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INVITATION 

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

The Consultative Environmental Review (CER) describes a proposal for an extension of alluvial 
mining to the north of the currently mined area at Bow River diamond mine. In accordance with 
the Environmental Protection Act, a CER has been prepared which describes this proposal and its 
likely effects on the environment. This CER is available for a public review period of 4 weeks from 
21 June 1993. 

Following receipt of comments from government agencies and the public, the EPA will prepare an 
assessment report with recommendations to the government, taking into account issues raised in 
public submissions. 

Why write a submission? 

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

All submissions received by the EPA will be acknowledged. Submissions may be fully or partially 
utilised in compiling a summary of the issues raised or, where complex or technical issues are 
raised, a confidential copy of the submission (or part thereof) may be sent to the proponent. The 
summary of issues raised is normally included in the EPA's assessment report. Submittors would 
not be identified to the proponent without the submittor's permission. 

Why not join a group? 

If you prefer not to write your own comments, it may be worthwhile joining with a group or other 
groups interested in making a submission on similar issues. Joint submissions may help reduce 
the workload for an individual or group, as well as increase the pool of ideas and information. If 
you form a small group (up to 10 people) please indicate all the names of the participants. If your 
group is larger, please indicate how many people your submission represents. 

Developing a submission 

You may agree or disagree with, or comment on, the general issues or the specific proposals 
discussed in this report. It helps if you give reasons for your conclusions, supported by relevant 
data. You may make an important contribution by suggesting ways to make the proposal 
environmentally more acceptable. 

When making comments on specific proposals in this report: 

clearly state your point of view; 

indicate the source of your information or argument if this is possible; 

suggest recommendations, safeguards or alternatives. 



Points to keep in mind 

By keeping the following points in mind, you will make it easier for your submission to be 
analysed: 

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

refer each point to the appropriate section, chapter or recommendation in the report; 

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

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

Remember to include: 

your name; 
address; 
date. 

The closing date for submissions is 19 July 1993. 

Submissions should be addressed to: 

The Environmental Protection Authority 
Westralia Square 
141 St George's Terrace 
PERTH WA 6000 

Attention: 	Mr D. Betts 



EXECUTWE SUMMARY 

Poseidon Bow River Diamond Mine Limited (BRD) operates a mining operation for alluvial 

diamonds on part of Lissadell Station near Kununurra. The mine, previously owned by Freeport 

Bow River Properties, was subject of a Notice of Intent (NOl) which was approved in 1987. A 

Consultative Environmental Review (CER) to expand the mining area was submitted and approved 

in 1990. 

Further exploration activities have highlighted an area of previously unrecognised resources in the 

adjoining mine lease M80/288. Poseidon Bow River Diamond Mine has also identified an area on 

lease M80/109 in which, in order to recover diamondiferous ore, a section of Beefwood Creek, a 

small ephemeral watercourse, must be disturbed. This procedure would require an alteration to 

the original, mining lease conditions. 

The purpose of this Consultative Environmental Review is, therefore, to gain authorisation for: 

mining approximately 40ha of ground about 2.5km northeast of existing mining areas and 

located on lease M80/288; and 

disturbance, mining and reinstatement of a 0.3ha section of Beefwood Creek and about 8ha 

of surrounding land on lease M80/109 which lies between the present mining areas and 

lease M80/288. 

The proposal is an extension of BRD's existing operation which has been underway since 1987. 

The proposal described in this CER would not require any addition to the existing ore treatment 

capacity, site facilities, water supply or workforce. 

The environment in the Project Area consists of black and red soil plains supporting a mixture of 

native vegetation and pasture. The area has been used for cattle grazing for many years and 

would revert to that use at the completion of mining. The native vegetation of the Project Area 

is typical of the red and black soil plains in this part of the Kimberley, and all plant and animal 

species identified in the Project Area are common and widespread across the habitat type. 

Environmental impact of this proposal is considered to be low, because: 

the 40ha of land within M80/288 does not have a high potential for flooding although the 

project lies within the Lake Argyle catchment area; 

re-establishment of the drainage channel of Beefwood Creek would minimise sediment 

carriage and maintain creek bed stability; and 

0 	the areas to be disturbed have no unusual environmental values. 



BRD proposes rehabilitation strategies that would minimise environmental impacts. The 

strategies offered are intended to restore the disturbed areas to a standard such that no long-term 

environmental impact would occur. These rehabilitation measures are based on landscape 

restoration work undertaken on site since 1988 that has provided excellent results in land 

stability. The local pastoralist and Department of Agriculture representatives are certain that the 

land would return to its original use. 

Timing of the Project is dependent on the dry season as the aim is to mine the ore from Beefwood 

Creek and reconstruct the land surface within a single dry period. 

Commitments 

Poseidon Bow River Diamond Mine Pty Ltd makes the following specific commitments regarding 

environmental protection and rehabilitation. 

Mining would occur only in those areas identified in this report and in the areas previously 

approved. It is expected that mining operations in the proposed area would be complete 

by 1994-95. 

Mining and rehabilitation would be progressive, with topsoil and overburden being used 

immediately, where possible, to rehabilitate mined-out pits. 

The occurrence of pest species, including Parkinsonia aculeata, would be monitored and 

appropriate measures taken to control any serious infestations resulting from, or associated 

with, mining or rehabilitation activities. 

At the end of the Project all equipment would be removed, all disturbed areas 

rehabilitated, and the area left clean and tidy. 

The proponent intends to comply with all provisions of all relevant Acts including the 

Mining Act 1978-8 1 and Regulations, the Environmental Protection Act 1986 and the 

Aboriginal Heritage Act 1972-1980. 



	

6. 	Rehabilitation procedures would be as follows: 

Lease M80/288 Mining Area 

	

6.1 	After the diamondiferous ore has been mined, the pit would be partly backfilled with 

waste. The waste would be shaped to approximately flat, with hollows left to act as 

sediment traps for local drainage. The shaping would make these areas drain internally, 

so that any carried sediment would not be transported into the Lake Argyle system. 

	

6.2 	Vegetation debris and topsoil which was previously removed and stockpiled would be 

respread over the waste. While it is planned to revegetate the mined area with species 

similar to those originally present, it might be necessary to plant an initial cover crop to 

stabiise the area as quickly as possible. 

	

6.3 	The area would be revegetated so as to allow pastoral activities to continue on the less 

heavily wooded areas after mining has ceased. As the original vegetation on lease M80/288 

is trees and pasture, BRD would restore the land to the same mixture of vegetation. Stock 

exclusion fences would be erected to prevent cattle damage to immature growth. 

Areas of Disturbance Along Beefwood Creek 

The main rehabilitation involved in this area would be the re-establishment of a stable 

drainage bed. 

	

6.4 	After ore has been removed the area would be backfilled with waste. The creek bed would 

be reconstructed as near as possible to the original position. The original bed levels would 

be re-established so as to minimise flow disruption. 

	

6.5 	Where original slopes were steep, an effort would be made to reconstruct the channel with 

shallow sides to reduce erosion and to provide a wider cross-section for lower flow rates. 

The sides of the creek would be armoured with +100mm waste rock in these areas. 

	

6.6 	Attention would be paid to sections where the reinstated channel meets the undisturbed 

channel. The "meeting' points would blend gradually from one stage to the next, with 

adequate armouring being provided. Efforts would be made to ensure that no erosion 

problems are caused due to sudden changes in bed profile which would in turn cause 

changes in water flow velocity. 



(iv) 

	

6.7 	In order to prevent runoff scouring the new banks, small Thunds° or windrows would be 

established on the channel margins to contain water. 

	

6.8 	The area would be revegetated with similar trees as originally occurred in the area, 

e.g. Boab (Adansonia gregorii), Bauhinia (Lysiphyllum cunninghamii) and Wild Plum 

(Terminalia platyphylla). Couch grass (Cynodon dactylon) would also be used due to its 

good soil stabiisation characteristics. 

	

7. 	BRD would undertake all the work involved in the above commitments. The Department 

of Minerals and Energy and the Environmental Protection Authority together, with advice 

from the Department of Agriculture would evaluate when rehabilitation has been achieved 

to a satisfactory level to allow pastoral activity to recommence. 
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CONSULTATIVE ENVIRONMENTAL REVIEW 

PROPOSAL TO EXTEND MINING OPERATIONS 

INTO BEEFWOOD CREEK M80/109 AND 

PORTION OF MINING LEASE M80/288 

POSEIDON BOW RWER DIAMOND MINE 

1.0 INTRODUCTION 

1.1 	OBJECTIVES 

Poseidon Bow River Diamond Mine Limited (BRD) currently manages a mining operation for 

alluvial diamonds in the Bow River area of Western Australia. This operation was the subject of 

a Notice of Intent (NOl) prepared by Dames & Moore (1987) for the then operator, Freeport Bow 

River Properties Ltd (Freeport). BRD holds ten approved mining tenements covering 

approximately 8,800ha in an area about 25km by 15km. The location of the tenements are shown 

on Figure 1. 

BRD proposes to extend its existing mining operations (shown on Figure 2) to take in additional 

areas located within the existing tenements but not proposed as mining areas in the original NOl 

(shown on Figure 3). The project will increase the mining life of the existing operations. It is 

intended to mine a newly outlined resource in mining lease M80/288 which contains approximately 

500,000 tonnes of diamondiferous ore. It is also intended to mine through a section of Beefwood 

Creek (approximately 530m disturbed length) to release a further quantity of ore lying below the 

creek bed in existing mining area M80/109. These reserves have been identified during the 

Company's recent exploration programme. 

It is proposed that both these areas would be mined during the dry seasons of 1993 and 1994, with 

the majority planned for the 1993 dry season. The aim would be to mine the Beefwood Creek area 

in one dry season. If mining was delayed for some reason or was not completed, the affected areas 

would be reinstated prior to the wet season and mining would recommence the following year. 

1.2 LOCATION 

The Project Area is located in the Kimberley Mineral Field about 90km due south of Kununurré 

and about 6km north-east of Lissadell Homestead. It occupies part of Lissadell Station, managed 

and owned by E.G. Green & Sons. The mine is on the flood plain of Limestone Creek, a tributary 

of the Bow River, immediately west of where the Bow and Ord Rivers unite before flowing into 

Lake Argyle (Figure 1). There are no conservation reserves or national parks in the vicinity. 
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1.3 	THE PROPONENT 

The proponent for this Project is Poseidon Bow River Diamond Mine Limited, a wholly-owned 

subsidiary of Normandy Poseidon Ltd, a public company. The Bow River mining leases are held 

by Poseidon Bow River Diamond Mine Ltd (BRD). 

Their addresses are: 

Poseidon Bow River Diamond Mine Ltd 

Locked Mail Bag No. 7 

Kununurra WA 6743 

Normandy Poseidon Limited 

100 Hutt Street 

Adelaide SA 5000 

	

1.4 	HISTORY OF EXPLORATION 

In August 1982, Freeport Bow River Properties Ltd (Freeport) and Gem Exploration and Minerals 

Limited (Gem) established a joint venture to explore Gem's exploration tenements on Limestone 

Creek and the Bow River. Early work consisted of auger drilling and reconnaissance sampling of 

gravels. Results indicated the presence of diamonds. In 1984, two mobile heavy-medium 

separation plants were used to treat samples from over a wide area. 

In 1985, a pilot plant was established and a number of 300 tonne samples were processed. 

Detailed resource mapping was then undertaken. In 1986, large bulk samples from four pits were 

used to confirm an average grade and tonnage for the deposit and to produce enough diamonds to 

raise confidence in the project. 

A Notice of Intent (NOI) was prepared by environmental consultants in September 1987 and, 

following approval by the Environmental Protection Authority (EPA) and Department of Minerals 

and Energy (DOME), plant construction and mining activities began in 1988. 

Normandy Poseidon Ltd acquired ownership of the Project in 1989. Poseidon Bow River Diamond 

Mine Ltd was formed in 1989 to manage the Bow River mine for Normandy Poseidon Ltd. 
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1.5 	CHANGES TO THE PROJECT SINCE COMMENCEMENT 

The Notice of Intent for the Bow River Project was lodged in September 1987 (Dames & 

Moore, 1987) and permission to commence mining for Stage I of the operation was granted by the 

Minister for Mines on 2 November 1987. Since that time a Consultative Environmental Review 

(CER) has been submitted to undertake further mining (Stage II) adjacent to Limestone Creek to 

the south and east of Stage I (Dames & Moore 1990). Permission to commence work on Stage II 

was granted on 23 October 1990 and mining commenced in "Area C" of Stage II on 24 October 

1990. 

The only additional, separate, approval which has been sought was for raising the height of the 

oversize waste dump (coarse rejects dump) from 20m to 40m. Application to do this was lodged 

by BRD with the Department of Minerals and Energy (DOME) on 27 December 1991 and approval 

was granted on 29 January 1992. 

	

1.6 	ALTERNATWES TO THE PROPOSAL 

There are no proposed changes to the ore processing, waste dumps, tailings dam, access, workforce 

or any other part of the operation. There are, therefore, no alternatives to be considered in these 

issues. There are no suitable alternatives to the rehabilitation procedures because the methods 

currently in use are proving to be highly successful and there is no sound reason to modify them. 

The only alternative is whether or not to mine the additional diamond resources. 

BRD believes that: 

to leave this small area of cliamondiferous gravels unmined in the context of the overall 

Bow River project would not be sound economics. The deposit would be too small to be 

viable in a later mining operation and is best incorporated as part of the existing 

operation; and 

the additional resources provided by the deposits would extend the mine life thereby 

providing continued employment and financial benefits to the State. 
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1.7 	PURPOSE OF THIS CER 

The purpose of this CER is to examine the Project and place it in its environmental context. The 

Proposal is described in detail and the environmental impacts discussed, together with proposed 

methods of removing or mitigating those impacts. This information is presented in a format to 

allow the public and the Environmental Protection Authority to review the Project and determine 

its environmental acceptability. 

2.0 DESCRIPTION OF CURRENT OPERATIONS 

	

2.1 	THE MINE 

The amounts of material which have been mined up to the present time are set out in Table 1 and 

the areas mined and rehabilitated up to the end of 1991 are shown on Figure 2. 

TABLE 1 

VOLUMES OF MATERIAL PROCESSED 
JANUARY 1989 TO OCTOBER 1992 

Jan-Dec 
1989 

Jan-Dec 
1990 

Jan-Dec 
1991 

Jan-31 Oct 
1992 

Waste Moved (Mm3) 1.58 2.56 3.80 3.59 

Gravels Mined (Mt) 2.45 3.15 3.46 3.25 

Ore Treated (Mt) 2.48' 3.02 3.45 3.25 

Tails Produced 

Coarse (Mt) 1.38 1.67 2.07 1.25 
Fine(Mt) 1.10 1.35 138 1.30 

Note: 	1. 	Includes some 1988 stockpiled material. 

2.2 	ORE PROCESSING 

Gravel is passed through a scrubber to break up clods of clay and wash adhering fines from the 

coarser material. A scalping screen removes material greater than 16mm, then the remaining pulp 

is deslimed, the <1.5mm fraction being pumped to the tailings dam. 
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The intermediate size material, from 1.5 to 16mm, is then treated in a Heavy Medium Separation 

(HMS) circuit using cyclones and ferrosilicon as the heavy medium. This separates the higher 

specific gravity fraction containing the diamonds from the lighter barren material. Final 

concentrate is then sorted using x-ray diamond sorters. Stains on the surface of the diamonds are 

removed by dissolving in hydrochloric and hydrofluoric acid. This is done on a batch basis once 

a week. Very little acid is used, about 5 litres per week of each type. Spent acid is neutralised 

in lime to form calcium fluoride and calcium chloride, both relatively inert and non-toxic 

substances. Calcium fluoride and calcium chloride residues (pH 7.0) are added to the tailings dam 

where they are greatly diluted by process water. Decanted waters recirculate some of the solution 

back into the processing plant. This processing method parallels that presently used in the Argyle 

Diamond Mine project and is economical in water use, produces no waste chemicals apart from 

those mentioned above and is efficient in maximising diamond retrieval. 

2.3 	TAILINGS DISPOSAL 

Tailings are pumped from the process plant area to the tailings dam and are then discharged 

(Figure 2). Slimes are allowed to settle, with the water being decanted off for re-use. 

The tailings dam comprises three cells, each 0.25km2  in area and with an average height of 8m. 

Total tailings dam area is 0.75km2, and at present a total of 4.5Mm3  of material is contained 

within. Embankments are built from coarse plant rejects which are mechanically placed in 

successive 2m lifts. Each lift is placed offset from the centre line of the previous lift, resulting in 

a tiered final wall of less than 15° overall slope. 

Tails are approximately 40% solids by volume and contain no additive chemicals, comprising only 

material under 1.5mm and water. Material added to the dam each year is equivalent to 0.9Mm3  

at present treatment rates. 

All seepage from the tailings dam has been tested and is of potable quality. Seepage is collected 

via "V"-drains and sumps and is returned to the tailings system. 
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2.4 	WASTE DUMPS 

The coarse rejects from the process plant are stockpiled via a stacker-conveyor located adjacent to 

the process plant area (Figure 2). 

Characteristics of the waste dump are as follows: 

footprint area 700m x 700m; 

25% of the dump area to 40m high, 75% of the dump area to lOm high; 

present capacity is 5.OMt; 

at present treatment rates there is an addition of 1.8MtJyr; and 

slopes have a natural angle of rest of about 30 0•  

	

2.5 	MINE DEWATERING 

Water is pumped (where necessary after rainfall) from mine areas to allow mining to continue. 

This water, where clean, is pumped to runoff areas on natural surfaces. Where water is heavily 

laden with sediment, it is pumped to low-lying areas to allow settling of sediment and 

re-absorption of the water into the groundwater. 

Chemical tests of in-pit water have shown no significant contaminants. 

	

2.6 	WATER USAGE 

The process plant water cycle and water usage is illustrated below. 

WATER USAGE 

24Om  : Borefield Make-up evaporation 

240m3/hr _Dt 
Collection 	 Tailings 

Ponds 	 Dam 
360m3/hr 

11 	600m3/hr 

Tails -* Process  
Plant 600m3/hr 

Treatment Plant Water Cycle 
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2.7 	REHABILITATION AND EROSION CONTROL 

Since 1989, over 480ha has been mined, of which 420ha has already been rehabilitated to a 

standard consistent with later pastoral uses. Revegetation has involved introduced species to 

obtain an initial cover crop in an effort to stabiise topsoil resources as soon as possible. Examples 

of the existing rehabilitation are shown on Plates 1 and 2. 

After a period of time, and with suitable wet seasons, a considerable number of the original native 

species are becoming established. It is expected that eventually the revegetated areas would 

approximate the original areas in ground cover and species richness (Department of Agriculture, 

pers. comm.). 

All rehabilitated and revegetated areas are monitored on a regular basis to ensure that growth 

patterns are moving towards the desired end result of pastoral use. Remedial measures are 

undertaken if considered necessary. 

The present land use in both the wooded area on Lease M80/288 and at Beefwood Creek is cattle 

pasture. However, as the original vegetation on Lease M80/288 was trees and pasture, BRD is 

committed to restore the land to the same mixture of vegetation. 

Erosion control forms part of the rehabilitation process to ensure that minimal sediment is carried 

off-site by rainfall runoff. Successful measures used on-site include: 

deep ripping (on the contour) of sloped areas - this slows runoff and allows vegetation to 

establish; 

- armouring of drainage channels with rock mulch (rip-rap); 

installation of drainage channels to direct runoff away, from fragile areas and onto more 

resilient armoured areas; 

using tree debris to stabiise slopes: by placing tree debris on slopes, vegetation is given 

a chance to establish itself on the high side of the logs, where seed and water is trapped; 

and 

0 	forming windrows along the contours of hillsides to encourage vegetation to establish. 



	

2.8 	EXISTING FACILITIES 

Poseidon Bow River Diamond Mine has been operating, since commissioning, as a fly in - fly out 

operation employing over 100 people. 

Camp-style accommodation, a light aircraft landing strip and access roads to site have been 

developed and operated over the last five years. The layout of these facilities is shown on Figure 2. 

The Proposal would entail the continued use of all existing on-site facilities without the need for 

further development. 

3.0 EXISTING BIOPHYSICAL ENVIRONMENT 

	

3.1 	REGIONAL SETI'ING AND GEOLOGY 

The areas proposed for mining (Figure 3) are contained within ancient alluvial deposits. These 

are assumed to be associated with, or part of, the Ord River and Limestone Creek alluvial 

sediments. 

The proposed mining area on Lease M80/288 consists generally of a red soillsand covering of 

approximately 150mm, overlying 4-8m of red alluvial clay. The ore is contained in the lower 1-2m 

of ancient river material. This is generally a conglomerate of rounded rocks and pebbles in a clay 

matrix. Bedrock is encountered around 8-9m below the surface and consists of weathered shales 

with some limestone units. 

Near Beefwood Creek, 0.5-1m of black cracking clays overlie 2-4m of heavy red clays which overlie 

1-2m of riverine deposited gravels. Bedrock is generally 5-6m below surface and is mainly 

weathered shales. The creek bed is relatively small, being approximately 5m wide and im deep. 

3.2 HYDROLOGY 

The water table height in the area is very dependent on Lake Argyle water levels. This is due to 

the close proximity of the lake and the highly permeable nature of the gravels. 

Surface water flows occur only during the later part of the wet season between December and April 

and tend to be quite heavy due to torrential rains (refer Section 3.3). 
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On Lease M80/288 the general ground surface levels are above 93.5m AHD (Figare 3). As such, 

this area would unlikely be flooded except in extreme conditions. The maximum recorded level 

that Lake Argyle has attained has been 96.Om AHD, which corresponds with lOOyr flood 

occurrences. The more frequent (mostly annual) high lake level is 92.5m AHD and as such would 

not pose a flooding hazard in this area. 

It is expected, however, that higher lake levels, due to their influence on the surrounding water 

table, may mean that dewatering could be required while mining is in process. This would be 

localised and on an as-needed basis. Clean water would be pumped directly to existing water 

courses and allowed to flow away in the same manner as natural surface flows. 

Water containing high sediment loads would be pumped to hollow areas created by previous 

mining operations. From there it would soak into the gravels and hence return to the 

groundwater. 

Beefwood Creek runs only during peak runoff events during the wet season. During the remaining 

time the creek bed is dry. Maximum observed flow rates are in the order of 20m3/s, but usual flow 

rates rarely exceed 5m3/s. Flow may continue for a few days or weeks after rain as the adjacent 

soils and gravels drain. 

Rainfall intensity duration relationships have been calculated for Smoke Creek Catchment 

(Dames & Moore, 1982). Smoke Creek lies approximately 15km due west of the BRD mining area 

and is believed to have similar hydrology. At Smoke Creek rainfalls of 120mm/hr or more could 

be expected to have a duration of 1 hour every second year. Rain can reach falls of more than 

160mm/hr for 1 hour about every five years. It is for these reasons that the mining of Beefwood 

Creek, and subsequent reconstruction of the landscape, would be completed in one, or at most two, 

years. 

As Beefwood Creek has a higher bedrock level than the mining area on Lease M80/288, it is not 

expected that dewatering of the mine would be necessary. 

In both proposed mine areas, the demand and effects on the regional and local water supply and 

quality are not expected to alter. The water is of potable quality in all areas around the mine. 

Existing arrangements with the Water Authority of Western Australia for water supply to the 

mine and any conditions on wastewater release would not be effected. The Water Authority of 

Western Australia has been approached regarding this proposal and has agreed to it. A copy of 

correspondence is contained in Appendix A. 
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3.3 CLIMATE 

The climate of the area is Tropical Monsoonal, with two distinct seasons; a "wet" from 

October to April, and a "dry" which occupies the remainder of the year. Mean daily maximum 

temperatures for January and July are 37.6°C and 29.4°C respectively at Turkey Creek (65km to 

the south-west) and 37°C and 30.1°C respectively at Kununurra. There may be large diurnal 

variations, with temperatures as low as 13°C in January at Turkey Creek. 

Seasonal rainfall in the Kimberley area is strongly divided into "wet" and "dry" periods. At 

Turkey Creek 96% of the 65 1mm annual average rainfall occurs between October and April. 

Kununurra has a similar pattern but receives 8 13mm of rainfall per year. Table 2 summarises 

rainfall data for up to 73 years of records and shows rainfall distribution throughout the year for 

Argyle Downs and Lissadell Station. 

TABLE 2 

RAINFALL STATISTICS 

Station, 
Period of Records J F M A M J J A S 0 N D Year 

and Parameter 

Argyle Downs 
(1974 to 1991) 

Mean Rainfall (mm) 158 159 92 18 6 4 5 2 5 19 61 108 637 

Mean Number of 
Rain Days 

11 10 6 2 1 0 0 0 0 2 6 8 46 

Lissadell Station 
(1979 to 1991) 

Mean Rainfall (mm) 151 149 95 18 6 3 4 1 4 19 50 101 601 

Mean Number of 
Rain Days 

10 9 6 1 0 0 0 0 0 2 5 7 40 

Note: 	Data correct to 18 March 1992 (Bureau of Meteorology pers. comm.). 

The highest recorded rainfall at Lissadell Station in a 24-hour period was 152mm, and an extreme 

24-hour event of 2 17mm was recorded at Halls Creek, 200km south-west of the Project Area 

(Bureau of Meteorology, 1975). These extreme events, and even normal levels of rainfall in the 

Kimberley region, produce extensive flooding and sediment transport, even in undisturbed country. 

Prevailing winds are from the north-east to south-east, and nights are generally calm. Air quality 

is good. Very low natural levels of dust were recorded prior to mining at Argyle Diamond Project 

by Dames & Moore (1982). Dust generation at the BRD mine site is low when the gravels are 

being mined. Topsoil stripping generates dust in the red soil areas. 



In planning any earthworks, access roads, creek crossings, or mining operations, provision would 

be made for extreme climatic conditions rather than for average conditions; particularly with 

respect to cyclonic rainfall. 

3.4 	VEGETATION AND FLORA 

Lease M80/288 

Lease M80/288 is somewhat diverse in its vegetation (Figure 4) as it involves basically two runoff 

directions, with a medium-sized internal flat-land. The distance to (semi) permanent water in each 

of these directions, plus the degree of slope for runoff water, has caused variations in established 

upper and mid-level plant strata. Illustrations of the primary vegetation types are presented in 

Plates 3 to 5. 

The lease area has seven basic types of vegetation (Figure 4). These are, briefly, as follows: 

Area 1 

A small, sparsely-wooded (though well established) section of ephemeral dampland intruding onto 

the Lease near the pastoralists's two earth catchment tanks. 

Upper stratum - Eucalyptus argillacea (Mount House Box); 

Mid-stratum - Acacia farnesiana (Mimosa) and Parkinsonia aculeata (Parkinsonia); and 

Ground stratum - Cleome viscosa (Mustard Bush), Crotalaria medicagenia 

(Cloverleaf Rattlepod), Cynodon dactylon (Couch), Aristida latifolia (Feathertop Wiregrass), 

Cyperaceae sp. (Sedge), Astrebla squarrosa (Bull Mitchell Grass) and Eulalia aurea (Silky 

Brown-top Grass). 

Area 2 

A strip of medium-density woodland either side of the dampland. Vegetation as above, but the 

woodland becomes medium density away from the dampland and lacks sedges. 

Area 3 

A central, thick, strip of medium to high-density wooded land running due north/south and 

occupying the apex of the main runoff area. 

This area is totally dominated by dense Mimosa, with a ground cover of almost exclusively Couch 

and Mustard Bush. 
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Area 4 

This is a fairly large, flat, treeless grassland with a patch of medium to high density woodland. 

Upper stratum - Eucalyptus pruinosa (Silver Box), Eucalyptus argillacea (Mount House 

Box) and E. camaldulensis (River Red Gum); 

Mid-stratum - Acacia farnesiana (Mimosa); and 

Ground stratum - Cynodon dactylon (Couch),Aristida latifolia  (Feathertop Wiregrass), and 

Eriachne ciliata (Slender Wandarrie Grass). 

Area 5 

Two large and several small areas totally dominated by Mimosa. These are in a small watershed 

area, with a few gullies feeding into nearby Beefwood Creek. Some sheet erosion, with 70% of the 

ground being bare, and the steeper runoff slope being 2° to 30•  It has patches of medium-density 

Mount House Box saplings, which are evidence of a Lake Argyle flood some years ago. The ground 

cover consists of a few patches of Couch Grass. 

Area 6 

Bare areas and gullies taking runoff from the north-west corner into Beefwood Creek. Area 6 is 

a fairly open area, with sparse Mount House Box, dense patches of Mimosa in places, but mainly 

an 80% ground cover of Couch Grass. 

Area 7 

The main runoff is at about 1° slope to the east, towards the Ord River. The area is open 

grassland with 95% ground cover of Couch and with occasional patches of Mimosa. 

Beefwood Creek 

The upper storey vegetation in the Beefwood Creek Area is sparse although there is a denser line 

of trees along the creek's edges. Trees here would average about 15m apart and are mostly 

mature, being several metres high. The dominant species is Terminalia platyphylla (Wild Plum) 

and comprises about 70% of the population. Lysiphyllum cunninghamii (Bauhinia) comprise about 

15% of the trees while Adansonia gregorii (Boab) trees are about 10%. The remaining 5% consists 

of a few Ventilago viminalis (Supplejack), some stands of Carissa lanceolata (Conkerberry), a few 

Acacia farnesiana (Mimosa) and several Parkinsonia aculeata (Parkinsonia). 
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The ground cover is a mixture of grasses, mainly in a 20m wide strip along each creek bank. 

There are very few herbs. The dominant grasses are Brachyachne convergens and 

Echinochloa colona (Barnyard Grass) interspersed with Aristida latifolia (Aristida) and 

Dichanthium fecundum (Curly Bluegrass). 

The area between the creeks is flat sand and fairly bare, although there are intruding patches of 

Aristida and Couch Grasses with the main herbs being Portulaca sp., Cleome viscosa 

(Mustard Bush) and Neptunia dimorphantha (Sensitive Plant). 

During survey work by A.S. Weston and others between 1980 and 1981 at Argyle Diamond project, 

17 species of plants were designated rare or scarce (Dames & Moore 1982). Eight others were 

scarce locally but were widespread elsewhere in the Kimberley. After surveys of the BRD project 

area in 1987, 1990 and 1992 all species found at the Argyle Diamond Project proved to be 

commoner and more widespread than originally suspected. The scarcer species tended to be on the 

hills. The BRD minesite is on the plains and does not include any hilly areas. 

In 1991 Weston (1991a, 1991b) surveyed parts of the Argyle Diamond Project area for rare and 

significant species on the Department of Conservation and Land Management list of 62 Declared 

Rare and Priority, Species of the Kimberley Region. All of the 62 species on the list had been 

recorded either many kilometres north or west of the Project Area or in habitats not represented 

in the Project Area, or both. 

All plant species recorded during the February 1990 site visit (which included the proposed areas 

of extension) were common and widespread (Dames & Moore, 1990) and none of the scarce species 

recognised at Argyle were found. 

It is believed that the proposed areas of impact have no special conservation values and are the 

same as hundreds of square kilometres of similar country in the region. 

3.5 FAUNA 

Detailed fauna surveys on the BRD leases were not carried out, as habitat types in the Study Area 

are widespread elsewhere in the Kimberley. McKenzie (1981) has remarked on the similarities 

of this area with country in the south-west of the region. The nearest area with detailed fauna 

information is the Argyle Diamond Project (Dames & Moore, 1982) and the Ord River Project 
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(Kitchener, 1978). The BRD Project Area differs from the Argyle Diamond area in being closer to 

major watercourses. Wading birds, etc., are, therefore, a prominent component of the bird fauna 

along the adjacent Bow River. 

Fauna studies by Dames & Moore (ibid) for the Argyle Diamond Project found a diverse fauna of 

15 native mammals, 115 birds, 57 reptiles and 14 frog species in that area. All were widespread, 

with all but a few extending into north-central and arid Australia. No unique fauna or relict 

populations of rare species were found in any fauna! group. 

Three species found at the Argyle Diamond Project were listed for protection under the Wildlife 

Conservation Act (1950). These were the Long-tailed (Ingram's) Planigale and the Peregrine and 

Grey Falcons. 

Ingram's Planigale (Planigale ingrami) has a wide range across northern Australia, including the 

east and west Kimberley and Pilbara districts in Western Australia. Its preferred habitat is 

cracking clay soils, where its flattened form makes it ideally adapted for a lifestyle amongst the 

labyrinth of crevices and fissures. Prior to the surveys undertaken on the Argyle leases, it was 

usually collected from the stomachs of predators or when escaping from flooding, and was 

consequently considered to be rare. These days it is considered to be moderately common. 

The Peregrine Falcon (Falco peregrinus) and Grey Falcon (F. hypoleucos) enjoy a wide range over 

Australia; the disturbance created when mining begins should have practically no effect on either 

individuals or the species since they are nomadic. 

It is believed that the currently proposed mine would have no affect on the population of any of 

these three species. 

4.0 EXISTING SOCIAL ENVIRONMENT 

	

4.1 	PUBLIC ACCESS 

The area concerned has no public access and there are no tourism interests or other activities. 

	

4.2 	PASTORAL ACTWITIES 

The surrounding area is used for cattle grazing. These activities would not be affected by the 

operation and the Project has support from the pastoralist. 
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4.3 	ABORIGINAL INTERESTS 

The region has a number of sites of archaeological or ethnographic significance or which are of 

interest to local Aborigines. None would be disturbed by the proposed operation. Local Aborigines 

have visited the proposed mine areas and archaeological and ethnographic surveys have been 

conducted. There are no known constraints to the proposal and all required work to satisfy the 

Western Australian Aboriginal Heritage Act 1978 has been complied with. 

5.0 DESCRIPTION OF THE PROPOSAL 

5.1 MINING 

The present proposal is to mine about 500,000 tonnes of diamondiferous gravels in two areas; one 

(about 40ha) on M80/288 and the other (about 8ha) at Beefwood Creek. BRD utiises a strip 

mining network whereby waste is placed directly onto adjacent mined-out strips (Figure 5). This 

allows rehabilitation to occur simultaneously with mining. 

Topsoil is removed by scrapers and is stockpiled or directly transferred to finished areas wherever 

possible. Bulldozers and scrapers are used to move the waste overburden, while the exposed ore 

is mined with excavator-truck teams. The ore is then trucked to the treatment plant for recovery 

of diamonds. 

Waste is profiled during the stripping stage ready to receive topsoil from the next mining strip. 

Lease M80/288 

Figure 3 shows the area to be mined, while Figure 6 diagrammatically outlines the sequence to 

be taken which would allow progressive rehabilitation of the area. 

Removal of trees would be required in both M80/288 and Beefwood Creek. This would be done by 

bulldozer and the debris stockpiled. This debris would later be spread over rehabilitated areas, 

as it is valuable as a seed source and fauna habitat. 
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Beefwood Creek 

Whilst the mining method would be similar to M80/288, Figure 7 outlines areas that would be 

disturbed. It is proposed that as mining moves through the creek area the channel would be 

reinstated to similar dimensions and levels behind the mining. The creek bed alignment would 

be used as the haul road during reconstruction to enhance compaction. The total length of creek 

to be disturbed is about 530m, although uneconomic gravels would not be mined and so the area 

disturbed may be less. Vegetation would be left intact in areas which are not mined. The aim is 

to mine the Beefwood Creek area in a single dry season (1993). In the event this is not possible 

the landscape would be reinstated for the wet season then mining recommenced the following year. 

	

5.2 	ORE, PROCESSING 

All ore at Poseidon Bow River Diamond Mine is transported to a single process plant for treatment. 

The ore processing system is by mechanical separation and hydraulic concentration and no additive 

chemicals are used. 

The process plant area was commissioned in 1988 and has been in operation since then. The 

proposal would require no increase in treatment capacity nor any changes to the treatment system. 

	

5.3 	TAILINGS DAM 

No changes would be required to the existing tailings dam system. Waste slimes and water 

contained in the tailings dam are harmless to all forms of life and contain only suspended solids 

that are left to settle out. 

	

5.4 	SUPPORT FACILITIES 

Existing offices, workshops, accommodation and other facilities would remain as they are at 

present. Figure 2 shows the position of these facilities. 

5.5 WORKFORCE 

As the production levels at the mine would not change under the current proposal, workforce 

requirements would remain the same. The majority of the workforce commutes on a fly-in fly-out 

basis from Perth, while other workers are employed from, and live in, Kununurra. 
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5.6 	HAUL ROADS 

The ore would be hauled along the most direct and convenient route from the mining area to the 

process plant. As there is no public road in the areas concerned, there would be no inconvenience 

to members of the public. 

Roads are planned to run through areas where they would cause minimal environmental impact. 

Existing roads would be utiised where possible. Roads would be constructed to a high standard 

so as not to cause erosion or other problems during the time of their use. Unless requested by the 

pastoral managers to leave the roads intact, the roads would ultimately be rehabilitated to the 

usual standards. 

6.0 ENVIRONMENTAL ThIPACTS AND MANAGEMENT 

	

6.1 	LANDSCAPE RESTRUCTURING 

On Lease M80/288, as on most of the existing mining areas, the relative level of the land surface 

would drop about 2m after mining. Waste materials from the mined area would be used to 

restructure the landscape to a series of low rises and hollows. This method has been used 

throughout the existing mine area (Plates 1 and 2) and has proven successful because: 

the varied topography creates a number of microhabitats of drainage which advantages 

certain plant species; 

the rises break up wind flow over the soil surface, thereby reducing dust; 

the hollows collect moisture and seed and establish heavy vegetative growth quite quickly. 

Some of the hollows trap water and have some value as wetlands (Australia Pelicans have 

been observed on one pond); and 

drainage is all internal to the hollows and there is no runoff to the adjacent river and 

hence into Lake Argyle. 
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In the Beefwood Creek area, similar land-shaping would occur except that the alignment of 

Beefwood Creek would be treated as follows: 

Step 1 	Beefwood Creek in the vicinity of the proposed disturbance consists of two 

channels. Only one of these would be disturbed at any one time (Figure 7). A 

bund of earth and waste would be placed across the channel to be disturbed such 

that, in the event of unseasonal rain, water would be diverted into the other, 

undisturbed, channel. Once mining and reconstruction of that channel is complete, 

the other channel would be blocked off and then mined. In this way, one of the two 

channels would always remain open. 

Step 2 	The topsoil and waste would then be stripped and stockpiled and the ore removed 

as quickly as possible. 

Step 3 	As soon as mining is complete, the approximate alignment of the creek would be 

filled with waste material in a strip approximately 30m wide, with a channel for 

the creek along its centre. In this way, the level of the creek would be 

reconstructed to near its original level. Hollows from where the material would be 

removed would remain on either side of the strip carrying the creek channel. 

Whereas origina1 slopes were steep, an effort would be made to return the channel 

with shallow sloping sides to reduce erosion problems and to provide a wider 

cross-section for lower flow rates. Particular attention would be paid to sections 

where the reinstated channel meets the undisturbed channel. These meeting 

points would pass gradually from one stage to another, with adequate armouring 

being provided. Efforts would be made to ensure that no extra erosion problems 

would be caused due to sudden changes in bed profile which would in turn cause 

changes in velocity. Compaction of the replaced material during the reconstruction 

process would reduce settling to a minimum. 

In order to prevent runoff scouring the new banks, small "bunds" or windrows 

would be established to contain water. Figure 8 details the proposed reshaped 

channel cross-section. 
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Step 4 	The edges and bottom of the channel would be armoured with rock >100mm in 

size. The stockpiled topsoil would be replaced on the outer top and slopes of the 

strip. 

Step 5 	The earth bund which diverts 'water into the alternative channel would be 

removed. 

Step 6 	The relative levels of the creek would be monitored. Bulking of the soil would 

occur during disturbance and could settle after reconstruction. The material used 

in reconstruction would, therefore, be compacted as much as possible while it is 

being replaced. This could be partly achieved by using the channel alignment as 

a haul road during the reconstruction period. If subsidence does occur it could be 

necessary to apply further armouring to protect the channel and to raise the 

channel floor. 

This design would, it is believed, ensure that flow along Beefwood Creek would return to normal 

conditions quite rapidly. Scouring should be prevented by the armouring. Hollows would be 

constructed on each side to act as sediment traps. 

In the unlikely event of complete failure of the drainage channel, water would flow into the hollows 

on either side. This would prevent the flow of sediment into Lake Argyle. 

6.2 WATER 

The proposed mining would not be expected to have any impact on water quality or quantities. 

There are no water supply facilities in the area. Water usage by the process plant would not be 

affected by the proposed mining. 

No streams, creeks, or other waterways would be effected by the proposal with the exception of 

Beefwood Creek. These effects are discussed in Section 6.1. 

Due to high wet season rainfall causing high surface runoff, mining design would specifically guard 

against damage caused by runoff. Localised runoff patterns would be modified to control water 

and prevent erosion. 
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Owing to. the proposed area being in the catchment of Lake Argyle, measures would be taken to 

ensure that no additional sediment enters the Lake. This would be achieved by forming the mined 

and rehabilitated area into an internal runoff area. Thus, any free moving material would stay 

in specially formed sediment traps. 

Any localised erosion would be remedied as it occurs, either by deep ripping, by armouring 

potential problem areas with rock mulch or by forming selective drainage paths by "V' - drains. 

Water flow would be directed to armoured or non-erodible areas. 

All of these methods are presently in use at Bow River Diamond Mine and have proven to be 

successful. 

	

6.3 	FLORA AND FAUNA 

Regional surveys conducted for the Argyle Diamond Project (Dames & Moore, 1982) did not 

identify any rare or endangered species of plant or animal life in the Bow River area. Subsequent 

examination of the specific proposed mining area (Dames & Moore, 1987; 1990; 1992') also 

provided no evidence of unusual species. Restoration of the habitat after mining is discussed in 

Section 6.8. 

	

6.4 	WASTE PRODUCTS 

The proposal would not require any changes to disposal of tailings or coarse plant rejects. The 

mined waste would be handled in the same manner as for the existing mining area. This would 

be by placement in mined out areas, reshaping and covering with topsoil. 

	

6.5 	TOXIC MATERIALS 

The proposed extensions of operations would produce no toxic materials. 

	

6.6 	DUST CONTROL 

Dust suppression would be used in all dusty areas to keep air pollutants to the minimum. Water 

would be applied to haul roads (the main area of dust generation) for suppression purposes. 

1 	The 1992 study for rehabilitation included examination of nearby undisturbed bushland. 
The study, like previous surveys, failed to identify any rare or significant flora in the area. 
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6.7 	NOISE 

All mining and processing equipment would be monitored for noise and kept below industry noise 

standards as required under the Mines Regulations Act. 

	

6.8 	REHABILITATION METHODS 

6.8.1 General 

BRD has in place a comprehensive Rehabilitation Strategy Plan (Dames & Moore, 1992). This has 

been prepared by BRD because of the high priority placed on landscape stabiisation, prevention 

of sediment runoff into Lake Argyle, and restoration of the area to pasture for use by Lissadell 

Station. This Strategy Plan would provide the basis for BRD's restoration works in the proposed 

impact area. The key sections of the Rehabilitation Strategy Plan have been appended to this 

report (Appendix B) and should be considered together with the following discussion. 

6.8.2 Proposed Mine Areas 

Rehabilitation of the two areas indicated in this proposal are dealt with in the following sections: 

Lease M80/288 

After the diamondiferous ore has been mined, the pit would be backfilled with waste. This waste 

would be shaped to approximately flat, with hollows left to act as sediment traps for local drainage. 

The shaping would make these areas drain internally, so that any carried sediment would not be 

transported into the Lake Argyle system. 

Vegetation debris and topsoil which was previously removed and stockpiled would be respread over 

the waste. These are both valuable seed sources. While it is planned to revegetate the mined area 

with species similar to those originally present, mainly by natural recruitment, it might be 

necessary to plant an initial cover crop to stabilise the area as quickly as possible. This would 

follow the principles set out in Appendix B. Trees would also be planted or seeded since the 

original vegetation has trees as a dominant feature. The rehabilitation would be monitored and 

remedial action taken if establishment is slow or species diversity poor. Monitoring procedures are 

discussed in Appendix B. The existing rehabilitation areas, location of monitoring sites and 

photographs taken in the areas already mined are shown on Figure 9. 
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The area would be revegetated so as to allow pastoral activities to continue after mining has 

ceased. Stock exclusion fences would be erected to prevent cattle damage to immature growth. 

The stock fences might need to be kept around this area for four or five years to allow the trees 

to become fully established. 

Beefwood Creek 

The main rehabilitation involved in this area would be the re-establishment of a stable drainage 

bed. This has already been described in Section 6.1. 

After ore has been removed the area would be backfilled with waste. The creek bed would be 

reconstructed as near as possible to the original position. The original bed levels would be 

re-established so as to minimise flow disruption where new areas meet the old undisturbed channel 

(refer Section 6.1). 

The area would be revegetated with trees similar to those which originally occurred in the area, 

e.g. Boab (Adansonia gregorii), Bauhinia (Lysiphyllum cunninghamii) and Wild Plum (Terminalia 

platyphylla). Trees have already been established in BRD's on-site shade house and would be 

ready for planting at about the time that work is complete. These plantings would be, in 

particular, along the Beefwood Creek margins. Couch grass would also be used for soil 

stabiisation due to its good spreading and survival characteristics and because it is one of the 

most widespread natural species in the area. There are suggestions that couch tends to exclude 

other species because it grows prolifically. This would not be a problem in this area because the 

trees would be taller than the couch when they are planted. 

6.8.3 Rehabilitation Monitoring 

The rehabilitation areas would be included in the existing monitoring programme for the whole 

mine site. The monitoring is undertaken on an annual basis and results submitted to DOME in 

the operation's annual reports. Existing rehabilitation areas and monitoring sites are shown on 

Figure 9. Erosion and silt transport would be monitored visually and remedial action taken where 

necessary. 
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6.8.4 Weed Control 

The whole of the region, and in particular the areas surrounding the Bow River, is heavily infested 

with pest plant species. These are, in particular, Parkinsonia aculeata (Parkinsonia or 

Jerusalem Thorn), a tropical American introduction, Acacia farnesiana (Prickly Mimosa), a native 

species that in some locations is considered a pest, and Calotropis procera (Calotrope), a native of 

tropical Asia and Africa. Exclusion of these species from the minesite and rehabilitation areas 

would be nearly impossible as they are abundant in adjacent undisturbed habitats. Nonetheless, 

BRD has committed itself to control these weed species during the life of the operation and would 

continue to do so on the new areas proposed in this CER. 

	

6.9 	PROPOSED FINAL LAND USE 

The proposed mining areas are contained within the Lissadell pastoral lease, and as such it is 

intended that post-mining areas would revert back to pastoral use, i.e. cattle grazing. 

Rehabilitation measures would be taken to ensure that this is possible. 

Discussions are ongoing with the managers of Lissadell Station concerning the mining areas, as 

well as management of rehabilitation areas upon BRD's departure. 

BRD is complying with all the current statutory and agreed requirements with regards to 

rehabilitation. Progressive rehabilitation to pastoral use is being achieved and sediment transport 

from the mine area into Lake Argyle is being prevented. The Department of Agriculture has 

indicated that final land-use objectives are being met and the Department of Minerals and Energy 

is satisfied that the rehabilitation is successful. The Department of Agriculture would be consulted 

for advice when rehabilitation on the disturbed areas is believed to have progressed sufficiently 

to allow stock to graze the area. 

7.0 SOCIAL IMPACTS AND MANAGEMENT 

	

7.1 	ABORIGINAL. SITES 

All of the proposed mining areas have been evaluated by local Aborigines and archaeologists to 

ensure that no Aboriginal sites would be damaged. Sites which have been identified in the region 

would be avoided (Barber et al., 1992; Turner and Green, 1987). Local Aboriginal groups have 

been formally notified of the current proposal and assurances have been given that no areas of 

importance would be affected. 
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7.2 	SOCIAL ENVIRONMENT 

The proposal would help to extend mine life by about six months, but over a two year period. It 

would, therefore, extend economic value to the surrounding areas and to Kununurra, where much 

of the mine services are sourced. 

The pastoralist has no concerns about the project and there are no other activities, such as 

tourism, which might be affected. 

7.3 EMPLOYMENT 

The proposed extensions to mining would not affect the current levels of employment at BRD's 

operations. BRD currently operates a pre-employment training programme in conjunction with 

TAFE in Kununurra, which trains ten people each year. Ten trainees in 1992 were of Aboriginal 

descent while eight in 1993 are of Aboriginal descent. When positions become available at the 

mine, these trainees are preferentially employed. Six of the ten trainees in 1992 were employed. 

It is expected that another three or four would be employed during 1993. 

8.0 CONCLUSIONS 

BRD sees the present proposal as simply a 48ha extension of their current operations which 

commenced in 1987. No changes would be required to facilities or workforce or to any aspects of 

waste disposal or water requirements. There would be no disruption to pastoralist activities and 

no disturbance to any areas of Aboriginal significance. The Company has in place a Rehabilitation 

Strategy Plan which has been highly successful. The Department of Agriculture and the 

Department of Minerals and Energy are both satisfied with the rehabilitation and are assured that 

the land would be returned to pastoral use in as good as, or better, condition than before the 

operation. 

It is believed that the proposed operation would have no biological or social constraints which could 

not be managed successfully. It is therefore believed that the mining on Lease M80/288 and at 

Beefwood Creek should be permitted. 

BRD makes several commitments to ensure the success of the project. These are listed in the 

Executive Summary of this CER. 
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Proposed Mining Method - "Tanks Area" (M80/288) 
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THE TOPSOIL STRIPPING, MINING AND REPLACEMENT SEQUENCE  
T 

w 0 "Long -wall" mining is most efficiently executed in 40 metre panels. 
___________ ____ To cause the top soil and backfill system to start working in logical rotation the topsoil from the first two panels, and 

A P the waste from the first panel, must be stockpiled ahead of mining locater for fill and topsoil of the last two panels. 

s S In the event of an irregular shaped ore•body the process may have to be repeated. 

T 0 An initial void must be created to access the ore in panel P1. This is accomplished utilising scrapers to remove 

E I and stockpile the topsoil from panels P1  and P2. Scrapers are then used to remove and sf ockpile the waste from panel 
- 	- L P1. The diamondiferous ore from panel P1  is removed by hydraulic excavator and dump truck. 

Following P1  ore removal, waste from P2  is dozed into the void of P1. The ore from P2  is extracted again by 
excavator and hydraulic 	 dump trucks. 

At this sI age the normal mining sequence is set in place whereby: 

P3  topsoil is removed by scraper and placed on the P1  panel; 
P3  waste is dozed into P2  void; and 
P3  ore is removed. 

This sequence continues until the last panel of ore (in this case panel P8) is removed. 

The rehabilitation of the void of P8  and dozer pile of P7  is effected by scraper placement of the P1  waste stockpile 
in the P8  void. Finally the P1  and P2  stockpiled topsoil is spread over panels P7  and P8  and seeded. 
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Prpposed Re - Estab[ishment of Beef wood Creek 

ORIGINAL PROFILE 

B 	 A 

PROPOSED PROFILE 

A - 	New channel with shallow sides. Lined with +100 mm rock 
to reduce flow rates and scouring. 

B - 	Surrounding area contoured and channeled to contain 
runoff. 

FIGURE 8 
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Rehabilitated area on present mining leases. Note the low-lying areas which 
collect the internal drainage. This area originally had a few scattered trees. 
Seedlings of these species are now becoming established. 

lB 	Rehabilitated area on present mining leases. The internal drainage is again 
apparent. This area was largely treeless before mining. The pasture grasses are 
well established and a fence has been erected to prevent grazing until the 
vegetation becomes well established. 

PLATE 1 
DAMES & MOORE 



— 

: 

.yi 	 - 	--. 	— 

	

2A 	Rehabilitated area on existing minesite. There is a dense cover of grasses with 
the beginnings of establishment of shrubs. This area is six months old. 
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2B 	By three years aftcr crnmencenieiit of rehahihtatwn the shrubs have bcguii to 
duminate. The grasses begin to heroine more sparse and the structure and species 
richness of the vegetation begins to rescinhle undisturbed areas. 
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3A 	Lease M80/28 ;. Grasses on redsoil plains with abundant Acacia fczrnesiana 
shrubs. 
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3B 	Lease M80/288. Some as Plate 3A but saplings of eucalypts dominate. These are 
probably the result of an extreme flood period. 
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4A 	Lease M80/288. Another view of the typical grass plains and scattered trees found 
on the lease area. 
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4B 	Beefwood Creek with a stand of Lysiphyllum cunninghamii trees. The creek is 
poorly defined in this area and is well vegetated with grasses. 
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5A 	Beefwood Creek is an area where it is more defined. In these areas it is much less 
densely wooded, with only scattered Adensonia gregorii trees being present. 
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5B 	The landscape on the plains adjacent to Beefwood Creek. 	The creek is indicated 
by the line of trees. 
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APPENDIX A 

CORRESPONDENCE FROM WATER AUTHORITY 

I 



Water Authority 
of Western Australia 

YcurRel 	1.25/MM:KG/139 
Our Rel 

Enquires P. dews 
TeIeDirec (091) 681082 
Fax (091) 681248 

1993 

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

COOLIBAH DRIVE, 
KUNUNURRA W.A. 
Postal Address: P.O. Box 21, Kununurra 
Western Australia 6743 
Telephone: (091) 681 777 
Facsimile: (091) 681 248 

Mr Mike McCracken 
Mine Superintendent 
Poseidon Bow River Diamond Mine Limited 
P.M.B. 7 
KUNtSNURRA W.A. 6743 

Dear Mike 

PROPOSAL TO MINE THROUGH AND RESTORE A SECTION OF BEEFWOOD CREEK 

- Thank you for your letter (undated), outlining a proposed 
methodology f or mining a section of Beefwood Creek. The Water 
Authority has the following concerns re;arding the proposal: 

Mining activity should not detrimentally alter the drainage 
pattern of-the area. 

Mining activity should not increase the volume- or velocity 
of flow through the natural, or any reconstructed channel, 
to the point where scouring or accelerated erosion of the 
bed and banks occurs. 

Disturbance of areas by mining should not lead to increased 
silt flow to Lake Argyle. 

These concerns seem adequately addressed by the following 
significant points in the proposal. 

The channel would be reconstructed after mining. 

The reconstructed channel would be of similar dimensions and 
path to the original stream. 

The reconstructed channel would be armoured with +100mm 
rocks which would prevent scour and mobilisation of silt 
from the stream bed and banks. 

Overland flow from mined areas on either side of the 
channel, is to be contained and excluded from the stream, 
which will prevent transportation of silt from the mined 
area to Lake Argyle. 

USE WATER WISELY 



Provided the scale of the mining remains as stated in the 
proposal (300m of streamline) and the major points (1. to 4.) 
outlined above, remain part of any final proposal, the Water 
Authority has no objection to the proposal and no monitoring of 
silt load in Beefwood creek, relative to this particular project, 
will be required. 

It is further suggested that mining and reconstruction be carried 
out during the dry season. 

Yours Sincerely 

Peter dews 
Senior Water Resources Officer 

5 April, 1993 
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APPENDiX B 

PAGES 11 TO 30 OF THE TEXT OF 

BOW RWER DIAMOND MINE REHABILITATION STRATEGY PLAN 

(DAMES & MOORE, 1992) 

2.2 	THE REHABILITATION PROCEDURE 

2.2.1 Plant Species in Rehabilitated Areas 

BRD has attempted to maximise species richness in the rehabilitated areas by: 

reconstructing the overall soil profile; 

replacing topsoil and hence the seeds contained therein; 

retaining undisturbed bushland, even in small pockets, whenever possible. These act as 

seed sources; 

leaving an undulating topographic profile to improve the chances of trapping windblown 

seeds and to maximise habitat variability; and 

by supplementing naturally-occurring regrowth with a variety of seed species. 

Monitoring has found 45 species of desirable plants which have grown naturally on the 

rehabilitated soils (Table 2). These include 24 species which have shown themselves to be rapidly 

establishing and of value in promoting further restoration of the vegetation structure. 

TABLE 2 

NATURALLY SEEDING SPECIES* 

Species Common Name Success 

Abelomoschus ficulneus 

Abutilon andrewsianum Good 

Acacia farnesiana Mimosa 

Acacia holosericea Candelabra Wattle 

Aristida latifolia Feathert.op Wiregrass Good 

Astrebla pectinata Barley Mitchell Grass Moderate 

Astrebla squarrosa Bull Mitchell Grass 

Boerhavia diffusa Good 

Boerhavia pal udosa Good 

Bulbostylis barbata Sedge Moderate 

Cenchrus ciliaris Buffel Grass Good 

Chrysogonom trichodesmoides 

Chrysopogon fallax Ribbon Grass Good 

Citrullus lanatus Wild Melon Moderate 



Species Common Name Success 

Chioris gayana Rhodes Grass Good 

Cleome viscose Mustard Bush Good 

Commelina sp Wandering Jew Good 

Corchorus acute ngul us Good 

Crotolaria trifoliastrum Cloverleaf Rattlepod Moderate 

Cynodon dactylon Couch Good 

Cyperus sp. Sedge 

Euphorbia mitchelliana Good 

Euphorbia schizolepis Good 

Euphorbia schultzii 

Euphorbia sp Good 

Flaveria australasica 

Gomphrena canescens Batchelor's Buttons 

Ipomoea gracilis 

Iseilema sp Flinders Grass Good 

Iseilema vaginiflorum Red Flinders Grass Good 

Jaquemontia browniana Snake Stem Good 

Neptunia dimorphantha Sensitive Plant Good 

Panicum decompositum Native Millet Moderate 

Phyllanthus mad eraspatensis Good 

Polymeria sp Good 

Ptilotus exaltatus Purple Mulla Mulla Moderate 

Ptilotus fusiformis 

Ptilotus spicatus Mulla Mulla 

Rynchosia rhomboidea Moderate 

Salsola kali Rolypoly Good 

Sesbània cannabina Sesbania Pea• Good 

Side fibulifera Good 

Sorghum timorense Good 

Sporobolus australiasicus Fairy Grass Good 

Trichodesma zeylanicum 

Note: 	* 	All species on this list are considered indigenous. 
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To determine whether natural recruitment was sufficient as the primary source of rehabilitation 

a lOm x lOm transect was established on red soil in Rehabilitation Area 7. One 5m x lOm strip 

was artificially rehabilitated. The remaining strip received no treatment. At the end of the wet 

season plants were harvested from each strip and the dry weight of shoots determined. Results 

were: 

Area 	
Dry Weight of 	Shoots 

(kg/ha) 

Rehabilitated Strip 	 1,147 

Unrehabilitated Strip 	 613 

The rehabilitated strip contained some Buffel (Cenchrus ciliaris), Couch (Cynodon dactylon) and 

Stylo (Stylosanthes hamata) with Fairy Grass (Sporolobus australasicus) and Mustard Bush 

(Cleome viscosa) occurring in both strips. Overall growth in the artificially rehabilitated strip was 

87.1% greater. 

The results were taken to indicate the advantage of active rehabilitation over natural recruitment. 

BRD has seeded artificially with 35 species of plants (Table 3); although 19 of these have only 

recently been tried and no results are yet available. 

TABLE 3 

ARTIFICIALLY SEEDED SPECIES 

Species Common Name 
Indigenous (I), 
Naturalised (N) 

or Exotic (E) 
Success 

Acacia holosericea* Candelabra Wattle I Good (greenhouse) 

Acacia turnida* Pindan Wattle I Very good 

Adansonia gregorii Boab I Good (hand planted) 

Aerva javanica Kapok Bush N Good (low germination) 

Bothriochloa petusa Bluegrass E Poor 

Brachyachne convergens 	 - Kimberley Couch I Good 

Cassia notabilis* Cockroach Bush I Good 

Cenchrus ciliaris Buffel Grass N Good 
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Species Common Name 
Indigenous (I), 
Naturalised (N) 

or Exotic (E) 
Success 

Chloris gayana Callide Rhodes Grass E Good 

Cynodon dactylon Couch N Good 

Cynodon sp A Giant Bermuda Couch - 	E Good 

Cynodon sp A Indian Blue Couch B Good 

Eucalyptus pruinosa* Silver Box I Poor (greenhouse) 

Eucalyptus apodophylla Whitebark I Poor 

Eucalyptus argillacea Mount House Box I Good 

Eucalyptus bigalerita Poplar Gum I Poor to fair 

Eucalyptus camaldulensis* River Gum I Fair to good 

Eucalyptus confertiflora Cabbage Gum I Good 

Eucalyptus dichromophloia Bloodwood I Good 

Eucalyptus ferruginea Rusty Bboodwood I Poor 

Eucalyptus herbertiana I Poor 

Eucalyptus microtheca* Flooded Box I Very Good 

Eucalyptus phoenicia Scarlet Gum I Good 

Eucalyptus tetradonta Darwin Stringybark I Poor 

Leptospermum parviflorum I Fair 

Leucaena leucocephala Leucaena B Poor 

Lysiphyllum cunninghamii* Bauhinia I Good (greenhouse) 

Melaleuca argentea River Paperbark I Good 

Melaleuca leucodendra* Cadjeput I Poor 

Melaleuca neruosa Fibrebark I Poor 

Ptilotus exaltatus Purple Mulla Mulla I Poor 

Sesbania formosa* Swamp Corkwood I Good (greenhouse) 

Sorghum sp Forage Sorghum B Good 

Stylosanthes hamata Verano Stylo E Good 

Stylosanthes scabra Secca Stylo E Good 

Terminalia arostrata Nutwood I Good 

Note: 	* 	Special emphasis on these species in Area C. 

Of the 36 plant species artificially seeded 25 (69%) are indigenous to the region, four are 

naturalised and widespread throughout the Kimberley, are common in undisturbed areas near the 

mine and will naturally colonise the area, and seven are exotic species introduced for their 

immediate benefits. 



AW 

Of the exotic species: 

Bluegrass is a short-lived species preferring wet areas but also occurring on dry soils. It 

rapidly forms a ground cover but then generally dies away if not renewed. It is not doing 

well at BRD and is expected to disappear although it is drought resistant; 

Callide Rhodes Grass prefers disturbed soils and is expected to reduce in abundance 

when the soil surfaces become stabilised. It withstands grazing providing the soils do not 

become destabilised; 

Giant Bermuda Couch and Indian Blue Couch are pasture grasses which are presently 

doing well on the minesite. They are tolerant to grazing and therefore desirable to the 

pastoralist; 

Forage Sorghum is a sterile species which grows rapidly and creates a dense ground 

cover but then dies and does not reproduce; 

Verano and Secca Stylo are vigorous pasture grasses which will probably persist in the 

long-term as they are a favoured pasture species widely used in the area; and 

Leucaena (actually L. leucocephala var. cunninghamii) is an animal-feed species widely 

used over large areas of northern Australia (Bray et al., 1988). The Department of 

Agriculture in Kununurra considers it to be a very useful species for the pastoralist. It is 

now widely grown in the Kununurra Region. 

It should also be borne in mind that the end land use for the minesite is intended to be pasture 

as part of Lissadell Station. Several of these exotic pasture species are used for pasture 

enhancement and, therefore, already occur in the area. If some of the plants do become established 

on the minesite this will not be detrimental to the end land use but will be an asset to Lissadell 

Station. 

Of the 18 species where results of seeding trials are available, 12 have proven to be good 

colonisers. The features of these species are as follows (Table 4): 
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TABLE 4 

SUCCESSFUL COLONISING SEED SPECIES 

Species Common Name Features 

Aerva javanica Kapok Bush Very soil tolerant, good cover, re-seeds well, 
good fodder for stock. 

Astrebla sp Mitchell Grass Good cover and fodder for stock, resistant to 
heavy grazing. 

Brachyachne convergens Kimberley Couch Moderate cover. 

Cassia notabilis Cockroach Bush Good cover, re-seeds rapidly, dense foliage helps 
to lower ground temperature. 

Cenchrus ciliaris Buffel Grass Establishes rapidly, good cover, seeds well, 
withstands heavy grazing, drought resistant. 

Chioris gayana Caffide Rhodes Grass Runners bind soil, withstands heavy grazing. 

Cynodon dactylon Couch Establishes rapidly, good cover, temporary 
except in moist areas, soil binding, withstands 
heavy grazing. 

Eucalyptus camaldulensis River Gum Commences development of upper stratum, 
prefers moist areas, rapid growth. 

Iseilema vaginiflorum Red Flinders Grass Good coloniser, good fodder. 

Lysiphyllum cunninghamii Bauhinia Slow but helps to establish upper strata. 

Sorghum sp Forage Sorghum Establishes quickly, good cover, temporary. 

Stylosanthes hamata Verano Stylo Good cover, fast germination, drought resistant, 
withstands heavy grazing, abundant 
self.seeding. 

2.2.2 Germination Tests and Seed Provenance 

BRD commissioned the Seed Testing Laboratory of the Department of Agriculture to undertake 

germination trials on locally collected seed. BRD also carried out trials themselves on three 

species. Results are presented in Table 5. 
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TABLE 5 

RESULTS OF GERMINATION TRIALS 

pecies 
Normal Seedlings 

(%) 
Ungerminated Normal Seed 

(%) 
Abnormal Seedlings or Seed 

(%) 

Abelomoschus ficulneus 14 84 2 

Abutilon andrewsianum 0 98 2 

Acaciasp.' 98 2 0 

Aeruajavanica 9 0 91 

Aerva jauanica2  3 0 97 

Astrebla pectinata 4 12 84 

Astrebla squarrosa 50 44 6 

Lysiphyllum cunninghamii 12 77 11 

Lysiphyllum cunninghamii' 95 0 5 

Ptilotus spicatus 0 0 100 

Sesbania formosa' 95 0 5 

Notes: 	1. 	PBR trials. 

	

2. 	Prechilled at 5C for 48 hours. 

It can be seen that germination success varies widely between species and that some species, 

notably Aerva javanica, Astrebla pectinata and Ptilotus spicatus had exceptionally high proportions 

of abnormal seedlings. BRD therefore considers it preferable to use some commercially available 

seed which has guaranteed satisfactory proportions of successful germination. 

2.2.3 Fertiliser Application and Seed Mixes 

All mined areas were backifiled with overburden, contoured and topsoiled to an approximate depth 

of 250mm. Each area was then scarified and fertilised with DAP (100kg(ha) and a zinc additive 

(5.5kg/ha). Seeding and harrowing followed. Details of the seed mix are given in Table 6. 



TABLE 6 

SEED MIXES - GENERAL REHABILITATION 

Species 1990/91 
(kg/ha) 

1991/92 
(kg/ha) 

1992/93 
(kg/ha) 

Forage Sorghum (Sorghum spp.) 9.9 9.75 9.75 

Buffel Grass (Cenchrus ciliaris) 3.3 3.3 3.3 

Couch (Cynodon dactylon) 3.3 1.3 1.3 

Verano Stylo (unscarified) (Stylosanthes hamata) 1.1 1.1 1.0 

Verano Stylo (scarified) (Stylosanthes hamata) 0.8 0.8 0.8 

Callide Rhodes Grass (Chloris gayana) 0.63 0.63 0.63 

Indian Blue Couch (? Cynodon sp.) 0.63 0.63 0.63 

Mitchell Grass (Astrelba sp.) 0.25 - 

Tree Seed Blend (RB. Dessert) 0.1' - - 

Luceana leucocephala 0.1' 0.5 - 

Kapok Bush (Aervajavanica) 0.08123 - - 

Boab (Adansonia gregorii) 0.08' 2 - - 

Bauliinia (Lysiphyllum cunninghamii) 0.0212 - - 

Barley Mitchell Grass (Astrebla pectinata) - - 0.2 

Giant Bermuda Couch (Cynodon sp.) - 1.0 - 

Secca Stylo (Stylsanthes sp.) - 1.0 - 

Mixed E. camaldulensis, Cassia notabilis, - 0.1 - 
Acacia tumida and A. cowleana 

TOTAL 20.29 20.11 17.61 

Notes. 	1. 	Small quantities of these seed were also spread around the edge of wet areas in sites rehabilitated in 1989/90. 
Collected locally. 
70% was frozen to stimulate germination. 

In Area "C" where soil conditions are moister, the seed mixture listed in Table 6 was modified 

slightly. The seed mixture for application on 34ha of Area "C" is as follows (Table 7). 
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TABLE 7 

SEED MIXES - AREA "C" 

Species 	 I 	 leg/ha 

Forage Sorghum 	- 12.0 

Buffel Grass 3.3 

Common Couch 3.0 

Giant Bermuda Couch 1.0 

Verano Stylo (unscarilied) 1.1 

Verano Stylo (scarified) 0.8 

Secca Stylo 1.0 

Indian Blue Couch 0.625 

Callide Rhodes Grass 0.625 

Barley Mitchell Grass 0.20 

Cassia notabili.s 0.15 

Acacia tumida 0.15 

Eucalyptus camaldulensis 0.10 

Sesbania cannabina 0.20 

Melaleuca leuco4endra 0.10 

Melaleuca viridiflora 0.10 

TOTAL 	 24.45 

2.2.4 Soil Aineliorant Trials 

BRD has conducted a number of trials to determine the effects of Aquasol and/or gypsum on plant 

establishment. 

Five lOm x lOm transects were established in areas undergoing rehabilitation in 1990/9 1 with the 

following treatments (Table 8). 

I 



L 
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TABLE 8 

SOIL AMELIORATION TRIALS 1990/91 

Transect Rehabilitation Area Soil Type 
Aquasol 
(kg//) 

Gypsum 
(ti/ui) 

A 7 Red 50 - 

B 7 Red - 3 

C 8 Black 25 1 

D 10 Black - 3 

E 10 Black 50 - 

Each experimental transect had a similarly-sized control transect immediately adjacent to it. All 

areas had been treated with the general rehabilitation seed mix as described in Section 2.2.3. All 

had received DAP and zinc additive treatment. 

The same ameliorant treatments were applied in December 1990 and each transect was inspected 

in April 1991. 

The results are shown in Table 9. 

TABLE 9 

RESULTS OF TRIALS USING AQUASOL AND GYPSUM 

Transect No. Species 
No. Indiuiduals 

(per lOOm) 
Diy Weight 

(kg/ha) 

A 	Experimental . - 1,062 
A 	Control - - 1,058 

B 	Experimental 22 1,644 - 
B 	Control 22 1,250 - 

C 	Experimental 12 885 
C 	Control 16 1,181 

D 	Experimental 9 1,175 - 
D 	Control 7 1,400 - 

E 	Experimental 16 2,550 - 
E 	Control . 	15 3,150  
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None of the treatments showed significantly different numbers of individuals. 

Treatment with Aquasol is believed to have no benefit to red or black soils already treated with 

DAP and a zinc additive. Similarly, gypsum was shown to be of no significant benefit although 

consideration will be given to conducting further trials when areas with red soils are next 

rehabilitated. 

2.2.5 Hand Planting 

Several hundred Melaleuca argentea, Lysiphyllum cunninghamii and Sesbania formosa have been 

raised in a greenhouse and will be planted in the 1992/93 wet season. Trials are being conducted 

on Adansonia gregorii (Boab), Eucalyptus pruinosa (Silver Box), E. terminalis (Bloodwood) and 

Terminalia arostrata (Nutwood). 

2.2.6 Palatability of Species 

Table 10 lists the usefulness and tolerance of species to cattle grazing. 

TABLE 10 

REHABILITATION SPECIES USEFUL AND TOLERANT TO GRAZING 

Species Fodder Value Tolerance to Grazing 

Aerva javanica High Moderate 

Astrebla sp. High High 

Cenchrus ciliaris High High 

Chloris gayana Moderate High 

CynodOn dactylon 	- High 	- -- 	 -- 	High 	- 

Iseileina vaginiflorum High Moderate 

Stylosanthes hamata High High 

It is believed there are sufficient numbers of species tolerant to grazing to ensure that the 

rehabilitated areas would not be destroyed by grazing pressure. 
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2.2.7 The Transition to "Near-Natural" Vegetation 

The undisturbed vegetation of the area near the minesite consists of two basic types: 

scattered assorted eucalypts over scattered sparse Acacia shrubs over pasture grasses with 

ephemeral and perennial small shrubs; and 

"Area C" which is similar to the above but which has Eucalyptus camaldulensis in greater 

numbers, over mixed Acacia and Melaleuca shrubs, over couch grass and scattered small 

shrubs and herbs. 

BRD has attempted to commence the restoration of similar habitats by reconstructing the soil 

proffle, seeding and planting with mixed eucalypts, Melaleuca and Acacia species, several species 

of pasture grasses (and couch grass in the wetter areas) plus small shrubs (e.g. Cassia). The 

DOME has indicated that soil reconstruction is, in their opinion, successful. 

Bearing in mind that the majority of the rehabilitation is only two years old in December 1992, 

and the oldest is only three years old in December 1992, the re-establishment of a near-natural 

habitat structure is believed to be progressing fairly well. 

2.3 	PRESENT STATUS OF REHABILITATION 

2.3.1 Climatic Evaluation 

Regional rainfall data are presented in Table 11. The mean annual rainfall for Bow River, based 

on only three years of data, is 577mm (standard deviation 166mm). This appears to be similar to 

that experienced at Lissadell Station (600mm averaged over 95 years of data). 

If a mean of 600mm is therefore taken as representative of Bow River then: 

1989/90 was 30% below average; 

1990/91 was 25% above average; and 

0 	1991192 was 6% below average. 



TABLE 11 

ANNUAL RAINFALLS AT BOW RIVER COMPARED TO LISSADELL STATION* 
KUNUNURRA AND HALLS CREEK DATA SUPPLIED FOR REFERENCE 

Years of 
Data 

A S 0 N D i F M A M i 
Mean 

Annual 

Kununurra 44 6 1 3 26 63 122 199 196 120 40 10 3 789 

I-Tails Creek 91 7 2 5 20 55 109 176 168 109 25 10 6 692 

Lissadell 95 4 1 4 19 50 109 150 147 96 18 6 4 600 

130W RWER TOTAL 

1989/1990 - 0 0 4 3 15 98 127 93 72 4 0 0 416 

1990/1991 - 0 0 5 5 40 91 248 346 3 10 0 0 748 

1991/1992 - 3 1 	0 0 0 178 16 190 125 48 6 0 0 566 

Note: 	* - Data provided in financial year order in accordance with BRD procedures. 
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As rehabilitation did not get underway in earnest until 1990/91, the regrowth seen in mid-late 

1992 could be considered typical or slightly worse than typical of what might occur in the 

long-term. This would depend, of course, on future periods of extended drought or a series of wet 

years. In these eases the regrowth might vary considerably from what is presently observed. 

2.3.2 Rehabilitation Success 

Species richness, numbers of individuals and species diversity in rehabilitated and unmined areas 

in April 1991 are presented in Table 12. 

TABLE 12 

RICHNESS AND DIVERSITY DATA (1991) 

Transect Species Richness No. of Individuals Species Diversity (D)* 

1 10 44 0.75 

2 9 40 0.79 

3 12 37 0.84 

5 11 50 0.80 

6 7 75 0.24 

7 15 87 0.79 

8 15 93 0.85 

9 16 90 0.76 

10 13 64 0.77 

11 17 74 0.78 

12 6 43 0.67 

13 15 80 0.85 

14 15 72 0.83 

15 12 101 0.68 

Note: 	* 	- 	D = 1 - (Px) where Px is the proportion of individuals of each species (Simpson's Index). 

The mean density of grasses in rehabilitated and unmined areas is presented in Table 13. 
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TABLE 13 

DENSITY OF GRASSES (1991 DATA) 

Mean Density (plants/lOm)  

Rehabilitation Rehabilitation Species 

(red soil) (black soil) 
Unmined 

Aristida latifolia - - 34.5 

Astrebla pectinata - - 17.0 

Cenchrus ciliaris 13.3 17.4 - 

Chlorisgayana 1.3 2.8 - 

Cynodon dactylon1  7.0 9.2 8.5 

Sorghum timorense 0.13 1.6 - 

Sorghum sp. 2.0 16.2 - 

Sporobolus australasicus 7.0 - - 

Others 1.0 0.9 2.5 

TOTAL 31.9 48.1 62.5 

Note: 	1. 	Clumps of tillers connected by stoloniferous roots were each counted as one individual. 

These data suggested that, although species richness and the number of individuals was fairly 

high, the species diversity was still relatively low. The grasses, as a group, however, were doing 

quite well after one year and density of plants on red soil had reached 50% and on black soil nearly 

80% of pre-mining levels. 

The most successful native perennial shrubs appear to be Acacia tumida, Cassia notabilis and 

Lysiphyllum cunninghamii. These species appear to favour the ecotones between undisturbed soils 

and mined soils. It is believed this is because of the increased runoff from the compacted, 

undisturbed, soils creating moister habitats in the ecotone (refer Section 2.4 below) where the 

runoff can soak into the soil more readily. 

This view is supported by observations that these species also appear to grow better around low 

points which collect more moisture, or in areas which have been very deeply ripped. As these 

habitats are all less common and more restricted in area than the grasslands they are more prone 

to attack from grasshoppers. It is believed that as more shrubs become established over a wider 

area the "selective grazing pressure" currently experienced by these shrubs will decrease. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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In "Area C", where the intention is to progress more towards native vegetation in the upper 

canopy, the use of tree species has been emphasised. 

The understorey in the undisturbed parts of Area C is primarily couch grass and this is expected 

to be the natural recoloniser of the mined parts of Area C as well. This process is being 

encouraged by artificial seeding with couch. 

2.4 	EROSION AND PROBLEM AREAS 

2.4.1 General Minesite 

Gully erosion occurs from time to time, particularly in areas where undisturbed land surfaces 

interface with mined soils. The compacted natural surfaces have a high degree of runoff. When 

the runoff reaches the mined surfaces (which are usually slightly lower topographically) the high 

runoff volumes and steeper gradient tend to erode the mined soils preferentially. Remediation of 

these areas is primarily by contour ripping of the gullied surfaces to reduce overland flow and by 

lowering batter angles and, where necessary, armouring with waste rock. Over the period of 

operations most of these difficult areas have been repaired, but monitoring will continue. 

If erosion on these surfaces recommences, bunded drains may be installed to lead water off the 

undisturbed surfaces into low points within the mine. However, this will be avoided whenever 

possible because of the damage it will cause to otherwise undisturbed vegetation. 

As all drainage is internal, any erosion which occurs within the mined area will be contained. It 

is believed that minor erosion in the mine area will ultimately lead to a more subdued overall 

landscape while not permitting sediment transport into the nearby river. 

It is noteworthy that, prior to commencement of mining, up to lm of topsoil had been lost from the 

area due to sheet erosion. 
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2.4.2 Mary Hill 

Prior to commencement of operations by BRD, Mary Hill and the immediate surrounds were 

almost devoid of vegetation. It is believed this was caused by high clay content, low permeability 

and fairly steep slopes preventing moisture accumulation. 

BRD has attempted to stabilise the area following disturbance by operations. The bare areas were 

ripped and contour drains constructed. Part of the ripped area was covered in rip-rap armouring 

and the remainder was left unarmoured. 

There has been no significant rainfall since the work was done so there are no results yet 

available. [Since the publication of this report in 1992 some results have become available. 

Preliminary experiments with tining and hand seeding proved of limited value, with soil erosion 

occurring. Tractor scarified, fertiised and seeded areas also failed. Later experiments have 

involved contour banks and "V" drains to slow and contain runoff. Panels between banks were 

tined laterally or were covered with rip-rap. No seeding was done and natural regrowth was 

permitted. Results have been excellent, even in the tined area and have demonstrated that water 

trapping was more critical than soil preparation. Examples of the results are presented in Plates 

Bi to B4.] 

2.4.3 Area C 

Area C (Figure 1) is the lowest part of the minesite and receives much of the runoff which collects 

over the disturbed area. To prevent sediment runoff directly into the Bow River, and to act as a 

"settling pond", Area C has been physically separated from the river by an earth bund. This bund 

also prevents the Bow River from flooding back into the mine rehabilitation areas during times of 

flood events. 

Discussions with the DOME and EPA have led to an agreement that the bund will be retained at 

decommissioning. A spiiway has been constructed to guide overflow from Area C into the river, 

thereby preventing erosion of the bund. If necessary the spillway may be armoured. Trees and 

scrub cleared before mining have been layed back on slopes of Area C. 

2.4.4 Test Pits 

Test pits in areas which will not be mined will be filled in and seeded with native grasses and 

shrubs. 



2.5 	CURRENT MONITORING PROGRAMME 

2.5.1 Rehabilitation Monitoring 

The location of monitoring transects and quadrats are shown on Figure 2. Rehabilitation 

monitoring to date has consisted of a number of studies, as detailed below. 

Preliminary Soil Sampling and Analysis 

Prior to the early commencement of "agricultural" style seeding and rehabilitation, several bulk 

soil samples were sent for analysis. These samples were aimed at representing the three main soil 

types, with the results affecting choice of fertiisers and chemical additives. 

Results are presented in Table 14. 

TABLE 14 

ANALYSIS RESULTS - RED AND BLACK SOILS 

Characteristic 

Red Black 

October 1990 April 1991 October 1990 April 1991 
(pre-rehab) (post-re/jab) (pre-rehab) (post-rehab) 

pH 7.7 7.5 7.0 7.1 

N(ppm) 2 3 3 2 

P(ppm) 3 20 2 17 

K(ppm) 190 140 210 300 

S (ppm) 142 10 27 73 

Ca (ppm) 4,000 3,870 4,000 3,980 

Mg (ppm) 1,400 830 1,400 1,240 

Cu (ppm) 1.0 2.4 1.8 2.2 

Zn (ppm) 0.5 13.0 0.4 8.0 

Mn (ppm) 234 240 464 498 

Fe (ppm) 50 80 120 140 

B (ppm) 1.1 0.7 0.3 0.6 

Organic matter (%) 0.1 0.3 0.4 0.4 

TSS (ppm) 3,420 240 360 710 

Na (ppm) 1,300 100 180 170 

Cl (ppm) 1,510 20 70 1 	 30 
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The analyses show significant increases in levels of phosphorous and zinc consistent with the 

fertiliser regime. Despite no apparent increase in nitrogen levels only nitrates were tested for. 

Nitrogen is no doubt present in other forms. 

Decreases in levels of sulphur, sodium and chloride in the red soils are dramatic. Leaching may 

have played a significant role in these changes because of the intervening wet season. 

Increased levels of Total Soluble Salts in black soils, despite decreases in sodium and chloride, are 

believed to be due to the formation of compounds of calcium and sulphur. 

Additional copper and boron could be of benefit particularly for leguminous plants, 

e.g. Verano Stylo. To this end a fertiiser with trace nutrients such as Agras Cu-Mo-Zn may be 

more beneficial than DAP alone. Boron, however, is usually applied as a foliar spray which would 

not be economic, particularly as levels are not critically low. 

Monitoring Strips Within Rehabilitated Areas 

A total of twenty monitoring strips have been established throughout the rehabilitated areas. They 

are lOm x im strips divided into one metre squares and established after seeding, but 

pre-germination. Although fairly random, an attempt was made to represent the different aspects 

of the "lay of the land", in an undulating landscape, e.g. top of a hump, halfway down a slope, etc. 

Monitoring consists of recording species richness, number of individuals and species diversity and 

is done three times during the first wet season, then re-monitored once annually thereafter. 

Additional soil samples were taken and analysed from within these transects. A full photographic 

record has been kept and any other general observations recorded, such as insect or parrot damage. 

New strips are created annually. 

Monitoring Strips Outside Rehabilitated Areas 

Two monitoring strips were established at random on virgin black soil plain, to record a 

comparison of mean density of grasses, and species richness in rehabilitated and unmined areas. 

Three monitoring strips were established on unfenced, but seeded, ground to compare grazing 

effects with the neighbouring fenced pasture. 
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Monitoring Squares to Test Growth Response to Fertilisers and Chemicals 

Five lOm x lOm monitoring squares were established in areas undergoing rehabilitation, and were 

given treatments of "Aquasol", multi-purpose fertifiser and/or gypsum in varying amounts 

(Figure 2). A growth comparison was then made with an equal-sized adjacent square, using the 

"dry weight" method. Numbers of individuals were also recorded. One monitoring square was 

established to compare the effects of rehabilitation treatment with natural recruitment. 

A 5m x lOm strip of the transect was rehabilitated, while the remainder was left to regrow 

naturally. 

Photographic Monitoring 

Photographic monitoring of all aspects of rehabilitation is ongoing and includes issues such as 

erosion control, vermin and wildlife. 

2.5.2 Weed Monitoring 

The noxious weed Parkinsonia aculeata (Parkinsonia or Jerusalem Thorn), a tropical American 

introduction, is abundant along the margins of the Bow and Ord Rivers near the minesite. The 

plant is a serious hazard to the cattle industry. BRD undertakes visual inspections for the plant 

within the rehabilitation area and immediately removes it should it be found. While every effort 

is made by BRD to control the weed it must be recognised that it is common and widespread in 

the vicinity of the mine and permanent eradication is impossible. The Department of Agriculture 

in Kununurra sprayed the area for Parkinsonia in October 1992. 

A similar situation occurs with Acacia farnesiana (Prickly Mimosa), a local native species common 

throughout the Kimberley Region. It is also abundant along the adjacent watercourses, which it 

favours because of the disturbance caused by flooding. The disturbed soils of the minesite are a 

very favourable habitat and BRD removes it as it is noticed. It is believed that as soil structure 

improves the A. farnesiana will become less favoured. However, trampling by cattle also disturbs 

the soil and it may become re-established after grazing is permitted on the minesite. 

A third pest species, Calotropis procera (Calotrope), a native to tropical Asia and Africa, also 

favours disturbed ground. It competes poorly with pasture grasses and can be managed fairly 

readily by careful manipulation of grazing. Control by removal and rapid establishment of pasture 

grasses will prevent broad-scale establishment during mine life. Monitoring for the presence of 

Calotropis is by visual inspection, as it is with the other pest species. 
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B! 	Area of Lining (left-hand side) with contour drain. The area on the right has been 
covered with riprap. Photograph taken December 1992 immediately after site 
works. 
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B2 	The same area as Plate Bi in April 1993 (4 months later). The Lined and 
riprapped areas have good cover. The untreated area has also begun to 
revegetate. 

PLATE B 
DAMES & MOORE 



r 	- 	- 
- - 	 - 

- 

- - 	
- 	_ 	 - 

- 

	

- 	..--, - 

B3 	A similar area to Plate Bi near Mary Hill. Photograph taken after tining, 
draining and riprap application. The foreground is untreated. 
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B4 	The same area four months later. 
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