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1.0

INTRODUCTION

Golder Associates was engaged by Terramin Australia Ltd (Terramin) to assess if the groundwater impacts
of the proposed Bird-in-Hand Gold Project (the ‘Project’) had the potential to pose an adverse risk to nearby
native vegetation and associated biodiversity values. The Project involves the development of an
underground gold mine with a mine life of about five years.
The vegetation is referred to as the Native Vegetation Heritage Agreement (NVHA) area and the extent is
shown on Figure 1, together with the mineral claim boundary and proposed mine plan. The NVHA contains
Blue Gum (Eucalyptus leucoxylon) and River Red Gum (Eucalyptus camaldulensis) that provide habitat for
threatened fauna (in particular avifauna) species and flora (orchids) including Caladenia rigida. Orchids are
found in the understory, especially within the eastern portion of the NVHA to the east of Reefton road, which
runs through the centre of NVHA. Caladenia rigida is listed as Endangered under the Environment Protection
and Biodiversity Conservation Act 1999 (Cth).
A key element of this assessment was to establish whether the NVHA represents a groundwater dependant
ecosystem (that requires access to groundwater) and whether the structure and function this ecosystem
could change if groundwater levels were lowered as a result of groundwater inflows to the proposed
underground mine.
To mitigate against the groundwater related impacts, the Project proposes to grout ahead of mine
development to limit groundwater inflows, followed by the reinjection of any groundwater inflows back into
the aquifer via Managed Aquifer Recharge (MAR). This technique would maintain groundwater levels around
the proposed mining area and ensure a ‘no net groundwater abstraction’ approach.
A groundwater investigation including drilling, baseline groundwater monitoring and numerical groundwater
modelling of groundwater response to mining was undertaken by Australian Groundwater Technologies
(AGT) (AGT, 2017). An independent review of the model was undertaken by Innovative Groundwater
Solutions, who reviewed the model against the Australian groundwater modelling guidelines (NWC, 2012).
The peer review found the model to be fit for purpose against these guidelines and also met the
requirements outlined in a Project specific Determination, that was gazetted by the South Australian
Government on the 5th April 2017, titled “Ministerial Determination for the Bird in Hand Gold Project”.
The work detailed in this letter represents an extension to the AGT (2017) assessment, with a focus on
understanding the groundwater levels beneath the NVHA, prior to and during the proposed mining operation.

1.1

OBJECTIVES

The objectives of this assessment included:



Document the existing groundwater environment specific to the NVHA area and in particular establish
the groundwater elevation beneath the NVHA area;



Based on expected root depth of the identified species in the NVHA area and depth to groundwater,
establish whether the NVHA is likely to access groundwater (i.e. whether the aquifer is beyond the
reach of root system);



Using the existing numerical groundwater model, present predictive simulations of groundwater level
response to mining operations beneath the NVHA area; and
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Based on the above, determine whether the Project poses a risk to the health of the NVHA area by
changing groundwater levels.

Figure 1: Site location plan showing the NVHA area and existing modelled groundwater contours in metres below ground
level (mbgl)

2.0

HYDROGEOLOGICAL SETTING

Details of the groundwater assessment, including investigation drilling, description of the existing
groundwater environment and groundwater modelling that was undertaken to assess the effect of the Bird-inHand project can be found in AGT (2017) and the geological setting is provided as Attachment A. The
following outlines a brief summary of the groundwater conditions relevant to the NVHA area.
The prime aquifer system is a Fractured Rock Aquifer (FRA) system which comprises of several
hydrostratigraphic units, with strong hydraulic connection. These units include the Tapley Hill Formation,
Brighton Limestone, Cox Sandstone and Tarcowie Siltstone. A surface geological map showing these
hydrostratigraphic units is presented as Figure 2 and a cross section is shown in Figure 3.
Drilling in the area has shown that in the immediate vicinity of the Bird-in-Hand orebody a bleached clay
zone down to a depth in excess of 100 metres. The broad zone of weathering (clay altered rock) is shown by
dashed lines on Figure 2 and represents an aquitard which underlays a significant portion of the NVHA area.
The mineralogy, location and shape of the alteration indicates that bleached clay zone is the result of acid
sulphate leaching of the Tarcowie Siltstone and the Tapley Hill Formation. Both the intensity and depth of the
weathering decreases away from the orebody such that at 250 m to the north-west the depth of the
weathering has shallowed to 50 m and at distance of 350 m from the orebody weathering is not present. The
supergene zone consists of silty clay. It has a firm toothpaste-like consistency which makes it both
impervious and impermeable, and therefore practically difficult to dewater. As such, it is expected to retain
water throughout the mining operation.
The orebody is situated within the fractured rock aquifer, beneath the weathered siltstone.
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Figure 2: Surface geology of the FRA
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Figure 3: Surface geology and geology cross section

2.1.1

GROUNDWATER ELEVATION

The drilling logs of investigation bores near the southern border of NVHA (detailed within AGT, 2017)
revealed that the first groundwater cut in the FRA was typically encountered at depths of around 120 m bgl
(325 m AHD), with moisture noted at 55 m bgl (390 m AHD) in one investigation bore. Above this depth, the
overlying strata (fine grained Tarcowie Siltstone) was very ‘tight’ and exhibited very low primary and
secondary porosity.
At all investigation bores, the groundwater elevation (piezometric head) was higher than the first water cut
and was reported at an elevation of 410 m AHD or 40 m bgl (AGT, 2017). Hydrographs of two representative
monitoring bores (BH37 and IB1) positioned near the NVHA area are shown on Figure 4.
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Figure 4: Hydrograph of BH37 and IB1showing piezometric head
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Contours showing current/pre-mining depth to groundwater are presented in Figure 5. This was produced by
subtracting the groundwater elevation (410 m AHD) from ground surface elevation.
Figure 4 shows that approximately 90% of the NVHA area has a depth to water of 20 to 60 m bgl, and the
remaining 10% of the area has a depth to water of about 15 m bgl. The area of shallowest depth to water (15
m bgl) is associated with a gully in the north-west corner of the NVHA area. A deep weathered (clay) zone
(described in Section 2 above and shown on Figure 3) underlies this area.

2.1.2

HISTORICAL GROUNDWATER ELEVATION

Historical evidence (provided in Attachment B) suggest that groundwater levels were lowered by about 100
m bgl in the historic Bird-in-Hand Mine from mine dewatering that occurred during mining operations of the
late 1880s and 1930s. Longer term groundwater abstraction from a bore placed in the Bird-in-Hand mine
shaft to supply water to Inverbrackie Army barracks occurred from the 1930s to 1967. Water abstracted was
approximately 180 ML per annum and the measured ground water levels are found in Appendix B, and
ranged between 30m bgl and 124m bgl. Post 1935 the levels were between 34 and 48 m bgl. Despite this,
the ongoing survival of River Red Gums (E. camaldulensis) and Blue Gums (E. leucoxylon), indicate no
apparent long term groundwater related impacts had arisen from historic mine dewatering or water supply
abstraction activities.

Figure 5: Groundwater elevation - meters below ground level
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NATIVE HERITAGE AGREEMENT AREA

The most significant biodiversity area within the mineral claim includes a Native Vegetation Heritage
Agreement Area (NVHA), which covers approximately 13.8 ha (Figure 1). A site survey by the Native
Vegetation Council (NVC) in 2011, resulted in an application in 2012 which was granted in 2015.
The application area includes a diversity of habitats and vegetation types, including rocky outcrops and
midstory vegetation grading through to Blue Gum (Eucalyptus leucoxylon), Manna Gum (Eucalyptus
viminalis), River Red Gum (Eucalyptus camaldulensis). This block was identified as significant for
conservation owing to the intact native understory present within the Blue Gum (E. leucoxylon) and River
Red Gum (E. camaldulensis) grassy woodlands and specifically two species of orchid with national and/or
State ratings. The woodlands within the NVHA dominated by Blue Gum and River Red Gum provides
suitable habitat for avifauna considered to be declining in the Mount Lofty Ranges region (Szarbo 2011;
Native Vegetation council, 2012; COOE 2016).
Based on the depth to groundwater (15 to 60 m bgl), there is a low probability that vegetation within in the
NVHA area can access or rely on groundwater supplies. One exploration hole revealed evidence of tree
roots to a depth of 6 m (E. Whittaker, pers comm 2017). It is possible some of the trees on site may have
deeper root systems or taproots, however this is an exception rather than the rule when it comes to tree root
development (Australian Standard 4970-2009). A limiting factor for the growth of roots is gas exchange and
therefore most plants are shallow rooted with the majority of roots occurring within the top 600 mm of the soil
profile. Tree root systems are classed into three different parts: structural woody roots, second order roots
and non-woody roots. Studies show that Blue gums (E. leucoxylon) are unlikely to access groundwater,
particularly if clay layers are present (CSIRO, 2005). It is the non-woody roots that absorb water from the
environment for plant function, and there is a low probability that these roots will occur at the depths required
to access groundwater at the site because the depth to groundwater is greater than 15 m. Therefore any
change in groundwater levels is unlikely to have a significant impact on the condition of vegetation and
associated biodiversity values such as listed flora, including orchids, and avifauna in the project area. This is
supported by the continued survival of the suite of sensitive flora and fauna despite the timber harvesting,
grazing, development of a small settlement (Reefton Heights), quarrying, mining and dewatering practices
that have taken place over the preceding 137 years (See attachment B for pictorial records from the SA
Department of Mines).
Groundwater on site is shallowest within the ephemeral riparian gully, occurring 15 m below the natural
ground level. If vegetation were able to access the groundwater, it is more likely to be in these areas. River
Red Gum (E. camaldulensis) vegetation communities are commonly associated with watercourses, drainage
lines or gullies across southern Australia, so is likely to be the main vegetation association in the lower lying
parts of the gully on site, surveying confirms this (NVC 2012). River Red Gum (E. camaldulensis)
communities are adapted for riparian environments, known for having a varying water supply and are
tolerant to seasonal and drought related changes in water accessibility.

4.0

GROUNDWATER MODELLING

The process of mining reduces groundwater levels in the surrounding FRA. In FRA this is referred to as the
zone of depressurisation (or drawdown) and the level of impact reduces with distance from the underground
mine. Terramin propose to grout mine workings in order to reduce groundwater inflow and reinject remaining
groundwater inflows back into the FRA around the mine to constrain the extent of depressurisation.
Numerical groundwater modelling was undertaken by AGT (2017) to simulate the effects of the proposed
underground mining operation on groundwater levels. The model simulated the inflows and impacts for
different degrees of grouting effectiveness, ranging from 90% grouting effectiveness (probable scenario) to
70% (credible worst case scenario).
As part of this assessment minor updates were made to the existing model in the area of the NVHA and an
addition model simulation was undertaken to predict groundwater level response to mining beneath the
NVHA area. Model updates included refinement of the extent of weathering beneath the NVHA, which was
encountered during the latest geotechnical drilling program undertaken in 2016 by Terramin (see dashed
lines on Figure 2).
The results of the model simulation are presented in Figure 6 (cone of drawdown at the end of the proposed
mine life) and Figure 7 (predictive hydrograph near the gully area). The simulation assumed a grouting
effectiveness of 70% (which represents a credible worst case scenario) and the reinjection of MAR around
the mine.
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Modelling results showed:



The extent of the cone of drawdown is constrained by the location of individual MAR bores and the
zone of weathering. Groundwater drawdowns of 10 to 20 m may occur beneath the topographic
high / eastern portion of the NVHA area where current groundwater levels are deeper than 45 m bgl.



Groundwater levels beneath the gully area are expected to remain stable owing to the presence of a
clay aquitard which underlies this area and MAR (Figure 6).



When compared to the simulated drawdown presented in AGT, 2017 for the same scenario (70%
grouting effectiveness and MAR), the revised drawdown extent in Figure 6 is constrained to the north of
the mine, owing to the presence of the weathered zone which was not incorporated in the AGT model.

Figure 6: Groundwater drawdown (end of mine life)
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Figure 7: Predictive hydrograph beneath the gully area (mine life corresponds to year 0 to 5.5. See Figure 6 for location

5.0

CONCLUSIONS

Important conclusions of this assessment include:



A regional fractured rock aquifer system underlies the NVHA area and surrounding catchment. The
groundwater elevation beneath the NVHA area is at least 15 m bgl, with 90% of the NVHA area
reporting groundwater levels of between 20 m and 60 m bgl.



Based on the expected root depth of identified species within the NVHA area (E. leucoxylon and
E. camaldulensis), there is a low probability that vegetation within in the NVHA area accesses
groundwater from the FRA system.



Groundwater is shallowest within a gully, occurring 15 m below the natural ground level. This accounts
for 10% of the total NVHA area. This area is most likely to be associated with River Red Gum
vegetation communities are commonly associated with watercourses, drainage lines or gullies across
southern Australia. River Red Gum communities are adapted to riparian environments, known for
having a varying water supply and are hence tolerant to changes in water availability. Therefore, in the
unlikely occurrence groundwater of the FRA was accessed, any change in groundwater levels is
unlikely to have a significant impact on the condition of the Red Gum (E. camaldulensis) community and
have no impact on the Blue Gum communities (E. leucoxylon). The majority of the listed flora species
appear to be found within the Blue gum communities (COOE, 2016). Given this, no impact to
ecosystem health and habitat condition for the listed flora and fauna can be expected.



Notwithstanding the above, current groundwater levels beneath the gully area are expected to be
maintained during the mining operation, owing to MAR and the presence of a deep clay aquitard which
behaves as a hydraulic barrier (limiting the cone of drawdown emanating from the proposed mine). This
further reduces the risk of the NVHA area being impacted by the Project.



The lowering of groundwater levels outside of the gully area is unlikely to pose an adverse risk to the
vegetation within the NHVA area as current groundwater levels (20 to 60 m bgl) are several meters
(tens of meters) beyond the reach of the root system.



Historically, 180 ML/y was abstracted from the Bird-in-Hand mine over a 30 year period, which did not
appear to impact the woodland trees. In contrast to this, there will be no net groundwater abstraction
under the Project proposal.



Any bores and infrastructure needed for MAR should be located along disturbed areas (existing roads,
fence lines and tracks).
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CLOSING

We trust that the above information meets your immediate requirements. Please do not hesitate to contact
the undersigned should you require clarification and/or additional information.

GOLDER ASSOCIATES PTY LTD

Jason van den Akker

Fred Cosme

Principal Hydrogeologist

Principal Hydrogeologist
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