

Quarantine procedures, including wash down, and/or fumigation, which were 

successfully implemented for the Harriet oil field facilities constructed on Varanus 

Island would continue to be adopted for materials and equipment required during the 

construction phase. 



All exterior lighting would continue to be shielded and oriented to allow for the 

phototropic characteristics of turtles and other species. 

7.1.3.3 	Human Activities 

The construction workforce would undergo induction training courses to reinforce the 

need to protect the environment. These induction courses also have components on 

general 	health 	and 	safety 	issues to 	ensure 	that 	a safe work environment would be 

provided 	at 	all 	times. 	All 	construction 	workers would 	be 	issued with 	a 	set 	of 

standard procedures to ensure that all environmental requirements were complied with. 

All contractor agreements would include provisions to ensure 	that the environmental 

management strategies adopted for Varanus Island were adhered to. 

All construction materials and practices would be in accordance with the relevant 

codes, as outlined in Section 4.6. 

7.1.4 Transition Zone 

7.1.4.1 	Physical 

The most significant physical impact in the transition zone will be the trenching 

operations to bury the pipeline. The Proponent intends to minimise and manage the 

impact as outlined in the following sections. 

The pipeline will lie on the seabed surface from the deep water towards the coast 

until it reaches the seaward edge of the muddy interzone. At this point, the brown 

muds increase in depth from a few centimetres over pavement (about 5km offshore) to 

in excess of 3m near the mangal. 

The pipe will gradually approach the surface through the mud zone, being anchored to 

the pavement where possible, or where the muds become deeper it will be held in 

place with suitable weights and anchors. 

At the point where the pipe enters the mangal, it will be about im below the 

surface. 



Mangrove Zone 

The trench through the mangal will be constructed from the land side using low 

tyre—pressure vehicles. The sides of the trench will be lined with perforated sheet 

piles which will be put into place before the mud is removed from the trench. This 

will prevent collapse of the sides of the trench. 

The mud from the trench will be placed adjacent to the trench, minimising spread of 

the mud as much as practicable. 

The pipeline would be securely anchored in the sediment. This is of great importance 

because sediment conditions could be relatively unstable for a period of years before 

plant re—establishment. The pipe trench would be backfilled and stabilised and the 

finished surface would also be stabilised. There is a range of options for this which 

relate to the construction technique finally chosen. 

If necessary, some form of transverse barrier will be installed to prevent tidal 

"flushing" of the channel. 

After laying of the pipe in the trench, the pipeline corridor will be backfilled to 

create similar hydraulic characteristics to the mangrove zone in order to ensure that 

there is no change to the overall hydraulic patterns in the area. 

Saline Mudilat 

The trench across the saline mudflat will be isolated from the trench across the 

mangrove zone until the final stage of work. This will be done to minimise the 

effects of tidal flushing and changes in coastal salinity. 

The tendency for stormwater and tidal water to channel down the trench line will be 

managed by careful restoration of the original surface level and installation of 

transverse barriers such as sack breakers. 

Hydrotest Water Disposal 

The hydrotesting medium (fresh or salt water) and corrosion inhibitor, and the means 

of disposal, will be selected taking into account the need to avoid disposal of saline 

water in a freshwater environment and vice—versa. A procedure will be developed for 

approval in the design phase of the project. At this time it is envisaged that 
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offshore and interzone portions of the pipe will be tested with seawater and then 

the test water will be disposed of at sea during a high tide. The mainland portion 

will be tested with freshwater and the test water disposed of into a convenient 

depression or constructed pit. The inhibitors to be used will be discussed with, and 

approved by, the EPA before use. 

7.1.4.2 	Biological 

There are two bands of mangroves in the interzone. The outer band of large trees 

are old and widely spaced. Construction of the pipeline through this area will utilise 

sheetpile stabilisation for the trench to minimise disruption to the tree root systems 

and prevent long term erosion. 	It should be possible, if the pipeline trench is 

stabilised with sheetpile walls, for the pipeline to be constructed through this area 

without any of the trees having to be removed. 

The trench will be backfilled and equivalent hydraulic resistance to surrounding areas 

achieved to ensure no long term erosion occurs. Transverse barriers will be applied 

where necessary. 

The inner band of mangroves are typically 1.0-1.5m high and are much more densely 

spaced. Construction of the pipeline through this area will require the removal of a 

strip of trees up to Sm wide. 	Backfilling of the pipeline corridor will be undertaken 

to ensure that changes to hydraulic conditions are minimised. 

Surplus mud will be placed in low profile piles on alternate sides of the trench so 

that sheet flow of water is unaffected and dispersal is slow enough to avoid excessive 

burial of aerial roots. 

Any alteration of water quality in adjacent communities as a result of construction 

activities could affect fauna as well as flora. High silt loads can interfere with the 

breeding and feeding of a range of molluscs, crustaceans and fish in these areas. 

Precautions to protect against the dispersal of suspended sediment would be 

implemented. These could include such measures as geotextile silt fences during the 

construction period. 
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7.1.4.3 Human Activities 

There are no human activities in the transition zone. However, WAFIC has indicated 

that they feel the mangals in the region are significant prawn nursery areas. 

Although this is unconfirmed, the Proponent will make every effort to minimise impact 

on the mangroves. The management measures proposed are described above. 

7.1.5 The Mainland 

7.1.5.1 	Physical 

As described in Section 6.4.1 above, physical impacts during the construction phase 

of the pipeline installation will be largely confined to minor soil disturbance. In 

areas of unstable soils, standard techniques will be used to minimise difficulties. 

Instability 	due 	to 	loose, granular 	soils 	is a 	short-term 	construction 	problem 	and 

unlikely 	to 	have any long term 	implications. It can 	therefore 	be 	dealt 	with 	during 

the 	construction phase 	by the 	selection 	of plant and 	equipment 	and 	other 	current 

pipeline techniques. 

Grading and soil disturbance from clearing will be restricted to the area of the trench 

and the spread working side. No grading or soil disturbance will take place on the 

spoil side except in exceptional circumstances. The purpose of this is to leave root 

stock in situ to allow rapid regrowth of existing plants. 

All disturbed soil from both clearing and trenching operations will be topsoil 

separated. The top 200mm will be stripped and stockpiled in a windrow on the spoil 

side edge of the right-of-way. This should be placed to allow adequate room for the 

trench spoil to be placed between it and the trench. 

Any surface drainage lines will be restored at the end of the construction phase. 

The short-term management of the groundwater regime will be undertaken by 

implementing similar measures to those necessary for short term management of soils. 

Disposal of hydrotest water would be in accordance with an approved procedure 

discussed with the EPA in advance. Further detail is given in Section 4.1.4.1. 
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7.1.5.2 	Biological 

Vegetation will be cleared along the right-of-way (approximately 20km long by 20m 

wide). 	Every effort will be made to minimise the area of vegetation cleared. 

Unnecessary proliferation of access tracks will be avoided. 

All preliminary clearing will be above average soil level, removing brush and other 

protruding material but not disturbing the soil surface. 	In level areas it may be 

sufficient to roll equipment over the undisturbed surface. 

All cleared vegetation will be trittered or chipped and respread over the right-of-way 

after pipeline installation is complete. Fire risk and stock access will also be 

considered in such stockpiling and tritter spreading. 

Rehabilitation will begin naturally, as soon as the pipeline has been buried and topsoil 

replaced. 	Soils along the mainland section are noted as being stable. Natural 

dispersal of seed will occur from the adjacent undisturbed areas. It is not expected 

that any additional rehabilitation will be required other than that which will occur 

naturally. However, this situation will be monitored and should rehabilitation progress 

be unsatisfactory, methods to remedy this will be investigated (e.g. seed broadcasting). 

7.1.5.3 	Heritage 

The waterhole described in Section 5.5.5  was part of the original pipeline route. 	The 

Proponent has agreed to deviate the pipeline route SOm to the west in order to avoid 

this Aboriginal site. 	No other management would be necessary unless it is necessary 

to fence or signpost the site. 	The advice of the Western Australian Museum will be 

sought on this issue. 

7.1.5.4 	Human Use 

The impediment to the movement of stock caused by the pipeline trench and soil 

stockpiles will be countered by the creation of stock passes and soft crossings. 

Animals found in the trench will be removed. 
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The potential impacts on Mardie Station operations and environment due to the 

presence of the construction workforce will be managed by enforcement of workforce 

behavioural standards in accordance with a procedure to be agreed with the land 

owner. A representative of the Proponent will be on site during all construction 

activities to liaise with the landowner and resolve problems. 

Construction camp wastes and litter will be disposed of in accordance with a 

procedure approved by the Local Government Authority and the owner of Mardie 

Station. 

7.2 MANAGEMENT DURING OPERATIONS 

The existing procedures for environmental inspection, monitoring and reporting on the 

Harriet oil field operations will be expanded in scope to include the new facilities and 

pipeline. 

7.2.1 	Offshore 

7.2.1.1 	Physical 

There are not expected to be any significant continuing physical impacts during the 

operational phase of the offshore pipelines. The measures outlined in Section 4.0 for 

pipeline and trench stabilisation will minimise any potential impacts such as scour. 

Ongoing monitoring of scour will be undertaken during routine inspections of the 

pipeline made from time to time. 	If discovered, ameliorative measures which will 

require determination when the problem is evaluated, will be implemented. 

7.2.1.2 	Biological 

Offshore, the pipeline may create a physical barrier to the lateral movement of some 

benthic marine fauna, such as scallops. There is no evidence to suggest that such a 

barrier effect would be significant and thus no management is proposed. 

The platforms will attract marine growth which will require removal by mechanical 

means to limit the potential increase in lateral wave loads. 
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7.2.1.3 	Human Activities 

The impact on the prawn fishing industry, because of the necessity of defining 

exclusion zones, is ongoing. 

Fishing from offshore platforms will be prohibited. 

7.2.2 	Varanus Island 

The environmental management strategies and policies outlined in the Environmental 

Management Plan (EMP) (Bond Corporation Pty Ltd, 1986) that have been successfully 

adopted for the development and operation of the Varanus Island facilities (associated 

with the Harriet oil field project) would be expanded to incorporate the proposed 

additional facilities. 

The objective of the EMP is to minimise the risk of danger to the environmental 

resources and, where damage is unavoidable, to minimise the the area affected and 

maximise the speed and degree of rehabilitation. A regular inspection of all aspects 

of the EMP is conducted and a system of internal reporting, discussion and direct 

action for any problem areas has been devised. A discussion is also incorporated into 

the Annual Report to the EPA on the Harriet oil field operations. 

The following are the major aspects of the existing, successful environmental 

management strategy that is to be continued for the proposed project: 

Environmental criteria have been given a high priority for site selection and 

plant layout. Specific emphasis has been placed on avoidance of significant bird 

and turtle nest sites, mangal areas and unstable landforms. 

Environmental responsibility of operators is ensured by including environmental 

clauses in all contract documents, with severe penalties for non-compliance. As 

part of workforce induction, all personnel are required to acknowledge and 

accept these stipulated environmental conditions. Conditions include vehicle 

quarantine, stores quarantine against weeds, vermin control and specific 

management requirements for earthmoving operations and leisure-time activities. 
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Ongoing workforce education, including environmental discussions, is provided, 

with periodic onsite environmental programmes for all employees and contractor 

personnel. 

Regular monitoring is conducted by the Proponent's representatives and 

consultants to ensure environmental compliance. The Proponent would consult 

with CALM to define any additional monitoring requirements associated with the 

proposed facilities. 

Detailed and ongoing baseline and monitoring programmes have been established 

to assess the effectiveness of environmental management procedures. 

7.2.3 Transition Zone 

7.2.3.1 	Physical 

Sediment conditions could be expected to be relatively unstable for a period of 

several years following construction. 	Methods of ensuring that the pipeline is 

securely anchored are outlined in Section 7.1.4.1. 

7.2.3.2 	Biological 

Provided that no changes in shoreline dynamics or hydrological conditions occur as a 

result of construction, regeneration of mangrove areas can be very fast. There. are 

expected to be minimal long-term impacts if the principles outlined in the 

construction phase are adhered to. Faunal repopulation of disturbed areas is believed 

to be very fast. 

7.2.3.3 	Human Activities 

If, as the WAFIC suggests, the mangroves are an important nursery for prawns, the 

long-term impact on these will be negligible provided that the area is quickly 

stabilised and the mangroves regrow. 
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7.2.4 The Mainland 

Maintenance access for checking the performance of the corrosion-control system and 

carrying out any necessary coating repairs will be required during the operational 

phase of the Harriet Gas Project. This may require (infrequent) exposure of part of 

the pipe to permit maintenance. The issues of pipeline rupture management and 

decommissioning are addressed in Sections 7.3 and 7.5 respectively. 

7.3 PIPELINE RUPTURE MANAGEMENT 

The gathering lines contain quantities of oil, condensate and water, while the gas 

transmission pipeline between Varanus Island and SECWA Compressor Station No. 1 

contains no free liquids at ambient temperature or down to 0°C. 

	

7.3.1 	Gathering Lines 

In addition to oil spill management procedures successfully in place for the Harriet oil 

field, steps would be taken as follows: 

monitoring of pipeline inlet and outlet pressures to check for significant 

variations; 

regular pigging of gathering lines to eliminate water buildup and potential 

corrosion; 

regular pipeline surveys by boat or air; 

periodic analysis of produced water and oil for dissolved iron and other 

indicators of metal loss in the pipeline. 

	

7.3.2 	Gas Transmission Pipeline 

The environmental impacts of a gas pipeline rupture are considerably less than with 

an oil pipeline. All condensate and water are removed, hence there are no oily 

residues or other material in the liquid phase which are able to cause pollution or 

have a long-term toxic effect. 
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In the 	event of an offshore 	breakage, there would be a volume of gas escape into 

the 	environment. 	As soon 	as 	the 	gas 	pressure 	in 	the 	pipe began 	to 	decrease, 

automatic equipment at the compressor station would cut off the flow. 	The only gas 

to 	continue 	to 	escape would 	be 	that 	in 	the 	pipeline 	still 	under 	pressure. The 

escaping 	gas 	would 	enter 	the 	atmosphere. 	Some 	gas 	would dissolve 	into the 

surrounding seawater. 

The main contingency planning and equipment that the Proponent would have in place 

are therefore: 

automatic shut-off valves and compressor shutdown systems; and 

alarms to notify of the shut-down. 

Loss of gas in the onshore section of the pipeline would result in all escaped gas 

entering into the atmosphere. If the gas ignited, gas lost to the atmosphere would be 

replaced primarily with carbon dioxide until the pressure dropped and the flare self-

extinguished. The ignition of gas may cause a bushfire. 

7.4 MONITORING AND REPORTING 

The monitoring system successfully in place for the operation of the Harriet oil field 

would be continued and expanded to take into account the additional project features. 

The expanded monitoring programme and subsequent monitoring studies will be 

developed in consultation with the EPA and the Department of Conservation and Land 

Management. 	The existing reporting system to the EPA would be expanded in scope 

to cover the new facilities and pipelines. 

7.5 DECOMMISSIONING 

7.5.1 Offshore 

At decommissioning, Hadson will undertake the works specified by legislation current 

at that time. As the life of the platforms and pipe is 30-50 years, there is no 

benefit to be derived in specifying a preferred option at this stage. 
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7.5.2 	Varanus Island 

The decommissioning and rehabilitation programme for the existing Harriet oil field 

development would incorporate the proposed additional facilities. The original 

decommissioning and rehabilitation procedures have been described in the 

supplementary NOl (Bond Corporation Pty Ltd, 1985) and in the EMP prepared for 

CALM (Bond Corporation Pty Ltd, 1986). The EMP documents measures adopted for 

the protection and management of the environment and the lease. 

Final abandonment and restoration of the island would include: 

removal of all equipment from the island; 

removal of all noxious and toxic wastes from the island, and appropriate 

disposal; 

burial of all inert wastes, such as concrete, at the bottom of excavated areas 

such as the bund sump; 

recontouring of the area to return natural drainage patterns; 

deep ripping of compacted areas; 

application of topsoil. 

Rehabilitation of areas temporarily disturbed during construction would immediately 

follow the construction phase. This would also apply to the area where the submarine 

pipeline crossed the shore. 

The rehabilitation technique established and successfully undertaken on Varanus Island 

involves the restoration of disturbed areas to stable, drained surfaces. This is 

followed by the application of topsoil containing native seed, prior to the wet season, 

to allow favourable conditions for germination. Natural seed dispersal from adjacent 

vegetated areas also occurs for some species and would supplement the topsoil seed 

load. 

Beaches and dune areas on the island would be restored to their natural condition, as 

demonstrated by the restoration of the section of beach that was affected by the 

original pipeline fabrication activities and the fact that the pipeline has been 

excavated and successfully rehabilitated twice previously. 
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7.5.3 Interzone and Mainland 

As the pipeline is buried in the interzone and mainland section of its route, it will be 

left in place following decommissioning and purging of gas. 



8.0 COMMITMENTS BY THE PROPONENT 

The following commitments have been made by the Proponent in this CER, if the 

Harriet Gas Project proceeds: 

The Proponent intends to undertake the project as described in this CER. 

The pipeline, gathering lines and processing plant will not be constructed 

through significant archaeological and environmentally sensitive sites, except 

where this is unavoidable, for example, in the mangal/salt flat zone. 	In such 

cases, the least destructive or impactive technology will be used. 

Construction/installation of the gathering lines and transmission pipeline in both 

offshore and onshore areas will aim to: 

maintain pipeline integrity at all times 

stabilise both pipelines and trenches 

avoid erosion and changes in hydraulic and sediment conditions 

minimise damage to mangroves and other ecosystems 

restore the environment to a stable ecosystem 

4. 	Firefighting facilities will be available during construction on access roads and 

on utilised sites near to right-of-way. 

Firefighting facilities will be available during operation, both within the plant 

and lease boundary and at the metering station. 

S. 	Waste disposal will be as for the current Harriet oil field operations or to 

approved disposal sites. 

Construction and operations will be monitored by the Operator (Hadson) to 

ensure compliance with environmental obligations. 

All personnel employed on the project will be inducted in the environmental 

management methods outlined in this CER. 

Penalties for breaching environmental regulations will be included in contracts. 
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Dust and noise emissions from the plant site will comply with EPA Standards. 

Any Aboriginal relics discovered during the work will be treated in accordance 

with the Aboriginal Heritage Act 1972. 

Regular inspections of the pipeline route (both subsea and terrestrial) will be 

carried out. This will also occur after periods of heavy rain or cyclones in 

order to monitor environmental conditions, pipeline integrity and to initiate 

repairs where necessary. 

Vegetation in the terrestrial section of the project will be stripped and 

windrowed for use in rehabilitation. Topsoil and subsoil will also be stripped and 

windrowed. Replacement of this soil will be progressive as the installation of 

the pipeline is completed. 

Excavations and project—damaged land will be restored to an acceptable 

condition. 

Flora and fauna will be protected to the greatest possible extent. 

IS. All activities on Varanus Island will be in accordance with the existing 

Environmental Management Plan. 

Contractors will be prohibited from bringing firearms or pets onto Mardie Station 

during construction activities and ongoing maintenance. 

Approval from pastoralists and advice from environmental consultants will be 

sought if any water from bores is required in the onshore section of the 

project. 

Work on Mardie Station will be timed to minimise the impact on station 

activities as far as possible. 

A monitoring programme, photographic recording and reporting system will be 

implemented as outlined in this CER. 	This will particularly apply to 

rehabilitation in the onshore section during the first year. Results will be 

incorporated into the Annual Report to the EPA. 
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10.0 GLOSSARY OF TERMS 

chaining 	 Removal of obstructions by dragging a heavy chain. 

hot-tapping 	Entry into an operating pipeline by welding a fitting, and milling 

a side entry while the pipe is still under pressure. 

inhibitor 	 Chemical corrosion-prevention agent mixed with product and 

conveyed by pipeline. 

lay barge 	Vessel equipped with 8 anchors and able to systematically 

manoeuvre along a designated offshore right-of-way while laying 

pipe. 

mangal/mangrove 	Characteristic vegetation community which is adapted to inhabitat 

the boundaries of terrestrial and freshwater or marine habitats. 

phototropic 	Sensitive to light. 

pigging 	 Close fitting tool run through pipelines to clean, brush or swab 

these out. 

platform 	 Structure in ocean supporting offshore wells and equipment. 

roll-on/roll-off 	A method of marine transport by which road vehicles and land 

equipment may drive on and off a vessel. 

sacrificial anodes 	Zinc or aluminium objects electrically attached to steel and being 

preferentially consumed in the corrosion process. 

solution gas 	Gas in solution with recovered oil. 

tritter 	 Crushed vegetation. 

well-head 	The visible appurtenances of the top of an oil well. 



11.0 ACKNOWLEDGEMENTS 

Thanks are extended to the following organisations/Government Departments which 

provided information for this project: 

Department of Conservation and Land Management 

Department of Fisheries 

Western Australian Fishing Industry Council 

Environmental Protection Authority - Marine Branch 



fJ) 



/ 

(I-) 

0 
C 

0 
ni 

I 
> 
0 
(I) 

0 z 
rn 
2 
m 
I 
0 

I- 

-I 
o 

OFFSHORE I 
FACILITIES 

ROSETTE 
I FIELD 

VARANUS ISLAND FACILITIES 
SUB-

MARINE 
PIPELINE 

ONSHORE 
PIPELINE 

HARRIET 
BAMBRA 

CAMPBELL 
SINBAD 

(FIELDS) 

6MPa 	SLUG 
CATCHER 

LIQUIDS 
RECOVERY 

PLANT 

CRUDE 

STORAGE 

4MPa COMPRESSOR 
PLANT 

F 



C,) 
0 
C 

C-) 
m 
I 

0 
C,) 
0 z 
m 
m 

0 

-1 
0 

PROJECT MONTH 

I PLANNING & 
FEASIBILITY 	EVALUATION 	 EXECUTION 

-61-5 -4 -3 -2 -111 2 3 4 5 6 7 8 9 1011 12 13 14 15161 A 18 

GAS SALES AGREEMENT 
PROJECT ENVIRONMENTAL REPORT START 

EPA AND MINISTERIAL APPROVAL - - 
PIEL_.IMINAR"' ENGINEERING & IESIct'1 
PROJECT SPECIFICATION - 
LONG-LEAD ITEMS BID & AWARD - 

MANUFACTURE  
- -  FIELD WORK COMMENCES 

COMPRESSOR 
DELIVERY -1----- ----  _L_ __ 

LINEPIPE MANUFACTURE & COATING - - - - 
DELIVERY - --- --- 

PIPELINE OFFSF-1ORE INSTALLATION - --- 
ONSHORE INSTALLATION - 
COMMISSIO'I"G - -- - - 

-- 
GAS IROCESSI"G PLANT -  -- 

INSTLN. & COMMISSIONING  - - - 
---- 

ASSOCIATED FACILITIES, PURCHASE 
INSTALLATION - ----------- 



	

I 	 PROPONENT OR AGENT 	 I 

	

I 	 PROPOSAL APPLICATION 	 I 

	

reviewed informally H 	EPA DECISION ON ASSESSMENT LEVEL 	
Environmental 

with public advice 	 CONSULTATIVE ENVIRONMENTAL REVIEW 	
Assessment Process 

	

_______________________________________________ 	not required 

FORMAL PROCESS 
(CER) 

EPA PREPARES DRAFT GUIDELINES 
EPA ISSUES FINAL GUIDELINES 

PROPONENT PREPARES DOCUMENTATION 

EPA EXAMINES DOCUMENTATION FOR 
SUITABILITY FOR PUBLIC REVIEW 

Proponent addresses 
EPA review 

PUBLIC REVIEW (4 weeks) 	 Proponent responds 
- public submissions 	 H to submissions 

EPA UNDERTAKES ASSESSMENT AND REPORTS 
TO MINISTER OF THE ENVIRONMENT 

	

I 	MINISTER PUBLISHES EPA REPORT 	(i)I 

MINISTER ENSURES SETTING 
OF AND IMPLEMENTATION OF 
ENVIRONMENTAL CONDITIONS 	(ii) 

Second and third party may appeal to the Minister. 
Proponent may appeal to the Minister. 

EPA ASSESSMENT PROCESS 

FIGURE 3 
DAMES & MOORE 



44. 

. I' 1; 	' 

0) 
0 
C 

C) 
m 
I 

0 
0) 
0 
z 
m 
z m 
0 

I- 
-4 
0 

1lSOE 	 1G 
2O2OS 	 - 

sp 

CAMP&LL ci 

Lo 

$44405 

SlN8ADJ 

WA-192-P 
Part I 

- - -- - ----- 

oIl6I5E 

p 1Isl 

ii" 

(BAMBRA 	-----. 

I- 

'Y Ptatfbm 

iO7 fim 
A PfojTh 	 -. 	 TP/8 

— 

LflV4V4L 	 - 

ISLAJ1VS 

LJJZ5 
IRAMJ$ lSLAJIVdJ 	\ 

& 

-- 	 - 	

Vacant 
2ObC 

TT1 

OR 

FSSAGE$&AIIOS -- 

I" 	

4 

., SIVY • 

-1 vil C~j 

2l 

- 	 /(ç -- 

WESTERN 

AU9TALIA 
 

\\) 	/ 

SCALE  

kltom.tru 

PROPOSED PIPELINE ROUTE 
324mm GAS UNE 

VARANUS ISLAND TO 
SEC WA C.S. No.1 



I 

COMPRESSoR4~,,  

, 	Vy 

wr 

% 
\ 

JPOUND F LARL 
(existing) 

I 	 . 

$N 

k
•V 	

1 	 ...... 

'I.• •/LI 

d 

,( "ROSETTE WEW 
(existing) 

'it t - 4 
I .U, t II 	t 	... 	•' - 

E J - 	
tS3t 4kIWO 

-• 	 _____ 

VARANUS ISLAND LAYOUT 

FIGURE 5 
SOURCE: HADSON ENERGY LTD 	 DAMES&MOORE 



Onslow T 

TL 

Varanus 
Island 

'N 

0 C L A / 

I 
Dampier 

OPTION 1 

ML 
5 

MLV9 

LLV1 

\- 
Compressor 

Station 1 

n na won n C 

0 
0 10 20 30 40 50km 

I 	I 	I 	I 	I 

SCALE 	1 : 1 000 000 

ROUTE OPTIONS FROM VARANUS ISLAND TO SECWA PIPELINE 

FIGURE 6 
DAMES & MOORE 



MONTE BELL 0 

ISLANDS 

r __ I  

I 309 1 

- 	 AMPBELL 

381 

SINBAD 

Y1  I k At 1RY& 

I-- 
1 	523 

ARRIET 

TL/1 
RSETTE 

595 

c9 L_ 
	 PA414 - 

FIELD 

1 	1 ADDITIONAL PRODUCTION 
I 	LICENCE AREA 
L_ 

PRODUCTION LICENCE REQUIREMENTS 

FIGURE 7 
SOURCE: HADSON ENERGY LTD 	 DAMES & MOORE 



EL ( ) 18.000 

FUTURE CONDUCTOR I 

EL ( ) 4.200 

L.A.T. EL 0.000 

CAISSON 
REF. ORG. NO. 044-P88-05 

CAISSON STRUTS 
REF. ORG. 044-P88-11 

MUDLINE BRACING 
REF. ORG. 044-P88-12 

EL (-) 22.500 

MUDLINE EL (-) 23.000 

PIN PILE 2 
REF. ORG. 044-P88-14 

EL (-) 2 1.400 	 CAPROCK ML (-) 4.200 

PIN PILE 1 

ML (-) 3.800 

ML (-) 17.500 

ML (-) 35.450 

LOOKING SOUTH 

BAMBRA SUBSTRUCTURE 

FIGURE 8 
SOURCE: HADSON ENERGY LTD 	 DAMES&MOORE 



MONTE BELL 0 
ISLANDS 

13 
 

'I 
iL 

1owendai Islands 

7`7  

"- 
P1 

bARROW 
IS LA ND 

UflS!OW 

- 

I 

o, 
0 10 20 30 40 50km 

\ 	LI 	I 	I 
SCALE 1 1 000 000 

SPECIAL CONDITIONS ZONE (SCZ) 
OUTER SECTOR, NOMINALLY 20km. 

SPECIAL CONDITIONS ZONE (SCZ) 
INNER SECTOR, NOMINALLY 22km. 

IMMEDIATE PROTECTION ZONE (IPZ), NOMINALLY 8km. 

ENVIRONMENTALLY SENSITIVE LOCALITY (ESL). 

SPECIAL PROTECTION LOCALITY (SPL). 

ENVIRONMENTALLY SIGNIFICANT AREAS 
AND ASSOCIATED BUFFER ZONES 

FIGURE 9 
DAMES & MOORE 



LeProvost Environmental Consuttants 

TrImoullie Island 

E3 CAMPBELL 
I 

I 
Hermite Island I 

SINBAD 
200 30'  I 

I 
I 

BAMBRA 

o 	500km 

Barrow, 
Island 

PERTH 

HARRIET A 

Lowendal Islands 	nus Island  

2 

A' 

B . 
cr.. 	 0 c e a n 

.. 
D 

Stewart Island 

••Q 

F 	Sholl Island 

	

nd 	OMadIe Island 
G 	 Island 

o 
\0 Long Island 

it 
Meda ReefHç)M,ddi 

lsIand TT"T:T::::  

\ 
0AngIe 

Island 
Passage lan\ 

Solitaryisland ::' :: : :: : 

I n d i a n 

A 

0 	 10km 

21° 00' 

REFERENCE 

—5— 	5m contour 

A 	Bounce dive site 

HADSON ENERGY LIMITED 	 Figure 

LOCATION PLAN SHOWING 
PROPOSED PIPELINE ROUTES 	 10 

& BOUNCE DIVE SITES 
Auth :P.A.M.jDat. :10/90 



LeProvost Environmental Consultants 

\ \ 

	

c 	
REFERENCE 

cJ 	 Predominantly bare sand sheets 
overlying limestone pavement 

\ \\C C 

1(k 	

ç\ 	 b occasional coral bommie 

\\ 
	 w whip corals and sponges 

\\ 2 	 • 1 	Site of bounce dive 

Varanus 	 -- Limit of survey transects 
Island 	

\\ 	
(refer Figure 2) 

cC\ 	 Extrapolation of boundary 

I 	 - °V:'\' 
b 	

r 

b 	 \\j 
Jackson Rock 	 c 

{ 	

b( 

I 

	

1 o 	

\ 	

w \ 

w 

12km 	

W; 

'I 	 w  

/ 
/ ) 

HADSON ENERGY LIMITED 	 Figure 

HABITAT DISTRIBUTION MAP OF THE 
NEARSHORE ZONE EAST OF VARANUS ISLAND 	11 

Auth : RWH bate :10/90  



	

Indian 	Ocean 

0 	101< m 

	

LOCALITY 	
/ 

LeProvost Environmental Consultants 

Lowendal Islands 

Meda Reef 

Middle Island 

REF ERENCE 

Island (supratidal) 

Sand beaches and spits 

Angle Island EM Subtidal limestone pavement 

[ Subtidal limestone pavement 
with sand veneers 

I I Intertidal limestone pavement 
Passage Island and beach rock platform 

M Mangroves 

A Algae predominant 

C Algae and scattered corals 

Solitary Island 
( 111,11, 

---- Extrapolation of boundary 

HADSON ENERGY LIMITED 
	

Figure 

INTERTIDAL AND NEARSHORE HABITATS 

OF THE PASSAGE ISLAND CHAIN 
	

12 

Auth : RWH IDate :10/9C 



I N t) I A N 

Area2 

0 0 L A iV .. . 	 . 

Area 3 	 -- Dampier 

\ 
\ 	WESTERN AUSTRALIAN 	 .0 

1 	\ FISHING INDUSTRY COUNCIL  
\ PREFERRED FISHING AREA 	- 	 • 	. 

el  

Area 

Area 1 

Riv 

0 10 20 30 40 50km 

I

SCALE 	1 : 1 000 000 

ONSLOW PRAWN FISHERY - FISHING AREAS 

FIGURE 13 
DAMES & MOORE 



- 	 -' 
7 

Approximate boundary 

. 	
. 

r\< 	 I 

k 	 1 	 : 

.- 	 - 

MUDFLATS 

M 	MANGROVE ZONE 

- boundary very approximate 

S 	SAMPHIRE ZONE 

- boundary very approximate 

D 	DUNES and DUNE REMNANTS 



kk 
': 	

.:lf 
:A

3
:;. : 

A 

' 
A 	

A 

	

h
 	

I 

w
h

—
 

. 	
'c/A' . 	

7A.'. 	
. 	

-• . 	
- 	

. 	
'•

.-
 :.:-

 	
* .' 

.1

tl 

 

A
$
 	

A
' 

yA
 	

A 	
A 

A
 	

/ 
f 	

.A
 

A
.' 	

-
 	

l/• 	
-IA

' 

..,i 	
_

.•1
 	

A. 
A

4
 	

A 	
A

l 

A
' 	

l 

I 	
, 	

A 	
—

 	

-
 

.2 
A' 

1
 	

.4 
A 	

A 	
A 

4" 	
A. 

-' A 	
A 

— 

-r 

A 	
(I) 	

A 

A
 	

"
I  

A' 

A 	
0
 	

4
 

r 	
(
)
 

	

:k'; 	
....':-

-
-
-
. .-

 '.
..•

 0
 	

. 	
........

A
,  

- 	
(
U

,
 

A 	
A' 

	

-:- 	 ..-'.:.--,)- 	
1' 	

'-
-
-
•
' 	

.:- 	
u_ 

 
0

0
 

I- 
......................:r--.'-2

 	
............-----: 

co 
0
2
 

..1 

—
 	

A 

I 	
-
 

.1
 	

7
 

14 

0
 

0
 

Cl) 
z
 

0
 



2
 



APPENDIX A 

EPA GUIDELINES FOR THE CER 



Cic 	.00  

AN ENVIRONMENT 
WOR1PI PROTECTION 

MrDMacey 
Hadson Energy Ltd 
P0 Box 477 
WEST PERTH WA 6005 Your ret: 

Our ret: 20/85 

Enquiries: Mr D Betts/Mr I Harvey 

Dear Mr Macey 

GUIDELINES FOR PREPARATION OF CER DOCUMENT FOR CONSTRUCTION 
OF HARRIET GAS PIPELINE 

Please find attached the final guidelines for your Consultative Environmental Review into the 
potential impacts of the proposed Harriet gas pipeline. 

Yours sincerely 

- . 
JWMatcolm 

() A/Dl RECTOR 
EVALUATION DIVISION 

28 May 1990 

Enc 

1 48DBHARRIET:clb 

Environmental 
Protection Authority 

1 Mount Street Perth 
Western Australia 6000 
Telephone (09) 222 7000 
Facsimile (09) 322 1598 



GUIDELINES FOR PREPARING A CONSULTATIVE ENVIRONMENTAL REVIEW 
FOR THE PROPOSED CONSTRUCTION OF GAS PIPELINE 

FROM HARRIET GASFIELD LOCATED NORTH-EAST OF BARROW ISLAND 
TO JOIN DAMPIER/PERTH GAS PIPELINE 

The guidelines provide a list of topics that should be included within the Consultative Environmental 
Review. They are not intended to be exhaustive and the proponent may consider that other topics 
should also be included in the document. The Consultative Environmental Review is intended to be a 
brief document; its purpose should be explained and the contents should be concise and accurate as 
well as being readily understood. Specialist information and technical description should be included 
where it assists in the understanding of the proposal. It may be appropriate to include ancillary or 
lengthy information in technical appendices. Good maps are highly important. 

	

1. 	Summary 

The Consultative Environmental Review should contain a brief summary of: 

salient features of the proposal; 
alternatives considered; 
description of receiving environment and analysis of potential impacts and their significance; 
environmental monitoring and management programmes, safeguards and commitments; and 
conclusions. 

	

2. 	IntroductIon 

The Consultative Environmental Review should include an explanation of the following: 

the scope, purpose and structure of the Consultative Environmental Review; 
identification of proponents and responsible authorities; 
background and objectives of the proposal, including a description of the existing facilities of 
the oil field and island base (if this is to be affected); 
brief details of, and timing of, the proposal; 
relevant statutory requirements and approvals; and 

Need for the Proposal 

The Consultative Environmental Review should briefly examine the justification for the proposal! 

4. 	Evaluation of Alternatives 

A discussion of alternative alignments should be provided. This discussion should clearly explain the 
rationale for choosing the preferred option. 

Description of Proposed Development 

Adequate information and technical data, including maps, diagrams, photographs, etc, should be 
presented to allow a careful evaluation and review of the proposed development in context with the 
existing facilities. 

This includes a description of: 

the pipeline; 
details of design; 
the pipeline lease; 
permanent above ground facilities, in particular with respect to Varanus Island; 
seabed pipeline design parameters; 
engineering design; 



contingency proposals for pipeline rupture; 
decommissioning and rehabilitation. 

	

6. 	Description of the Existing Environment, Including: 

land tenure and constraints; 
physical characteristics, eg, geomorphology, soils, hydrology, etc; 
biotic characteristics, eg, flora, fauna, etc; 
marine environment, eg, distribution of corals, water depth, current, tides; 
intertidal zone; 
significant sites (aboriginal ethnographics, archaeological, historic, scientific, educational); 
human environment characteristics, eg, existing and proposed land use, trawling activities. 

	

7. 	Description of the Environmental Impacts, Including: 

impact on marine environment, eg, corals, sea floor substrate as well as on trawling activities; 
impact on intertidal environments, eg, mangroves, algal flats; 
impact on soils, vegetation and fauna (with particular regard to timing of construction); 
air quality; 
noise and vibration; 
bushfires during construction; 
impact upon System 8 or other areas identified as having conservation value; 
hydrological impacts, eg, creek crossing, claypans, use of water for construction purposes; 
impacts arising from project elements, eg, construction camp sites, access tracks, machinery 
compounds, etc; 
potential for, and impact of, weed invasion; 
potential for pipeline rupture and possible impacts; 
disposal of hydrostatic test fluid from pipeline. 

	

8. 	Management 

Management of the environmental impacts which may reasonably be expected to be affected by the 
project should be addressed. Impacts requiring ongoing management including the time span 
proposed for ongoing management should be described. 

Major issues requiring attention would include: 

management of unavoidable impacts during construction and operatioi; 
amelioration of lesser impacts; 
staging and construction; 
landscaping and rehabilitation; 
monitoring and reporting. 

GuIdelines 

A copy of these guidelines should be included in the document. 

References 

All references should be listed. 

11. Appendices 

Where detailed technical or supporting documentation is required, this should be placed in 
appendices. 

12. CommItments 

2 



A numbered list of all environmental management commitments should be given. 

A commitment should include: 

who makes the commitment; 
the nature of the commitment; and 
when the commitment will be carried out and to whose satisfaction. 

13. 	ConsultatIons 

A list of agencies or groups consulted in the preparation of the CER. 

1 45DBBARROWCERc3UIDE:clb 
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SEA FLOOR AND HABITAT DESCRIPTION 

PROPOSED GAS PIPELINE ROUTES 

1 	INTRODUCTION 

Hadson Energy Ltd (Hadson) propose to install submarine gas pipelines between 
three offshore wells (Sinbad, Campbell and Bambra), one offshore platform 
(Harriet A) and Varanus Island, and thence south-east to the mainland, to link into 
the existing Dampier to Perth natural gas pipeline. The approximate location of the 
proposed gas transmission pipeline, whose total length is 95 km, is shown in 
Figure 1. 

As part of a feasibility investigation into the proposal, Hadson commissioned 
LeProvost Environmental Consultants (LEC) to conduct surveys of the sea floor 
along the proposed pipeline routes to provide information on seabed character for 
route selection and environmental impact assessment purposes. 

Two surveys were conducted at the request of Hadson. One survey inspected in 
detail the nearshore zone to the south-east of Varanus Island; the other inspected, 
on a larger scale, the offshore pipeline routes including adjacent islands and reefs. 
The methods and results of these surveys are presented in this report. 



LeProvost Environmental Consultants 	 2 

2 	SEA FLOOR AND HABITAT DESCRIPTION OF THE 
NEARSHORE ZONE EAST OF VARANUS ISLAND 

2.1 OBJECTIVE 

This survey was undertaken to investigate the suitability of an 'exit route' from 
Varanus Island for the pipeline that will transmit processed gas to the mainland. 
The objective of this survey was to determine the bathymetric profile and physical 
attributes of the sea floor immediately to the east and south-east of Varanus Island, 
and to identify whether there were any physical obstacles or biological features that 
would reduce the suitability of the preferred exit for the Varanus Island to 
mainland gas pipeline. 

A set of water-penetrating aerial photographs of the Varanus Island area was 
commissioned by Hadson. These photographs were taken on 2 June 1990 at a scale 
of 1:30,000 and subsequently enlarged to reduce the scale to 1:10,000. The aerial 
photographs revealed a series of parallel formations of light and dark patches 
trending in a north-west - south-east direction. It was suspected that the 
longitudinal light patches were a series of north-south trending sandy trenches 
which, bordered by low limestone ridges, might be suitable for containing the 
proposed gas pipeline. 

2.2 METHODS 

The habitat survey was conducted over three days during June 1990. The survey 
involved underwater 'Manta board' tows along transects and bounce dives at pre-
selected sites using surface-supplied air (HOOKAH) on board a 7 m long 'Shark-
Cat'. 

To determine both the substrate type and the principal biotic elements 
characterising the sea floor, nine transects were undertaken with the first transect 
starting adjacent to the Hadson oil storage tanks on Varanus Island (Fig. 2). The 
transects were approximately 1 km apart, with the final transect starting 9 km south 
of the Hadson tanks. The bearing of the transects ranged from 60°-90°, while the 
length of each transect ranged from 2 km to 4 km. 

Position fixes were recorded using a Global Positioning System (GPS) when 
satellites were available, or otherwise by hand-bearing compass. A diver recorded 
the substrate types, biota and time whilst being towed along each transect. At the 
same time, the bathymetric profile was recorded on paper using the vessel's Furuno 
echo-sounder. 

Following completion of the transects, bounce dives at 10 locations were 
undertaken to obtain further information on the substrate to the west of Jackson 
Rock and to identify the habitats on each side of the sandy areas. The bounce dive 
descriptions included species composition, the type of substrate and depth of soft 
sediments (if present). Photographs were taken at each site for comparisons. 
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2.3 	RESULTS AND DISCUSSION 

The locations of the transects and bounce dives are shown in Figure 2. The habitat 
distribution map is shown in Figure 3. In summary the transects revealed that most 
of the survey area consists of a limestone pavement that is either covered with a 
veneer of coarse white calcareous sands, or is exposed and colonised with algae 
and occasional whip corals. 

A third substrate type consisted of a raised and broken limestone pavement with a 
surface relief up to 1 m in height. Much of this pavement was covered with a very 
thin veneer of coarse sand, and colonised by algae and scattered small to medium 
size corals and large coral bommies. This habitat type was mainly found in the 
north-eastern part of the study area, with scattered smaller patches encountered 
along the southern transects (Fig. 3). The genera of corals observed on the transects 
at these locations were: Acropora, Turbinaria, Porites and Faviidae. The condition 
of these potential reef-forming corals appeared healthy and coral cover was 
reasonably high. 

The remaining areas contained more isolated coral colonies which were generally 
small and scattered except in some locations where an occasional Porites bommie 
reached a height between 1 m and 3 m. 

Bounce dives along the proposed pipeline route (Figs 2 & 3) confirmed that the 
substrate to the west (i.e. nearshore side) of Jackson Rock consists of a low and 
flat limestone pavement overlain by a 15 cm thick veneer of rippled coarse sand, 
and with a patchy algal cover ranging from 0 - 60%. The major genera of algae 
observed at the bounce dive locations were: Sargassuni, Halirneda, Padina, 
Dictyota, Dictyopteris and C'ystophora. Table 1 describes the substrate and biota at 
the bounce dive locations, and photographs of these sites are shown in Plates 1-9. 

Bathymetric profiles and descriptions of the substrate along each transect are given 
in Figures 4-8. The profiles show that the nearshore zone has variable bathymetry 
and shape, and that the edge of this zone is marked by a steep slope where water 
depths exceed 20 m. 

In the northern part of the study area (Runs 1-4; Figs 4-6) the sea floor is relatively 
flat and depths are shallow (5-10 m) close to Varanus Island. The profiles then 
exhibit a series of ridges or platforms further offshore, before gradually deepening 
to the east. The series of raised ridges trend in a north-south orientation. 

The southern part of the study area (Runs 7-9; Figs 7 & 8) exhibits a gentler 
profile which gradually deepens to both the east and south. Transects 5 and 6 (Figs 
6 & 7) exhibit profiles transitional between those described above. 

In summary, the substrate along the proposed exit route of the gas transmission 
pipeline consists primarily of flat, sand-veneered limestone pavement, which is 
devoid of important habitats or biota such as coral reefs or limestone reefs. 
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3 	SEA FLOOR AND HABITAT DESCRIPTION OF THE 
OFFSHORE PIPELINE ROUTES 

3.1 OBJECTIVES 

Offshore surveys were commissioned by Hadson to investigate the character of the 
sea floor along the routes of the proposed pipelines which will gather gas from the 
offshore platform and wells to Varanus Island and then transmit the gas from this 
island to the mainland. Surveys of the transmission route from Varanus Island to 
the mainland included inspections of the shallow subtidal and intertidal 
environments surrounding the Passage Islands chain (Fig. 1). 

The objectives of the offshore surveys were as follows: 

to record the bathymetric profile of the various pipeline routes and 
investigate any steep rises or other physical feature indicating an important 
change of substrate or habitat; and 

to inspect nearshore and intertidal habitats around the Passage Islands chain 
in order to obtain information on the types of the sea floor substrate and 
character of the biota, and map the various habitats. 

The latter objective included inspections at selected sites near Sholl Island and 
along the nearshore side of the Passage Islands chain to gain a regional perspective 
of the shallow nearshore areas adjacent to the pipeline. The additional inspections 
were also undertaken in order to provide pertinent data for alternative pipeline 
routes through this chain of islands. Additional data were deemed necessary in case 
the preferred route (which passes between Passage Island and Angle Island) was 
found to be unacceptable from either engineering or impact assessment viewpoints. 

3.2 METHODS 

The offshore surveys were conducted during spring tides in July 1990. 

3.2.1 First Stage of the Survey 

The first stage of the survey involved recording the bathymetric profile and 
inspecting the substrate along the routes of pipelines which will gather gas from 
the various wells, and along the route of the transmission pipeline which will 
conduct the gas from Varanus Island to the mainland. 

Sea floor inspections were completed in four sections listed as follows: 

Bambra to Harriet A; 

Harriet A to Sinbad; 



LeProvost Environmental Consultants 	 5 

Sinbad to Campbell; and 

Varanus Island to the mainland. 

Bathymetric profiles were recorded on paper using an echo-sounder on board a 
30 m barge (Mermaid Supplier). Position fixes were made using GPS whenever 
possible, or otherwise by using the barge's radar. 

As most of the survey was conducted in deep water (up to 43 m), the nature and 
biotic character of the sea floor was recorded with a video camera and cassette 
recorder using 'Sea-Cat' remotely operated vehicle (ROV). Where there were no 
obvious changes in the bathymetry, the sea floor was inspected by the ROV every 
3 nm. 

When a marked change in depth was noted on the echo-sounder, a buoy was 
thrown over the side of the barge and the vessel nosed into the wind. As the barge 
drifted back onto the marker, the ROV was lowered over the side and a video 
recording made of the sea floor. 

Shallower depths along the transmission route between Varanus Island and the 
mainland enabled divers to record observations of the sea floor. Descriptions of the 
sea floor were made at pre-selected positions (A-M) along the proposed pipeline 
route using divers supplied with HOOKAH (Fig. 1). The routes of the proposed gas 
gathering and gas transmission pipelines, and the location of the various bounce 
dive inspections are shown on Figure 1. 

Sediment samples were also collected at these sites for grain size analysis. 
Sampling included a record sediment thickness, bedforms and details of the biotic 
character of the sea floor. Photographs were also taken. In addition to the 
predetermined dive sites, inspections of the substrate were also undertaken at a 
position close to bounce dive site M, to assist with interpretation of shallow 
seismic data obtained in that area. The sediment depth was recorded with the aid of 
a solid metal probe, 1.6 m in length and 1.5 cm in diameter. 

The last leg of the gas transmission pipeline route (4.2 nm) was in very shallow 
water between the Passage Islands chain and mainland shore. This portion of the 
route was surveyed using a shallow-drafted vessel (7 m long Shark-Cat), with its 
course to the shoreline maintained using the Mermaid Supplier's radar and 
instruction by VHF radio. 

3.2.2 Second Stage of the Survey 

The second stage of the survey involved inspection of the nearshore and intertidal 
shallow water environments around the Passage Islands, a chain of inshore islands 
that traverse the route of the gas transmission pipeline. 

Colour aerial photographs of the shallow subtidal and intertidal habitats around the 
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islands were obtained from the Lands and Surveys Department. The 1:25,000 scale 
photographs, which had been taken in August 1985, were ground-truthed during a 
three day field survey of all shallow areas surrounding the islands adjacent to the 
proposed gas pipeline route. These environments were inspected at low spring tide 
to determine the full extent of the intertidal zone. A series of traverses were made 
on the basis of depth, and during which the dominant substrate types and attendant 
biota were recorded. Owing to constraints imposed by the necessity to work within 
the short periods when the substrate was exposed at low spring tides, time available 
for rigorous appraisals of each habitat type at all islands was restricted. 

Nearshore sites N,O,P and Q were inspected by bounce dives (Fig. 1), where 
sediment samples and photographs were taken. 

3.3 	RESULTS AND DISCUSSION 

3.3.1 Sea Floor Characteristics Along the Proposed Pipeline Routes 

Harriet A to Sinbad, and Sinbad to Campbell 

The bathymetric profile of the pipeline route from Harriet A to Sinbad and thence 
to Campbell indicates the presence of a series of high ridges (Figs 9 & 10). Each 
of the ridges was inspected by ROV. All but one ridge comprised sand waves 
which were relatively devoid of epibiota. Rock was encountered only on one ridge 
to the south of the Sinbad well (location ROV 1; Fig. 9). This outcrop of rock, 
which appeared to be a type of sandstone rather than limestone, formed a small 
cliff. 

A variety of demersal and benthic fish were present at this outciop, which was 
colonised by sponges, fans and a few isolated corals. No extensive coral was 
observed at the rock formation. The sea floor character at six locations along this 
route is outlined in Table 2a. 

Bambra to Harriet A 

The bathymetric profile surveyed between Bambra and Harriet A indicates that the 
sea floor has an undulating surface with gentle rises up to 3 m in height, and most 
rises to 2 m in height (Fig. 11). Inspections with the ROV showed them to be 
formed by low sand waves that were largely devoid of surface biota (Table 2b). 

Varanus Island to the mainland 

The bathymetric profile obtained between Varanus Island and the mainland 
(Fig. 12) shows the sea floor to be mostly flat. Bounce dive inspections confirmed 
that the sea floor in the deeper waters along the route comprises a featureless 
limestone pavement of low relief overlaid by veneers of calcareous coarse sandy 
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sediments. Predominant elements of the benthic biota consisted of scattered 
sponges, algae, sea whips and soft corals, and an occasional hard coral (mostly 
Turbinaria sp.; Table 3). 

Apart from the small limestone reef surrounding Jackson Rock near Varanus Island 
(Section 2.3), only one further reef system (Meda Reef) was found along the 
proposed route of the gas transmission pipeline (Sites I and H in Table 3 and Fig. 
1; Plate 17). Since this reef will be avoided by an eastward deviation in the 
pipeline, no inspections were made to the west of Meda Reef, which supported a 
variety of algae and both hard and soft corals. Immediately to the east of this reef, 
the sandy substrate of the sea floor was devoid of sessile organisms (Table 3). 

Closer to shore, the substrate is primarily rippled sand and also devoid of epibiota. 
Between the Passage Islands chain and the mainland coastline, the sediment 
becomes finer grained, unrippled and burrow-pocked (Plate 15). 

The sea floor at dive site M (the closest bounce dive site to the mainland coast) 
was composed of limestone pavement with a thin veneer of silts and colonised by 
soft coral, sponges and some hard coral (Plate 18). Inspections made at 100 m and 
150 m to the north and south of site M indicate that corals persist in the deeper 
and more open waters to the north but decrease to the south due to the presence of 
thick veneers (0.5 m) of silt in the nearshore waters (Plate 14). 

When compared with (a) the biota and substrate type recorded at bounce dive sites 
K and L, and (b) the bathymetric contours on Royal Australian Navy hydrographic 
chart AUS 743, the observations made at the additional inspection sites N, 0, P 
and Q (east of the proposed route) indicate that: 

the substrates of sandy and silt veneers and their attendant biota are uniform 
along the mainland side of the Passage Islands chain; and 

there may be alternative pipeline routes through the Passage Islands chain 
that would also avoid important habitats such as outcrops of limestone reef 
or coral. 

Of the possible alternative routes to the north of Sholl Island, one that passes 
between this island and Stewart Island is shown in Figure 1. 

3.3.2 Survey of Intertidal and Nearshore Subtidal Habitats of the 
Passage Islands Chain 

3.3.2.1 Habitat types 

The shallow water habitats of the Passage Islands chain can be categorised in terms 
of tidal zone, substrate type and biota. The main categories are as follows: 

(i) 	bare sand spits and sand beaches; 
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sand beaches with mangroves; 

intertidal rocky shore/beachrock platform; 

intertidal limestone pavement (with sand-filled depressions, algae and 
seagrass); and 

subtidal limestone pavement (with raised limestone ledges, sand veneer, 
algae and coral). 

The distribution of these habitats is shown in Figure 13. 

3.3.2.2 Habitat characterisation 

Bare sand spits and sand beaches 

South of Passage Island a long sand spit or shoal is exposed at low spring tide 
(Fig. 13). 

Small sand beaches were found on all sides of the most of the islands that were 
visited. It was not possible to circumnavigate all of the islands during the low 
spring tides, and therefore some of the beaches depicted in Figure 13 have been 
mapped according to aerial photographic interpretation only. Many of these beaches 
comprised thin sandy veneers covering limestone or beachrock, and it is not 
unlikely that these litho-environments are periodically exposed. 

The biota on the sand spit and lowest parts of the sandy beaches consists largely of 
a benthic infauna such as polychaetes and bivalve molluscs. Ghost crabs 
(Ocypodidàe), turtles, wading birds and seabirds were also observed on some of 
these beaches. 

Sand beaches with mangroves 

This habitat occurred exclusively around Solitary Island. The dominant species was 
Avicennia marina (Plates 12 & 13) and, its distribution is shown in Figure 13. 

Intertidal rocky shore/beachrock platform 

This habitat was found at Long Island, Angle Island and Passage Island (Plates 10 
& 11). Predominant algae were Sargassum, Dictyota, Cystosierra, Hydroclathrus, 
Cladophora, Codium, Halimeda, Padina and Caulerpa. Small areas below the 
lowest low water mark contained the seagrasses Thalassia hemprichii and 
Halophila spp. 

The major elements of the benthic fauna comprised: 
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Porifera - sponges; 

Cnideria - anenomes, soft corals, hard corals (e.g. Po,-ites, 
Turbinaria, Faviidae); 

Polychaetes - tube worms; 

Crustaceans - hermit crabs, spider crabs, and barnacles; 

Molluscs - cerithiids, Morula margaritacola, trochus, giant 
clams, volutes, conch and razor shells, and octopi; and 

Echinoderms - starfish and sea cucumbers. 

Intertidal limestone pavement with sand veneer and algae 

The lack of holes, crevices and depressions in this habitat reduced the number of 
niche types and hence the diversity of organisms colonising this habitat, whose 
distribution is shown in Figure 13. 

The main elements of the biota observed in this habitat were algae (typically 
Sargassum, Padina, Diczyota, Hydroc/athrus, Caulerpa and Codiurn), and giant 
clams, soft coral and some hard corals. These organisms were predominant in the 
mid- to lower portion of the intertidal zone. 

Subtidal limestone pavement 

This habitat type consists largely of limestone pavement with raised limestone 
ledges and is colonised by principally by algae and corals (Plates 16 and 17). A 
thin layer silt covers much of the pavement. The main coral genera observed 
included: Galaxia, Porites, Turbinaria, Lobophyllia, Faviidae, Platygyra, 
Fun giidae, Pectinidae and Montipora. 

There is substantial coral damage (presumably a result of previous cyclonic events), 
with large quantities of dead broken or overturned corals recorded throughout the 
subtidal habitat of the Passage Islands. The main surviving corals observed in this 
habitat were the massive and encrusting varieties, although there was also evidence 
of regrowth of branching corals in some areas. 
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4 CONCLUSIONS 

None of the habitats observed in the path of the pipeline routes can be considered 
to be rare, unusual or of high ecological productivity. All of the habitats 
encountered are widely distributed throughout the region. The pipeline route from 
Varanus Island to the mainland does not pass close to or pass over areas of coral 
reef, although it will pass within 0.5 km of two limestone reefs which support coral 
colonies (i.e. Jackson Rock near Varanus Island, and Meda Reef near the Passage 
Islands chain). These reefs cannot be considered to be regionally important in terms 
of their size or location, but they do provide localised shelter for a wide range of 
reef fish and invertebrate fauna. 

The sea floor is mainly flat to gently undulating and generally featureless, with 
much of the pipeline route traversing wide areas of a sand-veneered limestone 
pavement. The sand sheets vary in thickness, but were found to be typically less 
than 1 m thick and often less than 0.5 m thick. Thus there appears to be little 
scope for pipeline burial along much of the route, except perhaps closer to the 
mainland on the southern side of the Passage Islands chain. 

No obstacles to pipeline laying were encountered apart from the rock ridge south 
of the Sinbad well. The extent of such ridges may require further inspection from 
an engineering perspective before the route is finalised between Sinbad and Harriet. 

The surveys undertaken for this study also reveal the existence of a potentially 
feasible and environmentally acceptable alternative route through the Passage 
Islands chain. However, compared to the proposed route which passes between 
Passage Island and Angle Island, the potential alternative route is not as direct 
since it passes between Sholl Island and Stewart Island (Fig. 1). On the other hand, 
this route involves a shorter sub-sea distance and possibly an easier traverse across 
the shoreline of the mainland near Mardie Station. 
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TABLE 1 

HABITAT DESCRIVI'ION OF THE NEARSHORE ZONE EAST OF 
VARANUS ISLAND 

DIVE SITE SUBSTRATE BIOTIC CHARACTERISTICS 

Coarse rippled sand veneer Dictyota sp, 
and limestone rubble on Dicryopieris sp. 
limestone pavement. Sargassuni sp. 
Sand ripples 10-15 cm Cystophora sp. 
high. Padina sp. 

70 % algal cover 

2 Coarse rippled sand veneer Dicryota sp. 
on limestone pavement. Dictyopteris sp. 
Sand ripples 10-15 cm Sargassuni sp. 
high. Cystophora sp. 

Padina sp. 

50 % algal cover 

3 Coarse rippled sand veneer Dictyota sp. 
on limestone pavement. Dictoyop:eris sp. 
Sand ripples 10-15 cm Sargassum sp. 
high. Cystophora sp. 

Padina sp. 
Halirneda sp. 

50 % algal cover 

Small corals (Acropora, 
Turbinaria) Ascidians. sponges 

4 Coarse rippled sand veneer Dicryota sp. 
and limestone rubble on Dicryopreris sp. 
limestone pavement. Sargassunz sp. 
Sand ripples 10-15 cm Cystophora sp. 
high. Padina sp. 

60 % algal cover 

Small corals (Acropora, 
Turbinaria), Ascidians. sponges 

5 Coarse rippled sand veneer Dictyota sp. 
and limestone rubble on Dictyopseris sp. 
limestone pavement. Sargasswn sp. 
Sand ripples 10-15 cm Cystophora sp. 
high. Padina sp. 

Halirneda sp. 

50 % algal cover 

Small corals (Acropora, 
Turbinaria), Ascidians. sponges 

6 Coarse ripples sand veneer Bare 
and limestone rubble on 
limestone pavement. 
Sand ripples 10 cm high. 
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TABLE 1 

HABITAT DESCRIPTION OF THE NEARSHORE ZONE EAST OF 
VARANUS ISLAND 

DIVE SITE SUBSTRATE BIOTIC CHARACTERISTICS 

7 Coarse rippled sand veneer Dictyota sp. 
and limestone rubble on Dictyopteris sp. 
limestone pavement. Sargasswn sp. 
Sand ripples 10 cm high. Cystophora sp. 

Padina sp. 

Jialirneda sp. 

Small corals (Acropora. 

Turbinaria, Ponies, Faviidae). 

Ascidians, sponges 

S Raised limestone Padina sp. 
pavement. Sargassurn sp. 
Coarse rippled sand and Cystophora sp. 
limestone rubble between ilalinieda sp. 
raised limestone lumps. Dictyota sp. 
Ripples 10 cm high. Dicryopteris sp. 

Ponies bommies up to 1.5 m 
high. 
Ascidians, sponges 

9 Coarse rippled sand veneer Padina sp. 
and limestone rubble on Sargassuni sp. 
limestone pavement. Cystophora sp. 
Sand ripples 10 cm high. Hall nteda sp. 

Dictyota sp. 

Dictyopieris sp. 

Whip corals, soft corals, small 
massive and branching corals. 
sponges. 

10 Coarse rippled sand veneer Padin.a sp. 
and limestone rubble on Sargassunt sp. 
limestone pavement. Cystophora sp. 
Sand ripples 10 cm high. Hall nieda sp. 

Dictyoza sp. 

Dictyopeeris sp. 

Whip corals, soft corals, small 
massive and branching corals. 
sponges, Ascidians. 
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TABLE 2a 

HABITAT DESCRIPTION OF PROPOSED PIPELINE 

ROUTE FROM HARRIEF A TO CAMPBELL 

ROY LOCATION SUBSTRATE BIOTIC CHARAC'I'ER 
INSPECTION 

SITE 

I 2031.34'S Coarse rippled sand and Barrcn on sand. 
1 15M0.94'E rock pavement, ledges and 

cliffs. Sponges, green algae, 
solitary corals, fans, 
whips, and fish on rock 
ledges. 

2 20°28.45'S Megarippled coarse- Barren where rippled. 
I 15°42.77'E medium sand waves. Vegetated by scagrass in 

other areas. 

3 2027.52'S As above As above 
I l5°43.O6' 

4 20°26.30'S Coarse sand, gravel veneer. Sponges, whips and fans. 
1 15°43.39'E 

5 20'25.24'S As above As above 
115M3.66'E Some rock pavement. 

6 Campbell Rock pavement with sand As above 
gravel veneer. 

t 
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TABLE 2b 

HABITAT DESCRIPTION OF THE PROPOSED PIPELINE 

ROUTE FROM BAMBRA TO HARRIET A 

DIVE SITE SUBSTRATE BIOTIC CHARACTER 

I Rippled sand. Nil on surface. 

2 Coarse rippled sand and 
shell fragments. 

Bryozoans and small fish. 

3 Fine rippled sand and 
shell fragments. 

Holothurians. 

4 Fine rippled sand and 
shell fragments. 

Tube worms. 
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1-1 

TABLE 3 

HABITAT DESCRIPTION OF THE PROPOSED PIPELINE ROUTE 

FROM VARANUS ISLAND TO THE MAINLAND 

DIVE SITE SUBSTRATE BIO'l'IC CHARAC1'ER 

A Coarse sand veneer on Small massive coral, 
limestone pavement, algae, whip corals. 

Ascidians. 

B Rippled sand veneer. Gorgonian corals, starfish, 
gravel and shell fragments. Ascidians, sponges, whip 

corals. 

C Rippled sand and shell Ascidians, whip corals, 
fragments. sponges. 

D Megarippled sand. Small corals (Turbiizaria), 

limestone rubble and shell sponges. Ascidians. 
fragments. 

13 Rippled sand and shell Feather stars. 
fragments. 

F Rippled medium coarse Nil on surface 
sand and shell fragments. 
Ripples 7.5 cm high and 
45 cm apart. 
Thickness of sand 
> 25 cm. 

G Rippled sand. Nil on surface 

H Bare rippled silty sand Nil on surface 

I Meda Reef - see habitat 
report.  

J Flat silt and sand. Bare 
Depth of sand > 1 in. 
Burrows present. 

K Flat silt, sand and shell Bare 
fragments. 
Depth of sand> 1 m. 
Burrow present. 

L Flat silt and sand. Feather stars, tube worms 
Depth of sand > 0.75 m. and stingray depressions. 
Burrows present. 

M Rippled silt to fine sand. Sponges and scattered soft 
Depth of sand > 40 cm. and hard corals. 
Ripples 1 ens high and 
13 cm apart. 

N Rippled fine sand. 'Cerithiidae 
Depth of sand > 30 cm. 
Ripples 2.5-5 cm high and 
18cm apart. 

I 
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TABLE 3 

HABITAT DESCRWFION OF THE PROPOSED PIPELINE ROUTE 

FROM VARANUS ISLAND TO THE MAINLAND 

DIVE SITE SUBSTRATE BIOTIC CHARACI'ER 

0 Coarse rippled sand. Feather stars, Fungiidae 
Depth of sand > 30 cm. corals. Ascidians, soft 
Ripples 5 cm high and corals, tube woms. 
30 an apart. 

P Medium to coarse, rippled Starfish, crabs, feather 
sand, stars. 
Ripples 2.5-5 cm high. 
18cm apart. 
Depth of sand > 0.6 m. 

Q Rippled coarse sand. Feather stars, tube womis. 
Ripples 5 cm high and subsurface Holothuriaris. 
30 cm apart. 
Depth of sand > 0.75 m. 
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PLATES 

Plate 1: 	Inspection bounce dive location 2 in the nearshore zone east of 
Varanus Island 

Plate 2: 	Inspection bounce dive location 3 in the nearshore zone east of 
Varanus Island 

Plate 3: 	Inspection bounce dive location 4 in the nearshore zone east of 
Varanus Island 

Plate 4: 	Inspection bounce dive location 6 in the nearshore zone east of 
Varanus Island 

Plate 5: 	Inspection bounce dive location 7 in the nearshore zone east of 
Varanus Island 

Plate 6: 	Inspection bounce dive location 8 in the nearshore zone east of 
Varanus Island 
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PLATES 

Plate 7: 	Inspection bounce dive location 9 in the nearshore zone east of 
Varanus Island 

Plate 8: 	Inspection bounce dive location 9 in the nearshore zone east of 
Varanus Island 

Plate 9: 	Sea floor substrate between inspection bounce dive locations 9 and 
10 in the nearshore zone east of Varanus Island 

Plate 10: 	Intertidal limestone pavement with sand-filled depressions and 
algae - Angle Island 

Plate 11: 	Outer intertidal zone - Passage Island 

Plate 12: 	Intertidal zone at Solitary Island. Note oyster-covered rocks and 
Avjcennja mangroves in the background 
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PLATES 

Plate 13: 	Avicennia mangroves on sand and limestone at Solitary Island 

Plate 14: 	Bare, rippled silt and fine sand near inspection bounce dive site M 
on the proposed pipeline route from Varanus Island to the mainland 

Plate 15: 	Burrowed silty sand at inspection bounce dive site J on the proposed 
pipeline route from Varanus Island to the mainland 

Plate 16: 	Feather star on coarse bare sand at inspection bounce dive site Q 
north-east of Sholl Island 

Plate 17: 	Algae on limestone pavement at Meda Reef 

Plate 18: 	Substrate at inspection bounce dive site M - limestone with a thin 
veneer of silt; sponge, soft coral and hermatypic coral 



: 

PLATE 13 PLATE 14 

PLATE 15 

I; 

PLATE 16 

PLATE 17 	 PLATE 18 



M~ 



APPENDIX C 

A SUMMARY REPORT OF AN ETHNOGRAPHIC AND ARCHAEOLOGICAL SURVEY 

FOR ABORIGINAL SITES ON THE PROPOSED PIPELINE ROUTE 

IN THE VICINITY OF PETER'S CREK, PILBARA, WA. 

MCDONALD HALES & ASSOCIATES 



A SUMMARY REPORT OF 

AN ETHNOGRAPHIC AND ARCHAEOLOGICAL SURVEY 

FOR ABORIGINAL SITES 

ON THE PROPOSED 

HARRIET GASFIELD PIPELINE ROUTE 

IN THE VICINITY OF PETERS CREEK, PILBARA, W.A. 

FOR 

DAMES AND MOORE 

BY 

A. MURPHY AND E. N. Mc DONALD 

Mc DONALD, HALES AND ASSOCIATES 

5 ELLEN STREET 
FREMANTLE 6160 

JULY 1990 



A SUMMARY REPORT OF 
AN ETHNOGRAPHIC AND ARCHAEOLOGICAL SURVEY 

FOR ABORIGINAL SITES 
ON THE PROPOSED 

HARRIET GASFIELD PIPELINE ROUTE 
IN THE VICINITY OF PETERS CREEK, PILBARA, W.A. 

RESEARCH BRIEF 

McDonald, Hales and Associates were commissioned by Dames and 

Moore to conduct a survey for Aboriginal sites along the proposed 

route of a gas pipeline in the vicinity of Peters Creek, in the 

Pilbara region of Western Australia. The Harriet Gasfield 

pipeline will involve a easement of approximately 30m in width 

and will traverse some 30 kilometres from the coast to the 

existing SECWA Dampier-Perth gas pipeline, just north of the 

SECWA compressor station. The entire length of the Harriet 

Gasfield pipeline route is within the boundaries of Mardie 

Station. 

P3ORIGINAL HERITAGE 

The proposed Harriet Gasfield pipeline route is within the 

territory of the Mardudunera 	(Mart uthunera) 	people. 	The 

Mardudunera occupied an area between the Maitland River to 

Warramboo Creek. Their territory traditionally included a number 

of nearby islands, including islands in the Dampier Archipelago. 



SURVEY FOR ABORIGINAL SITES 

Survey Methods 

The ethnographic survey consisted of the following procedures: 

Archival research 

Physical examination of the route 

Interviews with informants knowledgeable about the 
country. 

The preliminary research involved a review of the Department of 

Aboriginal Sites of the Western Australian Museum files, and 

Aboriginal heritage study reports on the coastal side of the 

SECWA Perth-Dampier gas pipeline, between the Fortescue River and 

Onslow. 

This review was followed by interviews with Aboriginal 

consultants, and a field trip with a key informant during which 

the route was traversed. This allowed any possible sites of 

significance to be identified and located. The informant is one 

of the few remaining Mardudunera speakers and is very familiar 

with Mardie Station. The field survey was conducted between 

Monday June 25 1990 and Wednesday 27 1990. 

The archaeological survey, included a similar search of site 

files and previous consultancy reports relating to the study 

area, was undertaken at the Department of Aboriginal Sites, 

Western Australian Museum. The route between the Dampier-Perth 

SECWA gas pipeline and the coastal salt flats was traversed on 
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foot and by motor vehicle. Sections of the saline coastal flats 

and the mangrove swamps were inspected with the assistance of a 

helicopter. 

Research Findings 

Preliminary Research 

The files of the Department of Aboriginal Sites indicated that 

there were no previously recorded ethnographic or archaeological 

sites identified along the proposed pipeline route. 

Ethnographic Survey 

The proposed Harriet Gasfield pipeline is within the territory of 

the Mardudunera people. One ethnographic site was located along 

the route. This is a 'waterhole', which, according to the 

informant, was used by local Aboriginal people as a water source 

as they moved to the coast. This site, though not considered to 

be of great significance by the informant, was also identified as 

an archaeological site (see below, page 4). Another camping site 

and associated soak were located some five kilometres to the west 

of the pipeline route. 



Archaeological Survey 

The proposed route traverses three different environmental zones: 

an area of hummock grassland over a dissected red 
soil plain, 

coastal saline flats, 

mangrove swamps, 

Each of these zones contains different archaeological material. 

Throughout the red soil plain there is a very low density of 

artefacts, approximately one artefact per 5-10M2. This density 

increases to one per 2m2  in areas of pebble-pavement, which occur 

irregularly across the sand plain. The differences in artefact 

density between the red soil plain and the pebble-pavement may be 

due to such factors as the greater visibility of artefacts in the 

stony areas and the 'draw down' effect of the clays on 

artefactual material on the surface. 

As noted above, one site was located around an ephemeral drainage 

feature or 'waterhole', which appears to collect water during the 

rains. Here the density of artefacts ranged from 2 to 5 pieces 

per m2. The site extends for some 	500 metres in all directions 

from the 'waterhole' and is located approximately five 

kilometres from the Dampier-Perth gas pipeline. It lies almost 

exactly on the proposed Harriet Gasfield pipeline route. 

At the junction of the red soil plain and the coastal salt flats 

there is a narrow, residual sand dune system. Located on the 

coastal side, at the foot of the dunes, is what appears to be a 
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low density 'midden' deposit. This comprises a low density 

scatter of artefacts, some lOm from the proposed pipeline route, 

and which stretches discontinuously along the dune base for some 

50m. However, it is possible, because of the presence of large 

coral blocks and other material, that the 'midden' is the result 

of cyclonic storm surges rather than past Aboriginal activity. 

Therefore, the provenance of the find is in doubt. 

No artefactual material was found on the salt flats, other than 

on a sand island. Here, a low density scatter of artefacts 2 per 

in2  and shell fragments were found within a small drainage basin. 

No material was found in the mangrove dominated coastal area. 

However, in the area directly behind the mangroves an extensive 

although low density, scatter of bivalve shell species known to 

have been collected by Aborigines, and three artefacts, were 

found. The artefacts were a dolerite grindstone and two dolerite 

flakes. Because of the strong tidal currents common in the 

Pilbara area, the provenance of the shell material and two flakes 

is not certain, although the weight of the grindingstone suggests 

it is in situ. 



Protection of Aboriginal Interests 

It is recommended that the 'waterhole' be protected and the 

pipeline be diverted by approximately 30m to avoid both the 

'waterhole' itself, and the most dense part of the archaeological 

site. Due to the position and the direction of water flow of the 

drainage system, it would be most appropriate for the proposed 

pipeline to be deviated to the south of the 'waterhole'. 

Other than the protection of the 'waterhole' there appears to be 

no ethnographic or archaeological constraints on the remainder of 

the proposed Harriet Gasfield pipeline route. However, it should 

be noted by the developer, that in the event of di3covery of any 

archaeological material during pipeline construction it is a 

requirement of the Aboriginal Heritage Act 1972-1980 that the 

Trustees of the Western Australian Museum be notified. 
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GERRY BYRNE 	B.Eng., Dip.H.E(Deltt), F.I.E. Aust. 	 PERTH, WESTERN AUSTRALIA TONY BYRNE 	B.Eng.. F.I.E. Aust. 
Associate Directors: 
JILL BYRNE 	 BA.. Dip.Ed., A.I.B.A. 	 Telephone: (09) 370 4122 
JOHN IMRIE 	B.Sc., E.Eng.. MICE., M.I.E. Aust. 	 Facsimile: (09) 370 4133 
MICI-."iL flOCF1 	g.ng., M.in.. Mi . .Auti. 	 Telex: 93934 

Ref: J863/P5/AB:AM 
	

19 September 1990 

HADSON ENERGY LTD 
P0 Box 477 
WEST PERTH WA 6005 

Attention: Mr. D. Macey 

Dear Sir, 

HARRIET GAS PROJECT - PIPELINE SHORELINE STABILITY 

Further to your instructions we have reviewed the impact of the construction of the 

proposed Harriet Gas Project pipeline on shoreline stability. 

This short desk study has involved the analysis of tidal currents (measured for this 

project) and analysis of historical aerial and site photographs. 

Site Characteristics 

The site at which the pipeline is to cross the coastline is characterised by gently 

sloping offshore mud flats, a narrow bank of large mangrove trees, a margin of sand 

flat and then an area of small mangrove trees. 

These features are illustrated in the vertical and oblique aerial photographs, Figures 1 

and 2, showing the shoreline crossing and pipeline route. 

Historical Shoreline Stability 

Aerial photographs of the site taken in 1957 and 1990 were compared and the 

shoreline features overlain to a common scale. 

PERTH 	 MELBOURNE 	 BRISBANE 	 TONGA 
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The outer bank of large mangrove trees, the sand flat and the grove of small mangrove 
trees were clearly identifiable in both sets of photographs. 

There does not appear to have been any measurable change in the location, alignment 
or aerial extent of any of these features in the 33 years span between the photographs. 
This would indicate a relatively stable coastline not subject to any long-term net erosion 
or accretion. 

Mangroves 

Outer Mangroves 

The outer bank of mangroves, shown in the attached photographs, Figure 3, are high, 
greater than 3 metres, and have thick trunks and well established root systems. The 
bank of trees is narrow, being only 2 to 3 trees deep and there is a gap varying from 3 to 
10 metres between individual trees, 

It should be possible if the pipeline trench is stabilised with sheetpile walls for the pipeline 
to be constructed through this area without any of the trees having to be removed. 

Inner Mangroves 

The inner grove of mangroves are typically 1 to 1.5 metres high and are densely spaced, 
as illustrated in the attached photographs, Figure 4. 

Construction of the pipeline through this area will require the removal of a strip of trees up 
to 5 metres wide. These mangroves should eventually re-establish over the pipeline 
route provided the hydraulic conditions are not changed and the backfill material is 
suitable for their growth. 

Tidal Currents 

Tidal currents were measured over the mud flat area generally along the proposed 

pipeline route. The measurements were taken over a tidal cycle to establish their pattern 
and magnitude. 

RIEDEL & BYRNE CONSULflMG ENGINEERS PL 
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The currents were measured using a technique known as the 'Tethered Buoy Method'. 

The methodology is described in Appendix A and the raw data results are provided in 

Appendix B. 

The location of the measuring stations is shown in Figure 5 together with a representation 

of the current flow patterns. Generally the flow is basically onshore during flood tide and 

offshore during the ebb and seem to be dominated by the two main creek systems 

evident on the aerial photograph in Figure 1. The currents varied from almost zero at 

slack tide up to peak flows of approximately 0.6 metres/sec at mid tide. It could be 

expected that during peak tidal ranges current speeds up to 1 metre/sec could be 
experienced. 

The current patterns are generally aligned along the proposed pipeline route and are 

therefore unlikely to be significantly affected by its construction. 

Backfilling 

It would appear that the hinterland drains during ebb tides with the bulk of the flow being 

channelled through the two main creek systems on either side of the proposed pipeline 
route. 

The track formed during the construction of the pipeline should be backfilled such that it 

has equivalent or greater resistance to flow than adjacent undisturbed areas. This is 

required to prevent the track from attracting an increased water flow which could result in 

erosion of the pipeline trench backfill. A series of low granular dykes perpindicular to the 

pipeline and across the full width of the access track would achieve this purpose. 

The top layer of the pipeline trench backfill should contain a mixture of the insitu muds 

and gravel. The insitu mud will allow revegitation and the gravel will minimise the risk of 

erosion. The top of the trench backfill should be raised slightly above the adjacent 

ground level to further minimise erosion and to allow for future settlement. 

RIEDEL & BYRNE CONSULrNG ENGNEERS 
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Summary and Conditions 

The studies undertaken would indicate the following: 

The existing shoreline appears to be relatively stable not having experienced any 

measurable net erosion or accretion over the past 33 years. 

The tidal currents in the area are expected to reach velocities up to 1 metre/sec 

and are generally aligned onshore/offshore. 

There are two banks of mangroves at the shoreline. The outer bank comprises of 

large widely spaced trees. Construction of the pipeline through this area should 

utilize sheetpile stabilisation for the trench to minimise disruption to the tree root 

systems and to prevent long term erosion. 

The inner grove of mangroves are smaller and more densely packed. The pipeline 

corridor created during construction will need to be backfilled to create similar 

hydraulic characteristics to adjacent mangroves to ensure no change to the overall 
hydraulic patterns in the area. 

The construction methods and equipment that are used for pipeline installation are 

not critical provided the above criteria are met. 

Yours faithfully, 
RIEDEL & BYRNE Consulting Engineers Pty Ltd 

A.P. Byrne 

cc. Barry Muir, Dames & Moore 

RIEDEL & BYRNE CONSULTNG ENGNEERS Pj 
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TETHERED BUOY METHOD 
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TETHERED BUOY METHOD 

The current measurements use a technique which we call 'The Tethered Buoy 

Method". The methodology is as follows: 

Ten tethered buoys are made up according to the details shown on the 

accompanying sketch. 

The principle is that the buoys will float and that the line between .the two buoys 

is taut. The alignment of the submerged buoy relative to the floating buoy 

gives the current direction. 

The current velocity is measured by dropping a 3rd (unattached) plastic bottle 

full of water adjacent to the empty tethered plastic float and timing how long it 

takes to move between the 2 tethered floats, 5 metres apart. 

Measurements are required over a full tidal cycle (13 hours) at about 1 hourly 

intervals at each site. Usually this is acocmplished over 2 days. 
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APPENDIX B 

RAW CURRENT DATA 
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HARRIET GAS PIPELINE - COASTAL CURRENT SURVEY 

[sIJJ:JI,] 

BUOY TIME W.D. DURATION BEARING 
(m) (min.sec) (deg) 

1 0925 1.4 0.15 160 
2 0930 1.3 0.14 160 
3 0936 1.5 0.09 155 
4 0943 1.4 0.09 122 
5 0951 1.14 0.11 150 
6 1002 1.00 0.15 128 
7 1008 1.32 0.18 152 
8 1012 1.85 0.14 150 
9 1017 1.72 0.21 157 
10 1021 1.53 0.20 132 
1 1026 2.53 0.18 147 
2 1030 2.22 0.14 160 
3 1034 2.30 0.17 146 
4 1037 2.20 0.17 132 
5 1041 1.93 0.15 154 
6 1045 1.61 0.22 155 
7 1048 2.00 0.21 157 
8 1051 2.52 0.16 160 
9 1054 2.32 0.26 142 
10 1057 2.00 0.28 150 
1 1104 3.00 0.24 154 
2 1107 2.78 0.24 155 
3 1112 2.82 0.17 154 
4 1115 2.70 0.24 155 
5 1119 2.20 0.21 166 
6 1124 2.00 0.29 170 
7 1132 2.44 0.27 163 
8 1135 2.88 0.28 175 
9 1141 2.77 0.30 170 
10 1145 2.37 0.25 190 
1 1209 3.36 0.31 176 
2 1215 3.10 0.24 190 
3 1219 2.95 0.31 190 
4 1223 2.90 0.44 200 

BUOY TIME W.D. DURATION BEARING 
(m) (min:sec) (deg) 

5 1225 2.50 0.51 180 
6 1234 2.10 0.60 199 
7 1238 2.60 0.44 190 
8 1240 2.90 0.43 198 
9 1244 2.80 0.43 210 
10 1247 2.50 0.28 206 
1 1253 3.42 0.49 185 
2 1238 2.15 0.33 220 
3 1302 2.15 0.42 210 
4 1307 2.90 0.46 245 
5 1312 2.30 0.60 265 
5 1332 2.27 0.50 310 
6 1337 1.85 1.25 326 
7 1342 2.10 1.31 301 
8 1346 2.43 1.24 306 
9 1351 2.14 1.20 274 
10 1356 1.95 1.30 246 
1 1408 2.80 0.55 334 
2 1413 2.33 0.39 322 
3 1417 2.35 0.27 315 
4 1421 2.08 0.35 318 
5 1425 1.60 0.25 319 
6 1429 1.21 0.33 338 
7 1434 1.59 0.30 335 
8 1436 2.00 0.26 334 
9 1440 1.65 0.26 324 
10 1443 1.32 0.26 320 

RIEDEL & BYRNE CONSLNG ENGNEERS P 



08.08.90 (Continued) 

BUOY TIME W.D. DURATION BEARING 
(m) (min.sec) (deg) 

1 1450 2.1 0.21 340 
2 1455 1.8 0.21 332 
3 1500 1.74 0.21 325 
4 1504 1.74 0.22 318 
5 1508 1.10 0.24 314 
6 1512 0.80 0.36 324 
7 1514 1.05 0.31 328 
8 1517 1.20 0.26 334 
9 1520 1.10 0.27 318 
10 1523 0.95 0.26 302 
1 1527 1.80 0.19 331 
2 1531 1.53 0.19 335 
3 1535 1.38 0.14 330 
4 1528 1.23 0.14 305 
5 1541 0.68 0.24 340 
6 1546 0.40 0.42 314 
7 1551 0.64 0.29 323 
8 1553 0.95 0.19 330 
9 1557 0.69 0.31 303 
10 1600 0.44 0.33 284 
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