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Stormwater harvesting infrastructure systems design
for urban park irrigation: Brimbank Park, Melbourne
case study
Jake Kyle Day and Ashok K Sharma

ABSTRACT
Stormwater harvesting for residential and non-residential reuse is an important and crucial aspect to
reduce freshwater demand to address climate change, population growth and urbanisation
challenges. It is important that freshwater be conserved as much as possible through capturing
rainwater and stormwater and using these resources for ﬁt for purpose end uses such as irrigation of
public open parks and residential non-potable end uses. The paper describes a methodology for the
planning and design of a stormwater harvesting system for park irrigation. The application of suitable
models for storage tank capacity and pipe sizing considering peak ﬂows are described. The
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application of the approach is demonstrated with a local case study for the beneﬁt of wider water
professionals engaged in water-sensitive urban design.
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HIGHLIGHTS

•
•
•
•

Stormwater harvesting system design for park irrigation.
Water Sensitive Urban Design approaches for stormwater quality management.
Economic design of stormwater collection pipes.
Selection of storage capacity based on volumetric reliability considerations.

INTRODUCTION
Integrated Urban Water Management (IUWM) concepts

often available close to urban demands, can improve water

consider stormwater and wastewater as resources and not

security and increase resilience to climate change in urban

a waste. These resources can provide support in reducing

areas and, if not harvested, can cause environmental harm

the load on freshwater resources based on ﬁt for purpose

(Hoban et al. ; Fisher-Jeffes et al. ). Water-sensitive

applications. Stormwater harvesting is of signiﬁcant impor-

urban design (WSUD) approaches incorporate stormwater

tance when thinking about our future, with freshwater

harvesting, which can deliver multiple beneﬁts including

water availability a constant concern for many due to

water supply, ﬂood control, landscape amenity, healthy

climate change, urbanisation and population growth chal-

living environment and ecosystem health improvement of

lenges. Rain and its associated stormwater runoff being a

urban waterways (Sharma et al. ). WSUD concepts

natural water source, means it offers the potential to miti-

emerged across the globe with different nomenclature and

gate shortage of freshwater vital for human and ecosystem

drivers (Fletcher et al. ; Radcliffe ). With proper

needs. Stormwater harvesting has signiﬁcant potential as

planning, design, execution and management of stormwater

an alternative water supply as it is relatively in abundance,

harvesting schemes, freshwater use can be dramatically
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reduced. Harvesting stormwater also provides the opportu-

Stormwater requires appropriate treatment before use.

nity to irrigate more public open spaces regularly,

Philp et al. () indicated that the level of treatment

therefore creating beautiful green spaces for people to

required is largely determined by both the catchment proper-

indulge in and enjoy. Thus, public open green spaces sup-

ties and the intended end use. Lindsey et al. () suggested

port a community’s mental and physical well-being

that stormwater best management practices must be properly

through providing a desirable space for social interaction.

adhered to regarding maintenance in order to achieve design

It is also important for WSUD approaches to be considered

objectives. One of the most widely desired end uses of har-

when planning stormwater harvesting systems so that

vested stormwater is for irrigation purposes (Philp et al.

environmental impacts of urbanisation are reduced in

). The application of harvested stormwater for irrigation

regards to demand for water and the potential pollution

purposes at parklands, open spaces and sports ﬁelds means

threat to waterways. Various drivers are reported in the lit-

that the urban spaces can maintain a healthy and green

erature, including the need for better management of

environment, which has many beneﬁts. Such beneﬁts include

stormwater ﬂows, improvement in water quality, reducing

better mental and physical health of the community derived

mains water consumption, reduction in ﬁnancial costs and

from the enhanced urban green spaces, increased value of

protection of local ecosystems or improving landscape ame-

homes, amenity values, freshwater savings and preservation

nities (Sharma et al. ; Fisher-Jeffes et al. ).

of ﬂora and fauna and more (Fam et al. ).

Stormwater that is harvested has many non-potable end

It can be concluded that stormwater harvesting for

uses, including irrigation for public open spaces and playing

irrigation of urban green spaces is beneﬁcial, not only

ﬁelds, garden watering, toilet ﬂushing, laundry supply, hot

environmentally

water supply, ﬁreﬁghting, groundwater recharge and

(Inamdar et al. ; Liu et al. ). Therefore, it is reason-

but

also

socially

and

economically

environmental applications (Hatt et al. ; Philp et al.

able to state that with proper planning, design and

; Hamlyn-Harris et al. ). These potential uses of har-

implementation, stormwater harvesting for reuse schemes

vested stormwater can lead to an opportunity to save vast

can be implemented at suitable locations and result in mul-

amounts of water from freshwater supplies.

tiple beneﬁts. Wu et al. () developed a comprehensive

Hamlyn-Harris et al. () further indicated that the

framework to better evaluate and enhance performance

technical feasibility and stormwater harvesting potential of

that shows the beneﬁt of sustainable stormwater manage-

a scheme is generally affected by a range of factors includ-

ment. Similarly, stormwater management infrastructure

ing: catchment area, its characteristics and nature; amount

systems have been studied for lessons to be learned

of rainfall and temporal distribution; capacity to divert

(Sharma et al. ; Liu et al. ). Various studies have

runoff to a storage during storm events; nature of storage;

reported site selection for stormwater harvesting based on

environmental ﬂow requirements for water ways; harvested

various criteria including social, economic and environ-

water demand in the area; and need for water quality

mental factors (Mahmoud et al. ; Inamdar et al. ;

requirements. Thus, it is clear that a detailed investigation

Ariza et al. ; Dandy et al. ; Pathak et al. ; Sho-

is required for planning and developing stormwater harvest-

jaeizadeh et al. ). However, any framework for the

ing schemes.

comprehensive design of a stormwater harvesting scheme

The main aim of stormwater harvesting is to capture

for the purpose of irrigating urban parks is lacking.

the maximum amount of stormwater during rainfall and

This paper presents a methodology for the design of a

runoff events so that it is available for use when needed.

stormwater harvesting scheme for the irrigation of an area

Therefore, storage is a crucial factor in any stormwater har-

at a local park and its application for sizing various com-

vesting system. There are various options for stormwater

ponents of the stormwater harvesting system for a park in

storage which can be grouped as follows: natural surface

Melbourne, Australia. It is hoped that the presented method-

storages, disused quarries, man-made lagoons, tanks, cellu-

ology and its application to a case study will help water

lar systems and aquifers (Philp et al. ; Hamlyn-Harris

professionals engaged in this area to design similar storm-

et al. ).

water harvesting projects.
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preferences; and (5) alignment of stormwater supply
main from storage tank to irrigation area.
4. Options for various harvesting components – their
locations and nature: There can be a number of options

Considering the varying nature of public open spaces and

that may be considered regarding the location and nature

building upon existing knowledge (Hellstorm et al. ;

of the system components. These options can be associ-

Lundie et al. ; Sharma et al. ; Sapkota et al.

ated with harvesting area, storage tank location, pipe

), a generalised methodology coupled with analysis

alignments, storage tank material and type based on

tools and approaches for the design of a stormwater harvest-

capacity, stormwater treatment systems and their com-

ing scheme was conceptualised (Figure 1). The methodology

mercial availability, and irrigation methods for watering

is described in the following steps:

the designated park area.
5. Hydrological, water balance and hydraulic assessment

1. Understand stormwater harvesting speciﬁc local con-

for component design/sizing: This step would require

ditions: This step involves collection of required

conducting hydrological, water balance and hydraulic

information for the design of a stormwater harvesting

analysis/assessment for the sizing of various components

scheme for the speciﬁc public open space area (park).

of the stormwater harvesting system. The stormwater

This will include (but not limited to) local climate, geome-

runoff estimation from the designated harvesting area

try, geology, total park area, built-up area, paved area

can be conducted on either daily or at ﬁner time steps,

potential for stormwater harvesting, preferred area for irri-

such as hourly or 6-minute time steps based on the

gation, information on local guidelines for stormwater

design requirements, data needs and availability of local

treatment. Engagement with local area management and

climate data. Water balance modelling will provide infor-

environmental regulatory agencies for park development-

mation on the stormwater storage capacity requirements

related policies and guidelines is essential.

based on stormwater inﬂow from the catchment and irri-

2. Establish design objectives: These objectives can be

gation water demand. Hydraulic assessment is required

established for freshwater savings, maximum stormwater

for sizing of various pipes considering the gravitation

harvesting from paved surfaces within the park area,

energy available and the pumping requirements.

sizing of stormwater storage based on volumetric reliability

6. Life cycle costing: Life cycle costing (LCC) is primarily

considerations, utilising maximum area for irrigation based

conducted to compare the feasibility of various options

on local management preferences and selection of pre-

based on economic considerations. This includes the

ferred method for irrigation. These can be quantitative

capital cost at the time of construction, replacement

and qualitative in nature. The design of the stormwater har-

cost of equipment after their useful life over the analysis

vesting system and selection of system technologies will be

period and annual cost of operation and maintenance

heavily dependent on these objectives.

of the harvesting scheme.

3. Selection of site locations for harvesting scheme: Based

7. Final selection of system components – their types and

on the topography of the area, size of the park, paved

sizes: Based on the assessment and analysis, managers

area available to act as the stormwater catchment and

and stakeholders can make well-informed decisions

preferred area for irrigation, locations need to be ident-

regarding the ﬁnal system components to be utilised in

iﬁed for: (1) paved area as stormwater catchment and

the stormwater harvesting scheme.

collection point; (2) location for stormwater storage
tank and treatment unit (if required) based on local
land use constraints and management preferences; (3)

CASE STUDY AREA

alignment of stormwater pipe from stormwater catchment outlet to the storage tank; (4) location of

Coinciding with ‘Greening the West’s’ vision to facilitate sus-

irrigation area based on topography and management

tainable, liveable and healthy communities through urban
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Design methodology ﬂowchart for stormwater harvesting scheme.

greening, this project aims to further develop one of the largest

people, especially families, to enjoy picnics and BBQs, cycling

recreational parks in Melbourne’s west – Brimbank Park. The

and walks along the beautiful Maribyrnong River, ﬁshing and

park is currently water deprived for most months of the year

bird watching. It is also home to Horseshoe Bend Children’s

and lacks green spaces where families can enjoy hot

Farm and the Kulin Wetlands which families can also enjoy

summer days. The park offers a remarkable setting for

(Park Victoria ). Brimbank Park is 328.7 hectares in size

Downloaded from http://iwaponline.com/aqua/article-pdf/69/8/844/824077/jws0690844.pdf
by guest

848

J. K. Day & A. K. Sharma

|

Stormwater harvesting systems

Journal of Water Supply: Research and Technology—AQUA

|

69.8

and has many attractions for visitors. The park is located

Understand stormwater harvesting speciﬁc local

approximately 15 kilometres north-west of Melbourne’s CBD

conditions

|

2020

in Keilor East (Figure 2). The park is managed by the Victorian
State Agency ‘Parks Victoria’ (Parks Victoria ).

Information regarding local climate, topography of the

The stormwater harvesting and its use for park irrigation

area, nature of soil, proposed irrigation area, potential

is planned for implementation in a preferred area. Under

paved areas for the stormwater catchment, location of

this plan, works include detailed design and costing of a

stormwater storage, treatment units, layouts for storm-

stormwater collection, storage and irrigation system for the

water collection and distribution pipes were collected in

park in key areas of interest that are most likely to provide

close consultation with stakeholders. Local water utility

the biggest impact in the area socially and environmentally.

‘City West Water,’ local council ‘Brimbank City Council’
and park management authority ‘Parks Victoria’ were
the key stakeholders led by ‘City West Water’ for this

APPLICATION OF THE METHODOLOGY FOR THE
DESIGN OF A STORMWATER HARVESTING SYSTEM
AT BRIMBANK PARK

project. The information collected in discussion with
stakeholders is shown in Figure 3. The local climate
data are provided in the section ‘Hydrological, water
balance

and

hydraulic

assessment

for

component

The application of the developed planning/design method-

design/sizing’ and soil data obtained were used for

ology

hydrological and water balance modelling as described

is

described

for

Brimbank

Park

Stormwater

Harvesting Project in the following section.

Figure 2

|

Brimbank Park case study area location.
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Layout of the stormwater harvesting catchment, storage tank and other components.

Establish design objectives

stormwater collection and distribution pipes were conducted and discussed with stakeholders. The ﬁnal selected

The purpose of this project was to propose and design a storm-

sites and layouts can be seen marked in Figure 3.

water harvesting system for reuse at Brimbank Park to irrigate
more spaces with stormwater, making them greener and more

Options for various components – their locations and

attractive, which will ultimately lead to beneﬁting the park

nature

environment and improving the health and well-being of the
community. Thus, the main objective was to utilise maximum

Based on the site investigation and consultation with stake-

local stormwater generated for the irrigation of public open

holders, for the planned stormwater harvesting system, there

spaces within the park, leading to more green spaces and

were limited options for stormwater catchment area and its

saving limited and scarce freshwater sources. It will signiﬁ-

associated location for a stormwater storage tank, align-

cantly reduce the use of freshwater supply. As such, no

ments for pipes and irrigation areas.

quantitative target for water saving was considered.

The main asphalt carpark, having a capacity of 260 cars,
was considered as the main stormwater catchment area with
a stormwater storage near the car park to avoid any pump-

Selection of site locations for harvesting scheme

ing requirement. The areas for irrigation identiﬁed are as
shown in Figure 3. Consultation with stakeholders helped

Detailed investigations of potential options for the storm-

identify and select the park’s main activity areas to be irri-

water harvesting areas, locations of preferred irrigation

gated based on their year-round programmes for the local

areas and stormwater storage tank, and alignments for

community.
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The ultimate task was to design a stormwater collection,

catchment for harvesting potential and peak stormwater

storage and irrigation system at Brimbank Park that can be

ﬂow at the catchment outlet in order to size the stormwater

implemented in future through stakeholder funding. This

pipe from catchment outlet to stormwater storage tank by

task was broken down into the following key activities:

selecting an appropriate design ﬂow.

•

Capturing and storing maximum stormwater runoff from

was applied for hydrological modelling of the catchment

•

Using the captured stormwater to irrigate the grassed

area (Rossman & Huber ). SWMM is a dynamic

open area just behind the café to the north-west, and to

rainfall-runoff simulation model used for single event or

replace the use of freshwater that is currently used to irri-

long-term (continuous) simulation of runoff quantity and

gate the playscape.

quality primarily from urban areas (Rossman & Huber

•
•

the main carpark so it can be used for irrigation purposes.

US EPA Storm Water Management Model (SWMM)

Plan an underground tank near the main carpark to mini-

). SWMM allows an accurate representation of the

mise the reduction of public open space.

study area to be modelled and thus produce peak and aver-

Design the required irrigation layouts and pumping

age runoff results likely to be expected from the selected

requirements in order to achieve an efﬁcient and effective

catchment (car park and adjacent area).
Six-minute rainfall data from 2008 to 2018 were

irrigation system.

•

Design a treatment system that will effectively treat the

obtained from Bureau of Meteorology Australia for the nearest weather station for hydrological modelling; however,

•

stormwater to the required levels.
Conduct life cycle costing of the harvesting system.

only the climate data from 2010 to 2018 were used as
2008 and 2009 were included in millennium drought years

Hydrological, water balance and hydraulic assessment

(late 1996 to mid-2010). The monthly average rainfall data

for component design/sizing

are shown plotted in Figure 4. It can be seen from Figure 4
that rainfall occurs every month with some variability, thus

Hydrological modelling for the estimation of stormwater
peak ﬂow rate and annual runoff

highlighting high suitability of the rainfall pattern for a

Long-term hydrological assessment of the stormwater catch-

size with a 120 m wide ﬂow path. The area has a slope of

ment area is required to estimate annual runoff from the

1% and overall is 70% impervious. Hydrological modelling

stormwater harvesting scheme.
The stormwater catchment area considered is 1.7 ha in

was conducted for the period 2010–2018. Hydrological
modelling outcomes for year 2018 having maximum peak
ﬂow are shown in Table 1. The maximum peak ﬂow
reported was 0.68 m3/s and the total annual runoff was
7,090 m3. Total stormwater runoff estimated over the analysis period of nine years was 69,840 m3. Based on the total
runoff and average rainfall over the analysis period a
runoff coefﬁcient of 0.81 was estimated. The harvesting
system can deliver, on average, 7,760 m3/year of stormwater
for park irrigation, which can be a direct saving of freshFigure 4

Table 1

|

|

water if the total quantity can be utilised.

Average monthly rainfall (2010–2018).

Hydrological model output for the year 2018

Total precipitation
(mm)

Total evaporation
(mm)

Total inﬁltration
(mm)

Impervious runoff
(mm)

Pervious runoff
(mm)

Total runoff
(mm)

Total annual
runoff m3

Peak runoff
m3/s

Runoff
coeff.

548.40

84.00

55.00

324.50

93.90

418.30

7,090

0.68

0.76
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The hydrological modelling was conducted using

(Figure 5) that over the nine-year period, the peak storm-

6-minute time steps to develop information on peak ﬂows

water ﬂow at catchment outlet was 0.68 m3/s. Over the

at the catchment outlet, thus 6-minute climate data were

nine-year modelling period, only 17 runoff events have a

used for modelling. Six-minute time step hydrological mod-

ﬂow rate over 0.25 m3/s and 24 events over 0.20 m3/s.

elling generated 9,146 ﬂow data sets over the nine-year

This information is critical for the sizing of the stormwater

analysis period with ﬂows at the catchment outlet varying

collection pipe discharging from stormwater catchment

3

3

from 0.68 m /s to 0.01 m /s. These ﬂow rates from the

outlet to storage tank. The designer has the option to

9,146 events were arranged in descending order with the

either select the peak ﬂow occurring over the assessment

ﬁrst 90 events’ ﬂow rates shown plotted in Figure 5. This

period or to select a lesser ﬂow rate considering the loss of

aided in selecting the design ﬂow to use for sizing the storm-

stormwater due to reduced capacity of collection pipe for

water collection/outlet pipe.

transferring stormwater.
The pipes are shown calculated for various pipe ﬂows
varying from peak ﬂow 0.68 m3/s to 0.10 m3/s in Table 2,

Design of stormwater collection pipe from catchment
outlet to stormwater storage tank

considering slope of 0.75% and f ¼ 0.02. Table 2 also
includes calculated continuous pipe sizes, nearest available

The sizing of a stormwater collection pipe from catchment

commercial pipe sizes for adoption, ﬂow rate if commercial

outlet to stormwater storage tank requires information on

size is adopted, % loss of stormwater from capturing over

design discharge, length of pipe, available slope and rough-

the analysis period if reduced size is adopted, cost of com-

ness factor for the hydraulic ﬂow equation used for pipe

mercial pipe and % change in cost due to reduced pipe size.

size estimation. The pipe size can be estimated using

The availability of commercial pipe sizes and their
supply and construction cost can also play a signiﬁcant

Darcy–Weisbach equation:

hf ¼

8fLQ2
π 2 gD5

role in the selection of an appropriate ﬂow rate for the
design of pipe size. In this assessment, information on the
(1)

commercial available pipe sizes in the range of interest
were obtained from MC Pipes (https://www.mcpipes.com.

where hf ¼ head loss on account of surface resistance (also

au/concrete-pipes/). The discrete sizes available in the inter-

called friction loss); L ¼ the pipe length; Q ¼ discharge

est range are 300 mm, 375 mm, 450 mm, 525 mm, 600, 675

(ﬂow) in pipe; D ¼ pipe diameter; f ¼ coefﬁcient of surface

and 750 mm. Information developed as listed in Table 2 can

resistance (traditionally known as friction factor); and π

help decision-makers to make better and well-informed

and g are constants.

decisions about the pipe size for conveyance of stormwater

The selection of a suitable ﬂow rate is the most critical

from catchment outlet to storage tank. Based on Table 2, a

parameter. It can be seen from the hydrological analysis

pipe size of 450 mm can be selected rather than 675 mm,
which will be able to capture 99.19% of stormwater with
32% less cost. Such an analysis can be more valuable if
the length of collection pipe is signiﬁcant resulting in high
capital cost (or even life cycle cost).
Hydrological water balance modelling for stormwater
Urban Volume and Quality (UVQ) water balance model
developed by Commonwealth Scientiﬁc and Industrial
Research Organisation, Australia (CSIRO), was used for
investigating the capacity of stormwater storage tank

Figure 5

|

Plot of ﬂow rates for the ﬁrst 90 events over the nine-year modelling period.
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Estimation of pipe sizes for various ﬂow rates and associated stormwater loss

Peak
discharge

Pipe diameter

Commercial pipe
size available

Capacity of
commercial pipe size

Loss of stormwater due
to reduced capacity of

% loss of water
over analysis

Cost of pipe and
installation

% change

(m3/s)

calculated (mm)

(mm)

adopted (m3/s)

pipe (m3)

period of 9 years

(AUD$)

in cost

0.68

633

675

0.79

0

0

6,660

0

0.41

517

525

0.42

180

0.26

5,010

25

0.3

457

450

0.29

558

0.81

4,550

32

0.25

425

450

0.29

558

0.81

4,550

32

0.2

388

450

0.29

558

0.81

4,550

32

0.15

346

375

0.18

1,375

2.00

4,100

38

0.1

294

300

0.1

2,664

3.87

3,700

44

The water demand requirement for turf grasses at Brimbank Park was estimated using the method described in the

of soil store, paved area losses, effective paved area, base
ﬂow index and garden trigger to irrigation point.

Code of Practice for Irrigated Open Space (SA Water ).

Using the daily rainfall data and varying the capacity of

The average irrigation water demand of the selected park

storage tank incrementally by 250 m3, the annual average

area of 1.47 ha was estimated using monthly rainfall for the

stormwater usage for irrigation was estimated. An under-

area, evapotranspiration, crop coefﬁcient (0.7) and crop

ground stormwater tank was considered to allow ﬂow of

stress factor (0.45 and 0.50). The average irrigation water

the stormwater from catchment outlet to storage tank to

3

demand was estimated to be between 3,600 m /annum and

ﬂow via gravity, thus avoiding any additional pumping,

4,500 m3/annum over the analysis period for crop stress fac-

sump and other mechanical equipment requirement. The

tors of 0.45 and 0.50, respectively. This irrigation water

modelling was conducted considering a covered and uncov-

demand was used to calibrate the UVQ model parameters

ered stormwater storage. Figure 6 shows the modelling

for estimating stormwater storage capacity.

outcome of three scenarios considering (1) storage tank is

The input data provided for the modelling included total

exposed and zero initial storage level, (2) storage tank is cov-

catchment area, irrigation area, % of area irrigated, capacity

ered and zero initial storage level and (3) storage tank is

Figure 6

|

Stormwater usage for irrigation and storage capacity.
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covered and half initial storage level. The stormwater usage

selection to help make a more informed decision on tank

(availability) is signiﬁcantly high if the storage tank is cov-

size. Mohanrao () indicated that in order to minimise

ered due to almost zero evaporation losses from the tank.

storage system costs, the stormwater harvesting storages

Considering the tank half full at the start of the modelling

are often designed for a lower level of annual volumetric

indicated slightly more stormwater usage. If the simulation

reliability (i.e., 70%) in comparison to that of traditional

is conducted over a long period of time, the average

water supply storages such as dams (i.e., 95%). There can

annual stormwater usage will be very close to the simulation

be various options for the construction of a storage tank

with zero initial storage level in the tank.

starting from onsite construction of a concrete tank, prefab-

Figure 7 highlights the relationship between volumetric

ricated in parts and onsite installation or using commercial

reliability and the tank size for the three scenarios. The volu-

geocellular stormwater storage modular systems. The sto-

metric reliability is the ratio of annual stormwater usage for

rage tank costing is based on considering a modular system.

irrigation (availability of stormwater for irrigation) and
annual irrigation water demand. It can be seen from Figure 7

Stormwater treatment system

that the volumetric reliability increases as tank size
increases. It is also noted that the volumetric reliability is

Treatment of the harvested stormwater will be required to

greater if the storage tank is covered. The estimation of volu-

ensure water quality standards are met for managing health

metric reliability is sensitive to length of rainfall records,

and environmental risks. Australian national guidelines rec-

inter-annual variability of seasonal demand and storage sur-

ommend stormwater treatment criteria for 20- and 100-year

face type – covered or exposed (Mitchell et al. ).

life spans of treatment systems (NHMRC ). For the

It can also be seen from Figures 6 and 7 that beyond the

design period of 20 years, the guideline recommends that sus-

storage capacity of 2,000 m3, there is small gain in additional

pended solids should be <50 mg/L, coarse particles <2 mm

water availability or increase in volumetric reliability for a

diameter, iron <10 mg/L, phosphorus <0.8 mg/L and hard-

large increase in storage capacity. A tank size of 2,000 m3

ness <350 mg/L. The information on stormwater quality

can be adopted with nearly 75% volumetric reliability for

speciﬁcally from the catchment in the case study (i.e., car

the upper irrigation demand of the area (4,500 m3/annum)

park) is not available; however, signiﬁcant literature is available

if the tank is covered. The designer can conduct economic

on the untreated stormwater quality from Australian urban

analysis similar to that described in Table 2 for pipe size

catchments (Goonetilleke & Lampard ; Hamlyn-Harris

Figure 7

|

Annual volumetric reliability of storage capacity.
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et al. ), which were considered for design of the

require iterative approaches starting from smaller distances

treatment system. The components selected to form part

between sprinklers and laterals to larger, based on the com-

of the Brimbank Park stormwater treatment system were,

mercially available sprinklers and their radius of inﬂuence.

a gross pollutant trap and sedimentation chamber, a

To initiate the process, a commercially available sprinkler

bioretention/ﬁltration basin and a UV treatment for ﬁnal

discharging 93 L/min ﬂow at 46 m head (hS) with an inﬂu-

disinfection.

ence diameter of 20 m was selected.

A commercially available gross pollutant trap (GPT)
was selected for the scheme based on catchment-speciﬁc
parameters: catchment area 1.7 ha, 20 year average recur-

•

Sizing of sprinkler lateral pipes:

•

Estimating the total ﬂow in a lateral (3.1 L/s), a pipe

3

rence interval (ARI) ﬂow ¼ 0.4 m /s, three-month ARI ¼

size of 50 mm OD PE pipe (class 6) with head loss of

0.07 m /s and pipe size 450 mm diameter. The length,

8 m/100 m was estimated using a ﬂow resistance

width and depth (from inlet invert level) of the GPT selected

chart. Equation (1) can also be used for pipe sizing.

were 2.7 m × 1.35 m × 0.75 m, respectively (Urban ).

Christiansen () reduction coefﬁcient for head loss

Water professionals should look into other similar products

in the lateral with sprinklers, F (for two ‘effective out-

that are available in their geographical location.

lets’ in the plastic pipe), where the ﬁrst outlet is half

3

Melbourne Water () provides engineering procedures

spacing from supply main ¼ 0.64 (Waller & Yitayew

for the design of water sensitive urban design approaches. A

). An allowable head loss of 10–20% can be con-

bioretention/ﬁltration basin of 10 m × 6 m (60 m2 area) with

sidered across the irrigation area based on local

300 mm extended detention was considered suitable for the

guidelines, thus considering 20% head loss, the maxi-

required level of stormwater treatment using the design pro-

mum allowable pressure head variation across the

cedure. There are various options within the industry

•

regarding UV disinfection, which can be selected based on
compact design, cost and performance.
Design of sprinkler system
A layout of the sprinkler system was developed for the irrigation of the park area as shown in Figure 8. These designs

•

•

whole irrigation area ¼ 0.2 × 46 m ¼ 9.2 m
Head loss along lateral (hL) ¼ 1.1 × 0.52 × 30 × 8/100 ¼
1.40 m (considering 10% form or minor losses)
Lateral

upstream

pressure

(hU)

required ¼ hS þ

0.75 hL ¼ 46 þ 0.75 × 1.40 ¼ 47.10 m.
Sizing of sprinkler manifold pipes:

•

Flow in the upstream end of the manifold ¼ 12 (number
of laterals) × 3.1 (ﬂow in one lateral) ¼ 37.2 L/s

•

Christiansen’s reduction coefﬁcient (the ﬁrst outlet is at
half spacing), F ¼ 0.39

•

Try 125 mm OD PE pipe manifold, head loss in pipe
15 m/100 m if no sprinklers

•

Head loss along the manifold with sprinklers (hL) ¼

•
•

1.1 × 0.39 × 110 × 15/100 ¼ 7.10 m
Pressure head at the upstream end of the manifold
hU ¼ hS þ 0.75 hF ¼ 47.10 þ 0.75 × 7.10 ¼ 52.5 m
Maximum head loss in the sprinkler across the area ¼
7.1 þ 1.4 ¼ 8.5 m (<9.2 m permissible limit).

The sizing of the laterals and manifolds requires an iterative approach to ﬁnalise the sizes to maintain allowable
head loss across the area. Using a similar design approach,
sprinkler systems for all the three irrigation areas were
Figure 8

|

Sprinkler system layout.
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Design of pressure main from storage tank to sprinkler
systems
Using hydraulic principles (Swamee & Sharma ), the
capacity of a pump and pressure main size to transfer stormwater to the sprinkler system was determined as part of the
park’s irrigation system. The LCC was conducted using
three pipe size options and their associated pumping
requirements (100, 150 and 200 mm). The capital cost of a
pump, pressure main and associated maintenance and operation cost over the analysis period of 20 years was estimated
for the three pipe sizes. LCC for 100, 150 and 200 mm pipe

Table 3

|

|
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Life cycle cost of stormwater harvesting system

Item

Capital cost

LCC

Collection system works
at catchment site

$170,400

$191,632

Storage tank

$1,700,000

$1,704,250

Collection pipe

$4,550

$4,833

Treatment system

$100,000

$112,460

Irrigation sprinkler system

$45,045

$59,077

Pumping main

$64,800

$65,278

Pump and pumping cost

$22,000

$48,039

Total

$1,936,395

$2,185,569

systems was estimated to be $120,200, $113,800 and
$118,700, respectively. The analysis resulted in the selection
of a 150 mm pipe and associated pump of 35 kW.

There were only limited options for stormwater harvesting systems at Brimbank Park and the preferred option was
selected in consultation with stakeholders. The LCC of the

LCC

proposed stormwater harvesting system was estimated as
shown in Table 3.

The LCC was conducted using the net present value (NPV)
method described by Newnan et al. () and Swamee &

Final selection of system components – their types and

Sharma (). In this method, all the future costs, incurred

sizes

in operation and maintenance of the system including replacement of any component after its useful life over the

The stormwater harvesting system was designed to irrigate

analysis period, are converted to present cost/value. The

1.47 ha of park public open space area using a 1.7 ha car-

sum of the capital cost of the infrastructure systems and pre-

park as the primary stormwater catchment. The system

sent value of the operation/maintenance and replacement of

design included a stormwater storage tank of 2,000 m3,

components over the analysis period gives NPV. Equation

stormwater collection pipe of 450 mm, bioretention/ﬁl-

(2) was used for NPV estimation:

tration system of 600 m2 area, 150 mm pressure main with



(1 þ i)n  1
P¼A
i(1 þ i)n

a pump of 35 kW and a sprinkler system with a manifold
(2)

where P is present cost, A is annual operation and mainten-

of 125 mm and laterals of 50 mm.

CONCLUSIONS

ance cost, i is discount rate and n is analysis period.
Similarly, future cost F for the replacement of system

A methodology for the planning and design of a stormwater

components (e.g., pumps) after their useful life was con-

harvesting system is presented and its application has been

verted to present cost P using Equation (3):

demonstrated through the design of such a system at
Brimbank Park in Melbourne’s west. The applications of

P ¼ F(1 þ i)n

(3)

hydrological and water balance models including hydraulic
design and LCC approaches were conducted for design pur-

where n is useful life of the system or replacement period. In

poses. Detailed discussions with stakeholders and the

this study, an analysis period of 20 years and a discount rate

agency responsible for operating the system should be con-

of 5% was adopted.

ducted for detailed option development.
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It can be concluded that the sizing of a stormwater
storage and collection pipe should not just be based on
achieving 100% reliability or capturing peak ﬂow occurring
once over the analysis period. A thorough analysis is
required to be able to make informed decisions and to minimise subjectivity in decision-making.
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