




















  
 PERCHED FLOW IN ALLUVIUM (PRE-MINING) 

FIGURE 3.9
f:\jobs\1001c\combined report\gde cartoon pre mining.doc 

 

Dry Season: 

– alluvium dry 

– water table in basement 

– GDEs may have no water 

Onset of Wet Season: 

– alluvium wets up 

– perched water table and flow 

– GDEs have water  

– “losing” alluvial aquifer  

– leakage to basement 

Wet Season: 

– deep water table rises 

– “gaining” alluvial aquifer 

– GDEs have water 

Alluvium 

Basement 





  
 PERCHED FLOW IN ALLUVIUM (DURING MINING) 

FIGURE 3.10
f:\jobs\1001c\combined report\gde cartoon mining.doc 

 

Dry Season: 

– alluvium dry 

– water table in basement (but deeper 
due to dewatering) 

– GDEs have no water 

Onset of Wet Season: 

– alluvium wets up 

– perched water table and flow 

– GDEs have water  

– “losing” alluvial aquifer  

– leakage to basement 

Wet Season: 

– deep water table rises (but not to 
alluvium) 

– “losing” alluvial aquifer 

– GDEs have water 

Alluvium 

Basement 
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4 GROUNDWATER MANAGEMENT STRATEGIES 

4.1 INTRODUCTION 

The following management strategies are proposed to address the identified potential impacts of 
mine operations on the local and regional groundwater systems. Management strategies for 
GDEs are discussed in detail in specific reports prepared by other consultants.  

4.2 DEWATERING DISCHARGE 

Pit dewatering from all operations is anticipated to yield approximately 1GL/a on average over 
the life of mining. Dewatering discharge will be used preferentially over other sources which will 
result in a reduction in demand on other project water supply options.  

4.3 PIT DEWATERING 

Active mine dewatering will be undertaken in order to maintain dry mining conditions. This will 
result in a drawdown of groundwater levels in the area surrounding the pit.  Predicted 
cumulative drawdowns associated with the Stage 3, 4 and 5 projects have been considered in 
conjunction with the Balmoral South Project (Stage 2) and approved Sino Iron Project (Stage 
1). Based on experience in similar formations elsewhere in the Pilbara, drawdown predictions 
are considered to be conservative and in practice it is likely that there will be steeper hydraulic 
gradients directly adjacent to the various pits with the lateral extents of the cone of depression 
being much less. However, for the purposes of developing these management strategies a 
“worst case” scenario has been adopted. 

Modelling has identified that a number of pastoral wells in the area are likely to be affected by 
drawdown of the water table resulting from dewatering activities.  The locations of pastoral 
bores and their predicted resultant drawdowns are discussed in Section 3.6. 

The underlying pastoral lease (Mardi Station) is held by CITIC Pacific Mining (CPM).  Make up 
water will be delivered to water tanks or alternative stock watering locations established as 
required. 

4.4 PIT VOID 

As discussed in Section 3.7, water balance calculations indicate that the pit voids will remain as 
a groundwater sink and remain largely dry or host a shallow ephemeral lake in the long term. 
As a result, potential impacts will be similar to those related to active dewatering. There may be 
some accumulation of salts in shallow groundwater beneath the pit however this water will 
largely remain confined to the immediate pit area with a possibility of some very long term 
density driven, vertical migration of the saline water at very low rates below the pit. 

Water quality monitoring to confirm and quantify any impacts, and to provide data for 
refinement of predicted future impacts, is recommended in Section 4.6.2. 

4.5 WASTE DUMPS 

Waste rock generated in the mining process will be stored in the waste dumps to be located 
within the mining leases as shown on Figure 1.1. 

The dewatered tailings will be conveyed to the waste disposal facilities by conveyors and 
stackers, or trucks, for either co-dispose (if feasible) with waste rock or deposited within the 
waste disposal facilities disturbance area.   

The design of any integrated waste disposal facility, receiving both tailings and waste rock will 
be in accordance with the Guidelines of the “Department of Industry and Resources, Western 
Australia for design of tailings storage facilities”. 

If any AMD material is encountered during mining it will be separately encapsulated in the waste 
facility, surrounded by low permeability material or blended with neutralising waste.  AMD 
management techniques should prevent seepage. 
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Design criteria for waste disposal facilities should include: 

▼ creation of a stable landform. 

▼ final height will be approximately 90m above ground level with about 30m lifts in keeping 
within the landform character of the area. 

▼ batter surfaces of borrow pits, waste dumps and tailings dams to an angle of 20° or less. 

▼ construct outer layers with inert coarse mine waste and only material suitable to form a 
long term stable slope. 

▼ cover the top surface with scree so that dust liftoff is prevented. 

▼ contour the top surface to provide drainage paths above relatively impermeable layers 
below the scree. 

▼ install rock drains on slopes to absorb the energy of the water runoff. 

▼ spread available topsoil together with its inherent seed bank over the waste dump. 

Ore processing will include a concentrator process (basically a wash plant), which will produce 
large volumes of tailings.  The fine tailings will contain fine sand to silt sized particles of the host 
rock and water.  The majority of water used in the processing will be reclaimed.  Post 
dewatering, the fine tailings are expected to have a residual water content of approximately 
15%.  

4.6 GROUNDWATER MONITORING 

4.6.1 EXISTING MONITORING NETWORK 

At present the Sino project has committed to developing a groundwater monitoring network 
comprising existing and purposely constructed bores (Aquaterra, 2007). The Sino monitoring 
programme was designed to assess regional impacts of dewatering in terms of drawdown and 
water quality and to provide data for refinement of predicted future impacts. 

Subsequent to this, the Balmoral South Project committed to installing an additional two 
monitoring bores in the flanking basement rock to the east of the ore bodies as well as a 
number of bores for the monitoring of the combined waste storage facility. 

As part of Stages 3, 4 and 5 Mineralogy will install: 

▼ additional monitoring bores at the edge of the Fortescue alluvium including two to the 
east and two to the south of the proposed pit Mineralogy Project pit, and two to the 
south-east of the proposed Austeel Project pit. 

▼ two additional monitoring bores be installed in the flanking basement rock to the east of 
the proposed Mineralogy Project mine area. 

▼ a series of monitoring bores to the east, north and north-west of the proposed pit in order 
to monitor potential migration of the saltwater/freshwater interface. 

The proposed monitoring programmes for the Central Block, Balmoral South, Mineralogy and 
Austeel projects are presented in Tables 4.1, 4.2, 4.3 and 4.4 respectively. Mineralogy, Sino 
Iron and Austeel propose to share all monitoring data with a view to undertaking joint reporting 
of groundwater monitoring.  

Table 4.1: Approved Sino Iron Groundwater Monitoring Programme 

Parameter Monitoring/Sampling Site Frequency 

Water Quantity 

Dewatering Flow meter on each sump pump Monthly 

Water Levels 

Alluvial monitoring bores Monthly 

Basement monitoring bores Monthly 

Water Levels 

Waste dump monitoring bores Monthly 
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Parameter Monitoring/Sampling Site Frequency 

Pastoral wells Monthly 

Water Quality 

Alluvial and Basement monitoring 
bores 

Annually 

Waste dump monitoring bores Quarterly 

Pastoral wells Quarterly 

Salinity (TDS, EC) and pH 

Dewatering sumps Monthly 

Waste dump monitoring bores Annually Hydrochemistry 

Dewatering bores and sumps Annually 

 

Table 4.2: Proposed Balmoral South Groundwater Monitoring Programme 

Parameter Monitoring/Sampling Site Frequency 

Water Quantity 

Dewatering Flow meter on each sump pump Monthly 

Water Levels 

Two additional basement 
monitoring bores 

Monthly Water Levels 

Waste dump/TSF monitoring bores Monthly 

Water Quality 

Two additional basement 
monitoring bores 

Monthly 

Waste dump/TSF monitoring bores Monthly 

Salinity (TDS, EC) and pH 

Dewatering sumps Monthly 

Waste dump/TSF monitoring bores Monthly Hydrochemistry 

Dewatering bores and sumps Monthly 

 

Table 4.3: Proposed Mineralogy Groundwater Monitoring Programme 

Parameter Monitoring/Sampling Site Frequency 

Water Quantity 

Dewatering Flow meter on each sump pump Monthly 

Water Levels 

Two additional basement 
monitoring bores 

Monthly Water Levels 

Four additional monitoring bores in 
the Fortescue alluvium 

Monthly 

Water Quality 

All monitoring bores Monthly Salinity (TDS, EC) and pH 

Dewatering sumps Monthly 

All monitoring bores Annually Hydrochemistry 

Dewatering bores and sumps Monthly 
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Table 4.4: Proposed Austeel Groundwater Monitoring Programme 

Parameter Monitoring/Sampling Site Frequency 

Water Quantity 

Dewatering Flow meter on each sump pump Monthly 

Water Levels 

Water Levels All monitoring bores Monthly 

Water Quality 

Salinity (TDS, EC) and pH All monitoring bores Monthly 

 Dewatering sumps Monthly 

Downhole salinity profiling Monitoring bores to the east, north 
and north-west of the pit 

Biannually 

All monitoring bores Annually Hydrochemistry 

Dewatering bores and sumps Monthly 

4.7 TRIGGER LEVELS 

In order to be able to react to unforeseen detrimental impacts on groundwater users and 
groundwater dependant ecosystems, the following trigger levels for excessive drawdown and 
degradation of groundwater quality are proposed. More detailed triggers will be defined in 
documents to support 5C Licence to Take Groundwater applications with input from the DoW. 

4.7.1 GROUNDWATER LEVELS 

Due to the highly variable nature of responses to dewatering in an environment such as the 
Southern Block ore body (Stage 2 Balmoral South and Stage 4 Mineralogy projects), appropriate 
trigger levels should be set that reflect this variability.  It is proposed that an exceedance of 
20% or greater of the predicted water level decline for any observation point for a given depth 
of mining should trigger a more detailed analysis and review of dewatering and monitoring data 
to be undertaken. 

The water levels recorded during the monthly groundwater monitoring in all production, 
monitoring bores and pastoral bores within the aquifer will be converted to an average and 
compared with the trigger level.  In the event that water levels in monitoring bores 2km from 
the pits decline by 20% before 5 years due to the effect of dewatering, an alternative pumping 
regime and/ or supplementary water supplies for pastoral activities will be investigated and 
developed. 

In the case of pastoral wells, trend analysis of dewatering impacts should be undertaken during 
annual aquifer reviews so that alternative water supplies can be emplaced in advance of water 
level decline causing wells to go dry. 

4.7.2 GROUNDWATER QUALITY 

Groundwater quality data collected from monitoring bores should be reviewed annually as part 
of the annual aquifer review.  Any persistent increasing (or decreasing) trend in salinity, pH or 
other monitored parameter should be a trigger for a detailed analysis and review of dewatering 
and monitoring data to be undertaken.  Levels which are significantly elevated above 
background levels should be flagged as the start of a potential increasing or decreasing trend 
and checked against future monitoring data to discern if a trend is developing. 

Hydrochemistry analytes for laboratory analysis of water samples should include as a minimum, 
major cations and anions and the standard suite of heavy metals and nutrients for mining 
operations.  The specific analytes shall be detailed during the completion of operating strategies 
(Section 4.10). 

Should groundwater quality approach trigger limits of 10% above background values, an action 
plan will be initiated to investigate the cause.  Remedial actions such as a seepage recovery 
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plan for tailings and water storage facilities will be developed and initiated dependant on results.  
Any exceedences of DEC Operating Licence limits will be reported as per licence conditions. 

No reagents, hydrocarbons, explosives or other hazardous substances from operations will be 
discharged to the groundwater. 

4.8 MAINTENANCE OF EXISTING SUPPLIES 

The Sino and Balmoral South Projects have committed to providing alternative water supplies to 
any groundwater users negatively impacted by their operations.  Similarly, Mineralogy proposes 
to provide alternative water supplies to any groundwater users who are adversely affected by 
the additional impacts relating to the developments of Stages 3, 4 and 5. Alternative supplies 
are likely to be a small diameter off-take line from the main plant water supply, or provision of 
alternative wells outside the area of influence of mining. 

4.9 GROUNDWATER DEPENDENT ECOSYSTEMS 

The lowering of local and regional groundwater levels has the potential to significantly impact 
GDEs.  Management strategies for phreatophytic vegetation, stygofauna and troglofauna are 
provided in specific reports prepared by other specialist consultants, namely Maunsell (2008) 
and Astron (2009). 

4.10 GROUNDWATER OPERATING STRATEGY 

Detailed Operating Strategies will be prepared to support the applications for a 5C Groundwater 
Licences for individual operations which will be required prior to any dewatering.  The Operating 
Strategies will be based on some of the data contained within this Groundwater Assessment 
report and will be updated as new data becomes available. The Operating Strategies will include 
details of the groundwater, vegetation and stygofauna monitoring assessment and management 
plans and will require approval by the DoW with input from the DEC. 
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Borehole details For RC or RAB Hole
Borehole ID: NBD007 Total depth of hole (m):
Borehole type Airline type (rods or tubing): PE poly pipe
(RC/RAB/DDH): Airline diameter (mm): 45
Location: (m, E) Airline depth (m): 50

(m, N)
Dip: 60 For DDH
Azimuth: Is hole precollared (Y/N): Y
Date: 29/09/2008 Precollar hole diameter (mm):
Contractor: Rob Total depth of precollar (m):
Supervisor: Is precollar hole cased (Y/N): N

Total depth of cased precollar (m bgl):
Test details Precollar casing  diameter (ID mm):
Standing water level (m): 8.93 Total depth of diaomond drill hole (m):
Corrected water level (m) 7.7 DD hole diameter (mm):
Time of start of airlifting: Airline type (rods or tubing): PE poly pipe
Time of stop of airlifting: Airline diameter (mm):

20 Depth of airline (m):

Time since airlift 
stopped (min)

Water level 
(m)

Corrected Water 
Level (m)

kL/d L/s 1.75 33.8 29.3

1 25 13.0 0.2 3.75 31.42 27.2

10 25 13.0 0.2 5.75 29.38 25.4

20 25 13.0 0.2 7.75 27.58 23.9

0.0 0.0 10 25.5 22.1

0.0 0.0 15 21.96 19.0

0.0 0.0 20 19.07 16.5

0.0 0.0 25 16.62 14.4

0.0 0.0 30 14.96 13.0

0.0 0.0 20 0.0

0.0 0.0 25 0.0

0.0 0.0 30 0.0

0.0 0.0 13 0.0

14 0.0

15 0.0

16 0.0

17 0.0

18 0.0

19 0.0

20 0.0

25 0.0

30 0.0

35 0.0

40 0.0

45 0.0

50 0.0

55 0.0

60 0.0

AIRLIFT TEST DATA RECORD

Airlift flow rates:

FlowTime since 
start (min)

V-notch 
reading 
(mm)

Water Levels

Duration (min):

H = head of water above apex of notch (mm)

Note: Thompson Equation (for a 90 V-notch weir) 

Q =(4.417 x 10-5) x H 2.5

Where: 

Q = flow of water (l/s)

F:\Jobs\1001C\Report\App B_page1 Formatted



Borehole details For RC or RAB Hole
Borehole ID: NBD010 Total depth of hole (m):
Borehole type Airline type (rods or tubing): PE poly pipe
(RC/RAB/DDH): Airline diameter (mm): 45
Location: (m, E) Airline depth (m): 50

(m, N)
Dip: 60 For DDH
Azimuth: Is hole precollared (Y/N): Y
Date: 29/09/2008 Precollar hole diameter (mm):
Contractor: Rob Total depth of precollar (m):
Supervisor: Is precollar hole cased (Y/N): N

Total depth of cased precollar (m bgl):
Test details Precollar casing  diameter (ID mm):
Standing water level (m): 8.15 Total depth of diamond drill hole (m): 450
Corrected water level (m) 7.1 DD hole diameter (mm):
Time of start of airlifting: Airline type (rods or tubing): PE poly pipe
Time of stop of airlifting: Airline diameter (mm): 44.5

30 Depth of airline (m): 50

Time since airlift 
stopped (min)

Water level 
(m)

Corrected Water 
Level (m)

kL/d L/s 1 0.0

1 35 27.7 0.3 2 34.97 30.3

10 35 27.7 0.3 3 32.97 28.6

20 35 27.7 0.3 4 30.92 26.8

30 35 27.7 0.3 5 31.47 27.3

0.0 0.0 7 25 21.7

0.0 0.0 9 21.36 18.5

0.0 0.0 12 16.69 14.5

0.0 0.0 15 13.46 11.7

0.0 0.0 20 11.55 10.0

0.0 0.0 25 10.9 9.4

0.0 0.0 30 10.44 9.0

0.0 0.0 13 0.0

14 0.0

15 0.0

16 0.0

17 0.0

18 0.0

19 0.0

20 0.0

25 0.0

30 0.0

35 0.0

40 0.0

45 0.0

50 0.0

55 0.0

60 0.0

AIRLIFT TEST DATA RECORD

Airlift flow rates:

FlowTime since 
start (min)

V-notch 
reading 
(mm)

Water Levels

Duration (min):

H = head of water above apex of notch (mm)

Note: Thompson Equation (for a 90 V-notch weir) 

Q =(4.417 x 10-5) x H 2.5

Where: 

Q = flow of water (l/s)
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GROUNDWATER MODEL 

Model Setup 

A groundwater flow model was developed for the project area during 2008, covering an area of 
approximately 40km (east west) and 45km (north south).  Model cells ranged in size from 25 
metres in the area of the proposed pits, to 200 metres at the boundaries of the domain.  This 
model discretisation provided results at a very detailed scale in the borefield area but resulted in 
model run times that were impractical for both the model calibration and predictions.  To reduce 
model run times the density of the model grid was reduced.  The minimum model cell size was 
increased to 50 metres with a maximum cell size of 400 metres at the model boundaries.  The 
resulting model comprised 4 layers, consistent with the 2008 model, and 726 rows and 363 
columns (Figure C1).  

The conceptual hydrogeology is unchanged from the previous Balmoral South, Mineralogy, and 
Austeel assessments.  A full description of the model conceptualisation is detailed in the 2008 
report (Aquaterra, 2008).  Key features of the current (and previous) models include:  

▼ Groundwater recharge from surface water flows and incident rainfall; 

▼ Groundwater evapotranspiration from phreatophytic vegetation and near surface water 
tables; 

▼ Groundwater inflow from the upstream catchment and groundwater outflow to the Indian 
Ocean. 

The numerical groundwater modelling package Modflow-Surfact (Version 2.2, Hydrogeologic, 
Inc. 1996) operating under the Groundwater Vistas graphical user interface (Version 4.25, 
Rumbaugh and Rumbaugh, 1996-2005) was used to develop the model.  Modflow-Surfact is one 
of the leading codes for groundwater modelling and was chosen for its ability to handle features 
found in the area of study such as: 

▼ A shallow water table with potential for saturation/desaturation; 

▼ Groundwater-surface water interactions; and 

▼ Localised aquifer anisotropy. 
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MODEL GRID AND EXTENT 

The south east (lower right-hand) corner of the model is located approximately 5km south-east 
of the intersection of the Fortescue River and the North West Coastal Highway. The model 
extends 40km to the west and 45km north.  The model grid is aligned with the inferred 
preferential flow direction (along strike of the ore bodies) and is rotated 12 degrees clockwise 
from the MGA grid.  The coordinates at the model corners are displayed in Table C1.   

Table C1: Model Domain 

 Easting* (m) Northing* (m) 

North West 387,143 7,695,358 

North East 426,138 7,687,070 

South East 377,800 7,651,400 

South West 416,794 7,643,112 

*GDA94 Zone 50 

 

MODEL GEOMETRY 

Model layer elevations were set to follow surface topography and the vertical extents of 
geological formations within the model boundary as detailed in Table C2. 

Table C2: Layer Geometry 

Layer Hydrogeological 
Units 

Layer Geometry 

1 
(Top of 
Model) 

Alluvium, Clays, Ore 
Bodies, Basement 

Top of layer follows surface topography  
Base of layer follows interpolated base of the Alluvium data in the 
areas where alluvium and clays exist and is otherwise set to 
approximately 15mAHD (in areas where the Basement outcrops). 

2 Trealla Limestone, 
Ore Bodies, 
Basement 

Base of layer follows the base of the Trealla Limestone where it exists 
and is otherwise set to approximately 10mAHD (in areas where the 
Basement outcrops). 

3 Yarraloola 
Conglomerate, Ore 
Bodies, Basement 

Base of layer follows the base of the Trealla Limestone minus the 
thickness of the Yarraloola Conglomerate.  Where the Yarraloola 
Conglomerate does not exist, the base of Layer 3 is set between 5m 
and 20m below the base of Layer 2.  In the ore body areas, the base 
of layer 3 is set to -30mAHD and interpolated back to the regional 
geometry (gradient of base of layer around 10%).   

4 Ore Bodies, 
Basement 

Base of layer is set at -400mAHD. 

 

The hydrogeological units represented at the top of the sequence are illustrated in Figure C2.  
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Layer 1 Modelled Units
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Groundwater Inflow and Outflow 

GROUNDWATER THROUGHFLOW 

Groundwater flow into and out of the model is simulated using fixed head boundaries.  The fixed 
head inflow boundary was set at between 27mAHD and 33mAHD at the south-eastern model 
boundary. Along the coastline the fixed head outflow boundary is set at 0mAHD to approximate 
mean sea level.   The location of these boundaries is shown in Figure C1.   

RAINFALL RECHARGE 

Rainfall data from the Mardie monitoring station (site number 5088) was chosen to represent 
incident rainfall over the model area.  The model was setup with monthly stress periods, and 
the assigned recharge was calculated as 10% of rainfall for the alluvial aquifer, and 0.0001% for 
the clay and other sediments. The recharge distribution over the model is depicted in Figure C3.  
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Recharge Distribution in the Model

LOCATION MAP

AUTHOR: REPORT NO: 028a

JOB NO: 1001C

DRAWN: REVISION:
SCALE:DATE:

SM

AG GS

1:250 00009/06/2009

Location: F:\Jobs\1001C\Sino_expanded_Modelling\Mapinfo\Report_Figures\Figure C.3 Recharge.wor

PROJECTION:
GDA94Z50

7685000

7680000

7650000

7660000

7665000

7675000

7670000

7645000

40
50

00

40
00

00

39
50

00

39
00

00

42
00

00

38
50

00

38
00

00

42
50

00

River Cells (Fortescue River)

Inactive Model Cells

High Recharge Zone

Low Recharge Zone

0 5 10

Kilometers





 

 

RIVER RECHARGE 

The lower reach of the Fortescue River between the North West Coastal Highway and the Indian 
Ocean falls within the model boundary.  Flows in the river are generated primarily by rainfall 
runoff from the river catchment and recharge the alluvial aquifer, providing the major source of 
recharge.  Flow in the Fortescue River is seasonal, with the highest flows occurring in January, 
February and March.  Other surface water features within the model boundary, such as the Du 
Boulay and Edward Creeks are not simulated because they are not expected to contribute 
significant recharge to the proposed water supply borefield area due to their significantly 
smaller catchments areas (when compared to the Fortescue River catchment). 

The Fortescue River is modelled using the River Package in Modflow-Surfact.  Modflow-Surfact 
uses a depth dependent relationship to calculate the flow to or from the river and the underlying 
aquifer.  Each modelled river cell is specified a river stage (s), a river bed elevation (hb), and a 
river bed conductance factor (C).  When the modelled aquifer head (h) immediately underlying 
the specified river cell is greater than the river bed elevation (hb) the rate of leakage or 
recharge from the river (Qriv) to the aquifer is calculated via Equation 1. 

Qriv = C(s-h), when h>hb (1) 

where in the case that s=h, Qriv=0 (no flow between the river and underlying aquifer).  When 
the head in the aquifer is greater than the head in the river (h>s), Qriv will be negative, 
indicating that flow is from the aquifer to the river (i.e. a baseflow driven system).  When the 
calculated aquifer head (h) is below the base of the river bed elevation (hb) the rate of leakage 
or recharge (Qriv) is calculated via Equation 2. 

Qriv = C(s-hb), when h<hb (2) 

where in the case that s=hb, Qriv=0 (no flow between the river and underlying aquifer).  The 
value for conductance is approximated by Equation 3. 

C = KLW/M (3) 

Where  

K is the hydraulic conductivity of the river bed material in metres per day 

L is the length of the river across or within a model cell in metres 

W is the width of the river in metres and 

M is the thickness of the river bed material in metres. 

As the Fortescue River and underlying target alluvial aquifer is predominantly a surface water 
driven system, with flows from the Fortescue River recharging the aquifer, the river recharge 
process to the aquifer is described by Equation 2.  There may be some instances or reaches of 
the modelled river where there are some minor flows or discharge from the alluvial aquifer to 
the Fortescue River however these are not expected to be a significant proportion of the overall 
catchment water balance. 

The river recharge processes are shown schematically in Figure 16a. 

River cells are specified along the path of the Fortescue River with the river bed elevation set 
consistent with available topographic data (Figure 17).  River stage was calculated from gauged 
Fortescue River flows from the Jimbegnyinoo Pool (708003) monitoring station or where records 
were not available, the Bilanoo (708015) monitoring station.  The locations of the gauging 
stations are shown on Figure 15.  River stage was calculated based on gauged flow using 
Manning’s equation for open channel flow and parameters consistent with characteristic 
Fortescue River channel parameters within the model area (river channel Manning’s n of 0.03, 
river width of 100m, and river bed slope of 0.001m/m).  To obtain a river stage for model input 
from gauged flows, an approximation to Manning’s equation for open channel flow (Equation 4) 
was used, and derived as follows: 

Q = (1/n).A.R2/3.S1/2,   (4) 

where Q = flow rate in the river, A = flow area, R = hydraulic radius, and S = channel slope, 
and 

A = W.H, and    (5) 



 

 

R = W.H/(W+2H),   (6) 

where W = channel width, and H = height of flow in the channel.  H can be related to s (the 
river stage used in the River Package as follows: 

s = hb + H    (7) 

Substituting Equations 5 and 6 into Equation 4 yields: 

Q = (1/n) W.H [W.H/(W+2H)]2/3 S1/2 (8)  

Assuming a shallow channel, where the width is significantly greater than the height, the W+2H 
term is approximately equal to W (W+2H ~ W).  This results in the following approximation for 
Q: 

Q ~ (1/n) W.H5/3.S1/2,    (9) 

which, when rearranged gives an approximation of river stage: 

s = hb + H ~ hb + (Q.n/W.S1/2)3/5  (10) 

When measured flows (Q) are zero, Equation 10 gives a river stage equal to the river base 
elevation.  In this case, for a surface water driven system such as the Fortescue River, 
described by Equation 2, the River Package will simulate no flow between the river and the 
aquifer. 

As outlined in Equation 3, the river bed conductance factor used by the River Package is 
dependent on the hydraulic conductivity of the river bed material, the thickness of the river bed, 
and the length and width of river in the model cell.  River bed conductance is set at 1000m2/d, 
consistent with characteristic Fortescue River channel parameters within the model area (river 
bed hydraulic conductivity of 1m/d, river width of 100m, a river bed thickness of 2m and an 
averaged river length across modelled cells or around 30 metres). 

 

EVAPOTRANSPIRATION 

Evaporation from phreatophytic vegetation (predominantly mesquite) and from the shallow 
water table was modelled using the Evapotranspiration (ET) Package in Modflow-Surfact. In 
agreement with the previous work, ET along most of the coastal area was set at 10% potential 
ET, with an extinction depth of 2m. Further inland, the maximum ET rate was set at 50% of 
potential ET, with an extinction depth of 8m over the alluvium where mesquite is present (Table 
C3).  

Table C3: Average Monthly Point Potential Evapotranspiration  

Month Average Point Potential ET (mm) 

January 360 

February 300 

March 300 

April 225 

May 165 

June 120 

July 135 

August 180 

September 240 

October 330 

November 360 

December 390 

(Bureau of Meteorology, 2001) 

 



 

 

Model Calibration 

During model calibration aquifer parameters, recharge, and the assigned elevation of the 
upstream fixed head boundary were adjusted within realistic limits to obtain a match between 
measured and predicted groundwater levels. 

The model was calibrated to measured groundwater levels on the Fortescue Coastal Plain 
between 1983 and 2006 (i.e. the period over which measured groundwater level data was 
available).  The monitoring bores used for calibration are maintained by the DoW over a 300km2 
area of the Fortescue flood plain. 

 

CALIBRATION TO GROUNDWATER LEVELS 

Modelled and predicted water levels are presented in (Figures C4 to C6). In general, the model 
achieves a good representation of the observed seasonal variations in groundwater levels.  

Measured water levels are well matched at monitoring bores closest to the Fortescue River 
(refer Figure C4, Bores 29, 30, and 31A).  Further away from the Fortescue River groundwater 
levels (Bores 1, 4A, 3A, 33, refer Figure C5 and C6) are under-predicted by the models. 

Scaled Root Mean Squared (SRMS) values for selected times during the model calibration are 
presented in Table C4. The range of SRMS is between 3 and 8%. Even when some of these 
values are slightly above the MDBC guideline of 5%, they are all below 10%, which is widely 
accepted as an indicator of a reasonable calibration. There is the potential that some 
improvements to the calibration could be achieved by partitioning of the alluvial aquifer and 
Yarraloola conglomerate into different values of hydraulic conductivity. Such hydrogeological 
features which cannot be justified on the basis of current hydrogeological understanding have 
not been included to date but could be in the future if data becomes available to support such 
changes. 

Table C4: SRMS Values for Predicted Water Levels 

Data SRMS  

24-Nov-83 8.10% 

30-Mar-84 7.60% 

2-May-84 7.70% 

16-May-84 8.10% 

24-Jul-84 5.80% 

12-Sep-84 6.90% 

9-Dec-84 6.50% 

23-Feb-85 6.60% 

4-Apr-85 6.40% 

13-Jun-85 5.70% 

9-Aug-85 6.70% 

13-Nov-85 6.20% 

16-May-86 5.30% 

27-Nov-86 5.10% 

25-Jun-87 5.40% 

6-Nov-87 3.60% 

14-Oct-88 5.40% 



 

 

Data SRMS  

2-Aug-90 6.70% 

 

AQUIFER PARAMETERS 

Aquifer parameters were assigned consistent with available data for the area (Table C5).  The 
adopted calibration assigned a specific yield of 10% in the alluvial aquifer.  Recharge was 
assigned as 10% of rainfall to the alluvial aquifer, and 0.0001% to the Clay, Ore bodies, and 
Basement outcrops. 

Table C5: Aquifer Parameters after Model Calibration 

Model 
Layer(s) 

Formation Across 
Strike 
Horizontal 
Hydraulic 
Conductivity 
(m/d) 

Along Strike 
Horizontal 
Hydraulic 
Conductivity 
(m/d) 

Vertical 
Hydraulic 
Conductivity 
(m/d) 

Confined 
Storage 

Unconfined 
Storage (%) 

1 Alluvium 60 60 6 N/A 10 

1 Surficial 
Sediments 

1 1 0.1 N/A 1 

1,2,3 Ore (Northern 
and Central)  

0.05 0.5 0.05 0.0001 0.001 

4 Ore 
(Southern) 

0.01 0.1 0.01 0.0001 0.001 

2 Trealla 
Limestone 

0.001 0.001 0.001 0.0001 2 

3 Yarraloola 
Conglomerate 

2 2 0.2 0.0001 5 

1,2,3,4 Basement 0.001 0.001 0.001 0.0001 0.1 

 

CALIBRATION TO GAUGED RIVER FLOWS 

Predicted river recharge rates and gauged river flows in the Fortescue River at the Jimbegnyinoo 
Pool (708003) monitoring station or where records were not available, the Bilanoo (708015) 
monitoring station, are presented in Figure C7. This comparison is made to check that recharge 
to the aquifer from the river does not exceed gauged river flows.  

Results over the calibration period suggest that predicted river recharge averages approximately 
18 % of the gauged river flows.  Predicted river recharge rates reach a maximum of 45% of the 
measured river flow.  During low flow periods, however, the predicted recharge from the river to 
the underlying alluvial aquifer exceeds measured river flows by 1.5 to 12 times.  This suggests 
that the Manning’s equation approximation for open channel flow used to convert gauged river 
flow rates to the river stage input in the model may not be entirely appropriate for the low flow 
period. This relationship could be improved with further work, however as these low flows are 
not a significant part of the water budget and the flow system is dominated by large events this 
further work is not warranted at this time.  
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Transient Calibration FIGURE C4
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Transient Calibration FIGURE C5
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Transient Calibration FIGURE C6
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WATER BALANCE 

The water balance modelled for the end of a dry period (December 2006), and a wet period 
(December 1995), is presented in Table C6. 

Table C6: Modelled Predicted Water Balance  

 In  

(kL/d) 

Out  

(kL/d) 

Storage 60,730 30 

Constant Head 460 9,680 

Recharge 0 0 

Evapotranspiration 0 51,480 

River Leakage 0 0 

E
n
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f 
D
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e
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(D
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2
0

0
6

) 

Total 61,190 61,190 

Storage 79,190 4,320 

Constant Head 20 15,120 

Recharge 60,130 0 

Evapotranspiration 0 128,240 

River Leakage 9,150 810 

E
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f 
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e
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e
ri

o
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(D

e
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1
9
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5
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Total 148,490 148,490 

 

 





 

 

 




