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1 EXECUTIVE SUMMARY 
The Lot 20 Devlin Road, Wellesley Urban Water Management Plan (UWMP) articulates the range of management 
practices that are being considered for the proposed development area.  The objective of this UWMP is to outline 
how the proposed development will manage the total water cycle in a sustainable manner. This includes water 
conservation, stormwater management, groundwater management and management of associated water 
dependent ecosystems. The management of these issues is articulated through the strategies that follow. 

SITE SUMMARY 
Since European settlement, much of the site has been extensively cleared and used for agricultural purposes. The 
Wellesley River traverses the eastern and south-eastern boundaries of the site. There are also several small rural 
drains that assist with draining the high groundwater within the lower portions of the site. On the low sand dunes 
there are some areas of bushland remaining in varying condition. The soils are generally sandy for the main area 
of development. There are some alluvial soils associated with the Wellesley River floodplain. 

PLANNING SUMMARY 

This strategy has been prepared to support the proposed green title subdivision of Lot 20 Devlin Road for General 
Industry uses. It also covers the necessary works in Lot 41 and 42 Marriot Road, located adjacent to and north of 
Lot 20. Lots 41 and 42 are effectively Marriot Road. Combined, these lots form the ‘Subject Land’. The initial stage 
will be for 12 Kemerton Ancillary Industry lots with a size of approximately 3700m² to 5ha. The entire area of future 
development will result in approximately 34 lots. The remaining lots will be held in a balance lot for Stage 1. It will 
also create a Foreshore Reserve for the northern portion of the Wellesley River. Lots 41 and 42 will be converted 
to a Road Reserve. There will also be a balance lot to the west for future conservation purposes. The Stage 1 layout 
can be seen in Figure 1, with the entire proposed development area outlined in Figure 2. 

 

MAIN REFERENCING DOCUMENTS 

This document has been compiled from the following reports. These reports should be referred to where more detail 
is sort. 

• A Bushfire Management Plan prepared by Lush Fire and Planning;  
• An Environmental Assessment Report prepared by Eco Logical Australia; 
• A Site and Soil Evaluation Report prepared by Galt Geotechnics;  
• A Geotechnical Study Report prepared by Galt Geotechnics; and 
• Engineering plans by Edgeloe Engineering 
• Groundwater modelling by Oversby Consulting 
• Water Supply Options Report by Oversby Consulting. 
• Foreshore Management Plan by Oversby Consulting 

 

 

 

 

 

 

Figure 1     Subject Land 

 

 

Tim Carr
To be updated once layout agreed 
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Figure 2     Stage 1 Area 

[Grab your reader’s attention with a great quote from the document or use this space to emphasize a 
key point. To place this text box anywhere on the page, just drag it.] 
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2 KEY ELEMENTS PLAN 
Water management for the subject land is based on best practice water sensitive design (WSD) for industrial areas. 
The strategies will be achieved through the synthesis of planning and design to manage, protect and conserve the 
total water cycle. The plans and designs for the development are appropriate for the subject land’s site 
characteristics, current landuses and proposed future use.  

The subject land is within the Wellesley River catchment. This strategy details actions that will assist with protecting 
and enhancing this ecosystem through the utilisation of best practice water management practices and is in keeping 
with the recommendations within the Leschenault Estuary Water Quality Improvement Plan and the fact that the 
site is with a Sewage Sensitive Area. 

A summary of the WSD elements that will be implemented within the development to achieve best management 
practices are outlined below, and visually represented in Figure 3. 

   

WATER CONSERVATION AND SERVICING 
• All lots are to provide their own independent potable water supply, using roof rainwater capture.  

• All lots are to be serviced by an appropriate onsite effluent disposal system suitable for the sandy soils and 
location within a Sewage Sensitive Area.  

• On lot landscaping areas are to be designed to minimise water usage. 

• Landscaping of the road reserve will be predominately watered through rainfall and direct stormwater capture. 

 

STORMWATER MANAGEMENT 
• The stormwater system captures and detains all flows up to and including the 1% AEP to below predevelopment 

flow rates.  

• Th swale systems treat incoming flows, transport water and detain waterflows prior to discharging to the 
Wellesley River 

• Treatment of stormwater is either via the vegetated swales or bioretention basins. 

 

FLOOD PROTECTION 
• All lots levels will be designed to maintain a minimum separation clearance of 300mm between the building 

floor levels and the 1%AEP flood levels generated on site. 

• The drainage network will flow at capacity and excess water will be directed down the road reserves to protect 
industry buildings and other infrastructure. 

• All lots are to be a minimum of 500mm above the flood level of the Wellesley River 

 

GROUNDWATER MANAGEMENT 
• Lots are to be filled where necessary so that an appropriate clearance is maintained between MGL/CGL and 

finished floor levels of industrial buildings. 

• Subsoils and a swale network set at the MGL will control groundwater along the road network. 

• Lot subsoils will be used to control groundwater under lots, with subsoils containing treatment media as 
appropriate (if near effluent disposal areas). 

• The use of appropriate wastewater treatment systems will assist with managing contaminates entering the 
groundwater.  

• The vegetated swales and bioretention gardens will treat stormwater prior to it entering the groundwater. 

WATER DEPENDENT ECOSYSTEM MANAGEMENT 
• Groundwater and stormwater leaving the site and entering the Wellesley River will receive treatment prior to 

discharge, with flows rates also controlled to predevelopment rates. 

• New ecosystems are to be created through planted bioretention systems and swales. 

• The foreshore area will be enhanced through a restoration program. 

• The wetlands to the west of the site will also be placed within a an area set aside for environmental protection. 
 

 

Typical low road side swale vegetation 
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Figure 3     Key Elements Plan  
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3 LANDFORM PLAN 
The subject land is composed of two main landforms within the proposed development area.  

The first is the broad winter wet sandplain area. This sits over the majority of the site at a height of approximately 
11.6mAHD through to 12.8m AHD. The slope within this area vary from approximately 1:100 through to more than 
1:1000. This plain is intersected by numerous drains, designed to drain the wetland areas and minimise 
inundation of the pasture areas. A contour plan can be seen in Figure 4. 

The second is the low sand dunes that predominately occur in the northern half of the site. The sand dunes rise 
from the plain to between 14mAHD in the south-east corner through to between 16.0mAHD and 20mAHD, 
depending on the sand dune. The slopes of the sand dunes range from approximately 1:25 through to 1:18 

The Wellesley River traverses the eastern and south-eastern boundary. The floodplain of the river extends into the 
subject land, especially in the south-eastern portion. This portion often has floodwaters over it for extend periods 
during normal winter flows. 

The top of the main channel bank sits at approximately 4m in the north (Marriot Road), down to 3mAHD in the south 
(Devlin Road). The river has also contributed to the eastern and south eastern boundaries having a steep 
escarpment that falls from the winter wet plan/sand dunes, down to the Wellesley River floodplain. This escarpment 
has grades of between 1:10 to 1:30 with small, localised areas of around 1:4. 

Due to the large change in height between the plain and the river, as well as the presence of water running of the 
plan, especially once groundwater rises to the surface, there are 2 major and 1 minor head cuts. These are currently 
relatively stable, due to the pasture cover, but show signs of previous erosion. These are identified on Figure 4. On 
the most south-western head cut, 2 dams were historically constructed. The dam walls have now been breached 
and they hold relatively little water. 

There are some small, isolated soaks present where the groundwater is close to the soil. 

To the west of the proposed development area there are 2 wetlands that contain winter surface water, with one 
also containing a deeper constructed soak inside it. These are connected to each other by a small rural drain, 
which then extends via a continuation of this drain through to the southwestern head cut.  

 

 

 

 

 

 

 

  

Gently sloping plain 

 
Winter wet flat floodplain of Wellesley River in the south of the subject land 

 
Winter wet sandplain area 
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Figure 4     Landform Plan 
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4 GEOTECHNICAL PLAN 
Geotechnical investigations for the Stage 1 area of the subject land were undertaken by Galt Geotechnics, with the 
findings outlined in Report on Geotechnical Study Kemerton General Industrial Area Lot 20 Devlin Road, Wellesley 
(2021).This was complemented by the Report on Site and Soil Evaluation Kemerton General Industrial Area Part 
Lot 20 Devlin Road, Wellesley (2021). 

The site works were undertaken in December 2020 and included drilling boreholes to 3-4m at 33 locations as well 
as supporting tests. 

4.1 Soil Conditions 
The soil conditions were generally either sand or sand over either gravelly sand/clayey or sand/ sandy clay. There 
were some small variations, with 1 bore hole also containing silty sands. 

The pure sand areas were generally higher in the sand dune areas, where the boreholes with clay/gravel material 
at depth tended to be in the lower areas. The results can be seen in Table 1. 

4.2 Permeability 
The permeability testing within the subject land was undertaken using 2 different methods. The first method was a 
Constant Head Infiltration test with the results ranging from 0.04m/day for a sand over Sandy Clay through to 
14.59m/day for sand. 

Using a Falling Head Infiltration Test the results ranged from 1.4m/day for a sand over Sandy Clay through to > 
15m/day for sand. 

Where the sand material is used to fill lots, the preliminary recommended hydraulic conductivity of 1m/day should 
be used. This is to be confirmed after the sand is placed on lots and in the location of on-lot soakage structures. 

4.3 Acid Sulphate Soils 
The Acid Sulphate Soil (ASS) Mapping for the subject land shows that the main proposed development area is 
considered moderate risk of ASS within 3m of the surface. The area along the Wellesley River is shown as being 
at High risk of ASS. 

No detailed investigation on the site were undertaken due to there likely being minimal disturbance of soils below 
the maximum groundwater level or dewatering. 

4.4 Phosphorus Retention Index  

Phosphorous Retention Index (PRI) indicates the ability of the subject land’s soils to absorb and treat nutrients 
within the soil (soil microbe disinfecting ability).  While no PRI testing was undertaken, the sandy nature of the 
soils means that the PRI is likely to be low. 

4.5 Groundwater 
Groundwater was recorded in all bore holes. It is noted that the testing was in December, so the levels found do 
not indicate the seasonal maximum. The depth to groundwater ranged from 0.7m below the surface through to 3.0m 
below the surface.  

4.6 Suitability for on-site effluent disposal 
The site, after proposed earthworks, would be classified as Soil Category 1 or 2 (sands/silty sands). 

 

 

Table 1      Soil Conditions 

Test Name Test Depth (m) Reason for 
Termination Stratigraphy2 

BH01 4.0 

Target depth 

SAND overlying Gravelly SAND overlying Clayey SAND 
overlying SAND 

BH02 4.0 SAND overlying Gravelly SAND overlying SAND 
overlying Clayey SAND 

BH03 4.0 SAND overlying Clayey/Silty SAND 
BH08 4.0 SAND 
BH11 3.0 SAND 
BH12 3.0 SAND 
BH13 3.0 SAND overlying Sandy CLAY/CLAY 
BH14 3.0 SAND 
BH15 3.0 SAND overlying Sandy CLAY 
BH16 3.0 SAND overlying Sandy CLAY/CLAY 
BH17 3.0 SAND 
BH18 3.0 SAND overlying Sandy CLAY 
BH19 4.0 SAND 
BH20 3.0 SAND overlying Clayey SAND 
BH21 3.0 SAND overlying Clayey SAND/SAND 

BH22 3.0 SAND overlying Gravelly SAND overlying Sandy CLAY 
overlying SAND 

BH23 3.0 SAND 
BH25 3.0 SAND 
BH26 3.0 SAND overlying Clayey SAND 
BH27 3.0 SAND overlying Sandy CLAY 
BH28 3.0 SAND overlying CLAY overlying SAND 
BH29 3.0 SAND overlying Clayey SAND 
BH30 3.0 SAND overlying Clayey SAND 
BH31 3.0 SAND 
BH32 3.0 SAND overlying Sandy CLAY 
BH33 3.0 SAND overlying Clayey SAND overlying SAND 
BH34 3.0 SAND Gravelly SAND overlying Clayey SAND/SAND 
BH35 3.0 SAND overlying Clayey SAND 
BH36 3.0 SAND overlying CLAY overlying Clayey SAND 
BH37 3.0 SAND overlying Clayey SAND 
BH38 3.0 SAND overlying Sandy CLAY/Clayey SAND 

BH39 3.0 Silty SAND overlying Sandy CLAY overlying Silty/Clayey 
SAND 

BH40 3.0 SAND overlying Sandy CLAY overlying SAND 
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Figure 5     Geotechnical bore holes and testing locations  
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Figure 6     Acid Sulphate Soil mapping 
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5 ENVIRONMENTAL CONDITIONS   
An Environmental Assessment Report for the subject land was prepared by Ecological Australia (ELA). A supporting 
Biological Survey was also undertaken. These reports identified flora present, bushland condition and likely fauna 
species present. The area surveyed by ELA can be seen in Figure 9 and 10. A site visit was also conducted by 
Oversby Consulting to understand the findings of the report and focus on the waterways and wetland environmental 
areas.  

CONSTRUCTED WATERBODIES 
There are at least 4 isolated dams and soaks within the subject land. All of these interact with the superficial 
groundwater. The dams in the south are also fed by drains during winter, noting that the walls of the dams have 
been broken significantly reducing the amount of water held. The dams and soaks provide limited habitat to 
generalist fauna species, with none having dense native vegetation around them. These waterbodies can be seen 
in Figure 7.  

WETLANDS 
Approximately 60% of the subject land is covered in a Multiple Use Category Wetland (mainly UFI 15225). This 
covers the sandy wetland of the winter wet flats, as well as the cleared floodway area along the southern portion of 
the Wellesley River. The majority of this area is devoid of native vegetation, although there are scattered 
Melaleuca’s and rushes in some areas. The Multiple Use wetland also covers the northern portion of the Wellesley 
River, where there is a relatively continuous native canopy, with a predominately weedy understorey. 

A Conservation Category Wetland is located along the southern portion of the Wellesley River (UFI 1717). This is 
associated primarily with the main channel and the remnant native overstorey vegetation along the banks. The 
wetland types can be seen in Figure 8. 

WATERWAYS 
Wellesley River 

The Wellesley River is located along the eastern and south-eastern boundary of the subject land. 

The river retains much of its native overstorey vegetation, however the understorey is degraded and generally 
dominated by weed species. There is some erosion and access by stock, especially in the southern portion. The 
floodplain/floodway is confined to the vegetated areas in the north, however in the south this zone has been 
extensively cleared and used for summer grazing. This southern portion is generally inundated for much of winter. 

Water quality in the river is often high in nutrients, due to upstream agricultural activities. 

The southern portion of the river is also considered an Environmentally Sensitive Area, under the current Clearing 
Regulations. 

The vegetated banks provide habitat refugee for a range of fauna, as well as a corridor for fauna movement. The 
semi permanent pools provide important habitat for aquatic fauna and water dependent bird life and the floodplain 
provides seasonal habitat for waterbirds. 

Onsite constructed drains 

The onsite small agricultural drains provided some degraded habitat for generalist riparian species. There are some 
isolated Juncus plants amongst predominately pasture species. An example can be seen in the Section 3 photos. 
There is limited flow along the system, with flow generally only after groundwater has risen to the surface or after 
large storm events.  

VEGETATION 
The majority of the area has been cleared for agricultural uses and is now covered in pasture species. Much of the 
remaining vegetated areas have been degraded in some way. There are 6 main vegetation communities associated 
with the remaining native vegetation 

These vegetation communities include: 
• BiBaMp (0.08 ha): Banksia and Melaleuca woodland; 
• EmBaBi (19.15°ha): Eucalyptus marginata (Jarrah) mid open woodland over Banksia attenuata, Banksia 
ilicifolia, Agonis flexuosa low open woodland over Kunzea glabrescens tall sparse shrubland over Gompholobium 
tomentosum, Petrophile linearis, Bossiaea eriocarpa mid sparse shrubland over Dasypogon bromeliifolius, 
Hypolaena exsulca, Conostylis juncea low sparse forbland; 
• EmCcBa (0.05 ha): Eucalyptus marginata (Jarrah) mid open woodland over Banksia attenuata, Banksia ilicifolia; 
• ErMrAf (0.14°ha): Eucalyptus rudis tall woodland over Melaleuca rhaphiophylla, Agonis flexuosa mid woodland 
over Bolboschoenus caldwellii, *Juncus usitatus mid open sedgeland and *Watsonia meriana mid open forbland 
over low mixed weeds; 
• Kg (1.65 ha): A site-specific vegetation type, with similar values mapped as ‘rehabilitation’ in the broader KSIA; 
such areas in the KSIA were associated with rehabilitation of infrastructure corridors, particularly Western Power 
easements; and 
• MrMpAf (2.25 ha): Eucalyptus rudis mid open woodland over Melaleuca rhaphiophylla, Melaleuca preissiana, 
Agonis flexuosa low woodland over Melaleuca teretifolia, Melaleuca viminea tall open shrubland over Juncus 
kraussii subsp. australiensis mid open rushland and Lepidosperma longitudinale mid open sedgeland over 
Centella asiatica low sparse forbland and mixed weeds. 
 

Only MrMpAf and ErMrAf are generally associated with riparian areas. The ErMrAf is considered to be in good 
condition, while te MrMpAf is considered Degraded. The areas of each community can be seen in Figure 9, while 
the condition mapping can be seen in Figure 10. 

In the cleared areas there were some isolated riparian species such as Eucalyptus rudis, Melaleuca rhaphiophylla 
and Melaleuca pressiana.   

 

FAUNA 
A Basic Fauna Assessment was undertaken by EA in late 2020. This was mainly focused on cockatoo breeding 
habitat. It was noted that the riparian vegetation areas may provide some habitat for riparian species, however this 
is likely to be limited within the subject land. The Wellesley River may provide greater habitat for riparian fauna 
including.  

Follow up sampling for Freshwater Mussels was undertaken in the Wellesley River in June 2021. Carter’s Mussels 
were found to be present within the river system. 
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 Figure 7     Environmental characteristics of subject land and surrounds 
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Figure 8     Wetland classification 
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Figure 9     Vegetation Communities mapping 
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Figure 10     Vegetation Condition  
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6 SURFACE WATER PLAN (PRE DEVELOPMENT)  
The subject land is within the Wellesley River Catchment. 

All surface water on subject land that doesn’t infiltrate directly, flows to the Wellesley River which borders the eastern 
and south eastern portion of the site. During most years, there is a base flow from the proposed development area 
to the development, due to the rise in groundwater from winter and spring rainfall.  

Surface Water Features 

The majority of the site is a winter wet plain, where groundwater is at or just below the surface during mid winter 
to early spring in an average year. To alleviate this standing water, a network of rural drains have been installed 
across the subject land. These are generally 300mm to 600mm deep. One of these drains also takes flows from 
the west and its associated wetlands, directing this flow south westward. These drains all eventually enter the 
head cuts within the escarpment, directing a steady base flow of groundwater during wet periods, as well as 
stormwater after rain. 

There are several small soaks that have been dug to expose the superficial groundwater. These can be seen in 
Figure 11. 

The Wellesley River sits just to the east and south east of the subject land, with its floodplain extending into the 
subject land. The 1% AEP flood level for the Wellesley River falls from approximately 6mAHD at the Marriot Road 
bridge, down to 4mAHD at Devlin Road Bridge. The plain area is therefore generally a minimum of 6.5m above 
the 1%AEP flood level. The 1% AEP flood line can be seen in Figure 13. 

 

Catchments 

There are 7 small catchments within the Lot 20 development area. These can be seen in Figure12. All of these 
catchments begin with Lot 20, with the exception of Catchment 5. The 5B portion extends to the west to encompass 
a small sand rise and wetland area. It is noted that a portion of 5A flows out into 5B before returning into Lot 20 
further south. Catchment 5 ultimately discharges south eastward to the Wellesley River.  

Catchments 1 and 2 flow eastward directly to the Wellesley River. Catchment 3 flows predominately to the Wellesley 
River, however there is also a small trapped low. Catchment 4 flows south to the Wellesley River. Catchments 6 
and 7 flow south and south westerly under Devlin Road, before ultimately discharging to the Wellesley River. 

Marriot Road also has its own catchment that drains eastward to the Wellesley River via roadside drains, entering 
both sides of the Wellesley Road Bridge. 

Catchment areas and flow rates can be seen in Table 2.  

 

Modelling 
The Lot 20 area was modelled using DRAINS modelling software. 

To reflect the high groundwater conditions, and visual assessments it was assumed that all areas below 12.1mAHD 
were assumed to be fully waterlogged and have water at the surface. These areas were treated as effectively being 
impervious and a moderately low Retardance coefficient. 

The sand dunes and higher sand flats were assumed to be highly pervious and have a high Retardance coefficient 
factor to flow. 

The results reflect that during the wetter months of winter and early spring, there is a constant flow of water off the 
site, with sheet water over much of the flat areas. This means that during large, short duration storm events the 
water runs off quickly, while in longer less intense storms, the water has a greater opportunity to partially soak into 
the soil profile. 

Table 2      Predevelopment Catchment Summary 
Catchment  Area(ha) 10% 

AEP 
(m3/sec) 

Critical 
Storm 

1%AEP 
(m3/sec) 

Critical 
Storm 

Discharge Location / Comments 

1 10.38 0.005 1hr 0.212 10min East to Wellesley R. Broad sheet flow. 
Sand Hill and dry sand plain. No rural 
drains. 

2 22.3 0.301 10min 0.81 20min East to Wellesley R. via northern 
headcut. Sand Hill, dry sand plain and 
waterlogged sand plain. Contains rural 
drains 

3 5.46 0.003 30min 0.168 10min East to Wellesley R. Broad sheet flow. 
Sand Hill and dry sand plain. No rural 
drains. 

4 6.06 0.067 15min 0.293 10min South to Wellesley R. via minor southern 
headcut. Sand Hill, dry sand plain and 
waterlogged sand plain. Contains rural 
drains 

5 72.63 1.67 20min 3.99 15min South to Wellesley R. via major southern 
headcut. Sand Hill, dry sand plain, 
wetland chain and waterlogged sand 
plain. Contains rural drains. Only 
catchment that contains external flows. 

6 7.05 0.091 15min 0.296 10min South across Devlin Road to minor 
tributary of Wellesley R via minor 
channel and culvert. Dry sand plain and 
waterlogged sandplain. Contains rural 
drains. 

7 2.21 0.006 20min 0.08 10min South across Devlin Road to minor 
tributary of Wellesley R as broad sheet 
flow. Dry sand plain and waterlogged 
sandplain. No rural drains. 

Total 126.09 2.197  5.849  Note: Concentration times vary, 
however they are relatively close in 
duration, meaning the peak events are 
likely to occur across the site at 
approximately the same time 
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Figure 11     Subject land water features 
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Figure 12     Catchment and flows 
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Figure 13     1% AEP Wellesley flood map 
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7 GROUNDWATER (PRE DEVELOPMENT) 
Aquifer summary 
The subject land is within the Bunbury Groundwater area. Specifically, the site is within the: 

• Kemerton South – Leederville aquifer sub-area 

• Kemerton Industrial Park South Superficial aquifer sub-area. 

Both sub area aquifers are at their allocation limit. The superficial is generally present down to 40m. It is around 
250-1500mg/LTDS making it fresh to brackish). It can contain other contaminants, especially iron and aluminium.  
The Leederville in this location generally has a TDS of 850-1500mg/L (slightly brackish to brackish). 
The Cattamarra Coal Measure is generally to the west of the site and is usually poor in quality (2,500 – 26,000mg/L 
TDS). It is unlikely to be suitable for most uses within the subject land without extensive treatment. 
Directly to the north of the site, across Marriot road, there is a separate aquifer subarea. This is called the Kemerton 
Industrial Park North superficial subarea. This has a current allocation available of 300,000L.  

 

Shallow Superficial Aquifer 
Groundwater levels were investigated in 2020 by Oversby Consulting. The findings were presented in the report 
titled Lot 20 Devlin Road Groundwater Monitoring (2020). 

11 bores across the subject land were monitored between July 2020 and October 2020. 6 of the bores were 
installed as part of this investigation and 5 historical bores were also utilised. 6 Monitoring runs were undertaken, 
with the runs generally being done just after periods of extended rainfall. The focus was on tracking the rise and 
fall of groundwater levels to understand the likely annual maximum level. 

A summary of the bores can be seen in Table 3, while their location can be seen in Figure 14 and 15. 

Table 3      Bore Summary 

Monitoring 
Well 

Depth 
Of Well 

Riser 
Height Location 

Location Comments 

  mmTOC mm Northings Eastings  
1 3490 380 33. 13' 25" 115. 46' 31"            Sand plain near natural drainage depression 
2 3510 500 33. 13' 24" 115. 46' 16" Dry Sand plain. 
3 3480 400 33. 13' 10" 115. 46' 22" Low lying sandplain, winter waterlogged. 
4 3420 470 33. 13' 12" 115. 46' 52" Dry Sand plain. 
5 3520 450 33. 12' 42" 115. 46' 54" Dry Sand plain. 
6 3450 530 33. 12' 55" 115. 46' 27" Dry base of sand dune 
A 5600 370 33. 13' 20" 115. 46' 23" Dry Sand plain. 
B 6100 490 33. 13' 11" 115. 46' 32" Dry Sand plain near farm drain. 
C 6480 590 33. 13' 4" 115. 46' 44" Dry base of sand dune 
D 6180 400 33. 12' 51" 115. 46' 43" Dry base of sand dune 
E 7220 370 33. 13' 18" 115. 46' 51" Sandy loam near edge of river escarpment 
F 9200 400 33. 13' 20" 115. 46' 43" Sandy loam near edge of river escarpment 

 

Maximum groundwater levels were generally found in August and September. The rate of rise and time of maximum 
height was influenced by the localised landform. The constructed drains allow groundwater rising to the surface to 
be drawn away, stopping further rise. There is also direct lateral movement of groundwater into the shallow drains 
below the surface level. Near the historical head cuts, this lateral flow effect is very pronounced. In some locations, 
seeps can be seen feeding water directly into these cut areas. The clay material found in the western and southern 

areas tends to restrict groundwater movement downward and laterally. As such, localised perching occurs, with 
wetland conditions present over much of this area. In the middle eastern portion of the site, the deep sands allow 
water to flow more freely. In combination with the deeply incised Wellesley River, this has resulted in groundwater 
flowing downwards to the river. A summary of the minimum depth to water in relation to their separation to the 
surface can be seen in Table 4.  

In the south eastern corner, the loamy sand soils allow groundwater movement through at a moderate rate. This 
results in groundwater falling to more than 4m below the surface during drier months. As groundwater in the 
plains area builds up it seems to be slowly moving into this location, adding to the localised rise due to direct 
rainfall. For this reason, the groundwater continues to rise in this location near the escarpment edge, after the 
other bores across the site stabilise or even start to fall.  

There is likely to be some temporary mounding under the sand dunes after rainfall. This water is then moving 
laterally to the edge of the sand dunes. Historical photos highlight this by showing a green strip around the edge 
of some of the sand dunes, where water seeps into the surround plain soils during Spring. The mounding is likely 
to be minimal given the very high hydraulic conductivity vertically of the Bassendean sands present eg metres per 
day.  

Figure 15 shows that for much of the site groundwater is effectively at the surface (red shades), while Figure 14 
provides contours to highlight the flow direction. 
 
Groundwater quality  

Groundwater quality was not sampled as part of the 2020 level sampling. Some broadscale groundwater quality 
sampling was undertaken across the greater Kemerton Strategic Industrial Area and reported in the Overarching 
Water Management Strategy (2016) The results varied across the greater area with Nitrogen levels ranging from 
0.2mg/l to 9.9mg/l and total phosphorus being recorded between 0.0mg/l and 0.9mg/l. The higher levels were 
generally associated with areas that had agricultural landuses. 

Historical reading of bores within the subject land show that in April 1994 the pH of the groundwater varied from 
4.45 – 7.18, while electrical conductivity was between 320uS/cm and 2750uS/cm. Iron and Magnesium were also 
noted as being high. The quality found is typical of agricultural landuses on this portion of the Swan Coastal Plain 
with Bassendean sands and high groundwater. 

Table 4      Groundwater level summary 

Monitoring Well Minimum Depth to GW (mbgl) Date 

1 0.03 18/08/2020 
2 0.65 18/08/2020 
3 0.26 03/09/2020 

4 1.59 18/08/2020 

5 0.91 12/08/2020 

6 0.93 18/08/2020 

A 0.6 12/08/2020 

B 0.55 24/09/2020 

C 1.61 26/10/2020 

D 0.63 18/08/2020 

E 3.31 24/09/2020 

F 3.01 24/09/2020 
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Figure 14      Groundwater contours and bore locations 
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Figure 15     Depth to groundwater 
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8 DRAINAGE MANAGEMENT STRATEGY 
The aim of Surface Drainage Management for the subject land is to generally manage the water flows so that water 
treatment happens on site for minor events and that the major storms are controlled to predevelopment flow rates 
off the subject land to the Wellesley River. 

All flows up to the 1EY are to be treated to reduce nutrients, sediments and other contaminant prior to discharge 
offsite. Above the 1EY, the main function is to control the flow of drainage water throughout the subdivision and its 
release from the subdivision. This water will predominately be captured and directed down the pipe network and 
swale system, to designated discharge points while protecting lots from flooding.  

To assist with achieving an overall suitable drainage strategy, all lots are to capture and infiltrate the 10% AEP 
within their own lot. 

Figures 16 shows the catchment boundaries, discharge points and volumes of flow for the 1EY, 10%AEP and 1% 
AEP’s.  This includes the flow paths through the proposed Foreshore reserve, and external flows entering from the 
west. 

The following sections show in more detail how water is treated and conveyed in three different AEP scenarios, 

8.2 – 1EY (former 1:1ARI) 

8.3 – 20%AEP (The 1:5ARI Flood) 

8.4 – 1% AEP (The 1:100 ARI Flood). 

The detailed design of the drainage network has been undertaken for Sage 1 only. The remainder of the area has 
been designed and modelled but is likely to require refinement as future stages are constructed. As part of the 
Stage 1 works, a temporary swale is to be constructed approximately 100m to the south of the Stage 1 area. This 
will provide a controlled flow path for predevelopment flows from the remaining area of Catchment 2. A shallow 
sediment basin will be constructed at the end of this swale with water then controlled down the partially eroded 
head cut. Temporary permeable weirs will be constructed down the head cut to manage erosion and stock will be 
fenced out of this area. This will allow the head cut to stabilise and minimise ongoing erosion. 

8.1 Modelling 
Modelling of the post development layout was undertaken in DRAINS. 

The modelling considered the 1EY, 10% AEP and 1% AEP. The following is a summary of the assumptions and 
parameters used. 

• Lots were assumed to be 90% impervious.  

• Lot basins were assumed to have an infiltration rate of 5m/day, with a subsoil system allowed to discharge 
into the road drainage network. 

• The size of the lot basins was determined to be approximately 1m3 of storage for every 40m2 of impervious lot 
area. This resulted in no surface runoff from the lots in all 10% AEP event. Flows were generated off the lots 
in the 1% AEP event, with this combination. 

• The roadside swales were modelled as basins having 1:6 sides with a 4m wide base. Longitudinal grade was 
1:1000, with 450mm culverts at lot crossovers. No infiltration was assumed, to account for high groundwater 
and to be conservative. All swales have outlets at their lowest invert, to allow groundwater to move out of the 
swales. The outlet pipe provides a controlled orifice for flows, creating detention within the swale system. 

• Bioretention gardens were sized as having a surface area of 2% of the effective impervious catchment 
feeding them. There were modelled as being 300mm deep and an infiltration rate of 300mm/hour, in line with 
FAWB guidelines. Overflow was assumed to enter a side entry pit immediately downstream.  

• The road reserves were divided into impervious and pervious percentages. The impervious areas represent 
the 10m road, 0.5m of kerbing and 2.5m of footpath. The pervious areas represent the remainder of the road 
reserve, excluding swales (see below for swale assumptions). To be conservative, it was assumed that the 
wide eastern road reserve would all drain to the road. The exact area that drains will depend on the final 
levels determined as part of detailed design. For some areas, the eastern verge may fall towards the 
foreshore reserve. 

• The major swales were treated as catchments. They were modelled as being 60% impervious and 40% 
grassed. This is to replicate them being filled with stormwater at 80% capacity, with the impervious area being 
the open water and the impervious area being the surrounding sand soil and vegetation.  These areas were 
assumed to have a retardance coefficient of 0.01 for the ‘impervious’ water and 0.3 for the surrounding 
pervious grass areas.  

• Verge areas were assumed to have a Retardance coefficient of 0.3 

• Paved (eg roads, path and kerb) areas were assumed to have an Retardance coefficient of 0.013 

• Groundwater base flows were added to the model to account for the interception of groundwater in the swales 
and  the subsoil systems of the road and lots. A total base flow of 100L/s was assumed, spread across the 
site. 

• The storms modelled for the 10% AEP and 1%AEP were the 5min,10min,15min,25min,30min, 1 hr, 2hr, 6 hr, 
9hr, 12hr, 24hr,48hr and 72hr. 

• The storms modelled for the 1EY were the 5min,10min,15min,25min,30min, 1 hr, 2hr, 6 hr, 9hr and 12hr. 

• The outlets from all 4 major catchments were modelled as a pipe discharge near the base of the head cuts. 
The inverts are all above the 1% AEP of the Wellesley River. There is considerable fall from the swale/road 
pipe network through the last outlet pipe. This is due to the 4m+ difference in height from the development 
area to the river discharge point. 

• Stage 1 has detailed invert data within the model. The remaining area is set to the likely invert, based on 
preliminary design of these areas. The model may need to be updated for the future stages to take into 
account minor changes in inverts or sizing of the street pipes. 
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8.2 1EY Management 
The Drainage Management system is designed to manage contaminants within the stormwater for the 1EY.  

Figure 16 shows the Stage 1 pipe layout, treatment structures, discharge points and flow volumes for a 1EY event. 

There are two main directions that drainage water will take; infiltration to groundwater and surface run off.  To deal 
with these different flow paths, two separate treatment trains have been designed.  

DIRECT INFILTRATION TO GROUNDWATER 
The majority of water that fall on pervious surfaces (eg road verges, lot landscaping etc) in the subdivision will 
infiltrate through to the groundwater, due to the permeability of the proposed fill within the subject land. This water 
may enter the treatment swale, during periods of high groundwater. 

SURFACE FLOW 
For the majority of the road network and industrial lots, water flowing off impervious surfaces such as roads, 
pathways, driveways etc will be directed to the edge of roads. From here it will flow either: 

• into pits which discharge to the vegetated swale network 
• into bioretention units sized at 2% of the impervious feeding catchment. The bioretention units will be 

located within the road verges. Indicative areas are shown on Figure 17. These bioretention units are 
designed to take all flows up to the 1EYevent and infiltrate the flows. 

• Lot based detention structures designed to hold the 10% AEP  

Once water enters the bioretention units it infiltrates through a filter media designed to remove nutrients and 
suspended solids. Water then infiltrates to the groundwater or moves into the perforated pipe below the bioretention 
unit. This water is then directed to the pipe system. The biogardens will typically have 300mm of extended detention 
depth with a filter media of 400-500mm deep and planted with appropriate species. The biogardens will be designed 
to the standard FAWB guidelines and the Vegetation guidelines for stormwater biofilters in the south-west of 
Western Australia. There are 2 bioretention gardens in Stage 1, which provide treatment for water off the eastern 
road, prior to discharging through the northern outlet. The bioretention basins have been modelled to not have any 
overflow in the 1EY. 

For stormwater that enters the vegetated roadside swales, it will either: 

• infiltrate to the groundwater, when groundwater is lower than the base of the swale  
• or continue flowing through the vegetation at a slow rate (due to the grade and 4m wide base width) to the 

dedicated discharge point, before discharging through the pipe network to the Wellesley River. Dispersion 
structures and planting will be used to manage the discharge and spread it as sheet flow across the 
floodplain. 

The flow out of subject land in a 1EY can be seen in Table 5. 

Table 5      1 EY Catchment Outflow 

Catchment outflow 
point 1EY outflow (m3) 
SW1 0.11 
SW2 0.055 
SW3 0.09 
SW4 0.043 
South Devlin 0 

 

The Lot detention structures will range from soakwells to planted basins. All water in the 1EY will be infiltrated, 
allowing for treatment in the soil profile. Any discharge of the subsoil systems from this lot infiltrated water will be 
directed to the vegetated swale, where it will receive further treatment. 
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Figure 16     Drainage Layout 
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8.3 DRAINAGE MANAGEMENT PLAN – 10%AEP 
The drainage system for the subject land has been designed to manage the 10%AEP event using a roadside pipe 
network connected to large swales for the majority of the Stage 1 area and the overall site, with the eastern road 
using bioretention basins to detain a portion of the 10% flows.  

The industrial lots also detain and infiltrate all flows up to and including the 10% AEP within their lots. 

Where streetscape bioretention basins are to be incorporated, flood waters will flow down the side of the road and 
fill up the bioretention basins with flows beyond the capacity of the basin bypassing the flooded basins and entering 
the side entry pit immediately adjoining it. 

For the areas where the swale network is present, the water will flow into the side entry pits, through the roadside 
pipe network before partially filling the swales. At the outlet of each swale a controlled orifice is located to manage 
the discharge to the predevelopment 10% AEP. For Stage 1, the outlet is a 450mm pipe. The indicative pipe sizes 
have been determined for the other outlets and are between a 450mm and 600mm concrete pipe. The sizing for 
each swale can be seen in Table 7. 

Table 6      Pre vs Post peak development flows 
Predevelopment 
Catchment  

10% AEP 
(m3/sec) 

1%AEP 
(m3/sec) 

Corresponding 
Post 
Development 
Catchment 

10% AEP 
(m3/sec) 

1%AEP 
(m3/sec) 

Comments 

1 0.005 0.207 SW1 0.16 0.233 Northern outlet 
2 0.301 0.782 SW2 

 
0.113 0.366 Northern Outlet 

 3 0.003 0.166 
4 0.065 0.289 SW4 0.069 0.166 Southern Outlet 
5 1.62 3.82 SW3 

 
0.117 0.302 Southern Outlet, 

including flows from 
5B external (22.79ha). 

7 0.05 0.079 

6 0.089 0.292 South Devlin 0 0.017 Devlin Road 
Total 2.197 5.849  0.456 1.084  

 

The 10% AEP pre vs post peak flow rate can be seen in Table 6. The overall flow rate post development is below 
the pre development. 

The culvert crossings of the swale partially assist with managing flows along the swale, noting that they are the 
same sizes as the controlling outlet pipe of 450mm. The minor effect of these can be seen in the maximum height 
differences between the different section of each swale (eg Swale 1C vs 1B vs 1C). 

Groundwater that is infiltrating into the swales during a 10% AEP will have minimal effect on the flood peak. A base 
flow of 100L/sec has been added to the model to conservatively take into account possible groundwater inflows. 

Although treating water to improve its quality is not the objective of managing 10% AEP events, there will be some 
treatment of surface water. The 1EY treatment structures and the detention of water within the swales, will allow for 
some trapping and settling of sediments, especially after the flood peak has pass. All water infiltrating through the 
soil profile and bioretention units during the flood event will be treated, helping to improve the water prior to 
discharging to the groundwater. 

 

 

 

Table 7      Storage with swales 

Main  road 
storage 
structures 
detention 
voumes 

Total available 
volume 

Max 10% 
AEP Water 
Level 
(mAHD 

10% Volume 
(m3) 

Max 1% AEP 
Water Level 
(mAHD) 

Max 1% Volume 
(m3) 

Swale 1A 1519 12.32 272.5 12.96 1308.9 
Swale 1B 1538 12.15 229.1 12.83 1064 
Swale 1C 2193 12 367.5 12.73 1571.2 
swale 2A 1884 12.38 122.5 12.98 1558.7 
Swale 2B 2350 12.11 532.9 12.71 2243.9 
Swale 3 1552 11.92 501 12.31 1361.8 
Swale 4 1057 11.44 199.3 11.74 776.4 

 

8.4 DRAINAGE MANAGEMENT PLAN – 1%AEP 
The subject land has been designed to safely convey the 1% AEP flood event so that impacts on infrastructure, the 
environment and people’s safety are minimised. 

The road height and swale size are designed to allow a safe flood route and maintain a minimum clearance between 
flood surface water levels and the building floor levels and important infrastructure. Some roads may be partially 
flooded but will remain serviceable for emergency vehicles. Due to the elevation of the proposed development 
section of the site, it is significantly outside the floodway and flood fringe of the Wellesley River or other natural 
waterways. Building finished floor levels are to be set a minimum of 300m above the road kerb line at the closest 
adjoining point. 

During a 1% AEP event the pipe system will flow at capacity and excess water will flow down the gutter line. The 
lots will also be discharging flows above their basin capacity via 300mm pipes and potentially overland flow. This 
water will flow into the linear swale network, where present. All water is contained within the swales in the 1% event, 
allowing for safe movement of water. On the eastern side the water will flow into the pit and pipe network, with some 
flow along the gutter to the next pit.  From here it will flow through to the Wellesley River. All flows to the river are 
via the pipes, with no direct overland flow from the swale or road network. This allows for control of the water down 
the steep embankment, with energy dissipated through control structures just above the base of the current 
discharge points. Flows are then directed along a planted rock line channel. The discharge inverts from the northern 
and southern discharge locations are a minimum of 2m above the 1% AEP level of the Wellesley River. 

For Stage 1, a high-level weir has been included at the end of the swale system. This will allow flows to safely exit 
the swale, in the event that the pipe becomes blocked or in events greater than the 1% AEP. The weir is a 20m 
wide concrete broad crest that will spill water at 12.75mAHD, with the water modelled as a 100mm deep flow. This 
will allow for the water to be dispersed down the grassed embankment to the Wellesley River. A 1.5m mortared 
rock/concrete apron will also be constructed around the outlet pipe of the swale, to assist with minimising the risk 
of blockage. 

The 1% AEP outflows can be seen in Table 6. All post development flows are significantly below the pre 
development  flow rates, due to the on site storage.  
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9 GROUNDWATER MANAGEMENT STRATEGY 
The focus of groundwater management for the subject land is to maintain groundwater as close as possible to 
existing levels, while maintaining separation from infrastructure.  

Maintaining suitable separation between buildings and the road pavement from the maximum groundwater level 
will be achieved through two main methods. 

The first method involves using porous, clean fill/insitu sands for roads and lots over the areas of the site that exhibit 
groundwater close to or at the surface of the site. Figure 17shows the finished earthwork fill elevation, which allows 
for more than 1.5 m of separation between the lots and the road controlled groundwater level across the site.  

Subsoil drains will also assist in controlling groundwater levels along the roads where there are no swales present. 
These will generally discharge into the swales, 100mm above the base. The swales will also control the 
groundwater, with the water being allowed to run along the base of the swale before exiting through a low flow outlet 
pipe, set at the base. This water will then run out through the designated discharge points. The streetside 
bioretention basins will also include subsoils as required, with the outlet being into the street pipe drainage network, 
which provides a free flowing outlet. The attached engineering plans shows the detailed subsoil network for Stage 
1. 

A lot connection pit (minimum 1 per lot) is also to be provided. This will provide a location for lot subsoils to be 
discharged to. The lots will be subsoiled by individual lot owners, with the configuration to be in keeping with their 
building locations and infiltration areas.  

GROUNDWATER QUALITY MANAGEMENT 

Groundwater will be managed to improve water quality. This will be achieved through the following methods. Soil 
amelioration products will be incorporated into the bioretention gardens to treat stormwater. The swales will also 
take up contaminants prior to water infiltrating through and into the groundwater. Further details on the construction 
of the bioretention gardens and swales can be found in the Water Quality section. 

All onsite effluent disposal will also be undertaken in accordance the Site and Soil Evaluation report. All lots are to 
utilise an ATU or other approved systems with secondary treatment. The water will then generally be infiltrated or 
evapotranspired through designated disposal beds. The disposal areas are also to be a minimum of 1.5m above 
the CGL or as per the final approved design for each lot. All disposal areas are also to be set a minimum of 100m 
from the constructed roadside swales and Wellesley River. This will minimise the leaching of potential pollutants 
into the groundwater and surface water systems. Each unit and its required sizing will need to be approved through 
the Shire as part of the building application. Design Guidelines will be used to assist lot owners in developing 
suitable subsoil networks with appropriate setbacks from disposal as well as any required treatment.  

 

GROUNDWATER CONTAMINATED FROM PRIOR LANDUSE 

The current low intensity agricultural landuse with its likely historical nutrient inputs have the potential to be exported 
from the site to the Wellesley River. Currently groundwater is being exported from the site through the network of 
rural drains. Due to the proposed groundwater control structures sitting at the MGL, there will be no lowering of the 
current groundwater. This means that legacy nutrients will not be fast tracked beyond the current discharge rate. 

 

USE OF GROUNDWATER 

There will be no irrigation of the POS or other public places using groundwater drawn from the subject land. There 
is the possibility of domestic scale bores being used on some lots for non potable uses. The use of these will be 
subject to DWER groundwater guidelines at the time of application.  

MONITORING 

Groundwater levels have been monitored over one winter and spring period to develop an understanding of 
groundwater levels. Due to the groundwater rising to the surface and being controlled by rural drains, the 
groundwater is unlikely to continue rising above the levels seen in the 2020 monitoring, this is because the rainfall 
was close to the average during the testing period and the groundwater was discharging via these drains. For this 
reason, no further level monitoring of the predevelopment scenario is required. 

Further quality monitoring is not deemed necessary due to the current information available that suggests the site 
is typical of low intensity agricultural land uses and Bassendean sands with a high groundwater. The contaminants 
within these systems are able to be dealt with through the methods outlined above. 
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Figure 17     Earthworks Plan 
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10 WATER SERVICING STRATEGY 
POTABLE WATER 

Each lot is to provide its own potable water. The water is to be sourced from roof runoff and stored in rainwater 
tanks. The water will then be pumped into the buildings and other locations as required. The potable water supply 
will also go through on lot treatment. The treatment may vary, however is likely to include both filters and UV 
sterilisation. 

 The roof capture area and tank storage volume are to be sized to the needs of the individual business. Design 
guidelines will be provided to the lot purchasers to assist with determining the most suitable set up. 

Due to the area being for Dry industry only, there will be limited water for industrial uses. The water usage will 
therefore be more closely aligned with an office water use regime. Initial modelling has assumed 150l/person /day 
which is double the average usage. This provides a conservative base for determining suitable roof areas and tank 
storage. 

 

LOT GROUNDWATER / BORE 

There is the possibility of on lot bores from the Superficial or Leederville, noting however that these aquifers are 
fully allocated. The need for bores will be determined by individual lot owners.   

 

LANDSCAPING 

Lot Landscaping 
The water usage is based on the watering of the landscaping areas being achieved predominately through natural 
rainfall and by directing stormwater to landscaped areas. The relatively predictable rainfall and large range of 
waterwise locally native plants means that this is a viable option and will minimise the actual water requirements. 
For lots, stored rainwater could be utilised as a top up to natural rainfall. Should this be the case, then the likely 
volume should be factored into the designed roof capture area and tank storage volume. 
 
Due to the large size of the lots, the typical 10% requirement of landscaping is considered unnecessary. Reducing 
the landscaping to a more suitable percentage will also assist with managing the overall water need. The lot 
landscaping outcomes will be managed through Design Guidelines.  

 
As noted above, incorporating the stormwater treatment and storage areas into the landscaping, where possible 
will also provide an extra source of water. This is especially relevant for summer rainfall events, which are predicted 
to become more likely due to climate change. 
 
Where irrigation is used, a trickle system is likely to be the most water efficient. 
 
Utilising the above aspects should mean that the demand for landscaping water will be low, especially after the first 
2 years of establishment. A water demand of 200L/m2 of landscaping for the first 2 years is considered suitable, 
dropping to between 50-100L/m2 after this time. This water may be able to be sourced from alternative non potable 
options, should the tank supply not be adequate.  

 
It is recommended that the landscaping utilises smart options to minimise planting areas and overall water use, 
while still providing a landscape outcome suited to the industrial landuse and location. 
 

 

 

Road Landscaping 

The landscaping of the road and associated stormwater system will have a strong focus on native waterwise 
species. This will be complemented with the use of suitable native species in the Foreshore planting. It is assumed 
that the street trees and stormwater systems will be irrigated during the 2 year establishment phase. This is to be 
via a water tanker truck as required. 

Direct irrigation using stormwater runoff will be utilised where possible, to assist with maintaining the native planted 
vegetation in swales and bioretention gardens.   

 

WASTEWATER MANAGEMENT 
The site is to utilise onsite effluent disposal in accordance the Site and Soil Evaluation report, to manage 
wastewater. 

As a minimum ATU’s discharging to leach drains in evapotranspiration beds/trenches will be utilised to minimise 
the potential risk of leaching pollutants into the groundwater and surface water systems. Other approved Secondary 
Treatment systems may also be used. The systems are to take into account the soil type beneath each unit, noting 
that the in situ sand is likely to free draining and have a low PRI. Each unit will need to be approved through the 
Shire as part of the building Development Application.  

As the development area is within a Sewage Sensitive Catchment, all lots are a minimum of 1ha. The disposal 
areas for treated effluent is to be located a minimum of 100m from the constructed street drains and the Wellesley 
River so as to comply with this policy. All lots have been designed so these setbacks are achievable. These 
practices will minimise the risk of nutrients entering the downstream Leschenault Estuary. 

Design guidelines are to provide detailed information to lot purchasers on the requirements for on-site effluent 
management.   
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11 WATER DEPENDENT ECOSYSTEMS MANAGEMENT STRATEGY  
There are two main focuses for the management of water dependent ecosystem (WDE) as part of the subject 
land’s  future development. These are: 

• to treat water prior to discharge into the Wellesley River  
• creation of new WDE habitat across the site.  This includes the bioretention gardens, and vegetated 

swales  
The overall ways in which the WDE impacts will be managed can eb seen in Figure 19. 

 

WELLESLEY RIVER PROTECTION THROUGH WATER QUALITY AND FLOW MANAGEMENT 

The main natural Water Dependent Ecosystem that the site discharges to is the Wellesley River and its associated 
mapped Conservation Category Wetland. The surface and groundwater management plans detail out the 
techniques that will be used to control flows and quality into the river. All flows up to the 1EY off road reserves will 
be treated for nutrients and pollutants prior to leaving the subject land. This system will also help treat flows above 
the 1EY as well. The infiltration of lot water up to and including the 10% AEP will also minimise potential pollutants 
getting to the river. The impact therefore on the Wellesley River from surface flows, will be minimal.  

Groundwater levels will also be managed so that pre and post development levels are similar. Groundwater flow 
into the Wellesley River will therefore be maintained. 

WELLESLEY RIVER PROTECTION THROUGH FORESHORE RESERVE 

A Foreshore Reserve is to be created along the Wellesley River. The first portion of this reserve will be created in 
the northern section, in line with the Stage 1 boundary. It includes the drainage outflow area for the northern swale. 

The Foreshore reserve area will start at the edge of the road and lot boundary, however revegetation works will not 
be undertaken for the majority of the power easement. East of the easement, weed control and revegetation works 
using appropriate locally native species will be undertaken in cleared areas. The discharge line from the Stage 1 
area and future northern catchment area will be managed so that it provides a stable area for flows, including a 
planted rock lined channel and a densely planted disbursement area, prior to water entering the existing riparian 
vegetation. This will minimise the risk of erosion along this flow corridor. These areas can be seen in Figure 18. 
Where possible, any areas of good sedge/rush beds within the area to be cleared will be transferred to the delta 
area to assist with managing the erosion risk and increase habitat. More details can be found in the Foreshore 
Management Plan 

WESTERN WETLANDS 

The wetlands to the west of the proposed development area are to be contained within a Buffer Lot, with a focus 
on conservation. By removing stock grazing and through future restoration works, the ecological functioning of these 
wetlands will be maintained and enhanced. The current outgoing drainage channel will be maintained until it 
intersects the proposed lot area of future stages. Here the water will be diverted through an open swale and pipe 
network to discharge at the same location. The invert of the swale is such that it will maintain the water level in the 
wetland to the current level. This will protect the hydro regime and habitat values present currently in the wetland 
area.  

CREATION OF NEW WDE 

Bioretention systems and the swale network will also provide further habitat for water dependent species. The 
systems will be planted with locally native species to enhance their habitat values. The street tree planting will 
provide some limited linear linkages for these species to move between the various stormwater systems. The 
corridor nature of these systems will encourage movement of fauna throughout the subject land and help link the 
surrounding bushland, river and wetlands.  
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Figure 18     Foreshore works 
 

 

 

 

Figure 19     Water Dependent ecosystem plan  
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12 MONITORING & MAINTENANCE 
PREDEVELOPMENT GROUNDWATER 

Pre-development superficial groundwater level monitoring for the subject land has been undertaken as part of 
previous investigations. 

PREDEVELOPMENT SURFACE WATER 

Surface water monitoring for water quality is not considered necessary, given there are no natural flowing waterways 
within the subject land.  

 CONSTRUCTION PHASE 

Installation of drainage control structures ahead of the construction phase of the development will be utilised. This 
will include the use of water sensitive urban design techniques such as sediment curtains, hydro mulching and 
temporary detention basins to maintain the quality of the water leaving the development area during construction. 
The bioretention gardens, swales and other WSUD systems will be monitored for any damage, including 
compaction, sediment build up, oils, and litter during and at the completion of construction to ensure the structure’s 
effectiveness is not diminished. Sediment and litter on roads will be monitored, with removal completed as 
necessary with street sweeping. To minimise issues with degradation of vegetated treatment systems, it is 
recommended that planting should be delayed until the risk of high sediment loads has passed.  

To minimise future disturbance, the outlet structure to the south of the northern discharge point is to be created as 
part of Stage 1. This means the entire discharge area can be designed and constructed to minimise potential 
erosion. This will also give the system time to stabilise and plants grow before the full post development flow of the 
entire feeding catchment is sent through it. 

Lot systems are also to be designed and constructed so that they provide the necessary storage and infiltration. 
This will be managed through design guidelines and through individual lot approvals through the Shire. 

A temporary swale and sediment basin is also to be constructed to the south of Stage 1 to facilitate predevelopment 
flows through to the northern outlet. Temporary permeable weirs will also be installed to manage flows out during 
construction, as well as until this next catchment is constructed. 

 

POST DEVELOPMENT 

The post development monitoring and maintenance regimes will focus on easy to observe aspects. The following 
provides guidance on the targets and likely process to be undertaken.  

 

WSUD Structural Performance Monitoring 

Performance monitoring of WSUD elements will be completed to ensure the system is working effectively. Indicators 
will be used as a cost effective method to evaluate the adequacies of WSUD performance. It can be assumed that 
if the WSUD elements operate in accordance to design then the desired management objectives are being met. 

The key WSUD elements to be monitored will include: 

• Ensuring the inlet and outlet structures are free of debris  

• Vegetative cover of the systems is maintained; 

• Sediment build up is not impeding the functionality  

• Erosion is not present; 

• Soils are not compacted; 

• Litter is removed; 

• Excessive hydrocarbons are not present in the system; 

• Weeds are controlled; 

• Infiltration of stormwater is maintained to reduce standing water; 

• Flows are not excessively detained; 

• Stormwater pipes are flowing freely; 

• Subsoil pipes are flowing freely. 

 Compared to traditional engineered structures for stormwater runoff management, the WSUD elements require 
different routine maintenance and these are generally of a landscape maintenance nature. The most common 
maintenance is the removal of weeds, debris and siltation. The most time intensive period of maintenance for a 
vegetated WSUD system is during plant establishment (which typically includes two growing seasons), when 
supplementary watering, plant replacement and weeding may be required. The WSUD elements will be constructed 
and utilised in different stages so that the functions of the WSUD elements are protected from elevated pollutant 
loads generated from a developing catchment. 

It is recommended that vegetated WSUD elements are monitored by personnel with floristic knowledge and/or 
qualifications and be capable of identifying invasive species within the natively vegetated WSUD systems. 
Furthermore, personnel in charge of monitoring should have a good understanding of principles and the functional 
design of the WSUD elements and the treatment system. 

The drainage piped network will also require maintenance to make sure they continue to function as designed.  This 
will include rodding, removal of sediments and other debris, as well as the replacement of broken components due 
to general longterm corrosion and wear. 

Maintenance inspections should be conducted after significant storm events (mobilised sediments and coarse 
material). Inspections should focus on ponding time for the different systems, unequal surface flow distribution and 
scouring.  

A key focus should also be on the control of litter and sediment that is often generated during the building 
construction phase. This is the most common time when systems are degraded or fail, due to large volumes of 
pollutants such as non-biodegradable litter, cement fines, direct vehicle compaction, sand movement and other 
sedimentation issues. Compliance aspects will need to be discussed with the Local Authority, so that rectification 
of the source problem can be achieved. 

There is some overlap between the stormwater and foreshore works. This includes the outlet structures and 
associated planting. The Foreshore Management Plan should be referred to for detailed management of the 
vegetation within this zone. It will include weed control, replanting as required and management of any pests. 

 

OTHER MONITORING 

Any other monitoring requirements determined as part of the Department of Agriculture, Water and Environment 
(DAWE), assessment will be undertaken. This will be determined once DAWE assessment is completed. These are 
likely to focus on potential impacts to the Wellesley River and its associated fauna. 
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Table 8      Monitoring requirements 

  

Function Item to Monitor Purpose of Monitoring Trigger for Immediate Action Maintenance Action Required Monitoring Frequency Responsible Authority 
(Timeframe) 

PRE - DEVELOPMENT 

Water monitoring Groundwater  
Determine maximum groundwater levels 

Nil Nil Winter/spring, prior to 
detailed design - Completed 

Developer 

CONSTRUCTION PHASE & POST-DEVELOPMENT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drainage 
Management 

Systems (includes 
traditional and 
WSUD systems) 

Structural Design Systems are constructed to engineer detailed 
design specifications. 

System constructed differs to design 
specifications. 

Remedial work to rectify system to meet design 
specifications. 

During and after 
construction 

Developer 

Structural Effectiveness 
(inlets, traps and outlets) 

Inspection for debris, litter and sediments 
surrounding structural components. 

Debris, litter or sediments causing blockages or 
impairing functions. 

Remove any debris or blockages. Inspect system 
for any erosion related issues. 

 
Every 3 months 

Developer (2 years) until 
handover to Local 

Government 

 
 

Erosion 

 
 

Inspection for erosion. 

 
Presence of severe erosion or erosion 

impairing functions. 

 
Investigate, identify and rectify the cause of the 

erosion. Replace filter media as required. 

Event based (mobilisation of 
sediments) and a minimum of 

every 3 months 

 
Developer (2 years) until 

handover to Local 
Government 

 
 

Sediment Build Up 

 
Inspection for sediment accumulation within 

pits, on the surface of bioretention systems and 
within basins. 

 
Accumulation of large volumes of sediments 

and/or silts in pits or on the surface 
(according to Shire standards). 

Investigate, identify and stabilise cause of sediment 
source. Remove accumulated sediments and 

replace filter media or plants removed. 

Event based (mobilisation of 
sediments) and a minimum of 

every 3 months 

 
Developer (2 years) until 

handover to Local 
Government 

 
 

Compaction 

 
 

Inspection of filter media for compaction. 

 
 
Water remains ponding longer than designed in 

bioretention system after a storm event. 

Investigate cause of compaction. If localised, remove 
top 500mm of filter media, break up the filter and 
then return to system without any compaction. If 

extensive seek expert advice. 

 
 

Every 3 months 

 
Developer (2 years) until 

handover to Local 
Government 

 
Weeds 

 
Inspection for the presence of weeds. Weeds are noxious or highly invasive or if 

weeds cover more than 25% of area. 

Manual removal or targeting herbicide application, 
with waterway approved products. 

 
Every 3 months 

Developer (2 years) until 
handover to Local 

Government 

 
Plant Condition Inspection of vegetation health and cover, 

and presence of dead plants. 

 
Plants dying or a pattern of plant deaths. Investigate cause of plant deaths and rectify. 

Infill plantings may be required. 

 
Every 3 months 

Developer (2 years) until 
handover to Local 

Government 

 
 

Organic Litter 

 
Inspection for the presence of organic litter 

(e.g. leaves) on surface. 

 
Litter coverage is thick or extensive, or 

detracting from the visual appearance of the 
system. 

Investigate source of litter and undertake 
appropriate response, e.g. alter landscaping 

maintenance practices, community education). 
Remove litter. 

 
 

Every 3 months 

 
Developer (2 years) until 

handover to Local 
Government 

 
Rubbish/Litter 

 
Inspection for the presence of litter. Litter is blocking structures or detracting from 

the visual appearance of the system. 
Identify source of litter and undertake 
appropriate responses. Remove litter. 

 
Every 3 months 

Developer (2 years) until 
handover to Local 

Government 
 

Oil/Hydrocarbons Inspection for the occurrence of oil on 
surface. 

Oil coverage persists for more than 3 weeks, 
and is thick. 

Notify the EPA of the spill and clean up 
requirements. 

 
Every 3 months 

Developer (2 years) until 
handover to Local 

Government 
 

Filter Media 
 

Check that media is draining as designed Infiltration rate is outside of the design 
specifications 

Replacement of top layer or all of the filter media 
(depending on issue) 

 
Every 3 months 

Developer (2 years) until 
handover to Local 

Government 
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13  IMPLEMENTATION AND GOVERNANCE PLAN 
The implementation of the water management strategies outlined in this report will rely on a range of detailed reports 
being undertaken, governance frameworks being established and implemented and commitments to on ground 
works, coupled with long-term maintenance/operations. The following is a summary of the process to achieve 
implementation. 

INDIVIDUAL DEVELOPER REQUIREMENTS 
• As part of the subdivision process complete detailed design for future stages as required 

• Modelling of all stormwater management systems 

• Geotechnical assessments and Acid Sulphate Soil investigations. 

• Produce and implement Construction and Sediment Control reports. 

• Implement all servicing and drainage infrastructure in accordance with the overarching strategy for the 
entire subject land. 

• Apply appropriate fill and groundwater control structures on site where required. 

• The planting of vegetation within the bioretention systems and swales with appropriate locally native plants 
and maintenance of the plants until handover to the Local Authority.  

• Implementation of the approved Foreshore Management works.  

• Undertake post development monitoring as required 

• Undertake monitoring of WSUD infrastructure to assess their performance and respond accordingly for the 
required monitoring period. 

• Provide Design Guidelines to lot developers with regards to their on lot obligations including water supply, 
stormwater detention, effluent management and waterwise irrigation of landscaping areas. 

 

DEPARTMENT OF WATER AND ENVIRONMENTAL REGULATION REQUIREMENTS 
• Provide guidance on the UWMP as requested by the Local Authority. 

• Provide guidance on the Foreshore Management Plan as requested by the Local Authority. 

 

SHIRE OF HARVEY REQUIREMENTS 
• Approval of UWMP and future Stage detailed designs 

• Responsibility for the maintenance of the internal stormwater system, after handover. 

• Maintenance of the Foreshore Reserve after handover, so that the water management functions are 
maintained. 

• Ongoing encouragement of Waterwise and nutrient wise practices for lot owners. 

• Review and approval of on lot stormwater detention as part of building applications 

• Review and approval of on-site effluent disposal systems (with Department of Health guidance) 
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