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EXECUTIVE SUMMARY

This report constitutes a surface water assessment for the proposed Tomingley Gold Project
(“the Project”). The Project, an open cut and underground mining development to be located
immediately south of the village of Tomingley, would be operated by Alkane Resources Ltd.
This assessment includes a review of the existing surface water conditions and hydrology at
the site of the proposed mining, processing and ancillary operations (“the Mine Site”) and
within its local context. It also includes an assessment of the potential impacts of the Project,
on surface water conditions and a water management strategy to mitigate or address these
impacts, including a site water balance.

The proposed Mine Site occupies part of four separate catchments, all of which ultimately
drain into Gundong Creek and, eventually, the Bogan River.

To mitigate the potential for the Project to impact on surface water flows, volumes and quality,
a system of surface water management structures would be included within the Mine Site.
These would include five sediment basins to capture and treat sediment-laden runoff, two
dewatering ponds for the storage of runoff and groundwater seepage accumulating in the open
cuts, bunds to mitigate flood risks, and diversion structures to minimise the risk of excessive
run-on into the Mine Site. Surface water management structures have been positioned to
ensure that no water is diverted into or out of any natural catchment at the Mine Site boundary.

Peak flow and surface water runoff volume modelling shows that there would be minimal
impact to downstream users and/or the riparian ecology of the local drainage lines. Flood
modelling shows that increases in local flood levels would be minimal and are unlikely to
negatively impact any off site or downstream landholders.

A water balance of the Project Site has been included in this report to illustrate the distribution
of water and to show how the anticipated water demands for the Project would be met. Water
balance modelling indicates that the overall demand can be met, even at maximum production,
from a combination of harvestable right storages and a bore-fed pipeline.
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1 INTRODUCTION

SEEC have been commissioned by Alkane Resources Ltd to prepare a Surface Water
Assessment for the proposed Tomingley Gold Project (“the Project”), an open cut and
underground mining development to be located immediately south of the village of Tomingley
in the NSW Central West (see Figure 1).

This report serves to identify specific surface water-related constraints and opportunities that
might affect the Project and assess the design, establishment, operation and post-operative
rehabilitation of the Project. An integrated water management strategy is also included. In
conducting this assessment SEEC have:

e conducted a review of the existing surface water conditions on the site of the
proposed mine and related activities (“the Mine Site”) and within its local
environs;

¢ conducted an extensive field survey of the landforms of the Mine Site and its
surrounds;

e investigated the existing site hydrology and runoff/infiltration characteristics;

e assessed the potential impacts of the proposed Mine Site operations on the local
surface water conditions, including downstream impacts; and

e prepared a water balance for the Mine Site identifying supply/demand figures for
the mine’s operational phase.

A field survey was conducted by SEEC staff on 1% May 2009 to investigate the Mine Site’s
existing hydrology, including catchment boundaries and existing site constraints. Surface
water samples were not collected at that time due to a nil flow in local waterways.

2 PROJECT OVERVIEW

2.1 TOMINGLEY GOLD PROJECT SITE

The Project incorporates two separate component areas, each of which are illustrated on
Figures 2, 3 and 4, and described as follows.

e The Mine Site: which comprises all areas of open cut mining, waste rock
emplacement, mineral processing, residue storage and associated activities.

e The Tomingley to Narromine Water Pipeline (TNWP) Route: comprising the
proposed 46km route for a water pipeline from a bore located on the “Woodlands”
property (7km to the east of Narromine) to the Mine Site.

SEEC
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2.2 OVERVIEW OF THE PROJECT
The Project incorporates two separate component areas, each of which are illustrated on
Figures 2, 3 and 4, and described as follows.

o Establishment of infrastructure required for the Project, including a water supply
pipeline, an underpass beneath the Newell Highway, and vegetated amenity
bunds.

o Extraction of waste rock and ore material from four open cut areas, hamely:
— Caloma Open Cut (approximately 19ha);
— Caloma Two Open Cut (indicative design approximately 9ha);
— Wyoming Three Open Cut (approximately 10ha); and
— Wyoming One Open Cut (approximately 19ha).
e Extraction of waste rock and ore material from the Wyoming One Underground.

e Construction of three waste rock emplacements covering a combined area of
approximately 129ha.

e Construction and use of various haul roads, including an underpass under the
Newell Highway, and a run-of-mine (ROM) pad.

e Construction and use of a processing plant and office area, incorporating a
crushing and grinding circuit, a standard carbon-in-leach (CIL) processing plant,
site offices, workshops, ablutions facilities, stores, car parking, and associated
infrastructure.

e Construction and use of a residue storage facility (approximately 49ha).

e Construction and use of a transformer and electrical distribution network within
the Mine Site (from the 20km of 66kV electricity transmission line from Peak Hill
to the Mine Site to be constructed under separate approval).

e Construction and use of an approximately 46km water pipeline, from a licensed
bore located approximately 7km to the east of Narromine, to the Mine Site.

¢ Relocation of existing items of infrastructure, including a 22kV power line which
currently passes over the area of the Caloma and Caloma Two Open Cuts.

¢ Re-routing (node to node) of a 4.2km section of a Nextgen Network fibre optic
cable (telecommunications line).

e Construction and use of ancillary infrastructure, including the Main Site Access
Road and intersection with Tomingley West Road.

e Construction of soil stockpiles (for use in rehabilitation works).

e Construction of the Eastern Surface Water Diversion Structure to divert surface
water flows to the east of mining and waste rock emplacement activities.
Additional surface water management structures would be constructed within the
Project Site to control surface water flows within the Mine Site.

e Construction and use of dewatering ponds to store water accumulating in and
pumped from the open cuts.

SEEC
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Disturbance associated with the mining and associated activities would be progressively
rehabilitated to create a geotechnically stable final landform, suitable for a final land use of
nature conservation, agriculture, tourism and/or light industry.

It is noted that the design of the proposed Caloma Two Open Cut is an indicative design only,
with additional drilling required to further define the mineralisation. As a result, the indicative
design for the Caloma Two Open Cut presented (Figure 2) represents the maximum area that
would be developed. The development of this maximum impact footprint has been taken into
account in all other aspects of the Project, including the required capacity, layout and design of
the waste rock emplacements and residue storage facility, and the life of the Project. Approval
is sought for the proposed design, acknowledging that the final design of the open cut would
be the same size or smaller than that displayed.

Full details of the Tomingley Gold Project are described in the Section 2 of the Environmental
Assessment, prepared by R.W. Corkery & Co. Pty Limited.

3 STUDY AREA

For the purposes of this Surface Water Assessment, the “Study Area” is defined as the Mine
Site (excluding the TNWP route) plus the entire upstream catchment that drains onto it. While
the majority of this study focuses on the Mine Site, the external catchments are included within
the Study Area where they generate runoff and stream flow that affect the Mine Site, or where
they are subject to flooding in the vicinity of the Mine Site. However, outside of the Mine Site,
only basic landscape observations were made to determine surface water and flow conditions.
The location of the Mine Site in relation to the upstream catchments is shown in Figure 5.

As noted above, the TNWP Route is not included in the scope of this report and is excluded
from the overall Surface Water Management Study Area. We anticipate that neither the
establishment nor operation of this aspect of the Project would significantly affect surface
water. As such, consideration of surface water management over the TNWP Route is beyond
the scope of this assessment.

The Mine Site covers approximately 776ha and lies to the immediate south of Tomingley. It is
divided into two sections by the Newell Highway to form an Eastern Section and a Western
Section (Figure 2). The Eastern Section of the Mine Site covers approximately 458ha in total
including the Caloma and Caloma Two Open Cuts and Waste Rock Emplacement (WRE) 3.
The Western Section of the Mine Site covers approximately 318ha and would include
Wyoming Open Cuts One and Three, Wyoming Three underground mine, WRE 1 and 2, the
proposed processing area and residue storage facility (RSF).

4 ENVIRONMENTAL SETTING

4.1 TOPOGRAPHY

The Mine Site is located on very gently inclined terrain in the Bogan River catchment on the
western side of the Herveys Range. Slopes range from 1:325 (V:H) up to 1:40 (V:H), with
typical slopes of around 1:100 (V:H) to 1:200 (V:H) (Figure 6). Surface elevations range from
265m AHD on the southwestern boundary to 284m AHD on the eastern boundary. The
majority of the Mine Site falls in a generally southwesterly direction.
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The remainder of the Study Area outside the Mine Site consists of gently undulating low rises
and hills with slopes typically between 1:50 (V:H) and 1:10 (V:H). Elevation increases east of
the Mine Site to a maximum of approximately 373m AHD.

4.2 LAND USE

421 Mine Site

Most of the Mine Site is cleared and has been previously used for agriculture (grazing pasture
or crop production). A number of unsealed access tracks traverse the existing paddocks. A
single homestead, located within the Western Section of the Mine Site (Figure 2), would be
retained as a site office building.

Presently, access to both the eastern and western sections of the Mine Site is provided directly
from the Newell Highway. While an access point to the Newell Highway would be retained as
an emergency access, the main access to the Mine Site would be from Tomingley West Road.
An underpass would be constructed under the Newell Highway to provide access between the
Eastern And Western Sections of the Mine Site. The location of the new access point and
Newell Highway underpass are identified on Figure 2 and the construction and operation of
these features is discussed in detail in Section 2 of the Environmental Assessment.

4.2.2 Surrounding Lands

The lands surrounding the Mine Site to the east, south and west have been cleared, mainly for
cropping, with steeper areas remaining under native timber. Surface rock outcropping is
common in the upper reaches of the Study Area. The town of Tomingley lies to the north of the
Mine Site. The abandoned Myall United Gold Mine at McPhail (“McPhails Mine”) is located to
the immediate south of the Mine Site with some other minor workings located to the northwest.

4.3 SOILS

Soils within the Mine Site are described in detail in a separate Soils Assessment prepared by
Sustainable Soils Management Pty Ltd (SSM, 2011), included as Part 8 of the Specialist
Consultant Studies Compendium (hereon referred to as SSM (2011)). SSM (2011) identifies
six soil types, five of which are well-drained. However, one soil type, namely the Sodic
Gilgaied Dermosol east of the Newell Highway, is poorly-drained. Overall, SSM (2011)
identified that 89% of the Mine Site was well-drained, with the remaining 11% poorly-drained.

SSM (2011) identifies the soils as having a significant risk of dispersion, most likely
necessitating flocculation to achieve adequate settling in sediment-control structures. Soil
erodibility was identified as moderate to high (K-Factor of 0.04 to 0.05).

Acid sulphate soils are not expected to be an issue at this site due to its elevation. Acid
sulphate soils only occur on lands below 10m AHD.
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4.4 DRAINAGE
44.1 Regional Drainage

The Mine Site is located within the catchment of the Bogan River (Figure 6). Poorly defined
ephemeral drainages on the western side of the Herveys Range flow to the Bogan River
located approximately 11km to the southwest of the Mine Site. The Bogan River flows in a
generally northwesterly direction before merging with the Darling River approximately 80km
upstream of Brewarrina.

4472 Local Water Courses and Dams

Gundong Creek traverses the northwestern section of the Mine Site, while a number of
unnamed, poorly-defined drainage lines occur within and immediately north and east of the
Mine Site (Figure 7). These have been labelled Drainage Lines A, B, C and D respectively for
ease of reference.

The natural westerly and southwesterly flows in Drainage Lines A, B, C and D are disrupted by
the presence of the Newell Highway, with flows collecting on the eastern side of the Highway
then crossing at a series of culverts near the southern boundary of the Mine Site. This
combined drainage flows as overland flow (i.e. no defined channel) westward from this point,
eventually joining Gundong Creek approximately 5km downstream from the Mine Site.

Numerous small dams exist on the Mine Site. While many of these would be removed to make
way for the proposed mining operations, one farm dam on the western boundary of the Mine
Site would be retained as a sediment retention structure (Sediment Basin 1 on Figure 2).

Gundong Creek has its headwaters in the Herveys Range approximately 12km to the east of
the Mine Site. A heritage assessment for the area conducted by OzArk Environment and
Heritage Management Pty Ltd (OzArk 2011) identifies that Gundong Creek formally dissipated
at a place called ‘Ten Ponds’ (also possibly known as “Ten Mile Holes”) to the northeast of
Tomingley and that the current creek was formed by cutting a channel for growing vegetables
and mineral processing during the 1800’s.

Figures 5 and 7 show the four main catchments that would be affected by the Mine Site.

These are hereon referred to as Catchment 1, Catchment 2, Catchment 3 and Catchment 4
and are described in Section 4.4.3.
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443 Catchment Areas and Boundaries

4.4.3.1 Gundong Creek — Catchment 1

Gundong Creek drains an area of approximately 10 600ha upstream of where it enters the
Mine Site, although it is unlikely that the currently formed creek conveys all flows from that
entire catchment. It is likely that a significant proportion of the peak flows are diverted away
from the creek well before they reach the proposed Mine Site, as indicated by the following site
observations.

e At the bridge across Gundong Creek on the Newell Highway, located
approximately 3km northeast of Tomingley, is a topographical feature shown on
the Department of Lands mapping called the “Gundong Overflow”. This is
adjacent to the previously discussed “Ten Mile Holes”. There are several culverts
located immediately to the north of the bridge that suggests that major flows are
diverted away from the Gundong Creek catchment.

e The capacity of the creek downstream of the bridge would be insufficient to
convey the full peak flows from the entire catchment. It is likely that major flows
would overtop the creek and sheet flow in a southwesterly direction away from
the creek.

e The crossing at Tomingley West Road is insufficient to pass a 100-year ARI peak
flow. Surplus run-off would overtop the crest on the western side of Tomingley
West Road and flow in a southwesterly direction away from the creek.

The extent of the catchment area is shown in Figure 5. Approximately 15% (110ha) of the
Mine Site drains directly to Gundong Creek under the present conditions as it passes through
the Mine Site.

Figure 5 also shows the full extent of the Gundong Creek catchment to a point downstream of
the Mine Site where Catchment 4 adjoins Catchment 1.

4.4.3.2 Drainage Lines A, B, C — Catchment 2

Drainage Lines A, B and C drain lands upstream of where they enter the Eastern Section of
the Mine Site and, under the present conditions, flow through the Mine Site. These are
collectively assessed as Catchment 2, as shown on Figure 5.

Catchment 2 is intercepted by the Newell Highway and combined at a single culvert, where it
outlets into Catchment 4 (see Figure 7 and Section 4.4.2).

4.4.3.3 Drainage Line D — Catchment 3

The catchment area of Drainage Line D is assessed as Catchment 3 on Figure 6. Only minor
disturbance is proposed within the area of Catchment 3 as a result of the Project. Catchment 3
outlets via two culverts under the Newell Highway and joins into Catchment 4 (see Figure 7
and Section 4.4.2).
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4.43.4 Catchment4

Catchment 4 includes part of the Mine Site on the western side of the Newell Highway, plus all
outflows from Catchments 2 and 3 (as show on Figure 5). Drainage in Catchment 4 is poorly-
defined, with no definite channel and all flows are reported (anecdotally) to occur as overland
or sheet flow. This catchment is assessed both in isolation (i.e. excluding the inflows from
Catchments 2 and 3) and including the inflows from Catchments 2 and 3. This is to determine
what impacts might occur within Catchment 4 if flows from Catchments 2 and/or 3 were
diverted either north of the Mine Site (i.e. directly to Gundong Creek) or into neighbouring
catchments to the south.

4.5 FLOODING

Gundong Creek is part of a significant catchment upslope of the Mine Site, although it's
unlikely that flows from the entire catchment are conveyed via Gundong Creek for the reasons
already discussed in Section 4.4.3.1. Even though this is the case, significant rainfall events in
the upstream catchment can generate over-bank flows in Gundong Creek in the vicinity of the
Mine Site, particularly in the western section of the Mine Site.

Existing levies around the main centre of the Tomingley township are evidence of potential
flooding in this area.

We are advised by Michael Sutherland from Alkane Resources that the Tomingley West Road
is subject to periodic inundation in the vicinity of the Main Site Access Road (see Figure 2).
Additionally, flooding has historically occurred at the culvert crossings of the Newell Highway
(see Figure 7) when flows in Drainage Lines A, B, C and D exceed the culverts’ capacities.
Surface flow and flood modelling for Gundong Creek and the four minor drainage lines is
included in Section 5 to assess the influence of the Project on surface flows and flooding
behaviour.

4.6 GROUNDWATER

Groundwater within and adjacent to the Mine Site is described in two documents, namely:

o the groundwater assessment prepared by The Impax Group (incorporating
groundwater modelling completed by Australasian Groundwater and
Environmental Consultants Pty Ltd) and presented as Part 3 of the Specialist
Consultant Studies Compendium (Impax, 2011); and

¢ a Groundwater Investigation Report prepared by Coffey Geotechnics Pty Ltd 10
August 2007 (Coffey, 2007) and additional report dated 8 April 2008 (Coffey,
2008).

Impax (2011) identified the potential for the open cuts to intercept fractured groundwater-
bearing layers, with subsequent inflows into the open cut void. However, hydraulic conductivity
within the surrounding layers is low (combined inflows from the three open cuts of 1.06L/s,
Impax (2011)) such that pit inflows from groundwater are expected to be minimal. Any pit
inflows of groundwater would be pumped to one of two dewatering ponds (identified as the
Wyoming Dewatering Pond and Caloma Dewatering Pond on Figure 13) and used for
processing and dust suppression. There would be nil discharge of water pumped out of the pits
due to the risk of it being saline.
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Coffey (2008) includes monitoring in four boreholes in and around the Mine Site. Water levels
in two boreholes located in the northeastern and southeastern corners of the western section
of the Mine Site near the Newell Highway remained seasonally stable. Two other boreholes
near the abandoned McPhails Mine workings rose significantly. This is believed to be in
response to a significant rainfall event of approximately 150mm on 27 December 2007 that
infiltrated the old workings which remain partially open at the surface.

SSM (2009) includes results of an electromagnetic survey which suggests the presence of
potential springs in the northwestern corner of the Mine Site. However, Impax (2010) found the
potential for existing groundwater outflows on the Mine Site was low.

4.7 VEGETATION

The majority of the Mine Site is currently used for intensive crop farming including annual
cereal crops and some native pasture. Although the majority of the Mine Site has been
cleared, stands of remnant woodland exist along drainage lines and some portion boundaries.

4.8 CLIMATE

481 Rainfall

Three nearby rainfall stations were investigated as part of this assessment. Of these, only the
Peak Hill Post Office station is operated by the Bureau of Meteorology. The rainfall stations are
as follows.

e Peak Hill Post Office — Station Number 050031 located approximately 16km to
the south of the Mine Site. This station has 119 years of rainfall records from
1890 to the present. This station is operated by the Bureau of Meteorology and
the rainfall record is 99% complete.

e Wyanga (Barcoo) — Station Number 051008 located approximately 14km to the
northwest of the Mine Site. This station has rainfall records from 1899 to the
present. This station is not operated by the Bureau of Meteorology so the
completeness of the rainfall record is not known. An investigation showed
significant gaps in the data record.

e Tomingley (Gundongs) — Station Number 050139 located approximately 10.8km
to the northeast of the Mine Site. This station has rainfall records from 1965 to
the present. This station is not operated by the Bureau of Meteorology so the
completeness of the rainfall record is not known. An investigation showed
significant gaps in the data record.

Annual average rainfall at each of the above rainfall stations is recorded as follows.

e Peak Hill Post Office — 559mm/year.
e Wyanga (Barcoo) — 499mm/year.
e Tomingley (Gundongs) — 557mm/year.
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Although the Tomingley (Gundongs) and Wyanga (Barcoo) stations are closer to the Mine Site,
data from the Peak Hill Post Office rainfall station were selected as being the most reliable due
to the length and completeness of the rainfall record, and the fact this station is operated by
the Bureau of Meteorology. Furthermore, the long-term rainfall average at Peak Hill is not
significantly different to that at the Tomingley (Gundongs) station and, as such, it can be
considered representative of the typical climate conditions expected at the Mine Site.

An analysis of the monthly rainfall pattern for Peak Hill Post Office is included in Figure 8.

Figure 8 shows that rainfall is fairly consistent throughout the year, with a slight summer
dominance and a minor peak in January. The record from 1890 to the present includes both

wet and dry periods, so can be considered a good representation of the long-term average for
this site (559mm/yr).

Peak Hill Post Office - 1890 to Present
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Figure 8 Monthly rainfall analysis for Peak Hill Post Office Station 050031

4.8.2 Evaporation

The closest Bureau of Meteorology meteorological station collecting evaporation data is at the
Wellington Research Centre, approximately 68km to the east. The station commenced in 1946
and was closed 24 February 2005. Figure 9 shows an analysis of the average daily
evaporation occurring in each month up to 2005.
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Figure 9 Mean Daily Evaporation by Month

Figure 9 shows that evaporation is significantly greater in the summer months. Evaporation
data for the Mine Site might be slightly different from that at Wellington due to minor
differences in average annual rainfall (Wellington 619mm vs Peak Hill 559mm) and elevation
(Wellington 390m AHD, Mine Site 260 to 280m AHD) although this is not expected to
significantly affect the results of this assessment.

4.8.3 Rainfall to Evaporation Comparison

Table 1 and Figure 10 show mean monthly values for both rainfall and evaporation. This
shows that evaporation exceeds rainfall for all months of the year.

Table 1
Mean Monthly Rainfall and Evaporation

Jan Feb Mar Apr | May | Jun Jul | Aug | Sep Oct Nov Dec Total

Rainfall (mm)* 59.6 | 50.0 | 49.2 | 42.2 | 449 | 429 | 445 | 434 | 37.6 | 48.6 | 47.2 | 49.2 559.3

Evaporation (mm)? | 272.8 | 223 | 195.3 | 126 | 77.5 48 52.7 | 74.4 | 102 | 158.1 | 207 | 266.6 | 1803.4

Note 1 — Source — Bureau of Meteorology Peak Hill Station
Note 2 — Source — Bureau of Meteorology Wellington Research Station

During unseasonal wet periods, there is a potential that rainfall might exceed evaporation. At
those times:

e dust suppression requirements are likely to be reduced because the prevailing
moisture levels in soils remain higher;

e evaporation cannot be relied upon to “treat” (i.e. remove) sediment-laden or
contaminated water;

e the potential for on-site sewerage effluent disposal is decreased and temporary
storage is sometimes required to avoid saturating soils; and

e runoff is generally higher due to the higher prevailing moisture content in the soll
reducing infiltration during rainfall events.
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Figure 10 Mean Monthly Rainfall vs Mean Monthly Evaporation

5 SURFACE WATER ASSESSMENT
51 PEAK FLOWS
5.1.1 Background and Modelling Procedure

Estimations for the peak runoff from the Study Area were determined using the Rational
Method for Catchments 2, 3 and 4 (Figure 5) in accordance with Engineers Australia (2002)
Australian Rainfall and Runoff Volume 1. Peak flows in Gundong Creek, represented by
Catchment 1 on Figure 5 were modelled using XP-RAFTS. A copy of the catchment model
generated in XP-RAFTS is shown in Figure 11. Figure 12 shows a detail of this XP-RAFTS
modelling around the Mine Site itself. Spreadsheets generated by the model are included in

Appendix 3.
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Figure 12 Detail of XP-RAFTS Model Across the Actual Mine Site

The Intensity Frequency Duration (IFD) rainfall data for the site has been calculated from
Australian Rainfall and Runoff (Institution of Engineers, 1998). A copy of the IFD chart for the
site is attached in Appendix 1.

Table 2 summarises the various inputs for peak flow modelling. Note that Table 2 includes
each of Catchments 1, 2, 3 and 4, plus input values for each of these catchments with the
Mine Site area excluded. Catchment 4 was initially modelled separately to assess how the
Mine Site would affect peak flows if water from Catchments 2 and 3 was diverted away from it.
An assessment is also included showing how the combined flows in Catchments 2, 3 and 4
might be affected by the Project.

Note that, although Catchment 1 has an upstream area of some 10 600ha, floodwaters would
exceed the capacity of Gundong Creek and flow in a southwesterly direction over a wide
floodplain upstream of the Mine Site (as previously discussed in Section 4.4.3.1). As a result,
it is difficult to quantify the exact catchment area contributing to flooding at the Mine Site from
Catchment 1. A conservative estimate based on the location of existing culverts under
Tomingley Narromine Road suggest that at least 1400ha of catchment is directed well north of
the Mine Site by the existing road culverts and natural overland flow. We estimate that run-off
from at least half of Catchment 1 would bypass the Mine Site when taking into account loss of
flows at the “Gundong Overflow” previously discussed in Section 4.4.3.1. When calculating
peak flows (Tables 2 and 3) and flood heights (Table 4), we have used the figure of 9 200ha
for Catchment 1.
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Table 2
Input Data for Peak Flow Calculations
Rainfall Intensity (I) mm/hr Ci0 mod .
Carchment ér”??) (hot'ifs) 1yr, tc 53:;’ 10yr, tc Z?Zr’ 50yr, tc 103: vr (1223;35.15 Deg::ecj
1 92 4243 | 715 | 120 | 137 | 160 | 191 | 215 1.01 0.10
2 18 2279 | 111 | 188 | 215 | 252 | 302 | 341 1.29 0.13
3 135 | 2043 | 120 | 203 | 233 | 272 | 327 | 370 1.35 0.14
4 1804 | 2281 | 11.1 | 187 | 214 | 250 | 300 | 340 1.29 0.13
2+3+4 4954 | 3349 | 846 | 142 | 163 | 190 | 227 | 257 1.11 0.11
! (gtgﬂ;”e 918 | 4231 | 716 | 120 | 137 | 160 | 191 | 216 1.01 0.10
2 (Z?t';")ine 1656 | 2208 | 11.4 | 192 | 220 | 257 | 309 | 349 131 0.13
3 (Z?t';")ine 1343 | 2039 | 120 | 203 | 233 | 273 | 327 | 371 1.35 0.14
4 (Z?t';")ine 1605 | 2182 | 115 | 194 | 222 | 260 | 311 | 353 1.32 0.13
f/lTr?:lsfteg) 4604 | 3257 | 863 | 145 | 166 | 19.4 | 232 | 26.2 112 0.11

Table 2 notes:
e Catchment refers to the catchment number in Figure 5
e tcis Time of Concentration (in hours)
e Cyo is the runoff coefficient (dimensionless) in the 10-year storm event. These have been derived for the
Study Area as per the procedure in Engineers Australia (2002).
e Note that “ex Mine Site” only refers to that part of the Mine Site that would be excluded from each
catchment as a result of bunding, not the full extent of the actual Mine Site within each catchment.

The Mine Site is dominated by well-drained, moderately permeable, silty loam soils. The initial
and continuing infiltration rates in XP-RAFTS were assumed from broad data provided in SSM
(2009) as follows.

e Initial loss: 25mm
e Continuing infiltration rate: 2.5mm/hr.

Detailed soils information is not available for the remainder of the Study Area outside the Mine
Site. Hence, the same infiltration rates were adopted within that area in the absence of any
more specific information.

51.2 Peak Flow Run-off Results

Peak flow calculations for each of the catchments are detailed in Table 3, along with
calculations for each catchment excluding the area of the Mine Site contained therein.

As noted in Section 4.4.2, flows from Catchments 2 and 3 converge at a series of existing box
culverts under the Newell Highway towards the southern end of the Mine Site. They then enter
Catchment 4. Catchment 4 was initially modelled separately to assess how the Mine Site
would affect peak flows if water from Catchments 2 and 3 was diverted away from it. An
assessment is also included showing how the combined flows in Catchments 2, 3 and 4 might
be affected by the Project.
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Table 3
Peak Flow Calculations for Each Catchment

1 (ex 2 (ex 3(ex 4 (ex 2+3+4

ARIL Frequency 1 2 3 4 2+3+4 M_ine Mjne Mjne M_ine (ex 'Mine
(years) Factor Site) Site) Site) Site) Site)
(m3/s) (m3/s) (m3/s) (m3fs) (m3fs) (m3/s) (m3fs) (m3fs) (m3/s) (m3fs)
lyrte 0.38 0.037 2.730 2311 2.768 4,919 0.032 2.612 2.301 2.566 4715
5yrtc 0.78 31.300 9.490 8.025 9.573 16.949 31.160 9.029 7.989 8.884 16.262
10 yrtc 1 46.500 13.914 11.808 14.046 24.943 46.300 13.264 11.756 13.033 23.868
20 yrtc 1.26 69.400 20.549 17.369 20.675 36.634 69.100 19.523 17.356 19.233 35.147
50 yrtc 171 109.100 33.422 28.338 33.670 59.399 108.700 31.857 28.213 31.222 57.042
100 yr.tc 2.14 117.900 47.227 40.128 47.755 84.160 117.300 45,028 40.059 44.349 80.617

Note 1: tc= Time of Concentration

A preliminary design check of the capacity of the existing culverts conveying flows from
Catchments 2 and 3 suggests they are only capable of safely passing flows in the 1-year storm
event. A copy of the design check is included in Appendix 2. Significant upgrading of the
culverts would be required to ensure safe flows for all storm events up to the 100-year ARI
event. However, as noted in Table 3, the Project would actually decrease peak flow volumes
in all storm events, albeit by a relatively minor amount. As the Project is unlikely to impact on
the ability of the existing culverts to convey flows in the relative design storm events, upgrading
of these culverts, if required, should not be the responsibility of the Proponent.

5.2 FLOOD MODELLING

52.1 Introduction

An assessment was made of the pre-development and operational-stage flood heights at the
Mine Site for Catchment 1 (i.e. Gundong Creek) and within Catchment 2 (Drainage Lines A, B
and C). The purpose of this was to determine:

e the height of any bunding that might be required to protect the Mine Site from
floodwaters from Gundong Creek;

o whether bunding would be required around the Caloma Open Cut to protect it
from floodwaters backing up due to the constriction of flows in the Newell
Highway culverts; and

o the change in flood elevation that might occur within Catchment 1 as a result of
the main site access road and Gundong Creek crossing, plus bunding the Mine
Site (thereby excluding it from the land area available for floodwaters to spread
over).

Note that a flood assessment was not conducted for Catchment 3 because it would be mostly
unaffected by the Project and any flooding in Catchment 3 is unlikely to affect structures within
the Mine Site. An assessment was not conducted for Catchment 4 because the existing
culverts under the Newell Highway effectively act to restrict flows, minimising the risk of
downstream flooding. Flood waters from Catchments 2 (and 3) are likely to temporarily back
up as a result of the culvert constriction, and this is assessed in Section 5.2.3.
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5.2.2 Catchment 1 Flood Heights

A HEC-RAS flood model was developed along the centreline of Gundong Creek which passes
through the western side of the Mine Site (see Figure 2). This was used to determine the
various peak flood heights up to and including the 100-year ARI flood within Catchment 1.
Flood heights were determined under the existing conditions (pre-development) and under the
proposed conditions (post-development) and included the Main Site Access Road, culvert
crossing over Gundong Creek and surface water management structures proposed to divert,
capture and direct the flow of water on and around the Mine Site (see Figures 13 and 14). The
post-development model also includes the earth bund effectively excluding the Mine Site from
Catchment 1.

The full 100-year ARI peak flow for the entire Catchment 1 has been used as a conservative
figure to determine the minimum bund height even though the majority of the flows above the
capacity of Gundong Creek would bypass the Mine Site to the northwest as previously
discussed in Section 4.4.3.1. We estimate that Gundong Creek would most likely only convey
up to the 2-year ARI peak flow from Catchment 1 because excess flows above the 2-year ARI
would flow overland to the northwest as previously discussed.

The results of the flood modelling using the 100-year peak flow are included in Table 4. A plan
showing the river stations or cross-sections relating to Table 4 is included in Appendix 7. This
plan also shows the spatial extent of the more realistic 2-year ARI peak storm at the location of
the proposed main access crossing over Gundong Creek to the Mine Site. HEC-RAS outputs
are also included in Appendix 7. An analysis and impact assessment based on these results
is included in Section 6 of this report.

Table 4
Modelled 100-year Flood Heights in Catchment 1
River Ground 100-year flo.od. level 100-year flood level Change in 100-
Station Level (m un_d_er existing aftgr de\_/elopment of year flood level
AHD) conditions (m AHD) Mine Site (m AHD)

0 264.00 263.86 263.75 -0.11m
500 265.75 265.77 265.75 -0.02m
1000 267 267.63 267.72 +0.09m
1280 268.10 268.47 268.85 +0.38m
1500 268.90 269.23 269.25 +0.02m
2000 270.80 270.99 271.02 +0.03m
2500 272.70 273.14 273.13 -0.01m

The 100-year ARI flood heights for Catchment 1 (Gundong Creek) shown in Table 4 suggest
that bunds would be required to exclude the Mine Site from floodwaters. A minimum flood
height of 0.75m plus at least 0.5m of freeboard would be required for the 100-year ARI flood.
The freeboard should be included to allow for the Probable Maximum Flood and to
accommodate unforseen restrictions on flows that might occur off-site and downstream of the
points modelled and to allow for earth bund stability when inundated.

SEEC




ALKANE RESOURCES LTD
Tomingley Gold Project

SPECIALIST CONSULTANT STUDIES 2-31
Part 2: Surface Water Assessment
Report No. 616/06
SERVERIRWC\616161605\Cad\616Base_Surface 13.DWG
1 . N p o
MN of N Mo N\ = . \
cé'u :'\ = N = “\\ ) N ‘ s
By H =k X % N A
8, : ~ \\ N -~ \ Y Vs
8t \ Tomingley \ ™ p
81 \ : | \
N ~ \ -
! - - -
o ¥
\[ ! \ o\ N o
of 4 b N T e — . /Sy
=K y 1 ~_ \ &
L oF - ; \ | | )
ey k=% IA A A S F -nﬁgs A
[ & ’, { - o, ot |
5[4 S " Eastern Amenity Bund . A I
= ;_ oy .\J i ~J \ L '-I_- N A " ’ / &,
1 Western Surface e, J \ ™\ Sediment Basin 5 . T /8/ 7|
E Water Diversion o (N > B e, N ¢ [ =
i Structure N . - s ) J |/ T
— _, o mmnmdan ' A S 1l
Wi k7)) N ¥ S S ) Tl
ol Tdt vl d " Eastern Surface | J
[ e A '-'li IS §*/Water Diversion/ ’
- GB2ySSs==r | § [/ Stuclure | ]
. fcCentralSurface {7/ /[ |
Water Diversion [ / /| B ’
[ Strycture -4 ’
SV eEG | ol
 Resifice. __ ] TP .' !
‘.  Storage 8! A Yo ol s 4l ! / { e ) | | | .
Wyoming Dewatering Pond ¥ i~ Caloma | ’3’939‘8:;11}:9' c ! «
¥ b N \_Devyale:ring"n, s | \ . ’ /
8 2 \ H

"
N

“Fagility

Sediment - . CB5

‘-B\asin 2 S

f . Western Amt-;nit.\,cr Bund F ,Mé:Phai! r b\
) \ I ~ Tailings:Dam . .
N l ) @ ‘ : I
SCALE 125000 | /2 —>
250 0 250 500 750 1000  1250m \ | /. .:
REFERENCE
Mine Site Boundary

Base Map Source: Alkane Resources Ltd.

—+—s——s Proposed Limit of Mining
==s===== Proposed Amenity Bund
“wwwwn= Proposed Diversion Bank (Bund) / Channel
======== Proposed Catch Bank / Channel

——— Existing Sealed Road
#—— Contour (m AHD)(Interval = 1m)
Creek / Drainage Line
@ Dewatering Pond

ces  Catch Bank Identifier
B==B' Section Location and Identifier (See Figure 14)

Figure 13

PROPOSED SURFACE WATER
MANAGEMENT STRUCTURES

SEEC



ALKANE RESOURCES LTD
Tomingley Gold Project
Report No. 616/06

SPECIALIST CONSULTANT STUDIES
Part 2: Surface Water Assessment

WSERVER\RWC\616'61605\Cad\616Base_S Water 14.DWG
A' East

Type 1 Channel (upstream)

A West
1500
Type 4 Bund
[ i o
1\ [ == St g
B West

Type 1 Channel (Downstream) B' East

Type 1 Bund |

Rock Protection South of Waste Rock
Emplacement 3 for Length of Eastern
Surface Water Diversion Structure only

C Northwest

1301
Min

1
3

Type 2 Channel

D'
M'q W

Type 3 Channel

ﬂ—

C' Southeast

E North E' South

2500

o

Source: Mintrex(2009) - After Figure 4

H Northwest 100 H' Southeast
: 2 /7N
gis 7 TS l
E = g :
\E!l T 3 Bund
G Wesl G' West abe SHI
-
g Not to Scale
Note 1: Refer to Figure 13 for Section Locations
000 , 15 2000 s 1000 2: All Dimensions are expressed in mm
Bitumen Surfaced
ﬂ / Table Drain
15
||‘T~-SL 2 / 4l SN[
ik VIR Figure 14
— INDICATIVE BUND AND
SURFACE WATER CONTROL

Drain Over Newell Highway Underpass East Side

STRUCTURE DESIGN

SEEC



SPECIALIST CONSULTANT STUDIES 2-33 ALKANE RESOURCES LTD
Part 2: Surface Water Assessment Tomingley Gold Project
Report No. 616/06

5.2.3 Catchment 2 Flood Heights

As previously identified, the existing culverts under the Newell Highway at the outlet of
Catchment 2 are not sufficient to convey the 100-year ARI flood event. In such an event, water
would most likely flow over the Newell Highway or could back up onto the Mine Site east of the
Newell Highway. Anecdotal evidence provided by Kim Strahorn from nearby property
“Ellerslie” suggests that very large rain events in the past have led to water backing up and
over the Newell Highway at this location, but only for a short time.

Modelling was conducted using DRAINS for Catchment 2 to determine the total volume of
water that might occupy the Mine Site east of the Newell Highway in the 100-year ARI event
(i.e. assuming 100% blockage of the existing culverts under the highway). This is estimated at
approximately 46 000m? of water. An assessment of the available volume within the Eastern
and Central Surface Water Diversion Structures (Figure 13), which would convey flows in
Drainage Lines A, B and C through or around the eastern portion of the Mine Site suggests
that this 46 000m?® of water could be comfortably accommodated within the channels without
overtopping into the Mine Site or onto neighbouring lands. Details of these structures are in a
separate report by Mintrex and are summarised in the Environmental Assessment.

5.3 SURFACE WATER QUALITY AND VOLUMES

5.3.1 Background and Introduction

Surface water quality was assessed for both the existing conditions (i.e. pre-development) and
proposed conditions during operation using MUSIC (Model for Urban Stormwater Improvement
Conceptualisation). MUSIC contains algorithms based on the known performance
characteristics of common stormwater quality improvement structures used in Australia.
These data are derived from research undertaken by the CRC for Catchment Hydrology (now
part of eWater) and others. The models are appropriately calibrated and all amendments to
MUSIC defaults are noted below. The modelling quantifies:

¢ the levels of the principal pollutants before and after the development; and

e changes in export levels because the development is there.
Statistics are produced for flows (ML/yr) plus the load (kg/yr) and concentration (mg/L) of a
range of common pollutants in stormwater including:

o total suspended solids (TSS);

¢ total phosphorus (TP);

¢ total nitrogen (TN); and
e gross pollutants (GP).

5.3.2 Modelling Area

For the purposes of MUSIC modelling, only the Mine Site itself is considered. The remainder of
the Study Area is excluded from this modelling because surface conditions outside the Mine
Site would not be modified by the Project.
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In addition, the area to be occupied by the three open cuts and the RSF are excluded from
both the pre-development and operational-stage models. This is because these areas would
be either internally-draining or completely bunded and so excluded from generating runoff. To
maintain consistency in the total surface area modelled in the pre-development and
operational-stage models, the land area occupied by these features is excluded from both.

While the spatial extent of soil stripping, waste-rock emplacement and mining operations would
vary over the life of the mine, we have assumed the full extent of disturbance at a single time.
This conservative approach addresses the potential for spatial or temporal changes in the way
mine operations are carried out post approval (should project approval be granted).

5.3.3 Climate Data for MUSIC Modelling

Creation of a MUSIC catchment file requires an associated meteorological data file. Reliable
pluviograph data for Wagga Wagga was used because it has a similar average annual rainfall
pattern and amount to the site (Wagga Wagga AMO long-term average 564mm/yr, Peak Hill
long-term average 559mm/yr). A 10-year period from 01/01/1980 to 31/12/1989 with a one-
hourly interval was used because it includes both wetter-than average and dryer-than average
years but, overall, is almost identical to the long-term site average. Statistics for rainfall and
potential evapotranspiration (PET) are included in Table 5 and Figure 15.

Table 5
One-hourly Rainfall and PET statistics used in MUSIC models
Statistics
Measure Mean
Mean Median Maximum | Minimum 10%ile 90%ile annual
(mm/yr)
Rainfall 0.065 0.000 34.13 0.000 0.000 0.008 568
(mm/hr)
PET
3.316 2.670 5.810 1.170 1.290 5.170 1211
(mm/day)
5.34 Pre-Development Modelling Calibration and Setup

Under existing conditions, impervious surfaces such as roofs, sealed roads, and other
hardstand surfaces occupy only minimal areas within the existing area to be occupied by the
Mine Site. The remainder of the Mine Site is used for agricultural purposes. As such, the
existing conditions are modelled using a default “agricultural” node in MUSIC, set to 99%
pervious area.

Pervious area runoff and infiltration properties were determined from Macleod (2008)
assuming 0.5m of sandy clay loam (note that soil depth in MUSIC only takes into account
those layers directly affected by PET, although actual soils might be significantly deeper).
Table 6 provides details of source node pervious area calibration. Although the report by SSM
(2009) identifies several different soil types, upper soil layers were relatively consistent and
can be reliably represented in a MUSIC model using a single suite of parameters for each
source node across the Mine Site.
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Figure 15 Time-series Chart for One-Hourly Rainfall and PET as Used in MUSIC Models
Table 6
Calibration of Pervious Area Properties for MUSIC Source Nodes (from Macleod, 2008)
MUSIC Parameter Calibration for source nodes at the Mine Site
Soil storage capacity 108mm
Initial storage 30%
Field capacity 83mm
Infiltration capacity coefficient 200
Infiltration capacity exponent 2.5
Groundwater initial depth 30mm
Daily recharge rate 35%
Daily base flow rate 25%
Daily deep seepage rate 5%

5.3.5 Operational-Stage Modelling Calibration and Setup

As discussed in Section 5.3.2, the area occupied by the three open cuts and the RSF are
excluded from both the pre-development and operational-stage models. Table 7 details the
base flow and storm flow properties used to calibrate various parts of the Mine Site in the
operational stage. These are based on details for various land use and surface types
described in SCA (2009).

Pervious area properties for all nodes are set in accordance with Table 6. The overall area and
impervious surface percentages for each source node are determined based on the proposed
extent of various structures as illustrated on Figures 2 and 13 and described in Section 2 of
the EA. In all cases, conservative (over) estimates were assumed.
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Table 7

MUSIC Stormwater Pollutant Input Parameters for Operational Areas of the Mine Site

. TSS (mg/L -loguo) TP (mg/L -logio) TN (mg/L -log1o)

Surface type Land use type Flow type mean | Std.dev | mean | Std.dev | mean Std. dev
Ope_r_a_tion industrial land use Base flow | 1.20 0.17 -0.85 0.19 0.11 0.12
facilities Storm flow | 2.15 0.32 -0.60 0.25 0.30 0.19
Stripping areas Unsealed roads Base flow | 1.20 0.17 -0.85 0.19 0.11 0.12
and WRE Storm flow | 3.00 0.32 -0.30 0.25 0.34 0.19
Unused areas Revegetated land Base flow | 1.15 0.17 -1.22 0.19 -0.05 0.12
of Mine Site Storm flow | 1.95 0.32 -0.66 0.25 0.30 0.19

(Note: * based on SCA, 2009).

The operational-stage MUSIC modelling assumes the following.

Unsealed roads within the Mine Site would be provided with effective dust
suppression to minimise the risk of erosion by wind or water.

The entire disturbed area on the Mine Site would be effectively bunded to
exclude floodwaters and any run-on.

Drainage Lines A, B and C would be diverted around or through the Mine Site.
Sediment basins would be installed as described in Section 7.3.1.

The water management strategy described in Section 7 would be effectively
implemented.

Internal roadways within the Mine Site would be significantly compacted.

Processing areas, plant and storage areas, plus other disturbed areas occupy
40ha with 70% effectively impervious (this is a conservative overestimate).

The internal road system is estimated at 20ha with 75% effective impervious area
(assuming approximately 6.5km of roadway, 30m wide).

Soil stripping and waste rock emplacements are assumed to occupy 108ha, of
which 30% is effectively impervious at any one time.

Sediment Basins 1, 2, 3 and 4 (see Figure 13) are modelled using a default “Sediment Basin”
node in MUSIC, sized according to Section 7.3.1 and Appendix 5, and assuming an average
depth of 2m. The Wyoming and Caloma Dewatering Ponds are excluded from the model
because they are both for dewatering of the open cuts and would be operated as nil discharge

structures.

As noted in Section 5.6, water accumulating in the sediment basins would be re-used within
the Mine Site for dust suppression and irrigating rehabilitation areas. This amount is limited to
the harvestable right storage capacity of 51.0ML (see Section 5.4). Using figures for an
average production year (i.e. 1.0Mt), water demand from the sediment basins is set at
322ML/yr (Table 10, Section 5.6.3).
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5.3.6 Results of MUSIC Modelling

A comparison of the pre-development and operational-stage MUSIC results is contained in
Table 8. These results show that mean annual loads of all pollutants would decrease in the
operational stage when compared with the present (pre-development) scenario. This is due to
the effectiveness of surface water management measures such as sediment basins coupled
with onsite reuse of collected water.

The MUSIC modelling results presented in Table 8 estimate a reduction in mean annual flows
from the Mine Site area of approximately 6% (i.e. 17ML/yr). Given that the Mine Site makes up
only 8% of the total catchment area for Gundong Creek (as measured within the Study Area
only), this reduction represents a potential flow decrease of 0.5% per year to downstream
waters. A reduction of this order is unlikely to significantly impact surface water conditions in
the natural system downstream of the Mine Site nor is it likely to significantly impact
downstream users. In addition, the proposed water use is within the harvestable right and any
new dams or basins would be offset by the decommissioning of other harvestable-right
structures within the Proponent’s land holding.

Table 8
Results of MUSIC Modelling (Mean Annual Loads)
I\I\//llL;i:acl: Description Flow TSS' TP* N GP*
Number (MLiyr) | (kglyr) | (kalyr) | (kglyr) | (kglyr)
1 Pre-development 277 19,900 69.3 525 3.25
2 Operational stage without 517 | 285,000 | 170 943 12,600
surface water management
3 Operational stage including 260 10,800 311 346 193
surface water management
2vs 3 Treatment Train Effectiveness -50% -96% -82% -63% -99%
1vs 3 Pre—developm_ent vs Operational 6% -46% 550 -34% -41%
stage comparison

Note 1: TSS = total suspended solids
TP = total phosphorus
TN = total nitrogen
GP = gross pollutants

5.4 HARVESTABLE RIGHT

Present NSW legislation permits landholders to capture and use up a proportion of the total
runoff from their land without requiring a licence. Two factors determine the harvestable right
multiplier at a piece of land; namely:

e the property’s geographical location; and

e the size of the property.
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Although the Mine Site only occupies 776ha, Alkane own approximately 1 023ha of land.
Alkane’s harvestable right is based on this holding using the harvestable right dam calculator
at http://www.farmdamscalculator.dnr.nsw.gov.au/cgi-bin/ws_postcode.epl, accessed on 13"
October 2009. This map shows that the site has a dam multiplier value of 0.05ML/ha, giving a
total harvestable right of 51.0ML total dam/basin capacity. Note that this is based on the
assumption that any dams or basins are “off-line” from natural watercourses.

Dams or basins constructed for the purposes of maintaining water quality (e.g. sediment
basins, effluent management structures or water quality control ponds) are exempt from the
harvestable right calculation for a site, although this assumes that water detained in these
structures is not re-used onsite and is eventually released to downstream waters.

The total volume of the five sediment basins is 4 632m® (46.32ML), which is exempt from the
harvestable right calculation provided that water is not re-used on the Mine Site. However,
given that this volume is less than the harvestable right of 51.0ML, water from the sediment
basins could be re-used on the Mine Site. If this occurs, the total volume of all dams within the
entire 1 018ha holding cannot exceed 51.0ML. This might necessitate the decommissioning of
some existing structures. If water from the dewatering ponds was to be reused on site, it too
would need to be considered in the harvestable right calculation. In any case, the Proponent
would need to ensure that no more than 51.0ML of storage was made available for water
reuse, regardless of the source.

5.5 WATER SAMPLING AND TESTING

Water samples were collected after a period of heavy rainfall causing flows in Gundong Creek.
The sample were taken to establish baseline values for operational-stage monitoring of off-site
water quality. Samples were collected both up- and down-stream of where the Mine Site
discharges into Gundong Creek, in the locations shown in Figure 5.

The samples were tested at a NATA-registered facility for the following parameters:

o pH or Acidity

e Turbidity (NTU)

e Total phosphorus (mg/L)

e Total nitrogen (mg/L).
The results of laboratory testing are included in Appendix 8 and are to be used as baseline
values and compared with future samples and analysed to determine if the Project could be

having an impact on water quality. Any declines in water quality for the measured parameters
would be investigated and appropriate action taken.

SEEC



SPECIALIST CONSULTANT STUDIES 2-39 ALKANE RESOURCES LTD
Part 2: Surface Water Assessment Tomingley Gold Project
Report No. 616/06

5.6 WATER BALANCE
5.6.1 Water Demand

5.6.1.1 Introduction

The Project would require water for several purposes within the Mine Site, including:

e operational purposes associated with processing and milling;
e dust suppression;

e watering of revegetation areas; and

o staff use (potable/ablution purposes).

The estimated quantities of water that would be required for each purpose are provided in
Sections 5.6.1.2 to 5.6.1.4.

5.6.1.2 Operational Water Requirements

A water balance was undertaken as part of the feasibility study for this project by Mintrex. It
was estimated that the processing of 1Mt per annum would require approximately 575ML of
water. At the estimated maximum production rate of approximately 1.5Mt per annum, this
scales up to approximately 878ML of water per year. Table 9 shows ongoing water
requirements over the life of the Project.

Table 9
Annual Water Demand and Assessment against Pipeline Supply Only
Water requirements (ML/yr) Excess supply
Production _ Potable / Dust Total (assumm.g 1QOOML Water supply
rate Processing . : from pipeline) adequate?
ablutions | suppression| demand
(ML/yr)
Average 574.6 12 60.0 635.8 364.196 Yes
1Mtpa
Max
1.53Mtpa 877.7 1.2 60.0 938.9 61.087 Yes
Year 1
1.53Mt 877.7 1.2 60.0 938.9 61.087 Yes
Year 2
1.45Mt 835.8 1.2 60.0 897.0 103.034 Yes
Year 3
0.70Mt 404.2 1.2 60.0 465.4 534.569 Yes
Year 4
0.89Mt 509.1 1.2 60.0 570.3 429.702 Yes
Year 5
1.10Mt 632.4 1.2 60.0 693.6 306.447 Yes
Year 6
0.13Mt 73 1.2 60.0 138.5 861.524 Yes
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5.6.1.3 Dust Suppression and Revegetation Water Requirements

Dust Suppression would be required on all exposed surfaces within the Mine Site including all
the road surfaces, the waste rock emplacement areas (the areas that have not been
rehabilitated) and the processing areas. Water may also be required to assist in rehabilitation
of stockpiles, waste rock emplacements and other disturbed areas as they become redundant.

The amount of water that would be required for dust suppression is 60ML/y. This figure has
been provided by the Proponent and is based on their experience at Peak Hill. Table 9 shows
ongoing water requirements over the life of the Project.

5.6.1.4 Potable/ Ablution Water Requirements

There would be an estimated maximum of 65 staff at the Mine Site. They would have access
to toilets, showers and a kitchen. Their daily use would be estimated at 50L per person per day
(NSW Health, 2001). This gives a total usage of 3,250L/day or 1.19MLpa, which would be
sourced from the proposed pipeline or, alternatively, from rainwater tanks. All of the water used
for potable / ablution purposes is assumed to become wastewater and leave the water cycle by
evapotranspiration and percolation in the proposed wastewater treatment and disposal system.

5.6.2 Water Supply

Two sources of water are identified for the Project: as follows.

1.  Water sourced from the 51.0ML of harvestable right storage on the Mine Site; and

2. 1,000MLpa of water from a water pipeline, sourced from a borefield 7km east of
Narromine.

Water for the potable / ablution purposes would be supplied by the water pipeline for the entire
duration of the mining operations. Water for all other purposes including processing, dust
suppression and revegetation purposes would preferentially be sought from the harvestable
right storages onsite, with any shortfall made up from the water pipeline.

5.6.3 Water Security

Figures in Table 9 suggest that, even at maximum production of approximately 1.5Mtpa, the
overall water demand can be met from the water pipeline alone. As such, even in an extended
drought, there would still be sufficient water to operate at maximum production. However, while
water for potable / ablution purposes would be supplied by the water pipeline alone, water for
all other purposes would preferentially be sought from the harvestable right storages and from
pit dewatering, with any shortfall made up from the water pipeline.

An assessment was made of the percentage of the water demand that could be met from just
the harvestable right storages using an in-house water balance spreadsheet known as
RATES. This spreadsheet was calibrated using 100 years of daily rainfall data from the Peak
Hill rainfall station (as detailed in Section 4.8) and assuming no more than 51.0ML of water
storage is available. The spreadsheet takes into account inherent system losses (e.g.
infiltration, surface wetting) and runoff coefficients, calibrated for the site using data from
Australian Rainfall and Runoff (IEA, 1998). The daily water demand was set according to the
details in Sections 5.6.1 and Table 9 but excluding the demand for potable and ablution
purposes. Evaporation was included in the daily losses in the model, based on figures in
Section 4.8 of this report.
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Table 10 contains the results of RATES modelling, showing the percentage of demand that
would be met from the 51.0ML of harvestable right storages and the pipeline respectively at
average (1Mtpa), minimum (0.13Mtpa in Year 6) and maximum production (1.5Mtpa in Year 1).

Table 10
Results of RATES Modelling - Water Demand Met by Harvestable Right Storages

Shortfall made
Annual demand Assumed |Amount supplied from| up by pit
Production (excluding . PP P yp Adequate
daily water | 50.3ML of proposed dewatering
rate potable and X o water supply?
. demand basins and pipeline
ablutions)
supply
50.8% 49.2%
1.0Mtpa 634.614ML 1.739ML (322.384ML) (312.230ML) Yes
96.87% 3.13%
0.1345Mtpa 137.286ML 0.376ML (132.989ML) (4.297ML) Yes
37.6% 62.4%
1.5275Mtpa 937.723ML 2.569ML (352.584ML) (585.139ML) Yes

Refer to Appendix 4 for the RATES outputs for average production (1Mtpa), minimum
production (0.1345Mtpa) and maximum production (1.5275Mtpa). Details of RATES model
calibration are included on these outputs.

6 IMPACT ASSESSMENT

6.1 INTRODUCTION

The Project would significantly modify the surface conditions and land use over much of the
Mine Site, with potential impacts on surface water flow rates, surface water flow volumes and
surface water quality. At present the Mine Site consists of mostly cleared cropping land and
moderately permeable, well-drained soils. Under the proposed conditions, significant portions
of the Mine Site would be stripped, excavated or otherwise developed as part of the proposed
mining operations.

Potential impacts on surface water as a result of the Project include the following.

¢ Diversion of existing surface water flows into alternative catchments and/or away
from downstream properties which might impact downstream users and existing
riparian ecology.

e Changes to flood heights on neighbouring properties and nearby lands as a
result of stockpiling or bunding on the Mine Site.

¢ Changes to peak surface flow rates and volumes in various storm events due to
increased runoff from the Mine Site which might impact downstream users and
existing riparian ecology.

¢ Changes to surface flow volumes due to onsite reuse of collected water within the
Mine Site which might impact downstream users and existing riparian ecology.
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e Changes in the quality of surface water from the Mine Site compared to the
existing conditions which might adversely impact downstream users and existing
riparian ecology. Of particular concern is the potential for significantly increased
sediment loads due to extensive soil disturbance and exposure.

e Impacts on water quality caused by flooding over the Mine Site.

e Impacts on water quality from onsite disposal of treated effluent (if onsite disposal
is adopted).

e Impacts on flooding at the proposed Mine Site entrance off Tomingley West
Road.

e Impacts on surface water flow directions, rates and volumes caused by the
proposed underpass beneath the Newell Highway. This needs to address the risk
that surface water might flow into the Caloma Open Cut.

Section 5 of this report details the results of peak flow, flood modelling and surface water
guality for the Mine Site. Each of these is discussed below, with reference to the potential
impacts listed above.

6.2 PEAK FLOWS

Peak flow calculations for each of the natural drainage lines through the Mine Site are included
in Section 5.1. Table 11 shows an analysis of the modelled flow changes that would
potentially occur as a result of the Project. This is based on the flow calculations from Table 3.
Table 11 shows that, in all cases, the Project would not increase flows within any of the local
catchments but would, in fact, slightly decrease flows. This is due to all runoff within the Mine
Site being retained for on-site use or treatment. The entire Mine Site would be effectively
isolated from the surrounding catchments, thereby reducing the overall catchment area and,
subsequently, the peak flows in various storm events.

Table 11

Analysis of Peak Flow Changes Before and After Mine Establishment (Derived from Table 3)
Rainfall Change in Flows After Mine Establishment in Each Catchment (%)
Event 1 2 3 4 2+3+4

lyr, tc -13.5 -4.3 -0.4 -7.3 -4.1
Syr, tc -0.4 -4.9 -0.4 -7.2 -4.1
10yr, tc -0.4 -4.7 -0.4 -7.2 -4.3
20yr, tc -0.4 -5 -0.1 -7 -4.1
50yr, tc -0.4 -4.7 -0.4 -7.3 -4
100yr, tc -0.5 -4.7 -0.2 -7.1 -4.2

Note 1: tc= Time of Concentration

In Catchments 2 and 3, the reduction in flow is less than 5% for all modelled storm events,
which is not significant. Additionally, flow changes in these two catchments only occur at the
lower end due to the positioning of the Mine Site at the outlet of Catchments 2 and 3. Providing
outflows from Catchments 2 and 3 are maintained into Catchment 4 (i.e. as they are at
present) and not diverted into an alternative neighbouring catchment, the modelled flow
reductions are unlikely to have any significant impact.
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In Catchment 4, reductions range from 7.0% in the 20-year ARI event to 7.3% in the 1-year
and 50-year ARI events. These changes would only occur if flows from Catchments 2 and 3
were diverted away from Catchment 4. However, the proposed surface water management
strategy maintains flows from Catchments 2 and 3 into Catchment 4 and, as such, a more
accurate assessment is gained by analysing the results for the combination of Catchments 2, 3
and 4. For all modelled events, peak flow reductions in the combined Catchments 2, 3 and 4
were less than 5% so are unlikely to be significant for downstream users or riparian ecology.

In Catchment 1, reductions in all events except for the 1-year ARI are less than 1% and are
assessed to be insignificant. The 1-year ARI event in Catchment 1 (Gundong Creek) showed
a reduction of 13.5% from 0.037m®s to 0.032m?’s, however, it is noted that this might be due
to the relatively high initial infiltration rate used in the XP-RAFTS model (in this case, 25mm)
which tends to affect smaller storm events such as the 1-year ARI event and has far less
influence in larger storm events where the ongoing infiltration rate is more significant.
Nevertheless, assuming that the modelling is accurate, the reduction in peak flow in the 1-year
ARI event in Gundong Creek is unlikely to have significant negative impacts on downstream
users nor on riparian ecology. As identified in the water quality and volume modelling,
absolute volumes of discharge from the Mine Site into Gundong Creek are reduced by only 4%
annually.

6.3 FLOODING AND ACCESS

6.3.1 Flood Heights

The results of flood height modelling for the 100-year ARI event in Catchment 1 are included in
Table 4 in Section 5.2.2. These results suggest that the flood height would be increased by up
to 0.38m at River Station 1280. This is due mainly to the proposed Main Site Access Road
crossing and the earth bund around the Mine Site. This reduces back to zero immediately
upstream of the Mine Site at River Station 2500. The 100-year ARI event has been used as a
conservative estimate for determining the minimum height required for the earth bund. As
previously discussed, It is unlikely that Gundong Creek would support the full 100-year ARI
flow as it would be diverted away from Gundong Creek well upstream of the Mine Site.

We estimate that Gundong Creek would only convey up to the 2-year ARI event with excess
flows diverted to the northwest upstream of the Mine Site. The pre and post-development flood
extents for the 2-year ARI flood are shown on the plan and HEC-RAS output tables are
included in Appendix 7.

The results show that any increases in flood heights are localised around the Mine Site and
increases are unlikely to impact any built structures on neighbouring properties. In addition, the
township of Tomingley to the north has levees in place to exclude floodwaters. These appear
to have sufficient freeboard above the modelled flood heights.

Bunds would be required to effectively isolate the Mine Site from Catchment 1. These need to
be a minimum of 0.75m above ground level, with additional height provided for freeboard and
safety.

6.3.2 Proposed Main Site Access Road

Access to the Mine Site would be via the Main Site Access Road from Tomingley West Road
(see Figure 2).
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Localised flooding occurs at two known locations along Tomingley West Road between
Narromine Road and the proposed Mine Site access. The first location is at the existing culvert
and causeway crossing to the east, near Tomingley - Narromine Road. It is estimated that
overtopping of the culverts will occur there once every 5 years. The second area of flooding
occurs just to the northwest of the Mine Site entry. No culverts exist at this location and this
causes flood waters to build up along the northern side of Tomingley West Road until
overtopping occurs.

The Main Site Access Road would cross Gundong Creek. Given that the operational sections
of the Mine Site would be isolated (bunded) from Gundong Creek, the proposed access road
must be designed to cross both Gundong Creek and the bund without impacting flood waters.

6.3.3 Newell Highway Underpass

The principal access to the eastern section of the Mine Site would be via an underpass
beneath the Newell Highway. The underpass should be located to ensure that any existing
services are not impeded. It would be necessary to ensure all upstream run-on is diverted
away from the proposed underpass, to ensure flood waters do not enter the Caloma Open Cut.

6.4 SURFACE WATER QUALITY AND VOLUMES

Results of MUSIC modelling in Table 8 show that, without appropriate surface water
management, the Project would have a negative impact on water quality in local drainage
lines, particularly with regard to total suspended solids and gross pollutants. Table 8 also
shows that a beneficial effect can be achieved on surface water quality if appropriate surface
water management structures are employed. Modelling included Sediment Basins 1, 2, 3, 4
and 5, all sized according to the 5-day, 90" percentile rainfall depth (Landcom, 2004 and
DECC, 2008). These would capture eroded soil material and retain runoff water for onsite
reuse.

Further details concerning the sizing and maintenance of the five proposed sediment basins is
contained in Section 7.3.1.

Leachate produced from within the Mine Site would be isolated from the surface water stream
using bunding or equivalent preventing it from impacting on the surrounding environment and
land users.

Table 8 also shows that surface flow volumes from the Mine Site would be reduced by around
6%, or 17ML/yr. Given the total size of the Gundong Creek catchment, this is unlikely to have
any significant impact on downstream users or riparian ecology.

6.5 DIVERSION OF WATER BETWEEN CATCHMENTS

The proposed surface water management strategy for the Mine Site would not divert water out
of, or into any downstream catchment. While Drainage Lines A, B and C would be diverted
into either the Central or Eastern Surface Water Diversion Structures (Figure 13), these
diversions release flows into the existing culvert beneath the Newell Highway, ie. into the
existing discharge point for Drainage Lines A, B and C.
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To avoid diverting surface water out of, or into any catchment, five sediment basins would be
constructed as shown in Figure 13. Discharges from sediment basins would be into the
respective catchment that water would have otherwise flowed if the mine was not present.

Apart from the very minor changes to peak flows and overall flow volumes noted in
Sections 6.2 and 6.4, downstream catchments would be unaffected by the Project .

6.6 ONSITE EFFLUENT MANAGEMENT

The Mine Site is not serviced by reticulated sewer. As a result, all effluent generated from staff
and visitors associated with the proposed mining activities would be treated and disposed of
onsite. The proposed system is an Aerated Wastewater Treatment System (AWTS) which
provides secondary treatment of sewage. Treated wastewater can then be used for surface
irrigation, either to a dedicated field or to assist in progressive rehabilitation of parts of the Mine
Site.

According to SSM (2011) soils at this site are well suited to surface or near-surface irrigation of
treated wastewater in accordance with DLG (1998) and AS/NZ 1547:2000. Additionally,
evaporation exceeds rainfall throughout the year, thereby facilitating effluent disposal methods
that rely on evapotranspiration (e.g. irrigation).

The Proponent advises that the proposed ablution facilities are unlikely to be subject to
intermittent or “shock” loads which might otherwise preclude the use of an AWTS. However,
the installation, sizing and maintenance of the AWTS would be critical to its ongoing
acceptable performance to treat sewage. Additionally, restrictions would be required
governing the use of treated wastewater from the AWTS to ensure compliance with the
requirements of NWQMS (2006). A range of recommendations and commitments are detailed
in Section 7.3.4.

6.7 WATER QUALITY AND RIVER FLOW OBJECTIVES

6.7.1 Water Quality Objectives — Bogan River

A series of water quality objectives have been established by DECCW for the Bogan River as
part of the Australian Guidelines for Fresh and Marine Water Quality (ANZECC/ARMCANZ).
An assessment of how the Project against these objectives is contained in Table 12. This
assessment principally applies to the potential for the Project to impact on Gundong Creek.

6.7.2 River Flow Objectives — Bogan River

A series of river flow objectives have been established by DECCW for the Bogan River as part
of the Australian Guidelines for Fresh and Marine Water Quality (ANZECC/ARMCANZ). An
assessment of how the Project against these objectives is contained in Table 13. This
assessment principally applies to the potential for the Project to impact on Gundong Creek.
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Table 12
Assessment of the Project Against the Water Quality Objectives for the Bogan River
Page 1 of 3
OBJECTIVE APPLICABILITY | IMPACT ASSESSMENT
Aquatic Yes — Upland Total phosphorus
ecosystems rivers - Water quality modelling predicts a beneficial effect
(59.4% - refer to Table 8 in Section 5.3.6) on TP levels
because of the reduction in pollutants presently
generated by agriculture.
Total nitrogen
- Water quality modelling predicts a beneficial effect
(42.4% - refer to Table 8 in Section 5.3.6) on TN levels
because of the reduction in pollutants presently
generated by agriculture.
Chlorophyll-a
- Impact is negligible. The Project is unlikely to change the
level of Chlorophyll-a in the receiving waters.
Yes — Upland Turbidity (Total suspended solids)
rivers - Water quality modelling predicts a beneficial effect

(61.2% - refer to Table 8 in Section 5.3.6) on TSS levels
because of the reduction in pollutants presently
generated by agriculture.

Salinity (electrical conductivity)
- Impact is negligible. The Project is unlikely to change the
level of salinity in the receiving waters.

Dissolved oxygen
- Impact is negligible. The Project is unlikely to change the
level of dissolved oxygen in the receiving waters.

pH
- Impact is negligible. The Project is unlikely to change the
pH level in the receiving waters.

Temperature
- Impact is negligible. The Project is unlikely to change the
temperature in the receiving waters.

Chemical contaminants or toxicants
- No impact is likely as all chemical contaminants or
toxicants would be isolated off on site using bunding or
equivalent and hence will be prevented from entering
any watercourse.

Biological assessment indicators
- Impacts are negligible. The Project is unlikely to change
the level of biological activity in the receiving waters.
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Table 12 (cont’d)

Assessment of the Project Against the Water Quality Objectives for the Bogan River (Cont'd)

Page 2 of 3

OBJECTIVE

APPLICABILITY

IMPACT ASSESSMENT

Visual amenity

Yes

Visual clarity and colour
- Water quality modelling predicts a beneficial effect
(61.2% - refer to Table 8 in Section 5.3.6) on TSS levels
because of the reduction in pollutants presently
generated by agriculture.

Surface films and debris
- Water quality modelling predicts a beneficial effect
(61.2% for TSS and 22.5% for GP - refer to Table 8 in
Section 5.3.6) because of the reduction in pollutants
presently generated by agriculture.

Nuisance organisms
- Impact is negligible. The Project is unlikely to change the
level of biological activity in the receiving waters or
create conditions that might increase the numbers of
nuisance organisms.

Secondary
contact
recreation

Yes — However
only on a minor
level due to the
lack of water
flowing within
the watercourse

All indicators (ie.; Faecal coliforms, Enterococci, Algae & blue-
green algae, Nuisance organisms, Chemical contaminants,
Visual clarity and colour and Surface films)
- Water quality modelling predicts a beneficial effect on
water quality because of the reduction in pollutants
presently generated by agriculture.

Primary contact
recreation

No — Watercourse does not contain, or is not immediately upstream of a recognised

recreation site.

Livestock water
supply

Yes

Algae & blue-green algae
- The Project is unlikely to modify water quality or flow
conditions that might encourage algal growth.
- Water quality modelling predicts a beneficial effect on
water quality because of the reduction in pollutants
presently generated by agriculture.

Salinity (electrical conductivity)
- The Project is unlikely to modify water quality or flow
conditions that might increase salinity levels.

Chemical contaminants
- No impact is likely as all chemical contaminants would
be isolated off on site using bunding or equivalent and
hence will be prevented from entering any watercourse.

Irrigation water
supply

Yes

Algae & blue-green algae
- The Project is unlikely to modify water quality or flow
conditions that might encourage algal growth.
- Water quality modelling predicts a beneficial effect on
water quality because of the reduction in pollutants
presently generated by agriculture.

Salinity (electrical conductivity)
- The Project is unlikely to modify water quality or flow
conditions that might increase salinity levels.
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Table 12
Assessment of the Project Against the Water Quality Objectives for the Bogan River (Cont'd)
Page 3 of 3

OBJECTIVE APPLICABILITY | IMPACT ASSESSMENT

Irrigation water | Yes Thermotolerant coliforms (faecal coliforms)

supply (cont’d) - The Project is unlikely to modify water quality or flow
conditions that might increase thermotolerant coliform
levels.

Heavy metals and metalloids
- Noimpact is likely as all heavy metals and metalloids
would be isolated on site using bunding or equivalent
and hence will be prevented from entering any
watercourse

Homestead No — Gundong Creek is not used for supplying water for domestic purposes.
water supply

Drinking water | No — Gundong Creek is not used for supplying water for these purposes.
— disinfection
only, or
Drinking water
— clarification
and disinfection

Drinking water | No — Gundong Creek is not used for supplying water for this purpose.
— groundwater

Aquatic foods No — Aquatic foods would not be harvested from Gundong Creek for commercial or
(cooked) non-commercial purposes.

Table 13
Assessment of the Project Against the River Flow Objectives for the Bogan River
Page 1 of 2
OBJECTIVE IMPACT ASSESSMENT
Protect pools in dry - Impact is likely to be insignificant as water would not be extracted from
times Gundong Creek at any time.

- Water capture on the Mine Site would be in accordance with the
harvestable right for the site (i.e. would not exceed the allowable storage
capacity for the site — see Section 5.4).

Protect natural low - Impact s likely to be minimal.
flows - Water would not be extracted from Gundong Creek at any time.

- Water capture on the Mine Site would be in accordance with the
harvestable right for the site (i.e. would not exceed the allowable storage
capacity for the site — see Section 5.4).

Protect important - Impact s likely to be minimal.
rises in water levels | . Water would not be extracted from Gundong Creek at any time.

- Water capture on the Mine Site would be in accordance with the
harvestable right for the site (i.e. would not exceed the allowable storage
capacity for the site — see Section 5.4).

- The Project is unlikely to impact on flood regimes.
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Table 13

Assessment of the Project Against the River Flow Objectives for the Bogan River (Cont'd)

Page 2 of 2

OBJECTIVE

IMPACT ASSESSMENT

Maintain wetland
and floodplain
inundation

- Wetlands are not present and therefore do not apply.

- Floodplain areas would be reduced by approximately 40ha during the
Project life due to bunding and waste rock emplacement. This is discussed
in Section 5.2.

- Impacts associated with the reduction in floodplain volume are expected to
be minimal and insignificant due to the following.

1. Floodplain areas are mostly indistinct compared to the surrounding
lands. This indicates that flooding does not appear to contribute
significantly to supporting habitats and vegetation within these areas.

2. Vegetation diversity and abundance present within these floodplain
areas appears to be minimal due to ongoing agricultural activities.

3. Floodplains do not appear to provide habitat for aquatic species.

4. Vegetation present within these floodplain areas is minor and
therefore would not significantly help maintain water quality.

Mimic natural drying
in temporary
waterways

- Any retention of runoff on-site would be within the harvestable right.

- Additional water pumped to the Mine Site would be used in processing and
dust suppression and is unlikely to be added to the surface runoff.

- Releases of water from the Project are unlikely to modify the existing flow
regime in Gundong Creek.

Maintain natural flow

variability

- Any retention of runoff on-site would be within the harvestable right.

- Additional water pumped to the Mine Site would be used in processing and
dust suppression and is unlikely to be added to the surface runoff.

- Releases of water from the Project are unlikely to modify the existing flow
regime in Gundong Creek.

Maintain natural
rates of change in

- Any retention of run-off onsite would be within the harvestable right.
- Additional water pumped to the Mine Site would be used in processing and

water levels dust suppression and is unlikely to be added to the surface runoff.
- Releases of water from the Project are unlikely to modify the existing flow
regime in Gundong Creek.
Manage - Refer to the Groundwater Assessment by The Impax Group
groundwater for
ecosystems

Minimise effects of
weirs and other
structures

- No in-stream structures are proposed.

Minimise effects of
dams on water
quality

- No in-stream structures are proposed.
- Any dams would be within the harvestable right for the site.

- Sediment basins would temporarily hold water for treatment prior to
release, i.e. they are not harvesting structures. Releases would occur
within five days of a rainfall event, closely mimicking the natural flow
regime.

- Water released from the sediment basins would not be released from the
bottom of the reservoirs. Therefore, the typical problems associated with
water stored at this level (i.e.; reduced temperatures and oxygen levels and
high concentrations of nutrients) are expected to be negligible

Make water
available for
unforeseen events

- Impact is likely to be minimal because water would not be extracted from
Gundong Creek at any time
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7 WATER MANAGEMENT STRATEGY

7.1 INTRODUCTION

The following water management strategy aims to address the surface water-related issues
identified in Section 6. This strategy aims to provide as much water as is feasible for the
proposed operations while maintaining the downstream ecology.

The following plan includes three key components as follows.

1. Construction and operation of various surface water management controls such
as diversion structures and sediment basins.

2. Ongoing monitoring of water quality in both release water from the various
structures and in downstream areas.

3. A maintenance and upgrade program to quickly repair any problems and to adapt
the strategy as the operation progresses.

7.2 OBJECTIVES

This water management strategy aims to address the following objectives.

e Minimise changes to the hydrology of all catchments affected by the Mine Site
operations (Figure 4), so as to minimise potential impacts on surface water flows
to downstream properties.

¢ Minimise changes to the pre-existing runoff and infiltration regime at the Mine
Site.

o Achieve a neutral or beneficial effect on water quality when compared to the
existing (i.e. pre-development) conditions in the receiving waters.

¢ Re-use as much water as is feasibly possible for mine processing operations and
thereby minimise the demand for groundwater.

¢ Maintain ecological conditions in downstream waters through adequate surface
water management. This includes managing peak flows, flow volumes and water
quality.

o Avoid artificial diversions of water between neighbouring catchments, (ie.
maintain run-on and runoff within the original, natural catchments).

7.3 RECOMMENDATIONS

7.3.1 Sediment Basins

Five sediment basins should be constructed in the locations shown in Figure 13. Table 14
details the sizing of these structures in accordance with Landcom (2004) and DECC (2008) for
the 5-day, 90" percentile rainfall depth (35.6mm). Each sediment basin would include a settling
zone (i.e. a volume in the dam provided for water to allow settling of suspended sediment) and
a storage zone (i.e. a zone for containing sediment that has settled out). Calculations for the
sizing of these structures are included in Appendix 5. Although DECC (2008) suggests that
sediment basins for a mine such as this should be designed for the 10 or 20-day rainfall depth,
this would make structures at this site excessively large given the likely sediment volumes.
Instead, a 5-day rainfall depth has been adopted for sediment basin design and the Proponent
would commit to a 5-day maintenance interval for any discharges after rainfall.
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Table 14
Sediment Basin Sizes
Estimated Estimated Maximum Settling Storage
Structure Total Alrer?l of Exposed Soil (water) (sediment) Total Caspacity
Catchment | within that Catchment Zone Zone Volume (m)
Area (ha) at any one time (ha) | Volume (m®) (m?)
Sediment Basin 1 106 28 18 870 795 19 700
Sediment Basin 2 16 1.7 2850 48 2900
Sediment Basin 3 39 2.3 6 900 65 7 000
Sediment Basin 4 81 16.2 14420 460 14 880
Sediment Basin 5 10 2 1780 57 1840

As discussed in Section 5.4, part of the volume of water stored in the sediment basins could be
re-used on-site under the maximum harvestable right allowance. This equates to a total
volume of 51.0ML of storage for the Mine Site. If water was sourced from sediment basins, it
could be used directly or pumped to a turkey’s nest dam (or series of dams) elsewhere within
the Mine Site. A log would be maintained showing re-use and pumping volumes to
demonstrate to consent authorities that the harvestable right was not being exceeded.

All five sediment basins should be subject to the following design, monitoring and maintenance
requirements.

e The design of sediment basins would include an emergency spillway designed to
safely convey the 100-year ARI flow (DECC, 2008).

e Sediment basins would be inspected fortnightly and immediately following any
rain event exceeding 5mm to check their capacity and integrity.

e Sediment basins would be discharged only when water has 50mg/L or less of
suspended sediment. Note that this might necessitate flocculation.

e Daily rainfall records would be kept to identify maintenance periods for sediment
basins. Sediment basins would be designed to contain all runoff in rain events up
to 35.6mm over a five-day period.

e Waters would be discharged within five days after the conclusion of a rain event,
at or below the required water quality limit of 50mg/L.

o A marker would be installed in each sediment basin showing the boundary
between the Storage Zone (i.e. the lower zone) and the Settling Zone (i.e. the
upper zone) in the dam.

e After discharging treated water from any sediment basin, the level of retained
sediment would be inspected. If retained sediment exceeded the marked level of
the Storage Zone, sediment would be removed and added to an active soil
stockpile or waste rock emplacement.

o Repair any damaged components of the sediment basins as soon as practicable.

e Regularly review the management procedures for the sediment basins to ensure
ongoing efficient operation and protection of downstream water volumes, flows
and quality.
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The volume of water contained within the harvestable right could be used on-site for assisting
rehabilitation or for dust suppression. In either case it would not need to be flocculated first,
providing the area to have water applied lies upstream of a sediment basin.

7.3.2 Surface Water Diversions and Bunds

Figure 13 shows the location of bunds and diversion drains that should be constructed in and
around the Mine Site. These are sited to avoid diverting flows into or out of their natural
catchments. Diversion drains and bunds should adhere to the following requirements and
commitments.

o All structures would be stabilised using appropriate ground cover to achieve a C-
factor of 0.1 (achievable with 60% grass cover or equivalent) or less (Landcom,
2004). This includes the Eastern and Central Surface Water Diversion Structures.

e Potential scour points (e.g. channel inlets/outlets and bends) would be armoured
with rock.

e All structures would be inspected monthly and immediately following any rain
event that generates flow in the drains to identify areas of erosion, scour or
damage. Any problem areas would be repaired and/or appropriate stabilising
action taken.

e Inspection of diversion drains would also identify potential flow constrictions that
might compromise channel capacity and, if required, remove them.

e Bunds to isolate the Mine Site from Catchment 1 (Gundong Creek) would be
minimum 1.35m high. Gundong Creek has been assessed as being a second
order watercourse, therefore in accordance with the NSW Office of Waters
Guidelines for Riparian Corridors it should have a Core Riparian Zone (CRZ)
either side of the bank of not less than 20m. The proposed bund is to be
constructed outside of this distance to the east of the bank to allow for the CRZ
and also a vegetated buffer making up the total riparian corridor.

7.3.3 Drop-Down Structures

Waste rock emplacements should be provided with stabilised, lined drop-down chutes or
flumes to minimise the risk that runoff from them causes erosion. These structures should
adhere to the following requirements and commitments.

e They would be sized to accommodate the 20-year ARI flow event.

e They would be stabilised using rock lining or equivalent to minimise the risk of
erosion.

e They would discharge onto a stable dissipation structure to minimise the risk of
scour.

e They would be inspected monthly or after any rain event of 5mm or more to
identify any areas of erosion, scour or damage. Problem areas would be
addressed as soon as practicable.
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7.3.4 Mine Site Effluent Management

An Aerated Wastewater Treatment System (AWTS) is proposed for managing sewage on-site.
This system would provide secondary treatment of sewage. Treated wastewater can then be
used for surface irrigation, either to a dedicated field or to assist in progressive rehabilitation of
parts of the Mine Site.

The AWTS and irrigation area would need to adhere to the following requirements and
commitments:

e The AWTS would need to be sized according to anticipated staff and visitor
numbers and with due consideration given to the type of facilities available (e.g.
showers, kitchen etc.).

e The irrigation field would need to be sized in accordance with DLG (1998) based
on the anticipated daily wastewater load.

e The irrigation field, and any other areas to be irrigated with treated wastewater,
would need to be excluded from stock.

e No area steeper than 1:10 (V:H) would be subject to irrigation with treated
wastewater.

e The AWTS would need to be maintained and regularly serviced in accordance
with the manufacturer’'s recommendations.

e No area within 200m of Gundong Creek or within 40m of any other drainage line
would be subject to irrigation.

7.35 Mine Site Access

7.35.1 Gundong Creek Crossing

A culvert and causeway crossing should be constructed over Gundong Creek, similar to that
upstream on Tomingley West Road. The crossing is to be located to ensure that existing
stands of vegetation are retained. Box culverts should be designed and installed to match the
existing creek width and profile. They should also have capacity close to the full bank stream
flow before overtopping. A profile of the proposed Main Site Access Road crossing of Gundong
Creek is included in Appendix 7 noted as Section A-A. This profile design was incorporated
into the HEC-RAS flood model with the results showing that any increase in flood heights due
to the crossing will not have a detrimental effect on adjoining landholders and their interests
and are confined mainly within Alkane Resources Ltd property boundary.

The size and number of the culverts required would be approximately three, 1.5m wide x 0.9m
deep box culverts. These culverts would fit within the existing creek bed without the
requirement for excessive earthworks of the creek bed and banks, while catering for the
majority of full bank flow. Inlet and outlet erosion protection to the creek bed and banks should
also be incorporated into the design. All disturbed areas should be stabilised and rehabilitated
as required to restore the integrity of the riparian corridor. In general, the crossing should be
designed and constructed in accordance with the NSW Office of Waters ‘Guidelines for
Controlled Activities’. Appendix 7 provides reference to the relevant sections in this report
where the assessment requirements for a controlled activity are addressed.

SEEC



ALKANE RESOURCES LTD 2-54 SPECIALIST CONSULTANT STUDIES
Tomingley Gold Project Part 2: Surface Water Assessment
Report No. 616/06

Additionally, the road profile has been designed to facilitate grades suitable for heavy vehicles
over the Mine Site bund.

7.3.5.2 Tomingley West Road Intersection

Topographical and photographic evidence suggests that flooding occurs just to the northwest
of the Mine Site entry across Tomingley West Road as previously discussed in Section 6.3.2.
For this reason, the Main Site Access Road should be constructed to match existing ground
levels to ensure that these flood flows are not impeded and are not diverted down towards the
Gundong Creek Crossing.

Alternative emergency access during flood events would be provided via the emergency site
access road to the Newell Highway (see Figure 2).

7.3.6 Newell Highway Underpass

It would be necessary to maintain southward flows along the edge of the Newell Highway.
These flows are mainly sourced from Drainage Line A and join with flows in Drainage Lines B
and C near where all three drainage lines pass through a series of culverts under the Newell
Highway.

The underpass should be long enough to allow a surface table drain to be built along the
eastern side of the Newell Highway. It should have a base width of 3m, a minimum height of
0.5m and have 1 in 3 side slopes.

7.3.7 Water Harvesting and Dust Suppression

Runoff from office roofs within the Mine Site should be captured in a rainwater tank or series of
tanks. This water should be used for ablutions within the Mine Site.

Requirements for re-use of captured stormwater in sediment basins are detailed in
Section 7.3.1. Estimates of water use for dust suppression are included in the Water Balance
in Section 5.6. Any on-site water harvested for dust suppression purposes should be from the
harvestable right. Any excess required should be from the proposed bore-fed water supply
pipeline.

7.3.8 Existing Farm Dams

The maximum harvestable right for the site is 51.0ML. Assuming 46.32ML of this capacity is
realised in the sediment basins, the total volume of all other farm dams within Alkane’s holding
could not exceed 4.68ML. Note that this might necessitate the decommissioning of some
existing farm dams within Alkane’s property.

7.3.9 Residue Storage

The RSF would be completely self-contained and designed to retain the volume of ground ore
from processing operations for the entire life of the mine. It would also be designed to contain
the expected rainfall volume within its 42ha. The overall RSF volume would be 4 800 000m?°.
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7.4 WATER QUALITY MONITORING

Water samples would be collected at opportunistic times after rainfall events before Project
commencement and operation to establish baseline values for operational-stage monitoring of
off-site water quality. Samples would be collected in the locations shown on Figure 5 (i.e. one
sample location upstream and one sample location downstream of where runoff from the Mine
Site [or outflows from sediment basins] enters Gundong Creek).

Samples would be tested at a NATA-registered facility for the following parameters:

e Dissolved oxygen (% saturation)
e pH or Acidity

e Turbidity (NTU)

e Total phosphorus (mg/L)

e Total nitrogen (mg/L).

During operations, water samples would be collected annually and at opportunistic times after
rainfall events in the same locations. These would be tested for the above-listed parameters
and the results compared to the baseline data.

Any significant changes would be investigated by the site Mine Manager (or delegate) and
appropriate action taken if required. This might necessitate making amendments or additions
to the water management strategy. A copy of the water quality monitoring results would be
supplied to DECCW (or equivalent).

7.5 WATER MANAGEMENT STRATEGY MONITORING AND MODIFICATION

The results of water quality monitoring would be maintained on the Mine Site, with a copy
forwarded annually to the DECCW for their records. Additionally, records of water re-use
and/or treatment and discharge from sediment basins would be maintained onsite for review
by DECCW officers at any time.

The surface water management strategy would be reviewed at least annually to determine
what, if any, changes are required to meet the requirements of the environment protection
licence that would be obtained by Alkane following the granting of project approval and to
minimise the risk of environmental harm. This would include an assessment of the existing
strategy against the objectives listed in Section 7.2.
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IFD Chart for Tomingley
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DEPARTMENT of CONSERVATION and LAND MANAGEMENT

Date: 16/06/2009

Rainfall Intensity {mm/h)
1 hour, 2 years : 2
i2 hour, 2 years
72 hour, 2 years

for TOMINGLEY

6.00
4.50
1.10

ALKANE RESOURCES LTD

Tomingley Gold Project
Report No. 616/06

1 hour, 50 years : 52.00
12 hour, 50 years : 8.50
72 hour, 50 years 2.20
Skewness 0.23
Geographical factor F2 : 4.33
Geographical factor F50: 15.55
\DUR 5m 6m 10m 20m 30m 1h 2h 3h th 12h 24h 48h 72h User
ART
1 65 61 49.8 36.0 29.1 19.6 12.2 9.15 5.59 3.43 2.05 1.18 0.83 0.00
2 85 80 65 47.0 38.0 25.6 15.8 11.9 7.25 4.44 2.65 1.54 1.08 0.00
5 113 106 86 62 50.0 33.6 20.6 15.4 9.34 5.68 3.42 2.01 1.42 0.00
10 131 123 99 71 58 38.6 23.6 17.6 10.6 6.44 3.90 2.30 1.63 0.00
20 155 145 117 84 68 45,3 27,7 20.6 12.4 7.48 4.55 2.69 1.82 0.00
50 187 175 142 102 82 55 33.2 24.6 14.8 8.89 5.43 3.23 2.31 0.00
100 213 189 161 115 93 62 37.6 27.9 16.7 10.0 ©6.13 3.66 2.62 0.00
User | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Estimated Rainfall Factor (R): 1320 Estimated 1:10 Storm (S10}: 910
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Expanded Rainfall Intensity table for TOMINGLEY
Years
min 1 2 5 160 7Z6 50 100
7 58 75 100 115 136 165 188
8 55 71 95 109 129 156 178
9 52 &8 90 104 123 148 169
10 49.8 65 86 99 117 142 161l
11 47.7 62 82 95 112 136 155
12 45.9 60 79 92 108 130 149
13 44,3 58 76 88 104 126 143
14  42.8 56 74 85 100 121 138
15 41.4 54 71 82 97 117 134
16 40.1 52 69 80 94 114 129
17 39.0 51 67 78 91 110 125
18 ' 37.9 49.5 65 75 89 107 122
19 36.9 48.2 64 73 86 104 119
20 ' 36.0 47.0 62 71 84 102 115
21 35.1 45.8 60 70 82 99 113
22 ' 34.3 44.8 59 68 80 97 110
23 33.5 43.7 58 66 78 94 107
24 32.7 42.8 56 65 76 92 105
25 32.1 41.9 55 64 75 90 103
26 31.4 41.0 54 62 73 88 100
27 30.8 40.2 53 61 72 87 98
28 30.2 3%.4 52 60 70 85 96
29 29.6 38.7 51 53 69 83 95
30 29.1 38.0 50.0 58 68 82 93
31 28.6 37.3 49.1 57 66 8G 91
32 28.1 36.7 48.2 56 6% 79 90
33 27.6 35.1 47.4 55 64 77 88
34 27.2 35.5 46.6 54 63 76 87
35 26.7 34.9 45.8 53 62 75 85
36 26.3 34.4 45.1 52 61 74 84
37 25.9 33.8 44.5 51 60 73 82
38 25.5 33.3 43.8 50 59 71 81
33 25.2 32.8 43.1 49.7 58 70 80
40 ' 24.8 32.4 42.5 495.0 58 69 78
41 24.5 31.9 41.9 48.3 57 68 78
42 24.1 31.5 41.4 47.6 56 67 77
43 23.8 31.1 40.8 47.0 55 67 76
44  23.5 30.7 40.3 46.4 54 66 7%
45 23,2 30.3 39.7 45.8 54 65 74
46 22.9 29.9 39.2 45.2 83 64 73
47 22.6 29.5 38.8 44.6 52 €3 72
48 22.4 29.2 38.3 44.1 52 62 71
49 22,1 28.8 37,8 43,5 51 62 70
50 21.8 28.5 37.4 43.0 51 61 69
51 21.6 28.2 37.0 42.5 43.9 60 68
52 21.3 27.9 36.5 42.0 49.4 59 68
53 21,1 27.5 36.1 41.6 48.8 59 &7
54 20,9 27.2 35.7 41.1 48.3 58 66
55 20.7 27.0 35.3 40.7 47.7 57 65
56 20.4 26.7 35.0 40.2 47.2 57 65
57 ' 20.2 26.4 34.6 39.8 46.7 56 64
58 20.0 26.1 34.2 39.4 46.3 56 63
59 19.8 25.9 33.9 39.0 45.8 55 63
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Appendix 2

Existing Culvert Design Check

(No. of pages including blank pages = 4)

(Note: A copy of Appendix 2 is provided on the Project CD)
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CULVERT HYDRAULICS adopting INLET CONTROL

Top elev of taj1011 Bottom elev of [100 Elevation 01

{m)} table {m) increment {m}

Write to File ‘ ‘ Return ‘ Quit

i CalcTable

ALKANE RESOURCES LTD
Tomingley Gold Project
Report No. 616/06

Box Culvers Pipe Culvers YWiairs

Invert Elew (i) 100 Bl ) Irwvett Eles (m)
“iclth B (rmim) 1800

Crest Length (m)
Depth D (mrn) GO0 Diameter d (rmrn)

T
T

‘Wiair Coetff Cil
Entrance Type m I—LI Entrance Type l—Ll l—Ll sir-os
MNurnber of Culvers |2 - - MHumber of Culverts - -
Elew(m) Box1im3/s) Box2Z Pipel(m3fs) Pipe2 ‘Weirl(mi/s) ‘Weir2 Taotal

100.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
100.100 0167 0.000 0.000 0.000 0.000 0.000 0167
100.200 0.476 0.000 0.000 0.000 0.000 0.000 0.476
100.300 0.880 0.000 0.000 0.000 0.000 0.000 0.380 BOX
100.400 1.361 0.000 0.000 0.000 0.000 0.000 1.361
100.500 1.809 0.000 0.000 0.000 0.000 0.000 1.908 Ent 1- I flare 30-75 d
100600 2516 0.000 0.000 0.000 0.000 0.000 2516 nirance 1 -wingwalflare sgress
100.700 3.058 0.000 0.000 0.000 0.000 0.000 3.068 _
100800 3499 0,000 0000 0000 0000 0,000 5439 E-vingwal flare 80 or 16 degrees
100300 3841 0.000 0.000 0.000 0.000 0.000 3841 3 -wingwall flare 0 degrees (extension of sides)
101.000 4.384 0.000 0.000 0.000 0.000 0.000 4.384
101.100 4827 0.000 0.000 0.000 0.000 0.000 4827

FIFE

Entrance 1 -square edge with headwall

2 - groove end with headwall

3-groove end, projecting
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Appendix 3

DRAINS Output Files and Cross-Sections

(No. of pages including blank pages = 10)

(Note: A copy of Appendix 3 is provided on the Project CD)
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CATCHMENT 1 - 1YR ARI OUTPUT

PIT | NODE DETAILS
Marma Max HGL Max Pond Max Surface
HGL Flow Asiving
feu.m's)
HW2 21003 0.028
N124 200,08 o
N 504 o147
WA 27008 002
Ni1A 20008 o
HW3 208,05 0183
N11B 208 L]
SUB-CATCHMENT DETALS
Name Max Duw to Steem
Fiow
foumve)
561 o113 ARAR 1 yoar, 30 hours slorm, aversge 1.72 mmh, Zone 2
sC3 oam ARAR 1 year, 30 hours siorm, svarsge 1.72 mmh, Zone 2
5C12 oo ARAR 1 year, 30 hours siomm, sversge 1.72 mmh, Zone 2
5C4 0143 ARAR 1 ysar, 30 hours skorm, average 1.72 mmh, Zone 2
5C2 0005 ARAR 1 yoar, 30 hours storm, svecsge 1.72 mmvh, Zone 2
sC5 o1 ARAR 1 yoar, 30 hours siom. aversgs 1.72 mmvh, Zone 2
5Ce 017 ARLR 1 year, 30 hours siom, average 1.72 mmvh, Zone 2
scT 0431 ARAR 1 yoar, 30 houra slorm, avarags 1.72 mmvh, Zone 2
sca o007 ARBR 1 yoar, 30 hours siom, sversos 1.72 mmvh, Zone 2
sce 0077 ARAR 1 yoar, 30 hours siom, average 1.72 mmh, Zone 2
sc10 0.058 ARAR 1 yoar, 30 hours stom, average 1.72 mmvh, Zone 2
sC1 o0z ARBR 1 year, 30 hours storm, average 1.72 mmh, Zone 2
5C13 0,032 ARAR 1 ywar, 30 hours slarm, aversge 1.72 mmh, Zene 2
4 0.108 ARAR 1 year, 30 hours siom, aversge 1.72 mmvh, Zone 2
Cutflow + 10080
Storm Total Rainkail Tatai Runcdf Impervious Runoff
um cuLm (Ruroff %) cum (Runoff %)
ARER 1 yoar, 30 hours storm, averags 1.72mmb, Zone 2 5012088.6 102223.72(1.8%) G171 (0.0%)
PIPE DETALS
Nama Max @ Max ¥ Max WS
few.mvs) fmes) HGL {m)
CULVERT2 0028 08 270.017
CULVERT3 0153 o7 270,028
CULVERT4 01853 o7 m8.03
CHANNEL DETAILS
Nama Max @ Max ¥ Chainage
fea.mi's) fimn) fmp
REACH® 0077 o 1"
04 1800
REACH10 0134 0 15
04 3000
OVERFLOW ROUTE DETAILS
Nama Max QLS Max QOVS Sale Q
REACH1 0113 0.113 sa72
REACH3 [RF] [XF] 8234
oFC2 ] [ 30238
REACH12 o028 o028 5293
REACH4 0.143 0.143 LF]
REACHZ 0095 0,095 4028
REACHIA o ] 4172
REACH4A o o 4803
REACHS o118 0118 4028
REACHS ot o 2708
REACHT 0431 013 2848
REACHS 007 007 2014
OFC4 ° o 30230
REACH11 0153 01583 3,058
OFC3 [l 1.083
REACH11A 0.183 0183 4322
REACH12A [ L1 007 0740
REACH13 0032 0032 0811
CONTINUITY CHECK for ARGR 1 year, 30 hours siomm, aversge 1.72 mmh, Zone 2
Hods [ Outfiow Storage Change.
fewm) feum) {eum)
Nt 75791 75704 o
N3 10207 .84 10207 84 L]
Hw2 230713 230707 (]
N12A 2387.07 230051 [
N4 1189023 11809.23 0
N2 842408 842418 a
N3A o o ]
HaA o o [
NS 10330.8 103308 [
Ne 0020 85 L2085 o
NT 10020.71 1002071 [
NE 5811.42 581142 ]
N 220732 8207.32 0
BRIDGE 1128888 112873 a
Hw4 13000.84 13007.1 o
N11A 13007.4 1300408 [
HWa 1277351 1277342 ]
N11B 1277342 1277030 o
N12C 03530 638 20 (-]
N13 s 27173 o
NC4 LAACE] w1181 ]
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Max Pond Min Overflow Consrmint

Volume  Freeboard fou.ma)

fewmi  fm)
137 o None
125 o None
oo (] Hone

Pervious Runoff

e (Runcd %)

20042083 (35%)

Max DS Due fo Storm
ARAR 1 year, 30 hours storm, average 1,72 mmh, Zone 2

ARAR 1 year, 30 hours stom, avernge 1.72 mmh, Zone 2
ARAR 1 yaar, 30 hours siorm, aversgs 1.72 mmh, Zons 2

Max Duw to Storm

HGL fm)

5045 ARAR 1 yoar, 30 hours stonm, svernge 1.72 mmh, Zone 2

315,044

20050 ARAR 1 year, 30 hours storm, aversge 1.72 mmh, Zone 2

200088

MaxD  MaxDxV Max Width Max V' Due fo Storm

0.028 am 10.08 04 ARER 1 year, 30 hours slorm. sversge 1.72 mmh, Zone 2
0.023 am 10.07 053 ARER 1 year, 30 hours storm, averscs 1.72 mmh, Zone 2
o o o o

0.013 o 15.08 014 ARAR 1 year, 30 hours storm, aversge 1.72 mmh, Zone 2
003 am 10.09 047 ARAR 1 year, 30 hours siom, aversgs 1.72 mmvh, Zone 2
0.032 am 1009 03 ARER 1 year, 30 hours stom, averags 1.72 mmh, Zone 2
] o o o

o o o o

0038 a6 10.11 oAz ARSR 1 year, 30 hours storm, averags 1.72 mmvh, Zone 2
0044 oo 813 0.1 ARAR 1 year, 30 hours siorm, sversge 1.72 mmb, Zone 2
0.047 oot 1004 028 ARAR 1 year, 30 hours sieem, averags 1.72 mmb, Zone 2
004 001 1042 047 ARSR 1 year, 30 hours siorm, aversge 1.72 mm, Zone 2
o o (] ]

008 oo 1820 02 ARSH 1 year, 30 hours siorm. average 1.72 mmb, Zone 2
o o

0.041 o 1823 028 ARER 1 year, 30 hours siorm, aversge 1.72 mmb, Zone 2
0031 o .08 018 ARSR 1 year, 30 hours slorm, aversgs 1.72 mmvh, Zone 2
0052 oM 314 02 ARAR 1 ysar, 30 hours skom, averags 1.72 mmih, Zone 2

noaeaaaeaaoeaooeooaeagg
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CATCHMENT 1 - 2YR ARI OUTPUT

PIT { NODE DETAILS
Name

Outflew Vielumes for Total Catehment (110 impervious + 10888 pervious = 1
Total Rainfal

Storm

ARER 2 year, 18 hours slorm, average 3260 mm/h, Zone 2
AR&R 2 year, 24 hours slorm, average 2.65 mm/h, Zone 2
ARER 2 year, 30 hours storm, average 2 24 mm/h, Zone 2

PIPE DETAILS
Name

CULVERT2
CULVERT3
CULVERTS

CHANNEL DETAILS
Name

REACHR

REACH1D

CVERFLOW ROUTE DETAILS
Name

Max HGL

27042
2
31558

270.84
270.34

208.41

cum
8440850
8917225
T308768

Max O
few.m/s)
028
10.408
10218

Max Q
feu.mis)
UL+

10.215

Max Pond
HGL
o0
o162

10.408

Due to Storm

ARER 2 year, 18 hours storm,
ARER 2 year, 18 hours slorm,
ARER 2 year, 18 hours storm
AR&R 2 year, 18 hours storm
ARAR 2 year, 18 hours slorm,
ARAR 2 year, 18 hours storm,
ARBR 2 year, 18 hours storm,
ARBR 2 yoar, 18 hours slorm,
ARAR 2 year, 18 hours stomm,
ARER 2 yoar, 18 hours siorm,
ARBR 2 yoar, 18 hours siorm,
ARBR 2 year, 18 hours slcim,
ARAR 2 yoar, 18 hours storm,
ARSR 2 year, 18 hours stcem,

0876 total ha)
Total Runsff
cim (Runaff %)
544848.85 (8.5%)

B03061.00 (8.7%)
84329094 (11.5%)

Max V
{ms]
14
3z
3z

Max V'
(mis)
L]

18

CONTINUITY CHECK for ARSR 2 year, 18 hours slorm, average 3.26 mmh, Zone 2

Node

Inflaw
fewm)
9852 82
53100.72

44141778

Outflow
{ewm)
Jpesa.e
53100.72
12608.1
12801.42
88097.03
83082.48
132262.61
202301.75
284851.38
207802.41
3447336
30803501
382137.28
410832.75
410743.58
419588 .34
ATIT244
417126.08
422241.08
A22471.72
441417.78

Max Surface
Flow Arriving
fewmis)

0.ITe

o161

Max Pond
‘ohume

feu.m)

average 3.20 mm/h, Zone 2
average 3.20 mm/h, Zone 2
verage 3.28 mm/h, Zone 2
verage 3.20 mm/h, Zone 2
average 3.20 mm/h, Zone 2
average 3.20 mmih, Zone 2
avorage 3.260 mmf, Zono 2
average 3.20 mmm, Zone 2
average 3.20 mmm, Zone 2
verage 3.20 mm/h, Zone 2

SPECIALIST CONSULTANT STUDIES
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Min Overllow Conatraint
Freaboars (ou.m/s)

fm}

1.18 o Hone
0.48 L] Nona

4003 0481 Headwall heightsystem capacity

average 3.20 mmih, Zone 2

average 3.20 mmh, Zone 2

average 3.20 mmi. Zone 2

average 3.20 mmi. Zone 2
Impervious Runaff Pervious Runolf
cu.m (Runolf %) cu.m (Runcff %)
-£48513.88 (0.0%) 1101162.75 (18.3%)
~3870B2.44 (0.0%)  G91043.44 (14.2%)
=348570.60 (0.0%) 1101878.63 (18.1%)
Max LIS Max VS Due to Storm
HGL fm) HGL (m)
270.066 200008 ARBR 2 year, 18 hours storm, average 3.20 mm/h, Zone 2
270.408 270,34  ARER 2 year. 18 hours storm, average 3.20 mm/h, Zone 2
268564 288,408 ARAR 2 year, 18 hours storm, average 3.20 mm/h, Zone 2
Chainage Due fo Sterm
im} HGL {m})
18 316.584 ARSR 2 year. 18 hours slorm, average 3.20 mm/h, Zone 2
800 315.480
15 200.581 ARLR 2 year, 18 hours siorm, average 3.20 mmh, Zone 2
3000 200.503
Safe O Max O Max DxV Max Widt! Max V Due to Storm
LR S o 0.13 10.38 1.08 ARBR 2 yoar, 18 hours storm, average 3.29 mm/h, Zone 2
6.234 0.004 013 10.28 135 ARAR 2 year, 18 hours storm , average 3.28 mm/h, Zone 2
36228 ] o o ]
5.203 0.040 o.02 15.28 0.35 ARAR 2 year, 18 hours stoem, average 3.20 mm/h, Zone 2
6.23 0.132 018 104 123 ARAR 2 year, 18 hours slorm , average 3.20 mm/h, Zone 2
4028 [:5-31) o2z 10,62 1.03 ARSR 2 yoar, 18 hours storm, average 3,20 mm/h, Zone 2
4272 0.26 0.3z 10.78 1.24 ARAR 2 year, 18 hours storm , average 3.20 mm/h, Zone 2
4.503 o327 0.49 10.08 1.5 ARAR 2 year, 18 hours storm, average 3.20 mm/, Zone 2
4.028 0.363 oe 118 162 ARSR 2 yoar, 18 hours storm, average 3.20 mm/h, Zone 2
2708 0.534 0.4 e 157 ARSR 2 yoar, 18 hours atorm, average 3.20 mm/h, Zone 2
2848 0675 078 1.73 136 ARER 2 year, 18 hours storm, average 3,28 mm/h, Zone 2
2014 0.7 o0&z 2N L1 ARSR 2 yoar, 18 hours storm, average 3.20 mm/h, Zons 2
30.238 ] o o o
3.058 0818 o8z 18.63 1 ARSR 2 yoar, 18 hours storm, average 3.20 mmh, Zono 2
1.083 0.081 oo 33.47 0.00 ARAR 2 year, 18 hours storm , average 3.20 mm/mh, Zons 2
4322 0.504 063 17.88 1.28 ARAR 2 year, 18 hours slorm, average 3.20 mmv/h, Zone 2
0740 1.345 222 6.5 1.85 ARER 2 yeoar, 18 hours storm, average 3.20 mm/h, Zong 2
0.611 1747 oEe 10574 051 ARSER 2 ysar, 18 hours storm, average 3.20 mm/h, Zone 2
Storage Change flarence

ssccosccccccscconcccay
S
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SPECIALIST CONSULTANT STUDIES 2-71 ALKANE RESOURCES LTD
Part 2: Surface Water Assessment Tomingley Gold Project
Report No. 616/06
CATCHMENT 1 - 5YR ARI OUTPUT
PIT | NODE DETAILS
Name Max HGL Max Pond Max Surface Max Pond Min Overflow Constraint
HGL Flow Arriving Volume  Freeboarc fcu.ms|
few.mis) fewm)  (m)
HW2 270.25 o078 1.05 o Nana
NizA 270.08 ]
Ne 316.07 28.619
HWa 271,44 0574 <014 10.883  Headwall heightsysiem capacity
N11A 270.58 10.883
HW3 26058 30.900 -0.58 17.722  Headwall heighl/system capacity
N11B 268.57 17.722
SUB-CATCHMENT DETAILS
Max Due to Storm
Flow
few.mvs)
5C1 3329 ARBR & yoar, 18 hours slorm, average £.23 mmh, Zone 2
sC3 a7
5C12 0778 . 18 hours slorm. average £.23 mm/h, Zone 2
sC4 4935 ARAR 5 year, 18 hours slorm, average 4.23 mmh, Zone 2
sc2 2,878 ARER § year, 18 hours slomm, average 4.23 mmuh. Zone 2
8C5 3491 ARAR 5 year, 18 hours slorm, average 4,23 mmuh, Zone 2
508 3284
5CT 3825
sC8 1.814 ARSR 5 year,
SCo 2075 ARLR 5 year, 18 hours storm, average 4.23 mmb, Zone 2
sC10 1.708 ARGR 5 year, 18 hours slorm, average 4.23 mm/h, Zone 2
sC11 0.574 ARSR 5 year, 18 hours storm, aversge 4.23 mmih, Zone 2
8C13 0.883 ARLR 5 ysar, 18 hours storm, average 4.23 mm/h, Zone 2
4 372 ARER 5 yoar, 18 hours slorm, average 4.23 mm/h, Zone 2

Outfiow Volumes for Total Catchment (-110 impervious + 10086 pervious = 10878 tolsl ha)
Storm

Tote! Rainfad  Total Runoff Impervieus Runolf Pervious Runall

cum cu.m (Runcff %) cu.m [Runcff %) cu.m [Runcff %)
ARER 5 yoar, 18 hours storm, average 423 mm/h, Zone 2 8281088 1574123.75 (16.0%)  -1007762.50 (0.0%)  2671918.25 (31.9%)
PIPE DETAILS
Name Max Q Max V' Max LS Max VS Due to Storm

fewr.mis) fmis} HGL fm) HGL fm)
CULVERT2 oTre 16 27013 270.083 ARER 5 year, 18 hours slomm, average 4.23 mm/h, Zone 2
CULVERT3 20.048 e 270.840 270677 ARER & yoar, 18 hours sicrm, average £.23 mm/h, Zone 2
CULVERT4 13.187 3 266,800 268.567 ARAR 5 yaar, 18 hours storm, average 4.23 mm/h, Zane 2
CHANNEL DETAILS
Name Max Q Max ¥ Chainage Max Due to Storm

feu.mis) () fm) HEL (m)
REACH® 28,543 o 15 316.085 ARAR 5 year, 18 hours storm, average 4.23 mm/h, Zone 2

25 300 315.887
REACH10 30,338 o 15 281.088 ARER 5 year, 18 hours siarm, average 4.23 mm/h, Zone 2
28 3000 200.013

OVERFLOW ROUTE DETAILS
Name Max O 'S Max Q 'S Safe O Max D Max DxV Max Widt! Max vV Due o Storm
REACH1 e a3 5.872 0213 0.32 10.84 1.51 ARBR 5 year, 18 hours slorm, average 4.23 mm/h, Zone 2
REACH3 a7 asT 6.234 o8 o.ar 10.54 205 ARBR 6 yoar, 18 hours storm, average 4.23 mm/h, Zone 2
OFc2 o L] 30.238 o o o [}
REACH12 oTTe o778 5.203 0.008 0.05 15.55 0.53 ARER 5 year, 18 hours slorm, average 4.23 mm/h, Zone 2
REACH4 4.935 4935 8.23 0.254 0.48 10.76 1.87 ARBR B yoar, 18 hours slorm, average 4.23 mm/h, Zone 2
REACHZ 6.087 6.067 4.028 0383 057 11.15 15 ARBR 5 year, 18 hours storm, average 4.23 mm/h, Zone 2
REACH3A w8e 9.88 a2 0.404 0.62 11.48 1.88 ARAR & yoar, 18 hours siorm, average 4.23 mm/h, Zone 2
REACH4A 14.508 14.508 4503 0.605 1,34 11.81 a2 ARBR 5 year, 18 hours siorm, average 4,23 mm/h, Zone 2
REACHS 18.074 18,074 4,028 0733 1.63 122 222 ARBR & year, 18 hours storm, average 4.23 mm/h, Zone 2
REACHS 21231 21,287 2708 0.688 224 1056 228 ARBR 5 year, 18 hours storm, average 4,23 mmih, Zone 2
REACHT 4.0 25.036 2848 1.088 215 13.28 1.08 ARBR 5 year, 18 hours slorm, average 4.23 mmh, Zone 2
REACHS 20,847 26.847 2014 1.385 an 14.18 18 ARAR & year, 18 hours siorm, average 4.23 mm/h, Zona 2
OFC4 10,843 10,883 30.238 0.148 0.17 7475 147 ARAR 5 year, 18 hours storm, average 4,23 mm/h. Zone 2
REACH11 30,609 30,908 058 1.18 1.89 21.83 1.48 ARBR 5 year, 18 hours slorm, average 4.23 mmih, Zene 2
OFC3 17.722 17722 1.083 04 0.28 18985 07 ARBR 5 year, 18 hours storm, average 4,23 mm, Zone 2
REACH11A 30.01 0.0 4.322 0851 174 2043 183 ARBR 5 year, 18 hours slorm, average 4.23 mm/h, Zone 2
REACH12A 31.632 31.632 0748 1.008 139 18018 073 ARSR 5 year, 18 hours slorm, average 4.23 mmh, Zone 2
REACH13 31.159 31.150 0.811 1.944 12 18482 082 ARAR 5 year. 18 hours storm, average 4,23 mmih. Zone 2
CONTINUITY CHECHK for ARER 5 year, 18 hours storm, average 4.23 mm/h, Zone 2
Node Inflow Ourtflow Storage Change Differance

(ee.m) few.m) few.m) %
M1 04307.52 9430752 [ o
N3 138212.67 138212.67 (] 0
HW2 384005 36400.48 [ L
N124 3840048 36400.83 [ L]
Na 175272.89 176272.88 L] [}
N2 21184741 211847.80 0 []
NaA 346856.83 346080.20 [} L]
Naa 515387.10 515387.47 1] o
NE& BETEIZTE GETEI2 [} []
NE B14dd4 814444 [ 0
NT os1e27 eB1027.5 o L]
Ne 1083068 1083080.13 o o
N@ 1143055.38 11331385 o o
BRIDGE 122418462 1223801.26 o [}
HW4 1248340.63 1240012 ] 0
HNitA 124001363 1248673.63 o o
HW3 124548225 12481486 ] 0.1
N11B 1246018.38 1245786.25 ] 0
Ni2C 1271106 1271165.38 1] "]
N13 1303380.5 130338725 ] ]
NC4 1170624.43 1170624.13 L] o

SEEC



ALKANE RESOURCES LTD 2-72 SPECIALIST CONSULTANT STUDIES
Tomingley Gold Project Part 2: Surface Water Assessment
Report No. 616/06
CATCHMENT 1 - 10YR ARI OUTPUT
PIT/ NODE DETAILS
Name Max HGL Max Pond Max Surface Max Pond Min Overflow Constraint
HGL Flow Arriing Volime  Fresboars [cu.m's)
few.mis) fewm)  (m}
HW2 270.33 1.18 087 ] None
N12A ar.1 o
N§ 316,33 42.387
HWa 271.65 0.888 025 24478  Headwall heightisysiem capacity
N11A 2708 24.478
HW3 260.84 45.381 -0.84 30980  Headwall height'syalem capacity
N11B 268.57 30089
SUB-CATCHMENT DETAILS
Max Dwe fo Storm
Flow
feu.m/s)
sc1 4,672 ARER 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
8C3 5838 ARGR 10 ysar, 18 hours slorm, average 4.81 mm/h, Zone 2
sc12 118 ARSR 10 yoar, 18 hours storm, average 4.81 mm/h, Zone 2
SC4 7228 ARAR 10 year, 18 hours slorm, average 4.81 mm/h, Zone 2
sc2 4.7 ARER 10 yoar, 18 hours siorm, average 4.81 mm/h, Zone 2
SC5 5.307 ARAR 10 year, 18 hours slorm, average 4.81 mm/h, Zone 2
sCe 4070 ARER 10 ynar, 18 hours siorm, average 4.81 mm/h, Zone 2
sCT 5.584 ARBR 10 year, 30 hours storm, average 3.31 mm/h, Zone 2
sca 76 ARBR 10 year, 30 hours storm, average 3.31 mm/h, Zone 2
5Co 372 ARBR 10 year, 30 hours siorm, average 3.31 mm/h, Zone 2
BC10 2775 ARBR 10 year, 30 hours siorm, average 3.31 mm/h, Zone 2
sC11 0,868 ARAR 10 yoar, 18 hours storm, average 4.81 mm/, Zone 2
8C13 1.330 ARAR 10 ysar, 18 hours siorm, average 4.81 mm/, Zone 2
4 4.048 ARAR 10 year, 30 hours storm, average 3.31 mm/, Zone 2
Outfiow Volumes for Tolal Catchment (<110 impervieus + 10088 pervious = 10878 totsl ha)
Storm Totsl Rainfad  Total Runcff Impanvious Runolf Pervious Runcil
cum cum (Runoff %) eu.m (Runoff %) cum (Runoff %)
ARBR 10 year, 18 hours slorm, average 4.81 mm/h, Zone 2 0416563 2318061.38 (24.6%)  -1327047.13 (0.0%)  3648008.50 (38.3%)
ARSR 10 year, 24 hours slorm, average 3.0 mm/h, Zone 2 10180088 2606017.50 (25.0%)  -B44761.75 (0.0%) 3454870.25 (33.6%)
ARER 10 year, 30 hours storm, average 3.31 mm/h, Zone 2 10800006 3078117.63 (26.6%)  -632088.13 (0.0%) IT12105.75 (34.0%)
PIPE DETAILS
Name Max Q Max V Max 'S Max VS Due to Sterm
(eum/s) fmz) HGL {m) HGL (m)
CULVERT2 1.18 19 270.473 270.105 ARAR 10 ysar, 18 hours slorm, average 4.81 mm/h, Zone 2
CULVERT2 20.002 LX) 270,840 270.567 ARAR 10 year, 18 hours siorm, average 4.81 mm/h, Zone 2
CULVERT4 14.303 33 208.817 268.567 ARSR 10 year, 18 hours slorm, average 4.81 mm/h, Zena 2
CHANNEL DETAILS
Narme MaxQ Max V Chainage Max Dua to Storm
few.mis) fmis) (m} HGL {m)
REACHY 41.785 [] 15 318.331 ARER 10 ysar, 18 hours slorm, average 4.81 mm/h, Zone 2
28 3800 316,005
REACH10 44.521 (] 15 291,380 ARER 10 year, 18 hours slorm, average 4.81 mmuh, Zone 2
28 3000 201128
OVERFLOW ROUTE DETAILS
Name Max Q 'S Max Q VS Safe O Max D  Max DxV Max Widt! Max V' Due to Storm
REACH1 4872 4072 a7z 0.202 0.45 10.79 1.72 ARSR 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
REACH3 5838 5638 6,234 0228 055 1068 239 ARBR 10 ysar, 18 hours storm, average 4.81 mm/h, Zone 2
OFC2 L] ] 30.230 o o o 0
REACH12 1.18 1.18 5.293 0122 008 187 0.63 ARER 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
REACH4 T.226 T.228 623 o3e 089 10.06 2.8 ARBR 10 year, 18 hours steem, average 4.81 mm/h, Zone 2
REACH2 &r2 72 4028 0.478 o8 11.43 im
REACH3A 14.254 14.254 4272 0815  1.31 1184 242 ARAR 10 year, 18 hours slorm,
REACH4A 21.061 21.051 4503 0751 189 12.25 282 ARSR 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
REACHS 26.324 26.324 4028 0914 23 1274 2853 ARBR 10 ysar, 18 hours slorm, average 4 81 mm/h, Zone 2
REACHS 31.088 31.068 2708 1238 3165 1Hwn 255 ARAR 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
REACH? 38.52 36.52 2840 1358 304 14.08 224 ARAR 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
REACHS 30.244 30,244 2014 1723 342 1547 181 ARAR 10 ysar, 18 hours slorm, average 4.81 mmm, Zone 2
OFC4 24.478 24.478 30.238 0.233 0.35 .81 1.8 ARSR 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
REACH11 45.381 45.381 2056 1441 237 2323 185 ARBR 10 ysar, 18 hours storm, average 4.81 mm/h, Zone 2
OFC3 30.080 30.080 1.083 04 0.40 18005 122 ARSR 10 year, 18 hours slorm, aversge 481 mm/h, Zone 2
REACH11A 45,39 45.30 4322 1.188 247 nar 208 ARSR 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
REACH12A 48,842 48 842 0.740 1.088 150 20208 08 ARSR 10 year, 18 hours storm, aversge 481 mm/h, Zone 2
REACH13 6,27 4827 oen 203 1.3 202 o088 ARSR 10 year, 18 hours storm, average 4.81 mm/h, Zone 2
CONTINUITY CHECK for ARER 10 year, 30 hours storm, average 3.31 mm/h, Zone 2
Node Inflow Qutfiow Storage Change Difference
feu.m) few.m) few.m) %
M1 138888.8 138608.8 [ o
N3 21908645 210086.45 [} [
HW2 884742 BBATANT L] [}
N12A BB474.17 BE4TO.3 [} [}
N4 273002.88 273002.88 o o
N2 337302.18 3I7I02.34 1] (]
N3A 558002.81 5560005 0 o
A 83348504 B33458.58 o o
NE 1104758.76 1104758.38 o ]
No 1411567.75 14115635 o 3
N7 180008 1800970 o [}
NB 2000012.75  2000013.38 0 0
No 222710276 2207483.28 o 0o
BRIDGE 241304875 241381875 o o
HWa 2458787 2458613 -] -]
N11A 2458272.28 245803075 ] o
HW3 2455507.75 245578525 o o
N11B 2455038.75 24557636 ] o
Ni2C 251704575 251704825 ] ]
N13 2504752.75 2504740 o "]
NC4 3001602.5 30016026 L] o

SEEC



SPECIALIST CONSULTANT STUDIES

Part 2: Surface Water Assessment

CATCHMENT 1 - 20YR ARI OUTPUT

PIT / NODE DETAILS
Name

BUB-CATCHMENT DETAILS
Name

Outflow Velumes for Total Catchment (-110 impervious + 10088 pervious = 1
Storm Totsl Rainfal

ARAR 20 ysar, 18 hours storm. average 5.6 mmh, Zone 2
ARBR 20 ysar, 24 hours storm. average 4.55 mm/h, Zone 2
ARER 20 year, 30 hours storm. average 3.86 mm/h, Zone 2
PIPE DETAILS

Name

CULVERT2

CULVERT3

CULVERT4

CHANNEL DETAILS
Nama

REACH®

REACH10

OVERFLOW ROUTE DETAILS

Name
REACH1
REACH3
OFC2
REACH12
REACH#

CONTINUITY CHECK for ARER 20 year, 30 hours sterm, average 3.88 mm/h,
Node Inflow

HW2

Max HGL

270.44
27018
310.065

27062
27010
268.57

4274
1.309
2041
T.ITE

cum
10963148
11876748
12504560

Max Q
feu.mvis)
1.704
21.855
15,744

Max Q
few.mis)
60.085

B4.205

Max Q VS
6.784
8207

1.784
10462
12.453

30.847
48,675

59.241
43718

49.852
85,502
B7.291
6908

few.m)
103037.84
200885.47
96604.50
DO604.56
383373.72
47235372
T77118.31
1164053.68
1549301.75
1094727.25
2566332.25
2858021.25
3220080.75
3507336.75
3570328
3570074.25
3587756.25
3566038
I8ETERLTE
388411675
4555603.5

SEEC

2-73 ALKANE RESOURCES LTD
Tomingley Gold Project
Report No. 616/06
Max Pond Max Surface Max Pend Min Overflow  Constraint
HGL Flow Arriving Volume  Fresboaro (cu.m/s)
feu.mis) fewm)  fm}
1.764 0.88 L] None
o
84.001
1.300 -0.36 43.718  Headwall heighl/system capacily
43718
65580 118 49.852  Headwall heighl/system capacily
49.852
Due to Storm
ARAER 20 ysar, 30 hours siorm, average 3,88 mm/h, Zons 2
ARER 20 year, 18 hours sicem, average 5.8 mm/h, Zone 2
ARER 20 year, 18 hours storm, average 5.8 mmi, Zone 2
ARGR 20 ysar, 18 hours storm, average 5.8 mmh, Zone 2
ARER 20 yoar, 18 hours storm,
ARER 20 year, 18 hours storm,
ARER 20 year, 18 hours storm, average 5.8 mm, Zone 2
average 3.88 mmuh, Zone 2
3 . mverage 3,88 mmh, Zone 2
g verage 3,68 mmh. Zone 2
0 rage 3.88 mmh, Zone 2
3 . average 5.8 mmh, Zone 2
s . average 5.8 mm/h. Zone 2
ARER 20 yoar, 30 howrs storm, average 3.88 mm/h. Zone 2
0876 tatal ha}
Total Runoff Runolf Pervious Runcll
cu.m (Runoff %) cu.m (Runoff %) cu.m (Runoff %)
3416457.50 (31.2%)  -1692200.50 (0.0%) 500886400 (45.2%)
3862544.25 (32.5%)  -1003553.25 (0.0%)  4886007.50 (40.6%)
4432357.80 (35.2%)  -720845.81 (0.0%) 5182203.50 (40.8%)
Max V' Max 'S Max VS Due to Starm
(mis) HGL fm) HGL (m)
22 270220 270.161 ARAR 20 year, 18 hours storm, average 5.8 mm/h, Zone 2
4 270,840 270,617  ARER 20 yoar, 18 hours storm, average 5.6 mm/, Zone 2
e 288,827 288,567 ARAR 20 year, 18 hours slorm, average 5.8 mm/h, Zone 2
Max V Chainage Max Due to Storm
(mvs) {m} HGL (m)
[} 16 Je.845 ARER 20 year, 18 hours storm, average 5.8 mmsh, Zons 2
3 3800 36341
0 18 201802 ARER 20 year. 18 hours stoem, average 5.6 mm/h, Zone 2
L8 3000 291,382
Max Q DVS Safe O Max DxV Max Widt! Max V. Due fo Storm
6.853 6872 0.65 1000 199 ARAR 20 ysar, 30 hours storm, average 3.86 mmih, Zane 2
B.207 6.234 0.7e 10.88 275 ARLR 20 year, 18 hours storm, average 5.6 mm/h, Zono 2
o 30.238 o [} o
1764 6293 0.12 16.9 0.74 ARER 20 year, 18 hours storm, average 5.6 mm/h, Zone 2
10,482 6.23 0.%% 1.9 240 ARER 20 year, 18 howrs storm, average 5.8 mm/h, Zone 2
12.453 4028 114 "7 195 ARBR 20 yoar, 18 hours storm, average 5.6 mm/h, Zone 2
20.484 4272 1.84 1220 241 ARSR 20 year, 18 hours storm, average 5.6 mm/h, Zone 2
30.012 4503 2n 12.82 288 ARLR 20 year, 18 howrs slorm, average 5.6 mm/mh, Zona 2
30.034 4028 233 13.48 289 ARAR 20 yoar, 18 hours storm, average 5.6 mm/h, Zone 2
48.675 2706 451 1288 289 ARER 20 year, 18 hours storm, average 5.8 mm/h, Zone 2
55,009 2848 4,38 1615 255 AR&R 20 year, 18 hours storm, average 5.6 mm/h, Zona 2
50.241 2014 22 14780 088 ARER 20 year, 18 hows slorm, average 5.8 mm/h, Zone 2
43718 30.238 058 .80 104 ARER 20 yoar, 18 hours storm, average 5.6 mm/h, Zone 2
65,580 3.058 azxr %11 185 ARER 20 year, 18 hours slorm, average 5.8 mmh, Zone 2
40,852 1.083 0.78 16005 108 ARER 20 ysar, 18 hours slorm, average 5.8 mm/h, Zone 2
65.562 4322 .42 2333 235 ARER 20 yoar, 18 hours storm, average 5.6 mm/h, Zone 2
ar.2a 0.740 1.8 23869 087 ARER 20 year, 18 howrs storm, average 5.8 mmh, Zona 2
80.08 0811 159 28116 075 ARER 20 year, 18 hours slorm, average 5.8 mm/h, Zone 2
Zone 2
Outflow Storage Change Differance
feum) feu.m) %
103037.84 o o
30088547 L] o
06094.56 [} ]
96600.04 o o
383373.72 L] 1]
472353.50 (] ]
TT27 o L]
11640625 o L]
154030113 (] [}
1004726.75 ] o
2565338.25 o L]
285802075 ] [}
3205808.25 o 05
3507180 o (]
3570112 o [}
357022576 o o
3567881.25 a o
3568730.25 o L]
305T500.5 o (]
3884120.756 o o
4555003 6 ] L]



ALKANE RESOURCES LTD 2-74 SPECIALIST CONSULTANT STUDIES
Tomingley Gold Project Part 2: Surface Water Assessment
Report No. 616/06

CATCHMENT 1 - 50YR ARI OUTPUT

PIT | NODE DETAILS
Name Max HGL Max Pond Max Surface Max Pond Min Owerflow  Constraint
HGL Flow Arriving Volume  Fresboare few.ms)
feu.ms) feum)  fm)
HW2 27057 2812 073 o Nona
N12A 270.23 ]
Ne o0 o1.287
HWa me2 160 052 75077 Headwal heightisystem capacity
N11A 27083 759077
HW3 27081 9,087 «181 8154  Headwal heightsyslem capacity
N11B 288,57 8154
SUB-CATCHMENT DETAILS
Name Max Duw to Storm
Flow
feu. s}
SC1 9.183 ARSR 50 yoar. 8 hours storm, average 14.8 mmh, Zone 2
sC3 11.485 ARSR 50 yoar. 18 hours siorm, average 8.67 mmh, Zone 2
SC12 2812 ARSR 50 year, 18 hours slom, average 8.67 mmh. Zons 2
5C4 14,631 ARER 50 yoar, 18 hours slorm. average 6.87 mmh,. Zone 2
562 0.208 ARER 50 yoar, 18 hours sicem. average .87 mmh. Zone 2
sCs 11,670 ARER 50 yoar, 18 hours stom, average 8.67 mm/h, Zone 2
sCE 11.314 ARER 50 yoar, 18 hours storm, averago 8,67 mm/, Zono 2
sCT 12736 ARGR 50 year, 18 hours sicem, average 6.67 mm, Zone 2
s5Ce B3 ARLR 50 ysar, 18 houra slorm, average 8,67 mm, Zona 2
5C0 7234 ARER 50 year, 18 hours siorm, average 8,67 mmh, Zone 2
sc1wo 8.302 ARER 50 year. 18 hours siorm, average 8,67 mmh, Zone 2
sC11 1.80 ARER 5O ysar, 18 hours storm, average 8.87 mmh, Zone 2
5C13 2080 ARER 50 year, 18 houra siorm, average 8.87 mmh, Zone 2
4 11.302 ARER 50 year, 18 hours siorm, average 6,67 mmh, Zone 2

Outflow Volumes for Tolal Catchment (-110 impenvous + 10688 pervious = 10876 total ha)
Storm Total Rainfall

Tots! Runoff Impervious Runoff Pervious Runclf

cum cu.m (Runoff %) cu.m (Runcff %) eum [Runoff %)
ARAR 50 year, 8 hours siedm, sversge 14.8 mmh, Zone 2 8658012 188200425 (17.4%)  -3008557.25(0.0%)  5580551.50 (57.3%)
ARAR 50 ysar, © hours siorm, average 11 mm, Zane 2 10767378 2437360.00 (22.0%)  -3511377.50(0.0%)  5R48773.60 (54.7%)

ARER 50 yoar, 12 hours siorm, average 8.89 mm. Zone 2 11002605 3J2083G2.00 (27.7%) -2850080.50 (0.0%)  BOL5381.50 (51.8%)
ARSR 50 yoar, 18 hours storm, average 8.67 mmh, Zonw 2 13057807 4BET103.00 (37.3%) -1040783.50 (0.0%)  ©518856.50 (51.7%)
ARAR 50 ymar, 24 hours storm, averags 5.43 mmh, Zons 2 14173781 545B7T67.25 (38.6%) -1220554.75(0.0%) 667935200 (46.7%)
ARSR 50 year, 30 hours storm, average 4.62 mmh, Zone 2 16074329 503012238 (39.4%)  -837403.63 (0.0%) 677852000 (44,5%)

PIPE DETAILS
Name Max O Max V' Max WS Max OVS  Due to Storm

(eu.mvs) ] HBGL (m) HBGL m)
CULVERT2 2812 285 270.204 270228 ARAR 50 yoar, 18 hours storm, average 687 mmh, Zona 2
CULVERT3 23128 a2 270,002 270.832 ARSR 50 yoar, 18 hours siorm, average 6.67 mmm, Zone 2
CULVERT4 17.547 41 268841 268,587 ARER 50 year, 18 hours storm, aversge 8.67 mmuh, Zone 2
CHANNEL DETAILS
Name Max Q Max ¥ Chainsge Max Due fo Storm

few.mis] (mvis) {mj HGL fm)
REACHE 1015 o 15 M09 ARBR 50 year, 18 hours slorm, average 6.67 mmh, Zone 2

34 3800 316.680
REACH10 87304 o 16 262143 ARBR 50 yoar, 18 hours storm, average 8.67 mmh, Zone 2
34 000 20173

OVERFLOW ROUTE DETAILS
Nama Max O UV'E Max Q OV5 Salfe Q Max D Max DxV Mox Widtt Max v Due to Storm
REACH1 ALK w103 58T 0 oer 147 F54] ARBR 50 yoar, & hours siorm, average 14.8 mmM, Zone 2
REACH3 11.485 11.485 8.234 035 100 11.08 312 ARBR 50 yoar. 18 hours storm, average 8.67 mm/h, Zone 2
OFC2 o o 36.238 o o o o
REACH12 2812 2812 5.203 0,997 017 18,13 085 ARBR 50 year, 18 hours storm, average 8.67 mmh, Zone 2
REACH4 14,831 14631 8.23 0485 1.38 11.48 am ARBR 50 year, 18 hours storm, average 8.87 mm/h, Zone 2
REACH2 17.388 17.388 4028 ore 157 1218 219 ARBR 50 yoar, 18 hours storm, average 8.67 mm/, Zone 2
REACHIA 28.803 28.803 4272 0832 253 128 an ARBR 50 year, 18 hours storm, average 8.67 mm/h, Zone 2
REACH4A 43,388 43,388 4,503 1.148 a 13.44 an ARBR 50 year, 18 hours storm, average 8.67 mm/h, Zone 2
REACHS B4.819 54.819 a0nxe 1403 453 14 3 ARAR 50 year, 18 hours starm, average 8.67 mmh, Zone 2
REACHS BE.001 85,991 2708 1.808 8.00 13.80 3 ARBR B0 yoar, 18 hours storm, average 8.87 mm/h, Zone 2
REACHT T8.308 78.308 2g48 2507 441 57.28 1.78 ARAR 50 yoar, 18 hours storm, average 8.87 mmh, Zone 2
REACHE B4.114 84,187 2014 2647 245 184.72 083 ARBR 50 year, 18 hours slorm, average 8.67 mmh, Zone 2
OFC4 75977 TEATT 36238 03 1.0 w8 338 ARER 50 year, 18 hours starm, average 8.87 mmh, Zons 2
REACH11 96087 09.087 3058 218 484 27.87 209 ARSR B0 yaar. 18 hours storm, average 8.87 mm/h, Zone 2
OFC3 8154 B81.54 1.083 04 128 16005 32 ARBR 50 year. 18 hours storm, average 8.07 mm/h, Zone 2
REACH11A 80.033 90.033 4322 1.835 489 25.48 287 ARAR 50 year, 18 hours storm, average 8.67 mmh, Zone 2
REACH12A 101.580 105,864 0T49 2198 212 28634 006 ARBR 50 yaar, 18 hours storm, average 8.87 mmh, Zone 2
REACH13 108878 108.eTE e 200 188 453 083 ARBR 50 yoar, 18 hours storm, average 8.67 mm, Zone 2

CONTINUITY CHECK far ARSR 50 year, 18 hours siorm, average 8.87 mmh, Zone 2
Node Infiow

Qurtfiow Storage Change Difference

few.m} few.m) (ew.m} %
N1 246308,10 246398,19 [] o
N3 38011250 38011269 o o
HW2 10034417 10634417 [} [}
N12a 10034417 100325.25 [] (]
Ni ATE450.97 47845097 [ 0
N2 582282.60 582283.13 o 0
N3A 95885783 65085480 [} o
NaA, 142280463 142260563 [] 0
N5 18758105 1675812.38 [ o
NE 2363808.5 2383806.75 o 0
NT 2051247 205126476 o 0
N& 3245503.28 J245500 0 o
No 3563278.25 3548040 o 04
BRIDGE 3B558735 3855130 o 0
HWa 3628616.25 39277825 o 0
NitA 2765125 302723425 o o
HW3 3021228 302424875 o 0.1
N11B 923168 3922882 25 0 o
Ni2C 40163275 40153205 ] ]
N13 400233426 40623425 o o
NC4 43001725 43001725 ] o
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CATCHMENT 1 - 100YR ARI OUTPUT

Max HGL Max Pord Max Surface Max Pord M Overfiow Conatraind
HGL Fiow Arriving. Vokane Fresboned feu mis)
feumis) fes ml imi

HW2 sy s om o Hone
N12A o ]
N 3173 114313
HW4 me 242 Rl ©4444  Headwall heightisystem capacity
H11A 2083 [
HW3 r0m4 1281 484 TIE3S  Headwsl heightinysiem capacity
N11B 20857 s
SUB-CATCHMENT DETAILS
Hame Max Dwe to Siorm

Fiow

fowm'sl
sC 1n.am ARAR 100 vear. 6 hours storm. sversge 10.7 mmh. Zone 2
sy 14441 ARAR 100 voar, 18 hours storm. sversce 7.52 mmvh. Zore 2
sC12 aam ARAR 100 yoar, 18 hours siorm. eversos 7,52 mmvh, Zone 2
5C4 18353 ARAR 100 veer, 18 hours siorm. wversgs 7.52 mmvh, Zone 2

nm ARAR 100 voar, 18 hours siorm. sversge 7,82 mmh, Zore 2
ol 6004 ARAR 100 year, 18 hours siorm., svengs 762 mmd. Zone 2

“unr ARAR 100 yeer, 18 hours storm, avenage T.82 mmvh. Zone 2
8CT 10667 ARAR 100 year, 18 hours storm. sverage 7.52 mmvh. Zore 2
scs axe ARSR 100 vear, 18 hours siorm, mvanaos 7.52 mmvh. Zerw 2
sCo w52 ARAR 100 year, 18 hours slerm, mversos 7.52 mmvh, Zone 2
8Cw0 BIT4 ARAR 100 yeur, 18 hours sierm, svensge 7,52 mmvh, Zone 2
sC11 242 ARZR 100 vear, 18 hours siorm, sverags 7.52 mmvh, Zore 2
5C13 3885 ARAR 100 vear, 18 hours siorm, svergs 7.52 mmv, Zore 2
4 14023 ARAR 100 year, 30 hours siorm, mversge §.22 mmvh, Zore 2

um (Runall %) i [Runcll %) eum (Runcff %)
21540500 (0 3%) 491031850 (0.0%) BAIATAY B0 (020%)
3108311.00 (20.3%) 000,00 {0.0%) T28T401.00 (50.4%)
410080000 (319%) 330634200 (0.0%) T48T01.00(59.0%)
%)
ARER 100 yoar, 30 hours siom. aversge § 22 mmvh, Zone 2 17032000 TENA0Z01 (44 TH)  S20NTO10 (0.0%) BASHTHZO00 (40.1%]
PIPE DETAILS
Hama Max Maz ¥ Max WS Max 05 Due o Storm
few.msh e} HGL fm} HGL fm}
CULVERTZ 3an 27 270554 270284 ARER 100 yoar, 18 hours storm, wverace 7.52 mevh. 2one 2
CULVERT3 T8 a3 270,008 2m0.832 ARER 100 year, 18 hours sborm, averace 7.52 mvh, Zone 2
CULVERT4 18,420 43 208040 208,587 ARER 100 yoar, 18 hours sborm, aernce 7.52 mmvh, Zone 2
CHANNEL DETAILS
Max O Max ¥ Chainage Max D o Storm
fmal fm) HGL fm)
REACHD 107 800 [ i) N1 ARAR 100 year, 18 hours siomm, average 742 mmh, Zone 2
El 3800 318,853
REACH10 LT o 15 202304 ARAR 100 yar, 18 hours skorm, mverage 752 mmh, Zone 2
3000 20101
OVERFLOW ROUTE DETALS
Nams Sak 0 Max D Maxr Oz Max Wit Max V' Duw bo Storm
REACH1 5872 o482 100 1130 242 ARAR 100 vear. 8 hours slorm, mverace 10.7 mmvh. Zons 2
REACH3 0234 a0t 13 12 34 ARAR 100 year, 18 hours storm, sbenaos 782 mmh, Zone 2
oFC2 30.230 o [ o o
REACH12 8.200 oxm [F 1031 op ARAR 100 year, 18 hours storm, averscs 752 mmvh, Zone 2
REACH4 an 0555 180 nar 304 ARSR 100 yaar, 18 hours shorm, aversos 7.52 mmvh, Zone 2
REACHZ 4020 0814 182 1244 230 ARKR 100 year, 18 hours storm, aversos 7.52 mmvh, Zone 2
REACHIA ar2 1,050 a1 1318 26 ARAR 100 year. 18 hours storm, averss 7.52 mmh, Zene 2
REACHAA 4503 1,303 451 1301 34T ARAR 100 veer, 18 hours storm, mversos 7.52 mmvh, Zons 2
REACHS 4028 1,808 [T 1478 34T ARSR 100 yeer. 18 hours storm, mversos 7,52 mmvh, Zone 2
REACHS 2708 2487 am 11008 182 ARER 100 yeer, 18 hous storm, sversce 7.62 mmvh, Zona 2
REACHT 2848 2008 an 7030 47T ARAR 100 vesr. 18 hours storm, mversos .62 mmh, Zons 2
REACHS 2014 218 284 20841 0B  ARAR 100 year, 18 hours siom, sverage 7.62 mmh, Zone 2
OFC4 3023 03 128 e 42 ARAR 100 year, 18 hours stom, aversoe 7.62 mmvh, Zone 2
REACH11 2088 2008 28 25 0es ARAR 100 year, 18 hours storm, aversos 7.52 mmvh, Zone 2
1,083 04 157 16005 302 ARAR 100 year, 18 hours stom, mvecsos 7.52 mmvh, Zone 2
REACHT1A 432 2022 L) 2050 281 ARAR 100 year, 18 hours storm. aversos 7.52 mevh, Zene 2
" REACHIZA o740 2 zn 30312 000 ARAR 100 year, 18 hours storm. sversos 7.52 mmh, Zene 2
REACH1Y [L] 2303 194 32427 OB ARGR 100 vear. 18 hours storm. sversos 7.62 mmh, Zens 2
CONTINUITY CHECK for ARBR 100 vear. 18 hours storm, sversge 7.52 mevh, Zoos 2
Hods Inflow Outfiow Sirsan Difference
fewm) feam) feum) %
Ll 03130.31 30313031 ] o
N3 47084504 AT0B4% 04 L] L]
HW2 1374888 1374848 a 3
N1zA 1374048 1374443 [ o
N4 880404 3 $80404. 3 o o
N2 T2024.38 T2800% 25 ] o
N3k 11BSGTT.TS 1ABSGTE TS [ o
Nak 1T0es08 1TBes84 o o
NS U725 22105 a o
N 057425 ETES0TS [ o
NT 372385075 3723807 [ o
NE 41083t 4108370.25 a o
4513830 4404345 [ 04
BRIDGE ABO1ATTS 4800578 (] o
HW4 40822708 4pa1in a o
NIA 4081400.5 [ o
HW3 4oTat08 5 4077000 a a1
N11B 4070404 5 40TEI00 ] o
N12C 5004815 50G4B10 [ o
N1 5 5050857 5 [ o
NE4 53132745 E3NITAS L] o
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Appendix 4

RATES Modelling Outputs

(No. of pages including blank pages = 4)

(Note: A copy of Appendix 4 is provided on the Project CD)
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SPECIALIST CONSULTANT STUDIES
Part 2: Surface Water Assessment

SEEC RATES IV Results
Site: Tamingley
Rain station: Peak Hill 50031

Total years: 9933
Total days: 36230
Total no of dayswhen rain fell: 6372
Avy days per year when rain fell: B9. 183525965

Awg annual rainfall (rm): 566.81
hax daily rainfall (mm): 133.9
Longest dry spell (days): BS
Days when rain = 31 initial loss: 3075

Ay wet day rainfall (mm): 8.19

Awg daysdyr rain = 31 initial loss: 3095741

Input statistics: Minimum production Maximum production
Capacity (L) 50300000 50300000
Startup % full: 10 10
Catchment area (sgm): 2680000 2680000
Initial loss per day (mm): g g
Runoff percentage: a0 a0
Apply onste use on wet days (YR i Y
Apply evaporation an wet days (Y/N): I I
USAGE stats (L/day):
llzage type:| Onsiteuse  Ewvaporation Onsite use Evaporation
January 376128 2R4000 2569104 264000
Febroary 376128 238800 2569104 238300
hdarch I7B126 189000 2568104 189000
April 376128 126000 2569104 126000
May 376126 75000 2569104 75000
June 376128 48000 2569104 48000
July 376128 51000 2569104 51000
August 376128 72000 2569104 72000
September 376128 102000 2569104 102000
October I7B126 153000 2568104 153000
Movermber 376128 207000 2569104 207000
December 376126 258000 2569104 258000
Results:
% met from storages: 96.57 37k
% supplied from pipeline: 313 62.4
Longesttime storage ran dry (days): 78 145
Aurg wet day averflow (L) 385018954 1126742 32
Awg no of oveflow events annually: 16.83277962 3745092117
Awg annual supply fram rain in (L) 175444373 1359671600
Wtax daily overflow (L): 168045392 147678400
Annual demand (L) 186965227 8 9537244205 4
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ey
|

Total years: 9933
Total days: 352580
Tatal no of days when rain fell: 6872
Awg days per year when rain fell: 53.18352965
Ay wet day rainfall (mm): 5,19

SPECIALIST CONSULTANT STUDIES
Part 2: Surface Water Assessment

SEEC RATES IV Results
Site: Tomingley
Rain station: Peak Hill 50031

Awg annual rainfall (mm): 566.51
hlax daily rainfall (mm): 133.9
Longest dry spell (days): 65
Days when rain = 51 initial loss: 3075
Avg daysfyr rain = 31 initial loss: 30 95741

Input statistics: Average Production Not Used
Capacity (L): 50300000 0
Startup % full: 10 0
Catchment area (sgm): 2680000 0
Initial loss per day (rmm): g 0
Runoff percentage: a0 0
Apply ansite use an wet days (/1) bl il
Apply evaporation on wet days (/N I I
USAGE stats (L/day):
Usage type:| Onsiteuse  Evaporation Onsite use Evaporation
January 1738663 264000 0 0
February 1738668 238800 0 D
Warch 1738668 189000 0 D
April 1738663 126000 0 0
heday 1738663 75000 0 0
June 1738663 48000 0 0
July 1738663 51000 0 0
Angust 1738663 72000 0 0
September 1738663 102000 0 0
October 1738663 153000 0 0
Maovember 1738663 207000 0 0
December 1738668 258000 0 0
Results:
% met from storages: 50.8 1]
% supplied fram pipeline: 482 100
Longest time storage ran dry (days): 144 36280
A g wet day overflow (L) 1462504 26 0
Awg no of overflow events annually: 5.124333031 0
Awg annual supply from rain in (L) 176678309 #1401
hlax daily overflow (L): 157145056 0
Annual demand (L): 684629518 2 0
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Appendix 5

Sediment Basin Sizing Spreadsheet

(No. of pages including blank pages = 4)

(Note: A copy of Appendix 5 is provided on the Project CD)
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Site area St -calchimerts Remarks
SE1 S8z SB2 SE4 SBE
Total catchment area thal 106 16 39 21 10
Digtuthed catchment area ha) 28 1.7 2.3 16.2 2
Soil analysis (enter sediment typ e if known, or laboratory particle size data)
Sedirmert Type (C, F or I) if knoww; ] ] ] ] ] From Appendix C
Yhsand fracton 002 to 200 ) Sioil texture should be aszezsed through
it Fraction 0002 to 002 mem) tnechanical dizpersion only. Dispersing
Sclay Fraction finerthan 1002 mm) anerts (g0, Calgon) should mot be used
Dispersion percertaye E.y. enter 10 for dispersion of 10%
%aof mhole zoil disperzible See Section B3 3 (). Auto-caloulated
Soil Texture Group ) o ] D i) Automatic calculation framabowe
Rainfall data
Design rainfall depth [dayz) H] H] H] ] H] See Sections B34 ) and fe)
Design rainfall depth fpercentile) a0 10 90 an 10 See Sections B34 Fland (o)
wilay, ypercertile minfall event Wk Wk Wk 1k Wk See Section B34 ()
Rairfall Ffactar {f knoww) 1320 ) 1320 | 1320 | 1320 [ 1320 See Mppendiz B
IFD: 2-vear, B-haur storm i known) See IFD chart for the site
RUSLE Factors
Fainfall erozivity (7 factor) 1320 ) 1320 | 1320 | 1320 [ 1320 Autofilled fram abowe
Sail erodibility (% factr) 005 005 11K .05 0.05
Hope length ) 300 a0 a0 300 300
Hope gradient (% ] ] ] ] ] RUSLE LS factor calculated for a high
Length fradiert (L5 factor) 283 283 283 283 2483 rillinterill rtio .
Brozion confrol practice (P factor) 13 13 13 13 13 13
Ground cover [Cfactor] 1 1 1 1 1 1
Calculations
Sail lozz fhakr) 217 217 217 217 217
Soil Loss Class 2 2 ? 2 ? See Section 442 %)
Soil lnzs (niha ) 167 167 167 167 167
Sedimert bazin storage wolume, md 795 13 3] 46D a7 See Sectionz B3 AM and B35 (2)
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Basin valume = settling zone valume + sediment storage zone valume

Settling Zone Volume

The settling zone valume for Tgpe F and Type O soils is calculated to provide capacityto contain all
runoff expected from up to the y-percentile rainfall event. The volume of the basin's settling zone (%) can
be determined as a function of the basin's surface area and depth to allow far particles to settle and can
be determined by the following eguation:

Y= 10 % er %A Rx—da\.r.\.ﬂ"&ile (msj
where:
10 = a unit conversion factor

= the volumetric runoff coefficient defined
as that portion of rainfall that runs off as
stormwater over the x-day period
= iz the x-day total rainfall depth (mm) that
iz not exceeded in y percent of rainfall
events. (Zee SectionsB.3.4(d), (e, if),

(9] and (h)).

w-day, w Fike =

A = total catchment area (ha)

Sediment Storage Zone Volume

In the detailed calculation on Soil Loss Classes 1 to 4 lands, the sediment storage zone can be taken as
50 percent of the settling zone capacity. Alternately designers can design the zone to store the 2-month
soil loss as calculated by the RUSLE (Section 6.3.4{0(ii)). However on Soil Loss ClassesS, 6 and ¥
lands, the zone must contain the 2-month soil loss as calculated by the RUSLE (Section 5.3 4(0(iii).

Flace an " in the box below to show the sediment storage zone desion parameters used here:
S0% of settling zone capacity,
A 2 months soil loss calculated by RUSLE

Total Basin Volume

Total Settling Se dime nt Total
¢ atc hment Z0NE storage basin
Site E-.- R:-cd::r.r’iit area wolunie molume vrolume
ha) im) ind im)
SE 150 6 106 18858 705 1963 N
SE 50 345 16 T I 7596 ”he Ida E?'Q”m
56 040 195 19 4 B 7007 = rﬂ?‘nimaucm'g‘f )
SEd TH] 55 i 14418 150 18578 lengthowidth ratio in
SES T 396 11 1780 a7 1837 Type D or F basins
050
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Appendix 6

Plans and HEC-RAS Output data for Proposed Gundong Creek
Crossing

(No. of pages including blank pages = 8)

(Note: A copy of Appendix 6 is provided on the Project CD)
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Photo 2 — Looking Downstream of Proposed Creek Crossing (GPS 613052.5,6394417)
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Appendix 7

New South Wales Office of Water Requirements for Controlled
Activities

(No. of pages including blank pages = 4)

(Note: A copy of Appendix 7 is provided on the Project CD)
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Coverage of NSW Office of Water Requirements for Controlled Activities

Paraphrased Requirement

Relevant Section of This

Report
Watercourse Crossings & In-stream Works
e The design and construction of crossing structures should
consider, but not limited to, the following principles.
o |dentify the width of the riparian corridor in accordance with the Section 7.3.2

NSW Office of Water's Guidelines for riparian corridors.

Consider the full width of the riparian corridor and its functions in
the design and construction of crossings. Where possible the
design should accommodate fully structured native vegetation.

Section 7.3.5.1

Minimise the design and construction footprint and extent of

proposed disturbances within the watercourse and riparian corridor.

Section 7.3.5.1

e Maintain existing or natural hydraulic, hydrologic, geomorphic and Appendix 6
ecological functions of the watercourse.
e Demonstrate that where a raised structure or increase in the height Appendix 6

of the bed is proposed there will be no detrimental impacts on the
natural hydraulic, hydrologic, geomorphic and ecological functions.

Maintain natural geomorphic processes:

— accommodate natural watercourse functions

— maintain the natural bed and bank profile

— ensure the movement of sediment and woody debris is not
inhibited

— do not increase scour and erosion of the bed or banks in any
storm events

— avoid locating structures on bends in the channel

— where bed degradation has occurred, address bed degradation
to protect the structure and restore channel and bed stability.

Section 7.3.5.1

Maintain natural hydrological regimes:
— accommodate site hydrological conditions

— do not alter natural bank full or floodplain flows or increase
water levels upstream

— do not change the gradient of the bed except where necessary
to address existing bed and bank degradation

— do not increase velocities by constricting flows, for example
filed embankments on approaches.

Section 7.3.5.1

Protect against scour:

— provide any necessary scour protection, such as rock rip-rap
and vegetation

— ensure scour protection of the bed and banks downstream of
the structure is extended for a distance of either twice the
channel width or 20 metres whichever is the lesser

— if cutting into banks, protect cuttings against scour.

Section 7.3.5.1 &
Appendix 6

Stabilise and rehabilitate all disturbed areas including topsoiling,
revegetation, mulching, weed control and maintenance in order to
adequately restore the integrity of the riparian corridor.

Section 7.3.5.1
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Coverage of NSW Office of Water Requirements for Controlled Activities

Paraphrased Requirement

Relevant Section of This
Report

Watercourse Crossings & Instream Works

Identify alternative options and detail the reasons for selecting the
preferred option/s.

Monitor and maintain all in-stream works until suitably stabilised.

Section 7.3.5.1

Other Additional Information:

Detailed design drawings of proposed works

Appendix 6

Detailed design drawings which include a surveyed plan, cross
sections (across the watercourse) and a long section of the
watercourse, showing the proposed works relative to existing and
proposed bed and bank profiles and water levels. The cross section

should extend to the landward limit of the identified riparian corridor.

All plans MUST include a scale bar.

Appendix 6

Detailed report of pre and post construction hydraulic conditions.
The report should address bank full discharge, velocity, tractive
force or sheer stress, afflux (Modified RTA method is acceptable),
Froude and Manning’s ‘n’ roughness values, relative to the
proposed structure.

Appendix 6

Detailed plans of permanent bed and bank stabilisation works for
scour protection.

Appendix 6

Photographs of the site. To assist with future monitoring and
reporting, all photo points should be identified by GPS coordinates
or by survey

Appendix 6

A Vegetation Management Plan prepared in accordance with NSW
Office of Water’'s Guidelines for Vegetation Management Plans.

Note 1, below

Sediment and erosion control plan.

Note 1, below

A site management plan incorporating a works schedule, sequence
and duration of works, contingencies (in case of flood etc), erosion
and sediment controls and proposed monitoring and reporting
periods.

Note 1, below

Costing of all works (materials, labour) and stages of works
(channel stabilisation, rehabilitation, etc).

Note 1, below

Copies of other relevant approvals for example land owner’s
consent or development consent.

Note 1, below

Culverts — additional design requirements.

Box culverts are preferred to pipes.

Section 7.3.5.1

Align culverts with downstream channel.

Section 7.3.5.1

Incorporate elevated ‘dry cells’ and recessed ‘wet cells’ with the
invert at or below the stable bed level.

Section 7.3.5.1

Maintain existing or natural hydraulic, hydrologic, geomorphic and
ecological functions of the watercourse.

Section 7.3.5.1 &
Appendix 6

The culvert design must be certified by a suitably qualified engineer.

Note 1, below

Note 1 — Details to be submitted with the formal submission of application for Approval of a Controlled
Work.
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Appendix 8

Water Sampling Results

(No. of pages including blank pages = 20)

(Note: A copy of Appendix 8 is provided on the Project CD)
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ENVIRONMENTAL LABORATORIES

CUSTOMER CENTRIC - ANALYTICAL CHEMISTS

FINAL

CERTIFICATE OF

SN Z\ AQIS
laswes  NATA o
Y

talyy Accrediabon Mo, 1645 SYDNEY License No, NIS6
Accrodited for Promises

complisnce with TSOAEC 17025, The Quaranting
ks W inm bl s ek chela 54 quacanting
inchutal & docment are tracesble to containment lovel 1 QCI) facilities
numm sonchnts. NATA W & sigraey 1
the APLAC mutul rocopeision
mutusl gecognition o the equivalance of mm;
calibration snd iespection repocte

ANALYSIS - ENVIRONMENTAL DIVISION

Laboratory Report No: E049327 Cover Page 1 of 3

Client Name: SEEC Morse McVey plus Sample Results

Client Reference: Tomingley

Contact Name: Andrew Macleod .

Chain of Custody No: na Date Received: 19/07/2010
Sample Matrix: WATER Date Reported: 03/08/2010

This Final Certificate of Analysis consists of sample results, DQI's, method descriptions, laboratory definitions, and internationally recngmsed NATA )
accreditation and endorsement. The DQO compliance relates specifically to QA/QC results as performed as part of the sample analysis, and may provide an
indication of sample result quality. Transfer of report ownership from Labmark to the client shall only occur once full & final payment has been settled and

has not

verified. All report copies may be

d where full pay

d within the agreed settlement period,

QUALITY ASSURANCE CRITERIA

QUALITY CONTROL
GLOBAL ACCEPTANCE CRITERIA (GAC)

GE :nntm( SPM:I_‘M . f-l_O, :hb:l:c;mry 20 smaglos Accuracy: spike, lcs,crm  general analytes 70% - 130% recovery
S m'k.e ' ;::rm yoel t = od surrogate: phenol analytes 50% - 130% recovery
urrogal : t target organic meth .
5 b s 2 organophosphorous pesticide analytes
60% 130% recovery .
Precisi lak y dupl 1 in first 5-10, then 1 every 10 samples y acid hert
50% 130% recovery
laboratory triplicate;  re-extracted & reported when duplicate anion/cation bal: +/- 10% (0-3 meg/1),

Holding Times: soils, waters:

RPD values exceed acceptance criteria

+/- 5% (>3 meqg/l)

) Precision: method blank: not detected >95% of the reported EQL
iﬁt’ to EebMiark Preseremtion & THT duplicate lab  0-30% (>10xEQL), 0-75% (5-10xEQL)
VOC's 14 days water / soil RPD (metals): 0-100% (<SxEQL)

VAC's 7 days water or 14 days acidified duplicate lab  0-50% (>10xEQL), 0-75% (5-10xEQL)
VAC's 14 days soil RPD: 0-100% (<5XEQL)
SVOC's 7 days water, 14 days soil
Pesticides 7 days water, 14 days soil QUALITY CONTROL
ctals 6 months general ele
s s T RO ANALYTE SPECIFIC ACCEPTANCE CRITERIA (ASAC)

Accuracy: spike, les, crm

analyte specific recovery data

Confirmation: target organic analysis: GC/MS, or confirmatory column surrogate: <3xsd of historical mean

Sensitivity: EQL: Typically 2-5 x Method Detection Limit  ypcertainty: spike, les: measienent caloilited from
(MDL) historical analyte specific control

charts

RESULT ANNOTATION

Data Quality Objective st matrix spike recovery P pending bes: batch specific les

Data Quality Indicator d:  laboratory duplicate les:  laboratory control sample bmb: batch specific mb

Estimated Quantitation Limit t:  laboratory triplicate crm:  certified reference material

not applicable ;. RPD relative % difference  mb:  method blank

N LR

Laura Schofield
Quality Control (Report signatory)
laura.schofield@labmark.com.au

This document is issued in accordance with NATA's accreditation requirements,

Laura Schofield

Authorising Chemist (NATA signatory)

laura.schofield@]labmark.com.au

QX )

Ryan Hamilton
Authorising Chemist (NATA signatory)
ryan.hamilton@labmark.com.au

@ copyright 2000

Form QS0144, Rov. | : Date lsmued 160208
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3 LcaBsMRN s
(.;r’ LecalisMies

ENVIRONMENTAL LABORATORIES

CUSTOMER CENTRIC - ANALYTICAL CHEMISTS

NEPC GUIDELINE COMPLIAN

1. GENERAL
A, Results relate specifically to samples as received. Sample results are not corrected for matrix spike, lcs, or
surrogate recovery data.
B. EQL's are matrix dependant and may be increased due to sample dilution or matrix interference,
Laboratory QA/QC samples are specific to this project.
D. Inter-laboratory proficiency results are available upon request. NATA accreditation details available at
www.nata.asn.au.
B VOC spikes & surrogates added to samples during extraction, SVOC spikes & surrogates added prior to
extraction.
F. Recovery data outside GAC limits shall be investigated and compared to ASAC (historical mean +/- 3sd). If
recovery data <20%, then the relevant results for that compound are considered not reliabl
G. Recovery data (ms, surrogate, crm, les) outside ASAC limits shall initiate an investigative action.
Anomolous QC data is examined in conjunction with other QC samples and a final decision whether to accept or
reject results is provided by the professional judgement of the senior analyst. The USEPA-CLP National
Functional Guidelines are referred to for specific recommendations.
H. Extraction (preparation) date refers to the date that sample preparation was initiated. Note that certain methods
not requiring sample preparation (eg. VOCs in water, etc) may report a common extraction and analysis date.
I. LabMark shall maintain an official copy of this Certificate of Analysis for all tracable reference purposes.
Z CHAIN OF CUSTODY (COC) & SAMPLE RECEIPT NOTICE (SRN) REQUIREMENTS
A, SRN issued to client upon sample receipt & login verification.
B. Preservation & sampling date details specified on COC and SRN, unless noted.
C. Sample Integrity & Validated Time of Sample Receipt (VTSR) Holding Times verified (preservation may extend
holding time, refer to preservation chart).
3. NATA ACCREDITED METHODS
A, NATA accreditation held for each in-house method and sample matrix type reported, unless noted below (Refer
to subcontracted test reports for NATA accreditation status).
B. NATA accredited in-house laboratory methods are referenced from NEPC, ASTM, modified USEPA / APHA
documents. Corporate Accreditation No. 13542,
C. Subcontracted analyses: Refer to Sample Receipt Notice and additional DQO comments.

Reported by LabMark Environmental Sydney, NATA accreditation No, 13542
Reported by Sydney Analytical Laboratories, NATA accreditation No.1884.

This document is issued in accordance with NATA's accreditation requirements. @ copyright 2000

Form Q50144, Rev, | : Date bescd 060208
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( e) LabMecaric
)
ENVIRONMENTAL LABORATORIES

CUSTOMER CENTRIC - ANALYTICAL CHEMISTS

4, QAIQC FREQUENCY COMPLIANCE TABLE SPECIFIC TO THIS REPORT

Matrix: WATER
Page: Method: Totals: #d  %d-ratio  #t #s  Y%s-ratio
1 Electrical conductivity (EC) 2 0 0% 0 0 0%
2 Total Nitrogen (as N) 2 0 0% 0 0 0%
3 Total Phosphorus (as P) 2 0 0% 0 0 0%
4 Salinity 2 0 0% 0 0 0%
5 Total acidity 2 1 50% 0 0 0%
6 Total Suspended Solids 2 0 0% 0 0 0%
GLOSSARY:

#d number ufdiscmle dupll(me exhicllnn&’annlyses :

%d-ratio NEPC g for | v dug is l in IO les (min 10%).

#t numbcrofmphcalc

its number of spiked samples amiysed

[ T

USEPA guideline for lat

5. ADDITIONAL COMMENTS SPECIFIC TO THIS REPORT

y matrix spikes is | in 20 samples (min 5%).

A. All tests were conducted by LabMark Environmental Sydney, NATA accreditation No. 13542, unless indicated

below.

B. The following test was conducted by Sydney Analytical Laboratories, NATA accreditation No.1884. :-Total

Acidity

Laboratory QA/QC data shall relate specifically to this report, and may provide an indication of site specific sample result quality. LabMark DOES

NOT report

by a accredited contaminated site EPA auditor, when and wh

data. A of this self’ certificate does not preclude any requmment for a QA/QC review
y. Lab ¥y QA/QC self upon request.
This document is issued in accordance with NATA's accreditation requirements, @ copyright 2000

Form Q50144, Rev. | : Dute Isnoed 0602108
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ALKANE RESOURCES LTD
Tomingley Gold Project
Report No. 616/06
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ENVIRONIMENTAL LARDRATDRIES

Quality, Service, Support

Client Details

SPECIALIST CONSULTANT STUDIES
Part 2: Surface Water Assessment

Report Date : 20/07/2010
Report Time : 11:13:37AM

Sample 0,

Receipt il

Notice (SRN) for E049327

Laboratory Reference Information

Client Name: SEEC Morse McVey Please have this information ready !
Client Phone: 02 4862 1633 ___________ whencontacting Labmark. .
Client Fax: 02 4862 3088
Contact Name: Andrew Macleod Laboratory Report: E049327
Contact Email: amacleod@morsemcvey.com.au Quotation Number: - Not provided, standard prices apply
Client Address: PO Box 1098 Laboratory Address: Unit 1, 8 Leighton PI.
Bowral NSW 2576 Asquith NSW 2077
Project Name: Tomingley Phone: 612 9476 6533
Project Number: 09000058 Fax: 6129476 8219
CoC Serial Number:- Not provided - ’
EIODEGS ONISE: o bi pRoStital - ::nr:::'e L Eg: 22::?:@Iahmark com.au
Surcharge: dN:es:;f:}arge applied (results by 6:30pm on Reporting Contact: Leanne Boag
Sample Matrix: WATER Email: leanne.boag@labmark.com.au
Date Sampled (earliest date): 14/07/2010 NATA Accreditation: 13542
Date Samples Received: 19/07/2010 TGA GMP License: 185-336 (Sydney)
Date Sample Receipt Notice issued: 20/07/2010 APVMA License: 6105 (Sydney)
Date Preliminary Report Due: 26/07/2010 AQIS Approval: NO356 (Sydney)
Client TAT Request Date: 26/07/2010 AQIS Emg Permit: 200521534 !Szdnez!
Reporting Requirements: Electronic Data Download required: No Invoice Number: 10EA10655
Sample Condition: COC received with samples. Report number and lab ID's defined on COC.
Samples received in good order .
Samples received with cooling media: Ice bricks .
Samples received chilled.
Security seals not used .
Sample container & chemical preservation suitable .
Comments: Aclidity as Total unless otherwise instructed | Total acidity subcontracted to SAL - results may be
delayed
Holding Times: Date received allows for sufficient time to meet Technical Holding Times.
Preservation: Chemical preservation of samples satisfactory for requested analytes.
Important Notes:

LabMark shall responsibly dispose of spent customer soil and water samples which includes the disintegration of the sample label. A

sample disposal fee of $1.00 is applicable on all samples received by

the laboratory regardless of whether they have undergone

analytical testing. Sample disposal of environmental samples shall be 31 days (water) and 3 months (soil, HNO3 preserved samples)
after laboratory receipt, unless otherwise requested in writing by the client. Samples requested to be held in non-refrigerated storage
shall incur $5.00/ sample/ 3 months. Additional refrigerated storage shall incur $30/ sample/ 3 months. Combination prices apply only
if requested. Transfer of report ownership from LabMark to the client shall occur once full and final payment has been settled and
verified. All report copies may be retracted where full payment does not occur within the agreed settlement period.

Analysis comments:

Subcontracted Analyses:

Reported by LabMark Environmental Sydney, NATA accreditation No. 13542
Reported by Sydney Analytical Laboratories, NATA accreditation No.1884.

Thank you for choosing Labmark to analyse your project samples.

Additional information on www.labmark.com.au

Form QS0012, Rev 13: Date Issusd 14/12/08.

SEEC



SPECIALIST CONSULTANT STUDIES 2-109
Part 2: Surface Water Assessment

£ . "
fo1 L calls Aicunle
) B f-. YRENE &<

FRVIRODNMENTAL LARDRATORIFS

ALKANE RESOURCES LTD
Tomingley Gold Project
Report No. 616/06

Report Date : 20/07/2010
Report Time : 11:13:37AM

Sample w

Receipt &-

Notice (SRN) for E049327

Quality, Service, Support
The table below rep ts LabMark's 1ding and interpretation of the customer supplied sample COC request (refer to SRN comments section
on first page for extemal subcontracting method details). Please confirm that your COC request has been entered correctly. Due to THT and TAT

requirements, testing shall commence immediately as per this table, unless the customer intervenes with a correction prior to testing.

GRID REVIEW TABLE ecaind Asaiysis
o
2 =
INGEH
] !
g E 1HHE
HEHREHHE
E18[z1z|8(21E 12 B
No. Date Depth Client Sample ID Zl18|E|3 |8 g 5 g g
271025 1407 Site 1 o|o|/e|o|jeo|o|je|e|e
271026 1407 Site 2 ojle|(/eo|jo|o|/o|jo|e |9
Totals: 2122122212 ])12]2
'PREP Not Reported' refers to an ii | laberatory instruction - client confirmation of this parameter is not required.

Thank you for choosing Labmark to analyse your project samples.
Additlonal information on www.labmark.com.au

Form Q50012, Rev 13: Date Issued 14/12/08,
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Coverage of Director-General’s Requirements in the Environmental Assessment

Page 1 of 7
Government Relevant Section of
Agency Paraphrased Requirement This Report
GENERAL
Soil and Water — including:
— adetailed site water balance; Section 5.6

— adetailed groundwater model;

— potential water quality impacts on the environment
and other land users, including a geochemical
assessment of the potential leachate impacts; and

— adescription of final void water management;

N/A
Sections 6.4 and 6.7

Refer to EA

WATER

DECCW

Provide details of the project that are essential for predicting
and assessing impacts to waters:

a) including the quantity and physio-chemical properties
of all potential water pollutants and the risks they pose
to the environment and human health, including the
risks they pose to Water Quality Objectives in the
ambient waters (as defined on
www.environment.nsw.gov.au/ieo, using technical
criteria derived from the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality,
ANZECC 2000)

b) the management of discharges with potential for water
impacts

c) drainage works and associated infrastructure; land
forming and excavations; working capacity of
structures; and water resource requirements of the
proposal.

Sections 5.3, 6.4 and 6.7

Section 7.3.1

Sections 5.6, 7.3.1, 7.3.2
and 7.3.3

Outline site layout, demonstrating efforts to avoid proximity to
water resources (especially for activities with significant
potential impacts eg effluent ponds) and showing potential
areas of modification of contours, drainage etc.

Sections 5 and 6

Outline how total water cycle considerations are to be
addresses showing total water balances for the development
(with the objective of minimising demands and impacts on
water resources). Include water requirements (quantity, quality
and source(s)) and proposed storm and wastewater disposal,
including type, volumes, proposed treatment and management
methods and re-use options.

Sections 5.6 and 7

Describe the catchment including proximity of the development
to any waterways and provide an assessment of their
sensitivity/significance from a public health, ecological and/or
economic perspective. The Water Quality and River Flow
Objectives on the website: www.environment.nsw.gov.au/ieo
should be used to identify the agreed environmental values
and human uses for any affected waterways. This will help with
the description of the local and regional area.

Sections 4.4 and 6.7

Describe existing surface and groundwater quality — an
assessment needs to be undertaken for any water resource
likely to be affected by the proposal and for all conditions (eg. a
wet weather sampling program is needed if runoff events may
cause impacts).

Sections 5.3 and 5.5,
plus the Groundwater
Assessment
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Coverage of Director-General’s Requirements in the Environmental Assessment

Page 2 of 7
Government Relevant Section of
Agency Paraphrased Requirement This Report
WATER
DECCW Provide site drainage details and surface runoff yield. Sections 5.1 and 5.2

State the ambient Water Quality and River Flow Objectives for
the receiving waters. These refer to the community's agreed
environmental values and human uses endorsed by the
Government as goals for the ambient waters. These
environmental values are published on the website:
www.environment.nsw.gov.au/ieo. The EIS should state the
environmental values listed for the catchment and waterway
type relevant to your proposal. NB: A consolidated and
approved list of environmental values are not available for
groundwater resources. Where groundwater may be affected
the EIS should identify appropriate groundwater environmental
values and justify the choice.

Section 6.7

State the indicators and associated trigger values or criteria for
the identified environmental valuer This information should be
sourced from the ANZECC 2000 Guidelines for Fresh and
Marine Water Quality
(http://www.deh.gov.au/water/quality/nwgms/volumel.html)
(Note that, as at 2004, the NSW Water Quality Objectives
booklets and website contain technical criteria derived from the
1992 version of the ANZECC Guidelines. The Water Quality
Objectives remain as Government Policy, reflecting the
community's environmental values and long-term goals, but
the technical criteria are replaced by the more recent ANZECC
2000 Guidelines). NB: While specific guidelines for
groundwater are not available, the ANCECC 2000 Guidelines
endorse the application of the trigger values and decision trees
as a tool to assess risk to environmental values in
groundwater.

Section 6.7

State any locally specific objectives, criteria or targets, which
have been endorsed by the government, eg. the Healthy
Rivers Commission Inquiries (www.hrc.nsw.gov.au) or the
NSW Salinity Strategy (DLWC, 2000)
(www.dlwc.nsw.gov.au/care/salinity/#Strategy).

N/A

Where site specific studies are proposed to revise the trigger
values supporting the ambient Water Quality and River Flow
Objectives, and the results are to be used for regulatory
purposes (eg. to assess whether a licensed discharge impacts
on water quality objectives), then prior agreement from the
DECCW on the approach and study design must be obtained.

N/A

Describe the state of the receiving waters and relate this to the
relevant Water Quality and River Flow Objectives (ie. are
Water Quality and River Flow Objectives being achieved?).
Proponents are generally only expected to source available
data and information. However, proponents of large or high risk
developments may be required to collect some ambient water
quality / river flow / groundwater data to enable a suitable level
of impact assessment. Issues to include in the description of
the receiving waters could include:

Section 5.3 and 6.7
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Coverage of Director-General’s Requirements in the Environmental Assessment

Page 3 of 7
Government Relevant Section of
Agency Paraphrased Requirement This Report

WATER

DECCW

a) lake or estuary flushing characteristics

b) specific human uses (eg. exact location of drinking water
offtake)

C) sensitive ecosystems or species conservation values

d) a description of the condition of the local catchment eg.
erosion levels, soils, vegetation cover, etc

e) an outline of baseline groundwater information, including,
but not restricted to, depth to watertable, flow direction
and gradient, groundwater quality, reliance on
groundwater by surrounding users and by the environment

f) historic river flow data where available for the catchment.

No proposal should breach clause 120 of the Protection of the
Environment Operations Act 1997 (ie. pollution of waters is
prohibited unless undertaken in accordance with relevant
regulations).

N/A

Identify and estimate the quantity of all pollutants that may be
introduced into the water cycle by source and discharge point
including residual discharges after mitigation measures are
implemented.

Sections 5.3 and 6.4

Include a rationale, along with relevant calculations, supporting
the prediction of the discharges.

Sections 5.3 and 6.4

Describe the effects and significance of any pollutant loads on
the receiving environment. This should include impacts of
residual discharges through modelling, monitoring or both,
depending on the scale of the proposal. Determine changes to
hydrology (including drainage patterns, surface runoff yield,
flow regimes, wetland hydrologic regimes and groundwater).

Sections 5 and 6

Describe water quality impacts resulting from changes to
hydrologic flow regimes (such as nutrient enrichment or
turbidity resulting from changes in frequency and magnitude of
stream flow).

Sections 6.4 and 6.7

Identify any potential impacts on quality or quantity of
groundwater describing their source.

N/A

Identify potential impacts associated with geomorphological
activities with potential to increase surface water and sediment
runoff or to reduce surface runoff and sediment transport. Also
consider possible impacts such as bed lowering, bank
lowering, instream siltation, floodplain erosion and floodplain
siltation.

Sections 5 and 6

Identify impacts associated with the disturbance of acid sulfate Section 4.3
soils and potential acid sulfate soils.
Containment of spills and leaks shall be in accordance with the Section 7

technical guidelines section 'Bunding and Spill Management' of
the Authorised Officers Manual (EPA, 1995)
(http://www.environment.nsw.gov.au/mao/bundingspill.htm)
and the most recent versions of the Australian Standards
referred to in the Guidelines. Containment should be designed
for no-discharge.
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Coverage of Director-General’s Requirements in the Environmental Assessment

Page 4 of 7
Government Relevant Section of
Agency Paraphrased Requirement This Report
WATER
DECCW The significance of the impacts listed above should be Section 6.7
predicted. When doing this it is important to predict the ambient
water quality and river flow outcomes associated with the
proposal and to demonstrate whether these are acceptable in
terms of achieving protection of the Water Quality and River
Flow Obijectives. In particular the following questions should be
answered:
a) will the proposal protect Water Quality and River Flow Section 6.7
Objectives where they are currently achieved in the
ambient waters; and
b) will the proposal contribute towards the achievement of Section 6.7

Water Quality and River Flow Objectives over time,
where they are not currently achieved in the ambient
waters.

Consult with the DECCW as soon as possible if a mixing zone
is proposed (a mixing zone could exist where effluent is
discharged into a receiving water body, where the quality of the
water being discharged does not immediately meet water
quality objectives. The mixing zone could result in dilution,
assimilation and decay of the effluent to allow water quality
objectives to be met further downstream, at the edge of the
mixing zone). The DECCW will advise the proponent under
what conditions a mixing zone will and will not be acceptable,
as well as the information and modelling requirements for
assessment.

Note: The assessment of water quality impacts needs to be
undertaken in a total catchment management context to
provide a wide perspective on development impacts, in
particular cumulative impacts.

N/A

Where a licensed discharge is proposed, provide the rationale
as to why it cannot be avoided through application of a
reasonable level of performance, using available technology,
management practice and industry guidelines.

N/A

Where a licensed discharge is proposed, provide the rationale
as to why it represents the best environmental outcome and
what measures can be taken to reduce its environmental
impact.

N/A

Reference should be made to the following guidelines:

— Managing Urban Stormwater Soils and
Construction (Landcom, 2004),

Section 6.4 and 7.3

— Guidelines for Fresh and Marine Water Quality Section 6.7
(ANZECC 2000).
Outline stormwater management to control pollutants at the Section 7

source and contain them within the site. Also describe
measures for maintaining and monitoring any stormwater
controls.
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Coverage of Director-General’s Requirements in the Environmental Assessment

Page 5 of 7
Government Relevant Section of
Agency Paraphrased Requirement This Report
WATER
DECCW Outline erosion and sediment control measures directed at Section 7

minimising disturbance of land, minimising water flow through
the site and filtering, trapping or detaining sediment. Also
include measures to maintain and monitor controls as well as
rehabilitation strategies.

Describe waste water treatment measures that are appropriate
to the type and volume of waste water and are based on a
hierarchy of avoiding generation of waste water; capturing all
contaminated water (including stormwater) on the site;
reusing/recycling waste water; and treating any unavoidable
discharge from the site to meet specified water quality
requirements.

Sections 5.6, 6.6 and
7.3.4

Outline pollution control measures relating to storage of
materials, possibility of accidental spills (e.g. preparation of
contingency plans), appropriate disposal methods, and
generation of leachate.

See comments in EA

Describe hydrological impact mitigation measures including:
a) site selection (avoiding sites prone to flooding and
waterlogging, actively eroding or affected by
deposition)
b) minimising runoff
¢) minimising reductions or modifications to flow regimes
d) avoiding modifications to groundwater.

Sections 4, 5 and 6

Describe groundwater impact mitigation measures including:
a) site selection

b) retention of native vegetation and revegetation

c) artificial recharge

d) providing surface storages with impervious linings
€) monitoring program.

N/A

Describe geomorphological impact mitigation measures
including:

a) site selection

b) erosion and sediment controls

€) minimising instream works
(i) treating existing accelerated erosion and deposition
(ii) monitoring program.

Sections 6 and 7

Any proposed monitoring should be undertaken in accordance
with the Approved Methods for the Sampling and Analysis of
Water Pollutants in NSW (DECCW 2004).

Sections 5.5 and 7.4
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Page 6 of 7

Government
Agency

Paraphrased Requirement

Relevant Section of
This Report

WATER

DECCW -
Office of
Water

Adequate and secure water supply for the proposal.

Section 5.6

Identification of site water demands, water sources
(surface and groundwater), water disposal methods and
water storage structures in the form of a water balance.
This is to also include details of any water reticulation
infrastructure that supplies water to the site.

Section 5.6

Proposed water management on the site based on the site
water balance. This is to also include a surface water
management plan to identify the existing and proposed
surface water management structures and flow paths.

Sections 5.6, 7.3.1 and
7.3.7

An assessment of any proposed modification to surface
water management including modelling of redistribution of
waters and an assessment of impact on neighbouring
properties and the associated watercourse and floodplain.

Section 6.5

Proposed water licensing requirements in accordance with
the Water Act 1912, Water Management Act 2000 and
NSW Inland Groundwater Water Shortage Zones Order
No. 1 & 2, 2008 (19 December 2008). This is to
demonstrate that existing licences (include licence
numbers) and licensed uses are appropriate, and to
identify where additional licences are proposed.

N/A

An assessment of impact on adjacent licensed water
users, basic landholder rights, and groundwater-dependent
ecosystems.

Section 5.4

Requirement to intercept groundwater and predicted
dewatering volumes, water quality and disposal/retention
methods.

Section 4.6

An impact assessment of the construction, operation and
final landform of the proposed on-site waste rock
emplacements, residue storage facilities and other
potentially contaminating facilities to meet the requirements
of the NSW State Groundwater Policy framework
document.

N/A

Proposal to construct watercourse crossings and carry out
works within 40m of a watercourse in accordance with
former DWE Controlled Activity Approval Guidelines.

N/A

10.

Adequate mitigating and monitoring requirements to
address surface and groundwater impacts.

Section 7
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Page 7 of 7
Government Relevant Section of
Agency Paraphrased Requirement This Report
WATER
DECCW — General EA Assessment Requirements
\(/)Vfgtceer of General Environmental Risk Analysis — the EA must include

the following for all water-related aspects of the proposal:

— an environmental risk analysis to identify potential
environmental impacts associated with the project
(construction and operation);

— proposed mitigation measures and potentially
significant residual environmental impacts after the
application of proposed mitigation measures; and

— where additional key environmental impacts are
identified through this environmental risk analysis,
an appropriately detailed impact assessment of
these additional key environmental impacts must
be included in the EA.

Sections 6 and 7

Key issue: Water supply and water balance

The EA must include assessment of water supply and/or water
interception and extraction against any Water Sharing Plan
and water licences affecting the site or potential water
supply to the proposal. A full description of water supply to
all stages of the proposal must be included, which includes:

Section 5.6

— water source(s) which may be used to supply water
to the proposal, existing licences, additional water
requirements, and a checklist against any
regulatory water sharing or other ministerial plans
or other instruments applying to that water source

— explanation of any embargoes or full commitment
declarations for the proposal, and any identified
means to source water supply for the proposal

— examination of reliability of water supply to the
proposal, including alternatives to site rainfall runoff
harvesting in the event of drought

— demonstration of prioritisation and effective reuse
of saline or other contaminated water within the
proposal

— explanation of water circuitry and means to
segregate contaminated, sediment-laden and clean
water volumes within the proposal and proposal
site. This would require development of surface
water management plan.
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