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1. INTRODUCTION 
This report addresses the collection and disposal of stormwater runoff of the proposed new 
container terminal at Port Botany.  Controlling and treating stormwater discharges have been 
found to lead to significant improvements in the environmental quality of surrounding
properties and adjacent water bodies. 

An integrated catchment management approach to stormwater will be used.  It incorporates 
control measures that apply the principles of water sensitive urban design.  The objective of 
the design will be to minimise the impacts of the proposed development on the existing 
environment, particularly the receiving waters, Penrhyn Estuary and Botany Bay.

This report documents a methodology for managing the quality of stormwater runoff during
the operation of the proposed new terminal.  It also presents options for configuring the first 
flush system and for containing accidental spills. 

2. DESIGN GUIDELINES AND METHODOLOGY

2.1 Hydrology and Drainage Issues 
Because most of the proposed facility will be paved, runoff coefficients will be close to 1.0.
The total peak discharges from the entire 63ha site during high intensity short duration
(5 minute) storms would be in the order of 35 m3/s for a 20 year Average Recurrence Interval 
(ARI) storm to 45 m3/s for a 50 year ARI storm.  The intensities of these storms would be 
about 210 mm/h and 269 mm/h respectively. 

Final design of the stormwater drainage system will be in accordance with Botany Bay City 
Council and relevant authority standards, recommendations and requirements as listed. 

Botany Bay City Council.  Guidelines for the Design of Stormwater Drainage 
Systems within the City of Botany Bay. Adopted by Council 28th August 2002.

EPA Environmental Protection Authority of NSW’s various publications including
State of The Environment 2000 (SoE2000) and recommendations.

Sydney Water Corporation’s recommendations for disposal to sewer if required. 

Sydney Port Corporation’s requirements.

Australian Standards (including AS3500).

Australian Rainfall & Runoff.  A Guide of Flood Estimation.  Volume 1.  The 
Institution of Engineers, Australia. 1997.

Australian Rainfall & Runoff.  A Guide of Flood Estimation.  Volume 2.  The 
Institution of Engineers, Australia. 1987.

Stormwater discharges that initially flow from the site can contain relatively high
concentrations of pollutants, especially after long periods of dry weather.  The initial runoff 
containing this high pollutant load is called the first flush.  A first flush collection system will 
be integrated into the stormwater collection and disposal system.  The first flush will be 
collected and treated before discharge into Botany Bay.  The first flush collection system will 
also contain any accidental spills. 
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During most storms the initial runoff dislodges and transports deposited pollutants from
pavement surfaces.  The proposed site will be nearly 100 per cent impervious.

The sources of pollution to the proposed terminal include: 

Atmospheric fallout.  Pollutants such as dust particles, sea salt and miscellaneous
pollution carried by wind such as ash from bushfires.

Vehicles.  Pollutants such as sediments, oil and grease and heavy metals from
exhausts.

Leaks from machinery and vehicles, including fuel, lubricants, oil and grease. 

Containers.  Accidental spills may include hazardous substances and chemicals, non-
hazardous bulk solids and liquids.

Fire fighting, including water and fire retardant chemicals.

People.  People are the main source of gross pollutants such as litter. 

Wash down water from the storage, mechanic sheds and material handling areas will be 
contained within individual bunded areas and treated seperately.

The EPA1 suggests collecting the first 10 millimetres of rainfall as a design criterion for 
pollutants such as soluble materials, fine dusts and silts on a catchment surface that is mostly
impervious.

The main site is approximately 58.5 hectares in area, hence the total volume of the first flush 
will be approximately 6,000 m³.  The site also has relatively long flow paths up to 500 m long.
In order to reduce the effects of time lag, the site will be divided into sub catchments, each of 
which will incorporate surface inlet pits in a series of shallow swales. 

1 EPA Environment Protection Manual for Authorised Officers. Published by: Environment Protection Authority,
NSW. 1999.
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2.2 Operational Requirements
The catchment management process consists of four steps:

collection of all first flush water and spills, 

testing and treatment of potentially contaminated water, 

reuse of clean water for irrigation/washdown purposes and

appropriate disposal of both excess clean water and contaminants.

The first flush collection and treatment flow diagram shown as figure 1 illustrates the 
operation of the stormwater system.

All stormwater runoff will be directed into surface inlet pits and drain via a series of box 
culverts with capacity to convey the 20-year ARI storm without surcharging.  The first flush 
will discharge from each box culvert line into a first flush retention tank or trench on the edge 
of the site.  The first flush retention tank will be a covered version of the first flush retention 
trench, and will be capable of supporting either medium duty loads (T44 and A14 loading) or 
heavy-duty loads (forklifts, cranes etc).

Each box culvert outlet will allow the first flush water to flow into a separate tank or trench 
compartment until it fills to a level that contains the first 10mm of runoff from each 
subcatchment.  This level will be equivalent to the invert level of the box culverts passing 
across the retention trenches or tanks.  Flows subsequent to the first flush in the 20-year ARI 
storm which are now cleaner runoff will bypass the trenches and tanks and continue to flow to 
the discharge points in Penrhyn Estuary without mixing with or disturbing the first flush 
water.

Each first flush retention tank or trench will contain a series of baffles designed to separate the 
collected runoff into water containing floating pollutants such as hydrocarbons and litter and 
water containing suspended pollutants such as sediment.  It is likely that the most cost 
effective material with which to construct trenches, tanks and baffles will be reinforced
concrete.

The baffles will be positioned to contain up to 150mm depth of water containing floating
pollutants.  Floating debris can be skimmed from the surface on a periodic basis.  It is not 
anticipated that large quantities of floating debris will be encountered due to the non-public 
nature of the site.  This surface water collected in the retention tank or trench will be pumped
to a coalescing plate separator (CPS) to separate oils, greases, other hydrocarbons and any
liquid pollutant that are less dense than water to separate these pollutants from an “oily water” 
mix.  The cleaner water will then flow into a small monitoring tank for sampling.

After rainfall has ceased and after removal of any floating pollutants from the retention 
tanks/trenches, first flush water can be tested and, if “clean”, can be pumped directly to 
Botany Bay or to a water storage tank for reuse as irrigation water or for wash down water.
Should first flush water contain levels of suspended solids that exceed EPA requirements
(normally 50mg/l) either flocculants can be used to settle out the solids in situ or as an 
alternative in a tank separate from the retention trenches/tanks.  If flocculation is not applied 
the water can be passed through the CPS system.  CPS technology enables the removal of 
smaller particles than cannot be removed using a gravity-settling tank.  Some CPS units can 
remove particles as small as 20microns (compared to 100microns for a typical gravity-settling
tank).  Additional information on oil separation is attached in Appendix A. 

Clean water from the first flush system will be emptied over a period of up to 48 hours after 
each storm event.
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After the removal of suspended and floating matter the sludge and sediment from the bottom
of the retention tanks/trenches and from the sump pits (at end of each retention trench/tank) 
will be either collected separately or pumped to a settlement tank via an oil/grit separator.
Sump pits are described in section 2.3. 

Clean water from the CPS unit’s monitoring tank and settlement tank will be discharged into 
the water storage tanks after sampling and analysis for reuse or directly into the bay.  The 
removed pollutants will be transferred to a holding tank for disposal to the sewage system
under licence or for transportation to an approved landfill. 

Surface gradients in the majority of the site will vary from 0.3% to 1% to minimise problems 
with container stacking.  As a consequence, nuisance surface ponding can be expected.
Ponding may be aggravated by settlement of fill under the pavement and periodic asphalt
resheeting may be required.  All swales and other surfaces will allow overland flow to drain to 
the retention tanks/trenches should pits be blocked or pit inlet capacity be exceeded.  Extreme
storm events (i.e. >20 year ARI storms) will need to be diverted around the first flush 
retention tanks/trenches. 

As a separate stormwater system a bioremediation swale will drain the proposed road and rail 
to the north of the Patrick Container Terminal, which has an area of 4.5ha. The swale will run 
parallel to the railway and Penrhyn Road to a number of sump pits.  These sumps are not 
attached to a retention trench/tank but also have their base built lower than the outlet pipe in 
order to trap pollutants.  The clean water will discharge from the sump pits to the estuary,
acting as a separate collection and treatment system.

A bioremediation swale is a constructed catch drain.  It is shaped or graded in earth materials
and stabilized with site suitable vegetation, for the safe conveyance and water quality
improvement of storm runoff. 
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Figure 1 First Flush Collection and Treatment Flow Diagram
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2.3 Water Quality and Treatment Requirements 
It is known that “acute pollution generally arises from accidents, such as oil spills from
shipping, road or industrial accidents.  Chronic pollution may arise from both local and 
widespread sources.  Catchment run-off carries nutrients, sediments and pollutants into 
waterways.”2

As discussed in the previous section, these pollutants would settle on surfaces as a result of 
normal operations of plant and equipment as well as being carried by the wind from external
sources.  The site itself will be almost completely paved so that generation of dust and grit can 
be expected to be very low.  The levels of other pollutants will depend on how well plant and 
equipment is maintained and on the level of operation.  In addition, higher levels of pollutants
can accumulate due to long periods between rain events.  It is expected that concentrations of 
hydrocarbons to be 0.1 to 3.0 mg/l and concentrations of suspended solids to be 5 to 100 mg/l.

Sump Pits 
Sump pits incorporate depressed bases that accumulate sediment and the like.  The sump pits 
located in the retention tanks/trenches will be used as a supplement to the oil/grit separator
and will need to be cleaned out periodically. The sump pits adjacent the road and rail to the 
north of Patrick Terminal will trap pollutants that has previously been removed through the
bioremediation swale. 

Table 1 lists the pollutant trapping efficiency for sumps pits as general guide. 

Table 1 Pollutant Trapping Efficiency for Sump Pits3

Pollutant Type Pollutant Trapping Efficiency

Litter Low

Oxygen demanding material Low

Sediment Low to moderate

Oil and grease Low

Nutrients Negligible

Bacteria Negligible

High efficiency notates 75 to 100% removal. 
Moderate efficiency notates 50 to 75% removal.
Low efficiency notates 10 to 50% removal. 
Negligible efficiency notates 0 to 10% removal.

Oil/grit Separator
The oil/grit separator would be a commercially available precast unit similar to that 
manufactured by Ecosol Pty Ltd.  The Ecosol model RSF 5000 consists of two parallel 
channels and a collection/filtration silo contained within a precast unit.  Through a series of 
apertures and baffles the unit filtrates and separates pollutants.  The Ecosol model RSF 5000,
or similar, will be used as an end-of-line filtration unit for collecting oil, grease,
gross (including litter), coarse and fine sediments.  Additional data on the Ecosol model RSF 
5000 is attached in Appendix A. 

Table 2 lists the pollutant trapping efficiency for oil/grit separators as a general guide.

2 The Wetlands Policy of the Commonwealth Government of Australia.  Biodiversity Group.  Environment
Australia. 1997.

3 Managing Urban Stormwater.  Treatment Techniques. Published by: Environment Protection Authority, NSW.
1997.
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Table 2 Pollutant Trapping Efficiency for Oil/Grease Separator4

Pollutant Type Pollutant Trapping Efficiency

Gross Pollutants (mostly floatable litter) High

Attached Pollutants Medium

Coarse Sediment High

Oil and grease Very High 

Dissolved Pollutants None

Fine Sediments High

Coalescing Plate Separator (CPS) 
Coalescing plate separators (CPS) or oil seperators remove oil and smaller particles from
water.  Units are available in a variety of capacities and are sized according to each site’s
requirements.  The performance of a CPS unit depends on the particle size, density and 
distribution. CPS units will generally remove particles of hydrocarbons and solids sized 
10µm to 40µm and greater.

Performance Curves comparing the “Spinifex” brand seperator (a combination unit) to a 
“plate”(CPS) unit and settling tanks is attached in Appendix A.  The performance curves show 
that oil separators tend to make a notable difference.

Water Tanks 
The water storage tanks have been sized to provide sufficient volume of washdown water and
flushing water for the box culverts to last up to 8 weeks between rainfall events.  The water 
may thus potentially be recycled many times before disposal.  Increasing the size of the tanks 
will provide increasing environmental benefits as more water is stored thereby increasing its 
potential uses.  Other potential uses would include irrigation and fire fighting. 

2.4 Spill Management
A typical accidental spill could be in the order of 30,000 litres (30 m³), in any single section of 
the first flush system would easily be contained in a retention tank/trench without the need for 
emergency response or human intervention.  It is intended to isolate the containment of such a 
spill to as small a volume as possible by providing a series of baffles within each retention 
tank/trench compartment.  If a spill occurs in dry weather, the first 8m3 will be contained in 
the central 5m long compartment and the remainder of a 30m3 spill would be contained in the
adjacent two 7m long compartments.  If a spill occurs in wet weather, all of the spill would be 
contained in the 150mm zone for floating pollutants in the central five compartments.

Following containment, the spill would be disposed of in an appropriate manner.  This may be 
to truck the spill material to an appropriate plant for recovery, or it may simply involve
disposal to EPA requirements.  As spills may be volatile, all electrical equipment will require 
spark arrestors and suitable isolation to prevent explosions.  The full implications of spill 
management are beyond the scope of this report. 

Bulkheads or gate valves could also be installed as an added precaution on the ends of culverts 
and on the outlets to retention tank/trench sections.  However, because these bulkheads would 
need to be manually operated after a spill, they should not be relied on as a primary
containment system.

4 For ECOSOL RSF 5000 In-Line Oil & Grease Arrestor.  Ecosol Pty Ltd. Natural Ecological Solutions.
Stormwater Filtration Systems.  Technical Specifications.  Website: www.ecosol.com.au
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2.5 Operations Area Management
At least one area of the site will be designated to equipment maintenance and fuel storage.
The area is likely to include a workshop for maintenance and cleaning of mobile plant 
operating on the terminal and a refuelling depot.  The area will have appropriate spill 
containment measures to keep wash down and stormwater runoff separate from the rest of the 
terminal.  Bunding the area is one type of containment measure.

Additional information on the use of bunding is contained in the “Managing Stormwater From
Bunded Areas And Open Catchments Using Oil Seperation And First Flush Systems”,
attached in Appendix A. 

All discharges from this area would be controlled and may be directed to the sewer through
treatment consisting of, at minimum, sump pits.  A Sydney Water Waste Trade Agreement
will determine level of treatment required before discharge, as well as the acceptable quantity
of discharge and type of contaminants able to be discharged to the sewer.  An alternative to 
discharging to the sewer is to set up a treatment system, similar to the main system on the site 
but on a smaller scale.  The system would include sump pits, a smaller CPS such as a 
“EnviroSEP” unit and water storage and sludge holding tank.  The treated water would then 
be discharged or recycled after sampling and analysis.

Additional information on the “EnviroSEP” unit is attached in Appendix A. 

2.6 Fire Water
Water used in fire fighting can be discharged in the same manner as wash down water and 
stormwater runoff.  If fire suppressant foams or other fire fighting chemicals are used in the 
maintenance areas they will be contained within the bunded areas.  Once contained, chemicals
and contaminated water should be collected from the surface or discharged to the sewer.
However, as there are various types of foams and chemicals, their handling and disposal is 
dependent on manufacturers’ instructions and recommendations.

If these foams and chemicals are used in the other areas of the site they will be treated in the 
same manner as a spill after the fire.  They will be contained into one section of the first flush 
retention tank/trench and disposed as required.

Additional steps can be taken to prevent spills and fire water from entering other areas by the 
installation of gate valves or sandbagging.  Such a step would rely on gate valves being closed 
manually to contain any fire water.  This will permit fire water to be stored on site in the 
retention tank and trenches and if their capacity is exceeded to be stored in the box culverts 
and lastly, if necessary, as surface water within shallow swales.

2.7 Monitoring 
It is not possible to remove dissolved solids without expensive microfiltration and chemical
systems.  It is expected that the quality of water from the system described above will meet
EPA standards.  As a precaution, outflows should be monitored for the first 12 months of 
operations and additional treatment installed if required. 

The different elements of the system would require monitoring for pollutants.  The monitoring
would be in accordance with the methods described in Approved Methods for the Sampling
and Analysis of Water Pollutants in NSW5.  This document in conjunction with

5 Approved Methods for the Sampling and Analysis of Water Pollutants in NSW.  Environment Protection Authority,
NSW. 1998.
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AS/NZS5667.1:19986 and AS/NZS5667.10:19987 provides a guide to the collection, handling, 
preservation and analysis of water that are acceptable to EPA. 

The objective of the monitoring program for the terminal will be to determine whether
discharge load limits to Botany Bay and Penrhyn Estuary (to be set by the EPA) are kept.  A 
detailed program will be described in the operational Environmental Management plan for the 
new terminal but generally samples will be required to be taken at regular intervals during a 
monitoring period, including a storm event or spill. 

Sampling locations are in the retention tanks and trenches, the monitoring tank attached to the 
CPS and the settlement tank attached to the oil/grease separator.  The sampling and testing 
points are shown on the first flush collection and treatment flow diagram.

6 AS/NZS5667.1:1998. Guidance On The Design Of Sampling Programs, Sampling Techniques and the Preservation
and Handling of Samples.  Standards Association of Australia, 1998.

7 AS/NZS5667.10:1998.  Guidance on Sampling of Waste Waters.  Standards Association of Australia, 1998.
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3. OPTIONS 
Because the level of the terminal is fixed at approximately 4.0m LAT it would be
unnecessarily expensive to fill the container handling and storage areas to levels that would 
enable stormwater drainage to fall towards the terminal edge.  In addition, it would be 
extremely difficult and expensive to fit first flush retention tanks within the terminal structure.
Drainage and surface grades are therefore proposed to fall away from the terminal edge. 

Heavy-duty tanks can be used to contain the first flush from the southern two subcatchments
as shown in Option 1.  This would impose additional impacts on costs and potential disruption
to normal movements during maintenance.  Alternatively, tanks that would be under container 
handling and storage areas can be relocated as shown in Option 2, but this would require a 
large pump station to pump up to 3,000 l/s of stormwater with associated high running and 
maintenance costs. 

Gridmesh covers can be installed over retention trenches as a safety measure and to prevent 
access by birds and other animals.  As a minimum, mesh or fabric covers should be installed 
to discourage birds and to reduce ingress of wind blown debris. 

Spill containment options should be considered within the wider context of spill management 
and safety.  Because manual intervention is unreliable in the containment of spills, the simple
failsafe method shown in the drawings is proposed. Additional steps can be taken to prevent
rainwater from mixing with a spill that has already been contained such as closure of the 
culvert entering the containment section (eg by use of a gate valve) and diversion of surface 
waters around the containment section (eg by sandbagging).
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4. CONCLUSIONS AND RECOMMENDATIONS 
An integrated stormwater drainage management system has been proposed for the site.
Sensitive environmental conditions have dictated that the drainage system must adhere to a 
number of ecological philosophies and objectives as well as EPA and other environmental
standards.  These objectives are intended to lead to significant improvements in the quality of
discharge compared to uncontrolled runoff from the site. 

Careful management of the water cycle during the life of the proposed development will 
mitigate against adverse impacts of development to a large extent.  The proposed system is 
flexible enough to allow augmentation of the treatment process to meet relevant standards and 
management of accidental spills is accommodated without operational risks. 

It is recommended that the first 10mm of stormwater runoff be retained in a first flush
retention system and that this water be tested and treated, if required, before being released 
into Penrhyn Estuary or Botany Bay.  The water quality standards for discharges should be
those recommended by the EPA. 

Appropriate spill management plans should be developed based on the use of the first flush 
retention system to contain spills up to 30m3.

The grades of culverts are almost flat, a flushing system should be used to flush sediments
from culverts on a regular basis.  Recycled water can be used for this purpose.
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