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1 INTRODUCTION 
1.1 General 
Alinta Energy Development Pty Ltd (Alinta Energy) has proposed a solar farm development near Port 
Hedland in the Pilbara region of Western Australia.  A surface water assessment is required to support 
design and Environmental Impact Assessment (EIA) processes.  The assessment will assess the impacts of 
surface water on the Project and the impact of the Project on its surrounds. 

Previous studies for the “FMG T155 Port Expansion Project in the Port Hedland Harbour”, and the District 
Water Management Strategy (DWMS) for Landcorp and Boodarie Strategic Industrial Area (Department of 
State Development) are noted.   

1.2 Background 
Alinta Energy currently owns and operates an existing power station located in the Boodarie Strategic 
Industrial Area, 12 km south of the Port Hedland town centre and 5 km west of South Hedland.  The Port 
Hedland Power Station is a natural gas-fired power station, which consists of five 42 MW (210 MW) dual fuel 
(gas and distillate) turbine units in two separate locations: two units in the Boodarie site, and three units in 
Port Hedland, connected by a 66 kV transmission line. The two sites are operated as an integrated plant (via 
a central control) and are also connected to the (Horizon Power) North West Interconnected System (NWIS) 
grid.  

Alinta Energy is proposing to build, own and operate a 90 MW solar power station on Unallocated Crown 
Land, adjacent to the Port Hedland Power Station and immediately east of Great Northern Highway.  555 ha 
of land has been identified for the Project.  The current layout covers about 175 ha.  The southern portion of 
the site is about 1 km x 1 km, the northern portion is 600m x 1 km (refer Figure A).   

The majority of the site is proposed as arrays of prefabricated fixed solar panels installed on steel piles; as 
well as supporting infrastructure including three laydown areas, and a collector substation, site offices and 
parking at the north west corner, with a connecting power line across to the existing power station (another 
69.5 ha of land). 

The typical pitch (spacing) between the modules is about 10m.  There is about 10m clearance to site 
boundaries/ perimeter security fence, easements for access roads, and clearance to Great Northern 
Highway.  

The site is very flat (but slightly uneven); and grades down to the north, with an elevation of RL16m at the 
south end and RL12m at the north end (refer Figure B).  Vegetation is low lying shrubs and grass. 

South West Creek runs to the east and north of the site, crosses Great Northern Highway under a road 
bridge, and then continues for 9km to Port Hedland Harbour.  Most of the creek catchment lies to the east of 
the north south running FMG rail line to Port Hedland.  One tributary of the creek passes about 200m from 
the north east corner of the site, and the solar farm generally lies in the creek’s 100 year Average 
Recurrence Interval (ARI) floodplain. 

https://en.wikipedia.org/wiki/Port_Hedland
https://en.wikipedia.org/wiki/Transmission_line
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2 EXISTING CONDITIONS 
2.1 Soils 
A Geotechnical Report was undertaken for the Boodarie site in 2013 “Boodarie Strategic Industrial Area: 
Report on Geotechnical Investigation”, LandCorp, January 2013. 

The Boodarie (and Project) site is situated within an area of mixed floodplain deposits (sand, silt, and clay, 
refer Figure 02, Geotechnical Report).  The site is in a low lying area and prone to flooding.  Ground 
conditions generally comprise silty sand overlying dense, locally variably cemented (very low to low strength) 
clayey sand (to the full depth of the 2013 investigations). The Geotechnical Report found the following: 

• Excavatability - assessed as diggable with typical excavators (however the report noted that local 
ripping in places may assist the speed of the excavation process) 

• Groundwater – at the time of investigation, groundwater was only intersected in single test location (well 
west of the solar site) at a depth of 4.2m (the Geotechnical Report noted that the observed level may 
not necessarily have represented the highest wet season groundwater level, or after periods of heavy 
rain) 

• Topsoil - nominally the top 0.2m, comprising fine to medium grained sand / silty sand, with variable 
organic content – to be removed off-site or stockpiled for future landscaping purposes 

• Engineering fill - the upper silty sand unit comprised pale brown to brown, fine to medium grained sand, 
with non to low plasticity silt, suitable for use as engineered fill.  The clayey sand below comprised 
brown, fine to medium grained sand and a trace of some gravel with variable fines content (30-50%). 
The clayey sand had a variable plasticity index (PI), some examples exceeding PI = 40%, and as such 
were considered more difficult to handle / compact and less suitable for engineering fill 

• Allowable bearing pressures - up to 100 kiloPascals (kPa) (based on Factor of Safety of 3) against 
bearing capacity failure and a typical settlement tolerance of 25 mm (and associated differential 
settlement 15 mm) 

• Subgrade strength (pavement design) – a California Bearing Ratio (CBR) value of 15% was adopted / 
recommended for silty sands (noting laboratory CBR 40-60% was recorded). Test pits along the Great 
Northern Highway i.e. closer to the solar farm, were much poorer – and had a recommended subgrade 
design CBR value of 3% (i.e. a poor subgrade, but variable and subject to verification at time of 
construction) 

2.2 Climate 
2.2.1 General 

Climate data has been based on the Bureau of Meteorology website.  Port Hedland has an arid to semi-arid 
climate with hot, humid summers and warm dry winters. The average annual rainfall at Port Hedland Airport 
(BoM site number 4032) is 320 mm, and highly variable year to year.  Most rainfall is summer rain (typically 
January to March), as a result of scattered thunderstorms producing heavy localised and unpredictable falls 
over short periods, with substantial fluctuations from year to year.  There are also occasional tropical 
cyclones.  Tropical lows, usually originate off the Pilbara coast and can bring widespread rain to the region.  
Winter rains result from tropical cloud bands.  

Temperatures vary from minimum / maximum averages of 13-27°C in winter, and 24-36°C in summer, but 
can be much hotter. The average annual pan evaporation is ~ 3,500 mm (6 mm/d in June, 13 mm/day in 
December). 

2.2.2 Cyclones 

The WA coastal areas experience frequent tropical cyclones (more than any other part of Australia) from 
mid-December to April and peaking in February.  These systems dominate weather patterns, and potentially 
bring heavy rain and potential wind and destruction to coastal areas.  Due to the relatively low population 
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density in the Pilbara, cyclones rarely cause large scale destruction or loss of life (Cyclone George was an 
exception). 

Since 1910, there have been about 50 cyclones (on average, one cyclone every 2 years) that brought gale-
force winds to Port Hedland. About half of these cyclones had an impact equivalent to a Category 1 cyclone.  
Seven of these cyclones (January 1939, March 1942, Joan in December 1975, Leo in March 1977, Dean in 
February 1980, Connie in January 1987 and George in March 2007) caused very destructive wind gusts in 
excess of 170km/h.  

2.3 Rainfall Intensity-Frequency-Depth 
Intensity-Frequency-Depth (IFD) data is required to characterise storm rainfall intensities and is provided by 
the Bureau of Meteorology (BOM).  The BOM website provides information for various AEPs (Average 
Exceedance Probability), and the equivalent ARIs (Average Recurrence Interval), up to the 2,000-year ARI. 

Rainfall intensity data for Port Hedland (Latitude 20.44 Longitude 118.56) is shown below: 

Table 1:  Intensity-Frequency-Duration (IFD) (mm) 

AEP/ ARI 

Duration  

63% 

1y 

50% 

1.44y 

20% 

4.5y 

10% 

9.5y 

5% 

20y 

2% 

50y 

1% 

100y 

0.1% 

1,000y 

0.01% 

10,000y 

  1 hour 24.2 28.2 41.4 50.6 59.9 72.9 83.2 133 183 

  2 hour 30.6 36 53.7 66.2 79.1 97.4 112 179 246 

  6 hour 44.5 53.5 84 107 130 163 190 304 418 

12 hour 56.7 69.3 113 146 180 228 266 426 585 

24 hour 71 87.7 146 191 238 301 353 565 777 

72 hour 90.7 112 184 237 296 374 438 701 964 

At Port Hedland, the 1,000 / 10,000 year rainfall intensities are about 1.6 / 2.2 x 100 year rainfalls.  Rainfalls 
up to the PMP (probable maximum precipitation) are approximately double the 10,000 year rainfalls i.e. 4-4.5 
x 100 year rainfall intensities. 

2.4 Climate change 
Climate projections for Northern Australian Rangelands (which includes the Pilbara) are that temperatures 
will continue to rise; the intensity of heavy rainfall events will increase; and natural variability will continue to 
be the primary driver for the amount of rainfall the region receives. 

Annual rainfall has increased over most of the Pilbara, except in the west where it has decreased.  However 
Pilbara annual rainfall is projected to remain largely unchanged to 2090, and there is high confidence that 
natural rainfall variability will remain the primary driver of rainfall changes to 2030.   

Australian Rainfall and Runoff (ARR) suggests that the IFD’s presented above can be adjusted as follows: 
“Given the uncertainty in rainfall projections and their considerable regional variability, an increase in rainfall 
(intensity or depth) of 5% per °C of local warming is recommended (relative to a 20 year, 1986-2005 
baseline).   

Based on a greenhouse gas concentration (not emissions) trajectory adopted by the IPCC, various RCPs 
(Representative Concentration Pathway) have been used describing different possible climate futures. 
RCP2.6 is a very stringent pathway which would keep global temperature rise below 2°C by 2100.  RCP8.5 
is generally taken as the basis for worst-case climate change scenarios.  An intermediate scenario RCP4.5 .  
represents a 3°C global temperature rise by 2100 and likely increase in rainfall intensity and floods. There is 
medium confidence (majority of climate change projections) that tropical cyclones will become less frequent, 
but that the strongest tropical cyclones may increase in intensity and size (and travel further south beyond 
Latitude 25°). 
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3 RELEVANT GUIDELINES AND LEGISLATION 
3.1 Legislative & Regulatory Compliance 
Legislative & regulatory compliance includes all legislation, conditions of approval, permits, guidelines and 
standards relevant to the activities.  This may include: 

• Agriculture and Related Resources Protection Act 1976  

• Conservation and Land Management Act 1984  

• Dangerous Goods (Transport) Act 1998  

• Dangerous Goods Regulations 1992  

• Environment Protection and Biodiversity Conservation Act 1999 (Commonwealth) 

• Environmental Protection Act 1986  

• Environmental Protection (Clearing of Native Vegetation) Regulations 2004  

• Local Government Act 1995  

• Planning and Development Act 2005  

• Rights in Water Irrigation Act 1914  

• Waterways Conservation Act 1976. 

Objectives for water quality are outlined in “Water Quality Protection Guidelines”, Department of Water and 
Environment, 2000, a series for water quality management in mining and mineral processing: 

• No. 1 An Overview 

• No. 2 Tailings Facilities 

• No. 3 Liners for Waste Containment 

• No. 4 Installation of Minesite Groundwater Monitoring Bores 

• No. 5 Minesite Water Quality Monitoring 

• No. 6 Minesite Stormwater 

• No. 7 Mechanical Servicing and Workshop Facilities 

• No. 8 Laboratory Waste Discharge 

• No. 9 Acid Mine Drainage 

• No. 10 Above Ground Fuel and Chemical Storage 

• No. 11 Mine Dewatering 

Various other guidelines and standards may be applicable, including for example DWER (Department of 
Water Environment Regulation) Guidelines and Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality (ANZECC / ARMCANZ 2000). 

3.2 Surface Water Guidelines 
The Pilbara landscape is subject to heavy rainfall.  Generally, environmental approvals for projects that 
involve land disturbance require adherence to the following surface water protection principles: 

• Maintain surface water regimes 

• Protect the downstream ecosystem 

Activities on site have the potential to cause, or result in, adverse environmental impacts.  Environmental risk 
which needs to be managed such as potential erosion and sedimentation offsite that can adversely affect 
water quality and ecological systems downstream (associated with vegetation and topsoil removal, spoil 
stockpiling and construction activities). 
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Environmental management should be proactive rather than reactive; with risk management to identify, plan, 
manage, and monitor and implement appropriate ‘best management practices’ and progressive erosion and 
sediment control / mitigation strategies in each catchment / drainage area. 

Activities should be carried out in a manner that conforms to the relevant regulatory and legislative 
requirements, and ensure that controls are properly implemented, monitored and audited to assess their 
effectiveness.  Changes to controls are instigated if they are not achieving their objectives. 

A Soil and Water (or Surface Water) Management Plan (SWMP) outlines how soil and water issues will be 
identified, planned, managed and monitored to minimise adverse impacts on the downstream environment. 
The SWMP interrelates with the construction environmental management plan and other relevant plans and 
should be designed as a practical guide for use during the construction and operational phases. 

General SWMP objectives include: 

• Present overall soil and water management principles and guidelines for construction / operations 

• Provide an organised, integrated and systematic approach to effectively address and monitor erosion 

• Describe how practical measures and best management practices will be implemented to prevent or 
mitigate potential downstream impacts 

• Outline roles and responsibilities of those involved in design & implementation of management controls 

• Outline an effective monitoring, auditing and reporting framework to assess the effectiveness of controls 

3.3 Review and Improvement of SWMP 
The outcomes of inspections, monitoring, audits and the completion of checklists facilitate the identification 
of problems, recurring issues or areas for improvement. The document is dynamic and if a non-conformance 
is detected, or if project implementation methodology changes, or if mitigation measures improve, the SWMP 
is revised so it remains effective in managing any environmental impacts arising. 

3.4 Inspection, Auditing & Monitoring 
Site inspections should take place on a regular basis to check mitigation measures and controls are fully 
operational and effective.  These inspections can focus on newly exposed or sensitive areas.  Inspections 
may be event based inspections, prior to predicted rainfall events or following significant rain events. 

Environmental monitoring can relate to rainfall, water quality monitoring (e.g. turbidity, pH and oil and 
grease), with environmental records, documentation and data control. 
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4 CONSTRUCTION AND OPERATIONAL IMPACTS 
4.1 Construction Impacts 
Construction impacts relate to the extent of disturbance and excavation, implementation of progressive 
erosion and sediment control plans, environmental work method statements detailing work procedures and 
specific environmental control measures for activities which require more detailed attention (e.g. clearing and 
grubbing; topsoil stripping and stockpiling; waterway crossings, chemical storage and use; refuelling 
operations, water monitoring methods, etc).  Construction impacts include: 

• Site establishment 

• Vegetation clearing, mulching and topsoil stripping, protection of existing drainage features and 
vegetation. Noxious weed treatment including herbicide spraying 

• Material and topsoil stockpiles 

• Earth disturbance activities, bulk earthworks, including excavation & transportation of cut / fill materials 

• Road, culvert and drainage works 

• Piling of solar arrays 

• Trenching for underground cabling and activities  

• Concreting, designated concrete wash-out area with appropriate containment and controls  

• Landscaping and re-vegetation 

• Material stockpiles 

• Refuelling of plant and machinery, storage of fuels, chemicals 

• Direct interactions with groundwater are unlikely (excavations required for the installation of solar 
panels, buildings and transmission line poles are not anticipated to intercept the water table) 

4.2 Operational Impacts 
Operational impacts include: 

• Weed infestation and treatment 

• Weed infestation 

• Cleared land, earth disturbance activities, movement of vehicles 

• Material stockpiles 

• Refuelling of plant and machinery, storage of fuels, chemicals and other potential contaminants 

4.3 Construction management measures 
Construction management measures include: 

• Apply best management practices (BMP) and innovation, and engineering surface water controls 

• Construction in the dry season 

• Minimise work areas / exposed surfaces, limit clearing, retain adequate buffer zones between disturbed 
areas and natural flow paths 

• Minimise erosion and sediment offsite, capture sediment laden runoff from disturbed areas (with 
perimeter bunding and dirty water capture devices), comply with discharge limits 

• Provide specific work procedures and control measures for activities which require more detailed 
attention (disturbance of earth, waterway crossings, chemical storage / use, refuelling operations, etc)  

• Protection of existing drainage features & vegetation. Noxious weed treatment 
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• Designated stockpile areas with appropriate containment and controls, minimise weed infestation, 
maintain soil organic matter, and maintain soil structure and microbial activity 

• Minimise movement of vehicles across exposed earth, stabilise disturbed areas promptly 

• Internal access roads (typically) constructed at existing surface so as to not concentrate / disturb 
overland flow  

• Refuelling of plant and machinery, storage of fuels, chemicals and other potential contaminants in an 
impervious bunded area.  Training of staff to minimise and manage unintended spills  

• Machinery to arrive on site clean, washed and free of fluid leaks, and leave the site clean (to avoid 
tracking sediment onto public roads). Checking machinery and plant for leakage 

• Control of stormwater flows onto, through and from the site (perimeter controls), constructed prior to the 
commencement of works, sediment basins / control downstream of disturbed areas.  Regular inspection 
and maintenance of control measures, particularly following rainfall 

4.4 Operational management measures 
Operational management measures include: 

• Protection of existing drainage features & vegetation. Noxious weed treatment 

• Designated stockpile areas with appropriate containment and controls, minimise weed infestation, 
maintain soil organic matter, and maintain soil structure and microbial activity 

• Minimise movement of vehicles across exposed earth, stabilise disturbed areas promptly 

• Refuelling of plant and machinery, storage of fuels, chemicals and other potential contaminants in an 
impervious bunded area.  Training of staff to minimise and manage unintended spills  

• Machinery to arrive on site clean, washed and free of fluid leaks, and leave the site clean (to avoid 
tracking sediment onto public roads). Checking machinery and plant for leakage 

• Control of stormwater flows onto, through and from the site (perimeter controls), constructed prior to the 
commencement of works, sediment basins / control downstream of disturbed areas.  Regular inspection 
and maintenance of control measures, particularly following rainfall.  It is noted in general that the site is 
extremely flat and therefore surface water velocities (over any finished surface) are low. 

Dust modelling has suggested that clearing of such a large area indicates that there is significant dust risk to 
visibility on the Great Northern Highway. A bare (silty sand) surface is the highest risk of dust problems.  
Short term solutions include water and / or chemical application and hydro mulch. 

Sheeting the site with gravel would provide a less erodible surface at higher cost. 

Revegetation would be desirable, but may be difficult and take some time to establish (and hence subject to 
erosion events in the interim).  Native revegetation is considered most (naturally) effective against erosion 
and dust suppression; however it may then be a fire risk.  SA Water has been carrying out trials with native 
vegetation (knee height native grass and saltbush) in regard to vegetating under solar arrays (and restoring 
cleared land to its previous agricultural land use), with the added benefit that the native scrub itself protects 
PV panels from airborne dust and shading, and creates native biodiversity. 
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5 FLOOD MODELLING 
5.1 Hydrology Modelling 
South West Creek is the main surface water impactor on the solar site. There are no relevant streamflow 
gauging data / gauged catchments to make flood estimates directly.  Regional flood estimation methods are 
based on typical average parameters derived from gauged catchments (in an already data-poor region), and 
are inherently considered to have a higher degree of uncertainty.  Such methods include the ARR Regional 
Flood Frequency Estimation (RFFE) technique, and the Regional Flood Frequency Procedure (RFFP; David 
Flavell) developed for the Pilbara. 

In this case, a nonlinear rainfall - runoff computer program, RAFTS, was used to estimate flood peaks / 
hydrographs in the creek and impacting the site.  Data is input for each of the model catchments, including 
area, terrain slopes and surface roughness, with routing linking flows from sub-catchment to sub-catchment. 

Design rainfall data and associated rainfall losses (infiltration, ponding) are then applied.  The program 
simulates rainfall with time over the catchments, removing losses, to calculate the rainfall excess / runoff, 
and then routes this runoff through the model reaches to provide an estimate of the resulting flood flows and 
hydrographs.  

The South West Creek catchment at Great Northern Highway Bridge has a is about 465 km². This catchment 
is split by the FMG railway line, 12% (57 km²) on the west / solar farm side, and 88% (406 km²) on the east 
side: 

• West side of rail - the 57 km² catchment includes a sub-catchment of 31 km² with estimated 100 year 
ARI flow 77.6 m³/s, which impacts the southern end of the solar site; and a second catchment nearer 
the railway (26 km²), 100 year flow 56 m³/s (which contributes directly to South West Creek flows)  

• East side of rail - the 406 km² catchment has an estimated 100 year flow of 873 m³/s.  This majority of 
flow must pass under the rail line to reach the Great Northern Highway bridge 

5.2 Hydraulic Modelling 
The Storm Water Management Model (SWMM) computer model was used to undertake 2D hydraulic 
modelling, based on the existing topography and in particular the presence of the rail line.  In 2D mode, the 
model performs hydraulic calculations over the terrain and network of natural channels and flow paths. 
A regular-square grid was used to represent the topography of the terrain over the available LIDAR survey. 

These grid cells contain the elevations and land use, and other relevant hydraulic data needed for the 
modelling. The flood hydrographs / flows are then applied as boundary conditions and routed through the 
digital terrain to estimate flood extents. 

The majority of the flow in the creek is generated on the eastern side of the railway line, however the railway 
line presents a major barrier to flows reaching the bridge.  The rail parallels the fall of the land and from the 
rail bridge at the Oakover River, there appears to be no culverts or drainage structures through the rail for 
32 km.  The first drainage structure is 1 km east of the solar site, a second drainage structure 700 m north 
east from the north east corner of the solar site. 

These drainage structures are major corrugated metal pipe (CMP) installations, estimated from aerial photos 
as comprising twenty and thirty two 1.8 m diameter pipes respectively.  The capacity of each pipe would be 
~8 m³/s, so fifty two would allow about 400-420 m³/s to pass the railway line from east to west, restricting the 
100 year flow in the catchment.  Rail culverts are typically designed for the 50 year ARI flood, so a restriction 
to major flood flows would be expected, and flow that cannot pass through the rail is dispersed out in flat 
terrain to the east.  

For modelling purposes, the rail culverts were approximated as an opening in the rail line at the two culvert 
sites.  Modelling shows that 400-420 m³/s passes through the culverts installations from east to west (i.e. 
matching the theoretical culvert capacity).  In addition, as water backs up against the rail embankment / 
culvert inlets, the railway overtops further to the south - this overtopping flow then flows north and contributes 
to flood impacts at the site.   

The hydraulic model estimated the maximum 100 year ARI flow at the Great Northern Highway road bridge 
as 650 m³/s, reduced from the theoretical 1,000 m³/s. 
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The 5 yr pre-development flood depths and velocities are shown in Figure C and Figure D.  The 5 yr flood 
level profile around the boundary (pre-dev and post dev if the site is blocked off from any external flooding) is 
shown in Figure E. 

The 100 yr pre-development flood depths and velocities are shown in Figure F and Figure G.  The 100 yr 
pre-dev and post dev flood level profile around the boundary is shown in Figure H. 

5.3 Impacts of the Local Flood Regime on the Project 
5.3.1 Site Bunded Off from 100 Year External Flooding 

• North side - blocking off the solar site from external flooding has no impact on flood levels.  The 100 yr 
pre- and post-development external flood levels are the same, and dictated by flood levels and 
backwater in the creek to the north (flood levels are RL13.8-13.1m west to east, and a maximum water 
depth of ~1.4m) 

• East side – blocking off external flooding and restricting the creek flood plain pushes post-development 
100 yr flood levels locally up to 0.4m higher than pre-development flood levels 

• West side – this same restriction of the flood plain tends to lower local post-development 100 yr flood 
levels below pre-development flood levels i.e. the solar farm cuts off the western side of the farm from 
the impacting floodplain 

• South side - blocking off the solar farm cuts across north flow sheet flow and flood water pools up 
against the southern bund.  The local post-development 100 yr flood levels (RL16.2m) are about 1m 
higher than pre-development flood levels 

To protect the solar farm internally from 100 year external floods (a high level of protection) would require a 
substantial bund around the boundary, set as a minimum at design flood level plus an additional 0.5m for 
freeboard.  The bund crest levels and bund height would vary substantially around the boundary, but the 
bund would be up to 2m high on the north side, 2m on the east side (north end), and 1.5m on the west side 
(north end).  The south end blocks off sheet flow and would require a 1.5m high bund (and a diversion 
channel to direct flow to the east (diversion options are limited and this can only be partly achieved). 

The pre- and post - development flood levels with the solar site bunded off from the 100 year ARI flows is 
shown in Figure H. 

5.3.2 Site Not Bunded Off from 100 Year External Flooding 

By contrast if the internal solar farm has no flood bunding and is exposed to 100 year external floods, then 
the 100 year ARI post development flood regime remains at the pre - development flood levels (Figure F-G).  
All critical infrastructure would need to be built up above the design flood levels (assumed to be 100 year 
flood levels).  The deepest flood levels are on the north side. 

The lower ARI post development flows would also remain largely at the pre - development flood levels, but 
would be somewhat interfered with by infrastructure and earthworks on site. 

5.4 Impacts of the Project on the Local Flood Regime 
Typically, post-construction stormwater peak runoff rates should be no greater than the pre-construction 
stormwater peak runoff rates for the 100-year storm event.  However, the solar site only represents about 
0.4% of the South West Creek catchment (at the Great Northern Highway bridge) so will have no impact on 
flow rates at the road bridge. 

If the solar farm is bunded off from the 100 year floodplain, then local increases in flood level occur (up to 
0.4m) at the eastern side of the solar farm (western side of the floodplain) and local increases at the south 
bund where sheet flow is blocked (up to 1m increase).  Refer the flood profiles on Figure H. 

If the solar farm is not bunded off from the 100 year flood plain, and floods can pass through the site, then 
there is minimal impact on the pre-development flood regime (except at local disturbances around raised 
infrastructure). 
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If the surface is left bare (i.e. natural fine silty clay), then there is potential for both erosion of the surface and 
increase in sediment load downstream. This is mitigated by the low velocities over the site, due to the very 
flat terrain.  When no specific measures are made against the ingress of external flooding, modelling 
indicates that velocities over the site in the 5 year pre-development flood are up to 0.4 m/s (refer Figure D).  
These flood velocities would be potentially modified somewhat by bunding to capture and retain internal run-
off, but in this case velocities would potentially be up to about 0.7 m/s (refer figure J).   

The maximum permissible velocities for fine sand, sandy loam, silt loam, etc (readily erodible materials) are 
0.5-0.6m/s;  increased if the water is transporting colloidal silts, when permissible velocities increase to 0.8-
1.0m/s.  In addition, 5 year flows will be captured internally in a sedimentation basin for treatment prior to 
release from the site.  If the site is vegetated, then maximum permissible velocities increase significantly, and 
even on easily eroded soils, would exceed 1m/s. 

In the 100 year event, surface erosion will be significant over the catchment in general, and flowing water will 
transport a high sediment load.  100 year flooding will overrun the site (i.e. flood velocities will equal pre-
development velocities other than for disturbances around infrastructure), but even in the 100 year flood,  
velocities are only up to about 0.6 m/s due to the flatness of the site.  Velocities <2m/s in a major flood 
scenario would generally be acceptable without engineering protection (refer figure G). 

5.5 Internal Hydraulic Modelling 
Erosion and sediment control (i.e. a sedimentation basin) is required, to capture and treat dirty water run-off 
from disturbed surfaces, prior to release downstream. 

The general fall of the land is south to north, but the site is very flat, and the surface is uneven, with a 
shallow ridge line. A lack of transverse falls and unevenness make it difficult to internally drain the site with  
transverse drainage swales.  It is assumed that internal dirty water run-off would need to be collected at the 
north end of the site. 

Given the very flat nature of the site, and the coverage of accurate LIDAR data over the whole site, Rain on 
Grid Analysis was used.  Again, the grid cells contain the elevations, surface roughness, and other relevant 
hydraulic data needed for the modelling.  Design rainfall, after deduction of rainfall losses (infiltration, 
ponding, etc) was applied directly to the two-dimensional grid.  This was carried out for pre-development only 
on the presumption that any significant earthworks, reshaping of the site would not be carried out. It was also 
assumed that the site would be left unvegetated (i.e. bare). 

The 5 yr pre-development site internal flood depths and velocities are shown in Figure I and Figure J.  The 
5 yr flood level profile around the boundary (pre-dev natural flooding and post-dev if all site runoff is captured 
and prevented from leaving the site) is shown in Figure K. 



REPORT 

EWJ21162.001 / WE2235.001  |  Port Hedland Solar Farm  |  003c  |  09 March 2022 
rpsgroup.com  Page 11 

6 SURFACE WATER MANAGEMENT OPTIONS 
6.1 General 
There are considered to be three options for managing surface water at the solar farm. The Project site is 
located sufficiently far from South West Creek and from Great Northern Highway that it has no significant 
impact on the flood levels, other than local to the site (regardless of the option selected).  Alinta Energy has 
a preference for Option 3. 

• Option 1 - bund off the site boundary from external 100 year floods 

• Option 2 - bund off the site boundary from external 5 year floods, producing somewhat lower bunding 
around the site as required. External floods (>5 year ARI) would overtop the bund and enter the site 

• Option 3 (preferred) – no bunds on the site boundary against external flooding.  However sufficient 
bunding on the downstream site boundary is required to capture / direct internal site runoff to the north 
end of the site, for treatment (if the site is fully revegetated, there would be no requirement for sediment 
capture; any drainage controls could be removed once vegetation was fully established). External floods 
would overtop the bund and pass through the site (as an option however, sheet flow from the south may 
be prevented from running onto the site, by diverting storm water to the east – with a low bund across 
the southern side, crest at 5 year flood level RL15.8m, and a small diversion / toe drain set level at 
~RL15.2m (there is no fall in the topography west to east). 

Due to the flatness of the land, internal flow velocities are low, typically <0.3m/s.  After rain (or after more 
general flooding), standing water and pooling would remain, the extent of which depends on how much, if any, 
earthworks / re-grading of the site is carried out.  

Critical infrastructure such as PCUs, substation, site offices, parking areas (and possibly the three proposed 
laydown areas) would need to be built up above the design flood levels (assumed to be 100 year flood levels), 
whether those flood levels are generated externally or internally. It is assumed that flowing water and standing 
water beneath the solar modules is acceptable. 

The site roadway network can interfere with the natural drainage patterns.  Roads can either be kept at grade 
(flat on the ground), or raised to improve the road surface drainage but will then tend to concentrate water or 
cause pooling. 

6.2 Sedimentation Basin 
Erosion and sediment control (i.e. a sedimentation basin) is required at the north end of the site to capture and 
treat dirty water run-off from disturbed surfaces, prior to release downstream. 

As such, sufficient bunding is required on the site boundary to stop dirty water running off the site and 
directing it to the north end of the site.  A 5 year ARI significant rainfall event is proposed as the design 
treatment event. Water quality capture and treatment devices are not expected to treat all the flow, but rather 
focus on smaller more frequent run-off events.  Various design criteria have been used, from 3 month to 
20 year ARI, but these are matched up with an associated target particle size for settling. 

The target particle size varies typically from 125 um (fine sand) to 20 um (medium silt).  The end the goal is a 
manageable pond size.  A 5 year rainfall event in conjunction with 100% removal of 50 um particles is 
suggested - – this is equivalent to 635 m² water surface area loading per m³/s of peak runoff flow.  

The estimated 5 year ARI flow is ~4 m³/s, arriving at the north end of the site and hence a basin surface area 
would be in the order of 2500 m².  For a top width of 30m, the water surface would be 100m long along the 
north boundary. 

The basin would be minimum 1.2m water depth (nominally a 0.6m deep permanent pool settling zone above, 
and a 0.6m sediment storage zone below).   

A basin may be configured as a wet or dry basin: 

• A dry basin (refer Figure L) drains through a ‘control’ outlet (e.g. overflow pit / pipe system) over a day 
or so, and the basin is therefore normally dry (preferred). The lowest ground level along the northern 
boundary is about RL11.6m. If the bottom of the basin is set at this level, then this would allow the use 
of the control structure.  On this basis the top water surface would be minimum RL12.8m, plus allowing 
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0.5m freeboard, a bund height of RL13.3m would be required (about 1.8 km long of varying height). In 
both cases, flood flows pass over the spillway, set within the freeboard 

• A wet basin (refer Figure M) has no ‘control’ outlet, hence any water trapped in the basin slowly 
infiltrates and evaporates.  The basin can thus be excavated into the ground as a ‘hole’.  Typically it 
could be constructed as cut to fill (some bunding and some excavation).  However all dirty water flows 
would need to be channelled towards the sedimentation basin by way of diversion bunding and toe 
drain works, to prevent dirty water flows off site 

On completion of the project, decommissioning of the site and rehabilitation of disturbed areas is required.  
Sedimentation basins are retained in place until revegetation of surfaces and surface stability has been 
achieved.  The basin and bunds are then removed.  
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7 SUMMARY 
Alinta Energy is proposing to build, own and operate a 90 MW solar power station immediately east of Great 
Northern Highway and adjacent to the Port Hedland Power Station in Boodarie. 

The site is situated in an area of mixed floodplain deposits (sand, silt, and clay) and is prone to flooding. 

The region has an arid to semi-arid climate with hot, humid summers and warm dry winters and subject to 
cyclonic rains and winds.  

South West Creek is the main surface water impactor on the solar site with a catchment at the Great 
Northern Highway bridge of 465 km².  The 100 year ARI flow at the road bridge is 650m³/s, reduced from the 
theoretical 1000 m³/s by the barrier of the FMG railway line to Port Hedland.  The solar farm lies in the South 
West Creek 100 year floodplain. 

Alinta prefers that Option 3 be adopted i.e. that the solar farm not be bunded off or protected from external 
flooding.  IN addition, the solar farm only represents about 0.4% of the creek catchment. As such, the local 
flood regime remains largely unchanged and undisturbed, and flood levels and flood velocities are not 
impacted in the local vicinity, at Great Northern Highway and at the highway bridge to the north of the site. 

It is proposed, however that along the south boundary, a low bund be provided to prevent sheet flow entering 
the site from the south, together with a toe drain cut from west to east to assist drainage of the area. All 
critical infrastructure on the site would need to be raised above the 100 year flood level. 

Generally environmental approvals for projects that involve land disturbance require adherence to surface 
water protection principles.  A Soil and Water Management Plan (SWMP) outlines how soil and water issues 
will be identified, planned, managed and monitored during the project life to minimise adverse environmental 
impacts on the downstream environment.  

The site is flat, but with minor undulations / unevenness, and after rainfall, standing water and pooling would 
occur.  The site is not conducive to effective drainage and would be very difficult to drain internally (i.e. 
cutting off and redirecting northward flows to the east and west boundaries).  It is assumed that run-off in 
large rain events would reach the northern boundary.  Due to the flatness of the site, the 100 year flood 
velocities are low, typically <0.3 m/s. 

It is noted that there has been discussion on the finished surface of the solar farm in relation to dust 
suppression. However (for these purposes) it has been assumed that the site would be left ‘bare’ - cleared 
back to natural fine silty clay – and generate internal dirty water run-off.  This needs to be retained on the 
site, captured internally in a sedimentation basin in the north-western corner of the site, and treated prior to 
release downstream. 

A 5 yr ARI flow was adopted, estimated as ~4m³/s arriving at the north end of the site.  For a sedimentation 
basin surface loading of 635 m² per m³/s, the surface area would be ~2500 m².  For a top surface water 
width of 30m for example, the water surface would be 100m long. 

The basin would be minimum 1.2m water depth, with 0.5m freeboard and spillway / outflow weir.  The basin 
could be set behind a bund along the north boundary (greater bund earthworks volumes) and configured as 
a dry basin with a control structure to allow a full basin to drain over a day or so.  Alternatively, the basin 
could be excavated lower into the ground, as a more balanced cut to fill arrangement, and configured as a 
wet basin (no control structure possible) with trapped runoff left to infiltrate and evaporate. 
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- Figures 
Figure A - Locality Plan and General Layout 

Figure B – Site Contours 

Figure C – 5yr Pre-Development Flood Extents 

Figure D – 5yr Pre-Development Flood Velocities 

Figure E – 5yr Flood Profile along the Boundary 

Figure F - 100yr Pre-Development Flood Extents 

Figure G - 100yr Pre-Development Flood Velocities 

Figure H - 100yr Flood Profile Along Boundary 

Figure I - 5yr Internal Flood Depths 

Figure J - 5yr Internal Flood Velocities 

Figure K - 5yr Internal Flood Profile Along Boundary 

Figure L - Typical Dry Sedimentation Basin With Outlet  

Figure M - Typical Wet Sedimentation Basin  
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