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This report is a suggested strategy plan for rehabilitation 

from the point of view of landscape stability. 

It has been prepared for consideration by the Department 

of Mineral Resources and Development and Mine management 

as the first step in formulating a mutually agreeable plan 

of action. 

Parts of this proposal may also require review in the light 

of company decisions regarding, for example, retreatment of 

tailings, or other changing circumstances. 

Final rehabilitation will involve attention to other matters, 

for example, the heavy metal content of drainage water, which 

do not come under the jurisdiction of the Soil Conservation 

Service. Advice should be sought from the appropriate State 

Government Departments to augment the proposals given here. 
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INTRODUCTION. 

Progressive rehabilitation is the most economical means of achieving 

stability of the landscape following mining. 

Rehabilitation does not imply returning the land to its previous 

form and use. The object is to shorten the period during which the 

land is left derelict, eliminate sources of sediment and pollution 
and allow some useful activity on the land within the restraints of 

climate, landform and productive capacity. 

An effective rehabilitation programme must be integrated with the 

overall planning of mining operations. Long term objectives must be 

stated and short term objectives programmed in time. The programme 

should take into account the resources available and be sufficiently 

flexible not to restrict the direction and means of operation of the 

mine. 

Rehabilitation planning is helped by having clear post-mining land-

use objectives. 

In the case of Ardlethan Tin the economic advantage of future 

agricultural or pastoral use is very small compared with the cost of 

achieving the necessary landform. 

It is suggested that the historical and interest value of the 

large open cut, the massive scale of the operation and its proximity 

to the Newell Highway lends the site to development as a tourist 

attraction to illustrate the role of mining in New South Wales and the 

effectiveness of rehabilitation techniques. 
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This rehabilitation proposal is based on the following 

assumptions: 

That the mine is expected to operate for 

a number of years. 

The main open cut will not be filled with 

overburden material. 

There will not be any large scale reshaping 

of existing rock dumps. 

Pevegetation of steep rock batters is not 

considered necessary except where they are unstable. 

Post-mining land use will not be based on 

agricultural production. 

Consequently, it is considered that rehabilitation should 

aim at the control of erosion and erosion hazard and an aesthetically 

pleasing blending of the mine site with the general landscape. 

Peasonable safety precautions will be also necessary to prevent 

injury to persons or stock. Entry to restored areas and areas 

which are a safety hazard should be strictly controlled. 

This report is a proposed strategy plan for rehabilitation. 

It is a broad based proposal with emphasis on immediate priority 

areas and guidelines as to how objectives may be met. Detailed surveys 

and proposals, relevant to particular parts of the plan, will need 

to be undertaken as necessary for the implementation of the nominated 

stages. 
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STAGES OF RESTORATION. 

The suggested order of implementation of this programme is 

shown on the accompanying map. Stages have been outlined so 

that the plan can be carried out over a number of years. This will 

allow the most effective use of resources such as topsoil, labour and 

machinery as they become available. 

Rehabilitation Stage 1. 	Immediate Priority Areas. 

The present pollution and erosion hazard of these areas is very 

high. Some earthworks, topsoiling and tree planting have already been 

done, but, rapid deterioration will occur unless the following 

recommendations are implemented. 

All stage '1 areas should be substantially rehabilitated before 

detailed planning for subsequent stages is undertalen. 

Specific stage '1 works include: 

	

1.1 	Service Road. 

A service road should be built around the dump 

heaps as shown on the map. This will facilitate transport of topsoil 

and establishment of vegetation. Construction should be given highest 

priority. 

This road will also provide permanent access to elevated areas for 

maintenance, safety and fire fighting after the mine has closed. 

Public access to this road is not recommended. 

	

1.2 	White Crystal Dumps. 

lopsoiling and tree planting has been done 

on portion of the top of the White Crystal Dumps. Rehabilitation should 

now be completed with more reshaping of rock piles, spreading of 

additional topsoil, deep ripping, construction of earthworks to 

control runoff, seeding, fertilizer application and tree planting. 

Improvement of road drainage near these Dumps and revegetation 

of disturbed areas adjacent to the road should also be undertaken. 

	

1.7 	umpathia lailings Area. 

Earthworks below the Carpathia tailings dumps 

need to be completed and revegetated. 

This programme has been partially completed. The object of the 

work is containment of erosion from the tailinps, dilution of runoff 



and diversion of clean water from the Poison dam. 

Drainage and seepage from the White Crystal Dumps should be 

confined to the Poison dam. 

	

1.4 	Rehabilitation of Northern Dumps. 

lopsoiled areas on the easterrl and western 

ends of the Northern dumps should be levelled to encourage even 

infiltration of water. They should then be revegetated and included in 

the tree planting programme. 

Untopsoiled areas of the Northern dumps need reshaping before 

topsoil is spread. Reshaping should be given high priority as topsoil 

from below top water level of the Spring Valley tailings dam can be 

stored on this area as an ongoing programme. 

	

1.5 	Rehabilitation of Western Dumps. 

Topsoiled areas on the Western dumps are 

eroding rapidly and earthworks to control this erosion are needed urgently. 

The soil is suspected of being highly erodible (dispersible) and 

specialised structures may be needed to dispose of excess runoff. 

All topsoiled areas, including exposed batters, should be 

revegetated. Nor-topsoiled areas are to be treated at a later stage 

(3.- )- 

Lookout Area. 

A tourist lookout is suggested and has been 

marked on the map. This area and the adjacent Southern dumps 

(extending eastwards from the lookout) are good vantage points from 

which to view te main open cut. 

The nominated lookout has been planted with trees, however, 

runoff and erosion is continuing at an unacceptable rate. More topsoil 

needs spreading on this area and temporary runoff control works 

constructed. The area should then be revegetated. 

The proposed access road around the dump heaps will also start 

from the lookout and road drainage will need to be considered as part 

of the overall runoff control measures. 

Rehabilitation Stage 2. 	High Priority Areas. 

These are areas where little or no previous restoration work 

has been done. They require reshaping and levelling before topsoil is 

applied. 
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Specific works include: 

	

2.1 	Northern Dumps. 

Loose heaped rock needs reshaping starting 

at the eastern end. Pockpiles should be levelled to a fairly even 

surface and blended in with the rehabilitation work carried out in 

stage 1. This will minimise the amount of topsoil required and will 

ensure even infiltration of water. 

As topsoil becomes available, from areas such as Spring Valley, 

it should be stored here for spreading during the following autumn. 

Topsoil must be applied at a minimum thickness of 0.2 metres 

(or 25m2  per 5m3  topsoil). Topsoil should not be applied to steep 

batters unless specifically required. 

The berm on the southern side of the Northern dumps should be 

provided with access so that topsoil can be spread and revegetated. 

Tree planting on this berm will help maintain stability of the batter 

face as well as improving the visual effect from the proposed lookout. 

	

2.2 	Below Southern Dumps and Proposed Lookout. 

The area between the open cut and Southern 

dumps needs reshaping and revegetating. If the road is no longer 

required for access it should be obliterated. 

A bank should be built around the foot of the dumps to prevent 

toxic seepage from killing vegetation. The water from this bank can 

be drained into the main open cut. 

The small dun in the southwest corner may contain toxic water. 

It should be provided with an overflow or even eliminated if not required. 

(Note: The detiled plan may contain proposals to use this dam for 

runoff control or disposal of toxic seepage). 

	

2.3 	Tree Planting - Stage 1 Areas. 

Areas revegetated in stage '1 should 

be planted with trees as soon as possible after work is completed. Trees 

planted randomly at spacings of around three metres would be more 

effective than row or pattern planting. 

	

2.4 	Below Northern Dumps. 

Treatment of the area between the open cut and 

the Northern dumps should be carried out along the same lines as below 

the lookout. 



Drainage should be provided around the foot of the dumps from 

west to east and excess runoff disposed of into the open cut via 

the old haul road. 

The haul road should be deep ripped and revegetated and access 

past the present observation point denied. The use of closely 

spaced large boulders is a suggested means of restricting access 

to this area. 

Rehabilitation Stage 3. 	Intermediate Priority Areas. 

Stage 3 includes the remaining sections of the Western and 

Southern dumps and any further work required in the vicinity of the 

open cut. 

- Specific works include: 

3.1 	Western Dumps. 

The remaining Western dumps area directly 

below the lookout has been levelled but requires topsoiling and 

revegetation, including tree planting. 

3.2 	Southern Dumps. 

The Southern dumps to the east and west of 

the lookout should be reshaped, topsoiled and revegetated. 

3.3 	Unwanted Access Tracks. 

Roads no longer required for operation of 

the mine, except the main access across the dumps, should be deep 

ripped, topsoiled where necessary and revegetated. Access should 

then be prevented. 

3•4 	Areas of Pollution Hazard. 

Any areas of particular pollution hazard 

resulting either from seepage or erosion should be dealt with at this 

stage of the programme. 

They include the contaminated soil zone and seepages on the outside 

of all waste dumps. Their treatment may require construction of special 

disposal structures such as rock grouted drains and evaporation and 

dilution ponds. 
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All areas outside this drainage system up to the boundary of 

the lease should be revegetated and planted with trees. Leases should 

then be fenced to exclude stock and persons, leaving only one entrance 

to the site. 

Performance of the dilution system below the Carpathia tailings 

area and the evaporation ponds west of the Western dumps should 

be assessed and modified if pollution levels exceed fthose given in the 

Clean Waters Act which is administered by the State Pollution 

Control Commission. 

It is suggested that this should be based on consistent 

water quality testing over a number of years. 

Rehabilitation Stage 4. 	Low Priority Areas. 

Low priority rstoratjon areas include rock dumps to the 

south of the lookout and the proposed rock dump site. 

The umount of rock to be removed from the active dump site 

to the south of the lookout is not known. However, it is 

recommended that no further waste be dumped on this area. A new 

rock dump site has been nominated on the map. 

The present active dump includes all grades of rock and some 

quantities of dumped topsoil. This area will require extensive 

reshaping before rehabilitation work can proceed. 

Reshaping should reduce the height of individual dumps, lower 

batter grades and eliminate abrupt escarpments. Much of this work could 

be part of the future mining operation depending on how much rock 

will be milled. It may also be possible to work toward the final 

objective, oveit a longer period, by using idle plant. 

These possibilities should be considered by the mine management 

as more detailed plans will be needed before the work can proceed. 

lopsoil already dumped on this area must not be buried during 

the reshaping operation. 

Rehabilitation Stage 5. 	At the Conclusion of Mining. 

When mining and mill operations are completed the following 

will need to be done: 

Topsoiling, revegetating and tree planting on 

the new rock dump. 

Revegetation of tailings dams. 



This will require construction of earthworks and all roads and tracks, 

not required for post-mining access, should be obliterated and 

revegetated. 

Soil erosion control in the vicinity of present buildings and 

facilities and, revegetation of these areas cannot be done until the 

future of the facilities is known. Some forward planning n this 

area will be necessary for adequate design of an ovexall water runoff 

control plan. 

khere access is undesirable, the use of large boulders placed 

across tracks will prevent vehicular entry. Dangerous areas should be 

fenced and warning signs displayed. The number of access tracks 

remaining at the site should be the minimum required for post-mining 

mana-gement and supervision. 

F' 
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MIS CELLANRO US REIIABILITATI ON ITEMS 

Waste Rock Dumps. 

It is recommended that no further dumping of waste rock 

be carried out on existing dumps. A new dump site has been suggested 

and is shown on the map. It offers the opportunity to blend future 

waste rock into the landscape. 

It is recommended that a low profile hill form dump be built 

having a relatively large base area and batters similar to average 

ground slope. 

To achieve this shape the point of dumping should move from 

west to east and north to south as dumping proceeds. The battered 

area on the western side (Rehabilitation stage 3) should be reshaped to 

conform with average ground slope to form the base of the proposed 

new dump. Dumping should proceed in layers with the dump being 

reshaped and levelled as each layer is completed. The batters around 

the dump should be levelled as dumping proceeds and should be 

progressively revegetated. 

Adequate drainage must be provided around the foot of the dump. 

- 	 All topsoil, in areas which may be covered by the dump, should 

be stripped in advance to a depth of one metre if possible. Progressive 

- 	 expansion of the dump will allow this topsoil to be used at the site 

on completed batters. 

Tailings Dams. 

Revegetation of tailings dams is the subject of current 

research. Alternative methods to the use of rock, clay and topsoil 

blaeting are teing sought. Indications are that heavy metal toxicity 

can be ameliorated but recommendations are not yet available. 

Nevertheless, if the tailings are reprocessed final dumping in the main 

open cut will considerably reduce the technical problems and costs 

of rehabilitation. 

General Drainage of Office/Workshop Area. 

Road drainage around the office and the main entrance needs 

improvement. A culvert is required between the office and the fork 

in the road providing access to the vehicle workshops. This would 

direct water into the drainage system leading to the White Crystal pit. 
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The dam immediately north of the office has potential as a 

permanent runoff control structure but will require a spiliway. 

The soil in the dam wall is dispersible and may fail if the water 

level rises appreciably above the level of the original ground surface. 

The dispersible zones need recompaction, addition of gypsum and 

topsoiling to ensure long term stability. 

Reshaping, cteaning up and revegetation of areas adjacent 

to the main access road from the gate to the office would improve 

the immediate visual impact of the mine. All existing trees should 

be preserved and additional trees planted as necessary. 

Bumping of Waste and Unserviceable Equipment. 

A central dump should be established and a general 

tidying up of the mine site should follow. This would add to the 

visual impact of the site and considerably help the implementation of 

rehabilitation plans. The present dump above the office and mill is not 

satisfactory because it is positioned in a location which is obvious. 

The new dump should be located lower down on a slope where it 

can be covered in the final rehabilitation stage. The old sulphide 

dam to the west of the mill is a possible site but there may be others 

equally or more suitable. 

Once the site has been chosen every attempt should be made to 

centralise operations. 

Rabbit Control. 

Although few rabbits have been seen on mine property, 

those which are present are seriously effecting the growth of young 

seedlings including shrubs and trees. It is advisable to carry out 

a periodic rabbit poisoning programme expertise for which is available 

from the Narrandera Pastures Protection Board Office. 

Tree Seedling Propagation. 

Tree planting has been proposed as part of this overall 

rehabilitation plan. 

Trees grown from seed collected on site should be better suited 

to the prevailing soil conditions. 

The Coil Conservation Service, at Wagga Research Centre, could 

propagate up to 1,000 tubed tree seedlings each year provided seed 

and propagation tubes were supplied. 
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Details for autumn plantings would need to be finalised the 

previous October. 

(vii) Soil Sampling. 

Two problems likely to be encountered during 

rehabilitation areas other than tailings are, soils toxic to 

plant growth as a result of heavy metal contamination and ispersible 

soils. 

Toxicity problems can be overcome if levels of contamination 

are known before revegetation is attempted. Measurement of soil 

pH and copper and zinc levels should be sufficient for diagnostic 

purposes. 

- 	If pH is below 5 soils may be toxic. Levels of copper and zinc 

in excess of 0.03 percent, under acid conditions, have been found 

critical for plant growth. A lime requirement test can be used to 

determine the amount of lime, as calcium carbonate, needed to raise 

the pH to near neutral. In many cases this will ameliorate toxic 

effects due to the presence of copper and zinc. 

Additional ways of overcoming toxicity of surface soil include 

soil mixing, inversion by deep ploughing or stripping using a scraper 

and burial of toxic material. 

High dispersibility is an engineering characteristic of some 

soils which make them unstable in water. This may result in tunnel 

erosion and the formation of silt worms on exposed vertical surfaces. 

Dispersible soils erode very quickly and the silt and clay fractions 

remain suspended in water for long periods. 

Dispersikility may be overcome by the use of mineral gypsum as 

an ameliorant. Recommendations can be made from tests conducted on 

soil samples. These tests can be done at the Wagga Wagga Soil 

Conservation Research Centre. 

(viii) Revegetation of Steep Batters. 

Unless revegetated tcpsoiled batters will remain 

an erosion hazard and source of silt. The chance of a satisfactory 

vegetative cover establishing naturally on these areas is not high 

as seed is readily removed by runoff and the surfaces are impermeable 

so that water infiltration is low. 
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(ix) 	Water Testing Sites. 

Water from all major flowlines leaving the mine 

property, particularly water leaving the Carpathia tailings catchment 

and catchments draining to the west from the Western dumps should be 

regularly sampled and analysed. 

Suggested testing sites are shown on the map but, hould also be 

discussed with officers from the State Pollution Control Commission. 

Inalysis should include soluble copper, lead, zinc and cadmium, 

water pH and electrical conductivity. pH and electrical conductivity 

can be determined at the Wagga Wagga Soil Conservation Research Centre. 
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RRVEGETATION RECONMSNDATIQNS. 

All topsoiled areas should be seeded and fertilizer applied. 

A rough furrowed aeedbed is preferred to a smooth harrowed surface 

as this will encourage water infiltration and prevent salts building 

up to toxic levels at the soil surface. 

irees may be planted either during or after initial revegetation. 

They should be planted in a furrow or similar depression and wherever 

possible mulched, to improve the soil moisture conditions. 

Sowing Recommendations. 

The following seed mixture should be sown from the end of March 

to late June. Sowing outside this period is not recommended because 

suitable plants are not commercially available. Similarly, it is recommended 

that all earthworks should be built at the sane time of the year. 

Plant Species 

Wimmera ryegrass 

Ryecorn (black winter) 

Daijak subterranean clover 

Sowing rate (kg/ha) 

20 

-15 

'iC 

45 

Fertilizer Recommendations. 

Fertilizer should be applied at sowing and in subsequent years 

as shown below. 

Application Rate (kg/ha)* 

At sowing 

Autumn after soJing 

3rd Autumn 

** 
Starter 18 	or 

equivalent 

Superphosphate 

Superphosphate 

250 

00) can be applied by 

00) air 

* 10 kg/ha is equivalent to 1 kg per 1000 square metres. 
* * 

A.F.L. Trade Name. 
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INPhnMENTATION, SUPERVISION AND TECURICAL ADVICE. 

As indicated previously supplementary detailed plans will be 

required for each of the rehabilitation stages nominated in this report. 

These plans can be provided by the Soil Conservation Service on 

request. 

The Coil Conservation Service can also carry oPt or supervise 

work and offer technical advice in respect of particular day to day 

problems. 

It is important that the plan be implemented in the proposed 

sequence and that sufficient time be allowed for objectives to be met 

and revegetation to be done at the best time of the year. 
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