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Southern Moreton Bay water quality simulation 

Source: BMT WBM (2005)



Urbanisation

Water Quantity Water Quality

Impacts



Population growth in Australia



SEQ Regional Plan 2023:
• “By 2046, our population is expected to be 

about six million. That’s an additional 2.2 
million people requiring almost 900,000 
new homes…”



The 2022 NSW Population 
Projections show:
• NSW is expected to grow on average by 

over 85,000 people each year until 
2041.

• Based on recent trends regional NSW's 
population will increase by 570,000 to 
3.7 million in 2041.

• Greater Sydney’s population will grow to 
approximately 6.1 million by 2041 — 
over a million more people than 
currently live in the region.

Source: https://www.planning.nsw.gov.au/research-and-demography/population-projections



What are the key 
catchment 

changes with 
urbanisation ?



Vegetation loss
Increased imperviousness
Increased hydraulic efficiency
Pollution 

Key catchment changes



Roofs
Roads
Driveways
Footpaths/ bikeways
etc.

Impervious areas

 Overseas studies have shown that up to 70% of the impervious areas of an urban catchment 
is transport-related, ie roads, driveways, and car-parks 

(Schueler  1987, cited in Wong et al 2000)



Reduced rainfall/ runoff interception
Reduced infiltration
Runoff transported much quicker/ 
intensely into waterways

Hydrological impacts of increased imperviousness (& vegetation loss)

 Brodie (2005) found that runoff from impervious areas would 
begin after no more than 2mm of rainfall as opposed to between 
15 and 25mm that was required before runoff would occur over 
pervious surfaces in the same area.

Me hugging a tree in Amazon ~ 2003
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Traditional 
stormwater 

management



Focused largely (if not entirely) on safely & economically conveying 
stormwater runoff from urban areas to receiving waterways 
Flood protection

Traditional Stormwater Management



‘Separate’ stormwater & wastewater

Traditional Stormwater Management (in Australia)

Me in a cellar/ basement in West Yorkshire, UK ~ 2002



Kerb-side channels & inlet pits

Pipes

Channels (‘natural’ or artificial)

Overland flow paths (e.g. streets, drainage areas)

Detention basins

Traditional Stormwater Management (in Australia)

Hydrological impacts (again)

Reduced rainfall/ runoff interception

Reduced infiltration

Runoff transported much quicker/ intensely into 
waterways



Hydrological change

Decreased time to peak flow-rate

Increased runoff peak FLOW-RATE

Increased runoff VOLUME

Source: Walsh et al., 2004
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Hydrological change

• Insert figure 3 from impact on 
stream ecology paper

(Source: Walsh et al, 2004).(Source: Walsh et al, 2004).

Decreased time to peak flow-rate

Increased runoff peak FLOW-RATE

Increased runoff VOLUME

Increased runoff FREQUENCY

 Smaller more frequent rainfall 
events that may have previously 
infiltrated in an undeveloped (e.g. 
forested) catchment generate 
runoff



Peak flow & imperviousness

Peak discharge from an urbanised 
catchment can be as much as 35 times that 
generated from a rural catchment

Difference most pronounced for 
FREQUENT (small) rainfall events  

(Source: Wong et al, 2000)

Source: Walsh et al., 2004



Peak flow & hydraulic efficiency

Increased hydraulic efficiency can account 
for up to 95% of the increase in peak 
discharge in an urbanised catchment 

(Source: Wong et al, 2000)

(Source: Wong et al, 2000)
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Build-up
Accumulation of pollutants surfaces

Via:
• Dry deposition or fallout (the settling of fine particles from 

the atmosphere)
• Accumulation of pollutants (e.g. fine particles, gross 

pollutants) from local sources
• Redistribution of surface pollutants by wind & traffic

Depends on:
• Rate of deposition
• Any removal by redistribution, decomposition, street 

sweeping/ wash-off

How does stormwater become polluted ?

Wash-off:
Removal of accumulated pollutants by rainfall & 
runoff  

Via:
• Rain-drop impact & flowing water loosens particles, which 

become suspended in water and conveyed downstream
• Pollutants washed out from the atmosphere by rainfall

(Source: Chiew et al, 1997)



(Source: Perera et al, 2021)



Majority of contaminants (that fall from the air, 
eroded from rocks or derived from plants/ 
animals) are taken up by processes within the 
forest or soil 

Potential contaminants are usually retained or 
removed by terrestrial processes in the 
catchment  

Water flowing in streams is usually of high 
quality
• very low levels of contaminants with high levels of 

dissolved oxygen

Forested catchments



Increases the amount of many contaminants in 
the catchment; and

Introduces a large number of potentially toxic 
contaminants that are not found at all in 
undeveloped catchments

Urbanisation

Source: UniNSW (2024)



Sediments
Nutrients
Heavy metals
Bacteria
Litter

 .... ‘emerging’ contaminants ?

Key pollutants in urban stormwater ?



‘Sediments’ = soil & other fine particles
Type: 
• Inorganic/ organic particulates

Key sources:
• Erosion
• Land degradation

Sediments



Enforce erosion & sediment control practices on construction sites

A “low hanging fruit” for healthier rivers

Healthy Land & Water (2022), Review of Erosion and Sediment Control in South East Queensland, Brisbane, Queensland, Healthy Land & Water. 

Estimated annual contributions of sediment to receiving waters in SEQ  
Figures are in tonnes/ year and percentage contribution from that land use/ activity  Source:  Hoban (2012)



Type: 
• Mainly nitrogen (N) & phosphorus (P)

Key sources:
• Erosion/ land degradation
• Roads
• Sewer overflows
• Industrial discharges
• Animal waste
• Fertilisers
• Domestic detergents
• Septic tank seepage
• Rainfall

Nutrients



Type: 
• Cd, Cr, Ni, Pb, Zn

Key sources:
• Roads 

• Vehicle emissions
• Wear from vehicle components (eg. tyres, brakes)

• Road/ pavement degradation
• Roofs 
• Erosion/ land degradation
• Atmospheric deposition (e.g. air pollution)
• etc.

Heavy metals



Type: 
• Faecal coliforms, pathogens

Key sources:
• Animals (domestic pets & birds)
• Sewer/ septic overflows/ leakage

Bacteria

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi974bSgcXPAhWIkpQKHbWbBsUQjRwIBw&url=http%3A%2F%2Fwww.wnd.com%2F2015%2F03%2Fthe-poo-generation%2F&psig=AFQjCNGE57Flxg4HLP5u97C6CXVAx5wXIA&ust=1475803240909021


Type: 
• Litter, vegetation
• Anything bigger than ~ 5mm

Key sources:
• Humans
• Vegetation

Gross pollutants

~15,000 cigarette butts collected by small group of volunteers on Gold Coast, 
December 2023













228 cigarette butts
88 plastic drink lids
44 cans
22 plastic cups
21 plastic straws

What is being captured?

8 Gully pit 
baskets in 

Western Sydney

~2720m2  urban 
road catchment

5 months
(2019)

850 bits of plastic, including:

130kg of sediment











What is being captured in GPTs ?

158 GPTs 
in a NSW LGA

1,044 GPT 
cleans

35 months
(2014-2016)

Source: Brad Dalrymple et al 2017

17%

39%

44%
Litter

Organics

Sediment

% by volume

1,693m3 
removed





Before

After



















Models the generation, transport & 
treatment of:
• Total Suspended Solids
• Total Nitrogen
• Total Phosphorus
• Gross Pollutants

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjAn-SqgsXPAhXBl5QKHR-PAgkQjRwIBw&url=http%3A%2F%2Fewater.org.au%2Fproducts%2Fmusic%2F&bvm=bv.134495766,d.cGc&psig=AFQjCNGcDPIf3MoAkf69arzMlk-UJ_dKgw&ust=1475803427917252


‘Emerging 
contaminants’



Microplastics



Microplastics – Vehicle tyre wear & tear



Per & poly-fluoroalkyl substances 
(PFAS)

Manufactured ‘forever chemicals’

Produced since 1940’s

Used in various products

Persistent

Toxic

Bio-accumulative

Everywhere

High priority for environmental regulators



PFAS in the media (& courts)





https://www.ewg.org/interactive-maps/pfas_contamination/map/



PFAS Guidelines & Regulations



Increased pollutant loads in 
catchment

Increased pollutant loads to 
waterways

+
Increased flows from catchment 

to waterways



The impacts



Urbanisation

Water Quantity Water Quality

Impacts



Impacts

Flooding
Channel form
Water quality
Ecological change



Flooding impacts



No-worsening’ of peak flows for large/ infrequent (eg. Q5-100) 
rainfall events typically required for new urban development 
Some sort of ‘detention’ typically required

Flooding

 Typically ‘end-of-pipe’ 
treatment focused on large 
(Q5-Q100) rainfall events



Channel form 
impacts



Channel Form’ 
• Shape of channel meanders
• Width/ depth
• Composition of sediment/ rocks in stream bed

Stream channels adjust their width/ depth in response to long-term 
changes in:
• Sediment supply
• Size & frequency of flow
(unless constrained by unerosive bed-rock) 

Channel form



Urbanisation: 
• Increased peak flow rate, volume & frequency of stormwater flows
• Increased sediment supply

Stormwater management policies in recent past aimed at ‘no-
worsening’ in peak flow-rates for large/ infrequent events
• No/ little consideration of frequency or duration of small/ frequent flows

Channel form



Impacts of urbanisation: 
• Increased channel erosion, 

incision
• Wider/ deeper channels
• Reduced effects of riparian 

vegetation

Channel form



Channel form



Channel form



Moderation of water temperature

Shading

Reduced in-stream plant production

Supply of organic matter (eg. leaves) to provide 
energy to the stream food web

Supply of woody debris to create stream habitat

Interception of sediments & other contaminants 
from the adjacent catchment

Uptake and transformation of nitrate from shallow 
groundwater

(Source: Walsh et al, 2004)

Benefits of riparian vegetation



Likely that the most important effect of urban stormwater on channel 
form is the increased frequency of smaller floods (that approach or 
exceed bank-full flow-rates)

Channel form

Management implications ? 



Water quality 
impacts









Increased turbidity
• Reduced light penetration
• Reduced aquatic growth/ biodiversity
• Reduced aesthetics
• Smothering aquatic habitat
• Reduced drainage/ channel capacity

Contaminants attached to sediment
• Nutrients
• Toxins
• ‘Oxygen depleting substances’ (eg. organic matter)
• etc

Sediment





Eutrophication
• Excess nutrients promote the 

growth of one species of aquatic 
plant (eg. algae), to the exclusion of 
others

• Reduced light penetration
• Reduced oxygen due to algal death 

(& decomposition), plant respiration 
at night & reduced atmospheric 
exchange

Nutrients

(Source: National Geographic, July 2006)















Heavy metals:  
• toxic impacts (chronic & acute)

Bacteria:  
• disease, death

Litter:  
• Reduction in flow capacity of stormwater drainage
• Physical impact on aquatic habitats & species
• Contaminated with other pollutants
• ‘Plasticosis’ 
• etc 

Water quality impacts (cont’d)



Toxicity
Reduced oxygen levels
Disease/ stress
Reduced aesthetics
Blockage of drainage systems

Water quality impacts



Ecological 
impacts



Changes to flow, channel form & water quality due to urbanisation & 
conventional stormwater drainage have severe & predictable 
consequences for stream ecosystems
‘Urban Stream Syndrome’ used to describe sick state of streams in 
urban areas around the world

Ecological impacts



Hydrology
• Decreased low flow volume
• Increased frequency & magnitude of peak flow
• Decreased groundwater recharge & lower water table

Channel Form
• Increased channel erosion/ incision

Water Quality
• Increased contaminant loads & concentrations

Ecology/ Biodiversity
• Decreased biodiversity
• Habitat simplification
• Decreased nutrient retention & altered patterns of nutrient energy cycling

(Source: Walsh et al, 2004)

‘Urban stream syndrome’ symptoms



Source: www.tenor.com



What can we do ?



Water Sensitive Urban Design 
Wednesday 22nd May 2024, 12:30pm AEST
Info & register at www.oceanprotect.com.au/webinars

The next ‘Stormwater Fundamentals’ session …



THANK YOU
www.oceanprotect.com.au

1300 354 722

Brad Dalrymple 
Principal Environmental Engineer

bradd@oceanprotect.com.au
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