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ABSTRACT
Population growth and urban consolidation have 
resulted in a movement away from the natural 
landscape, creating a greater proportion of impervious 
area, and an increase in urban stormwater runoff. 
The increase in stormwater runoff has typically been 
handled using traditional drainage infrastructure such 
as pipes, pits and detention basins. An alternative is 
Water Sensitive Urban Design (WSUD), which has 
been shown to counteract the effects of increased 
runoff by decreasing the proportion of impervious 
area and utilising natural retention/detention. This 
research utilised evolutionary algorithms as a means 
of identifying, at the lot scale, the most efficient 
combinations of WSUD practices (rain gardens, 
bio-retention cells, rainwater tanks, etc.) to meet 
designated hydrologic objectives at the catchment 
scale. Furthermore, an optimisation step was included 
to determine, and explore, the trade-offs between 
WSUD practices and traditional drainage infrastructure. 
A case study on the proposed South Campus Research 
Park at the University of Illinois Urbana-Champaign 
(UIUC) was selected to determine the optimal 
combination of traditional and WSUD infrastructure 
to meet flooding, freeboard and peak flow criteria at 
minimum cost. The optimisation results showed that 
for a variety of rainfall average recurrence intervals 
(ARIs) it is cheaper to use a combination of traditional 

drainage infrastructure and WSUD rather than to only 
use the traditional drainage infrastructure.
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INTRODUCTION
Increased urbanisation will 
continually occur due to 
population growth resulting 
in an increase in impervious 
area. This affects the 
magnitude of stormwater 
runoff in terms of both 
volume and peak. Due to 
the environmental and 
flood concerns associated 
with traditional stormwater 
management, Water Sensitive 
Urban Design (WSUD) 
techniques have emerged. 
WSUD refers to decentralised 
measures that control stormwater 
by altering hydrological runoff and by 
recreating natural landscaped features. 
These practices typically reduce runoff by 
applying detention or retention where the rain 
falls, and encouraging infiltration. 
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Alternatively, traditional drainage infrastructure aims to 
convey water to an outlet as quickly as possible where 
detention or retention may be applied at a centralised 
location. Some WSUD practices including green roofs, 
rain gardens, bio-retention cells, permeable pavement, 
rainwater tanks, infiltration trenches and vegetative 
swales are applied at the lot scale but their effects can 
be seen at the catchment scale.

The following questions arise when considering the 
integration of WSUD and traditional stormwater 
management. What is the optimal combination of 
large scale detention storage and rainwater tanks at 
the residential lot scale? What other combinations 
of traditional drainage infrastructure and WSUD can 
be considered? This research aims to improve the 
understanding of the hydrologic impacts of WSUD at 
the watershed scale and to develop a tool that can be 
used to determine optimal combinations of WSUD and 
traditional stormwater management techniques.

The research objectives are presented below:

1. To improve understanding of the catchment-wide
hydrologic impacts of various Water Sensitive
Urban Design (WSUD) techniques (e.g. rainwater
tanks, permeable pavement and green roofs etc.)
implemented at the lot scale.

2. To develop a framework for the optimisation of
stormwater collection systems using WSUD and
traditional drainage infrastructure.

3. To apply the optimisation framework to a case study
to determine and assess minimum cost scenarios
and to better understand how WSUD and
traditional drainage infrastructure work together.

Literature Review
Traditionally, a network of pipes and pits have 
been used as a collection system to transfer 
stormwater from individual lots or streets and 
transport it to an outlet, detention basin or 
treatment plant (Liu et al., 2014). Such systems 
are known as centralised systems because 
the majority of the detention, retention or 
treatment of runoff occurs at one centralised 
location (Damodaram et al., 2010). 

These centralised systems may result in 
increased runoff and pollutant loads that can 
have many negative effects on the receiving 
water bodies (Lerer et al., 2015) including a 
decrease in river water quality (Ruth, 2003), 
reduction in eco-hydrological diversity (Booth 

and Jackson, 1997) and can cause stress in stream 
hydrology (Beighley et al., 2009).

in contrast, a decentralised system implements smaller 
retention and treatment practices in multiple locations 
leading to reduced runoff (han and mun, 2011) and may 
include WsUD practices (liu et al., 2014). common 
practices used as a part of WsUD include permeable 
pavement which has improved infiltration and 
groundwater recharge (Dietz and clausen, 2008), 
green roofs which potentially reduce runoff by up to 
50% (liu et al., 2014) and bio-retention cells which 
retain water and remove pollutants (Kramer, 2013). 
Other common practices also include rain gardens, 
rainwater tanks, infiltration trenches and vegetative 
swales. the use of these practices to control stormwater 
at the source, rather than at the outlet of stormwater 
collection systems, can help reduce the need for larger 
facilities (U.s. epa, 2000, cohen et al., 2011) and can 
help achieve stormwater runoff and pollutant levels  
that are equal to those for the pre-development site  
(Dietz and clausen, 2008).  
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The simulations by Cohen et al. (2011) showed that 
WSUD applied to each lot allows the use of stormwater 
pipes with smaller diameters.

Common modelling packages capable of modelling 
WSUD include the EPA Storm Water Management 
Model (SWMM) and MUSIC by eWater, ACT, Australia. 
Both are able to model quality and quantity of water. 
SWMM can be used to assess the performance of 
WSUD features at a lot, neighbourhood or regional 
scale (Phillips et al., 2006) and for both short- and 
long-term simulations (Rossman, 2010). Optimisation 
of stormwater management systems requires a model 
to simulate the catchment for various storm events, 
and an optimisation algorithm that is used to make 
decisions for the catchment model (Liong et al., 1995). 
An evolutionary algorithm may be used for optimising 
these systems and mimics the behaviour of natural 
selection to find the best solution (Diogo et al., 2000). 
The major benefit of evolutionary algorithms is that 
they do not require as much information as other 
algorithms (e.g. gradient-based searching requires a 
smooth differentiable cost-function) and thus solve 
problems that often cannot be solved by numerical 
techniques (Fogel, 2000).

An optimisation framework built using SWMM was 
analysed by Guoshun et al. (2013). Their aim was to 
undertake a multi-objective optimisation in order to 
determine a cost effective WSUD design. This design 
was concerned with the WSUD practices only and 
did not optimise them as an integrated system with 
traditional drainage techniques. It was determined that 
the most important decision for minimising cost was 
the location of the WSUD features.

The literature shows that there are gaps in knowledge for 
the creation of an optimisation framework with SWMM 
and the optimisation of both traditional infrastructure 
and WSUD together. Furthermore, the majority of 
research has focused on centralised WSUD practices 
such as constructed wetlands rather than lot-scale 
practices such as green roofs or bio-retention cells.

Methodology
In order to improve the understanding of the hydrologic 
impact of implementing WSUD techniques, decisions 
and design criteria were formulated within the 
Optimizer™ Water Collection Systems (WCS) software 
from Optimatics, South Australia. A new optimisation 
decision alters the type of WSUD technique and the 
size of the WSUD technique.  

Costs for WSUD techniques have been obtained from 
the literature and used as a basis for identifying the 
least cost combinations of WSUD techniques that 
satisfy environmental and technical design criteria.  
The newly developed decision and design criteria 
were used in Optimizer WCS to assess the impact of 
alternative combinations of WSUD techniques and 
traditional drainage infrastructure.

model development
the Us epa’s sWmm computer program was selected 
for the hydrologic modelling. this program was used 
primarily because of the ability of Optimizer Wcs to 
link with sWmm. additionally, sWmm is able to model 
WsUD practices and when running simulations a 
relatively high temporal resolution is available (sub-
hourly). the model is also one of the most widely 
utilised models for stormwater system assessment  
and is freely available without commercial 
restrictions. a range of ari rainfall events were 
selected prior to optimisation. from the literature, 
WsUD is known to be useful for small rainfall events 
but for large events the impact on reducing peak 
flows to predevelopment conditions is less apparent. 
hence, larger ari rainfall events should be used in 
addition to 
smaller events to assess the 
performance of WsUD in 
less frequent but larger 
storm events.
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Simulations
To assess the potential benefits of using WSUD, 
predevelopment hydrographs were obtained for 
the rainfall durations and ARIs to find the critical 
storm duration for the events simulated. This 
critical storm duration is the equivalent of the 
time of concentration for the catchment, which is 
the time taken for runoff from the furthest point 
of the catchment to reach the catchment outlet. 
This value gives the maximum peak flow and can 
be used as a design criteria for the optimisation 
of post-development models. When considering 
the application of WSUD to a post-development 
scenario, a number of constraints were taken into 
account as certain types of WSUD practices can 
only be applied to specific types of development. 
For example, a green roof can only be applied 
to a roof and not a driveway. The development 
types within each sub-catchment were assessed 
and possible WSUD practices were then 
identified for each of the development types.

Optimisation formulation
A number of WSUD practices can be created 
in SWMM with parameters being defined in the 
model. These practices were applied to each 
sub-catchment by setting an area of cover, 
the amount of impervious area treated and 
the saturation level. To create an optimisation 
framework that would complement this 
model, Optimizer was utilised. Optimizer 
software currently allows traditional drainage 
infrastructure to be optimised but does not 
have the ability to optimise WSUD. As a result, 
JavaScript decisions needed to be written and 
imported into Optimizer. This software allows for 
custom JavaScript decisions to be imported into the 
optimisation framework without requiring any linking to 
the algorithms.

The decision variables for stormwater systems have 
commonly included conduit sizes, the weir crest 
heights and detention storage sizes, and now include 
WSUD decisions. For the JavaScript to work when 
imported into Optimizer, the software requires three 
main functions; encode, decode and cost. The encode 
function creates an array of potential options, while 
the decode function alters the SWMM model based on 
the solutions generated by the encode function. The 
cost functions then give a cost to the selected option. 
Changes to the SWMM model via the decode function 

are made by the use of JavaScript keywords and 
functions recognised by Optimizer, hence allowing the 
alterations.

Along with the WSUD decisions, optimisation decisions, 
objectives and design criteria, an optimisation 
framework was created within the Optimizer software. 
Design criteria are used to satisfy the technical or 
environmental constraints (e.g. flooding restrictions, 
minimum freeboard, conduit size, impervious area etc.) 
and may result in a penalty if not met for one of the 
optimisation constraints. Figure 1 shows the generic 
framework of the optimisation and can be applied to 
any proposed development.

A range of optimisation scenarios were run to assess 
the performance of different combinations of WSUD 
and traditional drainage infrastructure. 

 

Figure 1. Generic framework for application of optimisation to a 
combination of WSUD.
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These optimised scenarios were compared to 
determine which options produced the lowest cost 
and best performance. The different ARI rainfall events 
were also assessed to view performance under both 
regular and extreme rainfall events. This permitted an 
evaluation of the reduction in peak flow rates against 
the predevelopment conditions.

Case Study – PROPOSED SOUTH CAMPUS RESEARCH 
PARK at the University of Illinois (Urbana-Champaign) 

Background
The proposed South Campus Research Park at 
University of Illinois Urbana-Champaign (UIUC) campus 
was used as a case study for this research. This is a 
greenfield site that has a proposed development plan 
shown in Figure 2. The total area of the catchment is 
9.96 hectares. 

As shown in Figure 2, there are a variety of land uses 
in the current plan. This site is ideal to simulate and 
optimise using WSUD as each WSUD practice can be 
applied to sections of the proposed development areas.

Simulations
The pre- and post-development scenarios were 
simulated in SWMM for the University of Illinois 
campus. ARI rainfall events of 1 in 5 and 1 in 100 years 
were used. These simulations were run for storm 
durations of 10, 30, 50 and 80 minutes for both ARIs. 
Storm events were generated using data provided 
by the Illinois State Water Survey. These simulations 
were conducted to find the time of concentration 
for the different scenarios which would be used for 
the optimisation. The predevelopment scenario was 

modelled in SWMM assuming the 
impervious portion of the catchment 
to be 10% based on aerial imagery. To 
model the post-development scenario, 
the proposed South Campus Research 
Park was modelled in SWMM and a 
large detention storage was included 
at the downstream end to reduce 
the peak flows of the system. The 
infrastructure was sized using best 
engineering judgment and trial and 
error. A separate model was created 
without detention basins. Simulations 
were conducted for both traditional 
drainage infrastructure scenarios (with 
and without detention storage).

A number of further scenarios were 
simulated where WSUD was applied in 
conjunction with traditional drainage 
infrastructure (post-development) 
scenario. Six different WSUD scenarios 
were simulated for the two ARI rainfall 
events for different storm durations 
(10, 30, 50 and 80 minutes). These 
simulations were run to increase the 
understanding of the hydrologic 
potential of WSUD and also find the 
time of concentration for the model to 
be used in the optimisation process. 
As mentioned previously each WSUD 
practice could only be applied to 
particular land-use types (see Table 1).

 

Figure 2. Plan of the proposed South Campus Research Park, 
University of Illinois.
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The results obtained from the simulations run in 
SWMM can be seen in Table 2 below along with the 
corresponding storm duration.

The initial simulations with the addition of WSUD found 
that the peak flow in the majority of cases occurred 
for the 30 minute design storm for both rainfall ARIs. 
Of the six initial WSUD scenario simulations, only one 
scenario was able to reduce the peak flow to that of the 
pre-development flow for both ARI rainfall events. This 
scenario used green roofs for all buildings, permeable 
pavement wherever possible, rain gardens and bio-
retention cells. A 30 minute storm duration produced 
the highest flows for the majority of scenarios and 
hence was chosen for use in optimisation.

Optimisation Formulation
Based on a review of the literature, it was determined 

that for this case study the WSUD optimisation 
decision would alter the area used for each WSUD type 
in a sub-catchment. This was selected as it determined 
how much WSUD is applied to the catchment and 
where, as opposed to other parameters such as berm 
height or soil depth. Each land-use in each sub-
catchment was allocated a variety of WSUD options. 
These options resulted in varying areas of each sub-
catchment being subjected to various WSUD types. 

The JavaScript decisions were written such that each 
WSUD type may only be applied to the appropriate 
areas within a sub-catchment. Each type of WSUD can 
cover a certain area, hence a range of percentages of 
cover is written into the decisions dependant on the 
WSUD type. This is with the exception of rainwater 
tanks that are sized based on volume rather than 
area, and bio-retention cells or rain gardens which are 
restricted to smaller areas. The decisions were also 
written so as to allow for a variety of WSUD options in 
each sub-catchment. The optimisation objective chosen 
was to minimise the total capital cost of the storm 
water infrastructure system. There were also three 
design constraints:

1.	There must be no flooding at any of the nodes.

2.	The freeboard should be more than 3 feet.

3.	The peak flow from the catchment outlet has to  
be equal or less than the predevelopment critical 
peak flow.

Cost penalties were applied to guide the optimisation 
algorithm away from solutions where these design 
criteria were not satisfied.

It was identified that conduit diameters could range 
between 1 to 12 ft. and the depths ranged from 5 to 
12.5 ft. For the detention storage options, a variety 
of volumes between 0.5 and 20 million gallons were 
used. These were converted to cubic feet and the 
corresponding cost was calculated. For the sizing of 
the detention storage a linear regression was used 
to determine a relationship between the volume and 
cost. The corresponding equation used was 𝐶 = 10.237 
× 𝑉, where 𝐶 is the cost (AUD) of the storage and 𝑉 
is the volume of water (cubic feet) detained by the 
weir. Costs for each WSUD practice needed to be 
determined in order to ensure the most cost effective 
design is chosen. Cost data to be included in the 
optimisation was found using a variety of sources (see 
Table 3) (Daley, 2007).

Table 2. SWMM simulation results.
5 year ARI 100 year ARI

Peak 
Flow 
(L/s)

Storm 
Dura-
tion 

(min)

Peak 
Flow 
(L/s)

Storm 
Duration 

(min)

Pre-develop-
ment

458 10 1262 10

Traditional 
(No Deten-

tion)
1855 30 3087 10

Traditional 
(Detention)

1228 30 3133 30

Table 1. The applicability of WSUD practices 
to each development.

Land use
Potential applicability of WSUD 
techniques

PP RG GR BRC RB IT VS

Drive 4

Parking 4 4 4 4 4

Walk 4

Buildings 4 4*

Other 4 4 4 4

Note: PP = permeable pavement, RG = raingarden, GR 
= green roof, BRC = bio-retention cell, RB = rainwater 
tank, IT = infiltration trench, VS = vegetative swale.
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Table 3. Cost of WSUD practices.
WSUD Practice Cost

Permeable pavement (asphalt) $3 per square ft.

Pervious pavement $15 per square ft.

Bio-retention (curb contained) $40 per square ft.

Bio-retention (basin with 
underdrain)

$10 per square ft.

Rain garden (curb contained) $20 per square ft.

Rain garden (basin with 
underdrain)

$5 per square ft.

Rain water tank (above ground) $10 per cubic ft.

Green roof $20 per square ft.

The case study specific WSUD JavaScript options for the 
Optimizer software included:

◗◗ The applicable WSUD for each land-use.

◗◗ The possible area that each WSUD practice could 
cover. WSUD was given options of covering 5% to 
95% of the total possible area using 5% increments.

◗◗ Rainwater tanks were given a variety of options 
between 5 and 250 ft3 for each building.

◗◗ Bio-retention cells and rain gardens in parking 
areas were restricted to between 5% and 10% of the 
parking area using 1% increments. It is unrealistic for 
these to exceed 10% of the car park because of the 
loss of car parking space.

◗◗ The maximum area a WSUD practice or combination 
of practices could take up of a particular land-use 
was set at 95%.

The models A, B and C, outlined in Figure 3 were each 
run for a 5 year and 100 year rainfall ARI event resulting 
in a total of six optimisation runs. Each model was 
optimised for 100,000 evaluations in Optimizer.

Results and Discussion
Optimisation of 1 in 5 Year ARI Storms
Models A, B and C (see descriptions in Figure 3) were 
optimised for the 1 in 5 year rainfall ARI storm event. 
Table 4 provides a summary of the costs.

Table 4. Summary of costs in US Dollars 
for the optimised models with a 1 in 5 year 
rainfall ARI.
Cost ($) Model A Model B Model C

WSUD - 82,897 138,190

Conduits 876,332 509,758 557,420

Storage 93,705 68,150 -

Total 970,037 660,805 695,610

Model A had a relatively large cost for the conduits. 
Additionally, the storage cost was also higher than 
the other model with detention storage (Model B). 
The solution for Model A was able to satisfy all design 
criteria (the peak flow at the outlet was 456 L/s 
compared to the predevelopment flow of 458 L/s).

The addition of WSUD reduced runoff from each sub-
catchment and thus smaller conduits may be used. The 
result of this is a lower cost for conduits for Model B as 
indicated in Table 4. Very small areas of the site were 
subjected to WSUD techniques in Model B and the 
majority of this was in the form of permeable pavement 
in most drive, walk and parking areas. The peak flow 
of 364 L/s was less than the predevelopment flow of 
458 L/s and all other design criteria were satisfied. The 
considerable difference between these flows is due to 
the flooding design criteria. When some WSUD features 
were removed from this optimised solution, flooding 
occurred at some nodes.

As with Model B, Model C is able to use smaller 
conduits due to the use of WSUD. The cost of conduits 
was slightly higher than Model B, however, the cost was 
much lower than the cost for Model A. More WSUD is 
used because it is the only means of reducing the peak 
flow without the provision of detention storage. The 
amount of WSUD varied between 5% and 10% for most 
paved areas and several of the buildings also included 
rainwater tanks of varying sizes. 

 

University of 
Illinois (Urbana 

Champaign) 
proposed South 

Campus

Traditional 
Drainage 

Infrastructure 
Only

Model A:
Traditional 

Infrastructure 
with Detention 

Storage

Combination of 
WSUD and 
Traditional 
Drainage 

Infrastructure

Model B:
Combination 

with Detention 
Storage

Model C:
Combination 

without 
Detention 
Storage

Figure 3. Optimisation runs conducted for the case study.
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It should be noted that the majority of WSUD practices 
were concentrated at the downstream end of the 
catchment suggesting that it is more cost effective to 
reduce the flow from downstream catchments rather 
than the upstream catchments. The peak flow of 436 
L/s was less than the predevelopment flow of 458 L/s.

Optimisation of 1 in 100 year ARI storms
Similarly to the 1 in 5 year rainfall ARI, Models A, B and 
C (see descriptions in Figure 3) were optimised for the 
1 in 100 year rainfall ARI and the results are summarised 
in Table 5.

Table 5. Summary of costs in US dollars for 
the optimised models with a 1 in 100 year 
rainfall ARI.
Cost ($) Model A Model B Model C

WSUD - 188,595 326,232

Conduit 631,882 654,732 868,429

Storage 938,190 133,745 -

Total 1,570,072 977,072 1,194,661

For the 1 in 100 year rainfall ARI all design criteria 
were met in Model A with the peak discharge at the 
outlet being 1229 L/s compared to the peak discharge 
of the predevelopment model of 1262 L/s. In Model B 
between 10 and 35% of most paved areas were used 
for permeable pavement. Again, the increased amount 
of WSUD allowed for a greatly reduced storage size. 
This is because both WSUD and detention storage are 
capable of reducing the peak flow and with this case 
study it was found more cost effective to utilise the 
WSUD. Most WSUD was located at the downstream 
subcatchments. The peak flow was 1062 L/s compared 
to the predevelopment model of 1262 L/s and all design 
criteria were met. Again, the absence of detention 
storage must be balanced by an increase in WSUD for 
Model C. The permeable pavement covered 5 to 30% 
of most paved areas and large rainwater tanks were 
used at most buildings. The WSUD techniques were 
more evenly spread throughout the catchment when 
compared to the 1 in 5 year ARI storm. The design 
criteria were satisfied including the peak flow criteria 
with 1133 L/s for Model C compared to 1262 L/s for the 
predevelopment scenario. Figure 4 shows the locations 
of each type of WSUD throughout Model C.

Comparison of optimal solutions
The solution using only traditional drainage 
infrastructure (Model A) used larger pipe diameters 

than the two other solutions that combined the 

traditional drainage infrastructure with WSUD 

techniques (Models B and C). This is to be expected 

because the WSUD reduces surface runoff and thus 

smaller pipes can be used. As expected, Model A 

requires a greater amount of storage to reduce 

the peak flow. This is because there are no WSUD 

techniques provided to detain the runoff and thus 

reduce the peak flow in that plan. The quantity of 

WSUD treatment varies greatly between Models B and 

C. The model without storage (Model C) requires much 

more WSUD treatment because this is the only way 

the peak flow can be reduced. Combined infrastructure 

with storage (Model B) can reduce the peak flow 

through detention. For that reason, it is possible to 

reduce the amount of WSUD treatment. All solutions 

used permeable pavement as the primary type of 

WSUD treatment in conjunction with rainwater tanks. 

Some of the solutions used rain gardens or green roofs 

in small quantities. 

Figure 4. WSUD locations for the optimised Model C  
(1 in 100 year storm).
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The permeable pavement and rainwater tanks were 
spread almost evenly throughout the catchment, 
however, there was a slight tendency for higher 
proportions of WSUD treatment in the downstream 
areas. This shows that a trade-off has been made during 
optimisation and that permeable pavement and rainwater 
tanks proved to be the most effective when considering 
cost and in their function of decreasing runoff. The costs 
of the WSUD options are shown in Table 3.

The review of literature showed that it is often 
a planning requirement that the peak flow of a 

developed site be kept below the peak flow of the 
predevelopment catchment. A comparison of the peak 
flows can be seen in Figure 5 and it shows that the 
predevelopment flows are the baseline that all solutions 
are compared to.

The difference in the peak flows of the models in Figure 
5 is also shown below in the hydrographs in Figure 6. 
Both Figure 5 and Figure 6 show that the peak flow 
for the optimised solutions remained below that of 
the predevelopment flows despite the impact that 
increased impervious cover has on peak flow (Figure 5). 

It can also be seen in Figure 6 that the inclusion 
of detention storage (Models A and B) prolongs 
the duration of higher flows. See Table 6 for a 
summary of all costs.

Traditional infrastructure (the most common 
form of stormwater management) produces 
the greatest cost for both storm events as 
shown in Table 6. Furthermore the traditional 
infrastructure only solution does not have any 
of the other benefits associated with WSUD 
as discussed in the review of literature. Table 
6 shows that the use of combined WSUD 
techniques and traditional infrastructure 
(Models B and C) had similar costs both with 
storage (Model B) and without storage  
(Model C) for the 1 in 5 year storm. To achieve 
the design criteria the solution without storage 
was required to use more WSUD techniques 
and larger conduits because none of the water 
could be retained.

When considering a larger storm such as the 
1 in 100 year event the difference between the 
two combined infrastructure solutions is greater 
than for the 1 in 5 year event (see Table 6). 
Both are still significantly lower in cost than the 
solution that uses only traditional infrastructure. 
The model that incorporates storage is a lower 
cost solution for both ARIs.
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Figure 5. A comparison of the peak flows for the  
pre- and post-development models.
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Table 6: Cost comparison for optimised 
solutions.
ARI Cost ($) Model A Model B Model C

1 in 5 year 
storm

WSUD - 82,897 138,190

Conduit 876,332 509,758 557,420

Storage 93,705 68,150 -

Total 970,037 660,805 695,610

1 in 100 
year 
storm

WSUD - 188,595 326,232

Conduit 631,882 654,732 868,429

Storage 938,190 133,745 -

Total 1,570,072 977,072 1,194,661

Conclusions
This research has shown that the optimisation of a 
combination of Water Sensitive Urban Design (WSUD) 
practices and traditional drainage infrastructure is an 
effective method of designing stormwater systems.  
A case study has shown that for a variety of rainfall 
ARIs that it is more cost effective to use a combination 
of traditional drainage infrastructure and WSUD than 
to only use the traditional drainage infrastructure alone. 
When the optimisation framework was applied at the 
University of Illinois to the proposed South Campus 
Research Park it was found that a combination of both 
WSUD and traditional drainage infrastructure gave 
the lowest cost solution. It was also found that the 
combined infrastructure with detention storage was 

lower in capital cost than the combined infrastructure 
without detention storage, however, both were 
significantly lower in capital cost than the scenario 
with only traditional drainage infrastructure. For the 
1 in 5 year rainfall event the combined infrastructure 
with and without storage cost $660,800 and $695,600 
respectively compared to the solution with only 
traditional infrastructure that cost $970,000. Similarly 
for the 1 in 100 year storm the cost of the combined 
infrastructure with and without storage was $977,100 
and $1,194,700 respectively while the traditional 
infrastructure cost $1,570,100.

There are several directions that could be taken 
to improve the understanding of combinations of 
WSUD and traditional stormwater infrastructure. 
The applicability of the method above to a variety of 
case studies will show that it is a viable alternative to 
traditional stormwater infrastructure. The inclusion of 
optimisation parameters such as berm height or soil 
depth may lead to more cost effective results. It is 
important for the stormwater industry that solutions 
are easily used by decision makers and the use of 
multi-objective optimisation would enable decision 
makers to choose from a variety of solutions. There 
are several other types of WSUD that may have been 
included and these may provide solutions that are able 
to better achieve optimisation objectives. It is also 
important to investigate the impact of multiple storm 
events over extended period simulations. 
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In some cases it is possible that repeated storms may 
diminish the retention and detention capabilities of the 
WSUD due to soil saturation.
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