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Hydrology

This section describes the impacts on hydrology resulting from
the construction and operation of the New Runway Project (NRP).
Detail is also provided on the following areas:
•• How the drainage systems will be designed to cater for expected rain events?
•• What mitigation measures will be put in place during construction and
operation of the new runway?
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10.1 Introduction
This section describes the impacts of changes to
stormwater infrastructure as a result of the NRP.
The NRP will impact the two major stormwater drains that
run across the estate, with sections of the Northern Main
Drain (NMD) and Southern Main Drain (SMD) required to be
realigned. The NRP will have the following physical impacts:
•• some areas that are currently used for stormwater storage
will be filled,
•• the existing overflow channel that allows stormwater to
drain into Munday Swamp from the NMD during larger
storm events, will be cut off due to the proposed taxiway
layout, and
•• Munday Swamp will receive additional surface water in
larger storm events.
Potential impacts of the NRP were identified by comparing
the existing stormwater situation on the airport estate
with a future scenario of having the NRP infrastructure in
place. This was undertaken by using specialised computer
software programs to model the two situations and then
comparing the results. Appropriate mitigation measures
were then identified.
Additional information on clearing and construction of the
new runway and associated infrastructure can be found in
Section 6.

10.2 Key Findings
Key findings from investigations into stormwater across the
New Runway Project area include:
•• Sections of the NMD and SMD are required to be realigned
to facilitate the safe operation of the NRP and to provide
adequate drainage capacity. The design of the drainage
network will cater for one per cent annual exceedance
probability events and will include water flow through
Munday Swamp.
•• Flood modelling indicates that any flooding as a result of
the proposed stormwater infrastructure system changes,
will not result in an increased risk of harm or damage to
property on, or off the airport estate.
•• Changes to surface water and groundwater affecting
Munday Swamp will be within the tolerance levels of the
swamps flora and fauna.
•• For flows larger than the one exceedance per year
storm event, there will be an increased volume of water
flowing into Munday Swamp. Potential scouring of the
Munday Swamp base and the banks by the water draining
through the swamp will be managed by the design of the
proposed pollution capturing basins, an infiltration basin
and measures to control the velocity of water flow. These
measures will be designed to reduce the velocity of the
water before it enters Munday Swamp.
•• Construction activities that result in a risk of mobilising
sediment, acid sulfate soil and other contaminants into
Munday Swamp will be managed through the design
process and via the implementation of a Construction
Environmental Management Plan (CEMP). Where the same
risks are expected post construction, they will be addressed
in the detailed design work.

68

New Runway Project | Preliminary Draft Major Development Plan May 2018

10.3 Policy Context and Legislative
Framework
Water resources management is currently
managed under six separate acts in Western
Australia by the State Department of Water and
Environmental Regulation. The Rights in Water
and Irrigation Act 1914 (RWI Act) establishes the
legislative framework for managing and allocating
water resources in Western Australia and is most
relevant to activities on Perth Airport. Being on
Commonwealth land, activities on the estate are
exempt from licensing under the RWI Act.
State Planning Policy 2.9 – Water Resources, is
the overarching sector policy and State Planning
Policy 2 - Environment and Natural Resources,
provides clarification and additional guidance
to decision-makers when considering water
resources in land-use planning strategies. The
objectives of these policies are to:
•• protect, conserve and enhance water resources
that are identified as having significant
economic, social, cultural and/or environmental
values,
•• assist in ensuring the availability of suitable
water resources to maintain essential
requirements for human and all other biological
life with attention to maintaining or improving
the quality and quantity of water resources, and
•• promote and assist in the management and
sustainable use of water resources.
Where applicable, guidance is taken from the
state planning policy when designing and
managing the hydrology on the airport estate.
The environmental impacts from changes to
hydrology on Commonwealth land are covered by
the Commonwealth Environment Protection and
Biodiversity Conservation Act 1999.
Legislation relating directly to Munday Swamp is
the State Aboriginal Heritage Act 1972 (AH Act),
which lists the swamp as an Aboriginal Site. Any
approvals for site works required to manage the
stormwater impacts to Munday Swamp are dealt
with via the AH Act process. This is described in
Section 16.
Munday Swamp is located within a larger area,
that is listed on the Commonwealth Department
of the Environment and Energy’s Directory of
Important Wetlands in Australia, as a ‘nationally
important wetland.’ However, it notes Munday
Swamp “is designated by FAC [Federal Airports
Corporation] as a conservation management
priority area, unless unavoidably required for
aviation purposes, i.e. a parallel runway.” (The
entry onto the database was in 1995 which was
prior to the airport being privatised hence the
FAC reference.)
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10.4 Methodology
10.4.1 Terminology
The terms “average recurrence interval” and “average
return period” have historically been used to describe
the frequency of storm events. They are not technically
correct and have created confusion among decision
makers and the public for inferring that once an event
has occurred, for example a 1-in-100-year storm, that
this magnitude of event will not occur again for that
specified period. Events can, and do, occur in clusters.
Flood events generally are random occurrences and the
period between exceedances of a specific nominated
event is usually random.
The 2016 edition of Australian Rainfall and Runoff (ARR),
which is used by the stormwater industry to provide
information relevant to design flood estimation (an
extract is provided in Figure 10‑1), has addressed
this issue by recommending that the term “annual
exceedance probability” (AEP) be used. This is
defined as the probability of an event being equalled
or exceeded within a year. For example, a 10 per cent
annual exceedance probability indicates that the
event has a 10 per cent chance of occurring at

Frequency Descriptor

EY

least once per year and similarly a 1 per cent annual
exceedance probability indicates that the rainfall
event has a 1 per cent chance of occurring at least
once a year. The smaller the percentage annual
exceedance probability nominated, the larger the
storm will be, as it is likely to occur less often. This is
the opposite to the terminology that has historically
been used. For example, the largest storm event that
Perth Airport designs for is the 1 per cent annual
exceedance probability which historically has been
referred to as the 1-in-100-year average return period.
An exception to this terminology is for storm events that
are likely to occur at least once per year. The terminology
for these is “Events per Year” (EY). For example, a 1 EY
storm is likely to occur at least once per year. This MDP
will use the terms “annual exceedance probability”
(AEP) and “Events per Year” (EY) as recommended by
the ARR document. (The ARR document is a national
guideline that can be used for the estimation of design
flood characteristics in Australia and is published and
supported by the Australian federal government.)
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Figure 10‑1 Australian rainfall and runoff preferred terminology
Navy border indicates preferred terminology while shading is acceptable depending on use
Source: Australian Rainfall and Runoff (2016)
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10.4.2 Stormwater Design Criteria

10.4.3 Water Quality

The concept for Perth Airport’s stormwater design
criteria relating to airside infrastructure is to protect
all runways and taxiways from a 1 per cent annual
exceedance probability storm event. Implementing that
concept across the estate means that flood water on the
airport estate would only be a limiting factor for aircraft
movements in extreme rainfall events.

Perth Airport monitors water quality in the NMD and
SMD at their upstream and downstream boundaries.
The stormwater contains the expected pollutants from
an urban and former farmland catchment. There is
no specific pollution issue in the NRP area that Perth
Airport is currently required to manage apart from the
standard stormwater industry issues dealt with as part of
Water Sensitive Urban Design. Per- and poly-fluoroalkyl
substances (PFAS) are discussed in in Section 9.

Stormwater flood modelling has shown that the existing
NMD and SMD network floods during a 10 per cent
annual exceedance probability storm event. To protect
the new and the existing runways and taxiways, an
upgrade of the main drainage networks is required
across the estate, however the NRP will only form part
of that upgrade. The main drain infrastructure will be
developed to provide the capacity to cater for rainfall
runoff from the estate and to meet inflows and peak
storage requirements from upstream sources, to the
same values that existed in 1997 when management of
the airport was privatised. This will help to ensure that
Perth Airport does not increase the risk of flooding
downstream of the estate boundary due to any
aeronautical or non-aeronautical developments being
undertaken. This is consistent with the commitment
described in the Perth Airport Master Plan 2014.
Most of the new infrastructure will be in the form of
larger open channels and new stormwater storage areas.
The storage areas will temporarily store water until the
downstream network has capacity to drain the stored
water. The channels and the detention areas will all have
the capacity to handle a 1 per cent annual exceedance
probability storm event based on 1997 external peak
inflow rates, as well as the runoff from existing and
planned developments on the estate as described in the
Perth Airport Master Plan 2014.
The level of the base of the NMD and SMD at the
upstream and downstream boundaries only allow
for the drains to have relatively flat gradients within
the estate. The original alignments of the NMD and
SMD were created in the low areas of the estate, but
the new alignments will require some construction to
occur ‘uphill’ from the low areas resulting in depths
to the bottom of the drains from the surface being
greater within the estate than at the airport boundaries.
Therefore, there will be sections of the drains that
are deeper and wider than needed for conveying the
stormwater, but advantage is taken of this by using the
channels as in-line storage during larger storm events.
Where possible, this will be achieved by controlling flows
at culverts under road crossings so that water on the
upstream side is higher than on the downstream side. In
the absence of a road crossing at a suitable location, a
weir will be built.
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The concept for the design of the main drains on the
estate is to construct the drains as open channels and
vegetate them, to create Living Streams. The aim is to
provide a healthy ecosystem for microbes to perform
bioremediation and biotransformation of environmental
pollutants such as hydrocarbons (e.g. oil), nutrients, and
various metals.

10.4.4 Stormwater Assessment for the
New Runway Project
Stormwater assessment for the airport estate has been
undertaken as part of the Perth Airport Master Drainage
Strategy 2017 update (MDS). Three of the scenarios
assessed for the MDS are relevant for the NRP. They are:
•• ‘Existing’ situation scenario (developments and surface
levels) on the airport estate (as at February 2016),
•• NRP scenario (‘Existing’ situation with NRP
infrastructure constructed), and
•• ‘Ultimate’ scenario (developments and surface
levels based on future planned land uses for both
aeronautical, with NRP infrastructure, and nonaeronautical).
Specialised computer software programs were used to
create a model of each scenario. The output information
includes flow rates, flow depths, areas of surface
flooding flood depths, water velocities and at some
locations on the airport estate the time of inundation has
also been provided.
The modelling results of the first two scenarios were
used to assess the impacts of the NRP, and the last
scenario was used to check that the NRP design would
not negatively impact on future concept plans for
aeronautical and non-aeronautical developments across
the estate.
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10.4.5 Stormwater Computer Modelling
The process used for computer modelling of stormwater
on the airport estate was to divide the estate into
approximately 350 catchments and calculate the
stormwater generated by the rain falling on those
catchments. This was undertaken with a computer
software program called XP-RAFTS. The information
output from that computer program was used as input
to another computer program called TUFLOW. This
computer program then calculated flow rates, velocities
and depths within open channels and pipes. The
TUFLOW program divides the estate into a four-metre
grid to determine where overland flow inundation may
occur if flow exceeds the drainage network capacity.
Calculating the amount of rain falling on the catchments
using specialised computer software programs is
normally undertaken using industry standard rainfall
patterns. The MDS models utilise a specifically created
rainfall pattern that is based on, and consistent with
industry standard patterns.

10.4.6 Standard Rainfall Patterns
The modelling process described in the ‘Stormwater
Computer Modelling’ section is standard stormwater
industry practice, however there are various specialised
computer programs available to undertake stormwater
modelling other than the ones used for the MDS.
Computer programs that calculate rainfall runoff
from catchments use hypothetical rainfall data.
Hypothetical rainfall is a pattern of rain related to time,
and mimics actual rainfall to a degree, by having the
intensity increasing quickly and then trailing off slowly.
Hypothetical rainfall patterns can be calculated for any
location in Australia based on information in the ARR
guidelines and are created using historical Bureau of
Meteorology rainfall data.
Normally a range of rainfall patterns are used that
differ in the length of time that the rain is falling. The
computer programs run a series of standard industry
rainfall durations ranging from five minutes up to 72 hours
and the duration that produces the largest flow rate, or
volume of water, is referred to as the design (or critical)
storm. The design storm, when assessing maximum flow
rates for determining pipe or open channel sizes for
example, will normally be different than the design storm
used when assessing the stormwater storage elements
such as detention basins. This is because peak intensity of
the rainfall is important for the former, while total volume
generated by the storm is important for the latter.

10.4.7 Master Drainage Strategy
Rainfall Pattern
The MDS uses a single rainfall pattern per recurrence
period instead of a range of standard patterns.
Preliminary modelling work on the MDS used several
standard rainfall pattern durations (ranging from 15
minutes through to six hours). Results from these
preliminary model runs indicated that the critical
duration for flooding in the study area was associated
with storms of around two to four hours duration,
which is consistent with urban catchments, and that
the volume of the broader rainfall weather system that
this storm falls within is also important. This catchment
behaviour can be attributed to the generally ‘flat’ grades
within the study area in combination with hydraulic
controls provided throughout the system. (An example
of a hydraulic control is a pipe under a road that can
restrict flow and store water in the drain upstream of the
pipe. The size of the pipe then controls the flow rate.)
Based on the preliminary modelling results, the total
rainfall volume was generally found to be a significant
factor governing the extent and duration of flooding
as well as the peak intensity of the rainfall pattern
being used. The degree of flooding in the study area is
therefore largely driven by the available flood storage as
well as the capacity of the flow paths.
An analysis of historical rainfall records from the
Bureau of Meteorology rain gauge at Perth Airport,
in conjunction with a review of the preliminary model
results, indicated that a rainfall burst duration of three
or four hours was critical in terms of peak water levels
in the detention storages on the airport estate. Since
the total rainfall volume is of significance, an embedded
design storm approach was taken, where a shorter
duration standard rainfall pattern was embedded
(added) into a longer standard rainfall pattern and used
for the MDS modelling.
The final design storm considered appropriate for the
assessment was created by embedding a standard
three-hour rainfall pattern into a standard 12-hour rainfall
pattern beginning at the four-hour point. This embedded
rainfall pattern has been used for all recurrence events
that have been modelled for the MDS. These are the
one event per year and the 10, 2 and 1 per cent annual
exceedance probability storms.
This embedded design storm combines the critical peak
flow duration for the catchment with additional volume
considerations relevant for the numerous flood detention
storages throughout the airport estate.
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10.4.8 Groundwater
Groundwater modelling was undertaken specifically for
the new runway project to assess impacts caused by
infrastructure changes. The modelling was undertaken
using a specialised computer software program called
Visual MODFLOW. The models set up were:
•• NMD and SMD Model, and
•• Pavement Model
The modelled area is 4.5 kilometres wide (approximately
east-west) and 6.0 kilometres long (approximately
north-south). The modelled area was aligned
approximately with the prevailing groundwater flow
direction which is generally north-west. The modelling
extent was set to ensure that the model boundaries
would be at distances outside the influence of
groundwater changes that might occur due to the NRP.
As part of the model set up, more detailed information
was set up to focus on specific areas of interest such as
the Northern Main Drain and Southern Main Drain.

10.5 Existing Condition
10.5.1 Stormwater Infrastructure
Perth Airport is located on the Swan Coastal Plain and
sits within two of the 30 major stormwater catchments
of the Swan and Canning rivers system. The NMD and
the SMD are two open-channel main drains that traverse
through the estate, draining two of those 30 catchments.
The NMD catchment (2,367 hectares) and the SMD
catchment (2,633 hectares) both extend from the top of
the Darling Scarp down to the Swan River. The airport
estate sits as close as 450 metres from the river and
makes up 43 per cent of the total NMD catchment and

39 per cent of the total SMD catchment. The stormwater
catchments are shown in Figure 10‑3, with Figure 10‑4
providing a closer detail of the existing drains in relation
to the NRP.
Upstream of the estate, the NMD catchment consists
primarily of residential areas, while the SMD catchment
is primarily residential but with an industrial area just
outside the estate to the east. Downstream of the estate,
the areas for both catchments are a mix of residential,
commercial and light industry. The estate consists of
aviation land uses plus commercial and light industrial.
The Perth Airport Master Plan 2014 states that a
Living Stream is planned for the SMD, to provide
water-quality and water-storage improvements on
the estate. This will also be the concept for the NMD.
The NMD and SMD open channels will mimic the
characteristics of natural streams with suitable tree
canopy, understorey and in-stream vegetation. Local
provenance vegetation is planned to be used where
suitable. Water quality improvement is achieved by
aquatic vegetation and natural biological processes
helping to oxygenate the water and removing nutrients
plus non-nutrient contaminants. The development of
Living Streams within the estate supports the natural
surface-water management and control of peak flows,
as well as improving water-quality prior to discharge
of the stormwater off the estate. They also improve the
general amenity of the area. Figure 10‑2 is an example
of what the existing sections of the SMD that have been
constructed as a Living Stream to date will look like
at maturity. The NMD will be constructed to the same
design or similar.

Figure 10‑2 Southern Main Drain living stream design cross sections
Source: Syrinx Environmental (2014)
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Figure 10‑3 Stormwater catchments at and surrounding the Perth Airport estate
Source: Perth Airport (September 2017)
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Figure 10‑4 Existing drainage infrastructure
Source: Perth Airport (September 2017)
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10.5.2 Stormwater
Management

10.5.3 Northern Main Drain
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10.5.4 Munday Swamp
Munday Swamp is a freshwater
wetland with surface and
groundwater inflows. It falls within
a larger area that is mapped as
a lake (permanently inundated
basin) by the State Department
of Biodiversity, Conservation and
Attractions (DBCA). The swamp
and its current inflows are shown in
Figure 10‑4.
The surface water within the swamp
is predominantly an expression of
the groundwater that generally
flows from east to west across the
swamp area. With the current cycle
of decreasing rainfall, most of the
swamp now dries out over summer
with areas of permanent water
shrinking to deeper pools in the
central area and exposed areas of
mud.
Aerial photographic records show
a drying trend over the past 20
years. This may be related to the
declining rainfall experienced in the
south-west of Western Australia
attributable to the climate shift
which has occurred since 1974.
Based on a 1953 aerial photograph,
the swamp has historically had
direct inflows from the east as
indicated in Figure 10‑6. The
photograph indicates that both a
natural creek flow and an excavated
channel existed, and both were
draining into the open water area in
the north-east part of the swamp.
It is assumed that the catchment
for the excavated channel is now
similar to the catchment for the
Water Corporation’s High Wycombe
branch drain: and similarly, the
natural creek catchment is now
the catchment of the Water
Corporation’s Macao Road branch
drain.
Munday Swamp also receives inflow
from the NMD catchment when
there is rainfall slightly larger than a
one event per year storm. This inflow
discharges into the west side of the
swamp to the open water area at the
southern end. Aerial photographs
show that the location of the flow
path between the swamp and the
NMD has remained largely unaltered
over the years. This is based on
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comparing aerial photographs and
ground-level data which show this
flow path is effectively the same
as it was when the airport was
established in 1944, despite some
localised surface changes over the
years and the formalisation of the
NMD channel.
Between 1968 and 1970, the
Metropolitan Water Supply,
Sewerage and Drainage Board (now
Water Corporation) proclaimed the
High Wycombe and the Macao Road
branch drains as declared main
drains and assumed control of their
management. The flows now join
prior to draining under the Midland
to Kwinana freight railway line and
then flow into the estate and down
to Munday Swamp. Part of the
natural creek can still be seen on the
estate, and it is used as a high-flow
overflow path for the Macao Road
branch drain. The old excavated
drain that entered the swamp is
close to where the combined flows
do so today. These branch drain
alignments and the overflow path
are shown in Figure 10‑4.
Based on historical aerial
photographs, the swamp outlet
appears to have been formalised
in the form of an excavated
channel within the swamp leading
up to the outlet location from
the south-east as well as the
installation of culverts during the
construction of a gravel track.

10.5.5 Southern Main Drain
The SMD is also required to be
realigned as part of the NRP. The
SMD drains one of the 30 major
stormwater catchments of the Swan
Canning rivers system and has a
catchment upstream of the estate of
1,531 hectares. Stormwater modelling
has shown that the SMD will receive
a peak inflow of 10.9 cubic metres
per second for the 1 per cent annual
exceedance probability.
A 1974 historical aerial photograph
shows that at the south end of the
new runway, Crumpet Creek (the
name of the SMD upstream of the
estate) flowed into low-lying areas
of what was then farmland to the
south east of the existing main
runway (03/21); this is shown in
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Figure 10‑7. Following an expansion
of the airport by the Commonwealth
that began in 1979 to secure land for
the new runway, those areas are now
part of the airport estate.
To alleviate flooding within the
estate and provide a drainage outlet
for the Shire of Kalamunda (now
City of Kalamunda), the Shire of
Belmont (now City of Belmont),
the Commonwealth, and the
then Metropolitan Water Supply,
Sewerage and Drainage Board
(now Water Corporation) agreed
to construct the SMD through the
estate. Construction commenced
in 1966 and was completed in 1971.
As the need has arisen, sections
have been piped to accommodate
runway and taxiway extensions as
well as new roads.

10.5.6 Existing Groundwater
Levels
The ‘NMD and SMD Model’ was used
to determine the groundwater levels
across the modelled area with the
Northern Main Drain and Southern
Main Drain on their existing
alignments. Two scenarios were
modelled:
•• Existing Seasonal High
Groundwater Level, and
•• Existing Seasonal Low
Groundwater Level.
The scenarios above provided a
baseline for assessing the impacts
of changes to the NMD and SMD
as well as the runway and taxiway
pavements.
In some locations along the existing
alignments of the NMD and SMD the
inverts are below the groundwater
level, depending on the time of
year. The inverts are generally
close to the groundwater level,
therefore as the seasons change the
drains will provide recharge to the
groundwater, and other line drain
the groundwater.
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Figure 10‑6 Circa 1953 aerial with Munday Swamp inflows
Source: Perth Airport

New Runway Project | Volume B: Environment, Heritage and Traffic Assessment

77

10 Hydrology

Runway 03/21

1971
SMD Alignment

Low Lying Area

Low Lying Area

Existing
SMD Alignment

Low Lying Area

Low Lying Area

NRP Area
Airport Boundary
Existing Southern Main Drain/
Crumpet Creek
0

3 40
Metr es

Figure 10‑7 Circa 1974 aerial with Southern Main Drain
Source: Perth Airport
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10.6 Concept Design

10.6.3 Northern Main Drain

A concept design for stormwater infrastructure has been
completed as part of the Master Drainage Strategy 2017
update and includes the NRP’s concept design work.
Detailed design will be completed prior to construction.

10.6.3.1 Open Channel

10.6.1 Airside Considerations
There are several issues identified with having large open
drains within the airside area:
•• Wildlife - Groundwater discharge in the main drain
catchments means that flows occur for approximately
10 or 11 months of the year. This creates an environment
favourable to birds and other wildlife, which may
increase the risk of damage to aircraft and subsequent
harm to human life through a bird strike event,
•• Security - To ensure a secure airfield environment,
security needs to be considered where the drains cross
the airside boundary. This is normally in the form of
metal screens. Screens collect debris from relatively
small flows and need to be cleaned regularly to
maintain the flow capacity,
•• Maintenance - The flows provide nutrients for weed
growth and can carry silt and debris, which require
maintenance to have them removed. Having contractor
personnel and vehicles airside requires operational
as well as security processes, and can increase the
operational occupational health and safety risks
associated with people who do not regularly work in
an aviation environment, and
•• Aircraft Operations - Based on the limited
opportunities for an NMD alignment airside, the drain
would need to be located between the two taxiways
near the south end of Munday Swamp. Due to space
limitations in the area, maintenance is likely to require
closure of a taxiway which may disrupt aircraft
operations.
Given these constraints, the concept design has located
the main drains outside the airside area. The NMD will be
realigned to drain stormwater around the NRP area and
the SMD will be piped under the airside area on a new
alignment. They will both require stormwater storages as
part of the works which are also located outside of the
airside area.

10.6.2 Airside Drains
The stormwater system for the new runway and taxiway
network will require pipes under the taxiways to connect
to local drains in the open (grassed) areas within the
airside area.
Approximately half of the NRP area drains north with the
majority of that flowing to the west of Munday Swamp
into the existing NMD. The balance of the northern half
of the NRP area will flow into the new NMD alignment.
The southern half of the NRP area will all drain to the
new SMD alignment.

The proposed NMD realignment (shown in Figure 10-8)
will consist of the drain being diverted north along the
eastern airside boundary into an infiltration storage as
shown in Figure 10‑9. This segment will be a combination
of pipes and open channel. The existing inflow point
will be retained. Creating a new inflow point would
require the Dampier-Bunbury Natural Gas Pipeline to be
lowered, which is considered cost prohibitive and not a
practical option.
The storage will be sized to contain the one event per
year storm, with any larger flow volumes draining into
Munday Swamp. Advice from the traditional custodians
has indicated that Poison Gully historically drained
directly into Munday Swamp. The new alignment
will restore water flow, with the design incorporating
ecological protection of the swamp for these flows.

10.6.3.2 Infiltration Storage
Protection of Munday Swamp from pollutants has been
a key component of the design process. The design
includes infiltration storage and pollution-removal
elements, which will be constructed upstream of Munday
Swamp. This proactive management measure is to
provide ecological protection for the swamp as part
of the NMD realignment works. A preliminary concept
layout is shown in Figure 10‑9 where Zone 1 is a gross
pollutant basin, Zone 2 is a contaminant basin and Zone
3 is an infiltration storage basin. The size of the basin
areas will be confirmed during the detailed design phase.
Stormwater from the NMD will drain into a gross
pollutant-removal area (Zone 1) which will reduce the
velocity of the water and capture pollutants such as
litter and leaves, as well as larger sediments including
gravel and sand. After this stage, the water will drain into
a contaminant basin (Zone 2) that will capture weed
seeds and propagules (the part of a plant that can give
rise to a new plant, such as buds, suckers or spores)
and smaller sediments (silts). The smaller sediments can
have particulate metals and nutrients attached to them,
therefore some of those pollutant types will be captured
in this area. The water then drains into the infiltration
storage basin (Zone 3) where any insoluble pollutants
that have not been captured yet will be retained. The
storage will be constructed in Bassendean Sand which
has good infiltration properties. The basin will be planted
out with suitable vegetation considering the wetting
periods, airport wildlife management, and an ability
to capture soluble pollutants such as nitrogen and
phosphorus.
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Figure 10‑8 Proposed Northern Main Drain realignment
Source: Perth Airport
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The two upstream pollution removal areas will undergo
detailed design based on standard industry water
sensitive urban design guidelines. The infiltration
storage basin will be designed to detain and infiltrate
all flows up to approximately the one exceedance per
year storm event draining into it. Any flow volumes
that are not detained in the basin will overflow to the
west across the existing surface and drain into Munday
Swamp. That existing surface will be bioengineered
with vegetation and hard landscape elements, such
as hardwood logs to provide erosion control which
will protect the sandy surface as well as reduce
the velocity of the water. The energy reduction will
slow down the flow velocity of the water and help
to protect the swamp bank that it drains over.

For the concept design, the development of the
stormwater model used for this project included the
basin having an infiltration capacity set to 5.0 metres per
day (Five cubic metres (volume) per day infiltrating into
each square metre of area).
The rate of 5.0 metres per day was used for the
Bassendean Sand soil which generally comprises the top
one to two metres below the surface where the basin is
proposed to be located.
Further work will be undertaken during the detailed
design phase to determine accurate infiltration rates
based on assessment of the soil at the location. This
will provide information to determine the actual area
required for the infiltration storage basin.

Zone 3

Overflows

Zone 2
Zone 1

NRP Area
Airport Boundary
0

50
METRES

Figure 10‑9 Infiltration storage basin concept plan
Source: Syrinx Environmental (2017)
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Determining the criteria for design of the infiltration
storage basin size was based on trying to replicate the
existing seasonal pattern of water depth and inundation
times; which are quantities important to preserving the
conditions for the existing flora and fauna within Munday
swamp. Figure 10‑10 is a flood map of the one event
per year storm for the existing situation model from the
MDS 2017 update, showing that stormwater from the
NMD does not reach the swamp. Figure 10‑11 is a flood
map from the same model for the ten per cent annual
exceedance probability event showing that stormwater
does flow into the swamp. Interrogating the top water
levels and the natural surface levels more closely
indicates that the storm event that would generate flows
that would begin overflowing into the swamp, is just
above the one exceedance per year. Based on this, the
one event per year storm was set as the design criteria
for the basin size for detaining the volume of stormwater
draining into the basin from the NMD.
This coincides with the State Department of Water
and Environmental Regulation approach to managing
stormwater. The Department recommends that the first
15 millimetres of runoff generated from constructed
impervious surfaces should be retained at-source as
much as practical to provide ecological protection
downstream of the runoff source. A storm of 15
millimetres rainfall will generally cleanse impervious
surfaces of substances such as oils, dust, soluble
materials and transport them into a downstream
stormwater network if they are not collected at-source.

Sixteen millimetres of rainfall in Perth is close to a one
event per year design storm for a duration of one hour in
the Perth area.
A trial and error exercise was undertaken with the NRP
infrastructure stormwater model to determine if the
storage area would fit into the land constrained by the
NRP to the south, Munday Swamp to the west, the
high-pressure gas pipeline easement to the east and
Aboriginal Heritage Registered Site 3888 to the north.
While the site chosen is within Aboriginal Heritage
Registered Site 3719 most of the land nominated for
the infiltration area has previously been disturbed by
revegetation work. The modelling indicated that a basin
size of three to four hectares in area is required. The
land available is approximately 9.3 hectares, therefore
any error in underestimating the size during the concept
design is likely to be able to be accommodated in the
detailed design. This applies to the gross pollutant and
contaminant basins as well.
An emergency access road will need to traverse the
area on a north-south alignment. The least impact will
be a crossing over the NMD at the inlet to the treatment
train infrastructure. If the emergency access road
needs to impact any of the sediment, contamination or
infiltration basins, then they can be designed to suit the
requirements of the road.
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Figure 10‑10 Existing flood map of northern portion of
New Runway Project area, one event per year
Source: Perth Airport Master Drainage Strategy (2017)
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Figure 10‑11 Existing flood map of northern portion
of New Runway Project area, ten per cent annual
exceedance probability
Source: Perth Airport Master Drainage Strategy (2017)
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10.6.3.3 Munday Swamp Outlet

10.6.4 Southern Main Drain

The existing Munday Swamp outlet will be upgraded
to an engineered structure at the location shown in
Figure 10-8. This will control the peak water levels and
maintain the frequency and duration of inundation
within the swamp to be similar to that which currently
occurs. Maintaining the existing hydrological regime is
important so that species that have limited tolerance
to prolonged inundation or soil saturation due to root
oxygen deprivation and lack of adaptive mechanisms are
not negatively affected.

The proposed realignment of the SMD is shown in
Figure 10-12.

The structure will include pipes for low to medium flow
events which will have an outlet level the same as it is
currently. For larger flows the concept is for the outlet
to operate as a weir with water flowing over the top of
the structure as well as through the pipes. A concept
design with three 750-millimetre diameter pipes with a
55-metre-long high flow weir has been included in the
relevant computer models. The water depths and time
of inundation within the swamp have been analysed
and have determined that the expected flood duration
is within the tolerance of the wetland and its associated
flora and fauna. It was therefore considered that there
are no significant risks to the vegetation.
The pattern of water level changes during large events
and extreme events do lead to adjustments in areas
around the swamp and by definition, are important
ecological change events. The key impacts are likely
to be of a temporary nature to certain fauna groups
vulnerable to the rapid rise and fall conditions if it
occurred during their breeding cycles.
The outlet will drain into the existing open channel that
connects to the existing NMD. Currently, there is no
specific issue with erosion downstream due to the outlet
discharge, but detailed design will assess the need for
energy reduction elements on the downstream side of
the structure to protect the downstream channel from
erosion.

10.6.4.1 East Channel
It is intended that the new SMD alignment from the eastern
boundary of the estate will traverse south along the airside
fence and then drain into a detention basin as shown in
Figure 10-12. This segment will be an open channel except
where road crossings are required. It will be constructed as
a Living Stream and vegetated with suitable species for the
location.
Stormwater modelling has shown that the section of the
SMD outside the estate that runs parallel to the estate
boundary starts to flood over its western bank (on the
airport side) in various locations during the 10 per cent
annual exceedance probability event. These flood waters
that currently drain into low lying areas will drain into
the new detention basin. The existing inflow point will be
retained. As with the NMD, creating a new inflow point
would require the lowering of the Dampier Bunbury Gas
Pipeline and this is not considered a practical option.

10.6.4.2 Detention Storage
Prior to the management of the airport being leased in
1997, land within the estate was used for the detention of
stormwater due to stormwater infrastructure limitations
downstream of the estate. Perth Airport now administers
this legacy of detaining those stormwater volumes
generated upstream, based on the 1997 inflows. As
part of that legacy, a detention basin is required to be
constructed to protect assets downstream and replace
the loss of existing storage that the southern end of the
NRP will fill in.
The basin will operate by having a single pipe outlet that
is sized to constrain flows so that the basin will fill up in
larger storm events. The basin size will cater for the one
per cent annual exceedance probability storm event,
and have a top water level that is below the limit set by
the Water Corporation for flood protection of the land
upstream of the estate.
The basin area will be vegetated with suitable species for
the location.

10.6.4.3 West Channel
Stormwater from the piped basin outlet will drain under
the airside area and discharge into a new section of open
channel, and ultimately into a new drain connecting
to the existing pipes beneath Horrie Miller Drive. The
open channel will be used for storage during large
storm events. It will be constructed as a Living Stream
and vegetated with suitable species for the location.
The exact alignment of this channel will be determined
during the detailed design phase for the development
of the land to the west of the NRP area, separate to the
NRP design.
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Figure 10‑12 Proposed Southern Main Drain realignment
Source: Perth Airport
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10.6.5 Climate Change

10.7 Impact Assessment

As part of the Master Drainage Strategy modelling, the
airport estate’s stormwater network was subjected to
a sensitivity analysis. This simulated potential climate
change impact. This was undertaken on the ultimate
scenario model by changing the inflows of the upstream
drains by minus ten per cent, plus ten per cent, plus
20 per cent and plus 30 per cent and also using similar
scenario for the rainfall across the airport estate. The
1 per cent annual exceedance probability storm event
was the only event assessed.

The NRP will result in changes to the hydrological regime
within the estate. This section characterises the changes
which are expected or modelled to happen, and assesses
the impacts to existing built and natural infrastructure
from these changes.

Comparing the plus 30 per cent scenario with the
baseline (ultimate scenario) there were no new areas
of flooding on the estate. Top water levels along the
NMD were generally between 100 millimetres and
250 millimetres higher which is within normal minimum
freeboard (depth between water and infrastructure
to account for anomalies in data and design) of
300 millimetres. The water level at the downstream
estate boundary did not increase.

10.7.1 Significance Criteria
The significance criteria have been adapted to reflect
discipline-specific considerations, as outlined in
Table 10‑1, with the risk characterisation and impact
assessment process is consistent with the stages
outlined in Section 8.

For the SMD the changes in water level were less than
100 millimetres. At the downstream boundary there was
no change to the water level.
For the plus ten per cent the water levels for the
NRP NMD infrastructure were between zero and
40 millimetres higher. This is likely to increase the
inundation time in Munday Swamp by a few hours. The
top water level in the SMD detention basin upstream of
the new runway would increase by 30 millimetres but
still be 170 millimetres below the Water Corporation
calculated flood level.
For the plus 20 per cent and the plus 30 per cent
scenario the top water levels of the NRP NMD
infrastructure would increase 80 millimetres and
130 millimetres respectively. The levels in Munday Swamp
would increase by 80 millimetres and 100 millimetres
respectively. The top water level in the SMD basin would
be 60 millimetres and 90 millimetres respectively and
still below the Water Corporation calculated flood level.
For the minus ten per cent scenario, the water level in
Munday Swamp would be 50 millimetres lower than the
baseline.
During detailed design the latest information on climate
change will be assessed and the results of the current
work being undertaken will help inform any changes
to the concept design at that time. The current climate
change information for rainfall in south western Australia
is for increased storm intensities. Any increase in the
size of the three basins is expected to be able to be
accommodated in the land adjacent to the infiltration
storage basin.
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Magnitude
Description
Major
Adverse

Specialist Criteria
Risk of flooding that can result in major injury or loss of human life.
Risk of flooding that can result in major damage to public and private infrastructure both on and off the
airport estate.
Repairs to damaged infrastructure that can take several months to repair and impacts businesses and
people during that time. Residential and business buildings are unusable until repairs taking several months
are undertaken. Road pavements may be washed away preventing access along or across the affected road
impacting commuters and access to businesses and residents.
Environmental impacts tend to be permanent, irreversible or otherwise long term and can occur over large
scale areas both on and of the airport estate. Permanent changes in hydrological regimes that are not within
tolerances of affected flora and may cause a change in rare or protected flora types growing and impacting
the amount of vegetation species and the fauna relying on vegetation species that may be lost.
Uncontrolled disturbance of high level acid sulfate soils, or uncontrolled and widespread erosion, resulting
in contamination of groundwater and receiving environments and long term adverse impacts to matters of
national or international significance.

High
Adverse

Risk of flooding that can result in minor damage to public and private infrastructure both on and off the
airport estate. Repairs to damaged infrastructure are likely to take less than a month to repair and impacts
businesses and people during that time. Residential and business buildings are still usable but have suffered
aesthetic or minor damage resulting in short term discomfort or changes to operations.
Risk of flooding that may stop or severely delay aeronautical operations. Runways, taxiways or airside roads
may be flooded to the extent of preventing movements along them. Ground services and airport operations
staff are prevented from accessing areas of the airport estate preventing them from carrying out their duties.
Environmental impacts tend to be permanent or irreversible or otherwise long to medium term, and can
occur over large or medium-scale areas, including outside the estate. Permanent changes in hydrology
regime causing environmental changes that are not within tolerances of affected flora or fauna.
Disturbance of high-level acid sulphate soils, resulting in deterioration of groundwater quality and that
of the receiving environment and adverse medium to long-term effects on sites of state or national
significance if unmanaged.

Moderate
Adverse

Risk of flooding that can result in minimal damage to public and private infrastructure both on and off
the airport estate. Damage is limited to damaged verges, gardens and deposit of debris on roads and
properties.
Risk of flooding that may delay aeronautical operations. Runways, taxiways or airside roads may be limited
in the number available for use, ground services staff may be delayed beyond normal operational times or
airport operations staff experience difficulties in carrying out their work.
Environmental impacts can range from long term to short term in duration, can occur over medium-scale
areas or otherwise represent a significant impact at the local scale. Disturbance of acid sulfate soil, resulting
in short term degradation of groundwater quality and/or local receiving environment. Appropriate measures
can mitigate most adverse effects.

Minor
Adverse

Flooding is limited to road reserves and may cause minor disruption to pedestrians and reduced vehicle
speeds for the duration of the flooding both on and off the airport estate.
Risk of flooding that may cause minor delays to aeronautical operations due to difficulties experienced
by ground services staff who may be delayed beyond normal operational times or airport operations staff
experience difficulties in carrying out their work.
Environmental impacts tend to be short term or temporary. Disturbance of low-level acid sulfate soil,
resulting in the generation of periodic or continual low yield acid runoff consistent with seasonal variations.
Unlikely to significantly impact waters within the receiving environment.

Negligible

Flooding is limited to areas designed to be flooded or areas where there will be no adverse impacts during
larger storms on the airport estate.
Environmental impacts would be beneath levels of detection, impacts that are consistent with seasonal
variations, within the normal bounds of variation, or impacts that are within the margin of forecasting error.

Beneficial

Changes to existing situation that will lower the risk of flooding both on and off the estate.
Environmental impact that provides an enhancement or provides increased protection.

Table 10‑1 Significance criteria - hydrology
Source: Perth Airport
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10.7.2 Northern Main Drain
Changes to the NMD infrastructure will not increase
the peak flows being discharged from the estate. In the
Perth Airport Master Plan 2014, Perth Airport has stated
that it will provide stormwater infrastructure that has
the capacity to meet the peak inflows and peak storage
requirements from upstream sources as at 1997 values,
as well as provide relevant peak stormwater storage
requirements for all new development within the airport
estate since 1997. Subject to the suitable management
of inflows to 1997 flowing into the estate, Perth Airport
will control outflows out of the estate and into external
infrastructure, water courses and ultimately into the
Swan River to the same peak rates as per 1997.

10.7.2.1 Open Channel
An open channel along the new alignment will have the
capacity to convey the 1 per cent annual exceedance
probability event flow. Flood modelling indicates that
there will not be any flooding associated with this
concept within, and external to the estate.
Having a section or sections of this piped has not been
modelled. This will be undertaken as part of detailed
design if pipes are required. The open channel will be
constructed as a Living Stream and vegetated with
suitable species for the location.

10.7.2.2 Infiltration Storage
The basin will have the capacity to contain
approximately the one exceedance per year storm
event volume. It will be designed to allow storm events
larger than that, to drain over the western edge and into
Munday Swamp. The existing terrain prevents overflow
from any other edge.

10.7.2.3 Munday Swamp Hydrology
For flows larger than the one exceedance per year storm
event there will be an increased volume of water flowing
into Munday Swamp. This creates a risk of impacting
vegetation in the Riparian and Fringing Woodland.
However, if the pattern of flooding was consistent, a
new distribution of vegetation would eventually form.
Upland Woodland vegetation is extensive but Fringing
Woodland is a narrow transition zone in which fauna
populations would be vulnerable to change.

and frogs. However, there are some species such as
waterbirds and some frogs that might benefit from
extended flooding.
An assessment on the impacts to the flora, fauna and
soils due to the flow from large storms draining into the
swamp was undertaken by assessing the NRP scenario
stormwater model outputs in the form of top water
levels for various storms, water level versus time for the
10 per cent and 1 per cent AEP storm, a simplistic water
balance model and water velocities.
The impact to the top water levels within Munday
Swamp for the one exceedance per year storm event as
well as the 10 per cent, two per cent and the 1 per cent
annual exceedance probability storm events is shown in
Table 10-2.
In terms of vegetation impacts, the peak water levels are
immaterial to the wetland species present in the swamp
since these species are adapted to flood waters and can
tolerate inundation for periods. The key consideration is
the period of inundation. Figure 10-13 is a graph of water
level versus time and shows the period of inundation of a
point in the swamp (labelled L16 in the MDS stormwater
model) for a model run time of 10 days. The modelling
does not take into account infiltration within the swamp
or evaporation over this period.
The graph shows that the storm flow water will drain
to a ‘full’ level close to 75 hours after the storm flow
begins for both the 1 per cent and the 10 per cent storms
modelled. Comparing the levels at the 24 hour and 75hour periods there is an approximate difference of 100
millimetres for the 10 per cent storm and approximately
230 millimetres for the 1 per cent storm. These are
considered marginal changes to the flora and fauna of
the swamp and hence the main flood waters will pass
through the swamp rapidly.
Evaporation and rainfall data were assessed in a
simplistic water balance model to determine how long
it would take for water to recede to empty at a typical
swamp bottom base invert level of 17.5 metres. The
deepest locations in the swamp are as low as 17.0 metres
but the water in some of the deepest locations has been
found to be 300 millimetres deep during the dryer part
of the year, therefore that is what has been used for the
water balance model. The results are shown in Figure 10-14.

Some wetland fauna species may be at risk because
they have a life cycle that is linked to natural cycles of
flooding (e.g. frogs). An extended period of flooding
may increase the impact of Mosquito fish which may
already be adversely impacting aquatic invertebrates
Storm Event

One EY

Ten per cent AEP

Two per cent AEP

One per cent AEP

Existing peak water levels (metres AHD)

18.13

18.37

18.56

18.61

NRP peak water levels (metres AHD)

18.10

18.30

18.52

18.61

Impact - change in peak water level (metres)

-0.03

-0.07

-0.04

Nil

Table 10‑2 Munday Swamp peak water levels
Source: Perth Airport Master Drainage Strategy 2017
Note: AEP - annual exceedance probability. AHD - Australian height datum
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Figure 10‑13 Typical inundation times in Munday Swamp
Source: Perth Airport Master Drainage Strategy (2017)
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Figure 10‑14 Chart of Munday Swamp water level (losses to evaporation after storm event)
Source: Syrinx Environmental (January 2018)
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Assuming a storm event larger than a one exceedance
per year occurs mid-winter and there is not another
large event over the spring – summer period, the swamp
would typically drawdown in a few months, and maintain
its normal hydroperiod. As such, the expected flood
durations are within the tolerance of Munday Swamp’s
environment and its associated flora and fauna, and
therefore there is not a significant risk to the vegetation.
The pattern of water level changes during large and
extreme events do lead to adjustments in isolated areas,
and by definition are important ecological change
events. The key impacts are likely to be of a temporary
nature to certain fauna groups vulnerable to a rapid rise
and fall in water levels during their breeding cycles.
Detailed design of the swamp outlet is important to
help ensure the flow through the swamp is close to
that as modelled. The NRP infrastructure stormwater
model has a larger capacity outlet than the one that
currently exists. The assessments have shown that the
environment within the swamp is not overly sensitive
to water levels providing the majority of water recedes
within the one to two-day period, which will be
accommodated through the outlet design.
The runway design criteria relating to operational
clearances for the NRP will require a portion of the
most southern section of the swamp to be filled in with
one metre to two metres of fill. An assessment of the
surface water, groundwater, vegetation and habitat was
undertaken to determine the impact of this.
The loss of up to 12 per cent of the storage area has been
included in the NRP scenario stormwater model. All the
stormwater modelling results detailed in this document
have taken into account the area being filled in.
There is likely to be minor localised changes to the
groundwater flows but the extent and nature of which
will depend upon the type of fill material used. The
nature of the fill is likely to alter the natural peaty-clay
acidic groundwater chemistry to an alkaline sandy
hydrochemistry if the material is sourced from elsewhere
on the airport estate. This in turn can alter the type and
composition of aquatic biota. The type of fill needs to be
carefully considered to minimise any negative impacts.
The loss of perimeter vegetation will reduce the area of
high functioning wetland available to fauna.

10.7.2.4 Munday Swamp Velocities
An assessment was undertaken to determine if the
volume of water that will be flowing through the swamp
from large rainfall events is likely to cause erosion
either within the swamp or of the overland flow area
in between the infiltration basin and the swamp. The
swamp and the overland flow area become part of the
conveyance network when large event flows are draining
through the system, and therefore the assessment was
undertaken based on the science of flows in natural
streams.
Erosion of soil material on the base and sides of a
stream will occur when the velocity of the water
flowing across those surfaces overcomes the surfacesoil material resistance.
The concept design is to keep flow velocities down
to 0.3 metres per second, or less, as this speed is the
maximum allowable velocity for ‘extremely erodible soils’
in open non-vegetated channels. Generally, extremely
erodible soils consist of soil particles 0.2 millimetres in
diameter and smaller. This particle size represents fine
sand, (coarse sand can be up to ten times that size,) plus
silts and clays found in natural conditions.
A surface inspection of the swamp found various soil
types within the swamp. There are peats (partially
decayed vegetation) in the central section, clayey peats
in the larger open areas and clayey silty sands in the
southern and northernmost sections. The overland flow
area has a surface soil type of Bassendean Sand.
Particles of peat vary in size based on the degree of
degradation, and may be found bound or entwined,
which provides resistance to movement. Clay in the form
of separate particles falls within the extremely erodible
soils class but are normally found in a bound state
as a compacted layer, and therefore its resistance to
movement can be a lot higher than in the loose particle
form. The sand of the overland flow area as well as that
in the swamp has a higher allowable erodible velocity,
which is generally in the range of 0.40 to 0.46 metres
per second.
Flow velocities in streams and flood plains are
determined, in part, by resistance created by items
within the flow path such as grass, trees, rocks,
overhanging branches, fallen logs etc. The swamp is
highly vegetated for most of its area and so provides
a certain amount of flow resistance. The overland flow
area currently does not provide much flow resistance
because it consists mainly of loose sand with minimal
weeds and not many trees. To better manage the
control of flow velocities in this area, the concept design
includes bioengineering with vegetation and hard
landscaping such as seen in Figure 10‑15. The figure is a
modified photo of part of the actual overflow area. The
trees in the top left and centre are existing vegetation,
with most of the foreground trees, ground vegetation
and hardwood logs being an example of what can be
installed to control flow velocities and manage erosion.
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Theoretically, velocities are at a maximum in the middle
of a stream on the top surface of the water since this
location is open to the atmosphere and unconfined. The
slowest velocities are normally at the base and the sides,
due to friction created by water dragging along those
immoveable or partially immovable surfaces. Roughness
also affects velocity. Computer modelling software uses
simplifications and assumptions to estimate velocity.
The computer modelling results as shown in Figure 10‑16
and Figure 10‑17 are presented in a colour-graded form
showing maximum velocities of the stormwater flow for
1 per cent annual exceedance probability storm events
as well as the extent of flooding for such an event.
Figure 10‑16 displays such a storm event with the current
stormwater infrastructure, and Figure 10‑17 shows the
situation for the NRP and other future works.
The computer software model used to calculate
velocities through the swamp provides the results data in
three-dimensional ‘blocks’ consisting of a two metre by
two metre (water surface) area from the top of the water
to the base of the swamp.

While the computer software provides data in two metre
by two metre blocks, the surface level data input into
the software was created based on a ten metre by ten
metre grid with surface level data in between being
extrapolated, and subject to a variable amount of error
depending on the actual site topography.
Figure 10‑17 shows that the overland flow area is mostly
at 0.2 metres per second or less with some small
patches higher than the concept design velocity of
0.3 metres per second. From the overland flow area,
the water then drains down the swamp edge-slope
which can be seen by the generally higher velocities in
the figure. Most of the velocities on the slope are at the
concept design velocity of 0.3 metres per second or less,
with some areas higher.
The modelling has shown where the highest velocities
are going to occur and what the flow velocities will be
in those locations. The velocities that are above the
concept design value are slow enough to be managed
by increasing the flow resistance with local provenance
vegetation if detailed design still indicates that is needed.
The flow velocities draining through the swamp are
considered to pose little impact to fauna and vegetation.

Existing vegetation
Existing trees at edge
of Munday Swamp

Distance of bioengineered area
will vary depending on location

Figure 10‑15 Modified example of bioengineered and
hard landscaped flow control into Munday Swamp
Source: Syrinx Environmental (2017)

90

New Runway Project | Preliminary Draft Major Development Plan May 2018

10 Hydrology

Flow Velocities (m/s)
0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 10
NRP Area
Airport Boundary
0

200
METRES

Figure 10‑16 Map of existing velocities in norther portion of New Runway
Project area at one per cent annual exceedance probability storm
Source: Perth Airport Master Drainage Strategy (2017)
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Figure 10‑17 Map of ultimate velocities in norther portion of New Runway
Project Area, one per cent annual exceedance probability storm
Source: Perth Airport Master Drainage Strategy (2017)
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10.7.2.5 Munday Swamp Outlet
The new outlet structure will be built
outside the tree line of the swamp.
The existing fence and gravel access
road will become redundant and
pose no impediment to design or
construction.
The existing outlet channel between
the existing NMD and the swamp
outlet currently overflows its banks
in storm events larger than a one
exceedance per year. The area of
flooding will increase due to the
larger volumes of water that will
drain through the swamp. However,
currently there is no infrastructure
that will be affected, and there
will not be any new infrastructure
installed as part of the NRP that will
be affected.

10.7.2.6 Downstream of the New
Runway Project - Flooding

10.7.2.7 Downstream of the New
Runway Project – Water Quality

The existing NMD and the Munday
Swamp outlet channel converge
just upstream of the pipe under the
cross runway (06/24) emergency
access road. This point in the
stormwater network is one of
the flow restrictions mentioned
previously and holds back water and
provides an even flow output when
running full. Modelling indicates that
there is currently no flooding over
this road in the 1 per cent annual
exceedance probability storm event.

Due to the NMD flow draining
through the treatment train
upstream of Munday Swamp, the
large majority of pollutants will be
stripped from the flow at that point.
This will provide a positive benefit
to the water quality in the NMD
downstream of Munday Swamp and
into the Swan River.

The NMD peak flows are generated
upstream of the estate and arrive
after the peak flows generated on the
estate have drained off the estate. The
realigned NMD will have the upstream
flows draining into the infiltration
basin storage which will capture
most of that flow volume thereby
reducing the total flows reaching
the emergency access road culvert.
Therefore, the NRP infrastructure will
not cause an increase in the flood
level upstream of the cross runway
(06/24) emergency access road
culvert. The water level will be lower
than the current situation.

One EY

Ten
per cent
AEP

Two
per cent
AEP

One
per cent
AEP

Existing Peak Water Levels
(metres AHD)

22.93

23.17

23.31

23.39

NRP Peak Water Levels
(metres AHD)

22.85

23.07

23.23

23.30

Impact - Change in Peak
Water Level (metres)

-0.08

-0.10

-0.08

-0.09

Storm Event

Table 10‑3 Water level changes in the Northern Main Drain at the Perth Airport
estate boundary
Source: Perth Airport Master Drainage Strategy 2017
Note: AEP - annual exceedance probability. AHD - Australian height datum

One EY

Ten
per cent
AEP

Two
per cent
AEP

One
per cent
AEP

Existing Peak Water Levels
(metres AHD)

23.34

23.65

23.83

23.92

NRP Peak Water Levels
(metres AHD)

23.33

23.63

23.80

23.90

Impact - Change in Peak
Water Level (metres)

-0.01

-0.02

-0.03

-0.02

Storm Event

10.7.2.8 High Wycombe and
Macao Road Branch Drains
The invert levels of the High
Wycombe and the Macao Road
branch drains are 0.09 metres above
Munday Swamp’s 1 per cent annual
exceedance probability top water
level. This means that there will
not be any downstream conditions
affecting flow in these drains. There
will also be no impact to these
drains or the land abutting them.

10.7.2.9 Poison Gully
The larger capacity open channels
of the NMD on the estate influence
peak-water levels upstream of the
estate by lowering them. This is
due to the size of the new open
channel being designed to convey
larger flows. This influence extends
upstream to the edge of the flood
model at Abernethy Road.
Table 10‑3 and Table 10‑4 show the
water levels at the estate boundary
and Abernethy Road.
The modelling data in Table 10‑3
and Table 10‑4 is based on a fulllength open channel down to the
infiltration basin just upstream of
Munday Swamp. If piped sections
are required, then this would be
modelled as part of detailed design.
Any piped sections will have an
overflow path designed above, or
past the piped sections so there
will not be a detrimental impact
upstream.

Table 10‑4 Water level changes in the Northern Main Drain at Abernethy Road
Source: Perth Airport Master Drainage Strategy 2017
Note: AEP - annual exceedance probability. AHD - Australian height datum
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10.7.3 Southern Main Drain

10.7.3.4 Downstream of the NRP

10.7.3.1 East Channel

The new open channel between the
NRP and Horrie Miller Drive will be
constructed to contain the 1 per cent
annual exceedance probability storm
event. The design of this section
of open channel and the NRP
stormwater infrastructure is based
on the peak flow rate in the existing
pipes under Horrie Miller Drive
being controlled to a rate based on
the capacity of the downstream
infrastructure.

The size of the section of SMD on
the estate will be based on the
limitation of the upstream external
section. The 1 per cent annual
exceedance probability storm event
modelling has shown that flooding
of the external channel is still limited
to the western bank overflowing but
this water will drain into the basin.
Flood modelling indicates there will
be no flooding within the estate with
this concept.

10.7.3.2 Detention Storage Basin
This basin will be designed to cater
for the 1 per cent annual exceedance
probability storm event. Flood
modelling has shown that the top
water level is 210 millimetres below
the Water Corporation limit.

10.7.3.3 West Channel
This channel will be designed to
cater for the 1 per cent annual
exceedance probability storm event.
Flood modelling of this concept
indicates that there will not be any
flooding within the estate.
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Downstream of Horrie Miller Drive
a new section of SMD will be
constructed to meet up with the
existing SMD where it reaches the
western airport boundary after
flowing under the existing 03/21
runway. The proposed concept
is for the alignment to drain
through another wetland that is
part of the larger area listed on
the Commonwealth Department
of the Environment and Energy’s
Directory of Important Wetlands in
Australia. This wetland is known
as Runway Swamp. This swamp is
similar to Munday Swamp due to
it being a freshwater wetland with
surface and groundwater inflows.
The surface water is predominantly
an expression of groundwater.
Assessment of the swamp has yet to
be undertaken but will be part of the
design process. The works for this
section of the SMD will be subject
to a separate approvals process
and will need to be constructed and
operating prior to the NRP works
diverting water into it.
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Stormwater modelling has
shown that changes to the SMD
infrastructure as part of the NRP
and the future concept realignment
through Runway Swamp will not
increase the peak flows being
discharged from the estate. In the
Perth Airport Master Plan 2014,
Perth Airport has stated that it will
provide stormwater infrastructure
that has the capacity to meet the
peak inflows and peak storage
requirements from upstream
sources as at 1997 values, as well as
provide relevant peak stormwater
storage requirements for all new
development within the airport
estate since 1997. Subject to the
suitable management of inflows
to 1997 flowing into the estate,
Perth Airport will control outflows
out of the estate and into external
infrastructure, water courses and
ultimately into the Swan River to the
same peak rates as per 1997.
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10.7.3.5 Crumpet Creek
The larger-capacity open channel
of the SMD and the detention
basin upstream of the new runway
influence peak water levels upstream
of the estate by raising them.
However, the increased top water
level heights are still lower than the
Water Corporation limit of 21.50
metres Australian height datum
(AHD) for the detention basin. This
section of channel upstream to
Abernethy Road is directly influenced
by the water level in the basin.
A section of the SMD between the
estate and Abernethy Road has
stormwater storages as part of the
network. There is some undeveloped
land to the north of the storage
areas and modelling has shown
that the land at its current level
will partially flood in the 1 per cent
annual exceedance probability
storm event. It is expected that any
development of the land to the
north of the detention/retention
area will manage this partial flooding
because the 1 per cent annual
exceedance probability design

flood level is a standard planning
consideration for the City of
Kalamunda. This would be expected
to be addressed in any development
application lodged to, and then
checked by the City.
Due to the small amount of
stormwater volume that encroaches
the land, any loss of storage area
on the land north of the detention/
retention area will not raise the 1 per
cent annual exceedance probability
top water level up to the Water
Corporation’s limit. Table 10‑5 and
Table 10‑6 show the water levels
at the estate boundary and
Abernethy Road.
The modelling data in Table 10‑5 and
Table 10‑6 is based on a full-length
open channel down to the detention
basin. If piped sections are required,
this would be modelled as part of
the detailed design. Any increased
flooding due to the piped sections
will have an overflow path directly
into the basin so there will not be
any increased impact upstream.

One EY

Ten
per cent
AEP

Two
per cent
AEP

One
per cent
AEP

Existing Peak Water Levels
(metres AHD)

20.36

20.61

20.65

20.66

NRP Peak Water Levels
(metres AHD)

20.75

21.06

21.23

21.29

Impact - Change in Peak
Water Level (metres)

0.39

0.45

0.58

0.63

Storm Event

Table 10‑5 Water level changes in the Southern Main Drain at the Perth Airport
estate boundary
Source: Perth Airport Master Drainage Strategy 2017
Note: AEP - annual exceedance probability. AHD - Australian height datum

Storm Event

One EY

Ten
per cent
AEP

Two
per cent
AEP

One
per cent
AEP

Existing Peak Water Levels
(metres AHD)

20.59

20.94

21.12

21.19

NRP Peak Water Levels
(metres AHD)

20.75

21.07

21.25

21.33

Impact - Change in Peak
Water Level (metres)

0.16

0.13

0.13

0.14

10.7.4 Groundwater
Scenarios that were modelled as
part of the impacts assessment
were:
•• Post NMD and SMD changes,
•• Post NRP Pavement construction,
•• Post NRP - Seasonal High
Groundwater Level, and
•• Post NRP - Seasonal Low
Groundwater Level
The modelling results for the
seasonal low situation indicate
that there will be minimal to zero
changes across the NRP area and
beyond. The largest impacts are for
the seasonal high situation.
The predicted seasonal high
groundwater levels for the
changes due to the NMD and SMD
realignments will provide a localised
lowering of the groundwater on
the new alignments of up to 0.4
metres at the drains, with the affect
decreasing as the distance from the
drains increases. There is a localised
increase of up to 0.4 metres where
the superseded drain alignments will
be filled in and similarly this effect
declines as the distance from the old
drains increases.
The new runway and taxiway
pavements will reduce the
proportion of sandy soils that rainfall
currently infiltrates in to. Rainfall
runoff from the new pavements
will flow into surface drains and the
proportion that does not infiltrate
within the drains will be removed
from the area draining ultimately
into the NMD or the SMD. The
reduction in groundwater recharge
is expected to result in a long
term and permanent decline in
groundwater levels. For the seasonal
high situation, the large majority
of the NRP area will see a lowering
of approximately 0.1 metres with a
maximum of just over 0.2 metres
approximately midway along the
runway. Since the changes produce
a lowering of the seasonal high
levels, the changes are within
existing seasonal changes which are
generally between 1.0 and 1.8 metres
between the wet and dry seasons.

Table 10‑6 Water level changes in the Southern Main Drain at Abernethy Road
Source: Perth Airport Master Drainage Strategy 2017
Note: AEP - annual exceedance probability. AHD - Australian height datum

New Runway Project | Volume B: Environment, Heritage and Traffic Assessment

95

10 Hydrology

Since the modelled long term
seasonal low levels show minimal
change and the season high levels
will not be higher than existing
groundwater levels, the structures
within the ‘NRP impact zone’ will not
be impacted.
The long-term change to seasonal
high groundwater levels at Munday
Swamp will be approximately 150
millimetres. Whilst there will be
effects to vegetation and fauna
within the swamp, these are likely
to be within the tolerance limits of
most species, albeit some localised
changes to species composition is
probable. The surface stormwater
inflow is a major control factor,
that in effect, compensates for
the predicted changes to the
groundwater levels.

10.7.5 Water Quality
Perth Airport have been monitoring
surface water and groundwater
since being granted the lease in
1997. Results are submitted to
the Commonwealth Department
of Infrastructure, Regional
Development and Cities. The
monitoring program covers the
estate and is a risk based approach
with higher risk areas/locations with
‘high’ readings being monitored
more often than other areas.
The majority of drainage excavation
will be in sandy soils which are
prone to erosion unless stabilised
by vegetation, rock lining or
engineering structures. This issue
will be highlighted in the detailed
design process. Potential impacts to
surface water quality are described
in Section 9.

10.7.6 Environmental
Impacts

Realignment of NMD into Munday
Swamp – Ecological Protection

An assessment of the potential
hydrological and environmental
value impacts due to proposed
changes in stormwater infrastructure
was undertaken in accordance with
the impact assessment framework
outlined in Section 8. There are
several relevant impacts that are
also detailed in Section 9.

Pollution capturing devices will be
incorporated into the NMD upstream
of Munday Swamp. The NMD flow
will drain through a gross pollutant
basin, contaminant basin and
then into an infiltration basin. The
contaminant basin is where most
of the weed seeds and propagules
will be captured. The infiltration
basin that is downstream of this will
capture any remaining non-soluble
pollutants. Section 11 discusses
the impacts of weeds being within
Munday Swamp.

Excavation of Open Channels –
Diversion of ‘First Flow’ Water
The flow of water into a new channel
needs to be controlled so that an
initial wall of water does not cause
erosion of soil from the banks and
base of the stormwater channels.
This requires attention to design
of erosion control elements and
for these to be operational at ‘day
of opening’, plus attention to the
methodology of letting water into
the channel for the first time so
that it does not exceed normal flow
design parameters.
Open Channel Levels Lowering
Groundwater Levels
The peak seasonal high groundwater
levels will undergo a change to be
permanently lower in some areas
within the NRP and externally. Most
of the affected area is in the range
of zero to 200 millimetres lower
with an isolated pocket within the
realigned NMD being up to 400
millimetres lower.
Structures would only be affected if
the seasonal high groundwater level
was to be higher or the season low
groundwater level was to be lower.
Since this is not the case there will
not be any impact to structures.
Realignment of NMD into Munday
Swamp - Increased Flows
During larger rainfall events, which
are expected to occur less than once
per year, there will be additional
stormwater flowing into Munday
Swamp than currently exists. The
results of stormwater modelling of
the water flowing into and through
Munday Swamp have been assessed
and it was determined that the peak
water levels and times of inundation
are within the tolerances of the
swamp and its associated flora and
fauna.
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The infiltration basin will capture
and infiltrate all flows from storm
events that occur once per year
or more often. Based on historical
rainfall information recorded at the
Perth Airport Bureau of Meteorology
weather station, this basin will
infiltrate approximately 80 per cent
of all water from upstream of the
airport in the NMD catchment.
Stormwater Runoff Draining Directly
into Munday Swamp
Any areas from the NRP works
where rainfall runoff is likely to drain
directly into Munday Swamp will
have this runoff intercepted. This
water will either be treated via a
biofilter and then released towards
the swamp, or it may be directed
to the local drains in the taxiway
network which bypass the swamp.
The most suitable option will be
determined during the detailed
design stage. This will generally
affect the area west of the proposed
runway at the northern end, as
well as part of the taxiway network
that is closest to Munday Swamp.
Rainfall runoff from areas of the NRP
works that drain into the NMD will
be treated via the treatment train
previously described.
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Groundwater Level Fluctuations
from Dewatering Activities
Any dewatering activities that are
required during the construction
phase are likely to cause localised
groundwater levels to decline.
The location, degree and timing
of dewatering will be assessed
and managed to help ensure that
any negative impacts are nil or
within accepted tolerances of any
flora, fauna or infrastructure within
the impact zone. The results of
groundwater modelling will be
used to inform the management of
dewatering activities.
Dewatering plans will be determined
at the beginning of the construction
phase.
Increased Stormwater Runoff
and Changes to Hydrogeological
Regimes
Currently, rainfall occurring
across the NRP area either results
in recharge to the underlying
groundwater table or run-off
from less permeable areas such
as pavements. Once the NRP
runway and taxiway pavements
are constructed, the proportion
of sandy surface soils (which
currently cover most of the site) will
be significantly reduced. Rainfall
occurring over the new pavement
areas will flow across grassed areas
towards surface-water drains within
the airfield. Any stormwater that
does not infiltrate over the grassed
areas will flow into those drains and
be largely removed from the site as
stormwater runoff. This will result in
a reduction in the amount of rainfall
which infiltrates and contributes to
localised groundwater recharge. This
reduction in groundwater recharge
across the proposed NRP pavement
areas has been modelled and the
results indicate that this may lead to
long-term and permanent decline
in groundwater levels within the
NRP area of just over 0.2 metres.
The possible decline in groundwater
levels external to the NRP area will
be limited to less than 0.15 metres.

Modelling work undertaken to
date suggests that the predicted
changes in groundwater levels are
less than typical seasonal variability
(i.e. greater than between 0.6 metre
to 1.6 metres depending on site
location). It is therefore interpreted
that negative impacts to due
groundwater levels are very unlikely.
Contamination and Mobilisation
of Affected Surface Water and
Groundwater
Dewatering of in-situ acid sulfate
soils during construction and
subsequent acidification of soil and
groundwater is a potential impact
where groundwater level drawdown
is greater than typical seasonal
variability (i.e. greater than between
0.6 metre to 1.6 metres depending
on site location). Oxidation of
acid sulfate soils can lead to the
release of acidity and lowering
of groundwater pH. Acidified
groundwater can dissolve metals
that are otherwise stable in the soil
matrix, and results in elevated metal
concentrations in groundwater.
Acidic groundwater containing
elevated metals poses a significant
risk for downgradient groundwater
dependent ecosystems, vegetation
and groundwater users (i.e. garden
and irrigation wells).
Reduction of water quality from
erosion and sedimentation of
surface water channels during
construction is also a potential
impact, because of vegetation
clearing, excavation and earthworks
which may create destabilised
surfaces and banks. The decreased
infiltration levels would also lead to
increased surface and stormwater
flows into surrounding areas. The
potential for contamination of
surface and groundwater from
chemical or fuel spills is temporarily
increased due to construction
activities. Surface water runoff
has the potential to mobilise
contaminated water beyond the
estate boundary.

Changes to Contaminants that
may affect Flora and Fauna in
Munday Swamp
The new drainage system
constructed as part of the new
runway project is likely to intercept
potentially contaminated soils
and waters (including the highly
recalcitrant emerging contaminants,
PFOS/PFAS) when creating the new
drainage system. Acid sulfate soils
can also be expected due to the
known presence of coffee rock as
well as peats and clays.
These impacts are considered to
be able to be effectively managed
following appropriate baseline
investigations, the preparation of
appropriate management plans and
the implementation of best practice
measures, including sediment
capture barriers and liming. A PFOS/
PFAS strategy will be developed
based on the latest guidelines at the
time.
The current runway designs also
propose that some stormwater from
the taxiway network is directed
towards Munday Swamp. This water
can carry particulate contaminants
including hydrocarbons, surfactants,
nutrients and sediments, which, if
not intercepted and treated, will
impact on the water quality within
Munday Swamp and degrade
habitat quality. As such, the detailed
design stage will incorporate
structural controls to intercept
and treat run-off (via swales and
biofilters or similar).
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10.8 Mitigation
Standard mitigation measures such
as implementation of management
plans will be in place during the
construction and operational phases
of the NRP, and additional mitigation
measures have been developed
to manage environmental impacts
discussed in the previous section.
These standard mitigation measures
are outlined in the following section.

10.8.1 Standard Mitigation
Measures
To manage the risk of impacting
wetland and ecosystem health,
acidification of in-situ acid sulfate
soil, surrounding groundwater users
and settlement of surrounding
structures, the management of
groundwater level drawdown is
important. Flora, vegetation and
fauna are susceptible to changes
in water levels, water quality and
associated impacts to their habitats.
A list of standard mitigation
measures typically employed
to minimise groundwater level
drawdown during construction
dewatering is provided below:
•• staging of dewatering operations
to minimise the area over which
the required groundwater level
drawdown is required at any
given time,
•• development of a Dewatering
Management Plan (DMP)
specific to the construction
dewatering activities that
outlines the acceptable amount
of groundwater level drawdown
allowed before potential impacts
occur. It should be noted that a
DMP would typically outline a
regime of groundwater level and
quality monitoring for comparison
to a set of acceptance criteria.
Where these criteria are not met,
the mitigation is typically to cease
dewatering until such a time as
the construction dewatering can
be carried out without causing the
potential impacts, and
•• engineering and design controls
to account for these expected
changes in levels.
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Implementation of a CEMP, which
outlines the following mitigation
measures, would also contribute to
the reduction of impact risk to the
environment:
•• acid sulfate soil-management
measures during ground
disturbance activities,
•• spill and emergency response
measures, e.g. for chemical spills
such as fuel,
•• regular monitoring of groundwater
and surface-water quality to
inform ongoing management
actions, and
•• soil and erosion management
measures and monitoring
requirements.
Locations where long-term
groundwater levels rise will occur as
indicated by groundwater modelling
results ,by decommissioning and
infilling of the existing NMD and
SMD to a level that will be higher
than the predicted rise. Therefore,
there will not be any additional open
water areas created.

10.8.2 Additional Mitigation
Measures
Additional mitigation-management
measures have been identified
where the initial risk levels were
identified as medium or higher after
the standard mitigation measures
have been applied.
Introduction and Spread of Weeds
in Munday Swamp
Prolonged inundation can have
some positive and negative
effects on the weeds within the
wetland. Positive impacts would
be a reduction of weeds within the
wetland basin. Negative effects
would be the proliferation of weeds
alongside wetland margins.
The potential increase in the risk
of weeds and pollution entering
Munday Swamp has been identified
as a medium risk. Any disturbance
of the pollutants (weed seeds
and propagules) captured in the
upstream treatment train can
be minimised in the detailed
design phase by use of high-level
overflow structures or similar
engineered elements. Management

New Runway Project | Preliminary Draft Major Development Plan May 2018

of contamination and nutrient
transport that may affect vegetation
growth will be monitored and
managed in line with Perth Airport’s
environment strategy. Weed
management within the Munday
Swamp area will continue to be
undertaken as required.
Section 11 discusses the effects of
weeds in Munday Swamp.
Groundwater Level Fluctuations at
Munday Swamp
The groundwater modelling
undertaken has been at a scale for
the whole project area and beyond
as required, and not targeted to
specific areas such as Munday
Swamp. Therefore, the results are
not detailed enough to undertake
an assessment using only that
groundwater data.
The assessment of impacts due to
groundwater changes at Munday
Swamp was undertaken by
extrapolating groundwater changes
to water levels provided from the
stormwater modelling to represent
the general change in groundwater
level effects. There is an assumption
that no inflows are received from
surface water and therefore the
results are a worst case scenario.
For the seasonal low (SummerAutumn period) the largest
difference is expected to be 40
millimetres lower at some small
permanent pools in the northern
area of the swamp. These pools
may transition from inundated
(permanent pool) to saturated
(seasonal sumpland); the extent
of which will depend on the
frequency of surface water inputs
in summer (mostly expected via
the Water Corporation branch
drains). However, it is likely this shift
may become permanent given the
trajectory of a drying climate.
Direct rainfall contributions within
the swamp are sufficient each
winter to overprint the groundwater
effects in terms of a wetted
perimeter. Inflow from the two
Water Corporation branch drains is
likely to compensate for the altered
groundwater relatively quickly.

10 Hydrology

The assessment concluded
that the predicted changes to
groundwater levels (and surface
water flows) is not considered to
cause a significant impact to the
wetland or associated groundwater
dependent vegetation. Whilst there
will be effects, these are likely to
be within the tolerance limits of
most species, albeit some localised
changes to species composition is
probable. The surface stormwater is
a major control factor that in effect
compensates for the predicted
changes to groundwater levels.

over the three-hectare site if there
was water in the basin. Spills of that
magnitude occur over a larger time
frame enabling response teams to
stop/intercept spills downstream
of the source. There would also
be infiltration into the soil along
the NMD prior to reaching the
proposed treatment train consisting
of the gross pollutant trap, the
contaminant basin and finally the
infiltration basin. The need for a fuel
water separator will be assessed
during the detailed design phase.

A more detailed groundwater
model will be created as part
of the detailed design stage to
provide data for the design of the
infiltration basin. If localised impacts
around the swamp are found to be
unsatisfactory, then contingency
measures can be applied to provide
more water such as allowing some
treated surface water flow from the
infiltration basin area.

Maintenance of the treatment train
elements on the NMD upstream
of Munday Swamp is required.
Perth Airport has a Maintenance
Management System (MMS) where
programmed maintenance items
are output and the inspection of the
three basin areas (gross pollutant,
contaminant and infiltration) will be
added into the MMS system. This
will help ensure that the basins all
maintain the minimum capacity
required to operate as designed.

Contamination of Stormwater from
Upstream Sources
Gross pollutants and oil or chemical
spills from upstream are possible
risks to the NMD and SMD. Removal
of garbage, papers and cardboard
plus small (based on volume) oil
spills can be managed by the Perth
Airport Environment team. Large
oil spills and chemical spills would
be notified to the Airport Control
Centre (ACC) to action a spill
response procedure which includes
emergency services.
With Munday Swamp proposed to
be part of the NMD, the most likely
pollutant to cause a major adverse
consequence is a possible major fuel
spill. If a B-double tanker carrying
80,000 litres of fuel was to spill its
entire load from both tanks prior to
emergency services responding on
site, and that fuel was to drain to
the infiltration basin it would create
a film of fuel 2.7 millimetres thick

10.8.3 Future Design and
Management Plans
Further groundwater and
stormwater modelling will be
undertaken to further refine the
groundwater changes information
and confirm the degree of the
impacts that have been identified.
This work will then be used
for detailed design as well as
developing parts of management
plans. (e.g. management of Acid
Sulfate Soils in the CEMP)

Increased Sediment Loading

Accidental Spills or Leaks During
Construction
Selection of low impact or low
toxicity chemicals for use during
construction is a way of minimising
any negative impact in the event
that there is an accidental spill. Site
planning of storage areas can be
undertaken based on risk of damage
downstream of the store.
Acid Sulphate Soils and Other
Contaminants
Management of issues relating to
Per- and poly-fluoroalkyl substances
(PFAS) is to be undertaken based on
guidelines available at the time. For
further information on PFAS relating
to the NRP refer to Section 9.
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10.8.4 Summary of Impacts
A summary of the impacts identified, standard and additional mitigation measures and the residual impacts are
detailed in Table 10‑7.
Initial Assessment
Impacting
Impact
Process
Detail
Realignment of Flooding
open channels
(NMD & SMD) and
other stormwater
infrastructure

Project
Phase
Operation

Realignment of
open channels
(NMD & SMD)
– Diversion of
channel water

Construction Design Moderate
Scope of Design Works Adverse
brief to specifically
state a requirement for:
•• erosion control
design elements
for soil types being
excavated
•• requirement for
erosion design report
or an erosion control
section in a design
report
•• peer review of
erosion control
design report and
drawings

First flow of
water into new
drains results
in erosion and
sediment plumes
downstream

Standard
Significance/
Mitigation
Consequence Likelihood
Design –
Negligible
Unlikely
•• Concept design as
per Master Drainage
Strategy
•• Hydrology/Flood
modelling of detailed
design

Residual Assessment
Initial
Risk
Very
low

Additional
Mitigation
No additional
mitigation
measures
identified

Unlikely

Low

No additional
mitigation
measures
identified

Unlikely

Low

No additional
mitigation
measures
identified

Construction
phasing to allow
stabilisation elements
to be functioning as
designed prior to
opening of drains to
water flows
Realignment of
open channels
(NMD & SMD)
– Diversion of
channel water

First flow of
water into new
drains results
in erosion and
sediment plumes
downstream

Construction Construction Moderate
•• contractor to submit Adverse
a methodology for
diverting first water
into new drains
for approval by a
qualified stormwater
engineer, or
•• a methodology for
diverting first water
into new drains to
be developed by a
qualified stormwater
engineer

Realignment of
open channels
(NMD & SMD) Earthworks

Infill of existing
Operation
sections of NMD
and SMD allows
groundwater flows
in those areas to
be reinstated to an
environment that is
not open to air or
able to be released
into surface water
flows

Infill of existing
sections of open
channel

Beneficial

Table 10‑7 Summary of impacts, risks and mitigation measures - hydrology
Source: Perth Airport
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Residual
Significance Likelihood Risk

10 Hydrology

Initial Assessment

Residual Assessment

Impacting
Process
Realignment of
open channels
(NMD & SMD) –
outside Munday
Swamp area

Impact
Project
Detail
Phase
Open channel
Operation
levels being lower
than groundwater
resulting in nearby
groundwater levels
being lowered
and negatively
affecting
vegetation

Standard
Mitigation
Design:

Significance/
Consequence Likelihood
Moderate
Unlikely
Adverse
Drain levels to be at or
above Master Drainage
Strategy 2017 concept
design levels

Initial
Risk
Low

Additional
Mitigation
No additional
mitigation
measures
identified

Realignment of
open channels
(NMD & SMD)

Open channel
Operation
levels being lower
than groundwater
resulting in Acid
Sulfate Soil
contaminants
being released to
surface water

Moderate
Acid Sulfate Soils
Adverse
and Dewatering
Management Plan to
be undertaken prior to
relevant works being
undertaken. Creation of
Plan to be informed by
groundwater modelling
results

Unlikely

Low

No additional
mitigation
measures
identified

Unlikely

Low

No additional
mitigation
measures
identified

High Adverse Highly
Unlikely

Low

No additional
mitigation
measures
identified

Residual
Significance Likelihood Risk

Ongoing monitoring
of water quality to
determine if treatment
required post
construction
Realignment of
open channels
(NMD & SMD)

Realignment of
open channel
(NMD) – Munday
Swamp

Realignment of
open channel
(NMD) – Munday
Swamp

Moderately
Drain levels to be at or Adverse
above Master Drainage
Strategy 2017 concept
design levels

Open channel
Operation
levels being lower
than groundwater
resulting in nearby
groundwater levels
being lowered
and negatively
affecting nearby
structures

Design:

Increased flows
Operation
into Munday
Swamp changing
normal water level,
flood levels and
flood inundation
times creating a
negative ecological
impact

Design:

Introduction and Operation
spread of weeds
in Munday Swamp
affecting native
flora and fauna
habitat

Upstream treatment Moderate
train to include a
Adverse
contaminant basin and
a vegetated infiltration
basin sized to fully
infiltrate up to one
exceedance per year
storm to capture weed
propagules

NRP impermeable area
to be at or less than
Preliminary Design

Infiltration basin to be
constructed upstream
to contain the one
exceedance per year
storm
Design of swamp
outlet to manage
outflows to minimise
any change from
existing situation levels
and inundation period
to within flora and
fauna tolerances

Possible

Medium Engagement
with upstream
stakeholders

Moderate
Adverse

Unlikely

Low

Active weed
management
of the NMD,
gross pollutant,
contaminant and
infiltration basins
post development

Table 10‑7 Summary of impacts, risks and mitigation measures - hydrology (Continued)
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Initial Assessment
Significance/
Consequence Likelihood
Moderate
Unlikely
Adverse

Residual Assessment

Impacting
Process
Realignment of
open channel
(NMD) – Munday
Swamp

Impact
Project
Detail
Phase
Increased
Operation
metals, nutrients,
hydrocarbons and
other pollutants
in water affecting
vegetation growth
and fauna

Standard
Mitigation
Incorporate Water
Sensitive Urban
Design into NMD
catchment as per
engineered treatment
train described in the
‘Infiltration Storage’
section:
•• Gross pollutant basin
•• Contaminant basin
•• Vegetated infiltration
basin to fully infiltrate
up to one eventper-year
•• Monitoring of water
quality

Initial
Risk
Low

Additional
Mitigation
No additional
mitigation
measures
identified

Possible

Low

No additional
mitigation
measures
identified

Highly
Unlikely

Low

No additional
mitigation
measures
identified

Realignment of
open channels
(NMD) – Munday
Swamp

Ecological impacts Operation
from large
(greater than one
exceedance per
year) storm events

Design of swamp
Minor
outlet to manage
Adverse
outflows to minimise
any change from
existing situation levels
and inundation period
to within flora and
fauna tolerances

Realignment of
open channels
(NMD)

Gross pollutants
Operation
and minor (based
on volume) oil/
chemical spills,
most likely from
upstream sources
entering Munday
Swamp

Engineered treatment Moderate
train as described in
Adverse
the ‘Infiltration Storage’
section

Realignment of
open channels
(NMD)

Groundwater level Operation
fluctuations at
Munday Swamp
negatively
affecting flora and
fauna

Design:

High Adverse Unlikely

Medium Detailed
High
groundwater
Adverse
modelling
specifically for
the Munday
Swamp area to be
undertaken to a
sufficient degree
of detail to inform
design

Highly
Unlikely

Low

NMD Contamination
of surface water
from upstream
sources

Major (based
Operation
on volume) oil/
chemical spills,
most likely from
upstream sources
entering Munday
Swamp

Engineered treatment Major Adverse Highly
train as described in
Unlikely
the ‘Infiltration Storage’
section

High
Medium Incident to be
notified to Airport Adverse
Control Centre
(ACC) to action
a spill response
procedure
which includes
emergency
services

Highly
Unlikely

Low

Stormwater from
NRP area draining
directly into
Munday Swamp

Transport of
Operation
pollution directly
into the swamp
negatively
affecting flora and
fauna

Design:

Unlikely

Low

No additional
mitigation
measures
identified

Vegetation
Clearing

Groundwater
levels raised
and negatively
affecting nearby
structures

Unlikely

Low

No additional
mitigation
measures
identified

Drain levels to be at or
above Master Drainage
Strategy 2017 concept
design levels

Any stormwater that
would drain directly
to the swamp to be
captured in a swale
and treated before
being released or
directed to other
local drains not in the
swamps catchment

Moderate
Adverse

Construction Nil - Modelling has
Moderately
shown that changes
adverse
to groundwater levels
are less than typical
seasonal variability

Table 10‑7 Summary of impacts, risks and mitigation measures - hydrology (Continued)
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Residual
Significance Likelihood Risk

10 Hydrology

Initial Assessment
Impacting
Process
Realignment of
open channels
(NMD)

Impact
Project
Detail
Phase
NMD realignment Operation
with increased
sediment loads,
turbidity reporting
to Munday Swamp
impacting local
water dependent
flora and fauna

Standard
Significance/
Mitigation
Consequence Likelihood
•• Integration of a gross High Adverse Unlikely
pollutant control
basin and infiltration
basin upstream of
Munday Swamp in
the design.
•• Sediment to be
captured in gross
pollutant basin
prior to entering
infiltration basin.
•• Regular monitoring
and maintenance
of gross pollutant
basin via PAPL MMS
system
•• Regular monitoring
of surface water
downstream of the
gross pollutant basin
i.e. within Munday
Swamp via PAPL
MMS system.

Residual Assessment
Initial
Additional
Risk
Mitigation
Medium Maintenance of
the treatment
train pollution
capturing
elements to
help ensure
that capacity
is available for
pollutants

Residual
Significance Likelihood Risk
Moderate
Highly
Low
Adverse
unlikely

Design of
area between
infiltration storage
and swamp to be
bioengineered
to provide a high
Manning value to
keep stormwater
velocity low
enough to avoid
sands and gravels
being carried by
water

Design to consider
plant species and
other requirements to
minimise bird strike
risk
Construction of
NRP pavement
(change of rainfall
recharge)

Change in rainfall Operation
recharge pattern
resulting in
groundwater level
drawdown beneath
new runway and
taxiways (the
cumulative effect
of decrease in
infiltration due
to increase in
paved surface and
runoff via drains,
versus increase
infiltration in areas
that are currently
vegetated but will
be cleared)

Earthworks (ex
NMD & SMD)

Soil disturbance
causing erosion
and sediment
mobilisation
to local and
downstream
environments

Nil - Modelling has
Negligible
shown that changes
to groundwater levels
are less than typical
seasonal variability

Construction Implementation of
Minor
a CEMP including
Adverse
site-specific erosion
and sediment control
plan(s):
•• implementation of
staged development
planning and
installation of water
quality and erosion
and sediment control
measures prior to
construction,
•• regular monitoring
and maintenance of
water quality control
and treatment
measures, and
•• regular monitoring
of surface water
downstream of the
project.

Highly
Unlikely

Low

No additional
mitigation
measures
identified

Possible

Low

No additional
mitigation
measures
identified

Table 10‑7 Summary of impacts, risks and mitigation measures - hydrology (Continued)
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Initial Assessment
Impacting
Process
Normal
construction
operations
- Accidental
chemical, fuel
spills or other
dangerous goods

Impact
Project
Detail
Phase
Accidental spills
Construction
or leaks from
construction
equipment
mobilised by
stormwater runoff
into the surfacewater drainage
system

Standard
Mitigation
CEMP to include:
•• appropriate
measures for the
storage and use
of hazardous
substances as
per statutory
requirements
•• spill response
procedures
•• regular maintenance
of vehicles to prevent
leaks or spills
•• Monitoring of
construction water
quality control
measures

Significance/
Consequence Likelihood
Moderate
Possible
Adverse
(dependent
upon nature,
quantity and
timing of spill
or leak)

Residual Assessment
Initial
Additional
Residual
Risk
Mitigation
Significance Likelihood Risk
Possible
Low
Medium Select low impact Minor
Adverse
or low toxicity
chemicals during
construction
Physical spill
containment
bunds/barriers
Pumping options
to remove
contaminated
surface waters
Incident
register to be
monitored to
identify recurring
problems which
can then inform
maintenance
programs

Earthworks Dewatering

Groundwater
Construction Acid Sulfate Soils
Moderate
level fluctuations
and Dewatering
Adverse
from dewatering
Management Plan to
activities causing
be undertaken prior to
negative impacts
relevant works being
to Munday Swamp,
undertaken. Creation of
flora or structures
Plan to be informed by
groundwater modelling
results. Plan to stage
construction to avoid
any negative impacts

Unlikely

Low

No additional
mitigation
measures
identified

Earthworks Dewatering

Release of Acid
Sulfate Soil
contaminants

Unlikely

Low

No additional
mitigation
measures
identified

Earthworks (ex
NMD & SMD)

Increased erosion Operation
and sediment
mobilisation from
NRP area after
construction
to local and
downstream
environments from
runoff from nonstabilised areas

Possible

Low

No additional
mitigation
measures
identified

Construction Acid Sulfate Soils
Moderate
and Dewatering
Adverse
Management Plan to
be undertaken prior to
relevant works being
undertaken. Creation of
Plan to be informed by
groundwater modelling
results. Plan to stage
construction to avoid
any negative impacts
Rehabilitation of
Minor
disturbed areas to
Adverse
occur as part of the
construction phase
and to continue to be
monitored in Operation
phase
•• Progressive planting
and seeding as
construction
activities are
completed to
stabilise exposed
soils
•• Regular monitoring
and maintenance of
water quality control
and treatment
measures
•• Regular monitoring
of surface water
downstream of the
NRP

Table 10‑7 Summary of impacts, risks and mitigation measures - hydrology (Continued)
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Initial Assessment
Impacting
Process
Normal
construction
operations Excavations

Impact
Project
Detail
Phase
Exposure of Acid Construction
Sulfate Soil and
other contaminants
to surface-water
runoff which
may impact
surface water
and groundwater
quality and
ecological
receptors

Infill of southern Loss of storage
Operation
section of Munday area produces
Swamp
negative affects
due to changes in
peak water levels
and inundation
times

Residual Assessment

Standard
Mitigation
Acid Sulfate Soils
and Dewatering
Management Plan
including:
Release of treated
groundwater to
align with proposed
groundwater
management
strategies.

Significance/
Consequence Likelihood
Moderate
Possible
Adverse

Initial
Additional
Residual
Risk
Mitigation
Significance Likelihood Risk
Medium PFAS strategy
Moderate
Unlikely
Low
to be developed Adverse
based on latest
guidelines

Design to ensure that
peak water levels and
inundation times are
close to existing and
are within tolerance
levels of the wetland
flora and fauna.

High Adverse Highly
Unlikely

Low

No additional
mitigation
measures
identified

Table 10‑7 Summary of impacts, risks and mitigation measures - hydrology (Continued)

10.9 Conclusion
The major physical impacts to stormwater infrastructure
of the NRP are:
•• the NRP will fill in areas that are currently used as
stormwater storage, both excavated and naturally lowlying areas,
•• the existing overflow channel that drains stormwater
into Munday Swamp from the NMD in storm events
larger than one exceedance per year will be cut off due
to the taxiway layout, and
•• the required NMD realignment will result in Munday
Swamp receiving additional surface water in storm
events that are larger than a one exceedance per year
event.
The flood-modelling work undertaken as part of the
Master Drainage Strategy has shown that the storage
being lost for the NRP can be managed by incorporating
storage within the new storage areas and open channels
proposed for the NRP.
The realignment of the NMD will allow for stormwater to
continue to drain into Munday Swamp during rain events
larger than one exceedance per year, however, the total
volume will be more than the current situation. Potential
scouring of the swamp base and the banks by the water
draining through the swamp can be managed by design
of the infiltration basin and the area between that and
the swamp to control the water’s velocity. Any possible
negative hydrological effects on the flora and fauna
within the swamp due to the increase in water volume
can be negated or minimised through design of the
swamp’s new outlet structure to keep the depth of water
and its inundation time to levels that are tolerable to the
flora and fauna.

Construction and new runway operational impacts on
the stormwater infrastructure are detailed in Table 10‑7.
The residual risks were mostly assessed as low or very
low, with two retaining a medium risk to the NRP. The
potential increase in the risk of weeds and pollution
entering Munday swamp and increased metals, nutrients,
hydrocarbons and other pollutants in the water affecting
vegetation growth and fauna, have both been identified
as retaining a medium risk.
Any disturbance of the pollutants captured in the
upstream treatment train can be minimised in the
detailed design phase by use of high-level overflow
structures or similar engineered elements. Management
of contamination and nutrient transport that may
affect vegetation growth and fauna will be monitored
and managed in line with Perth Airport’s environment
strategy. Weed management within Munday Swamp area
will continue to be undertaken as required.
In summary, the studies and modelling undertaken
by Perth Airport suggest that potential hydrological
impacts can be adequately managed through the
implementation of the standard and additional
mitigation strategies outlined in this section.
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