
ENVIRONMENTAL REVIEW AND 
MANAGEMENT PROGRAMME 

HINNINUP SAND hJUNING PRo(OPOSAL 

622.362(941) 
DAM 
Copy A 	 905676/1 

January 1988 

Department of Environmental Protec:on Library 



~221 3 ~Z. 
Pam 

0 

c : ' 

,v- 	- 

c4 	' 

ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME 

MINNINUP SAND MINING PROPOSAL 

for 

Westralian Sands Limited 

Dames & Moore Job No. 14365-006-071 
January 1988 



MINNINUP SAND MINING PROPOSAL 
ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME 

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

The Environmental Review and Management Programme (ERMP) for the proposed Minninup 
Sand Mining Proposal has been prepared by Dames & Moore in accordance with Western 
Australian Government procedures. The report will be available for comment for 8 weeks, begin-
ning on Monday 18 January, 1988, and finishing on Friday 11th March, 1988. 

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

Following receipt of comments from government agencies and the public, the EPA will discuss 
the issues raised with the proponent, and may ask for further information: The EPA will then 
prepare its assessment report with recommendations to Government, taking into account issues 
raised in the public submissions. 

The proposal deals with an intention by Westralian Sands Limited and Cable Sands (W.A.) Ply. 
Ltd. to mine heavy mineral sands from the beach and primary dunes at Minninup Beach, about 
10km due south of Bunbury. The area to be mined is within a current lease held by Westralian 
Sands Ltd. 

WHY WRITE A SUBMISSION? 
A submission is a way to provide information, express your opinion and put forward your sug-
gested course of action including any alternative approach. It is useful if you indicate any sug-
gestions you have to improve the proposal. 

All submissions received will be acknowledged. 

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

You may make an important contribution by suggesting ways to make the proposal environmen-
tally more acceptable. 

When making comments on specific proposals in the ERMP 

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

POINTS TO KEEP IN MIND 
By keeping the following points in mind, you will make if easier for your submission to be analysed. 

Affemptto list points so that the issues raised are clear. A summary of your submission is helpful. 
Refer to each point to the appropriate section, chapter or recommendation in the ERMP If you 
discuss sections of the ERPM, keep them distinct and separate, so there is no confusion as to 
which section you are considering. 

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

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

REMEMBER TO INCLUDE 

YOUR NAME I ADDRESS / DATE 

THE CLOSING DATE FOR SUBMISSION IS: FRIDAY 11 MARCH, 1988. 
SUBMISSIONS SHOULD BE ADDRESSED TO: 

The Chairman, 
Environmental Protection Authority 

I Mount Street PERTH WA 6000 

Attention: Mr D. Koontz 
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o water supplies for the operation will be drawn from deep bores and will not 

affect the local water table. The mining operation itself will have no impact on 

the water supplies of the area. 

In 	addition, 	benefits 	to 	the 	region 	and state, 	apart 	from increased employment, 

business 	expansion 	and 	royalties, 	will 	be 	the 	stabilisation of 	mobile dunes which 

currently 	threaten agricultural 	land 	to 	the east. 	Another 	benefit 	will 	be the 	removal 

of 	radioactive 	sand 	from 	Minninup 	Beach, 	making 	the 	area safe 	and attractive 	to 

recreationists. 	At 	the 	moment 	its 	future recreational 	value is 	uncertain 	because 	of 

moderate 	levels of natural 	radiation from the 	beach. 

Professional fishermen using the coastline will be provided with alternative access. 

This ERMP provides the opportunity for public review of the information, with public 

support and/or concerns to be assessed by the Environmental Protection Authority and 

Mines Department. 

Dames & Moore 



ENVIRONMENTAL REVIEW AND MANAGEMENT PROGRAMME 

MINNINUP SAND MINING PROPOSAL 

1.0 INThODUCTION 

1.1 BACKGROUND AND OBJECTIVES OF THE PROPOSAL 

Minninup Beach lies in Geographe Bay, approximately 10km south of Bunbury (Figure 

1). The first official record of heavy mineral deposits on the beach appears to have 

been made by J.C. McMath in 1948 (Geol. Survey. W.A., 1949), but refers to sampling 

programmes carried out in 1947. The beach was held at that time in two Dredging 

Claims (DC 11 H and DC 19 H), apparently with intentions to mine. 

Over the years the claims changed hands twice and are now held by Westralian Sands 

Limited (WSL) through its wholly owned subsidiary Western Mineral Sands Pty Ltd. 

WSL has two tenements, M 70/87 (previously DC 11 H) which is approximately 3.5km 

long by SOm wide and covers the beach and primary dune. A second tenement P 

70/210 (previously DC 19 H) lies to the west and is entirely submarine. The common 

boundary between the tenements is Low Water Mark (Figure 2). Immediately to the 

east (inland) of M 70/87, Cable Sands (W.A.) Pty Ltd (CS) has been granted all 

necessary approvals to mine a mineral sand deposit on Wellington Locations 394 and 

637 (Figure 2), land owned by them. Mining operations commenced on CS land in 

August 1986. 

Although the mineral deposit considered for mining on Minninup Beach is only lOha in 

area, it is very rich, making it economic to mine. The economic value is, however, 

dependent on associated costs of production. For this reason WSL have entered into 

an agreement with CS, which is operating only a few hundred metres away, to 

undertake the mining of part of the WSL lease. 	If WSL were to mine the ore 

independently of CS it would be necessary to transport the ore from Minninup Beach 

to their North Capel processing plant, a distance of some 9.5km. Clean sand tailings 

would also have to be returned. These activities would increase cost of production 

and increase heavy vehicles usage of the roads between the two sites. 

Dames & Moore 
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To 	ensure 	the 	profitability 	of mining 	the Minninup Beach 	deposit, 	CS 	wishes 	to 

commence mining on M 70/87 as soon as possible, since delays will 	result in the CS 

mine plant 	being further north within CS's mining area. 	This 	in 	turn 	will 	increase 

haulage costs to bring ore from the south end of the deposit. 	There 	will 	also be 

greater costs associated 	with 	the return of clean sand tailings. 

The objective of the proposal is therefore to mine the heavy minerals for mutual 

benefit to the Companies and advantage to the State and local communities, while 

minimising delays and concommitant loss of relative value of the deposit. 

1.2 THE PROPONENT 

The Proponent for this project is Westralian Sands Limited, a public company 

incorporated in Western Australia in 1954. 	Company ownership is 36% Tioxide 

Australia Pty Ltd, of Burnie, Tasmania; 15% Ishihara Sangyo Kaisha Ltd of Osaka, 

Japan, with the balance being held by 12,000 public Australian shareholders. 	The 

Company's address is 	Jenkin Road, CAPEL, WESTERN AUSTRALIA, 6271. 	The 

Company is the largest producer of heavy minerals in the Capel area. 

WSL has been involved in mineral sand mining since 1959 and has pioneered mining 

and rehabilitation techniques in Western Australia. The WSL expertise and background 

has been continued in its development of a new 100,000 tonne per annum synthetic 

rutile plant at North Capel. 

1.3 THE MINE OPERATOR 

Cable Sands (W.A.) Pty Ltd, will undertake mineral extraction on behalf of Westralian 

Sands Limited. 	Cable Sands is a joint venture of Picon Exploration Pty Ltd, and 

Ampol Mining Pty Ltd, in equal shares. These companies are wholly owned 

subsidiaries of Pioneer Concrete Services Ltd and Ampol Ltd respectively. Cable 

Sands (W.A.) Pty Ltd, was incorporated in 1986, however they commenced operations 

as Cable (1956) Ltd in 1956 and therefore have more than 30 years experience in 

mineral sand mining. Their experience in rehabiliation is also extensive, and they too 

have pioneered new technologies in post-mining revegetation. Their address is: North 

Shore, BUNBURY, WESTERN AUSTRALIA, 6230. 

Dames & Moore 
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1.4 PURPOSE OF THE ERMP 

In May 1987 a Notice of Intent (Dames & Moore, 1987) was submitted to the Mines 

Department and Environmental Protection Authority (EPA) for examination. 	As a 

consequence, the EPA called for an Environmental Review and Management Programme 

(ERMP) to be prepared and provided a set of draft guidelines to be used in 

preparation of the document. 

These guidelines are reproduced at the back of this document (Appendix E). An ERMP 

was called for because it was felt that: 

this provided greater opportunity for public examination of the proposal, and 

although mining of beaches and foredunes for mineral sands was carried out 

elsewhere in the world, this was only the second case in Western Australia 

(the first was at Koombana Bay by Cable Sands) and should therefore be 

examined in detail. 

Because WSL, CS and other mining companies have been mineral sand mining in 

Western Australia for many years, the overall mining issues are well understood and 

have been in train for decades. The issues relevant to Minninup Beach are the 

actual mining process on the beach and dunes and how this will be carried out; beach 

dynamics; effects on the local water table; and the post-mining consequences of 

rehabilitation. For these reasons there is little point in dealing extensively with the 

issues common to the dozens of similar operations elsewhere. This document will 

discuss such issues briefly but will concentrate on the four key topics just 

enunciated. 

This report is structured to closely conform to the guidelines and topic headings 

provided by the Environmental Protection Authority. Detailed supplementary studies 

are appended. All terminology for the beach and dune system follows Department of 

Conservation and Environment (1980) Bulletin 49. References have been minimised in 

the text to facilitate review, but are presented in the bibliography. 

Dames & Moore 
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1.5 SCOPE AND TIMING OF THE PROPOSAL 

The proposal seeks to recover heavy mineral resources within granted tenements and 

to re-establish the coastline into an environmentally stable and aesthetically 

acceptable profile, while maintaining the viability of adjacent farmland and 

recreational opportunities on the beach. At completion of mining, natural average 

background radiation levels on the beach will be reduced to levels below those 

specified by the State Radiological Council so that recreation can be undertaken 

safely. 

The area to be mined lies within WSL's claim number M70/87 and approximates 10 ha 

along a 2km beach front. This represents approximately 3 per cent of the 63km of 

publicly accessible beach front between Busselton and Bunbury. 

The resource comprises: 

beach deposits in WSL lease - 56.000 tonnes of heavy mineral in 133,000 

tonnes of ore, and 

dune deposits in WSL lease - at least 60,000 tonnes of heavy mineral in 

430,000 tonnes of ore has been proven. There are also reasonable indications 

that additional ore may be present. 

The dune deposits in Cable Sands holdings which can be mined as a result of the 

mining activities on WSL's lease are additional resources which will become available 

if WSL's mining proposal is approved. This resource is estimated to contain a 

further 35,000 tonnes of heavy mineral. 

The project is intended to commence immediately approval is received, as the relative 

benefits are directly related to where CS operations are located in relation to the 

beach at any time. The project will take about two years from commencement as 

work will proceed in conjunction with CSs adjacent operations which have a further 

two years to completion. Land will not be cleared before work is ready to commence 

and will be rehabilitated immediately a section is finished. 

Dames & Moore 
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1.6 EXISTING MINERAL SAND MINING OPERATIONS 

1.6.1 The proponent 

Westralian Sands Limited is very experienced in mineral sand mining, having been in 

operation since 1959. 	During this period WSL has acquired interests in over 20 

deposits between Gingin and Busselton, but especially in the Capel area. WSL has two 

major mining operations presently underway, these being Yoganup North (near 

Boyanup) and Yoganup Extended, south-east of Capel. The main areas which WSL has 

previously mined and are currently rehabilitating are: Yoganup, due south of Capel 

(50% rehabilitated): North Capel (90% rehabilitated); and Busselton (100% 

rehabilitated). 

1.6.2 The mine oDerator 

Cable Sands (W.A.) Pty Ltd was the first mineral sands mining operator in Western 

Australia, commencing work at Koombana Bay at Bunbury in 1956. The first shipment 

of mineral sands left W.A. in 1956. CS moved to the Busselton and Capel area in the 

late 1960's. CS have two active mines, one in the Minninup hind-dunes, the other at 

Waroona. 	Three areas (now mined out) exist at; North Capel (under rehabilitation), 

Capel South (rehabilitated), and Amber Farm at Busselton, which has been 

rehabilitated and is now partly under sale and part already sold. The Koombana Bay 

mining area is also successfully rehabilitated. 

1.7 RELEVAF COMMONWEALTH AND STATE LEGISLATIVE APPROVAL PROCESSES 

The Environmental Impact Assessment procedure is a formalised process designed to 

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

about proposed developments which have the potential to generate significant 

environmental effects. 

The Environmental Protection Act, 1986, was proclaimed on 20 February 1987 and this 

proposal will be assessed under that new legislation. The new procedures formalise the 

review process that evolved under the previous legislation (Environmental Protection 

Act, 1971-1980) and provide for enforcement of management commitments made by the 

Proponent. 

Dames & Moore 



-6- 

Following referral of a proposal to the EPA, the Authority determines the level of 

environmental assessment required, and, in conjunction with the Proponent, develops 

guidelines for the appropriate environmental report. In the case of the Minninup sand 

mining proposal, the EPA required that an ERMP be produced. 

An ERMP is a public document and submissions by interested persons and groups are 

encouraged in order to assist the Authority in its assessment of the proposal and in 

framing its advice to the Minister for the Environment. 

The 	land 	is 	classed as 	"Rural" 	and 	all necessary 	tenement approvals 	are in 	place. 

There 	is 	therefore no direct approval necessary from 	the 	Shire 	of 	Capel, but they 

have 	input into the ERMP evaluation. 

Cable Sands (WA) Pty Ltd and Westralian Sands Ltd both have current export licences 

and an Environmental Impact Statement under Commonwealth legislation has not been 

requested. 

Other legislation pertaining to the project and this ERMP includes: 

Wildlife Conservation Act, 1950- 1980 

Aboriginal Heritage Act, 1972-1980 

Conservation and Land Management Act, 1984 

Water Boards Act, 1984 

Rights in Water and Irrigation Act, 1914-1981 

State Planning Commission Act, 1985 

Bush Fires Act, 1954-1981 

Agriculture and Related Resources Protection Act, 1976-1983 

Soil and Land Conservation Act, 1945-1982 

Environmental Protection Act, 1986, 

Country Areas Water Supply, 1947-1979, 

Mining Act, 1978-1983, 

Radiation Safety Act, 1975-1981, and 

Environment Protection (Nuclear Codes) Act, 1978. 

Dames & Moore 
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2.0 NEED FOR PROPOSAL 

2.1 COSTS AND BENEFITS TO AUSTRALIA 

Australia's position in the mineral sands industry is exemplified by the fact that it 

produces 23% of the world's ilmenite, 47% of its rutile, 59% of its zircon and 66% of 

its monazite. Australia exported over $200 million in mineral sand concentrates in 

1985, mostly to Japan, U.K and U.S.A. 	Most export has traditionally been as raw 

concentrated minerals. However, the commencement of operation of two synthetic 

rutile plants in W.A. for export of product to the U.S.A., Japan and the U.K., plus the 

construction of a rare earths plant at Pinjarra (to open in 1989), will significantly 

increase export of value-added products. 

In terms of Australia's production as a whole 0.8 million tonnes per annum) the 

Minninup deposit (151,000 tonnes) represents only about 8.4% of one year's 

production, but with high mineral grades and low cost of mining it is a significant 

contribution in terms of benefit for cost. 

Eighty per cent of the mineral to be extracted from WSL's Minninup deposits is 

ilmenite and will be used to manufacture titanium dixoide (h02) pigment for use in 

the paint industry. Some 15% of this pigment will be generated in Burnie, Tasmania, 

for Australian consumption. The remainder will be produced overseas. Pigment is 

worth about twenty times the value of the raw ilmenite. 

h02  is superior in colour to all common white pigments and has the added advantage 

of being non-toxic, unlike some lead-based alternatives. Ti02  pigment is also used in 

vitreous enamels and as a filler in rubber, plastics, textile and paper manufacture. 

Increasing use of h02  in production of titanium metal ensures an expanding market, 

as does the use of ilmenite in manufacture of welding electrodes. 

The 15% of ilmenite from the Minninup deposit to be processed at Burnie will assist 

in continuing employment of 350 people at the Burnie plant owned and operated by 

Tioxide Australia Ny Ltd. 

Dames & Moore 
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2.2 COSTS AND BENEFITS TO THE STATE 

Of Australia's production, Western Australia produces 86% of ilmenite, 100% of 

leucoxene, 36% of rutile, 71% of zircon and 94% of monazite. Its contribution to the 

national economy is therefore significant. 	In relation to Australia's mineral deposits 

as a whole, the Minninup deposit is not large but economically it is a valuable 

contribution. 

Approval to mine the beach and primary dune will permit Cable Sands to also mine 

the inland side of the primary dune contained within their privately owned land. 

Estimated total earnings are approximately $7-11 million from the WSL tenement and 

an additional $2.5-4.5 million from the Cable Sands mine. Of this, direct and indirect 

taxes and charges to State and Federal Governments is estimated at between $0.45 and 

0.65 million. 

The cost of not mining the Minninup deposit is related to the waste of a finite, non-

renewable resource and the retention of moderately high natural radiation levels on 

the beach, and which limit recreational activities. 

2.3 COSTS AND BENEFITS TO THE LOCAL COMMUNITIES 

The project will permit the 20 people currently employed on the CS operation to be 

employed for an additional 9 to 15 months as well as providing on-going work 

opportunities for the 250 Capel staff of WSL and the 100 Cable Sands staff at 

Bunbury. 

An additional benefit is in coastal stabilisation. The coastline on which M 70/87 is 

located has been subject to damage of off-road vehicles, cattle grazing and wind 

erosion (Shire of Capel pers. comm.) and has been changing in dune stability since 

before the 1940's when the earliest air-photographs were taken. 	Occasional storm 

events and less frequent but intense cyclonic activity (eg. Cyclone Alby in 1978), have 

also periodically cut back the shoreline, although redeposition does occur between 

storm events. Operations on WSL's mining lease will provide an opportunity to 

stabilise a section of the fore and primary dunes by vegetative rehabilitation, thereby 

reducing wind erosion. 

Dames & Moore 



The beach has limited value for recreation although it is used for vehicle access by 

fishermen and skindivers visiting the offshore reefs. The black sand of the beach is 

unattractive and therefore not conducive to recreation and is generally avoided. 

Moderately high levels of natural radiation exist on Minninup beach. Levels of 0.42 

uG/hr (micro Gray per hour*)  at im above ground level and 1.05 uG/hr at ground 

level have been measured. This is undesirable in a potential recreation area and 

mining can have the highly desirable environmental benefit of removing the 

radioactive portion of the sand from the beach, thereby removing unnessary exposure 

to the public when they use the area. There is no cost to local communities other 

than temporary restriction of access to Minninup Beach. 

2.4 COSTS AND BENEFITS TO THE COMPANIES INVOLVED IN THE PROJECT 

Estimated total earnings from the WSL tenement are approximately $7-11 million and 

about $2.5-4.5 million from extensions to the Cable Sands Mine. 

The efficiency of undertaking mineral sand extraction from the beach and primary 

dune as part of the existing adjacent CS operation provides distinct financial benefits 

for the companies. 

* Gray = 100 rads and for the purpose of this paper is considered to represent 
a body dose equivalent to I Sievert 

Dames & Moore 



3.0 THE PROPOSAL 

3.1 MINERAL DEPOSITS AND HISTORY OF EXPLORATION 

The Geological Survey Report of 1948 by J.C. McMath appears to be the first official 

statement on the deposit. A Mr F. Morgan is reputed to have presented a 50 pound 

sample to "the C.S.I.R" for analysis, probably sometime in early 1947. The C.S.I.R. 

report stated that the deposit was unusually rich. McMath then sampled the beach in 

December 1947 as part of a larger programme conducted by the Geological Survey of 

W.A. on behalf of the Commonwealth Bureau of Mineral Resources (Geological Survey 

of W.A., 1949). He concluded the deposit was economic providing production costs 

were minimised. 

It should be noted that at this time Dredging Claims ii H and 19 H were already in 

existence. 

An unsigned file note held by WSL and dated 23 February 1966 states that DC 11 H 

and DC 19 H were granted to Ilmenite Pty Ltd. in April 1947. 

Further analyses of mineral composition and the size of the resource were done in 

1966. 	There was no further activity until 1980, probably because of insufficient 

benefits in relation to cost. During the 1970's Western Australia's newly discovered 

resources expanded the industry rapidly. The expansion has continued into the 1980's. 

Future changes to technology, for example, increasing demands for zircon and 

monazite for high-tech products, will produce a continually growing demand for heavy 

mineral sands. 

3.2 SITE PREPARATION AND DEVELOPMENTS 

The 	mining process 	will commence 	with 	the 	progressive removal 	of 	all vegetation 

cover and topsoil from the foredune in the immediate area to be mined. Vegetation 

on dunes 	to 	be 	mined later 	will 	be 	left 	intact 	as 	long as 	possible 	to maximise 

stability. 	Vegetation 	and topsoil 	will 	be 	removed 	together and 	will 	be stored 	for 

redistribution 	back 	onto the 	dune 	after 	mining, 	or 	placed directly 	onto mined-out 

tailings 	sand 	all 	in 	one operation. 

Dames & Moore 
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SUMMARY 

Westralian Sands Limited (WSL), together with Cable Sands (W.A.) Pty Ltd (CS) intend 

to mine heavy mineral 	sands from the beach and primary dune at Minninup Beach 

Western 	Australia. 	The 	Minninup Beach 	claim is 	approximately 3.5km long by 50m 

wide, and 	is 	located approximately 	10km south of Bunbury, in Geographe Bay. The 

area to be mined lies within this claim and is about lOha in area, being 2km long by 

about 50m wide. 

Immediately east of Minninup Beach CS has been mining the secondary dune system 

since August 1986. Approval of the project discussed in this Environmental Review and 

Management Programme (ERMP) will permit cost-efficient extension of CS operations 

to recover the minerals within the beach and primary dune. 

Although the operation is similar to dozens of equivalent mines in Eastern Australia, 

there is public concern with regards aspects of the present proposal. These are: 

possible destabilisation of the beach alignment as a consequence of the removal of 

heavy mineral, 

uncertainty as to the success of dune rehabilitation, and 

effects of the operation on the local water table. 

To examine these aspects in detail, WSL appointed Riedel & Byrne, consultants in 

coastal processes, and Dames & Moore, experienced rehabilitation and hydrology 

consultants, to study the area and prepare this ERMP. 

The studies concluded that: 

mining of the beach will cause the southern end of Minninup Beach to realign 

itself eastwards by about one degree. The effects of this charge are negligible, 

and will be compensated for by reconstructing the post-mining dunes in a pre-

determined manner. There will be no effect on beaches at Bunbury, or to offshore 

reefs, 

successful dune rehabilitation is assured using current standard techniques. Several 

other back-up techniques are also discussed in the ERMP and although they 

should not need to be implemented, they are available if necessary, 
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No infrastructure development will be required as this already exists as part of CS 

operations. 

3.3 OVERBURDEN HANDLING 

There is no overburden on the beach or dunes. 

3.4 DESCRIPTION OF THE MINING OPERATION 

Approximately 300 tonnes of ore per hour is being treated within the existing Cable 

Sands operation. Mining of the beach and primary dune will be at a much slower and 

more variable rate, but could average as much as 50 tonnes of ore per hour on a 24 

hour basis. Water for floating the dredging barge and for processing the ore will be 

derived from a deep bore so as not to affect nearby farms. This bore and associated 

infrastructure requirements are already approved, in place and operative, as part of 

the Cable Sands venture. 

Operationally when mining the primary dune, a 50 metre thick wall of sand will be 

constantly maintained between the dredge pond and the beach. The dredge will mine 

forwards, reconstructing the pre-existing secondary dunes behind it, including between 

the pond and the existing primary dune. Figure Al in Appendix A diagrammatically 

outlines the mine path and mining strategy proposed by CS. 	Beach/primary dune 

mining of Stage 1 will take place on that section of ML 70/87 after the dredge pond 

has moved well to the north of the actual area to be disturbed. Ore from Stage 1 

will be mined by scraper from the beach and primary dune and spread out on the 

ground surface in front of the dredge. After mineral separation, clean sand tailings 

will be transported back to the Stage 1 mining area to re-establish the beach and 

primary dune. Stage 2 and 3 mining will similarly not take place until the dredge 

pond has moved well to the north of the actual area to be mined. The mining 

operation is described in more detail in Appendix A. 
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3.5 TRANSPORT 

No transport of material will be needed other than: 

stockpiling topsoil (when absolutely necessary), 

carting ore from the beach to the dredge front ( a few hundred metres), 

transport of clean sand tailings by pipe as a slurry from the dredge to the 

areas designated for rehabilitation where practical, and 

transport of clean sound tailings by scraper or other appropriate method during 

Stage 1. 

Vehicle use of public roads will be much the same as that already resulting from 

Cable Sands operations plus some WSL trucks transporting a small proportion of the 

recovered heavy minerals to their Capel dry plant. The increased mine life will 

extend CS's current road use by 9-15 months. 

3.6 ORE PROCESSING AND CONCENTRATION 

This will be done on-site at CS's plant in the secondary dunes. 

Feed preparation involves a screening process that is necessary to prepare suitably 

sized feed from the dredge for the wet gravity concentrators. All material coarser 

than 5mm diameter must be removed or else it would obstruct the gravity 

concentrators. The heavy mineral grains are all finer than 0.3mm diameter. 

The ore travels through rotary trommel screens where water jets promote the 

disintegration of any material that is aggregated. The over-sized fraction will be 

returned to the mined area. The under-sized fraction (< 5mm diameter) will be pumped 

as a slurry to a constant density tank and then to the wet concentrator. 

The wet gravity concentrator uses spiral separators to remove heavy minerals from 

the enclosing quartz sand. The clean sand tailings are pumped or otherwise 

transported back to the mined-out area. 
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The heavy mineral concentrate will be stockpiled to drain free of water. CS will then 

transport the bulk of the concentrate by road to Bunbury for separation into its 

component minerals, while WSL will transport much smaller amounts to their Capel 

plant. 

Further details are presented in Appendix A. 

3.7 TAILINGS DISPOSAL 

Tailings management will be incorporated with the CS operation. Since mining only 

involves gravity and water separation methods, there are no chemicals added to the 

feed, hence pollution of the sand tailings cannot occur. Tailings will be used to 

rebuild the beach, foredune, primary and secondary dunes. 

3.8 BRIEF DESCRIPTION OF REHABILITATION 

Compared to the effects of mining of Minninup Beach, much more radical changes to 

the coastline have occurred at Mandurah where the channel has been dredged to 

permit easier access to the Harvey Estuary (Department of Conservation and 

Environment, 1985). Silt and sand from the channel have been dumped east of the 

channel entrance on existing beaches. The DCE bulletin states that dredged spoil 

material has been dumped on beaches north of Mandurah for some years, and 

biological impacts have been minimal. It is likewise expected that minimal impacts 

will result from the proposed Minninup mining operations. 

Beach rehabilitation will consist only of the physical return of clean sand. Machinery 

will provide the initial smoothing of the beach, with wind and waves quickly returning 

a natural appearance. The southern half of the tenement is relatively stable, whereas 

the foredune and primary dune of the northern half of M 70/87 are poorly vegetated, 

and about 50% of the dunes are mobile or semi-mobile sand drifts. These will be 

reformed and stabilised by vegetation during the rehabilitation process. 

Reconstruction of the primary dune will be achieved by directly pumping processed 

sand onto the mined-out area, followed by laying of topsoil and cut brush onto the 

dune to minimise wind erosion. Pine tree trimmings and local cut brush are suitable 
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materials and will be used in conjunction with other accepted stabilisation techniques. 

Temporary stabilisation will occur within weeks of completion of a section, with 

permanent vegetative rehabilitation within two years. The high levels of rehabilitation 

success by CS operations in the Minninup secondary dunes supports this estimate. 

Rehabilitation details intended for use at Minninup are presented at length in Section 

9.0 and available backup procedures in Appendix C. 

3.9 LONG-TERM MANAGEMENT 

WSL believes that with the dune rebuilding and rehabilitation programme proposed the 

area will be stabilised to the satisfaction of the Environmental Protection Authority 

within a short time of completion of mining. Bearing in mind that rehabilitation will 

be progressive, the relative success of methods employed will become apparent before 

the operation is complete, providing ample opportunity to improve methodology should 

it be deemed unsatisfactory. WSL and CS, being long-term producers in the area, will 

maintain their rehabilitation responsibilities for as long as necessary to ensure 

stability. However, they have specified clearly definable end points for success of 

rehabilitation and their responsibility for this aspect will cease when the end point 

has been reached to the satisfaction of the Mines Department. 

3.10 INFRASTRUCTURE 

3.10.1 Water supply 

There will be no new infrastructure, this having already been established for the CS 

operation. The potable and process water supply will be provided by two existing 

deep bores, located on Cable Sands' land. The bores are located in the Yarragadee 

Formation and draw from 202-220rn depth. 	Annual water requirements will not 

increase as a consequence of mining the WSL tenements. The deep bores do not 

affect the local water table and therefore have no influence on adjacent farming 

requirements. 

It is intended that the existing deep bores will continue to be used to provide water 

both for flotation of the dredge and as process water. The current groundwater 

Licence (No. 7584) is for the purpose of sand mining operations and was issued for 

the period until December 31, 1990 or until the licencee ceases to occupy Wellington 

Locations 394 and 637, whichever is the earlier. Draw from bores under the licence 

must not exceed 1 200 000kL/yr. 
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The proposal to mine Minninup Beach will 	extend the duration of mining by 9-15 

months but will not cause the annual requirement for water to exceed 1 200 000kL/yr. 

The present use of these bores conforms to the conditions on the licence. 

The use of water will 	be essentially that of the present mining operation, namely as 

process water and to maintain the level in the pond in which the dredge and process 

plant float and operate. The facilities on site for these purposes comprise a balancing 

pond formed by a low bund around a natural depression and into which bore water is 

pumped. Water is pumped from this pond to the dredge flotation pond as required to 

account for 	losses 	to 	evaporation 	and 	seepage, 	whilst maintaining 	a 	constant 	level 

relative to the adjoining water 	table. 

Process water is taken from the dredge flotation pond and used in the separation of 

heavy mineral sands from quartz grains. The slurry of concentrated mineral sands is 

then pumped to a stockpile area where the water content is allowed to fall from 

about 50% to 8% prior to trucking to the treatment plant at Bunbury. The clean 

quartz sand tailings from the separation process are either pumped as a high density 

slurry to the top of the dune formed behind the flotation pond as the dredging 

operation proceeds or transported by scraper for use in rebuilding the dune. The 

tailings slurry contains about 50% water on disposal but this drains rapidly through 

the open sand structure under gravity. 

The quality of the water in the slurries is high, being comparable with the input 

borewater (about 180 mg/L TSS). Hence the seepage of this water below the mineral 

sand stockpile, and through the reformed dunes, has no detrimental effect, as might 

otherwise be expected if salinity was higher than that of the superficial aquifer. 

3.10.2 	Electricity 

CS have an existing, self-contained power supply. No additional powerlines, etc, will 

be required. 
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3.10.3 Access roads 

Site access is via Minninup Road and Lovelies Road which exits Busseil Highway. No 

new roads to Bussell Highway, or upgrading for existing roads, will be needed as a 

consequence of development of the WSL section of the Minninup deposit. 

3.10.4 Sewage and rubbish disposal 

All existing CS facilities and arrangements for sewage and rubbish disposal will be 

utilised with no increase in demand, hence there will be no need to provide additional 

equipment or services in this regard. 
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4.0 EVALUATION OF ALTERNATIVES 

4.1 THE NO-MINING ALTERNATIVE 

If the reserve is not mined, and the area remains in its present state, there are 

several short-term and long-term consequences. These are; 

reduced employment for WSL and CS staff and their contractors by about one 

year, 

royalties and other revenue foregone by Western Australia and Australia, 

economically viable recources not used, 

natural radiation hazards which may force closure of the beach to 

recreation, 

continued pressures by WSL, CS and other mining companies to mine the 

heavy minerals, especially if the material value of the heavy mineral sands 

increases, and 

failure to stabilise the foredune, unless at community cost. 

WSL and CS believe that to proceed with mining is the most reasonable option. 

4.2 LOCATION 

As with all mineral deposits, their occurrence is related to geomorphic and geological 

events spanning thousands or millions of years. Occurrence of mineral sand deposits 

is a combination of these factors, with fortuitous concentration by wind, water or 

some other environmental factor. Should mining proceed, there are no alternatives to 

mining the deposit where it occurs. 

4.3 METHODOLOGY OF MINING 

A review of current sand mining techniques is covered in detail in several papers in 

the Australasian Institute of Mining and Metallurgy (AIMM), 1986. 	As described in 

these papers, the vagaries of the ore body composition, its location, surrounding land 

uses and geomorphology, social demands, proposed end use for the land, economics and 

engineering practicalities determine the most effective methods of mining. The 

dredging and haulage methods described in Appendix A are the methods best suited to 

accommodate all these parameters in the Minninup minesite. The use of alternative 

methods would require additional social, environmental and financial costs which 

cannot be justified. 
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4.4 MINERAL PROCESSING METHODS 

Mineral processing methods have been determined by years of experience in various 

areas throughout the world. The method to be used at Minninup conforms to the 

most economic and environmentally acceptable techniques and no better alternative 

methods are currently available. The technique to be used is outlined in Appendix A. 

4.5 RATES OF PRODUCTION 

Approximately 300 tonnes of ore per hour are being treated in the existing CS 

operation. This rate is determined by the maximum capabilities of the dredge and 

processing plant and the ease of extraction. Mining of the beach and primary dune 

will be at a much slower and more variable rate but is expected to average 50 tonnes 

of ore per hour. This is because scrapers or front end loaders will be used to mine 

the ore from the beach and primary dune and transport it in front of the dredge, 

from where it will be processed along with the sands in the CS lease. The rate of 

processing the enriched ore is therefore limited by the maximum capacity of the 

processing plant as well as the rate of transport to the dredge. 

An incidental advantage to this slow rate of mining is the opportunity to minimise the 

area open for mining at any one time and to progress to rehabilitation as soon as 

possible after mining. 

4.6 REHABILITATION 

Numerous alternative methods of rehabilitation exist, ranging from very expensive and 

highly engineered procedures to much cheaper and more environmentally acceptable 

alternatives. The aim of WSL and CS is to restore the landscape to as near natural 

as possible but with the added objective of producing a much safer beach (in terms of 

radiation) with greater stability of the dune system than presently exists. The 

methods proposed for achieving this are described in Section 9.0 and Appendices B 

and C. 
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4.7 WATER SUPPLY 

The only alternative sources of water for the mining operation other than the deep 

bores presently in use are "scheme" water from Bunbury or Capel, or seawater. The 

use of scheme water would be prohibitively expensive; it would also only be used for 

a short period of time as no urban or other post-mining developments are being 

considered. 

Seawater cannot be used because the salt content is highly corrosive to equipment and 

machinery. There could also be leakage of salt water, with resultant degradation, into 

the freshwater wetlands and pasture to the east of the CS minesite. 

Shallow bores cannot be used because of their possible impact on the local water 

table, which is heavily drawn upon by nearby farmers and which currently forms a 

series of valuable wetlands immediately east of the CS mining area. 

4.8 ORE TRANSPORT 

As stated in Section 3.5 there will be no transport of ore outside the mine area; with 

all ore movements restricted to just a few hundred metres within the mine area itself. 

CS will transport mineral concentrates, together with that from its own deposits to 

Bunbury by road, as is presently occurring. A small portion of the mineral concentrate 

will be transported by WSL to Capel for processing. 

4.9 PORT FACILITIES 

WSL and CS currently export their mineral sands through Bunbury's port facilities. 

The extra minerals from the Minninup deposit will not affect the port facilities except 

to provide additional usage and revenue. No alternative port facilities are available. 

4.10 LAND TENURE 

The present tenure of the primary dune and beach area is vacant Crown Land. This 

tenure will not change, hence, following mining and rehabilitation, the land will still 

be vacant Crown Land. The mineral rights held by Cable Sands are on freehold 

minerals- to- owner land owned by that company, and Cable Sands intends to 

rehabilitate the mined sections of land to native vegetation. 
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5.0 EXISTING NATURAL AND CULTURAL ENVIRONMENT AND HERITAGE 

5.1 METEOROLOGY 

The Minninup area experiences a mediterranean type of climate characterised by cool, 

wet, winters and hot, dry summers. Busselton (20km south-west) and Bunbury (25km 

north-east) are the closest centres for which climatic data are available. Rainfall 

records have been kept at these centres since the late 1800's. Annual rainfall is 

838mm at Busselton and 882mm at Bunbury. Table 1 (Commonwealth Department of 

Science) shows that 85% of Bunbury's rainfall occurs in the six months from May to 

October: the area experiences some very high falls, both in duration and intensity. 

An average of only 130mm falls over the rest of the year with rain falling only on a 

few days during this time (Table 1). Long periods with no rain at all can be expected 

throughout the summer. This will affect the growth of regeneration plantings. 

Temperatures at both Busselton and Bunbury average about 16.20C. They range from 

a mean minimum daily temperature of 8.20C in July to a mean maximum daily 

temperature of 27.60C in February. Table 2 shows the mean minimum and mean 

maximum daily temperatures and temperature extremes for Bunbury. 

Seasonal wind data from Bunbury (Table 3), the nearest available station, shows 

morning (0900 hours) summer and autumn winds to be predominantly from the south-

east. The winter morning winds may occur from any quarter, but with the north-

westerly dominating slightly. The spring pattern is also variable, with south-easterly 

winds beginning to dominate during the mornings. From 3% to 5% of winds in summer 

and winter are calm (<Skph) and with only a small proportion of the winds (<2%) 

greater than 30km/hr. Afternoon winds (1500 hours) in summer are predominantly 

from the south-west and west as a result of seabreezes. Winds swing slightly in the 

winter and vary from north-westerly to south-westerly. The afternoon winds tend to 

be stronger than the morning breeze, with a lesser percentage of calm winds (0.5%-

1%). 
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TABLE I 

RAINFALL DATA (mm) 

BUNBURY 

J F M A M 3 3 A S 0 N D 

Average 11 11 	23 46 132 183 174 126 82 55 25 14 

Highest 86 103 	91 175 288 412 417 302 201 195 84 80 

Lowest 0 0 	0 0 10 73 49 21 0 5 0 0 

Highest 
one day 115 57 	45 98 66 69 59 60 34 39 38 17 

Wet days - Average number 
3 2 	4 8 14 18 20 18 14 11 6 4 

TABLE 2 

TEMPERATURE DATA (°C) 

BUNBURY 

J F M A M 3 3 A S 0 N DYEARLY 

AVERAGE 

Mean max. 
27.5 	27.6 25.8 22.9 19.8 17.6 16.8 17.1 18.2 19.9 23.0 25.6 21.8 

Mean mm. 
14.8 	15.1 14.1 12.0 10.2 9.1 8.2 8.3 9.2 10.1 12.1 13.7 11.4 

Highest max. 
41.2 	40.1 38.3 33.9 28.7 25.1 22.3 24.2 28.8 33.6 37.7 38.6 41.2 

Lowest mm. 
5.6 	5.2 4.1 2.6 0.1 -2.2 0.6 -1.1 0.6 4.0 3.6 -2.2 1.7 
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TABLE 3 
DOMINANT WIND DIRECTION 

BUNBURY 

SEASON 	 Dominant Direction 	 Dominant direction 
0900 hours 	 1500 hours 

Summer SE/S SW/W 
Autumn SE/E SW/W/SE 
Winter NW/SE/SW NW/W/SW 
Spring SE/S WIE SW/W/NW 

Source: Bureau of Meteorology 

TABLE 4 
MONTHLY DISTRIBUTION OF EVENTS WHEN MAXIMUM 

STORM SURGE EXCEEDED 0.50m (1974-1978) - BUNBURY 

(Surge height 	in 	metres) 

1974 1975 1976 	1977 1978 TOTAL 
MONTHLY 
EVENTS 

JAN Vanessa I 
1.03* 

FEB 0 
MAR Vida 1 

0.7 1* 
APR 0.82 Alby 2 

1.64* 
MAY 0.64 0.80* 

/ 
 2 

JUN 0.83* 0.71* 2 
JUL 0.66 0.86 2 
AUG 0.74 0.54 0.93* 3 
SEP 0.73 1 
OCT 0: 
NOV 0 
DEC 0.53 1 

TOTAL 
YEARLY 5 7 2 	0 1 ISGRAND 
EVENTS TOTAL 

Note: Events when recorded water level exceeded RL 	1.60m above Bunbury 
Chart Datum are 	indicated by . 	Data 	kindly 	provided by Bureau of 
Meteorology, 	Perth. 
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Storm activity is also an important climatic factor. There are two distinct seasonal 

weather patterns which may cause storm events in the south-west. From December to 

April tropical cyclones form off the north-west coast and sometimes move sufficiently 

far south to affect the south-west. Although the cyclones are relatively small (7.5km 

- 130km in diameter), these intense low pressure areas can produce sustained winds 

and associated heavy rainfall. From May to October, low pressure cells originating in 

the Southern Ocean move across the coast. Storms from these cells are variable in 

intensity and last anywhere from 10 hours to 55 hours. 

The frequency of storms with storm surge values larger than 0.5m is tabulated in 

Table 4 for 1974-78. The data corresponds well to the 38 year period from August 

1930 to July 1978 when there were fairly similar storm events (Bureau of 

Meteorology, Pers Comm.). Data from 1978 to 1987 is not readily available but 

superficially appear very similar to that presented in Table 4. It appears that storm 

surges of the order 0.5m to Im can be expected as a result of any normal winter 

storm. Tropical cyclone events are potentially the most severe. 	In October and 

November the storm risk is lowest whilst September, and December to March, 

inclusive, have the next lowest storm risk. 	Hence, mining on the beach will be 

concentrated during these months of September to March. 

Evaporation data from Wokalup Research Station (44km north-east of Minninup) show, 

as expected, evaporation to be highest in summer, when both temperatures and winds 

are 	greatest. 	It 	peaks 	at 	283mm in 	January 	and 	is 	least 	in July at 61mm, when 

temperatures 	and 	winds 	are lower. 	While 	the 	effects 	of high evaporation 	are 

somewhat ameliorated by the close 	proximity 	of 	the 	sea, 	it 	is still likely 	to 	be 	an 

important factor 	in 	the 	re-establishment of seedling vegetation after mining. 

5.2 REGIONAL GEOLOGY AND GROUNDWATER 

5.2.1 Regional Geology 

The Minninup deposit lies within the Bunbury Trough in the southern Perth Basin, 

where a deep graben*  contains 10,000 metres of late Jurassic to Quaternary sediments 

(Wharton, 1981). 

* 	
Graben - a block of land downthrown along faults relative to the rocks on 
either side. 
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The Holocene Minninup shoreline lies on the seaward border of the Swan Coastal 

Plain, which is veneered by up to 75 metres of Quaternary sediments, chiefly the 

Tamala Limestone, Gujldford Formation and Bassendean Sand (Playford et al., 1976). 

The shoreline forms part of a coastal barrier system stretching from Bunbury to 

Busselton and bordering Geographe Bay. 

The heavy mineral deposit at Minninup is one of several deposits occurring along the 

modern coast between Bunbury and Busselton; these deposits have been grouped as 

the Minninup Shoreline (Baxter, 1977). The Minninup deposit is the largest remaining 

deposit in this sequence. 

The development of the Minninup shoreline has been controlled largely by sediment 

input from terrigenous and carbonate sources, late Holocene sealevel fluctuations, and 

pre-existent coastal landforms composed of Pleistocene limestone (Collins and 

Hamilton, 1986). Modern controls on sedimentation are the retracted, shoaling swell 

wave regime, and onshore winds, which combine to promote nett northward longshore 

drift. In such an environment the zones adjacent to the north of river outfalls are 

favourable sites for concentrations of heavy minerals (Baxter, 1977). 

The Minninup deposit occurs within the Safety Bay Sand unit described by Wilde and 

Walker (1982) as consisting of unlithified calcareous sand with abundant mollusc and 

foraminifer fragments. 

The Minninup deposit occurs on a sloping planar prograding*  beach, with a seaward 

slope of less than 5 degrees between the low water mark and a small berm. Within 

this area, two sedimentary units have been identified by Semeniuk (1983) forming a 

section up to 3 metres thick. 

The upper unit is wedge shaped, up to 2.5 metres thick and extends from the base of 

the foredune to the subtidal zone. The upper one-third of this unit is massive, 

mottled and contains fine grained, heavy mineral-quartz-carbonate sands and granules, 

with gastropods, cuttlefish (sepia) fragments and sea-grass debris. The remainder of 

the unit is low angle, plane laminated, well sorted, fine to medium sand composed of 

heavy minerals, quartz and carbonate fragments. 

Prograding - growing outward into the sea. 
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The lower unit consists of a thin (<Im) sheet extending from the beach to as much as 

50m offshore, although at Minninup this is quite variable in extent, due to the 

presence of near-shore reefs. It consists of massive to cross-bedded, very poorly 

sorted quartz -carbonate -heavy mineral sand and gravel, occasionally interbedded with 

well sorted fine grained carbonate sand. 

Heavy mineral content of the upper unit averages about 17%, while the lower unit 

contains approximately 40% heavy mineral. 

The entire beach and nearshore sequence rests on an erosion surface of estuarine 

sands and clays which is present both behind and beneath the foreshore barrier. 

These sediments are up to 1 metre thick and overlie the Tamala limestone. 

5.2.2 Groundwater 

Knowledge of hydrogeology of the area is based largely on Commander (1982). 

Commander's data show in particular that: 

ground level rises slowly inland from the coast, with the coastal dunes of 20-

30m elevation being one of the few topographic features; 

there are two distinct geological sequences beneath the northern and southern 

parts of Minninup Beach. The exact position of the geological boundary is 

uncertain; 

the southern part comprises the superficial formations, underlain by the 

Leederville Formation and the Yarragadee Formation; 

the northern part comprises the superficial formations underlain directly by the 

Yarragadee Formation, the Leederville Formation being absent. 
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These formations have separate aquifers associated with them, the main 

characteristics of which are summarised below: 

Superficial Formations: 

The superficial formations comprise a relatively thin and predominantly clayey 

unconfined aquifer in which groundwater flow is generally in a westerly direction. At 

Minninup the formation comprises Safety Bay Sand, a narrow strip of vegetated and 

mobile dunes of unlithified caicareous sand overlying Tamala Limestone and estuarine 

clays. Recharge is mostly from rainfall, although along the coast north and south of 

Minninup upward flow from the deeper underlying Leederville and Yarragadee 

formations takes place, which contributes recharge to the superficial formations. 

Groundwater discharge occurs along the coastal strip, to coastal swamps, and to the 

ocean. The watertable elevation is between 0 and 2m AHD, and in the beach and 

dunes at Minninup it is probably between 0 and lm AHD, with an average seasonal 

variation of 0.3-0.6m. No trends in watertable fluctuation between 1977 and 1982 were 

reported by Commander (1982). The salinity of the superficial formations near 

Minninup is in excess of I000mg/L, increasing rapidly towards the salt water 

interface. 

Leederville Formation: 

Along the coast to the south of Minninup, where the Leederville formation is present, 

the 	groundwater flow 	in 	the 	formation 	is 	to the 	west. 	Inland 	of 	a line 	which 

approximates the Bussell 	Highway, 	recharge occurs through the superficial formations. 

Further west there is discharge into the coastal swamps and the ocean through the 

superficial formations. A saltwater interface has been identified in the uppermost 60m 

of the Leederville formation at Peppermint Grove, 8km south of Minninup and this 

interface probably extends northward along the coast. 

Yarragadee Formation: 

The Yarragadee formation directly underlies the superficial formations in the northern 

part of the project area and underlies the Leederville formation in the southern part. 

The potentiometric head is at 4-6m AHD, with flow to the north-west. The hydraulic 

head is fairly constant with depth in the Yarragadee formation so that estimates of 

hydraulic head are considered reliable. 

Dames & Moore 



- 27 - 

These data on the hydrogeology indicate that along Minninup Beach the direction of 

flow is vertically upwards under a head difference of approximately 4-5m. Most of 

this head will be lost in the estuarine clay layer which has been logged between 8.3 

and 37.9m depth in the CS deep bore at Minninup. 

The total effect of pumping from the Yarragadee and Leederville aquifers in the 

Bunbury area since 1982 has resulted in negligible reduction in head in observation 

bores (Tingey, Water Authority of Western Australia, Bunbury. pers. comm.). 	The 

throughflow of the Yarragadee Formation is estimated as 66 x 106kL/yr across a 38km 

width, equivalent to 1,737,000kL/yr per km width. Total draw from CS bores is 

licenced at 1,200,000kL/yr. 

5.3 THE ORE BODY AND RADIATION 

The high concentration of heavy minerals in the beach cause moderately high levels 

of natural background radiation. 

Uranium and thorium are always associated with heavy mineral sands. The amount of 

uranium present is relatively small in comparison to thorium, and so radiation relates 

mainly to the decay products from the thorium chain. The thorium is present 

principally as a constituent of monazite and comprises some 6-7% of that mineral. 

Prior to being concentrated in the wet and dry sections of a mineral sands plant, the 

monazite is usually well dispersed with other sand and is therefore of no great 

radiological concern. 

In the case of Minninup Beach sand up to 0.7% of the heavy mineral concentrate is 

monazite. 

One of the causes of radiation exposure from monazite is the occurrence of high 

energy (2.6 Mev) gamma rays in the thorium decay chain. Such radiation enters the 

body externally and thus adds to the whole body gamma dose. As these gamma rays 

are very energetic, they have substantial penetrating power and are difficult to 

shield (when ordinary sand is used as a shielding material the half value layer is 

approximately 20cm thickness). Thus, although shielding from ordinary sand assists, 

there still exist moderately high levels of natural radiation. 
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Levels of 0.42uG/hr (micro Gray per hour) at the standard im above ground level are 

common at Minninup Beach. This is natural radiation and is not caused by man's 

activities. Thus, there is no limiting radiation dose which can be applied. 

As the general principle that radiation levels should be as low as reasonably 

achievable has been applied, there has been sufficient concern at the natural radiation 

levels on Minninup Beach that the controlling Local Government Authority has been 

asked to consider closing the beach to public access. The main area of concern is 

the portion where the sands are sufficiently concentrated to be radioactive, and, by 

association, economic to mine. 

It should be noted that the expected exposure to this radiation by mine workers is 

minimal, as they will handle the sands from inside machinery where shielding and 

distance will reduce radiation levels, and greatly reduce abosrbed dose, and will come 

within average radiation hazard safety regulations established for workers within the 

sand mining industry. 

5.4 TOPOGRAPHY AND GEOMORPHOLOGY 

The coastal barrier system at Minninup has been divided into eight geomorphic units 

by Collins and Hamilton (1986) on the basis of physiography, sediment type, and 

biological communities. From west to east the seven that are relevant to the 

Minninup project are (Figure 3): 

Nearshore: the nearshore area, below low water mark is characterised by 

shallow (<Sm) marine conditions, a molluscan biota, and a low-gradient, 

seaward-sloping substrate of poorly sorted quartz, calcareous and heavy 

mineral-rich sands and gravels. The nearshore zone has a variable width and 

appears modified by nearby shore-parallel ridges of lithified calcareous sand 

(beach rock) up to lOOm from shoreline. This zone will not be mined. 

Beach and Beach Ridge (Including berm and foredune): 	this unit forms a 

north-south trending ribbon up to 50m wide. Storm debris such as echinoids, 

cuttlefish and sea grass is common, and the sediment is fine to medium, 

heavy mineral-rich sands. This zone is intended for mining by scraper, and is 

within the leases discussed in this ERMP. 
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Vegetated Linear Dunes: linear primary dunes form a discontinous ribbon up 

to 40m wide and 7-10m high. They are partially vegetated by salt-tolerant 

heath flora, and Consist of well-sorted fine to medium sand. This zone is 

intended for mining by scraper, and is within the leases discussed in this 

ERMP. 

Vegetated Parabolic Dunes: parabolic secondary dunes comprise a dune field 

approximately 15 kilometres long and up to 750m wide. Modified coastal 

vegetation occurs over a thick (up to 20m) sequence of fine to medium 

quartz -carbonate -heavy mineral sand. Sediment is supplied from the beach via 

aeolian action, and heavy mineral concentrations are generally an order of 

magnitude lower than on the beach. This zone is being mined by Cable 

Sands, using a dredge, and is not part of the land discussed in this ERMP. 

Mobile Parabolic Dunes: isolated non-vegetated areas of sand extend from 

the beach into the stabilised parabolic dunes and therefore cut transversely 

across the linear and parabolic dunes. These will be mined and rehabilitated 

as part of the overall operation. The eastern parts will be dredged by CS, 

the western parts will be mined by scraper, as part of this project. 

Estuarine Flats, Channels and Lagoons: small isolated pockets of sub-aqueous 

to subaerial land underlain by sandy clays and organic debris comprise the 

unit, which supports a highly modified estuarine biota. These will not be 

mined. 

Wetlands: 	Wetlands are low-lying flat areas with high groundwater levels. 

Pedogenic processes dominate on sandy organic-rich sediments. These will 

not be mined. 

5.5 COASTAL PROCESSES 

An understanding of coastal processes of Minninup was considered essential 	in order 

to 	be 	certain 	that beach 	stability 	would 	be 	maintained 	after removal 	of the heavy 

mineral 	fraction. To 	undertake 	this 	specialised 	study 	WSL commissioned Riedel & 

Byrne, 	a 	company of 	Consulting 	Engineers 	with 	extensive experience in 	coastal 

dynamics. 	Riedel & 	Byrne 	produced 	a 	report 	which 	is reproduced in 	full 	in 

Appendix B. 
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In summary, Riedel & Byrne found that: 

Previous studies have shown that approximately 40,000-60,000m3/yr of 

sediment is being naturally transported from the Busselton area, with between 

70,000 and 100,000m3/yr passing Bunbury. 

Analysis of aerial photographs indicate general accretion of the beach south 

of Minninup, a stable beach line at Minninup and evidence of erosion of the 

beach north toward Bunbury. This, in conjunction with the known transport 

rates at Busselton and Bunbury, makes it possible to estimate the longshore 

sediment transport at locations between. 

A mathematical model of longshore transport confirms the findings of aerial 

photograph analysis, and allows a more detailed assessment of sediment 

transport to be made. 

At Minninup the shoreline alignment is such that the same quantity of sediment 

passes through the system as is supplied to it from the south. That is, it has 

established an equilibrium and is neither accreting nor eroding in the long-term. 

Riedel & Byrne also concluded that the wave climate in Geographe Bay is governed to 

a large extent by protection from the south-west swell waves afforded by Cape 

Naturaliste, and that the extensive seagrass meadows in Geographe Bay play a 

significant role in the attenuation of wave energy. 

Therefore, the combined effect of Cape Naturaliste and the seagrass meadows is to 

cause a gradual increasing exposure to swell along the Geographe Bay coastline from 

the south to the north. 
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5.6 VEGETATION 

Since 1983 CS have studied the entire beach and dune system at Minninup in 

preparation for mining of the mineral sand deposit. Later studies by CS concentrated 

more on the secondary dunes, while WSL commenced its own studies on the primary 

dune and beach. The combined information on vegetation has been compiled by 

Martinick and Associates (1987), who give the following overview: 

"The condition of the vegetation of the primary dune* varies greatly. It is 

generally in a much better condition in the southern section where a fence 

has protected the dune from horseriding, vehicles, grazing and especially 

people traffic. The northern section is severely eroded and the vegetation is 

very disturbed. In addition, the entire seaward slope of the primary dune is 

actively eroding, resulting in a steep and unstable slope. The foredune and 

part of the primary dune itself, was completely destroyed in April 1978 by 

cyclone Alby, but the primary dune has been partially rebuilt and stabilised 

by vegetation. This restoration of the foredune is more complete in the 

southern than in the northern section and the new toe is also more 

vegetated in the southern section". 

"The height of the vegetation is greatly influenced by exposure to strong 

winter winds, and generalisations may be drawn from observations of the 

height and species composition of the vegetation in relation to the various 

topographical units. The foredune and seaward slope of the primary dune 

are generally covered by herbaceous ground cover, sedges and grasses ........ 

The crest of the primary dune is usually well covered by shrubs of less than 

1 metre in height. On the sheltered leeward slopes and in the valleys, Tall 

Shrublands occur except in the wetter depressions which generally support 

Sedgelands. On the seaward slope of secondary dunes there are Low Shrub-

Sedgelands and their heights vary greatly with exposure". 

* Terminology for the dune features has been modified to make them consistent 
throughout this report. Terminology follows the Department of Conservation and 
Environment (1980) Bulletin 49. 

Dames & Moore 



- 32 - 

The vegetation types represented in the area are 	typical 	of much of the south-west 

coast 	from 	near 	Perth 	to 	near Albany. For 	example, 	the 	vegetation 	of 	Minninup 

Beach 	closely 	matches 	the 	generalised descriptions 	of coastal 	dune 	vegetation 

presented 	in 	Smith (1973). 	The systems are 	relatively 	simple, 	mostly 	because 	the 

dynamic nature of 	the coastline and dune system changes the 	vegetation 	constantly. 

Most of the specific communities present on the dunes are in constant flux, resulting 

from 	alternate 	stabilisation 	and destabilisation, probably over 	tens 	rather 	than 

hundreds of years. 

Martinick & Associates describe the condition of the vegetation as: 

"affected adversely by local beach regression, vehicle traffic, horseriding and 

grazing. The slope of the primary dune is truncated ......in many areas only 

sparsely vegetated. Numerous blowouts are present, particularly in the 

unfenced, northern section of the lease ...... 

The vegetation of the southern section of the beach and the primary dune 

has been recently rejuvenated. This is mainly due to the temporary seepage 

of fresh water during the 1986/87 summer from the dredge pond of the 

adjacent mining operation ...... 

5.7 FLORA 

Martinick & Associates (1987) recorded 123 species of vascular plants in their study of 

Minninup dune vegetation and noted that: 

"The distribution of species across the dune system is consistent with patterns 

described by Sauer (1965) and Smith (1973). 

Many species occur on both the primary dune and the secondary dunes, but there are 

suites 	of 	species 	associated 	with each 	of these 	landforms. 	A 	summary 	of 	the 

occurrence of species on different slopes on the primary dune, the 	interdunal valley, 

and the secondary dune is given in Appendix D of this ERMP. Species that were found 

in wetland depressions leeward of the secondary dune are also included". 
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Quantitative information on the presence of plant species, as derived from transects 

surveyed across the primary dune vegetation, is given in Martinick & Associates 

(ibid.). 

Martinick & Associates go on to say: 

"The most important dominant species of the primary dune are Alyxia 

buxifolia, Spyridium globulosum, Scaevola crassifolia, Tetragonia decumbens, 

Lepidosperma gladiatum, Olearia axillaris, Trachyandra divaricata and 

Hardenbergia comptoniana. The vegetation of the beach and the foredune of 

the primary dune is dominated by Spinifex longifolius, Tetragonia decumbens, 

Scaevola crassifolia and Cakile maritima". 

Martinick & Associates consider that: 

"The flora of the primary dune and beach zone is typical of the vegetation on 

Quindalup dune systems which extends along much of the south-western 

coastline of Western Australia. No gazetted rare species were observed on 

the primary dune or adjacent secondary dune area, and none were expected to 

be there. All the species are widely distributed and are included in areas 

which have been set aside for the conservation of flora and for public 

recreation". 

5.8 FIRE 

The most recent available airphotographs (1982) show no trace of old fire patterns. 

It is suspected the dunes have not been burned for at least 10 to 20 years, but it 

may be longer. The primary dunes are fairly well broken up by blowouts, especially 

within the northern section of the proposed mining area, and further north, and 

consequently fires may not spread far along the dune. 

Fire prevention during mining operations will be carefully maintained. 	After 

rehabilitation the aim will be to prevent fire in the dunes for at least five years, to 

allow adequate regeneration of the coastal heath. 
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5.9 WEEDS AND EXOTIC PLANTS 

Of the 123 species of plants recorded by Martinick & Associates (1987) in their study, 

39 (32%) were weeds or exotic species. Undoubtedly most of the weeds have been 

brought in and have become established as a result of the disturbance to the area, 

the presence of horses and the close proximity of farmland. 	As on beaches 

everywhere, some species have been established from water-borne propagules washed 

onto the beach. 

Martinick & Associates state: 

"The most important introduced species on the beach and the primary dune 

areas are Pelargonium capitatum, Trachyandra divaricata and Arctotheca 

populifolia. Arctotheca populifolia is a seasonal coloniser of the beach zone 

and the seaward slopes of the primary dune, while Trachyandra divaricata is a 

perennial which grows on the crest and the leeward slopes. Other ephemeral 

herbaceous species, such as Ursinea anthemoides, Cerastium glomeratum and 

Bromus madritensis, occur on the crest of the primary dune during winter and 

spring. 	Herbaceous annual pasture and weed species, such as species of 

Erodium, Hordeum, Lolium and Lagarus, are more commonly established within 

the secondary dune vegetation." 

Although none of the plants in the project area has been declared under the 

Agriculture and Related Resources Protection Act (1976), the high proportion of exotic 

species indicates the area is partially degraded. 

5.10 DIEBACK DISEASE 

Dieback disease (Phytophthora cinnamomi) will attack many Western Australian native 

flora, especially dicotyledonous flowering species. 	However, as far as can be 

determined, it has never been recorded as infecting dune vegetation. This may be 

due to the highly porous soils preventing establishment, susceptibility to wind-blown 

salt, or perhaps even the high proportion of sedges, rushes and grasses (non-

susceptible species) in the dune species assemblages. 
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Regardless of the reason, dieback disease is not seen as a threat to the dune 

vegetation, either before or after mining. 

5.11 FAUNA 

Avifauna surveys of the Minninup Beach and adjacent land were commenced by WSL 

in November 1985 and continued until December 1986. This work has been compiled 

and is available (McNee, 1987). Additionally, WSL's environmental scientist is a keen 

ornithologist and has collected casual observations on the bird life of the area. 

Bird populations at 12 census points were examined by McNee. Each point was 60m x 

20m, along an 1800m transect. Census was performed monthly from November 1985 to 

December 1986. 	Mining of the secondary dune by Cable Sands, adjacent to the 

primary dune, commenced in June 1986 and had progressed approximately one-quarter 

of the length of ML 70/87 by December. There is thus some data available from six 

months of post-mining disturbance. 

McNee recorded 28 species in the dunes and censused 18, the remainder being too 

infrequent to provide reliable data. The lowest density the technique recorded was 

0.05 birds/ha. 

Birds with the highest average total and highest monthly densities were those resident 

throughout the year. These were the Splendid-Fairy wren (Malurus splendens), White-

browed Scrub-wren (Sericornis frontalis) and Silvereye (Zosterops lateralis). 

Kitchener et al. (1982) have looked closely at the distribution and ecological 

requirements of birds in the Western Australian wheatbelt. They conclude that M. 

splendens and S. frontalis are both fully resident species that occupy a wide variety 

of habitat types in the wheatbelt, and they consider them normally to only occupy 

"natural" vegetation. Z. lateralis, in contrast, was non-resident, very wide-ranging 

and semi-nomadic, following food sources. 

McNee (ibid.) recorded Southern Emu-wren (Stipiturus malachurus) and New Holland 

Honeyeater (Phylidonyris novaehollandiae) in high density but not throughout the year. 

Kitchener et al. (1982) considered S. malachurus to be resident in shrubby-type 

natural vegetation and P. novaehollandiae a non-resident in the same types of 

vegetation as S.malachurus but not dependent on native vegetation. 
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The highest bird densities were observed by McNee during May to October, but there 

is a considerable difference between numbers in November/December 1985 and 

November/December 1986. Numbers in 1985 were much higher, suggesting there may 

be a considerable annual variation in numbers, perhaps dependant on the weather 

conditions at that time or in previous seasons. 	It is therefore unsafe to compare 

actual numbers of birds to numbers in other areas, except where the data are from a 

relatively nearby area, in the same year. This was done by McNee and is discussed 

below. 

The high winter-spring figures of bird abundance were considered by McNee to be due 

in part to an influx of honeyeaters feeding on Diplolaena 	. Also noted was an 

increase in parrot species (Western Rosella, Platycercus icterotis, Port Lincoln 

Platycercus zonarius and Elegant Parrot, Neophema elegans) from April to July and 

Red-capped Parrot (Platycercus spurius) in October/November. 	Foraging was not 

observed but these species have been observed elsewhere feeding on Diplolaenasp, 

seeds of chenopods, Acaciaspp and other plants found in the dunes. 

McNee observed all bird species moving freely between the primary and secondary 

dune and also observed many using the seaward side of the primary dune. The 

Southern Emu wren was considered of special interest in that it is disappearing from 

the west coast south of Perth. However, it is also cryptic and shy and may be more 

widespread than is apparent. 	Recent records include bushland from Jurien Bay to 

Esperance, including the wheatbelt, Lake Cronin and the Darling Scarp (J. Dell, pers. 

comm.). 	Populations are known to occur in Nambung, Yanchep, John Forrest, 

Lesmurdie, Yalgorup, Leeuwin-Naturaliste, Fitzgerald River and Cape Le Grand 

National Parks (unpublished data, CALM files). 	Serventy and Whittell (1976) 

specifically mention that the Southern Emu wren is "common in the Bunbury dunes". 

The Spotted Harrier (Circus assimilis) is also listed by McNee as uncommon in the 

south-west of Western Australia. The species is widespread throughout Australia, 

being found everywhere, except in south-west Queensland and the Cape York 

Peninsula. 	Its preference for crops and grassland as hunting grounds ensures its 

widespread success, but it is not commonly observed in the south-west although there 

are recent records from Moora, Cannington, Capel and Esperance. 
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McNee recorded eleven species of waterbirds on the beach in the study area. All 

are widespread and common throughout the south-west of Western Australia. None 

was particularly common on the beach, probably because food supplies are limited 

(Palmer, 1987) compared to beaches elsewhere. 

There have been no specific surveys for reptile and amphibian fauna, but Martinick & 

Associates (1987) have evaluated the area based on habitat types present and known 

requirements of fauna which could exist in 	the area. 	Their 	report 	states: 

"Amphibians 	are probably 	restricted 	to 	species which do 	not 	need 	open 

water, 	such 	as the 	burrowing frog Myobatrachus gouldii, and 	species 	which 

disperse widely from nearby wet areas, such as Lymnodynastes dorsalis. 

The reptiles are probably common but the species range would be relatively 

restricted because of the limited range of habitats. 

Snakes are probably well represented with larger species such as the dugite, 

Pseudonaja affinis, and tiger snake Notechis scutatus, and a group of small 

and less conspicuous species as Notechis coronatus, Notechnis curta, 

Rhinoplocephalus gouldii and the tiny blind-snake Ramphotyphlops australis. 

The dragon lizards are probably absent, and the only goanna which might be 

present is Varanus rosenbergii. Geckoes are probably restricted to a few 

species such as Diplodactylus spinigerus which is common on the coast and 

Phyllodactylus marmoratus which is arboreal but may enter the primary dune. 

The legless lizards are similarly represented by only a few species, such as 

the common Pygopus lepidopodus and Delma fraseri. 

Skinks would be the largest group of lizards. The species are typical of the 

extreme south western coast rather than the west coast. Common species 

may include Cryptoblepharus plagiocephalus, Egernia napoleonis, Hemiergis 

peronii, Lerista distinguenda, Menetia greyii, Morethia lineocellata andTiligua 

rugosa. Egernia kingii and Ctenotus labillardieri are probably present 

although more typical of the rocky parts of the coast." 
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There are no known Gazetted Rare or Endangered species recorded from the area 

and there are unlikely to be any, considering the widespread and common nature of 

the vegetation and soils. 

Mammals have likewise not been surveyed but the area is too small, adjacent to 

farmland and not diverse enough to support a viable population of any but the 

introduced species or highly mobile fauna such as kangaroos and bats. Rabbits, cats, 

fox, mouse and black rat are known to be present (Martinick & Associates, 1987). 

It should be noted that Muddy Lake, located north-east of the proposed mine area 

supports populations of Quokka (Setonix brachyurus) and Quenda (Isoodon obesulus). 

Mining activities do not go near this wetland, nor do they affect the fringing 

vegetation within which these native marsupials live. 

Unlike many areas where environmental work is done, there is a basic knowledge of 

some of the invertebrates. The dune areas have not been examined, but Palmer (1987) 

has briefly studied the invertebrate fauna of Minninup Beach. This work was 

initiated by WSL in 1986 and consisted of some core-sampling and pit-trapping. 

Although superficial, the work was initiated because the very high level of heavy 

minerals in the beach sand was unusual and it was not known if this type of 

environment might support an unusual fauna. Foraminifera, crustacea, gastropods, a 

bivalve, several species of insects and nematodes were collected. Most of the 

specimens could not be identified, but relative numbers across the beach profile were 

determined. The zone of infiltration of water (maximum oxygen content) and beach 

face, scarp and berm were richest. 	Palmer (ibid.) felt that numbers of both 

individuals and species were very low when compared with normal quartz-sand 

beaches, and individuals were widely dispersed within the sand. 

Palmer felt that the heavy sands were also very fine, consequently interstitial spaces 

were less than in ordinary beach sand and were hence not as well drained or 

oxygenated. The black sand could absorb more heat and may be more difficult to 

burrow through because of its high specific gravity. 

Palmer felt the study superficial and too short to provide sound data but felt that the 

beach was generally depauperate compared to silica-sand beaches. 
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5.12 EXOTIC FAUNA 

Exotic fauna recorded in the dunes by Martinick & Associates were rabbits, cats, 

fox, mouse and black rat. 

Rabbit warrens occur through the dunes and cats and foxes are regularly seen. 

Rabbits have caused some minor problems in rehabilitation and needed to be controlled 

(Martinick and Associates, pers. comm). 	Mice and black rat occur in almost all 

vegetation types along the south-west coast. 

Vegetation damage on the dunes testifies to the presence of horses and cattle at 

various times. Horses have damaged some areas of rehabilitation. There are also 

historical records of the area being used for grazing. 	A feral goat has been 

recorded about 2km from Minninup Beach. 

5.13 OFFSHORE MARINE HABITATS 

The offshore marine habitats consist of a limestone reef, seagrass beds and areas of 

bare sand. The reefs lie parallel to the beach, the first being the deeper of the two 

and up to lOOm offshore; the second is shallower and about 200m offshore. Both 

arise from close to shore on a small headland to the south of the Mineral Claim; thus 

a small hind-reef lagoon partly protects the beach that is to be mined (Appendix B). 

Flora and fauna communities on the reef have not been studied in detail but appear 

to be very similar to those of reef communities further to the north (N.I.M. Hamilton 

pers. comm.). From available information they appear similar to those described for 

the marine communities of the Cape Peron, Shoalwater Bay and Warnboro Sound 

(Department of Conservation and Environment, 1986). 

Posidonia australis (seagrass) meadows occur in deeper water. There is little plant 

development close to the beach due to wave action, high suspended sand levels and 

possibly the substrate being unsuitable because of the heavy mineral concentrations. 

The character of the seagrass meadows is similar to those described in Department of 

Conservation and Environment (ibid.). 
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Areas of bare sand support little life and are a consequence of the high levels of 

movement of sand on the sea bed. 

5.14 ABORIGINAL CULTURAL HERITAGE 

There are no Aboriginal sites registered in the mining area by the Aboriginal Sites 

Department of the Western Australian Museum. On-site inspections have located no 

artefact scatters or areas likely to be of aboriginal interest, although undoubtedly the 

area was used for gathering marine shellfish and the hinterland probably for hunting. 

The small offshore reef may have attracted shellfish gatherers and shell middens 

and/or associated artefact scatters may well exist, buried in the dunes. 

The dead were also occasionally buried in dunes, probably because this was easier 

than digging on the clay flats. 

The presence of artefacts, middens or bones cannot be predicted or tested for, but 

both WSL and CS are aware of their obligations under the Aboriginal Heritage Act 

(1972). 	Should material be discovered during mining operations, mining operations 

at that site will immediately cease to allow investigation by the Western Australian 

Museum. 

There are no specific cultural interests in the area by living Aborigines. 

5.15 EUROPEAN CULTURAL HERITAGE 

There are no known sites of European historical significance in the vicinity of the 

proposed operation. 

5.16 REGIONAL CONTEXT 

The Minninup Beach area has no specific characteristics which make it unique in a 

regional context. The landscape, geology, soils, vegetation, flora and fauna are all 

widespread and abundant. There are no Iocalised Aboriginal or European historical 

features. Unlike many areas of mineralisation in hard rock deposits, there is no 

floral assemblage particularly associated with mineral sands, as they are inert and 

create no enhanced or otherwise special soil nutrient characteristics. 

Integration of the Minninup mine with Cable Sands operations will ensure that the 

mine will have no separate regional impact on local people or visitors. 
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6.0 EXISTING SOCIAL ENVIRONMENT 

6.1 POPULATION DISTRIBUTION AND DEMOGRAPHY* 

The area comprising the City of Bunbury, the Shire of Capel and the Busselton Shire 

has a total population of 39,212 (ABS - Census 1986) (Figure 4). Of this total over 

58% live in Bunbury, 24% in the town of Busselton and the remaining 18% are 

distributed between the Capel townsite and the remainder of the two shires (Table 5). 

Table 6 shows the employment structure of the labour force (ABS - Census 1981). 

TABLE 5 

TOTAL POPULATION OF THE BUNBURY - BUSSELTON REGION - 1986 

Bunbury Busselton 	Shire Busselton Town* Cape! Shire 

Males 	 11,457 6,096 4,761 1,932 

Females 	11,574 6,315 4,973 1,808 

Total 	 23,031 12,411 9,734 3,740 

* Postcode 6280 

Source ABS - 1986 Census 

In the Shire of Cape!, over one third of the labour force is employed in agriculture 

and forestry with just under 10% being directly employed in mining. These figures 

are far higher than those for either Bunbury or the Shire of Busselton. Only 4% of 

the labour force in the Cape! Shire is involved in entertainment and recreation 

compared to 6.3% in Bunbury and 7.4% in Busselton Shire. 

Demography - the study of numerical information about the population. 
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TABLE 6 

EMPLOYMENT STRUCTURE - 1981 

Bunbury Busselton Busselton Capel 
Shire Towna Shire 

Agriculture 201 708 B 563 B 330 	B 
(2.2) (19.9) (18.7) (36.1) 

Mining 160 152 B 144 B 124 	B 
(1.8) (4.3) (4.8) (9.8) 

Manufacturing 1,099 293 241 137 
(12.2) (8.2) (8.0) (10.8) 

Electricity 328 	B 28 25 9 
(3.6) (0.8) (0.8) (0.7) 

Construction 1,068 	B 319 B 264 B 99 	B 
(11.9) (9.0) (8.8) (7.8) 

Wholesale 1,946 	B 630 B 558 B 154 	B 
(21.6) (17.7) (18.6) 12.2) 

Transport & 641 	B 87 72 36 
Storage (7.1) (2.4) (2.4) (2.8) 

Communications 189 	B 43 39 39 
(2.1) (1.2) (1.3) (1.5) 

Finance 643 180 158 35 
(7.1) (5.1) (5.1) (2.8) 

Public 220 109 98 41 
Administration (2.4) (3.1) (3.3) (3.2) 

Community Services 1,377 463 404 143 
(15.3) (13.0) (13.4) (11.3) 

Entertainment & 565 	B 263 B 217 B 52 
Recreation (6.3) (7.4) (7.2) (4.1) 

Other 571 283 226 85 
(6.3) (8.0) (7.5) (6.7) 

Total 9,008 3.558 3,004 1,264 
(100) (100) (100) (100) 

* Postcode 6280 
	

B - Basic Industry 
(-) Percentage 
Source ABS - Census 1981 
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The basic and service industries in the region are shown in Tables 6 and 7 along 

with the employment multipliers. The employment multiplier is used to calculate the 

number of jobs in the service industries that are created by an additional job in a 

basic industry. Thus in the Capel Shire I extra job in a basic industry would create 

0.6 jobs in the service industries. 

Mining is a basic industry in the Shire of Capel and the Busselton Shire. 	In the 

Shire of Capel 9.8% of the work force is employed in the mining industry. Using the 

employment multiplier of 1.6 for the Shire this indicates that a further 5.8% of the 

work force is indirectly employed as a result of the mining operations, giving a total 

of approximately 16%. 

Mining also involved 4.3% of the workforce of the Busselton Shire with a total of 

6.8% directly and indirectly resulting from the mining operations. 

A total of 160 people are employed in mining in Bunbury which, although it is only a 

small percentage of the work force, is, nevertheless, a significant number of people 

when compared to the actual numbers in the Capel and Busselton Shires. 

TABLE 7 

EMPLOYMENT STRUCTURE AND 

EMPLOYMENT MULTIPLIER 

Bunbury Busselton Busselton Capel 
Shire Town* Shire 

Basic 4,737 2,072 1,746 785 
Service 3,700 571 1,032 472 
Other 571 283 226 85 
Total 9,008 3,558 3,004 1,264 

Employment 
Multiplier 1.78 1.58 1.59 1.6 

* Postcode 6280 
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6.2 CURRENT LAND USE AND PLANNING PROPOSALS 

The Shire of Capel is mainly an agricultural area, mostly beef and dairy cattle, with 

some mining. It is a wine growing area of increasing importance. 

The main centre of population is the Capel townsite situated on the Bussell Highway, 

26 kilometres south of Bunbury and 34 kilometres north of Busselton. 

There is a small area of State forest, which is predominantly tuart, some 1.0km 

distant from the dune area approximately 5km north of the Capel townsite. 

The only significant land use in the region is the special 	rural and special residential 

areas, comprising lots of a minimum of 5 acres used as either "bush retreats 	(holiday 

homes) 	for 	visitors from outside 	the region 	or 	as 	hobby 	farms. The 	area, 

approximately 	1km 	east 	of the 	proposed beach mining area and bounded by Lakes 

Road, 	Minninup Road, Lovelles Road 	and the 	Bussell 	Highway, 	has 	been designated 

special 	rural: 	other similar areas are 	to the east of the Bussell 	Highway. 

Figure 1 shows the various land use zoning in the vicinity of the proposed mining 

area. (Shire of Capel District Town Planning Scheme No. 2). 

6.3 TRANSPORT AND COMMUNICATION 

The main transport link through the area is the Bussell Highway linking Bunbury 

with Busselton and the south-west area of Western Australia. 

The mining area is approached along Lovelles Road or Lakes Road from the Bussell 

Highway, then Minninup Road and finally Rich Road which leads directly to the site. 

Lovelles, Lakes and Minninup Roads border the special rural area (Figures 1 and 2). 
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6.4 GROUNDWATER DEMANDS 

The demand for groundwater in the area has been assessed by reference to the 

licencing section of the Water Authority at Bunbury. Cable Sands' deep bore at 

Minninup is the only licenced abstraction within several kilometres of the coast line 

and inland. The nearest licenced deep bore is along Bussell Highway, 3km north of 

Boyanup Road. This bore is only 50m deep and yields only small quantities which are 

used for garden watering. The Minninup licence abstraction represents the assumed 

throughflow in the Yarragadee over a width of 1.4km. As there are no other licenced 

users for several kilometres around the bore, there is currently no problem with 

competing demands on the aquifer. 

6.5 RECREATION, INCLUDING BEACH USE 

There was no recreational use immediately inland of the dunes as it was in private, 

pastoral use before being purchased by CS for mining. Similarly the dunes were not 

used for recreation. The only activities in the area were occasional 4x4 vehicles 

traversing the beach to go to fishing places elsewhere or the occasional skindiver 

using the beach as an access point to the offshore reefs. 

The beach itself was not popular for recreation because the black sand is 

unattractive. 

6.6 DUST, NOISE AND RADIOACTIVITY 

Existing dust levels are extremely low, the beach and dune sands being too heavy to 

be mobilised except in the most extreme conditions. 	In strong winds there is 

movement of quartz beach sands, but these are generally too heavy to carry more 

than a few tens of metres except where dune blowouts increase wind speed. It is in 

these places that sand movement can be a problem. The heavy minerals do not blow 

more than a few centimetres, being much heavier than the quartz. 

Noise levels are fairly high on the dunes because of breaking of waves offshore and 

on the beach, but they are no different 	in intensity than similar 	situations elsewhere. 

Behind the dunes noise levels are normal for 	rural 	areas. 

Natural average background radioactivity is fairly high. Readings taken by WSL on 17 

May 1985 (Table 8) using an Exploration Scintillometer held Im above the ground, 

recorded the following levels of average radioactivity. 

P1 
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TABLE 8 
NATURAL AVERAGE BACKGROUND 

LEVELS OF RADIOACTIVITY IN MINNINUP AREA 

Location 	 uG*/hr 

Hind dune area 	 0.105 to 0.28 
Foredune 	 0.28 
Blowouts 	 0.47 
Unmineralised dunes 	 0.105 to 0.14 
Mineralised dunes 	 0.21 
Mineralised beach (im) 	 0.49 
Mineralised beach (ground level) 	 1.05 

For comparison, a local sand pit at Gelorup registered 0.07 to 0.105 uG/hr: if about 

0.1 uG/hr is taken as an average background level for the area then most of the 

dune is about twice the background level. If visitors to the area sat or lay on the 

heavily mineralised sections of the beach for long periods they could be exposed to up 

to ten times the local background levels. 

In accordance with the widely accepted ALARA 	principle it is an acceptable and 

desirable proposition to mine the beach and reduce the unnecessary levels of 

radiation. 

In reference to minesite operation by CS, all mining will be conducted in accordance 

with the Western Australian Code of Practice (Department of Mines, 1982) which 

establishes regulations for safe working in the mineral sands industry and incorporates 

International Atomic Energy Agency (IAEA) Standards of Radiation Protection. 

6.7 PROTECTION OF CULTURAL HERITAGE 

All 	studies 	have 	suggested there 	is no 	significant 	cultural heritage 	in the 	vicinity 	of 

the proposed mine. No evidence of Aboriginal occupation or 	interest has been found 

and there are no sites of European historical 	significance. In the event that material 

of 	Aboriginal 	origin 	is 	uncovered during 	operations, 	all work 	will cease 	and 	the 

Aboriginal Sites Department of the Western Australian Museum will 	be called upon to 

advise. 

* 	For this exercise I Gray is considered equivalent to I Sievert 
** 	ALARA = As low As Reasonably Achievable 
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7.0 ENVIRONMENTAL IMPACTS 

7.1 TOPOGRAPHIC AND GEOMORPHOLOGIC CHANGES 

Removal of a proportion of the primary dunes and hind dunes (in CSs operation) in 

the form of heavy mineral will mean there is less sand overall to rebuild the 

topography than there was before the operation. As reconstruction of the foredune 

and primary dune is seen as the main objective, sand will be taken from the hind 

dunes to rebuild the beach, foredune and primary dune. Hence, the deficit in sand 

will result in a small reduction in topographic height behind the foredune. 

Removal of the heavier mineral sands from the beach, and their replacement With an 

equivalent volume of lighter beach sand, will mean that the potential for longshore 

transport on the existing beach alignment will increase by 15016 to 2501o. To 

compensate for this increased capacity to move the lighter sediment, the beach will 

realign itself by rotating 0.50  to 10  until an equilibrium is once again established. 

To reduce the likelihood of damage to the reconstructed primary dune, this dune will 

be located on the preferred alignment with the volume of material in the dunes 

approximately the same as at present. The foredune will be re—established on the same 

alignment as present but increased in height in some areas by 1 metre. Some 

realignment of the foredune through erosion and accretion will occur and may be 

significant in the first year after reconstruction. During a severe storm wave attack 

may remove some of material from the primary dune but the quantity removed will 

not be significantly more than would be removed should the mineral sand be left in 

the dune. 

The mining of mineral sand from the beach at Minninup should not result in any long 

term effects on the coastline of Geographe Bay, either to the north or south of the 

proposed mining operations, and will not affect beaches at Bunbury. At the southern 

end of the realigned beach the bay behind the reefs will be slightly more pronounced. 

This is discussed in more detail in Appendix B. 
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7.2 IMPACT ON COASTAL DYNAMICS 

The mining operation proposed by WSL and CS involves the removal of the heavy 

mineral sand from the beach system and its replacement with clean beach sand 

essentially free of heavy mineral. 

This reduction in higher density material is expected to result in additional littoral 

transport. Realignment of the beach would then occur until such time as an 

equilibrium alignment was attained. 

The expected increase in sediment transport due to the removal of heavy mineral 

sand has been quantified (Appendix B) and the results indicate that the wave 

conditions at Minninup have a preference to move quartz sand to mineral sand in the 

ratio 3:2. In the storm events all sand, both light and heavy, may be removed from 

the beach. It has also been observed that there are times when the heavier mineral 

sands are deposited on the beach and effectively "armour" the underlying normal 

beach sand against any significant movement by wave action. 	At other times the 

beach is covered by a layer of the normal quartz sand only. Therefore, the effect of 

replacing mineral sand with quartz sand would be to increase sediment transport on 

the existing beach alignment by a factor of between 1.0 and I.S. Calculations indicate 

that this factor is more likely to be between 1.2 and 1.3. 

Varying beach alignments have been computer 	modelled and 	results 	indicate 	that 	in 

general the beach would tend to realign by approximately 0.50  to 1.00  in response to 

the 	replacement of 	heavy minerals 	by quartz 	sands 	(refer 	Appendix B 	Figure 	5.1). 

Once 	this 	realignment has occurred, 	the coastal dynamics of Minninup will 	return 	to 

their current equilibrium state. There will be no impact on the beaches at Bunbury as 

a consequence of removal of the heavy mineral sand from the beach at Minninup. 

7.3 HYDROLOGICAL REGIMES 

The potential environmental impacts on the hydrological regime of the locality are 

restricted to impacts on the bore water supply aquifer (Yarragadee Formation), 

impacts on the shallow, superficial aquifer and the potential for salt water intrusion. 

The throughflow of the bore water supply aquifer has been shown (Section 5.2.2) to 

be high, relative to the licenced abstraction, and no detrimental effects are likely. 
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Drainage through the superficial formation aquifer will generally follow the ground 

elevation slopes. In particular, the drain running north-south between Minninup Road 

and the coast will ensure that any effect of the mining is restricted to the area 

west of the drain. 

Because of the potential for environmental impacts on the shallow aquifer hydrology, 

the water in this drain has been monitored regularly since October 1984. The data are 

presented in Table 9, for the three monitoring sites shown on Figure 2. The pH has 

varied 	between 	7.0 	and 	8.5 	over 	this 	period, 	and 	total soluble salts 	have 	varied 

between 286 and 842mg/L. No trends are evident in the data and no reports have been 

received 	of water 	quality 	problems 	associated 	with 	the existing mining 	operation, 

which began drawing water in 	1985. 

The quality of water from the bore has remained high with a recent sample (taken on 

20 August 1987) having TSS of 187mg/L. This low salinity indicates that the 

saltwater interface lies to the west of the borehole and is not affecting the bore 

water quality. The exact location of the salt water interface in the Yarragadee 

formation at the depth of abstraction (200m) is not known. As noted in section 5.2.2, 

Commander (1982) reports a salt water interface in the vicinity of 60m depth in the 

Leederville formation at Peppermint Grove. This may extend along the coast at the 

same depth, however, the abstraction for this project is unlikely to locally affect the 

interface. 

There will be no long-term impact on hydrology of the area as a consequence of dune 

removal as the dunes will be immediately reconstructed at their present location and 

in 	similar configuration and height. During mining there will be temporary disruption 

of surface hydrology but as mining is shallow, only small areas will be mined at any 

given time and as reconstruction will rapidly follow, the impact will be minimal. Salt 

water 	will not enter the 	hind dunes as the dredge 	is floated on fresh water at 	a 

higher level than high water mark and water will seep through to the sea rather than 

the 	reverse. 

It is an essential part of operations that the dredge pond is never open to the sea, so 

there cannot be any breach of the dunes which could allow seawater entry. This is 

why the primary dunes and beach are mined by scraper behind where the dredge is 

operating. 
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TABLE 9 

WATER ANALYSES FROM HYDROLOGICAL SAMPLE SITES (FIGURE 2) 

FIVE MILE DRAIN 

Month 	 Site 1 	 Site 2 	 Site 3 
pH 	TSS 	pH 	TSS 	pH 	TSS 

(mg/L) 	 (mg/L) 	 (mg/L) 

1984 
October 	 7.5 	394 	7.9 	325 	8.1 	343 

1985 
November 	7.6 	423 	7.7 	337 	7.8 	338 

1986 
March 7.4 514 7.7 391 7.3 437 
April 6.8 454 7.4 312 7.4 383 
May 7.0 737 7.0 809 7.4 567 
June 7.6 631 7.4 507 7.4 540 
August 7.5 454 7.4 520 7.4 542 
September 7.6 440 7.3 459 7.4 465 
November 7.5 440 7.0 407 7.1 454 
December 7.5 492 8.2 330 7.3 380 

1987 
January 8.5 589 8.1 286 7.2 374 
March dry no sample 7.8 363 7.0 710 
April 7.5 649 7.4 501 7.2 561 
May 7.3 721 7.0 666 7.0 688 
June 7.3 726 6.8 842 6.8 820 
August 7.4 576 7.1 557 7.1 585 

Notes: 

Total Soluble Salts (TSS) estimated as 5.5 x EC25,  where EC25 is electrical 
conductivity (milliSieveris/metre) 
Samples collected and analysed by Department of Agriculture, Bunbury 

7.4 IMPACT ON FLORA AND VEGETATION 

Mining of the Minninup Beach mineral deposit will temporarily remove all vegetation 

from the foredune and primary dune. The vegetation is typical of that occurring on 

coastal dunes between Perth and Albany and contains species common throughout that 

distribution. There are no Gazetted Rare plants, no unusual species and all plant 

assemblages, associations and formations are common and widespread. 
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Thus, although the impact of mining will be iocaliy high, with total loss of all 

vegetation, there is negligible impact on flora or vegetation in terms of overall 

security of the species. Rehabilitation will return the great majority of pre-existing 

species to the disturbed area. The adequcy of rehabilitation is assured, as has been 

proved by numerous successes elsewhere, eg. Wood and Associates (1986), and in the 

Minninup secondary dunes by CS. 

7.5 IMPACT ON FAUNA 

All fauna which occupy the area will be displaced by the mining operations. 

The main species to be affected are those normally resident on the dunes and those 

that regularly use the dune vegetation for food or shelter. The Splendid Fairy Wren, 

White-browed Scrubwren and Southern Emu Wren are in the former category and 

Silvereye and New Holland Honeyeater are typical of the latter. There is every reason 

to believe that after rehabilitation these species will recolonise back into the dune 

areas. 

7.6 IMPACT ON OFFSHORE ECOSYSTEMS 

Beach disturbance during mining is expected to cause minimal sediment release due to 

the extremely high proportion of heavy mineral (40%-100%). Further, the long-shore 

drift operating in the area carries heavy sediment loads northwards and the annual 

cyclic buildup and erosion of the beachline ensures suspended material is always 

present, often at very high levels. The reef biota are therefore well adapted to 

sediment in the water and the mining will not cause any adverse effects. 

Seagrass beds do not lie very close to shore but they currently experience high levels 

of water-borne sand from the long-shore drift system. There are not expected to be 

any adverse impacts from mining of the adjacent beach, and there will be no direct 

disturbance of the seagrass as has occurred with approved developments at Cape 

Peron, Shoalwater Bay, Wanboro Sound and Mandurah. e.g. Department of Conservation 

and Environment (1986). 
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7.7 IMPACT ON CULTURAL HERITAGE 

As there are no items of cultural heritage recorded in the area, there is not expected 

to be any impact. 	In the event of Aboriginal material being uncovered during 

operations, mining will cease while surveys are undertaken (refer Section 5.13). 

7.8 REGIONAL ENVIRONMENTAL IMPACT 

It is not expected there will be any deleterious regional environmental impact. All 

topographical features, geological and soil features, vegetation assemblages, flora and 

fauna are common, widespread and well represented in conservation reserves. 

7.9 LONG-TERM LAND CAPABILITY ANALYSIS 

The dunes on the freehold land were, prior to CS operations, pushed to the limit of 

their capabilities. The dune systems were grazed by stock and this is believed to 

have led to many of the blowouts observed in the northern part of the lease and 

further to the north. As well, the pasture developed on the dunes was sparse and of 

low value to grazing stock. 

Following stabilisation and revegetation, the dune systems in the lease area will be 

well vegetated with native plants, protected from stock and the area turned over to 

controlled, passive recreation. 	Areas of the beach which are currently radioactive 

will be made available for safe recreation after replacement with normal quartz sand. 
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8.0 SOCIAL IMPACTS 

8.1 WORKFORCE AND DEMOGRAPHY 

Over the period 1976 to 1986 the population of the Capel Shire has increased from 

2,302 to 3,740 - an annual growth rate of 6.2% compared to 1.8% for Bunbury and 

2.2% for Western Australia (Table 10). Much of the increase is attributable directly 

or indirectly to sand mining operations. 

TABLE 10 

POPULATION INCREASE 1976-1986 

1976 1981 1986 AAGR 

Capel Shire 2,302 2,913 3,740 6.2% 

Bunbury 19,514 21,749 23,031 1.8% 

Western Australia 1,144,859 1,273,624 1,406,929 2.2% 

AAGR - Annual Average Growth Rate 

ABS 	- 	Australian Bureau of Statistics 

A total of 370 people are employed by CS and WSL. Mineral sand mining is, therefore, 

a very large component of the mining in 	the 	region. The labour force employed by 

the mineral 	sand mining operation 	live mainly 	at 	Busselton, Capel and Bunbury. 

The impact of the sand mining operation on the workforce of the Shire of Capel is 

significant in both direct and indirect employment. It is also significant in the Shire 

of Busselton with most impact being within the town of Busselton itself. 

Mining, and in particular mineral sand mining, is a basic industry in the Shires of 

Capel and Busselton accounting for approximately 8% of the employment in the region. 

There has been in a small increase in wine growing in the area but none of the 

vineyards will be affected by mining the foredune. 

Tourism is not a major area of employment within the Capel Shire although many 

tourists and holiday makers pass through the Shire on their way to other destinations. 
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The 	black 	sands 	on 	the 	beach 	are not 	conducive 	to recreation 	and 	the levels 	of 

radiation give 	rise 	to safety concern and 	likely 	closure. Mining will 	turn the beach 

into a more acceptable condition and encourage more use as a 	recreational area. 

The holiday homes (rural retreats) and hobby farms in the area are set well back 

from the roads and are located well away from the proposed mine area and access 

roads. The roads leading up to the proposed mining area are considered adequate at 

the moment, and there will be no increase in use as a result of the proposed mining 

of the foredune. 

8.2 CHANGES TO LAND USE 

Changes to land use are described briefly in Section 7.7. The dunes, presently 

damaged by stock, will be revegetated. The beach, unusable because of moderately 

high natural radiation levels, will be restored with clean sand and opened to 

recreation. Freehold land to the east will be restored to native vegetation. 

8.3 CHANGES TO TRANSPORT, COMMUNICATION OR PORTS 

There 	will 	be 	no changes 	to transport, 	communication or 	ports 	as 	a 	result 	of 	CS 

mining the dunes in the WSL lease. 	Present 	activities which have resulted from CS 

operation will 	be extended by approximately 	9 	to 	15 months. 

8.4 SOCIAL IMPACT OF EFFECTS ON GROUNDWATER 

There will be no effect on groundwater supplies of nearby landholders for the reasons 

set Out in Section 7.2, ie. the water being drawn for mining operations is from much 

deeper aquifers than those used in farming. 

Similarly, there can be no encroachment of seawater into the superficial aquifer, as a 

dune will always remain between operations and the ocean and a positive head of 

groundwater will prevent salt-water seepage into the minesite. 
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8.5 CHANGES TO RECREATIONAL ACTIVITIES 

The only significant change to recreational activities will be a long—term increase in 

the potential for beach recreation. The area is used at present for recreational 

access to other areas but the unpleasant appearance of the black sands causes few 

visitors to linger. There are also recommendations that the beach should be closed 

because of the radiation hazard. 

Following reconstruction, the beach will be composed of clean, white, quartz sand 

and is likely to become more popular for fishing and skindiving access to the reefs. 

Access to the beach will be by 4x4 vehicle from either end of the beach or by 

pedestrian access from a carpark, the land for which CS will provide behind the 

dunes. 	Controlled walkways will be necessary to allow access across the primary 

dune to the beach. The use of 4x4 vehicles may be prohibited if damage to the dunes 

is found to be occurring. 

8.6 ALTERATIONS TO CONSERVATION OR HERITAGE VALUES OR STATUS 

There will be no significant changes to conservation values as the revegetation of 

the dune will be designed with the specific aim of creating habitats similar to those 

existing prior to mining. 

Programmes to plant suitable native flora species in appropriate patterns of height and 

density to provide variable habitats will also assist faunal colonisation. 

8.7 REGIONAL SOCIAL IMPACT 

Although the black sands of Minninup beach are not conducive to recreational 

pursuits, these beaches are used by professional and amateur fishermen and skindivers. 

There will be some disruption to these activities due to the closure of the beach for 

the proposed beach mining. Professional whitebait and bluebait fishermen who use the 

beach are obtaining an agreement with CS, to permit access through CS land while 

beach mining is in progress. 
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The Capel Shire is negotiating for access to the beach between Bunbury and Capel 

when the beach has been treated, and intends to open the beach for recreation 

purposes. 

In terms of historical sites used for recreation there are two National Trust interests 

in the region. 

Minninup homestead on the Mangles Road, 6km north of Capel, 

Ludlow forest - 3 kilometes north-east of Busselton. 

Neither of these will be affected by the mining operation. 

8.8 SOCIAL EFFECTS OF DECOMMISSIONING 

At 	decommissioning, 	all machinery and 	equipment 	will 	be 	removed 	by 	CS. 	All 

combustible rubbish and debris 	will be burned on CS's private land behind the lease 

area, and 	the 	remainder removed to an approved 	dump 	site. 	All unwanted 	roads, 

tracks and pads will be ripped and rehabilitated and 	the 	area will be left clean and 

tidy. 	There 	will 	therefore 	be 	no long-term 	social 	impact 	caused by 	the 	finished 

minesite. 
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9.0 ENVIRONMENTAL MANAGEMENT 

9.1 COASTAL RESTRUCTURING AND STABILISATION 

Removal of the heavier mineral sands from the beach and their replacement with 

lighter beach sand will mean that the potential for longshore transport on the 

existing beach alignment will increase by a factor of 1.2 to 1.5. To compensate for 

this increased capacity to move the lighter sediment, the southern end of the beach 

will realign itself by rotating eastward approximately 10  until an equilibrium is again 

established. 

To reduce the likelihood of damage to the reconstructed primary dune, this dune will 

be relocated on this preferred alignment, with the foredune to be rebuilt exactly in 

its current position. 

The foredune will be re—established on the same alignment as present, but increased in 

height by im to provide additional sand during the re—equilibration phase. Some re-

alignment of the foredune through erosion and accretion will occur naturally and may 

be significant in the first year after reconstruction, as the beach tends towards the 

new equilibrium. 

During a severe storm, wave attack may remove some of the material from the 

primary dune but the quantity removed will not be any different than would be 

removed should the mineral sand be left in the dune. 

The mining of mineral sand from the beach at Minninup will not result in any long 

term effects on the coastline of Geographe Bay, either to the north or south of the 

proposed mining operations. Post—mining dune restructuring will simply assist in 

establishing a new equilibrium sooner than would occur naturally if the beach area 

were left in its mined—out state. 

9.2 DUNE CONSTRUCTION AND STABILISATION 

The perception often apparent in reference to coastal dune reclamation is that the 

- 	 ultimate aim is to achieve complete stability of the dune. 	The term 'stability' 

implies an inflexibility in the dune which is not always appropriate in particular 
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circumstances. 	It may be of critical importance for the final dune design to 

accommodate erosion; for example, a foredune which acts as a reservoir of sand for 

severe storm events in the sand cycle. This is especially apparent in a historical 

study of the beach at Minninup. Conversely, where a blowout forms in the primary 

dune, erosion control and surface stabilisation are essential to prevent further 

destruction of foredune vegetation with associated loss of sand from the beach system. 

Stabilisation techniques can range from engineering solutions such as retaining walls 

and wave—breaking groynes to 'natural' solutions such as brush matting and planting 

of vegetation. Apart from engineering solutions being extremely expensive, generally 

aesthetically unappealing and often ineffective (Davies, 1981), the future recreational 

land use for the Minninup Beach indicates a more natural solution is best. 

Dune reconstruction at Minninup will comprise a series of steps. 

The construction of the foredune, primary dune and secondary dune to the desired 

size, shape and location, using processed clean sand from mine residue. 

The immediate temporary stabilisation of the constructed primary and secondary 

dunes by laying of topsoil, plant debris and brush matting wherever necessary to 

prevent deformation by wind action until such time as vegetative cover can be 

established. Replaced topsoil containing vegetation debris will aid in breaking the 

flow of wind over the dune. 

The establishment of a vegetative cover to prevent wind erosion of the dunes, 

encourage further sand deposition and to provide a means by which the dunes are 

capable of natural regeneration after storm damage. 

Protection of the vegetative cover by physically excluding people, stock and 

vehicles and preventing fire, all of which cause localised or general destruction of 

dune plants and result in wind erosion. 

Success in rehabilitation is assured as it is much simpler to rehabilitate the Minninup 

dune than it has been in other locations. For example Woods & Associates (1986) 

reported upon several difficult stabilisation problems on the west coast. 
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CS success in rehabilitating the Minninup hind dunes (some areas have now been 

stabilised for 12 months) also supports the opinion that the currently applied 

techniques are adequate. 

CS simply replaces topsoil and vegetation debris. This has proved highly successful in 

all but the most extreme cases, the latter sometimes requiring other techniques, all of 

which have also been successful. 

CS have monitored their rehabilitation programmes in the secondary dunes and have 

found that: 

the majority of rehabilitation is successful with simply the replacement of topsoil, 

and no other action, 

deliberate planting of seed enhances rehabilitation and can be used to "fill in" 

gaps in natural regeneration, 

hand planting of trees has a high success rate, and 

the application of fertilisers is of great advantage because the processing of the 

sand removes much of the nutrient which would be naturally present. 

In the case of the Minninup primary dunes, the stabilisation process will consist of 

the following. 

CS will return topsoil together with all plant material. This will be removed from 

ahead of the mine path and immediately returned to the rear of the mine path 

onto restored landforms. 

Vegetation and topsoil will be removed from the mine path in a single operation. 

The mixture of vegetation and about 15-20cm of topsoil will be pushed into the 

valley between the primary and secondary dune. It will then be respread over the 

reconstructed primary dune 	immediately after 	this has attained its 	desired 	slope. 

Thus, when the topsoil 	is returned, the pre-existing vegetation is replaced at the 

same 	time 	as a 	layer 	of 	bushes, 	branches 	and debris. 	These 	form 	a 	wind 

protection over the 	soil 	surface. 

Additional brush will be provided on a needs basis and this will probably be cut 

on-site although some pine cuttings may be used. 
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Considerable regeneration of plants will occur from seed contained in the topsoil. 

This will be supplemented by handseeding using special hand tools with which the 

seed will be placed carefully in selected sites. Some hand planting of seedlings 

and cuttings will be undertaken, probably at a density of about 3 plants per 10m2. 

Runners of native dune grasses will be collected ahead of the mine path and hand 

planted on restored landforms. Only dune species from the region will be 

established. 

Efforts will be made to remove weeds, but as these are already present on the 

entire dune landform, their total eradication cannot be guaranteed. However, as 

native vegetation becomes established weed populations will decline with time. 

S. Physical stability, where required, will also be provided by the placement of 

unbroken straw bales at rates calculated to substantially decrease windspeeds at 

surface, and also be spraying with bitumen straw, if necessary. 

It should be noted that CS have found that placing of unbroken bales of straw 

can greatly reduce windspeed and permit more successful growth of seedlings. 

Introduction of weeds with the straw is minor, as most seeds remain within the 

bale, and the straw will be selected to be free of weeds. 

Where a surplus of topsoil is available from the secondary dunes, it will be used 

on the primary dunes. 

Efforts will be made to mine stage 1 of the foredune in May 1988 so that 

vegetation establishment can commence as early as possible in June 1988 to take 

advantage of the favourable growth conditions during the winter. 

Fertilisers will be used to assist in the rapid growth of all plants. 

As well as these techniques, a wide range of backup methods of stabilisation are 

available. These are discussed in Appendix C. 
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9.3 RELATIONSHIPS TO CURRENT PRACTICE ELSEWHERE 

The most significant area of mineral sand mining of the beach and primary dune in 

Australia is undoubtedly between Sydney and the Queensland border. Between 1933 

and 1973, 106 locations had the dunes and/or beach mined (Watt 1973). With 

improved mineral separation techniques and increases in the value of the mineral, 

some dunes have been mined twice. There are also sites where the beaches are mined 

regularly year after year by scraper as successive winter storms replenish heavy 

mineral deposits on the beach (Watt, ibid.). Many of these sites have characteristics 

similar to Minninup. 

Watt's studies indicated that post-mining beach erosion was no worse than on 

unmined dunes, and that post-mining stability was usually reached within 2 years 

after finalisation of the operation. 

Quilty and Wearne (1975) closely studied 130 beaches on the New South Wales 

coastline, 57 of which had been mined and stabilised. 

They conclude: 

"There is no evidence to suggest that the erosion hazard was any greater 

or damage was any worse on the mined beaches, than on the beaches that 

had not been mined". 

Similarly, Martinick & Associates (1984) quote an example where: 

"on Strathbroke Island a stretch of over 45km of beach and associated dunes has 

been mined ..........Prior to mining, this frontal area was completely devoid of a 

fore dune and it appeared as a vast area of active sand drift advancing inland 

for distances up to 750m; the scale of this destabilisation was such that its 

repair and maintenance was considered to be beyond the means of private 

developers or local government instrumentalities ..............Following and during 

subsequent mining operations appropriate rehabilitation programmes rebuilt an 

entirely new and stable dune system, complete with toe, fore dune and hind 

dunes. 	During these and similar mining operations the respective mining 

companies, with assistance and co-operation from relevant government 

authorities, developed techniques and large scale methods for stabilising damaged 

dune systems and for completely rebuilding new dune systems ............The 
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success of these rehabilitation methods can be largely attributed to a good 

understanding of the natural forces which cause dunes to be built, cause dunes 

to become destabilised and destroyed, and a good knowledge of the vegetation 

growing on them. This success is perhaps best summed up in the Annual Report 

to Parliament by the Beach Protection Authority of Queensland (1978-79): 

In the overall picture, mining and subsequent restoration of frontal sand 

dunes in southern Queensland have resulted in an improvement in dune 

stability against wind erosion. Two well known examples are North and 

South Stradbroke Islands, where the heavily grazed and unstable frontal 

dunes, which existed prior to mining, were transformed into stable and 

well vegetated dunes after mining. This has not Only halted the inland 

march of the sand dunes, but is also expected to slow down rates of beach 

erosion in these areas. 

The technique developed during this rehabilitation and the success achieved on 

such a massive scale was described by the British world authority on land 

reclamation, Professor Tony Bradshaw, as of "international significance"". 

To date there has been only one beach or foredune mining activity in Western 

Australia, at Koombana Bay between 1955 and 1967, when some 3,000 metres of beach 

and dunes were mined. Rehabilitation has been successful. 	Only a very small 

proportion of the State's potential mineral-sands mining areas are associated with the 

present beaches and foredunes in the South West. It is, therefore, unlikely that the 

scale of coastal mining which occurred in the Eastern States will be repeated to the 

same extent in this State. 

Although some activities on the east coast and those of Minninup will be similar, 

except for local climate differences, the Western Australian programme is considered 

to be much more assured of success. This is because of experience elsewhere (Woods 

& Associates, 1986), and successes at Koomboma Bay and by CS in the Minninup 

secondary dunes. 
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9.4 TRIALS AND MONITORING 

No rehabilitation trials will be undertaken as the wide experience of hundreds of 

similar projects elsewhere provide a detailed and adequate database. Several experts 

on dune stabilisation and rehabilitation are also available to provide assistance if 

needed. CS and WSL will, however, monitor the rehabilitation programme to ensure 

that it is continuing at a suitable rate. This will be done by regular observation, by 

the undertaking of detailed research and botanical monitoring and by photographic 

recording of the rehabilitated sites from a series of standard points at six-monthly 

intervals. A species list of plants from selected sites will be made on an annual basis 

to record rates of species recruitment. 

The primary dune and foredune will also be monitored to ensure that they are 

withstanding normal dynamic cycles of sand deposition and erosion. 

Martinick & Associates have defined for this project an endpoint for restoration of 

the foredune and primary dune, to provide a goal for successful rehabilitation. The 

endpoint is defined as follows: 

There should be at least three years of stability of land form, stability being 

attributable to its location, shape and the establishment of stable and self-

perpetuating vegetation. 

Perennial plant species must have survived at least 2 summer seasons. 

The vegetation must have a density of plants which will provide long-term 

stability to the restored landforms. The minimum density required per 10m2  is 

based on baseline date collected prior to mining from excellent examples of 

stable stands of vegetation on the dune system (Martinick & Associates Pty Ltd, 

1987): 

Foredune: 10 evenly distributed plants, each developing into clumps, of any 

combination of the species listed in Table 11(A). This includes monostands. 

Primary dune: Any 10 plants from Table 11(8) and at least any 2 plants 

from Table 11(C), or up to 12 from Table 11(C) and none from Table 11(B). 

Other species will occur naturally and will be in addition to the minimum numbers 

given above. 
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TABLE 10 

SPECIES USED TO AID DEFINITION OF END POINT OF REHABILITIATION 

FOREDUNE SPECIES 

Arctotheca populifolia 

Cakile maritima 

Spinifex hirsutus 

Spinifex longifolius 

Tetragonia decumbens 

PRIMARY DUNE GRASSES. SEDGES AND GROUND COVERS 

Acanthocarpus preissii 

Cakile maritima 

Hardenbergia comptoniana 

Lepidosperma ustulatum 

Poa drummondiana 

Scaevola crassifolia 

Tetragonia decumbens 

Trachyandra divarisata 

PRIMARY DUNE SHRUBS 

Acacia cochlearis 

Acacia cyclops 

Acacia saligna 

Olearia axillaris 

Rhagodia baccata 

Spyridium globulosum 
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9.5 MANAGEMENT RESPONSE TO MONITORING 

In the event that monitoring shows the commencement of blowouts, physical 

restructuring of the damaged dune will be undertaken and extra brush matting will be 

immediately applied. 	If, because of unpredictable extreme climatic conditions, 

destabilisation is seen to begin, one or several of the more expensive stabilisation 

procedures listed in Appendix C will be employed immediately. 

Similarly, if revegetation appears too slow, chemical treatments, fertilisers, topsoil 

from elsewhere, or deliberate seeding or planting will be employed to speed the 

process. 

In the event that extreme climatic conditions alter the shoreline to an unacceptable 

degree, CS and WSL will take the necessary steps to restore the area. 

Both CS and WSL will be operating in the south-west region for at least 20 years and 

therefore, will retain responsibility for rehabilitation until the endpoints for 

successful revegetation in Section 9.4 are reached to the satisfaction of the Mines 

Department. 

9.6 LONG-TERM MANAGEMENT ECONOMICS AND REPORTING 

Both CS and WSL accept the responsibility to ensure that the land will be 

rehabilitated to a satisfactory level of stability and usefulness. The dunes and beach 

are expected to be fully stabilised after three to five years and vegetation well 

established. Results of monitoring studies on the dunes and beach will be presented 

to the Mines Department on a regular basis. Rehabilitation will be considered 

complete when the Mines Department confirms that the endpoint specified in Section 

9.4 has been reached. 
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10.0 CONCLUSIONS ON OVERALL IMPACT OF THE PROPOSAL 

There will be short-term negative impacts from the proposal. These are the 

temporary loss of dune vegetation, and the destabilisation of the beach while 

equilibrium is being reached. On the other hand, mining will provide between $0.425 

and $0.625 million in royalties income to the State, extend employment for some 350 

people and encourage expansion of services and activities in the Bunbury to Busselton 

region. 	Environmental aspects will be enhanced by improving dune stability at 

Minninup. This will be done at no cost to the community. There will be slight (up 

to about 10)  realignment of the coastline but no long-term impacts on coastal 

stability. Beaches at Bunbury will not be affected. 

Recreation areas will be made available by removing the moderately radioactive 

portion of the sand from the beach. Capel Shire could then increase access to the 

beach. Local whitebait and bluebait fishing industries will not be affected as CS will 

provide suitable access while the beach is being mined. The companies firmly believe 

there will be no medium or long-term detrimental effects to the environment, the 

local residents or the State of Western Australia. 
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11.0 SUMMARY OF COMMITMENTS 

	

11.1 	Westralian Sands Limited (WSL) in conjunction with Cable Sands (WA) Pty Ltd 

(CS) will undertake heavy mineral sand mining of the beach, foredune and 

primary dune at Minninup. 

	

11.2 	The area to be mined is enclosed within M70/87 (previously DCI1H). Some land 

within CS private holdings to the east of M70/87 will also be mined as part of 

the operation. 

	

11.3 	Mining will commence immediately approval is received from the Environmental 

Protection Authority. This will maximise returns, since much of the success of 

the project depends on commencing operations as soon as possible. 

	

11.4 	WSL and CS agree to comply with the relevant statutory requirements of both 

Western Australian State and Commonwealth Authorities. 

	

11.5 	Site preparation prior to mining will occur in accordance with the descriptions 

presented in Sections 3.2 and 3.3 of this Environmental Review and 

Management Programme (ERMP). 

11.6 The mining operation, transport and ore processing will comply with the 

general descriptions presented in Sections 3.4 to 3.6 and Appendix A of this 

ERMP. 

	

11.7 	Clean sand will be used to rebuild the fore, primary and secondary dunes. 

11.8 Reconstruction of the coastline will follow the guidelines presented in 

Appendix B of this document. 

	

11.9 	Rehabilitation will commence as soon as mining is completed at a particular 

location. Rehabilitation will comply with the guidelines presented in Sections 

3.8 and 9.2 of this ERMP. Techniques of stabilisation mentioned in Appendix C 

will be applied as and where necessary. 
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11.10 Although WSL, as the tenement holder, has ultimate responsibility for 

rehabilitation, work will be done by CS under an agreement between them and 

WSL. WSL and CS will be operating in the area for many years and will 

maintain responsibility for dune stability for as long as is reasonably 

necessary. It is expected that complete stabilisation will have been reached 

within three years of cessation of operations. Successful rehabilitation will be 

determined by the Mines Department, using the suggested endpoint standard 

outlined in Section 9.4 of this ERMP. 

11.11 Water supplies, electricity demands, access roads and sewerage and rubbish 

disposal will be carried out as described in Section 3.10 of the ERMP and will 

not be varied to any great extent, without prior consultation with the EPA. 

11.12 All workers in the mineral sand mining operation will be kept within radiation 

standards set for the mineral sand mining industry. 

11.13 Every effort will be made to protect regrowth vegetation on the rehabilitated 

areas from fire and weed encroachment. 

11.14 Part of the rehabilitation process will be to create varied habitat types. 

11.15 In the event that material of Aboriginal origin is uncovered during operations 

all work will cease and the Aboriginal Sites Department of the Western 

Australian Museum will be called upon to advise. 

11.16 Dust and noise levels will be kept below current standards set for the mining 

industry. 

11.17 Monitoring of the rehabilitation will be undertaken jointly by WSL and CS and 

the programme modified as necessary to ensure greatest success. 

11.18 Dune stability and beach erosion will also be monitored and remedial action 

taken if necessary. 
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11.19 Results of monitoring will be presented to the Mines Department on a regular 

basis pending complete finalisation in about three years. 

11.20 Decommissioning will be in conjunction with the CS operation. The area will be 

left clean and tidy, adequately rehabilitated and with some provisions for 

recreation. 
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APPENDIX A 

THE MINING PLAN 

Mining within the tidal zone of the beach will be done in spring, summer and autumn 

when tides are lowest and weather conditions are most stable. On the low tide 

scrapers will strip sand from the beach, and carry it to the dredge, which will be 

located within the secondary dunes. The sand will then be spread in front of the 

dredge to be taken into the processing plant. On the return trip to the beach the 

scrapers will pick up clean sand tailings from the secondary dune area and refill the 

hole in the beach made by stripping the heavy mineral sand. In this way, the holes 

made by mining the beach will only remain for a few hours at the most. 

Apart from ensuring beach stability, this procedure is necessary to prevent heavy 

mineral sands being washed by tidal action to below low tide mark, out of reach of 

the scrapers. When the tide rises, work will continue higher up the beach, or stop 

completely until the next low tide. 

The primary dune system will be mined in a similar manner but work is expected to 

begin in May, with completion of Stage 1 (see Figure Al) by June. This will be done 

so that the restored dunes have the full advantage of winter for plant regrowth. 

Topsoil will be pushed off and the dune sand will be removed by scraper. After 

dumping the sand at the dredge, the scraper will return with clean white sand and 

refill the hole it has just created. Within two weeks, the topsoil will be pushed back 

and rehabilitation commenced. Care will be taken to ensure that the dune is never 

fully removed. This is because complete removal would open the hind-dunes to the 

effects of severe weather events, and because if a dune breach allowed water to drain 

out of the dredge pond (which has a positive head in relation to the beach) there 

could be major damage to the dredge. 

Thus, 	operationally, 	a 	wall 	of 	sand 	several 	tens 	of metres 	thick will 	always 	be 

maintained between the dredge pond and the beach. The dredge will mine forwards, 

reconstructing the pre-existing secondary dunes behind it. Figure Al diagrammatically 

outlines the mine path and mining strategy proposed by CS. Stage 	1 of beach/foredune 

and primary dune mining will take place on that section of ML 70/87 after the dredge 

pond has moved well to the north of the actual area to be disturbed. Stages 2 and 3 

will not be mined until the dredge pond has moved further north. 	It should be borne 
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in mine that the 	stages 	are in 	fact 	a 	continuum, 	the 	endpoints 	not 	being specific. 

Similarly, the beach and dune will be mined at different rates, depending on time of 

year and the need to restore the area as quickly as possible. 

When mining of the dune gets close enough to the dredge, sand will be pumped 

directly to the mined-out area to restructure the dune, rather than worked by 

earthmoving equipment. Sand stacking will be done with hydrocyclones which operate 

at 70-75% density or with high density pumping and dewatering methods. Final 

shaping, if necessary, will be with earth moving machinery. All the methods selected 

are designed to maximise stability and to minimise runoff of sediment into the sea. In 

fact, the techniques used will cause virtually no sediment release. 

Ore processing involves a screening process that is necessary to prepare suitably sized 

feed for the wet gravity concentrators. All material coarser than 5mm diameter must 

be removed or else it would obstruct the concentrators. The heavy mineral grains are 

all finer than 0.3mm  diameter. 

The ore travels through rotary trommel screens where water jets promote the 

disintegration of any material that is bound together. The under-sized fraction (<5mm 

diameter) will be pumped as a slurry to the wet concentrator. The over-sized fraction 

(mainly shell and wood fragments) will be returned to the mined area. 

Wet gravity concentrators, using spiral separators, remove heavy minerals from the 

enclosing quartz sand, and the resulting clean sand tailings are pumped or otherwise 

transported back to the mined-out area. The concentrate will be stockpiled to drain 

free of water before being transported by road to Bunbury for separation into its 

component minerals. 

Tailings management from the beach and primary dune will be incorporated with Cable 

Sands operation. Since mining involves gravity and water separation methods, there 

are no chemicals added to the sand feed, hence pollution of the clean sand tailings 

cannot occur. 
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1. 	INTRODUCTION 

High concentrations of mineral sands occur on the shoreline in the 

vicinity of Minninup, Western Australia (refer Fig. 1.1). 	Westralian 

Sands Ltd. proposes to mine the mineral sand within a mineral lease 

which covers approximately 2 km of coastline. 

This report was commissioned to study the coastal processes of the 

region and investigate the effect removal of the heavy mineral content 

might have on those processes. Recommendations are made on how the sand 

mining should be conducted and the manner in which the beach and dune 

system should be restored to minimize the effect of the operation. 

The study has adopted the following methodology:- 

* 	Review of Available Literature to provide a Regional Setting. 

* 	Assessment of the Wave Climate at the site. This has been done by 

hindcasting waves and transforming them into shallow water. 

* 	Investigation of Coastal Processes by site inspections, aerial 

photographic interpretation and mathematical modelling. 

* 	Assessment of the Impact of mineral sand removal. 

* 	Management Reconuiendations for beach and dune reinstatement. 

RIEDEL & BYRNE CONSULTING U-NGINEflS P 
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2. 	REGIONAL SETTING 

2.1 Introduction 

Heavy mineral deposits along the coast of Geographe Bay between 

Bunbury and Busselton have been grouped as the Minninup Shoreline, 

Figure 2.1. 	These localised deposits lie within an arcuate 	Holocene 

barrier system of over 50 km in length. 	Mines have operated 	at 

Koombana Bay (near Bunbury) and Wonnerup (near Busselton); in 1986 

mining commenced at Minninup. 	Sedimentologic and stratigraphic 

studies to investigate the Holocene evolution of the barrier system, 

physical processes and mechanisms of heavy mineral accumulation are 

being carried out by researchers from Curtin University, Collins and 

Hamilton, (1986a,b; in prep). 	Previous work has been 	carried 	out 

on sedimentation in Geographe Bay, Searle (1977); Paul and Searle 

(1978) and localised stratigraphic studies in association with proposed 

coastal developments have been completed, Riedel and Byrne, (1985). The 

stratigraphy and coastal processes at Leschenault Peninsula (north of 

Bunbury) have also been examined, Semeniuk (1983); Semeniuk and 

Meagher (1981); Semeniuk and Searle (1986), and this area has many 

similarities with the coast at Minninup. 

2.2 	Physiographic Framework 

The Minninup barrier system forms the seaward margin of the Swan 

Coastal Plain, McArthur and Bettenay, (1960), a 30km wide, 	low—lying 

area of gently undulating Holocene and Pleistocene sediment, separated 

from the Archaean Yilgarn craton and Cretaceous Blackwood Plateau by 

the Darling and Whicher Scarps. Wharton (1981) and bordered on the 

west by the submarine Rottnest Shelf, Figure 2.1. 	In the Bunbury 

region, the surface of the coastal plain consists of several geological 

formations with unique geomorphic expression. 	They are, from east to 

west, Figure 2.1, the Ridge Hill Sandstone (laterite and quartz sand 

piedmont), the Guildford Formation (alluvial sands, silts, and clays), 

the Bassendean Sand (aeolian quartz sand), the Tamala Limestone 

(limestone, calcareous and quartz sand of nearshore, beach and aeolian 

origin), and the Safety Bay Sand. 	The seaward margin of the Swan 

RIEDEL & BYRNE 
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Coastal Plain comprising the Minninup shoreline is composed of Safety 

Bay Sand. 

The Safety Bay Sand, Passmore (1970), occurs almost continuously along 

the contemporary coastline of southwestern Australia. 	It has been 

described regionally by Playford and Low (1972) and locally by many 

workers. 	The formation outcrops as a 0.1 to 1.0 km wide coast- 

parallel ribbon of linear and parabolic dunes up to 50m high, with a 

linear beach along the western edge. 	Interdunal depressions may 

contain swampy deposits which are periodically buried by mobile dunes. 

The sands are derived from the granites and gneisses of the Yilgarn 

and Leeuwin Blocks, the Pleistocene sediments of the Swan Coastal 

Plain, carbonate-producing organisms of the nearshore marine 

environment, and relict shelf sediments moved shoreward by wave 

action. 	Sediment input to the system is very low, and constant 

reworking of parts of the unit is common. 

The sand is composed of quartz, carbonate 	shell fragments and 

lithoclasts, in variable proportions. 	Local cementation and caicrete 

formation occurs, Semeniuk and Meagher (1981), particularly in 

carbonate-rich areas. 

The coastal portion of the Swan Coastal Plain has been divided into 

five "natural sectors" by Searle and Semeniuk (1985), on the basis of 

geomorpholoqy, sedimentary processes, and stratigraphic evolution. 

Though Minninup lies in the Geographe Bay sector, it more closely 

resembles the Leschenault-Preston sector (immediately to the north) 

and should therefore be included in it. 

2.3 	Physical Environment 

The climate 	is Meditterranean 	with 	hot 	dry summers 	and mild wet 

winters. Winter is 	characterised 	by 	storms 	from 	the 	north-west, west 

and south-west. Up 	to 4 	storms with mean wind speeds 	up 	to 20 m/s for 

6-24 hours 	duration occur 	each winter. 	Summer is 	dominated by onshore 

sea breezes 	from the 	west 	to 	southwest, 	with wind 	speeds of 	15 m/s. 

RIEDEL & BYRNE 	N tv. Ni 
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Weakening tropical cyclones pass through the area with a frequency of 

about 1 per year and occasionally (eg. (1937, 1978)) produce extreme 

winds and waves, and storm 	surges. The coast is microtidal and swell 

wave-dominated, Collins 	(1981, 1983). 	Refracted and diffracted waves 

play an important role in 	coastal dynamics. 

2.4 Coastal Geomorphology 

The coastal barrier system at Minninup can be divided into eight 

geomorphic units, on the basis of physiography, sediment type, and 

biological communities. From east to west these are, Figure 2.2:- 

Nearshore 

The nearshore is characterized by shallow (<5m) marine conditions, a 

molluscan biota, and a low gradient, seaward sloping substrate of 

poorly sorted quartz, calcareous and heavy mineral-rich sands and 

gravels. 

Beach and Beach Ridge 

This unit forms a north-south trending ribbon up to 50 m wide. 	Storm 

debris such as echinoids, cuttle fish and seagrass is common, and the 

sediment is fine to medium, heavy mineral-rich sands. 

Vegetated Linear Dunes 

Linear dunes form a discontinuous ribbon up to 40 m wide and 7 m high. 

They are partially vegetated by salt-tolerant heath flora, and consist 

of well sorted fine to medium quartz-carbonate-heavy mineral sand. 

Vegetated Parabolic Dunes 

Parabolic dunes comprise a dune field 14 km long and up to 750 m wide. 

Modified coastal vegetation occurs over a thick (up to 20 m) sequence 

of fine to medium, quartz-carbonate-heavy mineral sand. 

RIEDEL & BYRNE 
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Mobile Parabolic Dunes 

Non-vegetated areas of sand extending from the beach into the 

stabilized parabolic dunes comprise this unit. 

Ancient Estuarine Flats, Channel and Laqoons 

This unit consists of small isolated pockets of sub-aqueous to sub-

aerial land, underlain by sandy clays and organic debris which 

supports a highly modified estuarine biota. 	Once part of a more 

extensive fluvio-estuarine system, these remnants are now freshwater 

lakes and swamps. 

Drained Wetlands 

Wetlands are low-lying flat areas with high groundwater levels. 

Pedogenic processes dominate on sandy, organic-rich sediments. 

A raised, undulating surface of calcareous sands and limestone 

comprises this unit. It supports a mixed Eucalypt-Banksia woodland. 

2.5 	Subatari ne Geomorphol ogy 

The submarine portion of the Minninup study area is representative of 

the shallow marine environment between Bunbury and Wonnerup Inlet, 

forming part of the Geographe Bay sector of the Rottnest Shelf, Searle 

and Semeniuk (1985). 	In general, the nearshore bathymetry is simple, 

sloping shallowly (2-10m/km) to the lOm isobath. 	In detail however, 

the nearshore zone has highly variable bathynietry and geomorphology, 

with small limestone reefs and variations in vegetation and sediment 

type being common. 	These variations (of topography in particular) 

have important implications for sediment transport and mineral 

segregation. 

RIEDEL & BYRNE 	1 



Geomorphic units in the nearshore zone are 

Vegetated Reef 

Shore—parallel high relief ridges of calcretized limestone occur in 

the southern and northern parts of the study area. 	Three ridges lie 

between the shore and the 5m isobath. 	Most of the reef top is 

emergent at low tide. The reef supports vigorous algal growth, and has 

a predominantly molluscan fauna. 	Debris shed from the reef and its 

biota forms an important component of sediment in the nearshore zone. 

Vegetated Sand 

Small elongate areas of vegetated sand are usually within sheltered 

pockets in the reef. 	The sediment comprises reef—derived, carbonate— 

quartz very fine sand to gravel—sized particles, and is entirely 

colonized by seagrasses including Amphibolus sp., Cymodocea sp., 

Halophila sp., and Posidonia sp. 

Beyond the reefs, much of the seafloor of Geographe Bay is covered by 

an open to dense carpet of seagrass. 	This absorbs 'wave energy, 

stabilizes the substrate, and traps mobile sediment. 

Partially Vecietated Mobile Sand 

Small to large irregular—shaped areas of mobile sand have a sparse 

covering of seagrass. 	The sediment comprises quartz—carbonate—heavy 

mineral, very fine to medium—grained sand, and has a rippled surface. 

This unit is often associated with the vegetated reef, filling 

elongate depressions between reef lines, and shore—normal corridors 

between the beach and deeper water. 

Bare Mobile Sand 

Ribbon to irregularly—shaped sand bodies of low relief normally occur 

within 200m of the beach in shallow (<5m) water. 	Wave and current 

action is intense, and bedforms such as ripples and sand waves are 

constantly mobile. 
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2.6 Stratigraphy 

The Minninup barrier system consists of seven Holocence units 

overlying estuarine sands and clays, Figure 2.3. 	Unit 1 is diachronous 

package of dune sands which transgressed over back—barrier sediments 

following the post—glacial marine transgression. 	Units 2, 3 and 4 

from a shoaling sequence of nearshore, beach and dune sands deposited 

between 6000 and 3000 years B.P., at a sea level 3m above AHD. 	Units 

5, 6 and 7 are contemporary sediments from nearshore, beach and 

foredune environments. 

All the Holocene barrier sediments are fine to medium—grained quartz— 

carbonate—heavy mineral sands. 	Middle to Late Holocene and 

contemporary upper shoreface units contain an average of 10% heavy 

minerals; beach sediments have up to 95% (average 40%), and sands 

approximately 5%. 	The concentration of heavy minerals (ilmenibe, 

leucoxene, zircon, garnet, monazite, xenotime) within the sequence 

began about 8000 years B.P., and has persisted throughout barrier 

evolution. 
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3. 	WAVE CLIMATE 

In order to study the coastal processes, a detailed knowledge of the 

nearshore, directional wave climate is required. 	Because suitable 

measured data is not available for Minninup or nearby sites, the 

deepwater, directional wave climate was hindcast and then transformed to 

the site by consideration of: 

refraction 

diffraction 

shoaling 

attenuation due to seabed friction 

wave breaking 

The nearshore directional wave climate was then used as input to 

longshore and onshore/offshore sediment transport calculations. 

3.1 	Wave Hindcasts 

For convenience, waves are often considered in two broad categories: 

Swell waves which are generated over distant fetches in the 

Southern and Indian Oceans and have travelled out of their 

generation area. Swell waves typically have long periods. 

Sea waves which are generated by local winds, and typically are 

short period waves. 

The hindcast of waves in deepwater offshore of Geographe Bay was 

undertaken by Oceanroutes (Australia) Pty. Ltd. 	Wave conditions were 

hindcast every 6 hours using information on wind fields obtained from: 

synoptic charts 

ships records 

satellite imagery 

wind records. 
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Figure 3.1 shows the area from which the hindcast data is derived. 

Annexure A has full details of the methods used. 

WAVE HINDCAST AREA 
	

Figure 3.1 

The hindcast techniques used have been verified at other sites where 

measured data was available and the highest wave height estimates were 

within 10% of the measured wave heights, McCormack, et al (1985). 

Wave activity varies seasonally and so for reliable results a full year 

of hindcast must be obtained. 	The year chosen, From November 1984 to 

October 1985 was reasonably typical although a little on the severe side 

as a result of a significant southwest storm in the August of that year. 
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A deepwater wave hindcast site was chosen in about 100 m of water, and 

for every six hours during the year the following were hindcast: 

northwest swell 

west swell 

southwest swell 

Locally generated seas were also hindcast in shallower water near the 

coastline. 

In order to establish the effect that extreme storms may have on 

sediment transport, meteorological data from the past 10 years was 

scanned to determine the most severe storms. 	Sea and swell conditions 

were hi.ndcast every six hours for the duration of each event. 

Extreme Storm Events 

Date 	 Direction Deepwater Wave 	Period 	 Comments 

Height 

Hs(m) 	T(sec) 

April 1978 Northwest 6.0 10 Tropical 	Cyclone Alby 

August 1985 Southwest 8.0 11 Severe winter storm 

3.2 	Wave Transformation 

Methodology 

As waves move from deep to shallower water both their height and 

direction can be modified by refraction and shoaling and in some cases 

by diffraction. 	A mathematical model based on that developed by 

Abernathy and Gilbert (1975) and Treloar and Abernathy (1977) was used. 

RIEDEL & BYRNE 



15 

The model has the following advantages: 

The input format allows an easy variation of grid sizes in the 

computational scheme. 	Each grid contains information on water,  

depth, grid sizes of 25m, 50m, lOOm, 200m, 400m, 800m, 1,600m, 

3,200m and 6,400m were used for this study, in total approximately 

16,000 data points. 	This allowed the seabed bathyrnetry to he 

described in detail wherever it was required. 

It is based on a reverse ray refraction technique which tends to 

eliminate wave caustics which can occur with forward ray 

refraction schemes. 

Wave refraction is calculated on a spectral basis whereby the 

spreads in wave periods and directions that occur naturally in the 

oceans are taken into account. 

The standard output obtained from the refraction calculations are 

in a convenient form for subsequent sediment transport 

cal c u 1 at-ions. 

The refraction technique used is described in detail in Annexure B. 

Wave height attenuation by seabed friction is often overlooked, whereas 

its effect can be quite significant. 	It is particularly important along 

this section of coast because of the variable nature of the seabed. 

Extensive seagrass meadows exist in Geographe Bay and the Naturaliste 

Reef system is quite predominant. 	The existence of ripples on a sandy 

seabed can also affect energy loss. The wave trarsforrnatiori technique 

takes into account the effects of each of the different seabed types on 

wave attenuation.. 

A total of nine locations between Busselton and Bunbury were selected as 

refraction origins for which inshore wave climates were determined. 

Their locations are shown on Figure 3.2. 	The results of the 

transformation are presented in Annexure B. 
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Results 

As expected the seagrass meadows in Geographe Bay were found to play a 

significant role in the attenuation of wave energy. 	The density of 

seagrass coverage is heaviest along the southern shores of Geographe Bay 

with a gradual decrease along shore toward Bunbury, where coverage is 

very sparse and attenuation minimal. 

The results indicate that Cape Naturaliste affords considerable 

protection from the predominant southwest swell waves for the southern 

coast of Geographe Bay (in the vicinity of Busselton) with swell wave 

energy increasing along the coast toward Bunbury. 

in addition to this general trend, the bathymetry offshore of the 

mineral lease at Minninup is such as to cause a focusing of wave energy 

on this section of coast. 	Fig. 3.3 shows that there is effectively a 

"mound" on the seabed which rises up to 3m above the surrounding seabed. 

This causes the waves to refract and concentrate in much the same way as 

a lens refracts and concentrates light rays. The effect being that the 

beach along the length of the Minninup mineral lease is exposed to 

higher wave energy than the coastline either to the north or south of 

the site. 

The wave exceedance plot in Figure 3.4 shows the difference in wave 

energy between Minninup and sites to the north and south and illustrates 

- 	 the significant concentration at the Minninup site. 
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4. 	COASTAL PROCESSES 

4.1 	General 

Waves are constantly moving sand and shaping the coastline. 

Changes to the shoreline may be short term due to seasonal changes in 

wave conditions and to the intermittent occurrence of storms, or they 

may be long term due to an overall imbalance between the quantity of 

sand being deposited onto a beach and that which is being eroded from 

it. 

I Short-term changes to a beach profile are apparent in the temporary re- 

distribution of sand across the profile. 	During storms, the higher 

waves and increased water levels remove sand from the beach and deposit 

it offshore, often in the form of a bar. 

During periods of lower wave energy, sand from this offshore bar is 

moved back onto the beach. 	It is the foredune which acts as the buffer 

against storm wave attack and provides the source for offshore movement. 

This formation of the foredune and offshore bar are therefore part of 

the natural occurrence of erosion and accretion of a beach, refer Figure 

4.1. 	In general, the foredune is attacked by winter storms, with 

subsequent onshore movement and rebuilding of the foredune in summer. 

The much higher primary dune at the rear of the beach forms a buffer 

which is only attacked by the more severe storms (such as Tropical 

Cyclone Alby). 	The rebuilding of this dune by the onshore movement of 

sand by wind and wave action occurs over a much greater time span. 

In general the onshore/offshore movement of sediment does not represent 

a significant loss from the beach system. 

In addition to the onshore/offshore transport of sediment, waves which 

arrive and break at an angle to a beach can induce a longshore current 

(i.e. parallel to the coast) which moves sediment along the coastline, 

refer Figure 4.1. 
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The quantity of sand moved in this way becomes important when there is 

an imbalance between what is removed from a beach and what is supplied 

by the waves up coast of the site. 

As the wave climate changes along a section of coast, the littoral 

transport from one location to another can also change and this may 

result in significant long term accretion or erosion of the shoreline. 

4.2 Review of Existing Data 

The wave climate along the coastline of Geographe Bay is such as to 

cause a net annual transport of sediment from south to north. 

Normally the estimation of longshore sediment transport r'ates are made 

based on the observed accretion or erosion of sand at natural or man- 

made obstructions. 	There are no such structures in the immediate 

vicinity of Minninup. 

However, to the north of Minninup, the deep shipping channel at Bunbury 

is an effective barrier to longshore sediment transport. 	Dredging of 

this channel over the past 20 years has indicated an average littoral 

drift of about 70,000 m3/yr during that period, P.W.D. (1978). 

To the south of Minninup at Busselton, a number of groynes have been 

built over the years to stabilize various sections of the coast. 	The 

accumulation of sand at some of these structures has been measured and 

estimates made of nett littoral transport in the order of 40,000 - 

60,000 m3/year, Riedel & Byrne (1983). 

4.3 Aerial Photographic Interpretation 

An analysis of aerial photographs was undertaken to identify areas of 

erosion and accretion between the Capel River Mouth and Bunbury. 

Photographs spanning the years 1958 to 1987 were reviewed. 	This showed 

general accretion of the shoreline to the south of Minninup and some 

evidence of erosion to the north. 
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The heavy mineral sands at Minninup are effectively concentrated between 

two headland reefs at the northern and southern ends of the mining 

lease. The aerial photographs show that this section of coastline is 

basically stable with no significant erosion or accretion, refer Figure 

4.2. 

This indicates that the same quantity of sediment. being supplied to the 

southern end of the Minninup Mining Lease is being transported out at 

the northern end. 

Given that there is 40,000 - 60,000 m3/yr transported longshore at 

Busselton and that there is some accretion between Busselton and 

Minninup, the quantity moving through the Minninup site is estimated to 

be lower, possibly 30,000 - 50,000 rn3lyr. 

The difference between the sediment transport passing through Minninup 

and the average of 70,000 m3/yr at Bunbury may be explained by the 

erosion of the coastline between Minninup and Bunbury as evidenced in 

the aerial photographic records. 

4.4 Longshore Transport Modelling 

A technique has been developed to mathematically estimate littoral drift 

taking into account wave height and the wave direction, at the point of 

breaking, relative to the shoreline. The method often used is the CERC 

formula as described in the Shore Protection Manual (1984). 

Traditionally the mathematical techniques have been very coarse and at 

best have been able to provide accuracy only within an order of 

magnitude. 	More recently, refinements to the technique have been 

possible as a result of more accurate directional wave information and 

more precise wave transformation into shallow water. 

It is now possible to sequentially calculate sediment transport every 

six hours for a twelve month period and although it must still be 

considered an approximate method it is considerably more accurate than 

it has been in the past. 
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The method has now been used with success at a number of locations along 

the West Australian coast at Geographe Bay, Dawesville, Warnbro Sound 

and Exmouth. 

Calibration 

The amount of littoral transport is proportional to the wave height 

raised to the power of 2.5 and the wave height, particularly in this 

area is very much dependent on the energy loss due to seabed friction. 

As discussed previously, the seagrass meadows have a very significant 

influence on the effect of seabed friction. 

The model has been calibrated for this region by comparison with 

accumulation at the Russell St. groyne at Busselton, Riedel and Byrne 

1987 (b), and the average littoral transport at Bunbury, Riedel and 

Byrne 1987 (a). 

Diving inspections and aerial photographic analysis were used to 

determine the extent of seagrass and reef cover and therefore the 

appropriate model parameters for the Minninup site. 

Model Results 

The model has confirmed the hypothesis suggested by the review of 

existing information and the aerial photographic analysis, these being: 

* 	A lower littoral transport rate to the south of Minninup than at 

Busselton, resulting in accumulation of sand along this section of 

coast. 

* 	Littoral transport at Minninup of the same order of magnitude as 

that on the coastline south of the site. 

* 	An increase in littoral transport along the coast towards Bunbury. 

These results are presented pictorially in Figure 4.3. 
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At first glance there would appear to be an inconsistancy between these 

results and the increase in wave energy moving north from Busselton to 

Bunbury and also with the local concentration of wave energy at 

Minninup. 	That is until the second important parameter in littoral 

transport is considered, wave direction. 

The 	alignment of the coastline varies significantly f rom almost 

east/west at Busselton to approaching north/south at Bunbury. 	As a 

result the waves approach the coastline at different angles and their 

effect on littoral transport changes. 

This change is best illustrated in Figure 4.4 where the relative 

contribution from different wave conditions is shown. 	It can be seen 

that approximately 30% of the littoral transport at Capel is due to 

locally generated sea, this increases to about 507. at Minninup as the 

orientation of the coastline changes and to only 5% near Bunbury where 

the influence of the southwest swell predominates. Figure 4.5 shows the 

contribution to total littoral transport from each of the wave 

conditions at Minninup Site 4. 

The influence of wave direction and coastline orientation is 

particularly important within the two kilometers of coastline making up 

the Minninup mining lease. 

Minninup 

As mentioned, the offshore mound has the effect of concentrating wave 

energy at the site. 	In fact its effect is quite different even within 

the two kilometre stretch of coastline. 

At the northern end of the lease (site 7), the mound has the effect of 

concentrating the waves from the southwest while at the southern end of 

the lease (site 3), waves from the northwest are most influenced. 

This variation in concentration is illustrated in the refraction tables 

shown in Table 4.1 overleaf where the higher refraction coefficients 

have been shaded. The table provides the factor by which the deepwater 

wave is multiplied to obtain the inshore wave height. 	(It should be 
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noted that the refraction table does not take into account the effect of 

seabed friction which is handled later in the computation process). 

Since southwest swell is by far the most predominant wave direction a 

concentration of this direction could be expected to have a much greater 

effect on the total littoral transport than a concentration of the 

northwest swell, for example. 

Based on this evidence one would expect the net sediment transport at 

the northern end of the site to be greater than the southern and for 

there to be a subsequent erosion of the coastline to provide the 

sediment source for that increased littoral drift. 

That is presumably what has happened at some time in the past. However 

because the site is effectively contained between two reef headlands 

there has been a limit to that erosion before the orientation of the 

beach has changed, and with that a change in littoral transport. 

Looking closely at the beach line over the two kilometre stretch of 

coast there are a number of distinct changes in orientation. These are 

shown on the overlay on Figure 4.6. 

Over the period of years the coastline has gradually readjusted its 

orientation until it has reached equilibrium, such that at each location 

along the beach the littoral drift is of a similar magnitude. 	Under 

this condition the quantity of sand coming into the system is basically 

the same as that leaving it and a generally stable beach results. 

The littoral transport predicted by the CERC model for each site is 

shown in Table 4.2. 	It should be noted that the model does not allow 

for differences in grain size or specific gravity and will therefore 

overpredict the amount of transport in those areas where there is a high 

concentration of mineral sands. 

Heavy Minerals 

The mineral sands at Minninup vary in concentration throughout the lease 

area but generally represent about 40% of the beach sands in the 
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TABLE 4,2 - Sediment Transport Suninary - Assumed Quartz Sand 

Site 	 Capel Minninup Minninup Minninup Minninup Minniriup Buribury Bunbury 
2 	 3 	 4 	 5 	 6 	 7 	8 	 9 

Beach 	 216° 	2180 	207.50 	197.50 	2010 	2030 	1970 	1960  
Angle 

+14,500 +15,500 +6,000 +26,000 +33,400 + 8,500 +59, 000 +46,000 
Sea - 1,000 - 4,000 -22,000 -32,000 -29,000 -11,500 -53,500 -35,000 

+13,500 +11,500 +24,000 - 6,000 + 4,000 - 3,000 + 5,500 +11,000 

Swell +20,000 +17,500 +32,000 +43,000 +34,500 +78,000 +93,000 +100,000 
from -0 -0 -0 -0 -0 -0 -0 -0 
South 

+20,000 +17,500 +32,000 +43,000 +34,500 +78,000 +93,000 +100,000 

Swell + 7,500 + 6,500 +22,000 +17,500 +21,500 +21,500 +25,000 + 24,000 
from - 	0 - 	500 - 4,500 - 3,500 - 3,000 - 	500 - 2,500 -10,000 
West 

+ 7,500 + 6,000 +17,500 +14,000 +18,500 +21,000 +22,500 + 14,000 

Swell + 	0 + 	0 + 	0 + 	0 + 	0 + 	0 + 	0 + 	0 
from - 	500 - 3,000 -23,500 -11,000 -13,500 - 7,000 -19,500 -20,000 
North - 

- 	500 -3,000 -23,500 -11, 000 -13, 500 - 7,000 -19, 500 
- 

-20, 000 

Q. 

TOTAL 	m3yr 40,500 32500 50,000 40.500 43,500 89.000 101,500 105,000 

z 

t 



b 6 6 6 ttl 	 6 0 

34 

southern part of the lease grading down to about less than 5% at the 

northern end of the site. The primary dune sands have about 14% heavy 

mineral content. 

The comparison in physical properties of the heavy minerals with the 

normal quartz sand is shown in Table 4.3. 

Table 4.3 Sand Properties 

Specific Gravity 	 Grain Size 
(mm) 

D90 	D50 	D10 

Mineral Sand 	 4.6 	 0.24 	0.16 	0.11 

Quartz Sand 	 2.6 	 0.42 	0.31 	0.21 

Bijker (1971) has suggested a method for predicting littoral transport 

taking into account both the specific gravity and the grain size of the 

material. 

This method was used for a variety of wave conditions for both quartz 

sand and mineral sand to obtain some measure of relative littoral 

transport for each material type. 

The results are presented in Figure 4.7 and indicate a ratio of about 

0.65. 	That is, heavy mineral sand will in general move at about 65% of 

the rate of quartz sand. 
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It is not possible to accurately calculate the ratio for a mixed beach, 

such as exists at Minninup, however where the concentration of heavy 

minerals is high the actual transport rate has been assumed to be 85% of 

that of quartz sand. 

Site 4 is the only one with a high concentration of heavy minerals and 

applying a factor of 0.85 to the calculated littoral drift of 50,000 

m /yr brings the value down to 43,000 m /yr which is in line with the 

rates at Site 5 and 6 and the estimated quantity feeding into the area 

from the south. 	This is then consistent with the site observations and 

the aerial photographic analysis. 

It is expected that sediment moves past Site 3 in slugs of sand, similar 

to the way sediment moves past Robert Point near Maridurah. 	Sediment 

builds up at the headland until the angle of the beach changes 

sufficiently for sediment to move around in a slug. The results at Site 

3 are therefore not necessarily representative of the total sediment 

transport past that location. 	Site 7 is extremely complex with rapidly 

changing reefs and shoreline orientation. 	The model predicted sediment 

transport rates varying between 17,000 m3/yr and 90,0003/yr depending on 

the assumptions of beach angle and the extent and depth of the reef. 

Onshore/Offshore Transport 

As outlined in the general discussion on coastal processes in section 

4.1 large waves can move significant quantities of sediment offshore 

during storms. 	This is a natural process and the foredune and primary 

dune are there to provide the buffer against such storms and to protect 

the hinterland. 

Swart (1974), has developed a series of predictive equations to 

calculate the extent of offshore movement during storms and provide an 

equilibrium beach profile for given wave conditions. 	The methodology 

does not allow for different specific gravity materials and therefore 

the extent of erosion predicted for Minninup should be greater than 

presently occurs. 
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In an attempt to quantify the likely beach recession at Minninup, the 

following storms were hindcast and transformed to the site: 

Storm 	 Date 	Offshore 

Wave Height 

Cyclone Alby 	April 1978 	6.0 metres 

Severe SW Storm August 1985 	8.0 metres 

Moderate Winter July 1985 

Storm 

Inshore 	Duration 

Wave Height 

2.0 metres 	18 hours 

1.75 metres 

1.25 metres 

These wave conditions were run through the Swart model to determine the 

anticipated beach profile after each storm. 	The results are shown in 

Figure 4.8 superimposed on a standard beach cross section at Minninup. 

It should be pointed out that the extent of erosion would vary at 

different locations along the beach and that the heavy mineral content 

of the beach would reduce the amount of movement expected. However the 

method does give some measure of erosion. 

It can be seen that erosion is limited to the foredune for the normal 

winter storm and even the severe southwest storm but erosion of the 

primary dune can occur for an extreme event such as Alby. 

These calculations are consistent with site observations which indicate 

a strong healthy cover of vegetation on the primary dune, commensurate 

with very infrequent erosion and a much lighter vegetation cover on the 

foredunes which are disturbed more often. 
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5. 	EFFECT OF MINERAL SAND REMOVAL 

The mining operation proposed by Westralian Sands Ltd. involves the 

removal of the heavy mineral sand from the beach system and its 

replacement with normal quartz beach sand. 

This reduction in higher density material would most likely result in 

additional littoral and onshore/offshore transport. 

5.1 	longshore Transport 

With the beach alignments as they exist at present the removal of the 

heavy mineral content is likely to result in an increase in littoral 

transport of the order of 20%. 

Based on what we know to have happened in the past this increased 

littoral transport will persist only long enough for the alignment of 

the beach to adjust and for an equilibrium condition to return. 

In an attempt to quantify the beach realignment necessary to reduce the 

littoral transport to an equilibrium state, the mathematical model was 

run with varying beach angles at each Minninup refraction site. 

The results are shown in Table 	5.1 and indicate that a rotation of 

between 0.5° and 1 0  is all that is required to reduce the transport by 

20% to 30%. The expected beach orientation and shape is shown on the 

overlay in Figure 5.1. 

The amount of rotation is greatest near site 4 where the highest 

concentration of heavy mineral exist and reduces to the north where the 

percentage of mineral sand is lower. 

It should be possible when replacing the beach after mining to make the 

minor adjustments in alignment at that time. 	It will be necessary to 

also modify the primary dune between the southern limit of mining and 

the southern headland so that there is not a sharp discontinuity in 

alignment. There would need to be a smooth transition from the southern 

headland to the location where mining commences. 
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TABLE 5.1 - Sediment Transport Suninary - 	Beach Re-alignment 

Site Minninup Minninup Minninup 
4 5 6 

Beach 207.50  2070  197.50  1970  2010 2000 

Angi e 

+46,000 +44,000 +26,000 +25,000 +33,400 +32,000 

Sea -22,000 -21,500 -32,000 -33,500 -29,000 -31,500 

+24.000 +22,500 - 6,000 - 8,500 + 4,000 + 	500 

Swell +32,000 +29,500 +43,000 +42,000 +34,500 +33,000 

from -0 -0 -0 -0 -0 -0 

South - 

+32,000 +29,500 +43,000 +42,000 +34,500 +33,000 

Swell +22,000 +19,500 +17,500 +16,000 +21,500 +19,000 

from - 4,500 - 5,000 - 3,500 - 4,000 - 3,000 - 4,000 

West 

+17,500 +14,500 +14,000 +12,000 +18,500 +15,000 

Swell + 	0 + 	0 + 	0 + 	0 + 	0 + 	0 

from -23,500 -22,500 -11,000 -12,000 -13,500 -14,500 

North 

-23,500 -22,500 -11,000 -12,000 -13,500 -14,500 

TOTAL 	m3yr 50.000 44,000 40,500 33,500 43,500 34,000 
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There can be expected to be some permanent loss of sand to the coast 

while the equilibrium condition is being reached. 	It will therefore be 

necessary to supplement the erosion by replacing a slightly greater 

quantity of sand than was removed. 	It is recommended that the 

additional material be placed in the foredune area. 

5.2 	Onshore/Offshore Transport 

As discussed, the foredune acts as the initial buffer to protect the 

beach from the wave attack. 	It is constantly being eroded and re— 

established in response to the seasonal variations in the wave climate. 

The methodology of Swart described in section 4.5 more readily predicts 

the extent of storm erosion after the removal of the heavy mineral sand 

than before. 	It can be seen that the consequence of mineral sand 

removal is not significant. 	Normal winter storms and even severe 

southwest storms only erode the foredune and it takes extreme events 

such as Cyclone Alby to erode back into the primary dune. 

Given that onshore/offshore movement can however be expected to be 

greater with the removal of the heavy minerals it would be prudent to 

increase the size of the foredune buffer. 

It is therefore recommended that the foredune be re—established on the 

new alignment with its toe in the same location as presently exists. 

The height should be increased by 1 metre. 	This increases the storage 

by approximately 20 - 30 m3  of sand per metre length of beach to 

compensate for the removal of the heavier mineral sand. This should be 

sufficient to allow for any increase in onshore/offshore movement 

without reducing its effectiveness as a storm buffer. 
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The primary dune acts as the final line of defence against wave attack 

during very severe storms. The heavy mineral sand content in the dune 

is significantly less than that on the beach and in the foredune hence 

the effect of replacing it with normal beach sand will be much less. 

Therefore when re—establishing the dune after mining operations1  the 

quantity of material in the dune need not be different to that existing 

at present. 

The recommended beach cross sections is shown on Figure 5.2. 
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6. 	CONCLUSIONS AND RECOI4IENDATIONS 

Wave Climate 

The wave climate in Geographe Bay is governed to a large extent by 

the protection from southwest swell waves afforded by Cape 

Naturaliste and the significant attenuation of wave energy by 

extensive seagrass meadows. 

Offshore from the Minninup Mineral Lease there is an extensive 

mound which has the effect of concentrating wave energy onto this 

section of coast. 

The combined effect of all these factors is a gradual increase in 

wave energy along the Geographe Bay coastline from south to north 

with a localised increase at Minninup. 

Coastal Processes 

Previous studies have shown approximately 40,000 - 60,000 m3/yr of 

sediment is being transported alongshore from Busselton and 

between .0,000 and 100,000 m /yr is passing Bunbury. 

Analysis of aerial photographs indicates general accretion of the 

coastline south of Minninup, a stable beach at Minninup itself and 

some evidence of erosion north toward Bunbury. 	This, in 

conjunction with the known transport rates at Busselton and 

Bunbury, has made it possible to estimate the longshore sediment 

transport at locations between. 

A mathematical model of longshore transport has confirmed the 

findings of the aerial photographic analysis and allowed a more 

detailed assessment of sediment transport rates to be made. 
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In response to the increased wave energy at Minninup, the 

shoreline has changed alignment such that the same quantity of 

sediment passes through the system as is supplied to it from the 

south. 	That is, it has established an equilibrium and is neither 

accreting nor eroding in the long term. 

Impact of Mining 

Removal of the heavier mineral sands from the beach and their 

replacement with an equivalent volume of lighter beach sand will 

mean that the potential for longshore transport on the existing 

beach alignment will increase by 15% to 25%. 

To compensate for this increased capacity to move the lighter 

sediment, the beach will realign itself by rotating 0.5° to 10 

until an equilibrium is once again established. 

To reduce the likelihood of damage to the reconstructed primary 

dune, it should be located on this preferred alignment with the 

volume of material in the dunes approximately the same as at 

present. 

The foredune should be re—established on the same alignment as 

present but increased in height in some areas by 1 metre. 	Some 

re—alignment of the foredune through erosion and accretion will 

occur and may be significant in the first year after 

reconstruction. 

During a severe storm, wave attack may remove some of the material 

from the primary dune but the quantity removed will not be 

significantly more than would be removed should the mineral sand 

be left in the dune. 

The mining of mineral sand from the beach at Minninup should not 

result in any long term effects on the coastline of Geographe Bay, 

either to the north or south of the proposed mining operations. 

The Bunbury beaches should be unaffected by mining at Minninup. 

RIEDEL & BYRNE 	tc 



7. 	REFERENCES 

Abernathy, C.L. and C. Gilbert. (1975). 	Refraction of Wave 

Spectra, Report mt. 117. Hydraulics Research Station, 

Wallingford, United Kingdom. 

Baxter, J.L. (1977). 	Heavy Mineral Sand Deposits of Western 

Australia. West. Aust. Geol. Surv. Mm. Resource Bulleton No.10. 

Bijker, E.W. (1971). 	Longshore Transport Computations. Proc. 

ASCE, Journal of the Waterways, Harbours and Coastal Engineering 

Division, WW4, November 1971. 

CERC (1984). 	Shore Protection Manual. 	U.S.Army Coastal 

Engineering Research Centre, Fort Belvoir, Virginia, 2 Volumes. 

Collins, LB. (1981). Postglacial Non—tropical Carbonate 

Sedimentation on the Rottnest Shelf. Geol. Soc. Aust., 5th Geol. 

Cony., Perth, Abstracts. 

Collins, L.B. (1983). 	The Rottnest Shelf: Holocene Facies Model 

for Temperate Sedimentation Along Passive Margins. 	Geol. Soc., 

Aust.., 6th Geol. Cony., Canberra, Abstracts. 

Collins, 	L.B., 	Hamilton, 	N.T.M., 	(1986 	(a)). 	Holocene 

Sedimentation and Heavy Mineral Accumulation, Minninup Shoreline, 

Western Australia. 	12th mt. Sedimentological Cong., Canberra, 

Abstracts. 

Collins, L.B., Hamilton N.T.M., 

Evolution and Heavy Accumulation 

Southwest Australia. 	In "Australia: 

Rutile. Monazite and Zircon." Aust. 

48. 

1986 (b)). Stratigraphic 

n the Mirinmnup Shoreline, 

a World Source of Ilmenite, 

I.M.M. Symposia Series No. 

Collins, L.B., Hamilton N.T.M., (in prep). 	Holocene Sediments, 

Processes and Heavy Minerals in the Minnmnup Shoreline. 	WAMPRI 

Project 73, Final Report. 

RIEDEL & BYRNE 	rc NGINFERS P1 



47 

Longuet—Higgins, M.S. 1970. 	Longshore Currents Generated By 

Obliquely Incident Sea Waves. 

Longuet—Higgins, M.S. 1972. 	Recent Progress in the Study of 

Longshore Currents. 	R.E. Meyer (Ed.). 	Waves on Beaches and 

Resulting Sediment Transport. Academic Press, New York, London. 

McArthur, W.M., Bettany, E., (1960). The Development and 

Distribition of Soils of the swan Coastal Plain, W.A. CSIRO Soils 

Publication No. 16. 

McCormack, ft., Riedel, P., Byrne A.P. (1985). 	Hindcast Wave 

Statistics. Proc. Aust. Conf. on Coastal and Ocean Engineering, 

1985. Christchurch, New Zealand. 

Passmore, J.R., (1987). The Geology, Hydrology, and Contamination 

of Shallow Coastal Aquifers in the Rockingham District, Western 

Australia. 	University of Western Australia Ph.D Thesis 

(unpublished). 

Paul, M., Searle, D.J., (1978). 	Shoreline Movements, Geographe 

Bay, W.A. 4th Aust. Conf. Coastal and Ocean Engineering, Adelaide. 

Playford, P.E.,, Low, G.H. (1972). 	Definitions of Some New and 

Revised Rock Units in the Perth Basin. West. Aust. Geol. Surv. 

Annual Report 1971. 

P.W.D. - W.A.,(1978) Harbours and Rivers Branch, Coastal 

Investigations Section. 	Siltation Investigations Bunbury Outer 

Harbour. 

Riedel & Byrne (1983). 	Coastal Engineering Aspect, Geographe 

Harbour, Busselton, W.A. 	Prepared for John Holland Const. Pty. 

Ltd. 

Riedel & Byrne (1985). 	Port Geographe Harbour Development, 

Detailed Notice of Intent. 	(unpublished). 

RIEDEL & BYRNE -: 	 NGIN 



BN 

Riedel & Byrne (1987 (a)). Coastal Engineering Studies, Dawesville 

Channel. Prepared for Department of Marine & Harbours, W.A. 

Riedel & Byrne (1987 (b) in prep.). 	Coastal Processes Studies, 

Port Geographe Bay. Prepared for Department of Marine & Harbours, 

W.A. 

Searle, D.3., (1977). 	Sedimentation in Geographe Bay, BSc(Hons) 

Thesis, University of Western Australia (unpublished). 

Searle, D.J., Semeniuk, V., (1985). 	The Natural Sectors of The 

Inner Rottnest Shelf Adjoining the Swan Coastal Plan. 	J.Roy Soc. 

W.A. Vol. 64(3). 

Semeniuk, V., (1983). The Quarternary Stratigraphy and Geological 

History of the Australind - Leschenault Inlet Area. 	Roy. Soc. 

W.A. Vol. 66(3). 

Semeniuk, V., Meagher, T.D. (1981). The Geomorphology and Surface 

Processes of the Australind - Leschenault Inlet Coastal Area. 	J. 
Roy. Soc. W.A. Vol. 64(2). 

Semeniuk, V., Searle, D.J. (1986). 	Variability of Holocene Sea— 

level History Along the Southwestern Coast of Australia - Evidence 

for the Effect of Significant Local Tectonism. 	Marine Goelogy, 

Vol. 72. 

Swart D.H. (1974). 	A Schematisation of Onshore—offshore 

Transport. Proc. 14th Coastal Eng. Conf. Copenhagen, 1974. 

Swart D.H. 1974. 	Offshore Sediment Transport and Equilibrium 

Beach Profiles. 	Delft Hydraulics Laboratory. 	Publication No. 

131. Delft. 

RIEDEL & BYRNE 



49 

Treloar and Abernathy (1977). 	Investigation into the Cause of 

Severe Waves at the Entrance to Newcastle Harbour. 	3rd. Aust. 

Conf. on Coastal and Ocean Engineering, Melbourne, 1977. pp. 116-

122. 

Van De Graaf, J. and Van Overeern, J. (1979). 	Evaluation of 

Sediment Transport formulae in Coastal Engineering Practice. 

Coastal Engineering Vol.3 pp  1-32. 

Wharton, PH., (1981). 	The Geology and Hydrogeology of the 

Quindalup Bore Line. 	W. Aust. Geol. Surv., Ann. Rep., 19890, pp 

27-34. 

RIEDEL & BYRNE 	'NC. I NGINF ERS P C 





ANNEXURE A.1 

WIND AND WAVE HINDCAST rEcHNIQuES 

RIEDEL & BYRNE CONSULTING [-NOINEERS PL 



1.0 INTRODUCTION 

A brief description follows of the techniques that are used by 

OCEANROUTES' marine meteorologists in determining the wind and wave 

conditions that are likely to have occurred at a given location a 

specific times in the past. 

The 'manufactured" data base is a set of observations at the required 

frequency consisting of entries which include date/time, wind 

direction and speed, 	sea wave height and period, 	and swell wave 

heights, periods and directions. A further step can be to combine the 

sea and swell values to provide significant wave heights (Hs) and 

average zero crossing periods (T2 ). 

The data contained in a manufactured data base can be compared with 

measured observations if they exist for the site in order to establish 

any bias that may exist in the data set. 	This bias may be the result 

of limitations in the original Mean Sea Level charts and in the 

techniques described below, and in the measured data. 

From a regular set of data, joint frequency occurrences of the various 

parameters can be developed. 	Further manipulation of the data can 

provide estimates of extreme values and return periods. 



2. 	DATA SOURCES 

The primary data source for constructing a data base is the set of 

Mean Sea Level (MSL) synoptic analyses which include the site and the 

oceanic areas from which distant swell may arrive at the site. 	The 

MSL analyses are isobaric chart, 	that is, 	the contours depict lines 

of equal atmospheric pressure corrected to mean sea level. These 

analyses are constructed at regular intervals from observations of 

weather parameters noted at stations on land and at ships at sea. 

Supplementary information for the analysis of the MSL charts is 

obtained from the upper air by radiosonde, pilot balloons and 

observations from aircraft. 	The interpretation of the observational 

data is also aided by analysis of the cloud imagery obtained by means 

of geostationary or polar orbiting satellites. 

Throughout the world the MSL synoptic analyses are usually prepared at 

6—hourly intervals. 	In the Australian region the analyses are these 

days available at 3—hourly intervals. 	Incorporation of smaller scale 

features and coastal effects is consequently readily achieved. 

OCEANROUTES' uses Bureau of Meteorology MSL and upper air synoptic 

charts from 1975 on for database work of this kind, as these are 

available at 3—hourly intervals. 

The techniques used for determining the various parameters in the data 

base are now described. 



3. 	WINDS 

Winds in the data base are derived from the historical MSL charts, 

using known relationships between isobaric spacing (pressure 

gradients) and wind speed. 

For synoptic situations where the isobars are parallel and straight 

and the pressure field is not moving, 	the basic relationship between 

the pressure field and the resultant wind is given by the formula: 

Vg =0<  (f 1 ) 	P_ 
dri 

where V3  is the wind speed, known in this special case as the 

geostrophic wind speed, cx is the specific volume of air (=(density)- 

I is the Coriolis parameter (= 1.4584 x 10 sin 	rad sec 1  , where 

is the latitude), 	and dp -- is the pressure gradient normal to the 
dn 

isobars. 

To determine the effective wind at sea level, corrections must be 

applied to the geostrophic wind to make allowances for surface 

friction, thermal stability of the atmosphere, curvature of the 

isobars and 	movement of the pressure field. 	In many cases the 

relevant parameters necessary to calculate these corrections are 

unknown. 	In these cases a simplified relationship is used: 

= 0.72 V3  

where VS  is the effective surface wind speed (Dexter, 1980). 



Wind directions are also related to the isobaric pattern. 	The 

geostrophic wind flows parallel to the isobars. 	However, frictional 

effects result in a turning of the airflow towards the region of lower 

pressure. 	The amount of turning is considered to be about 100  to 15° 

over the open ocean. This is accomodated subjectively in the analysis 

by the meteorologist. 



4.0 WAVE GENERATION AND PROPAGATION 

The theory and techniques of wave generation and propagation used 

routinely by OCEANROUTES in forecasting and hiridcasting tasks are 

current and up-to-date. 	They have been developed by Pierson, Newman 

and James (1960), 	Bretschneider (1970) and others and have been 

collated in the "Handbook of Wave Analysis and Forecasting" World 

Meteorological Organisation (1976), 	especially Part 1 Chapter 3 and 

Part 11, Chapters 1, 2 and 3. 

The general concepts of wave generation and propagation are now 

described. 

4.1 Wave Accretion 

Waves are first formed by the pushing and dragging effects of 

turbulent air motion over water. 	Growth of the waves continues 

in the same direction as the wind until there is equilibrium 

between the wave generating force of the wind and energy 

dissipation through internal friction and air resistance. 	At 

this time the waves are fully developed. 

Important factors which limit wave growth to less than full 

development are the duration of the constant wind and fetch 

length over which it is blowing. 



The surface of the sea generally has a confused appearance owing 

to the presence of many different groups of waves becoming 

superimposed as the groups move with different speeds and 

directions. This combination of characteristics of the different 

wave groups can be determined and is called the wave or sea 

spectrum. 

4.2 Computation of Wind Waves 

To enable ocean wave parameters to be computed from known 

properties of the wind field, 	in particular wind velocity, 	its 

duration and its fetch, many studies have been undertaken. 	The 

results of such studies are usually empirical, 	based on as nany 

observations as can be gathered. 	Typical of these results 

expressed in graphical form are that developed by Bretschneider 

(1970) and that published by the World Meteorological 

Organisation (1975), 	(Figure 1), which relate wave heights and 

periods to wind speed, duration and fetch length. 	Figure 1 

assumes that the waves are formed in deep water and that there 

were no waves initially. 
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The first step in computing waves is to determine the fetch and 

its duration, 	i.e. the area of sea surface over which the wind 

is blowing at constant speed from a constant direction and the 

time for which it persists. 	Fetch boundaries are generally 

limited physically by coastlines, and analytically by fanning out 

of isobars on a chart, by meteorological fronts, or by changes in 

curvature of the isobars. 

Successive wind analyses may indicate that the fetch area is 

moving. 	The wave analysis must then be modified to take account 

of this effect. OCEANROUTES uses techniques based on the 

various 'tfilters" described in Pierson, 	Neuman and James (1970) 

pp 127-135 and in World Meteorological Organisation (1976) Part 1 

3.1.3. 

Since the wind speed, duration and fetch length are know, the 

maximum significant wave height is calculated using a 

mathematical formulation of Figure 1. 	The energy spectrum is 

then determined by using the formulation of the JONSWAP spectrum 

(HASSELMANN 1973): 

exP 

S(f) = agZ (2)f 5 exp{_ 	(f\v 	
{(ff)} 

Z. ó2fr 
5 

with 6 having two values: 

Oa = 0.07 for ffjD 

= 0.09 for 



and where S(f) is the energy density 

f 	is the frequency 

fp is the frequency at maximum energy 

density (peak frequency) 

v 	is a peak enhancement factor 

a 	is 0.01 for wind speeds of 20 to EQ kts 

and for fetches which are not too short. 

One important wave frequency that is required is fp (peak 

freqency) which is obtained from the Kruseman Model as: 

fp = (0.055/H )-- 
r')o 

Figure 2 shows a COMPARISON between the JONSWAP and KUSEMAN 	 - 

models. 
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Figure 2 : A COMPARISON BETWEEN THE JONSWAP AND KRUSEMAN MODELS 



4.3 Shallow WaLer Waves 

The waves discussed so far were assumed to be in deep water. 

However water depth affects wave generation and wave heights will 

be smaller and wave periods shorter if waves are being generated 

in shallow water rather than deep water. 	Generally water depths 

of less than iSm are considered shallow and water depths greater 

that 90m are considered deep water. 	Water depth 15-90m are 

considered transitional. 

In shallow or transitional depths the method used to calculate 

wave height and period is based on successive approximations in 

which energy is added due to the wind and subtracted due to 

bottom friction and perculation. 	The amount of energy lost is 

governed by the wave period and the following formulae are used 

for determining the wave height and period: 

[ 	' 	
tanh .530 0.283 tanh 0 	- 

] 

/ 	\ 	\ 
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where H is the significant wave height 

T is the significant wave period 

F is the fetch length 

d is the water depth 

U is the wind stress factor 

(Coastal Engineering Research Centre, 1984) 

4.4 Swell Waves 

So far the waves discussed are waves that are growing or 

maintained in height by the existing wind that is, the so-called 

wind waves or sea. 

When sea waves become separated from the wind which generated 

them, they become known as swell. 	The separation may be the 

result of the waves moving beyond the fetch area, or of 

significant changes in the wind direction or speed, thereby 

creating a different fetch area. 	As soon as the swell waves are 

separated from the generating wind they begin to lose energy 

through the resistance of the water to being set in motion by the 

waves. 	Since a direct relationship exists between the amount of 

energy a wave possesses and its height, 	as swell waves lose 

energy their height decreases accordingly. 

Two other important mechanisms also cause swell wave 

characteristics to change. 	These are known as angular spreading 

and dispersion. 



Angular spreading is the lateral extension of sea waves as they 

move out of a fetch. 	It results from the slight natural 

variations in wind direction within the fetch. 	The wave energy 

is propagated mainly in the predominant direction of the wind, 

decreasing at deviant directions and reaching zero at directions 

perpendicular to the predominant one. 	It is generally assumed 

that the wave energy in different directions is distributed 

according to: 

cosz (Q - Q0) 

where Q0  is the predominant direction of the sea and Q is the 

direction of the wave component under consideration. 

Swell waves originating from different points and times along the 

down wind edge of the fetch may affect the observation point 

being monitored. 	A certain fraction of the original energy 

determined by the COSZ(Q - Q0) energy distribution is propagated 

to the observing site along each direction. 	The energy arriving 

at the site is the sum of all these factors expressed as a 

percentage in diagrammatic form are shown in Figure 3. 

Dispersion is the separation of the waves into their component 

parts owing to the different wave groups possessing different 

frequencies and hence velocities. 	Those with greater velocities 

out—distance the others. Hence swell from distant fetches 

possesses a much narrower range of frequencies than sea waves. 



However, swell from nearby fetches may possess a broad spectrum 

as longer period waves from the rear of the fetch may be present 

at the site at the same time as lower period waves originating 

from near the front of the fetch. 

In summary, waves generated in a fetch which arrive at the site 

at any future time have periods limited to those determined by 

the dispersion process while their heights are decreased by the 

spreading factor. 

4.5 Calculation of Parameters of Significant Waves 

Waves from different originating fetches whether nearby or 

distant may be simultaneously present at the site. 	These are 

combined using the formulae: 

H 	= (}2 + H22 
 ) 1/2 

2 	2 H1  + 	H., 	1/2 
ard T = --- 

---- ----- 
---- z 	

I 2/T1 2  + H2 /T2  

in an iterative manner (Hogben and Miller, 	1980). 	H 	is the 

resultant significant wave height, and T is the zero crossing 

period. 

These values are the forecast wave heights and periods at a 

deepwater site. 



The primary direction of the propagated waves is taken as that 

component contributing the maximum proportion to H 	A 

secondary direction may also be specified from the direction of 

the next highest contribution. 
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5. 	ASSUMPTIONS AND LIMITATIONS (WINDS AND WAVES) 

The main assumption made in the technique for determining the wind 

speeds and directions is that the precise corrections for the 

geostrophic flow caused by surface roughness, thermal stability, 

curvature of the isobars and movement of the pressure field are 

unknown and a simplified relationship is used. 	An average cross— 

isobar flow is also assumed. 

The most noteworthy limitation to this technique for determining winds 

is that the winds with low velocities e.g. 	less than about 8kt, will 

probably by systematically overestimated. 	This will result in a 

overestimate of the associated sea heights. 

The chief assumption made in the techniques for wave generation and 

propagation include simplified concepts of: 

(1) the shape and size of the particular fetch area; 

the location and movement of the fetch area relative to the site; 

the distribution of the wind through the fetch area; 

the determination of the duration of each event or part of it. 

Other assumptions are contained in the adoption of the particular wave 

forecasting diagram (Figure 1), the Jonswap model spectrum1  and the 

formulation of the angular spreading factor and the dispersion 

process. 
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Wave Refraction 

1. 	INTRODUCTION 

The generally accepted method of wave refraction studies for 
coastal engineering investigations is to project parallel rays 
(orthogonals) from offshore deepwat:er towards some chosen area of 
coastline. 	If these rays have at) initial spacing of bo, and :his 
spacing becomes b in shallow water, then refraction coefficien:, 
Kr, is simply defined as 

2. 

	

Kr = bo/b 	(1) 

This technique is suitable for simple locations where there are 
no abrupt bathymetric changes. However, in these instances, ray 
paths are quite complex and one may have a refraction diacram 
such as that shown in Figure 1. These rays began in deep water 
and were initially paralle]. and equidistant. 	The deep wa:er 
origin is not shown, but it is obvious that interpretation is 
difficult, if not 	impossible. 	Even where 	ray paths have - c: 
crossed, a large gradient in inshore 	ray spacing can make 	it 
difficult to interpret the results and obtain reliable estimates 
of refraction coefficients. The result depends upon the chosen 
values of bo. 	Thus one can see that general refraction results 
for a length of coastline can he obtained in this way, but there 
is virtually no detail at any jarticular point:. 

At this stage it is important to ask one-self, "What is ny 

purpose in carrying out a wave refraction study?" 	If the answer 
be to eventually use these results to obtain inshore wave climate 
from offshore wave data, then it is obvious, refer to Figure 1, 

that the forward ray technique is generally inadequate. By wave 
climate we here mean wave-height exceedance and wave direction 
information. 	A large amount of wave data is collated in terms of 
Tz, average zero crossing period. F'orward ray projection, using 
monochromatic wave periods, does not facilitate the use of these 
data- and requires "adaption" from the more realistic condition. 
Further, offshore waves virtually never occur with a .sinc.le 
direction. Thus it is desirable to use a technique which can 
take this aspect into account in a physically acceptable manner. 
This work has the objective of describing a technique which 
overcomes most of these problems. 	It is one which was originally 
developed at 	the 	Hydraulics 	Research 	S t a t i o n 	Wallingford, 
England, and has been further developed by Lawson and Treloar 
Pty. Ltd. 
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Wave Refraction 

2. REVERSE RAY TECHNIQUE 

The H.R.S. 	program, 	RAYTRK, calculates orthogonal :;ahs 
using the basic refraction initial value equation 

dcL/ds = -1/C dC/dn 

where L is ray bearing 
s is distance along the ray 
n 	is the inward normal d i r e c t i o n 

The seabed is schematised on a grid of equilateral triancies 
contained within zones which are parallelograms. 	Within each 
zone all triangles are of the same size, but the triangle size 
may vary among the zones. 	In thi s way it is possible to develop 
the seabed in some detail where necessary, yet be economic-al in 
deeper water where data points ca n be further apart. 

An inshore location is chosen and fans of rays are proiec:ed 
from there to deep water with wave periods of say 4,6,8,10,12 	d 
14 seconds. The inshore orthogonal bearings, 0, are generated at 
intervals of dO, 	which may range from less than 1 degree to 5 
degrees, depending upon the site and the window to deep wa:e:. 
The results of this are a series of 0-9 plots( in theory only, as 
they are never in fact drawn), where 0 is the offshore orthoco - al 
bearing. The required result, then, of the ray calculation 
procedure is the 0-relationship for each ray. Figure 2A shc'.:s 
one such plot. 	It will be seen that 0 can be multi-valued cr 
some Øvalues as in this example. 	These areas exhibit the eilett 
of caustics, which in effect are those events in the forward :ey 
technique where neighbouring rays cross. 	In such a case the 
logical conclusion from equation 	(1) would be that Kr tends 
towards infinity. 	However, we know t h a t this is not so and That 
wave diffraction causes a lateral transfer of wave energy so that 
the 	total 	spectral 	energy 	remains 	constant. 	Refraction a 71 d 
diffraction are not independent phenomena. 

The next step is to make the reasonable proposal that en 
offshore frequency direction spectrum can be assumed to be tahe 
up of the linear product of the separate frequency and direction 
spectra. 	The 	form of the se can be 	freely chosen , but the 
modified Moskowitz spectrum and Gaussian distribution are usually 
chosen for the 	frequency 	and d i r e c t i o n 	spectra 	respectively. 
This follows the work of Abernethy and Gilhert,(1975). 	Thus, 

S(f,) =Sl(f).S2(0) 	(2) 

where 5J (1) 	(us u )/'1Uf 	c:Y.p(-u /t-m- ) 	 (3) 

S (n. 	= l/d 	exp (- 	/2d) 	 (4) 
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where/.L is mean offshore direction 
or is the standard deviation in wave direction 
I is wave frequency 
u = f/fz 
fz=l/Tz 

At the present stage the choice of d' is somewhat 	arbit:ary. 
A value of 10 degrees provides stable results when one has 

parallel offshore contours, but a value of 40 degrees has been 
obtained from ocean wave measurements carried out 	by 
Cartwright,Longuet-Higgins and SrniLh,(193). 	It is believed that 
o will depend on. the site 	and will 	have 	i t s own 	statisrical 
distribution. 	A value 	of 	40 degrees is, generally used, buc if 
insight into the effect of a narrower direction spectrun is 
desired, a smaller cr value should be tried. 

Figures 2A-C show the essential steps In the method. Su?ose 
that from an inshore location a fan of wave orthogonals has been 
projected out to deep water for some chosen frequency, fl, and 
their directions plotted as the 0-9 curve of Figure 2A. 	A set of 
such curves at several frequencies will contain 	the 	Lull 
description of the refracting effect of the seabed topography 
between A and the ocean. 

Figure 2B on the other hand depicts the "climatic 	i n p u t to 
the problem: 	t h i s 	is a spectrum shcwn as the contoured suLace 
of S(L,9), the more familiar 'one dimensional components being 
indicated on the axes. The shape of the spectrum is decided by 
the choice of equations (3) and (4) . 	Its position 	in 	the 	f -G 
plane depends upon the choice of Tz and ,Lt. 	Hs can he assigned an 
arbitrary value since 	we 	follow usual practice in neglecting 
non-linear effects and so making Kr independent of Hs. 

The spectrum at A that results from combining the deep 	t e r 
spectrum of Figure 28 with the refracting properties of Figure 2A 
is constructed in Figure 2C as a set of contours on the f,C 
plane. Its method of construction is thus: 	for any point fl,0l 
of Figure 2C the conjugate value of l is found by reference to 
Figure 2A. The point f1,91 is located 	in Figure 	2B and its 
ordinant, S(fl,1), read there. This value is transferred 
directly to the location fl,cil in Figure 2C, after adjustment 
according to the equation 

S(f,0) = (Cgo. Co) /(Cq.C).S(f,Q) 	(5) 

Equation (5) was first Ircsented by Longuet-l'liqgins (1957) in 
wave number space and its derivation can be summarised as 
follows. Consider (in the context: of conventional forward 
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projected wave rays) a small element of wave energy which in deep 
water is contained between two rays at: spacing ho, and which is 
distributed over small ranges of frequency and direction, df and 

d&. 	AL A the ray separation is b and the corresponding ranges of 
frequency and direction will be df and dO. 	Equating energy 
fluxes we have 

S(f,).dL.d&.Cgo.bo = S(f,O).df.dO.Cg.h 	(() 

which, by introducing Kr = ho/b and substituting 

2. 
Kr 	= (Co/C) .d@/dO 

a relationship developed by Dorrestein (1960), produces the form 
shown in equation (5) 

Calculation of :he inshore root-mean-square ..'ave-heigh 	is 
then simply given by 

2 
H r.m.s. = 8)) S(f,0) .df.d9 	(7) 

The inshore mean wave direction is given by 

Om = ( Jf 
OS (f,0) .di .dO)/ (J S (f, 0) .df.dO) 	(8) 

The inshore zero crossing period can also be determined from 

2((2. 
Tz = ())S(f,0).df.dO)/()jf S(f,0).df.dO) 	(9) 

The equations are evaluated numerically. Note that ecuation (9) 

demonstrates the change in Tz as refraction occurs. This aspect 
can not be obtained from the forward ray technique. 

The method is quite versatile and is applicable where one has 
islands which intercept some orthocjonals and severely ref:act 
others. 	Figure 31\-B shows an idealized example of such a bed 
area and the resulting 0-diagram. The important aspect is rhe 
discontinuity in 0 which will appear in the inshore spectrum es a 
break or depression, 	i.e. 	there will be two humps of energy. 
Wave diffraction would of course mean that the spectrum is not 
discontinuous, but due account of the islands effect shout he 
taken. 

Table 1 is an example of the results obtained from 	his 
method. 	The 	first block 	is an a r r a y of wave coefficients 
arranged in columns for directions and 	rows 	for 	z e r o crossing 
period. 	Note 	that 	this method d o e s 	not obtain 	separate 
refraction and shoaling coefficients, as shoaling coefficient and 

Tz are not directly related. However, each spectral ordinant is 
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WAVE CLIMATE STUDY 

LOCATION 

INSHORE WAVE CONDITIONS FOR POSITION * 
DIRECTION STANDARD DEVIATION 40.0 

WAVE COEFICIENTS 

DIRECTION 
Z CR0 

CROSSING 225.0 247.5 270.0 292.5 315.0 337.5 350.: 

PERIOD 
4.5 0.49 0.57 0.59 0.56 0.48 0.38 0.28 

5.5 0.43 0.51 0.54 0.52 0.•47 0.39 0.30 

6.5 0.40 0.47 0.50 0.50 0.47 0.42 0.35 

7.5 0.39 0.45 0.48 0.49 0.48 0.47 0.44 

8.5 0.39 0.44 0.47 0.48 0.50 0.51 0.50 

9.5 0.39 0.44 0.46 0.48 0.50 0.53 0.53 

10.5 0.40 0.45 0.46 0.47 0.51 0.54 0.55 

11.5 0.40 0.45 0.46 0.47 0.51 0.55 0.56 

12.5 0.40 0.45 0.46 0.47 0.51 0.55 0.56 

INSHORE DIRECTIONS 
4.5 251.37 254.81 258.71 262.74 266.35 259.04 270.64 
5.5 250.83 253.63 256.94 250.41 263.37 265.24 266.05 
6.5 249.87 252.19 255.09 258.20 260.70 261.97 252.15 
7.5 248.56 250.43 253.02 255.03 258.40 259.46 259.56 
8.5 247.49 248.99 251.31 254.32 256.87 258.11 258.45 
9.5 246.97 248.24 250.38 253.41 256.12 257.55 258.02 

10.5 2.46.72 247.88 249.92 252.95 255.77 257.30 257.82 
11.5 246.60 247.70 219.68 252.70 255.58 257.17 257.gl 
12.5 246.53 247.60 249.54 252.56 255.17 257.10 257.7 

WEIGHTED MEAN INSHORE ORTHOGONAL DIRECTION 	259.0 

TABLE 	POSITION * - TIDE + 1.8M I.S.L.Y.. 
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correctly transformed. 	If it be desired, wave coefficients a- 
each of the monochromatic periods can be determined, 	each of 
these being averaged over the direction spectrum. 

3 CALCULATION OF INSHORE WAVE CLIMATE 

Wave-height statistics generally fall into four areas. These 
are 

Short term 	statistical 	distribution 	- 	Payleigh 
Distribution 

Long term wave-height exceedance statistics - 
Log-normal or Weibull Distributions. 

Storm Duration-Return Interval studies. 
Wave group statistics. 

This study is concerned with the first two of t:hese, the first in 
an implicit sense and the second directly. Where adequate data 
are available they are collated in a form whereby it is ivided 
into groups, each referred to by an offshore direction an 
period. This means that all wave observations falling within a 
22.5 degree sector are assigned to the central direction and all 
observations within a 1 second zero crossing period bend are 
assigned to the central period. Thus it is possible to nrepa.re 
the data in the form shown in Figure 4. In that figure, oi, is 
the probability that the particular offshore direction-period 
event will occur. The plot then shows the conditiona. 
probability of wave height exceedan. 	The data are 	sua1lv 
drawn up in terms of Hs. Thus one has a number of Such plots, 
one for each direction-period case. 	Each is completely described 
by choosing two pairs of wave-height and probability Doints, 
including p1, and given that the distribution is log-normai. 

1n order to 	calculate 	inshore 	wave-height 	exceedance 
statistics, one first selects a list of wave-heights. Then, 
taking the smallest, say Hl, it: is divided by 	the 	wave 
coefficient for the first direction period condition to determine 
the offshore wave-height, Hol, necessary to generate that inshore 
wave-height. The wave-height exceedance plot is then entered at 
Hol on the vertical axis and the conditional probability p2 
determined. The product pl*p2  then provides the partial 
probability of Hl being exceeded. 	By repeating this process for 
all offshore conditions and summing all partial probabilities, 
the total probability of Hi being exceeded will be produced. The 
procedure is then repeated for each choice of Hl. 	The total 
wave-height exceedance plot can then be determined by Ca1CUa in] 
successive probabilities of exceedance. 
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Wave Refraction 

It should be noted that the breaking wave-height limitation 
is not included. 	If a particular design probability be ch:sen, 
then this wave-height can be matched to a water level taking into 
account the change in inshore wave-height with change in ..ater 
level. 	The effects of bed f r i c t i o n can be included 	by 
calculating wave conditions at a number of locations between deep 
water and the shoreline. This is necessary because turb.ient 
flow energy dissipation depends upon wave-height: itself and the 
wave height must be included in each calculation of Kf, the 
friction coefficient. 

A further calculation may be performed and this is the 
weighted mean inshore wave direction. 	Based on the premise :hat 
wave energy is a more relevant parameter than wave-height in Tany 
situations, He, the effective wave-height is calculated as 

- 	(1 
He = H p(H)dH 

where p(H) is the log-normal distribution. 
Then, following from the general sediment transport equations 	in 
which, Q,  rate of transport, is described by 

Q4H T 	i.e. wave power 

one determines weighting factors Eo thus 

Eo = pl(Tz,) .Tz.He 	for each Tz- pair 

Thus Q  can be written further 

2.. 

Q 	Eo.Kw 	for each Tz-tL pair 
I 

Thus the total average sediment transport can be obtained by 
summing these Q  values over 	all 	Tz-,U. pairs. 	Note 	t h a t 	:his 
procedure should not be used as presented for sediment transport 
as no account of threshold velocities has been included. The Eo 
and Kw values can then be used to calculate the weighted nean 
inshore direction. 	This mean direction is also useful 	for 
offshore berth investigations. 

Additionally it is possible to divide the inshore directions 
up into sectors for studies involving ship movement. 	Diffraction 
effects can also be included by further analysis. 

The processes presented above have been well tested and a r e 

believed to provide the most reliahi.e inshore wave-height 
information, which is in a 1orrii which is readily used in 	fur:her 
studies. Although the method has been presented in terms of Tz 
many aspects can be used in a monochromatic period study or USE 

can be made of othet period parameters. 
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Wave attenuation due to friction at the seabed is calculated uSing a 

computer program the flow chart for which is shown overleaf. 

The calculational procedure involves 

inputing water depth and wave refraction and shoalinq coefficients for 

each offshore di rection radi ati iig from the site of interest out to deep 

water. 	This is done as a series of discrete steps alonq the radal. 

The 	step length is variable and depends priuiari ly on the rate of charge 

of the seabed slope. 

for the first step for each nominated deepwater wave height period and 

direction the shoal ing and refraction coefficients are retrieved 7 ron 

the computer memory. 

the type of seabed is nssessed. 	If the seabed is granular it will form 

either a plane bed or a rippled bed depending on the wave 

characteristics, the seabed material and the water depth. 	If the seabed 

has seaorass, boulder, or other surface materials these vi U control the 

roughness. 	At other sites where the seabed is granular, 	the formaticu- 

of ripples are checked and a roughness coefficient determined. 

from the roughness coefficient a friction factor is computed and the 

wave height reduction calculated for that compuaticnal step. 

the procedure is then repeated for the next computational step. 

wave generation due to onshore winds is included in each computational 

step. 

Typically it has been found that: up to 10 computational steps from 

deepwater to shallow water are required. 
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Source references describing the mathematics, reasearch and other 

literature upon which these calculations are based are 

Riedel, 	H.P., 	Kamphius, 	J.W. and Brebner, A. (1972). 	"Measurement of 
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MINNINUP SAND MINING STUDY 

Inshore Location: 	Minninup, Site 2 , tide0.7 

Water Depth at Site: 	6.0 . 

Wave Type: 	 SveIl 

WAVE COEFFICIENTS 

Peak Period (s) 

Offshore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 

(deg.) 

200.0 .00 .00 .03 .07 .12 .16 .18 .20 .22 .27 .34 .40 .46 

21010 .01 .02 .05 .12 .19 .24 .28 .30 .33 .40 .49 .57 .64 

220.0 .04 .04 .08 .17 .25 .32 .36 .40 .45 .54 .66 .76 .85 

230.0 .10 .11 .14 .23 .31 .38 .44 .50 .58 .69 .82 .94 1.03 

240.0 .22 .22 .25 .32 .40 .46 .53 .61 .70 .82 .94 1.05 1,13 

250,0 .38 .38 .41 .47 .53 .58 .65 .72 .81 .90 .99 1,06 1.11 

260.0 .57 .51 .59 .62 .66 .70 .75 .80 .85 .91 .95 .98 1.00 

270.0 .74 .13 .74 .14 .75 .76 .78 .81 .83 .85 .86 .81 .87 

280.0 .85 .83 .82 .81 .79 .78 .77 .78 .78 .79 .80 .81 .81 

290.0 .90 .88 .85 .83 .81 .79 .78 .78 .79 .80 .82 .84 .86 

300.0 .91 .89 .87 .85 .84 .83 .83 .84 .86 .89 .91 .95 .97 

310,0 .91 .83 .88 .88 .88 .89 .90 .92 .95 .99 1.03 1.08 1.11 

320.0 .88 .88 .88 .89 .91 .94 .96 1.00 1.04 1.09 1.16 1.22 1.27 

330.0 .83 .82 .84 .83 .92 .96 1.01 1.06 1.11 1.18 1.27 1.34 1.40 

340.0 .73 .72 .75 .80 .88 .95 1.02 1.09 1.16 1.24 1.33 1.41 1.47 

330.0 .59 .57 .60 .67 .77 .86 .95 1.03 1.11 1.20 1.30 1.39 1.46 

360.0 .43 0 .4? .50 .60 .70 .79 .87 .95 1.05 116 1.25 I.3 

INSHORE DiRECTIONS 

Peak 	Period 	() 

Offshore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12,0 13,0 14.0 15.0 16.0 17.0 
(deq.) 

200.0 271 279 288 289 290 290 291 291 291 291 291 291 291 
210.0 273 279 287 289 281 290 290 291 291 291 291 291 291 
220.0 273 277 286 288 289 290 290 290 291 291 290 290 290 
230.0 273 277 283 207 289 289 290 290 290 290 290 290 290 
240.0 274 218 282 286 288 289 289 290 290 290 290 290 290 
250.0 276 2/9 282 285 287 288 289 289 290 290 290 290 291 
260.0 278 281 283 285 287 288 289 289 290 290 291 291 291 
270.0 281 284 286 287 208 289 289 290 2'30 291 292 292 293 
280.0 286 288 289 290 291 291 292 292 293 293 294 295 295 
290.0 292 293 294 295 295 295 296 296 296 297 297 298 298 
300.0 300 300 300 300 300 300 300 300 300 300 300 300 300 
310.0 308 307 307 306 305 305 304 304 303 303 303 303 302 
320.0 315 314 312 311 310 309 308 308 307 306 306 305 305 
330.0 322 319 317 315 314 313 312 311 310 310 309 308 308 
340.0 327 324 321 318 317 316 315 314 313 312 312 311 311 
350.0 332 328 323 320 319 317 316 316 315 314 313 313 313 
360.0 336 331 326 322 320 318 317 316 316 315 314 314 313 
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MINNINUP SAND MININ6 STUDY 

Inshore Location: 	Minninup , Site 2 ,tide0.1i 

Water Depth at Site: 	6.0 . 
Wave fype: 	 Sea 

WAVE COEFFICIENTS 

Peak Period (s) 

OlIshore 

Direction 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
(deg.) 

210.0 .65 .57 .32 .25 .22 .21 .24 .29 .35 
220.0 .76 .67 .41 .33 .30 .30 .34 .40 .46 
230.0 .85 .76 .50 .43 .40 .42 .46 .52 .58 
240,0 .92 .83 .51 .53 .52 .54 .59 .65 .71 
250.0 .96 .88 .68 .63 .63 .67 .72 .78 .83 
260.4) .98 .92 .76 .12 .73 .78 .84 .89 .93 
270,0 .99 .94 .83 .80 .81 .87 .94 .99 1.02 
280.0 1.00 .96 .87 .85 87 .94 1.01 1,06 1.08 
290.0 1.00 .97 .90 .88 .90 .98 1.05 1.10 1.12 
300.0 1.00 .97 .91 .89 .92 1.00 1.08 1.12 1.15 
310.0 1.00 .97 .91 .89 .92 1.00 1.08 1.13 1.16 
320.0 1.00 .97 .90 .88 .90 .99 1.07 1.12 1.16 
330.0 .99 .95 .87 .85 .87 .96 1.04 1.10 1.13 
340.0 .97 .93 .84 .81 .83 .91 .99 1.04 1.08 
30.0 .94 .90 .80 .76 .77 .84 .91 .96 1,00 
360.0 .8' .8" .74 .69 .6'1 .75 .81 .86 .89 

INSHORE DIRECTIONS 

Peak Peried (s) 

Oflshore 

Direction 2.0 3.0 4,0 5.0 6.0 7.0 8.0 9.0 10.0 
de9.) 

210.0 233 234 241 250 258 264 269 274 276 
220.0 237 238 248 251 264 268 272 275 217 
230.0 241 243 255 263 269 271 274 276 273 
240.0 247 249 261 268 213 214 276 218 280 
250.0 254 257 268 273 216 277 278 280 282 
260,0 262 265 274 278 280 281 281 283 284 
210.0 271 273 280 282 284 285 285 286 287 
280.0 280 282 286 288 289 289 290 290 291 
290.0 290 291 293 294 294 295 295 296 296 
300.0 300 300 300 300 301 30! 301 301 301 
310.0 310 309 308 307 307 308 308 307 307 
320.0 319 318 316 314 313 314 314 313 312 
330.0 329 327 323 321 320 321 321 319 317 
340.0 337 335 330 327 325 326 326 324 322 	- 
350.0 344 342 336 333 330 331 331 328 325 
360.0 351 349 342 337 335 336 335 331 328 
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KINNIN(JP SAND IIIHING SFUDY 

Inshore Location: 	Hinninup, Site 3 	tide:0.7 
Water Depth at Site: 	3.9 . 
Wave Type: 	 SveII 

WAVE COEFFICIENTS 

Peak Period (s) 
OUshore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16,0 17.0 
(deg.) 

200.0 .08 .07 .05 .04 .04 .04 .05 .05 .06 .06 .05 .05 .05 

210.0 .16 .13 .10 .08 .08 .09 .10 .12 .12 .1.3 ,12 .12 .11 
220.0 .26 .21 .17 .14 .14 .16 .19 .22 .23 .24 .23 .22 .21 
230.0 .39 .32 .26 .23 .23 .26 .30 .34 .36 .37 .31 36 .36 
240.0 .52 .44 .38 .34 .35 .38 .42 .46 .48 .50 .51 .51 .52 
250.0 .65 .58 .52 .49 .49 .51 .53 .56 .58 .60 .62 .65 .67 
260.0 .71 .71 .66 .63 .62 .62 .62 .63 .65 .67 .71 .75 .78 
270.0 .85 .81 .71 .14 .12 .70 .68 .68 .69 .72 .75 .79 .82 
280.0 .8 .85 .81 .78 .75 .73 .72 .72 .73 .75 .78 .80 .83 
290.0 .88 .85 .81 .78 .76 .75 .75 .16 .77 .13 .81 .83 .85 
300.0 .81 .84 .81 .79 .78 .78 .79 .80 .82 .84 .87 .89 .91 
310.0 .88 .86 .85 .84 .83 .84 .85 .86 .88 .91 .94 .97 1.00 
320.0 .90 .90 .90 .91 .92 .93 .94 .95 .98 1.0 1.06 1,11 1.15 
3300 .89 .30 .33 .95 .98 1.01 1.03 LOG 1.10 1.16 1.23 1.31 !.37 
340.0 .85 .85 .87 .92 .97 1.02 1.07 1.12 1.18 1.28 1.38 1.49 1.57 
350.0 .75 .13 .74 .78 .85 .92 1.00 1.08 1.18 1.30 1.44 1,56 1.66 
360.0 .63 .57 .5 .58 .65 .74 .84 .94 1.06 1.19 1.33 1.45 1.55 

!NSHORE DIRECHONS 

Peak Period (s) 
Of(shore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 
(deg.) 

200.0 262 262 262 263 270 285 296 302 304 306 307 307 308 
210.0 263 263 263 265 275 291 300 304 306 307 307 308 308 
220,0 264 265 266 269 281 295 302 305 306 301 308 309 309 
230.0 267 268 271 276 287 298 303 305 307 308 308 309 310 
240.0 271 274 278 284 293 300 304 306 307 308 309 310 310 
250.0 276 281 286 291 297 301 304 306 307 308 309 310 311 
260.0 281 287 291 26 300 302 305 306 307 309 310 310 311 
270.0 287 292 296 299 302 304 306 307 308 309 310 311 311 
280.0 293 297 300 303 305 306 308 309 310 311 311 312 312 
290.0 299 302 305 307 308 309 310 311 312 312 313 313 313 
300.0 307 309 310 312 312 313 313 313 314 314 314 314 314 
310.0 315 316 317 317 311 317 316 316 316 .316 316 316 316 
320.0 322 322 322 321 321 320 320 319 319 319 318 318 318 
330.0 328 327 326 325 324 323 322 322 321 321 321 321 320 
340.0 334 332 329 327 326 325 324 324 323 323 322 322 322 
350.0 339 336 333 330 328 326 326 .325 324 324 324 323 323 
360.0 344 341 337 332 329 327 326 325 325 325 324 324 324 
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MINNINUP SAND MINING STUDY 

Inshore Location: 	Minninup, Site 4, tide0.7i 

Water Depth at Site: 	5.2 . 

Wave Type: 	 Swell 

WAVE COEFFICIENTS 

Peak Period (s) 

Offshore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 

(deg.) 

200.0 .00 .01 .02 .02 .02 .02 .03 .03 .05 .07 .09 .10 .1 
210.0 .02 .03 .04 .05 .05 .05 .05 .07 .09 .12 .15 .17 .18 

220.0 .06 .06 .07 .03 .08 .09 .10 .12 .15 .19 .22 .25 .28 
230.0 .14 .14 .14 .14 .15 .16 .19 .22 .25 .29 .34 .38 .41 

240.0 .28 .27 .26 .26 .27 .30 .34 .38 .42 .47 .53 .58 .62 
250.0 .47 .45 .44 .45 .47 .51 .56 .61 .66 .73 .80 .87 .91 
260.0 .67 .65 .66 .68 .73 .75 .81 .86 .93 1.02 1.11 1.19 1.26 

270.0 .83 .83 .85 .88 .92 .97 1.02 1.08 1.15 1.25 1.36 1.47 3,55 

280.0 .92 .94 .97 1.00 1.05 1.09 1.14 1.20 1.28 1.38 1,51 1.63 1.72 
290.0 .95 .91 1.00 1,04 (.09 1.14 1.20 1.26 1,33 1.44 1,58 1.70 1.79 
300.0 .94 .96 1.00 1.04 1.10 1.15 1.22 1.28 1,37 1.48 1.61 1.73 1.82 
330.0 .93 .95 .98 1.03 1.09 1.16 3.23 1,30 1.39 1.51 1.64 1.76 1.85 
320.0 .91 .92 .95 1.00 1.07 1.14 1.22 1.30 1.40 1.53 1.66 1.78 1.88 
330.0 .86 .85 .87 .92 .98 1.05 3.14 1.23 1.34 1.47 1.63 1.74 3,83 
340.0 .76 .74 .74 .77 .82 .88 .96 1.05 1.15 1.27 1.41 3.53 1.62 
30.0 .61 .57 .57 .59 .62 .66 .72 .78 .86 .96 1.07 1.16 1.24 
360.0 .43 .39 .39 .40 .47 .44 .47 .53 .56 .62 .69 .75 .80 

INSHORE DIRECTIONS 

Peak Period (s) 

Offshore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 36,0 17.0 
(deg.) 

200.0 265 282 283 283 283 283 284 284 285 285 285 285 285 
210.0 267 217 281 282 283 283 284 285 285 285 285 285 285 
220.0 268 274 279 281 282 284 285 285 285 786 286 286 286 

230.0 269 273 278 281 283 285 286 286 287 287 281 287 287 
240.0 271 274 279 282 284 286 287 288 288 288 288 288 288 
250,0 273 277 281 284 286 288 288 289 28') 290 290 290 290 

260.0 276 280 284 287 288 289 290 290 291 291 291 291 292 
270,0 281 285 288 290 291 292 292 292 293 293 293 293 294 
280.0 286 290 292 293 294 295 295 295 296 296 296 296 296 
290.0 293 296 291 298 299 29') 300 300 300 300 300 300 300 
300,0 301 303 304 305 305 305 305 305 305 304 304 304 304 
310,0 310 311 311 311 311 311 310 310 310 309 309 308 308 
320.0 318 318 318 337 316 335 315 314 314 314 313 313 313 
330.0 324 324 322 323 320 319 318 318 317 317 311 317 336 
340.0 330 328 327 325 323 322 321 320 319 319 319 318 318 
350.0 334 332 330 328 326 324 323 321 323 320 320 319 319 
360.0 338 335 333 331 329 327 325 323 322 321 321 320 320 
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INNINUP SAND HINP6 STUDY 

Inshore Location: 	Hinninup, Site 5, tide0.7i 
Water Depth at Site: 	5.9 m 
Wave Type: 	 Swell 

WAVE COEFFICIENTS 

Peak Period (s) 
Of fshore 
Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 
de9.) 
200.0 .01 .02 .03 .03 .03 .03 .02 .02 .03 .04 .05 .06 .07 
210.0 .04 .04 .06 .06 .06 .06 .05 .05 .05 .07 .10 .12 .14 
220.0 .09 .10 .11 .12 .11 .10 .10 .09 .11 .13 .17 .21 .23 
230.0 .20 .21 .21 .21 .20 .18 .18 .18 .19 .23 .28 .32 .36 
240.0 .36 .37 .36 .34 .32 .31 .31 .31 .34 .38 .43 .48 .52 
150.0 .55 .55 .53 .51 .49 .48 .48 .50 .53 .57 .63 .69 .13 

260.0 .72 .71 .69 .67 .66 .66 .68 .70 .74 .81 .89 .96 1.02 
210.0 .83 .83 .82 .31 .81 .83 .86 .91 .37 1.06 1.11 1,27 1.35 
280.0 .89 .89 .90 .91 .93 .97 1.02 1.09 1.18 1.29 1.42 1.54 1.64 
290,0 .91 .91 .93 .96 1.00 1.06 1.13 1,21 1.30 1.42 1.55 1,67 1,76 
300,0 .90 .90 .91 .94 .98 1.04 1.10 1.17 1,26 1.36 1.47 1.57 1.64 
310.0 .89 .87 .86 .81 .89 .92 .97 1.01 1.06 1.13 1.21 1.28 1.3.3 
320.0 .89 .85 .83 .0! .80 .80 .8! .83 .86 .89 .94 .98 1.01 

.89 .84 .80 .78 .16 .15 .74 .15 .76 .78 .81 .83 .85 
340.0 .86 .80 .76 .74 .72 .71 .71 .72 .73 .75 .77 .79 .81 
350.0 .30 .13 .68 .65 .64 .64 .65 .66 .68 .70 .72 .73 .74 
35.0 .11 .62 .55 .51 .50 .51 .53 .55 .57 .59 .60 .61 .61 

INSHORE DIRECTIONS 

Peak Period (s) 
Offshore 
Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 

) 

200,0 265 272 274 275 275 275 275 276 277 279 279 279 279 
210.0 265 269 272 214 274 2/5 275 276 277 279 219 279 279 
220,0 265 268 271 272 273 274 275 276 278 279 279 279 280 
230.0 266 268 270 271 273 274 276 277 278 279 280 280 280 
240.0 267 268 270 272 273 275 277 278 279 280 280 280 281 
250.0 269 270 271 213 275 Z77 278 279 280 281 282 282 282 
260.0 272 273 2/4 276 278 279 280 281 282 283 284 284 284 
270.0 276 217 278 280 281 283 284 284 285 206 286 287 287 
280.0 282 283 284 285 286 287 287 288 238 289 289 289 289 
290.0 289 289 289 289 290 290 290 290 291 291 291 291 291 
300.0 297 296 295 294 294 293 293 292 292 292 292 292 292 
310.0 305 303 .301 299 298 29/ 296 295 294 294 293 293 293 
320.0 314 311 308 306 304 302 301 299 298 297 297 296 296 
330.0 322 318 315 312 310 308 306 305 304 302 302 301 300 
340.0 329 325 320 317 314 311 309 308 307 305 305 304 303 
350.0 336 331 326 321 317 314 311 309 308 307 306 305 304 
360.0 343 339 333 327 321 317 313 311 309 308 307 306 305 
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NNINUP SAND P$ININ6 STUDY 

Inshore Location: 	Ninninup, Site 6, tide0.7s 

Water Depth at Site: 	5.1 m 

Wave Type: 	 Swell 

WAVE COEFFICIENTS 

Peak Period () 

O(fshore 

Direction 5,0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 

(deg.) 

200.0 .00 .01 .02 .02 .02 .03 .05 .07 .10 .13 .17 .20 .22 

210.0 .02 .03 .04 .05 .05 .06 .08 .11 .15 .20 .26 .30 .33 

220.0 .06 .06 .07 .08 .09 .10 .13 .17 .23 .30 .38 .45 .49 

230.0 .15 .14 .14 .14 .15 .18 .22 .21 .34 .44 .54 .63 .69 

240.0 .29 .27 .25 .25 .27 .31 .35 .41 .49 .60 .71 .81 .89 

250.0 .47 .44 .42 .42 .44 .49 .54 .61 .69 .79 .90 1.00 1,08 

260.0 .66 .63 .62 .63 .66 .72 .78 .85 .93 1.03 1.14 1.25 1.33 

270.0 .81 .81 .83 .86 .91 .97 1.04 1.11 1.20 1.31 1.43 1.55 1.64 

280.0 .93 .96 1.00 1.06 1.12 1.19 1.26 1.34 1.44 1.57 1.71 1.84 1.94 

290.0 .99 1.03 1.10 1.16 1.22 1,30 1.38 1.46 1.57 1./0 1.85 1.98 2.09 

300.0 .93 1.03 1,07 1.13 1.19 1.26 1.33 1.41 1.51 1.63 1.76 1.88 1.97 

310.0 .95 .96 .98 1.02 1.07 1.12 1.18 1.24 1.31 1.40 1.50 1.60 1.61 

320.0 .92 .89 .89 .90 .94 .98 1.02 1.07 1.13 1.20 1.27 1.34 1.40 

330.0 .8'3 .85 .83 .82 .84 .87 .91 .96 1.02 (.09 1.16 1.23 1.28 

340.0 .87 .81 .77 .74 .73 .75 .79 .84 .90 .96 1.06 1.14 1.20 

350.0 .81 .74 .67 .63 .60 .59 .61 .65 .11 .79 .81 .94 1.00 

360.0 ./1 .62 .5 .49 .45 .43 .43 .45 .49 .55.62 .67  .72 

INSHORE DIRECTIONS 

Peak Period (s) 

Offshore 

Dir2ction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12,0 13.0 14.0 15.0 16.0 17.0 
(deg.) 

200.0 262 271 272 272 272 273 2/4 274 275 275 275 275 275 
210.0 263 268 271 212 272 2/4 274 215 2)5 276 276 276 276 
220.0 264 267 270 271 273 274 275 276 276 277 217 278 278 
230.0 265 267 269 271 2/3 275 276 277 277 278 278 279 279 
240.0 266 268 270 272 274 276 277 278 278 279 279 280 280 
250.0 268 2/0 272 274 276 27/ 278 279 280 280 281 281 282 
260,0 272 274 276 278 279 280 281 282 282 283 284 284 285 
2/0.0 277 271 281 282 283 284 285 285 286 287 281 288 288 
280.0 283 284 286 286 287 288 288 289 290 290 291 291 291 
290.0 290 290 290 291 291 291 292 292 292 293 233 293 293 
300.0 297 296 296 295 295 294 294 294 294 294 294 294 294 
310.0 306 304 302 300 299 298 297 297 296 296 295 295 295 
320.0 315 313 310 307 305 303 301 300 300 299 299 298 298 
330.0 324 321 318 314 311 308 306 305 304 303 303 303 303 
340.0 332 328 324 320 316 313 310 308 307 306 306 306 306 
350.0 339 334 330 326 322 318 314 311 309 308 308 308 308 
360.0 344 341 336 332 328 324 319 315 312 310 310 309 309 
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!NNINUP SAND MINING STUDY 

Inshore Location: 	Minninup, Site 1, tide0.7i 

Water Depth at Site: 	5.5 . 

Wave Type: 	 Swell 

WAVE COEFFICIENTS 

Peak Period 	(s) 

Olishore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 11.0 

(deg.) 

200.0 .00 .01 .03 .01 .13 .20 .26 .34 .46 .64 .86 1.04 1.18 

210.0 .02 .03 .06 .12 .20 .30 .40 .51 .67 .89 1.15 1.38 1.55 

220.0 .06 .08 .12 .20 .30 .42 .56 .10 .87 1.09 1.34 1.55 1.71 

230.0 .15 .17 .23 .33 .45 .58 .73 .88 1.04 1.22 1.40 1.55 1.66 

240.0 .31 .34 .41 .52 .64 .71 .91 1.04 1.17 1.28 1.37 1.44 1.49 

250.0 .51 .55 .64 .74 .85 .96 1.06 1,14 1.22 1.27 1.29 1.30 1.29 

260.0 .72 .17 .84 .92 1.00 1.06 1.11 1.15 1.17 1.18 1.11 1.15 1.13 

210.0 .87 .90 .35 .99 1.02 1.04 1.05 1.06 1.06 1,06 1.05 1.04 1.02 

280.0 .92 .93 .94 .95 .95 .95 .95 .95 .96 .97 .99 1.01 1.02 

290.0 .91 .90 .89 .88 .88 .88 .89 .91 .93 .96 1,00 1.05 1.08 

300.0 .90 .87 .85 .85 .85 .86 .88 .90 .93 .98 1.03 1.08 1.13 

310.0 .89 .87 .85 .85 .85 .86 .88 .30 .94 .99 1.05 1.11 1.1 

320.0 .89 .88 .87 .86 .87 .87 .139 .91 .95 1.00 1.07 1.13 1.18 

330.0 .87 .85 .85 .85 .86 .86 .88 .90 .34 .99 1.06 1.13 1.18 

340.0 .78 .77 .76 .77 .79 .80 .82 .85 .88 .93 1.00 1.06 1.11 

350.0 .63 .61 .60 .62 .65 .68 .10 .73 .76 .81 .87 .92 .97 

360.0 .44 -42 .41 .44 .413 .li .54 .51 .59 .63 .&3 .11  71 

INSHORE DIRECTIONS 

Peak Period 	(s) 
Oushore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 
(deg.) 

200.0 263 274 282 288 289 288 287 285 285 285 285 285 285 
210,0 266 214 281 286 288 287 286 285 285 205 285 285 285 
220.0 268 275 281 285 286 286 286 285 285 285 285 285 285 
230.0 270 275 281 283 285 285 285 285 285 285 285 285 285 
240.0 272 276 280 282 283 284 284 284 284 284 284 284 284 
250.0 274 277 260 282 283 283 283 284 284 284 284 284 283 
260.0 276 279 281 282 283 283 283 283 284 284 284 284 284 
270.0 219 281 282 283 283 284 284 285 285 286 286 287 288 
280.0 284 285 286 286 287 287 280 289 290 291 292 293 293 
290.0 291 292 292 293 293 294 294 295 296 296 291 297 298 
300.0 300 300 300 300 300 300 300 300 300 300 300 300 300 
310.0 309 308 307 306 305 305 304 304 303 303 303 303 302 
320.0 316 315 313 311 310 309 308 307 306 306 305 305 304 

330.0 323 320 317 315 313 312 311 310 309 308 301 307 306 
340.0 328 324 321 318 316 314 313 312 310 310 309 308 308 

350.0 332 328 324 320 318 316 314 313 312 311 310 310 309 

360.0 336 331 326 322 318 316 315 314 313 312 311 311 310 
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NINNINUP SAND NINING STUDY 

Inshore Location: 	Minninup , Site 7 ,tide:0.7. 

Water Depth at Site: 	5.5 

Wave Type: 	 Sea 

WAVE COEFFICIENTS 

Peak Period (s) 

Offshore 

Direction 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10,0 

(deq.) 

210.0 .65 .57 .32 .26 .25 .26 .31 .37 .42 
220.0 .76 .67 .41 .35 .34 .31 .43 .51 .57 

230.0 .85 .76 .50 .45 .46 .49 .56 .65 .12 
240.0 .92 .83 .59 .56 .58 .63 .11 .80 .87 
250.0 .96 .88 .69 .67 .70 .76 .84 .94 1.01 
260,0 .92 .32 .17 .77 .8') .87 .95 1.04 1,11 
270,0 .99 .95 .84 .84 .87 .93 1.03 1.11 1.16 
280.0 1.00 .96 .89 .88 .92 .99 1.07 1.14 1.16 
290.0 1.00 .97 .91 .90 .93 1.02 1.09 1.14 1.17 
300.0 1.00 .98 .92 .91 .94 1.02 1.09 1.14 1.16 

310.0 1.00 .98 .93 .91 .93 1.02 1.09 1.13 1.14 
320.0 1.00 .97 .92 .90 .92 1.01 1.08 1.12 1,14 

330.0 .99 .96 .91 .89 .91 .99 1.07 1.11 1.12 
340.0 .97 .94 .88 .86 .88 .96 1.03 1.08 1.09 
350.0 .94 .91 .83 .80 .82 .89 .91 1.01 1.02 
360.0 .89 83 .2 '3 .14 .80 .88 .92 .32 

INSHORE DIRECTIONS 

Peak Period 	(s) 

Offshore 

Direction 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

(de').) 

210.0 232 234 241 252 260 265 269 273 216 
220,0 237 238 248 258 265 269 271 214 277 
230.0 211 243 255 264 269 271 273 276 278 
240.0 241 250 262 261 273 274 215 271 273 

250.0 254 257 268 273 276 277 278 279 281 
260,0 262 265 274 278 279 280 280 282 283 
270.0 271 273 280 282 283 284 284 283 285 
280.0 280 282 286 281 288 288 299 289 289 
290.0 290 291 293 294 294 294 294 294 294 
300.0 300 300 301 301 301 301 301 301 300 
310.0 310 310 309 309 308 309 309 308 307 
320.0 319 319 318 316 315 316 316 315 313 
330.0 329 328 325 323 322 323 322 321 318 
340,0 337 336 332 329 328 328 328 326 323 
350.0 344 343 338 335 332 333 332 330 326 
360.0 351 349 343 339 336 336 336 333 329 

RIEDEL & BYRNE 	.. 



UNNINUP SAND NINING SrUDY 

Inshore location: 	Ninninup, Site 8 , tide:0.7i 

Water Depth at Site: 	4.6 i 

Wave Type: 	 Swell 

WAVE COEFFICIENTS 

Peak Period 	(s) 
Offshore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 
(deg.) 

200.0 .01 .02 .03 .05 .06 .07 .08 .09 .11 .13 .15 .17 .18 
210.0 .04 .05 .07 .09 .11 .12 .13 .15 .16 .18 .20 .22 .23 

220.0 .10 .11 .14 .17 .19 .20 .20 .21 .23 .25 .27 .28 .29 
230.0 .21 .23 .26 .28 .30 .30 .30 .30 .31 .33 .36 .38 .40 
240.0 .37 .38 .41 .43 .43 .42 .42 .41 .42 .45 .49 .53 .56 
250.0 .54 .55 .57 .57 .57 .56 .55 .54 .55 .59 .65 .71 .76 
260.0 .69 .69 .69 .68 .68 .67 .66 .66 .68 .74 .83 .93 1.01 
270.0 .78 .76 .75 .14 .73 .72 .72 .13 .77 .86 1.00 1.14 1.26 
280.0 .80 .77 .75 .73 .72 .72 .73 .75 .80 .92 1.10 1.27 1.41 
290.0 .80 .76 .73 .71 .70 .70 .71 .74 .19 .91 1.08 1.25 1.39 
300.0 .82 .78 .74 .72 .70 .70 .71 .73 .78 .87 1.00 1.13 1.23 
310,0 .86 .84 .81 .79 .76 .16 .76 .78 .81 .88 .98 1.08 1.15 
320.0 .89 .90 .90 .89 .88 .87 .87 .89 .93 1.02 1.12 1.23 1.32 
330.0 .85 .88 .92 .96 .98 1.00 1.03 1.07 1.14 1.26 1.42 1.57 1.69 
340.0 .71 .76 .84 .92 1.00 1.07 1.15 1.22 1.33 1.50 1.71 1.91 2.07 
350.0 .53 .57 .66 78 .90 1,02 1.13 1.25 1.38 1.57 1.80 2.02 2.19 
360.0 .35 .36 .45 .56 .70 .83 .96 1.08 1.21 1.39 1.59 1.78 1.93 

INSHORE DIRECTIONS 

Peak Period (s) 

Offshore 

Direction 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 

(deg.) 

200.0 267 272 275 271 278 279 279 280 280 281 281 281 281 

210.0 268 272 274 276 277 278 279 280 280 280 281 281 281 

220.0 269 271 274 276 277 278 278 279 280 280 281 281 281 

230.0 270 272 274 275 277 277 278 279 280 280 281 282 282 
240.0 271 273 274 276 277 278 278 279 280 281 282 283 284 

250.0 273 274 275 271 278 279 279 280 281 283 285 287 288 

260.0 275 276 277 278 279 280 290 281 283 286 290 293 295 

270.0 218 279 279 280 281 281 282 283 285 289 295 298 300 

280.0 283 282 282 283 283 283 284 284 287 292 298 301 304 

290.0 289 288 287 287 286 286 286 286 288 293 298 302 304 

300.0 296 295 293 292 291 290 289 289 289 292 296 299 300 

310.0 303 301 299 298 296 295 293 292 292 292 294 295 296 

320.0 308 305 303 302 300 299 297 296 296 295 296 296 296 

330.0 312 308 306 304 302 301 300 299 299 299 299 300 300 

340.0 317 311 307 304 302 301 301 300 300 300 301 302 302 

350.0 322 313 307 304 302 301 301 300 300 301 302 303 304 

360.0 328 317 308 304 302 301 300 300 300 301 302 304 304 
RIEDEL & BYRNE 



H1NN1iUP AWD M1N16 STUDY 

Inshore Location: 	Mtnninup , Site 8 ,tide:0.7m 

Water Depth at Site: 	4.6 

Wave Tyoe: 	 Sea 

WAVI COEFFICIENTS 

Peak Peiod (S) 

Of fthore 

Direction 2.0 3,0 4.0 5.11 6.0 7,') 8.0 9.0 10.0 

(dej.) 

210.0 .65 .57 .34 .29 29 .30 .34 .42 .49 

220.0 .16 .67 .43 .38 .38 .40 .46 .55 .63 

230.0 .85 .76 .52 .48 .49 .52 .58 .67 .15 

240.0 .92 .83 .60 .51 .59 .64 .11 .79 .86 

250.0 .96 .88 .60 .65 .68 .75 .82 .89 .95 

260.0 .38 .91 74 .72 .75  .83 .91 .97 1.00 

270.0 .99 .93 .79 .77 .00 .88 .97 1.02 1.04 

280.0 I.')') .95 .82 .80 .83 AS 1.01 1.05 1.05 

299.0 (.00 .95 .85 .82 .86 .96 1.04 1.07 1.07 

3(,'').Q 1.00 .36 .85 .84 .88 99 1.07 Li') 1.11 

310.0 1.00 .96 .87 .86 .90 1.00 1.09 1.14 1.16 

320.0 1.00 .96 .86 .86 Al 1.01 1.1') 1.17 1.22 

330.0 .99 .94 .64 .85 .80 1.00 1.09 1.19 1.26 

340,0 '37 .97 .80 .80 .86 .36 (.06 1.17 1.26 

350.0 .94 .86 .74 .73 .78 .89 1.00 1.11 1.21 

360.0 .99 .92 .67 .54  .69 .8.' .30 1.01 1 1 I1, 

iNS0P.F I'IREI:i iONS 

Peak 	P?ri':d (5) 
Of I shore 

Direction 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

210.0 233 234 243 154 261 264 267 260 269 
220.0 237 238 249 58 264 266 268 269 270 
230.0 241 243 255 262 267 268 270 271 271 
240.0 247 249 Al 265 269 271 212 272 273 
250.0 254 256 26 270 272 274 274 274 275 

260.0 252 264 212 274 276 277 271 277 21' 
270.0 271 272 277 279 280 281 281 281 280 

280.0 280 281 2.84 284 285 286 286 285 285 
290.0 290 290 291 290 291 231 291 291 290 
300.0 300 299 298 297 29/ 297 291 297 296 
310,0 310 308 305 303 303 333 303 302 301 
320.0 319 317 311 .308 308 309 308 30/ 305 
330.0 329 326 317 313 312 3(4 313 3(1 309 
340.0 337 334 323 318 316 .3(8 318 314 312 
350.0 344 341 329 322 320 323 .322 318 214 
360.0 351 347 334 326 324 328 327 322 317 

RIEDEL & BYRNE ......... 
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APPENDIX C 

DUNE STABILISATION TECHNIQUES 

I 
The successful stabilisation of the mined-out dunes at Minninup is guaranteed, based 

upon experiences with worse erosion problems elsewhere, e.g. Woods & Associates 

(1986) and Department of Conservation and Land Management (internal files). 

Nonetheless, it is important to recognise that both Westralian Sands Ltd and Cable 

Sands (W.A.) Ply Ltd are aware of the wealth and variety of stabilisation techniques 

available. This Appendix reviews some of the techniques which could be applied in a 

worst case scenario, the techniques having been derived from many tens of years of 

experience in coastal environments around the world. The ones most likely to be 

applied at Minninup are discussed below. 

Ci. DUNE CONSTRUCTION 

Dune construction material 

Davies (1982) states 	that 	the median grain 	size 	of 	the sand 	used 	to build 	dunes 

should preferably 	be 	at 	least as 	large 	as 	existing beach sand sampled at about mid- 

tide 	level. 	If its 	median grain 	size 	is smaller 	the 	sand will 	erode at a faster rate 

during storms and more sand must be used for 	equivalent protection. Rapid wind 

erosion of the dune can also occur 	if the sand used in its 	construction is 	too fine. 

If median grain size is too large then nutrient losses and poor retention of moisture 

can prevent plant growth; establishment and maintenance of vegetative cover can be 

extremely difficult under these conditions. It is necessary in this situation to design 

the dune so that the top 300mm of dune surface consists of sand capable of 

supporting plant growth. 

At Minninup Beach the median grain size of the existing dunes is 250 microns. 

Following processing the sand replaced will still have a median grain size of about 

250 microns. 

There will therefore be very little probability of erosion caused by this aspect, since 

the 2SOmicron grain size is considered sufficiently coarse to resist removal by winds 

yet sufficiently fine to encourage vegetative growth. 
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Topsoil removed and stockpiled before mining will be replaced on the newly 

constructed dune ensuring that surface grain size is unchanged. 

Height and Width 

When a dune is overtopped by waves, sand overwash and inundation of hind-dune 

areas by 	seawater can occur. For 	these 	reasons 	height and width of 	the 	fore and 

primary 	dunes 	should 	be 	sufficient 	to 	prevent 	breaching of 	the dune 	by 	waves 

occurring during a major storm. 	Primary dune heights within 5 to 7 metres above sea 

level 	are commonly accepted as 	providing 	protection 	from all 	but the 	most 	severe 

storm conditions. 

Other criteria such as aesthetics, loss of ocean views, access to the beach and cost 

considerations may favour a lesser dune height or width and these must be balanced 

against the increased risk of overtopping. 	However, because ability to withstand 

erosion during extreme storm events is of primary importance in the Minninup 

situation, the primary dune will be reformed back to its current average height of 7-

1Om ASL. 

Slopes 

Ideally the primary dune should have an aerodynamic shape, with a seaward slope not 

exceeding about 200  and a landward slope not exceeding about 300  (Figure CO. 

These slopes are not too steep to retard vegetation establishment and long-term 

maintenance of the stabilised dune. At Minninup pre-mining slopes are 20_300  except 

on the eroded seaward side of the primary dune where slopes of 350  are present. 

Reconstruction will create dune slopes of 15-200, with concommitant major 

improvements in slope stability. 

The crest of the new primary dune will be so located as to give a trough between the 

primary dune and the new secondary dune very similar in shape to that prior to 

mining. 
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The seaward slope of the secondary dune will be constructed so that it will have 

approximately the natural slope of repose for the deposited sand slurry. The landward 

slope will have a much more gradual incline. After the predetermined volume of sand 

has been stacked to the desired height and approximately to the planned shape, the 

dune will be permitted to settle and drain - probably for three to four weeks. 

Thereafter, the seaward slope will be dozed to a slightly steeper slope, approximately 

200. 

During this reshaping, the crest of the new primary dune will not be narrowed. The 

material dozed away from the slopes will be dozed towards the top of the dune and 

used to reshape its leeward slope (and even extend its crest). 

The above dozing or reshaping is part of an overall reshaping of the dune in order to 

achieve a final 	shape 	which 	will 	have 	small 	variations 	in height and crest width 	in 

order to develop an acceptable undulating line which is in harmony with the regional 

panorama. Reshaping is costly and consequently it is important that disposal from the 

stacker 	is managed efficiently in order to minimise 	the need for reshaping. 

On the leeward slope there is considerable scope for creating aesthetically pleasing 

undulations and niches for select vegetation. 

C2. STABILISATION OF THE RECONSTRUCTED DUNE 

The methods intended for use at Minninup have been discussed in Section 9.2 of the 

ERMP. However, if for any reason these methods were not sufficiently successful, 

stabilisation can be achieved in other ways, and costs and benefits of each method 

must be evaluated. Some possible options for Minninup Beach are discussed below: 

Sand traps and wind barriers 

It has been shown that a vegetative cover or barrier which is semi-permeable to the 

wind is effective in dissipating wind energy and thus reducing its erosion potential at 

the 	soil surface. 	The unbroken hay bales which CS propose to use at Minninup are 

the means of achieving this. 	Barriers also trap sand, causing it to build up around or 

between the 	barriers. 	The 	same 	effect can be achieved by 	the 	use 	of 	artificial 

barriers or semi-permeable dune-forming fences. 	Wind breaks which have a porosity 
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of between 40 and 60 per cent are the most favourable for trapping sand and for 

reducing overall wind speed at the dune surface. 

The capacity of dune-forming fences to accumulate sand depends on: 

The amount of sand blowing across the fenced area. 	This in turn is 

determined by wind speed and direction, surface slope, grain size and sand 

moisture content. 

The number, position, height and alignment of fences. 

Fence type, shape and porosity. 

The shelter which these fences afford may also be beneficial to vegetative growth at 

leeward locations near to the barrier, where wind speed can be greatly reduced, but 

with decreasing shelter effect downwind away from the barrier. 

The percentage reductions of wind by rigid barriers generally remains constant, no 

matter how hard the wind blows. The percentage reductions for porous, resilient 

barriers tend to increase slightly with increased velocities. Such barriers therefore 

have a greater degree of wind erosion control for high velocity winds than for low 

velocity winds (Chepil & Woodruff, undated). 

The area of protection afforded by barriers 	is greatest for a wind 	blowing at 	right 

angles 	to the 	barrier 	and 	smallest for 	winds blowing 	parallel 	to 	it. 	It 	is 	therefore 

important that, 	where 	barriers 	are employed in 	dune 	stabilisation, 	the 	system 	be 

designed to afford protection from winds from all 	directions. 

Wind velocity reduction may extend up to a distance of 40-50 times the height of 

the 	barrier but 	the 	effect on decreasing wind erosion over the 	furthest 	distances 	is 

insignificant. Effective 	erosion control 	can 	only 	be 	expected 	for 	distances 	of 	6-9 

times 	the height 	of 	the barrier. 	This 	distance 	will 	be further 	reduced 	if 	the 

topography is 	adversely sloping 	or 	undulating, 	and 	closer fences 	are 	required 	to 

compensate. 

[I 
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Materials used for porous or sand—trap fencing 

Fences must be well stayed in order to prevent overturning, either through the 

forces exerted on it by strong winds or by the weight of accumulated sand. The 

main types of fence used to form dunes are: 

Slat or palisade fences 

Plastic or nylon fences 

Brush fences 

Brush barriers 

1. Slat or Palisade Fences 

These vary from 25mm wide x Im high slats wired together to form a porous fence, 

to 135mm wide planks driven into the sand and capable of being raised as sand builds 

up around the fence. 

Slats about 38mm wide and Im high have proven to be most efficient in trapping 

wind blown sand. 

The permeability of these fences needs to be approximately 50% to be most effective 

in trapping sand. 	This can easily be achieved by spacing the slats as far apart as the 

slats are 	wide (the 	void to 	slat ratio should be 	1:1). 

Lower slat fences (50cm) have been used successfully in Queensland to raise the level 

of sand in back dune areas where salinity has prevented the establishment of 

vegetation. Alsop (1973) suggests they are particularly useful in extreme climatic 

conditions. 

Some experiments with slat fences have been initiated by the Parks and Recreation 

Department, City of Perth, at Floreat Beach (Woods & Associates 1986). Sections of 

fence each 3m long were made by bolting 100mm x 25mm x 2m jarrah slats to 75mm x 

50mm rails, leaving a space of 5cm between each slat. The sections were placed 

upright in a row to form a panel fence, leaving im between each panel and burying 

the bottom 0.5 metres of each section in the sand. A second row was erected 

opposite the openings, 1.5m behind the first completed barrier. These sand traps were 
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erected at various angles to the sea to find the most effective orientation to 

accumulate sand and to provide protection for the areas behind the fences. 

The results of the test were: 

Fences constructed at right angles to the prevailing winds fell over within a 

few days owing to turbulence scooping out sand behind the fence. 

Fences erected parallel to the beach did not accumulate sand at the front of 

the fences very quickly but sand blowing through the fence accumulated to a 

height of 0.5 metres within 6 months, forming a ridge which trapped more 

sand behind the fence. 

With a drop in wind velocity of up to 12m in front of the panels a 

considerable amount of seaweed and vegetative debris was deposited there. 

This formed small hillocks which provided enough protection to allow 

considerable regeneration of native annual plants during the winter. 

The reason for the fences falling over was not so much due to their orientation but 

to the lesser porosity of the fence (approximately 30%). This would have caused too 

great an obstruction to the wind, thus accounting for the turbulence behind the 

fence. 

This method is very effective, but is labour intensive, and has a high cost for 

materials. It is best used in broad, flat areas and is not well suited to the Minninup 

Beach situation, although it could be used in some existing blowouts. 

2. Plastic or Nylon Fences 

Various types of open-weave meshes and extruded plastics have been used held against 

a wire fence. These are simple to erect as the mesh is light and easily handled and 

can be quickly attached to the supporting fence wires. 	This is one of the least 

labour intensive methods for erecting sand-trap fences. However, they are prone to 

vandalism, to decay in ultraviolet light and to tearing, particularly if the wind 

direction changes considerably. They are most effective when there is a rapid build-

up of sand. 
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Jute meshes have also been used, but deteriorate rapidly because of high salt and 

humidity. 

Trials at Floreat Beach, using woven plastic mesh erected 1.35m high on star pickets, 

trapped sand very rapidly on the windward side until the mesh was buried and the 

sand blew over the top. It was held that this method was only of temporary benefit 

as 	such a 	rapid 	build 	up prevents 	vegetation establishment due 	to 	a 	constantly 

changing surface. However, if steps are taken to stabilise 	the 	surface, eg. with brush 

matting, the 	rapidity at which accumulation is attained may be a useful 	feature. 

This 	method 	is 	more 	cost 	effective, 	but 	again 	is applied 	best in 	broad 	situations, 

whereas Minninup Beach 	is comparatively 	narrow. However, 	if brush matting alone 

proves 	insufficient, nylon sand trapping fences could be quickly installed. 

Brush Fences 

Brush placed upright in sand or against a light fence is effective in accumulating 

sand if the right leafy material is readily available, but costs involved in their 

construction are high and they are no more effective than the use of nylon or 

plastic open weave mesh. 

Brush Matting 

This method consists of placing a single complete layer of leafy parts of young trees, 

or branches of larger trees, over bare sand which has previously been planted and 

fertilised (though it is possible to plant through the brush after laying, it is obviously 

more difficult this way). Placement of brush is critical in exposed areas such as the 

seaward slope and crest of the frontal dune. It must be placed so as to leave no 

spaces, otherwise 'blowouts' may develop and the mat loses its effectiveness. The 

butts of the branches should face into the dominant wind and there should be some 

overlap of the branches to unify the mat and reduce the chance of the brush blowing 

away. The branches are often tied down by wire and pegs placed every 5 to 7 

metres, but in all but the steepest slopes this is an unnecessary procedure. 
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Brush matting is most effective in dune stabilisation because of the following 

reasons: 

(i) it enables vegetation, especially sand spinifex to establish and grow 

well; 

 the mat withstands strong winds, even during cyclones, and keeps the surface 

stable; 

 the original dune shapes are 	retained as the brush traps a uniform thickness 

of windblown sand which eventually 	buries 	it; 

 skilled 	labour 	is 	not 	required to spread the brush; 

 seed or seedlings can be planted and fertiliser applied before or after 

the 	brush 	is 	laid; 

the brush traps windblown sand which covers the seed during germination and 

also protects seedlings from sand blast; and 

decaying brush and leaf litter from branches adds organic matter to 

the sand and helps to retain moisture. 

Brush matting is a standard method of dune stabilisation applied widely throughout 

the world. Woods and Associates (1986) have prepared a document summarising the 

method and its success when applied at several areas along the west coast of 

Western Australia. 

Examples of successful stabilisation using this method are quoted for: 

Sorrento Beach - mechanically formed dunes and imported sand - cut scrub 

land, then plantings of Marram grass and Arctotheca cuttings 

City Beach South - cut scrub used to build up sand until height was stable, 

then Marram grass planted 

North Cottesloe Beach - sand imported and mechanically shaped - cut scrub 

laid, planted with Marram grass and native plants 

Leighton Beach North - pre-existing foredune covered with cut scrub and 

planted with Marram grass, native plants and seeds 

Leighton Beach - heavy disturbed foredune denuded by pedestrians - cut 

scrub and plantings 

Warnbro Beach - pedestrian damage to foredune - cut scrub and plantings 
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Biningup Beach - foredune removed - remnant sands covered with cut scrub 

and planted with Marram grass 

Peppermint Grove Beach - recontoured primary dune - blowouts blocked with 

mounds of sand then covered with cut scrub and planted with Marram grass 

and native plants. 

Woods and Associates (1986) report presents graphic photographs of this simple but 

effective technique. Cut scrub may be native species which can provide seed or can 

be pine tree trimmings as has been used in several locations. Both are equally 

successful. At Minninup, brush matting will be used, if necessary, in any location 

where topsoil and debris replacement appears insufficient to prevent destabilisation. 

It is the most important back-up technique available to CS. Scrub used may be native 

plants taken from in front of the mine path, pine tree cuttings or other material 

readily available. 

Mulching 

Materials suitable for mulch include hay, straw, bracken fern, blady grass, cane tops, 

forage and harvested heath material. Mulch can be spread on the surface 

mechanically or manually, and pushed into the sand using a rubber tyred tractor, 

roller or discs. Bitumen can also be used to hold the mulch in place. 

Surface stability is achieved if the mulch is applied at the rate of 5 or 6 tonnes per 

ha. This method is much more appropriate in hind-dune or less exposed areas and is 

generally not recommended for exposed frontal dune conditions. 	It is less labour 

intensive and less costly than laying brush and can be mechanised to cover extensive 

areas. 

In research trials at Floreat Beach nine types of mulch were tested for their ability 

to prevent surface erosion and their effectiveness in encouraging plant growth. The 

mulches used were: tree chippings; gluten/cellulose; bitumen hay; gluten peat; papier 

mache; seaweed; cellulose verdyol complex and Abrahams polypropylene mesh. 

In all of the plots, which individually measured 18 x 6m, the following plants were 

tested for their establishment and growth: 

F' 
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Cakile maritima 

Tetragonia decumbens 

Pelargonium capitatum 

Arctotheca populifolia 

The most successful mulches were: 

Bitumen and Hay 

Application rate 4.5 litres bitumen 

4.5 bales hay 

This proved an excellent deterrent to erosion and encouraged plant growth. 

Last report - 	Cakile maritima - 80% success 

Tetragonia decumbens - 95% success 

Pelargonium capitatum - 95% success 

Arctotheca populifolia - 80% success 

Seaweed: 	8cm thick over area 

Remained intact and was not affected by the wind. Greatly promoted vegetative 

growth of Tetragonia decumbens and Arctotheca populifolia. 

Last report - Cakile maritima - unsuccessful 

Tetragonia decumbens - 80% success 

Pelargonium capitatum - unsuccessful 

Arctotheca populifolia - 40% success 

Modest success was also achieved with papier mache, which prevented erosion but 

plant growth suffered due to poor water retention. Tree chippings proved fairly 

effective but they are prone to being blown away in higher velocity winds. 
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Chemical sealants 

There are a variety of chemical emulsions available commercially, all of which have 

proven to be fairly effective for short term stability and have enabled vegetation to 

become established. However, there are results from various trials which suggest 

otherwise, which could mean that they are not as reliable as the brush matting and 

natural organic mulching techniques described above. Also some are more acceptable 

than others in terms of their impact on the environment and visual obtrusiveness. 

Efficient sealers of the sand surface include: 

Bitumen emulsion 	Water ratio 4:1 

(Very efficient) 	Application rate 3.5 litres/m2  

Other sealants include: Ecolgel 62; Ecolgel 41; Dowel! 4% M166; Dowell 4% M167; 

Gluton Petraset; Terra Seal 13. 

Because these sealants are effective only in the short term, which may not be long 

enough for seeds to germinate and establish themselves, the methods of establishing 

vegetation whilst using the sealants to stabilise the sand surface need to be revised. 

The planting of the seedlings or culms of plants such as Marram presents a problem if 

planting follows application of the sealant, since the surface seal may be disturbed by 

trampling pressure and by planting. 

Jute or Plastic Mesh Peed to Sand 

Vegetation has to be hand planted through the mesh. The material rots and breaks 

down fairly rapidly under ultraviolet light or mechanical abrasion. 	It has some use 

as temporary protection on crests of dunes or sharp edges of blowouts. The plastic 

material is inert on breakdown, causing no deleterious effect to the soil. 
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Fertilisers and irrigation 

There 	is 	some conflict 	of 	information 	regarding the 	use of fertilisers 	in 	sand dune 

rehabilitation. 	Cullen (1973) says the use of NPK fertilisers does not assist but Alsop 

(1973), 	for 	example, is 	convinced 	it helps 	marram grass. Trials 	at 	Mandalay Beach 

near Walpole by the Department of Conservation and Land Management (unpublished 

records) 	indicate 	that growth was no better 	in 	the 	fertilised 	plot 	than 	it 	was in 	the 

unfertilised. 

In the case of dunes rebuilt from mineral sand mining, the washing process used in 

mineral extraction removes much of the plant nutrients. Fertilisers will therefore be 

applied at Minninup, with follow-up fertilisation added later if it is thought there 

may be some advantage. 

Irrigation has been suggested to assist in establishment of dune vegetation. The 

highly adapted nature of the dune species to harsh, drought conditions (Seddon, 1972; 

Dept. Agriculture 1976) renders this an unnecessary procedure. 	Literally dozens of 

sites on coastal dune systems through the south-west of Western Australia have been 

successfully rehabilitated without the use of irrigation. It will not therefore be used 

at Minninup, although efforts will be made to have the rehabilitation phase 

synchronised with the period of winter rainfall. 

Summary 

The most effective back-up methods of surface stabilisation of the sand dune are 

those using natural organic materials, whether they be applied as a mulch or simply 

by laying leafy brush material. Replacement of topsoil and plant debris taken from 

the site is a major step towards rehabilitation as it replaces the essential mycorrhizal 

fungal associations (Jehne & Thompson, 1981) which enhance plant growth. 

Natural mulch has the ability to withstand occasional traffic, allows water 

penetration, improves water retention, decreases the heat reflected from the sand 

surface and adds humus to the soil, all of which assist in the long-term 

establishment of plants and provide an ideal seed bed. 
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Although the methods of rehabilitation set out in Section 9.2 of the ERMP are 

considered totally adequate, if back-up stabilisation techniques are neccesary the 

method chosen for use at Minninup Beach is the application of brush matting. 

When native plants become established seed of additional native species will be applied 

the following winter to enhance the successional process. 

As can be seen from the preceding discussion there are several other more costly 

and labour intensive methods of encouraging stabilisation available for use at Minninup 

Beach if the proposed methods should be less successful than anticipated. However, 

the available data and experience elsewhere in much more extreme conditions, suggest 

these methods will not need to be applied. 
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APPENDIX D 

PLANE SPECIES RECORDED ON THE DUNE 

FOREWORD 

The following list of plant species on the dune was prepared by Martinick & 

Associates (1987). It is included herein to provide base-line information on what 

species are currently present and where they occur in the dune system. Thus will aid 

in species selection and relocation during rehabilitation procedures. 

REFERENCE 

MARTINICK, W.G. & ASSOCIATES PTY LTD (1987). 	Minninup deposit: vegetation, 

flora and fauna of the beach and foredune. Unpubl. Rept. to Cable Sands (WA) 

Pty Ltd. 



Species Name 	 Foredune* 	Primary Dune* 	Inter Secondary* Wetland 
Seaward Crest Leeward Dunal Dune 	Depres- 
Slope 	 Slope 	Valley 	 sion 

Acacia cochlearis + + + + 

Acacia cyclops + + + + 

Acacia saligna + + 

Acanthocarpus preissii + + + + 
Adriana quadripartita + 

Agonis Flexuosa + + 

Alyxia buxifolia + + + + 

Ammophila arenaria* + 
Anagallis arvensis* + 

Anthocercis littorea + 
Arctotheca calendula* + 
Arctotheca populifolia. + 
Asphodelus fistulosus. + + + 
Asteridea pulverulenta + 
Atriplex prostrata. + 

Avefla barbata. + + + 
Banksia littoralis + 
Bellardia trixago. + 
Bromus arenarius + 
Bromus diandrus. + + 
Bromus madritensis. + + 
Bromus sp.* + + 
Cakile maritima. + 	 + 

Calandrinia brevipedata + + + 
Calandrinia calyptrata + 
Calandrinia liniflora + 
Carex preissii + 
Carpobrotus virescens + + 
Cassytha glabella + + + + + 
Cerastium diffusum. + 
Cerastium glomeratum. + 
Cirsium vulgare. + 

Clematis microcephala + 
Comesperma virgatum + 
Conostylis aculeata sep. 

bracteata + + + + 
Crassula colorata + 
Danthonia occidentalis + 
Daucus glochidiatus + 
Dianella aff. 	revoluta + 
Diplolaena dampieri + + 
Dischisma arenarium. + 
Dischisma capitatum. + + 
Ehrharta longiflora. + + 
Emex australis. + 

Eremophila glabra + + 
Erodium cicutarium* + 

Eryngium sp. + 
Euphorbia paralias. + 

Exocarpus spartea + + + 
Gahnia trifida + 

Galium divaricatum. + 
Geranium molle. + 

Gnaphalium spaericum + 
Gompholobium tomentosum + 

Hakea prostrate + 
Hardenbergia comptoniana + 	 + + + 
Helichrysum cordatum + + 
Hibbertia cuneiformis + + + + 
Holcus lanatus. + + + + 
Hordeum sp.* + 
Hypochoeris radicata. + + 
Isolepis nodosa + 

Isotropis cuneifolia + 
Jacksonia furcellata + + 
Juncus bufonius. + + 
Kennedia prostrata + 
Lagurus ovatus* + + + 

* Verminology flas been moitiec1 trom Martinick & Associates original report. 
Terminology presented here complies with Department of Conservation and 
Environmental (1980) Bulletin 49 and features illustrated in Figure 4 of the main 
text of this ERMP. 



Species Name 	 Foredune Primary Dune 
Seaward 	Crest 
Slope 

Leeward 
Slope 

Inter Secondary 
Dunal 	Dune 
Valley 

Wetland 
Depres- 
sion 

Lepidosperma angustatum + + + + 
Lepidosperma gladiatum + + + + 
Lepidosperma ustulatUm + 	+ + 
Leucopogon parviflorus + 
Lobelia tenuior + + 
Logania vaginalis + 
Lolium perenne* + 
Helilotus indica* + + 
Hillotia myosotidifolia + 
Hillotia tenuifolia + 
Olearia axillaris + 	+ + + + 
Opercularia vaginata + 
Orobanche minor* + 
Oxalis corniculata + 
Parentucellia latifoliaa + 
Parietaria debilis + + 
Paspalum distichum* + + 
Pelargonium 

capitatum* + + + + 
Petrorhagia velutina* + 
Phyllanthus calycinus + + + + 
Poe drummondiana + + + 
Poe poiformis + 
Podotheca angustifolia + 
Polypogon tenellus + + 
Ptilotus sericostachys 
sap. 	roseus + 

Raphanus raphanistrum* + 
Rhagodia baccata + + + 
Romulea rosea* + + + + 
Santalum acuminatum + + 
Scaevola canescens + 
Scaevola crassifolia + 	+ + 
Scaevola holosericea + 
Senecio lautus ssp. rnaritimus + + 
Solanum simile* + 
Sonchus oleraceus* + + 
Spergularia rubra* + + 
Spinifex hirsutus + 
Spinifex longifolius + 
Spyridium globulosum var. albicans + 	+ + + 
Stipa variablis + + + 
Suaeda australis + + 
Tetragonia decumbens* + + 	+ + 
Threlkeldia diffuse + + 
Thysanotus patersonii + 
Thysanotus sparteus + 
Trachyandra 

divaricata* + + 	+ + + + 
Trachymene pilosa + 
Trifolium sp.* + 
Triglochin mucronata + + 
Triglochin striata + + 
Uremia anthemojdes* + + 
Verbascum virgatum* 
Vulpia bromiodes* + 
Vulpia myuros* + 
Xanthorrhoea preissii + 
Zantedeschia aethiopica* + 

* Exotic species 
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PROPOSED MINNINIJP MINERAL SANDS OPERATION 
DRAFT EPA GUIDELINES* FOR AN ENVIRONMENTAL REVIEW AND MANAGEMENT 

PROGRAMME (ERMP) 

This section should contain a clear and concise summary of the salient 
features of the proposal, site location alternatives, existing environment, 
the magnitude and extent of environmental impacts and environmental 
safeguards and management. 

1. 	INTRODUCTION 

This section would include: 

background and objectives of the proposal; 

details of the proponent; 

why the document has been prepared; 

scope and timing of the proposal; 

other existing mineral sand mining operations; and 

relevant legislative requirements and approval processes (State and 
Commonwealth). 

NEED FOR PROPOSAL 

This section presents an opportunity for the proponent to describe in a 
general way the broad costs and benefits of the project to the Company and 
community. These should be described at local, State and National levels. 

THE PROPOSAL 

The document should provide descriptions of the various components of the 
development, and should also cover the various stages from site preparation 
through to decommissioning as well as covering operational aspects, such as 
overburden handling and ore transport. Auxiliary services, such as power and 
water supply, should also be described. Matters to discuss would include: 

description of mineral deposits and exploration; 

the mining operation including rehabilitation; 

on-site mineral concentration; 

secondary concentration; 

* These guidelines may be amended if a joint State - Commonwealth 
environmental assessment is necessary by virtue of the Commonwealth's 
Environment Protection (Impact of Proposals) Act applying to the project 
through, for example, the requirement for export approval. 
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project infrastructure; 

project transport; 

water supply; and 

sewage treatment. 

Where there are in-built environmental controls of safeguards as part of the 
project design, they should be described as part of the proposal, and cross-
referenced in the later environmental management discussion. 

As rehabilitation will be a key part of the project, it can either be 
considered as a separate issue or integrated into the various project 
components. 

4. 	EVALUATION OF ALTERNATIVES 

The evaluation of alternatives is considered to be one of the more important 
parts of the document. It should demonstrate to the reader how choices on 
location, technology, techniques, etc, have been proposed as to protect the 
environment. A description should be given of how the proposal has developed 
and the degree to which development alternatives have been examined. 

Consideration of alternatives should be integrated throughout the document 
as well. For example consideration of alternative environmental management 
proposals should demonstrate their consequences on potential environmental 
impacts. As such this would be best discussed in the environmental 
management section. 

Special attention should be given to the discussion on alternative options 
in respect to: 

- mining and mineral processing techniques; 

rates of production and project development; 

mine site rehabilitation, in particular end land use; 

water supply; 

ore transportation; 

port site facilities; and 

land tenure. 

When alternatives are rejected, the factors which led to their rejection 
should be clearly identified. 

The aim of this section is to lead the reader through the thought processes 
which led to the desired proposal, and to outline the factors which control 
its present form. 
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EXISTING ENVIRONMENT 

This section should provide an overall description of the environment and an 
appraisal of the physical and ecological systems likely to be affected by 
all aspects of the proposal, but should concentrate on the significant 
aspects of the environment subject to potential impact from the development. 
Only the habitats, resources and potential resources which could be 
influenced by the project should be described. Excessive descriptions which 
are irrelevant to the impact of the proposal tend to detract from the 
document. 

A discussion of the regional situation within which the project site is 
situated should be provided before discussing the project site. Perhaps 
conceptual models or diagrams could be provided to illustrate and synthesize 
the interactions between the physical and biological aspects of the habitats 
and resources discussed. 

In particular, the aspects of the environment relevant to, or impacted by 
mining, transport links, mineral processing and the project work force 
should be discussed. A good understanding of the local meteorology, soils 
and geology, coastal geomorphology, land-use, groundwater and biota and 
their interaction with existing water resources, dune stability, levels of 
dust and other possible pollutants, including radionuclides, should be 
demonstrated for the mine, work force accommodation, transport corridor and 
port. It is important to consider the conservation status of flora, and 
fauna. 

Discuss the physical and biological processes which maintain the various 
habitats and resources. Assess the resilience of these habitats and 
resources to natural and man-made pressures. 

As this proposal would affect the beach and foredune area it would be 
important to demonstrate a clear understanding of coastal processes with 
respect to offshore sand movement as well as the seasonal and long-term 
beach and dune system geomorphological processs based on actual data 
obtained through local monitoring and assessment of historical information. 

The discussion of the human environment should include information on 
demography, land-use and planning, features and site of cultural and 
scientific interests including any historical, archeological or ethnographic 
sites. Also, infrastructure and public and private utilities and facilities, 
should be considered. 

ENVIRONMENTAL IMPACTS 

The proposal will impact on some aspects of the environment, and it is 
necessary to discuss the individual impacts and then synthesize these so as 
to show the overall effect on the total environment. This is necessary for 
two reasons: firstly to allow the reader of the document to draw conclusions 
on whether the proposed is environmentally acceptable, and secondly, to show 
that operative management, ameliorative and monitoring programmes can be 
devised to manage potential impacts. 

Consideration should be given to both the long term and short term effects 
of the project development and operation at the various locations where the 
project and associated activities may significantly impact on the 
environment. 



A thorough evaluation of the hydrological, geomorphological and botanical 
impacts of the proposal should be provided. Discuss effects of project and 
associated population on the existing environment, including any 
archaeological, enthnographic and heritage aspects and the existing local 
population. 

The effects of the proposal on all of the elements of the coastal processes 
described in the previous section on the existing environment would need to 
be carefully assessed. It would also be important to demonstrate how 
proposed rehabilitation and stabilization techniques will be applied to 
ameliorate these effects. 

This section should show the overall effect on the total ecosystem and 
surroundings of the area. It will be necessary to address the impacts on the 
individual environmental compopnents before a final overall synthesis can be 
made. In all cases where an assessment is made the criteria employed to 
assess impacts should be clearly stated. Wherever possible effects should be 
quantified and uncertainties highlighted. The synthesis should also include 
an assessment of the significance and timing of the various impacts 
identified. For example: 

it may be useful to examine construction impacts separately from 
operational and decommissioning impacts; and 

some of the infrastructure elements (such as the power supply) will have 
little or no ongoing interaction with the environment once they are 
established. 

A brief and general land capability analysis of the affected land after 
mining for the range of uses considered should be provided. 

7. 	ENVIRONMENTAL MANAGEMENT 

An environmental management programme should be described on the basis of 
(and cross-referenced to) the synthesis of environmental impacts previously 
outlined. The objectives, the scope and details of the programme should be 
described. Assignment of responsibility for environmental management 
structure should also be stated and commitments given. 

It will be essential to discuss the proposed management programme in 
relation to current practice elsewhere in WA and Australia for various 
aspects of the proposal. The approach for trials that would either provide 
information on the best means of rehabilitation using native plant species 
or, if relevant assist in determining the land capability for various 
alternate end land-uses under consideration should also be discussed. 

Discuss the mechanism proposed to ensure that environmental management 
commitments are met through fluctuating economic conditions. 

Emphasis should be given as to how the environmental management programme 
will be adapted in response to results from the monitoring programme. 

The procedures for reporting results of monitoring and environmental 
management to the appropriate authorities should be provided. Also suminarise 
and, where necessary, detail management commitments described in this and 
earlier sections. 
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CONCLUSION 

Conclusions of the overall impact of the proposal (including the role of 
ameliorative measures) should be stated together with an assessment of the 
environmental acceptability of the project. 

REFERENCE (BIBLIOGRAPHY/ABBREVIATIONS) 

GLOSSARY 

Provide definitions of technical terms used. Also define and explain units 
of measurement which may not normally be understood by the interested 
layman. 

ERN2 GUIDELINES 

Guidelines which have been approved by the EPA should be reproduced in the 
document. 

APPENDICES 

These may be produced as separate volumes or incorporated in the back of the 
document. 

NOTE: The guidelines should be read in conjunction with the attched 
document, "Notes for the preparation of an ERMP". 
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