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1 EXECUTIVE SUMMARY 
Terramin Australia Limited and its subsidiary Terramin Exploration Proprietary Limited (Terramin) is 

proposing to develop a small, high-grade underground gold mine, which targets the historic Bird in 

Hand Gold deposit, located approximately 35 km east from Adelaide, and 30 km north of Terramin’s 

existing processing facilities (Angas Processing Facility (APF)) at the Angas Zinc Mine (AZM), near 

Strathalbyn. The proposed mine is known as the Bird in Hand Gold Project (the ‘Project’ or ‘BIHGP’). 

The Mining Lease Application (MLA) and Miscellaneous Purposes Lease Application (MPL) for BIHGP 

were formally submitted for assessment on 21 June 2019 and placed on public exhibition. The call for 

public submissions was made for a period of 10 weeks from 11 July to 20 September 2019. 

At the conclusion of the consultation period, a total of 247 (252 including duplicates) public 

submissions were received by the SA Government and forwarded to Terramin for review and 

response. Of the 247 submissions, 22 were supportive in nature and 41 raised unique concerns and 

issues to be addressed buy Terramin, the remainder of the submissions were the result of several 

campaigns.  

On 7 February 2020 DEM forwarded a “Request for Response” to Terramin including copies of public 

submissions received by the SA Government. All the issues raised in the submissions and government 

questions have been addressed in this response document and provided to DEM on 20 April 2020 

On 20 June 2020 DEM forwarded a “request for Response” to Terramin containing comment on the 

response provided to DEM on 20 April 2020 and requested further information on specific matters. 

Terramin provided a response to DEM on 5 March 2021. 

On 23 June 2021 DEM forwarded a “request for response” to Terramin containing comment on the 

response provided to DEM on 5 March 2021 and requested further information on specific matters.  

Terramin provided a response to DEM on 27 July 2021.  
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3 ISSUES RAISED BY SA GOVERNMENT AGENCIES 
As part of the standard assessment process, DEM forwarded copies of the MLA and MPL to various 

government agencies for review. Agencies that provided comment back to DEM, included the 

Environment Protection Authority, the Department for Water and Natural Resources, The 

Department of Planning, Infrastructure and Transport and The Department of Primary Industries and 

Regions South Australia. 

Terramin’s responses to the issues raised by SA Government agencies, in addition to any minor 

amendments to the MLA and MPL that have been required as a result of this process, are included in 

this document. Where figures are required to support a response, they have been included as an 

Appendix.  

On 7 February 2020 DEM forwarded a “Request for Response” to Terramin including copies of public 

submissions received by the SA Government. All of the issues raised in the submissions and 

government questions have been addressed in Section 6, 8 and 9 of this document.  

Terramin provided succinct responses to the submissions and written questions and provided DEM 

with these responses on 20 April 2020.  

On 20 June 2020 DEM forwarded a “request for Response” to Terramin containing comment on the 

response provided to DEM on 20 April and requested further information on specific matters. The 

responses to these matters are included in Section 7 and 10 of this Document and were forwarded to 

DEM on 5 March 2021.  

On 23 June 2021 DEM forwarded a “request for response” to Terramin containing comment on the 

response provided to DEM on 5 March 2021 and requested further information on specific matters. 

The responses to these matters are included in Section 8 of this Document  

Where a subsequent question or comment was provided to Terramin and response has been 

provided in a subsequent table, the original response and table has been left unaltered to provide the 

context and line of sight for the questions and comments. Because old responses have been left in it 

is important for the reader to follow each comment/question and response through sections 6,7 and 

8 of this document to get the full context and final response. 

 

 

 

 

 

  



Bird in Hand Gold Project 
Response to Statutory Feedback 

 

 
Bird in Hand Gold Project | MC4473  Page 8 of 169 
 

4 RESULTS OF PUBLIC CONSULTATION PROCESS 
  

A total of 252 written submissions were received by DEM and provided to Terramin to review, 5 

submissions were submitted twice. These submissions have only been counted once and as such 

Terramin has reviewed a total of 254 submissions. Terramin has reviewed and coded all public 

responses and sorted them into groups to enable the common themes to be extracted and 

addressed. The results of consultations are encouraging with 22 submissions offering support for the 

project and 41 raising issues or seeking clarity on details of the MLA and MPL. These two groups, 

totalling 63 submissions are individually outlined in Table 1, the remainder of submissions were the 

result of a number of campaigns: 

• Campaign 1 is comprised of letters associated with the Inverbrackie Creek Catchment Group; 

• Campaign 2 contains submissions that derive from the Keep Woodside Mine Free website, 

which offered text that could be copied into submissions; 

• Campaign 3 is a set of identical emails submitted over a short time period without contact 

details;    

• Campaign 4 is comprised of general opposition statements to mining without an identifiable 

question; and 

• Campaign 5 contains submissions from employees and related parties of Bird in Hand Winery.  

A full list of submissions, issues raised and the grouping to which an individual submission was 

assigned can be seen at Appendix A1. 

 

 



 

 
Bird in Hand Gold Project | MC4473  Page 9 of 169 
 

 

Table 1 - Public Submissions 
Su

b
m

is
si

o
n

 ID
 

Su
rn

am
e 

/ 

O
rg

an
is

at
io

n
 

In
it

ia
l 

Su
b

u
rb

 

O
n

 B
eh

al
f 

o
f 

To
ta

l 
 D

es
cr

ip
ti

o
n

 o
f 

En
vi

ro
n

m
en

t 

M
in

in
g 

O
p

er
at

io
n

s 

C
o

m
m

u
n

it
y 

co
n

su
lt

at
io

n
 

Sa
fe

ty
 

Tr
af

fi
c 

/ 
Li

gh
ts

 

V
is

u
al

 A
m

en
it

y 

G
ro

u
n

d
w

at
er

 

Su
rf

ac
e 

W
at

er
 

So
il/

Si
te

 
R

eh
ab

ili
ta

ti
o

n
 

Ex
is

ti
n

g 
Si

te
 

C
o

n
ta

m
in

at
io

n
 

A
ir

 Q
u

al
it

y 

N
o

is
e 

A
ir

-o
ve

rp
re

ss
u

re
 

an
d

 V
ib

ra
ti

o
n

 

N
at

iv
e 

Fa
u

n
a 

an
d

 
Pe

st
 S

p
ec

ie
s 

V
eg

et
at

io
n

 a
n

d
 

W
ee

d
s 

H
er

it
ag

e 

La
n

d
 T

en
u

re
 

A
gr

ic
u

lt
u

ra
l 

Im
p

ac
ts

 

So
ci

al
 E

n
vi

ro
n

m
en

t 

Ec
o

n
o

m
ic

 

To
u

ri
sm

 

Supportive Submissions 
4194309 Anonymous       1       1 1           1 1               1   

4199276 Anonymous       1 1                                         

4215938 Anonymous       1 1         1         1       1         1   

S0014 Mehrtens T Woodside   1     1       1                         1   

S0047 Gustafsson H Aberfoyle Park   1                                       1   

S0049 Bennett A Mt Barker   1                                     1 1   

S0056 Johnson N Woodside Tiers View B & B 1                                         1 

S0060 Hobdy M     1 1                                         

S0081 Du Plessis J Woodside   1 1                                     1 1 

S0091 Trimer K     1         1           1 1               1   

S0093 Glatz J Woodside Tantallon Pastoral 1                       1                   

S0096 Virgara S Piccadilly Chatenois Pty Ltd 1             1                         1   

S0100 O'Reilly M Magill O'Reilly Consulting 1                                       1   

S0103 Kilgariff K     1 1     1                                   

S0110 Hodby M     1                                       1   

S0113 Zadow T     1 1                                     1   

S0116 van Drunen N   AMEC 1 1       1 1 1         1               1   

S0154 Hudd A     1 1           1 1             1     1 1     

S0182 Allen G   Hydrostor 1 1     1                                   

S0185 Green S   JBS&G 1 1 1 1                                     

S0222 Ingle L   Iron Road 1 1   1 1                               1   

S0250 Knol R   SACOME 1 1   1                             1   1 1 

Detailed Submissions 
4214348 Anonymous       1       1 1   1                         1   

4217218 Anonymous       1             1         1           1       

S0030 Sharp T     1 1           1                           1 

S0048 Johnson M Woodside   1 1                                     1   

S0050 Bolton G     1                                           

S0063 Reid K     1 1       1 1         1 1               1   

S0064 Roshier D Oakbank   1 1       1   1               1         1 1 

S0071 Inglis O     1             1           1                 

4219012 Anonymous       1             1                         1 1 

4221728 Anonymous       1             1         1               1 1 

S0089 Price J     1       1 1   1       1 1 1         1       

S0090 Anderson K     1         1   1       1 1             1 1 1 

S0095 Johnson R     1 1       1   1       1 1 1 1       1   1 1 

S0106 Ward M     1             1           1             1 1 
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4230044 Anonymous       1             1           1                 

S0127 Starr A     1         1   1           1 1               

S0149 Dunn W     1         1   1         1     1           1 

S0153 Downer A Woodside   1             1                             

S0155 Busby B     1 1       1                         1   1   

S0158 Griffante D   Australian Grape and Wine 
Inc 

1 1       1   1       1 1               1 1 

S0163 Lidums I Mt Torrens Lobethal Road 1 1           1       1                   1 

S0165 White J Linden Park   1             1                     1       

S0171 Fawcett M     1             1       1                 1 1 

S0178 Cooper B     1         1   1                             

4232712 Anonymous       1       1 1   1                     1 1 1 1 

4232729 Anonymous       1         1   1       1 1 1                 

4232784 Anonymous       1                       1                   

4232989 Anonymous       1         1   1           1             1   

4233026 Anonymous       1             1         1                   

4217253 Anonymous       1         1           1 1 1                 

S0125 Schmidt P Woodside   1 1       1   1 1     1 1 1   1 1   1 1 1   

S0162 Jettner I Tailem Bend   1                                           

S0221 Brandon K   BiH Winery 1     1   1 1 1       1 1 1         1 1 1 1 

S0231 Edwards H Adelaide Hills   1 1       1 1 1 1       1       1       1 1 

S0235 Kelly J & G Woodside Artwine & Cellar Door 1 1   1 1 1 1 1 1     1 1     1   1 1 1 1   

S0240 Davis K Woodside   1 1   1   1 1 1       1 1           1   1 1 

S0241 Aitken A   Adelaide Hills Council 1         1 1 1 1     1 1 1   1 1       1   

S0242 van der Pennen M   Alexandria Council 1         1   1       1 1                   

S0248 Baxter R Woodside   1 1       1   1       1 1               1   

S0249 Arnfield D   Accolade Wines 1   1 1   1 1 1       1 1 1         1 1 1 1 

S0251 Watson A   Adelaide Polo Club 1         1   1 1     1 1 1             1   

  Campaign 1  - Inverbrackie Creek Catchment Group  35 15 
 

2 6 15 2 32 
  

1 9 11 5 4 2 1 
 

16 5 27 16 

  Campaign 2 - Keep Woodside mine free website 83 25 1 1 2 30 7 51 
 

2 
 

21 23 16 14 
   

23 22 51 44 

  Campaign 3 - Identical Email submissions 10 10 
     

10 
          

10 
   

  Campaign 4 - General Anti – mining 25 12 8 
    

2 
      

1 
   

2 1 5 
 

  Campaign 5 - Bird in hand Winery employees and related parties 38 18 
 

2 8 15 4 20 
   

9 15 5 1 
   

17 2 23 22 

Total 254 105 12 13 24 88 22 154 6 2 1 60 75 40 22 9 4 1 82 38 143 103 
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4.1 CONTENT OF SUBMISSIONS 
The various questions raised in the public submissions received during the SA government 

consultation process can be found in Table 8, Table 9 and Table 10 of this document. The majority of 

positive and supportive submissions do not require a response:  

• Table 8 identifies and responds to the issues raised from campaign groups; 

• Table 9 identifies and responds to the issues raised in the detailed 63 submissions (inclusive 

of issues raised in the campaign submissions); and 

• Table 10 responds to the specific issues raised by third party reports that accompanied 

several submissions. 

In order to avoid repetition, cross references have been utilised as much as possible.  

Terramin notes that a number of submissions received are from neighbouring landowners, local 

community groups and their supporters. Some submissions are lengthy and repetitive in nature. 

Where this has occurred, Terramin has paraphrased the main points or underlying issues.  

4.2 SUMMARY OF ISSUES RAISED 
Figure 1 summarises the issues raised and shows that the main areas of concern in the public 

submissions were Terramin’s Description of the Environment (including social, physical and economic 

environment), Traffic, Groundwater, Economic Impact and Tourism. Very few comments were made 

in relation to Mining Operations, Land Tenure, Community Consultation and Heritage. 

 

FIGURE 1 - NUMBER OF ISSUES RAISED AGAINST EACH CHAPTER OF THE MLA AND MPL 
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5 CHANGES AND ADDITIONS TO THE PROPOSAL 

5.1 VENTILATION SYSTEM 
An improved location for the vent rise has been identified that avoids constructing the rise through 

the 60-90m thick clay zone identified in previous studies. The location of the vent rise and secondary 

means of egress has been moved so that they are able to be collared in an area where rock is known 

to project close to surface, requiring minimal excavation in order to establish raise-boring platforms. 

The revised location is where the MLP “option 5” magazine shaft was designed and has the advantage 

of being closer to electrical infrastructure than the original proposal. The secondary means of egress 

will be capped by a horizontal airlock on surface. The location also provides additional benefits for 

noise and visual amenity criteria. Figure 2 below shows the new location of the vent shaft and 

secondary means of egress (circled in orange), and Figure 3 shows the obliques view in relation to the 

clay boundary (with the ventilation system in red.  

 

 

 

FIGURE 2 - TONKIN 2017 SURFACE LAYOUT WITH REVISED VENTILATION SHOWN 
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FIGURE 3 - OBLIQUE SHOWING NEW VENTILATION LOCATION  

5.2 UNCERTAINTY ANALYSIS OF GROUNDWATER MODEL 
 

In July 2020, Terramin commissioned Golder Associates to undertake a Non-Linear Uncertainty 

Analysis of the groundwater model in line with the guidelines published by Middlemiss and Peeters 

2018, as recommended by DEM. 

The Uncertainty Analysis methodology incorporated Monte Carlo analysis, generating random 

scenarios based on given ranges in input parameters. The parameters were inputs into the 

groundwater model and the range of values that could be selected for the random creation of 

scenarios was determined in consultation with key government agencies and groundwater expert 

consultants. The purpose of the Uncertainty Analysis is to examine the impact of variability of 

parameters on the behavior of the groundwater model.  The ranges were determined based on 

observed values and reasoned assumptions.  

Following the determination of parameters, Monte Carlo analysis was used over 10,000 scenarios, 

these were then tested for their fit to the calibrated model, the result was 301 randomly generated 

scenarios that fitted within a specified range of the calibrated model. These selected scenarios were 

then run in prediction mode over the life of the mine and the results have been plotted as a 

distribution. This method of displaying results allows the range of scenarios to be easily visualised and 

likelihood determined.  

5.2.1 GROUTING AS MITIGATION MEASURE. 
Grouting effectiveness will be applied to unmitigated realisations to present a partially mitigated case. 

(Partially mitigated, because modelling has not included the mitigation effects of Managed Aquifer 

Recharge).  

Grouting will consist of the following application methods applied in a systematic procedure as set out 

in the Grouting TARP.  

• Probe drilling and pre-grouting ahead of the development face 
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• Shotcrete applied to walls and backs 

• Post excavation grouting (where required) 

• Grout lines and bulkheads included in backfill 

• Remedial grouting (where required) 

Grouting has previously been presented as two cases, 90% effective and 70% effective in terms of 

inflow reduction. With significant uncertainties removed from the realisations as a result of the 

Uncertainty Analysis, the 70% effectiveness applied across the life of the mine is an unrealistically 

conservative presentation of a mitigated scenario. An appropriately conservative presentation of 

grouting as a mitigation is to apply 90% effectiveness to areas of the mine void that can be accessed 

for remedial grouting and applying 70% effectiveness to areas which cannot easily be accessed for 

remedial grouting.  

In practical terms, grout is injected into a drill hole that has intersected flowing water. The grout will 

move along the same pathways as the water, replace it and seal up the pathways the water was 

moving through. Over time the water may find new pathways or the ground stress regime may 

change and new pathways may open up. If this occurs, water may start flowing into the mine void, 

where these areas are accessible, remedial grouting can be conducted to reduce or stop the 

groundwater inflows. This remedial grouting can be easily applied to areas of continued access, such 

as the decline, access drives and turnaround bays. Remedial grouting is more difficult, but not 

impossible in stopes that have been backfilled, where the mined or excavated face is no longer 

directly accessible to observation and remedial action. In this case, remedial grouting can be applied 

to the fill material but as the fill is a looser material than the surrounding rock it will take longer to 

effectively grout and reduce ground water inflow.  

 

A further area to note, due to the cell size of the model it is not possible to separate vertical 

ventilation from the decline in terms of void space. (The ventilation represents 2.6% of void space of 

the modelled decline). Including a vertical ventilation in decline grouting effectiveness is offset by the 

conservatism in the cell size of the model.  

5.2.2 UNCERTAINTY ANALYSIS RESULTS USED TO INFORM DESIGN OF MANAGEMENT AND 

MITIGATION MEASURES.   
 

The following table sets out model realisations taking account of the Uncertainty Analysis. Note all 

scenarios present annual inflows for the life of the mine.  

For the purposes of informing risk assessment and planning mitigation measures, the following 

scenarios have been adopted as the endmembers of the realistic range of possible likely scenarios.  

1. The 20th percentile result of the Uncertainty Analysis of the 90% grouting effectiveness 

applied to the whole mine void; 

2. The 80th percentile results of the Uncertainty Analysis of the 90% effective grouting applied to 

areas which can be remedially grouted and 70% grouting effectiveness applied to areas which 

cannot be remedially grouted.  

The Table below shows the results of the Uncertainty Analysis for the chosen scenarios above and 

shown in bold in the Tables below are for the mine void inflows over the life of the mine in ML/y.  
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Table 2 - Annual Inflow with 90% grouting effectiveness 

  P5 P20 P33 P50 P67 P80 P95 

Year 1 28 37 43 50 59 68 91 

Year 2 54 76 91 110 134 160 228 

Year 3 60 93 115 146 185 230 356 

Year 4 70 111 139 179 230 289 456 

Year 5 71 115 146 191 249 318 517 

 

Table 3 - Annual Inflow with 70% and 90% grouting effectiveness 

  P5 P20 P33 P50 P67 P80 P95 

Year 1 54 72 83 98 114 132 177 

Year 2 103 150 182 223 274 331 483 

Year 3 125 193 241 306 388 483 748 

Year 4 151 238 300 386 497 625 991 

Year 5 143 237 306 404 534 689 1147 

 

 

5.2.3 UNCERTAINTY ANALYSIS AND WATER LICENCING. 
While the Uncertainty Analysis has provided significant new data the limitations of the models and 

Uncertainty Analysis should be acknowledged. All inflow values presented for year 5 in any scenario 

assume that the previous 4 years have operated under the same conditions. For example, the P80 

case in table 2 of year 5 does not allow for the fact that grouting practices improve over time and can 

be improved with additional resources to meet the project requirements. As has been previously 

stated grouting effectiveness is a question of cost and resourcing with the reduced inflow rates 

achievable with greater use of grouting mixtures.. All the plans put forward by Terramin are intended 

to allow the mine to operate within the bounds of the laws, licences, and relevant water allocations. 

Terramin has secured sufficient water allocation to conduct its operations under the previously 

presented 70% grouting effectiveness scenario, this scenario is more conservative that the most likely 

(P50) scenario presented in Table 2. In the unlikely event that the water allocation changes, the 

operations will evolve to conform with the changing requirements.  

 

5.2.4 BASELINE GROUNDWATER QUALITY 
 

A statistical analysis of the baseline groundwater quality has been conducted and the results are 

presented in Appendix A3. This information has been used to determine the environmental values of 

existing groundwater and establish MAR reinjection targets. 
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5.2.5 MINE IMPACTS ON COLLECTED WATER TO BE TREATED.  
 

A geochemical assessment has been conducted of the groundwater flowing into the mine using the 

results of the Uncertainty Analysis, specifically the upper and lower ranges as set out in Table 1 and 2. 

The assessment has also considered the impacts of runoff from roads, impacts of vehicles and IML 

runoff, resulting in a range of possible water qualities in the Turkeys’ Nest Dam that may require 

treatment.  Appendix B4 sets out the methodology and results.  

 

5.2.6 WATER TREATMENT CONCEPT REVIEW 
Following the updated wastewater quality characterisation, GPA Engineering was commissioned to 

review the water treatment concept included in the MLA against the newly defined range of flowrates 

and water qualities. The report is included in Appendix B9 and confirms that the proposed water 

treatment concept included in the MLA is appropriate to meet the outcomes. The Concept in 

Appendix J1 and the MLA remain unchanged. The treatment concept provided in the MLA is 

appropriate as confirmed by the Peer Review of MAR documentation (see Appendix H3). 

In addition to the review of the water treatment concept, Terramin has revised the water treatment 

plant concept (MLA appendix J1) to include additional optionality by way of a small reverse osmosis 

side stream. The addition of the option of replacing the ion exchange with a reverse osmosis plant 

and nitrate filter, or a combination of the two proposals, to treat a portion of the groundwater stream 

would serve to achieve the same environmental outcome. The additional approach provides 

optionality to address minor elevated salts and nitrates in modelled uncertainty associated with 

groundwater geochemistry. The bi-product streams from either the ion exchange or RO plant are 

modest and would be removed from site and processed in an appropriately accredited facility.  

At this stage of the project, based on the information available the water treatment concept 

presented in Appendix J1 of the MLA is appropriate, however it has been identified that a reverse 

osmosis plant could be used as an alternative or addition to the water treatment method to achieve 

the environmental outcomes. This optionality provides Terramin with additional measures to manage 

potential environmental impacts in the best way possible.  

 

5.2.7 SUMMARY 
In addition to the Linear Uncertainty Analysis provided to Dem on 20 April 2020, Terramin has 

undertaken significant additional work to complete the Non-Linear Uncertainty Analysis as requested 

by DEM on 23 June 2020. This Non-Linear Uncertainty Analysis supports the original Groundwater 

Model and Linear Uncertainty Analysis in that it identifies the largest uncertainty in the model as 

grouting effectiveness. In addition to confirm the previous work it has provided opportunity to 

present key information relating to water in terms of envelopes of probability as opposed to a single 

data point. Examples of this are using envelopes of probability to calculate a range of possible water 

qualities to be treated, which then flow through into the water treatment design concept. While it has 

not changed the proposal, it has been a valuable exercise in exploring all possible scenarios and has 

assisted greatly in continuing to de-risk the project. 
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6 MLA RESPONSE - DEM CORRESPONDENCE DATED 7 FEBRUARY 2020 
 

Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

1.  Community 

Engagement 

The Ministerial Determination for the Bird in Hand Gold Project (available on DEM’s 
website) requires that the applicant’s Community Engagement Plan (CEP) include a 
plan for engagement on the response to public submissions received during the 
statutory consultation for the mining lease application.  
 
On page 7 of the CEP (Appendix C1 of the MP) it states that the applicant’s 
approach to engagement on Public Submissions is to inform and involve. Specific 
detailed plans for this engagement with the community in response to the public 
submissions should now be set out in the CEP. 
 
DEM recognises community engagement plans are dynamic documents that must 
be reviewed in light of new information or changed circumstances. DEM expects 
the recent bushfire events in the local Woodside community will trigger a review by 
Terramin of its CEP to ensure any update of the plan does not place additional 
burden on community members impacted by these events. 
 
Provide in the Response Document Terramin’s plan for engaging with community 
in preparation of the Response Document. 
 
In regards to engagement on the Response Document, the plan must comply with 
relevant elements of Section 5.1 of the Ministerial Determination. 
 
Based on the CEP, provide a summary of the results of the consultation in relation 
to the Response Document. The summary must comply with the relevant 
requirements of Section 5.2 of the Ministerial Determination. 
 

The preparation and conduct of the public consultations process was incorporated into the CEP and involved 
extensive consultation with a comprehensive list of stakeholders.  
 
The Response Document is an integral part of outlining how feedback gathered during the public consultations will 
be integrated into the MLA (see section 4). The public consultations are also a significant element of fulfilling the 
requirements of 5.1 and 5.2 of the Ministerial Determination. The Ministerial Determination does not set out a 
series of discrete activities but a holistic CEP that considers the consultation and engagement process as a whole. 
 
The CEP has been updated to specify that ongoing activities to inform and involve community take place throughout 
the public consultation and Response Document preparation process. Specifically consultation has included:  
 

• Updates posted to Terramin’s website; 

• Newsletters in local newspapers; 

• Copies will be provided to relevant near neighbours; and 

• A virtual drop in day held for interested parties. 
 
 
 

 
 
 

2.  Groundwater 

Model 

The steady-state simulation period of the model does not include groundwater 
extraction (Appendix H1 Table F4) and the text states ‘pumping for irrigation causes 
seasonal fluctuations, but no long term decline’ (Appendix H1 page 685), which 
suggests the system is currently in dynamic equilibrium. If the groundwater system 
is in steady state with groundwater extraction, then it may be appropriate to 
include it in the model or scenarios. 
 
The statement that ‘pumping for irrigation causes seasonal fluctuations, but no 
long term decline’ needs to be clearly demonstrated in the model results, as early-
time transient results are strongly influenced by initial conditions. This could be 
verified by running the steady-state simulation with and without groundwater 
extraction, followed by a transient warm-up period which includes seasonal 
groundwater extraction: the warm-up period hydrographs should show seasonal 
fluctuations but no long-term trends.  
 
How groundwater extraction is modelled may have implications for recharge and 
hydraulic conductivity.  

 
a) Evidence to verify that pumping for irrigation causes seasonal fluctuations but no long-term decline is 

presented in hydrographs (Figure 39) under section 4.5.3 of the AGT, 2017 Groundwater Assessment. This 
has also been demonstrated by the regional pumping transient calibration which has been extended to 
include more recent groundwater level data (see below). Inter-annual recharge was also applied to this 
simulation (thereby addressing question 13). An example of the results from the regional transient 
calibration is shown as Figure 1 below and further evidence (results) is provided in Appendix B1. 
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Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
a) Provide additional information to verify, ‘pumping for irrigation causes 

seasonal fluctuations, but no long term decline’. 
 
Review and respond to the issues raised and consider the following: 
b) Running the steady-state simulation with and without groundwater extraction, 

followed by a transient warm-up period which includes seasonal groundwater 
extraction: the warm-up period hydrographs should show seasonal 
fluctuations but no long-term trends; and/or 

c) Including groundwater extraction in the model. 
 

 
Figure 1: Example of regional transient calibration to irrigation pumping 
 

b) The results of the steady state calibration, inclusive of regional pumping is presented in Figure 2 below 
which produced an SRMS of 5.4%. The observed and modelled heads used to produce the scatter plot were 
based on mid-range groundwater levels for simulated and observed heads. 

 

 
Figure 2: Scatter plot of steady state calibration which included seasonal pumping and inter annual recharge 
 

c) The AGT, 2017 report presented scenarios for mining only so that the net effect of the mine (drawdown, and 
baseflow) could be assessed. Additional simulation involving mining (with 90% grouting effectiveness) and 
extraction from neighbouring wells was undertaken to assess the combined influences on the regional 
groundwater level. The results are presented in Appendix B1 for two scenarios 1) private wells pumping at 
their full allocations and 2) private wells pumping at their current usage (as per the well census results which 
showed most users extract between 50%-70% of their total allocation. The groundwater extracted from the 
model by pumping wells was 1290 ML for scenario 1 and 610 ML for scenario 2. Note these values have 
changed since 2017 to include new pumping allocations. Comparisons in pumping volume (2017 v 2019) are 
also presented for each well in Appendix B1. Pumping was simulated to occur for 4 months of the year.  
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 

3.  Groundwater 

Model 

The steady-state modelling provides a basis for establishing model boundary 
conditions and estimating parameters such as hydraulic conductivity through 
calibration. It also provides initial conditions for subsequent transient modelling 
(e.g. transient calibration and predictive modelling including mining). 
 
If the steady state part of the model is not accurate this would affect the two 

transient states and the predictive part of the modelling i.e. water management 

strategies are all based on inflows derived from the steady state model.  

Table F4 shows that groundwater recharge is estimated as 475 ML/yr from rainfall 

recharge, compared with the 550 ML/yr of groundwater use described in section 

4.2.2 of Appendix H1. Furthermore, a groundwater survey undertaken prior to the 

area being prescribed by DEW in 2002 indicated that groundwater abstraction was 

in the order of 1,200 ML/yr (Appendix H1, page 96).  The model estimated recharge 

from rainfall appears to be less than the estimated groundwater use in a fully 

allocated area. In addition, the estimated use is less than 60% of the extraction 

limit, 940 ML/yr.   

In the Western Mount Lofty Ranges Water Allocation Plan 2013 (WMLR WAP), the 

underground water resource capacity for Inverbrackie Creek Adelaidean 

underground water management zone was determined as 1532 ML/yr (Table 5.4, 

WMLR WAP), more than three times that of the recharge value used in the model. 

In addition, the area of the Inverbrackie Creek Adelaidean underground water 

management zone appears to be smaller than that of the model. The inconsistency 

between the recharge value used in the model and the estimated groundwater use 

creates uncertainty which needs to be considered in more detail.  

 
a) Determine the sensitivity of the model to recharge rates. Cover a range of 

recharge rates in the study area, with assumptions and references 
documented; and  

b) Include recharge in the uncertainty analysis (see Matter #6 requirement for 
uncertainty analysis). 

 
 
 

Justification for adopted recharge and pumping is provided in the response to question 4 and the sensitivity to 
recharge rates is addressed in the response to question 6.  

 
We also point out that the Zulfic et al 2003 report was a first order water balance in which estimates of groundwater 
abstraction (1138 ML) was based on a handful of land holder surveys and extrapolated across the catchment based 
on land use. In contrast, Terramin’s estimates of groundwater abstraction were based on groundwater census in 
which >95% of landholders participated, with ongoing refinement over the subsequent years. We also note that the 
EMLR was prescribed in 2012 and as such the department should have access to metered water use reports and 
more robust estimates than those derived in 2003. 

 
Currently, modelled inflow (recharge + net into the catchment) = 726 ML and justification is outlined in the response 

to question 4. Further sensitivity on recharge has been applied and results presented in the response to question 7.   

4.  Groundwater 
Model 

In addition to comment #2 above, groundwater recharge was calculated in 
Appendix H1, Section 4.6.1 using the chloride mass balance method (CMB). 
 
Key assumptions for using CMB include, chloride not entering the aquifer from a 
source other than rainfall, and that the chloride in the groundwater is in steady-
state. Figure 43 of Appendix H1 indicates that sampling for CMB included many 
sites in the lower catchment and near surface watercourses in the upper 
catchment. It is uncertain if these sites yielded accurate results as likely upward 

The 75 mm/y derived by Zulfic, 2003 was the result of a first order assessment and was applied catchment wide 75 
mm x 22 km2 = 2000 ML. The report also states its limitations “Consequently, the recharge figures presented in this 
report are considered to be a preliminary estimation” . 
 
The water balance (WB) approach for estimating recharge (75 mm/y) does not consider that the eastern portion of 
the sub catchment is underlain by the Kanmantoo Formation (~ 40% of the catchment area), which is characterised 
by high native groundwater salinity and chloride. This suggests groundwater in the eastern portion of the sub 
catchment is further remote from rainfall recharge and substantially lower than the remaining 60% of the catchment 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

groundwater movement in the lower catchment and surface water recharge in the 
upper catchment could influence chloride measurements. 
 
Sufficient evidence has not been provided to demonstrate that the chloride in 
groundwater is in steady-state which is a key assumption for CMB, including (but 
not limited to), discussion around the current and past land use. 
 
The report referenced by the applicant (Zulfic et.al. 2003, page 30, Table 13) adopts 
75mm/year or 10% of average rainfall as recharge. The recharge value adopted in 
the groundwater model differs from what is presented by Zulfic which creates 
uncertainty.   
a) Document and discuss the range of recharge rates and methods of 

measurement/estimation and their likely reliability; 
b) Discuss the likelihood and implications of using the CMB method on the 

resulting water balance for the catchment; 
c) Provide evidence to support the use of only the CMB method for the 

estimation of recharge to the groundwater model; 
d) If evidence justifying the use of CMB only cannot be provided, propose and use 

an alternative method for determining a reasonable estimate of recharge; and 
e) Include recharge in the uncertainty assessment (see Matter #6 requirement for 

uncertainty analysis).  
 
  

which is characterised by lower chloride concentration. Therefore, the blanket recharge rate of 75 mm/y applied by 
Zulfic across the sub catchment should not apply.   
 
Following this work more detailed groundwater investigations to better quantify the recharge rates across a number 
of ‘type’ catchments within the Mount Lofty Ranges was undertaken (Forreston, Fox Creek and Mylor sub-
catchments) see Green et al 2007 (Banks et al 2006). 
 
In this study DWLBC applied the CMB technique and compared this method to groundwater age indicators (CFC12 
and 14C). DWLBC concluded that at all sites the CMB technique compared well and proved to be a good indication of 
recharge (Table 1). The DWLBC reports goes on to say The CMB technique has been used successfully in sedimentary 
aquifer systems and has been suggested as the most reliable technique for determining recharge rates to FRA 
systems (Cook 2003). However, changes in environmental conditions (i.e. vegetation clearing) will also impact on the 
equilibrium of chloride in the fractures with the rock matrix and may take a significant amount of time for the 
diffusion of salts from the matrix into the fractures to re-equilibrate.  We note that chloride concentration at the BiH 
site has been stable since 1941, Chloride measured in the mine shaft in 1941 = 368 mg/L which compares well with 
372 mg/L (average of IB1 to IB5). 
 
Given hydrogeological and climatic settings are similar, the use of CMB technique in the Inverbrackie sub-catchment 
is justified. In the AGT report, the CMB technique utilised chloride concentrations from about 50 wells to assess 
spatial trends.  
 
Table 1 in Appendix B1 provides a summary of recharge estimates for the WMLR shows % rainfall recharge.  
Table 2 in Appendix B1 compares the WB v CMB recharge estimates for the Inverbrackie Creek Sub catchment. 
Recharge from the CMB represented 2% and 8% of annual rainfall which compares well to adopted recharge rates in 
the WMLR (Table 1) and those reported in the neighbouring EMLR to the east of the study area, which adopted 
recharge rates that represented 2-3 % of annual recharge (see Banks et al, 2006). 
 
 
The uncertainty analysis has included increased recharge. However, it is worth highlighting that when a high R was 
applied to the model (960 ML/y) the SRMS of steady state calibration increased from 6.4% to 9.4% owing to slightly 
higher heads. Improvement in the steady state calibration may be achieved by adjusting the K of the Tapley Hill 
Formation, and the effects this has on the model prediction are included in the response to question 6. 
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Figure 3: Steady state scatter lot with higher inter annual R = 960 ML/y 
 

5.  Groundwater 
Model 

The MP states that the first objective of the groundwater model is to simulate pre-
mining groundwater elevations and seasonal fluctuations due to recharge and 
groundwater abstraction, to ensure the model can replicate the current 
groundwater flow regime. 
 
Predicted drawdown appears to intersect the general head boundary (GHB) in the 
southern margin of the model in Figures F 30a and b of Appendix F of Appendix H1 
(for scenarios without mitigation and some of the 70% grout with no MAR 
scenarios). As drawdown propagates to the GHB, it is artificially constrained. The 
assumptions that have led to the predicated drawdown intersecting the GHB create 
uncertainty for the results of the no mitigation and 70% grout with no MAR 
scenarios. 
 
Scenarios that evaluate potential groundwater impacts on receptors and the 
effectiveness of grout and MAR management strategies take their input (inflow to 
the mine) from the original no mitigation, no MAR scenarios for which drawdown 
propagates to the GHB.  
 
a) Evaluate and report on the influence of perimeter boundaries during transient 

modelling by checking flow rates across the GHB at different times; 
b) Discuss why the assumptions around GHB are appropriate to predict inflows in 

the model; 
c) Provide a justification why the GHB cells were used in the southern and parts 

of the eastern model boundaries; 
d) Consider replacing the GHB cells used in the model with less constraining 

boundary conditions or extending the model boundaries especially along the 
eastern and south-eastern boundaries. Provide a response detailing the results 
of the consideration and any actions taken; 

a) The transient water balance (flow rates IN and OUT of the GHB) for the base case predictive run (no 
grouting) is presented as Figure 4. The no grouting scenario was selected as mine inflows are not 
constrained by grouting, which would mask the differences between the two scenarios. 

b) The predicted mine inflows for the base case (no grouting) are shown on Figure 5 with GHBs present and 
switched off. Negligible change in inflows is observed therefore demonstrating insignificant boundary 
influences. When GHB’s are deactivated the predicted mine inflows remain unchanged but leakage from the 
river increases owing to reduced throughflow and lower GWL’s (Figure 5) 

c) The lack of boundary influence from ‘b)’ justifies the use of the GHB which is common practice. 
d) The action for this query is the same as for ‘c)’ 
e) The grouting scenarios are based on the inflows from no mitigation, and there definitely are some boundary 

effects in the no mitigation run because drawdown extends to the boundaries. But, in this case the boundary 
influences would be resulting in higher inflows (drawdown is the only thing that is constrained by boundary 
influences). So the predicted inflows are conservative.  
Note: the drawdown cone only extends to the eastern and southern boundaries for the “no mitigation” 
scenario, wherein no mitigative measures are employed during mining. The only relevant quantitative 
output provided by this scenario is the unmitigated groundwater inflow into the mine, which provided the 
basis for developing the grouting scenarios in terms of relative inflow reduction. Thus, if anything, the larger 
head gradients created by eastern and southern model boundary influences would artificially inflate 
simulated mine inflows to some extent, resulting in all subsequent mitigation scenarios being relatively 
conservative. The boundary effect is nonetheless expected to be insignificant, however, as the drawdown 
cone only reaches the eastern and southern model boundaries in the latter stages of the simulation, limiting 
the amount of time available for the resultant hydraulic influence to propagate into the model domain. 
Moreover, the only boundaries encountered by the cone of drawdown during scenarios including grouting 
are “no-flow” boundaries. This will in fact artificially increase simulated drawdown in the model for these 
scenarios, thus further increasing its conservative nature. Finally, during predictive simulations including 
MAR, the cone of drawdown does not encounter any boundaries. Given that MAR has been confirmed as a 
mitigation measure to be employed during mining, and thus these simulation results are the only truly 
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e) Given that scenarios that evaluate potential groundwater impacts on receptors 
and the effectiveness of grout and MAR management strategies take their 
input (inflow to the mine) from the original no mitigation, no MAR scenarios, 
comment on any resultant uncertainty. Investigate alternative solutions to 
ensure the model appropriately replicates the current groundwater flow 
regime; and 

f) Discuss the model limitations that apply to any solutions presented and why 
these limitations are appropriate. 

 

relevant results, the proximity of model boundaries being described as a “major model defect” in the 
context of the project would appear to be an overstatement.  
 
 

f) See responses 6 and 9. 
 

 
Figure 4: GHB flow IN and OUT for the base case (no grouting) simulation 

 
Figure 5: Predicted mine inflows with and without the GHB 
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Figure 6: Predicted stream bed leakage with and without GHB 
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Figure 7: Groundwater level drawdown at end of mining without GHB’s for the no mitigation scenario. Refer to 
Figure F36 in the AGT modelling report  (2017) for the equivalent scenario with GHB’s. 
 
 
 

6.  Groundwater 
Model 

No formal uncertainty analysis has been provided.  
 
Guiding Principle 7.1 of the National Water Commission’s Australian Groundwater 
Modelling Guidelines (Barnett et al., 2012) is that modelling results should include 
estimates of uncertainty. Guiding Principle 7.5 suggests that linear methods should 
be used where appropriate, as they are less computationally intensive than other 
methods such as stochastic/nonlinear uncertainty methods (e.g. Monte Carlo 
approaches). Matters # 1 to #4 introduced considerable uncertainty into the 
groundwater model and therefore a comprehensive uncertainty analysis is 
required. Since the guidelines were published, access to high performance 
computing has greatly improved, and there are now readily-available tools for 
stochastic uncertainty quantification. 

Previous treatments of groundwater modelling uncertainty for the Bird in Hand project are relevant to the additional 
uncertainty analysis undertaken and are discussed in the following section. 
 
Previous treatment of groundwater modelling prediction uncertainty 
It is reasonable to consider the work presented in AGT (2017) a Deterministic Scenario Analysis with Subjective 
Probability Assessment as defined by Middlemis and Peeters (2018) in their guidance for groundwater modelling 
within a risk management framework.  This is the first of three groundwater model uncertainty quantifications 
methods described by Middlemis and Peeters (2018).  It may be an oversimplification of groundwater modelling 
work already presented for the Bird in Hand project to state that “no formal uncertainty analysis has been 
provided”. 
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The proposed works are at a site of geological complexity where there are 
numerous unknowns and a potential for impacts to neighbouring water users. As 
such, a thorough analysis of the model’s predictive uncertainty is required. The will 
provide a range of possible impacts, and clarify whether proposed mitigation 
methods will fully address potential risks. 
 
Provide a formal qualitative and quantitative uncertainty analysis 
(stochastic/nonlinear). 
 
In preparation of your response, it is recommended that the following guidance 
documents prepared by the Independent Expert Scientific Committee be 
consulted: http://www.iesc.environment.gov.au/publications/information-
guidelines-explanatory-note-uncertainty-analysis 
 

Several mitigation scenarios were investigated and presented in AGT (2017) for the purposes of illustrating 
uncertainty associated with key modelling assumptions, namely: 

• Mining without inflows mitigation 

• Mining with grouting mitigation of inflows, 90% effective (10% residual inflows compared to unmitigated 
inflows). 

• Mining with grouting mitigation of inflows, 70% effective (30% residual inflows compared to unmitigated 
inflows). 

• Mining with grouting mitigation of inflows, 90% effective with aquifer re-injection of mining inflows. 

• Mining with grouting mitigation of inflows, 70% effective with aquifer re-injection of mining inflows. 
 
 
It is clearly observed from the results presented in AGT (2017) that changes in grouting effectiveness resulted in 
substantial changes to predicted mining inflows (see Figure F29 in Appendix F of AGT (2017)).  When compared to 
the relative changes in predicted inflows observed in the sensitivity analysis performed on key parameters in AGT 
(2017), it can be inferred that the influence of varying model aquifer parameters within realistic ranges is 
insignificant in comparison to the influence of varying grouting effectiveness.  AGT (2017) presented a series of 
figures to illustrate differences in predicted potential groundwater level drawdown at various groundwater 
receptors (potential impacts on existing users) for the above mitigation scenarios (see Figure F30 (a, b, c), Figure F31, 
Figure F32 and Figure F33 of AGT (2017)).  
 
Section 9 of AGT (2017) specifically investigates model sensitivity and uncertainty associated with model predictions.  
This section also investigates the influences of fundamental changes to the conceptual groundwater model (removal 
of flow barrier features, reduction of recharge etc.). 
 
The key outcome of the sensitivity and uncertainty analysis of model predictions presented in AGT (2017) can be 
summarised as being that the structural uncertainty and parameter uncertainty associated with the numerical 
representation of the existing groundwater system are relatively insignificant when compared to the influence of 
varying degrees of inflows mitigation efficacy (grouting and MAR). 
 
Uncertainty analysis (Golder, 2020) 
A numerical groundwater model prediction uncertainty analysis was conducted based on key model parameter 
uncertainties.  The prediction uncertainties calculated relate to groundwater model predictions of inflows to the 
mine during operations and associated predicted groundwater level changes at nearby groundwater receptors 
(existing users). Below is a summary of assessment methods and results presented in Golder (2020).  
 
The type of uncertainty analysis undertaken is referred to by different terminology in different publications: 

• Probabilistic assessment (Loucks and van Beek, 2005) 

• Linear uncertainty assessment (Barnett et al., 2012) 

• Deterministic modelling with linear probability quantification (Middlemis and Peeters, 2018). 
 
A general description of the uncertainty analysis method used is that the prediction sensitivities were calculated for 
a number of groundwater model input parameters, from which an overall predictive uncertainty standard deviation 
(σ) was calculated through combination of prediction sensitivity and the parameter uncertainty (probability 
distribution) for each assessed parameter.  From this, the desired probability series (for instance 95th percentile) is 
calculated based on properties of the standard normal distribution (µ = 0, σ2 = 1). 
 

http://www.iesc.environment.gov.au/publications/information-guidelines-explanatory-note-uncertainty-analysis
http://www.iesc.environment.gov.au/publications/information-guidelines-explanatory-note-uncertainty-analysis
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The parameter uncertainty used in the analysis was based on of professional judgement but was considered 
conservative (relatively wide ranges of input parameters were considered for each parameter uncertainty). 
 
Groundwater system prediction uncertainty was assessed across 38 model input parameters, summarised as: 

• Horizontal hydraulic conductivity: 10 parameters 

• Vertical hydraulic conductivity: 10 parameters 

• Boundary conductance: 3 parameters 

• Groundwater recharge: 6 parameters 

• Specific storage: 4 parameters 

• Specific yield: 3 parameters 

• Riverbed conductance 

• Mine drive conductance (analogous to grouted hydraulic conductivity of mine drives) 
 
Investigated model parameters were assigned across a range of groundwater model layers, each representing key 
conceptual model components (overburden stratigraphy, overburden fracture zone, fracture zone identified in the 
regional aquifer accessed by surrounding users, ore zone, deep aquifer system, groundwater recharge to different 
hydrostratigraphic units, river bed conductance and grouted permeability of mine drives). 
 
Parameter uncertainty was generally log-transformed for aquifer hydraulic properties (including riverbed 
conductance, mine drive conductance and boundary conductance). Parameter uncertainty for rainfall recharge was 
treated as normally distributed. 
 
It is noted that in the request for further information, a stochastic/nonlinear assessment of prediction uncertainty is 
specified. Due to the previously identified high sensitivity of groundwater model predictions to mine drive 
conductance (simulating grouting efficacy), a stochastic approach to prediction uncertainty is not considered 
appropriate. A stochastic assessment cannot be justified in terms of increased utility of the resulting uncertainty 
assessment in terms of informing decision makers of the uncertainties associated with model predictions.  
 
The uncertainty analysis approach taken is consistent with the Australian Groundwater Modelling Guidelines 
(Barnett et al., 2012), which suggest that linear methods of prediction uncertainty analysis should be the primary 
tool for such assessments. Barnett et al. (2012) also state that violations of linearity assumptions typically result in 
small model artefacts. Middlemis and Peeters (2018) suggest that linear uncertainty assessments should only be 
adopted where underlying assumptions of linearity can be justified (no comment is offered regarding the potential 
significance of assumption violations). Linearity assumptions have been assessed and are reasonably upheld. 
 
Groundwater model prediction uncertainty analysis results can be expressed in several ways, including: 

• Time-series predicted mine inflows over the operational period 

• Total predicted inflows over the operational period 

• Time-series predicted change in groundwater levels 
 
Uncertainty analysis results of predicted mining inflows over time is presented below (for the 90% grouting 
reduction of inflows scenario): 
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Total predicted inflows for a range of probabilities is presented in the below table. 

Scenario Probability Predicted Total Pumped 

Volume (GL) 

Predicted Average 

Flow Rate (L/s) 

90% Reduced inflows due to 

grouting – 1915 operational days 

(~5.25 years) 

0.5 0.58 3.5 

0.6 0.88 5.3 

0.7 1.21 7.3 

0.95 2.56 15.5 

 
The relatively broad range of prediction uncertainty with regards to potential mine inflows is almost entirely due to 
mine drive conductance (analogous to grouted hydraulic conductivity of model mine drives). For average mine 
inflow predictions the standard deviation of uncertainty was around 7.3 L/s, meaning that the 95th percentile 
prediction (below which should be 95% of likely outcomes) is around 12 L/s greater than the calibrated prediction. 
Mine drive conductance accounted for 99.8% of the mine inflows prediction uncertainty (see figure below). 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
 
Consistent with the model sensitivity assessment by AGT (2017), mining inflows prediction uncertainty was found to 
be largely due to mine drive conductance. This is largely due to the strong prediction sensitivity (slope of prediction 
change with parameter change) associated with mine drive conductance.  
 
To further investigate groundwater model prediction uncertainty, assessment results were considered with grouting 
related uncertainty excluded. In this way a better understanding of other parameters contributing to prediction 
uncertainty could be achieved; these parameters would otherwise have been overshadowed by prediction 
uncertainty associated with grouting related model assumptions. 
 
Uncertainty analysis results of predicted mining inflows over time, excluding grouting uncertainty, is presented 
below (for the 90% grouting reduction of inflows scenario): 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
 
The exclusion of grouting related uncertainty substantially reduced mining inflows prediction uncertainty, as seen in 
the below table. Prediction uncertainty standard deviation (σ) for average mining inflows was around 0.3 L/s when 
grouting uncertainty was excluded from scenario results; this is compared to σ ≈ 7.3 L/s when grouting uncertainty 
was included. 
 

Scenario Probability Predicted Total Pumped 

Volume (GL) 

Predicted Average Flow 

Rate (L/s) 

90% Reduced inflows due 

to grouting – 1915 

operational days (~5.25 

years) 

0.5 0.58 3.5 

0.6 0.59 3.6 

0.7 0.61 3.7 

0.95 0.66 4.0 

 
With grouting related uncertainty excluded, six parameters contributed around 98.5% of the total inflows 
uncertainty (see below plot). It follows that the remaining 31 model parameters investigated accounted for around 
1.5% of prediction uncertainty for total mine inflows (when grouting related uncertainty was excluded). 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
 
Prediction uncertainty in terms of potential groundwater level change was investigated for seven existing users 
surrounding the proposed mining operations, located between around 600 m and 1.7 km from the proposed mining 
area. 
 
Results are presented for three of the nearest groundwater receptors (plots below), because the closer these 
receptors are to the proposed mining operations the greater the predicted potential groundwater change is. 
 
In each case the 95th percentile prediction uncertainty for groundwater level drawdown (below which 95% of likely 
outcomes are expected) is substantially less when grouting related uncertainty is excluded compared to when it is 
included.  Of the presented results, the predicted 95th percentile (including grouting uncertainty) groundwater level 
drawdown at the end of mining represented between around 12% (6628-9153) and 40% (6628-23182) of the 
estimated water column height within each respective well. When grouting uncertainty is excluded, the 95th 
percentile predicted groundwater level drawdown was reduced to between around 8% (6628-9153) and 24% (6628-
23182) of the estimated water column height within each respective well. 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
 
The model prediction uncertainty analysis undertaken has further emphasised the model prediction sensitivity to 
grouted mine drive conductance (analogous to grouted hydraulic conductivity) that was initially described in AGT 
(2017). This model input parameter accounted for nearly all of the identified model prediction uncertainty and 
resulted in a relatively large range of potential mine inflows during the operational period (and associated predicted 
groundwater level changes). 
 
Reduction of uncertainty regarding the likely grouted hydraulic conductivity of mine drives may improve 
groundwater model prediction uncertainty.  However, model predictions will remain highly sensitive to the adopted 
model mine drive permeability.  To date, the values grouted permeability values assigned to groundwater modelling 
scenarios has reflected design capability statements from grouting professionals (for instance, 90% reduction of 
unmitigated inflows).   

7.  Groundwater 
Model 

Section 9.2 Sensitivity/uncertainty analysis, recharge, Paragraph 2. 
Reducing the recharge reduces the baseflow. 
 
a) Include recharge as part of the uncertainty analysis (see Matter #6 

requirement for uncertainty analysis). 
b) Report on baseflow in the uncertainty analysis. 
 

a) The revisited steady state calibration with enhanced (R = 960 ML) revealed an SRMS = 9.6% and this is 
addressed in the response to question 4 and results presented as Figure 7 below and further supporting 
evidence is provided in Appendix B1. 

b) See the response to question 6 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
Figure 7: Steady state calibration with higher recharge  

8.  Groundwater 
Model 

Section 9.5 Sensitivity/uncertainty analysis, sensitivity to hydraulic parameters. 
 

a) No information is provided on the sensitivity to storage parameters of 
other geological units. The sensitivity analysis should also vary the storage 
coefficient by an order of magnitude across the entire model domain, 
rather than single geological units in a portion of the domain.  

b) The sensitivity analysis should explore the impacts of anisotropy of 
hydraulic conductivity in the horizontal plane. 

 
a) Review the sensitivity analysis provided in the MP and consider addressing in 

the uncertainty analysis (see Matter #6 requirement for uncertainty analysis). 
Include impacts of anisotropy of hydraulic conductivity in the horizontal plane in 
the uncertainty analysis.  

See Response 6.  

9.  Groundwater 
Model 

Section 10 Modelling limitations. 
The  following limitations should also apply to the model: 

• Assumption of isotropic medium: while in reality the study area is made up 
of fractures and old mine workings, the aquifer system was modelled as a 
porous medium. 

• Estimates of stream/creek bed elevation and stage height. 

• Exclusion of annual groundwater extraction from existing users in the 
predictive transient state of the model. 

• The use of equivalent porous media to represent fractured rock is common numerical groundwater 
modelling practice, and a common limitation. The assumption of isotropy is an extension of this common 
assumption wherein no dominant principle directions of isotropy (caused by consistent strike direction of 
fractures/faults) is identified in the study area, as in the present case. The likely influences of local variations 
in hydraulic conductivity caused by varying degrees and orientations of fracturing is implicitly investigated 
via the uncertainty analysis presented in the response to topic 6 above, wherein the prediction sensitivity to 
significant changes in various hydraulic conductivity zones is examined. 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

• Head/stage boundary conditions applied to creeks/stream were time-
invariant: in dry periods the river stage may be lower than what was used 
in the model. 

 
Provide a discussion on the noted limitations and discuss any recommended 
actions. 
 

• Estimates of streambed elevation were based generally on topography and professional judgement based 
on the landscape in the study area. The uncertainty associated with these estimates translates to 
uncertainty in hydraulic conductivity estimates in the direct vicinity of Inverbrackie Creek. The influence of 
hydraulic conductivity uncertainty upon predictions is discussed in the response to topic 6 above. 
 

• The transient predictive mining scenario model base case (90% grouting effectiveness including MAR) was 
repeated with the inclusion of third-party groundwater extraction (two runs were undertaken, one 
employing current third-party extraction estimates based on census data, and one employing extraction 
equal to full allocations).The results of these simulations are displayed in the response to topic 10 below and 
are not reproduced here for the sake of brevity. 
 

• During dry periods, the stream stage in Inverbrackie Creeks may be lower than the time-constant stage 
assigned in the model. Therefore, a limitation of the model is that it cannot be relied upon for predicting 
seasonal variability of baseflow to Inverbrackie Creek. Nor is this the model’s purpose. Seasonal stream 
stage variability in Inverbrackie Creek is observed historically to be in the order of tens of centimetres. This is 
negligible in the context of the mining impact predictions, which comprise the ultimate purpose of the 
model. 

10.  Groundwater 
Model 

The groundwater model does not consider any groundwater extraction pre-mining 
(i.e. does not consider the existing groundwater extraction from existing users).   
 
The groundwater model calibration and predictive scenarios must include 
groundwater extraction in the model area.  
 
Provide a report detailing what was done and the results. 
 

Groundwater extraction from private wells (as per the pumping rates presented in Appendix B1 for topic 2) has now 
been included in the steady state (pre mining) and regional transient calibrations.  
 
The results of predictive mining scenarios (90% grouting effectiveness and MAR) together with the pumping effects 
of third party operation wells are presented below for two scenarios; Scenario 1: Third party wells pumping at their 
estimated current usage at 750 ML/y; and Scenario 2: Third party wells pumping at their maximum allocation (1,290 
ML/y). The results are presented for the end of the summer extraction period during at mine year 5 and the 
following spring (to show recovery post pumping). 
 
Within the irrigation area (where majority of third party wells are located) seasonal drawdowns of >5m were 
predicted based on current usage (750 ML/y) and drawdowns of >10m were predicted based on all users pumping at 
their maximum allocation (1290 ML/y). These results compare well with long term monitoring records obtained from 
the ‘ONK’ series observation wells (provided as Figure 39 in the AGT 2017) which also showed seasonal drawdowns 
of >10m between 2001 and 2005 when groundwater use was estimated by DWLBC to be 1290 ML/y and reduced 
seasonal drawdowns of >5m post-2009, coinciding with a period of reduced reliance on groundwater that has been 
observed throughout the area. 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
Summer drawdown at end of mining (Mine year 5.5) (Current allocation) 
 

 
Winter drawdown following end of mining (Current allocation) 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

  
Summer drawdown at end of mining (Mine year 5.5) Max allocation 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

  
Winter drawdown following end of mining (Max allocation) 
 

11.  Groundwater 
Model 

In relation to modelling of ‘steady state’ conditions (paragraph 3, Appendix H1, 
page 134), the text refers to Figure 45 to show that the regional groundwater flow 
pattern was represented by the model. Observed interpolated groundwater 
contours are shown in Figure 37, page 107.  
 
There is no figure showing a comparison of computed groundwater elevations and 
observed groundwater elevations  
 
Provide a figure showing a comparison of computed groundwater elevations and 
observed groundwater elevations to justify the conclusion that the model reflects 
current understanding of the hydrogeological environment, recharge/discharge 
behaviour and regional flow patterns.  
 
 

A figure showing the simulated steady state heads and observed heads (spring) is presented as Figure 47 in MLA 
appendix H1, with a figure provided below (Figure 8) showing the comparison between simulated spring 
groundwater levels (blue contours) and observed groundwater levels (orange values). 
 
Comparison of the simulated and observed heads, show that the simulated heads generally represent the 
groundwater flow patterns well with some minor minor exceptions (4 circled wells) to the north of the sub 
catchment. It is anticipated that some (unaccounted for) local-scale effects such as drainage channels in topographic 
lows are influencing these observed heads (as head is overestimated by the model in each of these cases). These 
wells are all located in the far North of the model domain and a significant distance away from the 
mine area. These calibration discrepancies may correspond to local-scale errors in hydraulic property estimates in 
their vicinity, but will have minimal influence upon model-predicted mining impacts. 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
Figure 8 
 

12.  Groundwater 
Model 

Steady state calibration. 
a) A significant amount of effort has gone into groundwater data validation. Were 

any identified data errors taken into consideration during the modelling 
process, or when interpreting and analysing modelling results? 

b) Calibration was sought through adjustment of hydraulic conductivity, recharge 
and boundary conditions (including general head boundaries and riverbed 
conductance). This was largely through manual parameter adjustment. Since 
there was lack of field data to determine the hydraulic conductivity of the river 
bed sediments, was the lithology (or geology) of the river bed sediments 
considered in deciding if the calibrated river bed conductance was reasonable? 

c) Paragraph 3 states ‘September groundwater level measurements were used to 
represent pre-mining steady-state conditions in order to minimize the influence 
on the water table caused by regional groundwater pumping from private users 
…’. Paragraph 2 states that August conditions were adopted. 

a) Yes. A notable discrepancy in Figure F12a of the modelling report (Appendix F in AGT 2017) between the 
observed and simulated head distribution occurs in the form of the interpolated ridge of groundwater elevations 
greater than 420 m AHD (peaking at over 430 m AHD) in the central-southeast, which is not observed in the 
groundwater elevations within the Tapley Hill formation. The groundwater level observations pertaining to this 
ridge are from bores completed in the Kanmantoo Formation, below which the Tapley Hill dips to the east of the 
mine site (see Figures F1-F3). These formations are currently represented collectively by model layer 1. The 
vertical connectivity between these units and the underlying units is believed to be relatively low, as reflected by 
the Kv value for this layer (see Figure F8). Recharge in this area is indicated by CMB estimates to be relatively 
high in this area, believed to be caused by localised surface water ponding, which results in a local groundwater 
level high in this area within the upper layer. Figure 12b displays the model layer 1 groundwater level contours 
overlayed on the interpolated regional elevations, showing relatively good agreement in this region. 

b) No, as stated in the report, streambed elevations and stream stage heights are estimated based on topography. 
The effect of streambed sediments upon the hydraulic interaction between the creek and aquifers is controlled 
by the specified streambed hydraulic conductivity and thickness parameters. Due to a lack of field-based data 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

d) Refer to paragraph 5. The key recharge and discharge zones are not presented 
in the conceptual model. 

e) Refer to paragraph 6. Acceptability of the steady state model was assessed 
using Scaled Root Mean Square error and a scatter plot of modelled versus 
observed hydraulic heads. Further information is required to justify confidence 
in the comparison between modelled head values and observed head values.   

 
 
Provide the following information in relation to the steady state calibration: 

a) Clarify whether any data errors were taken into consideration during the 
modelling process, or when interpreting and analysing modelling results. If 
they were not, explain resulting levels of uncertainty; 

b) Clarify whether the lithology (or geology) of the river bed sediments was 
considered in deciding if the calibrated river bed conductance was 
reasonable. If it wasn’t explain how it was calibrated; 

c) Clarify whether September or August measurements were used; 
d) Show on a figure where the key recharge and discharge zones are 

represented in the model; 
e) Provide more statistical measures (including Root Mean Square Error) of 

the steady state calibration and a map with discussion of spatial 
distribution of residual errors.  
 

pertaining to streambed hydraulic conductivity and thickness, these parameters were subject to adjustment 
during the steady-state calibration process (detailed below), within bounds considered to be realistic, however 
applied values ranging from  0 m/d to 1.5 m/day are similar in range to those applied in other studies 0.0008 to 
0.86 m/d (Taylor et al  2013) Measurements of riverbed hydraulic conductivity in a semi-arid lowland river system 
(Murray-Darling Basin, Australia). 

c)   August measurements were used for most bores, however some were monitored in September. 
d)   The sections describing areas of recharge, discharge and groundwater surface water interaction are discussed 

under sections 4.6.1 to 4.6.2 & 4.7 of the AGT report. Sections of the Inverbrackie Creek which are gaining and 
losing are shown on Figure 44, and the presence of springs (pools identified as part of the census) are shown on 
Figure 34. The spatial distribution of rainfall recharge is shown on Figure 43. 

e)   There is miss match of observation versus simulated heads in four wells (see response to question 11) on 
northern boundary, however elsewhere the good matches between the observed and measured heads, with 
overall SRMS of 6.6%. Table showing the error for each well is presented in Appendix B1. 

 
Table 2: results of steady state calibration for the AGT, 2017 model and subsequent update performed by Golder 
2019. (MLA Appendix H9) 

 
AGT, 21017 Golder, 2019 

MSE 33.7 40.7 

RMS 5.8 6.4 

SRMS 6.0 6.6 

 
 

13.  Groundwater 
Model 

The regional transient state period modelled two years, 2014-2016.  An updated 
regional calibration, using 2016-2019 was not presented. 
 
Update the regional transient state period using data from 2016-2019 and provide 
the results.  

The first regional calibration undertaken was based on pumping estimates obtained during the 2014 well census. 
Since this time further pumping data has been obtained through identification of new wells and a revised 
recalibration using both inter annual recharge and estimates of pumping was undertaken. Results of the regional 
transient calibration for 29 wells are presented in Appendix B1. Note the only change applied to the model was 
revised pumping estimates and inter annual recharge, no other parameters were adjusted. The key limitation was 
the applied pumping volume as these were estimated by each landholder in the 2014 census rather than based on 
annual flowmeter readings (see response to question 2). 
 
It should also be recognised that following this work a subsequent transient calibration was 
undertaking using the 2019 pumping and injection trial data (Golder 2019), which used more reliable estimates 
of summer pumping and injection volumes (via flowmeter readings). This resulted in improved calibration with good 
matches for 31 wells.  In general, whilst the subsequent calibration was shorter in duration (25 days), there was 
a good match between simulated and observed groundwater levels owing to more reliable pumping volumes and 
more frequent groundwater level monitoring (See  Appendix E of MLA Appendix H9).  
 
 

14.  Groundwater 
Model 

Local Transient Calibration 
a) Temporal discretisation used in the transient calibrations was not 

described. 
b) Paragraph 3, it is not clear why hydraulic conductivity (K) is represented as 

isotropic. Figure F14 indicates that the conceptual understanding of the 
aquifer system is not appropriately presented in the model. Was the 

a) Pumping test calibration = 0.11 days, Injection trial calibration = 0.11 days  
b) The model layering was primarily based on the site geological model of hydro-stratigraphy that was 

developed by Terramin utilising information obtained from >45 exploration holes. Of particular relevance 
was the RQD and acoustic televiewer information which were used to identify the hanging wall fault. This 
fault is the most significant mode of groundwater flow and therefore, particular attention was placed on 
replicating the separation distance of hanging wall fracture and the underlying marble. As such, the fault was 
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Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

fracture zone pump tested? If so, the observed drawdowns in observation 
bores would have indicated the degree of local anisotropy of the aquifer 
and this should have been incorporated in both the conceptual 
hydrogeology and the model. 

c) Paragraph 2, no evidence was provided to support this statement: 
‘Whether or not this local-scale anisotropy is represented in the model is 
not expected to significantly influence the simulation of key mining impacts 
such as mine inflows and drawdown in the Tapley Hill formation.’ 

d) Figure F13. It is difficult to assess the modelled versus observed 
drawdowns.  

e) Figure F13. Was the modelled head in IB-4 corrected to account for the size 
of the model cell representing IB-4 and well and aquifer losses? 

 
Provide the following information in relation to the transient calibration: 

a) Describe temporal discretisation used in the transient calibrations; 
b) Clarify why hydraulic conductivity (K) is represented as isotropic and 

whether the fracture zone was pump tested. If the fracture zone was pump 
tested, incorporate the data from this test(s) into the conceptual 
hydrogeology and the model and provide updated results and reports; 

c) Provide evidence to support the conclusion that representation of local-
scale anisotropy within the model would not significantly influence the 
modelling of key mining impacts such as mine inflows and drawdown in 
the Tapley Hill formation; 

d) Provide a table that shows the final modelled drawdown (after 5 days of 
pumping) for each well and corresponding residuals. Include the well ID, 
easting and northing locations, distance from pumping well, 
hydrostratigraphic units in which the wells are completed and comments 
columns on the table; 

e) Clarify whether the modelled head in IB-4 was corrected to account for the 
size of the model cell representing IB-4, well and aquifer losses. If yes, 
explain why. 

  

assigned as its own model layer (layer 3). The 2014 pumping test was conducted on IB4 (over 6 days) which 
targets the hanging wall fault which was repeated in 2019 (11 days) as part of the injection trial (pumping 
from IB4 and injection into BHRIB01, followed by pumping from BHRIB01 and injection into BHRIB02). The 
data obtained from the pumping test provided the opportunity to revisit the transient calibration and also 
included 6 additional monitoring wells that weren’t present in 2014 pumping test. These results allowed the 
anisotropy to be reassessed and are presented in Golder 2019. The results showed area of uniform 
drawdown with distance from pumping well IB4 in the NNW to SSE direction which could be replicated by 
the model.  The transient calibration results of this pumping test are shown as Appendix E in Golder 2019. 

c) The majority of fracturing in the study area is understood to be small-scale and multi-directional. It is 
common practice to adopt an isotropic equivalent porous medium as a surrogate for modelling these 
geological units. Including Anisotropy parameters in the uncertainty analysis is not expected to have a 
profound influence on the likely range of model predictions. Whilst anisotopy in general has the potential to 
significantly influence drawdown propagation, variation in anisotropy parameters in the present model 
would be constrained to a large degree by the injection trial data (see Golder, 2019b). It is these data that 
assessed the key NNE-SSW trending fault in the study area, whilst no other large-scale anisotropy features 
were indicated. The key NNE-SSW trending fault was incorporated explicitly in the updated numerical model 
as an additional hydraulic conductivity zone, see Golder (2019b). The pumping test results presented in AGT 
(2017) indicated possible local-scale anisotropy. However, this was within in an area confined by identified 
flow barriers, and this test pumping was subsequently repeated (by Golder 2019) over longer duration and 
used more observation wells which allowed flow barriers and the anisotropy of the aquifer to be reassessed.  
 

d) The following table shows the observed drawdown and simulated drawdown form the pumping of IB4 and 
injection into BHRIB01 measured at end of test at day 11 and from the pumping of BHRIB01 and injection 
into BHRIB02 at the end of test at day 25. Negative values = groundwater rise from injection and positive 
values in groundwater level drop under pumping. Note: Those bores that were utilised in the 2014 pumping 
test calibration (IB4) are highlighted bold. The revised calibration undertaken in 2019 utilised an additional 
17 wells. Well details (depth, hydro-stratigraphy etc) are provided in Golder 2019. (MLA Appendix H9) 
 
The following table shows the simulated and observed drawdown at the end of pumping from IB4 and 
BHRIB01. The 2017 results (AGT,2017) are not shown as this work was superseded by Golder 2019).  

 

Observation Well 

End of pumping from IB4 and 

injection into BHRIB01 

Day 11 

End of pumping from BHRIB01 and 

injection into BHRIB02 

Day 25 

  Simulated DD Observed DD Simulated DD Observed DD 

6628-23182 -7.9 -8.9 10.13 9.6 

6628-9156 -0.05 -1.02 0.5 -1.63 

6628-8942 -3.5 -3.4 -1.34 2.12 

6628-8939 -1.07 -1.05 0.13 0.12 

BH52 -22.9 -21.9 9 6 

BH36 (23531) 5.67 7.91 2.89 2.59 

BH41 10 8.3 2.8 1.49 

BHMB03 2.4 0.1 0.09 2.5 
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Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

BH44  -0.59 0.2 -0.21 0.59 

6628-8941 -0.17 -0.16 -0.12 -0.11 

IB1 8.72 8.72 2.8 1.9 

IB2 8.48 8.2 2.87 2.59 

IB3 6.03 8 2.6 2.6 

IB4 8.49 7.9 2.85 2.85 

IB5 8.49 8.48 2.86 2.85 

BHMB01 -12.37 -6.37 3.2 6.9 

Day WM 0.02 0.02 -2.4 -2.3 

Ridge mine 0.57 -3.9 0.56 2.09 

BH16 6.03 8.47 2.46 2.43 

BH42 6.03 7.92 2.45 2.43 

BHMB02 0.01 0.01 -11.5 -11.5 

BHMB02A 0.02 0.03 -7.5 -6.4 

6628-29782 -0.06 0.08 0.4 0.4 

BH42 5.68 7.81 2.7 2.4 

BH35 6.3 7.9 2.89 2.45 

BH37 5.53 7.89 2.4 2.39 

Day WM -0.008 0.002 0.47 0.47 

6628-9147 0 0 0.03 -1.9 

6628-8303 0 0 0.6 0 

6628-10199 -0.22 -0.21 0.52 -0.58 

 
e) No – the observation wells were used in the subsequent calibration and didn’t account for well losses in IB4 

15.  Groundwater 
Model 

Regional Transient Calibration 
a) The temporal discretisation used in the regional transient calibrations is not 

described. 
b) There is no discussion of the water balance (or mass balance) for the two 

calibrated transient states of the model. These could be compared with the 
modelled water balance during the predictive modelling of mine 
dewatering. 

c) Paragraph 1 states ‘… Such offsets are therefore not relevant to the 
transient calibration.’ The offset is relevant to head prediction, as offsets 
can lead to over or under prediction of heads, which will impact on 
groundwater flow gradient, inflow to the mine, and surface water-
groundwater interaction if the offset is near creeks. Offsets should be taken 
into consideration in the interpretation of predicted heads. Will the initial 
offsets affect or impact mine dewatering rates and dewatering volumes? 

a) 0.11 days. 
b) The water balance showing seasonal pumping, recharge, river leakage, boundary flow for the regional 

transient calibration is provided below. 
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d) Refer to paragraph 2, and Figure F17. The model was developed to be used 
to forecast drawdown, base flow to the creek/pool, spring discharge and 
mine dewatering rate/volume, among others (see model objectives as 
stated at the beginning of Appendix F.). The quality of results of water level 
calibrations for ‘shallow and deep’ bores close to the creek and springs is 
relevant to this study as the quality of calibration results for such bores will 
affect the modelled impact of mining on baseflow and spring discharge. 
Why are the calibration results for bores located further afield less relevant 
to mining impact predictions? Those observation bores which have the 
poorest fit calibration (e.g. ONK016, 6628-10199) seem to be located in 
close proximity to Inverbrackie Creek. 

e) Refer to Figure F17 (Relative head deviation). Calibration of modelled head 
to observed head is important to determine baseflow, spring discharge or 
mine dewatering rates/volumes.  

f) Refer to paragraph 10. The statement that the model does not exhibit 
errors in the form of both overestimation and underestimation of observed 
data, but rather in the form of model underestimation of observed 
groundwater level fluctuation, is not supported by data presented in 
Figures F10, F13, F15 and F20. 

g) Refer to paragraph 11, which states, “a slight overall downward trend in 
observed groundwater levels exacerbates misfit in a number of cases. This 
is likely due to climatic influences (e.g., inter-annual recharge variation) 
that are not presently included in the regional transient calibration 
simulation”. This represents an uncertainty in the model.  

 
 
Provide the following information in relation to the regional transient calibration: 

a) Describe the temporal discretisation used in the regional transient 
calibrations; 

b) Provide a discussion of the water balance and mass balance for the 
calibrated transient model; 

c) Review the paragraph and confirm whether the initial offsets affect or 
impact mine dewatering rates and dewatering volumes; 

d) Provide a detailed explanation/justification for the calibration results of 
the bores that are located farthest from the project site and discuss any 
recommendation to improve calibration results; 

e) Provide a discussion of the residuals (difference between modelled and 
observed head) with emphases on the productive aquifer. The discussion 
must be supported by; map(s) or a table showing spatial distribution of 
residuals  at selected periods of time and a scatter plot of observed versus 
modelled heads from the transient model (similar to Figure F20);  

f) Provide evidence to justify the statement that the model does not exhibit 
errors in the form of both overestimation and underestimation of 
observed data, but rather in the form of model underestimation of 
observed groundwater level fluctuation; and 

g) Describe how the decision to not include climatic influences (e.g. inter-
annual recharge variation) affects model predictions.  

 
 

c) The initial groundwater level offsets at the mine area for the transient run are only 4 m (simulated 
groundwater levels were higher than observed) which is not enough to affect mine inflow rates and 
dewatering volumes. 

d) Three wells show significant residual errors in terms of offset in the regional pumping calibration and these 
are highlighted in Table 3 and circled in the scatter plot presented on Figure 10.  Pumping rates used in the 
regional pumping calibration were obtained from landholder surveys during the 2014 well census rather 
than based on annual flowmeter readings. The 2014 estimates of annual pumping was applied to each 
simulation year (years 2014, -15, and -16) when in fact the pumping volume of a well would vary from year 
to year. To improve the regional transient calibration, yearly flowmeter readings from all private wells over 
the last 5 years would be required. This information is not publicly available. Notwithstanding the above, a 
subsequent transient calibration was conducted using the pumping and injection trial data (Golder, 2019), in 
which more accurate pumping rates recorded from flowmeters on private wells and injection rates were 
used over a calibration period of 30 days. We observed that wells (6628-8945, -8942, -8937) which exhibited 
a reduced fit in the first regional pumping calibration produced good fits following the injection trial 
calibration. As a whole, the transient calibration undertaken using the pumping and injection trial data 
generally produced improved fits for all wells (in terms of the responsiveness to pumping and injection and 
the magnitudes of fluctuation).  

e) The table below compares the mid-range values calculated for observed and simulated head over the 
calibration period. We recognise there are offsets in some wells (ONK22, ONK23 and 6628-10199) and better 
matches in other wells (6628-9128, -9156, -8939) along the Inverbrackie Creek but we believe this to be 
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 reasonable based on the limitations outlined above. Improvements to this calibration can be made once 
annual pumping volumes based on flowmeter readings are known. 

 Well ID Unit number 
Observed mid 

range  value 

Simulated mid range 

value 
 Sim-Ob^2 

CLIP 6628-18637 374.5 378 12.25 

GABB 6628-8945 405 410.5 30.25 

DRUM_OLD No unit number 367 365 4 

NEST_EGG No unit number       

NAN_BORE 6628-22028 417.5 414 12.25 

PFEIF_WN 6628-8939 407 402.5 20.25 

PARK_PFE 6628-8937 409 410 1 

MCCUSK 6628-15320 428 442 196 

ONK016  343 347.5 20.25 

ONK022  417.5 425 56.25 

ONK023  439 429 100 

BIH41  409.5 414 20.25 

BIH44  415.5 407 72.25 

BIH36  410.5 410.5 0 

IB1  409.5 414 20.25 

IB2  409.5 414 20.25 

IB3  409.5 414 20.25 

IB4  410 414 16 

IB5  410 413.5 12.25 

ONK021  409 410 1 

ONK018  376 376 0 

ONK020  392 392 0 

ONK021  409 410 1 

PET_NTH 6628-8939 392 392 0 

VIG_CK 6628-10199 380 391 121 

VIG_HSE 6628-10199 387.5 392.5 25 
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LOT10_CW 6628-9156 377 378 1 

LOT10_CK 6628-8942 388 384.5 12.25 

CAM_2 6628-10245 435.5 435.5 0 

PARK_HIL 6628-12636 423 424.5 2.25 

 
 

f) In regard to the regional transient calibration provided in AGT 2017, almost every case of model-to-
measurement disagreement occurs in the form of model underestimation of observed groundwater level 
fluctuation. The tendency for underestimation is expected as it is known that groundwater use within the 
sub-catchment is not wholly accounted for as discussed above, and thus total abstraction may be 
underestimated within the model to some degree.  
 
It should also be noted that the subsequent model calibration of pumping and injection trial data (presented 
in Appendix E of Golder, 2019)  demonstrated that the model reproduced the pumping and injection 
induced fluctuations in the majority of monitoring wells (31 wells). In particular the responsiveness to 
pumping and injection and the magnitudes of fluctuation were reasonably well represented. This was due to 
the fact that more accurate measurements of pumping (from third party wells) based on flowmeter readings 
were used to support the calibration. 

 
g) Inter annual recharge was applied to updated calibration which resulted in improved matches for only a 

small number of wells (provided in Appendix B) and the effect of recharge on mining predictions in terms of 
inflows and drawdown is addressed under topic 6. 

 
 
Figure 10 Inter annual recharge has been incorporated into the transient calibration (applied to 6 months of the 
year). Please refer to Appendix B1 for the results. 
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Figure 11. Transient calibration results for observation/private wells located near the Inverbrackie Creek. 
 
 

16.  Groundwater 
Model 

Previous text stated that the transient calibration period was 2 years (2014 to 2016, 
Section 7.2.1). Here it is stated that the transient calibration period was 3 years. 
The steady state model output used as initial conditions for the transient 
calibration only represented August 2014 conditions. 
 
Clarify the calibration period. 

The regional pumping calibration period was 2.5 years but has been extended to include groundwater level 
monitoring data collected to 2019. Results are presented in Appendix B1 under the response to question 13. 

17.  Groundwater 
Model 

Solute transport modelling 
The information provided in this section of the report does not provide sufficient 
evidence to assess the risk of saline groundwater flow from the adjacent Dawesley 
Creek sub-catchment.  
 

a) Private wells, which target the Kanmantoo Formation, revealed higher salinities (range = 1,200 mg/L to 
3,690 mg/L). The Kanmantoo formation was assigned high salinity across the mapped extent. The 
delineation of high salinity was based on the fault or the contact at surface between the Kanmantoo 
Formation and the Tarcowie Siltstone. See also response 6. 

b) It was assumed that Density-driven flow was not relevant in the solute transport model. It was also assumed 
that solute transport was conservative.  
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Provide the following additional detail to support the solute transport section and 
to assess the risk of saline groundwater flow from the adjacent sub catchment: 

a) Conceptual description or conceptual model of likely processes that could 
influence the movement of the solutes; 

b) Assumptions on which the solute transport model was based; 
c) explanation of how porosity values were determined; 
d) Full presentation and description of the solute(s) boundary conditions used; 
e) Field transport data and information to support or justify the transport 

parameters e.g. dispersivity used in the model; 
f) Explanation as to why the modelling did not include the recovery period; 
g) Evidence to show that the initial solute concentration distribution was 

stable; 
h) Calibration results of the solute transport model; 
i) Sensitivity analysis; and 
j) Discussions of limitations, including the likely impact of fractures as possible 

preferential flow paths. 
 

c) Porosity values were not determined by field measurement. A value of 0.05 was adopted, which is typical for 
fractured rock. 

d) Solute transport boundary conditions were not used, initial concentrations were.  
e) No field data pertaining to solute transport parameters was available. 
f) The saline interface did not move significant distances under the hydraulic gradient established by mining 

and therefore is unlikely to have moved further during groundwater level recovery (under smaller hydraulic 
gradients). 

g) The following displays a comparison between the initial solute concentration distribution, and the 
distribution following a 10-year simulation in which mining stresses are removed from the simulation in 
order to demonstrate its stability. Both plan view in the Tapley Hill formation as well as a west-east cross 
section through the mining area are displayed. A small amount of dispersion of the interface between more 
and less saline water is observable. 

 
Initial: 
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10 years: 

 
 
Initial: 

 
 

10 years: 
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h) Calibration was not performed on the solute transport due to this being a mining related simulation. 
i) In light of the uncertainty analysis results presented in the response to topic 6, a comprehensive sensitivity 

analysis into the influence of various hydraulic properties upon the predictive solute transport simulation 
results was not undertaken. Rather, extreme end-member predictions for the migration of the TDS 
interface were investigated. The below figure displays a west-east cross-section through the mining area 
showing the 10-year (post-recovery) TDS interface (represented by contours defining a 10% increase in the 
representative WMLR salinity relative to the higher EMLR salinity) position for both the 90% grout 
effectiveness scenario and the no mitigation scenario (i.e., unrealistically conservative 
prediction). The dashed blue rectangle in the below figure indicates the location of the mining area. 

 
 

j) The presence of possible preferential flow paths along minor structures was not considered. Other than 
where structures are explicitly modelled, the system is modelled as equivalent porous media. 

18.  Groundwater 
Model 

Section 8.6 Solute transport 
Figure F37 does not show the initial position of the saline interface. 
 
Provide an updated Figure F37 to include the initial position of the saline interface. 
 

See response 17.  

Initial:

Post-mining for 90% grout effectiveness scenario (excl. MAR):

Post-mining for no mitigation scenario:

0 m 500 m
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19.  Groundwater 
Model 

Appendix H3 (Groundwater Assessment Peer Review 2) includes a letter from IGS to 
Terramin, which refers to another letter dated 3 August 2017 containing some 
“requested information on the sensitivity of the model outcomes to the high 
recharge zone implemented to the southeast of the mine”. This letter is not 
included in the MP or appendices. 
 
Provide the letter from IGS dated 3 August 2017.  

Terramin has no letter from IGS dated 3 August 2017, we assume DEM is referring to the correspondence from 
Terramin to IGS dated 3 August 2017 which contained (what was at that time) a draft letter to DPC from Terramin, 
the letter can be seen at Appendix B2.  

20.  Groundwater 
Model 

The drain cell conductance was altered to represent 70% and 90% reduction of 
mine inflows due to proposed grouting. It is not clear whether the conductance was 
applied to the entire mine, or selected areas.  
 
Grouting is only proposed for areas of high inflows. If reduced conductance was 
applied to the entire mine, this would underestimate inflows. 
 
Describe the zones where the altered conductance was applied. 
 
If reduced conductance was applied to the entire mine provide justification for this 
or update the model accordingly. 
 

Reduced conductance (to represent the grouting effectiveness) was applied to all drain cells in the model 
representing the mine void (the entire mine, not selected areas). Probe drilling is proposed for the entire mine and 
grouting will be completed when water inflow are intersected. Resulting in groundwater control being applied for all 
areas of the mine, not only when development occurs near the hanging wall fault. 
 

21.  Groundwater 
Model 

The cross section presented (Figure 10-4) does not provide enough detail to 
interpret:  

• Hydrostratigraphy; 

• known and inferred groundwater levels; 

• groundwater flow direction; 

• recharge and discharge mechanisms; 

• proposed mining operations; 

• relevant drillholes (with screened intervals); and 

• boreholes used in developing the cross-section. 
 
Provide cross-section(s) of the interpreted hydrostratigraphy showing the known 
and inferred groundwater levels, groundwater flow direction, recharge and 
discharge mechanisms, proposed mining operations, relevant drillholes (with 
screened intervals) and boreholes used in developing the cross-section(s). 
 
Cross sections must be developed from supporting drillhole data, and show the 
predicted extent of the zone of influence of the proposed mine on groundwater.  
 

Cross sections provided in the AGT, 2017 (MLA Appendix H2) report and Golder 2019 (MLA Appendix H9) appeared 
highly conceptual but were based on the geological model produced by Terramin. A revised conceptual model 
showing the listed hydrogeological features is provided in Appendix B1. 
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22.  Groundwater 
Model 

The pump depth shown in Table 10-13 is greater than the well depth for well 
numbers 6628-8950 and 6628-8952. 
 
Clarify whether this is an error in reporting, or whether bore details need to be 
changed. 

The reported well depth on water connect for 6628-8952 is 72m which is deeper than the reported pump depth of 
50 m. The reported well depth for 6628-8950 is 22.9 m and the reported pump depth was 26 m. This will be clarified 
with the landholder. 

23.  Groundwater 
Model 

The model was updated to include the transmissive fault intercepted by BHRIB01 in 
the Tapley Hill formation. No justification has been provided to limit the 
transmissive fault to model layer 6 only. It is also not clear whether the fault was 
modelled as a vertical fault. 
 
Provide justification for limiting the transmissive fault to model layer 6 only. If it 
may extend to other layers, include in the uncertainty analysis. 
 
Clarify whether the fault was modelled as a vertical fault and if so, provide 
justification why.  
 

Model layer 6 represents the Tapley Hill Formation. The upper model layers (1 to 5) represent marble and Tarcowie 
siltstone are absent and dry in this part of the model domain therefore these cells are inactive.  
 
The fault intercepted by BHRIB01 was modelled as a vertical fault in Layer 6 only, which is consistent with the steep 
dipping nature of this fault. 

24.  Groundwater 
Model 

In an attempt to represent 70% and 90% reduction of mine inflows due to proposed 
grouting, the conductance of the drain cells used in the base case scenario were 
varied (calibrated) until the desired 70% and 90% reduction was achieved. This 
resulted in drain cell conductance values of 0.018 m2/d and 0.0035 m2/d for the 
70% and 90% grout efficiency scenarios, respectively. 

a) What would be the effective hydraulic conductivity of the grout? 
b) Demonstrate that the mine workings were 'dry' with these conductance 

values, under all scenarios. 
 
Report on the flow to the mine in the uncertainty analysis (see Matter #6 
requirement for uncertainty analysis). 
 
Provide the effective hydraulic conductivity of the of the grouted rock mass for the 
various rock units. 
 
 

Mine workings were represented by drain cells and conductance varied to reflect grouting effectiveness.  The K 
representing 70% grouting = 4.16 x 10-9 m/s and K representing 90% grouting = 8.1 x 10-10 m/s. The table shows the 
K derived from C values assigned to all drain cells representing the mine. 
 

 Scenario Drain (mine conductance) m2/d K (m/d) 

90% grouting 0.0035 0.000175 

70% grouting 0.018 0.0009 

 
 
Mine inflow has been considered in the uncertainty analysis presented in Response 6. 
 
The mine workings are assumed dry during the model exercise but the model aquifer is not dry at the location of the 
mine drives.  For the non-mitigated inflows scenarios the model aquifer has a groundwater pressure very similar to 
the mine drive floor elevation.  For mitigated inflows scenarios the model aquifer has groundwater pressure far 
higher than the elevation of the mine drive.  This is reasonable because the reality of a sealed underground mine 
drive is that it experiences groundwater pressure at the drive walls.  The less the inflows (due to drive grouting) then 
the higher the groundwater pressure in the formation behind the grouted drive wall. 

25.  Groundwater 
Model 

Figure 51, first graph, what do the red, green and brown lines represent? 
 
Amend/explain legend. 

The presented scenarios represent unmitigated mine inflows  

• RED: unmitigated inflows with a reduced Kh to account for the upper weathered zone encountered around 
the upper decline area towards the end of the GW study 

• GREEN: Base case with reduced Ss and Sy by 1 order of magnitude 

• BROWN: Unmitigated inflows into active mine workings (decline and drives) without any grouting ahead of 
development but backfilling of drives to 100% 

  

26.  Groundwater 
Model 

Modelled groundwater drawdowns at private wells, paragraph 2. 
a) Dot point 1. Text does not align with the information in Table 13, as 

drawdown in 6 wells is predicted to exceed 3.5m.  

The results are in Table 3 below and have been updated based on revised modelling undertaken by Golder in 2019 
and the revised results are presented below. Note negative values = groundwater rise (m). 
 
Drawdowns in excess of 3.50 m were predicted in 6 wells (6628-8940, -10944, -23182, -9153, -8946 and -20475) for 
the scenario of 90% grouting effectiveness and no MAR. 
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b) Dot point 3. Text does not align with the information in Table 13, as 
drawdown of 4m is predicted at well no.6658-23182 for the MAR with 70% 
grout efficiency scenario.  

 
Provide clarification on modelled drawdowns at private wells, specifying which 
grouting scenario this is applicable to. 

 
Drawdowns in excess of 10 m were predicted in two wells 6628-8940 and -23182 for the scenario of 70% grouting 
effectiveness and no MAR. 
 
Table 3: Predicted Drawdown at private wells and Inverbrackie creek. 
 

Well 
 

Baseline 

DTW 
(m) 

Well 
Depth 
(m) 

Depth 
to 
Water 

Pump 
depth 

70% 
(m) 

70% + 
MAR 
(m) 

90% 
(m) 

90% + 
MAR 

(m) 

6628-8936 TS 
 

50.9  27.4 7 -1.5 3 -1 

6628-8940  TH 
 

UKN   15 -2 8 -1 

6628-10944  TH 11.69 76 11.84 60 6 -1.5 5 0 

6628-9154  TH 4.2 51.5 22.20 30.5 7 -2 2 0 

6628-23182 TH 13 64 13.2 58 15 -1 9 0.5 

6628-9153  TH 3.1 - 5.6 134 6.71 45.7 10 -2 5 0 

6628-8946  TS 16.57 - 
24.0 

UKN 19.35  10 0 4 0 

6628-20475 TS 20 70 25.08 60 10 0 4 0 

6628-8950 TS 8.1 22.9 10.90 26 5 0 2 0 

6628-8952 TS 26.8 - 
30.14 

45.7 24.10 50 5 0 2 0 

6628-18637 TH 11.87 - 
23.4 

70 16.54 45.7 7 -1.5 3 0 

6628-9152 TH 11.00 91   3 0 1.5 0 

6628-10249 TH 12.07 - 
21.31 

98.8 18.00  3 0 1.5 0 

6628-8301 K 9.14 100.58  80 7 0 3 0 

Springs associated with 
Inverbrackie Creek - 
upstream 

- 

Not applicable 

2 0 1 0 

Springs associated with 
Inverbrackie Creek – down 
stream 

- 2 0 1 0 

 

27.  Groundwater 
Model 

It is not clear why doubling and halving of properties was considered appropriate or 
whether this spans the likely or observed range of aquifer parameters. 
 
The marble parameters are mentioned as an area of uncertainty in the second dot 
point. It is noted that this area was not tested. 
 
As part of the uncertainty analysis (see Matter #6 requirement for uncertainty 
analysis), provide justifications for the ranges of parameters used including the 
marble parameters. 
 

Whilst uncertainty analysis is addressed in Response 6, uncertainty of this parameter was presented in the AGT 
study which involved doubling and halving K to cover the range of tested values as outlined in Table F3 of the 
modelling report (Appendix F in AGT, 2017). 
 
The K was not tested in the marble cave area as this feature became apparent after the structural (RQD) model was 
finalised (post drilling). This interval was assigned a high permeability akin to the hanging wall fault & uncertainty 
analysis was performed on this by doubling the K of this zone (zone is highlighted in yellow below).  
 
The sensitivity on the parameters performed involved: 
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• Doubling the Kh and Kv of the upper fracture (cave) zone in the marble as this represents an area of 
uncertainty (not tested). 

• Doubling the Kh and Kv of the hanging wall fracture. The model assumed this to be extensive and assigned 
to one model layer above the marble, with aquifer properties assigned based on the pumping test of IB4. 

• Increasing the Kh of the Marble to 0.2 to reflect the maximum tested value at IB1. 
 
The results are presented as Figure 11 
 

 
Figure 11: Mine inflows based on sensitivity analysis 
 

 
28.  Groundwater 

Model 
During mine dewatering, vertical flow from hydrostratigraphic units to the mine 
can be significant. The following points were not clear within the text: 

a) The elevation of the base of the model and the bottom elevation of the 
mine above the base of the model.  

b) The thickness (top/bottom) of the orebody and difference from the 
top/bottom of the Marble. 

a) Figures provided in Appendix B1. 
b) The mineralised zone was not represented as a separate layer and is contained within the Marble (Layer 5; 50 m 

thickness throughout the model domain to represent a real-world variation in marble thickness from 40 m to 60 
m based Terramin drilling records).  Wells IB1 and IB2 intercepted the full thickness of the marble (including the 
mineralised zone). 

c) There is no evidence from field investigations that the ore body has different hydraulic properties from the 
surrounding marble lithology. The T derived based on pumping test conducted on IB1 and 2 represents the full 
thickness of the Marble which includes the mineralised zone. 
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c) The mineralized zone is not represented as a separate layer or a sub-layer, 
as per the fracture zone in the Tarcowie Siltstone and the productive zone 
of Tapley Hill Formation. 

d) Were model layers modelled as confined, unconfined or 
confined/unconfined (convertible) type? 

 
 
Provide the following to clarify model domain and layer structure: 

a) Provide figures (contours or rasters) showing top/bottom of model layers;  
b) Provide the thickness (top/bottom) of the orebody and difference from the 

top/bottom of the marble; 
c) Clarify why the mineralized zone is not represented as a separate layer or a 

sub-layer, as per the fracture zone in the Tarcowie Siltstone and the 
productive zone of Tapley Hill Formation; 

d) Clarify whether the model layers were modelled as confined, unconfined 
or confined/unconfined (convertible) type. 

 

d) Model layer 1: Type 1 (unconfined), All other model layers: Type 3 (confined/unconfined). 
 
Model layer elevation surfaces are shown in Appendix B1. 
 

29.  Groundwater 
Model 

Model boundary conditions constrain how the model exchanges water with areas 
outside of the model.  
 
The groundwater flow divide to the north was modelled as a no-flow boundary. 
Mine dewatering can influence the location of this groundwater flow divide. 
 
The following points were not clear within the text: 

a) What boundary condition was applied to the bottom/base of the model? 
b) In the absence of measured stream stage data for Dawesley Creek, 

groundwater levels in wells 6628-14069 and 6628-21783 were used as 
representative of the stream stage. It is unclear if the stream stage used in 
the model varied with time or not. 

c) It is not clear whether the calibrated hydraulic conductivity of the river 
boundary was verified by the lithology of the riverbed sediment.   

d) The conductance used for the general head boundary that was used to 
simulate Dawesley Creek was not stated. 

e) Justification is not provided as to why the applied recharge was not 
temporally distributed. Was rainfall recharge applied to outcropping 
Brighton limestone and Tarcowie siltstone? 

f) Was the sensitivity of the model to the other (apart from the groundwater 
divide) lateral boundary conditions investigated? 

Figure F6a. It is not clear what period or date the flow pattern represents. There is 
also no discussion of assumptions or limitations of the regional groundwater flow 
contours shown. 
 
Demonstrate that the groundwater flow divide does not move during modelling, 
which would influence the results. 
 
Provide the following to clarify model boundary conditions: 

a) The boundary condition that was applied to the bottom/base of the model; 

The groundwater divide between the Inverbrackie and Dawesley Creek sub catchments is maintained during mining 
owing to MAR. The drawdown contours do not emanate over the groundwater divide and the groundwater through 
flow from the EMLR is insignificant (refer to water balance in the AGT, 2017 groundwater assessment). 
 

Boundary Condition responses: 
a) The bottom/base of the model (base of Layer 7) is no flow boundary. 
b) No, stream stages did not vary with time in the model. See Section 4.10 of the modelling report. The 

information used to construct the interpolated regional flow field including Dawesley Creek sub catchment 
was based on 66 wells, including 39 wells that are regularly monitored by Terramin (displayed in Figure F6, 
and detailed in Table 3 and Figure 7 of the main body of the report), along with 27 additional wells for which 
historical data is available through the Department of Environment, Water and Natural Resources (DEWNR) 
online groundwater database ‘WaterConnect’ (DEWNR, 2017). The latter (represented as grey points in 
Figure F5a)  
 

c) The hydraulic conductivity of the riverbed was selected in order to reach a reasonable steady state calibration. In 
turn this indicates a reasonable balance between the major model volume components of recharge to 
groundwater and calculated inflow/outflow to/from surface water. The hydraulic conductivity assigned to the 
river package was not verified by riverbed lithology. 
 
Surface water features in the model domain are represented in a generalised manner. The reality of surface 
water features within the model domain is that they are ephemeral (except in a few locations discussed under 
section 4.7 of the AGT report) and only have significant flow in winter months. However, areas of losing and 
gaining in them model were validated by field observations.  
 
The groundwater model assesses potential mining related changes to the surrounding groundwater system and 
any associated potential influence on surface water features. It is reasonable to represent surface water features 
within the model domain in a generalised fashion if a reasonable model calibration to groundwater levels is 
maintained and reasonable values for key model water balance components are also maintained (which is the 
case).    
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b) Clarify whether a time varying stage was applied in the model; and if not 
provide justification for the method used; 

c) Clarify whether the calibrated hydraulic conductivity of the river boundary 
was verified by the lithology of the riverbed. If not justify the hydraulic 
conductivity adopted; 

d) State the conductance of the GHB that was used to simulate Dawesley 
Creek; 

e) Explain why the applied recharge was not temporally distributed and 
clarify whether rainfall recharge was applied to outcropping Brighton 
limestone and Tarcowie siltstone; 

f) Clarify whether sensitivity of the model to the other lateral boundary 
conditions (apart from the groundwater divide) was investigated and if 
not, include in the uncertainty analyses; and 

g) Provide the period or date that the flow field represents and describe 
assumptions or limitations of the regional groundwater flow contours 
shown and the relationship with topology.  

 

d) The GHB cell conductance representing the Dawesley Creek was 3.58 m2/day.  
e) The temporal discretisation of the predictive inflows assessment model was dictated by Teramin’s proposed 

mining plan (Table F5; AGT 2017). For the purposes of assessment of potential inflows due to mining activities, 
rainfall recharge to groundwater was represented as annual averages that were based on estimates derived 
from an extensive review of groundwater quality and associated chloride mass balance calculations. Temporal 
distribution of recharge (wet winters and dry summers) was not incorporated into predictive modelling because 
exactly which season that mine construction will begin in is subject to approval timeframe uncertainty.. 
 
Model recharge to groundwater was assigned to layers representing the Tapley Hill Formation, Kanmantoo 
Formation, Cox Sandstone and Backstairs Passage Formation because these geological units occupy the majority 
of the surface area of the model domain. The actual extent of outcrop for the Brighton Limestone or Tarcowie 
Siltstone does not warrant recharge being applied (model volume inputs would be a very small portion of the 
model water budget).  

f) Model runs without boundary conditions identified that significant changes to model predictions were only 
present for a scenario of mine development without any mitigating measures (no grouting and no MAR). It is 
unlikely that boundary heads would change significantly but if they did, it is expected any change would be far 
less significant than uncertainty associated with mining related stresses and mitigation strategies (grouting and 
MAR).  

g) The groundwater flow field represented in Figure 6a is August 2014, taken as the steady state calibration date in 
order to limit the influence of surrounding groundwater pumping (typically occurring in summer months).  
 
Groundwater levels within the flow field are consistent with topography.  
 
Assumptions relating to the groundwater flow field include: 

 
- The fractured rock aquifer is continuous and connected at the catchment scale such that groundwater levels within 
the catchment reasonably represent groundwater flow direction within the catchment. 
- Wells used for groundwater level data are completed in the fractured rock aquifer being assessed (this was 
carefully checked during the process of data point selection). 
- Changes in groundwater level gradient (spacing of hydraulic head contours) indicate changes in fractured rock 
aquifer hydraulic properties. 
 
Limitations of the groundwater flow field presented in Figure 6a include: 
- The flow field is constructed from wells regularly monitored by Terramin (high confidence in water level data) and 
wells from the DEW WaterConnect data base with limited available data (lower confidence in water level data).  
 
The different types of data used (high and low confidence wells) are symbolised differently in Figure 6a to make this 
clear. Low confidence wells used in the preparation of the flow field were typically located on the outer boundaries 
of the study area. Within the groundwater model domain, there were 39 high confidence wells used, covering areas 
up-gradient, down gradient and across the groundwater divide (to the southeast) with respect to the Project site. 
 
- There are limited available data within the eastern model domain. However, there are enough data to produce a 
reasonable flow field for the study area and to inform steady state groundwater model calibration. 
 
- Groundwater level values in the flow field between known data points are interpolated and may be somewhat 
different to actual field values in these locations. This is a common and reasonable practice regarding groundwater 
level data.  
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30.  Groundwater 
Model 

Hydraulic parameters, in particular conductivity, control the modelled inflow to the 
mine and modelled drawdown. It is therefore important to understand how these 
parameters are calculated and applied to the model. 

a) It is not clear whether hydraulic conductivity values estimated from aquifer 
tests were based on total aquifer thickness or the open interval of the wells.   

b) Table F1. The model layer type (LAYCON) is not stated. It is important to 
know how individual model layers were modelled (unconfined, confined or 
convertible confined/unconfined). 

c) Table F1. Thickness of model layer 1 differs to that in Table F2. 
d) Table F1/F2, layer 3 thickness (representing highly fractured Tarcowie 

siltstone, the hanging wall fault). There is inconsistency in the document of 
thickness, for example, Table F1 reports a thickness of 0 – 25 m where 
Table F2 reports 5 – 25 m. Furthermore, field data in Table 1 (page 32) 
reports 30 m as the fracture zone of well IB4 (i.e. thickness). 

e) It is unclear if the old mine workings were included in the conceptual 
hydrogeology and the model. 

It is unclear or undocumented why many of the numerical values for hydraulic 
parameters were adopted in the model.   
 
Provide the following: 

a) Clarify whether hydraulic conductivity values estimated from aquifer tests 
were based on total aquifer thickness or the open interval of the wells; 

b) A revised Table F1 including the model layer type (LAYCON); 
c) Review Table F1 thickness value; 
d) Review Table F1 and F2 thickness values; 
e) State if the old mine workings were included in the conceptual 

hydrogeology and the model. If yes, provide hydraulic parameters that 
were assigned. Provide a discussion of the potential implications of this on 
the model predictions; and 

f)    Justification for how the numerical values for hydraulic parameters were 
adopted in the model; specifically: 

i. Why is the kv > kx for Layer 1, 4, part Layer 5? 
ii. Why is the kv ~ kx for Layer 3 and for part Layer 5? 

iii. Why is the kv << kx for Layers 6 and 7? 
iv. When addressing marble alteration to clay why is kh=kv;  
v. If the above are associated with the 45-50⁰ dip in the model layers, 

justify how the model set up would account for the dip. Clarify if the 
model takes into account the difference between horizontal and 
vertical hydraulic conductivities vs. hydraulic conductivities along the 
strike and dip.  

vi. Why does the kh for the Tapley Hill Formation productive zone vary 
over three orders of magnitude?  

vii. Why are the specific yields and specific storages the same for 
fractured, competent and weathered marble? 

viii. Why are the specific yields and specific storages the same for 
footwall, productive and fracture extinct Tapley Hill Formation? 

 

a) Open interval of the well. However, at IB1 and IB2 the open intervals were = to formation thickness b. IB5 
was analysed as a partially penetrating aquifer which produces the same result when changed to open 
interval of the well. IB4 has an open hole interval of 50 m which covered the HW fracture zone. 

b) Layer 1 = Type 1, Layer 2 - 7 = Type 3 
c) See response d) 
d) It is acknowledged that the layer thickness values in Table F1 and Table F2 in AGT 2017 are confusing. Layer 

thickness presented in Table F1 was intended to communicate the conceptual thickness of each 
hydrostratigraphic unit, while the layer thickness values presented in Table F2 were intended to capture the 
implements model layer thicknesses. 
To avoid confusion, maps of model layer thickness have been presented below. These relate to the values 
presented in Table F2.  

e) The old Bird in Hand mine shafts were not included in the groundwater model. The deepest mine shaft is 
about 125 m bgl and the bottom 83 m is submerged beneath the water table. Any effect of this small area of 
higher permeability and storage would have on inflows was not assessed by modelling as any effect was 
assessed as minimal. 

f)  
i. Kv > Kx, derived via transient calibration, open exploration holes or dipping faults. 

ii. Kv ~ Kx for Layer 3 and for part Layer 5 due to transient model calibration and considered 
reasonable as these zones in the model represent fractures. 

iii. Kv << Kx for Layers 6 and 7 due to model calibration and the model layer structure. Low Kv in 
layer 6 was a result of calibration to test pumping at the BiH site. 
Another consideration is that model Layer 1 to 5 represent geological strata that overly the 
Tapley Hill Formation in the east and southeast of the model domain. However, model Layer 
1 to Layer 5 also overlay Layer 6 in the west and northwest of the model domain where 
Tapley Hill Formation (layer 6) is the only strata actually present. The very low vertical 
hydraulic conductivity for Layer 6 also serves to limit vertical flux from overlying layers to 
the “productive Tapley Hill Formation aquifer”. 
In a previous iteration of the BiH model, Model Layer 1 to Layer 5 were turned off where 
they overlaid the productive Tapley Hill Aquifer. However, following independent review 
comments, this was changed to the current model layout.   

iv. When addressing marble alteration to clay, kh=kv for simplicity. The clay would likely 
represent in-situ alteration and the orientation of potential anisotropy in hydraulic 
conductivity is unknown. The adopted value (around 1 x10-9 m/s) is considered reasonable 
for the material being represented. 

v. The model layer structure, that features very sharply dipping layer elevations, is done 
specifically to represent the difference between along-strike and across-strike hydraulic 
conductivity in a geological package which is strongly dipping. The folded, dipping strata of 
the Brighton Limestone and overlying units (Tarcowie Siltstone including the Cox Sandstone) 
are regionally truncated by the (geologically younger) Kanmantoo Group to the east. 
The groundwater model structure in the vicinity of the proposed mine allows for the 
hydraulic conductivity along-strike to be represented by model horizontal hydraulic 
conductivity and across-strike to be represented by model vertical hydraulic conductivity. 
Reduction in hydraulic conductivity with depth (along-dip) was represented via zoning of 
horizontal hydraulic conductivity (see Table F2: Marble Upper Fracture Zone, Marble 
Competent, Marble – Alteration to clay). 
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vi. The Kh for the Tapley Hill Formation productive zone varies over three orders of magnitude 
to achieve a reasonable steady state calibration. This variation is considered reasonable 
given the fractured rock nature of the aquifer being represented.  

vii. Fractured, competent and weathered marble are assigned the same storage parameters 
(common specific storage and common specific yield) for simplicity. For the competent and 
altered marble the assigned values are likely to be overestimates which could potentially 
overestimate mining scenario inflows (thus are conservative). 

viii. Footwall, productive and fracture extinct Tapley Hill Formation are assigned the same 
storage parameters (common specific storage and common specific yield) for simplicity. For 
the footwall and fracture extinct Tapley Hill, the assigned values are likely to be 
overestimates which could potentially overestimate mining scenario inflows (thus are 
conservative). 

 
 

31.  Groundwater 
Model 

A comparison of model hydraulic properties and field estimates are provided but no 
explanation is provided why the thicknesses of model layers (column 4) are 
different from those determined in the field (column 3) in Table F3. 
 
Describe and justify why the thickness of model layers (column 4) are different 
from those determined in the field (column 3).  

Some model layers were assigned as a constant thickness (such as the marble; 50 m) whereas the observed 
thickness can vary in the field. 40m to 60m was observed in the wells, the can be for a number of reasons, including 
the strike and dip of the well, strike dip of the stratigraphic unit and geological variation. The model layers are 
constructed to simulate the field observations based on all available data. Where field observations vary for a given 
layer, it is reasonable to adopt a constant thickness within the range or observed values.   
 
 

32.  Groundwater 
Model 

The term validation can be used in several different ways in groundwater 
modelling.  
 
Define validation in the context of the project scope and objectives. 

In lieu of a transient model validation process by means of withholding a portion of the dataset, additional available 
information provided an opportunity for model validation. This included: 

• Estimated baseflow to Inverbrackie Creek obtained through catchment modelling undertaken by the 
Department of Water, Land and Biodiversity Conservation (DWLBC) (Zulfic et al., 2003); 

• Mapped locations of springs observed during a ground survey in April 2015 (details presented in Section 4.3 
and Figure 34 of the main body of the report); 

Anecdotal information pertaining to historical mining operations in two nearby mines (i.e., ‘The Ridge’ and ‘Two in 
the Bush’). See response 34 

33.  Groundwater 
Model 

Clarification is required on whether the river bed conductance was a calibration 
parameter. It is not clear why the river bed conductance was adjusted during model 
calibrations. 
 
Clarify whether the riverbed conductance was a calibration parameter and why the 
riverbed conductance was adjusted during model calibrations. 

Yes – see page 14 and 26 of Appendix F of MLA Appendix H9. Calibration was sought through adjustment of 
hydraulic conductivity, recharge and boundary conditions (including general head boundaries and riverbed 
conductance). This was effected largely through manual parameter adjustment. Part of the calibration process was 
expedited through use of state-of-the-art automated calibration software PEST (Doherty, 2016), with appropriate 
user-intervention to ensure PEST-adjusted variables remained realistic 

34.  Groundwater 
Model 

Historical anecdotal observations - Paragraph 2 
a) The reported pumping rate was not included; 
b) It is not clear whether historical anecdotal observations were reflected in 

the model and if so how. 
 
Provide the following additional information on historical anecdotal observations: 

a) If available, provide the reported pumping rate; 
b) provide detail on how this was implemented in the model, scenario set-

up, pumping rates, temporal discretisation etc and an updated Figure F24 
showing the historical anecdotal observed drawdowns. 

 

Anecdotal information pertaining to historical mining operations provided an opportunity for model validation. Diary 
entries were made by the mine manager during the period spanning the 1880’s to 1930’s regarding mine inflows and 
the groundwater declines observed in two nearby mines, namely ‘The Ridge’ and ‘Two in the Bush’.  
 
The pumping rate reported by mine manager at the time varied from 40 L/s to 60 L/s over 120 days when the mine 
was 120 m deep. These rates were recorded in the 1880’s and there’s no way of verifying how continuous and 
variable these rates were. The locations of these historic mines is indicated in Figure 1 of the main body of the report 
(The Ridge mine is labelled as ‘Ridge Gold’ in this figure). Anecdotal records revealed that active operations 
commenced on the 2nd of January 1891 with pumping commencing on 17th January. The mine manager noted on 
that day the water levels since pumping began had lowered 40 feet (approx. 12 metres) at Two in the Bush (located 
614 m to the north) and 15 feet (approx. 4.5 metres) at The Ridge (located 363 m to the south). 
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The equivalent pumping scenario was simulated within the model by applying a drain cell to the HWF at the depth 
(125-130m), which corresponds to the same depth in which the historic mine workings intercept the HWF and 
encountered high flows (40 – 60 L/s). (see Figure F24) and the groundwater level drawdowns at the locations of 
these two mines compared with the anecdotal evidence. The predicted drawdowns are considered to be in 
adequate agreement with the reported anecdotal observations. 
 
The simulated inflows and drawdown for mining in the 1880’s are presented below.  Following the initial inflow peak 
(due to instantaneous stepwise increases in underground mine surface area), groundwater inflows range from 60L 
to 40 L/s which is consistent with historic records. Likewise, the simulated drawdowns after 120 days of pumping at 
the two mine shafts are also consistent with historic records.  
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35.  Groundwater 
Model 

Underground mine representation 
a) The elevation of the drain cells is not clear. 
b) The drain conductance value of 1 m2/d employed for modelling under 

unmitigated conditions seems to be low to cause the mine to be dry during 
various stages of mining. The dewatering drain boundaries were applied to 
model cells in the Tapley Hill Formation and the Brighton Marble. Table F3 
indicates the conductance value of 1 m2/d is similar to and in some 
locations less than the transmissivity of these hydro-stratigraphic units. To 
ensure no restriction of flow into the mine workings a higher conductance 
should be applied to the drain cells.  

c) Figure27b and paragraph above shows total mine-life inflows for C=100 
m2/d are slightly lower than inflows for the C=1 m2/d which is the value 
adopted for the model.  

d) To aid in interpretation of the underground representation the following 
must be provided: 

i. a graph of modelled water level versus time superimposed on a 
graph of dewatering (drain) elevation versus time. 

ii. An updated Table F5 containing dewatering depths and floor 
elevations of the drives at each stress period. 

 
Provide the following: 

a) Provide the elevation of the drain cells. 

 
a) The elevation of the drain cells resembles the elevation of the actual mine based on Terramin’s mine plan.  

Additional information is shown in the below images. 
 
b) As described in AGT Appendix F (Section 7.1), a convergence exercise was undertaken on mine drive 
conductance to balance the reduction of model artefacts (“surging” of model inflows with changing time steps) 
with not artificially limiting inflows (for an unmitigated mining scenario).  
 
This convergence exercise identified that Conductance “C” at very high values (e.g., C = 1000 m2/day) resulted in 
very large “surges” in predicted inflows that were a model artefact rather than a realistic prediction. Total 
inflows over the duration of the mining scenario were almost identical for values of C ranging from 0.5 m2/day 
to 100 m2/day, and did not increase with increasing values of C (e.g total inflows were slightly higher for C = 1 
m2/day than C = 100 m2/day) “no mitigation” scenario value of  C = 1 m2/day was adopted to minimise the 
“surging” artefact. 
 
The mine workings are assumed as dry during the model exercise but the model aquifer is not dry at the location 
of the mine drives.  For the non-mitigated inflows scenarios the model aquifer has a groundwater pressure very 
similar to the mine drive floor elevation.  For mitigated inflows scenarios the model aquifer has groundwater 
pressure far higher than the elevation of the mine drive.  This is reasonable because the reality of a sealed 
underground mine drive is that it experiences groundwater pressure at the drive walls.  The less the inflows (due 
to drive grouting) then the higher the groundwater pressure in the formation behind the grouted drive wall.  
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b) Provide further information to justify the drain conductance value and 
demonstrate that the mine workings were dry with this value.  

c) Clarify why total mine-life inflows for C=100 m2/d are slightly lower than 
inflows for the C=1 m2/d value adopted for the base case modelling. 

d) Provide additional information as requested. 
 
 

c) When C =100 m2/d the early time inflows are higher, resulting in larger drop in head and therefore later time 
inflows are lower. In order to manage the spurious early-time behaviour of simulated inflows caused by 
instantaneous stepwise increases in underground mine surface area, reduced drain conductance values were 
employed. Multiple simulations were undertaken in a trial-and-error process, starting with an arbitrarily large 
value for drain conductance and progressively reducing its value until simulated inflows stabilized and exhibited 
typical recession curve characteristics. Figure F27a in Appendix F of the AGT 2017 report provides a graphical 
example of the trial-and-error reduction of drain conductance undertaken in order to attain a stable simulation 
of mine inflows. (A snapshot of approximately one year of inflows on a truncated scale is displayed for the sake 
of visual clarity.) Following this analysis, a drain cell conductance value of 1 m2/d was employed for simulation 
of unmitigated mine inflows. Figure F27b displays the relationship (for the unmitigated case) between drain cell 
conductance and total mine inflows for the duration of the simulated mine life (5 years). This demonstrates that 
larger initial mine inflow “spikes” caused by larger conductance values (and which, as discussed above, are 
deemed to be an unrealistic artefact of the simplified stepwise mine progression employed in the model) do not 
result in greater total simulated inflows. In fact, total mine-life inflows for C = 100 m2/d are slightly lower than 
inflows for the C = 1 m2/d value adopted for the base case simulation. It follows that simulated post-mining 
drawdown impacts would not be increased through adoption of the larger drain cell conductance values 
displayed in Figure 27b. 

 
Below is a screen grab of model drain cells representing the development of the mine decline in Tapley Hill 
Formation (model layer 6): 

 
Model layer 5 drain cells representing mine drives in marble: 

 

Top of decline: 

Time = 0 to 1915 model days 

Drain RL = 411.44 m AHD 
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36.  Groundwater 
Model 

An objective of the groundwater model is to evaluate impacts to baseflow in 
Inverbrackie Creek. The ability of the model to replicate baseflow was validated 
against baseflow estimates from published literature (874 ML in Zulfic et al. 2002). 
This estimate is uncertain as it was based on catchment modelling using 
sporadically gauged streamflow data between 1972-2000. This uncertainty is 
recognised in both Zulfic et al. 2003 and Appendix H1.  
 
It is not clear why streamflow was not measured during field sampling in 2015-16 
(Appendix C3 of H1). This would have allowed for contemporary estimates of 
baseflow with lower uncertainty.  
 
Provide additional information to justify why streamflow was not measured during 
field sampling in 2015-16.    
 
Provide discussion on the uncertainty associated with this and if appropriate 
include in the uncertainty analyses.  

One year of additional stream flow measurements collected as part of this study would not strengthen the previous 
work which was based on 38 years of streamflow measurements.  
 
Flow rates to the Inverbrackie Creek have been published in two government reports. DEW (formerly DWLBC) 
published a baseflow value of 874 ML/y (see Zulfic et al. 2003) and the Western Mount Lofty Natural Resources 
Management Board published a value of 867 ML/y (see Table 5.4 in the Water Allocation Plan for the Western 
Mount Lofty Ranges). Both published values for baseflow are consistent with the modelled baseflow value of 732 
ML/y. It is acknowledged that there exists uncertainty in these values, however the similarity of the three estimates 
suggests a degree of reliability.  
 

37.  Groundwater 
Model 

The following comments relate to site heterogeneity and the extent to which it is 
understood: 

a) Numerous faults were presented in (figure 9 page 49) without discussion of 
how they were derived or their role in regional hydrogeology.  

a) The study (pumping tests) identified faults that can act as either barriers or conduits to groundwater flow. 
An aspect of model conceptualisation and parameterisation was the characterisation of fault behaviour. 
Field programs (14 pumping tests) and data collection during pumping / injection (31 monitoring wells) 
focused on informing the behaviours of faults which were implemented in the groundwater model. 

 

Bottom of decline: 

Time = 1790 to 1915 model days 

Drain RL = 8.7 m AHD 
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b) Interpretation of the productive depth of the Tapley Hill formation (50 – 
100 m) presented (figure 40 page 113) was limited.  

c) There is little discussion on the influence of anisotropy in hydraulic 
properties during interpretation of pumping tests.  

d) There is no clear explanation for why a subset of wells were selected for 
analysis in the injection test results (App H9 page 30), which could result in 
uncertainty in the derived hydraulic properties of formations. 

e) The report (App H9 page 35), concludes that well BHRIB02 is not in direct 
connection with the mine area. This assumption is based on injection 
testing which was done over a short period.  

 
Provide the following: 

a) Provide information source(s) of geological faults and discuss whether they 
act as barriers or conduits for groundwater flow. 

b) Provide mean values and standard deviation of well yield versus depth. 
c) Provide discussion about the influence of anisotropy in hydraulic 

properties during interpretation of pumping tests. 
d) Provide justification for why some mathematical solutions were chosen 

over others; flow geometry and assumptions underlying the different 
solutions; model fit to observation data for each solution; accuracy of 
storage parameters estimated from aquifer tests. 

e) Provide further information to justify that well BHRIB02 is not in direct 
connection with the mine area or rephrase the statement.  

 

Key faults assessed by pumping test include:  
 

• Faults which behave as conduits to groundwater flow such as the hanging wall fault 
assessed by IB4 and the NE-SW trending fault intercepted by BHRIB01 (the latter being 
incorporated during the model update presented in Golder (2019b)) 

• Faults which behave as groundwater flow barriers – Two NW-SE trending faults near the 
proposed mine were evaluated several times (i.e. during the pumping test IB4 and 
injection into BHRIB01, injection into BHRIB02 and pumping from Nest Egg Mine). 

 
Despite these conceptualisation/parameterisation components being identified, modelling was used to test 
the influence of each as part of the uncertainty analysis (see Section 7.5 in AGT, 2017). This was particularly 
important in determining the likely extent of drawdown, as barrier behaviour is likely to restrict the area 
impacted by drawdown (see Figs 63 and Fig 64). The work of Golder (2019b) showed further field-based 
evidence of these structural controls. 

 
b) The plot of bore yield versus depth was based on catchment wide airlift data obtained from drillers’ records 

in WaterConnect. This was undertaken to demonstrate the range of the fracture zone below ground surface 
(50 m – 150 m) which is also supported by the fact that the average well depth in the catchment is about 73 
m. Calculating the mean and standard deviation values would be of little significance in this instance because 
the airlift yield used is not for a specific depth, but rather the end of the hole and represents the whole of 
the well.  

 
The average yield measured at EoH is presented on Figure 11 
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Figure 11 Averages yield with well depth measured from all wells in the Inverbrackie Creek sub catchment 
(left) and scatter of airlift yields versus well depth measured in wells targeting the Tapley Hill Fm (right). 

 
Typically, the area above the fracture zone is comprised of weathered rock and below this zone is the 
fracture extinction zone where aquifer permeability decreases.  Note, this is an observation based on 
WaterConnect drillhole data sourced from the Inverbrackie Creek sub catchment and it therefore applies to 
the broader Inverbrackie sub catchment rather than the mine area where the focused drilling investigations 
took place.  

 
This approach for determining the productive zone for model development is also consistent with the 
approach used by DEW in their groundwater flow model of the Cox Creek Catchment, Mount Lofty Ranges 
(Stewart and Green, 2010). 
 

c) The influence of anisotropy on pumping test results was further explored by Golder 2019 using the 
Gringarten-Witherspoon w/vertical fracture solution, which enabled ratios of Ky/Kx to be varied. For 
example, a Ky/Kx of 1 resulted in a Kx of 1.44 m/d, where as a Ky/Kx of 0.4 resulted in a Kx of 2.35 m/d. 
These results fall within the range of K’s derived by other solutions shown in Table 5 of the AGT 2017 report. 
 

d) Why was a subset of wells used? See paragraph 3 on pg 30 (Golder 2019) Due to high well losses commonly 
associate with an injection well (resulting in higher injection heads), type curves were matched to 
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groundwater rise in monitoring wells only. The monitoring wells selected for pumping test analysis included 
BHMB01 (located 19 m distant from BHRIB01), BH52_VW57m (located 60 m distant from BHRIB01) and 
6628-23182 (592 m distant from BHRIB01). BH52_VWP57m and 6628-23182 were selected in favour of 
other wells as they are positioned along strike of the fault intercepted by BHRIB01 (Figure 9).  Furthermore, 
it is unwise to select monitoring wells outside of the fault zone for determination of hydraulic conductivity 
and storativity. This is because monitoring wells located outside of the pumped fault have lower connection 
to the injection well and will drawdown less during a pumping test than those targeting the same fault as the 
pumping well. This will result in artificially high hydraulic conductivity values being derived from test results. 
 
Provide justification for why some mathematical solutions were chosen over others? The geomean of all 
solutions which resulted in good curve matching was used. A suite of analytical solutions were adopted to 
derive aquifer properties. In both studies > 30 pumping test analysis were performed on the pumping test 
data which gave a range of values depending on the 1) pumping well used in the analysis, 2) the monitoring 
well used in the analysis 4) ratios of Ky/Kx (where applicable) and 4) whether the drawdown, recovery or 
both phases of the pumping test were evaluated (See Table 5 in AGT 2017 and Table 10 in Golder 2019).  

 
As AQTESOLV curve matching produced good fits for the range of solutions applied, the geometric mean of K 
was adopted by the numerical model and refined during the transient calibration process (within bounds of 
tested values). Detailed discussion is provided under section 4.3 in Appendix F. Furthermore, a sensitivity 
analysis was performed based on the tested range of hydraulic parameters and doubling K See Table F3 in 
Appendix F of AGT, 2017. 
 

e) See paragraph [ph 1 on pg 35 (Golder 2019) Overall the above results indicate there is some structural 
control (groundwater flow barriers) that exist between IB4 at the proposed mine area and BHRIB02 and 
therefore BHRIB02 is not in direct connection with the mine area (i.e. well IB4). It should be acknowledged 
that the groundwater response induced by the injection test reflect the duration and rate at which the test 
was undertaken.  We have already acknowledged that connection may not be determined on its own over 
the duration of injection test, however there are also other lines of evidence (discussed under section 3.6 of 
the Golder 2019) which indicated the presence of structural control and poor connection, such as the 
pumping tests conducted at the mine area (well IB4). 
 
 

38.  Groundwater 
Model 

Issues relating to the lack of anisotropy in the 2019 version of the model (App H9) 
and 2017 version of the model (App H1): 

a) It is not clear what changes were made to the groundwater model as a 
result of the injection trials (App H9 section 4). Changes were made to 
horizontal hydraulic conductivity, however Figure 18 and Table 10 do not 
provide sufficient detail to understand what has been changed and where.  

b) The text notes (App H9 p38) that the properties of the clay aquitard were 
refined during the transient calibration process.  

c) The flow barriers used in the model have a significant impact on model 
results and their inclusion in the model creates uncertainty.  

 
Provide the following: 

a) Provide further information describing what changes were made to the 
groundwater model as a result of the injection trials.  

a) A summary of changes performed on the model can be found in section 4.2 of Appendix H9 of the MLA and 
zones that have been added (zones 1 to 3) are shown on Figure 18 of MLA Appendix H9.  31 monitoring wells 
were monitored during the pumping test and injection test to measure the anisotropy. Further supporting 
evidence is provided in Appendix B1. 

b) The inferred extent of the aquitard is shown on a cross-section in Figure 2 and mapped extent on Figure 3 in 
MLA Appendix H9. The extent of the highly weathered zone was delineated by Terramin based on drill hole data. 
The permeability assigned to this zone in this was 10-8 m/s to represent a typical clay. A more detailed 
interpretation supplied by Terramin of zones of weathering is presented in Appendix B1. A model simulation was 
undertaken with and without the weathered zone to assess the influence this has on mine inflows. Early time 
inflows are some 10 L/s lower in the first 2-3 years for the unmitigated case where there is no grouting. 
Uncertainty is addressed in Response 6. 
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b) Describe the nature of the aquitard and provide justification for how the 
properties were refined. 

Following refinement of hydraulic parameters, include flow barriers in the 
uncertainty analyses (see Matter #6 requirement for uncertainty analysis).  

  
Comparison of mine inflows with and without the upper weathered zone for the unmitigated scenario of no 
grouting. 

39.  Groundwater 
Quality - 
Baseline 

The baseline groundwater quality assessment presented in Appendix H11 is not 
considered sufficient to inform the determination of:  

• environmental value(s) of groundwater as defined in the Environmental 
Protection (Water Quality) Policy 2015; and 

• ambient groundwater value(s) referred to under principle 145 of the 
Western Mount Lofty Water Allocation Plan. 

 
Whilst it is recognised that a considerable amount of data has been collected to 
inform the quality of groundwater at, and near, the proposed BIH mine site, 
sufficient interpretation of the data has not been presented in the MP. The quality 
of groundwater has been considered in the context of a single fractured rock 
aquifer, rather than separate hydro-stratigraphic units. It is also not clear if any 
consideration has been given to the potential for temporal variability (e.g. annual 
extraction by existing users) of the groundwater quality. 
 
The exploration boreholes (BH series) used for the baseline groundwater quality 
assessment data (Appendix H11) generally do not target a specific hydro-
stratigraphic unit or hydrogeological feature and have been completed with slotted 
PVC casing.  
 
If groundwater quality data from these bores is used to inform the baseline 
groundwater quality assessment it must be justified and uncertainty discussed.  
 
Once the baseline groundwater quality assessment has been completed 
environmental values for each hydro-stratigraphic unit can be estimated and 
clearly documented. Environmental values need to consider current and potential 
future uses of groundwater. As Inverbrackie Creek has been identified as a 
groundwater dependent ecosystem, an adequate baseline assessment of surface 
water quality (with consideration of temporal heterogeneity) also needs to be 
documented to inform the determination of environmental values for relevant 
hydro-stratigraphic units.  

a) The average salinity and range is presented for all hydro-statratigraphic units in the table below. When 
considering temporal variations in salinity the key aquifer is the Tapley Hill formation as this is the only 
formation to experience regional fluctuations of between 5 and 10 m from summer pumping. The average 
salinity for all wells targeting the Tapley Hill Formation at the end of summer (Feb to March) = 909 mg/L 
(based on 30 samples) whereas the average salinity for all wells at the end of spring (Sep and October) = 886 
mg/L (based on 21 samples).  

 
The beneficial use category for each aquifer unit relevant to the project based on groundwater salinity has also been 
assessed. Results show: 
 

• Nnt (Tapley Hill Fm) has an average salinity of 902 mg/L based on samples collected from 23 wells. Four 
wells have a salinity which exceeds the 1200 mg/L threshold limit for human water consumption. Its 
considered that most wells which target the Tapley Hill Formation fall within the beneficial use category for 
human consumption. 

 

• Nir (Tarcowie Siltstone) has an average salinity of 1128 mg/L which is below the 1,200 mg/L threshold for 
human water consumption, however 60% of wells which target this formation revealed salinities that exceed 
this threshold and do not fall within this beneficial use category.  

 

• Nni (Brighton Limestone) has an average salinity of 1051 mg/L which is below the 1,200 mg/L threshold for 
human water consumption however 50% of wells which target this aquifer revealed salinities that exceed 
this threshold and therefore do not fall within the beneficial use category.  

 
b) The AGT report indicated that BH series wells are exploration holes and were not drilled for hydrogeological 

purposes. However, they were lined with PVC and developed by pumping. Four wells (BH41, BH2, BH43 and 
BH44) are screened in specific hydro-strat units whilst BH16, BH34, BH35 and BH36 (which are located in a 
small cluster surrounding the historic workings) were screened across multiple units (Tarcowie Siltstone, 
marble and tagging the top of the Tapley Hill). The water samples were obtained under pumping (from a 
submersible pump (MP1)) and most of the groundwater water is assumed to be derived from the most 
permeable feature, such as the hanging wall fault. 
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Further assessment/interpretation of the baseline surface water quality of the 
Inverbrackie Creek (with consideration of temporal heterogeneity) should be 
undertaken to inform the determination of environmental values for relevant 
hydro-stratigraphic units.   
 
 
Provide: 

a) an assessment of baseline groundwater quality for each hydro-
stratigraphic unit with consideration of potential temporal variability (e.g. 
annual extraction by existing users); 

b) a statistical assessment of the data for each hydro-stratigraphic unit to 
validate the selection of a baseline value and/or range for each analyte 
(based on the data distribution). If groundwater quality data from 
exploration boreholes is used to inform the baseline groundwater quality 
assessment it must be justified and uncertainty discussed; 

c) Review the assessment/interpretation of the baseline surface water quality 
of the Inverbrackie Creek.  

 
Once the baseline groundwater quality has been established as above, provide:  

• a determination of the environmental value of groundwater for each 
relevant hydro-stratigraphic unit; and  

• ambient groundwater value(s) referred to under principle 145 of the 
Western Mount Lofty Water Allocation Plan. 

 
 
 

A statistical assessment of each analyte is provided in Appendix B for the two main aquifer units 
surrounding the site (Tarcowie Siltstone and Tapley Hill formation). The following provides 
the beneficial uses based on TDS of all units such that the environmental value can be determined.   
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2 711 2350 1744 2 4 
1 1 - - 

Ee

b 

163

7 1000 3690 2690 7 15 
6 11 1 1 

Ek 

161

8 1250 2280 1030 3 4 
3 4 - - 

Nd

s 910 860 960 100 1 2 
- - - - 

Nir 

112

8 687 1560 873 10 60 
6 21 - - 

Nl 

110

5 390 1680 1290 2 23 
2 14 - - 

Nni 

105

1 717 1600 883 6 32 
3 7 - - 

Nn

t 902 429 1160 1211 23 128 
4 13 - - 

Ns

b 

114

4 813 3390 2577 2 9 
- - 1 1 

Nu 

166

4 678 3200 2522 2 12 
2 3 1 3 

Ny

s 643 594 696 102 2 4 
- - - - 

PA 548 494 593 99 1 8 - - - - 

 
The water quality derived from the four wells discussed above has been used as a guide to establish a baseline and 
inform the water treatment process. The baseline for each well and hydrostratigraphic unit will be different. The 
purpose of establishing a baseline is to have a set of values which measured values can be compared to over time to 
measure any impacts or not. Terramin is proposing to install a series of MAR injection wells as part of the MAR 
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system, each well’s location has been chosen primarily to maintain existing hydraulic properties of pre-existing wells. 
When each well is drilled and sampled the baseline values for each well will be stabilised specific to that location. 
Until such a time as the wells are constructed and sampled, the 4 wells discussed above are an appropriate baseline 
to inform design decisions. 
 
c) Routine water quality monitoring of the Inverbrackie Creek was undertaken upstream (‘Inv Creek Up’) and 
downstream (‘Inv Creek Down’), and one-off water samples were obtained from various pools/springs along the 
creek. 160 water samples were collected from the Inverbrackie Creek. A summary table of surface water quality is 
provided below. 
 
The Results show the Inverbrackie Creek is of poor condition, enriched with nutrients exceeding water quality 
guidelines for freshwater ecosystems and high in sediment (suspended solids up to 209 mg/L) due to human 
disturbance. It has a moderate diversity of invertebrates and lacks any rare or sensitive species (EPA, 2013). 
 

Analyte  Average min max 

TDS_mg_L 1098 89 17900 

TDS_Calc_mg_L 1533 97 6900 

SS_mg_L 209.8 0 2590 

Turbidity_NTU 116.51 0.4 4400 

Bicarbonate_Alkalinity_mg

_L 228.13 0 2060 

Carbonate_Alkalinity_mg_L 2.19 0 296 

Bicarbonate_HCO3_meq_L 2.245 0 8 

SO4_meq_L 58.765 0.06 220 

Cu_Diss_mg_L 5.31 BD 1070 

Fe_Diss_mg_L 0.62 0 3.73 

Mn_Diss_mg_L 0.43 BD 4.31 

Pb_Diss_mg_L   BD 0.043 

Sb_Diss_mg_L   BD 0.004 

Zn_Diss_mg_L 0.017 BD 1.82 

Cd_Tot_mg_L 0.000 BD 0.0083 

Cr_Tot_mg_L 0.004 BD 0.054 

Cu_Tot_mg_L 1.054 BD 354 
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Fe_Tot_mg_L 9.626 BD 649 

Mn_Tot_mg_L 1.075 BD 59.9 

Pb_Tot_mg_L 0.015 BD 0.898 

Sb_Tot_mg_L BD BD BD 

Zn_Tot_mg_L 0.055 BD 2.62 

N_Ammonia_mg_L 0.194 BD 14.6 

N_Nitrite_mg_L 0.000 BD 0.22 

N_Nitrate_mg_L 0.332 BD 18.4 

NOx_Nitrite_mg_L 0.381 BD 18.4 

NO3_Nitrate_mg_L 4.725 BD 14 

NO3_Nitrate_meq_L 0.078 BD 0.23 

TKN_N_mg_L 3.379 BD 271 

N_Tot_mg_L 3.814 BD 271 

P_Tot_mg_L 0.875 BD 42 

P_Reactive_mg_L 1.162 BD 13.6 

DOC_Mg_L 40.333 21 74 

DO_mg_L 10.200 10.2 10.2 

BOD_mg_L 40.848 -2 250 

BD = below detection limit 
 
 
 

40.  Groundwater 
Quality – 
Baseline 

An accurate assessment of the baseline groundwater quality is required to 
determine the appropriate water quality parameters for discharge water. 
 
The information presented in Tables 2.5, 2.6 and 2.7 in the Addendum of Appendix 
J1 is not considered a sufficient baseline assessment to inform the groundwater 
discharge target values.  
 
This data is based on only two ‘receptor’ bores, each targeting a different 
hydrostratigraphic unit. Whilst it is understood that this information was utilised to 
represent the groundwater quality at two of the proposed discharge locations, all 
of the potential receptors of the discharged groundwater (including all 

The work of GPA (MLA Appendix J1) adopted the water quality obtained from injection well BHRIB01 to guide 
discharge water quality targets and treatment plant design. Note: further work on the treatment design, and revised 
permeate concentrations to meet the water quality target has been undertaken. The method used by GPA for 
determining the discharge value was guided by principal 149 of the WMLRPWRA WAP which states.  
 
For the purposes of principle 147, the relevant water quality characteristics shall be measured using sufficient 
representative samples of: a. the source water; and b. ambient underground water collected from the proposed point 
of injection or as near as possible to the proposed point of injection and from the same aquifer into which it is 
proposed to drain or discharge water. 
 
The baseline water quality is presented for two injection wells in Appendix B1, which will be updated once additional 
injection wells are drilled for the mining operation.  Notwithstanding the above, the ambient groundwater of the 
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groundwater bore users and the Inverbrackie Creek) need to be considered when 
establishing the baseline groundwater quality.  
 
The method documented for determining discharge values based on the present 
background groundwater quality assessment uses a small statistical data set and 
hence there is uncertainty with the results. The proposed discharge water target 
values in Tables 2.8, 2.9 and 2.10 in the Addendum have been determined based on 
the baseline groundwater quality assessment presented in Tables 2.5, 2.6 and 2.7. 
These values will need to be updated following an updated assessment of the 
baseline groundwater quality. 
 
The baseline groundwater quality interpretation (as per comment #40) should be 
used to inform the discharge water target values. 
 
Provide updated discharge water quality parameters informed by a revised 
baseline groundwater quality assessment. 
 
 

surrounding aquifer based on private wells and monitoring wells targeting the two receiving formations, the 
Tarcowie Siltstone and Tapley Hill formation can also be used. These results are also provided in Appendix B1 and 
the beneficial use category of each hydro-stratigraphic unit based on TDS is shown in response 39. 
 
The highest category of beneficial use for any of the receiving hydro stratigraphic units is human consumption. 
Based on this categorisation and subsequently the Australian Drinking Water Guidelines 2011, principle 145 of the 
WMLR WAP, the observed values referred to in appendix J1 of the MLA and the wells discussed in response 39b) the 
following MAR target water quality values have been set until updated data is available.  
 

MAR target values Mg/L except H 

pH 6.5 - 8.5 

TDS 994 

Cations 
 

Sodium 180 

Magnesium 26 

Potassium 8 

Calcium 200 

Ammonia (as 
NH4

+) 
0 

Anions 
 

Chloride 355 

Bicarbonate 200 

Carbonate 0 

Sulfate 250 

Nitrate (as NO3
-) 10 

 
 
 

41.  Groundwater 
Quality – 
Baseline 

Some heterogeneity of groundwater chemistry is evident in the Piper Plot 
presented, particularly the Tapley Hill Formation. An understanding of the locations 
of the wells that have contributed data to the Piper Plot would be useful to 
determine whether this heterogeneity warrants further investigation. 
 
Additionally no information is provided on sampling methodology, sample depth or 
bore construction. 
 
Provide the data that was used to develop the Piper Plots (Figure 41) together with 
the sampling methodology, sample depth, sample location (shown on a map or 
figure) and bore construction details.  

The input table used to develop the piper plot is provided in Appendix B. The well details are presented in Table 4 of 
the AGT groundwater assessment. 
 
Groundwater samples were routinely collected from more than 28 private wells located within the Inverbrackie 
Creek sub-catchment and some neighbouring sub-catchments. In contrast to the exploration holes the residential 
wells target shallower groundwater and their depth does not typically exceed 140 m. Wells were pumped until three 
bore volumes had been purged and readings of pH, temperature and EC had become stable. Many samples were 
obtained from private operational wells which were equipped with pumps. For wells that were not equipped with 
pumps, pumping was undertaken using a Grundfos MP1 submersible pump. Samples were collected in laboratory 
prepared containers, stored on ice and submitted to ALS Environmental Pty Ltd (ALS) for the full suite of analysis 
including, major cations and anions, total and dissolved metals, nutrients and selected contaminants (hydrocarbons 
etc.). 
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42.  Groundwater 
Quality – 
Baseline 

Information included in the MP submission indicates that the underground blasting 
activities have the potential to induce temporary (reversible) minor changes in 
water quality close to the blast field. The MP cites literature from a study 
undertaken in 1984 in western North Dakota. It is noted that the hydrogeology of 
the study area described in the literature (relatively homogenous sand and coal 
aquifers) does not appear to be very representative of the hydrogeology at the 
proposed BIH mine site (fractured rock aquifers).  
 
Provide further information, which is relevant to the hydrogeology associated with 
the proposed BIH mine site to reduce uncertainty that any impacts to the water 
quality (as a result of blasting) will be temporary and reversible. 

The MLA accurately identifies that there is a potential for short term temporary changes to water quality and refers 
to seismic blasting studies in relation to the pathway, rather than representing that there is was an analogous 
geological context. , In the case of bird in hand the blast happens in a mine void, which is open to atmospheric 
conditions and the vast majority of energy is directed back into the void, including any chemicals that may be 
created from the blast. Seismic blasting happens in a drill hole, sometimes below the water table and is used to 
generate a soundwave that can be measured. This is not a comparable event to mining development. Any blast 
products (nitrates) that are pushed out into the groundwater and rock in a small halo around the blast will be 
directed back into the mine void as a result of groundwater inflows. Once the water is in the void it will be collected 
by the water treatment system. See Appendix B3. 

43.  Groundwater 
Quality – 
MAR 

The MP acknowledges that the efficiency of the discharge wells is likely to be 
reduced over time due to clogging with suspended solids. The MP proposes that 
scheduled maintenance will be undertaken once the specific capacity of a discharge 
well has reduced by 20%. Techniques identified for maintenance include back 
flushing, airlift agitation, surge block and acidification. It is important that any 
potential impacts to groundwater quality, as a result of clogging of the discharge 
wells (e.g. biofouling) or the use of chemical treatments to manage clogging (e.g. 
acidification), are considered. 
 
The MP also does not include estimated timeframes for the management of 
clogging 
 
Provide an assessment of the potential for chemicals (used for bore clogging) to 
impact on groundwater quality. The impact assessment must be completed as per 
section 6.1.2 of the Determination. 
 
Provide the estimated timeframe to de clog a bore and discuss how downtime in 
the MAR system would be managed.  
 
 

The specific capacity (SC) of an injection well and groundwater levels measured in adjacent monitoring wells will be 
used to detect the onset of clogging. When the SC decreases by 20%, back-flushing of the well will commence. Note 
there will be backup injection wells which will be used in the event an injection well needs undergo redevelopment. 
Table 8 in Appendix B3 shows the results of mixing untreated water with the exiting groundwater as a worst case 
scenario. This is not an option that is proposed, but is presented as a worst case scenario to demonstrate the 
minimal potential for clogging. As stated in other sections of this document the water injected under MAR system 
will be treated to the MAR targets, which will be refined following the installation of reinjection wells.  
 
Where possible all injection wells will be constructed with open hole completion to improve success of well 
redevelopment in the event clogging occurs.  
 
A number of common physical and chemical repair methods are available and provide effective solutions for 
common bore performance problems. These methods include: 
• airlifting, jetting, and surging 
• bailing, surging, and swabbing 
• brushing 
• ultrasonic treatment 
• chemical treatment 
• use of detergents. 
 
Chemicals are generally used in conjunction with mechanical actions to break up or dissolve any encrustation or 
blockages. Table 17.1 in the Minimum Construction Requirements for Water Bores in Australia (by the National 
Uniform Drillers Licensing Committee (Australia), 2012) shows various chemicals used in the treatment of bores and 
the types of problems they target. 
 
It is important to note is that any approved chemicals used for well rehabilitation will be purged from the well during 
redevelopment.  
 
Section 10.6.1.6 of chapter 10 of the MLA addresses redundancy in the MAR system and injection rates achieved 
during field trials. Each bore drilled will be different in terms of the injection rates achieved and the water quality of 
the receiving aquifer. Terramin will assess each bore as it is constructed and the relevant permits are acquired and 
ensure that the MAR system is constructed fit for purpose with adequate redundancy. Section 10.6.2.2 of the MLA 
addresses the management and monitoring of the MAR system.  

44.  Groundwater 
Quality – 
AMD 

The Acid and Metalliferous Drainage (AMD) assessment presented in Appendix M2 
only characterises material to be stored above ground in the integrated mullock 
landform (IML). It is noted that the proposed IML shed is not considered in this 

The scope of the AMD assessment included in Appendix M2 of the MLA was limited to waste rock bought to surface 
as geochemical analysis of the rock surrounding the ore body (undertaken during resource definition) showed that 
all the mullock was Non Acid Forming material. This is confirmed by Table 5 in Appendix M2 of the MLA which shows 
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assessment. Whilst it is noted that waste rock from below 290 m depth will remain 
below ground and used for backfilling once sufficient void space is realised, it is not 
clear why an AMD assessment of this material was not undertaken as part of this 
MP submission. The management of potentially acid forming (PAF) waste rock 
material underground could impact the quality of mine inflow water (e.g. storage 
and use for backfill of mine voids).  
 
Clarify the reasoning for not undertaking AMD assessment of waste rock that will 
remain below ground. 

that of the 25 samples tested from the Tapley Hill Formation (lower decline and drives) and the Brighton Limestone, 
24 are Non Acid Forming or Acid Consuming Material. 
 
Any PAF material encountered (only that identified in the AMD assessment) will be blended for co-disposal, 
potentially mixed with cement (additional neutralising capacity) or a mixture of cement and placed into backfilled 
stopes if certain conditions are met. Addition of limestone is a potential additional treatment if required. The 
material could also be removed to AZM for encapsulation in tailings.  

45.  Geochemical 
Characterisati
on 

The location of samples used to characterise the Brighton Limestone is unclear as 
samples BH057 and BH059 have not been represented on a map.   
 
Provide a map and/or cross section identifying the location of geochemical 
characterisation samples associated with samples BH057 and BH059. 

A Figure has been provided in Appendix N1. 

46.  Water 
treatment 
Plant – source 
water 

The assessment of the quality of water flowing into the water treatment plant 
(WTP) is not considered sufficient to inform the conceptual water treatment plant 
design. 
 
The MP proposes three different sources of water to be treated by the WTP; 
underground mine inflow, recovered water from underground equipment, and run-
off from mine surface operations (including drainage from the IML). The expected 
quality of the mine inflow water has been estimated based on the existing 
groundwater quality, which does not consider the impacts of the underground 
mining operations (e.g. grouting, PAF material storage and backfill, storage and 
use of fuel, blasting) on the quality of the water. It is noted that the effect of the 
proposed shed for the IML has not been considered in the assessment of water 
quality. 
 
Appendix H5 (Grouting peer review) indicates that the mine inflow water is likely to 
have a pH 12 - 14 as a result of grouting operations. Appendix H5 also indicates 
that long-term leach testing of proposed backfill materials will improve the 
understanding of water treatment requirements. No estimate of the quality of the 
other two water sources has been presented. Careful consideration will need to be 
given to the characterisation of mine affected surface run-off due to the high 
variability expected (due to episodic rainfall events).  
 
All three sources of water present risks associated with the potential for 
contaminants to be present.  No risk assessment appears to have been presented 
with the MP submission to determine the contaminants of potential concern 
associated with each of these sources of water. Risk assessment should inform the 
WTP design and achievability of discharge water targets.  
 

a) Provide an assessment of contaminants of potential concern associated 
with underground mine inflow water, recovered water from underground 
equipment, and run-off from mine surface operations (including drainage 
from the IML and effect of any proposed strategies relating to the IML that 
have not yet been considered); 

Based on the baseline water quality data, comparable data was selected to inform the geochemical reactions that 
may occur as the water enters the mine void and mixes with the other water streams that are collected i.e. runoff 
from the IML, surface runoff from roads and recycled underground mining use water. Appendix B3 contains the 
Golder Water Quality Prediction Report.  
 
Following the report, the water treatment concept as presented in appendix J1 of the MLA was modified to provide 
flexibility to address minor predicted elevated salts. The inclusion of a small Reverse Osmosis plant and a denitrifying 
filter to treat a portion of the water to be reinjected through the MAR system would be the most appropriate 
technology to achieve the MAR target water quality values. The inclusion of these modifications provides flexibility 
and scalability for water treatment outcomes and minimises the need for offsite treatment. 
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b) Provide the expected water quality for each water source with 

consideration to (as far as practicable) the temporal variability of the water 
quality (e.g. episodic rain events, increasing contact of mine inflow water 
with grout and backfill material as mining progresses); and 
 

c) Demonstrate that the WTP has been designed with enough flexibility to 
treat the expected source waters to achieve the discharge water targets.  

 

47.  Water 
Treatment 
Plant  

Additional information is required to support the expected performance outcome of 
the water treatment process. Whilst it is acknowledged that water balance 
modelling has been undertaken, with a summary of results provided in Table 3.6, 
the modelling only includes total dissolved solids (TDS), total suspended solids (TSS) 
and nitrate.  
 
Following an assessment of all contaminants of potential concern associated with 
all three sources of water feeding into the WTP, quantify the expected 
performance of the WTP through chemical equilibrium and mass-balance 
modelling. This should include an understanding of the species that are likely to be 
added to the water stream (as a result of chemical dosing) at each stage of the 
water treatment process.   
 

As stated in appendix B3 the water quality to be treated has been based on comparable cases, in light of this it is not 
appropriate at this point in time to provide a chemical mass balance of the treatment stream. The treatment 
concepts proposed in Appendix J1of the MLA are standard treatment processes and the concept has been peer 
reviewed and found to be appropriate. Understanding the performance of the water treatment plant will be critical 
in the final design to ensure appropriate water quality is achieved prior to reinjection.  

48.  Water 
Treatment 
Plant 

No consideration has been given to the potential for changes to the chemical 
speciation of water as a result of mixing water sources in the WTP (e.g. mixing of 
underground mine inflow and recovered water from underground equipment in the 
WTP feed tank; addition of mine affected surface run-off to the water storage dam) 
and the establishment of a new chemical equilibrium. An understanding of any 
changes to the quality of water expected in the WTP process, following mixing of 
water sources, is required. 
 
Provide discussion and an impact assessment of the potential for changes to the 
quality of water expected in the WTP process following mixing of water sources. 
The impact assessment must be done as per section 6.2.1 of the determination.  
 

Appendix B3 provides discussion on the water streams coming into the water treatment plant and section 5.2 
discusses treatment options to provide output water that meets the MAR target values. The plant proposal and 
optionality has been designed to meet the MAR target water quality values.  
 
 
 

49.  Water 
Treatment 
Plant 

It is noted that the wastewater from the bio-filtration and ion exchange process in 
the WTP is proposed for use for backfill of underground mine voids. However, no 
information has been provided in the MP to document the expected quality of the 
wastewater from these processes. It is noted that PAF material is expected to be 
utilised for underground mine void backfill, therefore the quality of wastewater 
used in backfilling operations must be understood. It is also noted that Appendix J1 
references the potential use of wastewater for on-site uses (e.g. dust suppression, 
wheel washing) and MAR make-up water. It is important to note that the use of 
wastewater must be considered in the context of the Environment Protection 
(Water Quality) Policy 2015 (WQEPP). Section 10 of the WQEPP indicates that class 
1 pollutants must not be discharged into any waters or onto land in a place from 
which it is reasonably likely to enter any waters (without a licence). Schedule 2 of 

The reference to wastewater being used underground as part of the backfill sequence and as dust suppression 
onsite included in appendix J1 of the MLA is not part of the proposal.  
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the WQEPP lists class 1 pollutants. A good understanding of the quality of the 
wastewater is required before its use can be determined. 
 
Provide an assessment of the quality of the wastewater expected from the bio-
filtration and ion exchange processes in the WTP (including the pH). Discuss the 
results of the wastewater quality in relation to the MP for its use and/or disposal.  
 

50.  Water 
Treatment 
Plant – flow 
diagram 

Figure 3-197 depicts the Goldwyn bore water being delivered to the MAR tank 
which is in turn directed to MAR injection wells (bypassing the Water Treatment 
Plant). 
 
Section 3.7.9.6.5.2 (Pg 3-321) states that “All source water will be subject to the 
water treatment plant proposed onsite, described in section 3.7.9.5”. 
 
Review and clarify. 

No water from the Goldwyn bore will be extracted for mining activities. The bore may be used as an injection well as 
part of the MAR network. If the bore is used as an injection well the appropriate licence or permit will be in place 
prior to operation.  
 
The updated Figure 3-88 and 3-89 in Appendix C1, shows the flow diagram. All reference to untreated water being 
imported into the MAR system are not part of the proposal.  

51.  Water 
Treatment 
Plant – 
discharge 
quality 

The MP does not address the assessment of the chloride in water as a result of the 
final stage of treatment (ion exchange).  This was also noted in Appendix J2 (Water 
treatment peer review). 
 
Information needs to be provided to assess the levels of chloride expected to be 
present in the final treated water and, if expected to be present in elevated levels, 
demonstrate how the relevant environmental outcome and requirements of the 
Environmental Protection Act 1993 and Western Mount Lofty Water Allocation 
Plan would be achieved.  
 

Chloride present in water following treatment are not expected to be in elevated levels relative to the 
Environmental Act 1993 and the Western Mount Lofty Ranges Water Allocation Plan. If flowing ion exchange further 
treatment is required to remove chloride the RO plant could utilised to shandy the injection water.  

52.  Receiving 
Aquifer -  
geochemistry 

The MP does not appear to have considered the potential for geochemical reactions 
in the aquifers as a result of the discharge of treated water. Water discharged to 
the aquifers has the potential to interact with the surrounding geology which may 
impact the quality of groundwater moving through the aquifers. As this is likely to 
require geochemical modelling to adequately characterise any potential risks, it is 
recognised that additional baseline groundwater quality parameters (including, but 
not limited to, redox potential, total organic carbon and dissolved oxygen) are likely 
to be required in order to develop accurate geochemical models.  
 
Once the quality of the discharge water has been adequately characterised, further 
assessment is required to understand the geochemistry associated with the 
discharge of water to the aquifers and the potential impacts on the quality of the 
subsequent groundwater. If geochemical modelling is intended to be undertaken in 
order to adequately characterise any potential impacts, consideration should be 
given to the collection of additional baseline groundwater quality parameters 
(including, but not limited to, redox potential, total organic carbon and dissolved 
oxygen). 
 
 

Geochemical impacts of mineralisation in the subsurface (and exposed to oxygen via the mining void) has been 
taken into consideration in the assessment of the discharge water (Golder Geochemistry report, 2020). 
 
A qualitative indication of the geochemical influences likely to be present in the subsurface based on a ‘worst case’ 
scenario where injection of non-treated water is presented to show the potential mineralogical controls. 
 
The saturation indices are shown for the non-treated case (most conservative), for Pyrolusite, Dolomite, Hematite 
and Diaspore. While dolomite was included in the assessment, it is (*) noted that dolomite has unusual precipitation 
mechanics (Arvidson and Mackenzie 1999), and does not generally form below 50C, and may exist in 1000x 
supersaturated conditions (Compton 1988). Based on this, Golder finds that some precipitation of minerals is likely, 
but the quantity is likely to be negligible, and well within expected error. 
 
The mixing ratio for this interaction was 3.22 kg injection water to 1kg of receiver water (4.22kg total). 
 

Minerals log(Q/K) cm3/4.22kg 
Mineral 

Density 

Mg of precipitate/kg of water 

injected  

Pyrolusite 0 4.30E-05 4.73 4.82E-02 

Dolomite 0 0.0115 2.84 7.74E+00 

Hematite 0 7.00E-06 7.874 1.31E-02 
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Diaspore 0 3.28E-06 3.4 2.64E-03 
 

53.  Receiving 
Aquifer – 
water quality 

The MP does not provide any commentary about the potential for the quality of 
water discharged to the aquifers (following ‘equilibration’) to impact: 

a) The integrity of grout and backfill material in the underground mine (e.g. 
chemical attack through acids, sulphates or dissolved gases) 

b) The potential for oxidation of pyrite in the subsurface, particularly the 
supergene zone (e.g. high redox potential, dissolved oxygen). 

 
Once the quality of the discharge water has been sufficiently characterised, 
provide an assessment of the potential for discharge water to impact:  

a) The integrity of grout and backfill material in the underground mine (e.g. 
potential impact from acids, sulphates or dissolved gases); and  

b) The potential for oxidation of pyrite in the subsurface, particularly the 
supergene zone (e.g. high redox potential, dissolved oxygen). 

 
The impact assessment must be completed as per section 6.1.2 of the 
Determination. 
 

a) Golder finds that there is likely to be limited impact of mine affected water on the grout and backfill. It is likely 
that there will be slow chemical processes occurring but will not influence the grout in a substantial way within 
the five years of operation. Normal concrete ageing processes will contribute to a slow degradation over the 
longer term via: 

 
I. Carbonation – likely to occur, slow process, more likely to affect the thin veneer of shotcrete, unlikely to 

be affected by groundwater – requires air exposure. 
II. Calcium hydroxide leaching – likely, no change with injection, any water contact will accelerate this 

III. Sulphate – gradual weakening, likely to occur, but not from interactions with injected groundwater 
(sulphates present are likely to occur from oxygen diffusion around the mining void, i.e. primary 
reactions). 

 
b) Potential for oxidation of sulphides in the subsurface exists, and may occur, given that it is highly probable that 

the injected water will contain oxygen. However, the impact of this process is negligible. Dissolved O2 is 
expected to be on the scale of 10mg/L, and this may induce a response of about 4mg/L of sulphate (and 
0.01mg/L of acid), since there is over 300mg/L alkalinity, there is an ample supply of proton receptors in both 
the injection water and the receiving environment. This means that any sulphide oxidation is likely to have 
negligible impact (if it were to occur). Response 55 further discusses the location of the supergene zone and the 
aquifer properties associated with it.  

  

54.  Higher than 
expected 
inflow 
contingency 

It is noted that a factor of safety has been included in the design of the 
underground mine pumping infrastructure to manage inflows up to 40 L/s. It is also 
understood that an emergency dewatering pump will be installed to handle 
unexpected inflows (or to provide additional pumping capacity in the areas 
required). However, the capacity of the emergency dewatering pump is not clear. 
As such, it is not clear if the pumping infrastructure included in the underground 
mine design will have the capacity to manage the potential inflow as a result of 
potentially intercepting the hanging wall fracture zone. Management of water 
inflow to the underground mine is important to minimise the potential for mine 
inflow water to become contaminated (as a result of contact with underground 
mining equipment and activities) and infiltrate to the groundwater. 
 
Multigrout note that the “potential risk if hanging wall failure and loss of grouted 
ground, exposing ungrouted ground and high water inflows. This creates a 
situation of very difficult recovery, large time and cost implications!!?”  
 
Provide additional information to assess the effectiveness of contingency measures 
for the management of maximum water inflows to the underground mine that may 
be expected as a result of intercepting the hanging wall fracture zone.   
 
Describe how the contingency measures consider the potential risk of hanging wall 
failure, loss of grouted ground or exposure of ungrouted ground resulting in high 
water inflows. 
 

Clarifications of the maximum higher than expected flow as being 35 L/s is provided in response 91. 
 
Terramin plans 3 x progressive cavity (Mono or similar) pumps at each main pump station. The pumps will have a 
capacity of 20-22l/s each and give a 100% combined capacity of 60-65l/s. Pipework will be sized to meet this 
maximum duty at a suitable dynamic head. 
 
Main pump stations are expected to be set up with typically two pumps in service and one in place as a service spare 
that can be quickly brought on line to deal with higher inflows, or in the event of a pump requiring maintenance. 
Should a short-term inflow rate of 35l/s or more be encountered, service water usage will be minimised and the 
third pump brought on-line until the additional inflow has been managed. 
 
Secondary pumps, feeding the main pump stations will include 5-8kW, 20kW and 37kW submersibles (Flygt pumps 
or similar models). These will be able to be configured in a range of locations, as necessary, and to feed water at the 
full capacity of the main pump stations. 
 
The pumping system is therefore expected to be able to meet the modelled inflow rate, from an intersection of the 
FRA, with only two main pumps on line. The extra capacity of a third pump will allow the mine to quickly catch up 
and recover from any build-up of water underground, while the necessary mitigation measures are being put in 
place. 
 
The injection rate achieved during the trial into BHRIB01 was equivalent to nearly 3 times the expected mine inflows. 
The Injection tests on the two injection wells (BHRIB01 and BHRIN02) showed a combined injection rate up to 20 L/s, 
which was similar in nature to the range of mine inflows estimated by modelling under 70% grouting effectiveness, 
(which was modelled to reach 23 L/s). The proposal will involve the distribution of treated mine water across 8 



 

 
Bird in Hand Gold Project | MC4473  Page 75 of 169 
 

Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

injection wells, and therefore each well will be injecting at much lower injection rates and operating at lower 
pressure than those observed during the MAR trial. 
 
In the unlikely scenario that unexpected water flow is greater than expected, or the water allocation is insufficient, 
controlled inundation will be enacted. This will allow the systematic extraction of critical infrastructure in a staged 
process. Controlled inundation ensures that no additional load is put through the water treatment plant and the 
MAR system. Under this scenario all groundwater related outcomes will continue to be met and the water allocation 
will not be exceeded. Once water inflows have equalised i.e. reduced inflows at higher areas within the mine 
sequence and mitigation strategies, such as grouting the relevant high flow zones, have been enacted, the pumping 
infrastructure can be utilised to extract the water and process it through the treatment plant and into the MAR 
system.  
 

55.  Higher than 
expected 
inflow 
contingency 

It is noted that the numerical modelling of groundwater levels above the weathered 
zone shows only minor drawdown above the supergene zone, which is not expected 
to cause the aquitard containing the supergene zone to dry (oxidise). However, it is 
not clear what impact, if any, potential interception of the hanging wall fracture 
zone (resulting in higher than expected mine inflows that may not be easily 
recovered) will have on the potential for the supergene zone to oxidise. 
 
Provide an assessment of the potential for the supergene zone to oxidise in the 
event that prolonged mine inflows are encountered as a result of potential 
interception of the hanging wall fracture zone. In the assessment include a 
discussion on any proposed contingency measures and their effectiveness.  

Tonkin identified a discrete supergene sulphide zone above the decline. The supergene zone is held within healed 
fractures or had formed as growths locked up in a clay aquitard. If this zone were to dry out it would oxidize. 
However, modelling shows only minor depressurisation in this area which will not cause the aquitard containing the 
supergene layer to oxidise. To avoid the supergene zone, the decline and lower decline spiral will be developed 
within less weathered rock units to keep excavations within competent ground conditions. Numerical modelling of 
groundwater levels above the weathered zone, shows only minor depressurisation above the supergene layer, which 
will not cause the aquitard containing the supergene layer to dry (oxidise).   The results of the scenario where the 
HWF is intercepted by mining casing larger inflows are provided below. The interception of the HWF was simulated 
to occur at 300 m deep at time ~1500 days.  
 
 
Modelling show a declining trend in groundwater levels was established in the weathered zone at the start of 
mining, with a small additional groundwater level drawdown response based on scenarios involving hanging wall 
fault interception and higher inflows. However, by the end of mining under all scenarios, groundwater levels were 
predicted to drawdown to ~390 m AHD and ~395 m AHD (some 30 m above the top of the supergene zone).  
 
 
 

 
Predicted inflows at 300 m from interception of the HWF, simulated by assigning a single 5 m length drain cell into 
model layer 3 
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Predicted groundwater level response to mining include interception of the HWF at time ~1500 days 
 

Interception of HWF 
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Simulated Drawdown in the Tapley Hill formation at end of mining 
 
 

56.  Higher than 
expected 
inflow 
contingency 

No information has been provided in the MP submission to indicate consideration 
of a contingency measure in the event that the quality of the discharge water (from 
the MAR tank) exceeds the discharge water target values. Consideration needs to 
be given to the storage and/or disposal of excess water and the potential 
implications of not discharging water to the aquifers in this potential scenario. 
 
In the event that the discharge water does not meet the water quality targets, 
consideration needs to be given to contingency measures associated with the 
storage and/or disposal of excess water to ensure proposed environmental 
outcomes and legislative requirements can be achieved, Discuss potential 
contingency measures and their effectiveness.    
 

In the event that the water treatment plant discharge water does not meet the quality targets, the water will not be 
injected into the aquifer. This will ensure that environmental outcomes continue to be met. There is additional 
storage capacity of 15ML or 7.5 days at maximum inflows in the water storage dam. In the unlikely event that the 
water treatment does not meet the required water quality targets and the storage capacity is approaching trigger 
limits, Terramin will enact a controlled inundation as outlined in response 57.   
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57.  Higher than 
expected 
inflow 
contingency 

The MP states that “Should a situation arise where the dam capacity is reached, the 
additional capacity available in the Stormwater retention/detention will be used for 
backup capacity. In cases where the capacity exceedance is reached due to high 
rainfall or high groundwater inflows, analytes in the water will be diluted, and 
possibly suitable to release in the planed stormwater system, subject to quality 
testing”. 
 
The MP states that the combination of the surface water dam and stormwater 
retention/detention pond would contain water from the UG Mine, IML runoff and 
waste water treatment plant flows among other site water streams. 
 
It is not clear if environmental release of water to the stormwater system is being 
proposed as a contingency measure for ‘high groundwater inflows’. 
 
 
Clarify if it is proposed that environmental release of water to the stormwater 
system is being proposed as a contingency measure for ‘high groundwater inflows’. 
 
If yes, provide additional information and a detailed impact assessment including 
demonstration of achievement of outcomes and compliance with relevant 
legislation. 

There will be no uncontrolled environmental release of water as a result of higher than expected inflow from the 
underground workings. The storage capacity in the surface infrastructure allows for 7.5 days of storage based on the 
updated expected worst case scenario (see response 91). In the event that an unexpected inflow fills the surface 
infrastructure before it is brought under control, the mine will enact a controlled inundation to store the water 
underground. This will ensure that environmental outcomes continue to be met.  

58.  Water 
Licencing 

The water requirement identified in the MP is greater than Terramin’s current 

water allocation (14.65 ML/y). The groundwater resource in this area is currently 

over allocated. 

The MP states that Terramin have obtained binding water agreements to obtain 

adequate water for the life of the project, as governed by the Western Mount Lofty 

Ranges Water Allocation Plan, authorised by the NRM Act (or current authorising 

legislation). These agreements are for the life of the project, and are subject to 

further extension. 

Evidence of stated agreements have not been provided therefore, there is 
uncertainty in how the water supply for the mining operation will be obtained. 
 
Provide evidence and details of the binding water agreements that are in place to 
obtain adequate water for the life of the project. The details must include (but not 
limited to): 

a) the total amount of water obtained by Terramin through the agreements; 
and 

b) that a transfer based on these agreements would comply with the WAP. 
 
Should the agreements be confidential in nature or contain provisions relating to 
the privacy of parties to those agreements, evidence and details can be provided to 
DEM on a confidential basis and outside of your Response Document.  
 
Please contact DEM should you wish to discuss the process for providing evidence 
and details on a confidential basis. 

Terramin has sufficient water to ensure that the BIHGP will meet the environmental outcomes of the project within 
the framework of the Western Mount Lofty Water Allocation Plan.  
 
Terramin can provide the regulator with information on the water allocation on a confidential basis. 
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59.  Water 
Licencing 

There is reference in Chapter 12 of the MP to a ‘water storage dam’ that is partially 
filled by runoff from the site covered by the proposed IML.  
 
In the Western Mount Lofty Ranges (WMLR) Prescribed Water Resources Area 
(PWRA) a Water Affecting Activity Permit (WAAP) from the Adelaide Mount Lofty 
Ranges Natural Resource Management Board is required for construction of a 
surface water dam. If the dam collects surface water then a water licence and 
allocation is required to take this water.  
 
Appendix K1 ‘Water Balance’ identifies that there is an intention to use water 
collected in the water storage dam for a variety of uses, including several that 
require a water licence (irrigation, dust control, equipment use and batching plant).  
 
If the dam is constructed as a turkey nest dam (i.e. it does not capture surface 
water run off and is essentially an above ground storage) then a water licence and 
surface water allocation is not required to take and use this water. A water 
affecting activity permit would still be required for the dam construction.  
 
There is currently a reservation in place in relation to issuing any additional surface 
water allocation in the WMLR PWRA. As such, a surface water allocation would 
need to be obtained through trade/transfer from an existing licence holder with a 
surface water allocation. 
 
Clarify whether the intention of the proposed surface water dam is to capture 
surface water or act as a turkey nest dam. 
 
If the intention is to capture surface water in the dam provide evidence to 
demonstrate that the required water allocation could be obtained.  

The surface water storage dam will be constructed as a turkeys nest. 

60.  Water 
Balance 

The following comments are made in relation to the water balance (Appendix K1):  
a) The water balance shows 57 ML/y precipitation. The method used to 

calculate this figure was not provided;  
b) Table 3-28 (Section 3.4.6.3, page 183) states 94 ML/y will be required for 

the underground mining fleet. It is not clear in Appendix K1 – Water 
Balance whether this 94ML/y was included and if so, how; 

c) It is not clear how the backfill (cement) values were determined; 
d) It is not clear how the moisture content of ore/waste rock was derived at 

24 ML/y. It is noted that 1.5 ML/y for ore is stated in the Angas Processing 
Facility Miscellaneous Purposes Licence Application (page 3-199); 

e) Water for exploration drilling is stated to be from an independent supply 
(page 3-74). It is assumed that this is from Terramin’s production bore, 
therefore it needs to be accounted for in the water balance; and 

f) Figure 3-88 excludes Goldwyn bore and exploration drilling. 
 
Provide the following: 

a) Provide the method used to calculate precipitation of 57ML/y, which was 
presented in the water balance;  

The following information is provided: 
 
a) The surface area of operations (82,130m2) was multiplied by the annual rainfall (695.90 mm/year). 
b) The 94 ML per year for underground fleet use was included in the water balance provided as part of the MLA.  
c) Back fill (cement) values have been calculated based on the information provided in table 3-15 of the MLA and 

the production schedule of backfill per year.  
d) Ore density (2.5 t/m3) multiplied by Ore Water content of 3% multiplied by the production rate as described in 

Table 3-6 of the MLA and number of days in each year.  
e) The water balance has been updated to include exploration drilling and the results have been included in figure 

3-88 and updated Table 3-24 and 3-25 in Appendix C1.  
f) See updated figure 3-88 in Appendix C1. 
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b) Clarify whether the 94ML/y for underground mining fleet has been 
included in the water balance. If it has not update the water balance and 
provide; 

c) Clarify how the backfill (cement) values were calculated; 
d) Clarify how the rock moisture content of 24ML/y was calculated; 
e) Update the water balance to include water for exploration drilling; and 
f) Update Figure 3-88 to show all inputs/outputs and provide.  

 

61.  Water 
Balance 

The volume of water required for grouting is uncertain.  
 
The grouting proposal (App H4) assumes low hydraulic conductivity (K) in the 
Tapley Hill fm (K=0.02 m/d) and marble (K=0.13 m/d). Cavernous zones have since 
been identified in the marble and the Tapley Hill fornation is the primary productive 
aquifer to depths approximately 200 m, with well BHRIB01 intercepting water-
bearing fractures at 33 m (>30 L/s) and 72 m (40 L/s), and K estimated at 4.2 m/d 
(App H9 page 30).  
 
The water volumes estimated for backfill (cement) range 2-5 ML/y by year 5 
(Section 3.4.6.1, page 3-176).  
 
It is not clear whether this includes required water volumes for grouting. 
 
What is the required water volume should grouting occur along the decline (Tapley 
Hill fm) and ore strike (marble)? 
 
 
Clarify whether the water volume for backfill (cement) includes required water for 
grouting. 
 
Provide an estimate of the water volume required for grouting proposed in mine 
development and cut and fill stoping.  

The water volume for backfill cement does not include water required for grouting.  
 
The estimate for the LOM for water required for grouting proposed is 14.54ML. Yearly water use fluctuates with 
development rates, the average per year is 2.9ML. 
 
Figure 3-88 and 3-89 and Table 3-24 and 3-25 have been update to reflect the grouting use.   

62.  Noise The MP refers to additional noise mitigation treatments (noise wall and/or berm, 
shed over the IML) that could be implemented to achieve the leading indicator 
targets at R3 and R12. It is not clear whether these additional measures are 
proposed.  
 
The MP states that “the IML has a height constraint for visual amenity of 10m, 
which is reliant on the landscape amenity bund design”. 
 
Clarify whether the additional measures to achieve the leading indicator criteria 
are proposed, or not.  
 
If they are proposed, provide an impact assessment that considers additional 
structures (the noise wall and/or berm, shed over the IML) as sources of potential 
impact for the following (but not limited to) environmental aspects: 

• Visual Amenity; 

• Land use. 

The conceptual mitigation measures referred to in the section 16.8.3.1 of the MLA are not proposed as part of the 
design for the BIHGP. 
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The impact assessment must be done as per Section 6.1.2 of the Determination 
and include any supporting reports. 
 
Additionally review the surface water and groundwater assessments to include the 
proposed shed.   
 

63.  Noise Figure 3 in Appendix O3 shows several overlaps in the “phases” of the project. The 
model has not modelled the following scenarios which are likely to occur:  

- surface and underground construction activities occurring simultaneously; 
- underground construction and ore production activities occurring 

simultaneously; 
- exploration activities occurring with all other activities; 

rock breaker and rock drills for start of the underground portal. 
The overlaps between phases has the potential to cause higher noise output than 
predicted due to noise sources that were not modelled together active at the same 
time 
 
Update the model to include the following scenarios which are likely to occur:  

- surface and underground construction activities occurring simultaneously; 
- underground construction and ore production activities occurring 

simultaneously; 
- exploration activities occurring with all other activities; 
- rock breaker and rock drills for start of the underground portal. 

 
Provide a summary of the revised model outputs.   
 
If an update to the model is not required, provide justification as to why. 
 

The scenarios requested by DEM have been modelled. The scenarios were not modelled previously as they are not 
likely to occur simultaneously in the format proposed. Without additional mitigation, noise modelling indicated that 
noise levels at the majority of noise sensitive receptors comply with the noise criteria. Some minor exceedances of 
the noise criteria at up to three receptors with the magnitude of exceedance in each case being 1dBA would 
theoretically occur without further mitigation. Each predicted exceedance will be addressed through provision of 
noise mitigation as stated in the modelling report seen at Appendix D1. 
 
 

64.  Noise The report refers to the location, frequency and timing of noise sources included in 
the model being based on Site Layout Drawings, Site operation Report, Scoping 
Study report, Mine Ventilation Report and discussions with Terramin.  
 
The report does not clearly show the location of all inputs to the model.  
 
Provide a map showing the location of all source inputs to the model.  

Maps showing the location of all sources inputs to the noise model can be seen at Page 13 to page 19 of Appendix 
D1. 

65.  Operating 
hours 

It is not clear how the operating hours have been designed to take into 
consideration potential impacts on surrounding businesses and landowners. 
 
Provide further information to demonstrate how the proposed operating hours 
and associated activities have been designed to take into consideration potential 
impacts on surrounding businesses and landowners. 
 

The operating hours proposed for the project were chosen based on extensive community and government 
consultation. Chapter 6 of the MLA sets out the Impact Assessment Methodology and framework. The methodology 
has been applied to each aspect in chapters 7 through to 24. Where a potentially impacting event has been 
identified, mitigation measures and management strategies have been proposed. As a result of this process the 
operating hours stated on page 3-332 of the MLA were chosen as the optimum solution to meet environmental 
outcomes proposed and achieve the project outcomes.  
 
The dominant potential impact that drives operating hours is potential noise impact.  
 
Table 16-13 and Section 16.10 of the MLA set out the draft leading Indicator Criteria and Draft Measurement 
Criteria, specific to Noise. It sets out the different noise criteria for day time and night time operations during the 
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different phases of the project. The proposal of different criteria for day time and night time have been developed as 
mitigation measures for potential impacts to surrounding business and landowners. 
 
By proposing different day time and night time noise criteria Terramin is able to operate 24/7 while meeting 
community expectations. 
 

66.  Noise 
Standard 

The MP states “Terramin will adopt a project noise limit 5 dB(A) lower than this in 
accordance with Part 5, Section 20 of the Noise EPP for the ore production phase of 
the project in order to provide a better acoustic amenity outcome for the 
surrounding community”. 
 
Part 5 is the incorrect part of the Noise EPP for this application. Part 5 does not 
apply to mining lease applications made through the Mining Act 1971. 
 
For noting. 

Noted. 

67.  Noise  The Noise TARP includes proposed ‘containment and remediation measures’ and 
‘adaptive management measures / contingency plans’ that may not provide an 
adequate response to ensure achievement of outcomes. 
 
For example, the early warning measures and plans include monitoring, 
notifications and updating the model and impact assessment. 
 
If an early warning trigger has been reached, it may be more appropriate to 
consider specific changes to operations that would immediately seek to reduce the 
impact below the trigger level. 
 
Real time noise monitoring is proposed, hence the monitoring system should be 
integrated to the TARP so that the impact of mining sources can be easily 
identified. 
 
If an exceedance level trigger has been reached (which would be a non-compliance 
under the Mining Act), consider a response being to immediately stop activities that 
are causing the exceedance/non-compliance. 
 
Review and respond. 

Terramin note the comments provided by DEM and confirm that the document provided at Appendix O6 is a DRAFT 
Trigger Action Response Plan (TARP). This document will be finalised during the PEPR process, the comments 
provided will be included in the revising of the TARP. 

68.  Aquifer 
depressurisati
on 

The MP states that, “Water can be pumped from the underground aquifers directly 
above the underground workings and immediately reinjected back into the aquifer 
in the event of an emergency. 
This strategy aims to: 

- Prevent the water from entering the mine workings and coming into 
contact with any possible contaminants (sediments, hydrocarbons); 

- Reduce the pressure head forcing water into the open voids, and hence to 
volume of water requiring pumping to surface; 

- Increases the safety for personnel and infrastructure underground as water 
is under less pressure and less volume; and 

- Prevent impacts to groundwater users and water dependent ecosystems.” 
 

Depressurisation is not proposed. 
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Aquifer depressurisation is only proposed in an emergency situation, however, the 
objectives of the strategy that are listed appear to apply to aquifer depressurisation 
being used as an ongoing strategy. 
 
If Aquifer depressurisation is proposed as an emergency strategy, it is presumed 
that the strategy must be ready and available at all times (including drilled holes 
and pumps). This would include the activity being fully approved, licenced and 
permitted. 
 
Several contingencies have been listed (as dot points in Section 3.4.6.7.5, Page 3-
189) for inclusion in the groundwater management system, however, aquifer 
depressurisation is not included in this list. 
 
The MP also states that depressurisation is not included in the groundwater model. 
 
Confirm if aquifer depressurisation is proposed and the circumstances that it 
would be used. 
 
If depressurisation is to be used in the event of an emergency;  

a) explain how this would achieve the aims described in Section 3.4.6.7.5; 
b) provide an assessment of the potential impacts an emergency event 

utilising depressurisation would have on ground water resource; 
c) describe the proposed locations of emergency depressurisation wells; 
d) as part of the impact assessment update the groundwater model to predict 

the effect of emergency depressurisation; and 
clarify whether this activity can be done in accordance with the Water Allocation 
Plan. 

69.  Aquifer 
depressurisati
on 

Figure 3-88 and Figure 3-89 both include an aquifer depressurisation system in the 
conceptual site water flowsheet and conceptual flowsheet for mine dewatering. 
 
Aquifer depressurisation is shown to flow groundwater back into the MAR system. 
 
It is not clear if aquifer depressurisation is still proposed. 
 
As above, confirm if aquifer depressurisation is proposed and the circumstances 
that it would be used. 
 
Review and provide updated Figures 3-88 and 3-89 that both accurately reflect 
what is proposed. 

Depressurisation is not proposed. See updated Figures at Appendix C1. 

70.  Geotechnical Appendix M1 - Mining One Geotechnical Assessment has the following 
recommendation: 
 
“Further work on the major structure model is required to gain as much confidence 
in the position and description of the major structures as reasonably possible. The 
major structures are very important to both the hydrogeology study (underground 
water inflows) and the stability of underground openings.  Without 
depressurisation of the hanging wall faults and other prominent water bearing 

 
Mining One conducted further FLAC3D modelling with the inclusion of a pessimistic pore pressure assumption. This 
analysis is provided as Appendix A of the Mining 1 report which can be seen at Appendix E1 of this document.  
 
The protection of workers in cut and fill stope working areas will be managed at the Bird-in-Hand Gold Project using 
three main approaches: 
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structures, Mining One consider that there would be a significant risk to the 
operation and to underground employees from ground failure (due to high water 
pressures) and flooding.” 
 
It is not clear how the removal of aquifer depressurisation as a strategy and the risk 
of ground failure would impact on the integrity of the pre-excavation grouted rock 
mass and in turn the effectiveness of the proposed grouting strategy.  
 
MAR investigations and subsequent modelling found that depressurisation of the 
hanging wall fracture (at a rate of 10-20 L/s) was 25% effective at reducing 
groundwater inflows into the drives only with no notable reduction to flows into the 
decline. Based on this investigation and model, depressurisation was not included 
as a strategy or factored into the water balance for the site.   
 
Provide evidence to support that aquifer depressurisation is not required to 
ensure: 

a) Protection of worker safety in cut and fill stope working areas; and 
b) The integrity of the pre-excavation grouted rock mass and its effect on 

water inflows into both cut and fill stope working areas and backfill mined 
out voids. 

 

• Maintaining a standoff from the aquifer: Mining will not take place within a specified distance from the 
aquifer. Terramin have indicated their intent to probe drill as part of the mining cycle to verify and maintain 
this standoff at all times. 

• Ground support: The local ground support is designed to accommodate the increased depth of damage 
caused by locally acting pore pressure. Updated FLAC3D modelling suggests that if high pore pressures are 
encountered, long high capacity cable bolts used in conjunction with thick fibre reinforced shotcrete will be 
required as the primary ground support. 

• Pressure grouting: FLAC3D modelling suggests that pressure grouting (i.e. the grout curtain) reduces the 
anticipated rockmass damage and improves the stability of openings, even when high pore pressures are 
expected. Terramin have indicated that cover pressure grouting will be completed as part of the mining 
cycle to manage water. 

 
FLAC3D modelling including pore pressure produced some grout curtain damage. This scenario, under the 
pessimistic assumptions adopted, would potentially reduce grouting effectiveness and Golder has modelled the 
potential scenario. 
 
Based on the advice of Mining One, the damage zone was represented in the groundwater model by increasing the 
post grouting permeability (conductance) of a 5 m length mine drive by two orders of magnitude (from 0.000175 
m/d to 0.0175 m/d) to mine levels between the depths of 200 and 250 m. The results are presented below and show 
a temporary increase in flows from about 400 m3/d to 700 m3/d, assuming corrective action is taken within 3 
months.  
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71.  Geotechnical Mining One stated that:  
 
“they had made no allowance for the effectiveness of grouting the drives to 
limit/reduce/eliminate water inflow and pressures,”  
 
“that none of the technical specifications of grouting were available to Mining One” 
(M1, 6.3.1.1),” 
 
“that the groundwater model results were only available to Mining One near the 
completion of reporting,” and  
 
“the assessment of the level of grouting to operate the mine successfully was not 
within Mining One’s brief.” 
 
Mining One refer to:  
“the uncertainty regarding groundwater pressures and the grouting method and 
impact on pressures and flows.” 
 
Mining One consider that without depressurisation of the hanging wall and other 
prominent water bearing structures, there would be a significant risk to the 
operation and to underground employees from ground failure due (due to high 
pressures) and flooding. 
 
Mining One state that:  
“any breaches of the grout curtains ……..the pressures could be extreme, and the 
ground support may be ineffective.” (M1, 6.3.1.1) 
 
The MP does not propose depressurisation as an operational measure to manage 
the risk highlighted by Mining One. Nor does it appear that Mining One were able 
to consider the ground water model which does not propose depressurisation. 
 
In summary, it doesn’t appear that Mining One, Terramin’s geotechnical 
consultant, have had the opportunity to consider all the factors that are likely to 
influence the geotechnical performance of the stoping system proposed by 
Terramin. 
 
 
Conduct a geotechnical assessment of the proposed stoping mine design with 
consideration of: 

a) your responses to matters raised in this document in relation to the 
groundwater model (including predicted hydrostatic heads); and 

b) the design and extent of grouting to be undertaken. 
 
Assessment of the proposed stoping mine design should include the design of the 
ground support system necessary for ground control of grouted rock subject to 
high hydrostatic heads.  
 

Mining One have completed a number of geotechnical analysis since 2017 which have included such aspects as 
grouting (Ref. 2 and 3 of Appendix E1 of this document) and pore pressure (Appendix A and B of Appendix E1 of this 
document). Mining One’s analysis involving grouting has mainly focused on understanding the potential to damage 
the grout curtain while Multigrout/Mineright considered design of the grout curtain. As shown in Appendix A and B 
of Appendix E1 of this document, pressure grouting reduces the anticipated rockmass damage and improves the 
stability of openings. 
 
In relation to ground support, in order to remain conservative, Mining One has omitted the stabilising effects of 
grouting to remain conservative. Mining One have provided the type of ground support system required if high pore 
pressures are encountered in the response for Matter 70. 
 
The work completed by Mining One uses up to date techniques and numerical methods to estimate the behaviour of 
rockmasses. The majority of recent numerical modelling has been completed by a senior geotechnical engineer with 
a PhD focussing on rock engineering. Mining One’s internal peer reviews are completed by highly experienced 
principal level geotechnical engineers who are chartered through Engineers Australia and/or the AUSIMM. 
 
A key aspect of concern for the Government was as follows: 
 
‘it doesn’t appear that Mining One, Terramin’s geotechnical consultant, have had the opportunity to consider all the 
factors that are likely to influence the geotechnical performance of the stoping system proposed by Terramin.’ 
 
Based on information available to Mining One, we believe that geotechnical factors have been considered for the 
underground project. There has been a significant amount of further geotechnical work conducted since Mining 
One’s 2017 report. In Mining One’s opinion uncertainty relating to the interactions between grouting and pore 
pressure is accounted for by making conservative assumptions during numerical modelling parameter selection. 
Mining One’s analysis in Appendix A and B of Appendix E1 of this document has assumed the worst-case pore 
pressure case.  
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The geotechnical assessment must be carried out by a geotechnical engineer with 
qualifications, experience and knowledge in underground mine geomechanics. 

72.  Cemented 
Rock Pillars 

Mining One recommend the Cemented Rock Fill (CRF) sill thickness planned for 
areas of the orebody wider than 7m should be 10m for planning purposes.  
 
The description of CRF sill placement involves development of a double lift. 
 
Mining One observed from the results of the FLAC3D modelling that: 
 
“The maximum extent of hangingwall deformation corresponds to mining the 
double lift in each block, in preparation for installing a cemented rock fill sill pillar.” 
 
It is noted that the sill pillar for narrow sections of stope would be one lift height. 
 
It is not clear,  

• how thicker CRF sill pillars would be placed in stope sections wider than 7m;  

• whether this would create higher stope wall spans; and  

• what would be the maximum deformation in these stope areas.  
 
Clarify: 

a) how thicker CRF sill pillars could be placed in stope sections wider than 7m; 
b) whether this would create higher stope wall spans; and 
c) what would be the maximum deformation in these stope areas. 

Mining One’s initial cemented rock fill (CRF) sill pillar estimates were preliminary and were only meant to be used to 
estimate consumables (cement) and backfilling rates for mining schedules. The actual CRF sill pillar design will be 
specified on a case-by-case basis and will consider the as-built geometry, the practical limits of the CRF construction 
method and the planned underhand exposure span. This process will result in a CRF sill pillar that can be practically 
implemented. 
 

The CRF sill pillar construction is usually completed by a loader, which runs over the placed material, increasing 

fill density through compaction. If the CRF sill pillar requires a height/thickness that is more than what 

conventional backfilling can achieve, a Rammer Jammer (available as a loader bucket attachment) can be used to 

achieve almost complete tight filling. By using a Rammer Jammer, it is possible to tight fill within half a metre 

from the drive backs. If the development is 10m high, it is possible to construct a CRF pillar that is about 9.5m thick 

using a combination of conventional backfilling and a Rammer Jammer. 

As previously mentioned, the actual CRF sill pillar design will be specified on a case-by-case basis and will consider 

the practical limits of CRF construction. If a specific sill pillar height/thickness is not practically achievable, the CRF 

strength can be increased (with additional binder) as a means of reducing the required sill pillar height/thickness. 

Mining One understand that Terramin have no intention of increasing the height of the first two lifts from the 

original design. This means that there is no change to the stope wall spans. The anticipated deformations are the 

same as what has previously been quantified. 

 
 
Appendix E1 contains the memo form Mining 1. 

73.  Geotechnical 
Model 

Mining One undertook mine wide numerical model using FLAC 3D to investigate 
and quantify the expected extent if hangingwall relaxation for the Bird in Hand 
Gold Mining Proposal. The work was carried out to assess whether relaxation of the 
stope walls would impact the integrity of the pre-stoping grouted rock mass 
designed to control groundwater inflows. 
 
Mining One provided a summary of the material parameters required for numerical 
model inputs (Section 2.5.2, Rockmass Parameters). A justification for the 
derivation for each of the parameters was provided in Appendix 2. The justification 
includes measurements of drill core from BiH and assumptions, including the 
properties of the backfill. 
 
Mining One note that: 
“No stress measurements have been completed in the Adelaide Hills region, or 
locally for the BiH.” 
 
The stress fields for input into the BiH stress model have been assumed (Section 
2.5.3, Regional Stresses). 
 
Mining One observed (Section 3.1.2, General Model Results and findings) from the 
model results: 

Mining One completed a sensitivity/uncertainty analysis associated with their material parameter selection for the 
Bird-In-Hand Gold Project. As part of the sensitivity/uncertainty analysis, Mining One audited their selection criteria 
for the stress field orientation, rock density, intact young’s modulus, intact uniaxial compressive strength, Hoek-
Brown 𝑚𝑖, anisotropy direction, Geological Strength Index, residual parameters and plastic eccentricity. 
 
Mining One deemed two inputs suitable for sensitivity/uncertainty; the stress field orientation and the grouted rock 
Geological Strength Index. Mining One then recomputed their relevant FLAC3D simulations to determine if the new 
parameter selections significantly changed their analysis findings to date. 
 
Mining One’s overall conclusions relating to assessed geotechnical matters for the Bird-In-Hand Gold Project were 
unchanged by the sensitivity/uncertainty analysis. A longer discussion on the sensitivity/uncertainty analysis process 
in included in Appendix B of Appendix E1 of this document.  
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“…..the ungrouted hangingwall EDZ (Excavation Damage Zone )…. generally 
reaches a thickness of 6-8m….. It is interesting to note how these “standoff” 
distances are to the practical recommendations presented in Section 2.4, requiring 
a 6-8m ‘bulkhead’ between the active area and water bearing country.”  
 
This observation implies the importance of the deformation modelling to inform 
design of effective pre-stoping grouting. 
 
The modelling is of ungrouted ground and doesn’t appear to assess potential 
deformation of the stope walls due to the hydrostatic head  acting on the pre-
stoping grouted rock mass enveloping the stope. 
 
The modelling makes a number of assumptions concerning the insitu stress fields 
and rock material parameters and does not appear to include an uncertainty 
analysis. 
 

a) Provide discussion on the sensitivity of assumptions used to develop the 
FLAC 3D model  to investigate and quantify the expected extent of 
hangingwall relaxation for the stope wall deformation impacting on the 
effectiveness of pre-stoping grouting; and 

b) Provide an uncertainty analysis of parameters used in the modelling of 
stope wall deformation impacting on the effectiveness of pre-stoping 
grouting. The analysis should consider the effect of the hydrostatic head 
acting on the pre-stoping grouted rock mass enveloping the stope. 

 

74.  Mine Design The Mining One report recommends that further work is done on the major 
structure model to reduce uncertainty around the position of major geological 
structures prior to mining. This is required to ensure major water bearing faults are 
avoided or managed appropriately. 
Confidence in fault location is also important for development of the vent raise 
shafts as zones of poor rock quality which can cause shaft instability or failure. 
Figure 6-10 shows that all potential shaft options intersect fault locations as they 
are currently understood.   
 
It is not clear when, or if further geotechnical drilling is proposed to inform the 
optimal design of underground workings to avoid intersection of groundwater 
bearing structures. 
 
Furthermore, it is not clear to Government how uncertainty around the structure 
model has been reflected in the hydrogeological model. If the location of major 
structures is uncertain how certain is the understanding of the major structures 
identified in terms of size or expected in flows.  
 
Provide clarity in relation to when further geotechnical drilling is proposed to 
inform; 

No further geotechnical drilling is required in the areas pertinent to Mining One’s original report as the ventilation 
and second means of egress have been moved. Probe drilling will be conducted as part of the development 
sequence. Geotechnical face mapping and logging of probe drilling will continually update the geotechnical model.  
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a) the optimal design of underground workings to avoid intersection of 
groundwater bearing structures; and  

b) the extent that pre-excavation grouting is required. 
 
 
 
 

75.  Mine Design The MP indicates that the position of the crown pillar will be based on a 35m 
standoff between the lowest levels of historic workings and the highest planned 
level of proposed mining operations. 
 
It is not clear how the lowest level of historic workings has been determined. 
 
Clarify how the lowest levels of historic workings were determined and provide 
evidence to justify the level.   

The original digitised model was undertaken by Maptek based on the original mine plans and site investigation, 
including by Terramin personnel. Surface topography was adjusted for past dumping and agricultural practices 
effects on original ground surface.  The 35m is a conservative standoff.  
 
In the upper lifts, progressive probing, while pressure grouting both above and to the sides, will identify any possible 
connection or increased inflow between the historical and new workings while still at a distance and, if necessary, 
designs can be adjusted or mining of the upper lifts can be stopped. 
 

76.  Mine 
Schedule 
 

The MP inconsistently describes how long the mine will be operational. Throughout 
Chapter 3, the life of mine is described as 5 years.  
Figure 3-2 and Appendix 3 describe the life of mine as 7 to 8 years. 
 
Clarify the proposed mine life for the purpose of this mining lease application. 

Consistent with industry practice, “mine life” or Life of Mine (LOM) refers to the approximately 5 production years, 
exclusive of construction and closure. Figure 3.2 (repeated in Appendix O3) describes phases and not LOM inclusive 
of construction and closure. 
 
Production rates are approximate in accordance with the level of study appropriate for the MLA. Minor extensions 
factor in potential for any production delay incorporated into the level of study assumptions. 

77.  Ore 
Production 
Timeframe 

The Ore Production timeframe described in Section 3.1.1.2 is inconsistent with the 
ore production timeframe presented in Figure 3-2 Proposed Phases of the project 
and Appendix 3 – Noise Impact Assessment (Figure 3). 
 
Clarify the ore production timeframe. 

As above, the 47 month estimate in 3.1.1.2 is the production rate based on the production model without 
allowances for optimisation, throughput and design modifications from the front end engineering and design 
process. 
Generally, allowances are not made for unforeseen delays in production rates arising from any modifications in 
subsequent study work, nor for the possibility that greater than design efficiency could be achieved from mining 
operations. The conceptual Figure 3.2 (repeated in Appendix O3) is used for communication purposes to cover 
contingencies arising from the model and any subsequent study work. The differences are within the level of 
confidence of the study work appropriate for an MLA application. 

78.  Scope of 
Mining 
proposal and 
project timing 

The MP states that “This proposal is based on the known mineralisation reaching 
450 m below surface” and the depth below surface of the “Ore body from 150mbs 
to 450mbs.” 
 
The proposed total ore production is estimated to be approximately 594,682 tonnes 

based on the JORC resource. 

“Exploration activities at BiH fall into four categories: 

• Infill drilling of the inferred portion of the BiH Resource to upgrade the 
classification to Indicated; 

• Explore for down plunge extension to the BiH Resource; 

• Near mine exploration; and 

• Sterilisation drilling.” 
 

“Based on average ounces per vertical metre (OVM) predicted in the upper portion 
of the Resource, there is potential to add in excess of 250kOz by extending the 

Terramin confirms the scope of the MP is consistent with Terramin’s intentions in relation to the extraction of the 
JORC resource. Terramin notes that there are ASIC, ASX and JORC limits on what can be put forward as to the 
economic viability of undrilled exploration targets.  
 
Terramin notes the Government’s comment that Terramin has appropriately discussed the potential regulatory 
pathways for extensions to the scope of the Mining Proposal, including additional application processes. 
 
The results of exploration are uncertain and any timetable beyond the JORC resource would be speculative. As such, 
Terramin cannot provide any projections beyond the existing resource but notes that resource extensions would 
address one of the community concerns about the current short duration of the project. 
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known strike extent of mineralisation to its full width between 100mRL and 0mRL, 
and defining the down plunge extent to -200mRL.” 
 
“The expected life of the mine is 5 years from the commencement of the decline, 
with ore production commencing in month 14 (Year 2). There are exploration 
activities planned for down dip of the known ore body (below 450m below surface), 
as well as for the nearby reefs of Bird Extended, Ridge Mine, Brind Mine etc.” 
 
On page 5-42 of the MP, the applicant appropriately discusses some of the 
potential regulatory pathways for potential extensions to the scope of the Mining 
Proposal, including additional application processes. 
 
DEM notes that the MP does not include an environmental impact assessment for 
the proposed mining of any potential extensions to the JORC resource. 
 
The assessment of your application for a Mineral Lease and Miscellaneous Purposes 
Licence is based on the scope that you have set out in your MP and the elements of 
that scope that have been subject to your environmental impact assessment. 
 
In relation to the matters raised, please confirm that the scope of the MP is still 
consistent with Terramin’s intentions in relation to the extraction of the JORC 
resource. 
 
Should this not be the case, please provide additional information to clarify the 
scope. 
 
Provide additional information in relation to the applicants plans to investigate 
beyond the JORC resource including an indication of the timing of any plans and 
how that timing relates to the Life of Mine currently proposed. The requirement of 
Matter 78 that relates to project timing is related to Matter 79 and hence may be 
addressed in conjunction. 

79.  Project Timing Content in the MP is based on Terramin’s 2018 internal scoping study and the 2018 
Bird in Hand JORC resource estimate (ASX release 30 Oct 2018). 
 
The process that a company follows to evaluate and develop a mineral project 
varies. Project evaluation and investment decision making typically steps through a 
series of feasibility studies which form the basis for conversion of a Mineral 
Resource estimate to an Ore Reserve estimate. Feasibility studies typically involve 
increasing the level of detailed information to inform factors that must be 
considered in the resource to reserve conversion process. These factors may 
include: resource definition, technical studies, engineering design, environmental 
studies, regulatory applications and stakeholder engagement.  
 
It is important to align a company’s project evaluation process with the regulatory 
process. 
 

Terramin notes that the submission of the PEPR and the commencement of the Bird In Hand Gold Project is subject 
to government approval timelines that may extend.  
 
Terramin confirms that it has advanced development of a draft PEPR and will be in a position to lodge the PEPR 
within 12 months of the MLA being submitted as per Mining Regulation 65(10). 
 
Terramin has advanced its internal evaluation processes such that it envisages the completion of the Bird in Hand 
Feasibility Study and Decision to Mine within 12 months of the granting of the MLA. The period of construction is set 
out in the MLA Figure 3-2 Terramin confirms that the commencement of the Bird In Hand Gold Project will take 
place as envisaged in the MLA and in accordance with the timeframes specified in the s s38 of the Mining Act 1971. 
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The Mining Act 1971 regulatory process involves the application for a Mining Lease 
and Miscellaneous Purposes Licence which is currently under assessment. Should 
the Lease and/or Licence be refused, the process ends. Should a Lease and/or 
Licence be granted, the Mining Act 1971 sets regulatory time frames and content 
for the submission of a Program for Environment Protection and Rehabilitation and 
subsequent commencement of mining operations. 
 
Discuss Terramin’s plans for project evaluation.  
 
Describe how those plans align with the timeframes prescribed in the Mining 
Regulations 2011 for: 

• submission of a PEPR (should a lease and/or licence be granted) that meets 
regulatory requirements; and 

the commencement of the Bird In Hand Gold Mine Project. 

80.  Scope of 
Mining 
proposal 

The MP states that “Gold doré is not included in the current processing flowsheet, 
mainly due to the fine grain nature of the gold in the ore. It is considered that a 
gravity circuit could be introduced at a later date to collect any free gold and then 
produce gold doré. Any gold doré production would be sold into the well 
established Australian market for refining into gold bars. The inclusion of a gravity 
circuit and small smelter is not considered a significant alteration to the plant and 
will be justified once the level of free gold is determined in the initial processing.” 
 
The MPLA Management Plan (21-12) states that “An additional option is for further 
processing to produce a refined gold product i.e. dore,” and, “given the uncertainty, 
such a development has not 
been included in the assessment.” 
 
It is not clear where any future proposed alterations to the process plant would be 
located. 
 
No impact assessment has been included for this potential process plant alteration. 
 
Provide clarification as to the potential locations for any future proposed 
alterations to the process plant as described. 
 
Should you wish this potential mining operation to be considered in the 
assessment of the Mining Proposal or Management Plan, provide an impact 
assessment in accordance with section 6.1.2 of the Determination. 

Terramin notes that a gravity circuit would be located at Angas and would be in the MPL not the MLA but was 
included in Chapter 3 as part of general discussion of the processing route. 
 
The opportunity to utilise a gravity circuit was identified as having potential to increase gold recovery. It was 
included in the MLA as an example of alternatives considered in developing the process flowchart. After undertaking 
a cost-benefit analysis, a gold dore circuit is not part of the MLA or MLP proposals. 

81.  Scope of 
mining 
proposal 

The MP states that “Further geotechnical studies to be undertaken during the 
development stage, as well as once the actual mullock material to be used is 
available, will investigate the appropriate required fill strength to be used at each 
stage of the operation and may look at the use of cemented aggregate fill (CAF). 
This type of fill would require a more uniform aggregate, so a crushing and 
screening process might need to be incorporated into the mining sequence.” 
 

Surface screening and crushing processes are not proposed.  
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The MP (3-220) states that “There is sufficient area within the IML to allow for 
possible rock screening, if required for backfill purposes (using a temporary 
crushing and/or screening plant).” 
 
The MP (3-231) states that “An area for screening has been anticipated in the space 
allocated for the IML. It is assumed that management of blasting techniques to 
manage fragmentation and screening will negate the requirement for waste 
crushing on surface.” 
 
The IML is also proposed to be included in a shed. 
 
The proposal is not clear about the requirement for surface screening and crushing 
processes. 
 
It is not clear exactly where any future proposed crushing and screening process 
plant would be located. 
 
No impact assessment has been included for this potential process plant addition. 
 
Provide clarification about the requirement for surface screening and crushing 
processes. 
 
Provide clarification as to the potential locations for any future proposed crushing 
and screening process plant as described. 
 
Should you wish these potential mining operations to be considered in the 
assessment of the Mining Proposal, provide an impact assessment in accordance 
with section 6.1.2 of the Determination. 

82.  Exploration Historical drilling has occurred over the Mineral Claim from both Terramin and 
previous Tenement Holders. It is not clear exactly what holes will be rehabilitated 
and under what circumstances. 
 
Existing drill holes that are located proximal to proposed underground workings 
have the potential to impact on worker safety and achievement of the proposed 
groundwater outcome. 
 
Clarify the rehabilitation plan, including timing for all drill holes, historical and 
those within the MP. 
 
Provide a map(s) and table that shows: 

• holes that are known to be suitably sealed to DEM requirements;  

• holes that are known to be open (not sealed to DEM requirements);  

• holes that are in use (not sealed ) and require sealing for mining purposes; 

• holes that have an unknown backfill (sealed) status that requires 
investigation.   

• all holes that are outside the resource; 

• all holes that are inside the resource. 

The rehabilitation plan is set out in response 83. A Table and maps of all the drill holes identified for rehabilitation is 
available at Appendix F1  
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Include the following known historical holes: 

• The 2x RC holes were drilled by Capricorn Resources Pty (Capricorn) in 
1997,  

• Maximus Resources Limited drilled 29 diamond holes between 2005 and 
2008 

• Terramin drilled holes and 7 water bores. 
 
Provide detail of the proposed strategies relating to existing drill holes to mitigate 
the risk of exposing underground workings to high water pressure and high 
groundwater inflows. 
 

83.  Exploration It is not clear how the water bores and monitoring bores drilled in 2019 under the 
MAR water investigation activity, the 5 water investigation bore bores drilled in 
2014 and the monitoring bore, BH052 drilled in 2016 will be rehabilitated or 
incorporated into proposed mining operations.  
 
Clarify when and how the stated bores will be rehabilitated or if relevant 
incorporated into proposed mining operations. .  
 
 

All bores identified for abandonment and rehabilitation in Response 82 will be rehabilitated in a sequence to allow 
the underground development to proceed as planned, while ensuring that the bores are filled with grout and 
allowed to cure well before the underground development approaches. The specific timing will be determined by 
the project schedule and risk assessment during the PEPR stage.  
 
The method of abandonment will be to pressure grout each bore using an exploration type drilling rig, some bores 
will have instruments, such as vibrating wire piezometers installed as part of the grouting process. 
 
The activity of pressure grouting and installing instruments is a subset of typical exploration drilling and the impact 
assessment of the potential impact of these activities is considered in Response 84.  

84.  Exploration The impact assessment did not consider exploration activities proposed for the 
southern portion of the mineral claim (south of Bird in Hand Road).  
 
Provide an impact assessment with consideration of proposed exploration 
activities south of Bird in Hand road as a source. The following (but not limited to) 
environmental aspects must be considered: 

• Visual Amenity; 

• Noise; 

• Air Quality; 

• Land use. 
 
The impact assessment must be done as per Section 6.1.2 of the Determination 
and include any supporting reports. 
 

The impact assessment provided with the MLA refers to potential impacts from mining activities and provides Draft 
Outcomes, Outcome Measurement criteria, Leading indicator criteria accordingly. The term mining activities 
includes drilling (but is not limited to), earthworks and other exploration related activities that are incidental to 
mining.  

85.  Proposed 
operations 
under BIH 
Road 

The MP states that “There will be a need to pass the pipelines under the Bird-in-
Hand Road – directional drilling is proposed for this to occur to prevent damage 
and excavation of the existing road surface.” 
 
Controls and mitigations should be put in place to ensure no damage to the road.  
The relevant standards and legislation must be adhered to and complied with. 
 
Provide additional information in regards to the relevant standards and legislation 
specific to drilling under established public roads. 
 

In addition to the mining decline and development under Bird in Hand Road, Terrmain has proposed to pass services 
under Bird in Hand Road, such as electricity, communications and water.  
 
The relevant legislation and regulations for this activity are Regulation 5 of the Mining Regulation 2011 and Section 
221 of the Local Government Act 1999. Under both pieces of legislation Terramin is required to seek consent from 
the Adelaide Hills Council for the activity.  
 
Terramin has previously installed pipework underneath a public road in the Adelaide Hills Council area with consent 
granted under Section 221. 
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Discuss proposed controls and mitigations to ensure there would be no damage to 
the road. 
 

The process administered by the Council ensured that Terramin had conducted the appropriate surveys and 
clearance of the road with service and utility providers, and that the engineering design of the services to be 
installed under the road was to the appropriate standard.  
 
To ensure the drilling is conducted to a high standard Terramin will align the drilling of the tunnel with the Transport 
and Main Roads Specifications MRTS140 Horizontal Directional Drilling (Queensland Government, 2017) (Appendix 
H1). 
 
An experienced professional will be engaged to design and construct the tunnel or tunnels. Terramin will ensure that 
consent has been granted from the Adelaide Hills Council and all available plans and surveys have been consulted 
and a survey of the location will be conducted to verify the existing plans to ensure that existing service are not 
disturbed.  
 
The tunnel or tunnels will be engineered for a fit for purpose use.  

86.  Closure The following matters relate to closure proposed within the MP: 
 
a) The MP states that “It is the intention of Terramin that the Goldwyn property is 

returned to a safe and stable landform that is suitable for use as lifestyle 
property or agribusiness in the same manner as those existing in the area. It is 
expected that the Goldwyn property would be made available for purchase by a 
third party once it has been rehabilitated to the satisfaction of the regulators at 
the completion of mining.” 
 

• DEM acknowledges that rehabilitation and closure is a progressive process that 
must allow for flexibility in relation to determining the most suitable productive 
post-mining land use. Nevertheless, a well defined closure plan is required that 
reflects the current proposal for post-mining land use. 
 

• The MP proposes to sell the Goldwyn property after rehabilitation, closure and 
mine completion. Given the proposed life of mine is approximately 8 years (MP 
Figure 3-2), it is important that that planning for closure and the post mining 
land use is integrated into the project planning from the beginning.  
 

• The MP states “As part of the completion plan a range of site infrastructure 
elements are proposed to be retained due to their values to potential future 
landowners.” 
 

• If it is currently proposed that some site infrastructure would be retained to 
form part of the post-mining land use, then there must be consideration for 
how this infrastructure would be rehabilitated (if required) and legally 
transferred post-mining. 

 
b) The MP states that “The base area of the IML will be left in a condition such 

that it is available as a hardstand area for potential future commercial use (e.g. 
green houses, shedding and other building subject to approval).” 

• The IML includes a 5m vertical cut back and states that the Factor of Safety for 
this cut back is 1.04 (MP reference Table 3-36).  

a) Terramin will adopt the principles and processes of the ICMM Integrated Mine Closure Good practice Guide 2nd 
Edition. See Appendix H2 for a Draft Closure Policy. 

b) The IML batter angle will be reduced to between 40 and 45 degrees, hydro-seeded and planted with stabilising 
native vegetation.  

c) Terramin acknowledge that while it is intended to pass infrastructure on to future land uses it may not be 
possible for a number of reasons. The estimate for the rehabilitation base case will include the removal of all 
mining infrastructure, including access roads, buildings, dams and earthen bunds.  
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• The MP (Pg 3-234) states that “If this wall is to remain the batter will be 
reduced to 40° to 45° or retaining walls constructed on the inside of the IML.” 

 

• Apart from this statement, it appears that no further conceptual rehabilitation 
or closure designs have been proposed as to how this cut back would be 
rehabilitated to ensure a safe and stable landform (as a minimum), or to ensure 
a land use transfer back to commercial use. 

 
c) Section 3.7.13.1 of the MP (Pg 3-331) states that “The new access to the site, 

including the car parking area and the creek crossing will be left in place post 
mining operations as it will proved a suitable access to a wide range of 
potential future land uses, whether private, public, or commercial.” 

 

• It is also proposed for the site offices, workshops and other infrastructure to be 
retained and not rehabilitated. 

 

• Section 3.10.5 of the MP lists the mining infrastructure that has commercial 
value to the next land user and hence is planned to remain on site.  In regards 
to this infrastructure, detail has not been provided in relation to the process 
that would be required to ensure the infrastructure could be transferred to the 
next land use/user. This process should consider implications for the potential 
mining rehabilitation liability (i.e. the rehabilitation of infrastructure would 
need to be included in the rehabilitation liability estimate whilst the transfer of 
the infrastructure to a future land use is uncertain). 

 

• The applicant should consider a base case that involves the rehabilitation and 
removal of the majority of infrastructure (other than infrastructure required to 
ensure achievement of environmental outcomes) with the caveat that the 
infrastructure would only remain post-mine completion should its transfer to 
the future land use be certain. 

 
a) Provide a description of the processes that Terramin propose to ensure that 

rehabilitation, closure and planning for the post-mine land use are integrated 
into the project planning from the beginning. 

b) Provide additional information in regards to the conceptual rehabilitation plans 
for the IML, specifically in relation to how the 5m vertical face would be 
rehabilitated to enable transfer to the proposed future land uses. 
 

Review and respond to the issues regarding mining infrastructure to remain post-
mine completion for the future land use. 

87.  Completion 
Outcomes 
and criteria 

The proposed completion outcomes must be reviewed. Some of the outcomes are 
statements of strategies rather than outcomes. 
 
The proposed draft completion criteria must be reviewed. Some of the criteria are 
operational (e.g. hydrocarbon spills). Some criteria relate to monitoring periods 

Table 3-51 of the MLA has been updated, see Appendix C1.  
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that are inconsistent with the proposed life of mine as presented in MP Figure 3-2 
(e.g. differential settlement measurement). 
 
Review completion outcomes and draft completion criteria. 

88.  Measurement 
Criteria 

The draft measurement criteria for the proposed groundwater outcome uses a 
method of two standard errors to calculate the outcome achievement. 
 
The method used in measurement criteria must be appropriate to demonstrate 
achievement of the environmental outcome. 
 
One key factor (among others) that determines if a standard error calculation is a 
fit for purpose measurement is the sample size for the calculation. 
 
Demonstrate that using the statistical method of standard error is appropriate to 
demonstrate achievement of the groundwater outcome. 

Terramin has revised the Outcome Measurement Criteria and Leading indicator criteria for the Groundwater 
Outcome. Because the 70% scenario referenced is a modelled figure and not based on a large data set of standing 
water levels from different wells Terramin has concluded that two standard errors method is not appropriate. The 
new Draft OMC and LIC is below. 
 

Outcome Outcome Measurement Criteria Leading Indicator Criteria 

No adverse impact to the supply or 
quality of water by the mining operations 
to existing users and water dependant 
ecosystems 

 
The Mine Manager will ensure that 
monthly groundwater level 
measurements recorded by site staff in 
monitoring wells X, Y and Z (installed 
monitoring piezometers) and private 
bores A, B and C (shown in Figure X) are 
compared with numerical model 
predictions and will demonstrate that 
groundwater levels are higher than those 
predicted in the 70% grouting 
effectiveness scenario. 
 
 
 

Observed drawdown in monitoring wells 
X, Y and Z (installed monitoring 
piezometers) shows a deviation of 
groundwater level trend from the 
predicted groundwater level trend for 
that stage of mining sustained for a 
period of 3 months at well  x y z 

 

89.  Measurement 
Criteria 

Some draft measurement criteria refer to the Chief Inspector of Mines. 
 
For noting, it is more appropriate to refer to the “Director of Mines or other 
Authorised Officer” or the “Mining Regulator” depending on the context. 
 
For noting. 

Terramin note the comment from DEM and will use the either “Director of Mines or other Authorised Officer” or 
“Mining Regulator”. 

90.  Bird in Hand 
Winery 
Development 
Application 

In September 2019, a development application to redevelop Bird in Hand Winery 

was approved under the Development Act 1993.   

The definition of environment in the Mining Act 1971, includes existing or 

permissible land use. The existing or permissible land use that must be considered 

in assessing potential environmental impacts is set at the time of a lease grant (if 

granted) not at the time of a lease application. For this reason, the approved 

development at Bird in Hand Winery must be considered as part of this application. 

Conceptual design images of the development show addition of a second story to 

the cellar door area with open views towards the proposed mine site. 

It is not clear whether the control measures proposed in the MP to mitigate 
potential visual amenity and noise impacts on this receptor (Bird in Hand Winery) 
can achieve the proposed outcomes. 
 

The Bird in Hand Development application is currently under appeal.  
 
Terramin has commissioned updated visual amenity and noise modelling and the potential impact identified for the 
existing receptors at Bird in Hand is the same impact that would be expected for any subsequent development, 
should it be developed.  
 
The updated visual amenity can be found in response 57 in table Table 10. The update noise modelling can be found 
at Appendix D1.  
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Consider the approved Bird in Hand Winery development a receptor and 
demonstrate that the control measures proposed would achieve the proposed 
visual amenity and noise outcomes. 
 
 

91.  Groundwater 
– control or 
contingency 
 

Underground pumping infrastructure has been designed to 40 L/s. Surface water 
storage balances have 15 ML capacity, designed to hold the maximum rainfall 
event 49mm/hr for 24hrs plus groundwater inflows (5 days at 48 L/s) minus waste 
water treatment plant outflows (5 days operating at 25 L/s). 
 
The groundwater model shows that interception of the hanging wall fault (without 
grouting) would result in mine inflows of 60 L/s at 130 metres below ground and 
160 L/s at 300 metres below ground. The MP states this inflow could be controlled 
within a 2-week period. 
 
To note that such inflows over a two week period has the potential to exceed 
proposed water allocation volumes. 
 
Multigrout note that the “potential risk if hanging wall failure and loss of grouted 
ground, exposing ungrouted ground and high water inflows. This creates a 
situation of very difficult recovery, large time and cost implications!!?” (H4, page 
6). 
 
Provide detailed contingencies for unexpected inrush at these volumes to 
demonstrate that the groundwater and surface water outcomes could be achieved.  
 
Noting the advice from Multigrout, provide evidence that an inflow associated with 
hanging wall failure could be controlled within a 2-week period.    

The key limitation in the HWF interception assessment was the large model cell 
sized, which calculated inflows based on a 10 m length drain cell (representing non-grouted) area placed within the 
hanging wall fracture zone. The area exposed to the HWF was 10m x 10m x 10m. Due to the large drain cell 
this presents an unrealistic worst-case scenario as it does not accurately represent a likely scenario (i.e. it assumed 
a 10 m length mine drive extends inside the HWF without any mitigation). To understand the potential mine inflows 
in the scenario where the hanging wall zone is intercepted through normal mining operations and the pre excavation 
grouting has not achieved the desired outcome the Goodman analytical solution was used to estimate inflows into a 
2 m length drive (with a radius of 2.5 m) that intercept the HWF at 300 m depth. Under this scenario (which doesn’t 
account for mining induced drawdown) the additional inflows along a 2 m length drive based on the following 
assumptions were predicted to reach 27 L/s.   
  
Qc=(t^1/2).2(k.H^2.S/2)^1/2  
  
Qmax=2.pi.k.H/ln(2H/r)  
  
where  Qc=cumulative inflow at time t (kL/d)  
  Qt=instantaneous inflow at time t (kL/d)  
  Qmax=instantaneous flow at time zero (kL/d)  
  t= time (days)  
  k=hydraulic conductivity (m/d)  

  
H=height of water table above tunnel or shaft/drive 
(m)  

  S=storativity  
  r=radius of tunnel or shaft/drive (m)  
      
for  t=  1600  

  k=  2.50000  
  H=  300  
  S=  0.00200  
  r=  2.5  

  
  
 
The pumping infrastructure as specified in Response 54 is designed to handle 60 L/s and the surface storage 
infrastructure is designed to hold 15ML, this would allow for 7.5 days of storage at the rates indicated above.  
 
Response 94 and 99 address the strategies and timing of controlling unexpected water inflow.   

92.  MAR Peer 
Review 

Appendix H10, titled “MAR INVESTIGATION PEER REVIEW” is a review of the 
groundwater model by IGS, dated 19 June 2019 that includes MAR scenarios and 
not a review of MAR as a control strategy to manage groundwater potential impact 
events. 
 

See Appendix H3. 
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Provide an independent peer review report of the MAR related documentation and 
the use of MAR as a control strategy to manage groundwater potential impact 
events. The review report must:  

- assess whether MAR is likely to achieve the proposed groundwater 
outcome/s; and 

- include identification of any risks, assumptions and uncertainties 
associated with MAR. 

 
The peer review must also address the following issues:  

a) The risk of reinjection wells clogging and its influence on the effectiveness 
of the proposed MAR;  

b) The risk of reinjection wells clogging  due to the proposed water 
treatment/mixing on the surface and the reinjection of that water into the 
aquifer;  

c) The risks associated with limited hydraulic conductivity and the fractured 
nature of the aquifers; 

d) The degree of redundancy required to be built in to MAR (number and 
location of wells, and injection rates with respect to the mine inflows) to 
manage water to ensure continuous mining operations as proposed; 

e) The extent the MAR will contribute to mine water inflows; 
f) The risk of artesian flows; 

Review if the proposed MAR meets the requirements of the WMLR WAP (2013) 
requirements, in particular principle 147: “hydrogeological risk assessment must be 
consistent with the National Water Quality Management Strategy Australian 
Guidelines for Water Recycling: Managing Health and Environmental Risks (Phase 
1) and other related documents current at the time.” 

93.  Case studies 
for grouting 

It is not clear in this section of the MP how the case studies for grouting provided 
are analogous with grouting proposed at Bird in Hand.  
 
None of the case studies provided reflect the potential inflow risk associated with 
interception of the hanging wall fracture (max 160 L/s).  
 
From the information provided, it doesn’t appear that any of these case studies are 
of grouting underground stoping systems for the purpose of minimising drawdown 
of the ground water table and prevention of impacts on 3rd party groundwater 
interests. 
 
Provide clarification on which aspects of each case study is analogous with grouting 
proposed at Bird in Hand.  
 
If available, provide case studies where extensive grouting of the envelop of rock 
surrounding a underground stoping system  is/was necessary for the purpose of 
minimising drawdown of the ground water table to prevent impacts to 3rd party 
groundwater interests and/or environmental receptors. Describe the similarities 
and differences with the proposed underground stoping for the BIH resource in 
terms of the geological environment hosting the mineral resource, the 
hydrogeological environment, stoping system and its relationship to the 

See Response 91, the 160L/s rate was based on the unrealistic scenario of developing 10 metres into the hangingwall 
zone. The revised maximum estimate is 35L/s and most case studies involved equivalent or higher inflows. 
 
MLA Chapter 3.4.2.7 sets out a holistic and flexible grouting regime which relates to pre and post excavation 
grouting. Except for post-stoping grouting, which is the focus of Q97, the case studies are directly analogous to the 
tunnel development and pre and post excavation grouting proposed at BIHGP. Post-stoping grouting is addressed in 
Q97, including of factors related to mining method.  
 
The MLA contains the following case studies pre and post excavation and their analogous elements to BIHGP are as 
follows: 
 
Ernest Henry: (Source: Purvis, Calverd and Greve 2014) Tunnel and shaft post-excavation grouting intersecting 
inflows up to 100L/s 
Boddington Jarrah decline: (Source: Broad 1995) Pre and post excavation grouting of tunnel i.e. decline development 
and up to 40 L/s intersected 
Francouer: (Source: Naudts 2003) Higher than expected inflows, use of equipment at hand for post excavation 
grouting  
Gascoine Wood No 1: (Source: Daw and Pollard 1986) Pre-excavation grouting ahead of drift with high predicted 
inflow potential 380 L/s) 
Banehia Tunnel Norway: (Source: Tveide 2000) Pre-excavation grouting to prevent lowering water level in surface 
lakes 
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hydrogeological environment and groundwater interests/ environmental receptors 
to be protected. 
 

Wallaby Gold Mine: (Source: Sovereign Hydroseal 2017) relevant to shaft construction for ventilation shafts in MLA 
3.4.2.7 
Saracen Deep Raise Bore: (Source: Sovereign Hydroseal 2017) Relevant to raise bore development of ventilation rise 
in the MLA. 
 
Full citations in MLA Chapter 3. 
 
Additional Case Studies with Underground Stoping Systems 
 

• Boliden Tara Mine  Groundwater management similar to BIHGP utilising primary and secondary stoping as 
the mining method (See excerpt from Tara Groundwater Management Plan Northern Star Pogo Mine 
Groundwater management similar to BIHGP with cut and fill mining method (see Pogo Plan of Operations 
http://dnr.alaska.gov/mlw/mining/largemine/pogo/notice/2011POO.pdf) 

• Zhuxianzhuang Coal Mine Pre and post excavation grouting above and below water aquifers (See Gao, Wang 
and Liu 2018) 

• Black Butte Gold Mine (Source: Pressure Grouting Plan Appendix T Geomin Resources) Pre and post 
excavation grouting in a cut and fill gold mine  

• Shenhua Coal Mine (Source Sui 2014) Pre and post excavation grouting in panel coal mining  

• Lisheen Mine & Diavik Mine (Source correspondence) 

• Waratah Rivulet Case Study (Source Minova) successful grouting on fractures created by mining to separate 
water resource from mining operations.  

 
Summaries of each case study are located at Appendix C1. 
 
Q93 further asks for case studies with grouting for a similar purpose as at BIHGP. The case studies cited are for 
various purposes but the outcomes achieved and methods used are the same. 
 

94.  Grouting – 
additional 
detail in 
regards to the 
effectiveness 
of post 
excavation 
grouting.  

The MP states that “Post excavation grouting is used in cases where unexpected 
water inflows occur. These cases can occur during/after a blast or a seismic event; 
in cases where drilling intercepts an unknown aquifer; or with an increase in aquifer 
water pressure.” 
 
Post excavation grouting is a key control measure proposed in the event of 
unexpected water ingress. 
 
It is assumed that it would be critical to implement post excavation immediately 
after an unexpected water ingress event. Section 3.4.6.2.1 states that “If the 
hanging wall fault/fracture was intercepted unexpectedly, Terramin would expect 
to have the situation rectified significantly within the 2 week period to ensure no 
impact to identified sensitive receptors (existing groundwater users), otherwise 
operations would need to be suspended until a further solution was identified and 
approved by the mining regulator.” 
 
Does this mean the equipment, personnel, processes and procedures for post 
excavation grouting must be ready and available at all times? 
 

The skills, techniques and procedures required for post excavation grouting are slightly different, but the equipment 
and workforce remain the same. Pre and post excavation are part of an integrated grouting system and should not 
be seen as separate. Where post-excavation grouting may be required, the preparation for post-excavation access is 
integrated within the Mining Plan (including post-excavation access in closed stopes such as false bulkheads, post-
closure access and monitoring). 
 
The Bird in Hand project will have the resources onsite to deal with pre and post excavation scenarios at all times 
and as such will have the equipment, personnel, processes and procedures to instigate both pre and post grouting. 
The equipment required for both activities is generally a drilling jumbo, grout mixing unit and pump and the supply 
of GP cement and packers as set out in MLA Appendix H4 Grouting Proposal Multigrout Pg10.   

 
In the scenario where water is intersected following, for example, a development blast resulting in water flowing 
from a structure located in any face of the freshly exposed rock. Developments are expected to be in 4m increments. 
 
Maximum water inflow for such a scenario have been analytically calculated by Golder to be 35 L/s. 
 
The strategy in response to encountering unexpected water inflows following excavation would be: 

1. Relocate the sump pumps to remove water and make the work area safe. 
2. Drill a series of probe holes, in the same manner as pre-excavation grouting to intersect the water bearing 

structure, to allow the water to preferentially flow along the probe hole.  

http://dnr.alaska.gov/mlw/mining/largemine/pogo/notice/2011POO.pdf
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The examples provided in Section 3.4.2.7.2 of the report relate to shafts and bores 
and do not directly relate to what is proposed (cut and fill stoping).  
 
 
Provide additional detail in regards to the effectiveness of post excavation 
grouting, including (but not limited to): 

a) Discussion on the timing of implementing the strategy, and what this 
means for having the equipment, personnel, processes and procedures in 
place for post excavation grouting. 

b) Relevant examples that relate to the mining method and grouting process 
proposed at Bird in Hand.  

3. Once the water is flowing out of probe holes, the remainder of the face can be shotcreted in the same 
manner as the ground support regime. 

4. Install packers into the probe holes that are flowing water. 
5. Pressure grout through the packer to control the inflow. 

 
The above strategy uses all the same equipment and personnel that are located onsite for ground support and pre-
excavation grouting. The timing of controlling the water inflows is dictated by the number of probe holes required to 
intersect the water bearing structures, a typical probe drilling pattern of 17 holes can take 12 hours.  
 
In the event that unexpected inflow are encountered post-excavation, it will take additional time to bring the water 
under control, which will have an impact on the production schedule. As stated above the equipment and personnel 
do not differ from the pre-excavation grouting operation.  
 
 
The examples provided are relevant as they contemplate grouting post excavation in a development scenario which 
is comparable to the development of a decline or an ore drive. Strategies to deal with grouting in a cut and fill 
operation are discussed below in response 99. 

 
 

95.  Grouting and 
draft leading 
indicator 
criteria 

This section of the MP provides a description of the approach and process for pre-
excavation grouting, including details about: 

- Water loss testing 
- Measurements to determine acceptable amount of leakage 
- Performance criteria for determining water tightness. 

 
The Mining Regulations 2011 state that leading indicator criteria will be used to 
give an early warning that a control strategy may fail or be failing.  
 
Given that grouting is a critical control strategy to ensure achievement of the 
groundwater outcome, it would be appropriate to consider the application of 
leading indicator criteria to this strategy. 
 
The MP page 3-180 states “the groundwater management system designed for the 
BIH Gold Project must meet the following criteria: 
Provide for sufficient measuring and monitoring points to identify any leading 
indicator criteria for both groundwater quality and quantity”.   

 
DEM agrees with this statement. 
 
The MP Appendix D1 does not propose any draft leading indicator criteria that 
directly measure performance of control strategies to manage groundwater 
inflows. 
 
Review draft leading indicator criteria for the groundwater outcome and propose 
additional draft leading indicator criteria for the control strategies to manage 
groundwater inflows (including grouting control strategy). 

The groundwater modelling undertaken in support of the MLA shows that the Groundwater outcome will be met 
under the scenario where the grouting achieves a 70% effectiveness. As such individual instances of the requirement 
for post excavation grouting are not an indication that the control measure is not working.  
 
An additional draft leading indicator criteria: 
“Mine water inflows volume measured on a monthly basis to be less than the modelled 70% grouting effectiveness 
scenario”. 
 
 

96.  Grouting The MP states that:  Attached Appendix I1. 
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“In regard to the BIHGP, Multigrout Australia have prepared a pre-excavation 
grouting proposal based upon the site specific information of the BIH geology and 
hydrogeology, and pre-excavation grouting is expected to reduce inflows by 90%. 
This view is supported by various grouting reviewers, including Golder Associates 
and Sovereign Hydroseal.”  
 
A similar statement is made on Page 3-318. 
 
The MP does not include any reports or evidence to support the view stated from 
Sovereign Hydroseal in regards to pre-excavation grouting. 
 
Provide evidence to support the view stated from Sovereign Hydroseal. 

97.  Grouting The MP states that “In summary, the pre-excavation grouting process will follow an 
established procedure, which will evolve over time as experience is gained in 
changing ground conditions, review and analysis of the outcomes. Grouting is a 
dynamic process and includes analysing and modifying the process over time to 
ensure that groundwater inflow requirements are being met and process 
continually refined for efficiency and economy.” 
 
The MP page 3-180 states “the groundwater management system designed for the 
BIH Gold Project must meet the following criteria: 
 

- Flexible and expandable to meet potential capacity over the life of the 
mine; 

- Adaptable to be expanded at short notice should unexpected inflows be 
encountered; 

- Provide access for post excavation grouting processes to occur to stem the 
flows; 

- Provide sufficient storage capacity prior to treatment and/or re-injection; 
and 

- Provide for sufficient measuring and monitoring points to identify any 
leading indicator criteria for both groundwater quality and quantity.” 

 
The MP page 3-188 states “Regular monitoring and testing processes (i.e. probing, 
flow meters, level indicators and alarms in sumps and tanks etc.) and continuous 
improvement system for risk management” will be built into the design of the 
groundwater management system. 
 
However, detail has not been provided in relation to the operational processes for 
grouting that would be adopted for: 

1) Quality Assurance and Quality Control of the grouting process; 
2) Verification or auditing that grouting has been implemented as per design 

on an ongoing operational basis; 
3) Verification or auditing that grouting is operating as per design on an 

ongoing basis; 
4) Ensuring that operational learnings are adapted into future processes; and 

A Draft Grouting Governance Policy has been developed and is included in Appendix J1 which covers: 
 
1. QAQC –. The success of grouting is integral to the success of the operation and as such Management of all aspects 
of the grouting system are important. Terramin has identified the consensus guide for compaction grouting 
(American Society for Civil Engineers) as a basis for which to develop a site specific grouting procedure, including 
QAQC.  
 
 
2. Audit (implementation) – internal weekly/monthly, external 6 monthly, annual expert panel. The audit includes 
verification against design criteria as modified by the performance of the grouting system i.e. reflecting the need for 
flexibility. 
 
3. Audit (operating as per design) – as above. 
 
4. Operational learnings – captured in the Production Management System and further managed through the audit, 
review and document management system. 
 
5. Governance arrangements– a mine grouting committee is empowered to oversee the system and review internal 
audits and prepare for external audits. External audits are sent to senior management and the committee. The 
committee must report to the Terramin Board and the Board must signoff on all audit findings being implemented.  
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5) Governance arrangements, including independent reviews and audits. 
 
Review the matters raised and provide a discussion on operational processes that 
would be proposed to be adopted. 

98.  Grouting 
contingency 
measures 

Several contingencies have been listed (as dot points) for inclusion in the 
groundwater management system, however, post-excavation grouting is not 
included in this list. 
 
Review and respond. 

The list in section 3.4.6.7 of the MLA has been updated to include post-excavation grouting. The replacement text 
can bee see at Appendix C1. 

99.  Post stoping 
grouting 

Both MultiGrout (Appendix H4) and the Golder peer review (Appendix H5) do not 
comment on the practical achievability of the identification of flow pathways and 
subsequent grouting in a post-stoping and post backfill (not post-excavation) 
environment. It is possible that inflows of ground water into backfilled portions of 
the cut and fill stope could occur as a result of ground water being displaced from 
adjacent grouted zones to ungrouted zones (MultiGrout, page 11) and as a result of 
dilation and relaxation of the grouted hanging stope walls. 
 
The MultiGrout Report, page 11 notes that post excavation grouting is rectification 
and very difficult to achieve the right result, substantially more time consuming, 
hence 10 – 50+ times the cost of pre-grouting. Avoid post-grouting by proper 
investigations, probe drilling, well considered and pragmatic critical decision 
making. 
 
Discuss the feasibility/ability to conduct post-stoping grouting over the life of the 
mine, including; 

a) how the location of groundwater inflows into backfilled stope voids would 
be identified; 

b) how access to conduct grouting operations grout these inflows would be 
established; and  

c) how the effectiveness of post stope and backfill grouting would be 
monitored. 

 
 

As BIH is an underhand cut and fill operation hydraulic hose lines and packers can be installed into the hangingwall 
zone while mining and covered with shotcrete to protect them from the backfilling process. These lines can then be 
used for post grouting remotely from the access after backfilling if required. Each lift will have their own lines and 
will be protected from blasting by shotcrete. The hydraulic lines can also be used to “pressure test” the hangingwall 
to check for movement. Injecting water under pressure into the lines on a specified periodic timetable will give 
recordable data on the integrity of the hangingwall during the mine life. The use of hydraulic hose lines is a common 
practice in many mines for post grouting pressure bulkhead walls or dams to ensure that there is no tracking of 
water along the contact of the wall and the bulkhead. 
(See for example Mutton 2011, 261) 
 
Drilling through rock fill is also a proven method of post grouting if required. In this case, a drill rig drills as far as it 
can in the rock fill until returns are lost. The hole is then pressure grouted to consolidate the surrounding broken 
rock. The drill rig then repeats the process in the same hole to drill further until the drill gets to the hangingwall and 
into solid rock. Pressure grouting can then occur in the hangingwall if required.  
(See for example Osbourne, 283) 
 
This method of rock fill consolidation pressure grouting was successfully used at Toguraci mine in Halmahera, 
Indonesia in 2018 where pillar recovery was required underneath multiple rock filled stopes. Although the example 
given is for the purposes of pillar recovery, not water inflow reduction, the activity is analogous to BIH in that the 
rock fill consolidation is achieved through pressure grouting.  
 
In all cases, pre or post grouting, there is a Mining Engineer with grouting experience in charge of the process and a 
Supervisor to manage the operational issues associated with the process. Once the area has been grouted then it is 
released to the Production Supervisor. 

100.  Pre-
excavation 
grouting 

The MP proposes development of the primary ventilation raise through clay and 
weathered rock. Mining One state:  
 
“Shafts to surface will be influenced by the thickness of the surficial clay materials, 
with all current shaft position options likely to require lengthy pre-sinks with 
precast concrete liner within the clay materials.” 
 
Pre-excavation grouting is proposed to manage inflows associated with the primary 
ventilation raise development. 
 
It is not clear whether a precast concrete liner is proposed or whether management 
of inflows will rely entirely on pre-excavation grouting. 
 

All shafts are now located in hard rock, including the ventilation shaft which was originally proposed to intersect clay 
materials and require pre-excavation grouting. The new location also has benefits from a noise perspective and no 
impact on visual amenity. Additional detail about the shaft relocation can be found in section 5 of this document. 
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It is uncertain how pre-excavation grouting will practically be undertaken through 
the depth of surficial clay materials (for which Mining One have estimated the 
uniaxial compressive strength to be 80kPa (Appendix H4, Mining One, BIHGP 
Hangingwall Relaxation Assessment) and what affect this could have on grouting 
effectiveness and ground water inflows for the life of the mine.    
 
Describe the process proposed for pre-excavation grouting in poor rock conditions 
associated with development of all proposed shafts. 
 
Provide discussion on how the integrity of the grouted surficial clay materials 
intersected by the shafts would be assured to maintain grouting effectiveness for 
the life of the mine.    

101.  Post 
excavation 
grouting 

Multigrout describe post excavation grouting as being “very difficult to achieve the 
right result and substantially more time consuming.” 
 
Multigrout note that the “potential risk if hanging wall failure and loss of grouted 
ground, exposing ungrouted ground and high water inflows. This creates a 
situation of very difficult recovery, large time and cost implications!!?” (H4, page 
6). 
 
It is not clear whether the proposed strategies to manage inflows upon interception 
of the hangingwall fracture are likely to achieve the proposed groundwater 
outcome of: 
 
No adverse impact to the quantity or quality of water caused by the mining 
activities to existing and future licenced users and water dependant ecosystems. 
 
Discuss the risk of a potential failure of the hanging wall, of the cut and fill stopes 
and the exposure of ungrouted ground occurring.  
 
Describe how this failure event would be recovered to ensure achievement of the 
ground water quantity outcome and how compliance with the WAP would be 
achieved.  

The proposed groundwater outcomes can be achieved through a combination of management strategies, including 
grouting, MAR and water treatment.  
 
The Multigrout report predates the mine design and geotechnical assessment undertaken by Mining One and 
expresses a view of the unmitigated activity. The current mine design has a stand off from the hanging wall zone of 
at least 8m and is designed to see no relaxation of the hangingwall. The Mining One report does not see the failure 
of the hangingwall or cut and fill stopes as a plausible scenario. 
 
There will be no un-grouted ground between the hanginwall zone and the mining areas. The ore drives will be probe 
drilled and pre excavation grouted in the same manner as described in the MLA. In the event that unexpected water 
inflows are encountered the strategy described in response 94 will be applied. No CRF will be placed into a stope 
until the water grouting regime has been completed and the water in-flows have achieved the outcome required. 
The Mining One report addresses the risk of hanging wall relaxation in relation to grouted ground and filled stopes.  
 
The likely failure event is addressed in response 94. 
 

102.  Post 
excavation 
and post 
stoping 
grouting 

Multigrout refer to the potential for ungrouted zones becoming wet zones due to 
groundwater being displaced from the adjacent grouted zones. 
 
It is not clear how grouting of the stope walls (both hangingwall and footwall) 
subsequent to backfilling could successfully be carried out. 
 
 

a) Describe how grouting of the stope walls subsequent to backfilling could 
successfully be carried out; 

b) Describe how the location of the flow of groundwater into the backfilled 
stopes would be determined; and 

c) Describe how access for a drill platform would be established to conduct 
grouting that achieves the necessary coverage. 

 

As stated in response 101 there will be no un-grouted ground adjacent to the hanging wall zone. Discussion of 
grouting stopes walls, identifying flows and drill access is included in response 99. 
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103.  Grouting 
contingency 
 

Multigrout recommend a number of contingency measures should groundwater 
inflows be detected within completed and backfilled stope areas. 
 
It is not clear how these contingency measures would be effective in controlling 
groundwater inflows into backfilled stopes to ensure achievement of the 
groundwater outcome:  
 
No adverse impact to the quantity or quality of water caused by the mining 
activities to existing and future licenced users and water dependant ecosystems. 
 
Provide further information on how the contingency measures described by 
Multigrout would be effective in controlling groundwater inflows into backfilled 
stopes to both ensure achievement of the groundwater outcome and ensure the 
protection of worker safety. 
 

The contingency measures described by Multigrout are achieved through a combination of procedures including 
drilling through the CRF as described in the later part of  response 99 and the use of shotcrete as a false bulkhead as 
described in 94 and 99. 

104.  Pre-stoping 
grouting 
 

Mining One determined surface deformations and interactions using the mine wide 
model. The maximum surface deformation from mining of the BiH is shown in 
Figure 14. This shows maximum displacement at the surface above the 
underground stoping to be 6-8mm. 
 
Mining One also note (Appendix M1, page 66) the creation of voids causing surface 
subsidence. 
 
Noting the predicted displacement at surface due to underground stoping, discuss 
the extent of displacement in the hangingwall of the stope and the implications of 
this displacement on the effectiveness of pre-stoping grouting. 

See responses 70 and 73.  

105.  Exempt Land 
 

Table E1 within Appendix T3 identifies 56 potential triggers of exempt land. The MP 
does not provide the current status of Terramin obtaining required waivers of 
exemption or the process to obtain them.  
 
Provide an updated Table E1 which includes additional information on the current 
status of all required waivers of exemption and the intended process to obtain 
those still required. 
 
Should the agreements or negotiations be confidential in nature, evidence and 
details can be provided to DEM on a confidential basis and outside of your 
Response Document.  
 
Please contact DEM should you wish to discuss the process for providing evidence 
and details on a confidential basis. 
 

Terramin has provided an update to DEM outside of the Response Document.  

106.  Land Tenure 
(Regulation 5 
Consent) 

Bird in Hand Road, which cuts through the middle of MC 4473, is under the care of 
Adelaide Hills Council.  
 
The MP states that: 
 

Terramin received Regulation 5 approval to lodge the MLA. As per Regulation 5(2) Terramin was not required to 
request approval for the lodging of the Mineral Claim. As per Regulation 5(1) Terramin will not exercise a right under 
the Act or the regulations related to Bird in Hand Road without approval being received under Regulation 5. Until 
such time as the ML Terramin has no rights in relation to the road that it would wish to exercise.  
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“Terramin will gain further consent from the council upon the registration of the 
ML.” 
 
Regulation 5 of the Mining Regulations 2011 require written consent from Adelaide 
Hills Council to be provided before a right under the Mining Act 1971 can be 
exercised.  
 
Provide a status update regarding this matter.  

See attached letter from Adelaide Hills Council at Appendix K1.  

107.  Traffic The recommendations in Appendix F1 state that the preferred route (route 2) will 

require a number of upgrades including: 

• Upgrade of the Nairne Road / Pfeiffer Road intersection;  

• Upgrade of Narine Road between North Road and Old Princes Highway; 

and 

• Widening of the rail crossing north of Old Princes Highway.  

Clarification is sought on the funding responsibilities associated with the upgrades 
specifically the proponents role in funding the upgrade. 
 
Clarify the funding arrangements for the road upgrades required for the preferred 
traffic route.  

Terramin will be utilising vehicles already permitted for the proposed route. The road is the responsibility of the 
relevant road authorities. Terramin will consider any co-funding arrangements proposed by the authorities. At the 
time of writing this document Terramin is aware that DPTI is in the process of upgrading the Nairne Woodside road 
intersection at Nairne.  

108.  Traffic Appendix F1 identifies that route 2 is the preferred haulage route based on the 
engineering analysis. However, this is subject to change following consultation with 
all relevant stakeholders.  
 
Please confirm the haulage route. 
 
If the preferred haulage route changes as a result of stakeholder consultation an 
updated traffic assessment for the preferred haulage route and updated concepts 
for road upgrades must be provided.  
 

Route 2 as presented in the MLA is the intended haulage route for the purposes of the MLA. Terramin has worked 
with stakeholders to determine this route. However, in the event that stakeholder views change during PEPR 
development, Terramin would consider another route.  

109.  Traffic The MP proposes emergency site access/egress on Bird in Hand Road. Site plans 
such as Fig 8-4 do not show a rear access point to Bird in Hand Road. 
 
Provide an updated site plan to indicate rear emergency access gate and show 
internal sealed road. Indicate if rear gate and internal road will accommodate 
trucks or only light vehicles and whether Bird in Hand Road is gazetted for 
intended trucks. 
 

Page 2 of Appendix B1 of the MLA clearly show the emergency access onto Bird in Hand Road. It is designed as a 
secondary emergency access only and is not intended for use by trucks.  

110.  Traffic The MP does not describe a process to identify local events and subsequently 
modify practices (Heavy vehicle traffic for example) during peak tourist periods or 
major winery events. These events can bring hundreds of people to the area and a 
process to identify and modify practices if required should be considered.  
 
Provide a process to identify local events (specifically those that draw a large 
number of people) and stipulate which mining practices could/would be modified 
to mitigate potential impacts on these events and the people who attend them.  

Terramin has a Good Neighbour Policy, whereby Terramin keeps its neighbours informed of site activities likely to be 
noticed outside the site such as exploration, blasting and construction activities. As part of the policy, Terramin has a 
dedicated community officer whom neighbours can contact to inform keep Terramin about local events. Terramin 
will seek to alter activities, including transport and logistics to accommodate such events.  
 
Mine planning staff will routinely keep informed of local events through public advertising and regular media 
monitoring in order to be proactive in planning to adjust activities to accommodate community events.  
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111.  Visual 
Amenity 

During a recent site inspection undertaken on the 28th January 2020, DEM officers 

observed fire damage to trees along the boundaries of the property owned by 

Terramin. Figure 7 of Appendix G1 shows that existing mature vegetation screens 

views of the proposed operations from multiple directions and elevations.  

The MP proposes the following outcome in relation to visual amenity: No impact to 
visual amenity caused by the clearance of boundary vegetation within 
CT/6055/379. 
 
It is uncertain whether the outcome can be achieved because of fire damage to 
boundary vegetation. 
 
Provide an assessment of vegetation health to confirm that boundary vegetation is 
still able to act as a screen to achieve the proposed outcome. 
 
 
 
 

A vegetation survey was conducted following the bushfire on 20 December 2019. The upper and lower story 
vegetation has recovered, or will recover, and continue to serve as an effective screen in accordance with the 
proposed outcome. Some middle story vegetation will have to be replaced. This will be done in winter 2020 and will 
replace the vegetation planted by Terramin in 2017. The vegetation survey report can be found at Appendix L1.  

112.  Stormwater 
Management 
Plan 

The Stormwater Management Plan for the site has been peer reviewed (Golder 
Associates Pty Ltd, Appendix K2) with the overall comment being:  
“the model is considered to provide a reliable and appropriate measure of the mine 
water balance provided there is no need to account for month to month 
accumulation of water within the ponds.’ 
The model and data used were not provided to government for assessment. 
 
Provide the model and data. 

The model has been provided to DEM.  

113.  Air Quality The Averaging Period is stated as being 24-hour but the report assesses the 
criterion over an annual period. Furthermore, it appears as the average Total 
Suspended Particles (TSP) measurements have been used and not a 70th or 90th 
percentile 
 
 
Provide clarity on what averaging period has been used for the TSP criteria and 
why the average background has been used rather than a conservative higher 
percentile.  

The 24-hour average in Table 15-1 is incorrect and should state an annual average for TSP. 
 
The average TSP measurement from the background data was used (as opposed to the 70th or 90th percentile) 
because the criteria is an annual average concentration. Use of a percentile would overestimate the annual average 
concentration.  
 

114.  Air Quality The average high Volume air sampler measurements (HVAS) are roughly 400% 
above the continuous monitoring results from the BAM instruments. No 
explanation is given as to why the difference has occurred. The PM2.5 section 
suggests that a 90th percentile background was used for PM10. It is inferred from 
the cumulative projections for maximum 24-hour PM10 the HVAS measurements 
weren’t used in setting the background. 
 
Provide an explanation as to the difference between the BAM instruments and 
HVAS results. 
 

The BAM monitoring was undertaken from April 2014 to May 2015 at Site 1. The HVAS monitoring from February to 
October 2017 at Site 6. The monitoring was conducted at different sites during non-overlapping periods. Differences 
in results are expected due to this.  
 
The BAM monitors PM10 continuously and therefore every day of the monitoring period was accounted for. The 
HVAS takes a once in 6-day sample and many days are not sampled due to the non-continuous monitoring regime. 
Additionally the HVAS sampling only occurred for a period of eight months and some parts of the year were not 
captured. Based on this, the HVAS sampling regime may skew results one way or another depending on PM10 
concentrations on the days on which sampling took place. Over a long period (many years) the sampling variation 
would be expected to even out. However, eight months were monitored which may again skew results one way or 
another.  
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Clarify the measurements used for setting the background data and provide a table 
showing the background values used for each indicator against the maximum 
incremental and cumulative modelled concentrations in the main report. 

 
The continuous BAM results were chosen to represent the background due to the continuous nature of the data and 
the monitoring period covering a full calendar year. The BAM is an Australian standard method (AS/NZS 
3580.9.11:2008) and the monitoring was located in according to the Australian Standard (AS/NZS 3580.9.11:2008). 
Calibrations of the BAM were conducted routinely according to requirements in the standard. The BAM data is 
considered appropriate for use in the assessment.   
 
Updated tables with the background concentrations presented as an additional column are provided in Appendix M1 

115.  Air Quality Dust deposition is stated as occurring over a 12-month period (July 2014-June 
2015), and 38 samples were reportedly taken. Appendix N3 - Table 8 presents a 
summary of dust deposition monitoring from 2014-2017.  
 
Provide a table summary of the dust deposition results from 2014 to 2017, which 
includes:  

• the location of monitoring 

• total number of samples 

• dust deposition concentration, (minimum, average and maximum). 
 

The background value for dust deposition was taken from the monitoring period 2014-2017, as shown in Table 8 in 
Appendix N3 “Air Quality Impact Assessment”. The location of monitoring, number of samples and concentration 
statistics are provided in Appendix N2 “Baseline Air Quality Assessment 2019”. 

116.  Air Quality Wind erosion from an additional 5,000m2 of bare earth is included, however the 
mine plan looks to show the IML at an area of approx. 14,000m2. Section 15.6.2 
states that no dust is expected to blow off the IML. The IML was not considered a 
source of dust in the environmental impact assessment.  
 
Provide an assessment of the potential for the IML (as the source) to impact on 
receptors by windblown dust once constructed as per section 6.1.2 of the 
Determination.   
 
If a shed is proposed as per comment #62, this must be considered in the 
assessment. 

The IML was included in the air model as a wind-erosion source of 14,800 square meters. Results shown in Appendix 
N3 of the MLA are inclusive of the IML wind erosion emissions and provide an assessment of the potential for the 
IML to impact on receptors.    

117.  Air Quality – 
Dust on 
Grapevines 

Vineyards surround the site, but the table states that a source-pathway-receptor (S-

P-R) relationship is not confirmed for total insoluble dust. Further discussion in 

15.7.4 states that the expected risk to the vines is negligible based on the studies 

presented. 

Furthermore, the impact assessment does not cover dust as a physical or chemical 
contaminant on grapes, strawberries or apples at harvest. 
 
Government considers that a S-P-R relationship does exist due to the close 

proximity of dust sources onsite to the vineyards. A review of relevant published 

literature shows variations between the impacts of deposition depending on the 

type of dust and vegetation.  

The MP (Appendix U1) does not identify what metalliferous contaminants may be 
present in dust generated from the mine.  Instead it focuses on the adjoining 
agricultural practices, which include application of copper-based fungicides and of 
sulphur.  Any potential phytotoxic effects from copper-based fungicides and sulphur 
are well understood as these have been used in grape production for centuries.  

The potential impact resulting in reduced plant growth (impeded photosynthesis) is addressed in MLA Chapters 15 
and 22. Based on a review of the literature an S-P-R relationship has only been established when dust deposition 
exceeds 5-7g/m2, (Doley and Rossato 2010) (Thompson 1984). Terramin confirms its position that the requirements 
for an S-P-R relationship are not met at 2g/m2 or less. The literature cited related to open pit operations, 
predominately cement and fly ash operations, with dust generation orders of magnitude greater than that proposed 
at BIHGP. Proximity is not, of itself, a necessary or sufficient factor in establishing a relationship for the purposes of 
risk assessment. However, for the purposes of this response, Terramin assumes that S-P-R exists. 
 
Mineralised material will be removed in its entirety for processing at the Angas Zinc Mine. Operations related to 
mineralised material are underground and enclosed such that dust sources are localised within the Goldwyn Farm. 
See Appendix M1. 
 
The only dust source of sufficient size that may differ from the surface base line is dust generated from the mullock, 
either stored on the IML or emitted from equipment on surface.  As set out in MLA Chapter 15, the quantum of dust 
in a worst case scenario is 2g/m2, well below the New South Wales human health and wellbeing regulatory threshold 
for dust deposition of 4g/m2/month. 
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While vineyards do apply metalliferous products to vines, certain withholding 
periods to harvest occurs. Should a dust event occur immediately prior to harvest, it 
could contaminate the grapes by the timing of the contamination, even if not by 
total application over a year. 
 
If the dust contains contaminants that will affect its pH or are toxic (e.g. heavy 
metals) these could affect vine growth, potentially contaminate grapes and 
subsequently the wine produced from those grapes. 
 
The potential for dust from the proposed site impacting on rainwater tank water 
quality has not been assessed.  
 
No discussion of potential contamination from dust deposition on pastures or in 
livestock water supplies that could potentially pose a risk of producing livestock 
with unacceptable chemical residues for heavy metals such cadmium, lead and 
mercury i.e. levels above the Maximum Limit allowed for these heavy metals, 
particularly in offal which is known to accumulate these heavy metals. 
 
Provide an assessment of the potential for dust as a physical contaminant to 
impact on neighbouring vineyards, orchards and strawberry growing operations 
(specifically on fruit in the context of additional treatment by the owner; 
downgraded quality or exceedance of a residue limit) during all stages of proposed 
mining (including construction) as per section 6.1.2 of the Determination. 
 
Identify potential metalliferous or acidic contaminants contained within proposed 
mine dust and assess the potential for contaminants to impact on the following 
receptors as per Section 6.1.2 of the Determination: 

- Vineyard fruit and the wine production process; 
- Livestock through water supplies (dams) and pastures; 
- Landowners through a reduction in rainwater tank water quality. 

 
 
 

Appendix M2 of the MLA states that approximately 100t of PAF will come to surface as part of the vent rise 
development and less than 2% of non-mineralised material may be PAF material. As stated in Section Error! R
eference source not found. of this report the vent rise has been relocated to hard rock, subsequently there will be 
even less PAF material disturbed and bought to surface. Almost all material bought to surface will be NAF or ACM 
given the geochemistry. Even in an unmitigated scenario, the dust does not have the potential to be an acidic 
contaminant due to the high percentage of NAF and ACM. 
 
In relation to metalliferous dust, the baseline dust analysis average (MLA Appendix N2) for copper is 0.0398 
g/m2/month and lead is 0.0003 g/m2/month. There were no detections of arsenic or cadmium during the full 
monitoring period. Low concentrations of chromium, copper, nickel, zinc and lead were detected on at least one 
occasion during the monitoring period.  
 
The metalliferous dust deposition is at least one order of magnitude lower than the observed values for lead and 3 
orders of magnitude lower than those observed for Copper. The potential dust contribution from the IML on 
conservative assumptions is shown in Appendix M1.  
 
There are no strawberry farms or apple orchards within the realistic zone of influence for a potential dust impact 
from operations. There are a small number of grape vines and farms with livestock as potential receptors near to 
Goldwyn Farm. The dust complies with EPA and human health requirements as per MLA Chapter 15. There are no 
comparable guidelines for agricultural production. Compliance with human health parameters, the absence of 
material levels of heavy metals and negligible contribution to base line conditions provide support for no material 
impact from minor metals. The literature also reveals that agricultural and harvest practices generate significant dust 
loading (Lee 2010) which accords with base line dust monitoring at Goldwyn Farm. The effect of harvest dust 
generation has an overwhelming effect during the harvest period.  
 
None of the metalliferous compounds present are the subject of Maximum Residue Limits (MRLs) by the Australian 
wine industry except for copper. The government question erroneously suggests Terramin’s focus on copper was 
related to neighbouring practices. The focus was on copper because of the MRL and to demonstrate copper in 
project dust was negligible compared to industry practice. In the event of elevated dust conditions, Terramin’s Good 
Neighbour Policy may be activated to reduce dust generating activity during the 7 days prior to harvest. 
 
The same methodology for calculating the potential impact of dust on grapevines was applied to receptors with 
rainwater tanks. Over a 12 month period, on the conservative dust assumptions and assuming modest recharge (4 
times pa or overflow) all sensitive receptors show that potential heavy metals in rainwater are below the limits set in 
the Australian Drinking Water Guidelines 2011 (updated 2018). The table of results can be seen in Appendix M1.  
 

118.  Air Quality The MP states:  

“As can be seen from the contour plot, a small area of vineyards to the west and 
south of BIHGP are predicted to experience exceedances of the incremental dust 
deposition objective of 2 g/m2/month, however, remain below the cumulative dust 
deposition objective of 4 g/m2/month.” 
 
Confirm whether this statement is accurate. Figure 15-9 appears to show that 
project contribution does not exceed 2 g/m2/month at a listed receptor, and table 
23 from Appendix N3 lists the maximum project contribution of 0.9 at Receptor 1. 

The statement is incorrect. It should be replaced with “Figure 15-9 clearly shows that no listed receptors will 
experience dust above the project objective of 2g/m2/month as a result of the project contribution”. 

119.  Air Quality The table refers to locational based control measures without reference to a figure. See Appendix M1 
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Table 4 - Response to DEM comments on MLA dated 7 February 2020 

Number Aspect DEM Requirement of Applicant in letter dated 7 February 2020 Terramin Response dated 20 April 2020 

 
Provide a figure to show the location of potential dust sources and/or design 
measures on a map of the site in relation to receptors. 
 

120.  Air Quality The MP states: 

“In regards to air quality emissions emanating from the vent rises, a Blast 

Management Plan would be developed through the PEPR stage, as well as an 

Underground Air Quality monitoring plan, as this reduces the potential for higher 

than necessary blast fumes to be emitted. The Underground Air Quality monitoring 

plan would form part of the OHS requirements for underground workers and safe 

working spaces. This also means that emissions underground must be safe for mine 

workers and it is therefore expected that there will be no public health impacts due 

to underground emissions.” 

Occupational health standards and public health standards vary on averaging times 

and maximum concentration targets. Occupational concentration targets are 

typically higher than those in Schedule 2 of the Environment Protection (Air Quality) 

Policy 2016.  

Applicant to address the differences between OHS and Air Quality EPP standards, 
with more scientific rigour applied to justify this position. 
 
Clarify the difference between occupational health standards and the Environment 
Protection (Air Quality) Policy 2016 for fumes associated with proposed blasting 
underground.  
  
Provide additional information to justify the conclusion that emissions 
underground must be safe for mine workers and it is therefore expected that there 
will be no public health impacts due to underground emissions.  
 

As stated in the MP, concentrations of blast fumes (namely nitrogen dioxide – NO2) would be managed such that 
they do not exceed Safe Work standards underground. The Short Term Exposure Limit (STEL – 15 minute average 
concentration) for NO2 is 9.4 mg/m3 (9,400 ug/m3). If this limit is not exceeded then the maximum in-vent 
concentration of NO2 can be taken to be 9,400 ug/m3 as a 15-minute concentration. Average 1-hour concentrations 
would be less than this – using an averaging time conversion, the maximum 1-hour concentration would be about 
7,123 ug/m3 (based on the Turner equation for converting concentrations between averaging times).  
 
Using the model, it is possible to predict the maximum ground level concentration of NO2 at a receptor based on a 
maximum in-vent concentration of 7,123 ug/m3.  
 
The PM10 concentration inside the vent stack was estimated at 0.78 mg/m3, or 780 ug/m3. The highest 1-hour PM10 
concentration at a receptor for the vent stack in isolation is 15.0 ug/m3, or 1.94% of the in-vent concentration. If the 
in-vent NO2 concentration is at 7,123 ug/m3, then the highest 1-hour NO2 concentration at a receptor is 138 ug/m3 
(1.94 % of 7,123 ug/m3), which is well below the environmental EPP Air 2016 criteria for 1-hour NO2 of 250 ug/m3. 
The highest background 1-hour NO2 concentrations measured in Adelaide are typically well below 100 ug/m3, and 
NO2 concentrations in the Project area are expected to be even lower due to fewer major sources of NOx.  
 
Based on the above, emissions underground will be maintained at a level that are safe for mine workers and the 
public.  
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7 MLA RESPONSE – DEM CORRESPONDENCE DATED 20 JUNE 2020 
Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

3 Groundwater model The response did not consider recharge in a nonlinear 
uncertainty analysis. The methods presented to 
estimate recharge have material limitations, 
emphasising the importance of the required 
comprehensive nonlinear uncertainty analysis including 
recharge.  
 
Refer to matter #6 request, specifically in relation to 
recharge. 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is provided as Appendix B7 
Recharge has been included in the Uncertainty Analysis. 

4 Groundwater model Note the following errors in the response document: 
a) Zulfic 2003 reported 26.74 km² (not 22 km²) 

which gives 2000 ML. 
b) Table 1 and 2 should read 2 and 3, respectively. 

 
Note that the variations in recharge presented in Tables 
2 and 3 further support the requirement for a 
comprehensive nonlinear uncertainty analysis.  
 
 
Correct the errors in an updated response document. 
 
Refer to matter #6 request, specifically in relation to 
recharge. 
 
 

The errors in the first response have been addressed and a complete response is included here.  
a.) The 75 mm/y derived by Zulfic (2002) was the result of a first order assessment and was applied 
catchment wide 75 mm x 26.74 km2 = 2,000 ML. The report also states its limitations 
“Consequently, the recharge figures presented in this report are considered to be a preliminary 
estimation”  
 
The water balance (WB) approach for estimating recharge (75 mm/y) does not consider that the 
eastern portion of the sub catchment is underlain by the Kanmantoo Formation (~ 40% of the 
catchment area), which is characterised by high native groundwater salinity and chloride. This 
suggests that groundwater in the eastern portion of the sub catchment is further remote from 
rainfall recharge and substantially lower than the remaining 60% of the catchment which is 
characterised by lower chloride concentration. Therefore, the blanket recharge rate of 75 mm/y 
applied by Zulfic across the sub catchment should not apply.   
 
Following this work more detailed groundwater investigations to better quantify the recharge rates 
across a number of ‘type’ catchments within the Mount Lofty Ranges was undertaken (Forreston, 
Fox Creek and Mylor sub-catchments) see Green et al 2007 (Banks et al 2006)  
 
In this study, DWLBC applied the CMB technique and compared this method to groundwater age 
indicators (CFC12 and 14C). DWLBC concluded that at all sites the CMB technique compared well 
and proved to be a good indication of recharge (Table 1). The DWLBC reports goes on to say The 
CMB technique has been used successfully in sedimentary aquifer systems and has been suggested 
as the most reliable technique for determining recharge rates to FRA systems (Cook 2003). However, 
changes in environmental conditions (i.e. vegetation clearing) will also impact on the equilibrium of 
chloride in the fractures with the rock matrix and may take a significant amount of time for the 
diffusion of salts from the matrix into the fractures to re-equilibrate.  We note that chloride 
concentration at the BiH site has been stable since 1941, Chloride measured in the mine shaft in 
1941 = 368 mg/L which compares well with 372 mg/L (average of IB1 to IB5). 
 
Table 1 provides a summary of recharge estimates for the WMLR and lists percentage rainfall 
recharge.  
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Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
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Key DWLBC finding  
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44 47 61 800 8% “The agreement of the CMB and CFC-12 models 
suggests that the CMB method is providing a good 
indication of recharge rates. The CMB estimate of 61 
mm/y for the most recent (shallowest) recharge is the 
best approximation of the contemporary recharge 
rate at this site”. 

Fo
x 

C
re

ek
 

15 21 25.5 850 3% “In view of the close agreement between the most 
appropriate CMB recharge estimate for this 
investigation site (21 mm/y), and the rainfall-scaled 
recharge estimate (25.5 mm/y) for the geologically 
similar investigation site at Burra, it is recommended 
that a recharge rate of 25 mm/y be adopted for the 
Fox Creek site”. 

M
yl

o
r 

12 97 97 1000 10% “There is a strong agreement between CMB recharge 
estimates for groundwater from 14 wells in a nearby 
area of similar geology”. 

 
b) The following table compares the WB v CMB recharge estimates for the Inverbrackie Creek Sub 
catchment. Recharge from the CMB represented 2% and 8% of annual rainfall which compares well 
to adopted recharge rates in the WMLR (Table 1) and those reported in the neighbouring EMLR to 
the east of the study area, which adopted recharge rates that represented 2-3 % of annual recharge 
(see Banks et al, 2006).  
 
Table 2: CMB versus WB results as a % of annual rainfall for different hydro stratigraphic units  
 

Formation Zulfic et al 2003 
water balance 
(10% of annual 
rainfall) 

CMB (min) 
 
mm 

CMB (max) 
 
mm 

% rainfall  
min 

% rainfall max 

Tapley Hill Fm 75 30 60 4% 8% 

Tarcowie 
Siltstone 

75 15 30 2% 4% 

Kanmantoo 
Group 

75 6 16 1% 2% 

 
c) Given hydrogeological and climatic settings are similar to those in the DWLBC study, the use of 
CMB technique in the Inverbrackie sub-catchment is justified. In the AGT report, the CMB technique 
utilised chloride concentrations from about 50 wells to assess spatial trends. 
 
d) Golder considers there is sufficient evidence justifying the use of CMB only. 
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Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

e) The Uncertainty Analysis has included increased recharge. However, it is worth highlighting that 
when a higher recharge was applied to the model (960 ML/y) the SRMS of steady state calibration 
increased from 6.4% to 9.4% owing to slightly higher heads. Further improvement in the steady 
state calibration may be achieved by adjusting the K of the Tapley Hill Fm, and this aspect has been 
addressed as part of the Uncertainty Analysis included in Topic 6. 
 
 

 
Steady state scatter lot with higher inter annual R = 960 ML/y 
 
A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7. 
Recharge has been included in the uncertainty analysis. 
 

6 Groundwater model Formal qualitative and quantitative 
stochastic/nonlinear uncertainty analysis (Middlemis 
and Peeters, 2018) were requested previously. Neither 
have been provided. 
  
A predictive uncertainty analysis is an appropriate 
approach for informing risk assessment for the BIH 
project. It should quantify the values and likelihoods of 
possible impacts due to the proposed mine on 
quantities of interest. Where needed, the analysis 
should address conceptual model possibilities and 
model non-uniqueness. It should consider the full range 
of probable aquifer parameters, and estimate the 
likelihood (probability) of impacts which span the most 
probable and worst case outcomes.  
  
The method used in Golder (2020), Deterministic 
Scenario Analysis with Subjective Probability 
Assessment, makes assumptions which may not be true 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7. 
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Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

of the model or site. Middlemis and Peeters, (2018, 
Section A2.2) list five assumptions: 

1. the model behaves linearly in the immediate 
vicinity of the selected parameter values 

2. the parameter values, or their transformed 
values, are normally distributed. Interactions 
between parameters are described through 
multivariate normal distributions 

3. the parameter values used in the reference 
model represent the mean of the normal 
distribution 

4. the measurement uncertainty is normally 
distributed. Correlation in measurement 
uncertainty is captured through a multivariate 
normal distribution 

5. the model outcomes are normally distributed. 
 
Golder (2020) does not justify these assumptions. For 
example, assumption (3) is of concern, given the 
problem of non-uniqueness raised in matter #4, and the 
many areas of the calibrated model where there may 
be reasonable differences of opinion (matters #4, #7, 
#8, #14, #38). Other assumptions may not be true when 
there are steep potentiometric head gradients, such as 
those which occur next to mines. A separate limitation 
in the way the method was implemented in Golder 
(2020) is that a parameter is often varied only in a 
limited geographic area at a time, rather than globally.  
  
Critically, the full range of possible and reasonable 
model parameter combinations is not considered, as 
the approach starts with the calibrated model and then 
varies one parameter at a time. It is therefore unclear 
whether the Golder (2020) results include the worst 
case scenario for each quantity of interest, or robustly 
estimate the likelihood of impacts. 
  
The methods which can meet the aim are of the class 
referred to as “nonlinear” in Barnett et al. (2012) and as 
“stochastic modelling with Bayesian probability 
quantification” in Middlemis and Peeters (2018). The 
2012 Australian Groundwater Modelling Guidelines no 
longer represent contemporary best practice, and for 
this reason we continue to recommend Middlemis and 
Peeters (2018). We anticipate this will be resolved soon 
via publications from the National Centre for 
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Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

Groundwater Research and Training’s current 
Groundwater Modelling Decision Support Initiative. 
 
 
Provide a formal qualitative and stochastic/nonlinear 
quantitative uncertainty analysis.  
 
The quantitative analysis needs to:  

• estimate the values and likelihoods of possible 
impacts due to the proposed mine on:  

o mine inflow 
o drawdown at nearby extraction wells 
o creek-groundwater flux 
o groundwater salinity. 

• consider all reasonable combinations of model 
parameters. 

• consider and thoroughly address the issues 
raised in matters #3, 4, 7, 8, 14, 36 and 38. 

• check whether realisations are impacted by the 
model domain size, as discussed in matter #5. 

• include existing extraction as per matter #2 and 
#10.  

• address solute transport per matter #16. 
include a table comparing field-measured parameters 
with input parameter ranges for the uncertainty 
analysis. 

7 Groundwater model  The response did not consider recharge in a nonlinear 
uncertainty analysis. The methods presented to 
estimate recharge have material limitations, which 
emphasises the importance of a comprehensive 
nonlinear uncertainty analysis including recharge.  
 
Refer to matter #6 request. 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7 

8 Groundwater model  The response did not consider storage in a nonlinear 
uncertainty analysis.  
 
Anisotropy was not addressed in an uncertainty 
analysis.  
 
Refer to matter #6 request and include storage and 
anisotropy in the stochastic/nonlinear uncertainty 
analysis 
 

 
A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7 

9 
 

Groundwater model The response to isotropy is provided in general terms 
but anisotropy is not included in a nonlinear uncertainty 
analysis.  
 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7 
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Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

Refer to matter #6 request and include anisotropy.  
 

10 Groundwater model – calibration It is acknowledged that results were presented for the 
predictive mining scenarios 90% grouting effectiveness 
and MAR. 
 
Further clarification is required to validate the range of 
pumping volumes used in the uncertainty analysis 
(matter #6) and ensure consistency with water licensing 
(matter #58).  
 
Provide further clarification as follows: 

a) provide updated water balance for the steady 
state model. 

b) clarify the unit numbers for the pumping wells 
provided in Appendix B1 Table 5; 

c) clarify which wells were used to include 
groundwater extraction in the model.  

 
Provide full revised calibration results, including water 
balances and hydrographs. 
 
Refer to matter #6. 
 
 

a) Updated water balance is presented below. 
 

  IN (ML/y) OUT (ML/y) IN-OUT (ML/y) 

WELLS 0 685.9 -685.9 

RECHARGE 898.1 0 898.1 

RIVER LEAKAGE 26.1 434.1 -408.1 

HEAD DEP BOUNDS 993.0 758.6 234.3 

SUM 1917.1 1878.6 38.5 

DISCREPANCY (%) 2.03   

 

b) Unit number for pumping wells have been included in Table 5 of Attachment A. The 

locations of these well are also shown on Figure 12 in Appendix B1 
 

c) All wells presented in Table 5 and Figure 12 in Appendix B1 were included in the model. 
 

Hydrographs of calibration results are presented under Topic 13 and water balance results are 
presented under Topic 15. 

 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as 

Appendix B7. 

 

Terramin considers the water licencing to be a hard limit from an operational standpoint. 

Whatever water allocation is assigned to Terramin will define the operating conditions under 

which the mine will operate. There are multiple management and operational strategies to 

ensure that the mine operates within the bounds of the water licence that is allocated to that 

property. 
 

11 Groundwater Model The response provided does not include a comparison 
as requested. This is required to observe any spatial 
trends in errors.  
 
Provide a figure showing the difference (residual) in 
computed and observed heads, mapped spatially, with 
colour and/or size indicating the direction and degree 
of difference. This will identify any spatial trends in 
errors. 
 

Figure 14 in Appendix B1 presents the spatial distribution off SS error (obs-sim^2) and Figure 15 
presents the difference in meters. Unit number are also shown for reference and the results are 
summarised in Table 7.  73% of well used in the SS calibration reported an error of < 5 m. 

12 Groundwater Model A response to item (e) not provided. 
 
Provide a map with discussion of spatial distribution of 
residual errors. 

The spatial distribution of residual errors is presented as Figure 15 in Appendix B1 

13 Groundwater Model  The results are acknowledged. 
 
Provide clarification on: 

a) what order the hydrographs are presented and 
which figure gives the well locations; 

a) The hydrographs are not presented in any particular order. The image in Topic 13 in 

Appendix B1 provides the well locations. 
 

b) The sudden change to observed groundwater levels observed between 2018 and 2019 is 
related to the pumping and injection trials, however a separate transient calibration has 
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Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

b) why the observed potentiometric head in the 
wells shown in Appendix B1 pages 26 to 28 
show a sudden change in 2018/19. 

been performed for these activities (see response 14b). The spatial distribution of the 
residual error is also shown in Appendix B1. 

15 Groundwater Model b) There may be a component missing from the figure 
as inflows are much less than outflows during summer, 
whereas they should be equal.  
 
e) Table has one unfilled column. A figure similar to F20 
has not been provided. 
 
f) The statement that “almost every case of model-to-
measurement disagreement occurs in the form of 
model underestimation of observed groundwater level 
fluctuation” is not entirely supported by the calibration 
hydrographs presented in Response Document Figure 
11. 
 
 
Provide and clarify the following: 

• to address b) explain/revise the water balance 
figure to include all non-negligible components;  

• to address e) Provide a figure similar to F20;  

• to address f) Clarify how inter-annual recharge was 
applied. 

 
 

b) The WB (Figure 17 in Appendix B1) has been updated to show the storage in component as 

this was inadvertently omitted in the previous response. 

e) The spatial distribution of residual error is presented as Figure 19 in Appendix B1. 

f) Inter annual recharge was applied as a constant rate representing average annual recharge. 

17 Groundwater Model a) A conceptual model was not provided; further 
clarification is required on the conceptual description 
provided. 
 
d) MT3D (MT3D-USGS is a groundwater solute 
transport modelling software) will apply a 
concentration to all inflow boundaries, including GHBs, 
river cells, and for recharge. The concentration values 
were not provided.  
 
c), e), i) Not adequately addressed 
 
 
Provide and clarify the following: 
  
a) Clarify which wells were used to delineate high 
salinity groundwater in the Kanmantoo formation. 
 
d) clarify what concentrations were applied by MT3D 
for inflow boundary conditions. 
 

a) and d) The delineation of high salinity was based on the fault or the contact at surface between 
the Kanmantoo Fm and the Tarcowie Siltstone. Figure 28 presented in AGT 2017, shows there is 
insufficient spatial distribution of wells targeting the Kanmantoo Formation to delineate the salinity 
boundary across the mapped extent of the Kanmantoo Fm, as most sampled wells are located to 
the south of the domain. As such a conservative approach was taken to groundwater modelling by 
assigning the entire mapped extent of the Kanmantoo Fm with highest groundwater salinity 
recorded in a well targeting the Kanmantoo Fm (2,400 mg/L) than the Tarcowie Siltstone (1,000 
mg/L). A map (Figure 21) is provided in Appendix B1 with further explanation. 
c)  Porosity values were based on specific yield values (0.05) to represent the expected volume-
averaged behaviour of the broader fractured rock aquifer. This is a non-calibrated value  
e) longitudinal dispersivity 100 m, transverse dispersivity 10 m. 
i) The predicted change to groundwater salinity within the WMLR from high salinity groundwater 
migrating from the EMLR under a hydraulic gradient established by mine depressurisation was 
evaluated for two parameter sets considered to encompass the worst-case scenario– these being 
those which represent the 95th percentiles of mine inflows and drawdown extent, respectively 
from the Monte Carlo uncertainty analysis -See Appendix B7. 
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Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

c), e), i) provide a range of plausible solute transport 
modelling parameters, supported by technical 
references. Address the worst case for salinity as part 
of matter #6. 
 
 
 
 
 
 

21 Conceptual hydrogeology The cross section provided is not as requested.  
 
Provide cross sections as per the original request. 

A hydrogeological cross section spanning from the NW to SE is provided as Figure 26 in Appendix 
B1. The Transect is shown on Figures 24 and 25. 
 
The dip and thickness of hydrostratatigraphic units within 450 m of the site (within the EL) was 
based on Terramin drilling campaigns, viz 
 

• Geotechnical drilling (Figure 35 in Appendix B1) around the upper decline area, which showed area 

of intense clay alteration around the upper decline  

• Exploration drilling (see Figure 27 in Appendix B1) focused around the ore body, penetrated through 

each hydro stratatigraphic unit well into the footwall (Tapley Hill Formation), The thickness and dip 

of the Tarcowie siltstone (inclusive of cox sandstone and hanging wall fault) and the marble was 

based on > Over 100 drill holes however only a selection are shown in the cross section  

• Hydrogeological drilling – site investigation wells IB1 to IB5 at the proposed mine site and reinjection 

wells BHRIB01 to BHRIB03 and associated monitoring wells. Additionally, geological logs and 

groundwater levels from third-party Wells obtained from WaterConnect were also utilised.to ground 

truth regional hydro-stratigraphy outside of the EL. 

 

The groundwater elevation profile shown in the cross section was based on groundwater elevation 
contours produced from 47 monitoring wells within the catchment including wells from eastern 
portion of Dawesly Creek. It shows areas of groundwater discharge (to Inverbrackie Creek, where 
springs are observed year round and the groundwater divide which is between the EMLR and 
WMLR. 
 
The predicted extent of hydraulic impact without MAR is shown and was based on numerical 
modelling. 
 

22 Groundwater model  Terramin’s response indicates that clarification is being 
sought from the landowner.  
 
Provide an updated response including clarification as 
to whether there is an error in reporting or whether 
bore details need to be changed. 

The reported casing depth for 6628-8950 is 22.9 m. This well may have been deepened and total 
well depth cannot be confirmed.   

24 Groundwater model The hydraulic conductivity of the grouted rock mass is 
provided but it has been applied to all drain cells in the 
model, regardless of the rock type. The model also does 
not distinguish whether or not the void will be grouted.  
 

The revisions have been made, comments have been addressed and the and the updated response 
is included below.  
 
Mine workings were represented by drain cells and conductance varied to reflect grouting 
effectiveness.  The K representing 70% grouting = 4 x 10-9 m/s and K representing 90% grouting = 8 
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Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

Amend hydraulic conductivity figures in text/table as 
per the comment. 
 
 
In the response there are errors as follows: 
 
The k values quoted in the text above the table are not 
equal to those listed in the table:  

8.1 x 10-10 m/s = 7 10-5 m/d  
4.16 x 10-9 m/s = 3.6 10-4 m/d 
 

Refer to the request for matter #6 and report on 
inflows in the nonlinear uncertainty analyses.  
 

 

x 10-10 m/s. The table below shows the K derived from C values assigned to all drain cells 
representing the mine. 
 

  
Drain (mine 
conductance) m2/d K (m/d) K (m/s) 

90% grouting 0.0035 7.00E-05 8.10E-10 

70% grouting 0.018 3.50E-04 4.05E-09 

 
Mine inflow has been considered the Uncertainty Analysis. 
 
The mine workings are assumed dry during the model exercise but the model aquifer is not dry at 
the location of the mine drives.  For the non-mitigated inflows scenarios the model aquifer has a 
groundwater pressure very similar to the mine drive floor elevation.  For mitigated inflows 
scenarios the model aquifer has groundwater pressure far higher than the elevation of the mine 
drive.  This is reasonable because the reality of a sealed underground mine drive is that it 
experiences groundwater pressure at the drive walls.  The less the inflows (due to drive grouting) 
then the higher the groundwater pressure in the formation behind the grouted drive wall. 
 
 

27 Groundwater model A nonlinear uncertainty analysis was not provided. 
 
Provide information as per the original request. 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7 

28 Groundwater model Further clarification of the response is required.  
 
Provide a discussion on: 

a) why the south-west quadrant is assigned its 
elevations 

b) the likely impact of elevation discontinuities on 
flows across each layer 

c) the potential impact on simulation results. 

The south west quadrant of the numerical model was assigned its elevation to reflect the steep 
dipping strata as guided by Terramin’s geological model (provided in Appendix B1). We are not 
aware of any impact the elevation discontinuities have on flows across layer and this has no impact 
on simulation results. 

30 Groundwater model f) Based on the answers, the hydraulic conductivities in 
question are largely obtained by model calibration.  
This, for a multi-layer model highlights that the solution 
presented here is just one of the many possibilities and 
further supports the importance of a comprehensive 
nonlinear uncertainty analysis. 
 
Refer to matter #6 request. 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7 

35 Groundwater model d) The additional information was not provided.  
 
To aid in interpretation of the underground 
representation the following must be provided: 

iii. a graph of modelled water 
level versus time 
superimposed on a graph of 

A graph of the modelled water level versus time superimposed on a graph of drain elevation over 
time is presented as Figure 34 in Appendix B1. Table 10 in Appendix B1 shows dewatering depths 
and floor elevations of the drives at each stress period. 
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dewatering (drain) elevation 
versus time. 

iv. An updated Table F5 
containing dewatering 
depths and floor elevations 
of the drives at each stress 
period. 

 

36 Groundwater model A nonlinear uncertainty analysis was not provided.  
 
Refer to matter #6 request and respond to the original 
request. 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7. 

38 Groundwater model  
 

c) A nonlinear uncertainty analysis was not provided. 
 
Refer to matter #6 request and respond to the original 
request. 

A qualitative and stochastic/non-linear quantitative uncertainty analysis is Provided as Appendix B7. 

39 Baseline Groundwater Quality The assessment of baseline groundwater quality is not 
adequate for the following reasons: 

• The response only considers the possibility of 
temporal variations of baseline groundwater 
quality for the Tapley Hill Formation hydro-
stratigraphic unit.  

• the response only considers salinity, it is 
expected that the potential variability of the 
baseline groundwater quality data would be 
considered for all contaminants of potential 
concern (CoPC) associated with the proposed 
mining operations. 

• The response states that the water from the 
bores screened across multiple units is assumed 
to be derived from the most permeable feature, 
such as the hanging wall fault. However, no 
evidence has been provided to justify this 
assumption and no information has been 
provided to clarify whether or not (or how) data 
from these bores has been used in the baseline 
groundwater quality determination. 

 
The following comments are provided to assist in 
establishment of environmental values once the 
baseline water quality has been appropriately 
determined: 
 
Table 10 in Appendix B1 provides TDS statistics for each 
hydro-stratigraphic unit, and Table 11 in Appendix B1 
defines the EVs assigned to each unit. No information 
has been provided to identify the location of the bores 

a) The effects of annual extraction on groundwater salinity was further assessed from long 

term monitoring records, obtained from the states ObsWell network, which spans 19 

years (2001-2020), and included a period when groundwater extraction in the region 

was estimated to be significantly higher (double) than current day extraction (Zulfic, 

2002) . Hydrographs and salinity graphs (Figure 36 in Appendix B1) are shown for 

ONK16, -17, -18, -19, and -22 in Attachment A. They show no discernible temporal 

salinity trend despite annual groundwater level fluctuation of up to 15 m. 

b) BH16 (5 samples) BH34 (1 sample), BH35 (7 samples), are exploration holes and were 

not drilled for hydrogeological purposes. The higher salinity in BH35 is unexplained as 

not consistent with surrounding wells and further purging of this exploration hole / 

down hole salinity profiling may be required. The Piper plot for BH16 shows similar 

water type to IB4 which targets the hanging wall fault, more samples are required from 

BH34, as the one sample reports high SO4 than surrounding wells. BH34 and BH36 are 

outliers and require more sampling   

c) Temporal variations of groundwater quality are presented for the Tarcowie Siltstone 

and Tapley Hill Formation as these are the two receiving formations of the MAR 

scheme. A statistical assessment, in accordance with DSITI, 2017 has been provided in 

Attachment A and includes all CoPC associated with proposed mining and MAR (Based 

on the work: Water Quality Prediction: Water Quality Impact Assessment Bird in Hand 

Mining Application Supplementary Documentation 1897291-007-R-Rev1. Further 

discussion is provided under Topic 40 

d) The environmental values in Appendix B1 have been re assigned in accordance with the 

minimum TDS rather than the average. 

e) A total of 4 samples were collected from 3 wells from the Kanmantoo Fm. Further 

sampling from additional wells over a great area is needed to demonstrate how 

statistically representative these samples area. The U.S. Interstate Technology and 

Regulatory Council (ITRC 2013) identified that most guidelines on sample size for 

groundwater tests recommend at least eight to ten background measurements. 
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or sample dates used to inform the background TDS 
values. The assignment of EVs has been based on the 
average TDS value for each unit. It is expected that the 
assignment of EVs is based on the minimum TDS value 
identified for a unit, particularly where there is 
variability in groundwater quality within the unit. No 
justification has been provided for the use of the 
average TDS value for the assignment of EVs.  
 
Despite the method used to assign EVs, it is noted that 
nine (Cox, Nds, Nir, Nl, Nni, Nnt, Nsb, Nys, PA) of the 
twelve hydro-stratigraphic units have been assigned all 
four of the potentially applicable EVs for groundwater 
(as defined in Schedule 1 of the Water Quality 
Environment Protection Policy 2015 (WQEPP). This is 
considered appropriate.  
 
For two of the remaining units (Eeb, Nu) the minimum 
reported TDS value falls below 1200 mg/L, and could be 
considered to have an EV of drinking water for human 
consumption (in accordance with the WQEPP). Further 
justification is required to demonstrate why the 
average TDS value is applicable for the determination 
of EVs for these units. 
 
For the last remaining unit (Ek) it is noted that the 
minimum reported TDS value is greater than 1200 
mg/L. However, the table indicates that only three wells 
were utilised to inform the TDS statistics presented for 
this unit. There are a number of other bores in the 
vicinity of the site which access the Kanmantoo 
Formation and have significantly lower TDS values (< 
1200 mg/L). This appears to include bores that are used 
for domestic purposes as well as irrigation. Further 
justification is required to demonstrate how the 
samples from these three monitoring wells provide a 
statistically representative sample of background TDS 
conditions in the Kanmantoo Formation. 
 
Review the comments and provide the information 
originally requested. 

40 Baseline Groundwater Quality  
 
Discharge Target Values 

The method used to determine updated MAR target 
values is not considered appropriate as evidence to 
demonstrate a statistically valid set of samples, or 
adequate characterisation of the data, was not 
provided. 
 

 
 
CoPC 
 
A geochemical assessment of the CoPC associated with mining is provided as Attachment B4 It 
presents the expected concentrations of CoPC in the feed water reporting the WTP.  
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A number of the updated MAR target values presented 
in Terramin’s response have been amended to utilise 
values from the Australian Drinking Water Guidelines 
2011. This is considered appropriate when baseline 
groundwater quality at the discharge location exceeds 
guideline values for environmental values relevant to 
that unit, or where it is required due to operational 
measures (e.g. integrity of injection wells). However, it 
is not considered appropriate where the baseline 
groundwater quality is lower than relevant guideline 
values. Where that is the case, maintenance of the 
existing groundwater quality should be the objective, 
and it is expected that operational controls (e.g. 
analysis of treated water quality) will be utilised to 
ensure the water meets required water quality targets 
prior to discharge. 
 
The updated table of MAR target values provided in the 
response does not include all of the analytes presented 
in Tables in 2.8, 2.9 and 2.10 of the Addendum to 
Appendix J1. It is not clear how the original list of 
analytes was established, or why this list has changed 
in the updated table. It is expected that the proposed 
MAR discharge targets will include (at least) ionic 
constituents, metals, nutrients and any other 
contaminants of potential concern (CoPC) identified 
through a risk assessment (in particular any CoPC that 
may be present in water reporting to the WTP). 
 
Review the response against the comments and 
provide: 

• evidence to demonstrate that the set of 
samples are statistically valid; 

• an updated table of MAR target values 
including (at least) ionic constituents, metals, 
nutrients and any other contaminants of 
potential concern (CoPC) identified through a 
risk assessment, specifically for water reporting 
to the WTP (including water associated with 
controlled inundation) to demonstrate that the 
design can achieve the proposed groundwater 
quality aspect of the outcome. 

 
MAR targets based on statistical analysis of groundwater quality 
 
The receiving formations targeted by current and proposed injection wells include the Tapley Hill 
Fm and Tarcowie Siltstone.  MAR targets are based on statistical assessment of ambient 
groundwater quality measured in the receiving aquifers 
 
In accordance with Principal 149 of the WAP, the ambient underground water is to be derived from 
groundwater collected from the proposed point of injection or as near as possible to the proposed 
point of injection and from the same aquifer into which it is proposed to drain or discharge water.  
 
To satisfy this requirement, a statistical assessment (in accordance with DSITI, 2017 has been 
performed on groundwater quality data obtained from the two existing MAR wells (6628-29738 
and 6628-29741) and nearby monitoring wells and private wells. The private wells selected for the 
statistical assessment represent ‘receptor wells’ which are located within or close to the outer edge 
of the expected water quality impact zone that has been predicted by numerical modelling (well 
numbers provided in Appendix B1, The water quality is not expected to be influenced by MAR 
outside of this zone and therefore more distant, outer wells were not included in the analysis. 
 
Note, there is limited guidance in Australia on the minimum number of samples required to assess 
groundwater quality. The U.S. Interstate Technology and Regulatory Council (ITRC 2013) identified 
that most guidelines on sample size for groundwater tests recommend at least eight to ten 
background measurements. DSITI, 2017 have recommended that for estimates of 20th and 80th 
percentiles a minimum of 18 samples over at least 12 and preferably 24 months. The ANZECC 
Guidelines recommends a minimum of two years of baseline data to establish natural variability. 
The frequency and duration of monitoring conducted by Terramin varied depending on the well. 
For example, wells monitored during pumping tests / injection trials were monitored at high 
frequency (lots of samples obtained over a few days) whilst other wells were monitored once or 
twice per year over 3 to 4 years. The count ranges from 3 to 10 samples per well, with most private 
wells being sampled between 5 to 8 times over 4 years. To increase the sample size, it was 
considered appropriate to combine water samples from wells targeting the same hydro-
stratigraphic to calculate more robust descriptive statistics (e.g. 20th and 80th percentiles)  
 
Results of the statistical assessment is provided in Attachment B1 and the Risk Assessment 
(Appendix B5) Results are shown for: 
1) Individual wells located within or close to the outer edge of the expected water quality 
influence zone  
2) Tapley Hill Fm and Tarcowie Siltstone, by combing all samples collected from wells targeting 
these formations. 
 
Further discussion of the i) CoPC in mine water, ii) the expected quality of recharge water post 
treatment and iii) MAR targets based on the above statistical assessment is provided in the Risk 
Assessment for the Bird-In-Hand Managed Aquifer Recharge System (Appendix B5). In accordance 
with the WAP (principal 149), SA EPP, 2015 guideline values for each CoPC are included for each EV. 
 
The guidance around determining MAR Target values has been an iterative process in discussions 
with relevant government departments. Final aquifer injection conditions are determined through 



 

 
Bird in Hand Gold Project | MC4473  Page 121 of 169 
 

Table 5 – Response to DEM comments on MLA dated 20 June 2020 

Number Aspect DEM Comment in response to Terramin 20 April 2020 
submission 

Terramin Response dated 5 March 2021 
 

the process of acquiring a drain and discharge permit under the Natural Resources Act or under the 
Environment Protection Act.  
 
For the purposes of assessing potential impacts and planning mitigation measures, Terramin has 
taken a conservative approach that the injection water quality will meet that of the existing aquifer. 
This approach is confirmed by the baseline groundwater statistical assessment (Appendix A3) and 
the Water Quality Impact Assessment (Appendix B4 and B4A), Water treatment concept Review 
(Appendix B9) and the Risk Assessment for BIH Managed Aquifer Recharge System (Appendix B5). 
 
Further consultation will take place during subsequent approvals processes to refine the trigger 
values and ranges for MAR Target values associated with each injection well.  
 
 
 
 
 
 
 
 
 
 
 

41 Baseline Groundwater Quality The response does not provide any interpretation of 
heterogeneity of groundwater quality identified in the 
Piper plot. Data provided in Table 15 of Appendix B1 
only provides a list of all the samples used to populate 
the Piper plot without detail about their location or the 
hydro-stratigraphic unit they target (the bore numbers 
have not been provided and not all of the sample IDs 
correspond to bore names on WaterConnect). 
 
Provide the information originally requested. 

Section 4.5.7 of AGT Report provides an interpretation of the main water types / groundwater 
quality. The variation seen in the Tapley Hill Fm is possibly linked to the proximity of a well to 
recharge. Samples which collected from wells in the Tapley Hill Fm which plot closer to the centre 
have calcium and bicarbonate as the dominant ions in solution (as shown by runoff fed dam waters 
in drainage lines), and these waters plot in the left or central parts of the diamond field.  
 
Old shallow wells which target perched water situated in drainage lines are plotted separately and 
plot near the centre in Attachment A. Likewise private wells which target the Tapley Hill Formation 
but are also within drainage lines (6628-9153, 6628-23182, 6628-9154, 6628-18637) plot closer to 
the centre than other wells in the Tapley Hill  Formation, owing to the influence of higher rainfall 
recharge within these drainage lines.   Wells located outside of these area plot further to the right 
lower dominance of rainfall recharge and have sodium and chloride as the dominant ions.   
 
Unit numbers and target aquifer of wells / samples used in the piper plots has been added to Table 
16 in Attachment A. A map which shows the well locations, superimposed onto surface geology is 
also provided in Appendix A. 
 
Wells typically don’t have screens and are open hole completions. 

46 Water Treatment Plant Source Water a) Whilst it is noted that Appendix B3 does attempt to 
address some of the major CoPC typically associated 
with underground mine sites (in the context of 
predicting water quality), no formal assessment has 
been provided to identify the CoPC associated with the 
sources of water proposed to feed the WTP.  
 

a) The statistical baseline line assessment is provided in Appendix A3 And an updated 
Groundwater Impact assessment  including CoPC is presented at Appendix B4. 

Appendix B4 provide a range of water quality outcomes based on a range of inflow scenarios that 
arose from the Uncertainty Analysis (Appendix B7). It should be noted that the range of inflow 
scenarios is more conservative than the original 70% grouting effectiveness inflows.   

Appendix B4 discusses ongoing reactions from grout.  
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b) The geochemical modelling is based on an average 
annual rate of water inflow to the mine of 4 L/s, which 
assumes a 90% grouting efficiency and is substantially 
lower than the modelled mine inflow rate with a 70% 
grouting efficiency (around 12.3 L/s). The modelling 
must be based on the 70% grouting efficiency, 
consistent with the volume of water relevant to the 
allocation transfers. It is suggested that this work 
occurs after the results of the matter #6 request have 
been analysed specific to inflows. 
 
Appendix B3 considers mineralogical and blasting 
residue impacts associated with water flowing into the 
underground mine. It noted that the method adopted in 
Appendix B3 to estimate the levels of nitrate in mine 
inflow water (as a result of blasting residues) has 
resulted in a considerably higher estimation (order of 
magnitude) than that predicted in the WTP design 
proposal in Appendix J1. This emphasises the 
importance of accurate prediction of input water 
quality to appropriate WTP design.  
 
Appendix B3 also indicates that any impacts from 
interaction of mine inflow water with grout 
(underground) will have no substantial effect on water 
quality during mining operations. It is not clear what 
ongoing impact, if any, the grouting will have on 
groundwater quality following the cessation of 
operations. This needs to be considered in the context 
of potential ongoing impacts to surrounding receptors. 
 
c) Refer to comments on matter #40 regarding 
establishment of water quality discharge targets.  
 
It is not possible to address this request until water 
quality discharge targets have been established. The 
ability for the WTP to treat source water to an 
appropriate standard remains uncertain.  
 
a) Consider the comments provided and respond to the 
original request. 
 
b) Revise the geochemical modelling to the expected 
mine inflow rate associated with 70% grouting 
effectiveness.  
 

The common reactions between grout and water are discussed in response 53 in the context of 
water affecting grout integrity. With regard to long term impacts to the groundwater quality 
the following points need to be considered.  
 

i. The three reactions will take place over time, the rate at which they take place 
is controlled by the flux, or water movement interacting with the grout. A 
higher flux will accelerate the rate of reactions, but also accelerate the rate of 
natural attenuation, by dilution and promoting secondary reactions to 
neutralise the products of the three reactions listed in response 53.  

ii. There is an insufficient amount of introduced reactive material (grout) to 
generate a lasting impact on the groundwater quality. The ability of the existing 
geochemistry to neutralise reaction products is discussed in response 53.  

 
The fractured rock aquifer is known to have high flow and flux in certain zones. This will 
assist in the natural attenuation process as the grout breaks down over time.  
 

b) The water treatment concept put forward in the MLA provides sufficient flexibility to treat 
the range of water qualities expected to be fed into it. See Appendix B9.  
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Consider the comments on Appendix B3 and revise the 
response where relevant.  
 
c) Refer to comments on matter #40 regarding 
establishment of water quality discharge targets and 
respond to the original request once discharge targets 
have been established.  
 

51 Water Treatment Plant - Discharge Quality  As an adequate baseline groundwater quality 
assessment has not yet been documented, the 
discharge target value for chloride in the treated water 
can only be estimated. 
 
No justification has been provided for the statement 
that the: 
‘Chloride present in water following treatment are not 
expected to be in elevated levels relative to the 
Environmental Act 1993 and the Western Mount Lofty 
Ranges Water Allocation Plan.’  
 
The objective for the discharge of treated water to the 
aquifers is the maintenance of baseline groundwater 
quality.  
 
The response proposes use of reverse osmosis (RO) to 
shandy the injection water.  
 
RO was not considered as a treatment option in the 
Mining Proposal.  
 
The Executive summary of Appendix J1 indicates that: 
‘Due to the requirement to minimise the quantity of 
waste streams, the use of RO units has been 
excluded from consideration as a treatment option.’  
 
Section 4.3.2.1 of Appendix J1 also indicates that: 
‘Significantly, higher volumes of brine are produced by 
RO relative to both IEX and biological de-nitrification 
and is the main reason for its non-selection at BIH.’ 
 
Provide justification to support the statement 
regarding chlorine levels. 
 
As RO has now been included as a management 
strategy, provide further information detailing how 
brine waste will be managed. 

Chloride is not expected to be in elevated levels as there is no chloride being added to the system. 
See figure 3-88 in appendix C1 that shows the water flow diagram. It should be noted that mains 
water is no longer being proposed to be reinjected into the aquifers as part of the MAR system.  
Definitive reinjection arrangements, including final baseline water quality will be determined once 
permits are in place to build the MAR system and monitor reinjection sites.  
 
 
In the event that the RO plant were to enter into operation at all, or periodically, the size of the 
system if fully utilised could result in 1 tanker per day of brine which would be trucked to an 
accredited disposal facility.   
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53 Discharge of water to aquifers– Groundwater quality  Further clarification is required to establish: 

• how the dissolved oxygen level in the injected 
water was determined 

• how the anticipated sulphate (and acid) 
response was determined 

• how the amount of alkalinity was estimated. 
 
Provide clarification as requested. 
 
 
 

1.We assumed oxidizing water for the injection water which would subsequently be exposed to 
reducing conditions (and gradually become less oxic) 
 
2.It is anticipated that some sulphate will be present from a small amount of sulphide oxidation, 
while some may be present in the groundwater naturally. 
3. Alkalinity was modelled 

54 Higher than expected inflow contingency  A non-linear uncertainty analysis will provide a better 
estimation of high mine inflows. 
 
The response proposes ‘controlled inundation’ as a final 
contingency to manage high inflows of water into the 
mine. 
 
Controlled inundation is also referred to in the response 
to matters #56 and #57. 
 
The strategy of controlled inundation has not been 
described in sufficient detail to enable an assessment of 
its effectiveness. 
 
Under a controlled inundation scenario it is possible for 
higher than expected drawdowns to occur in 
neighbouring bores due to the higher than expected 
water inflows from controlled inundation at the same 
time as potential interruption to MAR. 
 
Refer to the request for matter #6 and include mine 
inflows in the nonlinear uncertainty analyses. 
 
Provide additional information and detail to explain the 
controlled inundation strategy, including but not 
limited to: 

a) explain the specific operating conditions that 
would exist at the point the strategy was 
actioned, and describe in what manner the 
inundation of water would be controlled; 

b) describe the systematic extraction of critical 
infrastructure in a staged process (e.g. which 
infrastructure); 

c) provide a justification in relation to the 
statement that all groundwater related 
outcomes would continue to be met (e.g. what 

a) Appendix E3 of this document provide a draft Inundation Safety Management Plan 
b) See Appendix E3 
c) In the event of a controlled inundation, water will remain in the mine. Without having 

confirmed the groundwater outcomes (they will be confirmed if and when a Mining Lease is 
granted), the groundwater outcomes rely on surrounding groundwater users being able to 
continue to use groundwater as they currently do. This can broadly be broken into watery 
quality and availability. By allowing water to inundate the mine it keeps the water in the 
groundwater system and maintains the hydraulic properties which were in place prior to 
the existence of the mine and inundation. The groundwater quality is maintained by 
ensuring that only treated water is reinjected into the aquifer. The MAR management 
system will have multiple layers of protection to ensure that only appropriate water is 
reinjected. The details of this will be finalised during the subsequent approval stages. 
Groundwater recovery modelling included in the AGT report (Appendix H1 of the MLA)] 
that’s shows recovery hydrographs combined with the ongoing operation of MAR provides 
justification for the statement at groundwater outcomes will be met. 

d) Water allocations are metered when water is abstracted from the ground, by keeping the 
water in the mine and not pumping it to surface, the water is still part of the groundwater 
system and is not subject to the water allocation until it is pumped to surface, in the same 
way that water in a well is not counted as an allocation until it is extracted. The water 
management system, which includes all inflows, storage, treatment and reinjection will be 
metered and monitored in real time at critical points in the system. A TARP will be 
developed to recognise if a water extraction limit is being approached and set out the 
subsequent actions that can be taken, for example inundation oracquire additional 
allocation from outside parties etc.  

e) See Appendix E3 
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assessments have been undertaken to 
demonstrate this?); 

d) provide a justification in relation to the 
statement that the proposed water allocation 
would not be exceeded (e.g. what assessments 
have been undertaken to demonstrate this?); 
and 

e) provide additional details in relation to the 
process for recovering from a controlled 
inundation (i.e. how will it be determined that 
water inflows have equalised? How will 
inundated areas of the mine be accessed?). 

 
 
 

56 Higher than expected inflow contingency  The response describes a series of controls with the final 
being controlled inundation of water into the mine. 
 
 
Controlled inundation is also referred to in the response 
to matters #54 and #57. 
 
In the event that the storage dam is filled to capacity 
and the controlled inundation initiated the response 
does not explain how the 15ML of water within the 
storage dam would be managed.  
 
Refer to matter #54 for a request for additional 
information in relation to controlled inundation. 
 
Describe strategies for the disposal of excess water, 
specifically from the storage dam, to ensure proposed 
environmental outcomes and legislative requirements 
can be achieved. 
 
Refer to the request for matter #6. Once high inflow 
predictions are reviewed discuss the predicted 
drawdowns on nearby wells. 

Controlled inundation is the mitigation response to ensure excess water is not diverted to the 
surface water treatment system. The water treatment and MAR system will continue to process 
water in the surface system via reinjection to dispose of the backlog of water, including that held in 
surface storage. Response 55 provide more information on the management of controlled 
inundation. 

 

58 Water Licencing Adequate water is required for the life of the project 
under the 70% grout efficiency scenario.  

There are errors in the mine water budget (see response 
to matters #60-61) that are to be resolved before water 
licensing requirements can be calculated. 

Modelling scenarios are to reflect the proposed 
pumping / mine dewatering / injection regime required 

This response will be provided to DEM outside of the Public Response Document as it contains 
commercially sensitive information.  
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to meet the water licensing arrangements. Any 
extraction and re-injection that is to occur prior to the 
commencement of mining needs to be replicated in the 
groundwater model. 
 
Provide revised annual water requirements for the life 
of the project and demonstrate that adequate 
groundwater has been secured for the life of the mine 
to cover UG inflows and other groundwater uses. 
 
Investigate different scenarios for pumping/injection to 
ensure adequate water allocation for the life of mine.   
 
Include any extraction and re-injection that is to occur 
prior to the commencement of mining in the 
groundwater model, and address any relevant 
consequences of the revisions. 
 

60 Water Balance The responses to matters #50, 58, 60 and 61 are 
interrelated.  

There are errors in the mine water budget that need to 
be revised. A water shortage is anticipated under a 
number of pumping and injection scenarios shown in 
the model. 

Revise tables presenting the mine water balance for the 
90% and 70% grout efficiency scenarios. Check and 
update as required: 

• Check that inflow and outflow figures and totals are 
correct. 

• Groundwater and UG inflow are components of the 
mine inflow water budget. Clarification is required 
on the use of the groundwater licence. Is it to be 
used to offset the underground inflow or is it to be 
used for another purpose? If used to offset the UG 
inflow then it is being counted twice in the water 
budget. If used for another mine process then an 
additional water allocation will be required to 
offset the UG inflow. 

• The underground mining fleet, which requires 94 
ML/yr, is to be added to the water budget tables. 

• Previously reported figures for cement water use 
were 5 ML for 90% grout efficiency and 15 ML for 
the 70% scenarios. The water requirement for the 
grout has been estimated at 14.5 ML. Check that 
the Cement (backfill and grout) figures equal the 

This response will be provided to DEM outside of the Public Response Document as it contains 
commercially sensitive information. 
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grout volume (14.54 ML) plus the previously 
reported volumes. 

 
Revise water budget values and address any relevant 
consequences of the revisions. 
 
 

62 Noise Sound power levels for the raise borer reduced from 
117dB(A) to 108dB(A). The reasons for this change are 
not provided. 
 
As there are now multiple noise reports proposing 
mitigation measures it is not clear which measures a 
being proposed.  
 
Provide a consolidated list of the proposed noise 
mitigation measures and clarify why the sound level of 
the raise borer was reduced.  
 

Sound power levels were reduced for the raise borer because the original modelling had used a 
jumbo drill rig as an approximation, it was subsequently observed that a more appropriate 
analogue was a mineral style drilling rig.  
 
See Appendix D2 for a consolidated list of proposed noise mitigation measures.   

63 Noise Model Previously, impulsive noise characters were included for 
some sites and stages. It is not clear whether these 
were included for the current modelled predictions.  
 
Clarify whether impulsive noise characters were 
included in the current modelled predictions. 

Section 3 of Appendix D1 clearly states that as per the Noise EPP impulsive noise characteristics 
have been accounted for in the modelling.  

70 Geotechnical  
 

The Response Document states “Maintaining a standoff 
from the aquifer: Mining will not take place within a 
specified distance from the aquifer. Terramin have 
indicated their intent to probe drill as part of the mining 
cycle to verify and maintain this standoff at all times.” 
 
In the location of the decline, any mining below the 
watertable is mining in the fractured rock aquifer. This 
sentence implies that a grout curtain will be maintained 
along the entire void (i.e. including the decline/vent 
rises). Clarify whether this is proposed, or whether the 
text should instead reference water-bearing fractures in 
the rock. 
 
Provide clarification as requested. 
 
 
The minor structure orientations used in the 
geotechnical assessment and the hydrogeology 
assessment differ slightly. The key aspect which is 
similar is the main discontinuity orientation associated 
with bedding (moderate east dipping, parallel to 

In the statement referred to, the word aquifer should be replaced by the term hanging wall fracture 
zone. ‘Aquifer’ was used in error. The grout curtain will be maintained where it is needed to 
prevent water flowing into the mine. In practical terms, this means that water bearing fractures will 
be identified through the probe drilling and grouting process prior to any development as described 
in the MLA and responses 93, 94, 97 and 99 of this document.  
 
The Hydrogeological assessment does not provide any information on minor or intermediate 
structures, Terramin understand that the difference referred to has been interpreted from the 
automatically generated stereonets included in the televiewer logs attached as appendices to the 
Hydrogeological assessment. While these stereonets can provide valuable data, they are not 
relevant to the hydrogeological model because of the scale of data they provide (less that 1 metre 
from the drill hole and possibly picking up drilling impacts on the rock). The hydrogeological model 
does not include minor or intermediate structures, but has represented them as an anisotropy in 
the model cell, as is appropriate for a Fractured Rock Aquifer.  
 
The Geotechnical assessment provides information on the intermediate fracture sets that have 
been observed by a geologist, based on field observations and has a higher value as this data set 
has been in-field verified. 
 
There is no uncertainty in the groundwater inflows based on structural orientations, primarily 
because of the scale that the groundwater model when compared to geotechnical assessments.  
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orebody). The other intermediate fracture sets are 
different between the two assessments. The effect of 
this difference in fracture orientations on the predicted 
ground water flows into the mine is uncertain.  
 
Provide a response, describe the potential effect and 
address any relevant consequences 

72 Cemented Rock Pillars The strategy in relation to Cemented Rock Fill (CRF) is 
also discussed in the response to matter #81 in relation 
to the proposed source of rock or aggregate. 
The response to matter #81 states that surface 
screening and crushing processes are not proposed. It is 
inferred from this response that cemented aggregate 
fill (CAF) is also no longer proposed and that CRF is the 
proposed method of backfill. 
 
The proposed mining method will require mine workers 
to access under the proposed cemented backfill. The 
design, mixing and placement of backfill should produce 
a suitably engineered material for maintaining safe 
personnel entry. 
 
CRF cannot be engineered and placed to the same 
reliability as other cemented backfill products. 
 
Alternative backfill methods (e.g. CAF) generally have 
better characteristics in creating a more reliable and 
homogenous cemented fill mass. 
 
Placing small side-by-side backfilled drives may prove 
unsuitable for the undercut spans planned when blast 
damage and cold joint formation is considered. Clean 
drives, tight filling and drives offset from the level 
above would be required. 
 
The potential for a hazard to be created as a result of 
water collecting on top of a cemented backfill sill pillar 
should be investigated. 
 
Evidence is required for the purpose of evaluating and 
determining the effectiveness of the backfill strategy to 
protect worker safety. 
 
Confirm that CAF is no longer proposed, or if it is, 
where preparation will occur (ensuring any impacts are 
accounted for), and how both CAF and CRF will be 
used.    

Underhand Exposures (regardless of backfill selection) can be completed in instances where design, 
placement and testing results justify stable conditions in accordance with Terramin’s operating 
requirements. In support of this statement a Draft Backfill Procedure has been provided as part of 
Appendix E2. 
 
Terramin has so far adopted a Factor of Safety of 3 in designing the backfill pillars, this is reflective 
of the stage of the project and is to account for such risks as water pooling on top of the pillars. 
There are some factors that will have a positive performance impact that have not been included at 
this stage. Applying a high Factor of Safety is appropriate to the level of study.  
 
Terramin does not propose to have any mechanical sorting or crushing facility onsite associated 
with the backfill strategy. All activities associated with backfill have been addressed in Chapter 3 of 
the MLA and associated Impact assessment.  
 
Appendix E2 provides further information and supporting material.  
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Provide evidence to evaluate and determine the 
effectiveness of the backfill strategy to protect worker 
safety. 
 

92 MAR Peer Review b) The review found that the risk of reinjection wells 
clogging due to the proposed water treatment/mixing 
has not yet been adequately addressed.  
 
g) Not adequately addressed. WAP Principle 147 
includes the requirement to address “any other 
documents current at the time”, which include the 2006 
National Water Quality Management Strategy 
Australian Guidelines for Water Recycling: Managing 
Health and Environmental Risks (Phase 2) Managed 
Aquifer Recharge. Sufficient information is available to 
complete the requested risk assessment, with the 
exception of water quality aspects. WAP Principles 
require no adverse change in water quality. Note that 
the water quality assessment in WAP Principle 147 is 
also required to address Matters 39-41. 
 
b) Provide an assessment of the risk of reinjection wells 
clogging due to the proposed water treatment/mixing. 
The assessment must be based on revised discharge 
target values   
 
g) Provide the hydrogeological risk assessment and 
peer review comments as per the original request.    
 

A MAR Risk Assessment has been conducted as requested and is included as Appendix B7. The risk 
assessment has been conducted in line with the following frameworks. WAP Principle 147, 2006 
National Water Quality Management Strategy Australian Guidelines for Water Recycling: Managing 
Health and Environmental Risks (Phase 2) Managed Aquifer Recharge. Well clogging is addressed in 
more detail in this document.  
 
The Peer review of the MAR risk assessment is included at Appendix B6.   
 
 

93 Case Studies for Grouting The examples provided are used to support the grouting 
strategy and grout effectiveness being proposed. 
 
To inform the relevance of the examples with what is 
proposed at BiH, it is important to understand: 

a) if the provided examples of other mines are 
instances where complementary strategies such 
as prior and/or concurrent aquifer 
depressurisation were undertaken; and 

b) how the provided examples relating to 
tunnelling describe the relevant analogue to the 
proposed stoping operations. 

 
 
For each example provided: 

a) describe the results of Terramin’s 
investigations in relation to whether prior 

a) Grouting is a flexible and adaptive strategy for controlling water ingress. Selected case 
studies show aspects at relevant points in time and not for the life of the projects. For 
example, case studies of mining operations differ when mining through aquifer zones and 
typically cease the need for grouting once depth is achieved that reduces water ingress. 
Mining at depth can introduce new challenges such as high-pressure water flows which are 
not present in the current BIH mine plan. Direct and static analogues are not possible or 
appropriate. Depressurisation is not proposed. The case studies chosen did not feature 
depressurisation. However, depressurisation was listed as a concurrent strategy in papers 
that could be used to compliment grouting (see for example Daw and Pollard 1986). As we 
are not proposing depressurisation, we have not looked into cases where depressurisation 
was used as it is not an analogous case. 

 
b) the tunnelling examples have analogues with shaft developments, pre-excavation grouting 

etc, including in mining operations, and monitoring of tunnel ingress such as within the 
decline. Terramin has not proposed direct analogues between a tunnel and a stope. Mining 
examples provided address grouting in the context of open stope and backfill strategies. 
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and/or concurrent aquifer depressurisation 
was used in conjunction with grouting; and 

b) where the example relates to tunnelling 
describe the relevant analogue to the proposed 
stoping operations. 

100 Pre-excavation grouting The response proposes a new location for the primary 
ventilation raise and states that the new location also 
has benefits from a noise perspective with no impact on 
visual amenity.  
 
Figure 2 is not of sufficient detail to determine the 
location in relation to receptors. Further information is 
required to justify that the new location will not impact 
on receptors from noise, visually or any other relevant 
sources of impact. 
 
Provide: 

• an updated plan of the proposed site that 
clearly shows the proposed new location of the 
primary vent raise in relation to receptors; 

• an assessment of the potential for the primary 
vent raise (as the source) to impact on 
receptors as per the requirements outlined in 
section 6.1.2 of the BiH Ministerial 
Determination. 

 

See Appendix C1 for a map that shows the location of the proposed primary bent shaft and the 
locations of the sensitive receptors. Additional maps of noise sources and contours are included in 
Appendix D1. 
 
 
The Impact Assessment provided with the MLA (MLA appendix E1) has been reviewed against the 
Noise Impact assessment update 2020 (Appendix D1), specifically in relation to the relocation of the 
ventilation shaft. The Potentially Impacting Events (PIE) presented in the original Impact 
Assessment in relation to noise as a source of potential impact remain current. Specifically 
PIE_16_01, PIE_16_02, PIE_16_03, PIE_16_04 and PIE_16_08 are relevant to the construction an 
operation of the ventilation shaft and provide appropriate Draft outcomes and Measurement 
criteria.  
 
Other possible impacts arising from the relocation of the ventilation shaft are a visual amenity 
impact. Given the shaft is situated behind a bund and will be constructed no higher than the bund, 
the existing management strategies for visual amenity are appropriate.  
 
 

116 Air Quality  Appendix N3 does not include the IML as a source as 
stated in the response.  
 
Respond to the original request. 

As previously stated in the first response document, the IML was modelled as a wind erosion source 
of 14,800m2 area. The terms ‘wind erosion’ is consistently referred to throughout Appendix N3, 
specifically in Table 15 and Table 21. It could be made clearer by replacing the terms ‘wind erosion’ 
with ‘wind erosion from the IML’.   

119 Air Quality The requested figure is not provided in Appendix M1 as 
stated.  
 
Respond to the original request. 

See Appendix M1 for the map requested. 
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3 Groundwater model The response to matter #6 has not addressed part a) of the original 
request. 
 
Sensitivity to recharge was not analysed or reported using the 
results from the non-linear uncertainty analyses.  
 
Recharge values assumed in the model affect inflows which in turn 
drive design criteria for management strategies. 
 
This information is required to assess the likelihood of proposed 
management strategies achieving the groundwater outcome.   
 
Provide a series of scatter plots showing how key outputs (mine 
inflow, creek baseflow, and impact to the closest user well) 
respond to changes in recharge inputs.  
 
 

 

The lack of correlation in the requested scatterplots with recharge as the independent variable (figures 1-4) indicate 
that simulated recharge does not have a dominant influence upon key model predictions. 
 
 

 
Figure 1: Maximum mine inflow rate versus area weighted recharge for unmitigated scenario. 

 

 
Figure 2: Maximum baseflow reduction versus area weighted recharge for 90% grout effectiveness scenario. 
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Figure 3: Maximum baseflow reduction versus area weighted recharge for hybrid grout effectiveness scenario. 

 

 
Figure 4: Maximum drawdown at 6628-15659 versus area weighted recharge for 90% grout effectiveness scenario. 

 
6 Groundwater model The response document did not include the full set of uncertainty 

analyses results, including parameter sets and modelled mine 
inflows. 
 
Uncertainty analysis and Potential Impact Assessment 

•  
Mine Inflow 
10 to 17 parameter sets were omitted because it proved difficult to 
find a conductance value equivalent to the desired grouting 

The full set of uncertainty analyses results including parameter sets and modelled mine inflows have been provided 
to DEM. 
 
The Monte Carlo Uncertainty Analysis memo (MCUA) has been updated to respond to the requests for information. 
The updated memo can be found at Appendix B7A and response are provided below.  
 
Mine Inflow 
Firstly, in terms of the queried effect of the omitted realizations on mine inflow calculations: there would be no 
effect, as mine inflow predictions for all grouting scenarios are based on scaling of the unmitigated scenario 
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efficiencies. The results thus depend on a reduced number of 
parameter sets (101 to 218, depending on the grouting 
assumptions).  
 
Drawdown  
Drawdown impacts at Well 6628-15659 were not provided. 
 
Creek-groundwater flux 
Groundwater flows to the creek (baseflow) that are around double 
the 874 ML/yr previously estimated by Zulfic et al (2003) were 
eliminated from the uncertainty analyses, while parameter sets of 
around half of the 874 ML/yr baseflow estimation, were included. 
 
The decision to exclude high baseflow cases but not low baseflow 
cases means that the results are skewed towards lower mine-inflow 
cases.  
 
In addition, it is unclear what the calibrated model baseflow 
prediction to the Inverbrackie Creek is:   

• Section 2.4.1 and Figure 2 of Appendix B7 refer to a 
calibrated 703 ML/yr baseflow.  

• Table 5 of the main MLA & MPL Response Document  
(Matter 10) refers to 408 ML/yr. 

• Table 4, Matter 15 of the main MLA & MPL Response 
Document, regional transient calibration chart, indicates 
between 350 and 650 ML/yr with a likely mean around or 
below 500 ML/yr. 
 

Groundwater Salinity  
Solute transport from the Eastern Mount Lofty Ranges prescribed 
area into the Western Mount Lofty Ranges prescribed area was 
considered in the uncertainty analyses (Section 4.1.5). Wells 6628-
8308 and 6628-8301 were shown on Figure 20 as being within the 
relative concentration contours of 50%. However, the salinity 
increase of these two wells was not provided.   
 
Consideration of model parameters 
Appendix B7, Section 2.4.1 documents that all steady-state 
simulations with a water balance error of greater than 1% were 
rejected from subsequent uncertainty analyses. This is because the 
Australian Groundwater Modelling Guidelines (Barnett et al., 2012) 
recommend a water balance error of less than 1% as a key 
performance measure. Section 3.1.1 states that 3377 parameter 
sets were rejected as a result of this criteria.  
 
DEM notes that the response to Matter 10 refers to a water balance 
with an error of 2.03%. It is not clear whether this is for the base 
case steady state calibrated model or a specific scenario. 
 
Anisotropy  

simulations. That is, mine inflow prediction uncertainty estimates for the 70%, 90% and hybrid grouting 
effectiveness scenarios are all based on the unmitigated ensemble of 218 realizations. Additional text has been 
added in section 3.2.3 of the MCUA to emphasize this to the reader. 
 
If the effect of omitted realizations on estimated uncertainties for other predictions (mining impacts) were queried, 
we would like to emphasize the last paragraph in Section 3.2.2. This indicates that PEST failure to find suitable 
conductance values only occurred for 17 realizations for the 70% grout effectiveness scenario, 10 realizations for 
the 90% grout effectiveness scenario, and 11 realizations for the hybrid grout effectiveness scenario. Using 
alternative methods to find suitable conductance values would only add these relatively small numbers of 
realizations into the respective ensembles, and would thus have an insignificant effect on calculated uncertainties. 
 
Moreover, additional text has been added in Section 3.2.4 of the MCUA to emphasize the results of the stochastic 
convergence analysis presented in Appendix B, which indicates that the final ensemble sizes employed in the 
present study (including the reduced ensemble sizes for the various grouting scenarios) are sufficient to provide 
robust predictive uncertainty estimates. 
 
Drawdown 
Predicted drawdown impacts at 6628-15659 are presented in the figure below. For the 90% grout effectiveness 
scenario this well goes dry at some point in 21 of the 125 simulations (i.e., 17% of the simulations). For the hybrid 
grout effectiveness, this well goes dry at various times in 52 of the 101 simulations (i.e., 51% of the simulations). 
This results in the artefact of the well appearing to begin to recover before the end of mine life, which is clearly a 
statistical manifestation and not a model prediction. It is attributable to the fact that, for realizations resulting in 
6628-15659 going dry during the simulation, higher drawdowns are included in standard deviation calculations 
prior to well going dry but are then absent from the calculations after the well goes dry. To remove this artefact, 
realizations that result in 6628-15659 going dry could be removed from the analysis entirely. However, this would 
result in a bias towards lower-drawdown simulations and overall underestimation of the drawdown in this well 
drawdown. 
 
Text has been added to Section 4.1.3 in the MCUA to justify the lack of inclusion of this well in the uncertainty 
analysis results. 
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The response did not address matter 8 which required anisotropy to 
be included in the non-linear uncertainty analyses.   
 
Existing Extraction 
 
Section 2.5 of Appendix B7 notes that regional pumping from third 
party wells was not included in the predictive simulations due to 
uncertainty in annual pumping volumes and complications in low 
hydraulic conductivity zones of the model.  
 
Appendix B7, Table 5 describes seasonal drawdown in metres from 
summer extraction at nearby existing user wells.  
 
Further discussion is required within Appendix B7 on how seasonal 
drawdown should be interpreted with the results of the uncertainty 
analysis to predict potential cumulative drawdown impacts on 
existing wells. 
 
 
Provide the full set of uncertainty analyses results, including 
parameter sets and modelled mine inflows so that results can be 
verified.  
 
Uncertainty analysis and potential impact assessment 
 
Mine Inflow  
Investigate methods that could be used to find a conductance value 
equivalent to the 70% and 90% grouting efficiencies and if not 
possible provide further detail on why and what this means for 
estimation of mine inflow.    
 
Drawdown 
Provide drawdown impacts at 6628-15659.  
 
Creek-groundwater Flux 
Recalculate the predictive uncertainty using a criterion to reject 
low-baseflow realisations. 
 
Provide the calibrated model baseflow prediction to the 
Inverbrackie Creek. 
 
Groundwater Salinity  
Provide the predicted salinity increase for Wells 6628-8308 and 
6628-8301. 
 
Consideration of model parameters 
Clarify whether the water balance error referred to in the response 
to Matter 10 is in relation to the base case or a specific scenario.  
If it is the latter, provide further detail on the scenario and the 
water balance for the base case steady state calibrated model. 
 

 
Predicted mining-induced groundwater level drawdown versus time at well 6628-15659 for selected scenarios/percentiles. Water column 
height is the estimated existing height of water above the base of the borehole. 

Creek-groundwater Flux 
It is stated that “the decision to exclude high baseflow cases but not low baseflow cases means that the results are 
skewed towards lower mine-inflow cases”. This statement is incorrect for three reasons: 

1. Figure 2 of the MCUA indicates that the posterior pre-mining baseflow distribution is in fact skewed/biased 
towards higher baseflow values, not lower baseflow values, relative to the base case value of 703 ML/y. 
79% of the baseflow values are greater than 703 ML/y. The equivalent is true relative to the Zulfic (2003) 
estimate of 874 ML/y, with 66% of the realization having a greater baseflow value. 

2. Regardless, the assumption that there is a correlation between baseflow and mine inflow, and hence 
excluding high baseflow cases would result in exclusion of high inflow cases, is incorrect. The figure below 
presents a scatterplot of steady-state baseflow versus predicted (unmitigated) mine inflow for all 218 
realizations in the posterior predictive ensemble, which indicates that they are not correlated. 
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Anisotropy  
Include anisotropy in the non-linear uncertainty analysis as per the 
original matter #8 request.  
 
Existing Extraction 
Provide further discussion on how seasonal drawdown should be 
interpreted with the results of the uncertainty analysis to predict 
potential cumulative drawdown impacts on existing wells. 
 
Uncertainty Analyses  
Provide analysis and a report on the recalculated predictive 
uncertainty with application of a criterion to reject low-baseflow 
realisations for 70% grouting efficiency against the 80, 90 and 95 
percentiles.  
 

 

 
Maximum predicted (unmitigated) mine inflow rate versus steady-state baseflow. 

 

It is stated that “it is unclear what the calibrated model baseflow prediction to the Inverbrackie Creek is”. 

The 703 ML/y stated in Section 2.4.1 and Figure 2 of Appendix B7 is the calibrated model baseflow prediction to the 
Inverbrackie Creek. 

The 408 ML/y referred to in Table 5 of the main MLA & MPL Response Document (Matter 10) corresponds to a 
special case in which estimated regional extraction by existing users was added to the base case steady state 
calibration model. As a result of regional extraction intercepting groundwater that would otherwise discharge to 
the creek, baseflow is lower. 
The chart presenting transient water budget components for the regional transient calibration model indicates a 
baseflow range of between 350 and 650 ML/y (with a mean of approximately 500 ML/yr). The steady-state model 
employed in the present study represents steady-state conditions in the absence of pumping (i.e., post-
winter/spring). During non-pumping periods baseflow approaches steady state (i.e., 703 ML/y), however it does not 
quite reach this condition before the subsequent pumping period (reaching a maximum of approximately 650 ML/y 
as pointed out). 
 
Groundwater Salinity 
The solute transport simulation for which results are presented in section 4.1.5 in the MCUA (1897291-009-TM-
Rev2) was not designed to provide predictions a resolution of specific wells. The simulated initial interface between 
relatively high-salinity EMLR groundwater and relatively low-salinity WMLR in the west, is somewhat arbitrary. Field 
data indicates a measured TDS of 3390 mg/L in 6630-8301 is relatively high compared to 791 mg/L measured in 
6630-8308. This suggests that this interface is in fact located west of well 6628-8301 in pre-mining steady-state 
conditions. However, this is a level of detail that was not captured in the preliminary salinity migration simulation, 
which was intended only as a representative regional-scale simulation of the potential extent of ingress of higher-
salinity EMLR groundwater. Therefore, presentation of temporal salinity changes at these specific well locations is 
considered to be potentially misleading. 
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In lieu of this, temporal concentration change at a hypothetical salinity observation point has been included in 
section 4.1.5 of the MCUA (1897291-009-TM-Rev2). Further modifications and additions to section 4.1.5 have been 
made (including salinity changes in cross-section) in order to provide further insight into the results of this 
simulation. 
 
It is reiterated that this simulation was based on a highly conservative worst-case scenario in which the realization 
giving maximum unmitigated (i.e., no grouting or MAR is simulated) inflows for the posterior distribution was 
adopted, combined with minimum prior distribution bound values for all storage parameters.  
 
Consideration of model parameters 
The water balance error referred to in the response to Matter 10 is in relation to a special case in which estimated 
regional extraction by existing users was added to the base case steady state calibration model. 
The water budget for the base case steady state calibration model is provided below. This table has been included 
in Section 2.4.1 of the revised version of the report (1897291-009-TM-Rev2). 
 

Volumetric water budget for base case calibrated steady-state model. 

Budget component In (ML/yr) Out (ML/yr) In - Out (ML/yr) 

Recharge 473 0 474 

River leakage 91 703 -612 

General head boundaries 673 535 139 

Sum 1238.6 1238.2 0.4 

Discrepancy (%) 0.03 

 
Anisotropy 
A paragraph has been added to Section 2.3 of the MCUA explaining that whilst anisotropy was not included in the 
Monte Carlo analysis as a globally random parameter, anisotropy was still included in the uncertainty analysis in the 
form of key features that control identified anisotropic behaviour in the study area are in the model as parameter 
zones, the values of which were randomized within the Monte Carlo analysis.   
 
Existing Extraction 
The text in section 4.1.3 of the MCUA (1897291-009-TM-Rev2) has been modified/added to in order to clarify the 
application of the principle of superposition for the reader. Additionally, the following citation pertaining to the 
application of the principle of superposition in groundwater hydraulics has been included, in case the reader 
requires further information: 
 
Reilly, T.E., Franke, O.L. and Bennett, G.D., 1987. The principle of superposition and its application in ground-water 
hydraulics (pp. 03-B6). Department of the Interior, US Geological Survey. 
 
Uncertainty Analysis 
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It is assumed that the requested recalculation of predictive uncertainty with application of a criterion to reject low-
baseflow realizations is no longer required in light of the above response to matter “Uncertainty analysis and 
potential impact assessment – Creek-groundwater Flux”. 
 
 
 
 
 
 

46 Water Treatment Plant Source 
Water 

The Water Treatment Review (Appendix B9) indicates that the WTP 
has been designed for a flow rate of 27L/s (which includes 24L/s for 
mine inflow).  
 
The Water Treatment Review also indicates that the assessment of 
the WTP concept design will be based on the 20th to 80th percentile 
probability ranges for each parameter as presented in Table 3.1 
(based on estimates from Golder Scenario 4 in Appendix B4).  
 
The WTP design capacity should be increased to match the results 
from a revised 70% grouting efficiency for 80, 90 and 95 percentiles.   
 
Revise the WTP concept to cater for 70% grouting efficiency for 80, 
90 and 95 percentiles.   

 

The water treatment concept included at appendix B9 has been reviewed in the context of an increased flow rate in 
the event of the 70% grouting P95 scenario. Under the proposed scenario the current concept included in Appendix 
B9 would be able to treat water up to the end of year three of mining. If flow rates are increasing above 90% 
grouting predictions by the end of year two the WTP could be upgraded to cater for the additional predicted flow. 
GPA Engineering have provided a memo outlining how this upgrade would be planned for in the detailed design 
stage of the WTP plant. The Memo is included at Appendix B10.  

58 Water Licencing The content of this question has not been included because it is 
Commercially sensitive.  

This response will be provided to DEM outside of the Public Response Document as it contains commercially 
sensitive information.  
 

72 Cemented Rock Pillars DEM notes the hierarchy of engineered backfill controls, current 
status of analysis, and observations by Mining One:  
 
“Mining One’s previous recommendation for using CAF (Bijelac & 
Roache, 2017) was based on the increased compressive strength 
and the predictability of CAF compared to CRF. Mining One 
understand that Terramin’s preference for using CRF is based on the 
overall project outcome when considering larger aspects of the 
Bird-in-Hand Gold Project such as the overall cost, noise levels, air 
quality and the overall visual amenity of the operation.” 
 
In the absence of further site-specific analysis it remains possible 
that alternative engineered backfill methods to CRF, such as CAF, 
may be necessary to achieve outcomes for safety and efficient and 
effective mining of the Bird in Hand resource.    
 
Confirm whether – in the event it became necessary – potential 
consequential environmental impacts associated with alternative 
backfill strategies have been fulsomely described in the mining 
lease proposal and response document (e.g. the potential for noise, 
air quality and visual amenity impacts arising from operations 
conducted at surface). 
 

Implications of having to produce CAF onsite 
Appendix E4 provides a conceptual study of an underground crusher, should it be determined that CAF is required 
as part of an effective backfill strategy.  By placing the crusher underground, there are no visual amenity impacts to 
consider. There will be no noise impacts on surface, as the crusher will be located near the top of the ore body, a 
significant distance from the surface expression of the decline. Any dust emitted from the crusher will be managed 
by the spray chamber downstream from the crusher.  
 
QA/QC of backfill strategy  
Appendix E5 describes the process and timing for undertaking site-specific analysis and studies to reduce the 
uncertainty associated with the backfill strategy.  
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Number Aspect DEM Comment on Terramin’s 5 March 2021 submission Terramin Response July 2021 
 

Describe the process and timing for undertaking site-specific 
analysis and studies to reduce uncertainty associated with the 
effectiveness of CRF to achieve all relevant outcomes (including 
safety). 
 
 
 

 
92 MAR Peer Review b) The risks associated with clogging prior to mitigation have been 

rated as moderate (chemical clogging) to high (physical and 
biological clogging). Controls have been proposed to both reduce 
the risk of clogging (physical, chemical and biological) and to rectify 
impacts if clogging eventuates. The proposed controls are standard 
measures used in MAR applications to mitigate such risks. Although 
the residual risk has been rated as low, the assigned likelihood 
ratings are not necessarily supported by the work undertaken to 
date, as noted by IGS (2021) with respect to chemical clogging. It is 
conceivable that the residual risks associated with clogging are 
higher than stated. 
 
g) A hydrogeological risk assessment and updated peer review has 
been provided. It is noted that the risk assessment document 
(Appendix B5) provides a good framework from which to assess the 
MAR-related risks. 
 
Comments arising from the new information presented in Appendix 
B5 are provided below: 
 

i. The injection modelling has been undertaken using the 
70% grouting efficiency scenario from the base case model 
which is equivalent to ~15 L/s (Golder, 2019). The injection 
modelling does not incorporate the recent uncertainty 
analysis documented in Appendix B7 (Golder, 2021).  

ii. The statement that the two existing wells have a capacity 
of 20 L/s is not supported by the injection test results. The 
test of well BHRIB02 was ceased on day 6 (7,324 minutes) 
due to the risk of well 6628-8944 becoming artesian 
(groundwater level within 1 m of surface). Although it is 
stated that this will be rectified by screening the injection 
well deeper in the aquifer, it is not clear whether this will 
mitigate the risk or not. The injection test results at well 
BHRIB02 support the need for a higher likelihood rating for 
‘higher than expected pressure, water levels’ in the risk 
assessment. Similarly, the SWL at well 6628-9153 has been 
recorded at 3.1 m and the predicted rise as a result of MAR 
is 2 m at this location (at an injection rate of ~15 L/s). It is 
considered that the likelihood of this well flowing is at least 
‘possible’. This well is located in an area which is within the 
likely area of groundwater level rise / drawdown in the 
Tapley Hill Formation.  

b). A review has been conducted and the updated MAR Risk assessment can be found at Appendix B5A. 
 
g).  

i. An additional scenario based on the MCUA P95 inflow rates combined with 70% grouting effectiveness has 
been included in the RA to assess groundwater rise (risk of water logging and artesian risk to wells). 
Contours of groundwater rise and depth to water are presented for this scenario in the RA as Figure 12 and 
Figure 14 

ii. Likelihood ratings have been reviewed and changed as per DEM recommendation. These changes have been 
document in the Risk Assessment. 

iii. Predicted depth to water maps have been presented for the following scenarios (Figures 13 and 14) 
a. base case inflows with 90% grouting effectiveness 
b. base case inflows with 70% grouting effectiveness 
c. MCUA P95 inflow rates combined with 70% grouting 

iv. The MWTP salinity value has been made consistent across all tables. 
v. The residual risks ratings have been revised low to moderate risk (after adequate controls are put in place) 

for: 
a. Higher than expected pressure 
b. Contaminant migration 
c. Higher than expected injection rates 
d. Clogging (chemical) 

 
The maximal (unmitigated) risk ratings for the above hazards have not been altered and remain high.  
 
It is important to note that residual risk assumes the management practice / control put in place to mitigate the risk 
is effective. I.e., in the case of grouting, the residual risk rating assumes the control of grouting will be at least 90% 
effective (which is in line with grouting studies and the independent peer review). Likewise, the residual risk rating 
for water quality, assumes that the four critical controls outlined under section 4.1 of the RA, which include an 
effective MWTP, together with operational and validation monitoring are effective controls.  
 
We maintain that the consequence for chemical clogging be treated as minor (resulting in a residual risk rating of 
moderate), because management effort is still required to manage this impact- i.e. redundancy will be installed in 
the system prior to operation, wells can be redeveloped or at worse, additional replacement MAR wells can be 
installed, and this as a financial consequence can be readily absorbed by the operating mine. 
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Number Aspect DEM Comment on Terramin’s 5 March 2021 submission Terramin Response July 2021 
 

iii. The risk of waterlogging is not explicitly assessed. A map of 
the predicted depth to groundwater for the injection 
scenarios will identify the possible extent of artesian 
conditions and hence areas which may be susceptible to 
waterlogging. 

iv. There appears to be an inconsistency with the WTP output 
salinity between Table 3 (< 800 mg/L), Table 10 (< 800 
mg/L) and Table 12 (828-1200 mg/L).  

v. The independent peer review (IGS, 2021) questioned 
whether or not the work undertaken to date supports the 
assigned likelihood ratings relating to: 

• Contaminant migration through the FRA 

• Higher than expected injection rates / volumes 

• Clogging (chemical) 
vi. Maintaining existing groundwater quality and 

environmental values is a requirement of the WMLR WAP 
and the EP Act (1993). The current consequence rating of 
‘minor’ for aquifer contamination is not aligned with 
regulatory expectations and the reliance on groundwater 
by other users in the Inverbrackie Creek Sub-catchment 
Management Zone. The consequence ratings require 
review given the points raised above. 

 
Although the risk assessment provides an appropriate framework in 
which to assess the risks associated with MAR, there are several 
instances (as detailed above) where the assigned likelihood and 
consequence ratings appear understated. 
 
Provide 
b) Review the likelihood ratings based on the IGS peer review and 
consider whether they need to be changed. 
 
g) Provide the following information or updates within the 
response document: 

I. Adopt higher rates for mine inflows derived from the 
uncertainty analysis at 70% grouting and most likely 
scenario  

II. Increase the likelihood rating for ‘higher than expected 
pressure, water levels’ in the risk assessment. It is 
recommended that this is changed to ‘possible’. 

III. Provide a predicted depth to groundwater map to identify 
the possible extent of artesian conditions and hence areas 
which may be susceptible to waterlogging for each MAR 
scenario. 

IV. Clarify the WTP output salinity. 
V. Review and amend the likelihoods associated with (i) 

Contaminant migration through the FRA, (ii) Higher than 
expected injection rates / volumes and (iii) Clogging 
(chemical) in light of the independent peer review (IGS, 
2021) 
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Review consequence ratings in the context of the observations in 
the adjacent comment. 
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9 MPL RESPONSE – DEM CORRESPONDENCE DATED 7 FEBRUARY 2020 
Table 7 – Response to DEM comments on MPLA dated 7 February 2020 

Number Question Terramin response dated 20 April 2020  

1.  The statement of production volumes in the Mining Proposal and Miscellaneous 
Purposes Licence Application are not consistent e.g. 150,000 tonnes per year stated 
in MP; 10,500 tonnes per month stated in MPLA (126,000 tonnes per year). 
 

Clarify the estimated production volume per year. 

Section 3.1.1.2 of the MPLA states an average of 10,500 tonnes per month. Table 3-6 in the MLA states peak 

production rates of up to 176,373 tonnes per year in year 3. The figure quoted in the MLA is accurate and the 

figure stated in the MPLA is an approximate value. 

2.  It is not clear whether Terramin has sufficient water allocation for proposed 
processing. 
 
Section 3.10.3.2 states that 19 ML of rainfall per year is captured and used in 
processing. It is not clear whether Terramin is appropriately licenced for this 
activity.  
 
Provide evidence Terramin has, or will successfully obtain, the necessary water 
allocation and licence. 

An estimated 19 ML of rainfall at Angas falls in the raw water and process water ponds, TSF and boxcut. 
Angas is covered by the Eastern Mount Lofty Ranges WAP created under the Natural Resource Management 
(NRM) Act 2004. Under the EMLRWAP and 3(1) NRM Act, surface water is defined as “water flowing over 
land” and includes when it is captured in a dam, stormwater infrastructure or watercourse. At Angas, surface 
water is diverted away from mine infrastructure and no infrastructure is designed to retain surface water and 
no water is taken from a watercourse. Terramin’s historical operations at Angas predate the EMLRWAP. 
Terramin is not required to obtain a surface water licence as it does not retain surface water. 
 

3.  Terramin currently holds a Water Licence (121612) with an Eastern Mount Lofty 
Ranges Prescribed Water Resource Area groundwater allocation of 271 ML. The 
MPLA states that this licence has an allocation of 298ML.  
 
Confirm that the allocation is for 271 ML.  
 
If additional water is required, describe how the additional 27 ML will be sourced. 
 

Terramin confirm the allocation associated with licence number 121612 is for 271,002 kL per annum. The 
figure 298ML was included in error.  

4.  The MPLA indicates that annual rainfall runoff across the whole MPL area is in the 
order of 200 ML/year, so the volume to be used to supplement recycled water in 
the processing operations is only 6% of total rainfall runoff on the proposed MPL 
area (19ML/year). 
 
The Angas Processing Facility is located within the Angas River Catchment 
management zones, AR024 and AR025 of the Eastern Mount Lofty Ranges (EMLR) 
Prescribed Water Resource Area (PWRA).  
 
There is currently a reservation in place in relation to issuing any additional surface 
water allocation in the EMLR and PWRA. 
 
A surface water allocation would need to be obtained through trade/transfer from 
an existing licence holder with a surface water allocation. 
 
 
Provide evidence to demonstrate that the required water allocation is likely to be 
obtained. 

See response 2 in this Table. 

5.  Appendix K1 states that the wetland is designed to receive flows approximately 
equivalent to four percent of the impervious areas of Areas 5, 6a and 7. 
 

Noted. 
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Based on this advice, as the wetland is designed to capture less than five percent 
of total surface water flow from the catchment area it will not require approval 
from the Murray Darling Basin NRM Board. 
 
For noting. 

6.  It is not clear which set of data is being used as the ‘baseline’ groundwater quality 
which is referred to for measurement and leading indicator criteria.  

- Table 11.3 in Chapter 11 presents a statistical summary of AZM baseline 
groundwater data from 2006 to 2018. This information has been developed 
from only three regional monitoring wells (RG1, 4 & 8).   

- Table 1 in Appendix H4 presents a statistical summary of regional bore 
groundwater quality around the proposed site. The inputs to this table are 
not clear. It is assumed that this information has been developed based on 
data from RG1, 2, 3, 4, 7 & 8.  

- Appendix H1 contains a table summarising TSF groundwater quality data. 
No further information has been included in the Appendix and it is not clear 
what information has been used to develop this data.  

Regardless of the intended data set being proposed for use as the ‘baseline’ 
groundwater quality for measurement and leading indicator criteria, sufficient 
interpretation of any of the data sets has not been presented in the MPLA 
submission. Data from a number of bores which target different hydro-
stratigraphic units appears to have been used to develop each data set. 
Interpretation of the data sets has not considered the potential for spatial (hydro-
stratigraphic unit) and temporal (seasonal) heterogeneity of the groundwater 
quality.  
 
It is noted that there is significant heterogeneity in groundwater quality between 
samples for most of the analytes presented in all of the data sets. It is unclear if this 
is associated with spatial and/or temporal heterogeneity, or if it is simply 
associated with variability of groundwater quality often associated with fractured 
rock aquifers. In any case, where significant heterogeneity exists, consideration 
needs to be given to the validity of using an ‘average value + 2 standard deviations’ 
to represent ‘baseline’ groundwater quality, as it may not provide a suitable 
mechanism to effectively identify an impact to groundwater quality, or provide 
appropriate protection to the receiving environment (particularly when the 
standard deviation is greater than the average value). Consideration may need to 
be given to alternative measurement and leading indicator criteria, potentially 
based on trend analysis and/or groups of groundwater monitoring bores with 
relatively homogenous groundwater quality. 
 
Clearly present the ‘baseline’ groundwater quality that is intended to be used for 
measurement and leading indicator criteria for the proposed operations.  
 
Provide interpretation of the baseline groundwater data, including an assessment 
of any spatial (e.g. hydro-stratigraphic units) and/or temporal variability. Where 
significant heterogeneity still exists, consideration needs to be given to the validity 
of using an ‘average value + 2 standard deviations’ to represent ‘baseline’ 

Groundwater monitoring and response plan can be found in Appendix S11 of the MPLA. Groundwater bore 
information and monitoring can be found in the 2017 AZM PEPR and associated Closure plan. These 
documents and associated data used as a basis were reviewed by DEM, DEW, EPA and O'Kane Associates 
with Terramin and associated consultants using the Failure Modes Effects Analysis technique over a period of 
five years (2012 - 2017) prior to approval of the document. The information presented in Appendix S11 of the 
MPLA is the same as in the 2017 Closure Plan for AZM to ensure consistency with the overarching approved 
ML and PEPR. Appendix H1 of the MLA was included in error and should be disregarded. 
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groundwater quality, as it may not provide a suitable mechanism to effectively 
identify an impact to groundwater quality, or provide appropriate protection to 
the receiving environment (particularly when the standard deviation is greater 
than the average value). Consideration may need to be given to alternative 
measurement and leading indicator criteria, potentially based on trend analysis 
and/or groups of groundwater monitoring bores with relatively homogenous 
groundwater quality. 
 

7.  The MPLA states that:  
“There are no groundwater users in the area” 
 
This is incorrect, there are groundwater users with active licences in the area.  
 
Provide a map showing existing groundwater users with active licences in the area. 

See appendix B1. Note however that despite Water Connect showing many wells in the region and several 
active licence, Terramin understand from community consultation that none of these wells are used as they 
are either too high in TDS, as stated in the MLA or the wells are no longer in service. The only groundwater 
user with an active licence is the Strathalbyn Polo Club with licence number 2781132, the bore associated 
with this licence is located outside of the area of influence associated with the proposed operations and was 
constructed and licenced to extract water following the AZM being placed into care and maintenance.  
 
 

8.  The MPLA states that complete removal of the cone of depression is anticipated to 
occur in approximately 85 to 100 years from when underground mining ceases. 
 
However, Appendix H3 (Figure 2) shows flow direction returning to pre-mining 
conditions (north-south) after 10 years.  
 
Provide clarification regarding the estimated time for groundwater levels to return 
to pre-mining conditions 

The following provides the post mining groundwater levels for the mine void and DH02 and DH03 which are 
located close to the mine void at Angas. The time series represents days since closure. The two bores are 116 
m and 115 m deep respectively and target the Cambrian fractured rock (fresh rock).  The modelled 
groundwater level recovery and pre mining groundwater elevation (~63 m AHD) is shown for reference. Both 
bores shows that groundwater levels at the mine recovered to pre mining groundwater elevation at about 
1200 days or 3.3 years post mining. The groundwater level measured in the mine void was 61.9 m AHD   
 

 
9.  A Cross-section and/or map should be included which clearly identifies the hydro-

stratigraphy underlying the site. 
 

See appendix B1. 
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Provide a Cross-section and/or map which clearly identifies the hydro-stratigraphy 
underlying the site. 

10.  It is not clear what rainfall losses in the water balance flow diagram represent. 
 
Clarify what rainfall losses in the water balance flow diagram represent. 
 

Rainfall losses in Appendix K1 represent the rainfall that is lost through evaporation, vegetation uptake and 
adsorption onto the ground. 

11.  It is understood that the RO plant will be utilised to treat any additional water in 
the TSF in the event of a high rainfall event where the water captured exceeds that 
used in the processing of the BIH ore. It is noted that the information included with 
the submission indicates that ‘clean water, or the required quality,’ produced from 
the RO plant will be either released into the stormwater wetland system and/or 
discharged into the aquifer. However, it is not clear what the ‘required water 
quality’ is and how this will be monitored prior to discharge (including as 
assessment of the presence of any treatment chemicals which may impact 
groundwater quality). 
 
Provide clarification about the definition of ‘required water quality’, including 
trigger values for no discharge. 

In the instance that water needs to be treated by the RO plant and discharged into wells as a part of the MAR 
system, the water quality targets and trigger levels (required water quality) for each discharge well will be set 
through the process of acquiring the relevant drain and discharge permits. As stated in the MPLA, Terramin 
has previously operated a MAR system at AZM prior to the care and maintenance phase. Because the system 
has not been used for some time, new target water quality and trigger levels will be set for each well, either 
as part of a PEPR process, or as part of a drain and discharge permit process. There will be a monitoring plan 
established during the PEPR process, which will include live monitoring of water being discharged into wells 
as detailed in Response 12 (below) 
 
In the event that water is released to the wetland the water quality will be monitored prior to release in the 
same manner as response 12, if the leading indicator levels are approached, water will diverted and 
recirculated. Required water quality is as per the EPA water policy. For surface discharge, this means as per 
ANZECC water quality guideline (2000), turbidity will be less than 20 NTU. 
 
 

12.  It is understood that the injection of stormwater to the aquifer (without travelling 
through the wetland) may be utilised to discharge excess water during wet months.  
 
It is also understood that this system was successfully used during the operation of 
the AZM. However, no details have been provided to indicate how the quality of 
stormwater being discharged to the aquifer is intended to be monitored to ensure 
the maintenance of the existing regional groundwater quality.  
 
Provide further information to demonstrate that any stormwater discharged to the 
aquifer will be of an appropriate quality to achieve the proposed groundwater 
outcome. 

All water will be monitored 'live' using electrical conductivity and turbidity probes. If leading indicator levels 
for MAR bores are approached, water is diverted and recirculated. 

13.  On page 3-145 it is shown that runoff from more than 133,000m2 of land will flow 
north towards Callington Road. It is stated that this flow will be directed to a 
paddock first, then the STEDS wetland before it enters the creek line. However, the 
creek line sits between the paddock and the STEDS wetland.  
 
Any discharge to the creek must comply with clause 9 of the Environment 
Protection (Water Quality) Policy 2015, which refers to trigger values in the 
national water quality guidelines (ANZG 2018 www.waterquality.gov.au/anz-
guidelines). 
 
Provide additional information to clarify how runoff from the three northern 
catchments will be captured and treated to a suitable quality to achieve the 
proposed surface water outcome. 

The rainfall runoff area of 133,000m2 is divided into 3 areas, area 1 (71,428m2) and 3 (30,958m2) are areas 
that contain 4 houses from prior to 2007 (pre-mining) and the rest of the land has been rehabilitated and 
revegetated with native endemic species, hence any surface flows will comply with Environment Protection 
(Water Quality) Policy 2015. Area 2 (30,900m2) contains an electricity substation, carpark, bitumised access 
road office and redundant paste plant (not required for MPL), access road silt traps were constructed in 2012 
and revegetation between the security fence and Callington Road were completed in 2012. Sediment control 
at the front entrance (the car park area and the access road to the mine entrance) has been successful with 
silt traps on either side of the access road which flow into surface drainage systems on either side being 
effective. Drains were augmented in 2012 by the addition of limestone rip rap to further slow water velocity 
during rainfall events and settle sediments. These drains flow through culverts beneath Callington Road, 
through further rock rip-rap, thence flow over the paddock, then through an ephemeral zone before reaching 
Burnside Creek (Tuckers Lagoon) within the council STEDS lagoon area. Water quality has been recorded both 
upstream (point SWB) and downstream (point SWA) of the Tuckers Lagoon area when it occasionally flows 
(every 2-3 years typically). The Angas Zinc Mine 2012 QER Q3 reported lower Burnside Creek turbidity  
downstream (17.1 NTU) versus upstream (34.4 NTU) of the ML and all analytes were within Mining PEPR 

http://www.waterquality.gov.au/anz-guidelines
http://www.waterquality.gov.au/anz-guidelines
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regulatory criteria, as well as the EPA aquatic ecosystem values (EPA, 2003) applicable at that time. These 
results demonstrate effective surface water treatment, additionally it is noted that these areas are classified 
as non-operational under the MPL, see Figure 3-69. Future monitoring will occur (as it does under the 
existing approved AZM PEPR) at a location prior to the water entering Tuckers Lagoon (sometimes referred to 
as the STEDS area wetland).   
 

14.  Table 1 with Appendix M7 of the MPLA presents the core interval samples used to 
generate sulphide and oxide tailings. However, the location of the drill holes 
(BH054, BH056, BH057, BH058 & BH059) has not been presented, so it is unclear 
which part of the orebody the samples represent. A suitable cross-section, 
indicating the location of the drill holes (and core interval samples) should be 
provided.  
 
Provide a Cross-section and/or map that shows the location of drill holes BH054, 
BH056, BH057, BH058 & BH059 (and the core interval samples) in relation to the 
ore body. 

A figure has been provided in Appendix N1. 

15.  It is not clear why the Health Investigation Levels (HILs) from the National 
environment Protection (Assessment of Site Contamination) Measure 1999 (NEPM) 
have been used for comparison with the average element concentrations of the BIH 
ore. The HILs were developed as a screening risk assessment tool for potential risks 
to human health from chronic exposure to contaminants. 
 
Provide a justification regarding why this was used. 

The comparison of the geochemical analysis of the BIH tailings against the Health Investigation Levels (HILS) 
was included in error. Terramin understand that the HILs are for screening human health risk associated with 
chronic exposure. There will be no chronic exposure to tails. A more appropriate impact assessment is 
against the current geochemistry of the tails, which has been included in section 14.7.1 and Table 14.7. An 
updated table and text for section 14.7.1 has been included in Appendix C1. 

16.  Appendix N3 assumes potential odour impacts at nearby receptors to be less than 
50% of the South Australian odour criteria based on an odour impact assessment 
undertaken for the site in 2006.  
 
The odour criteria legislation has changed since then (referenced in Schedule 3 of 
the Environment Protection (Air Quality) Policy 2016), as possibly has the 
population of the city of Strathalbyn. 
 
Provide an assessment of the 2006 odour assessment against the current 
population of Strathalbyn and the updated odour criteria in Schedule 3 of the 
Environment Protection (Air Quality) Policy 2016.   
 
Provide discussion on how these factors change the results. If required update the 
odour assessment and provide. 
 

The odour criteria used in the 2006 assessment are identical to those published in the EPP Air 2016 (EPA). 
The odour assessment criteria relevant to the rural properties close to AZM remains at 8 odour units (for an 
area with a population of between 12-59 residents. The town itself has likely grown since 2006, however, the 
most stringent odour criteria (2 odour units) was applied to the Strathalbyn town which is relevant for 
populations greater than 2000. Regardless of the growth of Strathalbyn, the criteria remains the same at 2 
odour units. No update to the odour assessment is required.  
 

17.  The Preliminary Tailings and Water Management Study (Appendix I2 - ATC 
Williams, November 2017) describes the proposed preliminary design changes for 
deposition of Bird in Hand Tailings into the Angas Zinc Mine TSF. 
 
Key changes to the TSF proposed in this report include (but not limited to): 
1) Discharge of Bird in Hand Tailings; 
2) A new discharge arrangement and causeway; and 

An assessment of the 2006 design criteria against the current 2019 ANCOLD guidelines found a small number 
of relevant differences with respect to design criteria. The report specifies future work on the TSF as follows: 
 

• Metallurgical testing of representative samples of the BIH ore and additional tailings to validate the 
outcomes of the “Preliminary Tailings and Water Management Study” (Appendix I2 of MPLA) 

• A reassessment of the Tailings capacity and water storage requirements in relation to the 2019 
ANCOLD guidelines will be required prior to re-commissioning the TSF. Noting that only minor 
changes are expected. 

• A reassessment of the spillway geometry noting this was planned on closure already. 
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3) Prior to tailings deposition to the TSF, 70,000 m3 of a Potentially Acid Forming 
(PAF) waste rock (currently located at the Angas Zinc Mine's access box cut) is 
required to be stored within the TSF. 
 
The Angas Zinc Mine TSF is an existing facility that is based on an original design 
basis and intent. Proposed changes to a TSF during its operational life must be 
rigorously assessed against the original design basis and the appropriate 
guidelines. 
 
The Preliminary Tailings and Water Management Study does not re-assess the 
proposed TSF changes against the most recent Australian National Committee on 
Large Dams (ANCOLD) guidelines. DEM notes that the most recent update to the 
ANCOLD guidelines occurred in July 2019. 
 
DEM notes that the Preliminary Tailings and Water Management Study provides 
details in regards to the Angas TSF that are not included in the current approved 
Angas Program for Environment Protection and Rehabilitation. 
 
Demonstrate that proposed changes to the Angas TSF as set out in Appendix I2 of 
the MPLA meet the requirements of the relevant and most recent ANCOLD 
guidelines. 
 

• The site specific seismicity assessment will be updated prior to re-commissioning.  
 
The report notes that no significant changes to the TSF are expected from the abovementioned validation 
works.  
 
The report from ATC Williams can be seen at Appendix O1. 
 

18.  Tailings management and governance practices are continually evolving based on 
increased knowledge and learnings.  This is evidenced by continual updates to 
international and Australian bulletins/guidelines and the current Global Tailings 
Review lead by the International Council on Mining and Metals (ICMM) (reference: 
http://globaltailingsreview.org ). 
 
Proposed changes to the existing Angas TSF for the purpose of deposition of Bird in 
Hand Tailings must appropriately consider current guidelines and leading practice 
in relation to tailings management and governance. 
 
The MPLA provides preliminary information in relation to the proposed changes to 
the Angas TSF. For these proposed TSF changes, the MPLA does not provide 
detailed information about the processes that would be adopted for: 

1) Detailed design in accordance with the relevant ANCOLD guidelines; 
2) Verification or auditing of TSF design changes (including waste rock 

placement) against the relevant guidelines; 
3) Verification or auditing of TSF (including waste rock placement) 

construction changes against an approved design; 
4) Verification or auditing of TSF operations (including waste rock placement) 

against an approved design; 
5) Ensuring that past and future operational learnings are adapted into future 

processes; and 
Governance arrangements, including when independent experts would be used for 
reviews and audits for TSF design, construction and operations. 
 

The TSF is envisaged to continue to be managed in accordance with the processes and governance already in 
place and no design changes are proposed for the TSF embankments. The report from ATC Williams can be 
seen at Appendix O1 The report addresses two minor design changes with respect to: 
 

• Creation of a waste rock dump within the TSF to house PAF material located at AZM; and 

• Accommodating tailings that are different from the material deposited previously. 
 

The report outlines the tailings discharge strategy into the TSF. 
 

http://globaltailingsreview.org/
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Table 7 – Response to DEM comments on MPLA dated 7 February 2020 

Number Question Terramin response dated 20 April 2020  

Provide a description of the processes proposed for TSF detailed design and 
tailings management governance in relation to the TSF changes set out in the 
MPLA. 
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10 RESPONSE TO ISSUES RAISED DURING PUBLIC CONSULTATION AS IDENTIFIED BY TERRAMIN 
Table 8 – Campaign Issues and Responses 

Number Issue Terramin response dated 20 April 2020 

Agriculture   

1.  Concerns were raised on the potential increase of dust from mining operations that 

could impact viticulture.  

 

The MLA establishes dust control management strategies to ensure that the project will meet EPA 

requirements and likely ML conditions. The strategies are informed by dust modelling that supports this 

outcome.  Any dust emanating from the project will be lower than regulatory requirements and will not 

materially impact viticulture as set out in the MLA.  Any potential increase beyond background dust levels 

would not increase pest and disease, effect photosynthesis or winery productivity. Section 15.6 of the MLA 

outlines the design and management strategies that will be implemented to manage and mitigate dust 

emissions throughout the project life. Further information is provided in the response to government 

question 117. 

2.  Concerns were raised that the movement and stockpiling of topsoil during mining 

activities that may spread weeds to neighbouring properties and result in 

decreased agricultural productivity.  

 

Sections 19.1.3 and 19.6.2 of the MLA outlines the management strategies that Terramin propose to 

implement at the BIHGP. The strategies are aligned with the Natural Resources Management Act 2004 and 

aim to minimise and mitigate impacts to native vegetation and stop the spread of weeds and plant pathogens 

during construction, operation and closure of the BIHGP. 

3.  Several concerns were raised that fire emanating from the mine site could possibly 

damage agricultural production by fire or smoke taint.  

 

Terramin has established appropriate fire management practices for the future operations as set out in 

22.1.5 of the MLA to prevent the operations being a source of fire or cause of smoke taint in neighbouring 

vineyards. The impact of the Cuddlee Creek Fire of December 2019 have been considered and the proposed 

fire management practices confirmed as appropriate for operations. 

 

4.  Concerns were raised that the existence of a mine would impact upon the ‘food 

bowl’  

Terramin went through an extensive risk identification and management process to identify potential 

pathways for impacts on neighbouring or regional properties. Only where a credible pathway was established 

was the risk included in the MLA for further evaluation. While credible potential pathways for dust, noise etc 

were established for properties in the immediate vicinity of Terramin’s operations (if controls were not 

followed or proved ineffective), no credible pathway was established for Terramin’s activities to effect the 

entire “food bowl.” 

Air Quality   

5.  Concerns were raised about health and nuisance impacts caused by dust or odour 

as a result of mining operations 

Terramin identified and discussed potential effects on health and nuisance dust in section 15.5.1. of the MLA. 

The section addresses potential impacts, mitigation measures and controls to be put in place. 

6.  Concerns were raised about the impact of increased dust on agricultural 

productivity as a result of mining operations. 

 

See response 1 in Table 8. 

 

7.  Concerns were raised about increased quantities of heavy metal, specifically lead, 

in dust as a result of mining operations. 

 

See response to government question 117 in Table 4. 

Air-overpressure and Vibration   
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Table 8 – Campaign Issues and Responses 

Number Issue Terramin response dated 20 April 2020 

8.  How will Terramin ensure that amenity of surrounding properties and landholders 

is maintained? 

 

Terramin has designed its operations and introduced control mechanisms to remove, minimise or mitigate 

amenity concerns of its neighbours. Visual amenity is addressed in detail in Chapter 9 of the MLA and air over 

pressure and vibrations are addressed in detail in chapter 17 of the MLA.  

9.  Concerns were raised regarding the potential impact of blasting activities on 

livestock, specifically horses located at the Adelaide Polo Club 

 

Terramin has considered the effects of blasting on livestock and animals in Chapter 17 of the MLA. No 

plausible pathway was established for the effect of blasting on live animals at the frequency and intensity 

outlined in the proposal. 

Closure   

10.  Clarity is sought on how Terramin will ensure that the closure of the mine achieves 

the outcome of restoring the site to its natural state.  

 

Terramin addressed all closure related matters in Chapter 3 of the MLA. 

Economic   

 
11.  

Concern were raised about the economic impact on existing business and tourism 

in the district. 

 

Terramin addressed all economic related matters in Chapter 24 of the MLA. 

Existing Site Contamination   

12.  Concerns were raised about stormwater runoff emanating from the mine site 

which may carry existing site contamination.   

 

The MLA sets out areas which may have historic contamination and the proposal avoids land disturbance at 

these sites as set out in Chapter 13. Chapter 2 of the MLA describes the current environment including 

existing site contamination and baseline data of runoff emanating from site.  

Groundwater   

13.  Concerns were raised relating to groundwater, grouting, salinity, water levels and 

ensuring no adverse impact as a result of mining.  

 

Groundwater and grouting have been addressed in chapter 10 of the MLA and the associated Appendices. 

Response 2 to 61 in Table 10 provide detailed response to specific groundwater issues raised by expert 

reviews of the MLA.  

 

Land Tenure   

14.  Concerns were raised about land values dropping in the surrounding region as a 

result of mining operations  

 

Terramin’s experience at Strathalbyn is that land values have continued to rise in line with market 

expectations both during and after operations, as set out in Chapter 24 of the MLA. Terramin notes personal 

perspectives put forward by two real estate agents. However, Terramin has designed its operations in such a 

way to minimise potential visual and other amenity issues that may arise from mining. As a result, Terramin 

does not give credence to the view that land values will be materially affected. 

Native Fauna and Pest Species   

15.  Concerns were raised about mining operations potentially reducing native habitat 

and introducing pest species 

Terramin has adequately addressed issues relating to native and pest species in Chapter 2, 18 and 19 of the 

MLA. 

Noise   
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Table 8 – Campaign Issues and Responses 

Number Issue Terramin response dated 20 April 2020 

16.  Concerns were raised about the potential impacts of noise as a result of mining 

operations.  

 

Terramin addresses noise and any potential impacts associated with noise in Chapter 16 and Chapter 17 Air 

Overpressure and Vibration of the MLA. As set out in these chapters, modelling and proposed noise limits 

meet regulatory requirements.  

Safety   

17.  Concerns have been raised about potential public access to the mine site resulting 

in injuries or fatalities. 

 

Chapter 7 of the MLA addresses the issues related to public safety. 

18.  Concerns have been raised about the mine site increasing the fire risk of the region. 

 

Chapter 7 of the MLA addresses the issues related to public safety including fire.  

 

Soil   

19.  Concerns were raised about the potential for AMD to cause damage to the soil on 

site. 

 

Terramin has identified the possibility of encountering small amounts of Potentially Acid Forming Material 

(PAF). Chapter 3 and Chapter 14 of the MLA address PAF in detail and sets out strategies for monitoring and 

managing PAF material to ensure AMD does not become an issue. 

Surface Water   

20.  Concerns were raised about topography changes as a result of the mining 

operations and potential changes to stormwater emanating from site.  

 

Appendix I3 of the MLA sets out the stormwater management plan for the site. The plan sets out a number of 

measures to ensure that water released into the existing drainage lines will not exceed current flow, and 

appropriate treatments are undertaken before the water leaves site.  In addition to this plan, chapter 13 of 

the MLA identifies the existing site contamination. The areas identified will be avoided or remediated to 

ensure that no existing site contamination will leave the site.  

Traffic   

21.  Concerns were raised about traffic impacts as a result of the mining operations.  

 

Chapter 8 of the MLA establishes that Terramin is intending to use General Access Vehicles (GAV) which are 

permitted to travel on the road network proposed. Terramin has identified that there may be an increase in 

traffic volumes, the company has made it clear that it is willing to work with the relevant road authority to 

upgrade, maintain and manage any roads impacted. Response 66 to 74 in Table 10 provide detailed response 

to specific issues raised. 

Visual Amenity   

22.  Concerns were raised that the visual impact of the mine site would have a negative 

impact on the existing amenity of the precinct.  

 

Visual amenity is addressed in Chapter 9 of the MLA. See response 75 in Table 10 for detailed responses to 

the specific issues raised.  
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Table 9 – Detailed Issues and Responses 

Aspect Issue Terramin response dated 20 April 2020 

Credibility   

23.  Criticism of Terramin and its consultants using disclaimers on reports. 

 

It is standard business practice for business or government to attach disclaimers to any report they produce. The use of disclaimers is 

designed to ensure the scope of advice is appropriate and that the information is not used for any unintended purposes. 

 

Community   

24.  Criticism has been raised about the consistency of information and 

evolution of the project concept, specifically in relation to the WCCC and 

feelings of feedback not being considered. 

 

Throughout the life of the BIHGP, including during MLA development, concepts were discussed at the SCCC, WCCC and in other public 

forums. As feedback was received and work progressed, some concepts changed and evolved, in many cases as a direct result of 

feedback. The MLA is the culmination of many years of work and community engagement. The MLA as presented represents the entirety 

of the proposal. In some instances feedback from some community members conflicted with others and there was a need to balance 

different views in the project proposal. All feedback has been acknowledged but not all feedback has been appropriate or capable of 

being followed. 

25.  Some submissions have asserted that they do not grant a social licence 

for this project to proceed.  

 

Terramin understands that some members of the public do not want the project to be approved and Terramin does not expect that any 

action it will take will be able to address concerns to the satisfaction of all. However, Terramin has invested significant resources into 

community consultation and designing a low impact mining approach which is directed at building an ongoing social licence to operate. 

 

26.  Accusations were made that Terramin had  not treated requests for 

information from the CCCs appropriately. 

 

Terramin stands by its conduct and the conduct of its staff, specifically in relation to the WCCC. All requests for information were 

responded to. Not all requests were agreed to by Terramin. 

 

27.  Several submission raised a set of issues specifically relating to the WCCC 

and commitments that Terramin has not kept. 

 

Terramin has fulfilled all commitments to the WCCC consistent with the group’s Terms of Reference. 

 

Employment   

28.  How will Terramin stand by their commitment to local employment 

given that mining requires so many specifically experienced and skilled 

operators? 

 

Since lodging MLA, Terramin has received over 100 enquiries about local employment from experienced miners who live locally and work 

remotely. All were looking forward to the opportunity to work locally. The Adelaide Hills has a large pool of well qualified workers 

available to draw from. In Strathalbyn, former employees from Terramin’s Angas Zinc Mine and other operations such as Hillgrove’s 

Kanmantoo mine will provide the bulk of skilled workers required for the project. 

 

Environmental 
Bond 

  

29.  Concerns were raised about the ability for Terramin to compensate for 

any impacts that may result from mining operations.  

 

The MLA contains comprehensive risk analysis and identification of potential impacts. The impacts with a credible pathway to occur are 

well within the resources of Terramin to effectively compensate. Any theoretical compensation could come directly from proceeds of the 

BIHGP; be provided by shareholders, should capital be required; or be paid from insurance as stipulated above. See response 30. 

 

Financial 
viability 
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Table 9 – Detailed Issues and Responses 

Aspect Issue Terramin response dated 20 April 2020 

30.  Concerns about the financial viability of Terramin have been raised and 

how this could potentially impact the community.  

 

Terramin's financial information is a matter of public record and is released on the ASX platform. Terramin continues to be supported by 

its shareholders when it seeks to raise debt or equity, including an $8.6m Rights Issue in December 2019. Terramin maintains appropriate 

public liability insurance levels ($50m), government closure bonds for the Angas Processing Facility and fulfils its financial obligations to 

stakeholders. 

 

Groundwater   

31.  Concerns have been raised about Terramin sourcing groundwater in an 

over allocated aquifer and how this might impact existing groundwater 

users.  

 

Terramin’s approach to groundwater is extensively set out in Ch 10 of the MLA. As stated in the MLA Terramin will comply with the WAP 

and all other relevant legislation in the same manner that all other groundwater users do in the region. See response 58 and 59 in Table 

10. 

 

32.  Concerns have been raised about the reliance and effectiveness of 

groundwater modelling to predict impacts and develop mitigation 

measures. 

 

The groundwater model constructed in support of the MLA has been rigorously peer reviewed in line with the MD. It was found to be 

appropriate for the MLA. Terramin understand that the underlying concern is that groundwater may be impacted as part of the mining 

operations. The strategies to mitigate and manage the potential impacts associated with groundwater are clearly set out in Chapter 10 of 

the MLA. 

 

33.  The importance of not impacting groundwater in any way that would be 

detrimental to existing and future groundwater users was raised.  

 

Chapter 10 of the MLA details the proposed outcomes in relation to groundwater and the associated strategies to achieve the outcomes.  

 

Heritage   

34.  Have traditional custodians of the land been consulted in relation to this 

project? It is not clear that anything was completed beyond a desktop 

survey. 

In addition to the extensive desktop survey detailed in Chapter 20 of the MLA, Contact with the Peramangk people was made in 2017 to 

notify them of Terramin’s proposed BIHGP. Peramangk representatives have not responded since the initial contact was made and have 

not made any submissions during public consultations. The Adelaide Hills Council question in relation to consultation was made publicly 

available. No response or contact was made by Peramangk representatives. Terramin commissioned a heritage study and review by Dr 

Phillip Clarke that did not reveal any significant sites of cultural significance on the proposed area of operations. 

35.  Concerns were raised that the mining operation will affect the world 

heritage bid of the Mt Lofty Ranges.  

 

The Mount Lofty Ranges UNESCO World Heritage bid is still being studied by government and as such Terramin is not able to review the 

bid or potential grant documents. Terramin notes that mountloftyranges.org describes “seeking the listing [as] a pro-growth strategy for 

a productive landscape that enables farmers, food and beverage producers and tourism operators to more effectively market the region. 

It does not seek to ‘freeze’ the landscape in any way, or to stifle development.” Terramin has designed a low impact project that is not 

materially visible from neighbouring properties and is unlikely to conflict with the landscape requirements of any potential bid. 

 

Noise   

36.  How will Terramin reduce the noise that emanates at the Angas 

Processing Facility (APF) from mill. 

 

The mill and processing facility were assessed by WSP in 2017 for noise levels during operation. The report indicates the noise levels are 

consistent with regulatory requirements. However, the report suggests that the installation of a noise barrier adjacent to the primary 

crusher and cladding of the openings on the southern and western facades of the flotation building   will reduce noise to leading 

indicator targets at all sensitive receptors. These noise mitigation measures will be incorporated into the APF refurbishment works. 

Appendix O1 of the MPLA provides full modelling results. 
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Table 9 – Detailed Issues and Responses 

Aspect Issue Terramin response dated 20 April 2020 

37.  Concerns were raised that despite the mine meeting predicted noise 

level, the noise would still be heard by adjoining land users. 

Chapter 16 of the MLA sets out the predicted noise from the site and the current baseline. If the proposed mine is audible it does not 

necessarily follow that it is non-compliant with the Environment Protection (Noise) Policy 2007 and the requirements of the MD. 

38.  Concerns were raised that the noise predictions are not appropriate for 

rural living areas such as the proposed location of the mine.  

The Adelaide Hills Development Plan principally promotes Rural Industry land use for the locality. Noise criteria are assigned based on 

the land use in the Development Plan Terramin has adopted more stringent criteria than that applied to neighbouring properties to 

minimise impact on its neighbour. The rationale is set out in Ch 16 of the MLA. 

39.  Several submissions provided noise monitoring data to counter that 

presented in the MLA. 

Terramin has reviewed the noise monitoring data presented and note that, unlike the acoustic studies undertaken as part of the MLA, 

the data provided was not collected with NATA certified equipment, or interpreted by someone suitably qualified. As a result, Terramin 

relies on the findings of the acoustic studies. 

40.  Concern was raised that assumptions in the noise modelling outlined in 

Chapter 16 of the MLA do not fully capture the extent and nature of 

sensitive receptors within the locality. 

 

Terramin is satisfied that the noise modelling undertaken for the MLA was completed to the appropriate standard and all receptors 

considered.  

Subsequent to the MLA two additional localities have been suggested as sensitive receptors. One is the Bird in Hand Winery Wedding 

Tree as referred to in submission S0221. See response 64 and 65 in Table 10. The second location is the stock yards associated with the 

Adelaide Polo Club. Terramin has considered the effects of blasting on livestock and animals in Chapter 17 of the MLA. No plausible 

pathway was established for the effect of blasting on live animals at the frequency and intensity outlined in the proposal. 

41.  Council seeks clarification regarding what level of noise emissions will 

result from the surface and underground blasting.  

 

Chapter 16 addresses noise impacts and chapter 17 addresses vibration and overpressure impact. Both chapters set out the management 

and mitigation strategies to ensure that Terramin complies with regulated noise limits.  

 

42.  It was  suggested that Terramin develop a notification system that 

informs neighbouring sensitive receptors of blast firing times 

Terramin has a Good Neighbour Policy that includes an SMS notification system. Such a system was implemented successfully at the 

Angas Zinc Mine during operations. 

 

Property Value   

43.  Concerns were raised that the mining operation will decrease local 

property values.  

 

 See response 14 in Table 8. 

Risk Assessment   

44.  Clarity is sought on the impact assessment process, specifically that the 

risk categories were not specified or explained.  

 

The impact assessment methodology is set out in Chapter 6 of the MLA. Specific attention is drawn to table 6-1, 6-2, 6-3, 6-4 and 6-5 

which clearly set out the risk, consequence, likelihood, sensitivity to change and level of certainty associated with the impact assessment.   

 

Statutory 
Framework 

  

45.  Concerns were raised that the proposal is inconsistent with the Adelaide 

Hills Council development plan 

 

As stated in the MLA, point 58 of the Adelaide Hills Development Plan includes mining.  

Traffic   
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Table 9 – Detailed Issues and Responses 

Aspect Issue Terramin response dated 20 April 2020 

46.  Concerns were raised that additional heavy vehicle traffic loading will 

likely result in some accelerated deterioration and increased 

maintenance requirements on Pfeiffer Road.  

 

See response 21 in Table 8. 

 

Visual Amenity   

47.  Clarification is sort on the viewpoints chosen and why there was no 

reference to the height of the mullock pile and the specific visual impact 

from lighting in chapter 9.  

 

The viewpoints chosen are representative of the project as a whole. The Integrated Mullock Landform will be contained within earth 

bunds and will not be visible from outside the mine site. The height of the bunds will be 5m above natural ground level. Once the lighting 

is installed a lighting audit will be undertaken to ensure that lighting arrangements comply with AS4282 as outlined in Chapter 9 of the 

MLA. Surface works will be minimal at night and light dispersion will be minimised through directional control energy efficient lighting 

systems. 

 

48.  Will Terramin use advanced trees and understory to ensure that the 

visual amenity objectives are achieved. 

 

Terramin plans to use a combination of mature and less mature plants to achieve visual amenity screening. Approaches will vary 

according to predicted growth rates and planned commencement dates for each area. The Cudlee Creek Fire damaged a small number of 

mid-growth trees that will be replaced with tube stock in 2020. Assessment by Oxigen Landscape Architects concluded that the mature 

trees will recover and no additional measures are required. 
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Table 10 – Issues raised in third party reports. 

Aspect Topic Issue Terramin response dated 20 April 2020 

Economic     

49.  Impact of consumption induced effects The consumption-induced effects are likely to be significantly overestimated in the 

economic assessment relied on by Terramin. This is due to the unwarranted assumption 

that people will be either: moving into the region to fill the required jobs and will spend 

income in the region, expenditure that was not previously occurring; or will be existing 

residents who are currently unemployed and not spending any money in the region. 

BDO identifies that this is an unreasonable assumption for a number of reasons. For 

example, some of the people currently living outside the region will continue to do so 

and will simply commute to the region to work. 

 

For those workers, only a small percentage of their income will be spent locally, 

contrary to the modelling assumption that the income spent in the region would be 

similar to that of residents 

Prof Barry Burgin provided the following response: 

The criticism applies to the regional outcomes and is not relevant for the state 

level analysis. In response, it is based on unverified propositions that firstly 

consumption impacts should be reduced as jobs will be filled by the current 

unemployed (who receive welfare payments and therefore do consume), and 

secondly that some jobs will be filled by people who live outside the region and 

therefore do not consume as per the average household consumption pattern 

for those who live in the region. 

This criticism ignores that: 

The concept that jobs in the region will be drawn from unemployed in the 

region ignores the evidence that such economic behaviour is only a short term 

phenomena. In the longer term intraregional migration tends to follow job 

opportunities (see for example (Reserve Bank of Australia (Jeremy Lawson, 

Jacqueline Dwyer), 2002)) on regional economy responses to economic shocks, 

which concluded that regional economies primarily respond through in and out-

migration, with unemployment rates remaining relatively consistent between 

states regardless of economic circumstance).There are many examples of 

economic studies that use differing assumptions with respect to labour force 

elasticity and recognition of consumptions effects. 

There are however many studies that can be cited which apply the same 

approach as the ERC report 

On their own evidence as provided in the review, BDO indicate that there are (in 

2016) less jobs in the region than there are employed residents, and while they 

argue that this supports the notion that some jobs will be filled by externals it 

can be contended that this is actually contradictory. The creation of jobs in the 

region gives additional choices to local residents, and as such creates a benefit 

whoever takes them. Further, the provision of regional jobs for local residents 

cuts down opportunity costs of travel to work etc, and as such is beneficial. 

 

It is further noted that in the analysis undertaken by BDO Econsearch re the 

Inverbrackie District, and in subsequent studies of the economic contributions 

of Bird in Hand and Petaluma wineries appear to have been adjusted for some 

of the above effects (although this is not actually explained in any of the report 

discussion of methodology). What is significant is that the adjustment they have 

undertaken appears to reduce the overall multiplier impact of operations at the 

regional level by only around 10%. Again, BDO Econsearch do not explain 
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Table 10 – Issues raised in third party reports. 

Aspect Topic Issue Terramin response dated 20 April 2020 

specially what assumptions they use to adjust their “extended” model to allow 

for this, nor the evidence on which this adjustment is made. 

 

The conclusion is that even if (and as noted above this is a big if, not particularly 

supported in the long term by other research) warranted, the impact is not 

material on the regional analysis, and the state impact effect is not impacted. In 

short, to suggest that the consumption impact of the jobs created need to be 

discounted can be considered firstly an unvalidated assertion, and secondly if 

adopted as per the way that BDO Econsearch would do, would be of minor (in 

order of magnitude terms) importance. 

50.  Economic models used Year of models - The economic assessment relied on by Terramin uses 2011/12 models. 

This could introduce errors as there might have been changes to the structure of the 

regional economy 

Year of models 

This criticism is addressed as invalid on the following grounds: 

It fails to note that the 2011/12 tables have been updated to 2017 allowing for 

inflation and productivity changes. 

The assertion is “it could introduce errors” as “there might have been changes 

to the structure of the regional economy” – they do not produce any evidence 

that any such errors would be immaterial. It is agreed that the relative 

importance of individual sectors in a region does change. However the 

economic impact of a project is driven by the underlying production vectors of 

the sectors impacted, and the evidence is that production vectors (the drivers of 

multipliers) change slowly over time. 

As an example of such evidence, the author of this report has reviewed the 

degree of change in direct coefficients (the production vectors) for the ABS 

produced national tables between 2009/10 (the base for the 2011/12 state IO 

tables) and the latest table available at the time of writing this response 

(2016/17). The weighted average correlation coefficient (per sector) between 

the industry sectors was 96.2% and for the household consumption vector was 

99%. The average correlation weighted for the expenditure as per the Bird in 

Hand Gold Mine modelling was 97%. As such it is clear that there is no 

substance to the statement “it could introduce errors”. Using a later table 

would produce very little difference in the modelled outcome 

The timing of the report production is ignored. The analysis was completed in 

November 2017. The Regional (below state) input output tables are produced 

using a “location quotient method” relying largely on journey to work 

employment data from the Census. The 2016 journey to work census data did 

not become available until early 2018 and as such there was no data available 

to substantially update the regional table. Given this context the choice was 

made to use a state table that was internally consistent with the last available 

regional data, rather than to use tables based on different time periods. 
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51.  Economic models used Number of industry sectors - “The economic assessment relied on by Terramin uses 20-

sector IO models. By comparison, the standard RISE model has 78 sectors. BDO 

considers that using a 20-sector model reduces the precision of the analysis and is likely 

to introduce an unknown level of error. 

This has the potential to obscure the unique impact of the economic shock (the new 

industry).” 

Number of industry sectors 

While more detailed industry sectors do allow for detailed assessment within 

each sector, as noted the impact of this on outcomes is “unknown”. This 

criticism does not acknowledge: 

- The 20 sectors used are fit for purpose – with the mining, manufacturing 

and transport sectors disaggregated to provide an appropriate focus for 

this analysis 

- The modelling is based on a detailed analysis of the direct expenditures – 

as such any aggregation does not occur until the later steps and the unique 

impact of the new industry is accommodated 

- The development of state and regional input output tables is based on the 

underlying national input output table produced by the ABS, and the 

underlying production functions for each sector therein. It must be 

acknowledged that production functions for detailed industry sectors can 

differ greatly between region and nation – and as such this introduces an 

“unknown” level or error. This error at the detail level could possibly be 

mitigated at the more aggregated level. 

52.  Validity of risk assumptions used in 

modelling 

The economic assessment relied on by Terramin dismisses the risk of contaminated or 

reduced groundwater as insignificant and does not consider the risk in the analysis. 

 

It is inconsistent to treat data and assumptions relating to economic impacts of the 

mine as certain (e.g. direct and indirect jobs will be taken by current residents or 

persons who will become residents of the region) while recognising the uncertainty of 

any negative impacts and assigning probabilities to alternative outcomes. 

 

The risks of negative impacts are referred to as probable but might occur. These are 

principally related to land and visitation, but the potentially larger risk to groundwater 

has not been taken into account. 

This is a considerable misinterpretation of the treatment of risk in the analysis, 

with the following responses: 

- The risks to groundwater are acknowledged in the report as a major 

community concern. In assessing the risk, the ERC report uses the 

information provided by Terramin at the time that “It appears from the 

detailed technical review that, based on deployment of the planned 

interventions, the potential impact on groundwater should be restricted to 

an area contained within the boundary of the BIH Project site. The key 

effect is likely to be a localised cone of depression surrounding extraction 

sites” (p14). It is further recommended by Terramin that the potential for 

the MAR program to be extended and perhaps improve access for 

neighbouring operations. The Econsearch report quotes evidence provided 

in the process subsequent to the completion of this analysis, and so could 

not be included in a review of the ERC report. 

- The risks with respect to groundwater are a component of the overall risk 

assessment considered within the indictive expected value assessment. The 

individual items are not considered independently, but they are jointly 

considered. 

- The types of risks from the project plans versus the risks of adverse 

outcomes are on a different plane. Once the mine investment occurs, it is 
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highly unlikely that operations will not proceed, with the only question 

being timing. 

53.  Quality of data used in modelling The grape growing/alcoholic beverage employment has been underestimated by using 

2011 census data (166 persons employed) instead of 2016 census data (258 employed). 

The comparison of the coexistence of mining and agriculture in the Hunter Valley to 

support coexistence in the Adelaide Hills is questionable, given that the Adelaide Hills is 

9% of the size of the Hunter Valley, meaning that mining and agriculture will be closer 

in proximity, and further questionable because the Adelaide Hills is more intensively 

used for agriculture than the Hunter Valley. 

The comparison to mining projects on the Eyre Peninsula is not appropriate as the Eyre 

Peninsula and Adelaide Hills region have few similarities. For example, the alternative 

land uses on the Eyre Peninsula have relatively little value, there is little use of 

groundwater for irrigation and little tourism. There is a low level of land use conflict in 

the Eyre Peninsula, forming no direct relevance to the Adelaide Hills region's adjacent 

high value viticulture, horticulture and wine producing businesses. 

BDO refers to examples of recently reported conflict between mining activities and 

intensive agriculture/horticulture/tourism, including opposition to mining applications 

in Western Australia in the Margaret River Region. 

Further, land is undervalued for the Terramin site by calculating value on an Australia 

wide viticultural land basis ($6,650 per hectare) rather than acknowledging the actual 

value of viticultural land in the Adelaide Hills ($9,821 per hectare 

As with other issues raised, this criticism does not consider the timing of the 

report. 

- The 2016 JTW data did not become available until after the report 

completion. 

- The reality is that the census is completed only every 5 years, and it takes 

up to 2 years to get detailed data from it. 

- It must be agreed that no two regions are exactly the same, this is obvious. 

However, the point being made here in the ERC report is that there are 

examples of mining and agriculture/tourism co-existing, and indeed it is 

actually difficult to find examples of conflict. BDO has also ignored the 

other literature that supports cooperative development is possible. 

- This is totally incorrect assertion. What BDO has cited are examples of 

conflict in the process to gain mining approval. It is clearly accepted that 

any development (mining or otherwise) draws opposition – and that 

opposition can successfully thwart a project because of political influence 

rather than actual potential outcomes. The examples given by BDO simply 

show cases where mining applications have been unsuccessful due to a 

political process and do not provide evidence of the reality of the conflict. 

They do show examples of operating conflict between mining and 

agriculture. 

Further, if they were to be consistent BDO should acknowledge that if the 

references re Hunter and Eyre were region “specific”, then so are the example 

that they have provided. 

At issue here is the value of the opportunity cost of the land. It is recognised 

that the average Australia wide is indicative only, but then the BDO use of land 

in the Adelaide Hills is equally indicative. The value cannot actually be realized 

until an alternative buyer/user is found, and given the history of the land that 

implies lower value. 

54.  Reliability of the results The economic assessment relied upon by Terramin estimates impact on surrounding 

activities for one year, whereas the positive impacts are calculated over the entirety of 

the mine life. This is an inadequate comparison. 

Further, the economic assessment ignores the fact that negative impacts such as 

groundwater could be longer than a year, or even permanent. 

 

The positive impacts of Terramin are calculated over the life of the mine, but 

also summarised as an annual average value – and without any previous public 

indication of plans by the current land holders this annual average was 

comparable to the current level of opportunity costs. It is noted that 

subsequent to this report, BDO has produced reports which indicate growth in 

Bird in Hand operations. These investment plans were not publicly available in 

the production of the ERC report, and have not been tested in terms of 

probability of occurrence. 
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Because probability of occurrence has been applied to a range of impacts, the 

probability weighted values that have been reported (42 fte and 

$3.4 million of value added (p. 19)) should be interpreted as “expected values” rather 

than a “worst case situation”. 

This again is a misinterpretation and as misunderstanding of probability 

application and possible scenarios. The economic assessment involves a review 

of expert opinion with respect to the probability of outcomes with broad level 

management, assigns indicative probability parameters and concludes the 

expected value is (42 fte and $3.4 million of value added (p. 19)). However, this 

is an expected value of outcomes without further risk management actions. 

Therefore, it is a worst case scenario (in expected value terms) relative to an 

alternative scenario with a series of positive management activities that further 

mitigate the risk. 

55.  Interpretation of the results For example, the worst case scenario impact was reported as 42 FTE and 

$3.4m in GRP whereas, assuming this is limited to the 8 years of the mine life, the 

impact would be 8 times this estimate, i.e. 336 annual FTE and $27.2m. 

As noted above, the average annual impact of the project is included in the 

report as 300 jobs (FTEs) per year. 

This remains much higher than the annual 42 FTE’s of the worst case scenario. 

The 336 FTE’s should be compared to 2,350 person years from the mining 

project. 

Groundwater    

56.  The groundwater reviews by Cook, 

Simmons and Wallis commissioned by 

Accolade raises questions about the 

groundwater modelling raises questions 

about groundwater modelling 

Various issues raised See comprehensive response from Golder at Appendix P1 

57.  The groundwater review by Martin 

commissioned by the  Inverbrackie Creek 

Catchment Group raised a number of 

questions about the groundwater 

modelling 

Various issues raised See response 56. 

58.  Historical groundwater reports raised a 

number of questions about groundwater 

modelling and were referenced in several 

responses 

Various issues raised Historical reports from 2017 and earlier raised a number of questions which 

were answered in subsequent field work, including the MAR trial. The reports 

were updated or superseded by reviews from Cook, Simmons and Wallis and 

Martin in 2019 and any remaining questions covered in responses to these 

reports as above.  

Noise    

59.  Ventilation Plan The ventilation plan (Appendix N4) and the noise assessment 

(Appendix O3) need to be updated to ensure consistency in both the design and sound 

power level of the primary exhaust system. 

Terramin will update acoustic treatments as recommended in the acoustic 

report once a final exhaust system is chosen. Note that four options were 

provided in the MLA ventilation plan and the highest noise level option was 

utilised for the MLA acoustic assessment and this is appropriate to meet the 

requirements of the MLA and MD 

60.  Ventilation Plan There are practical design issues in achieving the required attenuation. AECOM 

recommends that the system should achieve a 23dB(A) noise level reduction by 

incorporating pod type attenuators placed directly on the fans. However, pod type 

attenuators should not be placed directly on the inlet or outlet of a fan as poor air flow 

The recommendation was for 1 x 1905CS-1D and 1 x 1905CSP-1D NAP Silentflo 

Circular Silencers; these are an un-podded and a podded silencer respectively. 
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conditions can result. This has the potential to increase noise levels and affect the 

ventilation performance. 

As such, a pod type attenuator has not been recommended to be placed on the 

fan discharge, rather an un- podded silencer would be connected to the fan 

discharge followed by a podded silencer beyond this. 

61.  Batching Plant Terramin will need to confirm that the concrete batching plant can be accommodated 

within the proposed 6m x 10m x 6m Colorbond shed. 

Terramin should confirm that the shed and the sound power level of 110 dB(A) is 

sufficient when accounting for all processes including aggregate bins, vibrating 

hoppers, loaders and truck activity including concrete mixing. 

Terramin confirms the dimensions as set out in the MLA are suitable for 

operations. Terramin will review sound power level and building size prior to 

when final equipment selections are made. In the event any changes are made 

now, or in the future, they will need to comply with noise limits and Mining 

Lease conditions on noise. 

62.  Impusliveness The noise assessment adds a penalty for impulsiveness in respect of noise associated 

with ore loading into the surge bin and into the haul truck. 

However, the penalty has been removed from the predicted noise levels following the 

adoption of AECOM's recommendation for enclosure of these activities. 

It is only appropriate to remove a penalty if the noise has reduced below the ambient 

noise environment. The penalty will need to be reinstated unless maximum noise levels 

associated with ore loading into the surge bin and into the haul truck are lower than 

the regular ambient noise levels. 

Enclosing ore loading is predicted to sufficiently reduce this source relative to 

other site sources such that an impulsive noise penalty is not warranted. 

 

With the enclosure, the highest noise contribution associated with ore loading 

into the surge bin and haul truck is more than 10 dBA lower than the overall 

predicted noise level (i.e. it is not the controlling noise source at the site), and is 

also lower than the median night time ambient noise levels. 

63.  Modulation The noise assessment does not add any penalties for modulation. This is despite 

modulation being an inherent characteristic of mining activity with surface mobile 

equipment. Heavy vehicles accessing the site and the front end loader and articulated 

dump trucks are noise sources that inherently exhibit modulation. 

 

This aspect is important to the assessment outcomes as a modulation penalty would 

add 5 dB(A) to the predicted noise levels in the absence of any other characteristic 

penalty, or would add 3 dB(A) in the circumstance where an impulsive penalty was still 

deemed to apply. 

 

The noise assessment should have considered modulating characteristics of mobile 

plant and equipment which will operate at the mine. This could add up to 5 dB(A) to all 

predicted noise levels during operation. 

For a modulation penalty to be applied, the modulation characteristic is 

required to dominate the overall noise impact at the receiver location, rather 

than simply being a part of it. Given the very small number of surface vehicle 

movements (12x road trucks and 12x ADT movements from underground to 

surface per day) we are of the opinion that the modulation in this case would 

not be a dominant characteristic of the proposed operations. 

Furthermore, the existing ambient noise environment also exhibits amplitude 

modulation characteristics associated with traffic on Bird In Hand Road and/or 

Pfeiffer Road, which routinely carry intermittent light and heavy vehicle traffic. 

64.  Amenity The construction and operation of the mine could result in audible noise and felt 

vibration which will adversely impacts on the amenity of the locality. 

Whether the noise emissions are audible or not, it is predicted to meet the 

requirements of the Environment Protection (Noise) Policy 2007, and as such 

satisfy the General Environmental Duty under Section 25 of the Environment 

Protection Act. 

Furthermore, a higher level of amenity is a goal of the proposed operation, with 

leading indicator targets (i.e. noise monitoring targets) set 5 dBA below the 

noise criteria. 
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65.  Relevant assessment locations The noise, vibration and overpressure assessments need to be adjusted following the 

identification of other relevant assessment locations. Assessment locations for the 

consideration of impacts should include all relevant points of annoyance on residential 

land or on a business premises. An example of a valid assessment location would be the 

actual locations where weddings are regularly held. For example, the actual location at 

Bird In Hand where wedding ceremonies can be held, which is significantly closer to the 

proposed mine, should be included in the noise assessment. 

The predicted noise level at the wedding tree is 47 dBA during the day for the 

operational scenario, which is compliant with the 52 dBA daytime noise criteria. 

Assessment of night time noise emissions at this location is not considered to be 

applicable as it is not used between 10pm and 7am.  

Terramin notes that on Bird in Hand Winery’s website [Accessed 30 December 

2019], the winery no longer hosts weddings. 

Traffic    

66.  Scope of Traffic Study The Tonkin Transport Assessment does, in part, extend beyond the specific review 

required in a heavy vehicle route assessment. However, it fails to provide key 

information which will identify potential impacts associated with the proposed 

operation, specifically in relation to the haulage route and associated impacts and risks 

to the community on the public road. It also includes assumptions in respect to 

responsibilities for infrastructure delivery, without considering the role or design criteria 

for the road. 

It is important to define the purpose of the transport assessment that was 

developed for Terramin. The transport assessment undertaken is an 

‘assessment scoped to address the relevant points for Ministerial Determination 

(MD) for Bird in Hand Gold Mine (BIHGM)’ to the relevant level of detail 

required in the MD. 

 

 

67.  Traffic Volumes The Tonkin Transport Assessment has failed to differentiate the impact between large 

articulated vehicles and other trucks. There is a considerable larger impact and design 

requirement associated with large articulated trucks when compared with smaller rigid 

trucks. 

 

The above comment can be broken down into two parts. The comment is 

referring to our assessment of the proposed heavy vehicle traffic generation 

from the mine site and the resultant commercial vehicle percentage increase on 

Pfeiffer Road. Our assessment indicated that the commercial vehicle percentage 

on Pfeiffer Road would increase from 1 vehicle every 4.5 minutes to 1 vehicle 

every 3.8 minutes. The MFY comment makes reference in the failure to 

differentiate the impact between large articulated vehicles and other trucks. 

Whilst we acknowledge that larger vehicles have an increased impact to the 

road network than rigid trucks, the proposed design vehicle of a 19m rigid truck 

and dog is considered a General Access Vehicle (GAV). A GAV can travel 

anywhere on the road network without approval or permit. 

In terms of the impact and design requirement for the road network to suit 

larger articulated trucks, again, it is expected that the road network is at a 

suitable standard to cater for GAV’s, which includes the proposed 19m rigid 

truck and dog design vehicles. Notwithstanding, our MD Assessment has 

included a turn path assessment using a 19m rigid truck and dog at key 

intersections and locations. The turn path assessment indicated locations which 

may require modification to suit a 19m rigid truck and dog. It should be noted 

that any observed road deficiencies or sub-standard road elements are existing 

conditions of assets which are managed and maintained by others. 

We note that Bird in Hand Winery has sought to undertake expansion works. 

This will likely generate an increased volume of commercial vehicle activity on 

the road network during and post-construction. 
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68.  Haulage Vehicle The issue with the Tonkin Traffic assessment, however, is that the trip number forecast 

for the proposed haulage regime is based on an assumption that the load capacity for a 

truck and dog is 50 T. The Common Heavy Freight Vehicle Configurations are prescribed 

by the NHVR. The relevant table is included in Appendix A and identifies the following: 

• A 19.0m rigid truck and dog combination vehicle does fall within the General Access 

Vehicle criteria where it complies with prescribed mass and dimension requirements; 

• The maximum regulatory mass which is permitted within the General Mass Limit is 

42.5 T. 

 

It is unclear how MFY has assumed that the 19m rigid truck and dog generation 

assessment included a payload of 50 tonnes based on the information 

contained in the preliminary transport assessment. Section 8.2 of the MD 

Assessment indicates the GCM and payload of a 19m rigid truck and dog vehicle 

based on information provided from the Australian Trucking Association. As 

outlined in Table 8.1, a 19m rigid truck and dog typically equates to a GCM of 50 

tonnes and payload of 34.19 tonnes. We then indicate in Section 8.2 that 

Terramin expect the mine to generate approximately 100,000 tonnes of 

material per annum, increasing to 140,000 tonnes of yield at peak operation. 

Assuming a 7 day/week and the payload information (34.19 tonnes) for a 19m 

rigid truck and dog provided in Table 8.1, we indicate the following: 

• 100,000 tonnes per annum – 9 trucks per day (18 movements). 

• 140,000 tonnes per annum – 12 trucks per day (24 movements). 

The MD Assessment and Terramin’s MLP has then indicated at peak operation 

the mine will generate an average of 12 additional trucks on the road network 

which has been based on expected payload data. The assessment has not used 

a payload of 50 tonnes as suggested by MFY. 

Furthermore, MFY has indicated that a 19m rigid truck and dog may convey a 

payload up to 42.5 tonnes within General Mass Limits. If we assume this 

payload in line with the above operation assumptions, this equates to 10 trucks 

generated on the road network during peak operation. This is less than the 

current proposal of 12 trucks generated per day, indicating there may be a 

further reduction to the road impact by Terramin. 

69.  Road Classification In relation to the subject assessment, there has not been adequate detail provided in 

respect to the role of the various roads along the proposed haulage route. For example, 

while Woodside Road in Nairne (labelled Nairne Road in the Tonkin Transport 

Assessment) is an arterial road, its primary role is to provide access for the local 

community… 

The Tonkin Transport Assessment has not recognised the varying impact on routes 

where the primary function of the road does not contemplate regular use by large 

commercial vehicles. Associated amelioration measures required to mitigate potential 

safety impacts for vulnerable road users have therefore not been identified. 

 

There are again two parts to these comments. Firstly, and as previously 

highlighted, we must reiterate that we are proposing to use GAV’s along the 

road network. Therefore, these vehicles are legally able to travel along any part 

of the road network, regardless of the road category. We acknowledge that 

although this is the case, there may be locations that would benefit from road 

upgrades to minimise risk to other road users based on the role of the road as 

outlined by MFY. Where risks are already present, they can be discussed directly 

with the relevant road authority for action. 

Furthermore, MFY made comment as to the role of Woodside Road (which is 

also commonly referred to as Nairne Road by locals, depending on whether 

they are referring to the Woodside or Nairne end) and that its primary role is to 

provide direct access to the local community. Although this is generally the case 

along the road length, there are still commercial vehicles that regularly utilise 

this road, including but not limited to access the Woodside Barracks located on 

Woodside Road, near Pfeiffer Road and commercial vehicle activity associated 

with the nearby wineries. 
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70.  Traffic Impact Assessment One example where the traffic impact assessment has not provided adequate detail in 

respect to the potential increase in risk to the community and existing road users is that 

it makes no assessment or reference to the potential conflict between existing road 

users and heavy vehicles on Woodside Road in Nairne. The traffic impact assessment 

does not detail any traffic impact on this road and no impacts are recognised in the 

Impact Assessment. 

 

We disagree with the comment. Section 3.2.3 of the Tonkin report outlines an 

assessment of the Nairne road, describing hazards identified during a site 

inspection. Section 3.3 then outlines proposed upgrade works, with the 

following taken from Section 3.3: 

‘…The section of Nairne Road between North Road and Old Princes Highway 

requires significant works to cater for the proposed haulage vehicles. Nairne 

Road begins to narrow in this section, and in conjunction with a crest, multiple 

local road access points to Nairne Road and an increase of residential density, 

this creates a significant hazard between haulage vehicles and the public. Road 

widening is recommended throughout this section to provide the necessary 

travel lane widths for the haulage vehicles and to improve safety to other 

motorists…” 

71.  Traffic Impact Assessment The lane widths on Woodside Road within Nairne narrow to 3.0m which is less than the 

recommended width on heavy vehicle routes (minimum lane width 3.5m) in Austroads 

and there are increased conflict risks between vehicles turning at intersections, vehicles 

accessing residential properties and pedestrians crossing the road or walking to the 

school. In this example, the increased road safety risk is not negligible and the potential 

impact should be identified as part of the assessment. 

 

As indicated prior, the MD Transport Assessment prepared by Tonkin does 

highlight the hazards outlined by MFY, in Section 3.2.3 of the assessment. We 

then highlight a proposed solution to the hazards in Section 3.3. As highlighted 

previously, these hazards are existing conditions. Terramin is aware that there 

are locations where the road is currently deficient and are committed to 

working with local and state government to achieve road network 

improvements where possible. 

72.  Road Upgrade Requirements 

 

It cannot be taken as a given, therefore, that an existing intersection will accommodate 

the turning path of a 19m long semi-trailer (or truck and dog). An assessment of the 

change in vehicle type and potential change in nature of traffic using the road is 

required to identify the infrastructure requirements along the route and any associated 

upgrades. 

 

The above comment follows on from commentary regarding the Nairne 

Road/Pfeiffer Road intersection. The comment implies that no assessment has 

been undertaken of the intersection and that we have assumed the intersection 

can accommodate a 19m rigid truck and dog in its current layout. This is not 

accurate. We have undertaken a turn path assessment utilising the proposed 

design vehicle which indicates upgrade works are required to this intersection 

to cater for relevant turn path templates. Again, this is an existing issue; 

discussions and concerns should therefore be addressed directly with the road 

authority to determine treatment methods in a more expedient manner. 

73.  Road Upgrade Requirements 

 

Of particular note is that the sight distance requirement to heavy vehicles is increased 

(due to the additional time necessary for these vehicles to stop). Accordingly, there will 

be a negative impact on road safety at any location where sight lines are currently 

constrained. 

 

The MD Transport Assessment has highlighted sight distance issues at some 

locations. We note that the MFY report contains sight distance issues in the 

appendices along existing roads. These are existing conditions which are not 

being worsened by the proposed haulage vehicles from the mine site. It is not 

the responsibility of Terramin to remediate all existing sight line issues along the 

road network; rather the responsibility of the relevant road authority. 

74.  Road Safety Assessment A series of sketches were undertaken by MFY indicating that the route proposed does 

not meet the required sight lines on a number of intersections. 

Terramin is proposing to utilise 19m rigid truck and dog vehicles, which are 

classified as a General Access Vehicle which are legally able to travel anywhere 

on the road network. We have acknowledged in the MD Transport Assessment 

where upgrades to the road network are required to suit a 19m rigid truck and 

dog, however note these are existing conditions which need to be discussed 

with the relevant road authority. 
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Visual 
Amenity 

   

75.  Visual Amenity impact on proposed 

developments 

Concerns were raised about the visual impact of the proposed mine on future 

developments. Images were provided depicting the visual of the mine site from the 

proposed development located at Bird in Hand Winery. 

The images provided in submission S0221 have been reviewed and found to not 

accurately represent the visual bulk and scale of the proposed mine operations, 

exaggerating the height and visual prominence of the new structures. The 

report commissioned by Terramin and prepared by Oxigen in response to the 

images can be found at Appendix L2. 
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11 RESPONSE TO ISSUES RAISED DURING PUBLIC CONSULTATION AS IDENTIFIED BY DEM 
 

Table 11 – Reponses to additional questions 

Number Matter Raised in public submission as 

interpreted by DEM on 20 June 2020 

Terramin response dated 5 March 2021 

1.  The mining proposal does not address the 

potential for increased dust to 

cause/contribute to harbouring mites and 

scale which would impact on quality and 

quantity of grapes. 

• Both mite and scale reside in the plant or on the ground beneath the plant regardless of regional activities, such as mining operations. Mites thrive on weak plants, typically 
outside or ends of rows, as these plants often suffer increased environmental stresses. The questions then are ones of plant health deterioration as a result of increased dust 
and these potential impacts have been addressed in Chapter 15 of the MLA, , specifically PIE_15_01, PIE_15_02 and PIE_15_12 to PIE_15_18 inclusive.  

•  

•  
The air quality project objectives stated in table 15-1 of the MLA (and reflected in the Draft Outcome Measurement Criteria in table 15-5 of the MLA ) have been proposed 
following an Impact Assessment, review of baseline background data and  community and regulator consultation. The potential for project generated dust to 
cause/contribute to harbouring mites and scale and the impact on vineyard productivity has been addressed through this approach.  
 

•  

•  
 

2.  Potential impact of light spill on vine 
pollination and subsequent fruiting levels. 

Grapevines are self-pollinating and the process is not influenced by light, subsequent fruiting levels are a result of photosynthisis which relies on daylight. A clear sunny day 
will produce between 32,000 and 100,000 lux, while a Full Moon on a clear night will produce between 0.05 to 0.3 lux. Optimal grapevine photosynthesis occurs around 
25,000 to 30,000 lux. A standard street light produces 16 lux at its base and 1.9 lux at 23m from the base. The project will use lights of 16 lux in a selected number of 
operational areas and these will be shielded to reduce light spill. To have an effect equivalent to photosynthesis, approximately 1,500 streetlights would need to be located 
directly adjacent to the nearest grapevine. The nearest grapevine to the proposed operations is 180m away. Lighting will have no impact on the fruiting levels of grapevines as 
the light spill is orders of magnitude lower than that required to have a measurable effect.  

3.  Potential impact of light spill on amateur 
astronomy events at Cobbs Hill Estate. 

See the response above for discussion about lux generated by the sun and the moon. Lux or light intensity, as seen by the human eye is governed by the inverse square law of 
light, where intensity per unit varies in inverse proportion to the square of the distance.  
 
Cobbs Hill Estate is 8.5km from the proposed mine site.  
 
Cobbs Hill Estate is subject to light intensity from many sources emanating from all directions. The townships of Balhannah, Oakbank, Verdun, Hahndorf, Woodside, Bridgewater, 
Stirling, Aldgate and Mt George are all closer to Cobbs Hill estate that the proposed BIHGP. 
 
Light emanating from the mining operations will have no impact on amateur astronomy events at Cobbs Hill Estate as any light spill noticed there will be from the closer sources 
noted above.  
 
 

4.  The mine is located in a valley which will 
funnel the noise down the valley and 
amplify it.  

The noise model is a 3D model and topographic variations have been accounted for.  

5.  Each risk was treated as ‘stand alone’ and 
the impact of cumulative risks on adjacent 
businesses was not considered. 

Cumulative risk on adjacent business has been considered in the research methodology of the economic impact category in the Impact assessment and Chapter 24 of the 
MLA.  

6.  The following impacts were determined by 
Terramin not to have a 
Source/Pathway/Receptor (SPR) link and 
thus discounted, however, it is not clear 
why: 

PIE_23_05 located on Page 75 of MLA appendix E1 clearly states the reason why the potential impact of mining activities to impact negatively on Adelaide Hills branding was 
determined not to have a SPR link. The text is reproduced here for ease of reference. 
 
“Extractive industries already exist in this region which have had no discernable impact on Adelaide Hills/Fleurieu branding. This includes over 35 quarries, as well as the Kanm
antoo Copper Mine,  Angas Zinc Mine [and the] Brukunga Mine.” 
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• Mining activities negatively impact 
on Adelaide Hills Branding  

• Constant noise in a quiet 
environment. 

 

 
 
PIE_23_38 located on Page 83 of MLA Appendix E1 clearly states the reason why the potential impact of constant noise in a quiet environment was determined not to have a 
SPR lin. The baseline noise studies demonstrate that neighbouring businesses and traffic generate appreciable noise, especially during daylight hours. BIHGP activities have 
also been calibrated for day and night to accommodate different baseline noise at those times.  

7.  The use of Hunter Valley & McLaren Vale 
quarry as analogous sites where mining 
and agriculture can co-exist is not 
appropriate as what Terramin is proposing 
is completely different from how these 
sites operate. 

From the statement provided it is not clear how Terramin’s proposal is completely different to the Hunter Valley and McLaren Vale examples.  Terramin stand by these 
examples of regions where multiple industries can coexist while improving the diversity of economic opportunities available.   

8.  Potential impacts of the mine on horse 
safety and wellbeing. 

The impact on horse safety and wellbeing may include traffic movement, noise, air quality and air-over pressure and groundwater. There are no regulatory requirements or 
policy guidance for animal safety and wellbeing in relation to noise, air quality, air over pressure or traffic. In lieu of specific guidance, Terramin has deferred to the 
requirement for humans and designed the project to meet all the relevant requirements. In relation to groundwater there is clear guidance on the requirements for stock 
water, the project will meet all the requirements for human consumption and will exceed the requirements for stock water. Impacts on Humans have been presented and 
discussed in the MLA. 

9.  Will Terramin remove Phallaris prior to fire 
season to assist with reducing fuel loads? 

Yes, Phallaris and other weeds will be managed in accordance with the Biodiversity and Landscape Management plans.  

10.  The tourism statistics presented as 
background are old (3-4 years) and do not 
accurately represent the current tourism 
levels to this area. 

The statistics presented in the economic models and reports are current for the timing of the reports and submission of the Mining lease application. A subsequent review of 
the economic modelling and reports by Economic Research Consultants in December 2019 noted that updating the model with new tourism statistics would largely be offset 
by the increase in gold price resulting in similar outputs. It would not be representative to update one without the other. 

11.  Most risks are addressed through a series 
of work practices which can fail easily on 
human error and are low down the 
hierarchy of controls. 

Risk management systems are designed to incorporate multiple layers of mitigation measures in order to address sole person or human risk. Terramin’s systems involve layers 
of accountability, internal and external audit and engineered solutions, which are common to all risk systems involving human decision making. During the PEPR process, a 
number of management plans will be developed to ensure that work practices are appropriately planed, resourced, auditable and achievable in order to mitigate and manage 
any residual risks.  

12.  The use of brine waste for dust 
suppression will result in sodic soils. 

Any brine used onsite, will only be used if it is in compliance with the relevant regulatory conditions, taking into account the existing environment and the chemical 
composition of the brine.   

13.  Query the effectiveness of floating 
wetlands for water treatment as most 
plants in these associations are dormant 
during the winter months. 

The floating wetland proposed in appendix J1 is an engineered solution and has been designed to maintain effectiveness of operation throughout the project life cycle, 
including winter months.  

14.  Question ability of subsoil to support 
vegetation growth (especially given it is 
proposed for visual screening). 

In 2017 Terramin constructed a trial bund adjacent to Bird in Hand Road from subsoil sourced on site. The trial bund has successfully supported vegetation growth.  

15.  Concerns regarding regular (daily) 
transport of explosives to site. 

The transport of explosives is regulated by the Explosives Act 1963 and associated regulations. All use of explosives associated with the Project, including transport will comply 
with this legislation. Any specific concerns should be directed to the authority responsible for administering the Act.  

16.  The average frequency of truck 
movements doesn’t take into account no 
truck movements during school drop off 
and pick up. Thus, the average truck 
movements goes from every 25 minutes to 
every 15 minutes.  

This statement is not correct. Terramin has commissioned appropriately qualified and experienced professionals to complete traffic surveys and reports and has every 
confidence in the traffic modelling, associated reports and information presented in the MLA.  

17.  The numbers add up to significantly more 
vehicle movements than that proposed in 

This statement is not correct. Terramin stands by the information presented in the traffic modelling and reports and the data collection methodology including the traffic 
movement in the August 2018 survey.    
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Table 11 – Reponses to additional questions 

Number Matter Raised in public submission as 

interpreted by DEM on 20 June 2020 

Terramin response dated 5 March 2021 

the mining proposal. Also, query the 
background data provided for traffic 
movements along Pfeiffer Road based on 
an August 2018 survey. 

18.  The impact assessment for traffic did not 
identify all road users including school 
buses, recreational cyclists and aged care 
buses.  
The impacts of staff travelling to and from 
the mine site has not been assessed (only 
an appropriate number included). 

This statement is not correct. Road and vehicle safety is addressed in the Impact assessment including all categories of road users.  

19.  Concerns regarding ability of trucks, cars 
and horse trailers to travel safely along 
Pfeiffer road. 

Pfeiffer Road is gazetted for use by all the vehicles proposed to be associated with the BIHGP. Any concerns about general safety and road condition should be directed 
towards the appropriate road authority.  

20.  Will monitoring of orchid species near the 
tenement occur? 

Terramin will continue to work with local residents and experts in orchid monitoring as part of the BIHGP Biodiversity Management Plan.  

21.  What species of trees / shrubs will be 
planted onsite and will this have the 
potential to raise the fuel load? 

Specific species of trees and plants will be native species endemic to the area. Planting for visual amenity on bunds is not dense or deep. Contribution to fuel load is minimal. 
The BIHGP Landscape Management Plan will address the issues of maintaining visual amenity plantings in a manner consistent with fire mitigation measures.  

22.  Potential impacts from noise and vibration 
from blasting on domestic animals (e.g. 
dogs) that have fears of thunderstorms and 
horses who are sensitive to these 
vibrations and noises has not been 
considered.  

Response 8 in this table addresses noise concerns. Chapter 17 in the MLA provides information and addresses the impacts associated with air-overpressure and vibration, 
including on animal health.  

23.  MPLA only – clarify whether additional 
lighting is being proposed compared with 
the original Angas Zinc operations as the 
lighting report provided is the one for the 
original operations. 

 No additional lighting is proposed. 

24.  MPLA only – will any vehicular access to 
the site be proposed via Hillside road. 

No. 
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12 LIST OF APPENDICES 
 

A1 – Summary table of Public Submissions, showing all individuals. 

A2 – Community Engagement Plan 

A3 –Statistical Assessment of Baseline Groundwater Quality and MAR Target values 

B1 – Groundwater figures and images 

B2 – letter from IGS 

B3 – Geochemical Assessment 

B4 – Groundwater Impact Assessment 

B4A – Aquifer Reinjection modelling 

B5 – MAR Risk Assessment Rev2 

B5A – MAR Risk Assessment Rev4 

B6 – MAR Risk Assessment Peer review 

B7 – Uncertainty Analysis 

B7A – Uncertainty Analysis Rev2 

B8 – Uncertainty Analysis Peer Review 

B9 – Water treatment concept Review. 

C1 – Update figures and Tables 

D1 – WSP Noise Model update DEM 

D2 – Summary of Noise Mitigation measures 

E1 – Mining One Geotechnical Report 

E2 – Sill Pillar report 

E3 – Inundation Management Plan 

E4 – CAF Concept 

E5 – Backfill Strategy 

F1 – Historic Drillholes table and map 

G1 – Updated Impact Assessment 

H1 – Horizontal Directional Drilling Standard 

H2 – Draft Closure Policy 

H3 – MAR Peer review 
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I1 – Sovereign Hydroseal correspondence 

J1 – Draft Grouting Policy 

K1 – Letter from Adelaide Hills Council (Reg 5 consent) 

L1 – Oxigen memo 2020 

L2 – Oxigen Report 2019 

M1 – Air Quality Tables and Figures 

N1 – Geochemistry Figures 

O1 – ATC Williams Memo 2020 

P1 – Golder response to 3rd Party issues 
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