


 
 

 

 

Attachment 1 

Question 
Number 

Topic DEM Comment Terramin Response 

1 Controlled 
Inundation 

The actions involved in a 
‘controlled inundation’ 
strategy and the transition 
from ‘normal operations’ 
groundwater management 
to ‘controlled inundation’. 
Address contingency/ 
buffer capacity of the MAR 
system in consideration of 
the water balance and 
MAR system.  
 

Description of Controlled Inundation Scenarios 
 
Section 4 of the Draft Inundation Safety Management Plan (Response Document appendix E3) states 
the primary causes of potential inundation as: 

• The planned mining within heavily fractured-rock area within a known high-flow aquifer; or 

• The inability to manage the water volume in the limited-capacity surface holding ponds for 
treatment at the water treatment plant, leading to a controlled containment of water within 
the mine; or 

• The inability to process the water volume at the water treatment plant, leading to 
controlled containment of water within the mine; or 

• The inability to re-inject more water through the network of managed aquifer recharge 
wells due to regulatory limits, leading to a controlled containment of water within the mine.  

 
For the sake of brevity in describing the strategy of transition from ‘normal operations’ to 
‘controlled inundation’ the last three scenarios will be combined on the basis that they all are 
created by some capacity limiting factor on surface.  
 
The scenarios now described will be: 

• Scenario A, which is an increase in the volume of inflows into the mine leading to an 
accumulation underground. 

• Scenario B, where the water extracted to surface is limited, leading to an accumulation 
underground.  

• Scenario C, which is a combination of scenarios A and B, where the is a surface limited 
containment combined with an increase in inflows.  

Scenario A and B have been chosen as they represent different possible scenarios that could lead to 
controlled inundation and the third is a combination of both. 
 
MAR regulatory framework 
The MAR system is the primary control measure to ensure that the groundwater environmental 
outcomes are being met. This system must operate within the regulatory framework applied to it, 
including but not limited to the Mining Act, the Natural Resources Management Act (NRM Act) and 



 
 

 

 

Question 
Number 

Topic DEM Comment Terramin Response 

the Environment Protection Act (EP Act). Due to the separate nature of these various pieces of 
legislation, they are sometimes at odds with each other.  
 
However, Terramin has devised a system that can work within all the relevant sections of this 
framework. The Mining Act drives the need for negating impact on neighboring receptor bores, the 
NRM Act dictates how much water can be taken from a bore and the EP provides some guidance 
and regulations on water quality along with the NRM Act. To achieve compliance with the 
framework, Terramin is proposing to operate MAR system to mitigate the impacts on groundwater 
levels at receptor bores, water extracted from the mine, will be reinjected into the aquifer, between 
receptor bores and the mine. This will also have the added benefit of disposing of unwanted water 
accumulating in the mine. Prior to re-injection water will be treated to an appropriate level to be 
commensurate to the groundwater that it is being re-injected into. This treatment process takes 
time and has a maximum flow rate, thus providing a volume constraint on the system.  
 
Whilst it is imperative to the operation of the Mining Act that MAR operate to ensure environmental 
outcomes are met, the NRM Act serves to limit the capacity of MAR, as water extraction limits are 
applied to water being taken from the aquifer. Credits to extract additional water in the future can 
be earned by re-injecting water, however these credits are not 1 for 1 and are applied up to 12 
months after they are earned. In simple terms, for every unit of water injected, 80% of that unit can 
be taken in the next water year in addition to the annual base allocation.  This provides a further 
constraint on the system.  
 
Additional constraints on the system are the physical capacity to store untreated and treated water 
on surface. Each injection well will have it’s own constraint in terms of how much water can be 
injected and is it mitigate the right potential impact. This is not a real constraint though as more 
wells can be installed and redundancy can be built into the system, this redundancy also caters for 
potential for wells to become less effective at injection over time.  
 
 The hard limits of the system are: 

• In some circumstances MAR must operate to mitigate any potential drawdown effect of 
mine inflows on receptor bores. 

• MAR cannot extract or inject more than it is allocated in a given year. 

• The water treatment plant has a constraining flowrate. 
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• The surface storage is limited. 

• Water cannot be released into the surface environment.  
Operational strategies 
 
In the event where there is some surface limitation, a decision can be taken to enact a controlled 
inundation until such time as the limitation can be resolved. In the case of a physical constraint, this 
could be rectified reasonably efficiently, if the issue was related to a reduced flowrate through the 
water treatment plant, storage capacity or the reinjection wells.  
 
In the case of the water extraction limits being approached in terms of extraction or reinjection, 
then a decision could be taken to allow water to accumulate underground until such time as it can 
be extracted in accordance with the framework. By storing the water underground, it is still part of 
the groundwater system and has not been taken from the aquifer and does not count towards the 
water allocation. This may take some time, depending on where the water year calendar is. 
However, it should be noted that under both the Hybrid and the 90% grouting scenario Terramin 
have sufficient water allocation for the proposed operations.  
 
Under no scenario will water be released into an injection well that has not been treated, the 
preference is to store water underground until the surface infrastructure can manage the flow rates.  
 
Under no scenario will water be released on surface to the nearby creek system, the preference is to 
store water underground until the surface infrastructure can manage the flow rates.  
 

2 Controlled 
Inundation 

How the necessary water 
volumes would be 
practically extracted to 
ensure continuity of the 
MAR system.  
 
Considering; head, 
changing water levels, 
buffer/contingency, and 
access.  

A combination of measures will be employed to ensure that the MAR system is able to continue to 
be operated as required to ensure impact mitigation for receptor bores as required. 
 
During mine development, pumps will be located at strategic locations throughout the mine 
combined with additional sump capacity built into the design of the decline to enable excess water 
to be stored underground as required.  
 
Skid mounted portable pumps that can be moved by mining equipment will be available for duty if a 
permanent pump is inundated. In combination with this portable pump, the network of water pipes 
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 taking water to surface will be designed with appropriate tie in points where the portable pumps 
can connect to the existing network. 
 
Water will be extracted from the mine as quickly as possible, considering all the requirements of 
MAR, with the view to access the area if increased inflows and apply mitigation measures to reduce 
the inflows. The strategy for mitigation would be to apply remedial grouting technology as 
previously described in the Response Document, specifically in Response 94 and 99 of Table 4. It 
may be necessary to gain access to the area from a different direction, the timeframe for this cannot 
be predicted accurately, however in appendix 1 of this document Golder set out the case for 
impacts on receptor bores based on full inundation and recovery of the mine. The impacts greatest 
impact on a receptor bore is approximately 5m drawdown for a period of 80 days. This predicted 
drawdown is within the range of seasonal fluctuation of some wells and can most likely be mitigated 
by existing pump depths.  
 
If the supply of water to the turkey’s nest cannot be maintained by the underground infrastructure 
it may be bolstered by strategic extraction of water from a bore or series of bores located close to 
the mine. This will enable the water treatment and reinjection side of the MAR system to continue 
operation if required, as well as having the effect of potentially removing some of the volume and 
pressure of the water entering the mine through the inundation.  
 

3 Controlled 
Inundation 

The recoverability of 
operations from a 
controlled inundation. 

Recovery of Operations 
See section 7.5 of Draft Inundation Safety Management Plan for a description of the operational 
recovery following a controlled inundation.  
 
Water management during recovery 
The strategy and principles set out in response 1 would apply to this scenario, whereby essentially 
water is stored underground until such time as the surface infrastructure can manage the flowrates.  
 

4 Controlled 
Inundation 

Using the revised 
numerical models, 
simulate the mine inflows 
consistent with the 
interception of the HWF 

See Attachment 2 of this Document (Golder report 1897291-L011-REV0) 
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Zone at the point in the 
mine life where the 
consequence is most 
severe, and the likelihood 
is the most probable.  

4.a Controlled 
Inundation 

Provide the rationale for 
the selected simulation(s).  

See Attachment 2 of this Document (Golder report 1897291-L011-REV0) 

4.b Controlled 
Inundation 

Provide the results of the 
simulations(s). including 
drawdown curves against 
time for relevant 
receptors. 

See Attachment 2 of this Document (Golder report 1897291-L011-REV0) 

4.c Controlled 
Inundation 

Analysis of the potential 
for (and spatial extent if 
any) impact on receptors 
associated with the period 
between a requirement to 
enact the strategy (of 
controlled inundation), 
and groundwater levels 
reaching equilibrium. 
Describe any other 
relevant strategies. 

See Attachment 2 of this Document (Golder report 1897291-L011-REV0) 

5. Controlled 
Inundation 

Provide a description of 
any potential impacts to 
groundwater quality 
because of in-situ 
equipment/infrastructure 
that would be inundated.  

The potential impacts on groundwater quality that may arise as the result of in-situ 
equipment/infrastructure becoming inundated are fundamentally no different to the impacts 
described in the Response Document and addressed in appendix B3, B4 and B9 of the Response 
Document. Water that is accumulated in the mine void during inundation will ultimately be treated 
through the water treatment plant prior to reinjection. The event of an inundation does not 
introduce any new contaminants of potential concern (COPC) to the system, it does however 
introduce significant dilution to any COPC’s that may already exist in the mining operations such as 
hydrocarbons and nitrates.  
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6. Controlled 
Inundation 

Provide a description of 
the potential for impact to 
receptors during the 
period between the 
cessation of MAR at mine 
closure and the re-
equilibrium of 
groundwater conditions.  

See Attachment 2 of this Document (Golder report 1897291-L011-REV0) 

2. Land 
Access 

Given the elapsed time 
since the applications were 
received, updated 
information on exempt 
land relevant to the 
applications is required for 
both the Mining Lease 
(ML) and Miscellaneous 
Purposes Licence (MPL) 
applications 

Terramin has provided an update to DEM outside of the response document. 
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BIRD IN HAND PROJECT: CONTROLLED INUNDATION MODEL SCENARIO 

Tom, 

Golder has reviewed letter (ref T2019/001021) Government Matters Raised and Request for Additional 

Information on the Bird in Hand Gold Mining Project (dated 20 October 2021) and herein present responses to 

the request for information provided in Table 1 in Attachment of the letter. 

Our response is structured as follows: 

 Section 1 provides the matters raised in Table 1 in Attachment 1 of the abovementioned letter. 

 Section 2 provides our response, including results of numerical model simulations undertaken to address 

matters raised. 

1.0 MATTERS RAISED AND REQUEST FOR INFORMATION ON THE 
BIRD IN HAND GOLD MINING PROJECT 

Topic: Controlled Inundation - Potential Impacts 

4) Using the revised numerical model, simulate mine inflows consistent with interception of the HWF at the 

point in the life of mine (and depth) where the likelihood and consequence (separately) of that 

interception is greatest, with the highest probable rate of inflow. Provide: 

a) The rationale for the selected simulation(s). (DEM note that the uncertainty analysis shows the 

highest inflows for each grouting scenario to occur at year 5 of mining; and earlier sensitivity 

analysis included a scenario intercepting the hanging wall fracture at 300 m below ground level, 

approximately 3.5 years after the commencement of underground extraction). 

b) The results of the simulation(s) including drawdown curves against time for relevant receptors. 

c) Analysis of the potential for (and spatial extent of any) impact on receptors associated with the 

period between a requirement to enact the strategy, and groundwater levels reaching equilibrium. 

Describe any other relevant strategies. 

6) Provide a description of the potential for impact to receptors during the period between the cessation of 

MAR at mine closure and re-equilibrium of groundwater conditions. 

 



Tom Mehrtens Reference No.  1897291-L011-REV0 

Terramin Australia Limited 1/12/2021 

 

 
 

 

 
 2 

2.0 RESPONSE 

2.1 Response to Matter No 4a  

Prior simulations (provided in AGT, 2017) assessed rates of groundwater inflows in the event of a mine drive 

intercepting the Hanging Wall Fault (HWF). This was simulated in the model to occur at time 3.5 years, which 

was selected as it represents the time at which mining is above the zone of alteration to clay within the 

Brighton Limestone, as observed in the cores retrieved from exploration holes. This was considered to be a 

time at which unforeseen interception of the HWF is of greater likelihood. However, as a conservative 

approach in the current document, the presented simulation results pertain to the scenario of maximum 

consequence. That is, the greatest potential inflows caused by HWF interception due to maximum mining 

depth and therefore maximum hydraulic pressure, and the longest recovery time due to mine void volume 

being at its maximum. 

The current results pertain to the base case model parameter set, as predictive probabilities cannot be 

assigned without analysing this specific prediction using the full posterior Monte Carlo ensemble developed by 

Golder (2021). 

2.2 Response to Matter No 4b, 4c and 6 

Numerical modelling required a two-step process to first simulate the interception of the HWF in the final 

stages of mining (representing the time of maximum mining depth and therefore maximum hydraulic 

pressure), followed by simulation of groundwater recovery and filling of the mine void by deactivating model 

drain cells and injection wells. This approach is described below. 

Golder used the updated numerical groundwater model to simulate the interception of the HWF and 

immediate cessation of pumping and MAR. The interception of the HWF was simulated through assignment of 

two additional MODFLOW drain cells to the model layer representing the HWF. Cell dimensions in this area 

are 5 m x 5 m, with a layer thickness of 25 m. Therefore, the simulated surface area of HWF interception by 

two model cells is considered to be a conservative approach, given that this results in a larger hydraulic 

connection with the HWF than would be expected to result from its unforeseen interception in reality. 

Golder has assessed the subsequent groundwater impact on surrounding users in terms of drawdown and 

recovery time. The adopted recovery modelling approach is outlined as follows. 

 The specific yield (Sy) of model cells comprising the mine area was increased to represent a mine void 

space equivalent to the estimated total mine void volume of 198,874 m3. The Sy in model layer 5 (layer 

hosting the drives) was increased from 0.1 to 0.35 and the Sy in model layer 6 (layer hosting the mine 

decline) was increased from 0.05 to 0.26. 

 Preferential flow into mine area from interception of the HWF was accounted for by assigning high 

vertical hydraulic conductivity (Kv) values to model cells connecting the HWF to the mine drives in the 

Brighton Limestone (i.e., model layers 3 through 5). 

 Model drain cells and MAR injection wells were deactivated at the end of mine life and a 100-year 

transient recovery simulation was run to simulate the filling of the mine void and equilibration of the 

groundwater system. 

 The above was applied to both the 90% and 70% effectiveness grouting scenarios (refer to Golder, 

2021).  
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2.2.1 Model results: Matter No 4b and 4c 

Model-predicted inflows resulting from interception of the HWF are shown in Figure 1 for both the 90% and 

70% effective grouting scenarios (including MAR). The simulation is discontinued shortly after HWF 

interception, as this event is the trigger for temporary cessation of mining and the onset of controlled 

inundation. One month of mine inflow following HWF interception is shown in Figure 1 for illustrative purposes. 

However, this simulation (utilising MODFLOW drain cells) represents the continued removal of groundwater 

from the mine and therefore sustained hydraulic potential. In practicality mining operations would be ceased 

and the pumping strategy would be revised to remove as much water as possible given the available 

infrastructure and surface handling constraints. The controlled inundation and change in pumping would result 

in a rapid reduction in mine inflows as the system equilibrates and the hydraulic potential decreases. 

 

Figure 1: Mode-predicted inflows including HWF interception in both 90% and 70% effective grouting 
scenarios (including MAR). 

Model-predicted groundwater levels versus time at seven private wells surrounding the mine area are 

presented in Figures 2 and 3. These are the same seven wells for which transient impacts were presented by 

Golder (2020) and Golder (2021). Time zero represents the time at which the HWF is intercepted, and mine 

pumping and MAR system is deactivated, and the mine void is allowed to fill in a controlled inundation 

scenario. The steady state (equilibrium) groundwater levels are also shown for reference (dashed line).  

Model results indicate the following 

 At time zero, groundwater levels at some private wells are predicted to be slightly higher than steady 

state groundwater levels due to a small groundwater rise that is generated by the MAR system. This 

effect is more significant for the 70% grouting effectiveness scenario owing to higher injection rates.  
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 For the scenario in which the grouting effectiveness achieved a 70% inflow reduction prior to the HWF 

being intercepted, there is a delayed temporary drawdown in some private wells for approximately the 

first 20-30 days after the pumping and MAR systems are deactivated (Figures 2 and 3). This reduces to 

3-4 days in the scenario where grouting achieves a 90% inflow reduction prior to the HWF being 

intercepted (Figures 3 and 4).  

 For the 70% grouting effectiveness scenario, the greatest predicted delayed temporary drawdowns 

relative to steady state groundwater levels are approximately 5 m at well 6628-23182 and a 2 m 

drawdown predicted at well 6628-9153. All drawdowns for the 90% grouting effectiveness scenario are 

predicted to be less than 1.5 m. 

 The period from cessation of pumping / MAR and groundwater levels reaching equilibrium is 80 days 

(where prior grouting was 70% effective) and 10 days (where prior grouting was 90% effective), owing to 

the prior influence of MAR. 

Overall, the small and temporary drawdowns predicted by modelling suggest the ability of surrounding users 

to access groundwater will not be impacted in the event the HWF was intercepted, and both the mine pumping 

and MAR system was suddenly shut down, including at end of mining.  

In the event pumping from the underground pumping system could not be recovered within a reasonable 

timeframe, mitigation strategies (if required) could include pumping from existing or new wells targeting the 

HWF (i.e., Well IB-4) and recommencement of MAR system.   

2.2.2 Model results: Matter No 6 

Model-predicted groundwater levels versus time at seven private wells showing the period between the 

cessation of MAR at mine closure and re-equilibrium of groundwater conditions is presented in Figures 6, 7, 8 

and 9. 
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Figure 2: Groundwater recovery over 6 months (top) and two years (bottom) simulated for closer 
private wells after interception of the HWF and prior grouting effectiveness of 70%. Top graph shows 
the recovery response during the first 180 days. 
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Figure 3:  Groundwater recovery simulated for outer private wells after interception of the HWF and 
prior grouting effectiveness of 70%.  
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Figure 4: Groundwater recovery simulated for near private wells after interception of the HWF and 
prior grouting effectiveness of 90%. Top graph shows the recovery response during the first 180 days. 
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Figure 5: Groundwater recovery simulated for outer private wells after interception of the HWF and 
prior grouting effectiveness of 90%. 
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Figure 6:  Groundwater recovery simulated for near private wells after mining with 70% grout 
effectiveness and MAR 

 

Figure 7:  Groundwater recovery simulated for outer private wells after mining with 70% grout 
effectiveness and MAR 
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Figure 8:  Groundwater recovery simulated for near private wells after mining with 90% grout 
effectiveness and MAR 

 

Figure 9: Groundwater recovery simulated for outer private wells after mining with 90% grout 
effectiveness and MAR   
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3.0 IMPORTANT INFORMATION 

Your attention is drawn to the document – “Important Information”, which is included in Appendix A of this 

report. The statements presented in this document are intended to advise you of what your realistic 

expectations of this report should be. The document is not intended to reduce the level of responsibility 

accepted by Golder Associates, but rather to ensure that all parties who may rely on this report are aware of 

the responsibilities each assumes in so doing. 

 

4.0 CLOSING 

We trust the results contained in this letter meet your required however if you require further information 

please contact Jason van den Akker on 0412 512 253 

 

Golder Associates Pty Ltd 

 

 

Ty Watson Jason van den Akker 

Senior Groundwater Modeller Principal Hydrogeologist 

TW/JVDA/ 

 

CC:  
 
Attachments: Important Information 
 

 
https://golderassociates.sharepoint.com/sites/19943g/deliverables/1897291-l011_rev0_dem response no4.docx 
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The document (“Report”) to which this page is attached and which this page forms a part of, has been issued 

by Golder Associates Pty Ltd (“Golder”) subject to the important limitations and other qualifications set out below. 

This Report constitutes or is part of services (“Services”) provided by Golder to its client (“Client”) under and subject 

to a contract between Golder and its Client (“Contract”). The contents of this page are not intended to and do not 

alter Golder’s obligations (including any limits on those obligations) to its Client under the Contract. 

This Report is provided for use solely by Golder’s Client and persons acting on the Client’s behalf, such as its 

professional advisers. Golder is responsible only to its Client for this Report. Golder has no responsibility to any other 

person who relies or makes decisions based upon this Report or who makes any other use of this Report. Golder 

accepts no responsibility for any loss or damage suffered by any person other than its Client as a result of any 

reliance upon any part of this Report, decisions made based upon this Report or any other use of it. 

This Report has been prepared in the context of the circumstances and purposes referred to in, or derived from, 

the Contract and Golder accepts no responsibility for use of the Report, in whole or in part, in any other context 

or circumstance or for any other purpose. 

The scope of Golder’s Services and the period of time they relate to are determined by the Contract and are subject 
to restrictions and limitations set out in the Contract. If a service or other work is not expressly referred to in 
this Report, do not assume that it has been provided or performed. If a matter is not addressed in this Report, 
do not assume that any determination has been made by Golder in regards to it. 

At any location relevant to the Services conditions may exist which were not detected by Golder, in particular due to 

the specific scope of the investigation Golder has been engaged to undertake. Conditions can only be verified at the 

exact location of any tests undertaken. Variations in conditions may occur between tested locations and there may 

be conditions which have not been revealed by the investigation and which have not therefore been taken into account 

in this Report. 

Golder accepts no responsibility for and makes no representation as to the accuracy or completeness of the 

information provided to it by or on behalf of the Client or sourced from any third party. Golder has assumed that such 

information is correct unless otherwise stated and no responsibility is accepted by Golder for incomplete or 

inaccurate data supplied by its Client or any other person for whom Golder is not responsible. Golder has not taken 

account of matters that may have existed when the Report was prepared but which were only later disclosed to 

Golder. 

Having regard to the matters referred to in the previous paragraphs on this page in particular, carrying out the 

Services has allowed Golder to form no more than an opinion as to the actual conditions at any relevant location. 

That opinion is necessarily constrained by the extent of the information collected by Golder or otherwise made 

available to Golder. Further, the passage of time may affect the accuracy, applicability or usefulness of the opinions, 

assessments or other information in this Report. This Report is based upon the information and other circumstances 

that existed and were known to Golder when the Services were performed and this Report was prepared. 

Golder has not considered the effect of any possible future developments including physical changes to any 

relevant location or changes to any laws or regulations relevant to such location. 

Where permitted by the Contract, Golder may have retained subconsultants affiliated with Golder to provide some 
or all of the Services. However, it is Golder which remains solely responsible for the Services and there is no 
legal recourse against any of Golder’s affiliated companies or the employees, officers or directors of any of them. 

By date, or revision, the Report supersedes any prior report or other document issued by Golder dealing with any 

matter that is addressed in the Report. 

Any uncertainty as to the extent to which this Report can be used or relied upon in any respect should be 

referred to Golder for clarification 

 

  


