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To: Mining Regulation Branch 
 Department for Energy and Mining 
 GPO Box 320 
 ADELAIDE SA 5000 

 

Submission by Adelaide Polo Club Inc to Application for a Mineral Lease 
by Terramin Exploration Pty Ltd for the Bird-in-Hand Gold Project at Woodside 

 

1. Introduction 

Terramin Exploration Pty Ltd (Terramin) has made application for a mining lease over mineral 

claim MC4473 comprising 194.78 hectares of land on Pfeiffer Road at Woodside, South 

Australia.  The purpose of the application is for the recovery of gold and silver.  Within the 

application area is the site of the historic Bird in Hand Gold Mine, last mined in the 1880s.   

It is noted there is also a proposal to develop a miscellaneous purposes licence at Terramin’s 

Strathalbyn premises for ore processing and tailings storage.  This submission does not 

address that proposal. 

The decision whether or not to grant a mining lease rests in the hands of the Minister 

responsible for the Mining Act 1971 (Mining Act).  The Minister is directed by the Mining Act 

not to grant a mining lease “unless he is satisfied that there is a reasonable prospect that the 

land in respect of which the lease is sought could be effectively and efficiently mined”.  

Under section 35A of the Mining Act, the Minister is also required to give notice generally of 

the mining lease application and section 35A(3) requires: 

“(3) In determining whether to grant or refuse an application for a mining lease 

and, if so, the terms and conditions on which it should be granted, the 

Minister shall have regard to any representations made in response to an 

invitation under this section”. 

The “invitation” is an invitation to members of the public to make written submissions in 

relation to the application. 

Adelaide Polo Club Inc makes the following submissions (representations) in response to the 

Minister’s invitation.  Adelaide Polo Club Inc requests the Minister have regard to these 

representations in making his decision whether to grant or refuse the application for a mining 

lease or in respect of terms and conditions on which a mining lease should be granted. 

2. Adelaide Polo Club Inc 

The Adelaide Polo Club (Club) was first established in 1879, became an incorporated 

association in 1955 and has evolved into one of Australia’s leading and most competitive polo 

clubs.   

Over its history, it has operated from fields, typically on the fringes of the City of Adelaide and 

as the city has developed and expanded, the Club has relocated on a number of occasions.  

In 2000, the Adelaide Polo Club moved (for the third time) to its own fields at Mt Barker.  

However, with the rapid expansion of the Mt Barker region, the fields became an attractive 
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site for developers to subdivide for housing purposes.  The Club reached such an 

arrangement with a developer and its Mt Barker fields have now been subdivided into 

residential allotments which are in the process of being established for sale.  

In anticipation of this event, the Club commenced a search for an alternative location.  Its 

broad criteria were that the location should be attractive and of high amenity value, contain 

sufficient flat land to enable polo fields and other equestrian activities and amenities to be 

established, to be isolated from incompatible developments and to have access to sufficient 

high quality water to maintain the grounds through all seasons. 

In due course, the Club identified three parcels of land adjacent to Pfeiffer Road, Woodside 

which were for sale.   

Two adjoining allotments on the western side of Pfeiffer Road met the Club’s criteria in that 

they comprised a large area of land including sufficient flat land to establish (initially) two polo 

fields and other equestrian activities.  The land was in a highly attractive location in the 

pristine wine and agricultural region of the Adelaide hills.  The land was adjacent to the 

Petaluma Winery and vineyards and to the Bird in Hand Winery and vineyards.  Bird in Hand 

in particular, offered high levels of hospitality from its premises which were compatible with 

the Club’s activities.  Critical to this site however, was the ability to access large quantities of 

high quality underground water to enable the grounds of the polo fields to be irrigated and 

maintained year round to service the Club’s activities.  Without that water supply, the site 

would have been of no interest to the Club. 

The Club agreed to purchase the two allotments on the western side of Pfeiffer Road which 

were known as Lot 9 in Filed Plan 157731 (CT6055/378) and Lot 21 in DP79204 

(CT6055/380).  Together they comprise 108.51 hectares.  The Club paid $3 million to 

purchase this land.  Copies of the Certificates of Title for both parcels of land are attached as 

Figures 1 and 2 respectively.   

While available for sale at the time, the Club did not proceed to purchase the third parcel of 

land known as Lot 10 which was separated from the other two parcels by Pfeiffer Road.  That 

land has since been purchased by Terramin and comprises the area the subject of this mining 

lease application.  The location of the Terramin land in relation to the Club allotments can be 

seen from the plan on the Certificate of Title 6055/378.  The sale of the land to the Club was 

completed on 22 October 2015. 

Also attached as Figure 3 is an aerial image from Nearmaps taken on 23 April 2019 showing 

the nature and extent of the developments then undertaken on the Club’s site.  It can be seen 

this presents a materially different picture than the aerial depictions (eg. figures 1-4, 2-4, 2-5 

and so on) in the Terramin proposal documents. 

3. Development of Polo Club Site 

Since purchasing the site four years ago, the Club has expended approximately another 

$2 million on the necessary earthworks for levelling, the establishment of landscaping, 

building and plumbing infrastructure, fencing and the like to create what are now two first 

class polo fields with all necessary infrastructure such as extensive fencing and management 

of the yards and areas in which polo horses are held during activities on the site, viewing 

areas and other amenities. 

The Club’s intentions are that the polo can be played at its site to the highest level of 

competitiveness in the game, and with facilities that are second to none in Australia. 
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Having facilities of the highest standard is the key to further developing and expanding the 

Club and enables it to routinely engage in local and interstate competition at the highest 

levels. 

The social aspects of polo have always been a critical part and the facilities established are 

intended to allow spectators and the Club’s social members  and visitors to participate among 

attractive surroundings with a high level of amenity.  In respect of the two fields that have 

already been established on the land, spectators and supporters gather for picnics, 

barbeques and the like as part of the activities associated with the game.   

Obtaining the necessary approvals to allow the use of the land and the development of the 

necessary infrastructure on it was a difficult process for the Club.  The Club estimates it 

expended at least $100,000 on town planners and other expert advisers to persuade the 

Adelaide Hills Council of the appropriateness of the Club’s proposed activities in what they 

regarded as an area of the highest amenity.  The Club had to demonstrate how its activities 

would fit readily within a context of rural activities, including those of the vineyards and 

wineries that were adjacent to it.   

4. Activities on the Land 

Now that two polo fields have been established with their associated infrastructure, the Club 

has developed an extensive programme of tournaments and events.  During the summer 

months, the polo fields will be utilised every weekend, approximately 9.00am on Saturday 

morning to 6.00pm on Sunday night.  In addition, during the summer months the site will be 

utilised on Wednesday afternoons from 4.00pm to 7.00pm. 

Given the hurdles the Club had to surmount to satisfy regulatory bodies that its attractive, 

suitable and benign activities should be able to establish in this area, the Club is deeply 

concerned that a mining proposal with all of its fundamentally incompatible industrial nature, 

scale and impact could even be contemplated in this area.   

Tournaments of the kind typically undertaken by the Club on weekends can attract up to 

500 people at a time as players and spectators. 

As indicated above, spectators and players expect to have appropriately grassed and 

landscaped areas where they can gather and typically remain and enjoy a high level of 

amenity throughout the weekend. 

Each player participating in tournaments or other events needs access to six horses and 

among the many vehicles visiting the site on these occasions, there would be approximately 

30 vehicles carrying horses ranging from semi-trailer type vehicles to horse trucks and floats 

of varying sizes.  These are located in parking areas on the site in the vicinity of the areas 

where the horses are contained once released from their vehicles.  The areas for the horses 

to be contained have been established to the highest standards of heavy duty fencing and 

related infrastructure adjacent to the Pfeiffer Road boundary of the site.  At a polo tournament, 

up to 200 horses may be contained in the holding yards adjacent to Pfeiffer Road at any given 

time.  For the safety and wellbeing of these horses it is important they are not located 

adjacent to an operating mine site with all of its activity, noise and heavy transport movement. 

Attached as Figures 4, 5 and 6 are current photographs of the entrance of the Club site from 

Pfeiffer Road and some of the yards and other developments the Club has undertaken. 
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5. Future Developments 

It is the intention of the Club to continue to develop and expand the site.  Because of its size 

and its outstanding levels of amenity and suitability, it is intended to shortly commence the 

establishment of a large sand arena which will be located adjacent to the northern part of the 

air strip which abuts the Club land and is adjacent to Pfeiffer Road.  This will be developed at 

a cost of approximately $350,000 and is intended to provide for and attract a wide range of 

equestrian related activities in addition to polo.  A significant part of the attraction of this site to 

the Club was that Woodside and adjacent areas to this site include many properties where 

horses are kept, with pony clubs and other equestrian centres and activities.  It is anticipated 

there will be a high demand for the use of a facility such as the Club is intending to establish. 

Further, the Club intends to establish a substantial clubhouse and amenities building on the 

site.  While the specific location is not yet determined, it is likely to be adjacent to the north 

western boundary of the polo fields.   

6. Summary of Club’s Interest 

What attracted the Club to this site was its large area, its topography which allowed for flat 

areas to establish polo fields and other equestrian activity areas, its outstanding beauty and 

amenity amongst other compatible land uses and its ability to be further developed and 

enhanced into the future as an international standard centre for equestrian activities.   

At no time relevant to the purchase and development of the land, was the Club specifically 

consulted about the likelihood of the establishment of a large gold mining activity of an 

industrial nature on the Terramin land.  Having now seen the nature and detail of what is 

proposed on the Terramin land, the Club is of the view that such an activity is fundamentally 

incompatible with the Club’s activities and intentions and with the surrounding areas and other 

developments. 

7. Terramin’s Consultation with Club 

Terramin have not undertaken any formal consultation with the Club in developing such a 

large and sophisticated proposal for the mining activity on their land.  

While a Club member attended some of the public meetings and the like which have involved 

the proposal, and there was some communication covering water issues (see below), at no 

time has any person on behalf of Terramin come to the Club and sought to undertake any 

serious consultation about their activities and how they might impact upon the Club’s current 

and future proposals.   

While the Club has not been able to examine every document Terramin has now produced as 

part of its mining proposal, the only material reference to the Club it can see (apart from a 

brief reference under “haulage” (see below) is at paragraph 2-3-1 which notes:  

“The property on the north-western side of Bird-In-Hand Road (Lot 9 and Lot 21) is 

owned by the Adelaide Polo Club and the land, previously part of potato growing/dairy 

has now been converted into sporting fields and associated facilities.” 

No other discussion relevant to the Club follows. 

The Club is now aware that there have been high levels of direct consultation between 

Terramin and (for example) the winery sites that otherwise surround their land.  The Club’s 

land is immediately adjacent to almost the entire Pfeiffer Road frontage of the Terramin site 
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and no serious consultation has occurred  The Club has a deep concern that the proposal on 

the Terramin land, has been allowed to develop to the current levels of detail and complexity 

that can be seen in the Terramin mining proposals, without these matters having been directly 

put to the Club.  The Club considers this failure to consult adequately, with an immediate 

neighbour such as the Club, is in fundamental breach of the obligations of Terramin under the 

Mining Act and the “Determination for a Mining Proposal for the Bird-in-Hand Gold Project” 

(see paragraph 8 below).   

8. Objections to Terramin Proposals  

Having now appreciated what Terramin are proposing and the implications that arise from it, 

there are many matters in respect of which the Club can identify fundamental incompatibilities 

between its activities and the Terramin proposals.   

These include: 

8.1 Noise 

The Club site is tranquil and enjoys the highest amenity values as indicated above.  

While some occasional noise can be heard from the nearby winery premises and 

some vehicles to their sites, these activities are relatively infrequent and form part of 

what might be expected to comprise an appropriate context for the region.  To 

introduce into the midst of this environment a mining operation with all of the activities 

and impacts that are addressed in the Terramin proposal documents is unacceptable 

to the Club.   

The mining operation is proposed to be for 24 hours per day, 7 days per week, 365 

days per year, once operational.  The hours during which heavy ore haulage vehicles 

will be leaving the site loaded, and return empty, are not clear from the Terramin 

proposal.  At paragraph 3.8.1.2, haulage times are proposed as between 9.00am and 

10.00pm.  In Table 3.33 they are described as a 7.00am to 5.00pm operation.  In any 

event, there will be heavy truck movement at least every 25 minutes.  By operating 

continuously and trucking ore potentially up to 10.00pm all aspects of the Club’s 

weekend and mid week tournaments will be materially affected by the operational and 

haulage noise. 

While it can be seen that Terramin have gone to enormous lengths to attempt to 

justify their proposal, the reality exists that it is an underground mining operation 

where substantial amounts of rock are to be brought to the surface by heavy vehicles, 

managed and distributed at surface according to whether they are waste or ore 

appropriate for processing, stored, reloaded onto large articulated heavy transport 

vehicles which move from the site or return to the site at what appears to be 

approximately 25 minute intervals.  This will create noise levels which are 

incompatible with the required tranquillity of the Club’s grounds and activities. 

8.2 Traffic Conflicts  

Again, while Terramin appear to have undertaken substantial expert reports on this 

subject none of them address the material conflict with vehicles attending at the 

Club’s premises. The reality is that the entry and exit point for all vehicles arriving at 

or leaving the Terramin site means almost all mine traffic will pass the Club entrance 

on Pfeiffer Road.  Further, the Terramin entry/exit point is immediately adjacent to the 

boundary of the Club’s land and the areas where horses are held in yards and 
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substantial activities are to occur.  However Terramin seek to analyse these issues, 

there will be fundamental conflict with the Club’s activities.   

As indicated above, when tournaments are being held at the Club grounds, up to 500 

people can be present with their vehicles including up to 30 horse transporters 

ranging from large articulated vehicles and trucks to smaller horse floats.  At present, 

the traffic this generates can be managed on Pfeiffer Road, but that will not be the 

case when the mine vehicles and all of the other vehicles accessing the Terramin site 

are included. 

Pfeiffer Road itself is a relatively narrow country road in average condition but 

appropriate to serving the limited needs of activities such as the wineries and the 

Club.  The Club would not want to see that road redeveloped which would inevitably 

detract from the pleasant rural amenity. 

When Terramin are addressing the haulage route (pages 3-200 and 3-201 of the 

proposal) reference is made to: 

“Selection of the ideal route included assessment of: 

 Planned development in the area – i.e. the Adelaide Polo Club.” 

There is no further reference to how this assessment has been done and no 

consultation on this issue has occurred with the Club at all.   

The proposal estimates there will be 24 heavy haulage vehicles per day, up to 

67 employee vehicles and 20 “other” vehicles of varying types.  All of this represents 

a major increase in Pfeiffer Road traffic to levels that will create unacceptable impacts 

on Club members and visitors safely accessing the Club premises.   

8.3 Dust  

Given the scale and nature of the activities to be carried out by Terramin it is clear 

that substantial dust can be generated particularly in summer from its open mullock 

heap and/or storage areas and including the movements and activities of loaders and 

other vehicles at surface on the site and those transporting ore to and from it.  In 

circumstances of high wind in summer, it is inevitable dust will be generated by site 

activities which if blown by winds across the Terramin site, could create concern to 

persons and activities on the Club site. 

8.4 Water 

The Club’s position on water is clear.  Without access to the plentiful quantities of high 

quality water which the Club presently enjoys and expects to continue to enjoy, it 

would not have purchased this site at all.  The maintenance of the volume and quality 

of this water is absolutely fundamental to the Club’s activities.  While Terramin have 

tested the Club’s bores as part of the development of their proposal, there has been 

no formal consultation with the Club about what impacts the mine activities might 

have on the Club’s water supplies.  A great deal of material has been developed by 

Terramin about water issues,  but Terramin have not been in formal consultation with 

the Club about these issues.  Any activity that could impact on water such as the 

complex proposals Terramin have for extraction of water from their mine site and its 

reinjection into aquifers is of the most serious concern to the Club.   
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As part of consideration of the Terramin proposals, the Club joined with other 

interested parties in commissioning the preparation of a report by WGA (Wallbridge, 

Gilbert Aztec) into Terramin’s “managed aquifer recharge” (MAR) proposals.  WGA 

published their final report on 30 August 2019 and a copy is attached as Figure 7.  

The report speaks for itself but its conclusions are highly critical of Terramin’s 

proposals and it confirms the information presented in support of Terramin’s 

application is deficient in respect of their MAR investigations and in meeting the 

relevant regulatory requirements, including, in particular, the principles set and in the 

Water Allocation Plan for the Western Mount Lofty Ranges with which the proposal 

must comply. 

The Club relies on that report. 

8.5 Blasting 

The Club has no understanding from the proposal whether there is potential for any 

noise, vibration or other impact from blasting as part of Terramin’s operations on 

persons or horses at the Club’s site.  Such impacts would be of serious concern to the 

Club and are known to be a source of disturbance to horses. 

8.6 Other 

There has been a huge amount of material generated by Terramin in relation to their 

proposals which is available on the Department of Energy and Mines website.  The 

sheer volume and complexity of it all makes it impossible for an entity such as the 

Club which has only the limited resources its members are able to put into it, to 

respond in any meaningful way.  It could be anticipated that to actively engage with 

the analysis and findings of the Terramin proposals would require the employment of 

alternate experts in the wide range of activities they have addressed with a need to 

analyse and report on those outcomes and apply them to the interests of a party such 

as the Club in the Terramin proposals.  It could be expected the costs of undertaking 

such an analysis would involve some hundreds of thousands of dollars to achieve 

responses that are at the same level of analytical complexity that Terramin have 

sought to undertake.  Such responses are impossible for a body such as the Club to 

achieve. 

While noting the inability to respond to the detail Terramin have provided, the Club 

seeks to emphatically note that it does not, by not engaging with that detail directly, 

accept or acquiesce in any of the expert analyses of other materials that Terramin 

have prepared in support of their proposal.   

9. Determination for a Mining Proposal for the Bird-in-Hand Gold Project 

Effective 4 April 2017, the Director, Mining Regulation published a “Determination for a Mining 

Proposal for the Bird in Hand Gold Project” setting out in great detail the requirements the 

Department of Energy and Mines have in respect of Terramin’s application to develop its 

mining lease proposal.   

While much of that is highly technical in its nature and the Club is simply not in a position to 

comment on the adequacy of the Terramin responses to that material, it is noted that 

Terramin are required (eg. 2.11 and 2.12) to describe fully their local community and local 

land owners and land uses.  This has not occurred so far as the Club are concerned. 
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It is also noted that fundamental to this determination is appropriate consultation and 

engagement with “identified stakeholders”.  Again, this has not occurred in relation to the Club 

where no such detailed response or analysis has been undertaken.  These are matters of 

serious concern to the Club. 

However, the most fundamental aspect of the determination which has not been followed by 

Terramin and compromises their entire proposal is paragraph 1 which is in the following 

terms: 

“1. REQUIREMENT FOR DECLARATION OF ACCURACY 

The mining proposal and/or management plan must include a signed 

statement by the applicant in accordance with regulation 30(4) and/or 

regulation 49(4) that the content of the mining proposal and/or management 

plan has been reviewed and is accurate. 

Provide a summary of the steps undertaken to review the mining proposal 

and/or management plan and ensure its accuracy.” 

Terramin make an “Executive Declaration” in parts of their proposal (eg. at page 1-5) that is 

not in the emphatic terms required by the determination and is not sufficient to meet the 

requirements of the mining regulations.   

However, critically, each material section of the mining lease proposal documents contains a 

complete “disclaimer” which notes that while the Chief Executive Officer “has taken 

reasonable steps” to review the information in the document and ensure its accuracy, it is 

noted: 

“Subject to that declaration: 

(a) in writing this document, Terramin Exploration Pty Ltd and Terramin Australia 

Ltd have relied on information provided by specialist consultants, government 

agencies and other third parties.  Terramin Exploration Pty Ltd and Terramin 

Australia Ltd have reviewed all information to the best of their ability but do 

not take responsibility for its accuracy or completeness; and 

(b) this document has been prepared for information purposes only and, to the 

full extent permitted by law, Terramin Exploration Pty Ltd and Terramin 

Australia Ltd, in respect of all persons other than the relevant government 

departments, makes no representation and gives no warranty or undertaken, 

express or implied, in respect to the information contained herein, and does 

not accept responsibility and is not liable for any loss or liability whatsoever 

arising as a result of any persons acting or refraining from acting on any 

information contained within it.” 

This extraordinary disclaimer makes the proposal a worthless document as it directly 

contradicts the requirements of the regulations and the requirement contained in paragraph 1 

of the determination.   

10. Economic Benefits 

Terramin make much of the claimed economic benefits from their proposal including wages 

paid to its employees and benefits in the local region. 
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Any such outcomes are no different to any proposal for a new industrial type activity and 

cannot in themselves justify a development of this kind.   

The proposal as currently described appears to relate to a five year lifespan, with a hope that 

further exploration will generate a longer lifespan.  However, there is no offsetting assessment 

made of the effect of despoiling one of the State’s best known rural and wine areas and 

specifically on the activities and future activities of the surrounding winery and rural land uses 

and the Club.   

11. Financial Position of Terramin 

Terramin’s “June 2019 Quarterly Activities Report” published on their website notes under the 

heading “Corporate and Environmental Performance” the following: 

“Terramin management continue to work towards the recapitalisation of the business 

and undertook a number of discussions with shareholders and investors throughout 

the period.  Asipac extended debt financing facilities by $1.5 million to provide 

working capital through to 31 October 2019.” (our highlighting) 

It is also noted: 

“As at 30 June 2019, the company’s cash balance was $0.4 million.” (our 

highlighting) 

In the Terramin annual report published on 25 February 2019 for the year ending 

31 December 2018, Terramin’s auditors, Grant Thornton, made the following statement: 

“Material Uncertainty Related to Going Concern 

We draw attention to note 2(c) in the financial statements, which indicates that the 

company incurred a net loss of $6 million during the year ended 31 December 2018 

and as of that date, the Group’s current liabilities exceeded its current assets by 

$19.9 million.  As stated in note 2(c), these events or conditions, along with other 

matters as set forth in note 2(c), indicate that a material uncertainty exists that may 

cast doubt on the Group’s ability to continue as a going concern.  Our opinion is not 

modified in respect of this matter.” 

These statements speak for themselves, but there is no doubt that for Terramin, on the 

independent third party analysis of its own auditors, there is “doubt on the Group’s ability to 

continue as a going concern”. 

Given the magnitude of the mining proposal being presented by Terramin, its high level of risk 

on many fronts and the extreme sensitivity of its location and surroundings, it is entirely 

inappropriate that a company of such limited financial standing should be granted a mining 

lease.   

Coupled with the potentially limited lifespan of the mining operation, and the amount of 

disturbance it will create, there is no basis for granting a mining lease to a company of this 

standing.   

12. Rehabilitation and Future Ownership 

While Terramin have described rehabilitation methodologies, their financial position means 

there is a particularly serious risk in relation to achieving the effective rehabilitation of the 



10. 

35565486v1 

mine if it were allowed to proceed.  There would be a strong incentive for Terramin to keep 

mining operations “on hold” and so avoid triggering rehabilitation obligations. 

It is also of concern that if Terramin were successful in obtaining a mining lease, they may 

proceed to take early value from the project by disposing of it to another party who would not 

have been involved in any of the “face to face” communications that have occurred so far and 

whose reliability in achieving effective mining and rehabilitation may be questionable.  Such a 

disposal may occur at any time whether on obtaining a mining lease, during the project life, or 

near its end when rehabilitation needs to be faced up to. 

13. Conclusion 

The development of a gold mining proposal of the nature, scale and with the operational 

activities and issues arising as Terramin propose, is fundamentally incompatible with the land 

use and activities of the Club immediately adjacent to the Terramin land in Pfeiffer Road.   

The proposal is industrial in its nature with high levels of impact on adjacent land users 

through the interaction of vehicles, noise, dust, water usage and other matters.  It is not a 

development that would ever be expected to be found in a rural area of this kind as it has 

been developed today.  Its fundamental incompatibility means that the mining lease 

application must be refused.   

Terramin is not a suitable company to be granted a mining lease such as they seek.  The risk 

of Terramin not being able to continue as a going concern and so unable to confirm its ability 

to see such an ambitious and sensitive proposal through to any satisfactory conclusion is an 

unacceptable risk to be taken.  The consequences arising from a failure by Terramin, for 

whatever reason, could be catastrophic to their neighbours and the region as a whole. 

 

Dated:  20 September 2019 

 

Adelaide Polo Club Inc 

by its solicitors 

Piper Alderman 

Level 16, 70 Franklin Street, Adelaide SA 5000 

 

Contact: 

Ashley Watson 

Partner 

Email:   awatson@piperalderman.com.au 

Tel:       (08) 8205 3308 

Mob:     0410 414 051  

mailto:awatson@piperalderman.com.au
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EXECUTIVE SUMMARY 

This review has been completed using the reports provided by Terramin supporting the Bird in Hand 

Gold Project Mining Lease Application MC-4473 and provided to the Inverbrackie Creek Catchment 

Group. This review considers the information presented in the supporting documentation with specific 

reference to the option of Managed Aquifer Recharge as a water management strategy against the 

Principles set out in the Water Allocation Plan for the Western Mount Lofty Ranges and the 

Environment Protection (Water Quality) Policy 2015, which are the main legislative instruments 

governing Managed Aquifer Recharge operations in South Australia. 

There is widespread concern from the community that the water management option proposed for the 

mine, if poorly implemented and operated, will have significant detrimental impacts on the quality and 

quantity of the available groundwater thus threatening the long-term economic viability of business 

activities that rely on the groundwater. The nearest groundwater user is some 600 m from the 

proposed mine operations but impacts on water quality and quantity could extend for several 

kilometres beyond the mine lease area.  

The Bird in Hand Gold Project Mining Lease Application MC-4473 identifies that water from mine 

inflows and mine affected runoff will be treated, mixed with groundwater and/or mains water to 

account for losses and then recharged via wells back into the fractured rock aquifer.  

Fractured rock aquifer systems are extremely complex, often compartmentalised and flow occurs 

preferentially along fractures. These attributes make it very difficult to reliably predict the subsurface 

movement and likely drawdowns / injection pressures that will be generated using groundwater 

numerical models. Groundwater numerical models are a mathematical approximation of the natural 

subsurface system and require various assumptions to be imposed in order to mathematical represent 

the complex natural system. Unfortunately, across industry there is an over reliance on the results of 

numerical modelling to provide definitive answers. Recent court cases in New South Wales have 

demonstrated that even though models have used the best available information and meet the 

Australian Modelling Guideline criteria (Barnett 2012) they should not be relied upon implicitly as they 

are only a predictive tool.    

The approach to this review has been to determine if the reported investigations adequately 

demonstrate that all risks associated with the proposed option of using Managed Aquifer Recharge to 

mitigate the mining impacts on the local groundwater resource have been identified and the 

management contingencies proposed are suitable. 

The Terramin (2019) documentation identifies that grouting to prevent water ingress to the mine 

workings will be 90% effective but identifies that a credible worst-case scenario is that grouting will 

only reduce mine inflows of water by 70%. Groundwater numerical modelling and the water treatment 

aspects all consider the credible worst-case scenario that grouting is only 70% effective. Additionally, 

the reports identify that in an extreme event (considered by Terramin to be a low probability) a sudden 

inrush of water to the workings could exceed rates of 60 L/s. As Terramin consider this to be an 

extreme case with low probability there have been no management or mitigation measures identified 

in the Trigger Action Response Plan. Whilst the probability of such an event occurring is most likely 
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low such an inrush of water is likely to present significant risk to operations and water management 

options. This risk has not been addressed throughout the supporting documentation and the surface 

balancing storage proposed is too small to hold such a significant inrush of water should it occur. 

The National Water Quality Management Strategy Australian Guidelines for Water Recycling: 

Managing Health and Environmental Risks (Phase 1) use a risk-based approach to evaluate the 

robustness of Managed Aquifer Recharge and the required supporting investigations. Applying risk 

principles to this assessment the identified credible worst-case scenario of 70% grout effectiveness 

and the associated volumes of water that will require management has been adopted.  

After reviewing the supplied documentation, it is considered that several of the conclusions are 

incorrect regarding the suitability of the target aquifers for managed Aquifer Recharge. Additionally, 

the level of investigation and analysis of the data does not adequately identify all potential risks 

associated with the managed aquifer recharge option nor are there adequate management options 

identified in the Trigger Action Response Plan.  

Critical water quality parameters (natural organic matter, total organic carbon, dissolved oxygen, redox 

potential and microbiological indicators) that would inform the geochemical reactions that would take 

place when oxygenated water from the surface storage pond and treatment process have not been 

collected before, during or after the trial. Best practice when evaluating the suitability of an aquifer 

system for managed aquifer recharge and identifying a treatment train should include detailed analysis 

of the source and receiving water quality. Hydrogeochemical modelling should be carried out to test 

for geochemical reactions between the source and receiving water and the aquifer matrix to ensure 

that the receiving groundwater is not adversely impacted.  

Whilst the source water is notionally groundwater, the mixing at the surface with other source waters 

and oxygenation through the ponds plus the proposed ion exchange treatment process means that the 

water to be injected is no longer in equilibrium. It is considerably altered and oxygenated which is a 

trigger for geochemical reactions.  

The water chemistry data that was collected has not been evaluated. There is no reason given as to 

why this fundamental evaluation to assess the risk of geochemical reactions during reinjection was not 

carried out. This is particularly important to qualify the risk associated with geochemical reactions in 

the presence of acid forming minerals.  

Management measures identified in the supplied reports identifying possible strategies for remediation 

should clogging occur are effectively a “shopping list” of the various techniques presented in the 

literature on Managed Aquifer Recharge. Each site is unique and the approaches to managing issues 

such as clogging require specific methods that align with the well design, treatment train, water quality 

and the target aquifer.  

Without a clearly defined management option to remediate the injection wells specifically related to 

their construction, water quality or clogging cause (geochemical, microbiological) would result in the 

wells being out of action for several weeks whilst the appropriate methods of remediation are worked 

through. There is no reference concerning how produced water would be managed during a period 

where the managed aquifer recharge wells were out of commission.  

The treatment train includes ponding at the surface and mixing with other water sources including 

chlorinated mains water. Ponding will change the redox state of the water, provides a pathway for 

contamination by pathogens and mixing with chlorinate mains water introduces disinfection byproducts 

into the aquifer. There is no proposed recovery of the water by the Bird in Hand operation which 

means any contaminants will cumulatively concentrate in the aquifer. 
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Because the assessment of the water quality and risks has not been adequately completed, the 

proposed treatment train to achieve the required water quality is deficient. It does not provide 

treatment for introduced pathogens and the ion exchange process proposed to reduce salinity, 

increases the risk of adverse geochemical reactions that threaten the water quality in the aquifer; 

namely, reactions with the potentially acid forming minerals identified in the aquifer that produce 

arsenic.  

The presence of pyrite in the rock matrix increases the risk of producing arsenic due to geochemical 

reactions when the oxygenated surface water, that is not in chemical equilibrium due to mixing and 

treatment processes, comes into contact with the ambient groundwater. Under Principle 151 a permit 

to drain or discharge water into a well must not be granted if the draining or discharging of water would 

have the potential to degrade underground water-dependent ecosystems or to reduce the suitability of 

the underground water for other purposes for which it might reasonably be used. 

The target criteria set for reducing suspended solids allows for up to 4 kg/day of sediment to be 

introduced into the injection well. Such excessive volumes of sediment would result in clogging and 

lost well efficiency in a matter of days.  

Further deficiencies in the documentation include failure to complete a detailed risk assessment for 

the managed aquifer recharge option as set out under Principle 146 of the WAP. 

An effective operation and management plan demonstrating that operational procedures are in place 

to protect the integrity and quality of the groundwater in the target aquifer on an ongoing basis 

(Principle 147(g) of the WAP) has not been prepared.  

The injection trial that targeted the Tarcowie Siltstone aquifer was terminated after 7,400 minutes 

because conditions in the adjacent private well were close to becoming artesian. The Principles in the 

water allocation plan identify that during Managed Aquifer Recharge operations conditions must 

remain sub-artesian. The reports identify the result to be a function of the aquifer being 

compartmentalised which resulted in the aquifer approaching artesian conditions.  

Importantly the trial results demonstrate that the Tarcowie Siltstone is compartmentalised which 

represents a high-risk that the system will quickly become artesian and is therefore this 

formation/aquifer is not suitable for the installation of a long-term sustainable managed aquifer 

recharge scheme. 

There are several references throughout the Terramin documentation that the Managed Aquifer 

Recharge option has been peer reviewed. This is not strictly correct as Innovative Groundwater 

Solutions (IGS) reviewed the updated groundwater numerical model that incorporated the Managed 

Aquifer Recharge option. IGS did not review or comment on the results of the trials, water chemistry, 

treatment process, aquifer mineralogy, or the aquifer hydraulic responses during testing. These are all 

fundamental elements that need to be reviewed to determine if the risks and viability of a managed 

aquifer recharge system have been adequately identified, and the appropriate management strategies 

are in place to protect the resource as set out under the legislation.  

Numerical modelling of the Managed Aquifer Recharge option involved placing wells in a radial pattern 

around the mine as reported in AGT (2017). The subsequent updated report (Golder, 2019) adopts 

this conceptual well spacing. Four of the wells were located to target the fracture zone encountered in 

the Tapley Hill Formation while locations for the other wells appear to have been arbitrarily placed with 

little regard to fracture orientation, compartmentalisation of the aquifer or spacing to avoid potential 

cumulative hydraulic impacts associated with multiple recharge wells.  
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As these elements appear to have been ignored and the wells placed “conceptually” in a radial pattern 

around the mine the validity of the numerical model to predict the actual impacts associated with the 

Managed Aquifer Recharge option is in doubt.  

Solute transport modelling (AGT 2017) was completed to assess the risk of mine inflows drawing in 

the surrounding saline groundwater however no solute transport modelling was undertaken to identify 

the extent of the injection envelope. Flow moves preferentially through the fractures and in the event 

of a contaminant entering the aquifer via injection operations it is critical to understand what risk this 

may present to the nearest users.  

The injection trial showed hydraulic influences on nearby users wells of up to nine metres. This clearly 

identifies a level of hydraulic connection between the injection well and the nearest users’ wells. 

Simulations that predict the movement of the injection envelop should have been undertaken 

especially because no recovery is planned from the injection wells for the life of the mine.  Not 

evaluating the extent of the injection envelope during the life of the injection operations presents a 

high degree of uncertainty concerning the impacts to water quality and impacts users.  

The aquifer system is identified to be compartmentalised therefore the claimed benefits from managed 

aquifer recharge at this location are not valid. As a result of the compartmentalisation:  

• Existing users will have no access to the recharged water. 
• Reinjection will not result in lateral spreading of the recharged water because flow will occur 

preferentially along the fractures. For the water to spread laterally the pore throat entry 
pressure of the aquifer matrix rock need to be overcome and the pressure required to do this 
in a metasediment, such as the Tapley Hill Formation, would be considerable and most 
likely exceed the safe operating pressure presented in Golder (2019). 

• The potential for MAR to support discharge to environmental receptors such as the spring 
and creek is limited. 

• Overpressurisation of the aquifer compartments due to the MAR recharge may be the trigger 
that causes an unexpected inrush into the workings.  

• Overpressurisation of the aquifer compartments due to the MAR recharge has the potential 

to significantly reduce the grouting effectiveness. 

The Groundwater Trigger Action Response Plan as presented does not adequately address all the 

potential risks, nor does it set out management triggers to address clogging or geochemical reactions 

such as elevated arsenic or management associated with artesian conditions resulting from the 

managed aquifer recharge. There is no clear strategy or alternative management option for the 

produced water if the Managed Aquifer Recharge option does not meet expectations or breaches the 

criteria set out in the water allocation plan.  

There is no apparent appreciation that remediation of a clogged injection well could potentially take 

several weeks to resolve. There are no identified management options to manage the water pumped 

from the mine if the managed Aquifer recharge operations are compromised. 

Significant risks to water quality and existing users have not been adequately identified in the work 

that has been undertaken concerning the option to adopt managed aquifer recharge as a water 

management strategy for the proposed Bird in Hand gold prospect. Furthermore, mitigation and 

management measures have not been adequately identified to offset or reduce the risks. Therefore, 

because of the significant gaps in the assessment completed to date it is considered that managed 

aquifer recharge remains a high-risk water management option at this location.  
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1 INTRODUCTION 

1.1 BACKGROUND 

The Inverbrackie Creek Catchment Group (ICCG) engaged Wallbridge Gilbert Aztec (WGA) to 

complete an external third-party review of the water management strategy for the proposed Bird in 

Hand mine operation located near the township of Woodside in the Adelaide Hills. The water 

management strategy identified in the Bird in Hand Gold Project Mining Lease Proposal (Terramin 

2019) identifies Managed Aquifer Recharge (MAR) as a key aspect of the proposed mine operations 

to ensure the protection of environmental values of the groundwater and to meet the intent of the 

Western Mount Lofty Ranges (WMLR) Water Allocation Plan (WAP).   

The Department for Environment and Water (2018) defines Managed Aquifer Recharge as: the 

intentional recharge of water to suitable aquifers for subsequent recovery or to benefit the 

environment. (protection of groundwater dependent ecosystems (GDE’s)). It is noted that there is no 

recovery associated with the MAR operation at the proposed Bird in Hand Gold Prospect.  

The hydrogeological setting typically determines which of the different MAR methods is the most 

appropriate to deliver the project outcomes. For the Bird in Hand proposed mine, recharge via wells 

has been proposed as the MAR method.   

The proposed Bird in Hand (BIH) mine is located within close proximity to businesses that have a high 

reliance on the available groundwater resource in terms of quality and quantity. These businesses 

continue to play an important role in South Australia’s tourism, agricultural and food and wine 

industries delivering $170 million gross state profit p.a. and providing employment for more than 850 

people (Econsearch, 2017). Comparatively, beyond the initial start-up phase the mine proposes work 

for 40 people over five years.  

There is widespread concern from the community that the water management option involving MAR, if 

poorly implemented and operated, will have significant deleterious effects on the quality and quantity 

of the available groundwater and therefore threatens the long-term economic viability of business 

activities that rely on the groundwater. 

There are three main considerations that need to be addressed as part of any MAR feasibility study 

which include:  

1. Characterisation of the source and receiving water chemistry. 

2. Characterisation of the aquifer matrix (e.g. mineralogy, rock properties, subsurface 

boundaries).  

3. Establishment of the aquifer hydraulic properties (i.e. response to pumping and injection, 

yields, rates and pressures). 
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This review has been carried out with an emphasis on the above considerations and how the results of 

the investigations reported in Terramin (2019), and supporting documentation, align with the current 

legislative framework for MAR in South Australia.   

1.2 OBJECTIVES AND SERVICE SCOPE 

The objective of WGA’s engagement is to provide an independent review of the available information 

and identification of potential risks that have not been adequately addressed associated with the 

option of using MAR to mitigate the impacts to the groundwater system associated with proposed BIH 

mine operations.  

The scope of services has included:  

• A desktop review of the available documentation used to assess the option of MAR as a 

mitigation strategy for managing the proposed BIH mine operations on the groundwater 

resources of the Inverbrackie sub-catchment.  

• Identification and documentation of potential risks associated with the option of applying 

MAR as a management tool that have not been adequately addressed or there are 

potentially fatal flaws in the conclusions drawn from the studies carried out.  

• Preparation of a report outlining the findings of the review and identification of potential 

risks associated with the proposed MAR strategy.  
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2 REVIEW OF INVESTIGATIONS 

2.1 DOCUMENTS REVIEWED  

The following documents provided by Terramin Australia to the ICCG have been reviewed to support 

the findings presented herein: 

• Bird in Hand Gold Project Executive Summary – Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Chapter 10 Groundwater – 

Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Chapter 11 Surface Water – 

Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Chapter 13 Geochemistry and 

Geohazards – Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H1 Groundwater 

Assessment Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H2 and H3 

Groundwater Assessment Peer Review 1 and 2 Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H4 Grouting Proposal 

- Multigrout Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H4 Grouting Proposal 

Peer Review Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H7 Draft Groundwater 

TARP Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H8 MAR Stage 1 and 

2 Report Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H9 MAR Investigation 

Report Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H10 MAR 

Investigation Report Peer Review Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix H11 Groundwater 

Baseline Data 2014 2018 update Report Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix J1 Water Treatment 

Proposal and Addendum 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix J2 Water Treatment 

Peer Review 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix M1 Geotechnical 

Assessment Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix M2 Acid and 

Metalliferous Drainage Assessment, Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix Q3 Stygofauna Field 

Study Terramin 2019. 

• Bird in Hand Gold Project Mining Lease Application MC 4473 Appendix Q4 2018 Stygofauna 

Study 2019. 
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2.2 APPLICABLE LEGISLATION FOR MAR ACTIVITIES IN SOUTH 
AUSTRALIA 

It is important that any MAR proposal refer to the relevant state legislative framework and national 

guidelines which set out the requirements for the investigations and documentation required to support 

a MAR scheme and associated licences.  

The legislative framework for MAR in South Australia crosses multiple Acts which are administered by 

various State Government agencies. If the MAR activity is likely to impact an environmental habitat of 

national significance the Environment Protection Biodiversity and Conservation Act, 1999 must be 

referred to. 

Additionally, the Australian Guidelines for Water Recycling: Managing Health and Environmental Risks 

Phase 1 (NWQMS, 2006) and the Stormwater Harvesting and Re-use and Managed Aquifer Recharge 

Phase 2 (NWQMS, 2009) provide the framework for the management of stormwater quality, use and 

aquifer recharge.  

The relevant state legislation is aimed at mitigating adverse environmental harm through managing:  

• the diversion and taking of water from within water courses or from groundwater;  
• the responsibilities regarding stormwater management;  
• the equitable share for all users including the environment;  
• impacts to the source and receiving environs.   

The main pieces of legislation governing MAR activity in South Australia are: 

• the Natural Resources Management Act, 2004 administered by Department for Environment 
and Water DEW; and 

• The Environment Protection Authority Act, 1993 administered by the SA Environment 
Protection Authority.  

This review has been completed with specific reference to the MAR principles set out in the Western 

Mount Lofty Ranges WAP and the requirements under the Environment Protection Act, 1993 and 

NRM Act, 2004.  

Under the Natural Resources Management (NRM) Act, 2004 all water taken for consumptive use are 

regulated. Under the NRM Act, 2004 rights in relation to the ability of a person to take and use water 

include: 

• Water licences and water access entitlements. 
• Stock and domestic right (where uses are not prescribed). 
• Permits and licencing of water affecting activities.  

In locations where the water resources have been prescribed the Water Allocation Plan (WAP) 

developed under the guidance of the regional Natural Resources Management Board (NRMB), in 

consultation with the community, sets out the governing principles for water resource management 

within the defined Prescribed Water Resources Area (PWRA).  

Water resources in the Inverbrackie sub-catchment lie within the Western Mount Lofty Ranges PWRA. 

Management of the resource and allocation criteria is set out in the Western Mount Lofty Ranges WAP 

which was adopted by the Minister on 17 September 2013. 

The Environment Protection Act, 1993, specifically the Environmental Protection (Water Quality) Policy 

2015, is the second key piece of legislation that governs MAR activities in SA. The WAP makes 

specific reference to the Environment Protection (Water Quality) Policy (EP(WQ)P), 2015 under 

Principle 145(a)(i).  
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The EP(WQ)P, 2015 provides the structure for regulation and management of water quality in South 

Australian inland surface waters, marine waters and groundwaters. The main objective of the Water 

Quality Policy is linked to the Environment Protection Act 1993: …….” to ensure that all reasonable 

and practicable measures are taken to protect, restore and enhance the quality of the environment 

while having regard to the principles of ecologically sustainable development.” 

Other legislation that a MAR system in South Australia must have regard for includes:  

• Work, Health and Safety Act, 2012.  
• Pollution of Waters by Oil and Noxious Substances Act, 1987.  
• Public and Environmental Health Act, 1987.  
• Soil Conservation and Landcare Act, 1989.  
• Native Vegetation Act, 1991.  
• Environment Protection Act, 1993.  
• Environment Protection (Water Quality) Policy, 2003.  
• Agricultural and Veterinary Chemicals Code Act, 1994.  
• Petroleum Products Regulation Act, 1995.  
• State Records Act, 1997.  
• Natural Resources Management Act, 2004.  
• Aboriginal Heritage Act, 1988.  
• Water Service Association of Australian Codes (WSAA).  
• Dangerous Substances Act, 1979.  
• Adelaide and Mount Lofty Ranges Natural Resources Management Board Natural Resources 

Management Plan. 

If there are high pressure gas lines or high voltage power lines, within the proposed area of an MAR 

site, the Gas and Electricity Acts may need to be consulted.  

The Acts are administered by various State Government agencies. Many of the agencies, in addition 

to providing a regulatory function in administration of the various Acts, can assist operators through 

the provision of specialist advice. The Government agencies include:  

• Department of Health (DOH).  

• Department of Environment and Heritage (DEH).  

• Environmental Protection Authority (EPA).  

• Department for Environment and Water (DEW).  

• Adelaide and Mount Lofty Ranges Natural Resources Management Board (AMLR NRMB).  

• The Stormwater Management Authority. 

2.3 ASSIGNED ENVIRONMENTAL VALUES 

Environmental values have been set in the EP(WQ)P, 2015 as set out in Table 1. The Environmental 

values (EVs) for underground waters set to a specific salinity threshold for designated beneficial uses 

of the water. For example, all underground waters that have a salinity reported as total dissolved 

solids (TDS) of less than 1,200 mg/L have a beneficial use for drinking water and the other four 

categories identified in Table 1. 
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Table 1:  Environmental values of waters EP(WQ)P, 2015 Principle 6 

Waters 
(1)  

Aquatic 
ecosystem 

(2) 
Recreation 

and 
aesthetics 

(3) 
Drinking 
water for 
human 

consumption 

(4) 
Primary 

industries— 
irrigation 

and general 
water uses 

(5) 
Primary 

industries— 
livestock 
drinking 

water 

(6) 
Primary 

industries— 
aquaculture 
and human 

consumption 
of aquatic 

foods 

Public stormwater 
systems 

X X     

Surface waters in a water 
protection area (within 
the meaning of section 61 
of the Act) 

X X X X X X 

Underground waters as follows 

a) underground waters 
with a background 
TDS level of less 
than 1,200 mg/L 

  X X X X 

b) underground waters 
with a background 
TDS level of 1,200 
mg/L or more, but 
less than 3 000 mg/L 

   X X X 

c) underground waters 
with a background 
TDS level of 3, 000 
mg/L or more, but 
less than 13,000 
mg/L 

    X X 

Source: Environment Protection (Water Quality) Policy 2015.  
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3 ADEQUACY ASSESSMENT 

3.1 GROUTING  

Considerable emphasis is placed on the grouting report and confidence that a 90% grouting 

effectiveness can be achieved to manage water ingress into the mine.  

Terramin (2019) identify that the credible worst-case scenario for the grout effectiveness is 70%. 

Groundwater numerical modelling reported in AGT (2017), Golder (2019) and the Water Treatment 

Options Study (GPA Engineering, 2017) all adopted the 70% grout effectiveness as a benchmark.   

Table 2:  Grout effectiveness and predicted mine water inflow rates.  

Year of operation 

70% effectiveness 90% effectiveness 

L/s ML/d L/s ML/d 

Year 1 4.1 L/s 0.35 1.4 L/s 0.12 

Year 4 13.4 L/s 1.2  4.5 L/s 0.39 

 

In keeping with the modelling and treatment studies this assessment uses the credible worst-case 

scenario i.e. that the grout will be 70% effective to evaluate the capacity for MAR to meet the water 

management requirements at the proposed Bird in Hand mine prospect.    

3.2 RECEIVING WATER QUALITY AND ASSIGNED ENVIRONMENTAL 
VALUES 

The electrical conductivity (EC) of the underground water in the Tarcowie Siltstone reported in 

Terramin Ch. 10 (Table 10-2 pp10-16 to 10-18) for multiple wells around the Bird in Hand Gold Project 

and in the hanging fault, ranges between 911 and 2,200 µS/cm (equivalent Total Dissolved Solids 

(TDS) 501 to 1,217 mg/L).   Specific values for well BHRIB02 for EC taken at different intervals show 

an increase in salinity with depth with EC reported to be 1,440 to 1,540 µS/cm (equivalent TDS 794 to 

850 mg/L).  

The TDS reported in Table 10-2 (Terramin 2019) has used a conversion factor from EC (reported in 

micro Siemens per centimetre) to TDS (reported in milligrams per litre) of 0.65. The conversion from 

EC (µS/cm) to TDS (mg/L) is a non-linear relationship. At an EC below 5,000 µS/cm the conversion 

factor is 0.55; at EC from 5,001 to 10,000 µS/cm the conversion factor is 0.57 and between 10,001 to 

20,000 µS/cm the conversion factor is 0.59. At an EC of 50,000 µS/cm the conversion factor from EC 

to TDS is 0.65.  
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The DEW website recommends converting from micro Siemens per centimetre to TDS the EC units 

should be multiplied by 0.55. The EPA website identifies that the conversions from EC to TDS ranges 

from 0.55 to 0.72.  

Golder (2019) report the EC for groundwater samples collected from 35 wells in the surrounding area. 

The wells are completed in different lithological formations (not necessarily different aquifers) and the 

average reported EC is 1,260 µS/cm (reported calculated TDS is 750 mg/L @ 180°C).  

Whilst it appears minor, using the incorrect conversion from EC units to TDS equivalent makes a 

considerable difference in assigning the environmental values for the aquifer under the EP(WQ)P 

(refer Table 3). Using the conversion recommended by DEW the EV for the Tarcowie Siltstone and the 

Tapley Hill Formation, the two identified target aquifers for MAR, are drinking water for human 

consumption. Using the conversion factor of 0.65 as applied by Terramin (Ch. 10, Table 10-2 (2019)) 

for the Tarcowie Siltstone results in a higher EV category being assigned for that aquifer (refer 

Table 3).   

Table 3:  Example illustrating the difference in TDS using different conversion values against the 
 assigned Environmental Value criteria  

Formation 
Electrical 

Conductivity 
(µS/cm) 

Conversion 
factor 0.65 [1]  

(µS/cm to TDS 
mg/L) 

EP(WQ)P 
Environmental 
value criteria 

using 
conversion 
factor 0.65 

Conversion 
factor 0.55 [2]  

(µS/cm to TDS 
mg/L) 

EP(WQ)P 
Environmental 
value criteria 

using 
conversion 
factor 0.55 

Tarcowie 
Siltstone 

(BHRIB02) 
2,220 
2,270 
2,370] 

1,440 
1,480 
1,540 

Primary 
industries— 
irrigation and 
general water 

uses 

1,221 
1,249 
1,304 

Primary 
industries— 
irrigation and 
general water 

uses 

Tarcowie 
Siltstone 

(Regional) 
1,200 – 2,200 744 – 1,430 

Drinking water 
for human 

consumption[3] 

660- 1,210 
Drinking water 

for human 
consumption 

Tapley Hill 
Formation 
(BHRIB01) 

1,370 
1,690 
1,630 

1,120 [4] (890) 
1,100 (1,100) 
1,060 (1,060) 

Drinking water 
for human 

consumption 

754 
930 
897 

Drinking water 
for human 

consumption 

Tapley Hill 
Formation 
(Regional) 

600-2,690 
390-1,749 

(363-1,480) [5] 

Drinking water 
for human 

consumption 
330 – 1,480 

Drinking water 
for human 

consumption 

Source:   Bird in Hand Gold Project Mining Lease Application MC 4473 Chapter 10 Groundwater table 

 10-2  – Terramin 2019 

Notes:  [1] conversion factor EC to TDS used in Terramin report Ch.10 (2019) 0.65 

 [2] conversion factor EC to TDS recommended by DEW 0.55 

 [3] the EV assigned should be based on the regional values not a single value from the 

 pumped well  

 [4] value reported in Terramin report Ch.10 (2019) uses 0.88 

 [5] values reported in Terramin report Ch.10 (2019) use 0.55 and 0.6 conversion.  
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Using the conversion factor for EC to TDS recommended by DEW (0.55) the EV for the Tarcowie 

Siltstone in BHRIB02 just exceeds the EV criteria of 1,200 mg/L. However, regionally sampling of 

multiple wells (Terramin Ch. 10, 2019) identify that regionally the groundwater in the Tarcowie 

Siltstone is typically less than 1,200 mg/L and therefore the assigned EV should be drinking water for 

Human consumption. 

The assignment of the EV has significant implications for a MAR system because it defines the quality 

that the injected water must meet prior to recharge into the aquifer.  

The EV for both the Tarcowie Siltstone and the Tapley Hill Formation should be drinking 
water for human consumption. Therefore, the water quality prior to reinjection must meet 
drinking water quality.  

If the source water exceeds the EV of the receiving environment pre-treatment is required to ensure 

the source water meets the required criteria. Ongoing monitoring and reporting against the licence 

conditions is required and needs to be factored in as part of the operation and maintenance of the 

system.  

Further discussion on the proposed treatment and the water quality required to meet the EV for 

reinjection into a potable aquifer is contained in section 3.4. 

3.2.1 Source and Receiving Water Chemistry  

A large effort went into collection of groundwater samples during the trial but Golder (2019) explicitly 

state (pg. 36) “that interpretation of recharge water and receiving aquifer groundwater quality has not 

been undertaken as part of the scope”. No reason is given as to why the groundwater quality data was 

not evaluated or if any further work is planned to evaluate the chemistry results from the trial.  

The lack of analysis of the chemistry and the potential for geochemical reactions to occur 
that could compromise the existing groundwater quality is a significant gap in the 
investigations undertaken to date. The chemistry of the source and receiving waters are a 
fundamental control on the success or otherwise of the MAR system.  

Additional interpretation should have been carried out to better characterise the spatial distribution of 

groundwater given the apparent “variety” of types and the receiving end members (creek or dams). 

Interpretation of the groundwater chemistry along transects including interpretation of the ratios of 

specific ionic concentrations against chloride would have been beneficial to informing the MAR option 

and the risk of chemical precipitation.  

The stable isotope data, as presented (AGT 2019), is not informative as it does not identify where, or 

from what formation the samples were collected. It is uncertain if these samples have been collected 

along a defined transect or if they are just a collection of samples taken at various locations across the 

study area.  

Identifying the chemistry correctly is important because it goes to supporting the interpretation (AGT, 

2017, Golder, 2019) from the hydraulic analysis and MAR trial that the aquifer system is 

compartmentalised.  

As both the target aquifers are reported to be compartmentalised this increases the risk of 
MAR being a suitable long-term management option.  

The hydraulic analysis and results of the trial and issues associated with the target aquifers being 

compartmentalised are discussed further in section 3.3.  
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Terramin (Ch. 10, 2019) cite examples of MAR in the mining industry, such as, Fortescue 

(Cloudbreak) and Mandalay Resources (Costerfield Operation) but do not identify that these schemes 

have issues with managing clogging. Anecdotal reports indicate Fortescue drill a new well every three 

to four days to manage clogging associated with iron precipitation and maintain recharge rates.  

Mandalay Resources have recently had to shut their system down for over three months to remediate 

clogged reinjection wells. Advice on remediation of the MAR system at Costerfield Operations has 

been provided by this reviewer. 

The following dot points present a list of issues relating to the chemistry of the source and receiving 

water that have not been adequately addressed by the investigations to date.  

- Despite a significant amount of water quality data being collected the analysis of the data is

deficient. There is a simple piper diagram presented in van den Akker (2017) and a cursory

assessment of the deuterium and oxygen 18 data. Analysis should have included evaluation

of the ionic ratios between major ions versus chloride along specific transects and at depth for

the different aquifer units.

- The presentation and interpretation of the hydrochemistry isotope data presented in van den

Akker (2017) is deficient. There is no indication of what wells the samples came from or if they

were taken over a specific transect or taken randomly from wells surrounding the site.

- Key water quality parameters (natural organic matter, total organic carbon, dissolved oxygen,

redox potential and microbiological indicators) that can trigger geochemical or microbiological

reactions have not been collected during background sampling and throughout the trial. This is

basic information which should be collected on the source and receiving waters and

throughout the trial to evaluate the risk of geochemical reactions occurring that would impair

groundwater quality, impact ability of existing users to continue to use the water for current

uses or impair the operation of the MAR option.

- Failure to collect these key parameters represents a significant knowledge gap associated

with assessing the risk of clogging and long-term sustainable operation of the MAR system.

Without this information detailed evaluation concerning impacts to water quality and other

users cannot be quantified and the risk that the MAR option will impact water quality remains

high.

- Key water quality parameters e.g. redox potential, EH, pH and salinity were only measured in

grab samples as part of the MAR injection trial and not continuously in-line throughout the trial.

These parameters are fundamental measurements to assess the risk of geochemical

reactions occurring that will impact the water quality in the aquifer. Failure to measure these

key parameters in-line throughout the trial means that the opportunity to gain valuable

information about the aquifer geochemical responses for a very low cost has been missed.

- Water quality analysis should have included testing for iron II and iron III especially given the

reported presence of potentially acid forming minerals in the aquifer. Oxygen in the reinjected

water will result in precipitation of minerals (e.g. iron) and reactions that produce arsenic.

- Bird in Hand is a greenfield site where MAR has not been undertaken previously. Best

practice, when investigating the MAR potential, should include geochemical modelling to

assess the likelihood of adverse reactions e.g. iron precipitation, or release of arsenic,

occurring between the source and receiving waters that would impact on the injection capacity

of the MAR wells or groundwater quality in the aquifer.
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- The Acid and Metalliferous Drainage Assessment report (Tonkin, 2017) identifies that some 
sections of the rock strata in the Tapley Hill Formation (the primary target aquifer for MAR at 
this site) are potential acid forming (PAF) due to the bound pyrite within the strata and filling 
quartz fracture zones.

- The presence of pyrite in the rock matrix increases the risk of producing arsenic due to 
geochemical reactions when the oxygenated surface water, that is not in chemical equilibrium 
due to mixing and treatment processes, comes into contact with the groundwater. The 
produced mine water will be held in a storage pond (allowing for oxygenation) and mixed with 
other water so it will no longer be in equilibrium.  Minor levels (below guideline levels) for 
arsenic are reported in the GW sampling (Golder 2019).

- The risk of geochemical reactions to occur that will result in elevated concentrations of arsenic 
in the groundwater remains high as no detailed evaluation of this risk has been undertaken.

- The conceptual treatment process (GPA Engineering, 2017) and the water balance 
assessment identifies that water losses will be balanced with mains water and water sourced 
from a nearby bore. The potential risk concerning the fate of disinfection by-products from 
residual chlorine in the mains water e.g. Trihalomethanes (THM) and Halo Acetic Acids (HAA), 
has not been assessed.

- The MAR component operated by the mine effectively has no recovery component and 
therefore there is an increased risk of cumulative concentration of the disinfection by-products 
and other contaminants in the aquifer over time.

- Principle 146 and 147 of the WAP for the region refers to completing a hydrogeological risk 
assessment consistent with the National Water Quality Management Strategy Australian 
Guidelines for Water Recycling: Managing Health and Environmental Risks (Phase 1).  There 
is no reference to the risk assessment in the documentation and further no comment on the 12 
hazards identified in the guidelines, in particular, pathogens, inorganic chemicals, sodicity, 
nutrients, organic chemicals, turbidity and particulates, radionuclides, contaminant transport 
through preferential flow paths.

- These key water quality risks can adversely impact the ambient groundwater quality impacting 
on suitability for the existing uses but have not been adequately quantified in the 
documentation reviewed or in accordance with the principals of the WAP for this proposed 
MAR operation. The target for MAR Tapley Hill Formation and Tarcowie Siltstone is a fractured 

rock aquifer system which heightens the risks associated with the fate of these parameters 

within the aquifer.

- The Groundwater Trigger Action Response Plan (TARP) presented in Appendix H7 (Terramin 
2019) is deficient because none of the risks associated with the impacts to the water quality

(other than salinity) have been addressed.

3.3 AQUIFER HYDRAULIC RESPONSES DURING TRIAL 

Principle 154(b) of the WAP requires that drainage and discharge into a well must not have the 

potential to cause artesian conditions in the aquifer.  

The recharge trial into the Tarcowie Siltstone started at 7 L/s and was reduced to 5 L/s after 4,450 

minutes and then reduced to 3 L/s after 7,132 and terminated after 7,324 minutes of injection because 

groundwater levels were approaching artesian conditions in the nearby historic well 6628-8944 160 m 

from the recharge well BHRIB02 (Golder, 2019) as per Principle 154(b) in the WAP.  
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Terramin Ch. 10 Groundwater (2019) and Golder (2019) state that the Tarcowie Siltstone is 

compartmentalised (structurally controlled). Long-term injection without extraction is proposed but the 

results of the injection trial show the system could not be operated for any longer than 7,324 minutes 

before the adjacent well was at risk of becoming artesian.  

AGT (2017) and Golder (2019) state that the recharged water will flow laterally into the surrounding 

rock. This statement is misleading as flow will occur preferentially along the fractures. To overcome 

the pore-throat entry pressure required to induce flow into the bulk rock matrix of the meta-sediments 

that comprise the fractured rock aquifer significant injection pressures would be required for this to 

occur. Such injection pressures would exceed the calculated safe operating pressure reported in 

Golder (2019). 

The aquifer system is identified to be compartmentalised therefore the claimed benefits from managed 

aquifer recharge at this location are not valid. As a result of the compartmentalisation:  

• Existing users will have no access to the recharged water.
• Reinjection will not result in lateral spreading of the recharged water because flow will occur

preferentially along the fractures.
• The potential for MAR to support discharge to environmental receptors such as the spring and

creek is limited.
• Overpressurisation of the aquifer compartments due to the MAR recharge may be the trigger

that causes an unexpected inrush into the workings.
• Overpressurisation of the aquifer compartments due to the MAR recharge has the potential to

significantly reduce the grouting effectiveness.

Based on a review of the available information including the results of the MAR injection trial 
at the Bird in Hand site it is concluded that MAR targeting the Tarcowie Siltstone aquifer is 
high risk and not sustainable in the long-term due to compartmentalisation and the risk of 
the aquifer becoming artesian. 

Terramin Ch. 10 Groundwater (2019) identifies that the combined injection rate to the Tapley Hill 

Formation and the Tarcowie siltstone was 20 L/s. This statement is misleading as the trials were 

conducted independently of one another, not concurrently. It is therefore incorrect to conclude that the 

two aquifer systems can be recharged simultaneously at 20 L/s as this is not supported by the trial 

results presented in Golder (2019).  

During the inject trial hydraulic responses in adjacent monitoring wells resulted in rises in the 

groundwater level by 9 m showing a high degree of hydraulic connectivity (e.g. Davis well 6628-

23182). In a confined aquifer the pressure response (rising water level) can be observed up to several 

kilometres from the point of injection but the physical movement of water is constrained. In a fractured 

rock aquifer, the physical movement of water is preferentially along the fractures and can therefore 

move considerable distances (kilometres) away from the recharge well.  

There has been insufficient analysis or modelling carried out on the potential movement of the injected 

water preferentially along the fractures during MAR at this site. This is a significant gap in the 

assessment of potential risks to existing users and impacts on water quality.  
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3.4 TREATMENT TRAIN 

Figure 1 presents the water treatment process schematic which incorporates a surface storage dam 

which collects the pumped mine inflow water and mine affected runoff. Post ponding the water flows 

through a biofiltration bed and passes through and ion exchanger. After the treatment process the 

water may be blended with mains water or water from the Goldwyn Bore as identified in Figure 1. 

The proposed treatment process, coupled with the open ponds presents, several risks to the receiving 

groundwater and aquifer: 

• The open pond will be subject to contamination from surface runoff, mine affected runoff and

waterfowl increasing the risk of pathogens. There is no treatment proposed to manage

pathogen levels in the recharge water.

• The ion exchange process acts to break the bond between targeted ions which in turn causes

a pseudo reduction in the measured salinity but results in a water composition that is no

longer in chemical equilibrium. This significantly increases the risk of geochemical reactions

occurring in the aquifer that would impair the water quality.

• Ponding the water at surface will change the redox state and therefore increases the risk of

geochemical reactions (such as arsenic) due to the presence of PAF minerals in the host rock.

• The use of chlorinated mains water will introduce disinfection by-products into the aquifer (e.g.

Trihalomethane (THM) and Haloacetic Acid (HAA)) which will impact on water quality. In other

MAR operations where mains water is used it is typically recovered to meet demands. In the

Bird in Hand operations there is no planned recovery of the injected water increasing the risk

of cumulative concentration over time of the disinfection by-products.

Figure 1:  BIH Water treatment process schematic (source GPA Engineering (2017)) 

The treatment design reported in GPA Engineering (2017) identifies a target level for suspended 

solids of 10 mg/L. If the grouting is only 70% effective the recharge rate is reported to be 4.1 L/s. 

Injection at 4.1 L/s with a suspended solids concentration of 10 mg/L would result in approximately 

3.4 kg/day of sediment being recharged into the bore.  This level of suspended solids would result in 

clogging in the injection well within a matter of days.  
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The treatment system is optimised to 15 L/s but there are suggestions in the documentation that a 

sudden ingress of water could be as much as 40 L/s. The treatment system and surface storage 

cannot manage this capacity and there is no identified management strategy should such an event 

occur.  

3.5 GROUNDWATER NUMERICAL MODEL 

The focus of the MAR peer review completed by Innovative Groundwater Solutions (2019) has been 

the numerical modelling. No independent peer review of the water quality chemistry, injection trial 

results or aquifer hydraulics during the trial has been completed.   

The aquifer discharge tests and injection trial identify structural controls and anisotropy within the 

aquifer (AGT, 2017 and Golder 2019). There is no rational presented as to why injection was then 

subsequently modelled to occur radially around the mine void.  This is a fractured rock aquifer with 

evidence showing clear direction for fracture orientation, strike and dip (AGT, 2017). It would have 

been more appropriate to site any additional bores along fracture orientation as per two of the wells 

that target the Tapley Hill Formation.  

Additionally, the Figures presented in AGT (2017) of the geology of the area show significant structural 

controls (faulting) but it appears that only two such controls trending north- west south-east, have 

been included in Layers 2, 3, 4, and 5 of the model. Zones assigned for the hydraulic conductivity over 

the model domain are presented in the documentation, but spatially variable storage parameters were 

not assigned in the model (AGT 2017). This seems unusual as the fractures will have a significantly 

different storativity compared to the bulk rock matrix by perhaps two orders of magnitude or more.   

Solute transport modelling (AGT 2017) was completed to assess the risk of mine inflows drawing in 

the surrounding saline groundwater, however, no solute transport modelling was undertaken to identify 

the extent of the injection envelope during MAR operations.  

Flow moves preferentially through the fractures and in the event of a contaminant entering the aquifer 

it is critical to understand what risk this may present to the nearest users. The injection trial showed 

hydraulic influences on nearby users wells of up to 9 metres (e.g. Davis bore 6628-23182 reported in 

Golder, 2019). This clearly identifies a high degree of hydraulic connection between the injection well 

and users’ wells. It therefore represents a significant risk to the water quality available to existing users 

in the event a contaminant enters the aquifer or adverse geochemical reactions occur resulting in 

elevated concentrations of arsenic.  

Best practice when evaluating the impacts of a MAR system on existing groundwater users typically 

include modelling simulations that predict the movement of the injection envelop. It is uncertain why 

this level of analysis was not undertaken but, in this case, where no recovery is planned, 

understanding how and where the water will move is critical. 

A predictive simulation could have been undertaken using the groundwater salinity from the pumped 

well (~1400 mg/L) against the regional background salinity of ~600 mg/L. Whilst Terramin identify that 

they propose to recharge water of similar salinity into the aquifer following treatment the model could 

have been used to test the movement of the injected water. Testing such a scenario would instil 

greater confidence in the reliability of the model to predict potential impacts on existing users, in 

particular, changes to water quality. 

As stated above the results from the trial do not support the conclusion presented in the Terramin 

2019 and Golder 2019 that the Tarcowie Siltstone is suitable for MAR. Because of the 

compartmentalisation long-term recharge without any recovery is not likely to be sustainable into this 

unit. 
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An additional scenario should be included in the numerical groundwater modelling that excludes 

recharge into the Tarcowie Siltstone to determine if the volumes of water can be recharged into the 

Tapley Hill Formation. 

It should be noted that the results for the injection heads presented in the groundwater numerical 

model will be underpredicted as they are influenced by the model grid cell size. Cross checks of the 

actual heads at the injection well should be compared using analytical approaches.   

3.6 GROUNDWATER TRIGGER ACTION RESPONSE PLAN (TARP) 

The draft TARP presented as Appendix H7 in the Bird in Hand Gold Project Mining Lease proposal 

(MC4473) is deficient and does not adequately address many of the risks associated with MAR 

operations other than salinity and groundwater levels.  

The TARP identifies groundwater level declines but does not provide a strategy to mange artesian 

conditions in existing users wells although the WAP requires groundwater levels associated with MAR 

activities to remain sub-artesian.    

The TARP does not consider the risks associated with geochemical reactions e.g. elevated arsenic 

levels impacting water quality, existing users and the sustainable operation of the proposed MAR 

system. Introduction of oxygenated water during MAR increases the risk significantly of oxidising the 

supergene layer producing arsenic and changes to the groundwater pH that would facilitate further 

geochemical reactions  

There is no detailed MAR risk assessment and monitoring management plan that is consistent with 

the MAR National Guidelines and specified under Principles 146 and 147 of the WAP for the 

Inverbrackie sub-catchment.  

There are general approaches and statements drawn from the literature presented in the Terramin 

document Ch. 10 Groundwater (2019) outlining the methods that could be used to remediate the 

reinjection wells in the event of clogging. The methods proposed take time and could result in the 

MAR system being offline for several days and up to several weeks whilst they are rehabilitated. There 

is no discussion or identified management strategy for the mine discharge water if the MAR system is 

off-line.  

There is no identification of a mitigation or management strategy should the MAR operations result in 

unacceptable levels of arsenic in the aquifer which would render the groundwater unsuitable for 

existing users. 

The risk of contamination by pathogens has not been identified and no treatment for mitigating this risk 

has been identified.  

There is no description of what water quality parameters will be routinely monitored and the frequency 

of monitoring.  

There are no triggers or targets identified to initiate a management action if water levels in the injection 

wells or adjacent monitoring wells approach artesian conditions.  
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4 SUMMARY AND CONCLUSIONS 

The WAP for the Western Mount Lofty Ranges PWA sets out several Principles for the recharge of 

water to the aquifers using MAR approaches. The information presented in the Bird in Hand Gold 

Project Mining Lease Application (MC4473) is deficient with respect to the MAR investigations and the 

principles set out in the WAP.  

• The conversion from EC to TDS in mg/L uses 0.65 compared to 0.55 recommended by the 

DEW which skews the results towards a higher EV category. The correct category under the 

EPA EP(WQ)P should be potable and therefore the injected water must meet this criterion 

prior to recharge as per Principle 145(a)(i).  

• A detailed risk assessment as set out under Principle 146 of the WAP has not been 

completed. Some risks have been identified but what has been presented is not consistent 

with the National Water Quality Management Strategy Australian Guidelines for Water 

Recycling: Managing Health and Environmental Risks (Phase 1). 

• An appropriate operation or management plan demonstrating that operational procedures 

are in place to protect the integrity of the aquifer on an ongoing basis (Principle 147(g) of the 

WAP) has not been prepared.  

• There has been no analysis of the water quality data collected prior to and during the trial to 

support the MAR option. Analysis of the water quality data shows there is a high risk of 

geochemical reactions - arsenic which will impact water quality and iron precipitation which 

will cause clogging 

• Key water quality parameters important to assessing the risks that MAR operations pose to 

water quality have not been collected. These include, natural organic matter, total organic 

carbon, dissolved oxygen, redox potential and microbiological indicators (e.g. E.coli).  

• The lack of analysis of the chemistry and the potential for geochemical reactions to occur 

that could compromise the existing groundwater quality is a significant knowledge gap in the 

investigations undertaken to date. The chemistry of the source and receiving waters are a 

fundamental control on the success or otherwise of a MAR system. 

• The presence of pyrite in the rock matrix increases the risk of producing arsenic due to 

geochemical reactions when the oxygenated surface water, that is not in chemical 

equilibrium due to mixing and treatment processes, contacts the groundwater. Under 

Principle 151 a permit to drain or discharge water into a well must not be granted if the 

draining or discharging of water would have the potential to degrade underground water-

dependent ecosystems or to reduce the suitability of the underground water for other 

purposes for which it might reasonably be used. 
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• The aquifer system is identified to be compartmentalised therefore the claimed benefits from 

managed aquifer recharge at this location are not valid. As a result of the 

compartmentalisation:  

o Existing users will have no access to the recharged water. 
o Reinjection will not result in lateral spreading of the recharged water because flow 

will occur preferentially along the fractures. For the water to spread laterally the pore 
throat entry pressure of the aquifer matrix rock need to be overcome and the 
pressure required to do this in a metasediment, such as the Tapley Hill Formation, 
would be considerable and most likely exceed the safe operating pressure 
presented in Golder (2019). 

o The potential for MAR to support discharge to environmental receptors such as the 
spring and creek is limited. 

o Overpressurisation of the aquifer compartments due to the MAR recharge may be 
the trigger that causes an unexpected inrush into the workings.  

o Overpressurisation of the aquifer compartments due to the MAR recharge has the 

potential to significantly reduce the grouting effectiveness. 

• Based on a review of the available information including the results of the MAR injection trial 

at the Bird in Hand site it is concluded that MAR targeting the Tarcowie Siltstone aquifer is 

high-risk and not sustainable in the long-term due to compartmentalisation and the risk of 

the aquifer becoming artesian. 

• The proposed treatment process, coupled with the open ponds presents, several risks to the 

receiving groundwater and aquifer: 

o The open pond will be subject to contamination from surface runoff, mine affected 

runoff and waterfowl increasing the risk of pathogens. There is no treatment 

proposed to manage pathogen levels in the recharge water.  

o The ion exchange process acts to break the bond between targeted ions which in 

turn causes a pseudo reduction in the measured salinity but results in a water 

composition that is no longer in chemical equilibrium. This significantly increases the 

risk of geochemical reactions occurring in the aquifer that would impair the water 

quality. 

o Ponding the water at surface will change the redox state and therefore increases the 

risk of geochemical reactions (such as arsenic) due to the presence of PAF minerals 

in the host rock.  

o The use of chlorinated mains water will introduce disinfection by-products into the 

aquifer (e.g. Trihalomethane (THM) and Haloacetic Acid (HAA)) which will impact on 

water quality. In other MAR operations where mains water is used it is typically 

recovered to meet demands. In the Bird in hand operations there is no planned 

recovery of the injected water increasing the risk of cumulative concentration over 

time of the disinfection by-products. 

o The proposed targets for meeting suspended solids result in 3.4 kg/day of sediment 

being recharged into the bore.  This level of suspended solids would result in 

clogging in the injection well within a matter of days.  

 

• There are several references throughout the Terramin documentation that the MAR option 

has been peer reviewed. This statement is misleading as IGS only reviewed the updated 

groundwater numerical model that incorporated the MAR option. IGS did not review or 

comment on the results of the trials, water chemistry, treatment process, aquifer mineralogy, 

or the aquifer hydraulic responses during testing. 
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• The injection heads in the groundwater model underpredict the actual heads due to the 

influences of the model grid cell size. No attempt has been made to cross check what the 

actual heads in the injection wells will be using analytical approaches.  

• The injection trial showed hydraulic influences on nearby users wells of up to nine metres. 

This clearly identifies a level of hydraulic connection between the injection well and the 

nearest users’ wells. This represents a significant risk to users in the event of contamination 

or geochemical reactions.  

• Failure to evaluate the extent of the injection envelope using modelling simulations during 

the life of the injection operations presents a high degree of risk and uncertainty concerning 

the impacts to water quality and impacts to existing users that has not been quantified by 

Terramin.  

• The TARP as presented does not adequately address all the potential risks, nor does it set 

out management triggers to address clogging or geochemical reactions such as elevated 

arsenic.  

• There is no apparent appreciation that remediation of a clogged injection well could 

potentially take days or weeks to resolve. There are no identified management options to 

manage the water pumped from the mine if the MAR option is compromised. 

• There is no contingency for the management of the water if the MAR option goes sideways 

due to clogging, geochemical reactions, over pressurisation or many of the other risks 

associated with undertaking MAR in a fractured rock.  

• Knowledge gaps and gaps in the identification of risks associated with the option of MAR at 

the proposed Bird in Hand Gold Prospect presents significant risks to water quality and 

existing users.  

• Management options have not been clearly identified to counter or control all the likely risks 

that surround MAR in a fractured rock aquifer where there are many existing users and the 

EV of the water is potable. It is concluded therefore that despite the level of investigation 

MAR remains a high-risk option for water management at this location.  
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