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PREFACE 

Following its assessment of the Public Environmental 
Report (PER) for the proposed upgraded ilmenite project 
at Capel by Westralian Sands Limited ( WSL), the EPA 
concluded, in its report of June 1985 (Bulletin 2125), 
that the project was likely to have unacceptable environmental 
impacts on the ground and surface waters around Capel. 
In response to further information supplied by WSL, 
the Department of Public Works and the Government Chemical 
Laboratories, the EPA prepared an addendum which concluded 
that the major objections to the project had been overcome. 
This is dependent upon the Company strictly following 
the commitments given in the PER and its subsequent 
submissions. The EPA's report and addendum are presented 
herein. 



1. INTRODUCTION 

Westralian Sands Limited {WSL) is proposing to construct and 

operate a plant to produce upgraded ilmenite from ilmenite taken 

from the Company's mine at Capel. 

The EPA has assessed the proposal following the preparation and 

Public Environmental Report {PER) by WSL. The PER was released 

for public comment for a period of four weeks. Further 

discussions have taken place between the Company, the Public 

Works Department and the Department of Conservation and 

Environment on the disposal of solid and liquid effluents. The 

results of these discussions are incorporated in this report. 

2. SUMMARY AND GENERAL COMMENTS 

The EPA does not consider the proposal to be environmentally 

acceptable in its present form. 

The project is unacceptable in the following areas: 

1) The control of leachates from the solid waste disposal 

sites: The Company is currently proposing to dump iron 

oxide and a neutralised effluent solid into the North Capel 

mine site and one-year capacity surface pits. It is 

probable that water leaching through these materials will 

carry various salts into high quality groundwater. The EPA 

is not convinced that the methods currently proposed by the 

Company will stop this leaching and prevent contamination 

of the groundwater. 
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2) As part of the process the Company proposes various holding 

dams to contain process liquors. If these dams leak, 

effluent containing acid, metals and salts could enter the 

groundwater. The EPA is not convinced that the methods 

currently proposed by the Company will detect any leaks and 

recover the lost liquors which may contaminate the 

groundwater. 

3) The Company proposes to discharge treated effluent to the 

Elgin Drain which ultimately will enter the Geographe Bay. 

The EPA is not convinced that the proposed effluent 

treatment systems devised by the Company will achieve the 

Company's stated objectives of discharging water into the 

Elgin Drain with levels of contaminants reduced so as to be 

in accordance with criteria for aquatic ecosystems laid down 

in the Australian Water Resources Council's "Compilation of 

Australian Water Quality Criteria". 

It is necessary that on completion of operations there is no 

negative environmental legacy which the State will inherit. 

This project proposes to use a considerable amount of groundwater 

to supply the plant. The 2.6 x 10 6 m3 yearly plant water 

consumption is equivalent in volume to a little less that half 

Sunbury town's yearly water supply. The EPA considers that the 
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potentially serious environmental impacts relate to this large 

water usage. If the Company modified its processing technology 

to decrease its water usage and recover water from its waste 

products the possible environmental impacts of this project could 

be greatly reduced. 

This Report contains recommendations which show the direction in 

which the planning for this proposal should proceed if ultimately 

it is to become environmentally acceptable. 

3. PROJECT DESCRIPTION 

The maJor raw materials for the process are ilmenite from WSL's 

mine at Capel, coal from Collie, a sulphur source, ammonium 

chloride, lime and sulphuric acid from Perth and other sources. 

The raw materials and product will be transported by road. 

Ilmenite is roasted in a kiln with coal and a sulphur source. 

The roasted ilmenite is then contacted with a weak ammonium 

chloride solution to oxidize the iron in the roasted ilmenite. 

The iron oxide is then removed by washing. Acid leaching is then 

used to remove residual iron from the mineral grains to leave 

ugraded ilmenite. The major effluents are: 

Air - sulphur dioxide, particulates 
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Solid - iron oxide, inert solids predominantly char and 

dust, neutralised effluent solid. 

Liquid - plant spillage, potential leakage from process 

liquor holding dams, leachate from solid waste dumps, 

neutralised effluent liquor discharge. 

The ilmenite will be supplied from the Company's mines at Capel. 

The EPA notes the Company's statement that this plant will 

consume 180,000 t yr -l of ilmenite feed, all of which can be 

supplied at WSL's current mining rates. The EPA understands this 

to mean that ilmenite which would previously have been exported 

will now be processed locally and that this plant will not create 

a demand for the enlargement of existing granted tenement areas. 

Water for the process will be abstracted from deep aquifers below 

the site. 

4. ENVIRONMENTAL IMPACTS AND MANAGEMENT 

4.1 Site 

The site was selected because it was close to sources of the 

raw materials, was near to the North Capel mine pit, which 

provided a location to dispose of solid waste, and was close 

to the Company's existing infrastructure. 

The processing works and the proposed waste disposal sites 

are located on the Company's land. 
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4.2 Raw Materials 

As indicated above the raw materials from the project will 

come from various sources. The upgraded ilmenite will be 

exported from Sunbury and the majority of the solid wastes 

will be disposed of on site. 

The EPA notes near neighbours' opposition to the proposed 

site based upon the public's experience of noise and dust 

nuisance from WSL's existing mining operations in the north 

Capel mine pit. 

The company has plans to institute measures to control 

dust emissions from transport and stockpiles. However, 

comment has been made on the potential for dust nuisance 

from the disposal of solid wastes the EPA recommends 

accordingly. 

RECOMMENDATION 

If the three major environmental impacts of this proposal are 

rectified, and if the project is to proceed, the EPA also 

recommends that dust emissions from stock piles, transportation 

of raw materials, waste disposal and product be controlled at all 

stages of the operation. The Company should submit its plans for 

dust control for approval to the Department of Conservation and 

Environment. 
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Water will be drawn from the aquifers 150-200m below the plant 

site. The geology of the area is such that it is possible 

that there could be connections between this aquifer and the 

surface aquifers from which other users, eg farmers draw water. 

The Company proposes to extract 2.6 x 10 6 m3 yr- 1 ; this 1s a 

significant amount of water equivalent to a little less than half 

the yearly water demand of Bunbury town. Because of the 

possibility of the deep and shallow aquifers being connected it 

is possible therefore that a such an abstraction of groundwater 

could affect the surrounding water users and possibly exclude 

other beneficial future uses of this resource. The abstraction 

of groundwater will need to be licensed under the Rights in water 

and Irrigation Act and the Company will have to satisfy the 

Public Works Department's licensing requirements. 

The PER does not give detailed information on the storaqe of 

hazardous chemicals eg sulphuric acid or the emergency procedures 

to be implemented following the spillage of such chemicals. 

However the Company has indicated that sulphur will be stored on 

site undercover in a sealed area of the plant. This will prevent 

any acidic leachates being formed in the sulphur store. 

RECOMMENDATION 

If the three major environmental impacts of the proposal are 

rectified, and if the project is to proceed, the EPA also 

recommends that details of the storage of hazardous chemicals and 
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contingencies to recover spillage should meet the requirements of 

the Explosives and Dangerous Goods Division of the Department of 

Mines. 

4.3 Air Emissions 

The major air emissions are discussed below: 

4.3.l. The Final Products Drying. 

4 • 3 . 2 

The characteristics of this gas are by% volume 

CO 2 2.3 

H20 19.7 

N2 61.6 

02 16.4 

so 2 0.01 

particulates 0.3g m-3 

This will be emitted through a stack 14.3m high 1n 

accordance with the Clean Air Act; 

The Dedustinq System. 

Following scrubbing the emitted air will have a 

particulate load of 0.3g m- 3 and a moisture content of 

2.5%; 
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4.3.3 The Kiln Exhaust Gas. 

This is the major source of air emissions. The qas 

will be passed through a series of cleaning steps. When 

it is finally emitted it will have the followinq 

composition by% volume. 

CO 2 9.7 

H2O 49.S 

02 1.9 

so 2 0.2 

co nil 

H2 nil 

particulates 0.3 g m -3 

It is assumed that the remainder of the gas 1s made up of 

nitrogen. 

This is emitted at a maximum discharge rate of 90 940 m3 

hr- 1 through a stack with a height of 52m above ground 

level. 

The significant pollutants are: 

sulphur dioxide 

particulates 
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4.4 

The particulate emission level of 0.3 q m - 3 is above the 

levei normally permitted under the Clean Air Act. Based on 

the isolated location of the plant the Company applied to 

the Air Pollution Control Council for an exemption. The 

Council approved this exemption and granted a maximum 

emission level of 0.3 q m - 3 

Liquid Wastes 

This plant will utilise 2.6 x 10 6 m3 yr- 1 of an 

available source of good quality groundwater. There is a 

danger that this plant could disadvantage later demands for 

water and, if leakages of the various process effluents are 

allowed to occur, could diminish the water quality. 

The following are potential sources of pollution involving 

liquid waste: 

from pipe breakage, plant spills and process liquor 

holding dam leakage; 

leachate from the neutralised effluent solids solar 

evaporation ponds; 

the effluent stream from the clean water storage dam to 

the Elgin drain; 

leachates from the iron oxide and neutralised effluent 

solids disposal sites. 
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4 . 4. 1 Pipe Breakage, Spills and Dam Leakage. 

As indicated in the PER, the monitoring of pipe breakage and 

the containment and clean up of plant spillage are a matter of 

good design, good house-keeping and close observation of 

operations. 

The Company proposes to use 1mm polyethylene liners under 

all its process liquor holding dams. Furthermore if 

monitoring bores positioned around the dams indicate a 

breach in the liner has occurred the dam will be taken out 

of service and the liner repaired. 

The EPA recognises that the Company will have to maintain a high 

standard of operational competence to avoid spillage and pipe 

breakage. The design of the various process liquor holding dams 

will have to be approved by the Water Resources Branch of the 

Public Works Department. 

4. 4. 2 Neutralised Effluent Solids Evaporation Pond. 

The leachate from the neutralised effluent solids evaporatic 

ponds will contain numerous contaminants, the major 

ones being: 
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4.4.3 

Total Dissolved Salts TDS 

so4 

Ca 

Mg 

all the above are in mg 1-l 

2900 

3100 

510 

370 

These figures, supplied by the Company,show some discrepancy 

between TDS and so4 . 

The design of this pond will also have to be approved by 

the Public Works Department. 

Effluent to the Elgin Drain. 

The Company proposes to combine three process liquor 

effluents streams. These are: 

liquids from the in-plant dedusting system and the 

kiln cooler; 

the lime neutralised acid leaching effluent; 

the kiln scrubber liquid. 

The Company proposes to modify the pH of this effluent 

stream to maximise the precipitation of dissolved metals. 

The major metal contaminant removed will be zinc. Other 

metals including copper, chromium and nickel will also be 

precipitated out of solution. 



Following pH adjustment the decant liquor will be passed 

through a man-made wetland (a biological filter) and into a 

drain which leads to the Elgin Drain. The Elgin Drain 

connects with the Gynudup Brook, a tributary of the Capel 

River which in turn drains into the Geographe Ray. The 

Company considers that the pH adjustment and the biological/ 

wetland filter will enable it to achieve final water 

discharge to the Elqin Drain of a quality in keeping with 

the criteria laid down for aquatic ecosystems in "A 

compilation of Australian Water Criteria" as prepared by BT 

Hart for the Australian Water Resources Council. 

RECOMMENDATION 

If the three major environmental impacts of this proposal are 

rectified, and if the project is to proceed, the EPA also 

recommends that the Company should not be permitted to commence 

operation until it is demonstrated to the satisfaction of the 

Public Works Department that it will achieve its stated water 

quality criteria for its discharge water. Furthermore if the 

quality of the discharge diminishes below the accepted criteria 

the Company should cease operation until the measures can be 

instituted to reduce the levels of contaminants. 

Farmers in the surrounding area are required to contribute 

towards the cost of drainage of their land and drain upkeep 

on a cost per hectare basis. The EPA suggests that the 

question of the Company contributing toward the cost of the 

upkeep of the Drain should be investigated as part of the 

discharge licensing procedure. 
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4.4.4 Leachates from Solid Waste Disposal 

The leachates from the disposed effluents are considered 

in the following section 

4.5 Solid Wastes and Leachates 

4.5.1 

As stated previously the major solid wastes are: 

iron oxide solid, containing 1% ammonium chloride by 

weight with a moisture content of 32% 

inert solids predominantly char, coal and dust 

neutralised effluent solids, mainly a mixture of 

precipitated gypsum, iron oxide, unreacted lime and 

other materials. 

Iron Oxide and Inert Solids. 

The iron oxide is the product of reacting the roasted ilmen 

with an ammonium chloride solution. The Company proposes 

initially to dump the inert solids and iron oxide into 

North Capel mine pit. Once this has been filled 1 year 

capacity surface pits will be used. These pits once 
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filled will be covered with 1 metre of sand. While the 

inert solids are largely unreactive there is a 

possibility that ammonium chloride will be leached out 

of these dumps and will contaminate good quality 

groundwater with high Total Dissolved Salts (TDS) and 

ammonium and chloride ions. 

The Company proposes to monitor the groundwater below the 

disposal site. If monitoring shows that leaching of ammoniu1 

chloride is occurring the Company proposes to recover the 

contaminated groundwater and treat it in a biological/ 

wetland filter. A further proposal to reduce 

leachates is to cap the iron oxide with a clay seal. 

RECOMMENDATION 

If the three major environmental impacts of this proposal are 

rectified, and if the project is to proceed, the EPA also 

recommends that: 

1. The techniques employed for the disposal of the iron oxide 

and inert solids should be approved by the Public Works 

Department. Factors which should be considered are the 

disposal of the waste at least lm above the highest known 

winter water table, capping the waste in a sound engineering 

manner with an appropriate material (such as clay) as dumping 

proceedsr and monitoring for leachates below the dump. 
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2. If levels of leachate from the iron oxide disposal which are 

unacceptable to the Public Works Department continue to enter 

the groundwater even after capping of the disposed material, 

the Company should find alternative means of disposing of its 

waste and recover the waste already in situ. 

3.5.2 Neutralised Effluent Solids 

The neutralised effluent solids are the precipitate 

which results from the reaction of lime with the acid 

leaching liquor and the kiln scrubber liquid. 

The Company is testing this by-product for its potential as a 

soil conditioner. The EPA considers the Company should continue 

its investiqations of this method of disposing of this waste. If 

however these tests prove that it is unsuitable for utilisation 

for upgrading farm soils the Company proposes to dispose of it in 

one year capacity surface pits. 

There is the possibility that leachates from the disposal of 

neutralised effluent solids containing dissolved salts, sulphate, 

calcium and magnesium ions could reach the groundwater. 

RECOMMENDATION 

If the three major environmental impacts of this proposal are 

rectified, and if the project is to proceed, the EPA also 

recommends that, if one year capacity surface pits are to be 

used, the Company should monitor the groundwater below these pits 
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for leachates. The monitoring network should be approved by the 

Public Works Department. Furthermore, the recommendations made 

above for the disposal of the iron oxide should apply for the 

neutralised effluent solids. 

4.6 Radiation 

The Company has presented a report on the assessment of 

radiation at the proposed plant as an appendix to the PER. 

The report concludes that, with some possible exceptions, 

radiation levels in the plant would be below the limits 

specified in the Code of Practice on Radiation Protection in 

the Mining and Processing of Mineral Sands (1982) for a 

controlled Area. 

RECOMMENDATION 

If the three major environmental impacts of this proposal are 

rectified, and if the project is to proceed, the EPA also 

recommends that the Company should have its report on the 

radiation assessment meet the requirements of the appropriate 

regulatory Authority. 

3.7 Monitoring 

The Company has proposed an extensive monitoring programme of the 

air, and surface waters and groundwaters. 
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RECOMMENDATION 

If the three major environmental impacts of this proposal are 

rectified, and if the project is to proceed, the EPA 

endorses the monitoring programme and also recommends that a 

further detailed monitoring programme be prepared to monitor the 

leachates from the waste disposal sites. This programme should be 

to the satisfaction of the Public Works Department. 

5. SUMMARY OF COMMENTS 

5.1 The Busselton Shire 

Strongly objects to the discharge of any effluent into 

any watercourse reaching Geographe Bay; 

believes WSL intends to discharge treated liquid wastes 

into watercourses leading to Geographe Bay; 

contamination of groundwater can occur if pipes or dams 

leak. 

5.2 Public Works Department 

Commented on the necessity for licensing the abstraction 

of groundwater; 

said that there were inconsistencies in the tabulated 

analyses of the various fluids; 
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protection against pipe leakage is needed; 

recovery bores are proposed to manage spills which may 

contaminate groundwater. Final approval of this would 

require adequate demonstration that this will be 

effective; 

pond lining design needs to be checked. 

handle overfilling risk; 

Ponds should 

sulphur store leachates should be avoided protection 

should be provided against sulphuric acid spills; 

the surface water discharge should be licensed under Pt 

III of the Rights in Water and Irrigation Act. This 

licensing will require adequate demonstration that 

effluent quality can be maintained within acceptable 

criteria using acceptable methods. 

should be contingent upon this; 

Final approval 

the alternative surface water treatment methods are 

questioned; 

the PER is too superficial 1n its consideration of the 

possible effects of the project on the ground and 

surface waters. 
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5.3 Public Comment (one written submission and one phone call). 

The public assessment period was too short for adequate 

public comment. 

The technical aspects are too hard to understand. 

The site selection was considered to be purely on 

financial grounds. Requested that this proposed plant 

be placed next to the existing plants so pollution is 

confined. 

WSL should be charged for the use of the Elgin Drain. 

Salt water intrusion has occurred into a nearby land 

holder's well since the N. Capel mine pit has been 

operating. This raises fears that contaminated 

groundwater may also affect water supplies. 

Extra abstraction of groundwater could lead to increased 

salt intrusion into wells. 

Stated that windblown dust from the mining operations is 

an existing problem in summer. The UGI plant disposal 

pits will make this worse. 
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5.4 Conservation Council 

Sought assurances that the operation of this plant won't 

create the demand for any further mineral tenements. 

6.0 CONCLUSION 

The EPA considers that this project, in its present form, 1s 

likely to result in unacceptable environmental impacts on the 

ground and surface waters around Capel. The EPA considers that 

it should not proceed until the Company can adequately 

demonstrate that the issues highlighted in this report can be 

successfully accounted for. 
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PROPOSED UPGRADED ILMENITE PROJECT 

AT CAPEL WESTERN AUSTRALIA 

BY 

WESTRALIAN SANDS LTD 

ADDENDUM TO THE 

REPORT & RECOMMENDATIONS 

BY THE 

ENVIRONMENTAL PROTECTION AUTHORITY 



SUMMARY 

The EPA considers that the original proposal as 
detailed in the Westrailian Sands Ltd PER was 
environmentally unacceptable. The Company has since 
submitted further information to the EPA and committed 
itself to strict management provisions. The most 
significant of these is that if contaminants in the 
Company's effluents exceed accepted criteria the 
Company will cease discharging effluents. 

While the EPA considers that the new information and 
commitments by the Company overcome its original 
objections it does not consider that this procedure 
is the most desirable way to protect the environment 
against degredation. The EPA would have prefered the 
Company to employ better technology rather than having 
to commit itself to commitments as stringent as those 
mentioned above. 

FURTHER INFORMATION COMMITMENTS & RECOMMENDATIONS 

Following a meeting of representatives of the 
Department of Resources Development, the Company and 
the Director of the Department of Conservation and 
Environment, in which the EPA's objections to this 
project were discussed, the company conducted further 
investigations into 

. the disposal of solid wastes 
dam design and monitoring procedures 
the liquid effluent treatment train. 

After these investigations the Company prepared a 
report which was submitted to the EPA. This report 
was also forwarded to the Public Works Department (PWD) 
and the Government Chemical Laboratories (GCL). The 
GCL's comments on the report and the PWD's comments 
on the PER and the report are included in Appendix 
1. Since 1st July the Water Resource Planning Branch 
of the PWD has been incorporated in the Western 
Australian Water Authority. This has been accounted 
for in the comments below. 

The PER and the Company's subsequent report contained 
commitments made by the C_ompany to protect the 
environment. These are listed in Appendix 2. The EPA 
has taken these commitments and the comments received 
from the GCL and PWD into account in the comments 
contained in this addendum. As well as containing 
further commitments the Company's report addressed 
the following matters . 

. leachate control 

. groundwater pollution control and recovery 
surface water discharges 



These are discussed below 

Leachate Control 

The Company has committed itself to disposing of the 
solid wastes at least lm above the water table, 
compacting the wastes and engineering their surface 
to enhance runoff. Where it is considered necessary 
all solid wastes will be capped with a 300-SOOmm thick 
clay layer. 

The EPA recommends that the necessity to cap the wastes 
should be closely linked to the results of the 
monitoring for leachates. 

If, based on the monitoring results and site 
inspections, the Water Authority considers that a 
leachate problem is developing the waste sould be 
caped. Furthermore if ongoing monitoring demonstrates 
that there is a consistant necessity to seal the dumps 
the capping should proceed as a matter of course for 
all dumps. The Company should reduce the possibility 
of erosion of the seal by means such as covering the 
seal with top soil and re~egetating with plants with 
a high transpiration ra~e. 

Groundwater Pollution Control and Recovery 

The Company has indicated that it will use the best 
available liner for its liquid effluent dams. The dams 
will be filled with water and allowed to settle prior 
to commencement of plant operations. If leaks are 
detected the dams will be repaired. 

The Company has accepted the recommendations of 
Groundwater Resource Consultants Pty Ltd for a 
comprehensive bore monitoring/recovery programme 
designed to detect leakage of process liquids or 
leachate from solids disposal. The EPA endorses the 
Company's commitment to monitor for leachates for at 
least two years after the completion of plant 
operations and, if necessary, until it is no longer 
required. The Company should also be cognisant of the 
Water Authority's comments on the monitoring/recovery 
bore field. 

Surface Water Discharges 

The Company said its final effluent quality will comply 
with a list of water quality criteria supplied by the 
PWD. These criteria are listed in the Water Authority's 
response to the Company's submission. The Company 
should also be cognisant of the Water Authority's 
comments on the location of the sand filter in the 
sequence of the various parts of the water treatment 
train. 



The Company presented information that the details 
the PER gave on the sources of various metals in the 
effluent stream were taken from a worst case estimation 
which was unlikely to occur during plant operation. 
The latest submission indicates what the Company 
considers to be a more realistic representation of 
what will actually occur during plant operation. Based 
on this information, the use of lime treatment of the 
effluent and the use of other waste treatment equipment 
such as the washing of the iron oxide sludge to remove 
ammonium chloride, the Company believes it can achieve 
the stated effluent water quality criteria. 

The EPA recommends that the company pays close 
attention to the pH of the effluent. It is possible 
that metals deposited in the neutralised effluent dam 
will re-enter solution and pass into the Elgin Drain 
if the pH is allowed to vary outside a narrow range. 
The recovery of the precipitated sludge from the 
neutralised effluent dam should take place on a regular 
basis to minimise the store of available metals. 

Other Commitments 

On completion of plant operations the Company has 
committed itself to rehabilitate the site by complete 
removal of the plant and drainage and treatment of 
the liquids from the various dams. Solid wastes will 
be placed in clay lined disposal pits and covered with 
clay. 

All ponds and other excavations will be filled and 
revegetated. 

The Company has also committed itself to monitor for 
leachates for a minimum of two years after plant 
closure. 

Commitments of Major Importance 

As indicated earlier the commitments made by the 
Company are contained in Appendix 2. 

The EPA draws attention to the following commitments 
which it considers are of major importance to the 
minimising the environmental impact of this plant. 

From Section 5 of the Company's subsequent report: 

II ( C ) 

( d) 

If the quality of liquid effluent discharge 
diminishes below the accepted criteria, 
the Company will cease the liquid discharge 
until measures are instituted to reduce 
the levels of contaminants. 

The techniques to be employed for the 
disposal of all solids will be submitted 
to the Water Authority for approval. Should 



CONCLUSIONS 

clay capping of solid wastes fail to prevent 
the generation of contaminating leachates, 
the Company will use alternative methods 
of disposing of its wastes and will ensure 
that wastes already disposed will be 
recovered or otherwise treated to prevent 
further leachate generation." 

Based on the information supplied by the Company and 
the comments received from the PWD and GCL the EPA 
considers that the major objections to this proposal 
have been overcome. However the EPA considers that 
this is dependent upon the Company strictly adhering 
to the commitments given in its PER and subsequent 
submission. 

DG:fm 2/7/85 



APPENDIX 1 

PWD comments on the PER 

WSL's submission to the EPA 

PWD and GCL's comments on the Company's submission. 



Your Ref. 

Public Works Department 

Dumas House. 
2 Havelock Street. 
West Perth. W.A. 6005. 

OurRet. PWWS 1030/74 

Enquiries Mr Ventriss 

Telephone 322 0331 
Telex No. 92601 
Telegrams "Pubworks" Perth 

PUBLIC WORKS OEPA,Ht.l£H" 
WESTERN AUSTAAl.lA 

P.W.19 

1 7 
DIRECTOR 
DEPARTMENT OF CONSERVATION & 
ENVIRONMENT 

Attention: Mr D Galloway 
L ~ 

WESTRALIAN SANDS LIMITED 
UPGRADED ILMENITE PLANT 
PUBLIC ENVIRONMENTAL REPORT 

Address all letters to the ··under Secretary·· 

The above Public Environmental Report (PER) has been reviewed 
and the Department's comments on issues with which it is 
concerned are enclosed. 

The noxious nature of the liquids being handled and dispoed of 
by the project are of concern with respect to contamination of 
local surface and groundwaters. The groundwater contamination 
and effluent disposal problems being experienced at Australind 
as a result of the SCM Chemicals ilmenite treatment plant 
clearly indicate that the above proposal should be carefully 
considered in this regard. It is evident from the PER that 
the liquids and materials being handled are similar to those at 
Australind and therefore warrant these concerns. 

ACTING UNDER SECRETAX-~R WORKS 

May 31, 1985 HBV:KT 



WES'I'RALIAN SANDS LIMITED 

UPGRADED ILMENITE PROJECT 

PUBLIC ENVIRONMENTAL REPORT 

COMMENTS FROM PUBLIC WORKS DEPARTMENT 

The Public Environmental Report (PER) on the proposed upgraded 
ilmenite plant has been reviewed with respect to water supply 
and watsr resource aspects and the following comments are made: 

1. WATER REQUIREMENTS 

The water requirements for the project have been defined 
as 2.6 million m3 per year and it is proposed to obtain 
this from up to five bores exploiting the confined aquifers 
of the Yarragadee Formation. It is expected that such 
quantities will be available, however, construction of bores 
and drawing of groundwater in this area is subject to 
licensing under the Rights in Water and Irrigation Act. 
Conditions attached to the license will set standards for 
bore construction and may specify regular monitoring and 
review of the effects of the project's pumping on the 
exploited aquifers to ensure there are no adverse effects. 

2. GROUNDWATER RESOURCES 

The project site is located over a shallow water table aquifer, 
the water from which probably discharges into surface drainages 
through the area. Water within the water table groundwater 
system is understood to be of fresh, potable quality although 
specific information is not available at the project site. 

The proposed processing will generate a number of liquids, most 
of which would be of concern if they penetrated to the water 
table. These liquids are: 

(i) Kiln Scrubber Liquid which is of low pH, (3.0) which 
is expected to produce a groundwater mixture with pH 
about 5.2. Monitoring of groundwater is proposed with 
extraction bores being utilised to manage spills or 
leakages from the handling pits. 

(ii) Aeration Liquid which has a very high salinity (25 540 
mg/L TDS) of which major components are chloride and 
ammonium. It is proposed to recover any groundwater 
contamination by bores. 

(iii) Acid Leached Li~or which has a very low pH (1.3), very 
high salinity (21-570 mg/L TDS), high sulphate (9 489 
mg/L) and high level of copper (2.8 mg/L), cobalt 
(4.5 mg/L) and chromium (5 mg/L). It is proposed that 
management of groundwater contamination from pipeline 
spills or leaks would be as for the kiln scrubber 
liquid. 

. .. /2 
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(v) 

2 

Neutralised Effluent Lifuid which is of brackish 
quality (1 855 mg/L TDS may enter the groundwater 
system through leakage from the solar evaporation 
ponds. No active management is planned as the 
resulting groundwater quality is not expected to 
have any major environmental impacts. 

Leachate from Neutralised Effluent Solids is of quality 
quoted to be high in sulphate (3 100 mg/L) and nitrate 
(15 mg/L). It is claimed that when it re-enters the 
surface water systems the sulphate and nitrate will 
stimulate plant growth but will otherwise be of little 
concern. 

There are inconsistencies in the tabulated analyses of the 
various fluids, particularly in the case of the neutralised 
effluent liquid where sulphate is quoted as about 85% of the 
total dissolved solids, and the neutralised effluent leachate 
where the sulphate excee<ls the total dissolved solids by about 
7%. The presented data therefore needs to be checked. 

The potential for groundwater contamination from the plant 
liquids appears to exist principally through pipeline breakage~ 
and in the case of the neutralised effluent liquid and 
neutralised effluent leachate, through leakage from the 
evaporation ponds. 

The PER claims that pipeline breakages will be detected througr 
monitoring systems such that only small amounts of liquid will 
escape. Liquid storage facilities and piping will be located 
on bitumen or concrete surfaced areas with bunds to prevent 
escape of liquid. These will probably be adequate for small 
spills. Recovery bores are proposed to manage any spills whict 
may contaminate the groundwater. The effectiveness of such 
recovery should be better demonstrated before the project is 
approved. 

It is stated that leakage from the evaporation ponds is only 
expected to be small if it occurs, however, this may be over a 
long period. The quality of such leachate may be of 
considerably higher concentration than stated in the PER as 
the liquids will concentrate in the ponds as a result of 
evaporation. 

Further, no information is presented on the means of lining the 
pond and this would need to be checked to ensure adequate desig 
from the point of view of protection from leakage and accidenta 
damage. The ponds will need to be of adequate size to ensure 
effluent can be handed during months of rainfall exceeding 
evaporation when overfilling may be a risk. 

Sulphur is to be stored on site. To ensure that leachates from 
the stockpile do not contaminate the groundwater it should be 
located on either a sealed and adequately bunded and drained 
area or under cover. 

. .. /3 
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Protection against sulphuric acid spills in the handling 
and storage section is being provided through location on 
a sealed and bunded surface to ensure spills are contained. 
This is considered adequate subject to appropriate design. 

SURFACE WATER RESOURCES 

Information available from sampling of the Capel River near 
Capel shows the water quality of its flows to be very fresh 
(< 300 mg/L TSS). No information on the quality of water in 
the drains is available, but is expected to be fresh. 

The final liquid effluent to be discharged from the plant 
is a combination of kiln scrubber liquid, neutralised effluent 
liquid and liquid from the solids dam. This is proposed to be 
treated in a number of ways to improve effluent quality and 
it is claimed that plant discharges will conform with water 
quality criteria for aquatic ecosystems as documented by 
BT IIart. 

These are quite stringent criteria and are acceptable if they 
can be met. The discharge should be licensed under Pt III of 
the Rights in Water and Irrigation Act and issue of a license 
would require submission of adequate documentation detailing 
how the effluent will be treated. 

There are concerns with some of the proposed treatment process 
preferred in the PER. The use of "biological/wetland filters" 
proposed to be incorporated into the second solution storage d 
and into the drain taking liquid effluent from the dam discha 
point needs to be clarified. The quality of effluent passing 
through these areas (swamps?) should be of final acceptable 
discharge quality to ensure neither the wetland or associated 
groundwater system is contaminated. 

Some further management options have been suggested if necessa 
One of these is addition of limestone to the discharge drain 
to modify pH and precipitate dissolved metals. This has been 
attempted elsewhere and found to be ineffective except for sho 
periods. Installation of a sand filter is a second suggested 
method. This would only be effective in removing particulate 
matter. A third suggested method is dilution of final liquid 
effluent with bore water. This would not be acceptable as the 
plant water requirements are already quite large and use of 
additional water for such a purpose is not a justifiable use 
for the groundwater resources. The PER does not provide any 
information on effluent discharge volumes, but these are 
expected to be significant in view of the high water requireme 
stated by the proponents. 

SUMMARY 

Adequate groundwater should be available to meet the project 
requirements as proposed in the PER. Groundwater draw will 
require licensing. 

. .. /4 
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The·PER is considered too superficial in its considerations 
of possible effects of the project on both the shallow 
groundwater resources and the surface water resources. 
Liquids being handled within the plant are quite noxious 
and would be of concern if they contaminated the local water 
resources. Some protection is being offered through sealing 
of surfaces beneath pipelines and handling/process areas. 
Monitoring and recovery bores is being proposed as the means 
of managing spills and leakages which may penetrate to the 
groundwater. Final approval of this would require adequate 
demonstration that this will be effective. The detailed desigi 
of the solar evaporation ponds is of concern with respect to 
potential leakage or overfilling. 

Effluent discharge will need to be licensed. This licensing 
will require adequate demonstration that effluent quality can 
be maintained within acceptable criteria using acceptable 
methods. Final approval should be contingent upon this. 



Westralian 
Sands LIMITED 

Registered Office: 
Jenkin Road. 
Capel, Western Australia 

BKM:SLS 

26 June 1985 

The Chairman 

Telephone: 27 2002 
Telex: 93905 
Telegrams: ILMENITE Capel 

Environmental Protection Authority 
1 Molillt Street 
PERTH WA 6000 

Dear Sir 

RE: UPGRADED ILMENITE PROJECT 

w 
Postal Address: 
P.O. Box 96, Capel 
Western Australia 6271 

In response to your Authority's concerns as to the potential environmental 
impacts of this Company's proposed upgraded ilmenite project, the attached 
documents contain a series of connnitments which we trust will ensure 
acceptance of the project by your Authority. 

The documents also include evidence as to the efficiency and suitability 
of a number of the plant's operational aspects, in particular, in relation 
to waste water treatment and to a ground water monitoring/recovery bore 
system. 

Your Authority's efforts to allow this Company to meet its JO June deadlines 
are greatly appreciated and it is hoped that the attached connnitments will 
be sufficient so as to satisfy your Authority's previously indicated 
environmental concerns, 

Yours faithfully 
WESTRALIAN SANDS LIMITED 

~--

BK MASTERS 
SENIOR GEOLOGIST 

Enc. 



WESTRALIAN SANDS LIMITED 

UPGRADED ILMENITE PROJECT 

CAPEL, WA 

FINAL SUBMISSION TO THE ENVIONMENTAL PROTECTION AUTHORITY OF WA 

(1) Leachate Control 

( 2) Groundwater Pollution Control and Recovery 

(a) Choice of Liner 

(b) Moni taring and Recovery Bore Network 

( 3) Surface Water Discharges 

(4) Final Site Rehabilitation (after plant closure) 

(5) Other Committments 

25 June 1985 



WESTRALI.AN SANDS LIMITED 

1. Leachate Control 

(a) All solid wastes will be placed into final disposal sites which are at 
least one metre above the height of the winter water table. For one­
year-capacity surface pits, there will be up to 6 metres of clean sand 
separating winter water table from the base of the pits. For the North 
Capel mining pit, mining will extend to the water table or deeper but, 
prior to the pit's useage for disposal of solids, a layer of clean 
sand tailings sufficiently thick to give a one meter clearance will be 
placed on the pit's floor. 

(b) As part of normal procedure, all solid wastes will be compacted during 
disposal and their upper surfaces will be sloped so as to facilitate 
rainwater to flow off the solids without soaking in. 

All solid wastes will be covered by a JO to 50 centimetre thick layer 
of clay, wherever necessary, to prevent rainwater from entering. This 
capping will be carried out using normal engineering practices and will 
be on-going throughout the life of waste disposal operation. 

(c) The P.E.R. was based upon the worst-case assessment of envinrorunental 
impacts. As a result, the amount of rainwater assumed to enter the 
groundwater, and hence could become leachate, was 25% of total 
precipitation. Groundwater Resource Consultants have advised that a 
figure of 5 to 10% is far more realistic, whilst other sources, Carbon, 
B.A1, have confirmed the latter figure of 10%. 

* Carbon, B.A. (1976). Groundwater resources of the Swan coastal plain. 
Symposium jointly organised by the EPA and CSIRO Division of Land 
Resources Management, Murdoch University, WA. 



2. 

(a) 

Groillldwater Control and Recovery 

Choice of Liner 

The Company will line all liquid effluent dams with high density 
poly-ethylene (HDPE) synthetic liner of one millimetre thickness. 
This material is the most secure, long-lasting and expensive liner 
generally available for dam membrane purposes and has been recommended 
to WSL by its consulting engineers, GHD-Dwyer Pty Ltd. 

The risk of dam liner failure is extremely low. The edges of the 
individual sheets will be joined using heat fusion, hence there are no 
new chemicals introduced which could dissolve or otherwise fail during 
dam usage. All dams will be constructed from clean mine sand tailings 
which have been screened to remove particles coarser than one millimetre. 
Unlike in the Perth area, there are no limestone pinnacles or other 
potential sources of membrane-damaging solids. 

All dams will be constructed some months prior to the commencement 
of the plant's operation. They will be filled with water to ensure 
that settlement is largely completed before they begin to accept 
plant effluents. Should leaks occur, they will be repaired. 

During plant operation, a dam failure such that there is significant 
pollution of the groillldwater will require immediate action, the dam 
will be emptied of its contained liquids and the leak repaired. 
Should the action require temporary closure of the plant, then this 
will take place. 

(b) 1bnitoring and Recovery Bore Network 

Attached is a report compiled by Groillldwater Resource Consultants 
Pty Ltd. In summary, the report concludes that a monitoring/recovery 
bore network will work effectively and efficiently. 

WSL accepts the report's recommendations and commits itself to 
adoption of the recommended bore spacings, sizings and test pumping 
procedures. 



REPORT ON REQUIRED GROUNDWATER MONITORING 
FOR UPGRADED ILMENITE PROJECT AT CAPEL, 

WESTERN AUSTRALIA 
FOR 

WESTRALIAN SANDS LIMITED 

1. INTRODUCTION 

A planned mineral processing plant at North Capel will 
upgrade natural ilmenite to synthetic rutile. The proposed site is 
about 4.5 km north-northeast of the centre of Capel townsite. 

A number of liquids, which are used in 
process, will be stored in holding dams. 
lined with a synthetic polyethylene membrane. 

various stages of the 
All the dams will be 

Iron oxide and neutralised effluent solids will be disposed of into 
surface pits in the vicinity of the plantsite. 

Contamination of groundwater could occur as a result of pipe 
bursts, or small long-term leakages as a result of failure of darn 
liners, or leaching of surface disposal pits. 

An appropriate groundwater monitoring programme, with provision for 
recovery of any contaminated groundwater, is described in this 
report. 

2. POTENTIAL CONTAMINANTS 

Four process liquors and two leachates 
contaminate groundwater by leakage; their 
Table 1. 

have the potential to 
composition is shown on 

For the first eight years of plant operation iron oxide solids will 
be disposed of into the North Capel mine-pit. Subsequently they 
will be disposed of in surface pits to the west of the processing 
plant; each pit will have the capacity to receive one years 
disposal. The production of leachate can be minimised by capping 
each pit with synthetic membrane or clay to prevent percolation of 
rainwater. 

Neutralised effluent solids will be disposed of into pits, each 
with one-year capacity, to the south of the iron oxide disposal 
area. 

The process liquids will all be stored in dams within the plantsite 
itself. 
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Potential contaminants include sulphate and chloride from the 
Aeration Liquid and Iron Oxide Solids Leachate, with Total 
Dissolved Solids (TDS) content of 25540 mg/L, and from the Acid 
Leached Liquid with TDS of 21,570 mg/L. Other potential 
contaminants are heavy metals (Zinc, Copper, Cobalt, Chromium, 
Vanadium and Nickel) from the Kiln Scrubber and Acid Leached 
Liquids, Ammonia- Nitrogen from the Aeration Liquid and Iron Oxide 
Solids Leachate, and phosphorus from the Acid Leached Liquid. 

3. TOPOGRAPHY, RAINFALL and EVAPORATION 

The site is on the Swan Coastal Plain, on the east side of a dune 
ridge with maximum elevation of about 24 m AHD; the dune trends 
north-northeast. 

The ground slopes from the dune to Gynudup Brook on the west, and 
Elgin Drain on the east; opposite the plantsite Gynudup Brook has 
an elevation of about 3 - 4 m, and Elgin Drain 7 - Sm. 

The area of the plantsite has been built up with mine .tailings to a 
maximum elevation of 19m. 

Rainfall in the area averages 847mm per year, and evaporation 
1516mm per year. 

4. GEOLOGY 

The area is underlain by Quaternary superficial deposits which 
conformably overlie the Leederville Formation, of Early Cretaceous 
Age. 

The Leederville Formation consists of dark grey silty micaceous 
clay and clayey sand. The overlying unconformity surface appears 
to be irregular but is generally at about 3 to 4m below AHD. 

The superficial deposits consist of a lower zone, 5 - 10m thick, of 
clayey sand, overlain by an upper zone of sand. The lower clayey 
sand is generally medium-coarse grained and subangular; the upper 
sand is fine to medium grained and subrounded. 

To the east the superficial deposits are commonly ferruginous, with 
laterite at the surface. Towards Gynudup Brook and Elgin Drain the 
superficial strata become generally more clayey. 
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5. HYDROGEOLOGY 

Static water-levels have been reported for the plantsite itself by 
Golder Associates, and range from 12.5 - 13.Sm AHD. 

For the surrounding area there is no unequivocal water-level 
information. "Water-table" levels recorded on drillers' logs are 
not an accurate measurement of the static water-level, but rather 
the depth at which a significant water-return was noted. 

Water-content was recorded in drilled samples, and the upper limits 
of high water-contents are shown, with contours, on Figure 1. The 
contours show a coherent pattern which corresponds to the 
topography, and to the water-levels reported by Golder Associates. 
The contours are therefore believed to show the general 
configuration of the water-table within the accuracy of the 
sampling interval (I.Sm). Seasonal water-table fluctuations of 1 -
2m can be expected. 

The contours indicate that the groundwater flows towards Gyundup 
Brook on the west, and Elgin Drain on the east, from a NNE -
trending divide along or near the dune-ridge crest. The gradient 
of the water-table becomes steeper towards the two water- courses 
reflecting the lower permeability of the more clayey strata in 
those areas. 

A laboratory test of the dune sand, forming the upper zone of the 
superficial deposits, gave a hydraulic conductivity value of 25 m 
/day. The more clayey lower zone would be expected to have a 
significantly lower hydraulic conductivity, no more than lOm/day. 

The salinity of the groundwater is thought to be about 800 mg/L 
T.D.S. 
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6. DISCUSSION 

If leakage of contaminants does occur the contamination will spread 
in one of two ways. 

Contaminant fluids which 
groundwater (i.e. Kiln 
Liquid, and Neutralised 
direction of groundwater 
downstream plume. 

are not significantly more dense than the 
Scrubber Liquid, Neutralised Effluent 
Solids Leachate) would move in the 
flow, dispersing and advecting to form a 

The direction of groundwater flow beneath the plantsite area is 
apparently to the southeast towards Elgin Drain. Assuming an 
average hydraulic conductivity of !Om/day, average water-table 
gradient of 1.7 x 10- 2

, and effective porosity of 0.3, the average 
linear groundwater velocity would be about 0.6 m/day or 200 m/year. 

Using likely aquifer parameters the width of a contaminant plume, 
within limits of detection, would be about 50m wide at a distance 
of 50m from the leakage source, 100 days after the start of the 
leak. This prediction is made using a groundwater computer model 
for advection and dispersion from a continuous point source 
(Walton, 1984). The spacing of monitoring bores should therefore 
be no more than about 50m to ensure detection of any contamination. 

Contaminant liquids which are denser than the groundwater (i.e. 
Aeration and Acid Leached Liquids, and Iron Oxide Solids Leachate) 
would sink to the bottom of the superficial deposits, and move 
laterally along the surface of the underlying Leederville Formation 
aquiclude. The lateral movement will be controlled mainly by the 
slope of the aquifer/aquiclude interface. If this interface is 
more or less horizontal, the denser contaminants will disperse 
laterally in all directions, but preferentially in the direction of 
groundwater movement. 

Trace metals are adsorbed by clays, hydrous oxides of iron and 
manganese and by organic matter. Adsorption and precipitation 
reactions generally cause fronts of trace metals to move very 
slowly compared to the groundwater velocity (Freeze and Cherry, 
1979, Robertson-Pincock Inc., 1980). Except in very acid waters, 
the solubility of trace metals is very low, and they are rapidly 
removed from groundwater by cation exchange. 

Phosphorus in the groundwater will be fixed by iron compounds. 
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7. CONCLUSIONS AND RECOMMENDATIONS 

7.1 The plantsite area is underlain by Quatern8ry superficial 
deposits consisting of an upper sand zone and lower clayey 
sand zone. The Quaternary deposits arE underlain by the 
Leederville Formation, which forms an aquiclude. 

7.2 The direction of groundwater movement beneath the plantsite 
is apparently to the southeast tcwards Elgin Drain. The 
rate of groundwater movement may be as much as 200m/year. 

7.3 As the rate of groundwater movrnent is fairly rapid, a quick 
response will be necessary if contamination is detected. 

This can be effected by constructing all bores as dual 
purpose monitor/recovery bores, using machine-slotted 100mm 
diamter PVC casing. Each bore would be capable of 
recovering 250 m3/day using a submersible pump. This would 
provide an immediate and flexible recovery system. 

7.4 Spacing of monitor/recovery bores is provisionally 
estimated at 50m. This spacing should be verified by 
test-pumping of the first two monitor/recovery bores 
constructed, so that the hydraulic characteristics of the 
aquifer can be quantified. 

7.5 

A total of about 30 
anticipated. 

40 monitor/recovery bores is 

The monitor/recovery bore network should 
soon as possible, so that baseline 
water-level data can be established, 
future contamination can be identified. 

Groundwater from each 
completion, a standard 
analyses for those 
contaminants. 

bore should 
analysis 

elements 
being 
which 

be installed as 
geochemical and 

against which any 

be analysed on 
supplemented by 
are potential 

7.6 Detection of more highly saline contamination can be made 
by measurements of groundwater conductivity profiles to be 
made monthly. Chemical analysis should then be made if 
anomalous conductivity is recorded. 

Trace metals are unlikely to move far from any leakage 
source, because of adsorption and precipitation, but as a 
precaution analyses for Zinc, Copper, Cobalt, Chromium, 
Vanadium and Nickel, which are in the highest concentration 
in the source liquids, should be made every three months, 
in samples taken from the base of bores downstream from 
potential sources of leaks containing these metals. 
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7.7 Additional supplementary small-diameter observation bores 
may be required to define the shape of the water-table (and 
he~ce the precise direction of groundwater movement) and 
the form of the Leederville unconformity interface. 

7.8 A monitor/recovery bore system as described above, and 
modified where necessary in the light of additiooal data 
from the testing of the initial bores, will ensure the 
detection of any leaked contaminants, and will enable their 
prompt recovery by pumping. 

John Barnett 
Senior Consultant 
Groundwater Resource Consultants 

26/06/1985 

Project No: 555-1 



pH 
TOS 
Na 
K 
Cl 
f-lCO, 
S04 
N03 
NH,3-N 
Solids 
As 
Cd 
Pb 
Zn 
Cu 
Co 
Ba 
Cr 
V 
Ni 
P (total} 
Hg 
Mo 
\.1n 
Ca 
\.1g 
Fe 
Ti 
Al 

TABLE l 

Cl--ff.\l\lCAL ANALYSES 

INTER~Ef)IATE, FINAL EFFLUENT LIQUIDS AND LE.i\Cl--l!\ TES 
DER~VEJ) FROM SOLID WASTES 

Kiln Scrubber Aeration Acid Leached Neutralised leachate from 
liquid liquid Liquid Effluent Neutralised 

Oron oxide solids Liquid Effluent Solids 
leachate) 

3.0 6.8 1.3 9.4 7.3 
900 25540 21.570 1.855 2900 
42 44.5 49.5 86 310 
14 43.5 13 18 38 
74 10760 68.2 72 230 

<. l 48.8 < 0.6 1 88 
260 51.4 9489 1569 3100 

<0.05 < 0.05 39.3 <0.05 15 
5.5 5006 10.8 <0.05 1.0 
60 40 < 5 

0.007 < 0.005 0.01 <0.005 <0.05 
< 0.005 < 0.005 < 0.005 <0.005 (0.01 
< 0.01 < 0.05 < 0.05 <0.01 <. 0.05 

17 .5 0.05 1.95 <0.01 0.38 
0.1 0.05 2.8 <0.05 0.12 

0.05 O.l 5 4.5 0.1 < 0.01 
< 0.25 1..5 < 0.25 < 0.25 0.06 
< 0.05 (0.05 5 < 0.05 0.16 
<0.2, < 0.2.5 1.25 < 0.2.5 

O.? 0.15 2.35 0.1 < 0.02 
0.15 <0.05 3.1 < 0.05 < 0.01 

'- 0.0005 < 0.0005 < 0.02 
<. 0.005 0.12 0.01 

2.? < 0.01 0.08 
32 950 510 
16 0.28 370 

0.05 0.03 
0.02 0.06 0.05 

0.7 

J\11 values in mS?;/1 except pH. 
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J. Surface Water Discharges 

(a) The systems devised by WSL to achieve the objectives of discharging 
water into the Elgin drain within the levels of contamination in 
accordance with criteria for aquatic systems laid dovm in the 
Australian Water Councils "Compilation of Australian Water Quality 
Criteria11 are based on extensive pilot plant trials and laboratory 
testing aimed at simulating plant operations under very conservative 
or worst case conditions. 

Pilot plant trials were first conducted by Lurgi in Germany in July 
and August 1983 to produce data for the design of a commercial plant 
and to provide samples for the development of kiln scrubber effluent 
handling systems. 

In August 1984 further pilot plant trials of the aeration step were 
carried out to produce large samples of aerated product which after 
acid leaching could produce acid effluent to be used in the development 
of an acid effluent handling system. 

In order to test the worst case coDdition in kiln scrubber effluent, 
samples of solids from the waste gas system produced in the kiln 
pilot plant trial were leached at pH J.O for a period of JO minutes. 
This effluent when analysed was found to contain 17.5 mgms/litre of 
zinc which when mixed with neutralised effluent at pH 9.5 gave a zinc 
level of J.5 mgm/litre at pH 6.5 - 7.5. 

WSL believes this level of zinc will not occur in the plant because 
the leaching conditions are expected to be considerably less severe, 
the pH being 4.0 - 5.0 and residence time 3-4 minutes. However 
should a problem of high zinc level occur WSL will lime addition the 
water to the kiln scrubber to maintain a pH 7 or higher and thus 
ensure that no dissolution of zinc occurs. Under these circumstances 
the very small amounts of zinc solids reporting in the scrubber 
discharge will settle in the solution storage dam arid can be removed 
and buried at the end of the life of the project. It should be noted 
that zinc in the ilmenite is present in trace amounts only. 

In order to test the worst case condition in the acid effluent 
stream, samples of aerated product made in the pilot plant were acid 
leached at various levels of acid usage. The highest usage of acid, 
based on a very conservative approach to forecasting operating costs, 
was selected for laboratory development of acid effluent handling 
systems. 

In practice lower levels of acid and lime consumption will be 
experienced and the level of sulphate in final effluent will not 
exceed 500 I:l.gID/litre. 

The samples of aerated product used to produce acid effluent were 
not washed to lower the content of entrained ammonium chloride. As 
a consequence the NH3-N in final effluent was measured at 3.3 mgm/litre. 

In plant practice the circuit includes a spiral screw classifier prior 
to the acid leach plant whose function is to dewater aerator product 
and wash out entrained ammonium chloride. This will result in NHTIJ 
content of final effluent not exceeding 0. 05 mgrn/li tre 



WSL received from the Public Works Department on 24 June 1985, the 
following criteria for final effluent quality: 

Physical of 
Chemical 
Character 

pH 
TDS 
Na 
Cl 
HC0J 
so

4 
N0J 
NHJ 
As 
Cd 
~ 

Zn 
Cu 
CN­
Cl 
Hg 
Ni 

All values are in mg/1 except pH. 

Concentration 

6.0-7.5 
2:500 

270 
600 
500 
500 
10 
0.05 
0.05 
0.0J 
0.02 
0.10 
0.01 
0.01 
0.01 
0.002 
0.05 

WSL will not discharge effluent exceeding the quality criteria listed 
in the above table. 

WSL in the design of the capacity of the acid effluent and final 
solution storage dams has taken a conservative approach and provided 
a total storage capacity of 14 days in the circuit. This was done to 
ensure that plenty of time was available to carry out maintenance of 
equipment or make whatever adjustments are necessary to ensure that 
the effluent discharging from the system conforms to the required 
quality standards. 

As a final effluent quality polishing step WSL plans to install a 
biological filter. This unit will act to further lower the concentration 
of ammonium and sulphate ions prior to the discharge of effluent into 
the Elgin drain. 

(b) Should there be problems with suspended particulates in the effluent 
water discharges, the Company will install a filtering device such 
that these particles are removed. Whilst the biological filter will 
capture some suspended particles, a sand filter through which all 
effluent liquid will pass will be constructed between the discharge 
point of the solution storage dam and the entry point into the 
biological filter. 



Binnie & Partners 
CONSULTING ENGINEERS 

OurRef A,JG/MS/265 

Your Ref 

Date 26 June, 1985 

Westralian Sands, 
1st Floor, 267 St. George's Terrace, 
PERTH WA 6000 

For the attention of Mr. B. Bracanin 

Dear Sir, 

PTY LTD 

Upgraded Ilmenite Project : pH Control of Kiln Scrubber 

e 
First Floor 
legal & General House 
267 St Georges Terrace 
Perth Western Australia 

Postal Address 
POBox7050 
Cloisters Square 
Perth WA 6000 

Telephone 
National (09) 322 7700 
International + 619 322 7700 
Telex AA 95665 

As requested by you yesterday, we have pleasure in submitting our comments on pH 
control of the kiln scrubber for the above-mentioned project. 

You stated that your proposal is to correct the pH of the kiln scrubber liquid 
from approximately 3.0 to the range 6.0 - 7.0 to ensure that the zinc oxide 
remains in a particulate form and thus may be separated in a settling tank 
downstream of the scrubber. 

Alkali scrubbing normally consists of raising the pH to 9.0 - 10.0 for removal 
of sulphur dioxide. However, we understand this is not a consideration for you 
at Capel. 

We see no reason why your proposal to maintain a pH of 6.0 - 7.0 should not 
operate satisfactorily since pH control of such a system in itself is not a 
difficult process. It should be noted that we have not had access to a full 
description of the alkali scrubber liquid and have not attempted a full detailed 
analysis of this particular waste. 

With respect to use made of alkali scrubbing, we have checked our Chief Chemical 
Engineer in Melbourne and also with our London office. They reported that flue 
gas desulphurisation (FGD) may be of two forms - non-regenerative or 
regenerative. Both use lime, or other appropriate alkalis. A 1977 survey of 
USA power plants indicated that 67 out of 92 used the non-regenerative 
lime/limestone process (using similar principles to those you propose). 

We trust the above information is sufficient for your needs. However, if you 
have any further queries, please do not hesitate· to contact the undersigned. 

Yours faithfully, 

PARTNERS PTY LTD 

Directors M F Oddie (Managing). F M law (Melbourne). G N Bunerworth (Brisbane). E W Flaxman (Overseas) 
Auoclale Directors M O'Dell, DD Mclearie. A J Gale (Perth). Conaultants AL Downing, CJ Appleyard. T G Hammond.HE Hunt 

Melbourne Perth Brisbane Port MorHby 



4. Final Site Rehabilitation (after plant closure) 

Upon final plant closure, all items of plant will be dismantled and 
removed off-site. All effluent ponds will be drained of liquid, with 
water quality treatment being applied wherever necessary to ensure 
compliance with PWD discharge standards. Aeration liquid ( containing 
NH4Cl) will be solar evaporated so as to recover the dissolved salts. 

All solid wastes will be disposed of into normal one-year-capacity 
surface pits, with a surface capping of clay preventing the formation 
of rainwater-derived leachate. Solids with a greater potential for 
lffiderground water pollution ( for example, NH4 Cl and metalliferous 
sludge from the biological filter) will be placed in clay-lined, 
engineered disposal pits and capped with clay. 

All ponds and other excavations will be infilled with clean sand, 
with topsoil and vegetation cover applied to the surface. 

Monitoring of leachates will continue for a minimum of two years after 
plant closure, provided that earlier monitoring shows this action to 
be necessary. After two years, should further monitoring be necessary, 
the Company commits itself to a continuation of the programme until it 
is no longer required. However, the need for long-term monitoring 
will be largely dependent upon the Company's actions to prevent 
leachate formation. Since all solid wastes will be capped with an 
impervious clay layer, leachate generation will not occur. 



5. Other Commi ttments 

(a) Dust emissions from stock piles, transportation of raw materials, 
waste disposal and product will be controlled at all stages of the 
operation. The Company will submit its plans for dust control to 
the Dept of Conseration and Environment for approval. 

(b) The storage of hazardous chemicals and contingencies to recover . 
spillage will meet the requirements of the Explosives and Dangerous 
Goods Di vision of the Department of Mines. 

(c) If the quality of liquid effluent discharge diminishes below the 
accepted criteria, the Company will cease the liquid discharge until 
measures are instituted to reduce the levels of contaminants. 

(d) The techniques to be employed for the disposal of all solids will be 
submitted to the Public Works Department for approval. Should clay 
capping of solid wastes fail to prevent the generation of contaminating 
leachates, the Company will use alternative methods of disposing of 
its wastes and will ensure that wastes already disposed will be recovered 
or otherwise treated to prevent further leachate generation. 

(e) The Company will comply with all regulations relating to radiation 
protection. 



( d) Supplementary Evidence to Support Lime Treatment of Acid Liquid 
Effluents and Biological/Wetland Filters 

(i) On 24 June 1985, a simulated sample of liquid effluent was generated 
in the laboratories of Analytical Services Pty Ltd. The sample had 
its pH adjusted to 9.5 by the addition of calcium hydroxide (slaked 
lime). Two sub-samples were dosed with low levels of a kaolinitic 
clay slurry in order to mimic the effect of clay and colloidal 
interactions likely to occur when the effluent water trickles through 
the biological filter. Results are: 

Control pH 9.5 pH 9.5 pH 9.5 
pH 6.6 0.5% clay slurry 1.0% clay slurry 

addition addition 

Zinc {mg/1) J.54 0.53 0.24 0.14 
Ma11ganese ( mg/1) 0. 56 0.25 0.20 0.19 

The reductions in metal contents are significant, especially since 
the laboratory retention time of some 12 hours will be replaced by an 
operational retention time in the solution storage dam plus biological 
filter of between 6 and 10 days. 

(ii) Enclosed is a photocopy of an article from the Canadian Institute of 
Mining Bulletin of November 1974, entitled: 11 Acid Drainage Control 
and Water Treatment at Heath Steele 11 by E Busse. 

(iii) 

The addition of lime to their 1,000 cubic metres per hour discharge 
of pond effluent resulted in the reduction of copper from 2J.6 mg/1 
to 0.008 mg/1 and of zinc from 47.6 mg/1 to 0.044 mg/1. 

In a report entitled "Combination Limestone - Lime Treatment of Acid 
Mine Drainage" by R C Wilmoth and J L Kennedy ( 6th Symposium on 
Coal Mine Drainage Research, 1976, Kentucky, USA), a laboratory scale 
study showed that, after 24 hours settling at a pH of 9.5, the following 
results were obtained:-

Ferrous Iron 
Total Iron 
Manganese 
Aluminium 

Raw Water 
( me;/1) 

530 
550 
9.2 

50 

Treated Water 
(mg/1) 

nil 
0.09 
0.26 
1.0 

(iv) In 1974, N Blesing, J Lackey and A Spry from The Australian Mineral 
Ievelopment Laboratories reported on nRehabili tation of Brukunga Mine: 
Nairne Pyrites Limi ted11

• The attached figure 15 shows solubilities 
of metals at varying pH, with a pH of 11.0 liable to give a liquid 
containing:-

Ferric Iron 
Manganese 
Magnesium 
Copper 
Zinc 

0.4 mg/1 
nil 
nil 
nil 
nil 



-ENVIRONMENTAL CONTROL 

Acid Drainage Control and 
WaterTreatmentatHeathSteele 
Egon Busse, Vice-President, Amax Lead & Zinc, Inc .• 
Formerly Acting General Manager, 
Heath Steele Minoa Limited. 
Newcastle, N.B. 

Abstract. 
Heath Suek Minu Limited is located in New Bf'll.na­

wick, operates a 8,000-tpd mit,e and concentrator, and 
produces lead, rinc and copper flotatwn concentrates from 
C<Jmple;i; magnve sulphide oru. 

The prob~ of acid drainage is caused b1f underground 
and mrfau water contacting metal m.lphides, becoming 
acid <md acquiring dissolved h6a'IJJI metals. In ntf/icknt 
concentratio,r.g, thue metals are toxic to fish lif !· Eecauu 
all water from the property eventuallv drai¥, into the 
Northwest Miramichi River, it Juu a detrimental effect cm 
the salmmi migration in that stTeam. 

Earlw attempts to trea-t mine water and to coluct some . 
contaminated BUrface drainage were "IWt adequate. By 
the end of 19G9, government agencies Md developed 
stream water quality requirements for the mine. To meet 
these requiremenu, a compreheneive water pollution 
a.batement program was started 60.rly. in 1970 and became 
fully operational by the fall of 197£. 

Areas with contaminated surface drainage were iden­
tified and isolated. AU water fr<>m these areas is colleeted, 
together with all water from underground workings, wniJ. 
pumped to the tailings disposal area, where it is mixed 
with mill tailings and hydrated lime to precipitate the 
di.$solved 1netals and to retain the 1Mtal ltydrates and the 
tailings solids. 

Capita: eost of the project amounted t-0 lt,500,000. Cur­
rent annual operating cosu are ltt0,000, or to cents per 
wn of ore. . 

The program M.JJ 8UOBtantially improved the waur qual­
ity in tM affected streams. Average ,n.etal toxicity in the 
Northwest Miramichi River It.a.a lleen r~d by 83% and 
peakB have been reduced by 91%. MoBt importa1tt of all, 
salmon migration has noticeably in.creased during the 
,xu;t t years. 

Introduction 
HEATH STEELE MINES LIMITED manages the "Little 
River Joint Venture", owned 75% by American Meta] 
Climax and 25% by Internationa) Nickel. The property 
is located in northeastern New Brunswick, 32 miles 
northwest of the town of Newcastle. 

Egon Bu86e is now vice-president of 
Amax Lead & Zinc, Inc. At time of 
writing, he was acting general man­
ager of Heath Steele Mines Limited. 
He joined the company in 1963 as mill 
superintendent and became assistant 
general manager in 1969. Previously 
associated with several other mining 
firms in Newfoundland, Quebec and 
British Columbia, he was educated in 
Germ.any and holds a degree in chem­
ical engineering. He is a member of 
the CIM and the AIME. 

Keywords: Environmental control, Heath Steele Mines 
Limited, Drainage control, Acid drainage, Water treat­
ment, Salmon migration, Tailings disposal, Stream water, 
Pumps. 
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Exploration started in 1953 and two major ore .zor 
were found about 2 miles apart, the A-C-D to the w1 
and the B to the east. Mine development started 
1955 and production in 1957. All operations ceased 
1958 due to Jow metal prices and metallurgical pre 
lems. Reactivation of the mine started in 1960 a 
production resumed in 1962. Small open-pit operatic 
were associated with each major zone, but they are 
longer aetive. 

The ore occurs as· complex massive sulphide deposi· 
associated with porphyry and chloritic tuff. The ec 
nomic constituents are lead, zinc, copper and silvc 
At present, all production comes from the B zone ar 
is recovered by longhole-d.rilled open stopes. The o 
is hoisted to surface through the 1,700-foot-d~p N 
3 shaft and transported by trucks 1 ½ miles to t1 
concentrator. Three flotation concentrates are pr 
duced and shipped by rail or boat to custom smelter 
Production was increased in 1970 from 1,500 to 3,0< 
tons of ore per day, and a further increase to 4,0( 
tons of ore per day will take place in 1976. 

The problem is not eo much that of acidity and tt 
usually accompanied dissolved iron, but that of di. 
solved copper and zinc in the water. The two mai 
sources of this water originate from undergroun 
workings and from surface drainage through sulphid 
minerals. 

During the initial phases of mining activities bE 
tween 1955 and 1958, secondary mineralization wa 
found in both the A and B pits and later also unde1 
ground close to surface. Becau.se mine water associate 
with primary mineralizatfon also slowly turns acidi 
and carries increasing dissolved metals, it is conclude 
that the metals are released in soluble form throug: 
the process of oxidation and acic! formation that i 
characteristic of the bacterial oxidation of metal sul 
phides. 

When operations were restarted in 1960, mine wa 
ter was at first discharged untreated to the Little Soutl 
Tomogonops.River. As soon as the occurrence of rh•e: 
pollution was recognized late in 1960, some form c· 
treatment commence<!. This took place in small settlint 
ponds into which the mine water was discharged to 
gether with hydrated lime. The resultant precipitati 
is very voluminous, the ponds had to be cleaned ou1 
frequently and the disposal of the material becamE 
quite a. -problem.. 

Past collection and treatment facilities were devel­
oped between 1964 3.lld 1966. They consisted of a hold· 
ing pond, with an effective capacity of 4½ acre-feet, 
in which drainage from the plant area and No. 3 sh2.:: 
mine water was collected and -J}UIDped to the tailinr, 
pond via a. 12-in. pipeline and 1,800-(US)gpm pump· 
ing installation. During spring run-off or heavy rain 
conditiona, the pond could not handle the volume of 
water and overflows resulted from the holding pond 
into the Little South Tomogonops River. Even when 
no overflows occurred, metal concentrations in the 
river were high, indicating the existence of other 
sources or contamination. 



drainage from the property discharges into the 
Tomogonopa and Little South Tomogonops Alld 

�into the Northwest Miramichi River, approxi-
. 15 miles below the property. 

!•• .M:iramichi is a well known and important aal­
iv�. Even very 8Il1All <:oncentrations of copper 
nc ions are toxic to Atlantic 8almon. Although 
.effects have not been conclusively determined 
knowledge, it seems to be established that, when 

·-metal ions reach certain concentrations, the sal­
;. will avoid this water, turn down-fitream and con­

�ent)y not reach the sp�wning grounds. 

I
_, ,;am Water Quality Regulations 

. nee the incident of discharging mine water direct­

. · i'.'to the river in 1960, the Fisheries Research Board 
_ ada has been monitoring the water quality of 

�orthwest Miramichi River. Studies on the effect 
r metal-bearing water on salmon life and migration 
�e conducted and a toxicity index was developed 
rom laboratory tests on salmon in a controlled en­
ironment. 
/One tox.ic unit implies a concentration of 48 ppb 
t copper or 600 ppb of zinc at a hardness of 20. When 
Plb metals are present, the effect is additive. The 
�_tjty of a given metal concentration dtCreases at an 
1ez-easing hardness up to about 100. From stream 
unpling and observation of fish migration it was 
etermined that, at metal concentrations above an 
;ru.ivalent of 0.4 tox.ic units, salmon will avoid this 
��r and return downstream. 
:Jn 1969, an increase in heavy metal levels led to re­
�wed cc..ncern by the Federal Department of Fish­
nes and Forestry and the New Brunswick Water 
:¢hority. By December of 1969 the following stream 
�ty requirements were imposed for the mine: 
BFno sulphur compounds other than sulphates be­
•JV the mine property; 
h) - at the mouth of the Tomogonops River, a pH
mge between 6 and 8, no greater than 18 ppb of
>pper and no greater than l 08 ppb of zinc; 
�) .in the northwest Miramichi River, no greater
1an 0.1 t:oxic units. 
:Metal concentrations equivalent to 0.1 toxic unit 
r:e approximately 3 ppb of copper and 30 ppb of 
nc combined, at a hardness of 20. At that time, we 
id not even know of any direct and reliable method 
►·determine the metals in such low concentrations.
Since then, the Department of Fisheries and

orestry has been amalgamated into the Canada De­
utment of the Environment and the requirements 
�e now regulated by the Environmental Protection
er-vice (EPS) of this department.

·roject Planning and Initial Improvements
Following the notice of stream quality require­
ents, a program was formulated toward achieving 
•me improvements as early as possible and to obtain
,e information necessary for the design of a drain­
re control system that, together with improved wa­
,r treatment, would reduce metal concentrations 
ilow toxic levels.
This first phase was completed during 1970. A 
:ns_ulting firm, Montreal Engineering Company
IIluted, was engaged to review the available data
ld literature pertaining to the problem, to outline
l individual drainage areas in contact with the
'OJ>erty and to determine maximum water flow con-
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ditions :(or these areas from precipitation records. At 
the-aame :time. a comprehensive stream sampling pro­
gram. was started and the method of water analysis 
changed ;from determining total heavy metals by 
dithizone extraction to individual metal detennina-

. tion by atomic absorption. 
A. pile of sulphides from· the original tunnel ex­

cavation and located near the Little South Tomogo­
nops River was removed to the tailings disposal area. 
Pumping capacity at the existing holding pond was 
improved by adding a 12-in.-diam. buried wood.stave 
line, thereby reducing spills during high flow con-· 
ditions, and the clean-water channel was re-routed 
away from contaminating inflow. These measures 
reduced average metal concentrations in the river by 
40%, but did not reduce concentrations during spring 
run-off to a reasonable level. 

Stream sampling identified four separate areas· of 
surface drainage contamination. Underground wa­
ter from the B-zone workings is pumped to surface 
through the No. 8 shaft and from the A-C-D zones 
through the No. 4 shaft. The water from both places 
is acid and contains dissolved heavy metals. 

The tailings pond and the areas draining into the 
pond were outlined t:o determine the amount of flow 
into the pond together with mill tailings and con­
taminated water. AB the pond represents the water 
treatment -facility, all water entering the pond has 
to be treated. A further aim was to determine the 
amount of up-stream drainage that could be diverted 
around the pond, thereby reducing the quantity of 
water treated. 

Design and Construction 
The objective was to separate contaminated sur­

face drainage from uncontaminated areas and streams, 
t:o collect this drainage together with all mine water, 
to pump it to a suitable treatment location and to re­
move the dissolved heavy metals. 

Separation of the drainage was by means of chan­
nels and/or concrete retaining walls extending to bed­
rock or, at least, 5 feet below surface or the bottom 
of channels and streams to be separated. 

The capacity of the collection and pumping system 
was to be sufficient to handle maximum surface drain­
age and maximiim mine water flows. Maximum or 
peak flows were taken as drainage resulting from a 
5-in. rain storm during a 24-hour period, which has a
statistical recurrence level of once in 20 years. Due to 
the relatively small drainage areas, it was conserva­
tively assumed that the precipitation would be equal 
to the run-off. 

These requirements were to include holding ponds 
and pumping capacities. The construction costs of 
holding ponds, especially when using low-lying areas 
and dams for creating storage rather than rock ex­
cavation, are CQnsiderably Jess than those of pumping 
facilities and no operating costs are required. Thus, 
as much as possible, holding ponds were to be used. 
Limiting factors were the areas available and the 
height of the dams in respect to the elevation of in­
flowing channels. 

Table 1 indicates mine water flows from No. 3 and 
No. 4 shafts and mill tailings. It also indicates sizes 
and flows on the four contaminated surface areas and 
the tailings pond drainage area. From · that data and 
area surveys, the system requirements were calculated 
and shown for holding ponds and pumping installa­
tions. 



Tne second phase of the project was started early 
in 1971 and substantially completed late in 1972. Only 
minor modifications were made during 1978 and sur­
face restoration work planned for 1974 will complete 
the project. 

Existing channels were improved through deepen­
ing or embankments. New channels were dug, mostly 
by blasting through rock. These included -a 1000-ft­
Jong channel to route clean water around the old tail­
ings line dump, a 2800-ft-Jong by-pass channel for the 
;Little South Tomogonops River and a 7200-ft-Jong by­
:pass channel for drainage around the tailings pond. 

The A-Pit was converted into a holding pond (No. 
1), with a capacity of 16½ acre-feet, by building a 
concrete dam across the entrance and installing two 
6-in. valved draw-off pipes in the dam. A No. 2 hold­
ing pond with a capacity of 12 acre-feet, was also 
constructed, deepening a low area by ripping and re­
moving fractured bedrock and enclosing the area by 
an earth embankment. A concrete overflow structure 
with 12-in. valved underflow draw-off pipes is used 
to regulate the flow from that pond. A third existing 
pond was increased from 8 to 47 acre-feet in ·capacity 
and a new concrete emergency overflow and pump­
house constructed. A fourth holding pond, ,B acre-feet 
in capacity, was constructed by building a <dam across 
the old bed of diverted Little South Tomogonops 
River. Because this pond represents the last down­
stream collection and retention of the major contamin­
ated drainage areas, it is sealed by a concrete retain­
ing wall i'lside an earth dam to avoid seepages escap­
ing into the ri\-er. It also has a concrete emergency 

TABLE 1 

Mine Water and Mill Tailings 
Flow in (US)gpm Minimum Averafe Maximum 

No. 3 ShafL. .... __ ..... _. 
No. 4 Shaft. .. _ ... __ .. _._. 

Total Mine Water. __ ..... _. 
Mill Tailings ............. _ 

5-ln., 24-Hour Storm Aflalysis 

300 
250 

550 
1,800 

450 
350 

800 
1,800 

750 
450 

1,200 
1,800 

Drainage 
Area in Acres in Acre-feet 

A-P;1 1Plant Area ..... _ .... 
Tail, ngs Line Dump 
Sour Springs/Hydrates . _ .. 
Stockpile Drainage .... ___ . 

Total Contmrn2tcd Surface 
Drainage ·········· 

Possible to Divert._ 
Not Possible to Divert._. 
Tailings Pond._ 

Total Tailings Pond Surface 
Drainage .. _ ..... _._ .. _. 

Capacity Requirements 

A-Pit/Plant Area and 
Tailings Line Dump 

Sour Springs/Hydrates . 
Stockpile Drainage __ . _ 
Total Mine Waler . __ 

56 

198 
18 
32 
5 

253 

555 
542 
130 

1,227 

Holding 
Ponds, 

Acre-feet 

75.5 
8.0 
1.0 

84.5 

82.5 
7-5 

13.3 
2.1 

105.4 

231.3 
225.9 
54.1 

511.3 

Remaining Required 
Drainage, Pumping, 
Acre-feet (US)gpm 

14.5 3,280 
5.3 1,200 
1.1 250 

1.200 

20.9 5,930 

overflow and pumphouse. A collection ditch at 1 
foot of old stockpiles was dug into soft ground 
eollect both surface and sub-surface ·drainage. 'I 
bottom and down-stream side of the ditch are li11 
with concrete to prevent down-stream seepage and 
has a holding capacity of 1 acre-foot. -

The main pumping station at the No. 3 holdi 
pond encloses three identical Canadian Buffalo 8-
10-in. single-stage centrifugal pumps. All parts 
contact with water are made of 304 stainless ste 
the impeller diamettr is 16½ in. and each pump ha~ 
rated capacity of 2,000 (US) gpm at a 235-ft head. Th 
are driven by direct-coupled, 200-hp, 1,800-rpm moto1 
One pump can alternatively be driven by a 250-1 
Caterpillar stand-by diesel generator in case of pow 
failure. A valved header system allows any of tl 
three pumps to be connected with any of three 12-i 
pipelines. The intakes are screened to keep debr 
away from the pumps and have vacuum gauges to ii 
dicate screen blinding. At the pump discharge side 
vibrations are reduced by means of Flexflow rubbe 
lined connectors and shock is reduced by Willia: 
Haeger check valves. Standard pressure gauges at 
used. The lines are protected from water-hammer b 
6-in. automatic Clayton dump valves that open whe 
the pumps are stopped. The piping is spiral-weld, U 
in.-diameter, schedule 10 (0.18-in. wall thicknesi 
12.39-in. I.D.), made of 304 stainless steel. Dependin 
on the discharge point at the tailings pond, the line 
are 6,500 or 7,200 feet long. The piping came in 20 
ft lengths with rolled-on victaulic grooves, and stanc 
ard victaulic couplings were used. The pipelines WE' 

installed v.ith a minimum ½ % down-grade towar< 
the pumping station to ensure line drainage througl 
the dump valves. Eaeh line ha.s a Pyrotenax, 3-wire 
polyethylene-jacketed heat tracing and is insulate< 
with 1-in. Pearlboard self-extinguishing urethane, en 
closed by an aluminum cover. The piping is supporte: 
above ground on wooden trestles. 

The pumping station at the No. 4 holding pone 
consists of a similar but smaller installation. Pumpi 
are the 5-in. type, with a rated capacity of 800 (l;~ · 
gpm at 140-ft head, driven by 75-hp motors and a 
75-hp stand-by diesel generator. The piping is 6 inches 
in diameter and the lines are 1,800 feet long. The 
pumping station at the stockpile drainage ditch has 
two 4-in. vertical pumps and a 100-foot long 6-in. line 
discharging into the 12-in. woodstave line from the 
No. 3 shaft to the No. 3 holding pond. 

Other installations include a separate bulk lime bin 
and feeding system at the mill and ten flow measuri:-.; 
weirs at channels and pipeline discharges. 

Acid Drainage Control Syst€m 
Figure 1, a plan of the system controlling drainage 

from the four contaminated areas, indicates the flow 
of mine water pumped to surface through the No. 3 
and 4 shafts and shows the flow of mill tailings. 

Drainage from the A-Pit/Plant area is contam:l!­
ated from the exposed sulphides in the pit, old surf:. ,· 
stockpiles, temporary storage of ore ahead of Lit 

crushing plant, and dust from milling and concentrate 
handling operations. It is collected by means of a 
dirty-water channel, connecting three holding ponds 
with a combined capacity of 75½ acre-feet. The No. 
3 holding pond is the largest, with a capadty of 47 
acre-feet. It is also the place where, with the excep­
tion of mill tailings, the contaminated water from all 
sources is collected and pumped to the tailings p0:1d 
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URE 1 - Drainage control at Heath Steele Mines Limited. r l; .treatment. Fresh-water drainage is prevented 
fiom entering the area and carried aroand it by the 
'1ean-water channel, terminating at the Little South 

~

M~gonops P.iver. 

Because it is not possible to maintain a down-grade 
the mill tailings lines, the slurry has to be dumped 
a low point when a line is not in use to prevent 

E
. g and line blockage. An area adjacent to that 
t contains considerable amounts of deposited tail-
from such operations. The lines have since been 

graded and the low dumping point moved inside the 
.-lirty-water channel Water draining through the o]d 
aump area becomes contaminated. Fresh-water drain-
11.ge is diverted from the a.rea by means of an embank­
ment and channeled into the clean-water channel Con­
t:aminated drainage is collected in a separate channel· 
11.nd piped across the dean-water channel into the 
i.irty-water channel. 

1 The sour springs/hydrates area contains contamin­
tted water in springs of unknown origin and buried 
lYdrates from early attempts at mine water treat­
nent. Due to the SWllmpy ground, it would be very 
lifficult to remove tmch hydrata'I and the results of 
:uch removal would be uncertain. The Little South 
romogonops River nms very close to this area and be­
anie strongly contaminated by it. To isolate this area, 
he river was diverted north and around the area. A 
latn was built aer068 the old river bed, creating a 
ioldiag pond (No. 4) with a capacity of 8 acre-feet. 
'he collected water is pumped to the No. 8 holding 
ond. 

Drainage from old stockpiles near No. 3 shaft is 
Dlltaminated and used to flow through a swamp and 
~to the Little South Tomogonops River. A collection 
1teh was dug below the foot of the stockpiles. It has 
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1£ATH STEELE MINES LIMITED 

CR<IINAGE CONTRQ 

f'l.ATE I 

TABL£ 2 - Contaminated Drainage -Row and Analysis 

1973A~ 
(US) £Pfll pH Cu (ppb) Zn (ppb) 

No. 4 Shaft Mine Water .. .. 
A-Pit;rt.int Area ...• _ . _ . __ 
Old Tailings Dump. __ • ___ ._ 
Total Dirty Water Channel_. 

No_ 3 Shaft Mine w,,-_ . _ . 
Old Stockpiles. __ ... _._._ .. 
Total No. 3 Mine Water Line 

Sour Springs/Hydrates._ .. _ 

Total Coot.wni nated 
Drainage _____ .... -. - -. -

350 45 
240 l4 
30 3-5 

620 3.8 

800 
7,500 
2,500 
3,480 

450 4_3 50,(XX} 
5 3_0 400,000 

455 q_ - 53,850 

75 4.0 7,500 

1,150 3.9 23,670 

98,000 
95,000 
14,500 
92,800 

155,000 
750,000 
160,400 

82,000 

119,300 

a storage capacity of I acre-foot and water from the 
ditch _is pumped into the No. 8 shaft mine water line 
and hence to the No. 3 holding pond. 

Mine water from the No. 3 shaft includes the drain-
2ge from B-Pit and is pumped directly to the No. 3 
holding pond. Mine water from the No. 4 shaft crosses 
the clean-water channel and is pumped into the dirty­
water channel. Mill tailings are pumped directly to 
the tailings pond. 

Table 2 indicates the average flow of water from all 
areas and average metal concentrations. Flows and 
concentrations vary considerably. Highest flows on 
both surface and underground drainage occur during 
the spring thaw and run-off, which may extend from 
March to May or from April to June. During high 
flow conditions, metal concentrations decrease for sur­
face drainage and increase for underground drainage. 
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Water Treatment 
Figure 2 shows the tailings pond, pipeline discharge 

points and pond outlets. 
The pond covers an area of 180 acres and was 

created by building a dam across the head-water tribu­
taries of the South Tomogonops River. The dam is of 
earthfill construction, with a slope of 2 :1 on both sides 
and a nominal crest width of 20 feet. It is 5,000 feet 

NOTE' 
5 TREATMD<T CONTROL 

5.UiP\.IIOG POINTS 

FIGURE 2-Treatrnent control at Heath Stee+e Mines limited. 
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• ed by the pond. This resulted in large flows through 
·e pond during spring run-off, adversely affecting 
' ter treatment and increasing lime consumption. An 
~ of 666 acres was isolated and drained around the 

_, d, thereby reducing the natural drainage inflow 
-":' 45%. Figure S indicates the present water bal­:ce. Average net run-off, at 26 in. per year, is based 
ii A total precipitation of 40 in. per year.· 

· : ·A second pipeline discharge point was added to allow 
for a better utilization of the pond area and a more 

, uniform solids deposition pattern. The east discharge 
~ point is used during the winter and spring run-off 
; ·period because the natural drainage flows through 
r' 1:hat area, thus allowing for a mixing of all inflows 
h>efore entering the pond. The west pipeline discharge 
~point is used during the summer when flows are low. 
crhe respective pond outlet is chosen to provide maxi­
r,:'.mum distance between the two points. Average time 
tof pond residence is estimated at 3 to 4 days. 

! Mill tailings and contaminated water are discharged 
1 together and allowed to mix prior to ·flowing into the 
_ pond. Hydrated lime is added at the mill to the tail­
- .ings in order to neutralize the acidity of the contamin­
:_ ated water and to precipitate the dissolved heavy met­
I als as hydrates. Laboratory tests indicate that maxi-

mum precipitation occurs at a pH of 9.5. In practice, 
lime additions are regulated to maintain a pond ef­
fluent pH of between 10.0 and 11.0. This is done to 
provide for a safety margin in case of sudden flow 
increases and due to the time-lag between changes in 

i addition and measurements at the pond effluent. 

Table 3 represents average treatment results for 
, 1973. The flow difference between measured pond in­
, flow and pond effluent is the natural drainage enter­
; ing the pond. Removal of 99.9% of the copper and 

r
rfac, with residual etflue:1t .concentratio~s ?f 8 ppb 
$coppe~· and 44 ppb zrnc, md1cate that this 1B a very 
effective treatment scheme. It appears to be due to 
~ settling and retention of settled hydrates by 
means of the mill tailings solids as well as sufficient 

' pond residence time. 

i Operation and Control 
r Supervision of the operation and maintenance of 
f water collection and treatment installations and tail­
jings disposal is the full-time responsibility of a plant 
: engineer. He inspects all facilities, initiates actions 
[ on maintenance, repairs and improvements, and main­
' iains records of all pertinent data. 

. Co11ection and by-pass channels and holding ponds 
i i-equire little attention. Pumping is controlled by bold­
' ing-pond water levels and actuated through electrode 
f level probes. Pumps are started in sequence at rising 
f"~te: levels and are s~pped when the level drops to 
, Wlthm 2 feet of pump rntakes. The formation of ad­
fhering deposits in pipelines is pronounced. Within a 
I Year, a 12-in.-diameter main pipeline will acquire a 
: very rough-surfaced ¾-in. scale, reducing throughflow 
• capacities from 2,300 to 1,700 (US)gpm. Lines are 
: cleaned out with Girard Polly-Pigs. These plastic, 
I bullet-shaped forms are driven through a line by nor­
r Inal pumping operation, rotating as they proceed and 

Be.raping material off the pipe walls. They are collected 
at .the discharge and re-used. Several passes are re­
quired to reduce the scale to less than 1/s in. There 
are two 90-degree elbows in each line and, so far, no 
:Problems have occurred. 

Hydrated lime requirements are supplied by an in­
stallation in the mill consisting of a 100-ton-capacity, 
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TABLE 3-Water Treatment Results 
1973 averaees, flow in (US)fpm, metal concentrations In ppb 

Mill Tailings; .................. . flow ............ _ ....... . 
pH •......••....•..•••..•• 
Cu ...................... . 
Zn ...................... . 

1,800 
11.5 
•s 

1,820 

Contaminated Drainage .......... . Flow..................... l,]50 
pH....................... 3.9 
Cu ....................... 23,670 
Zn ....................... H9,300 

Measured Pond Inflow ....... : ... flow ............... __ .... 2,950 
Cu ... _ ...... _ .......... _. 9,255 
Zn ........ _ ............. _ 47,617 

Pond Effluent. .............. _ ... flow .. .............. _ ... . 
pH ..... -............. - .. ·-

3,780 
10.6 

Cu ...................... . 
Zn. ____ .. _ .............. . 

Per Cent Metal Removed ......... Cu ..................... _ . 
Zn ...................... . 

Total Lime Consumption ... _ ..... _ Tons ........... _ ........ . 

8 
44 

99.9 
99.9 

4,000 

bulk lime storage bin, two variable-speed screw feeders 
and a slurrying tank discharging into the tailings 
pump sump. Consumption varies from a low of 180 
tons to a high of 800 tons per month. Regulating feed 
rates to maintain a given pH at the pond effluent is 
difficult due to the long time-lag. At present, lime 
feed rates are changed manually according to the 
amount of pumping time and number of pumps oper­
ating at the No. 3 holding pond. Because the amount 
of acid water pumped to the pond i.s the main factor 
in lime requirements, this represents a better control 
and will, in the future, be made automatic. 

Ten flow readings and 20 water samples are taken 
daily, Mondays through Fridays. They are taken to 
monitor the efficiency of the system and its effect on 
the Northwest Miramichi River as well as changes in 
the background values of up-stream sources. The 
farthest sampling point is 17 miles from the property. 
Some sampling points are accessible only by a four­
wheel-drive ve4icle in the summer and snowmobile 
in the winter. It takes approximately 6 hours during 
the summer and 7 hours during the winter to collect 
all samples. At the same time, all pumphouses are 
visited and readings taken on pump running times,. 
power, pressure and vacuum. 

The samples are analysed as soon as possible after 
arrival at the laboratory. They are neither acidified 
nor filtered. After pH determination, copper and zinc 
are determined by a Perkin-Elmer model 403 atomic 
absorption spectrophotometer with a scale expaneion 
and recording device. The detection limit for both met­
als is between 1 and 2 ppb, and sensitivity is 1 ppb. 
Hardness is determined by EDTA titration.. 

From time to time other samples are taken and four 
times a year a "complete analysis" is run on the 12 
inost important samples. 

Capital and Operating Costs 
Table 4 provides a summary of capital 0:pendituret'! 

for both phases of the project and 1973 costs of oper­
ating the facilities. These costs do not include e..'Cpen­
ditures for tailings disposal. 
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Channel excavation includes culverts and flow meas­
uring weirs. Holding pond construction includes con­
crete draw-off structures. Access roads were required 
to some remote sampling points. Buildings were 
needed to house the three pumping installations, and 
sampling and analysis includes vehicles for sampling 
&nd the atomic· absorption instrumentation. Surface 
restoration is expected to be completed during 1974 
lLDd will include grading, spreading of earth and grass 
seeding. 

TABLE 4 

Capital Expenditures 
Stockpile Removal.. ............ _ ..................... . 
Channel Excavation ................................... . 
Holding Pond C-Onstruction ............................. . 
Access Roads ......................................... . 
Buildings ................................ _ ........... . 
Pumps and Pipelines .................................. . 
Lime Feeding ........................................ . 
Sampling and Analysis ......•..............•...... _ ... . 
Surface Restoration ................................... . 
Engineering and Construction Supervision ............... . 

Annual Operating Costs 
Operating Labour ..................................... . 
Operating Supplies .•.................................. 
Repair Labour ........................................ . 
Repair Supplies ................................. _ .... . 
Power ....................................... _ ....... . 
Others .............................................. . 

l 

$ 25,000 
340,000 
370,000 
40,000 
50,000 

1,380,000 
50,000 
45,000 
80,IXXI 

120,000 

$2,500,000 

$ 24,000 
112,000 
10,000 
20,000 
18,000 
36,000 

$220,000 

Some quantities and unit costs involved were as 
follows: 260,000 tons of earth excavation and earth 
dam construction at 80 cents; 16,000 cu. yds of rock 
excavation at $10.00; 1,200 cu. yds of concrete at 
$100.00; and 20,000 feet of 12-fn. s.s. pipeline with 
fittings, heat-tracing, insulation and complete in­
stallation at $36.00. 

Operating costs during 1973 were $220,000, or 20 
cents per ton of ore. Operating labour is primarily 
the cost of supervision. Operating supplies, the high­
est-cost item, reflect hydrated lime consumption. Due 
to the fluctuating demand and limited bulk rail car 
availability, truck haulage is frequently required. 
Power requirements are for pumping and, in the win­
ter, pipeline heating. Other costs are primarily for 
water sampling and analysis. 

TABLE 5 - Northwest Miramichi River at Curventon 

Toxic units as reported by the Fisheries Researth Board. 

Average Maximum 

1966 .............................. . 0.4( 3.60 
1967 .............................. . 0.52 3.90 
1968 ................ ············--· 0..37 2.40 
1969 ................. _ ............ . 0.49 3.75 

Ave. 1966 • 1969 ..... _ ....... _ ...... . 0.47 3.41 

1970 ........... _ ......... __ ....... . 0.33 2.92 
1971 .............................. . 0.17 0.80 
1972 ...................... _ ....... . 0.08 0.32 
1973 .............................. . 0.08 026 

__ .., ___ ,,__,-~'-:""----------------------=---------------a,;:a--

t """t" ~., 

SC.ALE-1000.000 

FIGURE 4- Drainage system from the mine to the Northwest Miramichi River. 
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Impact of Drainage Control Measures ... 
~- Figure 4 shows the drainage system from the mine 
to the Northwest Miramichi River, indicating the 
10ain sampling points for up-stream background, mine 
property effluent and impact on the Tomogonops 
.River and Northwest Miramichi. 

'{ Table 5 indicates annual averages and peaks of 
toxicity in the Northwest Miramichi River as reported 
by the Fisheries Research Board. These come from 
samples collected at the Curventon Fish Counting 
'Fence (5½ miles downstream from Wayerton) and 
analysed at their laboratory in St. Andrews.• '\\'hen 
c.-.omparing results during the four years preceding 
the start of this project with 1973, the first year after 
completion of the project, we find a reduction in aver­
age toxicity from 0.47 to 0.08 (83%) and a reduction 
in peak toxicity from 3.41 to O .26 ( 92 % ) . 

In respect of the EPS stream quality requirements, 
the first one, "no sulphur compounds other than sul­
J>hates below the mine property", appears to be met 
and is not normally determined in water samples. 

The second requirement was "at the mouth of the 
Tomogonops River, a pH range between 6 and 8, no 
greater than 18 p}}b of copper and 108 ppb of zinc". 
Actual pH readings are always within the required 
range. Copper concentrations have been reduced sub­
stantially and average results during the last six 
months were within the limit. Zinc concentrations 
},Jive also been reduced substantially. 

The third requirement was "no greater than 0.1 
toxic units in the Northwest Mirarnichi River". Figure 
5 indicates monthly results on samples taken by the 
mine from 1970 to 1973 at ·wayerton Bridge and cor­
responrling results from the river up-stream of the 
Tomogonops at Payne Bridge for background com-

~ parison. Again, very substantial improvements have 
[ ,been made. With one exception, average results for 

J.973 have been within the limit and even }}eak results 
are close to the limit. Background results have, from 
time to time, exceeded the limit. 
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FIGURE 5-Toxicity levels in the Northwest Miramichi River. 

Control of drainage from the isolated contaminated 
areas is good and no escape of contaminated water 
from these areas to fresh-water streams has been de­
tected. The treatment of collected water is very good 
and the effluent quality satisfies even very strict re­
quir~ments. Metal toxicity in the Northwest Mirami­
chi River has been greatly reduced and salmon mi­
gration during the past two years has increased sub­
stantially. 

Ne,v Edition of Electrical Code 
~ THE U.S. NATIONAL FIRE PROTEC­
~- TJON ASSOCIATION (NFP A) an­t nounces publication of the 1975 

edition of the "National Electrical 
~- Code", the world's most widely 
5 adopted set of safety requirements. 

sheathed cable, power and control 
tray cable, intermediate metal con­
duit. electrical floor assemblies, 
fixed electric heating equipment 
for pipelines and vessels, places of 
assembly, electrically driven or 
controlled irrigation machines, and 
fire-protectivt! signaling systems. 

Electrical Code is the practical 
safeguarding of persons and prop­
erty from hazards arising from the 
use of electricity in light, heat, 
power, radio, signaling, etc. 

' The new Code supersedes all pre-
vions editions, the last being dat­
:eo 1971. 

Appearing in the current 640-
page text are eight new articles, 
five articles which have been com­
pletely rewritten, 16 new parts of 
articles and 190 new sections. Re­
visions have been made in 569 
other sections. 

New articles pertain to copper-

CIM Bulletin. November. 1974 

Articles completely rewritten for 
the 197 5 Code apply to continuous 
rigid cable supports, storage batte­
ries, commercial repair and storage 
garages, manufactured buildings, 
and Class 1, Class 2 and Class 3 
remote-<:ontrol, signaling and pow­
er-limited circuits. 

Basic purpose of the National 

Copies of the 640-page 1975 Edi­
tion of the "National Electrical 
Code" (NFP A No. 70) are priced 
at ~5.50 each, with a schedule of 
discounts beginning with orders 
for 25 copies. Orders and/or re­
quests for detailed pricing infor­
mation should be addressed to the 
NFP A Publications Sales Depart­
ment, 470 Atlantic Ave., Boston, 
Mass. 02210. 
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(v) Binnie and Partners have produced a brief treatise on the effects of 
lime dosing on the effluent quality. They conclude that:-

(vi) 

(vii) 

lead will be red~ced to less than 0.01 mg/1 
zinc will be reduced to less than 0.1 mg/1 
cobalt will be reduced to less than 0.01 mg/1 
barium will be reduced to less than 0.1 mg/1 
manganese will be reduced to less than 0.05 rng/1 
iron will be reduced to less than 0.01 mg/1 

Their report is attached. 

In WSL's ERMP, table 6 gives the results of a water quality survey 
in the Capel area. Effluent escaping from AMC's plant site onto 
public land was found to be high in zinc, cobalt, nickel, manganese, 
vanadium, iron and sulphate. Within several tens of metres of the 
water passing through adjoining farming land, water quality had 
improved to the point that it would·have met all of Hart's criteria. 

Several quotes from 11 The Use of Freshwater Wetlands as a Tertiary 
Wastewater Treatment Alternative 11 by RH Kadlic and D L Tilton 
(November 1979: CRC Critical Reviews in Environmental Control) are 
useful:-

"There is no question that aquatic and semi-aquatic plant species 
absorb heavy metals from water and incorporate them in various structures, 
such as leaves, roots and stems. Ten species of emergent vacular 
plants absorbed 1.08 to J.19 mg of nickel ...• of dry plant weight. 
Water hyacinths ... and alligator weeds ..• absorbed lead at a rate 
of 0.176 mg/g dry plant per day and 0.10 mg/g dry plant per day, 
respectively. 11 

11 In sunnnary, aquatic and semi-aquatic plants absorb heavy metals, 
and interactions between dissolved ions and sediments cause metal 
accumulations in the soil as well. 11 



Binnie & Partners 
CONSULTING ENGINEERS 

OurRef AJG/MS/265 

Your Ref 

Date 26 June, 1985 

Westralian Sands, 
1st Floor, 267 St. George's Terrace, 
PERTH WA 6000 

For the attention of Mr. B. Masters 

Dear Sir, 

Upgraded Ilmenite Project - Capel 

PTY LTD 

Effects of Lime Dosing on Effluent Quality 

e 
First Floor 
Legal & General House 
267 St Georges Terrace 
Perth \Nestem Australia 

Postal Address 
POBox7050 
Cloisters Square 
Perth WA 6000 

Telephone 
National (09) 322 7700 
International + 619 322 7700 
Telex AA 95665 

We have pleasure in submitting our brief treatise on the effects of lime dosing 
on the quality of effluent eminating from the proposed expansion of your mineral 
sands facilities at Capel. 

We trust the information supplied is sufficient to enable you to complete your 
submission to the Department of Conservation & Environment. However, if further 
information is required, please do not hesitate to contact the writer. 

We confirm that our fees for this work are to be on a time and costs basis in 
accordance with the Association of Consulting Engineers, Australia, guideline 
for fees. The hourly rates for the various people involved are: 

Principal Engineer 
Specialist Chemist 

• Senior Engineer 

A.J. Gale 
B.G. Hoyle 

$70/hour 
$60/hour 
$45/hour 

Disbursements will be charged at cost. 

We trust we have provided sufficient information for your purpose. However, if 
you have any queries, please contact me. 

Yours faithfully, 

PARTNERS PTY LTD 

• ' Directors M F Odd,e (Managing). F M Law (Melbourne). G N Butterworth (Brisbane). E W Flaxman (Overseas) 
Associate Directors M O'Dell. D D Mclearie. A J Gale (Perth). Consultants A L Downing, CJ Appleyard. T G Hammond. H E Hunt 

Melboorne Perth Brisbane Port Moresby 



WESTRALIAN SANDS LIMITED 
UPGRADED ILMENITE PROJECT 
Capel, Western Australia 

REVIEW OF EFFECTS OF LIME DOSING ON EFFLUENT QUALITY 

1.0 BRIEF 

The following report is based on a request from Mr. B. Masters of 
Westralian Sands to provide technical comment on the effects of treatment 
of waste effluent from the proposed Capel development by the addition of 
lime to a pH of 9.5 - 10.0. No attempt has been made in this report to 
determine or to comment upon the level of treatment required prior to 
discharge. 

2.0 Background Information 

The following table lists the potential concentrations of the 
major constituents of the effluent produced by Westralian Sands. 

Physical or Chemical Character Likely Concentration in 
Liquid Discharge 

pH 6.5 - 7.5 
TDS 780 
Na 49 
K 19 
Cl 74 
HC03 66 
S04 590 
N03 1.3 
NH3-N (NH4-N) 3.3 
Suspended solids 48 
As <0.05 
Cd <0.005 
Pb 0.02 
Zn 3.5 
Cu <0.02 
Co 0.01 
Ba 0.15 
Cr <0.01 
V <0.25 
Ni <0.02 
Total p 0.3 
Hg <0.0005 
Mo 0.01 
Mo 0.51 
Mn 0.51 
Ca 220 
Mg 9.4 
Fe 2.7 
Ti 0.01 



It is our understanding that the above effluent is a combination 
of the kiln scrubber liquor, the neutralised effluent liquid and one other 
unknown source apparently of reasonably good quality. It also our 
understanding that the proposed treatment system is to comprise pH 
correction using lime followed by settlement of the effluent for 10 days in 
a pond. The overflow from the pond will form the final effluent. 

3.0 Findings 

A review of the chemistry was undertaken by the Group's Chief 
Chemist, Mr. B. Hoyle. 

Based on the above information, the review indicated that the 
following limits would be expected from the final effluent : 

Bicarbonate alkalinity reduced from 66 to 40 mg/1; 

Lead reduced from 0.02 to less than 0.01 mg/1/; 

Zinc reduced from 3.5 to less than 0.1 mg/1; 

Cobalt reduced from 0.01 to less than 0.01 mg/1; 

Barium reduced from 0.15 to less than 0.1 mg/1; 

Manganese reduced from 0.51 to less than 0.05 mg/1; 

Iron reduced from 2.7 to less than 0.01 mg/1. 

Both Total Dissolved Solids and Calcium will increase slightly. 
Sulphate concentrations are unlikely to change as the concentration 
indicated is well below the solubility limit of 2,500 mg/1. If sulphate 
reduction was required, then treatment of a proportion of the waste by a 
process such as reverse osmosis or ion exchange would be the most likely 
solution. Of course (final) effluent pH would be in the range 9.5 - 10.0. 

The process of pH correction for precipitation of heavy metals, 
amongst other constituents is a common method of treatment and is well 
documented. 
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• 
WATER 
AUTHORITY 
of Western Australia 

629 NEWCASTLE STREET 
LEEOERVILLE W.A. 
Postal Address: P.O. Box 100 Leederville 
Western Auslralia 6007 
Telephone: (09) 4202420 Telex: AA 95140 

The report "Westralian Sands Limited Upgraded Ilmenite Project, 
Capel, WA, Final Submission to the Environmental Protection 
Authority of WA June 25, 1985", has been examined by the Water 
Authority and the following comments are made. 

Leachate Control 

Control of leachates from the solid waste disposal sites is proposec 
through disposal to no deeper than one metre above the water 
table, compaction and capping with a sloping clay layer to 
minimise rainwater leaching rates. The proposal is considered 
adequate to minimise the possibility of leachates entering the 
groundwater at concentrations which may be of concern. Final 
design of the disposal pits should be subject to approval of the 
Minister for Water Resources. 

Liquid Storage Darns 

The proposed method of construction of the liquid storage dams 
using high density poly-ethylene liners as described in the report 
is approved in principle. It is expected there will be some 
degree of leakage from these darns. Small leaks can be controlled 
through a recovery bore network as proposed by the Company. 
Major leaks would require more immediate action and the Company 
have committed to emptying of any leaking dam and repair of the 
leak. If such action requires temporary plant closure this is 
also acknowledged. 

Final design of the liquid storage darns should be subject to 
approval of the Minister for Water Resources to ensure the 
proposed construction is adequate to minimise leakage or overflow . 

. . . /2 
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Moni tor.ing and Recovery Bore Network 

The commitment by the company to install a monitoring/recovery 
bore network as recommended by Groundwater Resource Consultants 
is approved in principle. The approach of designing the network 
to match aquifer parameters determined from test pumping should 
ensure an optimally designed system. It is considered that the 
bore network should comprise every third bore being specially 
constructed to detect and recover denser liquid contaminants 
which may move laterally at the base of the surficial formations. 

Final design of the bore network should be to the approval of the 
Minister for Water Resources. 

Surface Water Discharges 

The documentation provided on the treatment of plant effluents 
which are proposed to be dj_scharged into the Elgin Drain are 
considered sufficient to indicate that quality criteria to be 
imposed on such discharges can be met. 

In those cases where component levels presented in the Company's 
draft ERMP were well within water quality criteria suggested to 
the Company by the PWD, the criteria have been modified to more 
closely match the Company's presented quality levels. The ammonia 
(NH3) criteria suggested to the Company has been reviewed and it 
is felt that 5 mg/Lis a more realistic level to impose than 
the original 0.05 mg/L limit. In the draft ERMP the Company 
indicates a worst case level of 3.3 mg/L NH3, which is within 
the revised criteria. 

The criteria which will be imposed through the effluent license 
conditions will be: 

pH 6.0 to 9.0 
TDS 1500 mg/L 
Cl 400 II 

HC0 3 400 " 
so 500 If 

N0
4

-N 10 If 

NH
3

-N 5 II 

As
3 

0.10 II 

Cd 0.005 II 

Pb 0.02 II 

Zn 0.10 II 

Cu 0.01 " 
CN 0.02 If 

Cr 0.02 II 

Hg 0.0002 11 

Ni 0.05 " 
Fe 2.0 II 

Mn 0.5 If 

Sus. Solids 80 If 

. .. /3 
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Radiation levels to be in accordance with Schedule 6C of the 
Mines Department Code of Practice on Radiation Protection in 
the Mining and Processing of Mineral Sands. 

The proposal to construct a sand filter between the discharge 
point of the solution storage darn and the entry point to the 
biological filter may not be the optimum arrangement to ensure 
suspended solid levels in the final discharge are minimised. 
The potential for sloughing of slimes etc, from the biological 
filter suggest that the sand filter should comprise the final 
stage of treatment. 

Final Site Rehabilitation 

The commitment to final site rehabilitation by the company is 
acceptable to this Authority. The proposed continuation of 
monitoring after plant shutdown should not be necessary as it 
is a11Licipdted that any groundwater contamination problems will 
have been resolved by this time. 

Licensing 

Surface discharges will be subject to licensing under Pt IIIA of 
the Rights in Water and Irrigation Act to ensure effluent quality 
is maintained within appropirate criteria. The liquid storage 
darns and waste disposal pits should also be licensed to ensure 
appropriate groundwater monitoring is carried out. 

Prosecution of the company is provided for within the Act in the 
event of poor performance in complying with license conditions. 
Continued poor performance may result in the Government cleaning 
up affected areas at the Company's expense as provided for within 
the Act. 

General 

From the documentation provided by the Company, it is apparent 
that contamination of local surface and groundwaters can be 
contained within acceptable limits, provided the Company employs 
the appropriate measures. Therefore, the proposal is approved 
in principle in regard to its potential impact on the water 
resoui...-ces. 

July 3, 1985 KT 
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WESTRALIAN SANDS LIMITED 

30 Plain St., Perth, Western Australia 6000. 
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Telephone: 325 5544 

f;,,H)UIH!ES TO 

Address all 
correspondence to 

The Director 

Mr Ingraham 

The following documents relating to this proposed project have been 
examined -

1. Public Environmental Report, Upgraded Ilmenite Project, April 1985 
{Westralian Sands Limited). 

2. Report and Recommendations by the Environmental Protection Authority 
on the Proposed Upgraded Ilmenite Project, June 1985. 

3. Westralian Sands Limited Final Submission to the Environmental 
Protection Authority of W.A., 25 June 1985. 

The overall impression gained from study of these documents is that the 
company has responded to Environmental Protection Authority objections 
outlined in Reference 2. above in quite reasonable fashion in their 
Final Submission. 

As indicated by Binnie and Partners in their letter of 26 June contained 
in Reference 3, lime neutralisation of acidic liquors to control levels 
of metals in solution is a common method of treatment and it appears 
that the Public Works Department's criteria for final effluent quality 
(Reference 3) should be met by the proposed treatment systems. 

The critical factor to ensure levels of heavy metals in solution are 
kept as low as possible will be pH control and close monitoring of the 
lime neutralisation process to ensure the stated pH of 9.5 is attained. 

Proposed lining of liquor holding dams with 1 mm polyethylene membranes 
should virtually eliminate leakage from the dams providing care is taken 
to ensure the liners are installed over screeded sand beds to avoid 
puncturing. 

Due to the limited time available to study the reports, little 
examination of the proposed monitoring programmes to detect leaks was 
possible. 

The PER is returned with this report. 

;;, !/ . I ~)~, -·,~ / /{,, .-'l. ~! ;.:. ~' 

J.::. ;-- H. C. HUGHES 
/: ACTING DIRECTOR 
I 

1 July 1985 PT 



APPENDIX 2 

A summary of commitments in the Company's subsequent 
submission to the EPA. 

A summary of commitments in the PER. 



COMMITMENTS BY PROPONENT IN WSL's SUBSEQUENT 

SUBMISSION TO THE EPA. 

The following are a series of extracts from the subsequent 
submission to the EPA which are either stated as a commitment 
or could be construed as such. In some cases these 
commitments are similar to those contained in the PER however, 
they represent an update of the commitments given in the PER. 
In these cases the commitments in the subsequent submission 
to the EPA should be read as having precedent over those in 
the PER. 



1. All solid wastes will be placed into final disposal sites which 
are at least one metre above the height of the winter water 
table. 

Sect 1, para (a) 

2. As part of normal procedure, all solid wastes will be compacted 
during disposal and their upper surfaces will be sloped so as 
to facilitate rainwater to flow off the solids without soaking in. 

All solid wastes will be covered by a 30 to 50 centimetre thick 
layer of clay, wherever necessary, to prevent rainwater from 
entering. This capping will be carried out using normal engineering 
practices and will be on-going throughout the life of waste 
disposal operation. 

Sect 1, para (b) 

J. The Company will line all liquid effluent dams with high density 
poly-ethylene (HDPE) synthetic liner of one millimetre thickness. 

Sect 2, para (a)l 

4- The edges of the individual sheets will be joined using heat 
fusion, hence there are no new chemicals introduced which could 
dissolve or otherwise fail during dam usage. All dams will be 
constructed from clean mine sand tailings which have been screened 
to remove particles coarser than one millimetre. 

All dams will be constructed some months prior to the commencement 
of the plant's operation. They will be filled with water to ensure 
that settlement is largely completed before they begin to accept 
plant effluents. Should leaks occur, they will be repaired. 

Sect 2, para (a)2 

s. During plant operation, a dam failure such that there is 
significant pollution of the groundwater will require immediate action, 
the dam will be emptied of its contained liquids and the leak 
repaired. Should the action require temporary closure of the 
plant, then this will take place. 

Sect 2, para (a)3 

6, WSL accepts the recommendations in a report by Groundwater Resource 
Consul tan ts Pty Ltd and commits itself to adoption of the 
recommended bore spacings, sizings and test pumping procedures. 
These recommend:ati_on:s are listed below. 

Detection of contamination can be effected by constructing all 
bores as dual purpose monitor/recovery bores, using machine-slotted 
100mm diameter PVC casing. Each bore would be capable of recovering 
250m 3 /day using a submersible pump. This would provide an immedia~~ 
and flexible recovery system. 

Spacing of monitor/recovery bores is provisionally estimated aL 
50m. This spacing should be verified by test-pumping of the first 
two monitor/recovery bores constructed, so that the hydraulic 
characteristics of the aquifer can be quantified. 

. .. /2 
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A total of about 30-40 monitor/recovery bores is anticipated. 

The monitor/recovery bore network should be installed as soon 
as possible, so that baseline geochemical and water-level data 
can be established, against which any future contamination can 
be identified. 

Groundwater from each bore should be analysed on completion, a 
standard analysis being supplemented by analyses for those 
elements which are potential contaminants. 

Detection of more highly saline contamination can be made by 
measurements of groundwater conductivity profiles to be made 
monthly. Chemical analysis should then be made if anomalous 
conductivity is recorded. 

Trace metals are unlikely to move far from any leakage source, 
because of adsorption and precipitation, but as a precaution 
analyses for Zinc, Copper, Cobalt, Chromium, Vanadium and Nickel, 
which are in the highest concentration in the source of liquids, 
sHould be made every three months, in samples taken from the 
base of boresdownsream from potential sources of leaks containing 
these metals. 

Additional supplementary small-diameter observation bores may 
be required to define the shape of the water-table (and hence 
the precise direction of groundwater movement) and the form of 
the Leederville unconformity interface. 

A monitor/recovery bore system as described above, and modified 
where necessary in the light of additional data from the testing 
of the initial bores, will ensure the detection of any leaked 
contaminants, and will enable their prompt recovery by pumping. 

Sect 2, para (b) + GRC's 
report. 

7, In order to test the worst case condition in the acid effluent 
stream, samples of aerated product made in the pilot plant were acid 
leached at various levels of acid usage. The highest usage of acid, 
based on a very conservative approach to forecasting operating costs, 
was selected for laboratory development of acid effluent handling 
systems. 

In practice lower levels of acid and lime consumption will be 
experienced and the level of sulphate in the final effluent will not 
exceed 500 mg/ litre. 

Sect 3, para (6+7) 

8. The samples of aerated product used to produce acid effluent were 
not washed to lower the content of entrained ammonium chloride. As 
a consequence the NH 3 -N in final effluent was measured at 3.3 mg/ litre. 

In plant practice the circuit includes a spiral screw classifier 
prior to the acid leach plant whose function is to dewater aerator 
product and wash out entrained.ammonium chloride. This will result 
in NH,..-N content of final effluent not ~xceeding 0.05 rnq / litre . 

Sect 3, para (8+9) ... /3 
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9. WSL received from the Public Works Department on 24 June 1985, 
the following criterial for final effluent quality: 

Physical or 
Chemical Concentration 
Character 

pH 6.0-7.5 
TDS 2,500 
Na 270 
Cl 600 
HCO 3 500 

so 4 500 
NO

3 
10 

NH 3 0.05 

As 0.05 
Cd 0.03 
Pb 0.02 
Zn 0.10 
Cu 0.01 
CN 0.01 
Cl 0.01 
Hg 0.002 
Ni 0.05 

All values are in mg/1 except pH. 

WSL will not discharge effluent exceeding the quality criteria 
listed in the above table. 

Sect 3, para (10) 

10. WSL in the design of the capacity of the.acid effluent and final 
solution storage dams has taken a conservative approach and provided 
a total storage capacity of 14 days in the circuit. This was done 
to ensure that plenty of time was available to carry out maintenance 
of equipment or make whatever adjustments are necessary to ensure 
that the effluent discharging from the system conforms to the 
required quality standards. 

Sect 3, para (11) 

11. As a final effluent quality polishing step WSL plans to install a 
biological filter. This unit will act to further lower the 
concentration of ammonium and sulphate ions prior to the discharge 
of effluent into the Elgin drain. 

Sect 3, para (12) 

lL. Should there be problems with suspended particulates in the effluent 
water discharges, the Company will install a filtering device such 
that these particles are removed. Whilst the biological filter will 
capture some suspended particles, a sand filter through which all 
effluent liquid will nass will be constructed between the discharge 

.•. I 4 
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point of the solution storage dam and the entry point into the 
biological filter. 

Sect 3, para (13) 

lL Upon final plant closure, all items of plant will be dismantled 
and removed off-site. All effluent ponds will be drained of 
liquid, with water quality treatment being applied wherever 

. 4. ( a) 

necessary to ensure compliance with PWD discharge standards. Aeration 
liquid (containing NH 4Cl) will be solar evaporated so as to recover 
the dissolved salts. 

All solid wastes will be disposed of into normal one-year capacity 
surface pits, with a surface capping of clay preventing the 
formation of rainwater-derived leachate. Solids with a greater potenti 
for underground water pollution (for example, NH

4
Cl and metalliferous 

sludge from the biological filter) will be placed in clay-lined, 
engineered disposal pits and capped with clay. 

All ponds and other excavations will be infilled with clean sand, 
with topsoil and vegetation cover applied to the surface. 

Monitoring of leachates will continue for a minimum of two years 
after plant closure, provided that earlier monitoring shows this 
action to be necessary. After two years, should further monitoring 
be necessary, the Company commits itself to a continuation of the 
programme until it is no longer required. However, the need for 
long-term monitoring will be largely dependent upon the Company's 
actions to prevent leachate formation. Since all solid wastes will 
be capped with an impervious clay layer, leachate generation 
will not occur. 

Dust emissions 
waste disposal 
the operation. 
control to the 

Sect 4. 

from stock piles, transportation of raw materials, 
and product will be controlled at all stages of 

The Company will submit its plans for dust 
Dept of Conservation and Environment for approval. 

(b) The storage of hazardous chemicals and contingencies to recover 
spillage will meet the requirements of the Explosives and Dangerous 
Goods Division of the Department of Mines. 

(c) If the quality of liquid effluent discharge diminishes below the 
accepted criteria, the Company will cease the liquid discharge until 
measures are instituted to reduce the levels of contaminants. 

(d) The techniques to be employed for the disposal of all solids will 
be submitted to the Public Works Department for approval. Should 
clay capping of solid wastes fail to prevent the generation of 
contaminating leachates, the Company will use alternative methods of 
disposing of its wastes and will ensure that wastes already disposed 
will be recovered or otherwise treated to prevent further leachate 
generation. 

(e) The Company will comply with all regulations relating to radiation 
protection. 

Sect 5. 

TN 2/7/85 



COMMITMENTS BY PROPONENT IN THE PER 

The following are a series of extracts from the PER which are 
are stated as a commitmentor could be construed as such: 



All new roads will be built by WSL on WSL-owned land. Water will be taken from deep 
bores installed on company land and maintained by the company. All feed materials 
other than ilmenite wjll be purchased by direct n~otia~io~ between WSL. ~nd 
suppliers. Ilmenite is being supplied by WSL frorn its ex1stmg or future m1~mg 
operations at a price which will be directly related to the current market once. 
Electricity is being purchased from the State Energy Commission of Western Australia 
at normal market rates. ( ~c. 2 .'3. 5 , pa..ra- It) 

The project will not affect WSL's 
mining rate and will not in itself provide justification for the minim~ of young, coastal 
ilmenite deposits. (~ 2.G..1 ,pa.NL t) 

"Aost feed materials entering the plant, together with the final product, will b: cart~ 
in covered dump trucks. Sulphuric acid will be delivered in sealed tankers and lime will 
arrive within pressurized sealed tankers. Solid wastes will be moved by standard 
covered dump trucks but self-elevating scrapers may be able to pick up and move the 
iron oxide solid wastes. (s,u;.. "2. .7 ~ p<V~ 1 ) 

The UGI plant will consume some 180,000t of feed ilrnenite annually, derived from 
WSL's normal mining operations. !'Jo increase in mining rate is necessary and purchases 
from other producers are not envisaged. ( ~c... 2 . 7 . l > ~- j_,,,) 

The use of natural 
gas is being examined as a substitute source of energy and rnay prove to be more cost ) 
efficient. Technical and financial evaluation is continuing. ( '5~'- 2. 7 - '2..., ~ a,.. 

Upgraded ilmenite from WSL's plant will be sold almost 
titanium dioxide pigment via the chloride-route process. 

entirely for conversion into 
(S~L 2-'B, pcv-"'-- !-) 

<the Yarragadee Formation: 
_ lt, . ._is th e current source of water for the North Capel 

supply water to the UGI plant. 
mining operation and will be tapped to 

{ 5a. '3 . 3 , para-- -:, J 
The proposed UGI plant will utilise modern production and control technology. As a 
consequence, the plant's likely environmental impacts will be minimal. It will comply 
with all existin~ laws, regulations, codes and standards. The plant will be remote from 
residents and well screened from Bussell Highway. These factors coupled with 
appropriate control technology will minimise the impact of odour or aesthetic 
disruption. Secure containment, treatment and monitoring of liquid and solid effluents 
will reduce potential impacts to acceptable levels. ( ~c... 4.0 > partt. 1) 

All hol~ dams wiil be lined with a synthetic membrane. ( ~c.. 4. I "> ~a.---1) 

The· :leid handling and storage section will have a bunded, sealed surface, so that any~ 
leakage or spillage will be completely contained. Full recovery of spilled acid is' 
therefore assured. Delivery and storage will be in mild steel tanks. ( ~c.. '+-. 1 , f>'U'til 2. ) f. 

!f the dried neutralised effluent solids are not used as fertilizer, they will be disposed of 
into one-year capacity surface pits. · ( :::,e.c.. 4- · i 7 ~ ct ) 

The escape of _kiln ~bber liquid ~nder the worst-case situation would produ 
gr~water mixture with a pH of about .5.2. Groundwater below all pits .fe a 
momtored. If necessary, management will involve extracting the affected grou :• 1 be 
and treati~ it as it if were normal kiln set"4bber li41id... _ ( 5c..c. '+-., , ~ '~)water 
Ar-.'j <..0<>i~r-~= 0 ~ d~~ .,_,.. 0 '::l ~c,-,. t_;~,:;1.. wil\ lo€. ~"'-¥"" 
~ ~CDVU 1"'j t4 'i"t"'": ~ 1,:)\:o,(o.The recovered liquid would be pumped to the solution storage, 
dam where dilution would lower the overall TOS content and the action of the bioloi:;ical' 
filters would remove mo.st of the contained NHrN. ( ~c. 4. l , ~ 14- ! 
Biological filtef's will be installed for the final removal of nutrients and heavy metals 
(Figure 8). • · ( L.7~'- 4- . 1 , paro.. 1-s- ) 

Acid leach liquid would produce similar environmental impacts as kiln­
scrubber liqJid and similar management methods would be used. ( ~ 4 .1 > ~ l <,) 



Neutralised effluent liquid with slightly elevated TDS and sulphate levels may enter the., 
groundwater system from the solar evaporation area. No active management is planned: 
since the resulting mixed liquid is not expected to have any major environmental, 
impacts. C s.ec. '-'- . 1 > pc.r c;..._ 1 '£) · 

Leachate from solar evaporation ponds and fro"f \ 
neutralised effluent solids will be monitored but is not expected to cause 8, 

deterioration of general water quality. (-::,<..<... L+. l ~ ~ \q) 

Should monltocing show lea.chin~ of NH4Cl is occun-ing, it will be recover:~ 
by bores. The recovered water would be added to the solution storage dam for dilutlol) 
and biological cleaning. However:, because iron oxide solids are potentially capable O: 

gencrati~ le:ach6te for many years (until all NH4Cl is leached out), the most effective 

... 

management solution to be adopted will involve cover-in~ the disposed solids with·_,, 
synthetic liner or clay capping. In this way, rainwatef" entef"ing the disposed solidf 
would be greatly reduced in volume

1 
in tum, reducing or eliminating the amount ~ 

leachate entering the groundwatet". l -Sec.. 4- • l > p 4r'O-- 2..0) 

Clean decant water from the inert solids dam will be added to the final liquid effluent 
to dilute the levels of salts and dis.solved metals. Acidic kiln scrubber liquid and 
alkaline neutralised effluent will be mixed to promote neutralisation and precipitation 
of the metalliferous components. Further small additions of lime will take these 
reactions and pH changes to equilibrium. ( ~ 4 · '2.. , ~ 5 ) 

The plant discharges will conform with the "Water Quality Criteria for Aquatic 
Ecosystems" (Reference 5). l)ischarges will be analysed for: 

TOS 
Sulphate 
NH3-N 
Zinc 
Total Phosphate 
Manganese 
Calcium 
Iron. 

~anagernent techniques to be used to improve the quality of final liquid effluent prior 
to discharge include: 

0 

0 

0 

Addition of a controlled quantity of lime (calcium oxide) to modify the pH and 
chemistry of the liquid effluent. pH will be raised to about 9.5, at which point the 
amount of dissolved zinc will be reduced to the lowest possible equilibrium 
levels. Other- metals including copper, chromium and nickel will also precipitate 
out of solution. 

Biol~ical/wetland filters will be incorporated into the second solution stocage 
darn and into the 600m I~ drain which takes liquid effluent from the dam 
d~schaq~e point to the Elgin Drain. These two filter areas will be zones of hi~h 
biological activity. Water depth will be maintained at about 30cm so that 
interactions between plants, algae, micro-organisms and the water- will be 
maximised. Metal concentrations will be greatly redJced and nutrients 
(phosphorous, nitrogen and sulphur) will also be removed 

\1ana~emeot to re<luce the iron content of under-ground bore water, from which all 
Plant process water is derived, will also OCOJr. The bore water will be transferred 
to a concrete storage tank. By exposure to the air, ferrous iron (Fe++) will be 
convei:-ted ~o ferric iron (Fe+++) and form an insoluble iron oxide (Feio3). Thi{ 
material will accumulate at the bottom of the tank and will be removed for 
disposal on lane!. 

Should further management of general water quality be require<l, tliere are three 
additional options available: 

o Limestone or similar material could be laid in the 600m drain leading to Elgin; 
Drain. This would cause a rise in pH and some calcium and carbonate ions to pass 
into solution, thus increasing the alkalinity and assistin~ in further precipitation of 
dissolved metals. 



o Installation of a sand filter. 

0 Oilution of final liquid effluent with bore water. (St..c. 4.--i. ,~ 7 ,. /_. 

Within the entir_; plantsite, wherever there are stora~e or pipin~ facilities for liquids, 
the ground surface will be bitumen or concrete-surfaced, with bunds to prevent the 
escape of liquid to the outside. Spilled liquids will then be subjected to one of the 
following mana~ement options: 

0 

0 

0 

Recycling 
Oilution and discharge to the Elgin Drain ·, 
Adding to the plant's normal liquid effluent treatment systems. [sec.. 4·'2::>parct. I(.~, 

Dust ernisssions will comply with all relevant regulations of the{ 
Clean Air Act and '-Aines Regulations Act. ( Sa.L 4.-:, > f""-"O.. I ) 

Gas produced by drying of the final product contains sulphur dioxide and dust. A small 
venturi scrubber will reduce both contaminants to levels below the accepted 
standards. The final exhaust gas will have the following characteristics: 

Operating Temperature 
Dust Content 
Important Constituents: 

Final Exhaust Gas 
60°c 
0.3g/m3 

2.3% 
19.7% 
61.6% 
16.4% } 
0.01% cs~c.. 4."3 .'"2. > ~(1. \ 

In accordance witR the Act, the stack required for the dryer is 14.3m h1gn. 
Subject to further checking of the appropriate calculations, a chimney of this height 
will be installed. ( :S-,u__ 4-· 3,. '2. > p<V"o. '"2..) 

t\cirl leachin~ of upgraded ih1enite generates small amounts of hydrogen ~as. 

Ventilation hoods above each acid leach tank will be inter-connected and subjected tc 
suction so that a mixture of outside air and emitted gas will be constantly removed 
from above the tanks. This gas will normally be passed to the after-burner of the maio 
gas cleaning section and be discharged with the kiln exhaust gases.. 

Under abnormal conditions, this gas would be directly ventilated to the atmosphere via 
t'1e e'Tier~ency acid leach ventilation stack. / ,~e.c... l+.'3.:. , p4't-1"a..-2, 3, ) -

Cleaning of the dedustin~ air, derived from suction hoods located over all dust emitting 
and material conveying equipment, will be carried out in two sta~es: 

o A venturi scrubber will reduce the dust content. 
o J\ centrifugal droplet separator will reduce the water content. 

A.ft er emission to the atmosphere the ~as will contain at most 0.3g/rn 3 of dust and will 
have a moisture content of 2.5%. (5€c.. 4--:..4 "> r~ 1 __.,) 

Under normal circumstances, the exhaust gas will be cleaned via a dust settlin~ 
chamber, after- burning chamber, venturi scrubber, droplet separator and finally an exit 
stack (Figure 9). ( s~c_ 4--3. -:s ~ ~ 2...) 



The composition of the normal cleaned final exhaust gas has been calcuL1ted to he·: 

Operating Temperature 
Dust Content 
Important Constituents: 

Exhaust Gas 

s2°c 
o.,g/rn' 
9.7% 
49.5% 
1.9% 
0.2% 
nil 
nil 

The kiln gas will be discharged via a .52m chimney stack to meet the specifications of' 

the 'fl.A.. Clean Air Act. (SeL. 4--~- 5", ro-ro-- 4) 

The gas quality likely to be emitted from the emergency kiln stack is shown below: 

Operating Temperature 
Oust Content 
Important Constituents: 

Kiln 
Emergency Gas 

moderate 
13.9% 
16.9% 
5.3% 
0.25% 
1.58% 
trace 

Such an emergency would be expected to occur rarely. If it does, shut down of the kij4 
will occur almost immediately and these emissions will cease within 30 minutes. · 

( $.e::. t+- .'3. b , ~.... "2--.) 

The UGI plant will produce the following solid wastes annually: 

Iron Oxide Solids 
Inert Solids - l\lon- 1'vfagnetics 

- De-dusting solids 
Neutralised Effluent Solids 
'<iln Scrubber f)ust 
Char 1\Jon-\1\agnetics 
l(iln Discharge Oversize 

WEIGHT 
(tonnes) 

66,000 
10,100 
11,000 
17 ,ooo 
6,500 
2,300 
1,500 

Three options are available for disposal of these solid wastes. 

VOLUME 
(cubic metres) 

44,800 
10,100 
11,000 
11,500 
1,800 
5,100 
750 ) 

C ~c. 4-. 4.) f""""-- I 

°'?tion one involves the use of the North Capel rnining pit to be left behind when 
~tneral r mining ceases in 1987. This excavation will have a volume of about 
le 50,000m and it is to be located on the east side of the dunal ridge, approximately 1.5 

rn Oorth of the UGI plantsite. 

Option two will require the construction of .surface pits of sufficient size to 
~ 0 rnodate the volume of disposed solids. Called one-year-capacity surface pits, they 
;:_11 be located close to the UGI plantsite on the east side of the dunal ridge. They will 

ve a miximum depth of four metres, and will accept three metres of solid waste and 
Clf\e metre of clean sand above. 



Option thre-c: is 10 transport solid wastes to existi~ operati~ WSL minesites other that'\ 
at North Capel cln::I to bury the solids beneath up to ten metres of mine tailin~S.: 
However, this option will not be considered until the North Capel mine pit is filled: 
(after about 1996). · 

Neutralised effluent solids contain gypsum, which is slightly soluble in water, and this 
material is proposed for disposal only within one-year-capacity surface pits (Option 
two) so that it cannot come into direct contact with groundwater. As well, the 
material has potential as a fertilizer since its sulphur, iron and lime contents are 
desirable additives to certain acidic sandy soils near the coast (Department of 
Agriculture, Bunbury; pers. comm.}. All other solids will be transpqrted to the North. 
Capel mining pit where their combined annual volume of &O,OOOm3 will allow eight· 
years of disposal to occur. One-year-capacity surface pits will then be employed to 
accept solid wastes for the remainder of the UGI plant's life. (S<!c. 4.4. 1. >pa.t'0-1 _.) 

The visual impact of operating up to four hectares of sol?'r evapora!ion ponds for th, . 
neutralised effluent solids and up to 20 hectares for solid waste disposal (the North. i 

Capel mining pit plus one or more one-year-capacity surface pits~ will be hidden from_ 
Bussell Highway by the dunal ridge •. S~ce all p~ts will be covered m one metre of cleat 
sand plus topsoil and revegetated, this impact will be only temporary. [~c. 4-4·"2. > ~ .' 

Wind-blown dust may be ~enerated under extreme summer conditions. The nature o: all 
solids should restrict this to very low levels whilst the prese~e ~f the_ dunal ridge 
should ensure that stron" winds affecting the diff ereot disposal pits will be mfrequ~)t. ,:, c..s~c... i...-4-"l-, ~ 

During the 20 year minimum life of the UGI plant, accurate surveys will be regularly 
carried out on the surface elevations of the north Capel mining pit and all one-year­
capacity surface pits. Should settling and cornpaction be found to be excessive, the 
affected land will remain zoned for agriculture. ( '$.ec. 4-. 4- • 2., f'~ l,. ) 

Surveyed plans will be prepared so that the location of all disposal pits is known. 
(S4!!.:.. 4.4-.'2., ~--- ,) 

For pits containing neutralised effluent solids, the potential long-term reduction in 
surface elevation will pose no environmental problems provided that incompatible land 
uses are not allowed. WSL Jtherefore undertakes to retain the subject land's agricultural 
zoning until en~ineerin~ and survey evaluations have shown that other land uses are 
possible. Should WSL sell the land after plant closure, appropriate information and 
plans will be provided to the Shire of Capel, relevant Gov~ment departments af!<l the 
land purchaser. C S..e_.::.. 4- . '+ . 7.. , p~ '3) 

Noise levels will co.mply w·th th · 
State legislation and no s~eciat approp;iate standa_rds and regulations as laid down by 
hearing-loss protection measures ::~~i~~t: act{Jons apart from normal industrial, 

• ~c... 4-· G, ) pora. ~) 

:;, :~~!~ring ~~d m~nag~ment pr~ramme will be imple'Tlented to ensure there will be 
public. se ra IOlogtcal Impacts from the project on the workforce or the general 

~1 pri'::::;,nent will co~ routine radiation monitoring on a r~ular basis within tht. 

pr t 
P . as agreed WJth the Department of Mines and the appropriate radiatio,1! 

o ect1on regulatory body. (-!>.L(_ 4 ., -) )~f+.,J 



Dust monitoring using high volume samplers will be conducted in accordance with the·\ 
Code of Practice. An initial sampling period of two weeks will be extended to longer 1 
pedods as absolute compliance is assured, but in any case sampling will be at no ~reater ~ 
than 12 monthly intervals. In particular, dry material transfer points (hopper loading. 
stations, belt crossover points, the m~netic separation unit and the product discharge. 
station) will be monitored. Dust from the kiln stack and product dryin~ stack will be 
investigated as required by the regulatory authorities. Oust concentrations in air an<t 
gross alpha counts will be analysed and recorded. 

These readings will be plotted to permit early reco~nition of trends away frorn averaJi~ 
readings at individual stations as well as providin~ confirmation that ambient dust an{­
radiation levels are well within the limits specified by the Code of Practice. In additior-• 
the data will enable radiation dose estirnate records to be maintained for c;nployeci 
working in the monitorin~ zones. ( ~~c.. 4- • 7 :> ~ <..-+-J ) 

In acco~dance with normal industry i::,ractice, co-operation woulrf ' ~ maintained with the 
a.rr>rornate ~~te regulat::.ry authority_ and it is anticipated that independent checks on 
dust and rad1at10n levels would be earned out at approximately thr~ monthly intervals. 

(~c.. 4 ., ., ~ 9) 

From Bussell Hi~hway, the tops of some of the buildin~s, storage bins and 
conveyor transfer towers, olus the exhaust ~as stacks, will be visible. The small scale 
~round level "clutter" associated with industrial sites will be screened from vie\l{. 

(~c.. 4-"B;;, ~ 1.) 

Existin~ veisetation '.Vil! prevent most 1-ii~hway users from noticin~ the plant. Water 
vapour plumes which will rise above the plant will be the rnost noticeable feature. 

(. ~<L 4 . 'ls' / p...,,-a__ 2. ) 

The occasional emission of black smoke during boiler startup will be regulated in 
accordance with the provisions of the Clean Air Act (1964-1981). (_ ::,.e.c.., 4 .'S , p::uo.- ~_) 

Rehabilitation of the main North Capel mining pit and of solid waste 
disposal pits will ensure that the long term rural usage of the land will continue. 

( ~(.... 4- -"I ., paro. 1-) 

Some 50ha of land, additional to the l6ha required for permanent plant and dams, will 
be progressively disturbed and rehabilitated during the operation of the UGI plant with 
all of this land lying to the east of the dunal ridge. ( Sa. i:;-. I 7 p#f'O.- 2.) ' 

\fajor tree-f)lantings are presently being undertaken throughout the area. One or more 
biological/wetland filters will be constructed to utilise plant nutrients. (_~ '5.\., p:'-""- '!-1? 

Upo~ decommissioning, the structural units of the plant will be sold for scrap or to/ 
continued use elsewhere. The plantsite itself could become the location of other small 
industries. All dams and pits will be covered by one metre of clean sand taken from 
mined ~ tailings closet~ the plantsite. The solar drying area will be contoured prior 
to receiving a cover of mixed topsoil and solid ef flueot wastes. All recontoured or 
filled-in are.as will be replanted to pasture species appropriate to grazing land use in the 
area. (Stu- s. "2 J ~o.. •) 

Techniques proposed for rehabilitation of disposal areas utilised 
by the UGI project will be largely similar to those used after mineral sands mining. 

Year 1 - After recontouring and respreading of topsoil to an average depth of 
25cm, the following seeds and seeding rates will be applied per hectare: 

Serradella 
South African Veldt Grass 
Wimmera Rye 
Cereal Rye 
Sub-clovers 

"25kg '7 
10kg -- • 
10kg 
50k~ 
20kg 



Initial fertilizer applications will be made at the following rates per hectare durif1$ 
early winter seeding: 

Agria.dtural lime 
Superphosphate, Copper, 
Zinc, Molybdenum Pllo. I 
S·Jperphosphate potash 3-2 
A~ran 34-0 

2t 

2.50kg 
200kg 
lOOka 

p0 Uow-up sprini; fertilizer applications will be made: al lower rates per hectare: 

Super-phosphate/potash .5-2 
Agran 34--0 

1.50kg 
50kg 

Year 2 - Further seed and fertilizer will be applied at Year I application rates to 
any areas r~uiring resowing. 

Further fertilizer application will occur at the following rates per hectare: 

Super-phosphate/potash .5-1 
Agran 34--0 

1.50kg 
100kg 

Year 3 - Normal fertilizer applications as for Year 2 will continue. Cattle for 
sheep) grazing will comrnence. Mild graz~ng pressure stirnulates plant 
growth whilst the distribution of animal droppings encourages 
invertebr;te usage of the soil. ( ~e.c.. 6 . 0 ) ~ 2. _,,,. ) 

In selected areas, tree and shrub plantings will be undertaken to provide shade and 
shelter belts and to improve the aesthetics of the site. 

Species to be used will include the following: 

River Gum 
\iarri 
Swamp '-Aahogany 
Flat Tooped Yate 

Bushy Yate 
W .A. Peppermint 
Acacia species 
Tuart 

E'llphasis will be placed on Western Australian native species. 

WSL will undertake ongoing management of their land. This will involve grazing 
management and maintenance of replanted trees. Appropriate advice will be sought 
from the Department of Agriculture and the Department of Conservation and Land 
~anagement (CALM). (_~ Co. 2 

1 
~ --:2-) 

Pipe leakage will be monitored in three ways: 

0 

0 

0 

Visual observation at regular intervals will ensure pipe security. 

The dischan;e end of each pipe carrying an undesirable liquid effluent will _be 
fitted with pressure and/or flow monitoring devices. Hence any sudden reduction 
in pressure or flow will r~istef' a warning in the plant's central control room. 

The production and consumption figures of all intermediate and final liquids and 
solids will be calculated. ( ':::>c...c.. -,. 1, fAl'O.. 1 ..,. ) 

Budget calculations on materials produced or consumed will ~ive indications of reduced 
volumes for pond or dam leaka~e. Visual checkin~ of liquid/slurry depths will be 
frequent, especially when ponds are close to bein~ filled. ( ~-<...e.- "l. \ ., pa..ra.. S ) 



Monitoring of groundwater quality will be carried out on a r~ular basis to give an 
indication of any movement of J;rOUndwater. Twelve cased monitor bores will be 
established. ( ~ ""1. r > ~ c..,) 

Two bores will be located to the south and west of the mining pit (groundwater flow is 
predominantly to the west). The remaining bores will be arranged in two circles, one 
being around the acid and neutralising sections of the disposal system, and the other 
around the iron oxide solids dams (Figure 14). ["!J.«.. -,. \ , pa/"'--,) 

The frequency of water sampling will vary with the plant's operating time. Samples will 
be collected two to four weeks apart commencing prior to plant cornmissionin~, to 
provide data on seasonal variation. After four to six months, sampling frequency will 
be increased to every week. After three months of this intensive sampling, the 
frequency will be reduced to once every month, as requested by the PWO. Oq>endint 
on the particular bore, the following chemicals will be analysed: 

pH, TDS, 504, N03-N, NHrN, Ca, Zn, Cu, Co, V, Ni, Cl, Cr and Total P. 
(5.€_c.,. \ )~~) 

Surface water sampling frequency will be on a monthly basis, as recommended by the 
PWD. ( -S~c.. 7.2. 7 ~I) 

Specific monitoring recommendations outlined by WSL's consulting ecologist (R.B. 
l-Jumphries, pers. comm.) are accepted in full. They are: 

Four sampli~ sites to be established: 

0 

0 

0 

0 

0 

0 

0 

0 

Above and below the effluent outfall in Elgin Drain. 

In Gynudup Brook above and below its confluence with Elgin Drain. 

Ouring establishment, monitoring 2 to 3 times/week of the efficiency of the 
effluent treatment system, and the quality of its discharge, particularly for pH, 
TDS, Zn and SO4. 

Remedial action to be instituted if satisfactory performance is not achieved. 

Daily field monitoring of pH, temperature and conductivity. 

During operation, six monthly monitoring of water quality in the Elgin !)rain and 
Gynudup Brook. 

The detection limits for metal analyses will be low enough to permit judgement as 
to whether criteria for aquatic ecosystems are being met ('R.ef erence 5). 

Annual sampling of mussel tissue for heavy metal concentration at Gynudup 
Brook. 

,i,-SL will monitor the levels of SOi and particulates produced during operation of the 
plant at a frequency acceptable to the Public Health Department. Initially, monitoring 
will involve weekly air sample collections and analysis. After a period of satisfactory 
plant operation, the frequency of analysis will be reduced, consistent with the results 
achieved, and with changes in seasonal conditions if appropriate. ( ~ ,."3, ~"-- \) 



( ~ 0---h CV\. ) 

-..ooitorin~ will be directed towards ~amma exposures using personal TLO bad~es and 
total alpha m~rements of airborne dust at breathin~ zone levels. In addition, routine 
chemical analysis of feedstock, intermediate and waste products will be carried out. 

(.SC.c.. 7. s-~ ,) 

In accordance with normal industry practice, co-operation would be maintained with the 
appropriate State regulatory authority and it is anticipated that independent checks on 
dust and radiation levels would be carried out at approximately three monthly intervals. 

(S€-<.... 7- S p=-.--a. 3) 

\fonitorin~ is required under Western Australia's Noise Abatement Act, 1972. Within 
the first year of plant operation, a noise survey will be carried out by an approved noise 
assessor, so that specific locations and generalized areas where noise hazards exist, can 
be identified. A written report on the survey will be sent to the Commissioner for 
Public Health within three months. l se...c:... , . '=- > ~I) 

Any change in the workplace that is likely to increase noise exposures or levels will 
' result in a follow up survey. (s,....ec... 7. C:> .> pc-----"'-- "2.. J 

l\n annual report will be submitted to the Mines Oepa~ent, detailing the previous 
Years rehabilitation. (_ ~c. 7 • 7 > pa.rt:<. 2 ) 

;side !rom these legislative requirements, monitoring will also be carri~ out by WSL 
n an informal but frequent basis and submitted to the Department of Mmes. It would 

~t: against the company's own interests to control non-productive land ~f any size, 
·•enc:~, there will be regular monitoring to ensure that the maximum poSSible area of 
land ts propedy returned to agricultural productivity. ( se. c... 7. 7 > pa.re,.__ 3) 




