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1

Introduction
1.1

Overview
This assessment has been prepared as a requirement of the Project
Approval (PA) issued by the NSW Department of Planning and
Environment (DoPE) on January 28, 2014 for the approved expansion of
Bass Point Quarry, Haul Road, Shell Cove, NSW (MP08_0143).

1.2

Scope
This assessment has been completed in order to satisfy Item 24 (a) of
Schedule 3 of the project approved which requires preparation of a
water balance assessment. It shall:

1.3

o

Outline water supply sources and assess their security.

o

Summarise water demands as provided by the proponent.

o

Undertake a water balance assessment to quantify site
stormwater and groundwater flows, their uses and proposed
discharge regime where required.

o

Investigate water recycling opportunities.

o

Outline water balance auditing and reporting protocol to be
implemented as part of site operations.

Approved Development
The approved expansion works include:
1. Replacement of the existing processing plant with a new processing
plant.
2. Relocation of the existing concrete plant, office, workshop and
amenities.
3. Quarrying in the western pit to -40 mAHD.
4. Quarrying in the eastern pit to -40 mAHD.
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1.4

Subject Site
The site is located on Haul Road, Shell Cove, NSW (Lot 22 DP 1010797)
within the Shellharbour Local Government Area (LGA). It has been used
for extractive industry since 1880.
Details regarding site and surrounding conditions are provided in the
project’s Environmental Assessment (Insite Planning Services, 2011).

1.5

Extraction Phasing
Approved site extraction operations below 0 mAHD are proposed to be
completed in two phases:
o

o

ma rtens

Phase 1:


Extraction from the western pit to a level of -40 mAHD.
Water (surface and groundwater) collected within the pit
shall be detained and treated in a 27.0 ML basin.



Eastern pit surface water shall be collected in the existing
pit shall be detained and treated in a 29.0 ML basin.

Phase 2:


The western pit will be filled by inflowing groundwater and
surface water to a level of approximately 0 mAHD.



The eastern pit basin shall be enlarged to 33.6 ML to
provide treatment of inflowing groundwater and surface
water runoff. Excess water will be pumped to the western
pit as required.
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2

Water Source and Supply Assessment
2.1

Water Sources Overview
Water will be sourced from the following:
1. Surface runoff into the quarry pits.
2. Groundwater inflow into pits.
3. Reticulated town water.
4. Harvested roofwater.

2.2

Stormwater Flows
Stormwater inflows are calculated based on the quarry pit catchment
area. Calculations are provided in Table 1.
Table 1: Stormwater inflow calculations.
Parameter
Eastern pit catchment

Value
47.5 ha

1

Western pit catchment 1

44.2 ha

Central ridge area 1

27.1 ha

Median annual rainfall – Windang 2
Runoff coefficient 3
Eastern pit stormwater inflow

1129.9 mm
0.9
483 ML/year

4

Western pit stormwater inflow

4

(Phase 1)

449 ML/year

Western pit stormwater inflow

5

(Phase 2)

474 ML/year

Central ridge stormwater inflow

4

276 ML/year

Notes:
1

Refer to Attachment A.

2

Sourced from Bureau of Meteorology.

As per Landcom (2008) and based on based on high runoff from steep, well drained,
unvegetated rock quarry faces.
3

4

Calculated runoff = catchment area x rainfall x runoff coefficient.

During Phase 2, direct rainfall onto the lake in the western pit will result in a slightly greater water
capture as a runoff coefficient is not applicable for rainfall onto an open water body. Volume
noted is based on the footprint of the lake at -35 mAHD of 22.4 ha.
5

During Phase 1 of excavation operations, the central ridge area’s
runoff (Attachment A) will be diverted to the existing eastern pit’s
sedimentation basin. On completion of western pit extraction this
catchment will be redirected to the western pit.
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2.3

Groundwater Inflows
Based on modelling completed as part of the EA (Martens and
Associates, 2013a) the following groundwater inflows were determined:
o

Phase 1: groundwater inflow to the western pit (when at – 40
mAHD) is 65 ML/yr, no groundwater inflow to the eastern pit.

o

Phase 2: total groundwater inflow is 175 ML/yr, with 65 ML/yr into
the western pit and 110 ML/yr into the eastern pit (assuming both
at -40 mAHD).

These inflow rates are used for this water balance assessment.
2.4

Reticulated Town Water
The site is connected to reticulated town water which is currently used
to fill a 40 KL tank which supplies water for site operations excluding
dust suppression (see Table 3).

2.5

Roofwater
The roof areas of the staff amenities and administration building shall
be connected to rainwater tank(s) (minimum 20 KL) to capture
roofwater runoff for reuse. Where required this tank can be
supplemented with town water.

2.6

Quality of Water Supply
Salinity of water supply sources is considered when assessing their
suitability to satisfy site demands (Section 3).
Water sourced from town water supply will be fresh and suitable for all
site uses.
During Phase 1 of operations, water collected within the western pit will
be a combination of groundwater inflow and stormwater runoff from
the western catchment. As previously determined in the EA
Hydrogeological Assessment (Martens and Associates, 2013a), 43% of
the total groundwater inflow into the western pit is sourced from the
ocean which has a salinity concentration of 32,000 mg/L. Groundwater
sourced from inland and all stormwater inflow is assumed to have a
salinity concentration of 500 mg/L (i.e. fresh water). Based on inflow
rates outlined in Section 2.2 and Section 2.3 water captured within the
western pit is anticipate to have a salinity concentration of
approximately 2,213 mg/L, which is fresh to brackish. Given the eastern
pit will only intercept stormwater runoff, it is assumed to be fresh.
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During Phase 2, the eastern pit will intercept groundwater and the
central ridge’s stormwater will be diverted to the western pit. Average
salinity concentration of water entering the western pit will therefore
reduce to 1,580 mg/L, while in the eastern pit it will increase from fresh
to 3,013 mg/L which is slightly brackish.
2.7

Summary
Table 2 summarises water sources to site during Phase 1 and 2 of the
development
Table 2: Summary of water sources.
Phase 1
Source

Annual Volume (ML)

Salinity (mg/L)

Surface Runoff (east)

759

500

Surface Runoff (west)

449

500

Groundwater (east)

0

NA

Groundwater (west)

65

32,000

Town Water

As required

500

Roofwater

2.2

500

Phase 2
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Source

Annual Volume (ML)

Salinity (mg/L)

Surface Runoff (east)

483

500

Surface Runoff (west)

750

500

Groundwater (east)

110

32,000

Groundwater (west)

65

32,000

Town Water

As required

500

Roofwater

2.2

500
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3

Water Demands
3.1

Site Operational Demands
Table 3 summarises predicted water demands for the site for proposed
annual site production of 4.0 MT/year (Martens and Associates, 2013b).
Table 3: Site operational water demands.

3.2

Element

Demand
(KL/d)

Description

Crushers and Pug Mill

50

Water is used for dust suppression and control of product
moisture content.

Concrete Plant

19

Water is used for production of concrete.

Truck Wash Bay

1.9

Water is used to wash trucks.

Truck Wetting Bar

13

Trucks pass under this wetting bar and water is sprayed
for dust suppression of the load.

Jetty

38

Dust suppression spray jets are located on the ship
loader conveyor.

Dust Suppression

250

Dust suppression below 0 mAHD is anticipated to be
approximately half of existing demands of 500 KL/day.

Office

6

Amenities provided for staff.

Evaporation
Evaporation loss from standing water bodies is considered as part of
the site water balance assessment. Evaporation will be a water ‘loss’ or
demand from:
o

o

Phase 1:


Sedimentation basin in western pit.



Sedimentation basin in the eastern pit.

Phase 2:


The surface area of the pit lake within the exhausted
western pit.



Enlarged eastern pit sedimentation basin that has been
increased to 33.6 ML to accommodate groundwater
inflow together with surface water inputs.

Evaporation loss from these water bodies is estimated based on local
Class-A pan evaporation data and a pan factor of 0.77 based on
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McMahon et al. (undated). Evaporative loss during each phase of
extraction is calculated in Table 4.
Table 4: Evaporation demands.
Parameter

Value

Source

Pan A open water body
factor.

0.77

McMahon et al. (2013) – Nowra.

Median annual
evaporation – Nowra.

1718 mm

Bureau of Meteorology.

Eastern pit sedimentation
basin surface area.

1.45 ha

29.0 ML of sedimentation basin
with assumed depth of 2.0 m.

Annual evaporation –
eastern sedimentation
basin.

19.2 ML

Surface area x evaporation x
Pan A factor.

Western pit sedimentation
basin surface area.

1.35 ha

27.0 ML of sedimentation basin
with assumed depth of 2.0 m.

Annual evaporation –
western sedimentation
basin.

17.9 ML

Surface area x evaporation x
Pan A factor.

Western pit surface area.

35.7 ha

To provide a conservative
evaporation estimate this is
calculated for pit filled to 0 m
AHD.

Annual evaporation –
western pit lake at 0
mAHD.

472.3 ML

Surface area x evaporation x
Pan A factor.

Eastern pit sedimentation
basin.

1.69 ha

33.6 ML sedimentation basin
with assumed depth of 2.0 m.

Annual evaporation –
eastern sedimentation
basin.

22.7 ML

Surface area x evaporation x
Pan A factor.

Phase 1

Phase 2
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4

Water Balance Assessment
4.1

Reuse Opportunities
The site currently utilises reticulated town water to satisfy operational
demands, excluding dust suppression, as well as servicing the staff
amenities. Dust suppression is supplied from collected site stormwater
runoff. As part of expansion works, it is proposed to modify the
stormwater management regime by reusing water captured within the
quarry pit to satisfy site demands where possible.
Based on information provided by the client:

4.2

o

Dust suppression can be satisfied using brackish water.

o

Staff amenities will utilise captured roof water and be ‘topped
up’ with town water as required.

o

All other site demands require the use of fresh water.

Staff Amenities
Staff amenities and administration building shall be supplied by
harvested rainwater for internal uses. Where required the tank shall be
supplemented with town water. Given this system is a minor demand
which requires no licensing it has been excluded from the wider water
balance assessment.
Phase water balances (Table 5 and Table 6) are provided, each
balance assesses fresh water balance first with any surplus of
freshwater supply then available to satisfy brackish water demand.
Balance is then assessed.

4.3

Phase 1 Water Balance
A Phase 1 water balance assessment, considering fresh and brackish
water reuse potential, is provided in Table 5.

ma rtens

Water Balance Assessment:
Bass Point Quarry Expansion
P1404183JR01V02 – January 2015
Page 13

Table 5: Phase 1 water balance.
Freshwater
Fresh Water Supply

Rate (ML/year)

Demand

Rate (ML/year)

Eastern pit stormwater 1

759

Concrete production and
operations

44.5

Town water 2

0

Evaporation – eastern
sedimentation basin

19.2

Amenities roof runoff 3

6

Staff amenities

6

TOTALS (nearest ML)

765

70 ML

BALANCE

excess / (deficit)

695 ML

Brackish Water
Supply

Rate (ML/year)

Demand

Rate (ML/year)

Freshwater surplus

695

Dust Suppression

91.3

Western pit stormwater

449

Evaporation – western
sedimentation basin

17.9

Western pit groundwater
inflow 4

0 - 65

TOTALS (nearest ML) 5

1144 - 1209

109

SITE BALANCE

excess / (deficit)

1035 - 1100

Note:
1

Eastern pit stormwater consists of runoff from the eastern and central ridge catchment areas.

Town water not required, except for amenities top up, as adequate stormwater available to
satisfy all fresh water demands.
2

3

Where roof runoff is inadequate town water top up may be required.

Inflow initially 0 ML/year at commencement of extraction, increasing to 65 ML/year at end of pit
life.
4

5

Includes freshwater balance excess.

Phase 1 water balance assessment indicates that the site has a
significant surplus of ‘fresh’ water which satisfies all fresh water
demands. Excess fresh water and available brackish supply then
satisfies all (brackish) water demands.
4.4

Phase 2 Water Balance
A Phase 2 water balance assessment, considering fresh and brackish
water reuse potential, is provided in Table 6.
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Table 6: Phase 2 water balance.
Freshwater
Supply

Rate (ML/year)

Demand

Rate (ML/year)

Town water

44.5

Concrete production and
operations

44.5

Amenities roof runoff 1

6

Staff amenities

6

TOTALS (nearest ML)

45

45 ML

BALANCE

excess / (deficit)

0 ML

Brackish Water
Supply

Rate (ML/year)

Demand

Rate (ML/year)

Eastern pit stormwater

483

Dust Suppression

91.3

Western pit stormwater 2

725

Evaporation – eastern
sedimentation basin

22.4

Eastern pit groundwater
inflow 3

0 - 110

Evaporation – western pit
void (assumed at 0 mAHD)

472.3

Western pit direct
rainfall

25

Western pit
groundwater inflow

65

TOTALS (nearest ML)

1298 - 1408

586

BALANCE

excess / (deficit)

712 - 822

Note:
1

Where roof runoff is inadequate town water top up may be required.

2 Western

pit stormwater consists of runoff from the western and central ridge catchment areas.

Inflow initially 0 ML/year at commencement of extraction, increasing to 65 ML/year at end of pit
life
3

Groundwater inflow to the eastern pit is expected to result in brackish
water resulting in no fresh water being available to satisfy concrete
production demands. As shown in Table 6 required water shall be
sourced from reticulated town supplies. Sources identified in this
assessment as “brackish water” may be adequate for supply of some
or all “fresh water” demands depending on final water quality in the
eastern pit.
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4.5

Water Reuse and Recycling Opportunities
The following water reuse and recycling shall be implemented onsite as
part of the expansion:
Phase 1:
o

Fresh water collected within the eastern pit reused to satisfy
concrete production demand and to supplement dust
suppression demands where possible.

o

Brackish water collected within the western pit used to satisfy
remaining dust suppression.

o

Rainwater harvesting utilised to service staff amenities.

Phase 2:
o

Brackish water collected within the eastern pit used to satisfy
dust suppression.

o

Rainwater harvesting utilised to service staff amenities.

During Phase 2, water quality sampling of water in the eastern pit shall
be undertaken to determine salinity. If salinity is found to be
acceptable water in the eastern pit may be reused to satisfy some (or
all) concrete production demands rather than reticulated town water.
4.6

Surplus Water Management
During Phase 1, surplus water from the eastern and western pit shall be
discharged via one of the two licensed site discharge points (Section
4.7) in accordance with the Surface Water Management Plan (Martens
and Associates, 2014) and site Environmental Protection License (EPL)
#2193.
During Phase 2, any surplus water within the eastern pit shall be
directed to the western pit. No water will shall be discharged from the
site during Phase 2 of operations.

4.7

Site Discharge
The site will continue to operate under existing discharge conditions,
EPL 2193 that permits three discharge points (DP’s) to the ocean:
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o

DP1 – upstream end of the spillway pipe on drop cut basin.

o

DP2 – Eastern side of quarry.
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o

DP3 – northern side of quarry.

The site currently only actively uses discharge points DP1 and DP2
(Attachment A). This regime will continue as part of the expansion
works. As outlined in Section 4.6, it is anticipated that surplus water from
both the eastern and western pit shall only be discharged following
treatment in the sedimentation basins during Phase 1. There will be no
discharge required during Phase 2 as surplus water will be used to fill
the western pit.
The Surface Water Management Plan (Martens and Associates, 2014)
provides further detail on surface water management and discharge
requirements.
Site water balance, water reuse and discharge conditions are
summarised in Attachment B.
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5

Water Balance Audit and Reporting
5.1

Overview
Annual auditing of water supplies and demands shall be included as
part of site management to assess water usage and compliance with
site licensing requirements. It shall consist of an initial phase (first 5
years) and an ongoing phase (balance of quarry’s operational life).

5.2

Auditing Monitoring Requirements
For annual auditing of site water balance the following information is to
be collected:

5.3

o

Daily water use meter readings.

o

Stage storage relationship of eastern and western sedimentation
basins.

o

Annual rainfall (sourced from Bureau of Meteorology – Windang
(station 068123)).

o

Annual evaporation (sourced from Bureau of Meteorology –
Nowra Ran Air Station (station 068076))

Initial Phase

5.3.1 Determination of Site Runoff Coefficient
Analysis shall be undertaken to determine an appropriate site specific
runoff coefficient for ongoing water usage monitoring and auditing.
This shall be achieved by assessing flows to and from the eastern pit’s
sedimentation basin. The following shall be completed on an annual
basis for the initial 5 years of operation:
1. Calculate change in volume of stored water (VA) between
beginning and end of audit period
VA = V(day 1) – V(day 365).
2. Calculate the evaporation loss (‘EVAP’) from the basin
EVAP = annual Pan A evaporation (m) x basin surface area (m2)
x 0.77 (Pan A open water factor).
3. Determine annual water use from basin (USE) using readings for
water extracted from eastern basin.
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4. The water balance for the basin is
VA = Inflow – USE – EVAP.
5. The surface water runoff (‘RO’) to the basin is the ‘inflow’ and
can be calculated from:
RO = catchment area x rainfall x runoff coefficient (ROcoeff).
6. The site ROcoeff can therefore be calculated as all other terms
are known.
The site ROcoeff shall be calculated annually for the initial 5 years of site
operation. From results of this analysis an average site runoff coefficient
is to be determined for use in future water balance auditing.
Attachment C provides a suggested water balance audit record to
assist in calculation of the above.
5.3.2 Groundwater Inflows Audit
An audit of groundwater inflows (Gwin) is to be completed. This is to be
done by assessing in and out flow to the pit.
Until a site specific ROcoeff is calculated (i.e. after completion of the
initial 5 years operation) a factor of 0.9 is to be adopted in accordance
Landcom (2008) to allow calculation of GWin.
The annual process for auditing shall be:
1. Calculate change in storage volume (VA) using
VA = V(day 1) – V(day 365)
2. Calculate the EVAP from the basin (see Section 5.3.1).
3. Determine annual water use from basin (USE) using water
extracted from western basin.
4. Calculate runoff to the western basin (RO = catchment area x
annual rainfall x ROcoeff).
5.

GWin is then determined from the following relationship where
only GWin is unknown.
VA = RO + GWin – (EVAP + USE)

This process should be undertaken annually initially using ROcoeff of 0.9
Landcom (2008) then using the calculated site specific ROcoeff.
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Attachment C provides a water balance audit record and process for
groundwater inflows.
5.4

Ongoing Phase

5.4.1 Eastern Pit above 0 mAHD
Following determination of site specific ROcoeff the annual
determination of flow in and out of the eastern pits sedimentation basin
are to be recorded for annual water auditing.
Once Phase 1 of operations is complete the Eastern Pit shall be
lowered below 0 mAHD and groundwater inflow is expected. The
process for ongoing auditing of the western pit is then to be as outlined
in Section 5.4.2.
5.4.2 Western Pit and Eastern Pit below 0mAHD
Following determination of the site specific ROcoeff it shall be used in
place of RO = 0.9 and then be used to determine annual GWin using
the process outlined for the initial phase. Annual auditing in the
ongoing phase will allow monitoring of the groundwater ‘take’ into the
western pit and hence groundwater license requirements.
During Phase 2 of operations commence, site usage ‘demands’ in
western pit VCal calculations will be 0 as no water is reused from the pit,
the only demand will be evaporation. The eastern pit shall be below
0 mAHD and will be maintained as for the western pit in Phase 1.
5.5

Reporting
Results of auditing should be reporting in an annual Water Balance
Audit Report to be provided to persons as required by the consent or
subsequent direction of the consent authority. Reporting is to include:
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o

Annual rainfall and evaporation data from site or approved
BOM station.

o

Daily meter readings of all internal water transfers.

o

Any events onsite influencing site water balance (e.g. if a
pollution event prohibits reuse of harvested runoff/groundwater).

o

Annual water balance audit calculations and records.

o

Analysis of data and recommendations as required.
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Initial Phase Monitoring
Eastern Basin - ROcoeff Assessment
YEAR 1
Vday 1

Basin Volume (day 1) – determined from water level + storage/volume
rrelationship

ML (a)

Vday 365

Basin Volume (day 365) – determined from water level +
storage/volume relationship

ML (b)

VA

Measured change in basin volume

Annual Pan A Evaporation
(PAN EVAP)

BOM (Nowra RAN) mm / 1000

m (d)

Basin Surface Area (SA)

Site measured

m2 (e)

Pan A

Factor to determine open water evaporation from Pan A evaporation
data

EVAP

(PAN EVAP x SA x Pan A) / 1000

Annual Water Usage (USE)

Meter readings for all flows out of eastern pit

Eastern pit catchment area
(CA)

ML (c)
(c) = (a) – (b)

0.77 (f)
ML (g)
(g) = (d) x (e) x (f)/1000
ML (h)
m2 (i)

Mean Annual Rainfall (RAIN)

BOM (Windang station) mm / 1000 or site monitoring

ROcoeff

Site runoff coefficient = to be calculated

RO

Runoff to pit

m (j)
(k)
(l) = (i) x (j) x (k)

Using above terms, the calculated ROcoeff is determined from:
VA = runoff – evaporation loss Substituting term and rearranging gives:
ROcoeff = (VA + EVAP + USE) x 1000
CA x RAIN
To calculate ROcoeff use the following terms from the above:
(k) = ((c) + (g) + (h)) x 1000
(i) x (j)
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Western Basin – Groundwater Inflow Assessment
YEAR 1 - 5
Vday 1

Basin Volume (day 1) – determined from water level + storage/volume
relationship

ML (a)

Vday 365

Basin Volume (day 365) – determined from water level +
storage/volume relationship

ML (b)

VA

Measured change in basin volume

Annual Pan A Evaporation
(PAN EVAP)

BOM (Nowra RAN) mm / 1000

m (d)

Basin Surface Area (SA)

Site measured

m2 (e)

Pan A

Factor to determine open water evaporation from Pan A evaporation
data

EVAP

(PAN EVAP x SA x Pan A) / 1000

Annual Water Usage (USE)

Meter readings for all flows out of western pit

Western pit catchment area
(CA)

ML (c)
(c) = (a) – (b)

0.77 (f)
ML (g)
(g) = (d) x (e) x (f)/1000
ML (h)
m2 (i)

Mean Annual Rainfall (RAIN)

BOM (Windang station) mm / 1000 or site monitoring

ROcoeff

Landcom (2008) adopted

RO

Runoff to pit

GWIN

Groundwater flow into the pit to be calcualted

m (j)
0.9 (k)
(l) = (i) x (j) x (k)
ML (m)

Using above terms the inflow to the basin is determined as:
VA = runoff + groundwater in - evaporation - use
Substituting term and rearranging gives:
GWIN = VA – runoff + evaporation + use =
GWIN = (m) – (l) + (g) + (h)
=

-

=

ML

+

ma rtens

+
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Ongoing Phase (Year 6 onwards)
Eastern Basin (Phase 1)
Vday 1

Basin Volume (day 1) – determined from water level + storage/volume
relationship

ML (a)

Vday 365

Basin Volume (day 365) – determined from water level +
storage/volume relationship

ML (b)

VA

Measured change in basin volume

ML (c)
(c) = (a) – (b)

Eastern pit catchment area
(CA)

m2 (d)
m (e)

Mean Annual Rainfall (RAIN)

BOM (Windang station) mm / 1000 or site monitoring

ROcoeff

Site runoff coefficient (as calculated during initial phase)

RO

Runoff = (CA x RAIN x ROcoeff) / 1000

Annual Pan A Evaporation
(PAN EVAP)

BOM (Nowra RAN) mm / 1000

m (h)

Basin Surface Area (SA)

Site measured

m2 (i)

Pan A

Factor to determine open water evaporation from Pan A evaporation
data

EVAP

(PAN EVAP x SA x Pan A) / 1000

Annual Water Usage (USE)

Meter readings for all flows out of eastern pit

VCAL

Calculated Volume (RO – EVAP – USE)

VA = VCAL

The actual observed volume should be equal to the calculated
volume (Y/N?)

Discrepancy

Difference between VA and VCAL. Review further where discrepancy is
considered significant.

ma rtens

(f)
ML (g)
(g) = (d) x (e) x (f)/1000

0.77 (j)
ML (k)
(k) = (h) x (i) x (j)/1000
ML (l)
ML (m)
(m) = (g) – (k) – (l)
(c) = (m) (Y/N)
ML (n)
(m) – (c)
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Eastern Basin (Phase 2)
Vday 1

Basin Volume (day 1) – determined from water level + storage/volume
reduction

ML (a)

Vday 365

Basin Volume (day 365) – determined from water level +
storage/volume reduction

ML (b)

VA

Measured change in basin volume

ML (c)
(c) = (a) – (b)

Eastern pit catchment area
(CA)

m2 (d)
m (e)

Mean Annual Rainfall (RAIN)

BOM (Windang station) mm / 1000 or site monitoring

ROcoeff

Site runoff coefficient (as calculated during initial phase)

RO

Runoff = (CA x RAIN x ROcoeff) / 1000

Annual Pan A Evaporation
(PAN EVAP)

BOM (Nowra RAN) m / 1000

m (h)

Basin Surface Area (SA)

Site measured

m2 (i)

Pan A

Factor to determine open water evaporation from Pan A evaporation
data

EVAP

(PAN EVAP x SA x Pan A) / 1000

Annual Water Usage (USE)

Meter readings for all flows out of eastern pit

GWIN

VA - RO + EVAP + USE

ma rtens

(f)
ML (g)
(g) = (d) x (e) x (f)/1000

0.77 (j)
ML (k)
(k) = (h) x (i) x (j)/1000
ML (l)
ML (m)
(m) = (c) - (g) + (k) + (l)
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Western Basin (Phase 1)
Vday 1

Basin Volume (day 1) – determined from water level + storage/volume
reduction

ML (a)

Vday 365

Basin Volume (day 365) – determined from water level +
storage/volume reduction

ML (b)

VA

Measured change in basin volume

ML (c)
(c) = (a) – (b)

Western pit catchment area
(CA)

m2 (d)
m (e)

Mean Annual Rainfall (RAIN)

BOM (Windang station) mm / 1000 or site monitoring

ROcoeff

Site runoff coefficient (as calculated during initial phase)

RO

Runoff = (CA x RAIN x ROcoeff) / 1000

Annual Pan A Evaporation
(PAN EVAP)

BOM (Nowra RAN) m / 1000

M (h)

Basin Surface Area (SA)

Site measured

m2 (i)

Pan A

Factor to determine open water evaporation from Pan A evaporation
data

EVAP

(PAN EVAP x SA x Pan A) / 1000

Annual Water Usage (USE)

Meter readings for all flows out of eastern pit

GWIN

VA - RO + EVAP + USE
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(f)
ML (g)
(g) = (d) x (e) x (f)/1000

0.77 (j)
ML (k)
(k) = (h) x (i) x (j)/1000
ML (l)
ML (m)
(m) = (c) - (g) + (k) + (l)
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