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THE REGIONAL GEOMORPHIC FRAMEWORK 

OF THEVENARD ISLAND 

INTRODUCTION 

The primary objective of this section is to describe the range of 
large-scale geomorphic units which occur within the Thevenard 
Island region. 	In order to do this, the major physical elements 
of the study area (Fig. 1) which influence the formation and 
distribution of these units are described to provide an 
understanding of their evolution and long-term stability. 

For the purposes of this report, the information on the study 
area has been collected, analysed and synthesised at various 
scales appropriate to the framework of the natural system and to 
the processes operating within the system. 	These scales (after 

Semeniuk, 1986) are as follows: 

subcontinental scale (within a frame of reference 1,000km x 
1,000km): the Pilbara coast and adjoining marine and 
hinterland units of which the study area is a part 

(Fig. 1); 

regional scale (within a frame of reference 100km x 

100km): 	the Onslow-Thevenard Island coastal and marine 
system and surrounding terrain which comprises the study 
area (Fig. 1); 

medium scale (within a frame of reference 10km x 10km): 
individual island structures within the study area, e.g. 
Thevenard Island, Anchor Island, Direction Island 
(Fig. 1). 

A description of medium and small-scale units and a brief 
listing of the main relevant medium and small-scale geomorphic 
units is provided with a description of the various islands in 
the study area to provide some perspective of variability and 
range. 
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2 METHODS 

This report is based on desk study and field work. 	The desk 
study involved a review of available literature and examination 
of aerial photographs and maps. 

Field work involved: 

aerial reconnaissance by helicopter and ground sampling of 
numerous islands of the region and mainland shore between 
Onslow and Ashburton River in November 1985 to determine 
type and distribution of geomorphic units in order to place 
Thevenard Island in a regional setting; 

aerial mapping by helicopter and on-ground sampling of 
Thevenard Island in November 1985 to determine 
distribution of geomorphic units; 

on-ground sampling of geomorphic units in terms of their 
geometry, substrates, stratigraphy and groundwater; 

stratigraphic analysis at selected sites to determine 
sedimentary sequence and to collect material for 
radiocarbon analyses. 

In the laboratory, the samples collected from various 
geometric/sedimentologic settings were thus sectioned for 
petrographic study and samples were prepared for radiocarbon 
analysis. 
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3 SUBCONTINENTAL AND REGIONAL PERSPECTIVE 

3.1 SUBCONTINENTAL PERSPECTIVE 

3.1.1 Geography and Geomorphology 

The Onslow-Thevenard Island area and its adjoining submarine 
shelf comprise the southern portion of the Pilbara coastal system 
- a unit that extends for some 550km from the Ashburton River 
in the south to the delta of the De Grey River in the north 
(Fig. 1). 

Morphologically the coastal/nearshore zone of the study area is 
a small part of the extensive Pilbara coastal system. This 
coastal system is backed by a hinterland of dissected 
Precambrian rocks and a coastal plain of Cainozoic sediments 
(Jutson, 1950; Geological Survey of Western Australia, 1975). 
Typical large-scale elements of the Pilbara coastal system are 
(after Semeniuk, 1986): 

(I) 	barrier islands and coastal dune systems; 
protected tidal embayments/flats; 
deltas; 
submarine shelf and islands - this unit is comprised of 
relict-sediment/unconformity 	shelves 	comprised 	of 
Quaternary limestone sheet and its derived sediment, and 
upstanding islands, reefs and cays. 

The submarine shelf, termed the Rowley Shelf, is generally a 
plane surface, gently and evenly inclined such that it slopes 
from tidal at the shoreface to depths of 20m some 20km from 
shore. This surface is broken locally by upstanding limestone 
reefs, which are randomly located in many instances but, in 
general, form a NE-trending series of ridges. The Barrow 
Island-Montebello complex occurs on a north-trending promontory 
extension of this nearshore shelf system. 

In the study area the limestone barrier system, 	the mangrove 
embayrnents, the coastal dune belts, and the eroded limestone 
submarine shelf comprise the parochial specific elements (listed 
above) of this Pilbara morphology. To the north and south of 
the study area are the Fortescue River and Ashburton River 
deltas respectively, which comprise the delta elements of the 
Pilbara morphology. 
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I 
3.2 REGIONAL SCALE FEATURES 	 I 
3.2.1 	Climate i 
The climate of 	this 	subcontinental 	area, 	based 	on 	data 	recorded 
at 	Onslow, 	is 	typical 	of 	the 	Pilbara 	with 	an 	annual 	rainfall 	of 
267mm, 	annual 	evaporation 	of 	3,165mm 	and 	23 	raindays/year. 
About 	40 	percent of 	the 	rainfall 	is 	associated 	with 	cyclones, 	and 
the 	remainder 	with 	thunderstorms. 	Thus 	most 	falls 	are 	heavy 
and of short duration. 	The mean maximum temperature in summer 
in 	January 	is 	35.5

0
C 	and 	the 	mean 	minimum 	temperature 	in 

winter 	in 	July 	is 	11.8
0

C 	(Bureau 	of 	Meteorology, 	1976). 

3.2.2 	Geology 

The 	study 	area 	is 	located 	in 	the 	northerly 	Carnarvon 	Basin, 	a 
basin 	wtich 	has 	been 	subsiding 	since 	at 	least 	Silurian 
(440 	x 	10 	years 	ago) 	to 	the 	present 	time 	(Fig. 	2). 	The 
Carnarvon 	Basin 	is 	subdivided 	into 	numerous 	sub-basin, 	ridge 
and 	shelf 	systems 	(Fig. 	3, 	after 	Geological 	Survey 	of 	Western 
Australia, 	1975). 	The 	area 	of 	study 	is 	located 	within 	the 	Barrow 
sub-basin 	and 	Peedamullah 	Shelf. 	This 	structural 	subdivision, 
based 	on 	pre-Quaternary 	sequences 	and 	stratigraphic 	geometry, 
however, 	does 	not 	have 	an 	obvious 	major 	effect 	on 	Quaternary 
geomorphology. 

The portion 	of 	the 	Carnarvon 	Basin 	in 	the 	study 	area 	is 
comprised 	of 	three 	main 	time-rock 	units: 

Quaternary 	(Holocene) 	sediments 	comprising 	shelf 	sediments, 
coralline 	accumulations, 	coastal 	sands 	and 	tidal 	flat 
accumulations; 	as 	yet 	not 	formalised 	to 	formation 	status. 

Quaternary 	(Pleistocene) 	limestone 	referred 	to 	as 	the 
"Coastal 	Limestone 	Formation". 

Tertiary 	(Miocene) 	Limestone 	referred 	to 	as 	the 	Trealla 
Limestone Formation. 

All 	three 	time-rock 	units 	make 	contributions 	as 	surficial 
materials 	and 	substrates 	of 	the 	terrestrial 	and 	marine 	natural 
systems, 	and 	contribute 	to 	the 	definition 	of 	the 	geomorphic 
units. 1 
3.2.3 	Oceanography/meteorology I 
The 	oceanography/meteorology 	of 	the 	region 	also 	is 	typical 	of 
the 	Pilbara. 	There 	are 	semidiurnal 	tides, 	with 	a 	mean 	spring 
range 	of 	1.8m 	and 	a 	mean 	neap 	range of 0.6m 	(Easton, 	1970). 
Tidal 	current 	data 	are 	sparse 	but 	currents 	greater 	than 
50 cm/sec 	are 	experienced 	locally 	during 	spring 	tides. 	Periods 
of 	neap 	tides 	are 	coincident 	with 	generally 	low 	current I 
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velocities and clear marine water. Spring tides are coincident 
with relatively more rapid tidal currents which result in 
substrate reworking and consequently more turbid marine water. 

The coastal and nearshore zone has a variable wave climate 
with effects produced by combined swell and locally-generated 
wind waves. Tropical cyclones occur periodically during the 
summer period (December to April). 

A survey of surface winds, waves, tides and currents has been 
carried out by Steedman Ltd., for the Thevenard area. 	This 
data is presented in Appendix 7 in association with estimates 
for oil spill trajectories. 

3.2.4 Geomorphology 

At the regional scale, 	it is appropriate to classify the study 
area of Onslow-Thevenard Island into the following large-scale 
geomorphic components (Fig. 4): 

outer submarine shelf, generally deep water; 

inner submarine shelf oceanic zone with numerous emergent 
islands, cays and shallowly-submerged rocky reefs; 

Barrow Island system; 

the coastal tract comprised of coastal dunes, barrier 
islands, tidal flats/embayments; and 

deltas; and 

the hinterland. 

Each 	of these 	units may 	be 	further subdivided 	into 
characteristic and 	diagnostic medium-scale and 	small -scale 
geomorphic units based on morphology, 	substrate type 	and 	tidal 
level. 	The terminology 	of these 	units 	follows Semeniuk 	(1981), 
Semeniuk et al. 	(1982) 	and Semeniuk 	(1986). 

Many of these medium and small-scale geomorphic units are 
common to several systems (e.g. intertidal sand sheets occur 
associated with deltas, 	the coastal tract and the Barrow Island 
system; shallow-water limestone pavements occur associated with 
the submarine shelf, 	the Barrow Island system and the coastal 
tract). 

3.2.4.1 Submarine Shelf 

The submarine shelf is a spatially extensive, relatively 
topographically consistent unit at the scale of the study area. 
It is generally underlain by Pleistocene limestone which has a 
veneer to various depths of modern sand/gravel sheet or locally 
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of biostromal corals. The submarine shelf is generally a plane 
surface, gently and evenly inclined such that it slopes from 
tidal at the shoreface to depths of 20m some 20km from shore. 
This surface is interrupted locally by upstanding limestone 
reefs, 	islands and cays, 	particularly along the inner part of 
the shelf, as well as dynamic megaripple and submarine dune 
fields. Reefs and islands are randomly located in many 
instances but, 	in general, 	they form a NE-trending series of 
ridges. Emergent islands and cays frequently are fringed by 
rocky shores, aprons of sand/gravel and beachrock. Submerged 
rocky reefs and shallow water limestone pavements surrounding 
emergent islands may be veneered by coral biostromes. 

3.2.4.2 Barrow Island System 

The Barrow Island system, 	as part of the Barrow Island-Monte 
Bello Islands complex, 	stands as a large island emergent on a 
north-trending promontory-extension of the Rowley Shelf. The 
island system rises from water depths greater than 40m. The 
Barrow Island system is an emergent ml ler of Tertiary Treal Ia 
Limestone which is flanked and locally veneered by Pleistocene 
and Holocene deposits. 	In detail, the coastal geomorphology of 
the Barrow Island system is comprised of rocky shores, sand 
beaches and dunes, subtidal limestone pavements, and sand 
spits and shoals that are variably disposed according to aspect, 
outcrop, protected embayments and sediment transport. 

3.2.4.3 The Coastal Tract 

The coastal tract is the widespread strandline system of 
alternating barrier islands, coastal dunes, and tidal 
flats/embayments. The barrier islands in this area are linked to 
the mainland by tidal lands. They are composed of cemented 
limestone of Pleistocene age. The most important portion of 
barrier islands from a coastal perspective is the exposed tidal 
zone where rocky platforms are cut in Pleistocene limestone and 
medium beachrocks and there is a typical limestone pavement. 
Dune belts occur locally along the coastal tract and these are 
comprised of beaches and shoreward migrating dune systems. 
Frequently the dunes form a thick blanket on Pleistocene 
limestone and, accordingly, a limestone pavement may be 
exposed just seaward of the beach line. Shallow embayments and 
tidal flats occur behind barrier islands and coastal dunes. 
These environments have accumulated shallow-water to 
tidally-exposed Holocene sediment and are composed of 
wedge-shaped tidal deposits frequently incised by tidal creeks. 
The upper tidal zone is inhabited by mangroves and samphires. 
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3.2.4.4 Deltas 

The major rivers draining into the study region are the 
Ashburton, Cane, Robe and Fortescue. Each of these rivers has 
variable discharge and, as a result, 	has developed its own 
distinctive delta during Pleistocene to Holocene time. 	The deltas 
of the Fortescue and Robe Rivers are the largest in area and 
are typically wave-dominated lobate forms. The Ashburton River 
has also built a wave-modified lobate delta but it is reduced in 
form. The Cane River, the smallest of the four, has developed a 
delta which has been modified by wave and tidal influences. All 
these rivers, which are wave-dominated, have an associated 
suite of typical Holocene to Pleistocene medium and small-scale 
geomorphic units which include: spits, cheniers, tidal mud flats, 
distributory channels, sand sheets and residual Pleistocene rock 
landforms which locally comprise the barrier islands. 

3.2.4.5 The Hinterland 

The region upland of the coastal tract and submarine shelf is 
termed the hinterland. Immediately onshore of the study area the 
hinterland is composed of Cainozoic deposits of Tertiary and 
Quaternary age; the Quaternary accumulations include dunes, 
inland limestone ridges, 	alluvial fans and sheets, sand plains, 
and riverine deposits. The hinterland far inland is composed of 
dissected Precambrian rock. 

3.2.5 Sedimentology 

The major aspects of the sedimentology of the study area as it 
relates to the development of the main large-scale geomorphic 
units and to the development of substrate types are summarised 
under five sections. These sections represent the five natural 
large-scale sediment systems in this region; they are: 

offshore shelf sedimentary system; 
deltaic sediment system; 
tidal embayment (low energy) strandline sediment system; 
beach/dune (high energy) strandline sediment system; 
rocky shore system. 

3.2.5.1 Offshore Shelf Sedimentary System 

The offshore shelf sedimentary system is composed of sedimentary 
materials that are largely either relict or generated in situ. 
Relict sediment is reworked sand lithoclasts and shell derived 
by degradation of the limestone exposed on the submarine floor. 
This sediment is developed by bioerosion, wave/current 
reworking, chemical disintegration and reworking of loose soils. 
Sediment generated in situ is largely derived from resident biota 
and is composed of shell gravel, fragmented shell (formed 
biogenically or through physical abrasion), disintegrated 
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benthos (e.g. 	coralline algae, sponges, echinoids, etc.) and 
foram test accumulations. Coral biostromes also are locally 
developed and then form sheet-like Holocene deposits. 

Constant winnowing and (physico-chemical/biological) reworking 
have developed a submarine surface that is comprised of the 
following intergradational components: 

upstanding islands and residual reefs of limestone outcrop, 
which may be surrounded by an apron and/or spit of 
reworked sand; 

low limestone outcrop or limestone pavement with a patchy 
thin veneer of sandy/gravelly sediment; 

limestone pavement with sandy/gravelly veneer/sheet 
grading to muddy sediment sheet; the latter sediment is 
muddy only at depth, 	its surface is "armou red" by a 
current-winnowed sand/gravel sheet; 

variable sediment(s) sheet (perhaps greater than im thick) 
overlying limestone; 

lags of coral and shell gravel. 

This spectrum of components represents a gradation from residual 
limestone outcrop still in the process of degradation and 
"peneplanation" to degraded, 	planated limestone totally buried 
by sedimentary products derived from it by erosion and by 
sediment derived from resident biota or fluviatile input, to 
sedimentary products derived from coral biostromes. 

3.2.5.2 Deltaic Sediment System 

The deltas of the Ashburton, Cane, Robe and Fortescue Rivers 
contribute a halo of fluviatile sand which blankets the 
submarine shelf offshore to a varying extent around the 
periphery of the deltas and close to shore, and contribute 
fluviatile mud to inshore/onshore areas. These deltas are similar 
in form and dynamics to wave-dominated deltas elsewhere in the 
world such as the Niger River delta (Allen, 1965). 

3.2.5.3 Tidal Embayment (Low Energy) Strandline 
Sediment System 

The low energy tidal embayments form a distinct sediment suite 
and have accumulated deposits such as mud, muddy sand and 
sand, and typically form a shoaling stratigraphic sequence. 
Much of the sediment is sand at low tidal levels and this 
grades in upper parts of the tidal zone (and hence upper parts 
of the stratigraphic section) into mud. The mid-high tidal levels 
of the stratigraphic column are comprised of mud which has 
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usually accumulated under mangrove cover. These sequences are 
similar to those described by Semeniuk (1981) and Semeniuk et 
al. (1982). 	 - 

3.2.5.4 Beach/dune (High Energy) Strandline Sediment System 

High energy sandy coasts or beach/dune coasts accumulate sand 
through alongshore-onshore migration of sediment which, under 
prevailing wave and wind conditions, 	is driven onshore into a 
strandline ribbon. This type of deposit is comprised of beach 
sand grading up into dune sand in a shoaling stratigraphic 
sequence. The entire deposit may rest unconformably on a 
Pleistocene formation. The modern surface of such a deposit is 
frequently dynamic with shoreward-migrating parabolic dune 
blowouts. In the tidal zone, the strandline sediments are 
frequently converted into beachrock. 

3.2.5.5 Rocky Shore System 

The final sedimentary system is a slowly-retreating coastline 
along which there is ephemeral sediment blanketing, and 
contribution of pebbles and boulders from the disintegrating and 
corroding limestone. Locally, in isolated pockets along such 
shorelines, there are thin accumulations of sand or mud. 
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4 GEOMORPHOLOGY AND GEOLOGY OF THEVENARD ISLAND 

The geomorphology of Thevenard Island is described below in 
terms of three components: 

(I) 	terrestrial environment; 
tidal zone environment; 
subtidal marine environment. 

4.1 THE TERRESTRIAL ENVIRONMENT 

Thevenard Island consists of a sand body, which is elongated in 
the E-W direction, 	and approximately 5km x 1km in size. 	It is 
the largest in a group of predominantly sandy islands - called 
the Mackeral Islands group - occurring along this coast. 

The island surface consists of dune terrain within which three 
small scale geomorphic units have been identified. 	These are: a 
foredune, a coastal platform (plain) and an inland ridge system 
(Fig. 5). 

The foredune occurs as a generally narrow lip  around the 
perimeter of the island (Fig. 5). In some locations, such as the 
NE shoreface, the foredune represents the reworked seaward edge 
of the geomorphic unit landward of the foredune. Along the 
southwest shoreline, 	where a series of parallel foredune ridges 
occur, the foredune has accreted (prograded) seaward of the 
hinterland. 	Where there has been continuous slow accretion the 
foredune consists of a broad gently sloping ridge. The foredune 
has undergone major structural modification in many locations 
due to turtle nesting. Consequently, the foredune varies in 
height, width and general degree of development. 

The ridge system is the most widespread geomorphic unit and 
comprises the core of the island. 

This unit consists of a system of linear ridges and associated 
swales. The gradual degradation of the ridges has produced 
hills and circular depressions, although the original orientation 
of many of the ridges is still evident. The orientation of 
predominant ridge alignments is shown in Figure 5. 	It appears 
that the ridge system is genetically complex, with blocks of 
similarly aligned ridges abutting older ridges of differing 
orientation. 	Unlike the foredune unit, 	these ridge systems are 
relic, perhaps once part of a much larger coastal sand plain, 
and are now undergoing degradation. There is also a gradient 
in ridge height across the island with the highest dunes in the 
southwest corner and the lowest relief ridges in the northeast 
corner of the island. 

A 
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The ridge system immediately abuts the sandy beach at its 
cuffed northwest edge, although a coastal platform generally 
separates the ridge system and foredune units (Fig. 5). The 
unit consists of a gently undulating surface which may also be 
genetically complex, possibly being the product of the 
geomorphic degradation of ridges like those occurring further 
inland on the island or the steady seaward progradation of a 
foredune (as suggested by the appearance of crest lines in some 
locations). However, 	the distribution of these genetic sub-units 
has not been identified in this study. 

42 THE TIDAL ZONE ENVIRONMENT 

The tidal zone peripheral to Thevenard Island consists of three 
main substrate types (Fig. 6). 	In order of abundance, 	these 
are: 

beachrock and beachrock slab pavement; 
sand sheets, sand waves, sand beach; 
Pleistocene limestone pavement. 

The truncation of beachridge/aeolian ridge trends on the island, 
considered together with shoreline features, indicates that 
Thevenard Island is undergoing Late Holocene nett erosion. Much 
of the tidal zone geornorphology reflects stages of the erosional 
process. Sand sheets and sand waves represent the eroded 
products of the sandy coast dispersed by waves and tides. 
Beachrock pavement represents residuals of cemented beach zones 
exposed as the coast retreats. Pleistocene limestone pavement 
represents sites where erosion has removed the Holocene cover. 

4.3 THE SUBTIDAL MARINE ENVIRONMENT 

The substrates of the subtidal environment consist of shallow 
(0-10m) and "deep" (10-20m) modified limestone pavement forms. 

The shallow substrates are: 

Pleistocene limestone pavement; 
sand sheets; 
coral detritus; 
coral-encrusted pavement. 

Deeper water substrates include: 

Miocene (Tertiary) limestone pavement; 
sand sheets, megarippled sands and submarine dune fields; 
gravel sheets, comprised of gravel size particles of 
fragmented shell and coral material with variable amounts 
of mud as a secondary component. 



LeProvost, Semeniuk & Chalmer 	 12 

In each of the above groups the base structure is the limestone 
pavement. The other substrate materials are deposited upon the 
pavement. These depositionat materials are the erosional 
products of both terrestrial and tidal zone erosion and erosional 
products from the subtidal zone combined with biogenic material 
comprising coral lag, 	shell fragments and the erosion-resistant 
parts of other marine animals and plants. 

Both deep and shallow substrates are a mixture of erosional and 
depositional surfaces and it is not always evident whether a 
particular surface is eroding or accreting. 	In some cases the 
erosion/deposition phase may be the result of short-term 
phenomena such as the passage of tropical cyclones, reverting to 
the normal phase under prevailing conditions. 

4.4 GEOLOGY, STRATIGRAPHY, AGE STRUCTURE AND EVOLUTION 
OF THEVENARD ISLAND 

Thevenard Island is largely an accumulation of Holocene sandy 
sediment and coral reefs resting on a Pleistocene limestone 
foundation. 

The stratigraphy of Thevenard Island, as exposed in a water 
well excavation and on marine-eroded sandy cliffs, 	is composed 
of five units. These are, from top to base: 

(5) 	aeolian sand (with shell grit), (aeolian environments); 
(4) 	beach sand and shell (mid tidal environments); 
(3) 	shell gravel (tidal environments); 
(2) 	coral biostrome (subtidal environments); 
(1) 	Pleistocene limestone foundations. 

The Pleistocene limestone is a semi-planar pavement as exposed 
on the submarine shelf around Thevenard Island and extends 
under the island. The Holocene sediment occurs as a capping to 
the Quaternary stratigraphic sequence. The thickness of the 
Holocene sequence is as follows (Fig. 7): 

aeolian sands (3-4m thick); 
beach sands (2m thick); 
shell gravel and coral biostromes (1-2m thick). 

A 
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The beach and aeolian sand unit forms a large prism-like body 
that constitutes the core of Thevenard Island. Accretionary 
beachridge/aeolian ridge trends are evident in the aeolian sands 
at the surface and the internal discontinuity trends indicate 
periodic accretion followed by erosional episodes. In this 
context, the modern coast of Thevenard Island is now in a 
largely erosional phase and consequently there is exposure of 
beach rock exhumed and stranded on low tidal zones as the 
coast retreats. 

Rock, gravel and shell occur at the base where the unconformity 
is cut into Pleistocene limestone. The coral biostromes appear as 
veneers encrust ing the Pleistocene limestone not unlike what is 
occurring in the modern subtidal limestone pavement 
environment. 

The distribution of the stratigraphic units is shown in Figure 7. 
Depending on the depth of the Pleistocene limestone foundation, 
the development of units (2) and (3) are variable to absent. 

Shell and coral samples extracted from these units were 
submitted for radiocarbon analyses to determine their age. The 
results are presented in Figure 7. 	The results confirm the 
Pleistocene age of the limestone foundation and also confirm that 
the bulk of Thevenard Island is Holocene. 

The age structure of the Holocene deposit indicates that the 
Thevenard Island area was a coral reef flat ca 6,000 yrs BP 
and progressively evolved to become a low tidal pavement ca 
3,000 yrs BP. Thereafter it rapidly shoaled through a beach 
facies to form an emergent aeolian ridge system 2,000 yrs BP. 

In essence, this means that Thevenard Island is a young island 
and did not exist as an emergent structure until 2,000-3,000 yrs 
BP. Since then it has rapidly shoaled to become an emergent 
sand body. 	The youth of Thevenard Island is reflected also in 
the beachridge system of the island. Progradation/shoaling 
effectively ceased perhaps 2,000 yrs ago and since then there 
has been progressive erosion/cutback. 

4.5 HYDROLOGY 

Thevenard Island contains a simple groundwater system. As an 
oceanic 	sandy island 	of low relief 	and 	situated in 	an 
environment 	of low 	rainfall, it is 	essentially 	underlain largely 
by 	oceanic 	water. Fresh 	water would 	form 	a 	shallow lens 	or 
prism confined by 	inclined 	saline water 	interfaces on 	the oceanic 
margins. 	The depth 	of 	the fresh 	water 	lens 	is 	unknown but 	is 
anticipated 	to be 	not 	large. The groundwater quality 	is brackish 
to fresh. 
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5 	COMPARAT I yE GEOMORPHOLOGY, GEOLOGY AND T I DAL HAB I TATS 
OF ISLANDS IN THE VICINITY OF THEVENARD 

A number of islands were visited in order to place the 
Thevenard Island ecosystem into regional perspective and also to 
determine the occurrence of mangrove assemblages on the oceanic 
islands. 

Islands that were visited and examined as part of the study 
include Serrurier, Direction, Anchor, Ashburton, Mangrove Island 
North, Mangrove Island Middle, Mangrove Island South and Weld 
Island. Each of these islands is described in terms of their 
gross geology, geomorphology and origin with reference notes 
made to tidal habitats and ecology. 	With this information the 
uniqueness or representativeness of Thevenard Island in the 
regional oceanic system can be determined. 

Serrurier Island is a moderately large island 6km x 1km in 
size. Serrurier Island (also known as Long Island) is dominated 
by dune fields in the terrestrial environment and is ringed 
discontinuously by beachrock, pavement shores and boulder 
ramps. Beaches are the main shoreline type along the island 
and much of the high tidal or low supertidal zone is dotted with 
numerous turtle excavations. In overall plan, the terrain 
indicates a concentric zonal pattern of dune forms. Whether 
there is a Pleistocene basement is not known. 

Direction Island is a small, roughly circular, island 
approximately 1km in diameter. Direction Island is also 
dominated by dune landforms and these form clearly concentric 
zonal patterns with dunes of different relative relief. 	Beachrock 
pavement is locally present but beaches form the main shore 
type on the island. Whether Pleistocene limestone forms the 
underlying core to Direction Island is not known. 

Anchor Island is a small island 1.5km in diameter. Anchor 
Island is similar to other islands in the region in that it is 
composed predominantly of dune landforms which exhibit a 
concentric zonal pattern. Beaches dominate the island along most 
of its shore. The occurrence of Pleistocene limestone as 
foundation material is unknown. 

Ashburton Island 	is a 	relatively 	small 	island 	about 	500m 	in 
diameter. Ashburton Island 	is 	dominated by 	dune 	landforms 
which show a marked concentric 	zonation. Beaches dominate the 
shoreline 	but 	locally there are pavements of beachrock. 	However, 
unlike 	the other 	islands 	examined 	in 	this study, 	Ashburton 
Island 	is distinctly ringed 	by 	a 	wide zone 	of 	Pleistocene 
limestone pavement. 

The Mangrove Island System is comprised of three islands. The 
islands are relatively large, the northern island being 
approximately 1.6km long by 400m across, the middle island 
2.5km long and 600m across, and the southern island 1 .2km long 

A 
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and 800m across. Mangrove Island North, Middle and South are 
essentially similar islands in that they are dune dominated 
landforms, in part concentrically zoned and in part exhibiting 
cuspate and spit dune landforms where waves and currents have 
reworked the sandy island margins. Beachrock is local i-y present 
and the three islands rest on, and are bordered by, a wide 
Pleistocene limestone pavement. 

Weld Island is a relatively small island 300m in diameter. Weld 
Island is a lunate island dominated by dune landforms but the 
margins of the island are shaped by spit extensions. A 
Pleistocene platform is peripheral to the entire island and 
limestone rocky shores form much of the shoreline. 

A summary of information about the islands is presented in 
Table 1. 	This table indicates the dominant features of each of 
the islands, and shows similarities and differences. 

The information presented above indicates that Thevenard Island 
is unique geornorphologically in the region. Thevenard differs 
from others in that it is composed of parallel sand ridges and 
no rocky outcrops are present. The rest of the Mackerel Island 
groups, Serrurier, Direction, Anchor and Ashburton Islands, are 
all similar types. The Mangrove Islands are distinct from all 
those mentioned above in that they are dominated by mangrove 
assemblage. Weld Island, although small, is also unique because 
it is comprised of exposed limestone rocky shore and pavements. 

In terms of habitats, 	Thevenard Island, containing beach and 
beachrock habitat, is not unlike most other islands in the 
region. 

Due to the dynamic nature of the Thevenard shoreline the 
beaches and beachrock habitat are probably comparatively 
temporary with respect to some of the other islands which, 
founded on Pleistocene limestone shores, have shoreline habitats 
exhibiting greater endurance and longevity. 
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TABLE 1 

COMPARISON OF THEVENARD ISLAND TO OTHER ISLANDS IN THE REGION 
FOR THE PURPOSES OF REGIONAL PERSPECTIVE 

I 	 I 	 SUMMARY OF FEATURES 

ISLAND PLEISTOCENE 	I 
PAVEMENT BEACH SHORE 	I BEACHROCK DUNE TIDAL I 	TERRESTRIAL 

AROUND ISLAND LANOFORM HABITATS I 	HABITATS 

Thevenard Local Dominant and Local Linear Beach and beach I 	Ridge 	system, 

extensive ridge rock platform, 

I system foredune 

I 	Serrurier Not Dominant and Locally Concentric Beach and beach I 	Ridge 	foredune 

observed extensive developed with 	bowl rock and foredune 

I centre plain, 	plain 

I 	depression 

Direction Not Dominant and Locally Concentric Beach and beach Ridge depres— 

observed extensive 	I developed with bowl rock sion, 	foredune 

centre I 	platform 

Anchor Not Extensive 	I - Concentric Beach Ridge depres— 

observed I with bowl sion, 	foredune 

I centre platform 

Ashburton Wide Extensive 	I Locally Concentric Limestone Ridge depres— 

platform I 	developed with bowl pavement and sion, 	foredune 

I centre beach platform 

Mangrove Wide Local - Hummocky Limestone, 	Rocky Plain, 	ridge, 

(North, platform to concen— I 	shore, 	limestone I 	depression, 

Middle tric with I 	pavement; 	local foredune, 

and bowl I 	beach; limestone 

South) centre I I 	ridge 

Weld Wide - - - I 	Limestone, Plain depres— 

platform I 	Rocky 	shore 	and sion, 	foredune 

pavement; platform 
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Figure 1: 	Location diagram showing extent of Pflbara Coastal 
Province and location of study area. 
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TERRESTRIAL VEGETATION OF THEVENARD 

ISLAND AND THE ADJACENT ISLANDS 

1 INTRODUCTION 

The Saladin Oilfield is located near Thevenard Island, which is 
proposed to be utilised as a port and base for the oilfield 
infrastructure. 

Thevenard Island is the largest in the Mackerel Group of 
islands in the region. To determine the ecological resources of 
the island in a regional prespective it was necessary to conduct 
a survey of terrestrial vegetation on the island and in the 
region. 

A field survey was undertaken in November 1985. The aims of 
the survey were: 

to determine the range and distribution of habitats and 
terrestrial vegetation on Thevenard Island; 

to determine the types and distribution of vegetation on 
the other islands in the region in order to ascertain the 
extent of habitat and vegetation similar to that occurring 
at Thevenard Island; 

to examine existing effects of human settlements on 

E 

	

	
vegetation and to identify possible changes to habitats and 
assemblages which would follow the construction of 
production facilities at Thevenard Island. 

This report presents the findings of the field survey. 
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2 METHODS 

This report is based on fieldwork and desk study; the fieldwork 
component involved two scales of investigation: 

regional scale; 
Thevenard Island, local scale. 

In the regional study, a reconnaissance survey of eight islands 
in the area determined the type and distribution of geomorphic 
units and habitats. The islands were surveyed from a helicopter 
and a brief ground survey was carried out of 
geomorphology/habitat, soils and vegetation at selected landing 
sites on each island. 

In the local study, Thevenard Island was surveyed by helicopter 
to ascertain the type and distribution of habitats and to provide 
truthing of interpretation of aerial photographs. Soils and 
vegetation of each geomorphic unit were then sampled. 	Two 
main north-south transects were completed across the island. In 
addition, 	the sites of human settlement and the air strip were 
examined to determine the effect of human activity on natural 
vegetation and to determine the extent of weed invasion. 

Aerial photographs were examined and interpreted in the light of 
the field data to produce maps of the islands. 	Soil samples 
were examined under a binocular microscope and 
granulometrically sieved. Vegetation specimens collected from the 
field were identified from Western Australian Herbarium sheets 
and species lists from this region. 
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3 THE TERRESTRIAL ENVIRONMENT AND VEGETATION OF 
THEVENARD ISLAND 

3.1 GEOMORPHOLOGY 

Thevenard Island consists of a sand body, which is elongate in 
the E-W direction, 	and approximately 5km x 1km in size. As 
such it is the largest in a group of predominantly sandy 
islands - called the Mackerel Islands - occurring along this 
coast. 

The island surface consists of dune terrain within which three 
small scale geomorphic units have been identified. These are: a 
foredune, a coastal aeollan platform and an inland ridge system 
(Figs 1 & 2). 

The foredune occurs as a generally narrow rim around the 
perimeter of the island (Fig. 3). 	In some locations such as the 
NE shoreface, the foredune can be seen as being the reworked 
seaward edge of the geomorphic unit landward of the foredune, 
while along the southwest shoreline, where a series of parallel 
foredune ridges occurs the foredune has accreted (prograded) 
seaward of the main island core. Where there has been 
continuous slow accretion the foredune consists of a broad gently 
sloping ridge. In many locations the foredune has undergone 
major structural modification due to turtle burrowing. 
Consequently the foredune varies in height, 	width and general 
degree of development. 

The ridge system is the most widespread geomorphic unit and 
comprises the core of the island. 

This unit consists of a system of linear ridges and associated 
swales. The gradual degradation of the ridges has produced 
hills and circular depressions, although the original orientation 
of many of the ridges is still evident. The orientation of 
predominant ridge alignments is shown on (Fig. 1). 	It appears 
that the ridge system is genetically complex, with blocks of 
similarly aligned ridges abutting blocks of older ridges of 
differing orientation. Unlike the foredune unit these ridge 
systems are relict, perhaps once part of a much larger coastal 
sand plain, and are now undergoing degradation. There is also 
a gradient in ridge height across the island with the highest 
dunes in the southwest corner and the lowest relief ridges in 
the northeast corner of the island. 

The ridge system immediately abuts the sandy beach at its 
cliffed northwest edge, although a coastal aeolian platform 
generally separates the ridge system and foredune units. The 
unit consists of a gently undulating surface which may also be 
genetically complex, possibly being the product of the 
geomorphic degradation of ridges like those occurring further 
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inland on the island or the steady seaward progradation of a 
foredune (as suggested by the appearance of crest lines in some 

locations). However, 	the distribution of these genetic sub-units 
has not been mapped in this study. 

3.2 SOIL 

Three soil units have been identified on the island. These are: 
a grainstone+, a muddy grainstone and a burrow-structured 
muddy grainstone (Figs 4 & 5). 

The soil on the island is generally pedologically immature, with 
root structuring being the main soil feature. The foredune soils 
consist of a medium to coarse grainstone of skeletal, quartz and 
minor lithoclastic sand. 	Within the ridge system mud occurs as 
coating on the sand grains, possibly derived from aeolian input 
from the mainland. 	Within well-developed depressions the mud 
content is higher and extensive vertebrate burrow structuring 
occurs. 

3.3 VEGETATION 

3.3.1 Vegetation Units 

Three main vegetation units have been identified on the island. 
These are: Spinifex longifol ius coastal open grassland occurring 
on the foredune and coastal aeolian platform geomorphic units; 
Acacia coriacea central shrubland occurring on the ridge system, 
mixed grassland and low shrubland occurring on the coastal 
shelf geomorphic unit (Figs 6 & 7). 

A list of species found on Thevenard Island is presented in 
Species List I. 

The coastal open grassland (Fig. 8) consists of Spinifex 
longifolius as the dominant structural and floristic component, 
although other grasses such as Whiteochloa aeroides and Eulalia 
fulva also occur. A scattered herbland, which includes the 
species Pterocaulon sphacelatum, Euphorbia tannensis ssp 
eremophila, Euphorbia coghlanii, Euphorbia australis, and 
several daisy species, occurs as a floristic matrix between grass 
clumps. Scattered low (to 0.5m) shrubs of Rhagodia preissii ssp. 
obovata, Scaevola cunninghamii, and Acacia sclerosperma also 
occur amongst the grasses. The creepers Carpobrotus sp. and 
lpomoea brasiliensis and Canavalia maritima also occasionally 
occur. 

The central shrubland (Figs 7 & 9) consists of an upper 
structural component of mature, 3m tall Acacia coriacea shrubs, 
a middle structural component (to im) of Rhagodia preissii ssp. 
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obovata, Threlkeldia diffusa, Olearia axillaris Scaevola 
cunninghamii, and Sarcostemma australe, and a lower structural 
component consisting predominantly of the grass Eulalia fulva 
with an interstitial herbland of Cleome viscosa, Euphorbia 
coghlanii, and Salsola kali, and scattered Rhynchosia cf minima 
and Commicarpus australis. Carpobrotus sp. also occurs. 
Although there is little zonation of understorey species through 
the ridge system, there is a zonation of the two shrub species 
Acacia coriacea and Sarcostemma australe in relation to 
topography. In the most well developed depressions, where there 
was a greater (although still minor) proportion of mud and, 
perhaps more importantly, the most extensive honey-combing of 
the substrate by burrows, Sarcostemma australe formed the upper 
structural component (1-1 .5m). The ground cover was frequently 
but not always less sparse and the larger Acacia coriacea did 
not occur. 

The coastal platform mixed grassland and low shrubland consists 
primarily of the ridge system middle and lower structural and 
floristic components, but generally without the Acacia coriacea 
shrubland upper story (Fig. 9). 

The species occurring on Thevenard Island belong to a suite 
commonly found on coastal sandy and near coastal terrigenous 
soils. No rare or endangered species were found. There is some 
concentric zonation of species relative to the shore although most 
herbs and grasses and low shrub species were noted to occur on 
all habitat units. Those species which did show some consistent 
association with a given habitat were: 1) Spinifex longifolius, 
lpomoea brasi liensis, 	Launaea sarmentosa, 	Olearia axillaris, 
which were found to occur primarily on the grainstone soils of 
the foredune and coastal shelf: 2) Acacia coriacea, Acacia 
sclerosperma, Rhynchosia cf minima, and Commicarpus australis 
which tended to occur on the mud-added grainstone soils of the 
ridge system. 

3.3.2 Disturbance and Weeds 

A map of human disturbances is presented in Figure 10. 
Although the survey was conducted during summer when many of 
the understorey species would have died back, it appeared that 
much of the weed invasion was localised and confined to the 
areas which had been directly cleared immediately around the 
airstrip and settlement at the east end of the island. Even 
track edges appeared to be free of weeds unless directly 
disturbed. However, 4Aerva javanica and *Cenchrus  ciliaris are 
common around the settlement. *Tamarix  and palm trees have 
been planted around huts. *Cenchrus  ciliaris was also noted in 
the interior of the island adjacent to tracks. 	Presumably with 
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greater or continued travel around the island and consequent 
man-induced transport of seed and surface disturbance, along 
with other mechanisms, these weeds would become more 
widespread. 

* indicates introduced species 
+ grainstone = sand 
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4 THE TERRESTRIAL ENVIRONMENTS AND VEGETATION OF ADJACENT 
ISLANDS 

Eight other islands were briefly documented in order to assess 
the regional significance of terrestrial habitats and vegetation 
of Thevenard Island. The islands documented were Direction 
Island, Ashburton Island, Serrurier Island, Anchor Island, 
South Mangrove Island, Middle Mangrove Island, North Mangrove 
Island and Weld Island. A geomorphic map of all these islands 
is presented in (Fig. 11). 

A composite flora species list for all the islands surveyed is 
presented in Species List II. 

4.1 DIRECTION ISLAND 

Direction Island is a small circular island approximately 1km 
across. Four geomorphic units have been recognized on Direction 
Island. The island is basically bowl shaped and composed of an 
encircling ridge, a central depression, a foredune, and a 
narrow coastal platform, all fronted by a sandy beach. 	The 
encircling ridge is of highest relief at its northeast edge where 
it rises some 5-10m above a broad hummocky foredune at its 
base. 	Here it is also cliffed at its seaward edge. The relief of 
the ridge grades gently away from this edge to the southwest 
where it rises im to 2m above the surrounding terrain. Here the 
coastal platform occurs to its seaward edge. The platform abuts 
the beach (which is narrow at this point) at a im cliff. The 
shelf has possibly formed as a foredune plain. 

The island geomorphology may be seen as analogous to a single 
depression of the type found within the ridge system of 
Thevenard Island, 	the margins of which are cliffed or reworked 
into foredunes by dominantly marine processes. 	It is therefore 
only a small representative of the habitats found on Thevenard 
Island. 

The soils occurring on the island are similar to those on 
Thevenard Island, consisting of the mud-added grainstone on the 
ridge and central bowl and grainstone of the foredune and 
coastal shelf. 

The vegetation consists of an open Acacia coriacea shrubland. 
*Cenchrus ciliaris dominates the understorey. 	A narrow strip of 
Spinifex grassland occurs on the foredune. 
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4.2 ASHBURTON ISLAND 

Ashburton island is a small circular island approximately 500m 
in diameter. 	It is simiar to Direction Island in its overall 
geomorphology in that it is primarily bowl shaped, although the 
bowl rim is comprised of two almost concentric ridges 
surrounding a central depression. The encircling ridges are of 
greatest relief to the east coast. 	Unlike Direction island it is 
not cliffed at the edge. The central bowl of the island is 
honeycombed with bird burrows. 

A hummocky, turtle-burrowed foredune occurs at the foot of the 
sand ridge on the eastern coast of the island. 

The ridges are vegetated by a low (1.5m - 2m) very open 
shrubland of Acacia coriacea, Olearia axillaris, 	and Scaevola 
spinescens with a lower storey including Eulalia fulva, 
Euphorbia tannensis ssp. eremophila, and Scaevola 
cunninghamii. The central depression is vegetated predominantly 
by Rhagodia eremaea shrubs. Capparis spinosa and Triodia 
pungens were also found on the island. Spinifex longifolius 
occurs at the coast. 

4.3 SERRURIER ISLAND 

Serrurier 	island 	is 	elongate 	in 	the 	N-S direction 	and 	is 
approximately 6km 	long by 	1.5km wide. 	The island 	is comprised 
of 	two 	lobes separated 	by 	a 	narrower neck. The 	northernmost, 
and 	larger, 	lobe 	consists 	of 	central 	plain rimmed 	by 	higher 
dunes, 	although what are possibly very degraded ridges provide 
undulations 	in 	the central 	plain. 	The 	high dune 	rim 	is 	steeply 
sloping 	or 	cuffed 	along 	most 	of 	its edge. 	Areas 	of 
sparsely-vegetated, 	almost mobile sand occur along the northeast 
coast. 	The 	southern 	lobe 	is 	geomorphically similar 	to 	Direction 
and 	Ashburton 	islands. 	The 	neck 	which 	joins the 	two 	lobes 	is 
composed 	of 	a 	series 	of 	foredune 	ridges 	comprising 	a 	beach 
ridge 	plain. 

Soils on the island consist of mud-added grainstone on vegetated 
ridges and plains and grainstone on the foredunes and sparsely 
vegetated seaward faces of the ridge unit. 

Although the plant species occurring on Thevenard Island also 
occur here, the relative species abundance and assemblage 
structure differ. A Spinifex longifolius assemblage occurs on the 
foredunes between the two lobes and on the seaward flank of 
some of the high coastal dunes. A shrubland of Acacia coriacea, 
Acacia sclerosperma x bivenosa and Sarcostemma australe with 
Spinifex longifolius and Eulalia fulva and herbs occur along the 
crest of the southwest extremity connecting the neck of sand. 
The southwest lobe of the island supports a Sarcostemma australe 
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type open shrubland in the central depression and an Acacia 
sclerosperma x bivenosa (hybrid) open shrubland on the 
surrounding ridge. The northern sector of the island supports a 
central Sarcostemma australe and mixed grass assemblage fringed 
by an open Acacia coriacea shrubland at the outer edge of the 
central plain and on the coast dune ridge. 

4.4 ANCHOR ISLAND 

Anchor Island is a small, almost triangular island 
approximately 1.5km across. It is geomorphically similar to 
Direction Island and is composed of a central bowl or depression 
rimmed by a high dune. The dune is cuffed along its northeast 
edge, where it is also highest. A low foredune has developed at 
the southeast corner of the island. 

Soils on the island consist of the mud-added grainstone and 
grainstone units of the ridge/bowl and foredune respectively. 

The vegetation consists of an Acacia coriacea shrubland and 
Spinifex longifolius grassland. 

4.5 SOUTH MANGROVE ISLAND 

South Mangrove Island is approximately rectangular in shape 
and elongate in the northeast-southwest direction, being 
approximately 2.5km x 600m in size. 	Unlike the other islands 
previously described it is completely surrounded by mangroves. 
Consequently there is only minor foredune development (that of a 
discontinuous rim of hummocks) due to the baffling effect of the 
mangroves. The core of the island consists of a degraded 
approximately parallel and linear ridge system, 	with the ridges 
running along the length of the island. 	Unlike the other small 
islands, the relief of the sand ridges is not greatest at the 
northeast edge, but remains even over the island with most 
ridges and hills having an elevation of 2 to 3m. 

Soils on the island consist of the grainstone unit in the 
foredune hummocks at the crest of the beach and the mud-added 
grainstone, which is muddier here than on any of the other 
islands. This is possibly due to the islands proximity to the 
main land. Extensive burrow structuring was absent. 

The vegetation of this island is distinct from that of the other 
islands described above. 	In the interior it consists of a very 
open shrubland of Acacia bivenosa, Acacia coriacea and 
Heterodendrum oteifol ium with an understorey of closed Triodia 
pungens grassland. Olearia axi Ilaris, Euphorbia tannensis ssp 
eremophila, Pterocaulon sphacellatum, Threlkeldia diffusa and 
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Rhagodia preissii ssp obovata also occur. A Lepidium sp. was 
collected on this island which was also found on Weld Island. 
The Spinifex longifolius assemblage forms a narrow discontinuous 
strip at the crest of the beach around the island. 

4.6 MIDDLE MANGROVE ISLAND 

Middle Mangrove Island is approximately tear-drop shaped in 
the N-S orientation, 	being approximately 1.4km long and 800m 
wide. The island is flanked by mangroves on its northeast and 
southeast coasts. 

It is comprised of four main geomorphic units: a broad central 
depression; a sand ridge surrounding the depression at its 
southeast, south and southwest edges; a sand plain which is 
dissected by a small mangrove-flanked high tidal creek; and 
foredunes which cap a spit and flank the beach. The spit is 
almost completely separated from the rest of the island by a 
mangrove inlet. 

Three soil units occur on the island: 	the grainstone occurring 
on foredunes and most of the sand plain, the mud-added 
grainstone occurring on the sand ridge and central depression 
and a gravelly (shell) mud-added grainstone occurring at the 
very centre of the sand plain. 

Spinifex longifolius assemblage occurs on the foredunes and 
coastal shelf. 	The central depression contains a Sarcostemma 
australe shrubland. Heterodendrum oleifol ium, Acacia bivenosa 
and Rhagodia preissii ssp obovata also occur. 

The coastal sand ridge is vegetated by a sparse shrubland of 
Acacia coriacea, Acacia bivenosa, 	Capparis spinnosa with an 
understorey of Eulalia fulva, and other grasses including 
Triodia pungens. 	The gravelly grainstone supports a Capparis 
spinosa shrubland with little understorey. 

4.7 NORTH MANGROVE ISLAND 

North Mangrove Island is elongate and almost flame shaped, in 
the northeast-southwest direction and is approximately 1.6km x 
400m in size. 	It is flanked by a broad mangrove flat to the 
south and southeast. North Mangrove Island is distinct from all 
the preceding islands in that it is largely comprised of 
limestone outcrop. 

Three geomorphic units have been identified: a central 
depression, a surrounding coastal limestone ridge, hummocky 
foredunes. 
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Soils consist of an irregular and patchy grainstone sheet 
overlying the limestone, the grainstone unit occurring on the 
spit foredunes and the mud-added grainstone of the central 
depression. 

Three assemblages occur on the island: a low open heath of 
Frankenia ambita; a central mixed shrubland of Sarcostemma 
australe, Acacia bivenosa and Acacia coriacea with an 
understorey of mixed grasses and low shrubs and herbs; and a 
Spi nifex longifol i us assemblage on the foredunes. 

4.8 WELD ISLAND 

Weld Island consists of a central almost circular land unit, 
approximately 300m in diameter, from which large spits eminate 
to the north and south. The island is flanked to the northeast 
and west by mangroves. Four main geomorphic components have 
been recognised: 	a central plain, 	its lowest topographic point 
being at the centre from which the surface slopes gently up and 
seawards; a low hummocky foredune strip occurring along the 
west shore, a limestone shelf, cliffed at the coast, and 
occurring along the east shore. 

Three soil units have been identified on the island: a 
grainstone occurring on the foredune strip; a mud-added 
grainstone occurring on the central plain and an irregular sheet 
of gravelly (shell) mud-added grainstone occurring on the 
limestone shelf. 

Three assemblages were determined on the island: a coastal 
Spinifex longifolius assemblage; a low open heath of Lepidium 
sp., Threlkeldia diffusa and Trichodesma zeylanicum with 
scattered emergent Acacia bivenosa and Capparis spinosa shrubs 
occurring on the shallow soils associated with limestone and an 
open shrubland of Cassia oligophylla, Acacia bivenosa, and 
Scaevola spinescens with an understorey of Triodia pungens and 
small herbs and shrubs occurring on the central depression. 
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5 REGIONAL SIGNIFICANCE OF THEVENARD ISLAND 

Based on geomorphology and vegetation the Mangrove Islands 
and Weld Island may be considered distinct from the Mackerel 
Island group which includes Thevenard Island. The Mackerel 
Islands belong to a natural set, having similar geomorphic, soil 
and vegetation units. 

Thevenard Island is the largest island in the Mackerel group. 
The ridge system, which is composed of juxtaposed blocks of 
parallel ridges with each block of different orientation, 	is not 
present on any one of the other islands documented. The other 
islands merely represent a component of the array or a scaled 
down example of units present on Thevenard Island. The ridge 
system geomorphic unit present on Thevenard Island is a 
regionally unique terrestrial geomorphic feature. 

Other islands were found to have floristic and assemblage 
elements which were not common or present on Thevenard Island. 
All species and assemblages found on Thevenard Island occurred 
elsewhere. The significance of the flora of Thevenard Island lies 
in the island being a member of a group of islands, not in the 
uniqueness of its flora or assemblages. 
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FIgure 2: 	Photograph and tracing of coastal aeollan platform 
and ridge system geomorphic units. 	Note the soil and 
vegetation are depicted for the same photograph in 
Figures 5 and 6 respectively. 
R : ridge system 
P : coastal aeolian platform 
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FIgure 3: 	Foredune rim at seaward edge of coastal aeolian 
platform and ridge system units. 
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Figure 4: 	Map of the soil units occurring on Thevenard Island. 
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FIgure 5: 	Photograph and tracing of grainstone and muddy 
grainstone soil units. 
o : burrow structured muddy grainstone 
M : muddy grainstone 
C : grainstone 
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FIgure 6: 	Map of the vegetation units occurring on Thevenard 
Island. 



FIgure 7: 	Photograph 	and 	tracing 	of 	Spinifex 	longifollus 
grassland, mixed grassland and Acacia coriacea, 
open shrubland vegetation units. 
S : Spinifex longifolius grassland 
Gr : mixed grassland 
A : Acacla corlacea open shrubland 
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FIgu-e 8: 	Spinlfex longifolius grassland vegetation unit. 



FIgure 9: 	Acacla coriacea open shrubland vegetation unit. 
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SPECIES LIST I 

FLORA SPECIES LIST FOR THEVENARD ISLAND 

NOTES 

This species list was compiled from observations made over one day 

of field work at Thevenard Island during November 1985. 

A total of 42 species from tentative 15 families has been recorded 

from the island. 

Because collecting was conducted after winter this list possibly 

represents approximately 50% of the species actually occurring on 

the island. Many of the small annuals would have already died off. 

Trees planted at the settlement are not included on this list. 

* Indicates introduced species 
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Al ZOACEAE 
Carpobrotus sp. 

AMARANTHACEAE 
* Aerva javanica 
Gomphrena cunninghamii 

ASCLEP I DACEA 
Sarcostemma australe 

ASTERACEAE 
Angianthus cunninghamii 
Flavaria australasica 
Launea sarmentosa 
Olearia axiliaris 
Pterocauion sphacelatum 

CAPPARACEAE 
Cleome viscosa 

CHENOPOD I ACEAE 
Atriplex isatidea 
Enchylaena tomentosa 
Rhagodia preissii ssp. obovata 
Salsola kali 
Threlkeldia diffusa 

CONVOLVULACEAE 
Ipomoea brasiliensis 

ELATINACEA 
Bergia perennis 

EUPHORB I ACEAE 
Euphorbia australis 
Euphorbia coghlanii 
Euphorbia tannensis ssp. eremophila 
Euphorbia aff. drummondii 

GOODE NI ACEAE 
Scaevola crassi foil a 
Scaevola cunninghamii 
Scaevola spi nescens 
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LAURACEAE 
Cassytha sp. 

LEGUM I NOSOE 

Subfamily: Mimosoidea 

Acacia bivenosa 
Acacia coriacea 
Acacia scierosperma 

Subfamily: Papilionoidea 
Rhynchosia cf. minima 
Canavalia maritima 

LILIACEAE 
Corynotheca aff. micracantha 

NYC TAG I NACEAE 
Commicarpus australis 

POAC EAE 
* Cenchrus ciliaris 
Enneapogon sp. 
Eulalia fulva 
Spinifex longifolius 
Sporobolus virginicus 
Whiteochloa aeroides 
sp. 16A 
sp. 17 

SAP I NDACEAE 
Diplopeltis eriocarpa 

SCROPHULAR I ACEAE 
Morgania pubescens 

STERCULIACEAE 
Melhania oblongifolia 

ZYGOPHYLLACEAE 
Zygophyllum aurantiacum 
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SPECIES LIST II 

CONPOSITE FLORA SPECIES LIST FOR ALL ISLANDS SURVEYED 

Legend 

TI Thevenard Island 

DI Direction Island 

ASI Ashburton Island 

ANI Anchor Island 

SI Serrurier 	Island 

MIS Mangrove 	Island South 

MIII Mangrove 	Island Middle 

MIN Mangrove Island North 

WI Weld 	Island 

+ 	observed on the island 

not observed on the island 

1 
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LIST OF SPECIES 	 TI 	DI 	ASI 	ANI 	SI 	I MIS 	MIM 	HIM 	WI I 

AIZOACEAE 	 I 
Carpobrotus sp.  

ANARANTHACEAE 	 I 
Aerva javanica  
Gomphrena cunninghamii 	 + 	. 	. 	. 	. 	. 	I 	• 	I 
Ptilotus divaricatus 	 + I 

I 	I 	 I 	I 	I 
ASCLEPIDACEA 	 I 	 I 	I 	I 

Sarcosternma australe 	 + 	. 	I 	. 	. 	+ 	• 	+ 	I + I 	• 	I 

ASTERACEAE 
Angianthus cunnirighamii 
Calocephalus aff. knapii 
Flavaria australasica 
Launaea sarmentosa 
Olearia axillaris 
Pluchea rubelliflora 
Pterocaulon sphacelatum 
Streptoglossa decurrens 
Streptoglossa sp. 30 

sp. 21 
sp. W 

BORAGINACEAE 

I 	Heliotropium undulatum 

I 	Heliotropium cunningharnii 

I 	Trichodesnia zeylanicuin 

I BRASSICACEAE 
Lepidiuni platypetalum 
sp. 27 

CAPPARACEAE 
Capparis spinosa 
Cleotne viscosa 

• .1.1.1.1+1+1.1.1 

• .1.1. .1.1+1.1.1 
+ .1. .1+ + • + 
• . .1. .1. . . + 
• • .1. .1. + 
• • + .1+ + .1.1. 
• • + + • 

• • • .1.1.1+ 1. 
• . . .1. . + • .1 
• • • .1. • + • + 

• . . .1+1. 
I I 

• 
I 

+1 
• • + .1. +1+ . +1 

• . + • + + + I 	+ 	I 
+ + • .1. • • . .1 

CHENOPODIACEAE 
Atriplex isatidea 
Enchylaena toinentosa 
Halosarcia halocnemoides 
Halosarcia indica 
Rhagodia erernaea 
Rhagodia preissii ssp.obovata 
Salsola kali 
Threlkeldia diffusa 

cont'd 
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LIST OF SPECIES 	 TI 	I DI 	I ASI I ANI I SI 	I MIS I HIM  I KIN I WI 

I CONVOLVULACEAE 
I 	Ipomoea brasiliensis 

I ELATINACEA 	 I 
I 	Bergia perennis 	 I + 

I EUPHORBIACEAE 
Euphorbia australis 	 + 

I 	Euphorbia coghlanii 	 + 

Euphorbia tannensis ssp. eremophila 	+ 

I 	Euphorbia aff. drumrnondii 	 + 

FRANKEMIACEAE 	 I 
I 	Frankenia paucifolia 	 I 
I GOODE NIACEAE 	 I 

Scaevola crassifolia 	 + 

I 	Scaevola cunninghamii 	 + 

I 	Scaevola spinescens 	 + 

I LAURACEAE 	 I 
Cassytha sp. 	 + 

I LEGUMINOSAE 
I 	Subfa.ily: Ni.osoidea 	 I 
I 	Acacia bivenosa 	 I + 
I 	Acacia coriacea 	 + 

I 	Acacia sclerosperrna 	 + 

I 	Acacia scierosperma x bivenosa 

I 	Subfa.ily: Papilionoidea 
I 	Canavalia maritima 

I 	Rhynchosia cf minima 	 + 

I 	Subfa.ily: Caesalpinoidea 
I 	Cassia oligophylla 

I LILIACEAE 
Corynotheca aff. micrantha 	 + 

I NYCTAGINACEAE 
Boerhavia sp. 

Commicarpus australis 	 + 

I 	. 	I 	+ 	I 	. 	. 	I 	. 	I 

+ 	•1•1• + I 	+ 

+1.1+1.1. .1. 

• . • . . + 

+ 	+ . . . + • + 
+ 	+ • . + + • + 

+ . . . + 

• . + + + + + 
+ 	+ + + • + + 
+ 	• . + . 

. . + .1. 

. . • .1. +1. 
• • + .1+ .1. 
. . • . .1.1+ 

+ 	• 

+ 	• 
+ 	. 

cont'd 
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LIST OF SPECIES 

I POACEAE 

* Cenchrus ciliaris 

Enneapogon sp. 

I 	Eulalia fulva 

I 	Setaria dielsii 

I 	Spinifex longifolius 

Sporobolus virginicus 

Triodia pungens 

Triraphis mollis 

Whiteochloa aeroides 

sp. 16A 

sp. 17 

sp. 26 

POR TO I ACE AE 

Portulaca oleracea 

RUBIACEAE 

TI I 	DI ASI ANI SI MIS HIM HIM 

I 
WI 

I 	I 

I + + + • + • + + 

I .  . • . + • + 
I + + + • + + + + + 

+ . • • .1. • . .1 
• • + . • I 	+ + + + 
• • + • + + 
+ • + • • • 
+ • • • • • • .1. 
+ • • • . . • .1.1 
• • • • . • + .1. 

• 0 • 

I 

.1+ .1+ 
I 
I I I 

I 

uioeni.anoia croucniana 	 • 	• 	 * 	. 	+ I 	• 	I 	• 

SAPINDACEAE 	 I 
Dipope1tis eriocarpa 	 + 	• 	• 	j 	• 	• 	• 
Heterodendrum oleifoliuro 	 • 	• 	I 	• 	I 	• 	• 	+ 	+ 	+ 

SCROPHULARIACEAE 

Morgania pubescens 	 • 	• 	• 	• 	• 	I 	• 	+ 

STERCIJLIACEAE 
Meihania oblongifolia 	 + 	• 	• 	• 	• 	• 	+ 

ZYGOPHYLLACEAE 
Tribulus occidentalis 	 • 	• 	• 	 + 	+ 

Zygophyllum aurantiacuin 	 + 	+ 	• 	• 	+ 	• 
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1.0 PREAMBLE 

Following the successful proving of the Saladin No. I well, Wapet 
began investigations into options for developing the field. 

Among the options examined is the use of Thevenard Island,(four kms 
southwest of Saladin No. 1) as an onshore separator statiori,storage 
facility and loadaut pump. 

After meetings and discussions between representatives of Wapet; 
Le Provost, Semeniuk and Chalmer, Consultants and Dinara Pty. 
Limited, the latter were briefed to carry out the following work: 

A biological study of Thevenard Island terrestrial 
aspects. 

To indicate the potential interface and impact of the 
proposed Wapet development on the existing Thevenard 
environment. 

To outline proposed management to reduce this impact. 

To outline rehabilitation techniques within c) above. 

To outlirproposed monitoring programs for terrestrial 
interface. 

Dinara's principal, W.R. Butler, had previously worked on Thevenard 
Island in 1964 and was able to utilise these records and compare 
the effect of that visit with the current status of the Island in 
addition to carrying out the rest of the brief. 

On completion of the prime brief in the form of this written report 
Dinara was further briefed to co-ordinate with LeProvost, Semeniuk 
and Chalmer in the preparation of an Environmental Review and 
Management Program (ERMP) for the Thevenard Island development. 
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ISLAND BACKGROUND 

In 1964 Butler records Thevenard was visited sporadically by local 
fishermen and shell collectors working from Onslow. It is reported 
to have been used in the late 1900's by pearling operators working 
the Barrow Shoals out of Onslow but no other developments are known 
to have taken place. 

Scientific Background 

Early scientific records 	from G.P. Wluitley (13 Sept. 1945) who 
visited briefly from MV "Isobel" and recorded birds and turtles; 
K.C. Buller (24 Sept 1958) who made a minor collection of birds,and 
W.H. Butler (May 15-17, 1964) who recorded and collected a wide 
range of fauna and flora are all recorded by G.M. Storr in "Birds 
of the Pilbara Region W.A." (1984). 

Development Background 

The 1964 visit by Butler coincided with the beginning of a tourist 
development (the Mackerel Islands). Since 1964 it has grown from the 
original single shack to the current proliferation of shacks and roads 
on the Island. 

Whether deliberately or accidentally the development also introduced a 
number of plant species, Tamarisk, Sheoak, Ti-tree, Cotton Palm, 
Buffel-grass, Couch grass, and Kapok Bush being recorded. 

WAPET drilled Thevenard No. 1 in March/April 1968 but the well was 
plugged and abandoned. 

Conservation Status 

Because of the fragmented nature and the comparatively recent status 
of conservation and conservation reserves in Australia, there are a 
number of authorities and aspects which relate to conservation of 
the Thevenard Island area. 

2.3.1 CALM 

C Class Reserve 33174, comprising most of Thevenard Island is for 
the purpose of conservation of flora and fauna and is vested in 
the National Parks and Conservation Authority (CALM). The 
remaining approximately 40 ha consists of Crown land, a lease for 
tourist development (the Mackerel Islands) and an airstrip 
lease. (Gazetted 14 March 1975 amended 15 August 1980). 

2.3.2 EPA/DCE 

The EPA recommendations on conservation reserves for Western 
Australia dated 9th December, 1975, section 8.7, recommends 
that the total area from Exmouth Gulf to Cape Keraudren be 
reserved as a nutrient and nursery area. The major purpose 
is to prevent the unsupervised and unapproved destruction of 
niangroves in the region. 



"C" CLASS RESERVE SIGN IS 
PLACED ON CROWN LAND 



The Authority further recommended in section 9.7 that Thevenard 
be dec1ar.ci . Class A Reserve and that the vacant Crown land and 
leased land be converted to Class A Reserve. These 
recommendations were endorsed by the Government and recognition 
of their acceptance is afforded by the Declaration of the areas 
as Crown Land for the purposes of the Petroleum Act. 

2.3.3 DCE 

The area is regarded as an environmentally sensitive locality 
because of the significant marine resources. Extra environmental 
protection measures have been recommended for oil exploration and 
production. Guidelines for offshore oil operations exist 
(Department of Conservation Bulletin 104) which identify 
Thevenard to be in a special Protection Locality. (SPL 32). 

The significant wildlife resources recorded in the area are sea 
bird nesting islands, mangrove and tidal flats, coral reefs, fish 
nursery, turtle nesting beaches, dugong breeding areas, 
commercial and recreational fishery, tourism, shell collecting 
and a major nutrient zone for the ecosystem processes of the 
complexes. 

2.3.4 National Heritage/Commonwealth 

Thevenard Island and the surrounding area of the Rowley Shelf are 
listed on the register of the National Estate (No. 
5/08/190/004/01) because of their significance in terms of the 
natural environment and sea bird and turtle nesting sites. (21 
March 1978) 

Because offshore petroleum resources in Western Australia are 
subject to the Commonwealth Petroleum (Submerged Lands) Act 1962 
as well as the Western Australian Petroleum (Submerged Lands) Act 
1982, the Commonwealth EPA legislation could be involved. 
Additionally, Commonwealth legislation could be involved through 
the Environment Protection (Sea Dumping) Act 1985 and the 
Heritage Act. 

Due to the agreed arrangements with respect to regulation and 
control of offshore petroleum exploration and production, the 
W.A. Minister for Mines is the nominated member of the Joint 
Commonwealth/State Authority to handle this aspect of the law. 
Nevertheless, because Commonwealth decisions are involved, the 
Environmental Protection (Impact of Proposals) Act 1974 may 
apply. For example the Commonwealth could withhold any licence 
or consent to develop if that were to lead to using Thevenard 
Island or impairing its environment to an extent unacceptable to 
the Conimonweath. 

2.3.5 Archeological Status 

Although no formal record of aboriginal occupation exists, there 
is a reported archeological site which will require confirmation 
before any development can take place. 
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Advice from the Aboriginal Heritage Registrar indicated that 
the site was a midden but despite close examination of the 
Island no trace of this was located. The only middens 
located were those derived from European occupation with 
oysters being the malor shell within the middens. No other 
traces of Aboriginal use were noted. Despite this the 
protection of the Aboriginal Heritage Act is affected and 
must be complied with. 

2.3.6 Conclusion 

The conservation status of the area is significant as the 
Island is protected by gazetted reserve structures plus 
registration and protection under a number of Acts. 

The proposal to develop onshore Thevenard Island requires 
the utilization of an area of vacant Crown land at the eastern 
end of the Island adjacent to the air strip and the tourist 
development. It is not anticipated that the Island C Class 
Conservation Reserve would be impinged upon. As far as 
DCE/EPA recommendations are concerned there appears to be 
no reason for the implementation of the development not to 
proceed. 

Evidence of other wells and other island developments suggests 
that the degree of control exercised by Wapet is sufficient to 
satisfy Commonwealth and State requirements. 

The Aboriginal Heritage Act will need to be conformed with 
prior to any development of the Island. 

2.4 	Oilfield Status 

Wapet has received an Exploration Licence over the area which is 
included in WA-24-P (Part 1). Thevenard No. 1 was drilled in 
April 1968 but plugged and abandoned. Tracks and welisite have 
recovered and are indistinguishable from the surrounding area today. 

On the 17th September. 1976 the reserve was declared Crown land for 
the purposes of the Petroleum Act, 1967. 
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3.0 	SURFACE GEOLOGY 

Generally Thevenard Island consists of an accreted sand and shell soil 
above a limestone outcrop of Rowley Shelf. The limestone is exposed 
at low tide, particularly on the southern and western beaches of the 
Island. More importantly the limestone shelf forms a protective ring 
around the Island which breaks much of the wave force induced during 
cyclones and storms. 

No surface rock was found on Thevenard and the predominant soil 
material is a calcareous, shell-fragmented coarse sand. 

The entire island shows the effects of high salt exposure and spray, 
and wave inundation appears to occur to about 5 metres despite the 
surrounding reef protection. 

Reddish sands occur in the area of the old Wapet drilling site 
Thevenard No. 1 and approximately mid-way north of the airstrip. 
These may be due to blown dust. Vegetation in these areas is 
significantly more dense than adjacent vegetation. 

Generally east-west oriented dune structures occur on the island 
except at the western end where a distinctive variation in direc-
tion is obvious. 
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4.0 	METHODS 

The main techniques used in this survey were observation and 
field identification of all plants and animals. All habitats 
were treated with equal emphasis and criss-cross transects of the 
island were carried out on foot. 

Island visits were carried out by aeroplane using the existing 
landing strip. 

Decoys were used to attract cryptic birds. 

Capturedspecimens were field identified and released. All species 
were accurately identified in the field. 

Vegetation was field identified. No plant material or fauna was 
unidentified. 

Skeletal and scat material was examined to identify species as far 
as possible. 

Tracks were of critical importance in determining the range and 
frequency of species in general habitat. 

No specimens of any type were taken from the island. 

Previous records available were consulted and are contained in the 
Tables of Species. 

It shouldbe noted that the methods used by the Consultants in this 
survey rely on their broad spectrum knowledge of the flora and fauna 
of the area. Because of this knowledge a comprehensive report was 
completed in a short time and the avoidance of specimen collecting 
was implemented. 

As a result this program should not be used to model for future 
workers unless such workers possess the same degree of basic field 
skills as the Consultants making this study. 
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5.0 	ECOSYSTEMS 

This study did not include marine ecosystems although marine mammals and 
reptiles were recorded. 

	

5.1 	Sand Assemblages 

Strand line assemblage characterised by Ipomea pescaprae and 
Salsola kali. 

Storm and spray inundated foredune areas characterised by 
Spinifex longifolius, Carpobrotus australe, Gomphrena 
conferta, Launaea sarmentosa and Sporolobus virginicus. 
This area contained isolated Acacia coriacea, always sur-
rounded by bare sand blowouts. Beneath these trees are 
dense mats of Carpobrotus. 

Inland sand areas less salt affected and not inundated during 
storms. Characterised by Acacia_sp, especially A. coriacea and 
A. gregoryi, Cassytha sp as a parasitic climber, Rhagodia 
obovata , Sarcostemma australe and Scaevola spinescens. 

Thirty-six species of plants were recorded plus seven introduced 
species mostly around the camp area. 

The island is characterised by saline tolerant species because 
of the very high degree of salt spray and aerial salts. The salt 
build-up on the soil and plant surfaces causes a hvgroscopic 
effect and much island moisture is gathered from morning dews and 
night humidity. 

It is difficult to assess whether the flora on the island is a 
result of stranding during sea level changes some 2,000 years ago 
or of re-population following the development of accreted sands. 

Most plants on the island are colonising species or could have 
been carried on debris from the Ashburton River during cyclonic 
floods. The same applies to fauna. 

Other factors affecting vegetation on the island are grazing 
pressure and seed removal. Grazing pressure is low although 
Pseudomys does some grazing. Pseudomys and some land birds 
carry out a wide range of seed collecting. 

Physical disturbance of the surface through burrowing mammals and 
reptiles has distinct effect on island vegetation. Birds, and to 
a lesser extent other species, cause changes in nitrogen and 
phosphorus input through faeces,and food gathering which is 
noticeable around particular areas such as perching trees and 
nests. 

Human disturbance has affected the Thevenard vegetation due to 
plant introduction, firewood gathering, vegetation clearing and 
surface changes. 
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Basically the ecosystems and plant assemblages of the island are 
uniform, the major difference being the presence or absence of 
storm saltwater inundation. Fauna do not appear limited to any 
assemblage andindividuals were noted to move freely across the 
island. 

5.2 Ecosystem Synthesis 

The present condition of the ecosystems on Thevenard Island and 
immediately offshore is of degradation and disturbance. The 
presence of tracks, airstrips, buildings, introduced species and 
humans, all have reduced the conservation values of Thevenard 
Island. Because of the simplicity of the island ecosystems it is 
self healing to a large extent, provided that the exotic material 
does not take significant hold. It should be noted that the 
recorded fauna and flora of the 1964 visits do not appear changed 
except in the area occupied by the fishing camp. 

It appears that human interference does not exceed the disturbances 
created by natural phenomena, such as cyclones, droughts, floods, 
etc., which periodically occur on the island. 

It must be recognised that the Thevenard ecosystem and its 
individual components have evolved in the face of extremes of 
climatic andnatural catastrophes affecting the region. Those 
plants and animals surviving such catastrophes over the past two 
thousand years are the ones which can cope with natural disasters. 
Thus individually and genetically only survivors persist while 
those that were unable to handle these extremes have become 
extinct. 

No species is known to be in such critical balance as to preclude 
the oilfield developments, particularly,  under the demonstrated 
controls as applied on Barrow Island; certainly the present 
characteristics of the onshore development site do not warrant 
negation due to environmental issues. 

The ecological value of islands is well documented with the main 
positive factors being isolation of communities, possibly leading to 
endemism; relictual and residual populations which have reduced on 
the adjacent mainland, e.g. Pseudomys; the isolation from edge 
effect and invading species of plants and animals; and the isolation 
and exclusion from continued third party effects including 
visitation and fire. 

The negative values of islands also need to be made clear in 
understanding the lethal effects of introduced species, such as 
rats, or cats, or exotic plants; the catastrophic effect of 
wildfires with no reduction or mosaic burning and low fire frequency 
on offshore islands; the simplicity of the ecosystem in a restricted 
area leading to reduced genetic pools or genetic bottlenecks; and a 
smaller suite of species which can be very vulnerable to biological 
or human manipulation. 
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THEVENARD PLANT LIST 

NOVEMBER 1985 

Acacia coriacea 

A. gregorli 

A. scierosperma 

Atriplex isatidea 

Boerhavia repands 

Cassytha sp. 

Carpobrotos australe 

Cavanalia maritima 

Cleome viscosa 

Cvnanchum floribundum 

Diplopeltis eriocarpa 

Enchylaena tomentosa 

Eulalia fulva 

Euphorbia eremophila 

E. australis 

Flaveria australasica 

Gomphrena conferta 

Haloragis gossei 

Ipomoea pescaprae 

Launaea sarmentosa 

Olearia axillaris 

Portulaca pilosa 

Pterocaulon sphacelatum 

Ptilotus villosiflorus 

Rhagodia obovata 

Rhynchosia minima 

Salsola kali 

Sarcostenima australe 

Scaevola spiriescens 

S. crassifolia 

Setaria dielsii 

Sorghum plumosum 

Spinifex longifolius 

Sporolobus virginicus 

Threlkeldia diffusa 

Triodia angusta 

Tamarisk 

Casuarina 

Mel ale u c a 

Cotton Palm 

Cenchrus ciliaris 

Couch 

Kapok 
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6.0 	FLORA (see list page 9) 

A total of forty three species of plants have been identified from 
the island in the survey. 

Seasonal monitoring checks on the island will probably reveal more 
species as ephemerals respond to good seasonst or water, air or bird 
carried seed establishes. 

All species appear to be represented on adjacent islands and the 
adjacent mainland. None are known to be rare and endangered. 

The perimeter of the island and part of the blown dimes are vegetated 
with predominantly Spinifex longifolius. The remainder of the island 
behind the five metre surf line is sparse open scrub of Acacia corj1ci, 
heavily overgrown with Cassytha, a parasitic creeper. Canopy cover 01 

A. coriacea is between 5 and 10 per cent. A shrub storey about one 
metre in height covers between 10 and 30 per cent varying on location 
and species. This consists mainly of Rhagodia, Sarcostemma, ScaevoI:i. 
Acacia and 1)iplopeltis. One small area midway north of the airstrip 
much more densely covered and has a canopy of 60 per cent with the 
shrub storey covering another 40 per cent. There is an under-storey 
of low herb and tufted grasses. 

Seven introduced species occur around the tourist settlement with some 
grasses extending to other disturbed areas such as the airstrip and 

roadways. 

Thevenard Tslnnd f.lora is affected by salinity due to spray and wind-
borne salts, dewfall and dewfall takeup due to the abovementioned 
salinity, low grazing pressure, physical disturbance from burrowing 
mammals and reptiles, changes in nitrogen and phosphorus input from 
fauna species in particular, and human disturbance due to the presence 
of the recreational resort. 

IPOMOEI\ PESC1Pfl1\E SII0JING 

V1IUABLE COLOUR 



7.0 	FAUNA 

7.1 Mammals 

7.1.1 Land Mammals 

The most scientifically interesting land mammal is Forrest's 
Mouse, Pseudomys forresti. Thevenard is the only island 
occurrence of the species which is reasonably common in the 
sandy ecosystems of the adjacent mainland. 

The only other evidence of mammals on the island was some 
Cat's scats. There is an old record of a cat on the island 
and as these scats were completely dried out, it is probable 
that they derived from this animal. They were found in the 
location of the settlement which is where the animal had 
previously been recorded. No other evidence was located. 

7.1.2 Marine Mammals 

Marine mammals were observed from the island and from the air. 

Dugongs (Dugong dugon) - five animals were seen, one single 
and two pairs. The pairs were both cows and half grown 
offspring. Other Dugong records from Barrow and the Lowendal 
indicate that this animal is more frequent than has previously 
been suspected in the area. 

The Cowfish (Tursiops truncatus) was also noted. 

Based on other records in the area it is possible that the Long 
Snouted Dolphin (Sousa plumbea). the Rough Toothed Dolphin 
(Steno bredanensis), the Dolphin (Stenella sp), the False 
Killer Whale (Pseudorca crassidens), the Sperm Whale (Physeter 
catadon), the Humped Back Whale and the Blue Whale could all be 
present from time to time. 
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7.2 	Birds (See Table 1) 

Forty species of birds are recorded for the island. Twenty-eight 
of these were recorded during November 1985. 

No unexpected or unusual, records occur and it is clear that both 
sea and lan(l birds are mobile fol lowing migratory patterns, and 
nomadic movements opportunistically. Land and sea bird presence 
or absence is subject to the conditions and circumstances of the 
day. 

Marine migrant bird numbers are low, as can be expected considering 
there are no mud flats attached to Thevenard Island. 

A full suite of local seabirds occur. 

Seabirds recorded nesting on the island include Osprey (7 nests, 
November 1985), Fairy Tern (1984 K. Morris Pers comm.). Beach 
Stone Curlews and Caspian Terns. Of particular interest was the 
absence of Wedgetailed Shearwater nest sites. These birds occur 
on adjacent islands and their absence on Thevenard is not read ii v 
expi icable despite the presence of Varanus in significant numbers. 

The most interesting aspect of the 1985 visit was the presence of the 
Black Shouldered Kite and the Spotted Harrier as well as the Kestrel, 
which indicates a high incidence of Pse th S on the island. 

probably because of thelimited amount of Triodia on the island the 
Spinifex bird occupies Sarcostemma primarily. 

Land bird nests located included Spiney Cheeked hloneyeater and Zebra 
Finch. None were in current use. 

j44 
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MIGRANTS: 

GREY PLOVER; 	'I'URNSTONES; 	 BARShIOULDERED DOVIi 
LARGE SAN!) DOTTEREL; REDCAPPED 

PLOVER; 	TEREK SANDPIPER 
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Wedaetajled Shearwater x x 2 
Australian Pelican x 1 
Pied Cormorant x x x x 	 4 
Reef Heron x x 2 

Osprey x x x x x 7 Nests 5 
Nhite Breasted Sea Eagle x x x x 	 4 
Slack Shouldered Kite x Pair 	1 
Spotted Harrier x x 	 2 
Kestrel x x x 	 3 

Brown Quail x ? x 	 3 

Beach Stone Curlew x x x x Wert 	4 
Pied Oystercatcher x x x x x 	 5 
Sooty Oystercatcher x 1 
Turnstone x x x 	 3 
Large Sand Dotterel x 	 3. 
Redcapped Plover x x 	 2 
Grey Plover x 	 1 
Greytailed Tattler x 1 
Common Sandpiper x x 	 2 
Terek Sandpiper x 	 1 
Bartailed Godwit x x 	 2 

Silver Gull x x x x 	 4 
Caspian Tern x x x 	 4 

Nesting Nesting 
Crested Tern x 	 1 
Fairy Tern x x Nesting 2 

Crested Pigeon x 1 
Barshouldered Dove x x 	 2 
Little Corella x x 2 

Nelcome Swallow x 1 
Australian Pipit x x x x x 	 5 
Blackfaced Cuckooshrike x 
::arrow Billed Bronze 

Cuckoo x 	 1 
Spinife>: Bird x x x 	 3 

Collected 
agtcil x x 2 
Yello: white-eve x x x x x 	 S 
Spirv Cheeked Honeyeater x Old Nesti 
Zebra Fich x x Old Nest 2 

No birds 
aske 	od Swallow x x 2 

':itebaijjed wood Swallow x x 	 2 
Lttie crow X 	 1 

40 	 5 5 13 20 6 8 12 28 	92 
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7.3 	Reptiles 

7.3.1 Land Reptiles 

Seven land reptiles were recorded. 

The Dragon Geinmatophora gilberti was frequent especially in 
the strand line and coastal spinifex. 

The dominant reptile is unquestionably the Goanna Varanus 
acanthurus, the tracks of which were noted on all habitats 
including beaches. 

Of the three skinks recorded Ctenotus saxatilis was fairly 
common in tussocks and other vegetation but the two cryptic 
species, Lerista bipes and L. muelleri were only found asso-
ciated with rubbish around the campsite. It may be that these 
were introduced but both were recorded by Butler in 1964 and 
it is more likely that the rubbish provides better  
for the species against the carnivorous behaviour of Varanus. 

The two widespread geckos, Gehira variegata and Heteronotia 
binoeii were found under debris and bark. 

There are no rare, endangered or endemic reptiles; all reported 
are adequately represented elsewhere in adjacent areas. 

Other species may occur following further intensive studies. 

7.3.2 Narine Reptiles 

Green and Hawksbill were both recorded with fifty-one green 
turtles having been present on the island beaches on the night 
of the 26th November. This is from an aerial count subse-
quently verified on foot where it was concluded that most of 
these laid eggs. 

The majority of occurrences were on the western half of the 
island and the proposed development will therefore have the 
least effect on Turtle breeding areas. 

Hawksbills noted were small and no beach tracks were observed. 

Seasnakes are known to occur in adjacent waters but none were 
recorded. W.A. Museum records indicate fifteen species occur 
in the region. 
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7.4 	Amphibia 

No amphibians were observed or collected which is not unexpected in view 
of the high salt conditions of the Island and the lack of surface 
water. Particular attention was made to the sump at the suttlement 
where surface water was available but its high saline content seems to 

preclude frog presence. 

	

7.5 	Invertebrates 

These were not included in the study but spiders, ants and flies were 
recorded. 

	

7.6 	Particular Species 

in assessing proposed developments the Mines Department has previously 
drawn particular ittentiou to the incidence of Wedgetailed Shearwater 
nesting sites and Turtle nesting sites. Records indicate that 
Wedgetailed Shearwalers occur within the region but do not nest on 
Thevenard Island. Turtle nesting sites are more frequent on the west 
end than on the project developuu'nt beaches. 

_ 

RED BACK SPIDER 
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8.0 ENVIRONMENTAL EFFECTS OF THE PROJECT (LAND) 

8.1 General 

The effects of this project must be seen against the extreme 
natural fluctuations of the regional weather, water and fire 
patterns to which the indigenous biota are adapted. 

In this context the localised and short term disturbance of a 
small area of land does not assume fundamental ecological signi-
ficance. However, despite island species' adaptation to environ-
mental stresses of nutrient variation, saline soils, aridity, 
periodic flooding, fire, extremes of temperature, drought and 
cyclones, it would be untrue to suggest that they are invulnerable 

to outside effects. 

In evolving to meet the range of island life conditions, plant and 
animal species have become highly specialised and highly interde-
pendent. It is that specialisation which places islarti ecosystems 
in the fragile balance for which they are well known. 	Their bio- 

geographical isolation makes them particularly vulnerable to the 
addition of new elements. 
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8.2 	Specific Effects (Land only) 

Terrestrial environmental effects and impacts may be caused by 
the following: 

Siting of facilities: 
The interference with drainage and wind patterns; the dis-
turbance of ground and the aesthetic effects of changed 
landscapes or incongruent structures. There may be conflict 
between environmental or aesthetic congruency and safety 
requirements which may also affect alternate, existing or 
potential land use. 

Land clearing: 
Mechanical disturbance can undo the work of centuries in 
creating soil profiles suitable for island ecosystems. 

3.. Brn1ng: 
Apart from atmospheric emissions indiscriminate burning or 
accidental fires may cause changes in fire patterns which in 
turn massively affect ecosystems. 

Blasting: 
Noise and vibration from offshore blasting, plus the lethal 
effect of shock waves will affect island terrestrial fauna. 
Since blasting is not anticipated except for the pipe trench 
in the marine area it is of low significance to the island. 

Earthworks: 
Cutting and filling, bunding, excavating, drilling, etc., all 
create environmental effects by changing soil structures, changing 
surface and subsurface water structures, changing drainage, etc. 
Such works are destructive of individual biota in the area. 

Underground works: 
Tunnels, wells, piling, pipelines, cables, conduits, tanks and 
other such structures cause environmental effects in the same 
manner as earthworks. 

Water Works: 
Bunds, drainage works, sea walls, piling, landing beaches, 
surface pipelines and cables, alteration to ground water 
hydrology, diversion of existing drainage and similar actions 
all affect environment. 

Aboveground works: 
Tanks, infrastructure buildings, power stations, pipelines, 
roads, telephone and power lines, drains and camps will create 
environmental interface. 



TOURIST RESORT EARTH-FILL 
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Dredging: 
Dredgirgis unlikely to affect the land environment of the island 
unless it affects currents which control shoreline erosion/ 
accretion effects. 

Land filling: 
The levelling of areas for structures creates changed drainage 
regimes and increases runoff factors as well as direct disturbance. 

impervious areas: 
These include roofs, tanks, roadways, pavements, heliports, parking 
areas, laydown areas, etc., all of which change surface water 
drainage regimes. 

Barriers: 
The erection of fences, wails, bunds, pipelines, drainage ditches 
and the like all create barriers to fauna, and to a lesser degree, 
flora. 

Signs: 
For safety reasons signs are required which may be in conflict with 
the aesthetic requirements of a tourist area. The siting and 
erection of these has an effect on perching birds. 

Stockpiles: 
Excavated material, construction material, topsoil, stripped 
vegetation, fuel and other project induced stockpiles, have 
varying effects on the environment. 

Handling of materials: 
The machinery and the transport techniques of handling stockpiles 
and other materials add to environmental effects. 

Emissions to atmosphere: 
These may include smoke, dust, chemical fumes, gases, acids, 
hydrocarbons, emission fumes, odours and hot air which all have 
potential or real effect on the environment. 

Dischargto water: 
Although the effect of these is mainly on the marine environment, 
water treatment and disposal facilities will be land based and 
thus have some effect. 

Discharges to land: 
Domestic and industrial wastes, including garbage, sewage, 
topsoil and excavated subsoil material will all be disposed 
on land. All will have an effect on the environment and 
disposal will need to be according to requirements and material. 
Most will be shipped to Onslow for mainland disposal. 
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Generation of traffic 
This project will generate road, sea and air traffic, the 
effects of which will mostly be beyond the development site. 
It involves load out ports, transport routes, emissions and possible 
spills from transport both at sea and on land; air traffic 
includes the overfly noise of service aircraft including 
helicopters. 

Artificial lighting: 
This is of particular significance in terms of phototrophic 
species of which the most notable are young Turtles. 

Communications: 
Radio communication is essential and some form of radio mast 
or tower will be set up on the island. 

Navigation beacons and signs may be considered communication, and 
these may be required which will affect other areas both with the 
placement of the beacons and with the servicing of them. 

Noise and vibration: 
During construction and operation vehicle and plant noise and 
vibration will be intermittent to which local fauna will not 
become accustomed. Evidence indicates that regular noises are 
acceptable to most species, but sporadic noises, unless they are 
at regular times, are unaccepted. Aircraft noise already occurs 
on the island and this will be increased and become more regular. 
Some human generated noise and vibration already occurs during 
tourist resort occupation. 

Extraction of resources: 
The only anticipated extraction will be fill material from cut and 
fill operations. 

Renewal of resources: 
The re-establishment of land form and re-planting of natural areas 
is important to maintaining adjacent retained environments. The 
proper discharge of runoff water for maintenance of existing systems 
is of great importance. 

Development of resources: 
It is unlikely that any resource development will be undertaken, 
apart from hydrocarbon extraction. 

The creation of subsea pipelines, particularly in the intertidal 
area, may develop resources by improving marine productivity in 
the sense that more hiota anchorage will be provided on the dis-
turbed pipeline areas. 

Protection of resources: 
The practices of erosion control, soil conservation, water conserva-
tion and control, wildlife protection and alternate land use protec-
tion will be undertaken as a matter of management and is discussed 
in that section. 



Preservation: 
The existing features of Thevenard require preservation as far 
as is practical during the life of the project, and it is to 
this end that the major management program is developed. It is 
aimed at protecting existing land uses, island features and 
biological species. 

Landscaping: 
It is unlikely that any landscaping will take place in this 
project because of the lack of potable water. However, the use 
of native plants indigenous to the island in living areas, air 
conditioner drip, or other favoured zones, may be deemed land-
scaping. There is no intention to construct amenity features or 
to beautify in this project. 

Amenities provided: 
Because both the construction and operational workforce will require 
amenities, it is intended to provide most amenities in the development 
area. This will include a wet mess and indoor recreational facilities. 

The demand for external recreation will be met by allowing workforce 
access along the beaches or existing pathways developed by the 
tourist operation to other areas on the island. 

A playing area for volley ball or other active sports will be con-
sidered either on a beach or within the development site. 

The workforce will be a major backup for non-project accidents or 
marine rescue operations which may be considered a public amenity. 

Fishing: 
Workforce recreational fishing will be limited and controlled as a 
management practice. 

Hunting: 
The taking of shells and other marine souvenirs will be limited and 
controlled as a management practice. 

Boating: 
Boats in use will be those directly employed by the company. Private 
vessels will be permitted under control. Company vessels may be used 
for fishing trips to local reefs and islands but this will depend on 
safety and other reward incentives. 

Overall use by man: 
Apart from the project area itself, the use by man will include 
swimming and island exploration under the same conditions as other 
visitors to the island. 

Accidents: 
Contingency plans for fireoperationa1 failures, oil spills and 
leaks, explosions and industrial accidents of any type will be 
established with training programs and refresher courses as is 
standard within the industry. 

As mentioned above in 29, the presence of the project will provide 
emergency facilities for public accidents. 
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Future land use: 
The area is leased for the life of the project and will revert to 
the Crown after decommissioning. Future land use is not to be de-
cided by the project developers. 

Aesthetic values: 
The project development will change the aesthetic values of the area 
but will almost certainly create a major land mark and guidance for 
fishing and other marine vessels. 

It is unlikely that fauna will be concerned with the aesthetics of 
the project and the general public viewing of the project will be 
limited. 

Social effects: 
The effect of the development on the privacy and seclusion factors 
of the tourist resort will be significant despite the lack of phy-
sical encroachment on to the Mackerel Islands lease area. 

Noise, visual effects, transport and movement, workforce presence 
and other similar aspects will affect the resort during the life of 
the project. However, the project will assist the resort in making 
available services, facilities and availability of assistance in 
accidents or emergency. 

There will be an increase of visitation and utilisation of Onslow 
and its available services during construction of the project. 
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8.3 Projection of development effects 

8.3.1 Collective 

Environmental effects can be immediate, short term or long 
term. immediate environmental effects are those which are 
obvious during construction and operation. Short term effects 
are those which persist during the life of the operation and 
long term effects are those which persist following final 
restoration and abandonment. 

Assessing these is a difficult task, even based on previous 
experiences. Therefore, ongoing monitoring is important to 
help determir the full effect and to modify any managmentor 
ojerational programs which are found to be inadequate. 

Immediate Effects 
The immediate effects will be the generation of traffic, soil 
disturbance, noise and vibracion, the presence of more people on 
the island, stockpiling of materials, minor emissions to 
atmosphere, water and land, and earthworks. 

Because of the proposed development restrictions, these immediate 
effects on the environment will be limited. Despite this they 
will be stringently controlled and monitored for undesirable 
effect. Should the monitoring reveal such an undesirable effect, 
modification of the process will follow. 

Short Term Effects 
These, which will last the life of the project, involve traffic 
generation, barriers, the works themselves, emissions to 
atmosphere. water and land, artificial lighting, noise and 
vibration, fishing and use by man. None are expected to have a 
major effect on the environment because of the constraints 
placed upon the project. 

However, stringent controls will be enforced to ensure those 
constraints are met, and continual monitoring will be under-
taken to ensure that no undesirable developments or actions occur 
which will have a long term effect. 

There will be a loss of solitude and exclusivity which currently 
characterises the island tourist operation. 

Long Term Effects 

Following the completion of the project's extraction of 
resource, decommissioning will take place and there will be 
the equivalent of construction activity while restoration and 
abandonment is being completed. 

The long term effects therefore will possibly include permanent 
changes tr.ecosystem on Thevenard Island due to introduction of 
species, although this will be guarded against and eradication 
programs taken should it occur. No other long term effects are 
anticipated due to the stringent management program and the re-
storation proposals. Difficulty is anticipated in determining the 
source of any such introduction in view of existing introductions 
by a third party and the ongoing presence of third parties during 
the life of the project. 



8.3.2 Effects of Oilfield Development on Tropical Islands 

Because of the proximity of Thevenard to Barrow Island and 
Varanus Island in the Lowendal group, reasonable parallels of 
probable effects can be drawn regarding this development. 

Barrow Island is well documented and has been the subject of 
intensive scrutiny since 1964 by concerned government departments 
and other interested parties. Despite the presence of a 
considerable oilfield development, the scientific research and 
monitoring evidence is that no ecosystem or species has suffered 
irreversibly in that period. Barrow Island is much more complex 
than Thevenard with a much wider range of ecosystems and a much 
greater suite of vertebrate fauna. Likewise its development is 
much larger and more complex. 

The Lowendal Islands immediately north east of Barrow are the 
site of a recent oilfield development. On Varanus Island a lease 
was granted by NPCA with certain environmental conditions. It is 
expected that those conditions would be indicative to Thevenard 
which is seen as a close parallel to Varanus Island in size and 
style of development despite the fact that development on 
Thevenard will be on Crown land rather than reserve. 

The major difference between Thevenard and other similar oilfield 
developments on tropical islands in the same area is that 
Thevenard is already significantly utilised by man in the form of 
tourist recreation. To this end, roads and airstrips have been 
cut and maintained, buildings established, etc. A considerable 
number of plants have been introduced and the end result is 
significant in human effect when it is compared to Varanus or 
Barrow Island. 	Also as stated above Thevenard development 
site is not a conservation reserve. 

It is too soon to assess the effect of Bond Corporation's 
development of Varanus Island, but the hard evidence gained from 
Barrow Island suggests that with proper management the negative 
effects of oilfield development on arid tropical islands can be 
reduced to an acceptable minimum. 
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8.3.3 Impacts of Terrestrial Oil Spillage 

Despite the controls and field practices which will be 
involved on Thevenard Island, a very low probability of 
significant terrestrial oil spills does occur. 

These take two possible forms - minor and major. 

Minor spills will occur from wind blown droplets .leaking 
machinery, etc., and will be contained within the bunded 
lease area. Ninor spills are normally absorbed by various 
components of the ecosystem, particularly bacteria. If 
such spills are not being absorbed, then reparation and 
clean up will take place according to the best modern oil 
field practice. 

Major or catastrophic spills will be contained by bunds. In 
the unlikely event of such a spill occurring, clean up opera-
tions will extract spilt oil and restoration of affected 
leaseareas will be undertaken according to the best modern 
oil field practice. Marine spills may affect island ecosystems 
from shoreline fouling or marine fauna deaths which strand on 
the island. 



8.3.4 Conclusion 

Because development, operations and abandonment will all 
be contained and controlled according to existing practices, 
it is unlikely that the development of the project will have 
any unforeseen environmental or physical effects. 

The effect of development on Thevenard ecosystems will be 
extremely low from accidental spills, discharges, industrial 
accidents, workforce presence, construction and operational 
activities. In the event of a major catastrophe which 
affected the entire lease area, there would be sufficient 
resource in the much larger undisturbed conservation reserve 
section of the island to allow repopulation of the affected 
area by genetically compatible species following clean up 
treatment. 

The most significant effect that could occur would be the 
inadvertent introduction of feral animals, such as rats, mice 
or cats in stores; or the introduction of weed plants beyond 
those already existing on Thevenard. 

It must be pointed out that in twenty years of tourist resort 
operation with much less rigorous environmental control than 
is anticipated by the proponents, no such catastrophic 
introductions have occurred. 

It should also be pointed out that the control measures under-
taken by both WAPET and Bond, on Barrow and Varanus Island, 
have so far successfully prohibited this environmentally 
disastrous effect. 
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8.4 	Environmental constraints 

Arising from the possible environmental effects of the development plus 
the field studies and past experiences in similar circumstances, certain 
environmental constraints arise which must be considered during 
engineering/economic assessments of the project alternatives. 

The low profile, salt and sand\' material of this island makes it 
subject to weather effect, storms, cyclones and strong winds. Storm 
surge lines appear to reach the Sm level but the reef platform 
provides partial protection of the island. These factors also 
indicate a possibility of sea water penetration through storm 
effects. 

The required bunding for the oil storage tanks and other works will 
contain water during heavy rainfall. Run-off water disposal will 
be required. 

The need for firm footings in the calcareous sand may interface 
with the island water table and create water drought areas 
affecting existing vegetation outside the development area. 

The presence of sea bird rookeries is minor, all being sandspit 
or foredune breeders. Care will be required to avoid these 
especially during construction activities. 

The presence of turtle nesting beaches is not significant in that 
most individuals nest away from the development area. 

The adjacent Class "C" fauna and flora reserve will require clear 
establishment and inhibition of use. 

The existing tourist development interface will be a major 
problem as the advertised values of the Mackerel Islands are 
not compatible with development. 

Water disposal during construction and operation will need to be 
managed to minimise ground water contamination. 

Abandonment procedures must be recognised as a cost to restore 
the island to acceptable condition. 
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8.5 	Design Layout 

8.5.1 Constraints 

Bearing in mind the environmental constraints imposed on the 
project, the design layout will be based on the best modern 
practice of the industry, which is cost effective and most 
subject to recovery and restoration. 

In addition, there are mechanical and social constraints which 
must be considered. 

Collectively, the design layout is constrained by: 

a) Existing land uses: 

Mackerel Islands 
Airstrip and its mandatory flightpath clear zone 
Class "C" Fauna and Flora reserve 

b) Storm surge line (5m approximately) 

c) Subsurface conditions: 

	

I) 	Footing 
Water table 
Sea water permeation 

d) Suitable landing beach - south 

e) Pipeline corridor 	north 

f) The desirability of removing accommodation from 
operations 

g) The need for bunding - i) 	of all oil containing areas 
Ballast Pit 
Product water (waste) 
Flare area 



8.5.2 Requirements 

it is understood that the following requirements are inherent 
in the construction of the project. 

3 x 250,000 bbl storage tanks 
A separator station, plus attendant boxed flare for 
waste gas 

iii) 	A ballast pit (may be the same as iv) below) 
iv) 	A water disposal pit (Product) or tank 
v) 	A dedicated pipeline easement containing - 

crude product lines 	c) treated waste water disposal line 
loadout oil line 	d) treated sewerage disposal line 

vi) 	A gas fired product pump, control laboratory and pig 
station 

vii) 	Small workshop - store 
viii) 	R.O. plant and bore and discharge-supply lines 
ix) 	Barge landing - laydown areas 
x) 	Helipad plus possible upgraded airstrip 
xi) 	Permanent accommodation ( 30 - 35 men) 
xii) 	Temporary accommodation (200 + men) 
xiii) 	Power station, fuel tanks, supply lines 
xiv) 	Sewerage treatment plant 
xv) 	Temporary pipe stringing area - 500m x lOOm 
xvi) 	Hazardous chemical store 
xvii) 	Incinerator 
xviii) 	Fire pump and bore 
xix) 	Water treatment plant 

While it is feasible and good practice to combine all water 
treatment and bunding, safety requirements may create duplication 
and rainfall runoff must be considered in design. 

All the above will be required to fit into the constraints 
indicated in 8.5.1. 

In addition to island facilities, the following will be required: 

Offshore: 
jacketed wells 
crude pipelines 
loadout line 
1 tanker mooring 

Onslow or Barrow Island: 
Barge loadout area 
Warehouse and laydown area 
Quarantine and washdown area (Onslow only) 
Pilot boat facility 



8.6 	Environmental Management 

8.6.1 Oblectives 

The objectives of environmental management are to minimise the 
total effect of the development on the existing environment. 

It will require minimum disturbance to that part of the island 
not utilised, and this will be achieved by fencing the 
development site to provide an obvious boundary for the 
workforce without creating a barrier to wildlife. 

Development conditions are aimed at reducing project created 
environmental stress on all life forms in the region. 
Regeneration programs will only be fulfilled when water 
cycles and climatic patterns are favourable. 

8.6.2 Program 

Because WAPET has demonstrated its integrity in island management 
on Barrow Island, it is suggested that a similar management 
program will be established on Thevenard. Salient features of 
this program include - 

The early establishment of an operational philosophy which 
indicates that environmental care, preservation and 
restoration is an essential and integral part of the 
complete operation from construction to abandonment. The 
prime purpose of this is to ensure that the alternate land 
uses, i.e. the conservation of fauna and flora, and tourism 
are continued during and after the project, ensuring the 
minimal effects on existing critical areas of the environment 
occur. 

Contract documents will contain objective specifications as 
to environmental conditions which are understood by all 
contractors, sub-contractors and their associates who go to 
the island. This includes such things as vehicle quarantine, 
stores quarantine against weeds, mice and rats, etc. Most 
important, it must contain the same stringent conditions 
on everybody working on the project and the island. 

All environmental protection and restraints clauses will be 
written into construction contract documents. 

Workforce education and induction at both contractor and 
operator level will include environmental specification 
discussions. 

During construction, adequate checks on environmental 
specifications and the adequate meeting of these will be 
carried out by the client representatives. 

Post development environmental clearance will be given by 
approved consultants or the client!s representatives before 
offering release to government. 



An approved landing beach will be established wh:ich will 
he associated with a construction laydown area. This is 
situated on an existing beach area and will have minimum 
physical and natural environmental effect. 

The laydown area and the beach landing will be drained with 
runoff directed into a sump to ensure that any accidental 
spillage during unloading is contained and does not run 
directly into the sea. 

Any noxious or potentially toxic material will be transported 
as soon as possible to a protected and bunded storage area. 

Social environment will be affected by the greater extent of 
access through the establishment of the project. 

From the landing beach, machinery for the construction phase 
can come ashore and establish the proposed laydown areas, 
access roads, tanks and other support facility bases 
including the construction camp. 

The construction camp site should be the permanent camp site 
to reduce impingement on the natural environment and to 
reduce the resultant costs against WAPET for reinstatement. 

Temporary fences will be erected to mark the limits of 
machinery movement. 

8.6.3 Environmental specifications will include the following: 

Vegetation treatment: 
All vegetation as cleared must be treated by chipping or 
breaking up with machines so that the vegetation can be 
mixed with topsoil. 

Topsoil: 
Topsoil will be regarded as minimally the first 200mm of 
soil. Topsoil will be stripped from all developed areas and 
stockpiled on the outer edge of the proposed bund in such a 
position that it will not be disturbed during construction. 

Following construction, those areas which have been 
temporarily disturbed during construction may be treated 
with some of the topsoil. The remainder will be respread 
around the outside of the bund until final abandonment takes 
place. This will allow topsoil to retain viability over the 
life of the project. 

Underground work stability: 
The understanding of surface water interface with any 
trenches, grade cuts, roadways, bunds and foundations will 
be established and such works will have adequate drainage to 
restore water flows to existing conditions. 
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The main area of concern in this respect will be the landing 
beach which, because of its need for slope, will be a 
natural drainage area. This will require control drains to 
prevent damage and runoff. The same applies to laydown 
areas, but all laydowri areas will be bunded for containment 
of toxic spills. 

Surface restoration: 
Surface restoration of natural grades and stabilisation of 
these will take place wherever possible. This applies 
particularly to roads and hardstand areas. Care will be 
taken to ensure that runoff from these areas is diffused and 
directed along the same slopes as prior to construction to 
ensure the maintenance of all dependent areas outside the 
immediate construction area. Areas not involved in con-
struction may be temporarily fenced to inhibit unnecessary 
entry and damage during construction. 

Fences: 
Temporary fences will be placed on the boundary of the 
project area to prevent any possibility of vehicle traverse 
outside the project area except in an emergency. Emergency 
is defined as saving life, fire control or oil spill and 
cleanup. 

Borrow pits: 
Borrow pits for aggregate for the required concrete works 
are unlikely as island material is not adequate for this 
purpose. Aggregate will be imported to the island free of 
plant propagules following quarantine check at Onslow. 

Excess disposal: 
Excess material will be from the excavation for fixtures. 
This should be used to create the bunds surrounding the oil 
areas. Excavation will be aware of water table constraints 
as well as seepage and catchment takeup. 

Fire controls: 
The necessary establishment of trained firefighting 
operators and the clear understanding of procedures; the 
establishment of spark arresters on all construction 
machinery; fire extinguishers on machines and buildings and 
a major fire main on established areas drawing from a 
designated bore with an emergency standby from sea water is 
required. Active fire training should be carried out on 
Barrow at periodic intervals to ensure all construction and 
operationaa personnel are familiar with requirements. Fire 
drills should occur on Thevenard. 

No open fires, including barbeque and camp fires, shall be 
lit on the island except in a properly constructed and 
company approved place. 
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1) Weed and pest control: 
Continuous checking and quarantine to ensure non-transference 
of noxious or undesirable plant species through mud and 
other seed carrying capacities on all inward bound material, 
machinery and personnel (including footwear) plus a regular 
quarantine search of all warehouse material to detect the 
presence of rats and mice will apply. Suspect material 
brought to the island will be fumigated prior to leaving 
the mainland. At the same time, the transport barges will 
need to be fumigated to ensure reinfestation does not occur 
from the vessel. (Treatment will be according to 
Att-'-hment fl. 

Temporary construction areas restoration: 
Treatment of any temporary areas cleared and used during 
construction will be to original condition with ground 
profile restored, topsoil mixed with vegetation restored, 
and if necessary, local seed gathered at appropriate times 
and respread over such restored areas. 

Should restoration on these areas be on grades or slopes, 
the necessary control banks and erosion control procedures 
will be carried out. 

Protection of fauna and flora: 
Although the island is Crown Land for the purposes of the 
Petroleum Act,mstis a Class "C" Nature Reserve, with the 
express purpose of conservation of fauna and flora. 
Therefore, firearms, traps, poisons, domestic animals, 
introduced plants and all such material is totally barred 
from being taken to the island. 

Bird rookeries or critical environmental zones adjacent or 
near the development area will be identified and left in an 
undisturbed state. 

Access to seabird nesting areas will be prohibited during bird 
occupation. 

No fauna or flora will be permitted to be taken off the 
island. 

Workforce education is an important part of this protection 
aspect. 

1) Fishing: 
All State laws regarding fish will be recognised. 

No fish traps or nets will be permitted. Private boats 
will be permitted under control as for Barrow Island (BWI). 

Recreational fishermen (line or spear) will be limited to 10 
fish per day with a maximum of 3 of any one species or as 
for Barrow Island. Privately owned boats may be permitted 
under control as for Barrow Tsand. 
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Island access: 

Access for work and recreation will be restricted to defined 
areas. Workforce failure to comply with these restrictions 
will cause the closure of access to most of the island. 

Vehicle use: 

The only vehicles permitted on the island will be those 
approved for construction or operation and will be company 
or contractor owned. No private vehicles will be permitted. 

All vehicles will be restricted to approved access tracks 
and roadways. 

Monitoring 
Environmental monitoring will be carried out during all 
phases of construction and operation, mostly by a third 
party, with the prime purpose of ensuring that the applied 
techniques are valid and that the requirements of the 
management program are fully met. 

Monitoring will also ensure modification of ineffective 
operation after analysis and identification of cause. 

Waste disposal: 
Waste disposal will be dependent on the type of waste. 

Noxious and toxic waste will be removed for approved 
disposal on the mainland. 

Approved flammable waste such as paper, wood, etc., 
will be burned in an approved incinerator based in an 
approved area, bearing in mind safety factors of the 
plant. 

Domestic and industrial wastes will be compacted and 
taken to the mainland for disposal. 

Putrescible i.e. kitchen and food scraps, may be passed 
through a garbage grinder and fed into the sewage 
treatment plant. 

V. 	Sewage will pass through a primary treatment plant and 
thence discharge into a subsea pipeline. 

All detergents and material used will be biodegradable 
and testing will be carried out regularly to ensure 
that bacterial and metal counts are not affected by 
such disposal. If this is not done, such wastes will 
need to be transported to the mainland. 

vl. 	Clean water and similar wastes deriving from the 
project area will be diffused in such a way as to 
replace those waters cut off from catchment. 

Such activities will be carried out with due regard 
to the presence of nesting birds and turtles. 
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vii. Product water, dirty runoff water and ballast will be 
cleaned to approved standards before discharge by 
pipeline into the sea. R.O. discharge will either 
be with sewage effluent or product water for marine 
discharge. 

Traffic: 
Aircraft use will be restricted to the helipad or airstrip 
and the flight path will avoid disturbing bird rookeries. 
This is for environmental reasons, i.e. bird protection; 
and for safety reasons as bird strike can be lethal for 
aircraft. 

Barges and work boats will unload only on the approved 
landing beach. Pipe may possibly be unloaded in the pipe 
trench area beach. Other boat traffic will be controlled 
as to landing. 

Lighting: 
External lights will be redirected or diffused with yellow 
filters,particularly during the turtle breeding season to 
avoid attracting turtle hatchlings. 

Flares: 
Separation of well product will be done on the island and 
waste gas will be flared off in a "boxed in" incinerator. 

Despite North Sea problems in this respect there is no evidence 
of sea birds being attracted to flares on the adjacent Barrow 
Island. This oil field has been in operation for more than 
twenty years and flares have been burning continuously for 
that time. No evidence of bird immolation has been noted 
despite repeated searching and this indicates that the like-
lihood of flares affecting birds is negligible. 

Dust control: 
Dust control will be carried out on all areas likely to 
generate dust. In this respect access will be constructed 
and adhered to by all users. Gel dust control is probable. 

Major dust generation will be most likely during earthmoving 
construction areas and monitoring of the effects of this will 
be carried out at the time. 

Water use: 
Because of the lack ofpotable surface water on the island, 
all domestic and construction water will need to be imported 
or generated from salt water. 

The discharge of all waste water will be carefully designed 
an1rnonitored to avoid causing development of a water reliant 
ecosystem which will collapse on the abandonment of the 
project. 
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Should a reverse osmosis plant be used to convert from 
sea water, intake and discharge will be designed and 
monitored to ensure that no ill effects occur. The most 
likely intake will be through a bore below sea level to 
allow filtration through limestone to reduce biotc 
effects. This will reduce the amount of chemical dosing 
needs and reduce the overall environmental effect of such 
a situation. 

Construction water, particularly for concrete and dust 
laydown should not be saline if there is likelihood of 
spillage as this could increase soil salt loads to a 
situation intolerable for local plant life. Such a 
situation could cause peripheral plant death or make 
rehabilitation extremely difficult. 



9.0 MONITORING STUDIES 

Monitoring is deemed to be a continuous program of investigation 
and research to ascertain the effectiveness of the measures taken 
by WAPET for rehabilitation, protection and management of the 
environment of the land area. 

Results of this monitoring will enable a continuous audit of the 
project impact and if necessary an adjustment of environmental 
management program. 

9.1 Onshore Monitoring 

9.1.1 Initial monitoring will include the following items: 

Periodic colour photography of the entire island. 

Periodic studies of plant transects located in those 
areas disturbed by the project. Each such transect 
will be matched by an equivalent transect in adjacent 
undisturbed areas. 

Records of sea birds in breeding colonies. 

Records of observable terrestrial fauna to determine 
presence or absence from project area. 

Regular sampling of all discharges for conformity with 
discharge criteria. 

Continuous checking of beach, storage and warehouse areas 
for the presence of introduced species. 

Periodic external investigation by an approved Consultant 
of general environmental conditions relating to the project 
and the project influenced area. This will be of high 
frequency during construction. 

Records of unusual mortality, i.e. road casualties of 
island fauna. 

9.1.2 A contingency plan for oil spills and fires will be established. 

In the unlikely event of an oil spill on land, monitoring of the 
treatment carried out will take place. 

9.1.3 Monitoring will be required after abandonment of the program 
and the final rehabilitation of the project area. 

As will be the case in monitoring of restored areas temporarily 
disturbed during construction, the success of germination and 
colonisation of native species will be examined. 
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9.1.4 Monitoring in accordance with the requirements of the Clean 
Air Act will be required as will other relevant industrial 
environmental Acts. 

9.1.5 All such monitoring programs will be discussed with the 
Department of Conservation and Environment and the Department 
of Conservation and Land Management to ensure that the monitor-
ing work and its results is available for use elsewhere in 
Western Australia. 
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10.0 CONCLUSION 

Because a program similar to this based on a similar operation 
has been carried out by WAPET on nearby Barrow Island since 
1964, it is believed that the same company using a similar 
program should be effective on Thevenard. 

The Barrow Island example has illustrated a high degree of 
success in a much larger and more complex ecosystem with a much 
greater interface of developmental work. 

The restriction of the development to a fin'ite section of 
Thevenard Island, coupled with the stringent application of 
environmental requirements and an ongoing workforce education 
program should avoid conflict deriving from these restrictions. 

Contractual restraint and requirements in the total operation 
will ensure the development of the project and its attendant 
services will have a minimum and short term effect. The short 
term could be extended by the discovery and development of 
further reservoirs. 

Restoration and rehabilitation of finalised construction areas 
will enable mobile fauna and colonising flora to re-establish 
within these areas. 

The project will excise a percentage of the island from some 
biota during this operation. Because the island is a uniform 
and simple ecosystem)  very few individuals of plants or animals 
will be affected in proportion to the total population of the 
island. 

As pointed out in the recent Concom Workshop (1985) on island 
management there is insufficient knowledge of fauna and flora 
populations, dynamics and distribution on offshore island. 
Ongoing monitoring and research will assist in the understanding 
of these. Thus periodic recording on chosen sites for flora and 
fauna on a seasonal basis will be implemented. 

The fauna and flora of Thevenard Island are under extreme 
stress from periodic wildfires, cyclones, droughts, salt spray, 
flooding, sand blasting and tourist utilisation. All of these 
phenomena affect the biota of the island. 

The main purpose of the Environmental Nanagement Program will 
be to ensure 

that the impact of the development does not place any 
species at risk. 

the eventual restoration is to original condition. 
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h) The high degree of salt in the soil coupled with the 
proximity of the sea alleviates normal drought condi-
tions by creating a high level of dew absorption on 
the island. Nevertheless, even minor additional strains 
on the ecosystem could cause major collapses to take 
place which would be irreversible. 

1) The recommendation of the EPA that future petroleum lease 
agreement should consider the interaction between existing 
and new petroleum developments and other land uses and that 
government should establish a committee to formulate 
resource management guidelines for this oil bearing area of 
the West Pilbara coastal region is supported by Wapet. 

Should such a committee be formed representation from 
involved industry should be part of that committee. 
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ATTACHMENT 1 

PROCEDURES FOR WASH DOWN AND/OR FUMIGATION 

PREANBLE 

IT IS A CONDITION THAT ALL MACHINERY AND/OR VEHICLES ARE WASHED 
THOROUGHLY WITH HIGH PRESSURE SALT WATER AT THE POINT OF SEA 
EMBARKATION FOR TRANSPORT TO THE ISLAND. THIS MAY BE FOLLOWED 
BY A FRESH WATER WASH TO PROTECT THE EQUIPMENT. 
THE COMPANY IS FURTHER REQUIRED TO FUMIGATE ALL CONTAINERS AND 
ACCOMMODATION UNITS AGAINST RODENT INFESTATION PRiOR TO 
EMBARKATION. FOOD CONTAINERS SHALL BE BAITED WITH POISON. 
THE PROCEDURES OUTLINED IN THIS MANUAL WILL BE STRICTLY 
OBSERVED. 

	

1. 	SALT WATER WASHDOWN OF MACHINERY 

	

1.1 	Salt water will be used in all cases as the primary method of removing 
seed and mud accumulation from machinery. 

	

1.2 	The water will be delivered through a high pressure pump at a pressure 
sufficient to ensure penetration to base metal/paint work through soil 
accumulation. 

	

1.3 	Particular attention will be shown to the following areas: 

Chassis and underside of all machinery. 

Radiator cores and surrounding areas. 

The upper and rear surfaces of mudguards and fenders fitted to 
vehicles. 

(a) In the case of tracked vehicles, thoroughly wash and inspect the 
topside and behind all tracks. 
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(e) It will be necessary to drive these vehicles a short distance to 
load onto the barge and therefore they shall be: 

(i) Re—inspected at all times before loading 

Tyres hosed to dislodge mud with low pressure water on the 
loading ramp of the barge. 

NOTE: 	Once a vehicle is washed it shall not be driven on the open 
road. If this becomes necessary, the vehicle must be 
returned for high pressure cleaning. Vehicles that have 
completed the wash down procedure shall not be driven to the 
loadout site at a speed in excess of 15 KPH 

	

2.0 	FUMIGATION 

All containers/accommodation/modules shall be fumigated using the 
following method: 

	

2.1 	Fumigation shall be accomplished by use of methyl—bromide minimum 
strength of 98%. 

	

2.2 	Units scheduled for fumigation will be completely covered with plastic 
sheeting. The sheeting shall be secured to the ground with either sand 
or water bags to ensure an airtight seal. 

Prior to final sealing ensure all doors and windows are in an open 
position to facilitate the penetration of the fumigation. 

	

2.3 	The gas will pass through a heating vessel which will contain not less 
than fifty—five litres of water which shall be heated to a minimum 
temperature of 90deg celsius (NOTE: On introduction of the gas to the 
coils, the water will drop to approximately 70deg celsius due to 
refrigeration effect). 

The gas tap shall be opened to the fully open position. 

The gas will be taken to the enclosed building by a 30mm flexible 
hose of not more than 4 metres in length. 

	

2.4 	Gas will be introduced to the enclosure at the rate of, by weight, 
45grms per cubic metre of space. This will be established by 
measurement around the perimeter of the enclosure in metres plus height 
in metres. e.g. length times breadth times height 

L x B x H = cubic metres 

	

2.5 	Once the gas is introduced a soak period of not less than three hours 
will be maintained. Eight hours is desirable. 
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3. 	OPERATIONAL REODIREMENTS 

	

3.1 	Whilst any enclosure is soaking, signs will be posted on all sides of 
the enclosure warning that noxious gas is being used. A WAPET 
representative will be in attendance at all times during the soaking 
period and will remain in attendance until the unit is vented and 
declared clear of gas. 

	

3.2 	The venting period will last for a minimum of thirty minutes after the 
plastic sheeting is removed. During this periokd, all doors and windows 
are to remain open. 

	

3.3 	Fumigation is to be arranged so as to allow loading on the barge within: 

Night - two hours 

Day 	- six hours 

	

4. 	PERSONNEL SAFETY AND WORK CONDITIONS 

	

4.1 	Protective clothing will be worn at all times during gas induction. 

	

4.2 	Respirator masks will be worn at all times during gas induction and soak 
period within 7 metres of the enclosure. 

	

4.3 	Eye protection will be worn during the induction phase of the gas. 

	

4.4 	A first aid kit with eye wash will be readily available. 

SPECIAL NOTES 

Special care must be taken to ensure liquid Methyl Bromide does not 
come in contact with aluminium. If this happens spontaneous 
combustion will take place. 

Liquid contact with skin should be avoided. Methyl Bromide is a eye 
irritant but not dangerous. If eye contact occurs rinse in fresh 
water. 
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THE MANGROVE ENVIRONMENTS OF THE 

THEVENARD ISLAND AREA 

1 INTRODUCTION 

WAPET are currently investigating alternatives for the 
development of their Saladin Oilfield located some 25km NNW of 
Onslow (Fig. 1). 	The field is situated within a Special 
Protection Locality as defined by the Department of Conservation 
and Environment (Jones et al., 1984). One of the major reasons 
for the area's classification is that it contains substantial 
mangrove and tidal flat habitats which are considered to be the 
source of nutrients for the surrounding ecosystem, and a major 
fish and prawn nursery area. Since mangrove and tidal flat 
ecosystems are recognised as being susceptible to permanent 
damage from oil spills, there is a need to consider their 
protection from impact associated with development of the oil 
field. However, mangrove assemblages vary in biological 
productivity depending on size, substrate, and diversity and 
abundance of associated infauna. Hence not all mangrove areas 
are equally important as sources of nutrient for the surrounding 
ecosystem. 

The major objective of this study was to determine the 
distribution and significance of the mangroves in the study area 
in a regional context, and assess their relative importance. 
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2 METHODS 

To achieve the objectives of the study, the following studies 
were conducted: 

(I) 	A desk study to review available information. 

A two-day field survey by h&icopter specifically to collect 
information on the mangroves of the study area. This 
survey was extensive and general ised in scope rather than 
intensive and local ised. The regional study area extended 
from the Ashburton River to the Mangrove Islands and 
included various smaller islands including the Mackerel 
Group (Fig. 2). 

Analyses of soil water samples and photographic record 
subsequent to the field survey. 

The significance of the mangrove ecosystem is viewed at two 
scales: 

a regional scale wherein the mangroves are assessed as to 
whether or not they are important because of their 
biological productivity, value as nursery areas for 
commercial species, scientific or recreational value; 

a local scale wherein the mangrove assemblages are 
related to on-site features and to processes of maintenance 
which are considered important to mangrove population; 
these features include stratigraphy, hydrology, substrate 
type, physico-chemical processes and the complement of 
resident and invading fauna. 

Because the mangrove system is a dynamic one and a product of 
numerous physico-chemical and biological factors operating at 
various scales of reference, a multi-disciplinary and 
process-oriented approach to assessing the significance of 
mangrove systems is used. 

In the field, this approach entails the small-scale mapping of 
tidal flat habitats at various regional ly-distributed localities. 
Thereafter the variability or otherwise of habitat (and hence 
assemblage) mosaics is viewed on a regional basis. 

An extensive reconnaissance flight by helicopter provided 
information on the regional setting of the study area within a 
frame of reference that extends from the Ashburton River to the 
Mangrove Islands and incorporating the Mackerel Islands 
(Fig. 2). 	The spot checks and sampling sites (Fig. 2) provided 
information on the variability of the main mangrove units in the 
study area as delineated by the helicopter work. 	This involved 
a comparative assessment of the variability in geomorphic 
setting, the geomorphic/habitat framework and main processes 
operative in the mangrove systems. 
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Thereafter specific localities were sampled in more detail to 
determine: 

geomorphic/habitat units; 
stratigraphic framework; 
hydrologic framework; 
substrate types; 
mangrove assemblage types; 
faunat assemblage types where possible (however, sampling 
was limited by inappropriate tide height); 
other significant features of the mangrove system. 
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3 MANGROVES OF THE THEVENARD ISLAND AREA 

3.1 REGIONAL MANGROVES 

The mangrove systems of the study area are located in the 
southern part of Mangrove Biogeographic Zone Ill (Fig. 3, after 
Semeniuk et al., 1978) in which the mangrove ecosystems develop 
a consistent pattern of distribution, composition and dynamics as 
related to regionally-related aspects of geomorphic setting, 
medium-scale geomorphic/habitat units, 	strati graphic-hydrologic 
interactions, oceanography and climate (Semeniuk, 1983; 
Semeniuk, in prep.). The mangrove systems in this area stand 
apart as distinct types from other mangrove regions developed 
along na coastlines (Semeniuk, 1984), and gulf coastlines 
(Semeniuk, 1980). 

3.2 LOCAL DISTRIBUTION OF MANGROVES 

There are no mangroves at Thevenard Island, nor on any of the 
islands in the immediate vicinity, 	e.g. Serrunier, 	Anchor, 
Direction, Ashburton Islands. Mangroves in this area are 
restricted to the periphery of islands such as Mangrove Island, 
and along the coastline of the mainland (Fig. 4). 

3.3 GEOMORPHIC SETTING 

The regional geomorphic system of this study area is described 
in Appendix 1 of this report and a summary of the geomorphic 
framework is illustrated in Figure 5. Using this framework, the 
large-scale geomorphic setting of mangroves in the study area 
fall into three categories (Fig. 6): 

oceanic island settings; 
delta settings; 
barrier island/embayment settings. 

Essentially, each of these settings provide the mangrove species 
of the region with a distinct suite of: 

medium-scale geomorphic units (and hence medium-scale 
habitat units); 
stratigraphic-hydrologic systems; 
substrates; 
oceanographic conditions. 
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The elements of each of the large-scale basin settings are listed 
in Table 1. 

3.4 HABITATS 

The habitats of mangroves in the study area can be categorised 
as: 

 mud flats; 
 tidal creek banks; 

 tidal creek 	shoals; 
 sand flats; 

 sand spits; 
 limestone pavements; 

 rocky shores. 

This 'isting is in order of increasing energy and/or decreasing 
sediment cover, and hence the mangroves associated with these 
habitats show a decrease in percentage cover and luxuriance. 
The occurrence of these habitats in the context of basin setting 
is shown in Table 1. Table 2 summarises the essential aspects of 
the mangrove environment of each of these habitats. 

3.5 SPECIES POOL 

Previously only three mangrove species have been recorded from 
this southern Pilbara region by Semeniuk et al. (1978) and 
Semeniuk (1983), 	(Table 3). During this study, which covered a 
much larger regional I y-based sampling area, 	six mangrove 
species were recorded. These were: 

Aegialitis annulata; 
Aegiceras corniculatum; 
Avicennia marina; 
Bruguiera exaristata; 
Ceriops tagal; 
Rhizophora stylosa. 

However, Aegialitis, Aegiceras, Ceriops and Bruguiera, while 
present and locally abundant, are towards the southern limit of 
their geographic occurrence (cf. Semeniuk, 1983). Of particular 
interest is Bruguiera which seems to be restricted to islands in 
this study area. Avicennia and Rhizophora can be viewed as the 
dominant and abundant mangrove species of the study area. 
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3.6 ASSEMBLAGES 

The mangals of the study area can be aggregated into broad 
assemblages that are associated with the distinct habitats in the 
region. Broadly, seven assemblages of mangrove are recognised 
in this study. These are: 

Avicennia assemblage: on sand sheets and beaches. 

Avicennia-Bruguiera assemblage: along sandy beaches, 
spits or along tidal flat margin backed by dunes. 

Zoned Rhizophora-Avicennia-Bruguiera assemblage: across 
muddy tidal flats; grades to patchy Rhizophora + 
Avicennia + Bruguiera on limestone pavement 

Rhizophora-Avicennia: zoned across muddy tidal flats. 

Avicennia-Aegialitis assemblage: 	on sand sheets shallowly 
overlying limestone pavement, or on limestone pavement. 

Aegialitis-Aegiceras assemblage: zoned on slopes and crests 
of mud creek shoals; giving way upslope to Avicennia and 
Rhizophora similar to (iii) above. 

Avicennia assemblage: on tidal creek banks. 

The composition and variability of these assemblages are 
described in Table 4 and Figure 7. 
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4 MANGROVE SIGNIFICANCE 

4.1 INTRODUCTION 

Mangrove ecosystems are generally regarded as being 
biologically productive (Lear & Turner, 	1977), however the fact 
that mangroves occur in a given area does not necessarily mean 
that the area is of ecological, scientific or commercial 
importance. 	The productivity associated with, 	and significance 
of, mangroves is related to area and substrate type as well as 
the diversity and abundance of benthic and burrowing organisms 
which inhabit the assemblage. Along rocky or sandy coasts it is 
possible to have mangroves with little or no associated infauna. 
Such stands may be less productive than those which occur in 
protected embayments, or on muddy substrates which have a 
diverse and abundant infauna. For this reason, the significance 
of mangrove stands cannot be compared by merely estimating the 
percentage canopy cover or species diversity within a particular 
area. 

4.2 REGIONAL VARIABILITY AND IMPORTANCE 

The preliminary categorisation of the mangal types according to 
habitat and assemblage (Table 4) illustrates that some mangrove 
species are restricted to particular settings. For example, on 
some of the oceanic islands Rhizophora-Avicennia-Bruguiera 
assemblages occur on the muddy tidal flats, and Rhizophora can 
be supported locally by a substrate of limestone pavement, 
whereas on the mainland, tidal flats have a simply zoned 
Rhizophora-Avicennia assemblage on muddy tidal flats and only 
Avicennia (+ Aegialitis) on limestone pavements. 

Consequently the assessment of the regional significance of the 
mangals in the coastal zone of the study area must be carried 
out by comparing mangals within a similar geomorphic setting 
within the region. 	The oceanic island mangals therefore stand 
out as important in terms of scientific uniqueness and 
productivity. They warrant conservation because they provide a 
range of habitats and assemblage types across the various 
island types. The mangals within the barrier island/embayment 
setting are more widespread and local representatives of such 
habitats and associated assemblages do not have the same 
scientific uniqueness. However some parts of the barrier 
island/embayment system warrant protection in terms of their 
local productivity and diversity. 



8 	 LeProvost, Semeniuk & Chalmer 

The deltaic basin setting occurs at three major and one minor 
location in the regional study area, and therefore an individual 
deltaic system is not regionally unique. 	Nevertheless, 	in terms 
of local productivity and diversity, 	some elements of the delta 
system warrant conservation. 

4.3 PRIORITY AREAS 

The proposed (and tentative) priority areas of mangals are 
shown in Figure 8. These priority areas are designated so that 
emphasis (or otherwise) may be placed on their conservation and 
protection in the event of an accidental oil spill. 

The priority areas are based on: 

regional uniqueness of the mangrove system in terms of 
habitats, relationships and species; 

assessed importance, 	in terms of stored productivity and 
benthos; 

abundance or otherwise of the habitat and associated 
mangal. 

Within this context, the mangals of the oceanic islands are 
allocated high priority (notated as 1 on Fig. 7) for protection. 
The deltaic and barrier island/embayment mangals are allocated 
secondary (notated 2) and tertiary (notated 3) level priority for 
protection: dense mangal stands within these systems are 
allocated secondary priority, narrow fringing mangals are 
allocated low (tertiary) priority. 
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RELATIONSHIP OF BASIN SETTING TO HABITATS AND HANGAL 

LARGE SCALE 	I 	RANGE OF MEDIUM- 	I 	MAIN FEATURES OF MANGAL 

BASIN SETTING 	I 	SCALE GEOMORPHIC! 	I 	IN RELATIONSHIP TO 

	

I 	HABITAT UNITS 	 HABITATS 

Oceanic islands 	I 	Limestone pavements, 	Increase in mangrove cover, 
sand flats, mud, 	 diversity and luxuriance is 

	

I 	flats, rocky shores, 	related to decreasing 
spits 	 exposure as reflected in 

I 	habitats grading from rocky 

	

I 	 I 	shores to pavements, spits, 

	

I 	 I 	sand flats, and mud flats 

Barrier island! 	Mud flats, sand 	I 	Increase in mangrove cover, 
embayments 	 I 	flats, limestone 	I 	diversity and luxuriance is 

	

I 	pavements, tidal 	I 	related to protected flats 

	

I 	creeks, spits 	 behind barriers, along 

	

I 	 I 	tidal creeks or on stable 

	

I 	 I 	limestone pavements 

	

I 	 I 	 I 
Delta 	 I 	Mud flats, sand 	I 	Increase in mangrove cover, 

	

I 	flats, spits, tidal 	I 	diversity and luxuriance is 	I 

	

I 	creeks 	 I 	related to protected 	 I 

	

I 	 I 	environments and creeks 	I 
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TABLE 2 

HABITAT/NANGAL RELATIONSHIPS 

HABITAT 	 OCCURRENCE OF MANGAL 	 OCCURRENCE OF HABITAT 

Mud flats 	Occurrence of mangal on 	 Pockets along islands; 

this unit in study area is 	extensively behind barriers 

common 

I 	Tidal 

I 	creek 

banks 

I 	Occurrence of mangal on 	 Extensively cut into tidal 

I 	this unit in the study 	I 	flats 

I 	area is common 

Mangroves locally develop— 	I 	Locally common but not 
ed on shoals dependent on 	extensive 

shoal dynamics 	 I 

Tidal 

creek 

shoals 

Sand 

flats 

Wide monospecific stands 	 Extensively on seaward 

I 	develop on sand flats that 	I 	side of barriers 

I 	shallowly overlie 

I 	limestone pavement 	 I 

Sand 

I 	spits 
I 	Narrow fringing mangal 

I 	developed along spits 
Locally common on islands 

and on points of barriers 

but not extensive 

I 	Limestone 	I 	Mangroves developed in 	 Extensive around islands 

I 	pavements 	I 	patches on pavements 	 and on seaward side of 
I 	 I 	 I 	barriers 
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TABLE 3 

RECORD OF MANGROVE SPECIES 

Semeniuk et al. (1978) 	Semeniuk (1983) 	 This Study 

Onslow region 	 Onslow area 	 Onslow-Barrow Is area 

Avicennia marina 	 Avicennia marina 	 Avicennia marina 

Rhizophora stylosa 	Rhizophora stylosa 	Rhizophora stylosa 

Ceriops tagal 	 Ceriops tagal 	 Ceriops tagal 

- 	 Bruguiera exaristata 

- 	 - 	 Aegialitis annulata 

- 	 - 	 Aegiceras corniculatum 



TABLE 4 

THE COMPOSITION AND VARIABILITY OF MANGROVE ASSEMBLAGES 

ASSEMBLAGE MAIN COMPONENTS ACCESSORY COMPONENTS I 	COMMENTS 

1) Avicennia- Avicennia 	Bruguiera Aegiceras 	Ceriops Assemblage occurs in a number 

Bruguiera of habitat types in all the 

basin settings 

 Rhizophora- 
T 

Zoned: 	seaward Avicennia, 	central Aegiceras and Assemblage mainly restricted to 

Avicennia Rhizophora followed by Rhizophora- Aegialitis 	in mud-floored tidal flats within 

Bruguiera, 	landward zone of seaward zones the oceanic island settings 

Avicennia 

 Rhizophora- Zoned: 	seaward Avicennia, 	central Rare Ceriops to Assemblage mainly restricted to 

Avicennia Rhizophora, 	landward zone of landward mud-floored tidal flats within 

Avicennia the barrier island/embayment 

settings 

 Avicennia- Uniform Avicennia with understorey - Assemblage mainly restricted to 

Aegialitis I 	of Aegialitis Sand sheets and limestone 

I pavements within all the basin 

settings 

 Aegialitis- Aegiceras and Aegialitis on low Ceriops Assemblage mainly restricted to 

Aegiceras level shoals grading upslope to I 	creek banks cut into tidal 
Rhizophora-Avicennia 	(iii) 	above I 	flats of barrier island/embay- 

ment and deltaic settings 
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Province and location of the study area. 
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MARINE HABITATS OF THE THEVENARD ISLAND REGION 

1 INTRODUCTION 

The area in which the Saladin Oilfield is located (Fig. 1) is 
designated as a Special Protection Locality, as defined by the 
Department of Conservation and Environment (Jones et at., 1984). 
Among the reasons for this classification are: 	the presence of 
extensive coral reefs; 	algal and seagrass beds, 	which provide 
feeding grounds for turtles and dugong; beaches, used as 
nesting sites by turtles; and importance to commercial scale and 
prawn fisheries. 

Since all of these elements may potentially be affected by oil 
field development or subsequently by oil spills, 	it is essential 
to assess the resources at risk and to recommend steps to 
minimise any foreseen impacts. 

In order to obtain data necessary to make an objective 
assessment, a marine field survey was undertaken during the 
period 20th November 1985 to 27th November 1985. The aims of 
the survey were: 

to determine the range and distribution of habitats and 
biological assemblages adjacent to Thevenard Island, the 
well sites and proposed pipeline routes; 

to determine the distribution of shallow subtidal habitats 
on a regional basis in order to ascertain the extent of 
habitat similar to that occurring at Thevenard Island; 

to examine existing offshore facilities (at Barrow Island) 
to identify possible changes to habitats and assemblages 
which would follow the construction of production facilities 
at Thevenard Island. 

This report presents the findings of the field survey. 
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2 METHODS 

The field surveys and associated laboratory programme for the 
marine survey consisted of the following elements: 

(I) General and specific studies of Thevenard Island and 
environs, 	Sites 1-6 of Figure 2a, 	the main focus of the 
survey, as the site of greatest impact of the proposed 
development. Specific tasks included: 

Examination of intertidal habitats including rocky 
substrates and sandy beaches. 

Numerous "spot" 	dives 	at 	various locations 	around 
the 	island to 	determine 	the 	range and 	diversity of 
habitats 	and habitat 	condition. 	At these 	sites the 
seafloor 	was inspected 	to determine the nature 	of the 
substrate and 	its 	morphology. Obvious 	biotic 
components (benthic 	macro 	fauna and 	flora) 	were 
described, or 	collected 	for 	further identification as 
necessary. Sediment 	samples 	were 	collected for 
analysis and 	photographs 	taken to 	record the 
appearance of the seafloor and biotic assemblages. 

Transects from the beach to the outer reef edge along 
the line of potential pipeline routes and at 
comparative locations to determine the significance of 
the structures and biota along the pipeline routes. 

(ii) Saladin and Koolinda well sites survey: 

A survey of the Saladin No 1 and Koolinda wellhead 
sites and their environs, Sites 7-11 and 15-19 
respectively (Fig. 2a), to determine the nature of the 
substrate and the biota at each site and to assess 
the degree of variabHity within a 500m radius of 
each site. Sediment samples were taken and a 
photographic record made of each site. 

Transect surveys from Saladin No 1 to Thevenard 
Island and Koolinda to Thevenard Island proposed 
pipeline routes, Sites 12-14 and 20-22 respectively 
(Fig. 2a). 	A series of dives were made at fixed 
points along the proposed alignments to determine 
substrate composition and extent of epibenthic biotic 
assemblages. 

(iii) Surveys of fringing marine communities of adjacent 
islands, Sites 23-31 (Fig. 2b), comprising: 
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Survey of adjacent island sandy beaches and rocky 
shores, shoals and reefs to determine the range of 
substrate formations, habitat types and biotic 
assemblages present in the area. Methods were the 
same as those used in the Thevenard survey. 

(iv) Survey of existing oil terminal facilities - Barrow Island: 

Survey of offshore oil loading facilities and pipeline, 
Sites 32-34 (Fig. 2c), to inspect the substrate and 
benthic communities adjacent to a comparable 
operational facility. The survey involved inspection 
of underwater structures, recording of substrate 
types, description of epibiota and photographic 
recording of all sites. 

Inspection of onshore facilities, rock walls and 
groynes and nearshore marine environment, Site 35 
(Fig. 2c), 	to assess impacts on epibiota. Qualitative 
survey of colonisation of shoreline structures by 
marine organisms and observations on adjacent 
nearshore environs. 

Table 1 gives a description of each survey site. 
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3 MARINE BIOLOGICAL CHARACTERISTICS 

3.1 THEVENARD ISLAND MARINE HABITATS AND ECOLOGY 

The intensive survey carried out in the vicinity of Thevenard 
Island showed that three intertidal and three major subtidal 
habitats were present. 

3.1.1 Intertidal Habitats 

The island is ringed by a range of tidal zone habitats which 
reflect the three geomorphic units of this zone. The habitats 
are: 

beachrock pavement, 
sand beach, sheets and waves, 
Pleistocene limestone pavement. 

The distribution of these habitats is shown in Figure 3. 

Beachrock habitats are comprised of limestone slabs and 
pavement of weakly indurated beach sand. The sandy beach, 
sheets and waves are comprised of unconsolidated steep to flat 
sand-gravel deposits. The Pleistocene limestone pavement is an 
indurated semi-planar rock surface. 

The biotic assemblages that inhabit these habitats are 
definitively linked to the specific habitats. The beachrock 
assemblage is the most prolific (Table 2) whereas the beach 
assemblage and Pleistocene limestone assemblage are largely 
barren. 

3.1.2 Subtldal Habitats 

The four major subtidal habitats are: 

shallow subtidal limestone platform - inner algal 
assemblage, 
shallow subtidal limestone platform - outer coral 
assemblage, 
subtidal limestone reef, 
deep subtidal limestone pavement. 

Their distribution is shown on Figure 4. 	Note that the subtidal 
limestone reef habitats are not shown in Figure 4 because they 
are a small component close to the island but tend to occur on 
reefs (e.g. Trap Reef) to the north and west of the island. The 
biotic assemblages of each of these habitats are discussed below 
and summarised in Table 3. 
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3.1.2.1 Shallow Subtidal Limestone Platform - Algal Assemblage 

The biota of this habitat is partially zoned in relation to 
depth. Close to the island, and extending into the intertidal 
zone, the platform is covered by algal mats and turf (Plate 1). 
Further offshore, these are replaced by algal meadows of larger 
brown algae, predominantly of the genera Sargassum, 
Dictyopteris and Padina (Plate 2), intermixed with smaller green 
algae, predominantly Caulerpa and Halimeda (Plate 3). Sponges 
are common, 	particularly as encrustations on cryptic surfaces, 
and small corals may occur. Where small sand sheets are 
present on the shallow subtidal platform (Plate 4), 	small 
meadows of Halophila sp. may be present. 

3.1.2.2 Shallow Subtidal Limestone Platform - Coral Assemblage 

The outer part of the shallow subtidal platform is dominated by 
corals (Plate 5), 	the development of which may take several 
forms. 	These include: 	Porites bommies (Plate 6), 	which may 
occur as isolated individuals or anastomose to form complex 
structures; 	Acropora plates (Plate 7), 	which tend to form 
semi-planar surfaces, or mixed coral fields which support a 
range of coral forms and have a complex topography. 
Macro-algae, sponges, ascidians and soft corals may form a 
variable component of the coral assemblage. Reef fish are most 
abundant where the corals provide protection from predators. - 

3.1.2.3 Subtidal Limestone Reef 

The subtidal limestone reef habitat has the same basic origin 
and structure as the shallow limestone platform. However, the 
absence of any adjoining island land mass means that the reefs 
are more exposed to wave action and consequently have little 
surface accumulation of sediment. They share many of the 
characteristics of the outer rim of the shallow subtidal limestone 
platform. Subtidal limestone reefs are located at Trap Reef 
(Plate 8), Taunton Reef, and other locations through the study 
area (Fig. 1). Small isolated reefs occur in patches along the 
drop-off around the shallow subtidal platform surrounding 
Thevenard Island and on Thevenard Shoals. These reefs are 
colonised by large brown algae (e.g. Sargassum), 	corals, 
sponges, ascidians, soft corals and reef fish. 

3.1.2.4 Deep Subtidal Limestone Pavement 

The 	subtidal 	limestone 	pavement 	occurs throughout the 	deeper 
waters of the study area. 	In parts, 	it 	is covered by a sediment 
layer 	ranging 	in 	thickness from 	1-2 cm 	to 	0.5 m. 	These 
sediments 	range 	from 	coarse gravel 	to sand, 	and silts 	are 
sometimes 	present 	either 	as a 	blanket or 	mixed into 	the 
sediment. 
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Exposed limestone pavement is colonised by sponges, soft corals, 
gorgonians, ascidians, sea whips and sea fan5 and algae 
(Plate 9). Starfish, echinoderms, nudibranchs and holothurians 
may be present on the sessile organisms or the adjacent 
seafloor. Limestone pavement covered by a shallow layer of 
gravel is also colonised by the biota described above, 	but at 
lower density (Plate 10). 

On the deeper gravel surfaces, 	i.e. greater than about 50cm, 
only forams and mobile organisms such as holothurians, 
echinoderms and starfish are present. Few burrowing organisms 
are observed in the coarse gravel deposits (Plate 11). 

The sand-covered pavement is similarly colonised by the exposed 
pavement epibiota 	(Plate 12), 	the density and diversity 
decreasing with increasing sediment depth. This substrate is 
more frequently burrowed (Plate 13), 	especially in less mobile 
silt-enriched sands where blennie and goby holes are frequently 
encountered. 

In areas of deeper sands, meadows of seagrass (Halophila sp.) 
and algae (Caulerpa spp) (Plate 14) may occur. 

3.2 REGIONAL BIOLOGICAL CHARACTERISTICS 

Subsequent regional surveys, extending from Serrurier Island in 
the west to Herald Reef in the east, 	showed the habitats and 
assemblages described for Thevenard Island to be widely 
distributed throughout the study area with minor variations in 
form and scale. 

The subtidal limestone pavement unit is the most extensive 
habitat of the region. Due to limitations of current aerial 
photography it was not possible to map the distribution of the 
various sub units of this habitat type or their relative 
abundance. Their distribution however, is influenced by sediment 
supply and current movements which are in turn influenced by 
the locations of the various islands, reefs and shoals which 
occur in and adjacent to the study area. 

The shallow subtidal limestone pavements occur in association 
with the islands, forming a rim of variable width extending 
outward from the intertidal zone (Plate 15). 

The subtidal limestone reef occurs both offshore from the islands 
and at other locations not associated with island structures. The 
locations of the major reefs are shown on hydrographic survey 
charts. It should be noted that the survey detail on these 
charts is defined as incomplete and some smaller reefs may not 
as yet be charted. 

I 
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Localised variations in the assemblages of the limestone platform 
and reef have been observed. These variations are due not to 
changes in species composition of the assemblages but rather to 
differing degrees of dominance or luxurience of growth of 
individual species. This is particularly apparent for both the 
algae and the hard corals which largely determine the 
appearance of the reef. 

3.3 MAN-MADE STRUCTURES - BARROW ISLAND 

Observations of operational underwater structures on Barrow 
Island indicate negligible adverse impact of these structures 
(Plate 16). 	The habitat initially lost has been replaced by 
extensive growth on the artificial substrates (Plates 17 & 18). 
Protected habitat has been provided for reef fish and crustacea 
(Plates 19 & 20). 
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TABLE 2 

TIDAL ZONE ASSEMBLAGES 

I HABITAT 	I 	COMPONENTS OF ASSEMBLAGE 

Beachrock 	I Common: 	Nerita, Morula, 

I 	Mancinella, Petrolithes, 

I 	algae, anemones 

Present: 	Cypraea, 	Acanthopleura 

spinosa, 	limpets, 

Isognomon, 	xanthids 

Pleistocene Present: 	Crassostrea, Brachidontes, 

Limestone Acanthopleura spinosa, 

Pavement Bulla 

Beach Sand Present: 	Ocypode, 	scattered algae, 

sheets, waves bivalves 	(very uncommon) 
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TABLE 3 

CHARACTERISTIC BIOTA OF THE NAJOR SUBTIDAL HABITATS 

DEPTH I HABITAT I SUB-HABITAT I 
	

BIOTA 

0-10m 	Shallow Reef flats Macro-algal meadows 	(Colpomenia, 	Padina, 	Halimeda, 

subtidal Caulerpa), 	reef fish, 	corals, 	echinoids 

limestone 

platform I 
I 	Reef platform Open meadows of seagrass 	(Halophila sp.) 	and algae 

with sand veneer (Caulerpa spp) 

Dissected reef Large corals, 	macro-algae, 	sponges, 	alcyonarians, 

ascidians, 	echinoids and reef fish 

Subtidal Large algae, 	predominantly Sargassum spp, 	corals, 

limestone sponges, 	ascidians, 	soft corals and reef fish 

reef 

I 	10-20m 	Subtidal 
I 

Exposed pavement Macro-algae, 	sponges, 	gorgonians, 	sea fans, 	sea 

limestone whips, 	ascidians and echinoids 

pavement  

Pavement with Open meadows of algae (Caulerpa spp), 	and seagrass 

sand veneer (Halophila sp.). 	Pavement epibiota persist at 

reduced density where sand veneer is shallow 

Pavement with Macro-algae, 	foraminifera, 	echinoderms, 	starfish. 

gravel veneer I 	Exposed pavement epibiota variably present 

depending on gravel layer thickness 
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FIGURE 1: LOCALITY DIAGRAM SHOWING LOCATION OF THE STUDY AREA 
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FIGURE 3: 	INTERTIDAL MARINE HABITATS OF THEVENARD ISLAND 
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Plate 1: 	Thevenard 	Island: 	shallow 	reef 	flat 	showing 
extensive 	algal 	and 	sponge 	growth 	(Site 3: 
Thevenard Island-Saladin Wellhead transect). 
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Plate 2: 	3km southv&st of Salaclin Wellhead: 	sand sheet with 
algae oti exposed pavement. 	(Site 14: 	Thevenard 
Island-Saladin Wellhead transect). 
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Plate 3: 	Thevenard Island: 	shallow reef flat showing green 
algal meadow on sand with larger alyae and corals 
on 	rock. 	(Site 5: 	Thevenard 	lsland-Kooljnda 
Wellhead transect). 

Plate 4: 	Thevenard 	Island: 	shallow reef flat with 	iiiJI I 
corals and sand patches. 	(Site 6: 	western end of 
Thevenard Isiurid). 
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Plate 5: 	Thevenard 	Island: 	outer rim of fringiny reef 
showing extensive coral growth. 	(Site 3: Thevenard 
Island- Saladin Welihead transect). 

Plate 6: 	Anchor Island: large Porites coral heads. (Site 26). 
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Plate 9: 	Kool inda SE 500m: thin gravel veneer over limestone 
pavement associated with increased luxuriance of 
epibiuta. (Site 18). 

Plate 10: 	2km southwest of Saladin Welihead: epibenthic fauna 
on 	gravel 	sheet 	overly irig 	limestone 	pavement. 
(Site 13: 	Thevenard 	Island-Saladin 	Welihead 
transect). 
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Plate 11: 	1km southwest of Saladin Wellhead: 	sparse algal 
growth on gravel sheet. (Site 12: Thevenard Island-
Saladin Welihead transect). 
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Plate 12: 	Koolinda Welihead: 	niud/gravel veneer on limestone 
pavement with sparse epibiota. (Site 15). 
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Plate 13: 	SalEidin Welihead: 	sand/mud/gravel substrate with 
sparse epibiota. (Site 7). 

Plate 14: 	Saladiri Wellliead: Caulerpa (algal) meadow adjacent 
to welihead. (Site 7). 
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Plate 15: 	Rosily Island: algal-covered shallow reef pavement. 
(Site 23). 
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Plate 16: 	Barrow Island oil terminus: 	Hnlophi_Ia meadow. 
(Site 32). 
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Plate 17: 	Barrow Island pipeline: shallow water section show- 
ing encrusting algal growth. (Site 34). 

Plate 18: 	Barr'ow Island pipeline: 	deep water section - 
covered by sand/gravel. (Site 33). 
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Plate 19: 	Barrow 	Island Oil Terminus: 	fish aggregation 
around pipe structures. (Site 32). 

3- 

Plate 20: 	Barrow Island Oil Terminus mooring: 	gravel sub- 
strate. (Site 32). 
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A LITERATURE REVIEW OF 

ENVIRONMENTAL EFFECTS OF 

OILFIELD DEVELOPMENTS 

1 INTRODUCTION 

Environmental effects attributed to petroleum are usually localised 
and the actual impact often subject to interpretation and debate. 
The following sections review the current published information on 
oilfield development and oil spill impacts on tropical marine 
ecosystems. Potential concerns and acceptable management 
practices are discussed. 	The impact of a major oil spill on the 
marine environment presents the greatest potential threat and is 
analysed separately in the final section (3.2). 
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2 AVAILABLE INFORMATION 

2.1 LOCAL EXPERIENCE (BARROW ISLAND) 

The first producing oil well from the Barrow Island area was 
brought on line in 1964. Since 1966, the responsibility for 
protection and management of Barrow Island has been with 
WAPET. Management programmes have been implemented and under 
these programmes the development has resulted in no significant 
impact on any species or population or on the island ecosystem. 
No published information is available on the marine communities 
adjacent to Barrow Island. 

2.2 INTERNATIONAL EXPERIENCE 

The following review of the literature summarises the available 
information on impacts of the petroleum industry on tropical 
marine environments. Published information on tropical areas is 
scarce relative to studies centering around operations and 
accidents in temperate climates. 	The primary studies to date are 
from the Gulf of Mexico (GOM) oilfields, the lxtoc-1 blowout (GOM) 
and, to a lesser extent, the Red Sea and Caribbean oilfields. 

The total volume of oil introduced into the environment as a 
direct result of oilfield operations (discharges and blowouts) is 
low relative to the other major sources of oil. The United States 
National Research Council (Farrington, 1985) estimates petroleum 
industry contributions to be less than 2% of the total volume of 
oil released into the environment. 	The major sources are marine 
transportation and surface run-off from land. The tanker routes 
of the world, particularly in and around the North Indian Ocean, 
are heavily impacted by oil (Levy, 1984). Estimates of 3,00 
tonnes of floating tar (UNEP, GESAMP 1982) and 1.5 ± 0.5 x 10 kg 
of beached tar (Oostdam, 1984) are reported for the Arabian Sea 
and Indian Ocean beaches respectively, 	it is often difficult to 
determine the actual source of beached oil in an area supporting 
petroleum production operations, and often it is the oil company 
that is held responsible without proper investigation. Dicks (1984) 
reported the results of a pre- and post-construction survey at 
Ras Budran, a Red Sea oilfield. Beached and intertidal oil 
concentrations had increased considerably. The Ras Budran field 
had not begun production and so could not have been the source 
of these hydrocarbons. As a result of these studies, it is 
apparent that the potential sources for oil pollution may not 
necessarily be the closest oilfield but a more distant 
undetermined source such as oil tankers. 
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Between 1960 and 1975, 216 "large" oil spills were reported world 
wide (Gerlach, 	1981). The largest of these, the Torrey Canyon 
disaster (18th March, 1967) prompted scientific interest and 
associated research into the effects of oil on the marine 
environment. Up until this time little or no information was 
available on oil and its environmental effects. In 1975 the 
National Research Council published their review on the status of 
petroleum in the marine environment. The report served to 
highlight critical areas requiring research. 

On the 3rd March, 1979 the PEMEX/IXTOC-1 well blowout occurred. 
This is the largest singig source spill to date, releasing between 
0.45 x 10 and 1.4 x 10 tonnes of oil over a nine month period. 
The resulting environmental impacts were much less severe than 
the effects of the Torrey Canyon spill and the weathering of the 
oil was much more rapid in the tropical climate of the Gulf of 
Mexico. The spill prompted a 1985 update by the NRC on the 
current status of oil in the sea. This report, exposed gaps in 
scientific knowledge, particularly the lack of knowledge about oil 
pollution in tropical areas (Farrington, 1985). The report also 
served to allay fears that oil was destroying the marine 
environment when it was concluded that monitoring showed that 
oil-impacted environments were undergoing recovery and most 
organisms can coexist with low concentrations (less than 0.1mg/I) 
of weathered hydrocarbons (Farrington, 1985). 

Additional publications which contribute much to the knowledge of 
oilfield developments and oil impacts on tropical marine 
environments are: Menzies (1983) - platform discharges; 
Middleditch (ed.) (1981) - oilfield operations; Dicks (1984) - 
oilfield construction and monitoring; 	Atwood & Ferguson (1982) - 
oil spill weathering; and Chan E. (1977) - monitoring of an 
impacted tropical island. 

The Menzies (1983) paper, subtitled "Muddy Issues", analysed the 
impacts of drilling muds and other platform effluents on the 
marine environment. Research on platform discharges is also an 
important component of the Buccaneer Gas and Oilfield Study (Gulf 
of Mexico). This study involved the work of thirty research 
groups over a five-year period between 1975 and 1980. This 
detailed and comprehensive research project concentrated on the 
intensive study of a single offshore field so as to determine any 
environmental effects resulting directly from its operation. An 
additional paper pertinent to this study is by Dicks (1984) and 
investigates pre- and post-construction monitoring of a Red Sea 
oilfield. An ongoing monitoring and management programme is also 
discussed. This report highlights the potential impacts that may 
occur if scientific recommendations to avoid or reduce 
environmental damage are not acted upon. 

The primary field studies involving oil spills in tropical 
environments are situated in the Gulf of Mexico (Atwood & 
Ferguson, 1982) and Florida (Chan E., 1977). The lxtoc-1 Gulf of 
Mexico spill has been subject to years of monitoring by 
individual scientists. The Atwood & Ferguson paper (1982) 
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documents the weathering of the spilled oil in a tropical 
environment, and Chan E. (1977) concentrates on the weathering 
of beached oil over a twelve month period and the subsequent 
biological recovery. These two studies form a basis for 
anticipating potential impacts resulting from oil spills and 
methods for dealing with the spilt oil. 

These studies and others reviewed are all directly applicable to 
the North West Shelf Development and form a basis for this 
assessment of oilfield construction operations and potential oil 
spill impacts on the tropical marine environment. 



LeProvost, Semeniuk & Chalmer 
	

5 

3 LITERATURE REVIEW 

3.1 EFFECTS OF OILFIELD DEVELOPMENT IN 
TROPICAL MARINE WATERS 

Tropical marine waters are generally considered ecologically 
sensitive locations, largely because they contain a high diversity 
and abundance of marine organisms, many of which live close to 
thermal tolerance levels and therefore are at times susceptible to 
additional stress. Tropical marine environments include productive 
ecosystems such as coral reefs, seagrass beds, mangroves, and 
algal flats. 	These areas are recognised internationally for their 
conservation, scientific, economic or recreational value. 

3.1.1 Potential Concerns 

3.1.1.1 Produced Water 

This water is produced along with the oil and gas during the 
production phase. Dissolved hydrocarbons are found in the water 
at concentrations of 100-1,000ppm (Gilbert, 	1982) and must be 
removed prior to disposal. 	Californian fields have been treating 
produced water to maintain United States Environmental Protection 
Agency (USEPA) standards of 48ppm mean concentration per month, 
and no greater than 72ppm of hydrocarbons may be disposed of in 
a given day (Gilbert, 1982). 

Treatment of produced water is necessary to avoid chronic 
pollution of surrounding water and shorelines. 	Inefficient clean 
up equipment on Red Sea platforms is thought to be the source of 
chronic pollution of the Red Sea coastline (Hanna, 1983). 

Treated produced water is not considered highly toxic to marine 
flora and fauna. The Buccaneer gas and oilfield study concluded 
that the only area thought to be impacted is within a few metres 
of the outfall (Gallaway et al., 	1981; 	Rose & Ward, 	1981), and 
this impact is minimal in terms of an environmental hazard. 
"Petroleum contamination appears to be restricted to species 
within the biofouling community and there was little or no 
evidence of any bioaccumulation by any species." (Gallaway et 

1981). 

3.1.1.2 Oil Spills 

Oil spills in tropical environments are not extensively reported in 
the literature. 	There are no long-term studies of oil spills in 
tropical areas (Brown, 1985; Farrington, 1985). 
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The physical weathering of oil in tropical areas will not follow 
the well-reported regime of oil in temperate climates. A more 
detailed discussion on oil spill effects follows in Section 3.2.3. 

Processes affecting oil spilled on the ocean surface are 
summarised in Figure 1. 	The biota initially impacted by the 
spilled oil will be any plankton and fish directly underneath the 
slick. As dissolution and sinking occurs, this impact will be 
extended throughout the water column to the sediment surface 
below. Hydrocarbons are incorporated into the sediments through 
processes such as adsorbtion onto particles and ingestion by 
zooplankton resulting in the hydrocarbons being excreted with 
faecal pellets which subsequently sink. 	The organisms living on 
the sediment surface and infaunal assemblages are then in direct 
contact with the petroleum hydrocarbons. 

Oil may be transported to nearshore areas on or in the water 
column. Affected flora and fauna include coral reefs and 
associated biotic assemblages, seagrass and algae beds, rocky 
shorelines and beaches. Brown (1985), in an overview of 
published literature on oil pollution, determined that the most 
important aspect of an oil spill is not the damage caused 
immediately but the length of time taken for the system to recover 
after the spill. 

The few studies on oil spills in tropical areas reported in the 
literature, suggest that the trend is toward more rapid 
weathering rates when compared with oil spilt in temperate areas 
(Page et al., 1979; Botello et al., 1983). 

3.1.1.3 Drilling Muds and Cuttings 

The primary effect of drill cuttings is the physical burial of the 
sea floor directly under the platform. Infaunal assemblage 
abundance decreases (e.g. polychaetes) and the populations of 
demersal fish and crabs increase (Menzie, 1983). 

Mertens (1976) reported on the changes seen in the biological 
activity of a pile of drill cuttings deposited beneath a platform 
in the Santa Barbara channel. Within two years of deposition, 
these sterile cuttings were covered by shells to a depth of 37 
inches. A teeming community of sea stars, anemones, nudibranchs 
and other benthic organisms subsequently developed. 	Four used, 
water-based drilling muds were utilised in studies with marine 
animals by Neff et al. 	(1981). The acute toxicity of the muds to 
the animals was minor or non-existent within the vicinity of the 
platform. 

Oil-based muds are being used increasingly in the oil industry. 
The presence of potentially toxic hydrocarbons in this type of 
drilling mud has prompted numerous studies on the fate and 
effects of these muds on the biological communities in the vicinity 
of platforms. In general, an oil-based mud exhibits greater 
biological reactivity than water-based mud (Davis et al., 	1984). 
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The results of studies on drilling muds are varied. 	In general, 
the effects of these muds are localised (Addy et al., 1984; Dicks, 
1984), 	and the primary area of deleterious effect is within 500m 
of the platform with a decreasing concentration gradient 
extending 1 ,000m away. Hydrocarbon concentrations may also be 
1,000 times background hydrocarbon concentrations within 250m of 
a platform (Davis et al., 1984). This same study also found 
elevated hydrocarbon concentrations beyond the area of biological 
effects. Different species of coral exhibit variable responses to 
mud, making predictions of potential impact of mud on a specific 
coral difficult (Thompson & Bright, 1980). Polychaete feeding 
guilds were reported to be unchanged by drilling muds (Maurer 
et at., 	1981), 	however reduced numbers of marine species and 
individuals coincided with the highest oil concentrations of the 
Ras Budran oil field (Dicks, 1984). 

Drilling muds also contain trace metals which are potentially a 
problem to marine organisms. 	Tillery & Thomas (1980) analysed 
four species of shrimp and fish near a GOM oilfield for Ba, Cd, 
Cr, Cu, Pb and Zn. The metal concentrations were not 
significantly higher than in organisms from other GOM areas. 

3.1.1.4 Construction Impact 

(i) 	Marine 

Sections 	of 	coral reef may 	be removed 	or 	buried during 	pipeline 
laying 	or 	jetty construction. 	The dredging of 	a 	trench 	to 
accommodate 	a pipe 	in 	the 	Ras Budran 	field left 	mounds 	of 
sediment on 	the lagoon 	floor. 	This sediment was later resuspended 
and 	siltation 	of the reef occurred. Reefs 	(Dicks, 1984; 	Cortes 	& 
Risk, 	1985) 	and 	seagrass 	under siltation 	stress 	may 	recover 
provided 	the 	siltation is 	light. 

The positioning of a platform on the seabed will effectively 
destroy the community beneath the platform legs. These platforms 
act as artificial reefs, becoming the substrate for a new 
community (Wotfston et al., 1979; Menzies, 1983). High 
productivity and turnover rates for attached communities are 
characteristic of these platform ecosystems (Wolfston et al., 	1979) 
where the diversity and abundance of biofoul ing organisms is 
high (Gallaway et al., 	1980). Increased pelagic fish populations 
are often reported in the vicinity of platforms (Mertens, 1976; 
Gallaway et al., 1981; Menzies, 1983). 

A post-construction survey of the Ras Budran field found that the 
effects of construction were restricted to small areas, particularly 
where the pipeline and jetty crossed the shores, 	the lagoon and 
the fringing coral reef. The stopped water flows and siltation 
caused reef damage (Dicks, 1984). 
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(ii) Terrestrial 

There are no reports in the literature of terrestrial construction 
impacts as a result of oilfield development. 	Butler (1985, 1986), 
reporting on the management of the Barrow Island oilfield, found 
impacts to be minimal because of strict controls. A summary of 
his findings are outlined below. 

Fauna moved from disturbed areas into adjacent areas and 
re-populated the area after completion of the disturbance. Road 
casual ties of fauna occurred. The impact caused by the extraction 
of gravel from well sites, 	roads and building sites was offset 
through a rehabilitation programme involving soil and vegetation 
restoration. Field design and maintenance have prevented the 
spillage of oil, chemicals or salt water on land. Enhanced 
vegetation growth has occurred along roadsides as a result of a 
protective covering of dust. 	The presence of buildings, 	tanks, 
etc., has changed the surface run-off patterns. 	Ponds created 
along creek beds serve to decrease water velocity, trap silt, act 
as aquifer recharge sites and stop silt loading to adjacent 
marine sites. Throughout the construction phase a balance was 
maintained so that no new areas were developed until 
rehabilitation was completed in a similar area of a similar 
ecosystem. 	Barrier effects were caused by roads, 	pipeline and 
other services. Road crossings and culverts were established for 
drainage flow and to reduce the barrier effects of roads. 

3.1.1.5 Chemicals 

Chemicals are periodically used in water treatment on offshore 
platforms. Very little research has been done in this area as is 
evident in the lack of literature studies reported. 

Small volumes and concentrations of water treatment chemicals are 
normally released during routine operations. These chemicals are 
not thought to be an environmental problem due to the volatility 
and solubility of most of these compounds (Gallaway et al., 1981; 
Middleditch, 1981). The Buccaneer Oilfield Study reported on the 
release of a biocide, acrolein, and its scavenger, ammonium 
bisulphite. The high oxygen demand associated with ammonium 
bisulphite was thought to be a potential problem, but it was 
determined as having a minor impact which was restricted to the 
outfall site where the chemical was rapidly diluted. The acrolein 
is chemically reactive, volatile and toxic, and is rapidly 
dispersed and inactivated in sea water. Unscavenged acrolein has 
caused mortality in white and brown shrimp, suggesting a need 
for the bisulphite scavenger. 

Dicks (1982), 	in discussing the use of corrosion inhibitors and 
biocides, concluded biological effects would be localised and 
confined to the plankton and benthos around the dispersal point. 
The size of the area of impact would be determined by the rate 
of dilution to a non-toxic level. 
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3.1.2 Acceptable Management Practices 

3.1.2.1 Oil Spill Contingency Planning 

The preferred method for removing oil at sea is to contain the 
spill with a floating boom and mechanically remove the oil from 
the sea surface. This is described in the Department of 
Conservation and Environment Bulletin No. 	104 (November, 1984); 
The International Tanker Owners Pollution Federation (TITOPF) 
(1981), Technical Information Papers No. 2 and 5; and Fingas 
(1979). Unless it poses a threat to an environmentally sensitive 
area, 	the oil is left alone. If such a location is threatened, the 
oil may be chemically dispersed in deep water, 	away from the 
sensitive locations (TITOPF, 1981, Technical Information Paper 
No. 4; Fingas, 1979). 

If the oil does beach itself, the strategy for dealing with the oil 
will depend on the coastal type and biotic sensitivity (Table 1). 
For example, exposed rocky headlands will be self-cleaned 
rapidly whereas sheltered tidal flats and marsh/mangrove areas 
will retain oil within the sediments if it is not removed. 
Generally mangroves, which are muddy bottom systems, are the 
most sensitive to oil and clean up attempts will cause more 
problems than the oil (Technical Information Paper No. 7). 
Table 2 shows the methods by which oil may be removed from 
various environments. The removability index ranges from vacuum 
removal of oil from a quiescent area (best situation) to removal 
of the oil-contaminated layer of mud flats or marshes by scraping 
off the contaminated layer or by dredging (worst situation). 

3.1.2.2 Monitoring 

Difficulties are often encountered in determining the actual 
impacts that result directly from oil industry activities and/or oil 
spills due to the lack of baseline data (Chan, E. )  1977; Nadeau 
& Berguist, 	1977; 	Page et al., 1979; 	Botello et al., 	1983; and 
others). 

Generally it is thought that biological communities, rather than 
to specific sentinel organisms such as mussels, should be 
monitored. Little is known about the relationships between 
individual organisms and the ecosystem as a whole. It is 
therefore pointless to look at the individual organism as it may 
not represent the overall community health. 

Dicks (1984) found a post-construction survey on the Ras Budran 
field in the Red Sea highlighted problems identified in the initial 
1981 baseline survey. The monitoring methods suggested by Dicks 
for this oilfield are: 

surveys of species distribution patterns, preferably 
organisms with the least spatial and temporal variation, 
that can be sampled quantitatively; 
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sampling gradients along discharge plumes and beyond to a 
control site; 

sampling transects from beach high water mark to lOm depth 
offshore; 

sampling offshore transects. 

All gradients and transects are chosen at representative sites. 
Descriptive studies of distribution and abundance of the 
conspicuous macrofaunal and floral species are carried out. 	In 
addition: 

infaunal species are described; 
presence of fresh and weathered oil and tar balls is noted; 
sediment samples are collected from representative locations 
for analysis of particle size and hydrocarbon content. 

Chemical analysis of potential pollutants (e.g. barium and 
hydrocarbons) in fouling organisms is gaining increasing 
interest. However, the data from these analyses should never be 
used alone, always in conjunction with a community study. 

Monitoring surveys should be continued until government, industry 
and science determine that there is or is not an impact as a 
result of the oil industry activities. 	Decisions on further work 
should be made at that time. 

Decisions must also be made as to the degree of damage that is 
"acceptable" and monitoring programmes devised on a case by 
case basis taking into account local conditions. The report by the 
Environmental Protection Authority on the Harriet Olifield 
Development proposed the submission of annual reports to the 
Authority summarising the environmental impacts of the 
development. In addition, a detailed report submission was 
suggested for every three years of the project life and at 
decommissioning. 

3.1.2.3 Safeguards and Maintenance Practices 

Oil is a valuable commodity, but it is also potentially dangerous 
because of its volatility. Hence many techniques have been 
developed to minimise and control its loss by spillage or 
accident. In recent years these techniques have been upgraded as 
a result of environmental concern. 

Current industry practice is as follows: 

(1) Offshore structures are designed and constructed to 
withstand wind, 	wave and current forces under cyclonic 
con di t ions. 
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Established industry safety procedures are included in the 
platform design and operation. 	These safeguards apply to 
storage of fuels, power generation, gas venting equipment, 
extinguishing systems, relief valves and automatic shutdown 
systems. 

Blowout preventers are installed with the approval of the 
Mines Department. These may be automatically and manually 
activated. 

Automatic well 	closing equipment will 	respond 	to 
uncontrolled 	flow 	or 	well head 	damage. Uncontrolled 	flow 
may 	result from 	structural failure 	of 	the platform, 	subsea 
well 	head or 	Manifold; from 	the 	failure 	of 	platform 
equipment including 	pipes and 	valves; or 	from 	pipeline 
damage. 

Pipelines nearshore are trenched and covered to protect 
them from anchors, ship groundings and storms. 

Pipes are protected against corrosion. 

Hydrostatic pipe testing prior to commissioning ensures the 
viability of the pipeline. Test water discharge is 
controlled. 

Regular external and internal surveys of the pipeline 
ensure against scouring, internal erosion and corrosion. 

Subsea structures are regularly inspected. 

A designated 500m radius safety zone prevents uncontrolled 
vessel movement in the vicinity of the platforms. 

The offshore structures are lit by navigation lights and are 
included on navigation charts. 

Oil spills are recorded and reported to the State Oil Spill 
Combat Committee giving the volume and type of oil, 	time 
and duration of spill, 	wind condition and sea state, 	and 
the cause of spill and treatment procedures. 

Radio communication is maintained between the platform, 
shore installation and the mainland. 

Platform support includes supply vessels and a helicopter. 
A standby vessel with emergency support is available in the 
general area. 

Regular training of crews in safety and emergency 
procedures occurs. Escape craft for a full platform crew are 
located on the platform. 
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3.1.2.4 Island Management Practices 

On Barrow Island, the areas that were assisted in regeneration 
have recovered more quickly than areas left alone. 

H. Butler, during the November 1985 Concom Workshop on Offshore 
Island Management (Butler, 1985), discusses the management 
practices currently implemented on Barrow Island. They are based 
on the following objectives: 

To recognise and preserve representative areas of all 
recognised habitats and plant associations. 

To recognise and preserve irreplaceable segments of the 
natural environment which are key to island wildlife 
survival. 

To exclude unnecessary impact of the development of the 
natural environment. 

To reduce to a minimum the impacts which cannot be 
avoided. 

To systematically rehabilitate all utilised areas once 
completed. 

Fourteen specific areas of possible impact are discussed in the 
Barrow Island report. These are: 

Fauna disturbance through the presence of man and his 
work. 

Soil and habitat disturbance through active development. 

The loss of cover through fire protection and other 
developments. 

The possibility of introduced species of plants and animals. 

The possibility of road casualties. 

The effect of flares, particularly on phototrophic species. 

The potential for toxic or noxious spills. 

Dust and associated problems. 

Surface and run-off dangers through the construction of 
roads, pipelines and other faciFities. 

Human predation on wildlife. 

Food availability changes (for fauna) due to the 
differential in water and nitrogen contents of regrowth and 
the availability of waste foods. 
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(I) 	Ecosystem balances changes due to selected development of 
particular areas. 

Barrier effects caused by roads, pipelines and other 
services. 

Fire and control. 

There do not appear to be any serious long-term ecological 
disturbances caused by the presence of the petroleum development 
on Barrow Island. 

3.1.3 Conclusions 

3.1.3.1 Overseas Experience and Record 

Generally the impact of platforms, drilling and production 
operations on the marine environment are localised. 	Deleterious 
effects of produced water, 	drill cuttings and associated drilling 
mud are restricted to within 0.5-1.0km of the platform. Petroleum 
hydrocarbons are found in the sediments in elevated 
concentrations and again any effects appear to be localised. 
Water treatment chemicals used offshore also appear to be 
relatively non-toxic to marine biota. 

The impacts of oil spills are often catastrophic in the short term, 
however tropical systems appear to recover relatively quickly in 
comparison to temperate climates due to rapid weathering of oil 
in these warmer locations. Oil spill contingency plans are 
available. 	Preferred options include containment and removal at 
sea, and dispersal if sensitive locations are in potential danger. 
Clean-up regimes are outlined, based on the type of coastline 
impacted by beached oil. 

Monitoring programmes suggested include regular surveys of 
biological communities, hydrocarbon analysis of sediments, and 
hydrocarbon and trace metal monitoring of fouling organisms. The 
literature is conspicuously poor in the reports of oil and oil 
industry impacts on the tropical marine environment. Therefore, 
pre- and post-construction monitoring is strongly recommended and 
at least yearly monitoring of an oilfield subsequent to production 
initiation is proposed. 

3.1.3.2 Local Experience and Record 

No major problems have been reported to date from the North West 
Shelf oilfield developments. There have been no oil spills, no 
destruction of flora or fauna on Barrow Island and no destruction 
of marine habitats. 
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Island management practices may be based on those implemented 
by WAPET on Barrow Island where environmental and industrial 
concerns appear to be co-existing harmoniously. 

3.2 EFFECTS OF OIL SPILLS ON TROPICAL MARINE BIOTA 

3.2.1 Characteristics of Oil. 

Petroleum is a complex mixture composed of thousands of different 
compounds. Hydrocarbons comprise over half (50-90%) of the 
compounds present. These hydrocarbons may be classed as 
alkanes, cycloalkanes and aromatics of hetero compounds. Strictly 
5peaking, hetero compounds are not hydrocarbons as they may 
contain sulphur, nitrogen or oxygen. Sulphur is an important 
component of some oils, sometimes comprising up to 10% of the oil. 
It is the sulphur that is thought to be responsible for the oily 
taste of fish and mussels in contact with petroleum. Trace metals 
such as vanadium or nickel are also found in petroleum in 
varying concentrations (Gerlach, 1981), and may be used to 
fingerprint a specific oil from a particular region. Based on 
these chemical characteristics, oils may be classified as light 
which have high concentrations of low molecular weight 
compounds, with respect to heavy oil, which have greater 
concentrations of high molecular weight compounds. 

Australian oils are classified as light oils containing low sulphur 
concentrations (Royal Commission, 1974). The molecular composition 
analysis of a North West Shelf reservoir fluid from the Harriet 
field is representative of a light Australian oil (Bond Petroleum, 
NOl, Vol. 2). 	The physical properties affecting spilled oil are 
discussed in the following section. These properties are important 
in determining the best methods for retrieving the oil after a 
spill. 

3.2.2 Oil SDill Processes 

3.2.2.1 Spread 

The viscosity of spilled oil will determine the rate at which the 
oil will spread. Lighter, 	less viscous, 	oils will spread more 
rapidly than heavy oils. 	One ton of a light Iranian crude oil 
spread over a 48m (diameter) area to a thickness of 0.1mm within 
10 minutes during a study by the Warren Spring Laboratory 
(1972). 	Oil slicks of less than 0.1mm thickness are very difficult 
to clean up and attempts are made only if sensitive biological 
communities are threatened (Gerlach, 1981). 

The drift of the slick is important in predicting areas which will 
be affected by the spilled oil. 	In general, an oil film will move 
at 60% of the water current rate and 2-4% of the wind speed. The 
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significance 	of 	this 	drift 	is important 	with respect 	to 	floating 
organisms beneath the 	slick. The 	volume of water 	under 	the oil 
will 	be 	continually moving, allowing 	fresh volumes 	to 	come 	into 
contact 	with 	the oil 	and thereby 	avoiding 	a 	build 	up 	of 
hydrocarbon 	concentrations 	dissolved in 	the water 	column 	below 
the 	slick 	(Gerlach, 1981). 

3.2.2.2 Evaporation 

The greatest volume of spilled oil is lost through evaporation to 
the atmosphere. An increase in air and water temperature, water 
turbulance, wind and rate of spreading of the slick are also 
important factors in increasing the rate of evaporation. Estimates 
of the projected weathering times and volumes lost by a light 
Australian oil in a tropical (Great Barrier Reef) environment were 
given during the Royal Commission hearings (1974). It was 
concluded that half the original volume of the oil would be lost 
in 1-2 days. 

Wave action will aid in evaporation up until the point where the 
oil in water emulsions are formed and evaporation decreases. 
Evaporation may continue over months until the remaining 
residual high molecular weight compounds are formed into tar-like 
dumps. 

Harriet field reservoir fluid is expected to undergo a 75% loss 
through evaporation within a few days of a spill. 	The heavier 
stock tank oil will undergo a 10% loss via evaporation in the 
first few days of the spill (Bond Petroleum, NOl, Vol. 2). 

3.2.2.3 Dissolution 

Like evaporation, 	the solubility of oil depends on its molecular 
weight. Solubility decreases as molecular weight increases, and 
hydrocarbons are less soluble in sea water than in distilled 
water. 	For example, 	in distilled water a 6 carbon atom has a 
solubility of lOmg/L, whereas a 12 carbon atom is soluble at 
0.01mg/L (Gerlach, 1981). Atwood & Ferguson (1982) found 
alkylated benzenes, naphthalenes and methyl naphthalenes in 
measurable quantities throughout the water column following the 
lxtoc-1 bkwout. These hydrocarbons are the toxic components of 
oil and their presence could cause potentially lethal impacts on 
marine organisms in that part of the water column. 

Dissolution is a long-term process which continues throughout 
weathering, oxidation and microbial degradation of oil, and will 
continually produce compounds that are water soluble (Fingas, 
1979). 
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3.2.2.4 Photo-oxidation 

Sunlight and the resulting photo-oxidation were considered 
primary factors in the weathering of lxtoc-1 oil in the Gulf of 
Mexico (Atwood & Ferguson, 1982). Tropical environments, where 
ultra violet radiation is high, are conducive to photo-oxidative 
weathering of spilled oil. 	This reaction occurs at the surface of 
the oil so it is an advantage for the oil to spread thinly, as the 
relatively light oil found in the warm environment of the North 
West Shelf will do. 

Conclusions drawn during the 1985 National Research Council 
Report of "Oil in the Sea" found photochemically altered oil is 
more toxic to some marine organisms than unaltered oil 
(Farrington, 1985). This may be one form of hydrocarbons that 
will be toxic to marine organisms in the immediate vicinity of an 
oil spill. 

3.2.2.5 Emulsification 

Chocolate mousse (water-in-oil) emulsions form as a result of 
physical agitation by wind and waves, sunlight intensity and 
possible microbial activity (Atwood & Ferguson, 1982). 	Mousse is 
extremely stable and very difficult to weather further as the 
surface area available for degradation is reduced. High 
viscosity, heavy oils tend to form this type of emulsion. Further 
weathering may lead to the formation of tar balls which are 
resistant to degradation unless melted by the sun (Fingas, 1979). 
Oil-in-water emulsions may form naturally or through the use of 
dispersants. These emulsions break up the oil, increasing the 
surface area available for degradation. 

3.2.2.6 BIodegradation 

Naturally occurring species of marine bacteria, yeast and fungi 
are capable of oxidising petroleum hydrocarbons as a food energy 
source (Gerlach, 1981). These species tend to be dominant in 
areas where oil is constantly present (i.e. harbours and 
platforms) 	(Gerlach, 1981; 	Sizemore 	et 	al., 1981; 
Farrington, 1985. Under optimum conditions in well oxygeated 
waters at 20-30 C ) 	bacteria can oxidise up to 29m oil/rn /day 
(Fingas, 1979). 

Actual field conditions will not be optimal and the rate of 
biodegradation will be limited not only by dissolved oxygen but 
by nutrients as well. This was seen in the lxtoc-1 blowout where 
low tropical nutrient concentrations were responsible for the 
relatively low biodegradation rates observed (Atwood & 
Ferguson, 1982). Increased biodegradation occurs in estuaries and 
coastal waters where high nitrate and phosphate concentrations 
are evident (Gerlach, 1981). Low molecular weight hydrocarbons 
are preferentially degraded by marine micro-organisms and, as a 
result, 	the high molecular weight compounds will be effectively 
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enriched, 	increasing the specific gravity of the oil and leading 
to deposition of the residues on the bottom. Microbial seeding of 
crude oil resulted in no increase in degradation rates because 
introduced bacteria died, whilst native bacteria survived (Tagger 
et al., 1983). 

3.2.2.7 Sinking 

Oil 	may reach 	the 	bottom 	sediments 	in 	a 	variety of 	ways. 	The 
processes include 	absorption 	and 	adsorbtion to 	sedimenting 
particles, extreme weathering of oil 	leading to a specific 	gravity 
in 	excess of 	1 	and 	ingestion 	by 	filter 	feeders and 	subsequent 
excretion with 	faecal 	peilets. 	These 	faecal pellets 	are 
subsequently 	ingested 	by benthic 	organisms 	(Gerlach, 1981). 	The 
affinity of 	oil 	for 	suspended 	particles 	has recently 	been 
recognised as the primary 	transport mechanism of fresh 	oil 	to 	the 
sediments (Morsen, 	1979, 	in 	Dicks, 	1982). 	This unweathered 	oil 
may 	stilt contain the compounds toxic 	to marine organisms. 

3.2.2.8 Beaching 

Wind- and wave-driven slicks may ultimately collect on coast 
shorelines. The fate of the beached oil will depend on the 
sediment type. Oil will work itself into the sediment and, if 
buried deeply enough, will persist in an anaerobic layer 
indefinitely. 

The weathering of a layer of beached oil on a sheltered Boca 
Chica Key (Florida Keys) is documented by Chan, E. (1977). The 
stranded oil was exposed to air temperatures of up to 320C, and 
to direct sunlight for most of the day. Oil permeated the sand to 
a depth of 10cm. Within six weeks a hard tarry layer of sand 
and waxy residue had formed over the oiled sand. The oil 
beneath the crust remained fluid. Autumn storms and associated 
beach erosion broke the crust and warm (27

0
C) temperatures 

promoted the eventual degradation of the oil. 	Within six months 
the tar patches were greatly reduced and no evidence of the oil 
was detected after one year. 

3.2.3 Effects on Marine Life 

Definitive conclusions are difficult to reach with respect to the 
effects of oil on marine life. A descriptive summary of the effects 
of oil on various marine communities is given in Table 3. There 
is little quantitative data available. Much of the literature 
reports the results of laboratory studies in which the petroleum 
hydrocarbon concentrations are often orders of magnitude higher 
than those found in field studies of actual oil spills. 

In general, crude oils are less toxic than refined products. 
Different sources of crude oils will produce crudes of varying 
toxicities and some of these crudes are more toxic than certain 
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highly refined distillates. Acute toxicity is directly correlated to 
the content of soluble aromatic derivitives, i.e. benzene, 
naphthalene, phenanthrene and their alkyl homologs. Hyland & 
Schneider (1976), reviewing the available literature on petroleum 
impacts on a wide range of marine animals, reported ranges of 
1-100ppm lethal water soluble fractions to adults and 0.1-1.0ppm 
lethal range for larval and juvenile stages. The 1985 report 
summarising the Inputs, Fates and Effects of Oil in the Sea 
concluded that most living organisms could coexist with 
hydrocarbons where the concentration is very low (less than 
0.1ppm) and the oil is weathered. 

Brown (1985) reviewed the range of toxic concentrations for 10 
groups of marine organisms and his results are summarised 
below. 

Toxic 	 Toxic 
Concentrations 	Concentrations 

to Adults 	to developmental 
(ppm) 	 stages (ppm) 

Pisces 5-10 greater than 	0.01 
Echinodermata 5-10 greater 	than 	0.01 
Planktonic crustacea 0.1-1 0.01-.1 
Benthic crustacea 0.1-1 0.01-0.1 
Gastropod mollusca 5-10 0.01-0.1 
Bivalve mollusca 5-10 0.01 
Polychaeta 5-10 0.05-1 
Macrophytes 10-100 ND 
Phytoplankton 0.1-1 0.01-0.1 
Bacteria 10-100 ND 

ND = No Data 

Most of the studies involving oil pollution and marine organisms 
are undertaken in controlled laboratory conditions. This is due 
primarily to the variability inherent in natural biological 
systems. The field studies reported are often qualitative as 
opposed to quantitative and, as a result, few data are available 
on lethal concentrations of oil for the various components of the 
ecosystem following an oil spill. 	A summary of the literature on 
the effects of oil spills on tropical biota follows. 

3.2.3.1 Plankton 

The plankton contains phytoplankton, zooplankton, eggs, larval 
and juvenile forms of many marine organisms. Plankton floating 
at the ocean surface will be the first organisms affected by an 
oil spill. 	Minor impacts will include shading from the sun and 
decreased oxygen exchange across the sea water/atmosphere 
interface. More important is the dissolution of the soluble 
components of the oil into the water column. Cowles & Remillard 
(1983) studied the effects of sub-lethal concentrations of oil on 
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copepods. No significant mortality was noted at the 10-80ppb 
concentration range and copepods exposed to 200ppb concentrations 
of South Louisiana crude showed no evidence of bioaccumulation. 
Recruitment rates are severely reduced, however, as a result of 
exposure to sublethal concentrations of oil and, because of the 
relatively short lifetime of copepods, they will not recover 
sufficiently to reproduce. These effects will be restricted to 
plankton floating directly beneath an oil spill. 

Johannson et al. (1980) saw a drop in zooplankton biornass in the 
first two days after an oil spill. Within five days a full 
recovery was noted. Phytoplankton underwent an increase in 
biomass and productivity, probably as a result of decreased 
zooplankton grazing. A marked increase in bacterial numbers 
accompanied these planktonic trends. Davenport in Brown (1982) 
concluded changes in plankton at sea are short-lived and 
recovery is rapid. 

3.2.3.2 Birds, Large Marine Animals 

One of the most obvious hazards associated with an oil spill is 
the plight of marine birds. The danger posed to birds by oiling 
includes loss of waterproofing, loss of buoyancy, and 
dehydration. 	High mortal i ties are reported following oil spills 
(Menzie, 1983). 	Recent laboratory studies include exposure of 
herring gulls to oil, dispersant and oil/dispersant emulsion 
(Peakall, 1985). Oil and oil/dispersant emulsions proved stressful 
to birds. Geraci & Smith (1976) found severe eye damage in seals 
exposed to oil. After transferring the animals to clean water the 
eye damage cleared. Turtles and dugongs could also be impacted 
in this way by swimming through an oil spill. Mortalities in 
turtles, seasnakes, 	dugongs and dolphins in the Red Sea were 
thought to be a possible result of the Nawruz spill (UNESCO No. 
31). 

3.2.3.3 Fish and Shrimp 

Reports dealing with accumulation of hydrocarbons in shrimp and 
fish tissues are common due to the potential health hazard posed 
to humans. The oily taste of fish can be attributed to sulphur in 
the tissues of these animals. The toxic component of petroleum, 
the aromatic fraction, is accumulated and released rapidly by 
shrimp and fish due to the presence of detoxifying enzymes (Neff 
et al., 1976). 

Concentrations as low as lppm may impede the hatching of 
healthy larvae from fish eggs and reduce growth rates (Hyland & 
Schneider, 1977). Diseases seen in fish exposed to petroleum are 
probably not a direct result of the petroleum. The oil is thought 
to lower the fish's resistance to disease. 	These diseases often 
include fin erosion, 	fin ray deformation and olfactory lesions, 
(Sindermann, 1982 in Brown 1985). 
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The absence of fish in rocky intertidal areas immediately after 
the Florida Keys oil spill was directly attributable to the oil 
(Chan E., 1977). The population recovery was rapid and within 
six months 15 species of fish were observed in the impacted 
areas. 

The absence of petroleum hydrocarbons in all but one shrimp 
analysed by Middleditch (1980) is thought to be due to the 
migratory movements of these animals. As a result any prawns in 
the vicinity of an oil spill can be expected to accumulate 
hydrocarbons and to subsequently release these hydrocarbons once 
the animals are outside the area of contamination. 

3.2.3.4 Intertidal. Organisms 

Much work has been conducted using molluscs and oysters as 
indicators for petroleum contamination (Farrington etal., 1983; 
Martin & Castle, 1984; 	Botello et al., 1983; 	etc.). 	These 
organisms are capable of concentrating petroleum hydrocarbons in 
their tissues when exposed to polluted waters. Similarly, they 
release petroleum hydrocarbons when placed in clean water. 

Field studies after oil spills often analyse hydrocarbon 
concentrations in oysters. A study of petroleum hydrocarbons in 
Tabasco State sediments and oysters after the Ixtoc.-1 blowout is 
reported by Botello et al., (1983). 	Oyster hydrocarbon 
concentrations were indicative of chronic petroleum contamination 
in contrast to the sediments which were relatively clean. 

The reported effects of petroleum on infauna is limited primarily 
to polychaete worms. These animals have proven to be relatively 
tolerant to petroleum (Neff & Anderson, 1981) and this tolerance 
increases with each new generation exposed to petroleum (Lee et 
al., 1979). Polychaetes are considered important in the direct 
degradation of oil and indirectly by turning over the sediments 
during feeding thereby allowing biodegradation of subsurface 
hydrocarbons. 

The Panama spill of 1969 resulted in heavy losses of inshore 
littoral fauna (Rutler & Sterrer in Ferguson-Wood & Johannes, 
1975). Similarly, the Zoe Colocotronis, a Puerto Rico spill, 
produced heavy losses of sea cucumbers, conchs, prawns, sea 
urchins and polychaete annelids (Nadeau, 1977). 	Subsequent 
monitoring, one and three years later, saw recovery of affected 
populations. Infaunal communities observed during this study 
were reduced in numbers and diversity as a result of oiling. 
Recovery of infaunal communities is assumed to be based on the 
re-establishment of substrate (deposited coral sand) conducive for 
a diverse infaunal community (Nadeau, 1977). Five years after 
the 1971 San Francisco oil spill, population recruitment was 
observed for barnacles, 	limpets, mussels, periwinkles, starfish, 
turban snails and shore crabs (Chan, E., 1977). 
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Perception of chemical stimuli by predator crabs, snails and 
bacteria is impaired by petroleum. In particular, mating 
pheromones of crabs have been shown masked by the oil 
(Gerlach, 1981). 

3.2.3.5 Communities 

The impact of petroleum on tropical communities is best 
determined by field observations. These are scarce in the 
literature and the studies far from exhaustive. However, the 
long-term effects of oil in the tropical environment may be less 
persistent than in temperate climates. 	The elevated temperatures 
and light intensity of the tropical climate is thought to speed up 
the degradative processes of the oil. 

3.2.3.6 Rocky Intertidal 

An oil spill in the Florida Keys was reported and monitored by 
Chan, E. 	(1977) over a 12 month period. The immediate impact 
was not serious. Within a few weeks, however, many groups of 
marine organisms were missing from the faunal assemblage. These 
included fish, sea urchins, holothurians, ophiuroids, echinoderms 
and crabs. Recovery was evident within six months for 
amphipods, shore crabs and fish. 

3.2.3.7 Sandy Intertidal 

Chan E. 	(1977) found heavily oiled stranded seagrass deposited 
along this zone. No organisms were found in this grass or in the 
oil -soaked sand. 	Within three months, 	the stranded grass was 
reduced, and amphipods and shore crabs were found associated 
with clean seagrass in the upper littoral area. 	Six months later 
the oiled debris was gone, and the abundance of amphipods and 
crabs was similar to the control area (Chan E., 1977). Gerlach 
(1981), reporting on a study of a heavily oiled Spanish beach, 
found almost total destruction of the meiofauna. This community 
did recover, however, and within 12 months the beaches appeared 
clean with abundant meiofauna recolonisation of the substrate. 

3.2.3.8 Mangrove 

Man groves are potentially the most sensitive of the marine 
environments. The severe impact is a result of the persistence of 
the oil adhered to the fine sediments. 	Mangroves are nurseries 
and breeding grounds for many species of marine organisms. They 
are ecosystems of high productivity and are the basis of a 
detrital food chain. 

All 	studies of 	oil spills 	in 	tropical 	environments containing 
mangroves report 	a uniform 	decimation 	of 	heavily impacted 
communities (Baker, 1981; 	Dicks, 	1984; 	Page 	et al., 	1979; 
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Chan E., 1977; Nadeau, 1979; 	Ferguson-Wood & Johannes, 1975). 
Oil is thought to damage mangroves by coating prop roots and 
pneumatophores, thereby interfering with oxygen supplies to the 
root system by blocking the air holes. Associated fauna are also 
affected. Reduced numbers of crabs and snails (Baker, 1981), 
polychaete annelids and amphipods (Nadeau, 1977) and gastropods 
(Chan E., 1977) have been recorded. Nadeau (1977) compared 
fauna and flora groups of the mangrove prop root communities 
affected by oil as a result of the Witwater (Panama) spill and 
the Zoe Colocotronis (Puerto Rico) spill. 	Both spills affected the 
same groups of organisms, i.e. algae, sponges, bryozoans, 
bivalves, barnacles, polychaetes, annelids and tunicates. 

A Floridian mangrove swamp affected by oil was studied by 
Chan E., (1977). Many species of fish were found dead along the 
loose rock and muddy fringe of the marsh area. 	No epifauna 
survived in the oiled areas; fiddler crab populations were 
decimated. 	Within six months, fiddler crabs, 	fish and wading 
birds were abundant in the area. A blue-green algal mat typical 
of the supralittoral marsh substrate had covered the surface mud 
in oiled regions. Permanent damage to young and dwarf 
mangroves and fleshy leaf halophytes was reported in the Florida 
study. Red mangroves of Cabo Rojo (Puerto Rico) were more 
sensitive to oil pollution than other mangrove species 
(Nadeau, 1977) emphasising that different types of oil will impact 
different ecosystems in an unpredictable manner. Page et 
al. (1979) concluded that the recovery potential from an oil spill 
for a coastal mangrove ecosystem is high. This is the only paper 
to draw this conclusion and emphasises the variability in 
interpretation of data by different scientists. 	These researchers 
reported a re-emergence of young trees after the oil spill and an 
associated loss of toxic components in the large volume of oil 
still trapped in the mangrove sediments. 

3.2.3.9 Seagrass Flats 

Like mangroves and coral reefs, seagrass falts are areas of high 
productivity. The common grassbed flora of tropical regions is 
Thalassia. These beds provide cover and a food source for many 
species of marine organisms. The Florida Keys spill study 
observed 	no 	oiling 	or 	death 	of 	attached 	Thalassia 
(Chan E., 1977). 

On the other hand, 	Nadeau (1977) found Thalassia impacted by 
oil entrained in the water column was coated with the oil 
resulting in a considerable amount dying. Within a year the 
areas denuded were rejuvenated and within three years completely 
recovered. 	I mpoveri shed seagrass sediment communities were 
reported by Dicks (1984) where hydrocarbon levels reached 
68, 500ppm. 
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3.2.3.10 Coral. Reefs 

One of the primary concerns associated with oil spills in tropical 
environments is the potential for coral reefs to survive the impact 
of a spill. Laboratory studies by Loya & Rinkevich (1979) have 
shown water-soluble fractions of crude oil (0.1-10ml/1) will cause 
shedding of planulae immediately upon exposure. This study also 
showed inhibition of larvae settling as a result of oil. Coral 
reefs may also be impacted by a surface oil film decreasing 
oxygen exchange and illumination in upper water layers, and 
leading to decreased photosynthesis and oxygen supply. Oil 
dispersion in the water column alters the physical properties of 
the reef surface thereby prohibiting the settling of larvae and 
reef recolonisation (Mergner, 1981). 

Other laboratory studies have shown physiological effects of oil 
on coral. Survival is shortened and normal behaviour affected 
(Reimer, 	1975) and growth rates are decreased by floating oil 
(Birkeland et al., 1974 in Chan, 1977). These sublethal impacts 
must be considered when studying chronic pollution of reefs. 

Field studies on the effects of petroleum on coral reefs are 
sparse. 	Mergner (1981) reported on permanent oil pollution 
damage to reefs in the Eilat region of the Red Sea. Reduced coral 
settlement on the reef flat, colony numbers and bottom cover are 
attributable to this chronic pollution. 

In contrast, two studies have reported on the effects of single 
impact oil spills on coral reefs in Indonesia (Baker, 1981) and 
Hawaii (Grigg & Dollar, 1981). Both studies reported no gross 
damage to reef flat flora and fauna. Grigg & Dollar (1981) found 
a 50m (radius) impact zone as a result of the vessel running 
aground on the reef itself. 	Similarly, 	an oil spill caused no 
detectable damage to the Florida Keys reef. Monitoring of the reef 
over the six months following the spill confirmed the original 
reports that the oil had caused no impact. The lack of damage 
was attributed to the fact that the reef was submerged at the 
time of impact and that the sea was relatively calm precluding 
the possibility of entrainment of the oil into the water column 
and subsequent deposition on the corals (Chan, E., 1977). 

3.2.4 Effects of Cleaning Up an Oil. Spill 

Past experience in dealing with spilled oil dictates the preferred 
clean-up procedures used today. The Torrey Canyon accident of 
1967 was combatted with dispersants and detergents. The 
dispersant BP 1002 was a poisonous mix of nonionic detergents 
and stabilisers in an aromatic solvent. All animal life on the 
beaches cleaned with these dispersants was killed. As a result, 
the Federal Republic of Germany and Helsinki Convention on the 
Baltic have banned dispersant use. 	In the US, dispersants are 
permitted only on spills of more than 30 tonnes, on water greater 
than 150m deep and never close to shore (Gerlach, 1981). 
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New dispersants, BP 1100 and Corexit 7664, have been developed 
with toxicities 1/1000th of that of BP 1002. Studies have been 
carried out to determine the effects of crude oil and dispersants 
on marine organisms. Cook & Knap (1983) have found an emulsion 
of crude oil and Corexit 9527 reduced photosynthesis in symbiotic 
zooanthellae by 85%. Corals recovered from the eight hour 
exposure within 3-24 hours. 

Oil dispersed over a coral reef, 	grassbeds or mangroves would 
probably cause greater mortalities than if left untreated. 
Similarly, bulldozing oil -contaminated sediments from a marsh will 
cause as much, 	if not more, impact on the long-term viability of 
the ecosystem as the oil (Farrington, 1985). 

Dispersants are more effective in warm water when applied to an 
unweathered slick. 	They are used as a last resort on oil that 
may potentially impact environmentally sensitive locations (e.g. 
mangroves, coral reef, 	grassbeds, 	etc.). The advantages of 
dispersants are increased rate of oil degradation, 	less tendency 
for oil to form a tarry residue, reduced fire hazard with some 
flammable petroleum products, less contamination of beaches and 
solid surfaces, and decreased impact on waterfowl. The 
disadvantages include potential toxic effects of the dispersant to 
aquatic life, 	exposure of organisms to toxic hydrocarbons in the 
dispersed oil, 	and the lack of knowledge regarding the fate of 
dispersed oil (Fingas, 1979). 

The best method for dealing with oil at sea is to mechanically 
clean up the oil with the use of skimmers. The oil may be 
surrounded by floating booms for containment and the oil skimmed 
out from inside (Gerlach, 1981; 	Fingas, 1979; TITOPF, Technical 
Information Paper No.5, 1983). These booms are not effective in 
moderate to heavy seas. They may be used in nearshore areas, 
tidal pools, intertidal and swash areas. 	If the oil is moving 
toward environmentally sensitive areas, the use of dispersants 
may be considered. 	It is preferable to use dispersants in deep 
water, offshore. 

Beached oil should be left to weather naturally (Warren Spring 
Laboratory, 1972). In tropical areas this weathering is relatively 
fast with respect to the rates encountered in temperate climates. 
Problems with beach erosion are encountered when sand is 
physically shovelled off a beach. Clean replacement sand should 
be as close as possible in grain size to the original sand or it 
will be eroded away. Oil may be removed from the water surface 
or beach by adsorbing it onto absorbent material such as straw 
or polyurethane balls. 

3.2.5 Conclusions 

Light Australian reservoir fluid is expected to weather rapidly if 
spilled into the marine environment. The physical processes 
regulating the rate of weathering are controlled to a large extent 
by temperature. The warm temperatures experienced on the North 
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West Shelf will increase the rate of spread, evaporation and 
dissolution of the oil. Biodegradation will also increase if 
sufficient oxygen and nutrients are present. 

The oil might emulsify and weathering rates will depend on the 
type of emulsification formed: oil-in-water (faster) or water-in-oil 
(slower). Oil that sinks will be capable of impacting organisms 
throughout the water column and sediments. Beached oil appears 
to be a relatively short-term problem in tropical areas. Oil 
impacting mangrove systems may persist for up to 10 years after 
washing ashore, due to the fine sediments and their preferential 
absorption/adsorbtion of oil. 

Variability is seen in the floral or faunal species killed by an 
oil spill. Some species are resistant to oil whereas others are 
totally eradicated in the wake of an oil spill. 	It is difficult to 
predict which species will be afflicted. 

A decrease in the faunal density, diversity and number of species 
will occur after an oil spill. The impact of an oil spill may 
therefore appear even greater in a tropical environment where 
species diversity is very high. The most sensitive ecosystems 
highlighted in tropical areas are mangroves and coral reefs. 
Coral reefs survive oil spills if the oil does not coat them at 
all. 	Mangroves are killed because coating oil blocks breathing 
holes in the root system. 

The use of dispersants should be avoided if possible. Most 
reports find varying degrees of toxicity associated with 
01 1/dispersant emulsions. 	Dispersants must never be used on 
beaches or mangroves. They may be used to sink oil at sea if it 
is a potential threat to a sensitive ecosystem. The preferred 
method for removal is to skim the oil off the sea surface, after 
containment by floating booms. Oil may be physically removed 
from coastlines if the impact is economically and aesthetically 
serious. 

The most important and commonly stated conclusion regarding oil 
spills and petroleum operations in tropical areas is the lack of 
information and long-term research of the fates and effects of the 
oil. 
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TABLE 1 

SUNPARY OF COASTAL SHORELINE SYSTENS IN ORDER OF 

INCREASING VULNERABILITY TO OIL SPILL DANAGE 

I 	 I 	 1 	 I 
I 	Vulnerability 	I 	 I 	 I 
I 	Index 	 I 	Shoreline Type 	I 	 Comments 	 I 

1 	 Exposed rocky headlands 	Wave reflection keeps most of 

the oil offshore. 

2 	 Eroding wave—cut 	 Wave swept. Most oil removed by 

platforms 	 natural processes within weeks. 

3 	 Fine—grained sand 	 f Oil does not penetrate into the 

beaches 	 I sediment. Otherwise, oil may 

persist several months. 

4 	 Coarse grained sand 	1 Oil does not sink in and/or 
beaches 	 become buried rapidly. Under 

moderate to high energy 

conditions oil will be removed 

I naturally within months of the 

I beach face. 

5 	 Exposed, compacted tidal I Most oil will not adhere to, or 
flats 	 I penetrate into, the compacted 	I 

I tidal flat. 	 I 

6 	 Mixed sand and gravel 	Oil may undergo rapid penetration I 
beaches 	 I and burial. Under moderate to low 

I energy conditions, oil may 

persist for years, unless 

I physically removed. 

7 	 Gravel beaches 	 1 Same as above. Clean—up should - 

concentrate on the high—tide 	I 
swash area. A solid asphalt 

I pavement may form under heavy oil 

accumulations. 

8 	 Sheltered rocky coasts 	1 Areas of reduced wave action. 

I Oil may persist for many years if 

not physically removed. 

9 	 Sheltered tidal 	 Areas of great biologic activity 

I and low wave energy. Oil persist 

I for years if not physically 

removed. 

10 	 Salt marshes 	 Most productive of aquatic 

I environments. Oil may persist for 

years if not physically removed. 

SOURCE: IHCO/LJNEP (1982) 
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TABLE 2 

SPILLED OIL REMOVABILITY INDEX 

Lowest Iwuber Best Removal 

Oil or mousse trapped in quiescent areas where it is consolidated by current, wind or 

booms where it can be removed, by vacuum trucks or shore operated skimmers, from a 

water surface. 

Mousse on the surface of gently sloping hard—packed beaches. Manual removed. 

Consolidated oil or mousse removed by vessel—operated or dynamic skimmers. 

Oil on the surface or uniformly soaked into the surface of gently—sloping hard—packed 

beaches. Manual removed. 

Oil trapped in pools in marshes or rocks accessible by externally—located vacuum 

systems. 

Heavy oil concentrations floating loose on the water and removed by skimmer systems. 

Oil or mousse on the surface of irregular or low—load bearing capacity beaches which 

must be removed by manual or semi—manual method. 

Oil or mousse in marsh or mangrove areas where water—flushing to collection point is 

possible and water access for logistical support is available. 

Oil or mousse in inaccessible marsh or rocky areas where logistics are expensive and 

removal is by hand method, such as dipping or absorbents. 

Removal of buried oil on beaches where clean overburden material must be removed by 

hand to get to the heavily—oiled layers of sand and mousse. 

Oil or mousse in vegetation where removal of oil requires removal of the vegetation, 

such as seaweed, marsh grass, trash, etc. 

Light concentrations of oil on the water surface. 

Removal of the oil contaminated layer on mud flats or marshes by scraping, skimming 

off the contaminated layer or dredging. 

SOURCE: IMCO/UNEP 1982. 
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TABLE 3 

A SUNNARY OF EFFECTS OF OIL IN TROPICAL NARINE ENVIRONMENTS 

I 
Community or 	Damage and Type of Effectl 

I 
Recovery Rates Relative Possibilities 

Population Type Following Damage 	I Sensitivity for Clean—Up 

To Oil After Spills 

Coral Reefs 	Susceptible 	to damage Behavioural effects Sensitive Very few, 

I 	from 	oil, 	drilling muds temporary. 	Recovery leave to self 

& dispersants. 	Effects rates 	poorly 	known, clean 

range from mortality to Recolonisation of oiled 

abnormal responses 	and areas 	is delayed. 

reduced growth and 

reproductive processes 

Seagrass Beds Some 	species 	show 	short 	I Recovery may be 	rapid Sensitive Very 	few, 

term local 	damage. 	Severe I after minor damage. leave to self 

damage 	to 	intertidal Retention of oil 	in clean 

organisms 	as a result of 	I sediments may cause 

oil 	and 	dispersant. long—term problems. 

Epifaunal 	communities 	I 
suffer damage. 

Mangroves Highly 	susceptible 	to Recovery 	is 	slow. Very Very few, 

even 	light oiling 	I Estimates from 	10's— 	I Sensitive reinstatement 

resulting 	in defoliation 100's of years 	to possible by 

C death. 	Faunal 	mortali— 	I attain a mature forest planting 

ties 	leading to decrease Retention of oil 	in 

in population 	density. sediments may cause 

I long—term problems. 	I 

Intertidal mud 
I 

Often rich flora C fauna 
I.  

Vary 	from 	rapid 	(mo/yr)l Sensitive I 	Few, 
sand flats including seagrasses C 	I to 	slow 	(10's 	of 	yrs) 	I Collection 

mangroves support great depending on degree of may be 

variety of polychaetes, 	I oil 	retention and possible 	in 

bivalves & crustaceans. availability 	of some cases 

Shallow lagoons C inter— 	I recolonising 	species. 	I 
tidal 	areas are spawning 

or nursery grounds. 

Impact on bird & fish 

feeding 

Seagrass flats Susceptible to oiling, Recovery 	rapid, Sensitive None 

leads 	to death, 	denuding within 	12 months 

of area 

over 
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TABLE 3 (Cont) 

1 	 1 	1 
Community or 	Damage and Type of Effecti Recovery Rates 	 I Relative 	I Possibilities I 
Population Type 	 Following Damage 	I Sensitivity for Clean—Up I 

To Oil 	I After Spills I 

I 	 I 	 I 	I 
I Rocky Intertidal j Effect light, organisms 	Fast recovery. Return I Low 	I Mechanical 

I 	 hardy. Damage done by 	of species with 	I Sensitivityl removal 

I 	 I coating leading to 	I mobility. 	 I 	possible 

I 	 suffocation or loss of 	I 	 I 
I puchase on substrate. 	I 	 I 	I 

Seabed Sediments 	Vary from severe 	 May form a sink for 	I Sensitive 	None 

I 	 macrofaunal depletion to 	pollutants, 	 oil may 

subtle disturbances 	Largely unknown, 	I reach them 

I 	 I to community structure. 	persistence will dependl slowly 

I 	 Increase in abundance of 	on degree of retention I 
I opportunist species may 	of oil. 

occur. Offshore oilfields 

I may produce a distinct 
zone of effect, usually 

restricted to within 

1000m of platform. 

Open Waters 	I 	Surface dwelling Unknown. 	Local breedingl 	Some I 	Oil 	 I 
I 	organisms may 	suffer 	I populations of larval 	components dispersants 	I 
(birds, 	mammals, 	planktonl fish & shellfish may 	sensitive may 	be 	I 
neuston). 	Lethal 	and 	I take longer to recover, I effected in 

sublethal effects on fish I Plankton should recoverl removing oil 	I 
by oil 	& flesh 	tainting 	I rapidly. I from surface 

occurs. 

Benthic 	 Mortalities lead to I 	Immigration from Some 	 None 

Communities 	decrease in population surrounding areas components 

density & age distribut— I 	should speed up sensitive 

ions. Change 	in species recovery. 

abundance and distribut- 

ion, imbalance between 

interacting populations. I 

I 	 1 
I 	Birds 	 I 	Very easily damaged, Damage to breeding 

1 
Very 	Possible but 

I 	 I 	oiling of plumage 	and population will 	cause sensitive 	variable 

I 	 I 	ingestion of oil 	result slow recovery, success. 

I 	 I 	in 	large 	mortalities. 

I 	 I 

.conttd over 
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TABLE 3 (Cont) 

Community or 	Damage and Type of Effectl Recovery Rates 	 I Relative 	I Possibilities 
Population Type 	 Following Damage 	I Sensitivity for Clean-Up 

I 	 To Oil 	After Spills 

Fish 	 Possible to avoid spills. Fast to moderate 	Moderate 	( None 

I 	 I Greatest danger to local I recovery rates. Fast 	I sensitivity 

I 	 breeding populations in 	immigration of larvae 

I 	 confined waterways or 	and adults. 
benthic fish in heavily 

I 	 polluted substrates. 	I 

Mammals Chances of impact 	I Slow if population is 	Unknown 
reduced by low abundance I  seriously affected. 
of mammals and ability to 

escape the area impacted. 

Conclusive evidence of 

death due to oil is rare 

Possible effects, 

ingestion of oil during 

grooming, loss of thermall 

insulation and/or water- 

proofing and eye 

irritation. 

I None 

SOURCES: Dicks, 1984. 

Hyland & Schneider, 1977. 
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OIL SPILL CONTINGENCY PLAN 

1 INTRODUCTION 

Engineering safeguards have been designed to minimise the risk 
of an oil spill from the Saladin oilfield. 	The probabilities of 
an oil spillage occurring during the life of the project have 
been reviewed, based on the assessment of a similar 
development. An assessment specific to this project will be 
carried out by an international licencing agency such as Lloyds 
or Det Norsk Veritas. 

Whilst the probabilities of an oil spill are low, 	safeguards 
complementary to the engineering safeguards are required to 
minimise the adverse effects of a spill, should it occur. 	The 
contingency plan for this project considers marine oil spills at 
the well locations at Saladin and the subsea pipelines 
connecting Thevenard Island to the tanker loadout facility, and 
the possibility of a diesel oil spill at Thevenard Island during 
delivery of fuel to the shore based facilities. 

The planning considerations described below will be the subject 
of regular updating as project logistics are refined and new 
data become available, particularly data from other oil 
producers with responsibilities in this region. 	The detailed Oil 
Spill Contingency Plan Manual will then be prepared prior to 
the production phase. 

2 OBJECTIVES AND PRIORITIES OF OIL SPILL PLANNING 

If by accident or an unforeseen combination of events, 	a spill 
does occur, the oil spill contingency plan objectives, in order of 
priority, are:- 

follow procedures to protect human life and equipment and 
in particular, take steps to reduce the risk of fire or 
explosion; 

cut off the supply of oil to the spillage; 

notify predetermined company and government personnel 
with information on the extent of spill, weather and 
current conditions in the area so that the appropriate 
management actions can be implemented; 

implement actions for oil spill tracking, containment, 
collection, treatment and clean up as appropriate; 
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prepare a report to be forwarded to the West Australian 
Department of Mines describing the spill, 	damage arising, 
the cause and remedial action; 

monitor shoreline and intertidal zones, 	if impacted by an 
oil spill, for environmental effects. 

3 CHARACTERISTICS OF OILS 

Two types of oil will be handled at the site: 

produced light crude oil; 

diesel fuel transported from Onslow and employed on 
Thevenard Island for plant operation. 

In addition, bunker fuel oil will be carried by the tankers 
taking crude oil to Kwinana or other ports. 	There will be no 
fuelling facilities provided on site for these vessels and they 
will not be discharging contaminated ballast water into the sea 
at the site. 

3.1 CRUDE OIL 

Crude oil produced from the Saladin field has an API gravity of 
47 and is a very light oil. Sea water temperatures are generally 
in the 20

0
-300

C range with even higher temperatures being 
experienced in shallow embayments. This oil is very volatile and 
evaporation will be the dominant source of loss if a spill 
occurs. Studies on evaporative rates of light oils in warm 
climates have shown a rapid loss of volume with time. For 
example the Barrier Reef Commission (1974) concluded that half 
the original volume of oil is lost within 1-2 days. 	Harriet field 
reservoir fluid is expected to undergo a 75% loss through 
evaporation within a few days of a spill (Bond Oil No 1 1985). 

After most of the oil has evaporated the residue can be assumed 
to have properties similar to the diesel fuel, a description of 
which follows. 

3.2 DIESEL FUEL 

A typical diesel (e.g. distillate fuel as supplied by Shell 
Australia) has a density of 0.85 at 15 C and is a light-end 
petroleum product which rapidly spreads out to a thin film and 
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evaporates after spillage. Estimates of spreading and 
evaporation, based on average weather conditions for a marine 
environment in this region, are shown in Tables 1 and 2. 

4 OIL SPILL TRAJECTORIES 

The Oil Spill Contingency Plan Manual will incorporate typical 
trajectory estimates and the associated tidal and wind driven 
current data for 6, 12, 24 and 48 hour intervals after spillage. 
The maximum radial extent of impact projected by trajectory 
studies is given in Fig. 1. These will be referred to by the 
responsible officers on site and in the Perth office when 
tracking the observed trajectory of a spill. Any significant 
variations will be noted and referred to in the deployment of 
combat equipment on site. 

5 NOTIFICATIONS AND COMMUNICATIONS 

The hierarchy of industrial action established to deal with oil 
spills is as follows: 

Deployment of equipment and staff belonging to the 
operator (West Australian Petroleum Pty. Limited). 

Deployment of equipment and staff in the region which can 
be called upon by West Australian Petroleum Pty. Limited 
as a member of the WA Offshore Operators Oil Spill 
Equipment (WA000SE) group. 

Deployment of equipment and staff available under the 
Australian oil industry's Marine Oil Spill Action Plan 
(MOSAP). 

Additional assistance for a major oil spill situation 
available under the State and National plan to Control 
Pollution of the Sea by Oil (NATPLAN). Under NATPLAN, 
equipment could be mobilised from the Eastern States if 
required. 

WA000SE is a co-operative of locally-based operators that in 
this case can facilitate the transfer of equipment and manpower 
from Port Hedland through Brambles Manford. 

MOSAP's role is to maintain an organisation capable of assisting 
a member company such as West Australian Petroleum Pty. 
Limited, in combating an oil spill of a size which is beyond the 
member's ability to handle adequately. MOSAP's Regional 
Industrial Controller (RIC) is located at Dampier. The RIC 
maintains liaison with State authorities, State branches of 
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Combat Committee which is the W.A. arm of NATPLAN. Liaison 
with NATPLAN is carried out through the RIO and his superior, 
the MOSAP Overall Industry Co-ordinator. 

The W.A. Department of Mines, 	in issuing guidelines to offshore 
operators, has outlined notification procedures for two categories 
of oil spills, either within or beyond the oil companies handling 
capability. With minor variations, they are appropriate to this 
project and are shown diagramatically in Figures 2 and 3. 

An Oil Spill Contingency Plan Manual will be issued to all key 
staff. 	It will include names (by organisation and position), 
home and office phone numbers and addresses and contact 
channels for the following personnel. 

Thevenard Island Superintendent and Deputy 
Drilling and Production Manager 
WA000SE Representative (Perth and Port Hedland) 
MOSAP RIO (Dampier and Fremantle) 
Personnel nominated by respective government departments 
listed on Figures 1 and 2. 
State Combat Committee Representative 
Helicopter Charter Company (Perth/Karratha) 
Light Plane Charter Company (Perth/Karratha) 
Workboat Master/Barge Master 
West Pilbara Shire Clerk and Deputy 
WAPET Barrow Island Field Superintendent, 	(is also MOSAP 
L.I.C. Port of Barrow Island) 
Boat Charter (Onslow/Dampier) 
WAPET Environmental Advisor 
Diving Services (Perth) 

The base office at Thevenard Island, which will be linked by 
VHF channels to the Telecom overland system at Onslow, 	will be 
the centre for all site communications. 

Perth office will initiate communications with government 
departments and outside agencies. 

6 CONTAINMENT, RECOVERY AND CLEAN UP RESOURCES 

6.1 EQUIPMENT 

Equipment for containment and recovery of an oil spill will 
include the operator's resources on site, regional resources, 
resources in W.A. and interstate (refer to Contingency Logistics 
Chart, Fig. 3). 

The types of equipment utilised to handle floating and beached 
oil spills are listed in Table 3 and briefly described below: 
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6.1.1 	Oil Stick at Sea 

Floating booms are used to either: 

contain the oil to facilitate collection by skimmers; or 

deflect the stick away from sensitive local areas either 
back to sea or on to identified collection beaches. 

These booms are 100-600m long, are often drum-mounted and have 
a total weight which can be in excess of 5 tonnes. They are run 
out and towed to the slick and are generally effective in choppy 
seas up to 1-1 .5m wave height and currents up to 1 knot, 	or 
2.5 knots in the case of deflection mode. Containment and 
recovery equipment available in Western Australia in the event 
of an oil spill, 	the location, and estimates on mobilisation and 
deployment times are listed in Table 4. 

6.1.2 Beached Oil Slick 

If a spill beaches itself it can, under favourable circumstances, 
be recovered in part by the use of absorbent mats, vacuum 
collection equipment or by direct mechanical surface skimming 
(e.g. light grader and front end loader). 	In muddy areas these 
methods are usually inappropriate and in rocky areas grading 
is impractical. Saladin oil is very light, it has a low density, 
and low viscosity and therefore spreads easily and rapidly into 
a thin film. These physical characteristics make collection of oil 
by absorbants mats or vacuum devices impractical. Sea water 
pump sluicing can be utilised on rocky surfaces on a falling 
tide to clear the retained oil film. 

It 	can 	be 	seen 	from 	the 	description 	of the 	light crude 	oil and 
dieseline 	that 	the 	most 	effective 	means of 	disposal, 	except for 
larger 	single 	spills 	of 	the order 	of 	100 tonnes 	or more, 	will be 
evaporation. 	Nevertheless 	the operators will 	have a 	substantial 
suite 	of 	containment 	and 	collection equipment available if 
required. 

Table 4 lists the equipment necessary to deal with oil spills 
which is available for mobilisation and application outside the 
immediate WAPET resources. This equipment resource would be 
augmented during the production phase by specially selected 
equipment held on Thevenard and Barrow Islands. Simplicity of 
operation and the ability to be rapidly deployed and recovered 
in shallow waters are factors considered paramount to this site's 
specific equipment. 

The Jackson Pollution Net is one system under consideration by 
the operator. 	It comprises a double layer of 1mm mesh nylon 
with an intermediate polypropylene membrane for light oil 
containment. Based on purse-seine net principles its deployment 
and retrieval will be a familiar operation to local professional 
fishermen. From a launch, without ancilliary handling 



equipment, two men can deploy 300m of net in 20 minutes. It is 
reported to have been successfully tested under 25 knot winds 
and 1.5m high chop off the north coast of Scotland. 

The equipment on Thevenard Island would be used at short 
notice to contain or deflect oil spills clear of the island 
shorelines. 	It can be rapidly deployed for similar tasks in 
shallow waters at adjacent islands (or near the mainland in the 
unlikely event of significant oil slick reaching this area). 

A shallow draft Multi Purpose 
will be onsite with other barge 
from Barrow Island and Onslow. 

Vessel for operating the booms 
and launch resources available 

62 CHEMICAL DISPERSANTS 

Chemical dispersants break down the oil slick surface tension, 
converting the surface slick to small droplets carried in the 
water column. Environmental restrictions in the use of 
dispersants are described in Section 6. 

Dispersants 	would 	not 	be 	used 	unless directed 	by 	the 	State 
Combat 	Committee 	and 	the 	Department of Conservation 	and 
Environment. 	Dispersants approved by the State Combat Committee 
(Corexit 9527 or BP 	1100) 	have passed the toxicity 	and 	efficiency 
tests 	of 	either 	the 	UK 	Government or the US 	Environmental 
Protection 	Agency. 	Available 	stocks of 	these are 	listed 	by 	the 
Department 	of 	Mines. 	Forty 	eight 	x 200 litre drums of 	Corexit 
9527 	are 	palletised 	and 	available 	for dispatch on 	site from Port 
Hedland through WA000SE. 

In addition, 	the site vessel will have on board approximately 
1,000 litres of Corexit 9527 together with pump and spray 
equipment. During the production phase, a similar reserve of 
dispersant would be held on Thevenard Island, 	with additional 
dispersant and equipment available from Barrow Island. 

6.3 MANPOWER 

During the production phase at least six personnel from the 
permanent workforce would receive training and be regularly 
drilled in boom deployment and operation. Three of these would 
be on Thevenard Island at any one time. They would be assisted 
by the crew of the site vessel. 

Three trained operators are available on call from Perth through 
WA000SE and one from Port Hedland. These would be 
supplemented, if necessary, by charter boat crews from Barrow 
Island and Onslow, and if required under emergency conditions, 
from Dampier and the Harriet oilfield. 
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7 OIL SPILL ACTION PLAN - PRODUCTION PHASE 

7.1 MANAGEMENT, RESOURCES AND COMMUNICATIONS 

As an introduction to the sequence of actions associated with 
combatting an oil spill, a brief reiteration is given of the 
project management, resources and communications facilities 
which will be in place. 

Site operations will be directed by the Thevenard Island 
Superintendent who will report to the Manager, Drilling and 
Production, Perth office. Operators will be instructed and 
trained in safety procedures to be followed and the Emergency 
Procedure Manual will be issued to Thevenard Island and Perth 
office personnel. 

Oil spill equipment and dispersants located on site will comprise 
a 300m (minimum) long light oil containment boom with anchors 
and buoys, a recovery skimmer, 2,000 litres of approved 
dispersant and a mobile sluice pump for washdown purposes. The 
Multi Purpose Vessel will be equipped to handle and operate this 
gear and to spray the dispersant. 	Three personnel trained in 
handling the equipment will be on site, four others will be 
available for immediate mobilisation to site, one from Port 
Hedland and three from Perth. 

In addition, equipment and manpower available through WA000SE 
and MOSAP can be requested or mobilised in readiness for use. 

A helicopter can be available at approximately two hours notice. 

Contingency arrangements for additional boat availability from 
Barrow Island and Onslow can be implemented. 

Boat to shore to mainland radio communication will be in place. 
Charts showing typical forecast oil spill trajectories under 
various wind and tide patterns will be on site for combat 
reference purposes. 

7.2 ACTION ON ADVICE THAT SPILL HAS OCCURRED 

Initial Response: 

(i) 	the 	person 	who first 	observes the spill 	will initiate 	safety 
procedures to ensure the safety of personnel and 	will 	then 
report 	to 	the Superintendent 	the 	location, cause and time 
of occurrence (if known), 	whether the source is 	shut 	off, 
safety measures taken, 	the type of oil, 	the volume estimate 



or the dimension of the slick or both, the direction of 
travel of the slick and the wind/sea state, tide and 
cloud/visibility conditions; 

(ii) 	if 	the oil 	spill 	site 	is not 	manned, 	the 	multi 	purpose 
vessel will 	be 	sent 	to investigate 	(with instructions 	to 
remain upwind 	and clear of 	a 	fresh 	spill for 	30 	minutes 
after release). 	The 	spill source 	will be 	shut 	off 	if 
possible. A 	diver 	is 	to be 	brought in 	by helicopter 	for a 
subsea source inspection if 	required; 

the Superintendent will assess, from reports, 	whether the 
spill is minor or major and if major, 	whether it is within 
site and WA000SE containment capability. 	He will refer to 
current weather forecast and tide movement (which will be 
displayed in his office) and then advise the Manager 
Drilling and Production Perth office of the position; 

Manager Drilling and Production Perth office will contact 
personnel as listed on Figures 2 and 3; 

the Superintendent will arrange for either a helicopter or 
charter plane to provide 3-6 hourly interval reporting 
during daylight on slick position and size. Site equipment 
operators and craft will be put on standby. 

Subsequent responses will depend upon the size of the spill, 	its 
source, and the prevailing and forecast weather conditions. 

A range of conditions and corresponding responses are discussed 
below. 

7.3 RESPONSE SCENARIO'S 

7.3.1 Response Scenario 1: 

Assume a small spill of 20m3  comprising either light crude oil or 
diesel, with the source effectively sealed. 

(i) Monitor the slick movement and have the Multi Purpose 
Vessel boom and skimmer on standby. If the slick is likely 
to beach within six hours, seek instructions from Manager 
Drilling and Production Perth (who will in turn contact the 
Department of Conservation and Environment and the State 
Combat Committee) on the application of dispersant. 	If the 
instruction is negative, continue surveillance and 
collection or deflection action until negligible oil traces 
remain. Dispose of any collected oil/water mix either at 
the West Pilbara Shire nominated disposal site or return to 
the oil/water separator at Thevenard Island. 



Advise Manager Drilling and Production Perth of task 
completion, refer to detailed logs and prepare report. 
Initiate, with Manager Drilling and Production, measures 
to avoid recurrence. 

(ii) If the spill is likely to reach Thevenard Island shores 
overnight, flood lighting from boats will be used to assist 
in offshore containment and deflection operations. Arrange 
for regular shoreline patrols (these will also discourage 
use of the beaches by turtles and birds at this time). 

If remnant slicks do reach the shore, apply water jets 
over contaminated rocky shores on a falling tide. Attempt 
to secure and clean up any birds or turtles which may 
have been oiled, (procedures for this activity will be 
detailed in the Operations Manual). 

Arrange for the environmental specialist to inspect the 
cleaned area, and to set post-spill monitoring of the 
impacted area. Complete the oil spill report and forward 
through the Manager Drilling and Production Perth to the 
Department of Mines. 

7.3.2 Response Scenario 2: 

Assume a 100m3  release of light crude oil from a wellhead 
source. 

The following variations to Response Scenario 1 would apply: 

(1) Manager Drilling and Production Perth to notify WA000SE 
to either: 

place Port Hedland equipment and trained supervisor 
in readiness for dispatch to Onslow; or 

order dispatch to Onslow. 

Option (b) to apply if the Superintendent advises the 
Manager Drilling and Production Perth that equipment 
supplementary to that held on site is required to control 
the spillage, 	or an immediate prospect exists of the slick 
reaching a shoreline or reef. 

(2) 	MOSAP to be on standby to receive a request to mobilise 
supplementary equipment and manpower. 

The tracking and containment/collection and dispersion 
procedures to be in operation are as described in Response 
Scenario 1, employing the Thevenard Island based resources. 
Impingement of the slick from a spill at Saladin onto the 
adjacent Island or mainland areas could occur only after the 
passage of at least six hours and with consistent winds and 



tidal conditions favouring a landfall. By this time very 
substantial reductions in film thickness and volume would have 
occurred by natural evaporative processes. 

If the conclusion is reached during tracking of the oil slick 
that a portion of the slick could impinge on, for example, 
sensitive mainland areas, then the WA000SE barrier and, if 
required, barriers mobil i sed from Perth/Fremantle under MOSAP, 
will be deployed in a combination of containment and deflection 
modes to protect the more significant areas. 

These actions will be taken under the field direction of the 
Superintendent Thevenard Island reporting to the Manager 
Drilling and Production Perth who in turn would be responsible 
for co-ordinating the flow of data to, and the advice and 
instructions received from, the MOSAP RIC, the State Combat 
Committee and the nominated government departments. 

Shoreline clean up action, where appropriate, to be implemented 
as described under Response Scenario 1 for rocky shorelines. 

Under Response Scenario 2, the Deputy Superintendent or his 
appointee to be installed at Onslow to supervise, under the 
Superintendent's direction, the receival and deployment of 
resources sent to the site under WA000SE and MOSAP auspices. 

7.3.3 Response Scenario 3: 

Assume a continuing major flow of oil and difficulties being 
experienced with shut down. 

Response Scenario 2 to be followed in respect to deployment 
equipment, except that priority to be given through the 
State Combat Committee and MOSAP to the urgent deployment 
of all available State resources, with supplementary 
national resources on standby. 

Equal emphasis to be given through the Manager Drilling 
and Production Perth office to the assembly of specialist 
contractors, to achieve shut down as soon as practicable 
commensurate with safety requirements. 



TABLE 1 

CHANGES WITH TINE PREDICTED IN THE DIAMETER (0), AREA (A) AND AVERAGE THICKNESS (TH), 
OF SLICKS ARISING FROM SPILLS OF 2, 50, 100 AND 200 TONNES OF DISTILLATE FUEL OIL. 

Vo, K and Do assu.ed constant. 

2 TONNES (2.38m3 ) 

TINE 	D=34.5 

I (MIN-)  

I 	UTES) 	I 	 I 
3 2  0(m) I A(10m)  I Th(pm) 

50 TONNES (59.5m3 ) 
	

100 TONNES (119m3 ) 
	

200 TONNES (238m3 ) 

0=102 
	

0=127 
	

0=161 31t 

0(m) I A(103m2)  I Th(pm)  I 0(m)  I A(103m 2) I Th(pm) 	0(m) 	A(103m 2 ) 	Th(pm) 

10  1 	74 J 	4.3 
20 94 6.9 

40 118 10.9 

60 137 14.7 

80 149 17.4 

100 161 20.3 

120 169 22.4 

200 	I 204 32.7 

500 274 59 

800 321 80 

1,000 	I 345 93 

2,000 	I 431 147 

550 220 38 1,560 282 62 1,905 345 93 2,560 
340 274 59 1,010 345 93 1,280 435 148 1,608 
220 345 92 640 435 	I 148 800 549 236 1,010 
161 396 123 480 498 	I 195 610 631 314 	I 759 
136 431 	I 147 406 549 236 505 690 372 640 

I 	116 470 173 342 588 	I 271 438 741 	I 430 	I 553 

I 	106 498 195 305 623 304 I 	391 788 488 	I 488 
73 592 275 I 	216 764 458 260 933 682 349 

I 	40 804 507 117 1,007 795 149 1,270 1,267 	I 188 
29 941 	I 694 85 1,176 1,086 109 1,493 1,750 136 

I 	25 1,020 817 73 1,274 1,275 I 	93 1,607 2,026 	I 117 

I 	16 1,272 1,270 47 1,603 2,020 58 2,023 3,211 	I 74 
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TABLE 2 

RELATIONSHIP BETWEEN TIME AND EVAPORATION 
FOR DIESEL SPILL 

TIME APPROXIMATE OF 

I (HRs) 	OIL REMAINING 

	

1 	j 	 90 

	

6 	I 	 60 

	

12 	I 	 45 

I 	24 	I 
I 

35 	I 
I I 

I 	48 	I 
I 	I 

25 	I 
I 

Of the fuel oil remaining after 48 hours, 

less than 2 is composed of the higher and 

potentially more toxic components (C11—C15 

range). 
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TABLE 3 

EXAMPLES OF TECHNIQUES ASSOCIATED WITH 
VARIOUS OIL SPILL TREATMENT STRATEGIES 

STRATEGY 	 TECHNIQUES 

Contain or divert oil 	Curtain or fence type boom 

Booms incorporating pick—up 

I Absorbent booms 

Physical removal 	 Skimmers 

Absorbents distributed then picked up 

Mechanical pick—up 

Move oil into different 	Loose absorbent not recovered 

part or form of environment 	Sink to sediment 

Disperse into the water column 

Rely on natural degradation 	Natural biodegradation by microbes and 

photochemical oxidation 

I Destroy the oil by burning 	Burn, with or without combustion aids 

The strategy of not treating an oil spill and relying on natural 

biodegradation is appropriate if:— 

the spill is unlikely to threaten the sensitive area, or 

alternative treatments may be more damaging than the oil (i.e. 

dispersants and clean—up in intertidal and other sensitive habitats). 

Natural biodegradation is especially indicated in the case of light 

crude oil with a high evaporation rate such as from the Saladin field. 
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TABLE 4 

CONTAINMENT AND RECOVERY EQUIPMENT SCHEDULE 

ESTIMATED APPROX. 

LOCATION EQUIPMENT CONTRACT 
MOBILISATION AND 

TO OIL SLICK 

*port Hedland 

f 
Vikoma Seapak 	(450m) WA 000SE 

1 
24 hrs 	(Road/boat) 

*Surrup Peninsula Jackson net 	(600m) 
f 

Woodside 20 hrs 	(Road/boat) 

Lowendal 	Island Jackson net 	(200m) Bond 15 hrs 	(boat) 

Geraldton Expandi 	Boom 	(300n) Marine C Harbours 24 hrs 	(Road/boat) 

(National Plan) 

*Fremantle Troil 	Boom Giant 	(102m) F.P.A. 30 hrs 	(Road/boat) 

12 hrs 	(Air/boat) 

Slickbar Boom 	(600m) E.P.A. 12 hrs 	(Air/boat) 

Troil 	Sweep 	(S.S.S)(15m) National Plan 12 hrs 	(Air/boat) 

I 	Expandi 	Boom 	(300m) National Plan 	I 12 hrs 	(Air/boat) 

*Karrakatta Vikoma Seapak National Plan 12 hrs 	(Air/boat) 

Barrow 	Island Jackson 	net 	(500m) WAPET 3-12 	hrs 	(Air/boat) 	I 
Helicopter spray unit 

* Various Skimmers and spraying units available from these sources. 

In addition, 	booms are available from Melbourne, Westenport,l Adelaide and Sydney which 

could be mobilised on site at an estimated 48 hours notice using aircraft. 
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ARCHAEOLOGICAL INVESTIGATIONS OF 

THEVENARD ISLAND, ONSLOW 

THEVENARD ISLAND PHYSICAL DESCRIPTION 

Thevenard Island lies some 20 km northwest of Onslow in the 
Ashburton area of Western Australia. 	It is composed of a series 
of roughly east-west trending sand dunes which nowhere exceed 
5 m in height (see Fig. 1). 	Aerial photography clearly reveals 
several geological and temporal sequences in the dunefield. 
Inland, most dunes are degrading although Acacia scrub and 
other vegetation has, for the most part, provided stability. 
Stratigraphic sequences were examined in a shell-grit pit and a 
pond excavation near the eastern end of the island. These 
indicate that the topmost sands overlie storm beach deposits of 
mixed shell and sand which in turn cap shell gravels. In several 
places toward the centre of the island, 	unvegetated interdunal 
swales reveal an orange/yellow sand. This deposit appears to 
represent a weathering phase of the storm beach deposits, 
probably when the accumulation of island sediments might have 
been at their greatest and various soluble salts were leached 
downward, staining the lower sediments. 

At each site examined during several traverses on cut lines and 
tracks, the orange/yellow sand appeared to form a core in the 
higher dunes. 	No Aboriginal cultural material was found in any 
of these sections, or anywhere else on the island. 
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2 ABORIGINES OF THE ONSLOW AREA 

2.1 THE GROUPS 

Early ethnographic reports on the Aborigines whose tribal lands 
covered the Onslow area are few and mostly confined to 
vocabularies or comments on social structure within the various 
tribal groups. 	In 1974 Tindale published a synopsis of earlier 
reports on the distribution of tribes throughout Australia. He 
places two groups (Noala and Talandji) near Onslow. 

Noala 
Loc.: Coastal plain from about Cape Preston near the 
mouth of Fortescue River southwest in a strip about 40 
miles (65km) wide to a line running south from 
Onslow, but not extending to the Ashburton River, 
which is held by the Talandji. They kept near the 
seashore and went out to the Barrow and Monte Bel lo 
islands using a form of wooden Itcanoelt. 	They neither 
circumcised nor subincised. They were clo5ely related 
to the Talandji and have been regarded as a 
subtribal unit; this is denied by informants. Their 
inland areas away from the creeks could be visited 
only when claypans were filled after rain. Most of the 
living came from fish traps set at tidal inlets. Some 
of these traps were observed by King (1827, i:31). 
Jadira people from inland sometimes came to the coast 
by trespassing on their territory. 

Talandji 
Loc.: Along the Ashburton River from the coast to 
Nanutarra, Boolaloo, and the lower Henry River. They 
neither circumcise nor subincise. Their extension to 
the coast at Exmouth Gulf is probably all due to late 
migration, the postcontact position was shown on the 
first edition of my map. An ultimate water supply 
base on the coast was an offshore fresh water spring 
or springs at ['Pi:Itan], now within the township 
area of Onslow. 

Tindale, 1974: 254 and 256 

These descriptions of tribal lands are somewhat conflicting, 
placing Onslow on the southern boundary of the Noala territory 
where there seems to have been a most important water source for 
the Talandji. 	The map extract (Fig. 2) makes the boundaries 
clearer, but even so it is not unknown for important resources to 
be shared by adjacent Aboriginal groups. Indeed Tindale 
indicates that the coastal resources of the Noala were utilised at 
times by an inland group, the Jadira people (1974: 254). 

Jadira 
Loc.: Middle waters of Cane and Robe rivers from 
south of Mount Minnie north to the Fortescue River; 
they did not go east of the western scarp of the 
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higher plateau of the Hamersley Ranges. In 
post-European times some moved east to Ashburton 
Downs Station and others to the mouth of the Fortescue 
River and were absorbed into the Mardudunera. They 
once used to have access to the sea between the Cane 
and Robe rivers through Noala territory. They did not 
circumcise. 

Tindale 1974: 242 

It appears that the three groups located around Onslow were 
culturally very similar and may have been more closely related 
in past times as suggested in Tindal&s previously quoted notes 
on the Noala. Manuscript sources on which Tindale based his 
assertions on tribal boundaries and specific exploitative patterns 
have not been examined. 	Most of these sources are not readily 
available. However, the general scheme which he indicates for the 
occupation of the area in pre-European times has been confirmed 
both by Aboriginals now resident in the area, or by independent 
research by other investigators. 

2.2 INITIAL EUROPEAN CONTACTS WITH ONSLOW ABORIGINAL 
GROUPS 

King, exploring the Ashburton River (which he called the Curlew 
River) in February 1818 saw the tracks of Aborigines and their 
dingo along the river banks. He did not see the people in the 
flesh. He observed that the mouths of the small creeks opening 
into the river "were planted with weirs, similar to those in the 
river at Oyster Harbour" (1827, i:31). These were probably 
composed of wooden stakes driven into the mud close together 
forming an effective tidal fish trap. 

King sailed past the present site of Onslow on the south bank of 
Beadon Creek and continued northward until he reached Lewis 
Island. Here he made important observations concerning 
Aboriginal watercraft which will be discussed in a later section 
of this report. 

Land-based exploring parties, 	and later settlers with flocks of 
sheep and herds of cattle, met with Aborigines well away from 
the coast where inland river pools provided water for stock. 
Coastal encounters were few, an obvious indication of the method 
of travel used to settle this part of what was then called the 
North-west Frontier (see Webb & Webb, 1983). 

Gara (1983) summarises accounts of conflicts between Europeans 
and Aborigines in the Pilbara, concentrating on those which 
occurred near Nickol Bay, well to the north of the 
Onslow-Ashburton River area. Not all contacts between Aborigines 
and Europeans were unfriendly. 	It is unfortunate that encounters 
where deaths of either group occurred were normally reported in 
greater detail than those amicable meetings which, in many 
newspapers and histories, pass unnoticed. 
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Newly established and permanent European settlements, both towns 
and grazing properties, soon attracted Aborigines because of the 
availability of all kinds of desirable or new resources in 
adequate supply. Once nomadic people were encouraged to settle 
alongside Europeans initially because the men were a cheap 
source of labour. Women were taken as domestics, housekeepers, 
mistresses and more rarely wives (see Hunt, 	1983). The later 
history of Aboriginal/European relationships is not well 
documented for this area, 	but is of no special concern for the 
purposes of this report. 
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2.3 ABORIGINAL LIFEWAYS ALONG THE PILBARA COAST 

2.3.1 The Passage of the Year 

In most parts of Australia, Aborigines moved across their tribal 
Lands in response to seasonal and ritual cycles. Movement focused 
upon water sources without which nothing can survive. Against 
the ocean, fresh water can be found year-round in soaks dug 
behind the beach dunes and mangrove flats which fringe the 
coast in this region. Further inland, river pools, rock holes and, 
following rains, 	the more ephemeral claypans, 	provided water. 
The seasonal response of animal, and perhaps more importantly 
plant resources to the rain, produced times of plenty alternating 
with leaner periods, although these did not necessarily affect the 
total area which any one group could exploit. Superimposed on 
these climatic rhythms were the cycles of ritual and ceremonial 
which brought together families, local hordes and entire tribal 
groups at certain pre-arranged times. 

Offshore islands provided important resources for coastal living 
Aborigines in the Pilbara, and when access was available the 
islands were visited on a type of watercraft more or less specific 
to the Pilbara coast. 

2.3.2 Aboriginal Visits to Offshore Islands 

King's Survey of the Intertropical Coasts of Australia in 1818 
offers an interesting description of Aboriginal voyagers just north 
of Onslow. On February 26th, 1818 he reports: 

As we advanced, three natives were seen in the water, 
apparently wading from an island in the centre of the 
strait towards Lewis Island: the course was immediately 
altered to intercept them, but as we approached, 	it was 
discovered that each native was seated on a log of wood, 
which he propelled through the water by paddling with his 
hands. 

(1827, 1:38) 



King despatched one of his ship's boats to capture one of these 
men and bring him back to the ship. After his craft was 
examined, he was released and paddled back to shore. On the 
following day, King proceeded to describe the craft used by the 
captive: 

It appears that the only vehicle, by which these savages 
transport their families and chattels across the water, is a 
log of wood; that which we had brought alongside with our 
captive friend was made of the stem of a mangrove tree; 
but as it was not long enough for the purpose, two or three 
short logs were neatly and even curiously joined together 
end to end, and so formed one piece that was sufficient to 
carry and buoyant enough to support the weight of two 
people. The end is rudely ornamented, and is attached to 
the extremity by the same contrivance as the joints of the 
main stem, only that the two are not brought close 
together. The joint is contrived by driving three pegs into 
the end of the log, and by bending them, they are made to 
enter opposite holes in the part that is to be joined on; 
and as the pegs cross and bend against each other, they 
form a sort of elastic connexion, which strongly retains the 
two together. When it is used, they Sit astride and move it 
along by paddling with their hands, keeping their feet 
upon the end of the log, by which they probably guide its 
course. Such are the shifts to which the absence of larger 
timber has reduced these simples savages: 

(18271  i: 43-44) 

An illustration of an Aboriginal using one of these craft adorns 
the title page of King's work and is reproduced here as 
Figure 3. 

A 	further 	description 	of 	one 	of 	these 'canoes' 	(sic.) 	by 	Austin 
(1858: 271) 	indicates 	that 	the swimming logs had a small 	basket, 
like 	a dish 	constructed 	of 	twigs 	and bark, constructed 	at 	one 
end. 	This could have served to hold a shell dish containing fresh 
water, somewhat precariously, 	during a sea crossing, 	as was the 
case 	in the Kimberley 	region. 

Tindale's 	notes 	on 	the 	Noala suggest 	that 	this 	tribe visited 	the 
Barrow 	and 	Montebello 	Islands 	groups 	using these frail 	craft. 
Voyages of 	such length 	seem unlikely 	although possible and there 
is 	archaeological 	evidence that 	Aborigines were on 	several 
offshore 	islands 	around 	the Pilbara/Ashburton coast. The 	likely 
period for such occupation 	is discussed 	later. 
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3 ARTEFACTUAL EVIDENCE FOR OFFSHORE ISLAND 
OCCUPATION BY ABORIGINES 

3.1 	P I LBARA/ASH BURTON AREA 

Dortch & Morse (1984: 31-47) present artefactual evidence for 
Aboriginal occupation of various offshore island groups around 
Western Australia. Unambiguous archaeological material confirming 
prehistoric island usage decrea5es southward from the Dampier 
Archipelago near Port Hedland to the Muiron Islands off the tip 
of North West Cape. Dortch & Morse conclude that there is no 
solid evidence for prehistoric Aboriginal maritime voyaging to 
islands south of the Dampier Archipelago except perhaps in the 
case of Thevenard Island and possibly Barrow Island and the 
Montebello group. Recently, all these islands would need to have 
been approached by island-hopping, involving open sea crossings 
of distances up to 12 km. 

Aboriginal stone artefacts occur on Barrow Island, however it is 
likely that these date from a period of lower sealevel when 
access was easier. Tindale' s source of evidence for sea voyages 
to this island and the Montebello group is not yet traced and 
there is no other evidence for the occurrence of such voyages in 
the last few thousand years. 

3.2 ARCHAEOLOGY OF THEVENARD ISLAND 

The flat coral reef that was to become Thevenard Island was some 
16 km offshore around 7,500 yrs BP when Mary Anne Passage was 
a 3-6km strait separating Barrow Island from the mainland 
(Dortch & Morse, 1984: 42). By 2,000 yrs BP, when Thevenard 
Island had developed into its present form, 	islet hopping could 
have reduced the length of the sea voyage necessary to reach its 
shores by only some 4 or 5 km, leaving a still daunting 12 km of 
open sea to be traversed (Fig. 4). 	Given the great potential for 
shallow waters in this area to develop an uncomfortable and 
dangerous swell even in light conditions, open sea voyages to 
Thevenard Island on swimming logs seem improbable. When the 
brisk and severe tidal movements are also taken into account 
such crossings seem even less likely. 

A supposed Aboriginal shell midden on Thevenard Island 
contained three baler shells. 	These were interpreted as having 
been modified into dishes (MacCourt, 1975: 133), although 
MacCourt suggests they may not be Aboriginal in origin. Such 
shell containers were used by coastal Aboriginals for similar 
purposes to those manufactured from wood and bark. Further 
north in the Kimberley, these containers were used to carry water 
during sea crossings on the double rafts used there. 	It seems 
most unlikely that these dishes could have been taken to 
Thevenard Island aboard one of the swimming logs observed by 
King. 
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An illustration of all three shell dishes from Thevenard Island, 
indicates that they are stained with reddish pigments, possibly 
similar to those noted in the lower strata of the island. 	If this 
is so then they date from 2,000-3,000 yrs BP, belonging to a time 
when the island was changing from its former status as a low 
tidal pavement, becoming an emergent sandy island (LeProvost, 
Semeniuk & Chalmer, 1987: 15). In this case they are unlikely to 
be Aboriginal artefacts, abandoned on a more or less inaccessable 
surf-washed reef exposure. 

Exposures of reddened shelly gravels interbedded with beach 
sands of a similar colour were examined to the south and west of 
Thevenard's airstrip. According to locals familiar with their 
discovery, it was in this area that the three dishes were found. 
No sign of any Aboriginal midden material can be seen in the 
area now, although red shelly storm beach material remains. 	If 
the baler shel Is are authentic manufactured dishes then it seems 
they must have been taken to the Island relatively recently. 

One presumed baler shell dish, collected on Thevenard Island in 
1965 by MacCourt, is in the WA Museum collection. (Anthropology 
Dept #A22751). 	Its overall dimensions are 1:215 mm, 	b:152 mm, 
h:87 mm, making it a smaller than average sized example of this 
type of artefact. Much of the spire has been lost, either by 
decay or by design, 	leaving a hole 25 mm in diameter in the 
spire end. A jagged break lengthwise through the body whorl has 
separated the upper parts of the shell from the larger main body 
section. This kind of break is inconsistent with the usual pattern 
found on known examples of Aboriginal manufacture. All the 
complete examples of baler shell dishes in the Museum collection 
have a very regular break line, and some breaks have been 
ground or polished in some way to produce a smooth rounded 
edge. 

The shell lay, open side up, 	in a soil stained dark grey by a 
high organic component, indicating a recent age of formation. 
Considerable weathering is evident on the shell body and the 
original lustre and pigmentation has completely disappeared. A 
surface pinkish to red stain suggests that the ultimate origin of 
the shell might have been from storm beach deposits laid down in 
the island's early history. Some pinkish to red staining also 
occurs on the ,jagged broken surface of the body whorl. This 
could indicate that at least some of this break line already 
existed when the shell was cast up and buried on the island. 

Blackish stains of humic or other organic origin mark both the 
inner and outer surfaces indicating the position in which the 
shell lay just prior to its collection. 	This staining shows that it 
lay upright, buried to within about 40 mm of the edges with the 
internal soil level about 10 mm higher filling the basin to 30 mm 
of the top. The internal soil surface was level with the bottom of 
the hole through the spire. This second staining episode suggests 
that the shell, first buried in red shelly gravels, 	was exposed 
during an erosional cycle and then partially re-buried in a new 
depositional cycle involving a modern, organically rich soil. 



There is no unequivocal evidence that this shell dish is 
man-made. Many other shells of Melo sp. have been examined on 
the Pilbara coast. Numbers of these exhibit similar breakage 
patterns to those on this example. They have been found on reefs 
and beaches where there is no suggestion of their manufacture by 
humans. 



4 RECENT OCCUPATION OF THEVENARD ISLAND 

One or other of the recent groups of visitors to Thevenard Island 
may have been responsible for the occurrence there of baler shell 
dishes. Visitors of various nationalities have called at the island 
since well before the turn of the century. 	All of these people 
have come either from the mainland or from the islands to the 
north, and in all cases, used substantial sea-going vessels. 

Axed stumps of trees
'  
(Acacia sp.) can be seen in various parts 

of the island. These are believed to provide evidence for early 
visits to Thevenard by Indonesian beche-de-mer fishermen, 
whalers and pearling luggers. The trees were cut into short 
sections to fuel the small cooking fires utilised by these small 
but sturdy craft. 

There is no historical or artefactual evidence which suggests that 
whale blubber or beche-de-mer were processed ashore at 
Thevenard Island. 	These activities are known from other parts 
of coastal Western Australia, and which may have resulted in 
shell dishes being abandoned ashore. 	Kimberley Aborigines, 
mainly from coastal areas between Broome and Wyndham, 
sometimes worked on boats fishing the northwest coast. These 
Aboriginal crewmen could have used shell containers to carry 
fresh water ashore on wood-gathering forays. 	It is not known 
whether Asian fishermen used shell dishes, but these people could 
also have left such objects ashore as suggested by MacCourt 
(1975: 	134). Any of the above groups may also have consumed 
shellfish whilst ashore. The resulting debris, burnt shells, 
charcoal and shell dishes could easily be mistaken for an ancient 
Aboriginal site. At this point in time, and without being able to 
examine the Thevenard Island examples, it seems that they 
originated with a certain amount of western cultural influence. 

Parties of fishermen and holiday-makers began regular visits to 
Thevenard Island during the 1960's. A small village to 
accommodate these interest groups has developed from that time 
and continues to expand. The island has been thoroughly 
traversed by these people and displacement or removal of 
obvious, in situ Aboriginal artefacts, 	like baler shell dishes, 
could be expected. No such objects remain in the area where 
three of these artefacts were reputedly collected. Amongst the 
many shells gathered by European visitors, and stacked around 
the holiday cabins as decorative garden and path edgings, there 
are none which show evidence of having been modified by 
Aborigines. No stone which could be used to manufacture artefacts 
occurs on Thevenard Island and no stone artefacts were found 
there during the survey. According to local fishermen who have 
been visiting Thevenard Island for more than twenty years, no 
stone artefacts have ever been found there. 



5 CONCLUSIONS 

There are no remaining traces of any occupation of 
Thevenard Island by Aboriginal groups. 

The geomorphic history of the formation of the island 
precludes occupation of Thevenard during more remote 
periods of time. 

No Aboriginal interest in Thevenard Island was discovered 
amongst Aborigines currently resident in Onslow. 

Aboriginal voyages to the island in pre-European times seem 
unlikely, given both the age of the island and the sea 
conditions in this area. 

It is likely that the shell dishes found on the island have 
a modern origin, being manufactured from old shells, or are 
the result of natural weathering processes. It is not 
possible now to establish their origin any more clearly. 
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FIGURE 3 

'Swimming log', from King (1827). 
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