EXECUTIVE SUMMARY

INTRODUCTION

Water-sensitive Urban Design (WSUD) is a term coined by a multi-disciplinary group of practitioners and

academics in Perth, Western Australia, in the early 1990s, to describe the ‘new thinking’ then emerging about

sustainable water cycle management in the urban landscape. Parallel initiatives were also taking place in Japan

with ESS (Experimental Sewer System), Europe, where the terminology Sustainable Urban Drainage Systems

(SUDS) is used, the Vancouver/Seattle region, where it is called LID (Low Impact Development), and in the

eastern seaboard of USA, in particular Maryland, Washington DC, and Florida. A wealth of documents has

evolved from these initiatives, notably the landmark contributions of Schueler (1987). We apologise for any

significant omissions from this list.

Interest in the field has grown steadily in Australia since the mid-1990s with some excellent ‘guideline’ and

planning documents, in particular the CSIRO (1999) report and WSUD in the Sydney Region (2003), becoming

available. Some industry leaders in Australia have claimed that, despite this literature, there is little in the way of

basic information – detailed procedures – needed by the student, the novice practitioner and the wide-ranging

municipal engineer to turn planning goals into dimensioned installations. The Handbook is an attempt to meet

this need for Australian practice. The document’s general approach and illustrative examples recognise the three

main climate zones experienced across the Australian continent – tropical, sub-tropical and semi-arid : it is

therefore possible that it may find wider interest than its Australia-based target audience.
The Handbook is the result of 15 years field and laboratory research by Urban Water Resources Centre,

University of South Australia, including experience gained from the monitoring of 20 project installations

designed on a consulting or collaborative basis for municipal, developer and community clients. A further 15

sites have been used as research-only installations.

The Handbook comprises nine chapters :

• Chapters 1 – 4 : Introductory material – basic concepts, descriptions of devices and systems,
            data on soil types and characteristics, geology, essential theory, strategic planning.

• Chapter 5 : Four design procedures on stormwater quantity control using six different types of

            devices/installations; seven detailed design illustrations.

• Chapters 6 and 7 : Detailed information on Australian water quality criteria (relating to

           stormwater); four design procedures on dimensioning of pollution control sub-structures and

           ‘filter strip’ swales (for pollution control); six detailed design illustrations.

• Chapter 8 : Two design procedures for storm runoff harvesting based on ‘continuous

           simulation’ modelling and an exploration of the consequences for minor system flood control of
           using rainwater tanks; three detailed design illustrations.

• Chapter 9 : Concluding discussion.

The Handbook’s most important issues and contributions are :

‘CONTINUOUS SIMULATION’, DESIGN STORM METHOD, DETENTION-RETENTION ISSUES

Australian stormwater management practice, particularly in the major cities and large population centres along the

eastern seaboard, has adopted detention technology as the main technique for controlling flooding in urban

catchments. Many cities and municipal councils have OSD (on-site stormwater detention) policies which govern

all new building applications ranging from “greenfields” sub-divisions to re-development of residential allotments.

These practices are based on a widespread belief that peak flows in urban streams conveying storm drainage from

developing urban catchments can be satisfactorily controlled by detention storages dimensioned according to the

‘design storm’ method. This approach has been questioned in recent years by those who advocate ‘continuous

simulation’ modelling as a superior design method producing more realistic outcomes. Also, the advantages and

benefits of stormwater retention practices, particularly where successions of development or re-development sites

are involved, have been proclaimed. The Handbook attempts to resolve the apparent conflict raised by these

issues.

The importance of ‘continuous simulation’ modelling in the context of contemporary stormwater management

practice is reviewed, leading to the introduction of a modified design storm procedure to overcome the problem of

part-emptying of on-site storages which occurs during successions of closely spaced (in time) storms. The

modification employs the ‘emptying time’ concept – the time taken for a filled, in-ground retention device to

empty from full. This is introduced in Chapter 3 : emptying time, T, is derived for four in-ground retention

installation types – the “leaky” well, trenches, “soakaways” and ‘dry’ ponds. The matter of criteria against which

the parameter T should be compared is explored and the range of international practices reviewed. The criteria are

found to be arbitrary and divergent (between “24 hours” and “3 days”), indicating considerable uncertainty.

The Handbook offers an interim log-based emptying time relationship – presented in tabular form – which

employs statistical hydrology logic. The basis for the Table is the need for stormwater retention systems designed

for frequent fillings, for example ARI, Y = 1-year or less, to empty rapidly (12 hours), while those designed for

large recurrence intervals (ARI, Y = 50-years and greater) are allowed half-a-week to drain. The need for

research of this important topic is emphasised.

The Handbook proposes that successful urban catchment flood control is achieved by designing for equality of

‘before and after’ (development) runoff volumes from component areas, and not the ‘before and after’ peak flows

of detention practice.

The alternative approach – ‘continuous simulation’ modelling – is employed in the Handbook in the domains of

pollution control and stormwater harvesting for which conventional ‘design storm’-based solutions are unreliable.

STORMWATER RETENTION IN EXPANSIVE CLAY SOILS

An issue of great importance in developing urban catchments is that of “clearance distances” which must be

provided between in-ground stormwater retention installations and nearby building footings, particularly those

associated with domestic structures. This is not a matter of great concern where soils are non-cohesive, but the

clay soils which predominate in cities such as Adelaide, Brisbane, Melbourne, and Western Sydney give rise to

considerable problems for the designer seeking to use stormwater retention principles in modern allotments.

The Handbook offers information in this connection on four soil classes – sand, sandy clay, medium clay and

heavy clay : “clearance distance” for the latter – the most reactive – is 5 m (distance to point where soil ‘heave’ is

barely perceptible). While recognising the severely limiting consequences for urban design of applying such

information, the Handbook also provides designers with an ‘escape’

This takes the form of a strategy to drain (in-ground) installations before they have time to develop their full

expansive potential. Drainage can be achieved in such circumstances by way of a bore to a conveniently located

aquifer or, more commonly, by ‘slow-drainage’ pipeline to a street drainage path or to a local waterway. The

essential design constraint which must be observed in these cases is “drainage from full in not more than 24

hours”. Designers are cautioned, however, not to interpret this as a licence to drain water-retaining installations

too quickly and risk the detention practice performance of their installations which retention techniques are

intended to avoid. Practical ways to resolve this issue are offered.

FOUR CATEGORIES OF INSTALLATIONS

The Handbook identifies four classes of installations :

Category 1 : installations whose primary role is in quantity management (flooding and environmental flows);

Category 2 : installations whose primary role is in quality control;

Category 3 : installations whose primary role is in stormwater harvesting; and,

Category 4 : installations with multi-objective roles spread fairly evenly across flood control, pollution control,

                    stormwater harvesting and/or amenity.
Categories 1, 2 and 3, between them, cover the three main goals of stormwater-based (WSUD) practice.

However, overlap between the categories is recognised as a significant characteristic of (stormwater) design which

is water-sensitive. Thus, it is not prudent to design installations to meet flood control objectives, only, without

due regard for upstream sediment containment, particularly during the construction phase of development. The

lessons learned from the monumental Maryland reports of Pensyl and Clement (1987) and Lindsay et al (1991)

need to be strongly heeded.

In a similar way, harvesting of stormwater using rainwater tanks can have a significant and positive impact on

minor system flood control. However, the identification of a primary goal for each of the three main categories

is found to aid the process of design in otherwise complex situations.

SOME STRATEGIC DIRECTIONS FOR URBAN STORMWATER MANAGEMENT

The need for a catchment-wide planning approach to be taken with the design of individual installations, is a

strong theme running through the Handbook. This manifests itself in the use of ‘total’ catchment or ‘local’

catchment critical storm durations [(TC)total or (TC)local] to fix runoff volumes in the great majority of flood control

design situations and not (site) “time of concentration”. However, the importance of site “time of concentration”,

tC, in the design of entry works, for example, is emphasised.

Catchment-wide objectives are also interpreted into three basic scenarios (a, b and c, below) with respect to some

point “P” on the main waterway, selected by the agency responsible for catchment management as a “point of

singular interest”. These scenarios are then linked, individually, to three stormwater management strategies

which govern all subsequent design decisions :

a) P is the site of an end-of-catchment harvesting scheme such as a wetland (on- or off-stream) where storm

runoff, generated in the upstream urban landscape, is collected and cleansed prior to use. The objective of

catchment management in this case is to maximise the quantity of water harvested in the catchment ‘bottom

lands’ while, at the same time, ensuring that floodwaters (ARI = Y-years event) are contained within a

defined flood plain : this objective is implemented at the site level in the yield-maximum strategy;

b) P is a recognised reference point in a catchment or sub-catchment in which urban development has occurred

and/or is likely to occur under environmentally responsible local government or catchment-wide

administrative control outside the borders of a defined flood plain (ARI = Y-years). The objective of

catchment management in this case is to maintain the harmonious and synergistic relationship which exists

between continuing urban development and ‘acceptable’ use of the flood plain for agricultural and amenity

pursuits : this objective is implemented at the site level in the regime-in-balance strategy;

c) P is a recognised reference point in a catchment or sub-catchment in which poorly-controlled urban

development has already intruded deeply into the flood plain with consequences of past serious flood damage

and/or severe channel erosion with the potential for more trauma and environmental damage in the future.

The objective of catchment management in this case is to establish and implement local government or

catchment-wide strategies to improve the performance of the urban flood control infrastructure and to

prevent further urbanisation of the flood plain (ARI = Y-years). This objective is achieved, in particular, by

minimising the quantity of stormwater discharged from all new developments and re-developments under the

yield-minimum strategy.

The Handbook urges municipal agencies to review their catchments/sub-catchments in the light of these scenarios

and to adopt one of the three strategies – or mixes of them – to achieve appropriate outcomes.

The three stormwater management strategies referred to above may be described as follows :

• yield-maximum : all storm runoff available in the catchment is collected and conveyed to a

wetland or similar facility where it is cleansed prior to injection into an aquifer as part of an

ASR scheme. The potential for flooding in the wetland vicinity must be recognised and steps

taken such as use of stormwater detention techniques to ensure acceptable performance;

• regime-in-balance : this strategy is implemented by providing, on each development site, a

stormwater retention facility with storage capacity equal to the difference between the

developed site runoff volume and its pre-development equivalent in the (design) Y-years storm

of (catchment) critical duration; similarly for re-development sites;

• yield-minimum : this strategy is implemented by providing, on each development site, a

stormwater retention facility with storage capacity equal to the runoff volume generated on that

site in the (design) Y-years storm of (catchment) critical duration; similarly for re-development

sites.

DESIGN PROCEDURES – ALL CATEGORIES

There are ten basic design procedures in the Handbook, some of which are sub-divided into specialised sub-sets

(A, B, etc.). Procedures 1 – 4 inclusive are applicable, primarily, to Category 1 installations; Procedures 5 – 8, to

pollution control systems; and Procedures 9 and 10 relate to rainwater (domestic or industrial) harvesting systems.

A section following Procedure 10 is devoted to the effects which rainwater tanks can have on reducing local area

(minor system) flooding. Brief descriptions of the procedures follow :

Procedure 1 : design formulae which enable the plan area required for an infiltration surface to be determined,

matched to the ‘peak (design) flow’ generated in a contributing catchment. Two options are offered – A : cases

where the infiltration surface is external to the catchment; B : cases where the infiltration surface is within the

catchment;

Procedure 2 : design formulae which enable the dimensions of in-ground stormwater retention devices to be

determined, matched to the (design) runoff volume generated in a contributing catchment. Three options are

offered – A : “leaky” wells; B : “leaky” trenches filled with gravel, gravel/pipe combinations or heavy duty plastic

‘milk crate’ cells; and C : “soakaways” or mattress (trench) installations;

Procedure 3 : design formula which enables the dimensions (plan area) of infiltration or ‘dry’ ponds to be

determined, matched to the (design) runoff volumes generated in contributing catchments.

Procedure 4 : a three-step process which is a continuation of Procedures 2 and 3, above, to be applied in cases

where a design fails to meet a required emptying time criterion. Two options are offered – A : situations where

aquifer access is available; B : situations where access to street drainage or a local waterway is available.

Procedure 5 : a multi-step process which enables the dimensions of in-ground “soakaway” reservoirs storing

cleansed stormwater runoff to be determined. Two options are offered – A : systems dimensioned according to

the outcomes of ‘continuous simulation’ modelling and giving the size of installation needed to temporarily store

95% of annual runoff anywhere in Australia (five Australian climatic regions); and, B : systems matched to ‘first

flush’ runoff.

Procedure 6 : a multi-step process which is a continuation of Procedure 5, above, to be applied in cases where a

design fails to meet a required emptying time criterion. Two options are offered – A : situations where there is

aquifer access; B : situations where access to street drainage or a local waterway is available.

Procedure 7 : a multi-step process specific to the design of swale streetscape systems including in-ground

“leaky” trenches. The system objective is to provide cleansing and temporary storage for more than 95% of

annual runoff.

Procedure 8 : a multi-step process which is a continuation of Procedure 7, above, to be applied in cases where a

design fails to meet a required emptying time criterion. Two options are offered – A : situations where there is

aquifer access; B : situations where access to street drainage or a local waterway is available.

Procedure 9 : a multi-step process using daily rainfall records, a range of domestic roof areas and average

household water use data to determine rainwater tank capacities to meet acceptable “failure to supply” criteria.

Rainwater tank storage volumes matched to four roof areas are presented (graphs) for all Australian state and

territory capitals. Access to a software package (spreadsheet) is also provided.

Procedure 10 : a multi-step process using the outcomes of ‘continuous simulation’ modelling to determine the

size of rainwater tank needed to give between 30% and 90% harvesting of roof area runoff anywhere in Australia

(five Australian climate regions). Access to a software package for ‘sizing’ rainwater tanks is also provided.

ILLUSTRATIVE EXAMPLES

Each of the three main category areas – quantity control, pollution control and harvesting – is followed by a

generous set of ‘worked examples’. The examples are, for the most part, based on existing, successful projects :

all of the three main climatic zones – Northern Australia, Intermediate Australia and Southern Australia – are

represented in the illustrations.

CONCLUSION

The Handbook, developed for use by Australian practitioners, is intended to fill the perceived ‘gap’ which exists

between the many excellent guideline documents available for the planning of water-sustainable urban landscapes,

and the realisation of their guidance in dimensioned installations. The document is divided, broadly into four

main segments – introduction, including basic theory; stormwater quantity control systems; pollution control

installations; stormwater (rainwater) harvesting and (minor system) flood control using rainwater tanks.

The Handbook includes a generous supply of illustrative examples and case studies covering the three climate

zones experienced across the Australian continent – tropical, sub-tropical and semi-arid. The design procedures

are presented, in the main, in ‘step-by-step’ format. It is hoped that use of the document will lead to deeper

penetration of sustainable stormwater management practices in the Australian municipal domain.

Adelaide,

November, 2004

(updated February, 2009)


























































































































































































































































































































































































































































































