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NOTES FOR THE CONSULTATIVE ENVIRONMENTAL REVIEW 
FOR THE CROCODILE FARM 

AT THE CORNER OF BROOME ROAD AND CRAB CREEK ROAD, BROOME 

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

The proposal deals with the intention by Malcolm & Valerie 
Douglas to develop and operate a crocodile farm and tourist 
facility at the corner of Broome Road and Crab Creek Road, 
Broome. This operation will be an extension of Malcolm Douglas' 
Broome Crocodile Park which operates mainly as a tourist 
facility at the corner of Cable Beach Road and Lullfitz 
Drive, Broome. 

The Consultative Environmental Review (CER) report will be 
available for comment for four weeks, finishing on Monday 
24th February 1992. 

Comments from Government agencies and from the public will 
assist the EPA to prepare its Report and Recommendations to 
Government. 

Following comments from Government agencies and the public, the 
EPA will notify the proponent of issues raised and may ask for 
further information. 

Finally the EPA will prepare its Report and Recommendations to 
Government, taking into account all the issues raised in the 
public submissions. 

PURPOSE OF A SUBMISSION 

A submission allows for the provision of all necessary 
information, for the expression of opinions and for a suggested 
course of action, which could include any alternative 
approaches. Any suggestions that you have that may improve the 
proposal would be appreciated. 

DEVELOPING A SUBMISSION 

Your comments, whether you agree or disagree with any point or 
issue in the CER will be considered an important contribution, 
especially if you give specific reasons and support such 
comments with relevant data. 

When making comments on specific proposals in this CER. 

* indicate clearly your point of view 

* state your source of information 

* suggest alternatives 

Attach any factual information that you may have, ensuring that 
the information provided is correct by identifying the source. 

Indicate whether you will allow your submission to be quoted in 
part or in full by the EPA and in its Report & Recommendations, 
or if you object to being contacted by the proponent with a view 
to a meeting. 



INCLUDE IN YOUR SUBMISSION 

Your NAME and ADDRESS and DATE. 

THE CLOSING DATE FOR SUBMISSIONS IS: 

MONDAY 24TH FEBRUARY 1992 

SUBMISSIONS SHOULD BE ADDRESSED TO: 

The Chairman 
Environmental Protection Authority 
1 Mount Street 
PERTH WA 6000 

Attention: Mr Ron Van Delft 



1.0 SUMMARY 

SALIENT FEATURES OF THE PROPOSAL 

Malcolm & Valerie Douglas propose to develop and operate a 
crocodile farm and tourist facility. It will be an extension of 
the Cable Beach Crocodile Park. A section of the farm will be 
open to the general public. Compared with most crocodile farms 
in Australia this will be a small unit. 

Malcolm Douglas intends to display crocodiles to the general 
public in conditions very close to their natural habitat. This 
can be achieved on the proposed site at the corner of Broome 
Road and Crab Creek Road (referred to in this proposal as Crab 
Creek Road block). 

Malcolm Douglas has always been interested in crocodiles and 
their long-term survival. He is keen to make the general public 
more aware of the species and to encourage the general public to 
appreciate and respect crocodiles. During the last eight years 
he has established and developed a successful crocodile park 
near Cable Beach, Broome. 

Tourism alone however will not generate sufficient income to 
finance a crocodile park. To ensure the long term survival of 
this tourist venture it must include a crocodile farming 
component. As the current site occupies only 2 hectares it is 
too small to accommodate a farming operation. The proposed 
crocodile farm, the Crab Creek Road block, covers approximately 
25 hectares. 

Part of this is high ground covered with pindan vegetation 
adjacent, along one side, to the Broome Road. The major 
proportion of the land is situated on intertidal mudflats 
covered with samphire vegetation and sporobolus grasslands. 

The high ground will be utilised for car-park, caretaker's 
residence, pens to hold breeding pairs and young stock 
(hatchlings), 1 year olds, 2 year olds and 3 year olds. 

A number of large ponds on the mudflats will hold up to two 
hundred mature crocodiles for public display and for breeding 
purposes. One pond will be used as a settling area for excess 
water. 

A retaining wall will be constructed along three sides of the 
boundary to stop inundation during the spring tides and possible 
cyclonic storm surge. A further levee will surround each pond. 

Security will be ensured by a system of triple fencing. 

(i) 



REASONS FOR THE PROPOSAL 

The proponent has developed a Crocodile Park for research, 
tourism and educational purposes on the Cable Beach side of 
Broome. This site on two hectares is not large enough to operate 
a financially viable operation for twelve months of the year. 
During the six months of the hot, wet season when few tourists 
visit Broome it is impossible to operate the present facility at 
a profit. The proponent has now been granted a licence from the 
WA Government to farm crocodiles for commercial purposes. This 
will ensure sufficient income during the wet season. A 
percentage of the breeding stock and young crocodiles will be 
held at the Cable Beach Road block. A large percentage will have 
to be penned at an alternate site. The area at the corner of 
Broome Road and Crab Creek Road has been selected as the most 
suitable site in the Broome area. 

Now that crocodiles have been protected for twenty years and the 
numbers in the wild are increasing, reports of rogue or problem 
crocodiles are becoming more numerous. When a crocodile becomes 
a threat, the Department of Conservation and Land Management 
(CALM) issues a permit to the Broome Crocodile Park staff to 
capture the animal alive and relocate it at the park. In the 
futare if a crocodile is not captured it will have to be shot, 
because mature crocodiles when relocated only return to their 
original territory. If large ponds are constructed on the Crab 
Creek Road site the proponent will have a safe refuge for 
problem animals for many years. 



INVESTIGATIONS UNDERTAKEN AND PROPOSED 

Geotechnical studies carried out by consulting engineers have 
confirmed that a levee of adequate strength and low permeability 
can be constructed satisfactorily. 

The ponds will be filled with brackish water, which is ideal for 
crocodiles. Ample supplies of brackish water are available 
fifteen metres below the surface. 

Double chain mesh fencing will surround these ponds, the bottom 
sections of which will be plastic covered to inhibit rust. The 
more established and efficient interstate crocodile farms 
have now designed escape—proof pens for their thousands of young 
crocodiles. 

As a large proportion of the Crab Creek Road block is inundated 
during spring tides, the ground is extremely salty and therefore 
unsuitable for any other type of development. Malcolm Douglas 
has proved at the Cable Beach Crocodile Park that a crocodile 
farm, once it has been established can be aesthetically 
pleasing. It presents low—key development, totally surrounded 
by trees and shrubs. The Botany Department of the University of 
Western Australia is currently researching salt tolerant trees 
and is keen to use the Crab Creek Road block for field studies. 

Crocodile farms generate few waste products and virtually no 
odours. Water used to clean the pens passes through a septic 
tank system and out into settling ponds. The proposed Crab Creek 
Road Farm will be a small operation compared with the crocodile 
farms in Wyndham WA, Darwin NT and Cairns Qld. Efficiently 
operated, these farms do not have any problems with odours or 
polluted water. 

ALTERNATIVES CONSIDERED 

Many alternative sites were inspected, but the Crab Creek Road 
block was the only one to fit all criteria. It is difficult to 
find land with a clay base suitable for ponds in the Broome 
area. 

Buckleys Plains was suggested but this area is too remote to 
attract the travelling public and is an extremely 
environmentally sensitive area. 

The Crab Creek Road block is on the main road into town, a vital 
factor for- attracting visitors. 

DESCRIPTION OF RECEIVING ENVIRONMENT 

The Crab Creek Road block occupies an area of approximately 25 
hectares. The intertidal zone is relatively flat with a gentle 
slope to the south. The high narrow strip along the Broome Road 
slopes east down to the flats. 



ANALYSIS OF POTENTIAL IMPACTS AND THEIR SIGNIFICANCE 
ENVIRONMENTAL MONITORING, MANAGEMENT, 
SAFEGUARDS AND COMMITMENTS 

The proposed crocodile park and tourist facility will have no 
effect on the surrounding environment, except visually. The 
boundary levee will be a dominant feature until it has been 
replanted and a mangrove thicket and trees have been 
established. 

Dampier Creek and the mangroves will not be affected in any way. 

The proponent is commited to establishing a successful, 
well-managed tourist facility and crocodile farm, which must 
be environmentally acceptable. Otherwise the travelling public 
will not accept it and it will fail as a commercial farm. 

The only possible environmental problem could be if the 
waterborne effluent from the growing-out ponds was not managed 
correctly. The slightest odour is an indication that the strict 
hygenic cleaning procedures are not being adhered to by the 
staff. This will not be tolerated. The proponent is commited to 
developing a successful and well-managed operation. 

(iv) 



CONCLUSIONS 

In conclusion it is important to note that crocodile farming 
is becoming an important new industry throughout northern 
Australia. 

Malcolm Douglas has already proved at his Cable Beach site that 
he is able to develop an environmentally acceptable facility. 

The Crab Creek Road farm will be merely an extension of the 
Cable Beach operation. The main difference will be the large 
ponds established at the Crab Creek Road block. 

Combined with the tourist component the crocodile farm will 
quickly develop as a major attraction, as well as an important 
income producer for the town and Western Australia. Once 
established the combined farm and tourist facility will employ 
eight to ten people. 

The new development at Crab Creek Road will be a great asset to 
Broome. 

(v) 



2.0 INTRODUCTION 

THE PROPONENT 

The proponent for this proposal: Malcolm & Valerie Douglas from 
the Crocodile Park, Cable Beach Road, BROOME. 
Phone: (091) 935 545 and (02) 560 8667 

RESPONSIBLE AUTHORITIES 

Environmental Protection Authority 
Department of Conservation and Land Management 
Shire of Broome 
Water Authority of WA 
State Electricity Commission of WA 
Main Roads Department 
Department of Mines 
Department of Planning and Urban Development 
Department of Land Administration 

BACKGROUND AND OBJECTIVES OF THE PROPOSAL 

The Environmental Protection Authority (EPA) has requested that 
Malcolm & Valerie Douglas produce this document so that the 
general public are aware of the proposal and can express 
opinions, register concerns and comment on the development of 
the crocodile farm as described in the CER. 

The EPA is interested in receiving written submissions from 
individuals or organisations on this proposal. 

After a period of public review the EPA will prepare its Report 
and Recommendations on the proposals and the written submissions 
received by it, for the Minister for Environment. The document 
will make recommendations to the Minister as to whether the 
proposal should be allowed to proceed and if allowed, under what 
conditions. 

The Report and Recommendations will be published so that any 
interested individuals or organisations can appeal against any 
of the recommendations to the Minister within 4 weeks of its 
publication. A final decision on the proposal will be made by 
the Government of Western Australia after consideration of the 
Minister for Environment's recommendations. 

BRIEF DETAILS AND TIMING OF THE PROPOSAL. 

The proponent is currently operating the Broome Crocodile Park. 
For this facility to operate successfully, a crocodile farming 
component must be included. 

An alternate site must be found to hold the number of crocodiles 
needed. 

The farm will be developed in six stages over, several years as 
crocodiles become available and the proponent and the relevant 
authorities are satisfied that the development is progressing 
satisfactorily. 

1 



SCOPE,. PURPOSE AND STRUCTURE OF THE CER 

It is intended that the CER will cover every aspect of the 
environmental impact of the proposed crocodile farm on the 
Crab Creek Road block. 

Its purpose is to bring to the attention of the general public 
and relevant authorities the intentions of the proponent 
regarding the crocodile farm in order to give these bodies every 
opportunity to comment on the proposal. 

The CER is structured in such a way that every aspect of the 
environmental impact is covered in detail in one or more of the 
sections. 

2 



2.1 RELEVANT STATUTORY REQUIREMENTS AND APPROVAL PROCEDURES. 

REQUIREMENTS OF DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT 
IN WA UNDER THE WILDLIFE CONSERVATION ACT & CITES 

The Department of Conservation and Land Management, at a State 
level, protects crocodiles through State legislation. 

Crocodiles are protected fauna and may not be taken from the 
wild, or farmed, or slaughtered and processed for their skins 
and other products without a licence being issued under the 
Wildlife Conservation Act 1950 1979 and the Conservation and 
Land Management Act 1984. 

The proponent currently holds licences as follows: 

Regulation 16 Licence to keep fauna for educational or 
public purposes No WF000096. 

Regulation 14 Licence to farm crocodiles for sale and 
commercial display No CF000004. 

At times temporary Licences are issued to capture problem 
crocodiles. (Regulation 4 Licence to take dangerous fauna.) 

A Regulation 7 Processing Licence will be required before 
crocodiles can be slaughtered. 

The Federal Government controls the import and export of 
crocodile products. The Federal Government through the 
Australian National Parks & Wildlife Service (ANPWS) is the 
designated scientific and management authority for CITES 
(Convention in International Trade of Endangered Species of Wild 
Flora and Fauna) in Australia. Some 96 countries, including 
Australia, are signatories to the CITES agreement. 

Any farming or ranching (ranching: collection of crocodile eggs 
or hatchlings from the wild) of crocodiles must conform with 
Cites requirements. The Broome proposal will be classifed as a 
"closed system" not a "ranching system" (where eggs or 
hatchlings are collected annually from the wild) 

A closed system is defined as: 

A closed system of breeding in captivity which requires 
self-sustaining closed cycle farming capable of reliably 
breeding crocodiles to 'the second filial generation without 
augmentation from the wild. 

Once a farm is operating and stock are slaughtered the permits 
required are: 

Export consignment will require CALM and ANPWS (CITES) 
permits for each consignment. ANPWS will clear importing 
country approval for the consignment as required under the 
Wildlife Protection Act (Regulation of Exports and Imports) 
1982, as it is not a CITES requirement. 

Domestic trade in crocodile products will require Department 
of Conservation and 'Land Management Movement Permits & 
Importing State Permits. 

3 



DESCRIPTION OF APPROVAL PROCESSES AND REQUIREMENTS OF THE 
DEPARTMENT OF PLANNING & URBAN DEVELOPMENT 

Should the Department of Land Administration (DOLA) agree to the 
release of the land after considering all the responses, it will 
instigate an amendment to the local authority's Town Planning 
Scheme. In this case it would be the Broome Shire Council. Town 
Planning Scheme No 2. 

The Town .Planning Scheme amendment process involves: 

* Resolution of the council to amend its scheme. 

* Consideration of the amendment by the Department of Planning 
and Urban Development. (DPUD). 

* If given preliminary approval by the DPUD, advertising for 
public, submission for a minimum period of forty—two days. 

* Consideration of submission, if any by the local authority. 

* Consideration of submissions and council's comments on the 
submissions by the DPUD. 

* Consideration for final approval by the Minister of Planning. 

Once the land is released and zoned in Council's Scheme, Council 
will then consider Building/Planning Application. 

DESCRIPTION OF THE DEPARTMENT OF LAND ADMINISTRATION APPROVAL 
PROCESS TO ACHIEVE THE RESULT DESIRED FOR THIS PROPOSAL 

APPROVAL MUST BE OBTAINED FROM: 

Environmental Protection Authority 
Shire of Broome 
Department of Mines 
Main Roads Department 
Department of Conservation & Land Mangement 
Department of Planning & Urban Development (for subdivision 
approval) 

and finally 
Department of Land Adminstration (to complete lease 
application) 

ANY OTHER REQUIREMENTS OR APPROVALS 

The Shire of Broome has agreed in principal to the Crocodile 
Farm proposals, subject to receiving a copy of the CER with 
complete details of the development. 

The Water Authority of WA have stated that town water can be 
connected for domestic purposes, trickle irrigation and fresh 
drinking water for the crocodiles. 

The pumping of brackish water will be permitted. 

The State Energy Commission of Western Australia have stated 
that power can be made available to the Crab Creek Road site. 
The type of connection will depend upon final location of 
buildings etc and the size of the load. 

4 



3.0 ALTERNATIVES 

A number of areas were examined or discussed with the Department 
of Land Administration as possible sites for a crocodile farm. 
The alternatives, are as follows: 

WILLIE CREEK 

The Willie Creek area was considered and deemed unsuitable. 

It is situated about 37 kilometres north from Broome.As it is so 
far from the main road the majority of travellers would decide 
against visiting the farm, making it uneconomic as a tourist 
operation. 

The track close to the Willie Creek saline flats is cut during 
Spring tides and is at times impassable for larger vehicles 
during the wet season. 

There is no town power or town water available. 

The area is presently part of Waterbank, a cattle station, and 
it could prove difficult securing a small lease within the 
boundary of Waterbank Station. 

BUCKLEYS PLAINS 

For • the following reasons Buckleys Plains was not considered 
satisfactory. 

Buckleys Plains is approximately 16 kilometres from Broome, 
running inland from the coast. 

It is presently part of Waterbank cattle station lease. 
Following an inspection of the area and discussions with 
community groups it was designated unsuitable. 

It is some 6 to 8 kilometres from the main highway, making it an 
unlikely attraction for tourists who are only in Broome for a 
short time (eg Bus Tour Group) 

It may prove difficult for the relevant authorities to resume a 
section of Waterbank Station for a crocodile farm. The area is 
seasonally flooded making access virtually impossible. 

Environmental groups such as the Broome Botanical Society are 
not in favour of development in this area, stressing that the 
native vegetation should not be disturbed. 

A large quantity of fresh or salt water is needed for farming 
crocodiles. There would be considerable community and Water 
Authority resistence if large quantities of water was pumped 
into large ponds. Pumping may also affect the groundwater and 
the salinity level of this aquifer. A crocodile farm at Buckleys 
Plains would not be good groundwater conservation. 

5 
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VARIOUS SITES EACH SIDE OF THE MAIN BROOME - DERBY ROAD 

There is no vacant Crown Land along either side of the 
Broome/Derby Road that could be regarded for use as a crocodile 
farm. 

The red pindan soil is unsuitable for large ponds. It is not an 
economic proposition to line the ponds with agricultural plastic 
sheeting covered with concrete or clay. 

Broome is dependant on local groundwater supplies. The main 
source of this water is located at the Water Supply Reserve, an 
area twelve miles from Broome on the Broome-Derby Road. The 
Water Authority would not support a crocodile farm in this area 
as, for several reasons, it could affect the groundwater supply. 

After discussions with the Department of Land Administration and 
other relevant authorities the proponent accepted that no sites 
were available along the main Broome-Derby road. 

CORNER OF CRAB CREEK ROAD AND BROOME ROAD 

The Crab Creek Road site is only four kilometres from the town 
centre. The site is on the main road into town, an essential 
factor in attracting tourists. 

Town water and town power are available. 

A section of land beside the main road is well above sea level 
and covered with pindan vegetation. This area is ideal for a car 
park, caretaker's residence, machinery shed, breeding pens and 
growing-out pens. The salt marsh plains are ideal for larger 
breeding and tourist display ponds. 

After removal of the topsoil, the clay base is suitable for the 
retaining levee that will be constructed around three sides of 
the boundary. The geotechnical studies carried out are attached 
to this proposal. 

An adequate supply of brackish water is available several metres 
below the surface to fill and maintain pond levels. 

There are few sites in Broome with high ground sloping down to a 
level suitable for settling ponds. This block has the preferred 
gradient to ensure satisfactory drainage from the growing-out 
ponds. 

As a section of the block is affected by the tidal system it is 
of no use for any usual development, but it is suitable for a 
crocodile farm and tourist facility. 

The site is on a corner allowing access for vehicles from Crab 
Creek Road ensuring minimum interuption to traffic flow on the 
main Broome Road. 

For the above reasons this site is considered to be the most 
suitable. The proponent has discussed the leasing of the site 
with the Department of Land Administration who, depending on the 
outcome of the CER and approval of other authorities, can see no 
reason to disallow such a lease. 



4.0 DESCRIPTION OF PROPOSAL 
4.1 OVERALL CONCEPT AND PHILOSOPHY 

GENERAL PHILOSOPHY 

The proponents' general philosophy is to display crocodiles in 
captivity in an environment that replicates as nearly as 
possible the natural habitat of the species. This is important 
for several reasons. 

Malcolm Douglas has a genuine interest in the long-term survival 
of crocodiles. 

Until recently crocodiles were classified by CITES as 
endangered. In Australia their numbers in the wild had been 
severly reduced by many years of hunting for skins. 

Malcolm Douglas sincerely believes that people travelling in the 
north should be educated to appreciate that these magnificent 
animals, too, have a right to exist in Australia today. 

There will always be the possibility that a natural disaster 
could seriously deplete populations in the wild, so it is vital 
to maintain a bank of healthy animals in Western Australia. 
Whenever necessary some of them could be released into known 
crocodile habitats. 

An important component of this philosophy is to ensure that 
potential impacts on the environment from the proposed 
crocodile farm are minimised by proper management procedures. 

FA 



OVERALL CONCEPT OF THE FARM 

The proposed Crab Creek Road crocodile farm and tourist facility 
(Crab Creek Road block) will constitute the actual farming 
division of the Broome Crocodile Farm and will itself be divided 
into two sections. The high ground will hold caretaker's 
residence, shop & video viewing area, car & bus park, shed for 
plant, workshop, research area, breeding ponds, hatchling ponds, 
growing-out ponds and ponds holding individual large crocodiles 
for display. The overall layout will be very similar to the 
proponent's Cable Beach block which will be retained for tourist 
display and some initial breeding. 

All buildings at the Crab Creek Road block will be set well back 
from the Broome Road to allow for landscaping. 

The Main Roads Department requires a reserve width of thirty 
metres from the road centre-line so that the natural vegetation 
along Broome Road will be retained. Priority will be given to 
dense plantings of trees, throughout the site, which will screen 
the buildings and pens from the road. 

A viewing area on the high ground facing east will enable 
visitors to observe the crocodiles in the large ponds. 

The four main ponds will each cover approx 1.5 hectares, the 
banks heavily indented to allow suitable breeding bays for 
female crocodiles. 

Another ten smaller ponds will hold immature crocodiles that 
will be held for research, possible sale to other farms that 
will need stock in the future or possible release back into the 
wild (a condition of the farming licence issued by CALM) 

At the rear of the main ponds there will be a number of settling 
ponds. If necessary excess water, after testing, could be 
released back into the Dampier Creek system on the ebbing high 
spring tide. This, however, would rarely, if ever occur due to 
the high evaporation in the north-west (2.3 metres per annum). 

All the levees and pond surrounds will be landscaped to provide 
shade for the crocodiles and visitors to the farm and to screen 
those installations which could be considered unaesthetic. 

LIN 



LANDSCAPING TREATMENT PROPOSED OR REQUIRED ON PUBLIC AND PRIVATE 
LAND 

The Main Roads Department requires a thirty metre reserve along 
Broome Road. The natural vegetation of acacias, eucalypts and 
various species of shrubs that are normally described as pindan 
vegetation will remain. 

Extensive planting of eucalypts, melaleucas and casuarinas will 
enhance the area and screen the buildings and pen developments 
and vehicle parking areas from the road. The proponent has a 
very real interest in trees and will landscape the Crab Creek 
Road block the same way that trees have been established on the 
Cable Beach block. 

The landscaping of the levee will be more difficult as the soil 
salinity will be high. Leaching of salts will occur with each 
wet season. Samphire species will be established on the levee 
and salt tolerant eucalypts, melaleucas and casuarinas will be 
planted extensively along the levee. Dr Paul van der Moezel of 
the Department of Botany, the University of Western Australia is 
developing tree varieties to grow in saline soils. Watering with 
brackish water will be acceptable. Along the outside of the 
levee a man—made ditch will enable a good flow of salt water 
during the spring tides. During neap tides brackish water pumped 
into the ditch at regular intervals will ensure that stands of 
mangroves are established. (Ceriops Tagal, Avicennia Marina). 
This mangal will restrict wave lap and erosion in the unlikely 
event of a cyclone travelling north and reaching Broome to 
coincide with a high spring tide. The mangal and the samphires 
and trees planted on the levee will lessen any detrimental 
visual impact of the banks. 

"The establishment of the mangroves will not take place 
immediately but may require the banks of the ditch and 
drainage channels to stablilise and the development perhaps 
of the correct micro—algae or other micro—organisms etc. 
We know little of the factors important in facilitating 
germination and establishment of mangrove seedlings, but 
I have no doubt that it will occur. Once the trees are 
established they will act as buffer for tidal surges and 
spread the incoming water more slowly than if there was no 
such barrier." Pat Hutchings - Principal Research Scientist, 
Division of Invertebrate Zoology, Australian Museum 

EFFECT OF DEVELOPMENT PROPOSALS ON CURRENT 
AND PROPOSED LAND USES ADJACENT TO THE SITE. 

The proposed crocodile farm and adjacent land is curren.tly zoned 
as Reserve (Common) and "can be used for townsite development". 

As all the land adjacent to the site is a tidal and supratidal 
zone it is not suitable for most types of development. It is not 
expected that there will be any application for land development 
and/or sub—division adjacent to the Crab Creek Road block. 
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4.2 PROPOSED TIMETABLE 

SCHEDULE FOR TIMING AND STAGING OF THE PROPOSAL 

Due to the shortage of breeding stock, the development of a 
crocodile farm is a slow process. Initially it was planned to 
totally relocate the Cable Beach facility to the Crab Creek 
Road block. However, with the crocodiles so well settled at 
Cable Beach several pairs are now mating annually and the egg 
harvest for 1990/91 wet season was 200. 

It has been decided therefore to retain the Cable Beach block as 
the main tourist display centre. The Crab Creek Road block will 
be the main farming component of the overall operation, a large 
area capable of accommodating problem crocodiles from the wild 
for many years, ample room for hatchlings, 1 year olds, 2 year 
olds & 3 year old crocodiles (stock is normally slaughtered 
around two and a half to three years of age). 

In the 1992/93 breeding season it is expected that 400 
crocodiles will be bred at the Cable Beach block. This small 
area will not be adequate for raising so many animals, so an 
alternative site must be established by this time. 

The high pindan area will be developed first. During the first 
18 months the following will be carried out: 

* power and water connected 
* security fencing erected on the high ground 
* caretaker's residence built 
* machinery shed built 
* the first growing—out pond and the first small settling pond 
* a limited number of breeding ponds 
* a section of the levee, bank will be formed and planted with 

salt tolerant trees and left for one season to consolidate. 
This will be a trial section allowing the proponent and 
consultants ample time to ensure that there will be no 
problems with the levee. 

Coffey Partners International Pty Ltd geotechnical studies 
concluded that the levee, if constructed to their specifications 
should be satisfactory. 

The next stage will see the completion of the levee and large 
ponds. The clay excavated for the ponds will be used to build 
the levee. 

Volume of clay required for levee ( 16 metres base, 3 metres 
high, 4 metres wide at the top) 42,000 cubic metres. Total 
volume of soil removed from all ponds 80,000 cubic metres. 

The excess soil will be used to create more high ground for 
ponds and viewing areas. 

After further consolidation through another wet season, the 
fencing and landscaping will be completed. 
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SUMMARY 

Stage 1: Development of high pindan area. 
Power and water connection. 
Caretaker's residence and shed. 
Initial tree planting to establish shade. 
Fencing of the high pindan area. 
Construction of some breeding ponds. 
Construction of first growing-out ponds and first 
settling ponds. 
Stocking of pens. 

Stage 2: Construction of first section of levee bank, to be 
left for one wet season. 

Stage 3: Complete construction of levee. 
Excavation of ponds. 

Stage 4: Fencing and landscaping. 

Stage 5: Inspection by relevant authorities and interested 
parties. 

Stage 6: Stocking of large ponds with crocodiles from Cable 
Beach block, "problem" animals from the wild and 
crocodiles purchased from interstate farms. 

NEED FOR SUCH TIMING 

The high pindan area must be developed first to relocate the 
excess crocodiles bred at the Cable Beach block. 

Stage 2,3,4,5 & 6 will be completed only when the proponent and 
all relevant authorities are satisfied that the levee, fencing 
and ponds are satisfactory. 

RESTORE SITE 

In the future there will be an increased demand for captive-bred 
stock. Relocating crocodiles to other farms will not be a 
problem. If the site proves unsatisfactory the stock can always 
be transferred to Derby or Kununurra or sold to cattle stations. 
In the NT cattle stations, Aboriginal communities, companies and 
individuals are currently establishing crocodile farms. 

If at any stage the proposal does not succeed the site can be 
restored; the levee flattened, ponds filled in and the 
sporobolus grasslands, samphires and pindan vegetation 
re-established. 

There is considerable interest in crocodile farming in 
conjunction with a tourist component and the proponent has 
been approached several times by individuals and organisations 
throughout the Kimberley seeking to have the farm established 
in their area. 



4.3 CONSTRUCTION DETAILS 

Construction will be over several years (see 4.2 Stage 1 to 6) 
as crocodile numbers increase and the levee and ponds are 
completed. The proponent will develop the site slowly and with 
care, exactly as has been done at the Cable Beach block which 
took over eight years to the current stage and it is still being 
developed. 

TRAFFIC MOVEMENT DURING CONSTRUCTION 

There is no intention to construct the levee and lakes in a 
short time span. Initial development will be the high pindan 
area. There will be no increase in traffic flow as most 
construction will be completed by the Cable Beach block staff 
on site. 

There will not be any excessive movement of trucks entering and 
leaving the site as all soil for the levee will come from the 
excavations for the ponds. 

NOISE CONTROL 

As the site is well away from the town centre and there is no 
residential area close by, any noise would not be a problem. 
Machinery, which will be used during normal daylight working 
hours will be; an excavator, a tip-truck, a backhoe, a 
front-end loader and a compactor. 

DUST AND MUD CONTROL MEASURES 

As construction is spread over six stages there would hardly 
ever be any dust. Most of the excavation will involve damp, 
sandy clay, so dusty conditions will not prevail. As the 
proponent and staff will be carrying out the construction over a 
long period, whenever the site becomes too muddy work can stop. 
Emphasis at all times will be to complete each stage 
satisfactorily and expand slowly. 
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4,4 DESCRIPTION OF THE PROPOSED FARM 

Included with this proposal is a site plan prepared by McDonald 
Drafting Pty Ltd from a sketch map supplied by the proponent. 
This site plan prepared by McDonald Drafting has been altered 
to show small settling ponds leading to the larger pond. 

BANKS AND FENCING 

The proposed boundary levee bank will extend around three sides 
of the site. The fourth side along the Broome Road is high 
pindan country. 

The levee will be three metres high with a top width of 
approximately four metres, wide enough for the main security 
fence and a 4WD vehicle track. A batter of 2:1 (horiz:vert) is 
recommended by consulting engineers, Coffey Partners 
International Pty Ltd. 

The levee bank base width will be sixteen metres. The soil 
samples collected from the site using a backhoe have been 
laboratory tested. The geotechnical studies are included with 
this proposal. 

The main security fence will be erected parallel to Broome Road 
on the high pindan area, continuing along the top of the levee 
on the lower three sides. Initially the levee soil salinity will 
be high, so treated pine logs will be used for all vertical 
posts. These logs are guaranteed to last forty years. 

PVC wire (plastic coated chain mesh) will be buried 600mm. The 
PVC wire will extend above the ground by 600mm and overlap onto 
galvanised chain mesh. The longevity of the PVC is at least ten 
to fifteen years. By using 1200mm strips (below and above the 
ground), replacement will be easily managed. The main security 
fence can be constantly checked by staff as the access vehicle 
track will run beside the fence. Strands of barbed wire will be 
fixed to the tops of the vertical pine logs. 

A second, lower, inside security fence will run along the inside 
base of the levee. Each pond will be surrounded by a smaller 
bank, along the top of which will run another chain mesh 
security fence with vertical pine logs. This type of security 
fencing has been used successfully in Cairns at an extension of 
the Edward River Crocodile Farm (Redbank). This facility is 
adjacent to mangals and tidal influence. 
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THE ESTABLISHMENT OF VEGETATION FOR LANDSCAPING, SCREENING AND 
STABILISATION 

A thirty metre strip of pindan vegetation along the Broome Road 
will be retained to maintain the "natural t' appearance. 

TREES AND SHRUBS SUITABLE FOR THE PINDAN STRIP AND AVAILABLE 
LOCALLY 

From Paul's Nursery, Broome 
OR 
The Department of Conservation and Land Management Nursery, 
Broome. 

Seeds for resowing will be collected from the pindan when in 
season. 

SPECIES AVAILABLE FOR PLANTING ON ROAD RESERVE 

* Lysiphyllum canairghanii 
* Lysiphyllum cunninghamii 
* Eucalyptus camaldulensis 
* It 	 " bigolerita 
* " 	" terminalis 
* " 	" zygophylla 
* Terminacia petiocaris 
* Terminalia petiolaris 
* Lophosteriom grandifloa 
* Meleleuca wiridiflora 
* it 	 it nervosa 
* Acacia plectocarpa 
* 	" 	bivenosa 
* 	" 	eriopoda 
* 	" 	polosericea 
* 	" 	holosericosa 
* 	" 	trachyeerpa 

These can be planted to screen the development from the road. 

The area around the pens on the high pindan area will be heavily 
planted with eucalypts, melaleucas, casuarinas and acacias to 
create shade for the crocodiles and visitors and to improve the 
general appearance around the chain mesh fences. 

Salt tolerant trees developed by Dr Paul van der Moezel will be 
planted on the saline areas and on the levee. The three main 
species are eucalypts, melaleucas and casuarinas. From past 
experience at the Cable Beach block these three species are 
relatively fast growers, which thrive with controlled watering. 

Recent correspondence from Dr Paul van der Moezel states: 

"We would need to know in advance if field trials are possible 
so that we can produce the tissue cultured plants or set aside 
ones already in the nursery. What is a likely time for planting 
your first area? If we could arrange it from this end I might 
even be able to come up and do a survey of the bund wall for 
soil salinity." 
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Species available for the Broome climate which are salt tolerant 

* Acacia ampliceps 
* 	 maconochieana 
* 	 stenophylla 
* Eucalyptus camaldulensis 
* it 	 " tereticornis 
* It 	 It microthess 
* Melaleuca bracteata 
* it 	 it  glomerata 

Samphires from the flats will be planted on the levee to help 
stabilisation. There is ample brackish bore water for trickle 
irrigation. The endemic samphires and salt tolerant grasses will 
grow satisfactorily on the batter of 2:1 (horiz:vert). 
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FACILITIES 

The Broome Crocodile Farm is a very small operation compared 
with the Wyndham Crocodile Farm WA, the Darwin Crocodile Farms 
NT and the largest farms in Qid. Projected harvest from these 
larger farms is 10,000 crocodiles per annum. The projected 
harvest from the proposed Broome Crocodile Farm is 1,000 
crocodiles annually. 

There are three possible facilities for slaughtering. 

The recently established crocodile farm at Wyndham WA. A 
slaughterhouse, meat storage freezer and skin preparation 
area is included in this operation. 

The NT Darwin Farm. Their abattoir is working successfully. 
Within a few years they will be slaughtering in excess of 
20,000 crocodiles per year. (10,000 from Darwin NT Farm and 
10,000 combined from three other smaller farms). 

The local Broome cattle abattoir. 

TOILET BLOCKS 

The public and private septic toilet systems will both be 
situated on the high pindan area. There is a local Broome 
service available for pumping out septic tanks when necessary. 
The nearby caravan park uses the septic pump-out system. 

BUILDING STANDARDS AND HEALTH REGULATIONS 

The proponent is well aware of the building standards for the 
Broome area, having already constructed a house, shop and shed 
in the past eight years to comply with the building standard in 
a cyclone area. All dwellings and buildings were approved by the 
Shire Building Surveyor. 

The proponent has recently completed a shop and kiosk at the 
Cable Beach block, with particular attention to the necessary 
health regulations. The Shire Health Surveyor carefully 
monitors all such developments in Broome. 
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MEASURES TO PREVENT ESCAPE OF CROCODILES 

It is a little known fact that once a mature crocodile is kept 
in an area for some months, it becomes fiercely territorial and 
will never leave its pen. If a mature crocodile is moved from 
one pen to another pen nearby the crocodile will attempt to 
return to the original pen. It may be several days and even 
weeks before it establishes a new territory. Once a crocodile 
begins feeding in a certain area it will never leave. If a 
mature animal is removed from its pond and placed outside the 
wire it will continually walk around the pen until it can return 
to its own territory. These facts are of vital importance when 
establishing and managing a crocodile farm. Mature crocodiles 
once they are established in a territory do not escape. 

(In a hypothetical situation, if a mature farm crocodile was 
released into Roebuck Bay it would go back to the farm and if 
possible return to its own pond.) 

A farm crocodile in its own pen never walks along the fence. The 
only time it approaches the wire is when it is being fed. 

With double security fencing around the levee and another fence 
around each pond the crocodiles are however, very well secured. 

Hatchlings, 1 year olds, 2 year olds and immature crocodiles do 
not have the same territorial instincts and may attempt to 
escape. 

The proponent has recently visited all the main crocodile farms 
throughout Australia to observe and discuss the latest pen 
designs for some tens of thousands of captive-bred young 
crocodiles. As an example, the NT Darwin Farm will soon be 
holding over 30,000 crocodiles from hatchlings to 3 year olds. 
All Australian crocodile farmers have learnt over the last ten 
years how to raise young crocodiles in escape-proof pens. 

Hatchlings to 3 year olds will be penned on the high pindan area 
well away from the large brackish ponds. Young crocodiles are 
separated according to age and size. The pens are placed in 
line, each with a concrete base. On this base will be raised one 
metre high vertical brick walls, which are impossible for young 
crocs to climb. Above this wall and totally enclosing each pen 
will be fine galvanised arc mesh. During the colder months 
agricultural-type plastic sheeting is tied over the mesh to 
control the ambient temperature. The total covering is added 
security and prevents periodic attacks by raptores. 

Photographs of the latest pen designs at Australian crocodile 
farms are attached. 
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The gate into the pens is above the one metre brick wall and 
workers have to step over the wall to enter a pen. Even if human 
error should result in a gate being left unsecured, the 
crocodiles cannot escape. 

Brackish water or fresh water can be used in these pens as the 
water depth is only a few centimetres on the concrete base. 

The NT farmers use corrugated iron for their one metre walls. 
Bricks will be used in Broome as brick is more solid and 
virtually maintenance free for many years. 

The longevity of PVC fencing has been discussed on many 
occasions. The specialist manufacturer and supplier of steel 
mesh products, DBS Fencing of Wangara WA, was consulted. A quote 
from their reply reads as follows: 

"From experience the PVC wire in a salt environment has held up 
extremely well in most locations for some 20-30 years. The 
galvanised wire now is heavily galvanised and gives a much 
extended life to the product. On the whole, I would suggest 
that both products installed correctly should give at least 10 
years prior to gradually breaking down over the next 5 years. I 
would hope that you may even extend this time by a further 5 
years or more." 

Australian Wire Industries Pty Ltd have tested their PVC under 
adverse conditions: 

"The flexible PVC coating has been subjected to over 1,000 hours 
in a salt—water spray corrosion test with no sign of corrosion 
on the bends of chain mesh fences." 

KOPPERS Timber Preservation Division guarantee their treated 
pine logs against termite attack, borers and rotting (even in 
saline soils) for forty years. 



4.5 DESCRIPTION OF PROPOSED OPERATIONS 

ANTICIPATED STOCKING RATE NOTING SEASONAL VARIATIONS 

Breeding pens will each hold one male and one female. Thirty 
pairs will be held at the Crab Creek Road block and fifteen at 
the Cable Beach block; for a total of forty-five breeding 
animals. 

Large ponds will hold a total of two hundred crocodiles ranging 
from mature males and females to sub-adults. It will be many 
years before the ponds are all stocked with mature animals. Some 
nesting will occur in the large ponds. The percentage of fertile 
eggs will be lower than breeding pens holding one pair. 

GROWING-OUT PONDS 

Within six years it is hoped to breed approximately 1,000 
hatchlings annually. Depending on the size of the crocodiles, 
pens can hold an average of 250. In Australia crocodiles are 
slaughtered at an average of three years of age. It is 
anticipated that with more knowledge and steadily improving 
management techniques the animals will eventually be ready 
for harvest at 2.5 years of age or even 2 years of age. Some 
animals may be held for a longer period if the market demands 
bigger skins. 

Some farm-bred animals kept as breeders may be slaughtered at a 
later date if they prove to be unsatisfactory breeders. 

It is possible that an average of three to four "problem" wild 
crocodiles will be captured and transported to the Broome farm 
annually. 

APPROXIMATE MAXIMUM TOTAL NUMBER OF C. POROSUS WHEN THE CRAB 
CREEK BLOCK IS FULLY OPERATIONAL 

40 display animals 
30 breeding pairs 
200 in large ponds 

3 000 for harvest 

40 crocodiles 
60 	 11 

200 " it 

3 000 " it 

----------------

3 300 "11 

---------------- 
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FREQUENCY OF POND CLEANING OPERATIONS 

The breeding ponds holding a pair are never cleaned out. It is 
totally unneccessary. Adult crocodiles eat very little, perhaps 
only once or twice a week (less in the dry season). 

The breeding ponds and large ponds will be "topped" up as the 
water level drops due to evaporation. 

The growing-out pens will be drained, cleaned and refilled with 
fresh or brackish water daily (the average depth in these ponds 
is only a few centimetres). During the cooler months the 
"growers" are only fed every second day. 

Food consumption varies according to the season. Crocodiles eat 
less in cooler weather, more in the humid wet season. Farm 
management practices ensure that only the amount of food that 
will be eaten is placed in the pens. 

SOURCE AND TYPE OF FEEDSTUFFS AND FEEDING RATES 

Crocodiles eat a variety of foods, which are obtained from a 
number of sources. 

Chickens from local poultry farms. 
Excess fish from tourist charter boats. 
A Fisheries Permit to net mullet. 
Bullocks from the abattoir. 
Chicken heads and necks' freighted from Perth. 
Pets' meat (kangaroo, sheep, donkey etc) freighted from 
Perth. 

Calcium powder and Petvite (vitamin addative) is mixed with the 
minced meat for young crocodiles. 

FEEDING RATES 

Mature crocodiles get an average of two chickens or three kilos 
of meat per week during the wet season and 50% less during the 
dry season. It is surprising how little some crocodiles eat. The 
oldest mature male at the Cable Beach block does not eat at all 
for five months during the dry season each year. 

If a crocodile is fed one afternoon and does not consume all of 
its meal by the following morning,, the remainder is removed 
using a hook on a long bamboo shaft. The food is then given to 
another crocodile. 

In large ponds holding many sub-adults or mature crocodiles food 
is always consumed. Farm staff know when to feed crocodiles to 
ensure no waste. Crocodiles, similar to all reptiles, do not eat 
regularly like mammals. 

The feeding rate for young crocodiles varies according to their 
size and seasonal conditions. An average yearling eats l5Ogms 
every second day or 24 kilos (approx) per annum. An average 2-3 
year old eats 400gms every second day or 40 kilos (approx) per 
annum. 
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DISEASE CONTROL MEASURES 

Captive mature crocodiles are virtually disease free. Problems 
arise during the mating season when they fight. A large dose of 
slow—acting penicillin injected into an injured animal will 
suffice. 

Fungal diseases among hatchlings and 1 year olds is a problem 
at some Australian crocodile farrns. With more experience, 
increased knowledge of farming procedures and better management 
techniques it is anticipated that any diseases will be kept 
under control. 

During the last six breeding seasons there has been no sign of 
disease in the Cable Beach block hatchlings. Experience, 
consistent farm management, vigilance and hygenic handling 
techniques have eliminated disease outbreaks. 

The Northern Territory Conservation Commission veterinarian 
is currently studying crocodile diseases. 

The Broome veterinarian, David Morrell, and his staff, is always 
available. 

The most serious complaint affecting young farm—bred crocodiles 
is fungal disease. E M A Hibberd is completing a Master of 
Applied Science degree in the Biology Department at the 
University College of Central Queensland, Rockhampton. Her 
research topic is the Epidemiology of Fungal Disease in Captive 
Crocodylus Species. 

The work involves processing tissues, fungal cultures, trial at 
Koorana Crocodile Farm, Rockhampton and comparing husbandry 
methods used by Koorana with other farms. 

The Biology Department at the University College of Central 
Queensland is able, to accept some dead hatchling animals for 
post mortem, and/or tissues for culture and histology, and give 
advice. Crocodile farming is a relatively new industry in 
Australia and it is possible that other diseases may become 
obvious at a later date. With improved knowledge of farming, 
better management techniques and further research all the 
farmers are pooling their knowledge through the recently formed 
Crocodile Farmerst  Association and any potential threat to stock 
in the future should be eradicated. 
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4.6 DISPOSAL OF WASTES 

There are ten operating crocodile farms in Austalia. The 
proponent has recently visited the largest farms to observe how 
the waterborne effluent is treated. 

The growing-out ponds must be emptied and cleaned after feeding. 
The effluent will pass through a concrete pit divided by wire 
screens to catch the larger solids. From the pit the water flows 
through a septic system and out into a series of settling ponds. 
Here, small fish feed on the minute particles of meat remaining 
in the water. The populations of fish are controlled by their 
food supply. This has proved to be a remarkably efficient way of 
improving the quality of the water from the pens. 

The treated pond water will flow to the large settling pond, 
where it disperses through normal evaporation. 

The large NT Darwin farm drains the waste water straight into 
man-made billabongs, within their tourist and breeding section. 
The fish and other marine life in the billabongs ensure that 
this water does not become polluted or create any odours. 

If at any time, (eg wet season) when the ponds are full, water 
has to be discharged, it will be pumped into the mangal at the 
top of Dampier Creek at high spring tide and will disperse as 
the tide ebbs. Seasonal run-off will improve the water quality 
in the ponds. 

Arrangements would be made with the relevant office in Broome 
(the Water Authority) to check the quality of the water before 
discharge. 

In 1988 TROPICAL RESOURCE MANAGEMENT PTY LTD prepared a report 
for the Department of Regional Development and the North West 
titled, "CROCODILE FARMING IN THE KIMBERLEY". It states: 
"The discharge is natural organic degradable material. Pen 
discharge at Edward River with crocodile numbers equivalent to 
those proposed in the study had total coliforms in the range 
50-940 colonies/100m1 and biochemical oxygen demand (BOD) in 
the range 5-10mgs/LT - these ranges are regarded as acceptable 
levels. If these levels rise to unacceptable levels simple 
aeration and chlorine treatment should suffice." 

It must be emphasised that the Crab Creek Road Farm will be 
relatively small compared with other facilities. For example, 
the recently established Wyndham Crocodile Farm is seven times 
larger than the proposed Broome farm. 

At its current stage of development Wyndham has no septic 
catchment system and no settling ponds. Its effluent is 
discharged into a depression near the mangroves of Cambridge 
Gulf. This water lies near the "blood drain", an area where 
effluent from the defunct Wyndham abattoir flowed into the sea 
for sixty-six years without any negative effect on the rnangals 
and overall eco-system. According to a Wyndham resident, the 
mangroves, fish and bird life increased over the years with the 
release of wash-down water into the "blood drain". 
(E Snow, Shire of Wyndham per comm). 
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Koorana Crocodil.e Farm, Rockhampton QLD, has operated on a 
salt marsh similar to the proposed Broome farm. Below is a 
direct quote from the owner, John Lever. 

"Koorana commenced operation in Nov 1981 on an island in the 
mouth of Cooroman Creek on the Capricorn Coast of Queensland. 
The attached photograph gives some indication of the status of 
the area ie mangrove, mudflats, saltpans and marine grassland. 
The only fresh water supply on the island is the town water 
supply, the main passing throu.gh  the property. 

The pond water for the breeding lakes and the growers is saline 
being pumped direct from a tidal creek at high tide. 

The farm is designed to produce 1500 eggs annually and 
hopefully rear 1000 to skinning size each year. There are 
currently 1100 crocodiles on Koorana. 

Water control is simple as the breeding crocodiles are given 
plenty of space. There has never been a total exchange of water 
but rather a flushing through of clean sea water when tides 
permit. 

Water used in rearing pens (concrete) is also sea water. This 
water is drained twice/week in summer and once weekly in 
winter, the discharge going into a series of dams containing 
single pairs of crocodiles. These dams are also flushed through 
with clean sea water. We have never seen the need for a 
settling pond as the 'solids' are removed at outlet points and 
there is never any evidence of putrefactive odours. 

I believe that Koorana is the only crocodile farm in the world 
that is using sea water to keep crocodiles in and we have 
managed to do this by utilizing a series of drinking points 
(fresh water) within the enclosures. The type of equipment used 
is that used in plant nurseries. The whole system is economical 
and efficient, the pens can be kept clean and hygenic not 
having to economize on fresh water. The crocodiles are healthy 
and grow well under this system. 

The salinity of our water varies greatly from fresh in the 
monsoon season (Nov-Mar) to hypersaline in the dry (Aug-Oct). 
The salt-water crocodiles are very adaptable to this management 
technique." 
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The Edward River Crocodile Farm QLD, has recently established a 
large facility at Redbank Cairns QLD. Recent correspondence 
states, 

"Some 3000 crocodiles have been transferred to Redbank most are 
in the 700mm to 1.2m length size categories. We have not 
experienced any strong smell or odour in the pens or water 
treatment areas. Waste water is treated by flowing through a 
settling pond and three display ponds taking a period of about 
7 days before final discharge. 'All ponds are flushed in the 
monsoon season. 

It is proposed to keep about 9000 grower crocodiles at Redbank 
and process 3000 annually on site. Solid abattoir waste will be 
trapped on site and disposed of at the local tip under Council 
supervision, liquid waste will be flushed with water and 
treated with other waste waters. 

All waste water outlets are tested for bacteria and B.0.D's 
on an occasional basis to ensure the system is working 
satisfactorily." 

The proponent has quoted directly from correspondence to 
emphasise that waste products and odours are easily managed 
even on large crocodile farms. 

DISPOSAL OF SEWERAGE WASTES 

Three kilometres north on the Broome Road is the Broome Caravan 
Park. It caters for large numbers of visitors using septic tanks 
and the pump—out system operated by a local contractor. This 
system would be used at the Crab Creek Road block. 

SLAUGHTERHOUSE WASTES 

The crocodiles will be slaughtered at either the NT Darwin Farm 
abbatoir, Wyndham Farm abattoir or the Broome beef abattoir. 
There will be no slaughterhouse wastes. 
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4.7 TRAFFIC MATTERS 

ANTICIPATED VISITOR NUMBERS AND TRAFFIC FLOW 

By maintaining the Cable Beach Park the visitors numbers will be 
split between the two facilities. 

It is anticipated that the Crab Creek Road block will only be 
open to the public on three half days per week during feeding 
times. 

The main tourist season is in June, July, August, September the 
peak tourist months. During the wet season few tourists visit 
the Kimberley. 

Approximately 12,000 are expected to visit the farm during the 
peak months. 2,400 per month/600 per week/200 per feeding 
session during the dry season and around 100 per week/with 
approximately 33 per feeding session for a total of 3,000 during 
the wet season months. These figures are expected to rise slowly 
over the next decade. 

PEAK TOURIST MONTHS 12,000 

2,400 per month 
600 per week 
200 per feeding session 

45-50 cars and 3 buses per session. 

WET SEASON MONTHS 3,000 

100 per week 
average 33 per feeding session 

Average 10 cars and no buses per session. 

As the majority of visitors want to see crocodiles fed there is 
a concentration of vehicles arriving at feeding time. This has 
not been a problem at Cable Beach Park, but to alleviate 
possible congestion on the main road the Main Roads Department 
and the Shire of Broome have stated that entrance and exit from 
the car and bus park must be from the Crab Creek Road and not 
the Broome Road. 

The re—routing of the main road once the Broome Airport is 
relocated will not affect this proposal. Changed traffic flow 
will be closer to Broome. 

Access to the site has been discussed with the Shire of Broome 
and the Main Roads Department. Both authorities agree that the 
start of Crab Creek Road must be upgraded and all traffic must 
enter and leave the vehicle parking area from Crab Creek Road 
to minimise disruption to the traffic flow along the main Broome 
Road. Tourists normally arrive gradually over a period of 45 
minutes and leave slowly up to an hour after feeding has been 
completed (video screenings are available, while others remain 
to continue taking photographs or videoing). 
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5.0 EXISTING ENVIRONMENT 

In considering a small crocodile farm and tourist facility it 
is necessary to examine the natural environment of the site 
so as to assess the potential impact of the facility on the 
environment. 

The site is about 20% pindan vegetation and 80% salt marsh. The 
saline flat is part of the tidal and supratidal system and 
within an area that could be inundated by storm surge and wave 
action during cyclonic conditions. Beyond the site is a 
significant mangrove system. The Environmental Protection 
Authority has described the site as environmentally sensitive. 
With this in mind the development will have to be constructed 
and operated without affecting the surrounding environment, 
particularly the mangrove system. 
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5.1 METEOROLOGY/CLIMATE 

Broome experiences a tropical monsoon climate. The winter 
(May-October) is the dry season and the summer (November-April) 
is the wet season. 

The seasonal movement of a belt of anticyclonic (anticlockwise) 
winds dictate the wind and weather in the region. 

During the winter months the belt moves north and east south 
east winds (10-30 kms/hour) prevail. The belt moves south in 
summer resulting in westerly winds (10-20 km/hr), tropical rain 
and humid conditions. In January the mean daily maximum 
temperature is 33C with a mean rainfall of 163mm. In July the 
mean daily maximum temperature is 28C and rainfall 6mm. 

Average annual rainfall is approximately 600mm with average 
annual evaporation about 2,300mm. 

Tropical cyclones can affect the Broome area. Flooding, heavy 
rain and destructive hurricane force winds are associated with 
cyclonic disturbances. Tropical cyclones can develop over water 
which is at least 27C. Therefore if the right conditions exist 
they can form any time of the year. The 'official' cyclone 
season is November-April. 

Since 1909, twenty four cyclones have crossed the coast within 
150 kilometres of Broome. Eight have crossed within 50 
kilometres. Gale to hurricane force winds (+85 knots or 
160km/br) are often experienced within 20 to 150 nautical miles 
from the centre of a cyclone. Cyclones normally form out to sea 
north-west from the Kimberley and travel in an erratic path in a 
southerly direction. Existing records show that no cyclone has 
ever formed south of Broome and travelled in a northerly 
direction. So the possibility of a wave surge up Dainpier Creek 
and right through the extensive mangals at high tide is very 
remote. But it may happen sometime in the future and the levee 
must be adequate to cope with this scenario. 

Although cyclones are relatively infrequent they can cause major 
damage along the coast. 
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SOIL TYPE AND CHARACTERISTICS 

The high area is typically red, sandy pindan. 

The salt marsh soil has been classified by the consulting 
engineers as clayey sand. 

The top layer (0.5m) contains decomposing vegetation matter. 
Below 0.5 metres the soils are suitable for levee construction. 

DRAINAGE 

From the Broome Road the block slopes down to the salt marsh so 
there is ideal natural drainage. 

Drainage from the car park and all areas around the pens and 
buildings on the high pindan area will be directed into the 
large pond system to decrease the salinity during the breeding 
season. 

EXISTING WATER QUALITY 

The Department of Mines has recently completed drilling 
programmes in the Broome area and there is now information 
available showing regional and local characteristics of the 
aquifer and the general regional groundwater flow. Groundwater 
salinities generally in excess of 9,000 mg/litre are available 
at the Crab Creek Road block. 

These figures were confirmed when a test bore was put down 
twenty-four metres by drilling contractor, V. Hoile of Kimberley 
Water Pty Ltd. 

COASTAL PROCESSES 

The proposed site is four kilometres inland from the Roebuck Bay 
coastline, one kilometre inland from the top of Dampier Creek, 
beyond extensive mangals. The normal coastal processes will not 
affect this site. 
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EXISTING VEGETATION COVER WITH PARTICULAR REFERENCE TO 
MANGROVES, SALT MARSH, SPOROBOLUS GRASSLANDS AND PINDAN 
VEGETATION 

The boundary of the proposed farm does not infringe on the 
mangroves in any way. 

There are extensive salt marsh samphires and grasses on the 
flats. Identification is as follows: 

* Sporobolus virginicus - grass 
* Hemichroa diandra 
* Halosarcia halocnemoides ssp - tenuis 
* Calandrinia sp. 
* Threlkeldia diffusa 

Gomphrena flaccida 

The pindan vegetation is typical of the area. The major species 
being: 

* Acacias 
* Eucalypts 
* Persoonia 
* Lysiphyllum 
* Hakea 

DAMPIER CREEK AND ITS ENVIRONS 
IN PARTICULAR REFERENCE SHOULD BE MADE TO THE FLUSHING 
CHARAC1'ERISTICS OF THE CREEK 

South of the proposed development is Dampier Creek and extensive 
mangals. Dampier Creek has a tidal range of approximately nine 
metres. The substrate is grey mud and sand. 

During high Spring tides the mangals and salt marshes are 
inundated. A few times each year salt water flows over the 
lower section of Crab Creek Road. 

On the ebbing tides there is a strong flow of water out into 
Roebuck Bay. At low tide Dampier Creek is completely drained. 

The seaward zone of mangal consists of: 

* Avicennia marina 
* Aegiceras corniculatum 
* Carnptostemon schultzii 
* Rhizophora stylosa 
* Aegialitis annulata 

The landward zone consists of Excoecaria agallocha and Ceriops 
tagal. 

29 



OFFICIAL DATA ON TIDES, STORM SURGES AND TIDE HEIGHTS 

Records maintained by the Department of Marine and Harbours 
indicate the following surge heights for various return periods. 

Return period (years) 	 Surge (m) 

150 1.35 
100 1.3 
50 1.2 
10 0.95 
2 0.65 

The probability of the peak storm surge occurring at the same 
time as a high Spring tide peak is low. 

According to the Department of Marine and Harbours the highest 
recorded tide was 9.7m (tide datum approximately 20 years of 
records) This corresponds with an elevation of about 5.24 AHD 

An extract for Broome from the Australian National Tide Tables 
(1987) is included. 

USE OF THE AREA BY SHOREBIRDS 
THOSE SPECIES COVERED BY CHINA-AUSTRALIA AND JAPAN-AUSTRALIA 
AGREEMENTS 

The proponent approached the wardens (Stuart Jackson and Kira 
Jackson) at the Broome Bird Observatory requesting that they 
comment on the possible effects of the proposed crocodile farm 
development. Their reply is as follows: 

TITLE: An investigation of the possible effects of the proposed 
crocodile farm development at Crab Creek Road on the bird 
species currently utilising the area. 

INTRODUCTION: The area of land included in the proposed 
crocodile farm consists of two habitat types: an area of 
'Pindan' woodland and a much larger area of Samphire salt marsh. 
The area of Pindan comprises a small proportion of the proposed 
development and is located along the edge of the highway. It 
cannot be considered as typical of this type of habitat as it 
has been altered considerably by human activity. The road 
construction and maintenance, together with the deposition of 
litter and, even in some areas, household refuse, has resulted 
in the degradation of the area to such an extent that it is 
rarely used by the natural wildlife. Due to these factors and 
the depauperate nature of the bird community in this area it 
has not been considered in this study. 
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The salt marsh area that comprises the majority of the area 
covered by the proposed development has also suffered from the 
effects of human activity. This has taken the form of an area 
of excavation that serves as a reservoir for water flowing from 
the edges of Crab Creek Road via man—made channels during those 
periods when the road is flooded by the spring tides and by 
heavy rainfall during the wet season. There is a dirt track 
across the area and evidence of vehicular activity on the 
salt marsh adjacent to this track. These artificial factors have 
resulted in a considerable modification to the natural drainage 
of the area and in so doing have provided areas that hold water 
for extended periods of time. These areas are currently being 
utilised by a number of species of wading birds as an area for 
feeding and roosting. 

METHODS: Over the period March 1988 until June 1991 the staff of 
Broome Bird Observatory have recorded the presence and relative. 
abundance of all species of birds identified by themselves and 
guests at the Observatory on a daily basis. 

Due to the variability of the ability of different observers in 
both count accuracy and identification abilities only those 
verified by an experienced observer have been considered as 
suitable for inclusion in the data base. Species that have only 
been sighted on a small number of occasions (for the purposes of 
this study, less than 5) have been disregarded. It should be 
noted that none of these species have been sighted exclusively 
in the area of the proposed crocodile farm development. 

Over the three years that records have been kept the area under 
examination has been surveyed on average three times a week. 

RESULTS: All of the bird species that have been identified on 
the area of the proposed crocodile farm development during the 
period of study have been identified in Table 1. They have been 
listed by common and scientific names used in A FIELD GUIDE TO 
AUSTRALIAN BIRDS by Simpson and Day and in the same taxonomic 
order. This list does not give a true indication of the species 
that are actually utilising the area as many of the species 
listed have been identified whilst in flight over the area, 
whilst others have 'strayed' into the area from surrounding 
habitats. 

Species that traverse the area (such as raptores, parrots and 
assorted bush birds) should not really be considered as part of 
the resident or opportunistic bird fauna of the area and can, 
to all intents and purposes, be disregarded from the study. 
Those species that have been identified as utilising the area 
for either feeding habitat or roosting areas have been 
identified in Table 2. 

Of the species identified in Table 2, it is those that are 
international migrants that are of the most interest as they 
are covered by the Japan Australia Migratory Birds Agreement. As 
such any development that interferes with their existence must 
be considered with special care. These migrant species are 
identified in Table 3. 
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CONCLUSIONS AND RECOMMENDATIONS: It is our opinion that the 
development of a crocodile farm on the area of salt marsh and 
Pindan bordered by the highway and Crab Creek Road will have no 
deleterious effect on the species of birds currently utilising 
the area. All of the species of wading birds that have been 
identified in the area are found in greater numbers and with 
greater frequency on either the beaches and mudflats of Roebuck 
Bay or at the settlement ponds at the town sewage treatment 
facility. 

The area of the proposed development that the birds are 
currently using is the area of salt marsh that has suffered the 
most modification due to human activities. These modifications 
have resulted in the presence of small low-lying areas that form 
ponds after periods of heavy rain or after inundation by the 
higher of the spring tides. The development of further unnatural 
ponds, in the form of rearing and settlement ponds at the 
proposed farm would, in all probability, serve to provide a much 
larger area of usable habitat for the wading birds of the area. 

It is recommended that the ponds be constructed in such a manner 
that the shoreline is able to be utilised by the wading birds of 
the area as roosting sites and that the ponds are stocked with a 
fauna representative of that currently found in the salt marsh 
ponds of the area thereby enabling them to be used as feeding 
areas. It would be considerable advantage to the birds if 
islands were constructed in the settlement pond where the birds 
could be free from human disturbance. 

The revegetation of the levee banks should serve to provide a 
suitable habitat for several species of the mangrove birds and 
bush birds and, if carried out well, will result in the increase 
of the populations of these birds in the immediate vicinity. 

For the purposes of landscaping within the farm it is 
recommended that plant species indigenous to the area, in 
particular those found in the Pindan, be used. This would 
provide a usable habitat for the bush birds displaced by the 
development. 

Overall, the development of the crocodile farm could result in a 
considerable increase in the density and diversity of the bird 
fauna of the area. This would occur only if the development 
creates as little disturbance as possible to the surrounding 
area during construction and the development itself is carried 
out in an environmentally-friendly manner paying particular 
attention to the establishment of floral and faunal communities 
within the farm that are representative of those in the 
immediate vicinity. 

The detailed list of bird species is included at the end of the 
CER. 
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5.2 EXISTING ADJACENT LAND USES AND THE PROXIMITY OF THE 
NEAREST RESIDENCES. 

Opposite the Crab Creek Road block is a new light-industrial 
sub-division. The farm will not affect these blocks, except that 
the stormwater drainage from the sub-division will have to be 
directed around the boundary. At the present time the stormwater 
flows out onto the samphire flats where the proposed ponds 
will be constructed. 

Three kilometres to the north is the Broome Caravan Park. The 
residents will not be affected by the crocodile farm in any way. 

Two kilometres from-the block towards the Broome town centre on 
the right of the main road is a special residential area 
reserved for the use and benefit of Aboriginal people. The 
proposed farm does not infringe on the mangroves and the 
development will not restrict the Aboriginal peoples' movement 
through the area to their fishing spots along Dampier Creek. 

The current zoning of the proposed crocodile farm site is Town 
Common. It is not developed in any way. A large portion is open 
samphire flats. Well away from the site, to the south and south 
east are extensive mangals. 

To the north on the opposite side of Crab Creek Road, the local 
Pony Club has established an equestrian centre. The proposed 
Crocodile Farm will not interfere with or disturb the horses or 
the club's activities in any way. 

CURRENT AND PROPOSED LAND USE, LAND TENURE AND ZONING IN THE 
AREA 

The zoning is the responsibility of the Shire of Broome. The 
area is currently zoned as Reserve (Common) with text reading 
"can be used for townsite development". Current use is that of 
Common with the tenure as a Crown Reserve vested with the 
Shire of Broome for the purpose of Common." 
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COMMUNITY ACCEPTANCE OF THE PROPOSAL 

The Broome community has been advised of the proponents t  
intentions through many informal discussions and letters to the 
local Broome News. 

The proponent believes the majority of Broome residents support 
the proposal and the resultant tourist and economic benefits for 
the town. 

Two individuals have voiced their opposition in the Letters to 
the Editor section of the Broome News. The proponent has replied 
to their concerns. 

A spokesperson for the Broome Botanical Society has expressed 
some concern about the project during discussions with the 
proponent. 

On 30th May 1990 an informal meeting of Councillors and the 
Shire Engineer was convened. They met the proponent on the site 
which allowed everyone present to be made aware of the proposed 
development. One Councillor expressed concern about the 
development, the majority supported the proposal. 

On the 31st May 1990 another meeting was held on the site with 
Paddy Roe representing the Aboriginal people. After walking 
around the approximate boundaries, Mr Roe declared that he had 
no objection to the proposed development. 

On the 9th April 1991 another meeting on-site was arranged by 
Marlene Bruce, Aboriginal Sites Dept of the WA Museum. Those 
present were Ronnie Carter, Jack Edgar, Dick Johnson and Mark 
Johnston, Manager of the Broome Crocodile Park. Mark Johnston 
explained how the area would be developed and asked the 
Aboriginal people to point out any sacred site or sites of 
significance. It was established that the area contained no 
sacred sites. An area of pindan beside the highway has been 
declared a "traditional camping area". 

Once the CER has been released for public review and the written 
submissions received from the public a meeting will be convened 
in Broome if there are a large number of submisisons expressing 
concern about the development of the proposed site as a 
crocodile farm. The meeting will enable the public to question 
the proponent. 

ABORIGINAL SITES 

It has been established that the area contains no sacred sites. 
A strip of pindan along the highway has been declared a 
traditional camping site by the Yawuru Corporation. The 
proponent has made written application to the Trustees of 
the Museum of Western Australia for a Section 18. 
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5.3 OTHER EXISTING ENVIRONMENT FEATURES WHICH MAY BE RELEVANT 

WATER RESOURCES GROUND AND SURFACE WATERFLOWS 

There is no surface waterfiow except for periodic run-off 
during thunderstorm activity in the wet season. 

There is ample brackish water below the surface. 

Results of the Test Bore - October 1990 

Depth 	 24 metres 
Salinity 	 9,000ppm 
Flow Rate - estimated.(6 inch bore) 	13,600 L/hr 

If a six inch bore was sunk another 20m the flow would increase 
by 6,750 L/hr. 	(V. Hoile per comm) 

The ample supply of brackish water will be available for large 
ponds. 

A second sample was tested by the Water Authority, Karratha - 
May 1991 for a result of - Salinity 10,900ppm. 

FLORA AND FAUNA 

There is no flora on the proposed site that is in need of 
special protection. The development will result in a small loss 
of pindan vegetation. Replanting around the pens and along the 
road reserve will actually increase the tree cover. There will 
be some loss of sporobolus grasses and samphires when the levee 
and ponds are constructed. 

By establishing a mangrove thicket along the levee the number of 
mangroves will actually increase. 

RESERVES AND EPA RED BOOK AREA 

The proposed development does not include any reserves. It will 
not be affected by the proposed reserves detailed in the 
Rimberley Region Plan Study Report. The proposed Roebuck Bay 
Marine Park is 10 kilometres further east. 

AESTHETICS 

The proponent is very conscious of h.ow the area will change with 
the development of a crocodile farm and tourist facility. 

The aesthetics along the main Broome Road will be retained, in 
fact, will be enhanced with further plantings of natives along 
the main roads reserve. 

The levee will be the most obvious change to the landscape. 
Extensive plantings of salt tolerant trees and shrubs and the 
establishment of a buffer of mangroves should lessen the impact 
of the levee. Within six years, as the trees mature, the area 
will greatly improve the general appearance of the whole site. 
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CLIMATE ESPECIALLY WITH RESPECT TO WIND CHARACTERISTICS IN 
NORMAL AND CYCLONIC CONDITIONS AND RAINFALL. NOTE: IN CALM WINDS 
ODOURS ARE MORE NOTICEABLE ON ADJACENT PROPERTIES. 

The Broome region experiences two distinct seasons. The wet and 
the dry. May to October is referred to as "the dry" (Winter) 
season. November to April is "the wet" (Summer) season. 

The prevailing wind during the dry season is east south east 
(10-20km/hr). During the wet season it blows in a westerly 
direction (10-20km/hr). During cyclonic and thunderstorm 
activity the winds can be erratic and could register up to gale 
force. 

There is a relatively small variation in the average monthly 
maximum temperatures, which range between 28C-35C. 
The temperature range is ideal for the establishment of a 
crocodile farm. The yearly evaporation rate is high (average 
2,300mm) enabling excess water to be dispersed naturally. 

Broome is in a cylconic zone and occasionally the centre of a 
cyclone passes near the town. For this reason structural design 
must allow for cyclonic extremes. Buildings must be designed to 
comply with SAA CODE 1170 Page 2.1989 relating to all structures 
within a cyclonic area. 

During the dry season the prevailing winds (E S E) blow across 
the Crab Creek Road block and away from the main residential 
areas of Broome. If there were any odours the township of Broome 
would no.t be affected. However, crocodile farms create virtually 
no odour. 

If at any time there was an unacceptable smell it would quickly 
be traced as it would deter tourists and reflect badly on the 
hygiene and overall management operation. 

PROXIMITY TO HOUSES 

At the present time there are no residential houses within two 
kilometres of the proposed site. 

The Broome Caravan Park is three kilometres away to the north. 

HISTORICAL, ARCHAEOLOGICAL AND ETHNOGRAPHIC SITES 

There are no historical, archaeological or ethnographic sites on 
or close to the Crab Creek Road block. 
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6.0 ENVIRONMENTAL IMPACTS 

The land at present is zoned Town Common. The salt marsh is part 
of the tidal and the supratidal system and will be affected by 
the development of a crocodile farm in as much as the flats will 
change visually. Until the planting is finished and mangroves 
are established, the completed levee will be obvious. Once the 
trees mature the environmental impact will be positive and 
pleasing. 

NUTRIENT LOADS 

There will be virtually no nutrient load on Dampier Creek. The 
farm will not be a large operation and after the water from the 
growing-out ponds has passed through a pit trap, septic system 
and through several settling ponds it will disperse through 
natural evaporation. If the settling ponds fill during the wet 
season, the water released on the ebbing high spring tide (after 
Water Authority Testing) will contain negligible amounts of 
natural organic degradable material. 

EXPECTED SALINITY 

The brackish water from the bore will be around 10,000ppm, 
approximately a third as salty as sea water. Evaporation in 
Broome is 3.0 metres. With large settling ponds no water will 
be pumped into Dampier Creek, especially during the months of 
high evaporation (Oct-Jan). Pond salinity will increase with 
evaporation, but will be diluted again during the wet season. 

IMPACT OF DISEASE OR DISEASE CONTROL ON THE ENVIRONMENT 

At the present time there are no known transmittable diseases 
that may affect humans who come in contact with crocodiles or 
their environment either in the wild or in captivity. 

Apart from stress related problems and, fungus, crocodiles are 
virtually disease free. 

No environmentally sensitive chemicals are used in disease 
control or the treatment of illnesses or injuries in crocodiles. 

IMPACTS ON THE ECOLOGY FROM THE DISPOSAL OF WASTES 

As stated throughout this proposal there will be so little 
waste from this farming operation as to have no impact on the 
environment. In fact extensive colonies of small fish in the 
settling ponds are an environmentally perfect waste control 
measure. 
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THE LIKELIHOOD OF ODOURS 

There will be virtually no odours created at the crocodile farm. 
The proponents' Cable Beach Park has now been operating for 
eight years. It is currently stocked with 450 crocodiles. It is 
next to the recently completed $55 million dollar development, 
Cable Beach Club. Odours at a crocodile farm and tourist 
facility would not be tolerated by the visitors and would be a 
poor reflection on day to day farming procedures. 

There are now ten large crocodile farms in Australia. Some, like 
The Lagoon Crocodile Farm which is only ten kilometres from the 
Darwin GPO, are reasonably close to residential areas. Currently 
stocked with 9,000 crocodiles the farm produces virtually no 
odours. All waste water flows through a septic tank and out 
into a large settling pond at the rear of the farm. 

EFFECTS OF DRAWDOWN FROM BORE ETC. 

The trees planted on the high pindan area will be watered with 
the town supply. The bores will be used for brackish water. 
There is an abundant supply. The water level rises very close to 
the surface during the high Spring tides. The brackish water 
will be used to water trees on all the levees and other saline 
areas. A recent letter from Dr Paul van der Moezel, Department 
of Botany, the University of WA states: 

"We have developed several Melaleuca and Casuarina species with 
high tolerance to seawater irrigations and at present are 
successfully watering Eucalyptus camaldulensis (river red gum) 
saplings with seawater on a deep sand site near Perth. Whether,  
you can grow plants at your site with salty water will depend 
on the soil. A sandy soil where salt will not build up is best. 
Watering with seawater quality water is fairly extreme and 
obviously if the salty water could be mixed with fresher water, 
the plants will grow much faster." 

EFFECTS OF SURFACE RUN-OFF MEASURES ETC. 

There will be some erosion of the levee during the consolidation 
period. The impact on the mangroves and salt marsh vegetation 
will be negligible. 
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LANDSCAPE AND AESTHETICS 

There will be minimum impact on views from the main road. The 
thirty metre road reserve will be greener and thicker with the 
establishment of extra trees behind it and controlled watering 
in the vicinity. 

Species to be planted behind the road reserve are: 

* Lysiphyllum canairghanii 
* ?t 	 if  cunninghamii 
* Eucalyptus camaldulensis 
* 	 " bigolerita 
* " 	" terminalis 
* H 	 zygophylla 
* Terminacia petiocaris 
* Terminalia petiolaris 
* Lophosteriom grandifloa 
* Meleleuca wiridiflora * if 	 tt  nervosa 
* Acacia plectocarpa 
* 	" 	bivenosa 
* 	" 	eriopoda 
* 	" 	polosericea 
* 	" 	holosericosa 
* 	" 	trachyeerpa 

The levee will be visible from Crab Creek Road when it is first 
constructed and might provoke strong comment initially from a 
small minority of the community. The proponent is sensitive to 
peoples' views and is anxious to develop slowly to ensure that 
any problems that may develop can be satisfactorily rectified. 
As the levee stabilises and consolidates the salt tolerant trees 
and samphires established on the levee and the mangrove thicket 
encouraged to grow beside the levee will greatly reduce the 
visual impact. 

TRAFFIC PATTERNS AND NOISE IMPACT 

Increased traffic flows will be slight (see 4.7 traffic matters) 
and noise during construction will be kept to a minimum. With no 
residential housing nearby the noise of an excavator and truck 
will be barely noticed. 

IMPACT ON SURROUNDING LAND USE ACTIVITIES 

The development of the crocodile farm will haveno effect on the 
light industrial sub—division on the opposite side of the main 
road. The Pony Club, on the opposite block at the beginning of 
Crab Creek Road will not be affected in any way. 

There is no other land use anywhere near the proposed crocodile 
farm. 

EFFECTS ON FISHING ACTIVITIES 

The crocodile farm will have absolutely no effect on 
recreational fishing in Dampier Creek and the associated mangal. 
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LIKELIHOOD OF CROCODILE ESCAPES AND RECORD OF THE AUSTRALIAN 
CROCODILE FARMING INDUSTRY 

Measures to prevent escape of crocodiles at the proposed 
crocodile farm are explained in detail in Section 4.4. 

As stated, mature crocodiles are extremely territorial and 
after an initial period of adjustment do not ever attempt to 
escape. Even if a mature crocodile is moved to a new pen it will 
attempt to return to its original pond. There have been verbal 
accounts of mature crocodiles leaving their ponds (Daru Island 
PNG, Cockatoo Island WA, Hamilton Island Qld). On each occasion 
the "escape" was due to human error and after several hours the 
crocodile returned to its pen, found the open gate and 
re-entered its pond. 

At the Broome Crocodile Park, in the beginning, there were a 
number of escapes of young crocodiles due to human error and 
lack of expert knowledge of crocodile behaviour. 

The proponent is a member of the Australian Crocodile Farmers' 
Association, the International Union for Conservation of Nature 
and Natural Resources (IUCN) Crocodile Specialist Group. Through 
these organisations a "pool" of knowledge ensures that new 
ideas, pen designs and the latest farming techniques are passed 
on to members. 

The Darwin Farm in its early days had young crocodiles escaping. 
Improved pen design now ensures that crocodiles are unable to 
escape. 

"Dundee Park" in north Queensland had problems with crocodiles 
escaping during the last two wet seasons. A four hectare 
melaleuca swamp was fenced and the area stocked with over 100 
crocodiles. The local banana growers urged the management to 
remove the crocodiles as the area was flood prone. Ignoring 
local advice the area was fenced. During 1990, flash floods, 
literally floated the crocodiles over the two metre high 
chain mesh fences. Recaptured, they were returned to the same 
area until the 1991 wet season. Again the crocodiles were 
flooded out into the nearby bay. The crocodiles were once again 
captured. The park then went into receivershi.p and the stock is 
to be disposed of in the near future. The males are to be 
slaughtered, the females sold to other farms (including thirty 
to the Broome Crocodile Farm/Park) 

It is in the interests of the Crocodile Farmers' Association to 
ensure that crocodiles do not escape. It attracts adverse 
publicity, causes serious concern to local communities and if a 
young crocodile should escape it is a serious financial loss to 
the farmer. 

With the latest pen design there is virtually no chance of 
crocodiles escaping. 

40 



Salt-water crocodiles (C. porosus) have been protected in WA 
for over twenty years and the wild population is increasing. In 
the future crocodiles will once again be seen in Roebuck Bay, 
Dampier Creek, Crab Creek area (a three metre crocodile was 
captured alive in Willie Creek near Broome in March 1991). An 
essential element of crocodile farms is public education, making 
people more aware of crocodiles, encouraging them to respect 
crocodiles and to understand crocodiles. The local community 
must accept that contact with crocodiles will increase. The NT 
Government has started a public education programme called 
"Living With Crocodiles", the same slogan could also be applied 
to the Kimberley. 
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7.0 ENVIRONMENTAL MONITORING AND MANAGEMENT 

The proposed crocodile farm is designed and will be managed in 
such a way that there will be marginal impact on the surrounding 
environment. The development will be completed in stages and the 
next stage will only be started when the proponent and 
consultants and relevant authorities are all assured that the 
project is progressing satisfactorily according to the CER 
guidelines. Apart from the initial construction of the ponds 
and levee, when there will be a small movement of loose soil 
after big spring tides, there will be no impact on Dampier Creek 
and associated mangals. 

The authorities responsible for monitoring the programme are: 

* Environmental Protection Authority 

* Shire of Broome 
Shire Engineer 
Building Surveyor 
Health Surveyor 

* Conservation and Land Management 

* WA Water Authority 

MONITORING 

Water purity will be monitored regularly. Samples for analysis 
will be sent to the Water Authority and if further analysis is 
required it will be sent to the Government Health Authority. In 
the event that any contamination is detected, appropriate action 
will be taken in consultation with the Shire of Broome, Health 
Department and the Environmental Protection Authority. It must 
be stressed that this crocodile farm is not setting a precedent. 
There are ten large farms and several smaller ones now operating 
in Australia and over one hundred throughout the world. 
Crocodile farmers are continually in contact with one another 
and unusual occurrances are immediately reported to all 
interested parties. 

In practical terms crocodile farms are environmentally 
friendly. The fish population increases and the man-made ponds 
attract considerable numbers of birds (eg herons, ibis). In the 
future, revegetation could be instigated using local species 
from: 

collection of seeds and resowing the high pindan area. 

arranging with Paul's Nursery, Broome and the Department of 
Conservation and Land Management Nursery, Broome, to grow 
endemic species for replanting. 

transplanting of samphires to areas that are inundated by 
salt water. 

With an access track around the levee it can be regularly 
monitored for erosion. If refilling an eroded section is not 
appropriate, stone fill is available. 
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The monitoring of fences will occur daily during the normal 
operation of the farm. 

The fencing manufacturers (DBS Fencing and BHP) are vitally 
interested in the longevity of PVC and galvanised mesh fencing. 
Inspection will be thorough. 

The establishment of ecologically designed ponds is a major 
interest of the proponent. Water quality will be monitored 
by the Water Authority of Western Australia. 
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8.0 COMMITMENTS 

The proponent is commited to ensuring that the Crab Creek Road 
Crocodile Farm and Tourist Facility has minimum environmental 
impact and to ensuring that it will be aesthetically pleasing. 

Consequently the proponent: 

Makes the commitment, if the crocodile and tourist venture 
fails, to rehabilitate the site to the satisfaction of the 
Environmental Protection Authority and the Shire of Broome. 

Makes the commitment that, to the satisfaction of the 
Environmental Protection Authority, there will be no 
disturbance to the mangroves of Dampier Creek and Roebuck Bay 

Makes the commitment that the monitoring and replanting of 
the 30 metre road reserve with endemic species will be 
carried out to the satisfaction of the Department of 
Conservation and Land Management. 

Makes the commitment to establish, with minimum disturbance 
to existing habitat, a crocodile farm and tourist facility 
that will be aesthetically pleasing and environmentally 
acceptable, to the satisfaction of the Environmental 
Protection Authority and the Shire of Broome. 

Makes the commitment that sound management practices will 
ensure no odour to the satisfaction of the Shire of Broome 
Health Inspector and the Environmental Protection Authority. 

Makes the commitment to complete the work in a period of five 
years and to minimise disturbance to the adjoining properties 
and the community to the satisfaction of the Environmental 
Protection Authority. 

Makes the commitment to construct, stabilise and landscape 
the levee to the satisfaction of the Environmental Protection 
Authority and the Broome Shire Engineer. 

Makes the commitment to construct the security fences and to 
daily monitor all fences and ensure that repairs associated 
with the fencing are completed promptly to the satisfaction 
of the Department of Conservation and Land Management. 

Makes the commitment that at any time (eg during a period of 
cyclonic rain) excess water is released only on the high 
ebbing tide and only then after an analysis of the water has 
been completed by the Water Authority of Western Australia. 
Records of the water analysis and amount of water released 
will be sent annually to the Environmental Protection 
Authority and the Department of Conservation and Land 
Management. 
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9.0 CONCLUSION 

The proponent is very concerned about the long-term survival of 
crocodiles in the wild. In the future the travelling public are 
going to come into close contact with crocodiles. The Broome 
Farm concept will be a valuable education facility to help 
people understand and respect these unique and ancient rektiles. 

It is the proponents' opinion that the proposed Crocodile Farm 
and Tourist Facility will have only minimal impact on the 
environment according to all the guidelines and commitments. 
stated in detail within this proposal. 
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11.0 GLOSSARY 

neàp tide - the tide of minimum range occurring at the time of 
the first and third quarters of the moon. 

spring tide - a tide of maximum range at the time of both new 
and full moon. 

samphires - succulents that normally grow on saline areas. 

WA - Western Australia 

NT - Northern Territory 

QLD - Queensland 

CALM - Department of Conservation and Land Management. 

C. porosus - Crocodylus porosus, the salt—water/saltwater or 
estuarine crocodile. 

Geotechnics (Geotechnical Engineering, Engineering Geology) - 
the science and art of the mechanics of soil, rock 
and groundwater. 

CER - Consultative Environmental Review. 

batter - the slope of the side of the levee. 

sporobolus grasslands - grasses that can tolerate inundation by 
salt water during high tides. 

mangals - a mangrove thicket of a number of species. 

salinity - soil or water impregnated with salt. 

supra tidal system - the area above the high tide range. 

4WD - Four—wheel drive vehicle. 

"growers" - young crocodiles being reared for skins. 
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GUIDELINES FOR THE CONSULTATIVE ENVIRONMENTAL REVIEW 
FOR RELOCATION OF CROCODILE PARK TO 

CORNER OF BROOME RD & CRAB CREEK RD, BROOME 

These Guidelines identify issues that should be addressed within the Consultative Environmental Review 
(CER). They are not intended to be exhaustive and the proponent may consider that other issues should 
also be included in the document. 

The CER is intended to be a brief document; its purpose should be explained, and the contents should 
be concise and accurate as well as being readily understood by interested members of the public. 
Specialist information and technical description should be included where it assists in the understanding 
of the proposal. It may be appropriate to include ancillary or lengthy information in technical appendices. 

It should also be noted that the guidelines are not intended to convey the Authority's wishes with respect 
to the format of the document. The format is a matter for the proponent. 

The purpose of the CER is to allow all relevant authorities and the public to evaluate the proposal 

1.0 Summary 

The CER should contain a brief summary of: 

salient features of the proposal; 
reasons for the proposal; 
investigations undertaken and proposed; 
alternatives considered; 
description of receiving environment; 
analysis of potential impacts and their significance; 
environmental monitoring, management, safeguards and commitments; and 
conclusions. 

2.0 Introduction 

The CER should include an explanation of the following: 
identification of proponent and responsible authorities; 
background and objectives of the proposal; 
brief details of, and timing of the proposal; 
scope, purpose and structure of the CER. 

2.1 	Relevant statutory requirements and approval procedures. 

Requirements of Department of Conservation and Land Management under the Wildlife 
Conservation Act and CITES. 
Description of approval processes and requirements of the Department of Planning & Urban 
Development 
Describe the Department of Land Administration approval process to achieve the lesuit desired 
forthis proposal 
Any other requirements or approvals, particularly the Water Authority of WA and the Shire of 
Broome. 



3.0 Alternatives 

The evaluation of alternative sites1  is an important part of a CER. The discussion should state basic 
environmental, planning, and engineering parameters used in the investigation and evaluation of each 
alternative option. Each option should be described to at least provide an appreciation of its salient 
features. 

Factors which should be considered in the above analyses are: 

Existing land uses at and adjacent to each site 
Engineering requirements 
Community acceptance 
Planning considerations 

4.0 Description of proposal 

A full description of the proposal should be given, including appropriate maps and diagrams to describe 
the proposal. Particular attention should be paid to describing the following aspects of the proposal. 

4.1 Overall concept and philosophy 

describe the overall plans for the farm 
landscaping treatments proposed or required on public and private land. 
effect on development proposals of current and proposed land uses adjacent to the site (This 
should be discussed with the Department of Planning & Urban Development) 

4.2 Proposed timetable 

Schedule timing and staging of proposal. 
Need for such timing. 
Describe contingency to restore site and relocate crocodiles should the proposal not proceed 
beyond a certain stage 

4.3 Construction details 

control and staging of project. 
traffic movements during construction. In particular the number of truck movements to provide 
materials such as soil should be noted. 
noise control measures (eg hours of work) 
dust and mud control measures 

4.4 Description of proposed farm 

Special reference should be made to design features which reflect the environmental constraints of 
the site as described in Section 5.1 such as protection from storm surge and cyclones. 

describe the banks and fencing around the site 
establishment of vegetation for landscaping/ screening/stabi lisation 
location of facilities, particularly the toilet block and slaughterhouse 
compliance with relevant health and building standards should be discussed. Knowledge of the 
relevant standards should be demonstrated. 
Measures to prevent escape of crocodiles. Describe materials to be used with special reference 
to expected longevity of materials in a salty environment. 

for example Buckley's Plain 



4.5 Description of proposed operations 

anticipated stocking rate noting seasonal variations 
frequency of pond cleaning operations 
source and type of feedstuffs and feeding rates. Nitrogen and phosphorus content of feeds 
should be given where known. 
nate the normal period that food will be left in the ponds before it is removed 
disease control measures 

	

4.6 	Disposal of wastes 

Describe proposed pond water treatment systems, such as settling ponds and how they will 
affect water quality prior to discharge of effluent water. 
Discharge of treated pond water; provide details regarding quantity, rate of discharge, time of 
discharge and water quality. 
The disposal of sewage wastes from on-site toilets should be described. 
Proposed method of disposal of slaughterhouse wastes should be considered. Estimate 
quantities of such waste likely to be produced. 

	

4.7 	Traffic matters 

describe anticipated visitor numbers and traffic flows. Include anticipated changes to traffic 
flows/visitor numbers from proposed re-routing of main road away from the coast at this point 
(This depends on the relocation of the Airport) 
describe proposed access to the site with particular reference to discussions held with the Main 
Roads Department and Shire of Broome. 

5.0 ExistIng Environment 

The CER should provide an overall description of the environment and an appraisal of physical, social and 
ecological systems likely to be affected by the proposal. It should concentrate on the significant aspects 
of the environment likely to be impacted by the development (in particular the processes sustaining the 
system) and significant aspects of the existing environment that may affect development potential. 
Factors which are likely to be affected by, have an impact on or affect the design of the proposal should be 
described. 

Wherever possible in the discussion of physical and biological processes that are essential determinants in 
the maintenance of habitats and resources, conceptual models or diagrams should be used to illustrate 
and synthesize the interactions between the processes. 

These issues need to be discussed in both a local and regional context. In addition the CER should, 
where appropriate, take cognisance of any other known developments proposed for the general area. 

The following aspects should be addressed. 

	

5.1 	Physical and biological 

meteo rology/cli mate 
existing contours and landform 
soil type & characteristics 
drainage 
existing water quality 
coastal processes 
existing vegetation cover, with particular reference to mangroves, saltmarsh,Sporobolus 
grasslands and pindan vegetation. 
Dampier Creek and its environs. Particular reference should be made to the flushing 
characteristics of the Creek (ie frequency of flushing, form of the creek, pools remaining at low 
tide etc) 
Official data on tides, storm surge and tide heights should be given 
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Use of the area by shorebirds, especially those species covered by China-Australia and Japan-
Australia Migratory Bird Agreements. 

5.2 Human 

existing adjacent land uses and the proximity of the nearest residences or public gathering 
places (eg the equestrian centre) 
current and proposed land use, land tenure and zoning in the area. 
Community acceptance of the proposal. Note past and proposed community consultation. 
Aboriginal sites 

5.3 	Other existing environment features which may be relevant, for example; 

water resources (ground and surface flows) 
flora &fauna 
reserves & EPA Red Book Area 
aesthetics 
climate, especially with respect to wind characteristics in normal and cyclonic conditions and 
rainfall. Note; In calm winds odours are more noticeable on adjacent properties 
proximity to housing 
historical, archaeological and ethnographic sites. 

6.0 Environmental Impacts 

This is a most important section of the CER and the discussion should show the overall effect of the 
proposal on the ecosystem and social surroundings during implementation of the project. 

The objective is to predict potential impacts on the environment. Impacts should be quantified where 
possible. Criteria for making assessments of the significance of impacts should be outlined. Compliance 
with relevant standards (eg industry standards) should be demonstrated. It may be necessary to determine 
impacts on individual components of the environment before an overall assessment of the potential 
impact of the proposal is made. 

The following potential environmental impacts should be included: 

the expected nutrient loads into Dampier Creek should be estimated. The expected dispersal 
characteristics should be described. 
the expected salinity of water disposed into Dampier creek should be estimated, with particular 
reference to the period when high rates of evaporation are likely to take place from the ponds 
bacterial levels likely in the effluent. 
impacts of disease or disease control measures on the environment 
the need for water treatment prior to discharge should be discussed and the anticipated water 
quality of the effluent water described. 
impacts on the ecology of the mangroves and Dampier Creek from effluent discharges should be 
discussed. 
potential environmental impacts from the disposal of wastes, particuiarly those noted in Section 
4.6 of these guidelines 
the likelihood of odours from the crocodile ponds and settling ponds and the frequency and 
likely extent of such odours should be described. 
effects of drawdown from bores on nearby vegetation. This is particularly relevant if brackish or 
fresh water is found which could support dependent vegetation. 
effects of surface runoff measures on the environment (on and off-site) such as increased silt 
loads or erosion 
landscape and aesthetics. Particular reference should be made to  the impact on views from 
adjacent roads and vantage points 
traffic patterns, flows and noise impact. 
impacts on surrounding land use activities 
effects on fishery activities. 

The likelihood of crocodile escapes should be detailed with reference to the existing operation in Broome 
and the record of the crocodile farming industry as a whole. 
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7.0 Environmental Monitoring and management 

An environmental management programme should be described on the basis of (and cross referenced to) 
the syntheses of potential environmental impacts. described above. Elements of monitoring and the 
environmental management programme should include the impacts and concerns identified above. 

The purpose of the management and monitoring programme is to demonstrate amelioration of 
environmental impacts. Authorities responsible for management should be clearly identified as should 
management administration, costs and funding including financial contingency planning. 

Emphasis should be placed on the manner in which monitoring results will lead, where appropriate, to 
amendments to the management programme or strategy plan. 

Environmental safeguards should be described. 

Procedures for reporting the results of monitoring and management to appropriate authorities should be 
given. 

It is important that specific commitments are given to a components and procedures of the management 
programme. 

In particular monitoring and management should include the following; 

the viability of revegetation using local species 
proposals for monitoring and management measures relating to bank erosion 
the frequency and extent of monitoring fences (above and below ground portions) 
proposals for water quality monitoring 

8.0 Commitments 

It is important that specific commitments are given to all components and procedures of the management 
and monitoring programme. These should be listed and phrased as follows; 

The commitment should include (a) WHO will do the work, (b) WHAT is the nature of the work, (c) WHEN 
the work will be carried out and (d) to WHOSE SATISFACTION the work will be carried out, and when 
appropriate (e) WHERE the work will be carried out. 

9.0 ConclusIon 

An assessment of the environmental acceptability of the project in terms of its overall environmental impact 
and in the context of the proposed management programme should be given. 

10.0 References 

11.0 	Glossary 

Provide definitions of technical terms and abbreviations). 

12.0 CER Guidelines 

13.0 Appendices 
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Coffey Partners International Pty Ltd 
Incorporated in NSW 

Consulting Engineers 
in the Geotechnical Sciences 

Dear Sir, 

RE: BROOME CROCODILE FARM 

1.0 	INTRODUCTION 

This report describes geotechnical studies carried out for Mr. M. Douglas on 
the proposedCrocodile Farm Project at the junction of the Broome Road and Crab 
Creek Road, Broome. 

This work was verbally commissioned by Mr. H. Douglas of the Broome Crocodile 
Farm on 13 July1  1990. 

It is understood that the project comprises a number of ponds for breeding, 
rearing and displaying crocodiles, a house, service buildings and a levee to 
prevent inundation during spring tides and or cyclonic storm surges. 

Information supplied to us included:- 

a site plan prepared by McDonald Drafting Pty Ltd. 
photographs of the site. 
a sketch plan showing the location of the site in relation to 
roads, soil type  boundaries and the mangroves. 

Soil and rock engineering 	 -. -' 	Offices and NATA Registered Laboratories 
Engineenng geology 	 . 	 Adelaide Atbury-WOdonga Atstonville 
Groundwater hydrology 	 . 	 Brisbane Canberra Darwin Gosiord 
Foundation engineenng 	 Logan City Melbourne Newcastle Penrith 
Mining geotechnics 	 Pertir Sydney Townsville Wollongong 
Dam engineering 
Computer applications 	 Burma. Thailand, Malaysia 
Construction control & monitoring 	 InDonesia. Bangladesh 
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The soope of our brief was to assess the suitability of materials excavated 
from the site for use in levee construction. Issues such as pond leakage, 
bearing capacity for buildings, excavatability and traffickability for 
construction equipment are not addressed. 

This investigation is for feasibility level studies only and should not be used 
for final design. 

2.0 	LABORATORY WORK 

A sample of material proposed for use in constructing the levees was supplied 
to us by the client. 	Laboratory testing was carried out by Western 
Geotechnics. Test results are presented in Appendix A. 

The material is classified as a Sc clayey SAND, fine grained, low plasticity, 
light brown and grey (mottled), moist. 

The site has not been inspected by Coffey Partners International Pty Ltd (CPI) 
personnel. Based on photographs and plans of the site supplied to us, it 
appears the site occupies an area of about 25 ha and is located in relatively 
flat topography with a slight slope to the south east. The site is bounded to 
the north by an unsealed road (Crab Creek Road) and to the west by a bitumen 
surfaced road (Broome Road). tangroves extend to within about 40 m of the site 
to the south and south east. 

It is likely that surface runoff, from the area to the north and west, flows 
through the site to Dampier Creek. 

Lower areas on the site are subject to inundation during spring tides. Broorne 
has a tidal range of up to about 10 in. An extract, for Brootne, from the 
Australian National Tide Tables is attached. 

A detailed site elevation survey has not been carried out. However it is 
understood that during high spring tides the water will be up to 0.4 in deep 
against the external levee surrounding the site. 

4.0 	ANALYSIS AND DESIGN 

To perform its function of excluding storm and tidal water from the Crocodile 
Park, the levee will be required to have the following properties:- 

low permeability to exclude seepage. 
adequate shear strength for the height and batter slope proposed. 
erosion resistance. 
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41 	Permeability 

Clayey SANDS and sandy CLAYS typically have low permeability. Provided it is 
placed at an appropriate moisture content and adequately compacted, material 
with the properties of the sample supplied should have a low permeability. 

4.2 	Shear Strength 

The proposed boundary levee is to have a height of about 3 in with a top width 
(for 4 wheel drive vehicular access) of about 4 m. 

For an adequate factor of safety against slope instability, a batter of 2:1 
(horiz : vert) is recommended.. This gives a levee base width of 16 in. This is 
wider than the 10 in shown on the drawings. 

4.3 	Erosion Resistance 

Broome is located in an area subject to cyclones. Allowance must therefore be 
made for the effects of:- 

storm surge 
wind set up 
wave action. 

Records maintained by the Department of Marine and Harbours indicate the 
following surge heights for various return periods. 

Return Period (years) 	 Surge (in) 

150 1.35 
100 1.3 
50 1.2 
10 0.95 
2 0.65 

However the probability of the peak storm surge occurring at the same time as a 
high spring tide peak, is low. Based on discussions with the Department of 
Marine and Harbours, it is considered preferable to work with historical tide 
level data. Information supplied by the Department of Marine and Harbours 
indicates that the highest recorded tide was at 9.7 in (tide datum, 
approximately 20 years of records). This corresponds with an elevation of 
about 5.24 AHD. 

The height of waves generated by wind action is a function of:- 

wind speed 
fetch (continuous area of water over which the wind blows) 
water depth. 
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The plans supplied indicate a fetch of about 100 in would be available from some 
directions between the inangroves and the levee under high tide conditions. The 
generation of a wave of 0.2 in is feasible under certain combinations of tide, 
wind direction and wind speed. 

The material proposed for use in levee construction is relatively fine grained 
and therefore likely to have poor erosion resistance. This factor is offset to 
some extent by the fact that erosion exposure time during high tide is likely 
to be of short duration. 

Options for erosion protection which could be considered include:- 

provision of stone rip rap 
a flat "beach" slope on the outside of the levee 
use of mangrove plantings. 

The provision of stone rip rap is the usual method of addressing wave erosion 
problem in marinas, solar salt ponds and similar enclosed areas of water. This 
treatment is shown in figure 2(a). 

Wave energy can be dissipated by providing a sloping "beach" leading up to the 
levee. This treatment is shown in figure 2(b). 

The stone rip rap or beach should extend up to an elevation of 5.5 in AHD 
(highest recorded tide plus wave height). 

In coastal areas in the north of Western Australia, mangroves provide naeurai 
barriers to erosion. Drawings supplied to us indicate a proposal for the 
establishment of a mangrove thicket in a trench at the toe of the proposed 
levee. The adequacy of this treatment will depend on the extent to which 
inangroves can be grown successfully in the ditch environment. 

We have not assessed the suitability of the soil for suitability for mangrove 
cultivation. As the suitability for marigroves is as yet unproven, and there is 
the problem of lack of protection during the early establishment period, it 
would be prudent to have a "second line of defence". This could be in the form 
of a "beach" or stone rip rap. 

This investigation is for feasibility level studies only. It is recommended 
that the following actions be undertaken in order that the design can proceed:- 

a grid of survey levels be taken across the site and extended to 
the south and east such that depth of water around the site under 
high tide/storm surge conditions can be established. This survey 
should include a tie in with the tide datum and/or Australian 
Height Datum. 
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. 	the design should incorporate a diversion ditch or levee along the 
west and north of the site to prevent flooding due to stormwater 
runoff. 

an application should be made to the Environmental Protection 
Authority setting out details of the project. This will enable 
the assessment level to be set. A copy of the proposal 
application form is attached. 

It is understood that you have already consulted with the Aboriginal Community 
regarding this site in keeping with your obligations under the Aboriginal 
Heritage Act. 

6.0 	CONCLUSION 

Should you have any queries, please do not hesitate to contact either Hr. G. 
Cocks or the undersigned. 

For and on behalf of 
COFFEY PARTNERS INTERNATIONAL PTY. LTD. 

,• ,f 

' ---- 	 , 

H. 0. HILLMAN 
Manager, Western Australia 

References: 	US Army Coastal Engineering Centre (1966) 
"Shore Protection, Planning and Design" Tech Report 
No.4, Dept of Army. 

End. Site Plan dated July 1990, prepared by McDonald Drafting Pty Ltd. 



Crab Creek Road 

F 
0 

Proposed External Levee 
PROPOSED 
CROCOD ILE 
PARK 

\- / -. 
, 

Dampier Creek 
• Flood Plain 

Scale: 	1: 	10000 (approx.) 

Coffey Partners International Pty Ltd . ____ 

drawn 	I GCC I 

MALCOLM DOUGLAS COFFEYI 
drawing no: 

aPProved 
l 

GCC  
BROOME CROCODILE PARK 

date 116/7/90 

I 

LOCATION SKETCH 
I 

1job $ceto t 
P391/1 



Stone Rip Rap 

High Spring Tide Level 

(a) Rip Rap 

2 
1 

4m 
5.5 in A} 
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10 	Level 
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J 2 4 6 8 lOm 

Coffey Partners International Pty Ltd  

drawn 	GCC MALCOLM DOUGLAS 
epprovs 	GCC 	 BROOME CROCODILE PARK 	 COFFEY 	

drawinno: 

2 
date 	16/7/90 	 EXTERNAL LEVEE 	

m— 
 

job no P391/1 



WESTERN tLOTECI1NICS MITUMS  
WESTERN GE01ECHI(ICS Ply LTD: ENGINEERIN3 MAIERMLS IABIRATORV 
1(kTA RGIED S0ll.-A 	AlE-CDm1E-Rlo(-ROCK IESTINt 
16 11L?ERNROD RIVERVALE W.A. 6103 FHONE 470 3211 FAX 4704141 

TEST CERTIFICATE Page 101 1 

CLIENT: 	Coffey & Partners 	JOB NO: 022-009 
PROJECT: 	Malcolm Douglas Crocodile Farm 
LOCATiON: 	Broome 	 DATE TESTED: July 90 

LabNo: 	W66180 
Sample ID: 

PARTICLE SIZE DISTRIBUTION RESULTS 
- according to AS 1289 C 6.1 

SIEVE SIZE (mm) 
	

PERCENT PASSING (Z) 

37.50 
19.00 
9.50 
4.75 
2.36 
1.18 100 
0.600 -° 98 
0.425 4° . 	95 
0.300 ro 88 
0.150 kO 66 
0.075 2O0 45 

SOIL CLASSIFICATION RESULTS (ATTERBERG LIMITS) 
-according to AS 1289* 

Liquid Limit 

	

Cli) 	 22 
Plastic Limit 

	

(*C21) 	 13 
Plasticity Index 

	

(*C31) 	 9 
Linear Shrinkage 

	

(*C41) 	 4.5 

Authorised 	 Date: 57 







- AUSTRALIA, NORTH-WEST COAST - BROOME 

LAT 18°00' S 	LONG 122013' E 

TIME ZONE -0800 	 TIMES AND HEIGHTS OF HIGH AND LOW WATERS 

JANUARY 	 FEBRUARY 	 MARCH 

	

Time m 	 Time m 	 Time m 	 Time m 	 Time m 	 Time m 

	

1
0523 0.4 0548 0.9 	 0008 8.9 	 0003 8.5 	 0551 -0.1 	 0541 0.4 

	

1123 7.5 16 1149 7.4 	 06.41 -0.2 16 0632 0.3 	 1142 8.8 16 1132 8.5 

	

TN 1737 1.3 	FR 1757 1.5 SU 1235 
'.'MO 

 1224 8.4 	SU 1807 0.0 MO 1754 0.3 
2329 	8.5 	 2347 	7.9 	 1857 	0.2 	 18.4.4 	0.5 	 2353 	9.1 	 23.4* 	8.7 

YEAR 1987 

APRIL 

Time m 	 Time m 

1 0605 0.3 
0623 	0.0 	I 	1152 	9.' 

WE 1209 9.2 TN 1825 -0.2 
1840 -0.2 

2  , 06080.2 .4 	0618 	0.8 	 00-43 	8.9 4 	0028 	8.6 

	

1206 7.8 I 1217 7.6 	 0715 -0.2 I 0657 0.2 

	

FR 1822 1.0 SA 1828 1.3 MO 1308 8.7 	TU 1249 8.6 
1932 	0.3 	 1911 	0.4  

2 0622 -0.4 	 0608 0.1 	 00288.7 	 0012 8.5 

	

1211 9.1 17 1156 8.9 	 06.47 0.3 17 0632 0.4 
MO 1838 -0.3 	TU 1823 0.0 	TN 1236 9.0 	FR 1220 9.1 

	

1906 0.2 	 1854 '0.0 

3 0012 8.6 4 0015 8.1 
0650 0,1 I 0647 0.7 

SA 1246 8.0 SU 1244 7.8 

	

1904 0.9 	 1857 1.2 

	

4 00
0729 	 I 

53  08.5
.3 	

.4 0043
0715 

 8 
0
.1 
.7 

SU 1326 7.9 MO 1312 7.9 

	

1945 	1.1 	 1927 	1.2 

5 01358.1 20 0112 8.0 

	

0808 0.7 	 0742 0.8 

	

MO 1406 7.8 	TU 1340 7.9 

	

2025 	1.4 	 1956 	1.3 

6 0216 7.64 0141 7.8 

	

0844 1.3 	I 0808 1.1 
TU 14.4.5 7.5 WE 1409 7.7 

	

2105 	1.9 	 2026 	1,6  

3 0118 8.7 .4 0054 8.6 
0746 0.1 I 0722 0.3 

TU 1339 8.6 WE 1314 8.6 

	

2004 0.6 	 1938 0.5 

4 01518.2 .4 0123 8.3 
0814 0.7 I 0745 0.6 

WE 1410 8.2 TN 1339 8.5 

	

2033 11 	 2005 0.8 

	

5
0223 7.6 	 0151 7.9 
0838 1.4 20 0808 1.0 

TN 1439 7.7 FR 1408 8.1 
2100 	1.8 	 2032 	1.3 

6 0253 6.8 4 0222 7.3 

	

0901 2.1 	I 0833 1.6 

	

FR 1508 7.1 	SA 1437 7.6 

	

3 2127 2.6 	C 2102 1.9 

3 0023 9.2.4 	7 8.8 
0651 -0.3 I 0633 0.1 

TU 1240 9.2 WE 1221 9.1 

	

1908 -0.2 	 1850 -0.1 

4 0053 8.9 4 0034 8.8 
0718 0.0 I 0656 0.2 

WE 1308 9.0 TN 124.6 9.1 
1935 	0.1 	 1916 	0.0 

5 0123 8.5 20 0101 8.5 

	

0741 0.5 	 0720 0.5 
TN 1334 8.6 FR 13*1 8.8 

1959 	0.7 	 1941 	0.4 

	

6
0150 7.8 	 0130 8.0 
0802 	1.2 	 0743 	1.0 

FR 13588.1 SA 1339 8.4 

	

2022 1.4 	 2008 10  

3 0055 8.3 -40 00.42 82 
0710 0.8 10 0658 07 

FR 1301 8.6 SA 1249 8.7 

	

1929 	0.7 	 1923 	0.5 

4 0123 7.7 19 0115 7.7 

	

0731 	1,3 	 0725 	1.3 
SA 1325 8.0 SI) 1321 8.2 

	

*95* 	14 	 1954 	12 

0149 70 2O 0151 70 

	

3 0750 	2.0 	 0753 	2.0 
SU 1349 73 MO 1355 74 

	

2011 	2.1 	 2029 	2.1 

	

6
0214 	6.3-4 . 0234 	5.2 

	

0807 	2,7 	I 0825 	2.9 
'MO 14*1 8.6 TU 1441 5.5 

	

() 2033 	2.9 	C 2120 	3.0 

	

7  02587.0  22 0214 7.4 	7 0326 6.0 22 0254 6.5 	7 0216 7.0 22 0200 73 	7 0241 5.5  
 22 03.4.4 54 

0921 	1.9 	 0837 	1.5 	 0922 	2.9 	 0858 	2.4 	 0819 	1.9 	 0807 	1.7 	 0819 	3.5 	 0918 	38 

	

WE 1526 7.1 	TN 1440 7.5 SA 1540 6.4 SU *510 6.9 SA 1422 7.4 SU 1408 7.7 	TU 1435 5.8 WE 1619 5.6 

	

C) 2148 2.5 	 2100 1.9 	 2203 3.3 	 2141 2.7 	3 2041 2.2 	 2038 1.9 	 2101 3.8 

	

8
034.4 6.3 23 0249 8.9 	8 0415 5.2 23 0338 5.8 	8 0240 8.2 23 0233 6.4 	8 0353 4.7 	 0001 3.6 

	

0959 2.5 	 0907 2.0 	 0951 3.7 	 0929 3.2 	 0834 2.7 	 0831 2.5 	 0817 4.3 s'..) 0634 5.2 

	

TN 1611 6.6 FR 1515 7.1 	SU 1633 5.7 MO 1558 6.1 	50 1445 6.6 MO 1441 5.8 WE 16*1 4.9 	TN 1321 3.9 

	

2244 3.0 	C 2138 2.4 	 2312 3.5 	 2102 3.1 	C 2114 2.9 	 1933 57 

	

9
0447 24 0332 6.2 	9 0043 3.9 24 0547 4.8 	9 0305 5,4 24 0316 5.5 	9 0253 39 2fl  0215 3.0 
1050 	3.2 	 0941 	2.6 	 0717 	4.7 	 1048 	4.1 	 08.44 	3.5 	 0858 	3.5 	 0916 	5 1 	$ 0833 	6.1 

	

FR 1713 6.1 	SA 1558 6.7 MO 1300 4.3 	10 1839 5.5 MO 1511 5.7 	II) 1533 5.8 	TN 1458 41 	R 1451  2.9 

	

2236 2.9 	 1951 5.3 	 2133 3.9 	 2300 3.8 	 2101 5.5 	 2047 £ 

10  0021 	25 0438 	10 0323 3,3 25 024' 3.2 10 0408 	25 0611 47  10 0320 3.2 25 

	

0629 53 	 1033 3. 	 0937 5.3 	 0917 5,3 	 0815 4.3 	 130' 44 	 0924 '9 
SA 1223 3.6 SU 

	

1710 6.2 10 1521 3.6 WE 1507 3.7 	TU 1719 4.9 WE 1954 54 	FR 1527 2.2 	SL 535 
1851 	5.9 	 2135 	5.8 	 2120 	6.3 	 2127 	53 	 22E 	7: 

	

11  0208 3.1 26 0039 3.2 	 0408 2.6 26 0356 2.2 	 0337 3,7 26 0257 3.2 11 0345 24 26 0349 1,5 

	

0813 5.4 	 0645 52 	 1013 6.0 	 1004 64 	 0955 5.2 	 0915 5.7 	 0945 6.8 	 0948 78 
SI) 1406 3.6 MO 1241 3,7 WE 1608 3.0 TN 1610 26 WE 1529 40 TN 1519 3.3 SA 1555 23 SL' 15" 

2028 	6.1 	 1910 	6.1 	 2213 	6.6 	 2209 	7.3 	 2135 	5.7 	 2118 	6.5 	 2153 	 2203 	79 

12  0318 2.6 27 	2.7  12 0 	1.9  27 0439 1.2 	2 	29  27 0345 2.1 12 0412 17 2' 0424 10 

	

0923 5.8 	 08.43 5.5 	 1041 6.7 	 1039 7.4 I *002 6.0 	 09.49 6.8 	 1008 75 1 1018 84 

	

MO 1520 3.2 TU 1438 3.4 	TN 1644 2.3 	FR 1653 1.5 	TN 1559 3.1 	FR 1601 22 SI) *625 1,5 MO 1646 06 
2129 	6.5 	 2056 	6.5 	 2243 	7.3 	 2247 	8.2 	 2200 	6.5 	 2*56 	7 5 	 2219 	7 7 	 2236 	8... 

13  0405 2.1 28 	2.0  13 0508 1.3 28 0516 0.4 13 0422 2.1 28 0421 1,2  13 0440 11  2' 0456 0.7 
1009 	6.3 	 0956 	62 	 1108 	7.3 	 1111 	8.2 	 1021 	6.8 	 1019 	7.8 	 1033 	8.2 	 1047 	87 

	

TU 1609 2.7 WE 1559 2:7 	FR 1717 1.7 SA 1732 0.6 	FR 1627 2.3 $A 1638 1,1 MO 1655 08 	TI) 1718 02 

	

2212 6.9 	 2203 7.3 	 2310 7.8 	0 2321 8.8 	 2224 7.3 	 2230 8.2 	 2246 8.2 	• 2307 84 

29 14 0442 1.6 29 	" 14 0538 0.8 	 14 	1.4  29 0454 0.5 14 0509 0.7 	 0526 0.6 
1047 	6.7 	 1043 	70 	 1134 	7.8 	 1044 	7.5 	 1048 	8.5 	 1259 	8.7 	 '114 	8.8 

	

WE 1649 2.3 TN 1654 1.8 SA 1747 1.2 	 SA 1556 1,5 SU 1712 0.4 	TU 1726 0.2 WE 1747 01 

	

2247 7.3 	• 2251 8.0 	 2337 8.2 	 2250 7.9 	S 2301 87 	0 2314 8.5 	 2337 8.3 

	

15  0516 1,2 30 0524 0.5 15 0606 0.5 	 -4 	0$14 0.8 30 0526 0.1 15 0538 04 	0 0554 07 

1 	

1159 8.2 	 I 1108 8.1 	 *1*6 9.0 	 1125 9.0 .) 1141 86 
TN 

	

1
724 1.8 	FR 1739 II 
119 71 	 1123 	 SU 1816 0.6 	 SU 1725 0.9 MO 1744 -0.1 WE 1756 -0.1 	TN 1814 0.3 

	

0 2318 7.7 	 2331 8.6 	 0 2315 8.4 	 2331 9.0 	 2343 85 

	

31  0605 0.0 	 31 0555 -01 

	

1200 	8.2 	 1*43 	92 

	

SA *820 0.5 	 TU 1813 -03 

62650 	 180 



AUSTRALIA, NORTH-WEST COAST - BROOME 

LAT 18°00' S LONG 12213' E 

TIME ZONE -0800 TIMES AND HEIGHTS OF HIGH AND LOW WATERS YEAR 1987 

MAY JUNE JULY AUGUST 

Time m Time rn Time m Time m Time m Time m Time m Time m 

1  
FR 

0006 
0621 
1208 
1839 

8.1 
0.9 
8.5 
0.5 

1 6 
SA 

0612 
1202 
1839 

0.8 
8.7 
0.3 

1 
MO 

0054 
0659 
6251
1921 

7.1 
1.7 
7.5 
1.5 

16 
TU 

0115 
0730 
1324 
2001 

7.5 
1.3 
7.9 
1.0 

1 
WE 

0118 
0727 
1317 
1946 

7.2 
16 
7.5 
1.4 

16 
TH 

0146 
0808 
1358 
2027 

8.0 
0.8 
7.9 
0.8 

1 
SA 

0151 
0811 
1359 
2020 

7.7 
1.2 
74 
1.3 

16 
SU 
0 

0220 
0845 
1438 
2048 

7.9 
.3 

6.9 
1 8 

2  
SA 

0035 
0645 
1235 
1905 

7.8 
1.2 
8.2 
1.0 

17 
SI) 

0033 
0646 
1238 
1915 

7.8 
1.1 
8.4 
0.7 

2 
TU 

0121 
0728 
1323 
1953 

6.9 
2.1 
7.2 
1.9 

17 
WE 

0201 
0815 
1412 
2046 

7.2 
1.7 
7.4 
1.5 

2 
TH 

0149 
0758 
1350 
2017 

71 
1 8 
7.2 
1.7 

17 
FR 

0223 
08.46 
1438 
2102 

7.8 
1.2 
7.4 
1.4 

2 
SU 

0220 
0841 
1431 
2047 

75 
1,5 
6.9 
18 

1 7 
MO 

0250 
0913 
1512 
2110 

7 2 
2.1 
6.1 
2.8 

3 
 

SU 

0104 
0708 
1302 
1930 

1.6 
7.7 
1.5 

18 
MO 

0112 
0722 
1319 
1954 

7.4 
1,6 
7.9 
1.4 

3 
WE 

0203 
0801 
1359 
2028 

6.6 
2.4 
6.7 
2.4 

18 
TH 
4) 

0249 
0905 
1504 
2136 

7.0 
2.1 
6.9 
2.0 

3 
FR 

0222 
0832 
1424 
2050 

7.0 
20 
6.9 
2.0 

1 8 
SA 
4) 

0302 
0925 
1522 
2138 

1.4 
1.8 	, 
6.7 
2.0 

3 
MO 
C) 

0251 
0914 
1508 
2118 

7.1  
2.0 
6.3 
2.3 

1 8 
TU 

0322 
0945 
1556 
2136 

64 
29 
5.2 
34 

4  
MO 

0133 
0733 
1329 
1956 

6.9 
2,1 
7.2 
2.1 

19  
TU 

0157 
0801 
1406 
2041 

6.9 
2.2 
7.2 
2.1 

4 
TH 

024.4 
0840 
1442 
2112 

6.2 
2.9 
6.3 
2.8 

1 9 
FR 

0341 
1003 
1606 
2233 

6.7 
2.5 
6.3 
2.5 

4 
SA 
3 

0257 
0910 
1505 
2127 

6.7 
23 
6.4 
2.4 

1 9 
SU 

0343 
1009 
1612 
2261 

6.9 
2.4 
6.0 
2.7 

4 
TU 

0327 
0957 
1556 
2157 

6.7 
2.5 
5.7 
3.0 

19 
WE 

0407 
1115 
1822 

5.6 
3.7 
46 

5  
TU 

0206 
0757 
1400 
2026 

6.3 
2.7 
6.5 
2.8 

20 
WE 

4) 

0252 
0852 
1507 
2647 

6.3 
2.9 
6.4 
2.7 

5 
FR 
C) 

0334 
0933 
1540 
2211 

5,9 
3.3 
5.8 
3.2 

20 
SA 

0443 
1117 
1725 
2340 

6.4 
2.8 
6.0 
2.8 

P 
3 
SI) 

0338 
0956 
1556 
2212 

6.5 
27 
6:0 
2.8 

20 
MO 

0431 
1115 
1731 
2323 

6.3 
3.0 
5.4 
3.3 

3 
WE 

0419 
1120 
1739 
2318 

6.1 
31 
5.1 
3.6 

20 
TH 

0025 
0651 
1504 
2120 

4.1 
5.0 
3.3 
5.1 

WE 
(3 

6 0247 
0827 
1440 
2115 

3.4 
5.9 
3.5 

21 
TH 

0403 
1018 
1636 
2325 

5.9 
3.4 
5.9 
3.1 

6 
SA 

0442 
6055 
1709 
2338 

5,7 
3.5 
5.5 
3.3 

21 
SU 

0559 
1244 
1851 

6.3 
2.8 
5.9 

6 
MO 

0432 
1104 
1715 
2319 

6.2 
29 
5:6 
3.1 

21 
TU 

0547 
1306 
1919 

5.9 
3.2 
5.2 

6 
TH 

1338 
1956 

3.0 
5.1 

21 
FR 

0309 
0924 
1553 
2659 

3.7 
5.7 
2.6 
5.9 

7  
TH 

04015.2  
0929 
1610 
2338 

4.0 
5.3 
3.9 

22 
FR 

0541 
1223 
1836 

5.8 
3.4 
5.9 

7 
SU 

0608 
1245 
1849 

S. 
3.3 
5.1 

22 
MO 

0056 
0719 
1406 
2007 

2.9 
6.4 
2.6 
6.0 

1 
TU 

0552 
1247 
1853 

6.1 
29 
5.5 

22 
WE 

0116 
0741 
1448 
2055 

3.5 	
' 5.7 

2.9 
5.5 

7 
FR 

0155 
0817 
1513 
2132 

6.0 
2.3 
5.8 

22 
SA 

0356 
1003 
1626 
2226 

2.9 
6.4 
1.9 
6.6 

8  
FR 

06175.2  
1302 
1901 

4.1 
5.3 

23 
SA 

0056 
0722 
1357 
1955 

2.9 
6.2 
2.8 
6.3 

8 
MO 

0106 
0723 
1359 
2000 

3.1 
6.2 
2.7 
6.0 

23 
TU 

0213 
0826 
1508 
2106 

2.9 
6.6 
2.2 
6.3 

8 
WE 

0058 
0715 
1408 
2013 

3.2 
6.2 
2.4 
5.8 

23 
TH 

0255 
0911 
1549 
2154 

3.3 
6.1 
2.4 
6.0 

8 
$A 

0331 
0940 
1616 
2222 

2.8  
6.8 
1.5 
6,7 

23 
SI.) 

0432 
1032 
1654 
2253 

2.2 
7,1 
1 3 
7 2 

9  
SA 

0149 
0808 
1425 
2026 

5.8 
3.3 
5.9 

24 
SU 

0213 
0824 
6455 
2050 

2.6 
6.8 
2.1 
6.8 

9 
TU 

0211 
0821 
1454 
2054 

2.8 
6.8 
2.0 
6.5 

24 
WE 

. 0315 
0920 
1554 
2154 

2.6 
6.9 
1.8 
6.6 

9 
TH 

0219 
0829 
1514 
2123 

3.0 
6.6 
1,9 
6.2 

24 
FR 

0356 
1003 
1632 
2235 

2.8 
6.6 
1.8 
6.5 

9 
SU 
Q 

0433 
1030 
1704 
2302 

1 
7.6 
07 
7 

24 
.12' 
• 

0503 
1058 
1722 
2316 

15 
7 6 
2.8 
77 

1 0 
SU 

02442.9  
0850 
1508 
2106 

6.5 
2.5 
6.6 

25 
MO 

0307 
0909 
1539 
2633 

21  
7.4 
1 5 
7.2 

10 
WE 

0307 
osce 
1542 
2141 

2.3 
7. 
1 4 
6.9 

2 j 
TH. 

0404 
1004 
1636 
2237 

2.3 
7.1 
1.5 
6.6 

10 
FR 

0328 
0934 
1612 
2218 

2.5 
7.1 
1,3 
6.7 

25 
SA 

0440 
1040 
1706 
2308 

2.3 
7.0 
1.4 
6.9 

10 
MC 

0520 
1111 
1744 
2338 

1' 
2.3 
C 
5 

l% 
3 
Te 

0532 
1122 
1752 
2342 

2 
5.2 
25 

MO 

0323 
0922 
1544 
2139 

2.2
7.2 
1.7 
7.2 

26  
TU 

0350 
0947 
1618 
2211 

6.8 
7.7 
1,1 
7.4 

11 
TH 

0354
0952 
6627 
2224 

7.2 
1.9  

0.2 
7.3 

26 
FR 

0 

0445 
1041 
1712 
2313 

2.0 
7.4 
1,3 
7.0 

54 
Q 

0428 
1027 
1704 
2305 

2.0 
7.7 
0.8 
7.2 

26 
SU 
0 

0516 
1111 
1739 
2338 

1.8 
7.4 
1.0 
7.3 

TU 

0600 
1149 
1822 

0,4 
8.9 

-0.3 
26 

WE 

0601 
149 

1616 

0.6 
9.2 
C. 

12  
TU 

0351 
0953 
1520 
2213 

1.7 
7.9 
6.0 
7.7 

27 
WE 
I 

0426 
1020 
1653 
2246 

1.5 
8.0 
0.9 
1.5 

12 
FR 
0 

0439 
1033 
1760 
2301 

1.5 
8.2 
0.5 
7.5 

27 
SA 

0522 
1164 
1746 
2346 

1.8 
7.5 
1.1 
7.1 

12 
SU 

0520 
1113 
6751 
2348 

1.4 
8.1 
0.4 
7.6 

27 
MO 

1140 
1809 

1.4  
7.7 
0.8 

12 
WE 

0012 
0638 
1223 
1855 

8.5 
-01 
8.9 

.0.4 

27 
TH 

0007 
0628 
1213 
1840 
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Table 1. Bird List For The Area Of The Proposed Crocodile Farm 

Great Crested Grebe Podiceps cristatus 

Australian Pelican Pelecanus conspicillatus 

Little Black Cormorant Phalacrocorax sulcirostris 

White-faced Heron Ardea novaehollandiae 

Cattle Egret Ardea Ibis 

Great Egret Ardea alba 

Little Egret Ardea garzetta 

Intermediate Egret Ardea intermedia 

Eastern Reef Egret Ardea sacra 

Black-necked Stork Ephippiorhynchus asiaticus 

Sacred This Theskiornis aethiopica 

S-w-necked This Theskiornis spinicollis 

Royal Spoonbill Platalea regia 

Plumed Whistling Duck Dendrocygna eytoni 

Black Swan Cygnus atratus 

Black-shouldered Kite Elanus notatus 

Black Kite Lophoictinia migrans 

Brahminy Kite Milvus 	indus 

Whistling Kite Milvus sphenurus 

Collared Sparrowhawk Accipter cirrhocephalus 

White-bellied Sea-eagle Haliaeetus leucogaster 

Wedge-tailed Eagle Aquila audax 

Spotted Harrier Circus assimilis 

Marsh Harrier Circus approximans 

Australian Hobby Falco longipennis 

Brown Falcon Falco berigora 

Australian Kestrel Falco cenchroides 

Black-tailed Native-hen Gallinula ventralis 

Brolga 

Australian Bustard 

Bush Thick-knee 

Masked Lapwing 

Red-kneed Dotterel 

Large Sand Plover 

Oriental Plover 

Grus rubicundus 

Ardeotis kori 

Burhinus grallarius 

Vanellus miles 

Erythrogonys cinctus 

Charadrius leschenaultii 

Charadrius veredus 

Red-capped Plover 	 Charadrius ruficapillus 

Black-winged Stilt 	 Himantopus himantopus 



Table 1. cont. 

Little Curlew 

Common 'Sandpiper 

Greenshank 

Bar-tailed Godwit 

Sharp-tailed Sandpiper 

Red-necked Stint 

Curlew Sandpiper 

Oriental Pratincole 

Australian Pratincole 

Silver Gull 

Whiskered Tern 

White-winged Tern 

Gull-billed Tern 

Peaceful Dove 

Diamond Dove 

Bar-shouldered Dove 

Crested Pigeon 

Galah 

Little Corella 

Red-winged Parrot 

Pallid Cuckoo 

Pheasant Coucal 

Fork-tailed Swift 

Blue-winged Kookaburra 

Red-backed Kingfisher 

Rainbow Bee-eater 

Dollarbird 

Singing Bushlark 

Barn Swallow 

Tree Martin 

Fairy Martin 

Richards Pipit 

Black-faced Cuckoo-shri'ke 

White-winged Triller 

Willie Wagtail 

Grey-crowned Babbler 

Golden-headed Cisticola 

Brown Songlark 

Numenius minutus 

Actitis hypoleucos 

Tringa nebularia 

Limosa lapponica 

Calidris acuminata 

Calidris ruficollis 

Calidris ferruginiea 

Glareola maldivarum 

Stiltia isabella 

Larus novaehollandiae 

Chlidonias hybrida 

Chl idonius leucoptera 

Sterna nilotica 

Geopelia placida 

Geopelia cuneata 

Geopelia humeralis 

Geophaps lophotes 

Cacatua roseicapilla 

Cacatua pastinator 

Aprosmictus erythropterus 

Cuculus pallidus 

Centropus pha.sianinus 

Apus pacificus 

Dacelo leachii 

Halcyon pyrrhopygia 

Merops ornatus 

Eurystornus orientalis 

Mirafra javanica 

Hirundo rustica 

Hirundo nigricans 

Hirundo ariel 

Anthus novaeseelandiae 

Coracina novaehollandiae 

Lalage tricolor 

Rhipidura leucophrys 

Pomastostomus temporal is 

Cisticola exilis 

Cinclorhamphus cruralis 



Table 1. cont 

Red-backed Fairy-wren 

Little Friarbird 

Zebra Finch 

Australian Magpie-lark 

White-breasted Woodswallow 

Masked woodswallow 

Black-faced woodswallow 

Little woodswallow 

Pied Butcherbird 

Australian Magpie 

Torresian Crow 

Malurus melanoceDhalus 

Phi lemon citreogularis 

Taeniopygia guttata 

Grallina cyanoleuca 

Artamus leucorhynchus 

Artamus personatus 

Atramus cinereus 

Artamus minor 

Cracticus nigrogularis 

Gymnorhina tibicen 

Corvus orru 



Table 2. Bird species that regularly utilise the area of the proposed 

crocodile farm for either feeding or roosting. 

Australian Pelican 

White-faced Heron 

Little Egret 

Black-necked Stork 

Straw-necked Ibis 

Australian Bustard 

Masked Lapwing 

Large Sand Plover 

Red-capped 'Plover 

Little Curlew 

Greenshank 

Sharp-tailed Sandpiper 

Curlew Sandpiper 

Australian Pratincole 

Australian Magpie-lark 

Little Black Cormorant 

Great Egret 

Intermediate Egret 

Sacred Ibis 

Bro 1 ga 

Bush Thick-knee 

Red-kneed Dotterel 

Oriental Plover 

Black-winged Stilt 

Common Sandpiper 

Bar-tailed Godwit 

Red-necked Stint 

Oriental Pratincole 

Richards Pipit 

Torresian Crow 



Table 3. International migrant bird species that utilise the area of the 

proposed crocodile farm. 

Large Sand Plover 
	

Oriental Plover 

Little Curlew 
	

Greenshank 

Bar-tailed Godwit 
	

Sharp-tailed Sandpiper 

Red-necked Stint 
	

Curlew Sandpiper 

Oriental Pratincole 
	

Australian Pratincole 
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