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Introduction
Terramin Australia Limited (Terramin) are proposing to develop the historic Bird in Hand Gold
Mine, near Woodside in the Adelaide Hills. The project is referred to as the Bird in Hand Gold
Project. Tonkin Consulting has been engaged by Terramin to prepare a stormwater management
plan for the project.
This report outlines the strategy for surface water and stormwater management for the Bird in
Hand Gold Project. It involves a number of measures to provide drainage service and flooding
protection for the proposed infrastructure and operational activities on the site, while also
incorporating water quality treatment measures.
In particular, the proposed stormwater management system:
• Protects the site infrastructure from flooding during a 1 in 100-year average recurrence
interval (ARI) event,
• Maximises the use of the natural site topography,
• Will mimic the natural flow regime, and
• Incorporates water sensitive urban design (WSUD) initiatives within the development to
provide improved water quality.

1.1

Background
Terramin is currently in the process of reactivating a historic gold mining project in the Adelaide
Hills. The site is located about 35km from Adelaide and 2km from Woodside, as shown in Figure
1.1.
The proposed operational area is located on a farm property, which has recently been acquired
by Terramin. The property is situated in an area with primarily agricultural land use. There are
farms, a woodland, a conservation area, residences, vineyards, winery operations and an airfield
on immediately adjacent properties. The Adelaide Polo Club is also currently building a facility
on land to the north of Pfeiffer Rd as shown in Figure 1.2. The site is intersected by a small
creek (Goldwyn Creek), with the land either side sloping moderately toward the creek. Other
than the car park and access road between the mine and Pfeiffer Road, all of the proposed
works will be on the southern side of Goldwyn Creek which intersects the operational area.

1.2

Site History
The site at Bird in Hand is a historic gold mining area which was active from the 1880s. The
Woodside Goldfield was discovered in 1869 and comprised 17 associated gold mines including
the Bird in Hand Mine. Historical production was from 1881 to 1889. There were also attempts
to re-develop the mine in the 1930s, but this was short lived.
The project area was investigated by Maximus Resources from 2005 to 2008 through an
exploratory drilling program which concluded with a Mineral Claim being granted over the site in
2009.
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2
2.1.1

Existing Site Description
Existing Site Conditions
The Terramin property is largely undeveloped, with the exception of farm buildings, including a
residential property and associated large sheds, an old dairy and effluent ponds. These are
located on the north west side of the site facing Pfeiffer Road, with an access serving the
property and paddocks, to the west of the old dairy.
Goldwyn Creek is located within the site, flowing east to west. These existing features can be
seen on Figure 2.1.
The natural surface is primarily grassland. The site is bordered with established trees and
vegetation. Additional discrete pockets of vegetation are also present along the creek alignment
and the south east of the site and a line transecting north to south from the creek to the southern
boundary of Bird in Hand Road.

2.1.2

Topography
The proposed mine operations, which are located on the southern side of the creek, have a
natural fall across the site from the south east to the north west with an average gradient of
approximately 8%.
A ridge line passes through the property on the northern side of the creek , which will contain the
proposed access road and car park. The southern side of the ridge grades towards the creek at
close to 10% grade, while the northern side grades to Pfeiffer Road, also at close to 10%
average grade.

2.1.3

Existing Watercourse
There is an existing creek (Goldwyn Creek) which traverses the northern portion of the site from
the east to the west. Within the subject site the creek is bounded by established vegetation, with
only one discrete cleared areas where crossings have been formed. At the upstream end,
beyond the eastern property boundary of the site, the watercourse is interrupted by an existing
on-stream water storage (farm dam) located on the Petaluma property.
The watercourse continues under Pfeiffer Road in a west-north-west direction and ultimately
discharges into Inverbrackie Creek, located west of the subject site.

2.1.4

Additional Drainage Features
On the south west boundary of the site there is an existing Council stormwater pipe which
conveys flows from a localised small catchment along Bird in Hand Road via an informal
drainage swale which is located along the western boundary and continues along an existing
valley in a north westerly direction through the BiH winery site.
There is also another drainage path located along the eastern boundary which acts to capture
minor sheet flows from a local upstream catchment adjacent the existing dam. These flows are
directed north, entering the existing creek.

2.2
2.2.1

Existing Drainage Catchment
External Catchments
There are two main catchments upstream from the proposed mine site, as shown in Figure 2.1.
The largest of these (Upstream creek catchment) drains into the creek that passes through the
site. On the site’s eastern boundary there is an existing channel that directs runoff from the
adjacent Petaluma winery site into the creek. The smaller catchment (Bird in Hand Road
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catchment) drains through the south western corner of the site and then passes through the
adjacent property.
2.2.2

Internal Catchments
A crest that runs from the south-eastern corner to the north-western corner of the proposed
development creates a natural divide between the two catchments on the southern side of the
creek. The eastern portion (Southern creek catchment) shown in Figure 2.1 drains directly into
the creek, while the western portion (Western site catchment) currently drains into the adjacent
property.
A ridge line passes through the section of the property to the north of the creek. This divides this
region into the Pfeiffer Road catchment that drains northward towards Pfeiffer Road, and the
Northern creek catchment, which drains southward into Goldwyn Creek that passes through the
site.
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3

Stormwater Management Strategy
The stormwater strategy for the site covers the three main areas of flood management, water
quality and water re-use. These are described in the following sections and with the overall
strategy shown in the Conceptual Stormwater Management Plan (refer Figure 3.2). The strategy
has been developed to ensure that it does not interfere with any key exclusion areas due to
heritage buffer zones or significant trees.

3.1

Flood Management
The two key aspects related to flood management are:
• Ensure that all development is kept out of the 100-yr ARI flood extents, which is the industry
standard for new development adjacent to a watercourse or within a flood prone area and is
in accordance with the Adelaide Hills Council Development Plan
• Ensure that peak flows leaving the site are no higher than pre-development rates.

3.1.1

Flood Risk Management
The 100-yr ARI flood extents for the main creek that passes through the site have been
determined through the creation of a HEC-RAS model. HEC-RAS is a backwater curve model
which is widely used for the calculation of flood levels along river systems. It is developed by the
Hydrologic Engineering Centre for the U.S. Army Corps of Engineers. The model is based on
representative sections of the watercourse that passes through the site. The Upstream creek
catchment located to the west of the site is approximately 45 hectares in size, as shown in Figure
2.1. A peak flow rate for the 100-yr ARI flow of 2.5 m 3/s has been derived based on a Rational
Method using the following parameters:
• 0.28 runoff coefficient (Section 1.4.6, Australian Rainfall and Runoff, 1987)
• 30 minute time of concentration comprised of 25 minutes of sheet flow and 5 minutes of
channel flow resulting in a rainfall intensity of 71 mm/hr.
The above flow rate is similar to the peak flow (of 2.1m 3/s) derived by the Mt Lofty Ranges
regression formula for higher runoff areas (Eusuff, 1995).
The flood extents are contained within the well-defined valley that Goldwyn Creek passes
through. The width of the flood plain typically ranges between 10 and 15 m, as shown in Figure
3.1. The extents of the 100-yr ARI floodplain are shown in Figure 3.2.
All development, other than the access road which crosses the creek, has been kept at least 4050 m away from the flood extents. The HEC-RAS model output is contained in Appendix A.
Access to the site will require crossing Goldwyn Creek. To ensure uninterrupted access to the
site the culvert has been sized for the predicted 100-yr ARI flow of 2.5 m 3/s. This will require a
minimum 1.5 m wide by 0.75 m high box culvert, based on inlet control conditions.

3.1.2

Peak Flow Management
There are three discrete catchments that will be developed which will result in additional runoff
greater than the predeveloped site. These will all ultimately be directed to on-site ponds/dams.
The three catchments have been created based on their pollutant generation potential, which is
discussed in more detail in Section 3.2. The main catchments are summarised below in Table
3.1 and are shown in Figure 3.3. Across the entire site the amount of impervious area created is
relatively low (approx. 15% of the total area to the south of the creek).
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Figure 3.1 – Typical HEC-RAS Section, Looking Downstream (i.e. left bank is southern side of Goldwyn Creek)
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Table 3.1

Catchment Summary

Catchment name

Area (ha)

Impervious area (%)

Integrated Mullock Landform (IML)

1.4

70*1

Mine Operations

3.6

25*2

Office and access roads

1.3

60*3

*1 Conservatively high value used to ensure adequate buffer storage within the surface water dam
*2 Impervious areas includes internal roads, paved areas and buildings
*3 Impervious areas includes main office building and roads

Runoff from the integrated mullock landform catchment and the concrete batching plant will be
directed to the surface water dam, via a dedicated pipe collection network, which will also receive
water from underground dewatering activities. From here it will be pumped at a controlled rate
(nominally 25 L/s) into an on-site treatment plant to be treated to aquifer quality before being
injected underground and/or reused for mining purposes (under a water allocation).
This surface water dam acts to buffer and detain peak flows generated by this catchment. The
proposed pumped flow rate is sufficient to fully drain stormwater runoff that enters the basin
within about 8 hours such that adequate storage is available prior to any subsequent rainfall
events.
The mine operational area, including the office and access roads catchment (but excluding the
concrete batching plant) discharges into the retention/detention pond via a series of surface
swales and/or pipes (refer Figure 3.2) and utilises water sensitive urban design principles (refer
Section 3.2 for more details).
A DRAINS model of the site has been constructed. DRAINS is the industry standard model for
applying hydrological and hydraulic theory and methods and can be used to determine peak flow
rates, generate hydrographs and size drainage infrastructure.
Based on the output of the DRAINS model of the site, the detention component of the basin will
require a volume of 300 m 3 to limit peak runoff flow rates to pre-development levels. The 100-yr
ARI predevelopment runoff from the 6.3 hectares of the mine site is estimated to be 0.39 m 3/s,
based on the Rational Method with a 0.28 runoff coefficient and a 25-minute time of
concentration. The post-development catchment has been modelled based on the parameters
contained within Table 3.1. Contribution from pervious (undeveloped/landscaped) areas has
been based on an initial infiltration rainfall loss of 30 mm and a continuing infiltration loss of
3 mm/hour.
The retention portion of the pond has been designed to mimic the seasonal pre-development
flow regime by retaining the additional volumes that are generated from the developed portions
of the site and to provide additional water quality improvement. Initial assessment suggests a
volume of approximately 1,000 m 3 is required with an additional allowance for at least five years’
worth of sedimentation accumulation (approximately 100 m 3). The final sizing of the basin will be
subject to more detailed water balance modelling, upon finalisation of the site layout and
features.
A high flow spillway is also to be incorporated to allow the basin to safely discharge into the main
creek that passes through the site during larger, extreme rainfall events.

3.2

Water Quality Management
The proposed water quality measures for the site have been governed by the types of pollutants
that will potentially be generated by the different areas of the site. The five main catchment
areas from highest to lowest pollution production potential are shown in Figure 3.3 and are listed
below:
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• The Integrated Mullock Landform (IML) which will produce high levels of sediment from the
active waste rock stockpile, which will be captured in the surface water dam
• Runoff from the mine operational area where material is taken from the underground mine
and transferred to ROM silo to be taken off site or placed in the waste rock stockpile on site
• The car park and access road
• The office complex and internal road network
• The remainder of the site that will be retained in its undeveloped state, or will be landscaped
to direct surface flows back to their original flow paths.
The main principle behind the water quality management strategy for the site is to prevent
existing natural runoff from mixing with the runoff generated by areas that have the potential to
produce poorer quality runoff. The various water quality treatment measures discussed below
are discussed in further detail in Section 3.2.6.
A flow chart of the surface water management system is described in the following sections for
each area of the site. It is also summarised within Figure 3.4. The orange areas are sources of
water, the clear areas are treatment systems, while the green areas are the final destination for
the flows. Some water is also lost from the system, via infiltration, from the blue areas.

Figure 3.4 – Surface water flow chart

3.2.1

Integrated Mullock Landform
As part of the operational management of the mine, excavated material is proposed to be
temporarily stockpiled in a specific area, located towards the eastern boundary of the site. Over
the lifetime of the operating mine, day-to-day management and operations will need to consider
that the size and area of the stockpile will vary in size.
The regular movement of material will result in the stockpiles fluctuating in height and base area.
This materials handling operation will create areas of dust and debris without due management.
The dust and smaller sized pieces of debris will be readily mobilised by surface flows.
The surface water runoff from the stockpile is planned to be intercepted and directed to the
surface water storage dam via an open channel. In addition, the dam will receive runoff from the
concrete batching plant that will be intercepted and diverted via a dedicated drainage system .
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Water from the dam will be pumped to a water treatment plant on site. Once treated, the water
will be injected underground or reused for mining purposes such as dust control, underground
equipment use and backfilling activities.
3.2.2

Mine Operations Area
The mine operations area includes the underground mine portal where material will be brought to
the surface. Product ore will be transferred to the Run-of-Mine (ROM) silo before being
transported off site for processing. Similarly, mullock (rock of sub-economic grade) will be
transferred to the on-site IML. There is the potential for moderate amounts of debris and dust to
be produced by these local transfer operations. All runoff from this area (except for the concrete
batching plant) will therefore be graded towards the internal road network where it will be picked
up by inlet pits and treated by both gross pollutant traps (GPTs) and a sedimentation (primary
treatment) pond, followed by an oil and grit separator (such as a SPEL unit) to provide secondary
treatment. After treatment it will drain into the site’s main pond. The pond will have both a
retention component and detention component. The retention portion of the pond will facilitate
infiltration and evaporation and reduce the frequency of discharge from the pond, particularly
during the drier months. During wetter periods, when sufficient runoff has been generated to fill
up the retention component, the detention storage within the basin will reduce the rate of
discharge leaving the site, by controlling the rate of discharge, as discussed in Section 3.1.2,
reducing the risk of downstream erosion.
While it is located within the mine operations area, runoff from the concrete batching plant will be
collected and diverted to the surface water storage dam, as outlined in Section 3.2.1.
Water quality monitoring at the downstream end of the mine operations area treatment train is
recommended to ensure that water quality thresholds are met, as outlined in Section 3.2.7. In
the event that limits are exceeded, water from the pond would need to be pumped into the
surface water dam where it could be treated by the water treatment plant.
Details of proposed water quality treatment measures are discussed in Section 3.2.6 and further
detailed in Appendix B.

3.2.3

Car Park
Runoff from the car park and a portion of the main access road will pass through both primary (a
GPT) and secondary treatment (oil and grit separator) before draining into a vegetated swale
which will be graded to discharge into the main creek that runs through the site. The swale will
have shallow berms periodically constructed along it to encourage infiltration.
Some of the main access road will drain towards Pfeiffer Road. Similarly to the above, the swale
will have shallow berms along it which will retain the majority of the road runoff on-site, with
minimal additional discharge to Pfeiffer Road.

3.2.4

Office and access roads
This area will produce relatively clean runoff. Some of the larger office buildings in the area will
be connected to tanks for on-site reuse, such as toilet flushing. The majority of the road runoff
will be directed into swale drains that will have shallow berms constructed along them before
discharging into the site’s main detention/retention pond, Goldwyn Creek or to Pfeiffer Road.

3.2.5

Undeveloped areas
The undeveloped portion of the site will be allowed to discharge unrestricted from the site as the
pollutant generation of these areas will be unchanged from the current conditions. In some
areas the runoff will be locally diverted such that it does not mix with the other areas of the site,
flowing offsite as per current conditions or managed within the network of vegetated swales.
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Some runoff currently flows through the site from Bird in Hand Road. This runoff will be
managed within a vegetated swale that will contain infiltration berms and will discharge into the
western property, as per the existing conditions (shown in Figure 3.2).
A small stormwater pipe passes under Bird in Hand Road at the southern corner of the property.
This will continue to be able to pass through the site and into the existing drainage line within the
adjacent western property.
Some of the landscaped areas, such as the landscaped mound, will require careful management
during the construction phase, due to the potential for sediment creation, until the areas are fully
established and have implemented erosion control measures such as vegetation, mulching and
contour banking. This stage will be managed through a soil erosion and drainage management
plan that would incorporate various measures including silt fences, sediment ponds, temporary
silt traps and hay bales to capture sediment on site.
3.2.6

Water Quality Treatment Measures
A range of stormwater / surface water quality treatment measures have been proposed in the
above sections. This section describes them in more detail and provides an indication of
maintenance requirements. Typical pictorial examples of the devices described are provided in
Appendix B.
Swales
The location of the swales is shown in Figure 3.2. The alignment of the swales shown on the plan
are indicative only and flexible to match the finalised layout of the site. Swales are formed
overland channels to primarily convey the stormwater runoff from the developed impervious
areas. In addition to that, they can also provide such functions as:
• Removal of coarse to medium sized sediments by the vegetated surface (where practica ble)
• Reducing runoff volumes by infiltration into the subsoil
• Delaying runoff peaks by reducing flow velocities
• Reducing the generation of sediment from erosion by reducing flow velocities
It is proposed to incorporate shallow rock berms across the swales. T hese berms will reduce
runoff volumes and velocities and improve water quality through infiltration and vegetative
filtering.
The swales will be designed to achieve:
• Flat batter slopes to minimise erosion (1V:4H)
• Enough capacity to convey the design flow rate (range between a 10 and 100-yr ARI standard,
depending on the consequences of failure)
• Water velocities less than 2m/s, where possible.
They will require occasional maintenance to ensure that they are operating effectively. Typical
maintenance could involve:
• Removal of sediment build up
• Repairing localises areas of erosion, scour or damage
• Removal or management of invasive weeds
• Mowing or slashing vegetation
Primary Treatment (piped systems)
Gross pollutant traps (GPT) are primary treatment devices that remove solids conveyed by
stormwater typically greater than 5 mm in particle size, including rubbish, vegetation and other
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solid debris. The GPT will typically be the first device within the stormwater quality treatment train
for a system. They will require periodic maintenance to remove gross pollutants and free oils
from the units. Material from the units would need to be removed off site and taken to a licenced
facility.
Further primary treatment is proposed for the mine operations area in the fo rm of a
sedimentation basin (the Primary Treatment Pond), which will allow for sediments to settle out
prior to passing downstream for further treatment.
Secondary Treatment
Secondary treatment will be provided downstream of GPTs via an oil and sediment separation
device. These are suited to removing hydrocarbons and suspended solids from stormwater,
preventing spills and non–point source pollution entering downstream waterways. These
separators target the removal of coarse and fine sediments, their ass ociated pollutants and oils.
This type of device is proposed at the mine operational area, to remove fine sediment and
hydrocarbons from the stormwater, prior to being discharged further downstream and mixed with
runoff generated from other catchments. A similar device is also proposed to serve the car
parking area. They will require periodic maintenance to remove pollutants captured by the units.
Detention / Retention Pond
While the primary role of the detention pond at the downstream end of the site is to reduce peak
discharges to predevelopment levels, a significant proportion of the pond (the lower 1,100 m 3)
will provide retention storage which will assist in sedimentation and retaining runoff on site such
that it can infiltrate into the base of the pond and evaporate. This will help to mimic the predevelopment flow regime (equivalent to approximately 60 mm of runoff from the impervious
portion of the site). The retention component of the pond will require periodic removal of
sediment.
Water Treatment Plant
The proposed site water treatment plant will receive runoff generated by the IML as well as water
pumped up from the underground workings. Treated water discharge will not be combined with
stormwater flows. These will be treated as separate systems and is outside of the scope of this
plan.
Ephemeral Wetlands
Ephemeral wetlands have been proposed by Terramin within the ephemeral zone of the creek
and along portions of the site’s eastern and western boundaries. Whilst they have not been
considered as part of the required treatment train for the site, they will act to improve the water
quality within the creek through a range of processes including:
• Sedimentation based on the creation of slow flow velocities
• Filtration through vegetation
• Chemical absorption by wetland plants
• Biological uptake by plant growth within the wetlands.
3.2.7

Real-Time Monitoring
Reliance upon regular testing and management is necessary due to the nature of surrounding
sensitive receptors to the site. Monitoring stations could be installed at the outlet of the main
detention basin to identify if water quality discharges ever exceed predetermined thresholds.
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3.2.8

Bunding
Any hazardous materials (including liquid waste) that are likely to be stored on the site will be
located within suitable containment that will meet the requirements of the necessary Australian
Standards and water quality guidelines. In the rare event that hazardous materials make their
way into the stormwater system a further backup is provided in the form the of the site’s main
retention/detention pond where the water could, if required, be pumped into the surface water
dam where it can be treated.

3.2.9

Erosion Protection
Surface drainage (overland flow paths and swales) will be protected by erosion control
measures, where required (to be determined by assessing expected flow velocities). Erosion
control measures typically consist of providing a surface treatment to resist scouring velocities
and structures within the channel to reduce flow velocities.
Given the relatively high rainfall in the area, site vegetation cover within the drainage channels
will establish naturally. However other treatment measures will be required to mini mise channel
flow velocities, where high gradients are experienced. In these areas rock rip rap either utilising
local materials won from the site during the construction phase or imported onto site will be
installed at critical locations within the channels.
Rock rip rap will be placed:
• at pipe outlet points,
• at the culvert road crossing of the existing creek,
• at the upstream end of the sediment basins, and
• within swales where flow velocities are estimated to be greater than 2 m/s.

3.2.10

Post-Closure Management
The proposed stormwater management measures that are adopted as part of the operating mine
site will be retained as part of the post closure management and rehabilitation of the site.
Additional investigations will be undertaken to better define and manage water quality as part of
the post-closure management strategy, depending on the post-closure land use. This is outside
of the current scope of works.

3.3

Stormwater Reuse
Re-use of captured stormwater is being considered for the project, as part of the integrated water
management strategy for the site. The most likely potential use for stormwater will be during
construction for activities such as dust suppression and for irrigation of landscaped areas during
operation. Water from the larger roofs will also be captured in tanks and reused for non-potable
purposes (such as toilet flushing) and to supplement water required for operational activities.
At this stage of planning, the potential demand for captured stormwater has not been
determined, so reuse demands have not been included in the modelling for the site.
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4

Summary
The key elements of the Stormwater Management Plan for the proposed Bird in Hand Gold
Project site are:
• The separation of catchments based on their potential for pollutant generation such that
clean water does not intermix with areas that have higher pollutant levels
• That the water quality treatment measures are appropriately matched to the pollution
production potential for each area of the site
• Ensuring all development is kept outside of the 100-yr ARI floodplain extents
• That detention basins have been incorporated to limit peak flows to pre-development levels
• Infiltration systems and on-site retention have been incorporated into the design to mimic
the pre-development flow regime such that the site is essentially water neutral from a
stormwater runoff perspective
• That on-site water reuse is incorporated to reduce demand for mains water and to reduce
off-site discharges.
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Appendix B
Typical Water Treatment Quality Measures
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Gross pollutant trap example (primary treatment)

Oil and sediment removal device example (secondary treatment)
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Grass lined swale example

Detention / retention pond example. Retention portion of basin shown as Permanent pool
volume. Detention portion of basin shown as Extended detention depth component.
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