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澳大利亚规划体系

以堪培拉为例

堪培拉政策规划

分区政策规划

专项系统政策规划

重点地段政策规划

地块政策规划

堪培拉开发规划

分区开发规划

专项开发规划

重点地段开发规划

地块开发规划



澳大利亚规划体系

政策 国家级 州级

环境政策 国家生态可持续发展战略
Department of the 
Environment and Heritage

我们的环境，我们的未来，可持
续行动申明（2006）

水政策 全国水动议
Council of Australia 
Governments, 2004
国家水安全计划
Prime Minister of Australia, 
2007

共同保护我们未来的水（2004）
可持续水战略中心区域行动
（2055）

城市规划政策 可持续城市计划2003 墨尔本2030规划

立法 联邦环境及生物多样性保护法
（1999）
水法（2007）

环境保护法（1970）
水法（1989）
集水及土地及保护法（1994）
规划与环境法（1987）
环境影响法（1978）

以墨尔本为例



澳大利亚规划体系

联邦政府

州政府

地方政府

处理全国所有事物

自治权\立法权\规划立法权

权力各不相同
可编制城镇规划、管理地区

和修建公共设施、建筑监督等权力

通过联邦政府和州政府制定战略性规划并将规划目标层层分解，为地方
规划设计做出宏观指导。



澳大利亚WSUD规划体系

WSUD是在保持城市人类发展的基础上，
恢复自然的水循环过程。

强调通过城市规划和设计的整体分析方法
来减少对自然水循环的负面影响和保护水
生生态系统的健康。

将雨洪管理、供水、污水管理一体化，兼
顾景观和生态系统。

雨水收集
和汇水区

管理
蒸发

降雨

供水港湾和海
洋维护

暴雨管理水道维护

污水处理中水回用



What WSUD achieves

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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The Status of Water Sensitive Urban Design Schemes in South Australia
Goyder Institute for Water Research Technical Report Series 

No.13/11,Adelaide, South Australia



BMP LID SUDS WSUD主要差异比较

名称 特点

最佳管理作业措施BMP 针对面源污染问题，关注水质，技术性强

低影响开发LID 从源头上对小区域或保护天然的水文进行控制，技术性强

可持续排水系统SUDS 通过分级排放思想来控制雨水径流量、减少径流污染以及增加环境舒适性

水敏性城市设计WSUD
从城市开发尺度上，通过整合城市空间设计和综合水资源管理的手段实现
雨水的综合利用



BMP LID SUDS WSUD主要差异比较



澳大利亚WSUD规划体系发展与演变

发
展
阶
段

确保城市水供应
（Water Supply  City）

城市管网建设阶段
（Sewered City）

城市水资源保护
（Waterways City）

城市水资源保护阶段
（Waterways）

水循环综合利用阶段
（Water-Cycle City）

水敏感友好型城市
（Water Sensitive City）

管
理
目
标

保证城市充足的水源供
应，大概时间十九世纪
初

基于公共健康保护的城
市排水建设

保证城市高效排除污水，
保护城市不受洪水破坏

注重城市环境保护和舒
适性

实现生物多样性，保护
包括水在内的自然资源

保护自然资源，适应气
候变化，建设更舒适、
多功能有活力的水生态
城市

主
要
实
现
手
段

堤坝和管道等硬件设施 十九世纪九十年代前，
词啊用合流制排污系统，
其后发展出了分流制排
污系统

快速排除雨水的各种措
施，如管道建设、河道
渠化

水变成了城市重要的视
觉和休闲要素，建设污
水处理设施，力求减少
水体污染。结合非点源
污染问题的研究，运用
湿地和生物过滤方式减
少水污染

采用水综合利用途径，
包括水资源保护，多种
水供应方式（净水、雨
水、海水、污水等不同
水质用于饮用水、灌溉、
工业、日常等多种用途）
同时多利益相关者、多
专业多途径共同寻找解
决办法

结合绿色基础设施
（Green Infrastructure）

建设，结合城市形态、
生态技术、自然要素等
多元化的手段



阶段 参与者 机构之间的联结（以及战略目标） 联系

制度压力
（2011—）
雨水质量控制实践
创新小环境形成—雨水收集

小环境参与者：
研究者
当代政府部门
开发商及顾问

制度参与者：
政客
水务局
环保机构
水利用机构

（科研）水敏感城市水研究中心

（新成立的）研究城市水管理的社会—技术解
决方案、教育培训计划等等（政策）内阁咨询
委员会，为如何实现政策目标提供独立咨询

（新职业构建）清洁水计划

（重点项目）实验项目进行中，“水敏感城市”
新研究课题，政策沟通渠道

建立起科研与生
产实践、政策、
提供就业机会、
重点项目之间的
联系

1960s-
1989

1990-
1995

1996-
1999

2000-
2003

2004-
2010

2011-

发展前期 起步阶段 加速发展阶段 稳定阶段前期

大背景出现 技术革新
小环境出
现&议题明
确关系开
始建立

小环境形
成&对议题
形成共识

小环境扩
散&知识传
播

政策&实践拓
展&议题深入
（新的创新小
环境出现）

雨水质量控制实
践&创新小环境
形成——雨水
收集

澳大利亚WSUD规划体系发展与演变



澳大利亚WSUD规划体系层级

规划阶段规模 规划内容 水管理内容 案例 使用面积大
小

1.国家层面
Regional

区域策划
区域结构规划

确定水资源的环境需求，提出战略排
水规划等关键性的策略

2006年国家政府颁布的《国家
水质量管理策略》等

>300ha

2.州层面
District

地方规划策略
地区计划
修正案
地区结构计划

提出满足可持续水循环的地区和区域
管理目标，进行地表水和地下水分析，
分析规划钱的土地利用性质确定潜在
的污染可能性，确定关键性的蓝色基
础设施

2004年新南威尔士州政府颁布
的《西悉尼WSUD技术指引》
等

>300ha

3.地方层面
Local

局部规划方案
局部结构的计
划
大纲发展计划

确定地区的水目标、场地的综合分析
（主要分析内容包括：现存的和人工
的水廊道，地区的自然条件分析，水
资源的社会、文化价值，现状水污染
水平，水文分析）

地方政府的法律指引 <300ha

4.小区层面
Subdivision

地区详细设计 遵守区域水管理策略汇总的目标，综
合的区域分析，利用相关设计减少城
市水污染、保护水资源，保护水系廊
道、湿地等的生态社会价值，水资源
的存储和资源的重复利用，确定具体
布局和位置并提出实施措施

2003年德国斯图加特
Hohlgrabenacker小区住宅设
计指引

<20ha

5.开发
Developmen
t

开发申请
建筑许可证

履行上层次的水保护策略，并采用定
期监测的手段定期对开发区域进行监
测。

评价体系保障





Essay
A Holistic Approach 

to Addressing WSUD 
Capacity Issues in 
Local Government

澳大利亚WSUD规划体系层级



Water Sensitive Urban Design - Technical Design Guidelines for South East Queensland
Brisbance City Council & Mereton Bay Waterways & Catchments Parnership & Australian Government
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Brisbance City Council & Mereton Bay Waterways & Catchments Parnership & Australian Government

澳大利亚WSUD规划体系层级



澳大利亚WSUD规划体系

The adoption of national guidelines provides a shared national objective, while allowing
flexibility of response to different circumstances at regional and local levels. Application of these
guidelines may vary between States/Territories, depending on local water management and other
arrangements.

Aspects of WSUD addressed in these Guidelines are regulated by States/Territories and are not
controlled by the Australian Government. State or Local jurisdictions may use their own legislative
and regulatory tools to refine these Guidelines into their own locally specific material. Relevant
State/Territory regulations, standards or guidelines, where they exist, should be consulted to ensure
that any local requirements are met. Where State/Territory guidelines differ from this document, the
State/Territory guideline should be followed or the local planning or regulatory agency consulted to
clarify appropriate requirements.

State/Territory regulatory frameworks which may be relevant to WSUD could include:

Planning approvals;
Water resource allocation;
Natural resource management, including works in watercourses or riparian zones;
Public health;
Pollution control; 
Dam safety.

Evaluating Options for Water Sensitive Urban Design - a national guide



WSUD经济和社会环境效益

经济效益 社会与环境效益

节约资本成本：减少管道和排水沟投资成本 水文平衡：通过储存、渗透和蒸发的自然过程，达到自
然水温的平衡

节约建设成本：通过生态的清洁过滤作用减少基础建设
的成本

保护生态敏感区：在城市发展中保护生态敏感区

节约水质成本：通过保留和修复水系，帮助减少优化水
质的成本

修复水系：恢复和增加城市的水系

节约开发商成本：减少开发商对排水设施的投资 降低影响：减少城市开发对自然环境的影响

增加自然栖息地：增加生物多样性和郊区型大地景观

提升市场价值：整合水功能、临街的睡眠，打造公共开
放空间网络，完善生态体系，提升人居环境，以获得更
多的认同和更大的市场

补充地下水

与城市和居住区景观系统融合

提升资源利用：虽然可能会提高居住区的建设成本，但
可利用水道为社区提供更多的休闲康体设施，提供更多
的公共开放空间

高质量的城市面貌

联系：能够通过开放空间体系联系各个社区节点



Objectives

Evaluating Options for Water Sensitive Urban Design - a national guide



Principles

1.Incorporate water resources as early as possible in the land use planning process;

2.Address water resource issues at the catchment and sub-catchment level;

3.Ensure water management planning is precautionary, and recognises intergenerational
equity, conservation of biodiversity and ecological integrity;

4.Recognise water as a valuable resource and ensure its protection, conservation and 
reuse.

5.Recognise the need for site-specific solutions and implement appropriate nonstructural
and structural solutions;

6.Protect ecological and hydrological integrity;

7.Integrate good science and community values in decision making; and Ensure equitable 
cost sharing.

Water Sensitive Urban Design Technical Manual
Greater Adelaide Region



Project Team

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



澳大利亚水敏感性城市设计及启示—王思思

Process



澳大利亚WSUD规划体系操作阶段

操作阶段 概要

1.可行性研究

建设方：提交雨洪管理总体计划
水务局：审查
目标：总体规划要从源头上避免和控制城市发展对水环境的负面影响，如城市洪涝灾害，受纳
水体水质，并符合区域长期规划

2.初步设计
3.详细设计

4.施工图设计

建设方及受咨询设计公司：按要求将工程报告、设计图纸、计算书、甚至数学模型提交水务局
备案，并与政府主管部门（流域管理局\水务局\当地政府规划基建部门\环保部门）保持密切联
系

5.审核 主管部门：发放许可文件（高难度工程会要求建设方聘请第三方咨询公司）

6.施工前 建设方：制定场地控制方案及相应设施以进行施工期雨洪管理

7.施工期间
水务局：对场地排入周边河道水体的雨洪所可能携带的冲刷泥沙和施工机械泄漏油污等进行严
格监管

备注1：对与主管部门的监督，政府要求遵循相应法规和技术标准。建设方对主管部门的监管不当或失职行为可提出行政申诉，
甚至启动法律起诉。

备注2：旧城改造工程中，由于受限于狭窄空间，当建设的设计方案不能容纳足够的WSUD的工程设施时，建设方要向水务局提
出申请，经审批后，建设方可交付一定补偿金后得到豁免，补偿金最终将由水务局用于相应流域下的雨洪设施建设投资，以保
证流域整体水量水质标准。



How WSUD achieves its aims

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



City of Mebourne WSUD Guidelines – Applying the Model WSUD Guidelines
An Initative of the Inner Melbourne Action Plan

How WSUD achieves its aims



Decentralised Water Master Plan WSUD & Stormwater Infrastructure Report
City of Sydney

How WSUD achieves its aims



Melbourne Water. City of Melbourne WSUD Guidelines.2008.

How WSUD achieves its aims



Process

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Evaluating Options for Water Sensitive Urban Design - a national guide

Process



Water Sensitive Urban Design Technical Manual
Greater Adelaide Region

Process



Water Sensitive Urban Design Guidelines
Melbourne Water Victoria

Process



Water Sensitive Urban Design - Technical Design Guidelines for South East Queensland
Brisbance City Council & Mereton Bay Waterways & Catchments Parnership & Australian Government

Process



Water Sensitive Urban Design Guidelines
South Eastern Councils

Process



Water Sensitive Urban Design Guidelines
South Eastern Councils

Process



1.Understand the most recent WSUD policy and regulations
理解最新的WSUD政策及规范

2.Indentify regionally and locally significant ecosystems and understand the site’s 
context in relation to the protection and/or enhancement of these ecosystems, 
particularly riparian and wetland ecosystems associated with waterway corridors.
确定区域以及当地重要的生态系统并理解与保护或者改善这些生态系统相关的
场地场景，尤其是与水系廊道联系的水边及湿地生态系统

3.Indentify environmental values and water quality objectives for key receiving 
waters within, and downstream of, the development.
确定与对核心接收水域内及发展下游的环境价值以及水的质量目标

4.Establish ecological condition and management requirements for key receiving 
waters within, and downstream of, the site.
为接收水域内及场地下游建立生态条件和管理要求

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Process



5.Establish the site’s existing hydrologic cycle and its regional context.
建立场地现有水循环及其区域环境

6.Understand the regional and local integrated water cycle infrastructure context.
理解区域及当地综合水循环基础设施环境

7.Understand the current and future flooding risk on, and downstream of, the site.
理解场地及场地下游的当前及未来洪水风险

8.Understand the site terrain and soils.
理解场地地形及土壤

9.Prepare a preliminary WSUD opportunities and constraints overlay.
准备一个预备的WSUD机遇与限制的叠加

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Process



10.Detemine water conservation objectives.
决定水资源保护目标

11.Determine wastewater minimisation objectives.
决定污水最小化目标

12.Detemine stormwater management objectives.
决定雨水管理目标

13.Confirm WSUD design objectives with local council.
与当地议会确认WSUD设计的目标

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Process



14.Integrate the conceptual design process.
综合概念设计流程

15.Undertake detailed site analysis.
着手场地设计的细节

16.Undertake quantitative modelling.
着手定量化模型

17.Prepare final conceptual site layout and present to the local council at a pre-
lodgement meeting.
准备最终场地概念布局并在预提会议上向当地议会展示

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Process
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Strategies

1.Water Conservation
水体保护

2.Wastewater Minimisation
污水最小化

3.Stormwater Management
暴雨雨水管理

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



Strategies

1.Water Conservation
水体保护

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



Strategies

1.Water Conservation
水体保护

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



Strategies

2.Wastewater Minimisation
污水最小化

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



Strategies

3.Stormwater Management
暴雨雨水管理

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



Strategies

3.Stormwater Management
暴雨雨水管理

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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From Concept Design Guidelines for Water Sensitive Urban Design
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From Concept Design Guidelines for Water Sensitive Urban Design
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3.Stormwater Management
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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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From Concept Design Guidelines for Water Sensitive Urban Design
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3.Stormwater Management
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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



Strategies

3.Stormwater Management
暴雨雨水管理

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



WSUD中的最佳规划实践是指场地评估和土地利用规划, 由于土地利用规划将改变场地的排水方式和水质, 因此它对雨水管
理技术措施的选择和设计具有重要影响。在进行土地利用规划时, 应综合考虑场地及周边的气候、地质条件、排水形式以
及其他重要的自然特征(湿地和残余植被)。其次, 对场地的土地承载力进行评估, 最后制定土地利用规划。在规划中要将雨
洪管理作为重要考虑因子, 促进雨水管理方案的实施。例如, 降低道路竖向坡度以便于BMP技术在道路中的应用, 通过设计
增加水体的可达性和降低绿地高程等。

BPPs(Best Planning Practices)

澳大利亚水敏感性城市设计及启示—王思思



A BPP refers to a site assessment, planning and design component of WSUD. A BPP is defined as the best practical planning 
approach for achieving or contributing to defined management objectives in an urban situation. This includes site assessment of 
physical and natural attributes of the site and capability assessment. Using this as a basis, the next step is integrating water and 
related environmental management objectives into site planning and design.

BPPs may be implemented at the strategic level or at the design level. At the strategic level, BPPs can include the decision to create 
a foreshore reserve, make provision for arterial infrastructure or to include water sensitive policy provisions or design guidelines in 
town planning schemes. At the design level, BPPs refer to specific design approaches. BPPs can be applied at a wide range of scales 
within a WSUD project. Some examples of BPPs include:

The identification and protection of land to allow for an integrated stormwater system, incorporating storage locations, drainage 
and overflow lines and discharge points;
The identification of developable and non-developable areas;
The identification and protection of public open space networks including remnant vegetation, natural drainage lines, recreational, 
cultural and environmental features; and

BPPs(Best Planning Practices)

Evaluating Options for Water Sensitive Urban Design - a national guide
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1.Public Open Space Networks公共开放空间网络

2.Housing Layout住宅布局

3.Road Layout道路布局

4.Streetscapes街道景观

Evaluating Options for Water Sensitive Urban Design - a national guide

The identification of options for the use of water-
conserving measures at the design level for:

Road layout;
Building Design (e.g. encouragement of green roofs);
Internal services;
Housing layout; and
Streetscape (including regulated self-supply options)

A number of planning and design tools based on BPP 
principles have been developed which relate to
the following:

Public open space networks;
Housing layout;
Road layout; and
Streetscape.



BPPs(Best Planning Practices)

1.Public Open Space Networks公共开放空间网络
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WSUD often incorporates multi-purpose drainage 
corridors in residential developments. These integrate 
public open space with conservation corridors, 
stormwater management systems and recreation 
facilities, with commensurate social and economic 
benefits. Open space becomes more useable because 
of the opportunity to link and share space for multiple 
activities. Vegetated drainage corridors can also 
provide buffer strip protection for natural water 
features in the development. The development of 
active recreation areas next to drainage facilities can 
introduce some elements of public safety and health 
risk. This requires consideration during the design 
phase and can often be addressed using techniques 
such as safety signs and barriers. 

Figure 3-2
compares a ‘conventional’ design with a ‘water-
sensitive’ design of a neighbourhood, incorporating
public open space (P.O.S.).
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2.Housing Layout住宅布局

Evaluating Options for Water Sensitive Urban Design - a national guide

A water sensitive housing layout integrates residential 
blocks with drainage function and public open space. 
Such housing layouts often include a more compact 
form of development, which reduces impervious 
surfaces and helps protect the water quality and health 
of urban waterways.

Figure 3-3 illustrates how housing layout can be 
adjusted to incorporate and highlight natural open
space, waterway and drainage corridors.
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3.Road Layout道路布局
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A water sensitive road layout incorporates the natural 
features and topography of a site. It implements the 
practice of locating roads beside public open spaces 
wherever possible. This enhances visual and 
recreational am8nity, temporary storage, infiltration at 
or close to source and water quality. It also aims to 
minimise the extent of impervious road surfaces. As 
with all road design, road safety should not be 
compromised. Limitations also exist according to the 
site’s topography, and in this case, road alignments 
that allow for shallower grades by following contours 
may be one possible method of facilitating WSUD 
implementation.
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4.Streetscape街道景观
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A water sensitive streetscape integrates the road 
layout and vehicular and pedestrian requirements
with stormwater management needs. It uses design 
measures such as reduced frontages, zero lotlines,
local detention of stormwater in road reserves and 
managed landscaping.
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1.Steep and Undulating Sites起伏有坡度的场地

2.Flat Sites平地

3.Multiple Use Public Open Spaces多用处的公共开放空间

4.Street Layout and Streetscapes街道布局与街景

5.Symbiotic Land Use Clustering共生土地利用

6.Industrial Sites工业场地

7.Waterscapes as Public Art公共艺术中的水景

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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BMPs(Best Management Practices)

澳大利亚水敏感性城市设计及启示—王思思

与北美和欧洲相同, 澳大利亚将雨洪管理的措施和技术手段称为最佳管理实践( BestM anagement
Practice, 以下简称BMP )。BMP 通常分成工程性BMP( structura lBMP)和非工程性BMP( non- structural
BMP)两类。工程性BMP是指运用各种处理技术和设施来控制雨洪过程中出现的污染和洪涝问题(见表1)。非工
程性的BMP是指通过管理、制度或教育等非技术手段来实现雨洪管理的目标[ 8] (见表2)。

在确定和选择合适的工程
性最佳管理实践时,
可以从以下5个方面考虑
项目的目标:

1.流量控制。包括洪水管
理、减缓流速和削减洪峰
流量三方面内容。
2.水质改善。描述污染物
去除的情况。
3.处理的有效性。包括
BMP 平均径流减少比例
和污染物去除的效率。
MUSIC 软件等模拟工具
可以提供快速评估的手段。
4.设计中的问题。需要在
场地机会和限制的背景下
考虑BMP 设计的细节, 例
如地形、气候特征和可供
建造的土地等。
5.成本因素。评估资金投
入和维护成本。
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A BMP refers to the structural and non-structural elements of a design that perform the prevention,collection, 
treatment, conveyance, storage and reuse functions of WSUD. Existing technical literature provides detailed 
descriptions of BMP techniques. This section of the Guidelines provides a brief overview of selected strategies and 
their relative key features. The reader is directed to the more detailed manuals listed in Section 7 of this report for 
greater design and performance detail on individual techniques.

There are physical constraints on the use of many of the BMPs presented below, particularly the effluent reuse, 
greywater and stormwater BMPs (e.g. catchment area, soils, slopes, depth to groundwater etc). The reader is referred 
to the relevant detailed design guidelines presented in Section 7 for more information in this regard. This is an 
important issue for option selection and evaluation. Also important is the ongoing maintenance obligations with the 
implementation of WSUD and this should be considered as part of the overall evaluation process.

For convenience, BMPs have been grouped into two generic assemblages, these being ‘potable water demand 
reduction techniques’ and ‘stormwater management techniques’. In many cases there are overlaps or synergies 
between BMPs within these groupings (e.g. rainwater tanks and stormwater harvesting and reuse will also assist in 
managing stormwater quantity and quality). These groupings do not imply singularity of purpose.

Appendix B provides a more detailed description of selected practical issues associated with these
Techniques.
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A Portable Water Demand Reduction Techniques
a. Water Efficient Appliances
b. Water Efficient Fittings
c. Rainwater Tanks
d. Reticulated Recycled Water
e. Stormwater Harvesting and Reuse
f. Greywater Treatment and Reuse
g. Changing Landscape Form
h. Water Use Education Programs
i. Aquifer Storage and Recovery

B Stormwater Maanagement Techniques
a. Sediment Basins
b. Swales and Buffer Strips
c. Bioretention Swales
d. Bioretention Basins
e. Sand Filters
f. Constructed Wetlands
g. Ponds and Lakes
h. Infiltration Systems
i. Aquifer Storage and Recovery
j. Porous Pavement
k. Retarding Basins
l.Green Roofs / Roof Gardens
m.Stream and Riparian Vegetation Rehabilitation
n.Water Quality Education Programs

C Cost Implications
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1.Demand Management需求管理

2.Roofwater(Rainwater) Harvesting屋面水/雨水收集

3.Stormwater Harvesting暴雨收集

4.Wasterwater Treatment for Re-Use污水处理再利用

5.Gross Pollutant Capture Devices严重污染物捕获设备

6.Sedimentation Basins沉淀池

7.Grass or Vegetated Swales草或者植被洼地

8.Sand Filters碎石过滤器

9.Bioretention Systems生物滞留系统

10.Constructed Wetlands人工湿地

11.Porous Pavements透水铺装

12.Infiltration Measures下渗措施

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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2.Roofwater(Rainwater) Harvesting屋面水/雨水收集
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Evaluation & Assessment

Assessed at two quite distinct levels:

WSUD option evaluation: providing guidance to WSUD designers on how to evaluate a range of 
potential WSUD options; 

WSUD option assessment: providing guidance to a consent authority (e.g. Local Government) on 
how to evaluate a specific WSUD proposal submitted by a developer.

Evaluating Options for Water Sensitive Urban Design - a national guide



Evaluation & Assessment

WSUD Option Evaluation

Taylor (2005) suggests methods for evaluating projects using a triple bottom line (TBL) framework. Within this 
framework, a 12 step process is proposed. While this may be appropriate for larger strategies, for specific 
WSUD projects (e.g. evaluating the WSUD measures proposed for a single subdivision, it is suggested that 
these steps involve:

1 Definition of the project’s or strategy’s objectives and evaluation criteria (e.g. financial targets, water quality 
objectives, amenity outcomes);
2 Clear definition of the issues to be addressed (improvement in water quality by a certain amount, 
restoration of habitat, improvement in pedestrian access, cost-benefit ratios identified);
3 Identification, description and screening of potential options; and
4 Evaluating options against objectives (the evaluation process).

Evaluating Options for Water Sensitive Urban Design - a national guide



Evaluation & Assessment

Objectives: The objectives can include water management and other objectives, which can be usefully 
considered in a triple bottom line (TBL) framework.

Options: Section 3 of these Guidelines outlines a range of potential structural (BMP) and planning (BPP) 
WSUD options which could be considered. Table 4-7 provides information on potential options, which can be 
used with Section 3 and Table 3-1 to identify potential options for different development types and scales to 
meet the water management objectives.

WSUD Option Evaluation
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Evaluation & Assessment

Evaluation: An initial screening assessment should be undertaken, whereby options that are likely to be clearly 
unfeasible or inappropriate are not considered further (e.g. options requiring maintenance equipment or 
expertise not held by the local council). For almost all developments, more than one action will be required to 
meet the water management objectives. Development of a WSUD strategy will usually involve an initial 
screening assessment of potential options, combination of various potentially feasible options into different 
strategies and subsequent evaluation. The focus should initially be on a source control approach that seeks to 
adopt best planning practices which aim to reduce the overall impact of the project on the water cycle, rather 
than simply focus on best management practices (usually structural). This is likely to be an iterative process, 
often completed with stakeholder input. This is also likely to involve an assessment of site constraints and 
opportunities which may support or hinder specific options. Further guidance on the detailed process is 
provided in Taylor (2005).

WSUD Option Evaluation
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Evaluation & Assessment

WSUD Option Assessment

The formalised Assessment process is beneficial to determine whether a proposed strategy is suitable and/or 
appropriate in terms of the defined principles and objectives.

This section of the Guidelines is intended to provide guidance on the more detailed assessment of a WSUD 
option, and provides checklists that can be used to supplement other, more formal, tools. It is not intended to 
be used in preference to other tools, simply to highlight those matters which should be considered when 
assessing a WSUD option.
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Evaluation & Assessment

WSUD Option Assessment

Assessment Aims

As outlined earlier in these Guidelines, the application of WSUD requires addressing a range of broad 
principles and, often site specific, objectives. These can be grouped into the following generic ‘outcomes’:

• Integration of the whole water cycle;
• Management and minimisation of hydrologic impacts;
• Protection and enhancement of the ecological function of local and regional receiving environments;
• Provision of alternative sources of water/reduction of potable water use/reduction of waste water  
generation and discharge;
• Maintenance and/or enhancement of visual and social amenity values; 
• Minimisation of whole of life asset costs

Any assessment of the suitability of a WSUD option needs to consider how well the proposed design 
addresses these outcomes. Given that every site has different characteristics, the aim should be to optimise 
the design such that the majority of the outcomes are met, realising that some may be more adequately 
addressed than others. The result of an assessment should not be a rejection of WSUD if one of the outcomes 
cannot be efficiently delivered, but a consideration of how the majority of them can be maximised through 
the use of WSUD.

Evaluating Options for Water Sensitive Urban Design - a national guide



Evaluation & Assessment

WSUD Option Assessment

Assessment Process

Assessment of a WSUD requires consideration of the above outcomes at several levels. A broad scale 
assessment of compliance with the outcomes may initially be appropriate to ensure that a proposal complies 
with the overall intent of WSUD and identifies key objectives. Further, detailed, local scale assessments may 
then be needed to identify if site specific water quality, hydrologic and potable water use/wastewater 
generation reduction objectives are satisfied. Finally, examination of the fine scale design elements of each 
measure may be needed to ensure they are adequate to treat the required stormwater flows and loads being 
discharged to them and achieve the required potable water/wastewater reduction targets. This hierarchy of 
assessment is illustrated below and discussed further in Section 4.2.4 to Section 4.2.6.
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process

1.Broad Scale Assessment

Initial broad scale assessment of a WSUD should review the overall level of compliance of a project against 
the previously defined principles and objectives. To assist in this process, 

Table 4-2 presents a checklist of items against which a WSUD can be reviewed. 

Where a strategy has been checked against Table 4-2 and the majority of outcomes are expected to be 
achieved, it indicates that the development is likely to be consistent with WSUD principles. In addition, there 
may be Local, State or National outcomes which need to be considered, (for example Local Environmental 
Plans, State Planning Policies (e.g. coastal management, water reuse, plumbing codes, building codes etc) and 
National Guidelines and Standards for specific WSUD elements (e.g. Australian Standards). These policies and 
guidelines may have mandatory requirements, so the practitioner should be familiar with these where they 
are applicable. 

Evaluating Options for Water Sensitive Urban Design - a national guide



Evaluation & Assessment

WSUD Option Assessment

Assessment Process

1.Broad Scale Assessment

In regard to these broad scale assessments, there are numerous examples within Australia of largescale water 
efficiency programs (e.g. BASIX in New South Wales, Queensland Development Code Part 25: Water Savings 
Targets), which have had major benefits in regard to reducing potable water demands and wastewater 
discharges, both key objectives of WSUD. Publications such as the previously referenced enHealth rainwater 
tank guidelines and various State specific guidelines are also available to assist in this regard.
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WSUD Option Assessment

Assessment Process

1.Broad Scale Assessment
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process

2.Local Scale Assessment

Broad scale assessment of a development may indicate whether it can effectively be ‘considered’ as a WSUD, 
however this may not provide the necessary confidence that the WSUD practices proposed can be delivered 
successfully ‘on-the-ground’. Considerable effort has been directed in recent years toward increasing 
awareness of the need for WSUD implementation, and this has led to a significantly improved understanding 
of the importance of WSUD. As such, there is currently considerable scope for the adoption of WSUD in 
developments and urban renewal projects Australia wide.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.1  Overview

A common barrier raised in this regard is the lack of guidance at the conceptual design level as to what is 
needed to demonstrate that a WSUD proposal can be effectively and successfully implemented. Practitioners 
and agencies responsible for assessing WSUD strategies are required to understand the implications of 
specific WSUD practices and measures, and how these may achieve WSUD outcomes. This section of the 
Guidelines outlines processes to provide confidence that a WSUD application will be successful, and provides 
tools which can assist in understanding whether the proposed measures or group of measures (sometimes 
called a treatment train) which will ‘constitute’ a WSUD are appropriate. 

As such, this document sets out two broad sets of local scale assessment or checking tools, one which 
qualifies the overall applicability/suitability/risk profile of WSUD to a particular site (Section 4.2.5.2), and a 
second which assists in evaluating whether an appropriate configuration of management measures has been 
adopted within a WSUD (Section 4.2.5.3). As these assessments focus on the stormwater elements of WSUD, 
Section 4.2.5.4 subsequently provides guidance in regard to local scale assessments of the potable water and 
wastewater elements of WSUD.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.2 Site Stormwater Treatment Suitability Assessment

Without a proper understanding of a site, it is unlikely that any application of WSUD will be successful. This 
understanding of a site is best conducted by field assessments – there is simply no substitute for ‘kicking the 
dirt’ if the opportunities and constraints of a site are to be properly understood. During this review, it usually 
becomes apparent where specific practices may be placed, and also how an overall strategy may best be 
implemented.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.2 Site Stormwater Treatment Suitability Assessment

It follows that there are several key characteristics of a site which can influence the overall delivery of WSUD 
and which equally may increase the risk of failure. These characteristics can dictate the level of detail 
necessary to give confidence that WSUD can be successfully delivered. To assist in determining the level of 
information necessary, Table 4-3 provides a scoring system to determine the potential risk of WSUD 
implementation. If the risk is identified as being high, the level of detail necessary to demonstrate that the 
WSUD strategy can be successfully implemented will also need to be high. 

In particular, terrain and topography can be critical to the selection of stormwater treatment devices as such 
influences can totally preclude some BMP options for consideration. The basic design and layout of a 
development needs to carefully consider this issue.
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Assessment Process

2.Local Scale Assessment
2.2 Site Stormwater Treatment Suitability Assessment
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The ‘score’ derived using Table 4-3 can then provide a 
guide as to the level of information required. A 
suggested set of information requirements related to 
the risk profile is provided in Table 4-4. It is highly likely 
that other, site specific, issues may require further 
information to demonstrate that a proposed WSUD 
strategy can be implemented successfully, for example
acid sulfate soil impacts, soil structure, environmental 
flow assessments, groundwater etc.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.2  Site Stormwater Treatment Suitability Assessment
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Table 4-4 indicates the level of detail necessary for 
most common site issues. The risk level noted is
associated with the degree of complexity of WSUD 
implementation, in that those that score highly in
the site suitability review are likely to have issues which 
may present challenges to construction and/or 
application of WSUD technologies on-site.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.3 Stormwater Treatment Train Assessment - overview

Evaluating Options for Water Sensitive Urban Design - a national guide

In managing stormwater quality and, to a lesser extent, quantity, WSUD practices are best utilised via a series of 
measures, each focussing on one or more objective(s) or target pollutant(s). This ‘treatment train’ approach is 
utilised to ensure that the measures selected operate most effectively in terms of their specific hydraulic and 
treatment capabilities.

It is therefore important to understand the locations where treatment measures may be utilised within a WSUD so 
that the quantities of pollutants and flow likely to be received at each location are appropriate.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.3 Stormwater Treatment Train Assessment - overview
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A sequence of stormwater treatment measures should be formulated which aims to manage specific size ranges 
of pollutants at appropriate timescales, based on the areas available for siting treatment measures. For example, 
coarse sediment will settle out of stormwater in a matter of minutes once stilling of the flow occurs, whereas 
removal of nutrients can take hours to days. As such, a treatment measure that is effective at removing coarse 
sediment may not necessarily be suitable to remove nutrients. It may also mean that a stormwater treatment 
measure designed to remove nutrients may require more frequent maintenance if it also has to remove coarse 
sediment.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.3 Stormwater Treatment Train Assessment – treatment processes
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As discussed above, each stormwater treatment measure operates over particular hydraulic loading rates and 
pollutant size ranges, however the pollutants typically targeted for removal by the stormwater elements of a 
WSUD (e.g. sediment, nutrients, litter etc) can have very large size ranges. This is shown in Table 4-5 below.

From Table 4-5, it can be seen that to treat a certain suite of pollutants, one treatment measure will not be 
suitable. For example, while a vegetated swale may be able to remove some nutrients, it will not be effective in 
removing colloidal and dissolved material, and a wetland or bioretention system may provide more efficient 
treatment. The swale may then become the pre-treatment measure for the wetland, and hence a ‘treatment train’ 
is created.
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2.Local Scale Assessment
2.3 Stormwater Treatment Train Assessment – treatment processes
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.3Stormwater Treatment Train Assessment – treatment processes
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It also shows that to treat gross pollutants and coarse sediment in stormwater, the hydraulic loading rate (i.e. the 
quantity of water able to pass through a given surface area of a treatment measure) can be very high, whereas to 
treat nutrients or metals a much smaller hydraulic loading rate is required. This means that either less water can 
be treated, or the treatment measure needs to be much larger to treat an equivalent amount of water. The space 
requirements for a device are then inversely proportional to the hydraulic loading rate; the lower the loading rate, 
the larger the measure.

For this reason, treatment trains should be focussed on treating gross particulates (litter, larger organic matter etc) 
first, then coarse particulates (sediment) and finally fine, colloidal and dissolved material.

One treatment measure cannot treat all of the particle size ranges and a combination of measures
will be most effective.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.4 Potable Water / Wastewater Assessments
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The key issues to consider in the context of local scale assessments of the potable water andm wastewater 
elements of WSUD essentially relate to the suite of techniques which have been applied and whether these 
techniques are suitable to the particular area under investigation. Key considerations in this regard are 
summarised in Table 4-7, and are also discussed below:

• Generic considerations relating to techniques applied
Have a range of techniques been applied; and
Has consideration being given to both demand reduction and water reuse/recycling techniques.

• Specific considerations relating to the local site on which the techniques are being applied
Are local soils a potential constraint (e.g. recycled greywater/wastewater cannot be applied to certain soil           

types);
Is the local vegetation suitable for receiving recycled waters;
Are there local groundwater issues that would constrain certain recycled water applications;
Are there any specific public-health issues which would constrain or preclude certain recycled water 

applications.
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2.Local Scale Assessment
2.5 Combined Stormwater, Water and Wastewater Assessment

Evaluating Options for Water Sensitive Urban Design - a national guide

To assess whether a WSUD system is appropriate requires an understanding of the requirements of
WSUD outcome, and the suitability of particular measures to assist in achieving those outcomes. In
developing a proposed WSUD strategy, it is often necessary to review this on an iterative basis, so
that the characteristics of different elements can be appropriately integrated.

The information provided in Table 4-6 is intended to assist in the strategy development and review
process. To ‘demonstrate’ compliance may require further, more detailed assessments, either
through a fine scale assessment (see Section 4.2.5.4), or via predictive modelling of the performance
of a WSUD. Such modelling may be used to assist in the decision-making process.
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2.Local Scale Assessment
2.5 Combined Stormwater, Water and Wastewater Assessment

Evaluating Options for Water Sensitive Urban Design - a national guide

Within Table 4-6, if a particular goal is determined as being an essential component, a score of 1 for that objective 
suggests that the measure or treatment train needs to be re-examined. Once again, this is simply a guide to assist 
the practitioner where other, more detailed, guidelines are not available, but can also provide an overview of how 
measures can be optimised to achieve objectives.

In certain local area specific applications of the material presented in Table 4-6, there may be a desire or need to 
rank or weight the suite of objectives presented to ensure that good performance on less critical issues does not 
mask poor performance on important issues.

It should be apparent from Table 4-6 that particular measures may not achieve all objectives and some may be 
completely unsuitable. As such, guidance is also required on which types of measure or practices are most 
appropriate to specific objectives. This is provided in Table 4-7.
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Assessment Process

3.Fine Scale Assessment

The fine scale assessment process is usually conducted in accordance with detailed design guidelines, (e.g. 
Melbourne Water’s WSUD Engineering Procedures – Stormwater) and also in conjunction with applicable 
standards such as those provided by the Water Services Association of Australia and Standards Australia. For 
National Guidelines such as these, it is not considered appropriate to provide additional guidance beyond 
those documents. WSUD practitioners are therefore advised to consult Chapter 7 for detailed guidance 
material available for specific measures, or appropriate to the area of application.
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Risk & Issues

1. Rainwater Capture and Reuse

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Rainwater capture and reuse is typically seen as being a low risk activity, provided appropriate measures are put 
in place. In regard to rainwater capture and reuse, the key risks and issues relate to the quality of water stored
in the tank and the uses to which this water is put (together with what treatment measures are applied). 
Rigorous studies in Australia and internationally have been conducted which show conclusively that stored 
rainwater has acceptable ‘fit for purpose’ quality for uses such as toilet flushing, external usage and clothes 
washing (i.e. all non-potable uses), provided:

• Tanks are appropriately sealed to prevent the ingress of external waters;
• Inflowing water is screened to remove leaf litter and debris; and
• First flush runoff is diverted from entering the tank.



Risk & Issues

1. Rainwater Capture and Reuse

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Key references in regard to these studies include CRC for Water Quality and Treatment (2004), the previously 
referenced enHealth guidelines and Coombes (2000).

One other risk potentially associated with rainwater tanks is that they may provide a site for mosquito breeding. 
In this regard, all tanks should be sealed and screened to ensure this potential risk is minimised.



Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Wastewater, stormwater and greywater reuse is typically seen as being a moderate to high risk activity, 
depending on the degree of management measures put in place. 

Similarly to rainwater capture and reuse, recycled wastewater, harvested stormwater and greywater are regularly 
considered as a source of non-potable replacement/substitution for water otherwise used for purposes such as 
toilet flushing and outdoor usages. 

In regard to the risks which may be associated with such reuse activities, a particularly comprehensive 
compendium of relevant advice and support material is provided in the National Water Quality Management 
Strategy publication, ‘Australian Guidelines for Water Recycling: Managing Health and Environmental Risks 
(Phase 1)’. This publication can be obtained at the following web address.

http://www.ephc.gov.au/pdf/water/WaterRecyclingGuidelines-02_Nov06_.pdf



Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

This document is supported by the ‘Australian Guidelines for Water Recycling Phase 2 - Stormwater

Harvesting and Reuse and Managed Aquifer Recharge’. This publication can be obtained at the
following web address.
http://www.ephc.gov.au/ephc/water_recycling.html



Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

These documents analyse the issue of wastewater, stormwater and greywater reuse and present the
following:

•A framework for the management of recycled water quality and use

•Guidance on managing health risks associated with recycled water

•Guidance on managing the environmental risks associated with recycled water

•Guidance on monitoring 

•Guidance on Consultation and communication

This is a complete and rigorous presentation and analysis of all cogent risks associated with
wastewater, stormwater and grey water reuse.



Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

• A framework for the management of recycled water quality and use
System assessments;
Preventative measures for recycled water management;
Operational procedures and process controls;
Verification requirements;
Incident and emergency management;
Operator and end-user awareness and training;
Community involvement and awareness;
Documentation and reporting;
Evaluation and audit; and
Review and continuous improvement requirements.

• Guidance on managing health risks associated with recycled water, including consideration of:
Risk assessments;
Performance targets;
Preventative measures; and
Monitoring.



Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Guidance on managing the environmental risks associated with recycled water, including
consideration of:

Risk assessments;
Preventative measures; 
Monitoring.

• Guidance on monitoring, including consideration of:
Types of monitoring;
Monitoring for management of health risks;
Monitoring for management of environmental risks;
Quality assurance/quality control;
Laboratory analyses;
Data analysis and interpretation;
Reporting.

•Guidance on consultation and communication, including consideration of:
Factors that influence community attitudes to water recycling;
Essential features of successful communication strategies;
Establishing partnerships and engaging stakeholders; 
Public crisis communication.



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Stormwater treatment is typically seen as being a low risk activity, provided appropriate design and operation 
and maintenance measures are put in place.

The main risks and issues typically associated with the stormwater Best Management Practices (BMPs) applied in 
WSUD can be summarised into the following five categories:

•Services;

•Construction & Establishment;

•Erosion/ Scour;

•Public Safety; 

•Maintenance.

These risks and issues are summarised in the following sub-sections.

Appendix B also describes the main operational risks associated with individual types of BMPs.



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Services

BMPs located within road verges or footpaths (e.g. swales, bioretention swales, bioretention basins) must 
consider the location of services and utilities within the verges and ensure access for maintenance of these 
services without regular disruption or damage to the BMP. Many Local Governments in Australia are in the 
process of developing ‘standard drawings’ for many BMP’s to enable the accommodation of services within such 
a WSUD context.



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Construction & Establishment;

Two key issues are related to the construction and establishment of WSUD measures. Firstly, the management of 
the construction site for minimising erosion and sediment export is critical in the overall implementation. Failure 
to manage the site appropriately can lead to far more sediment export during the construction phase than may 
occur over the next several decades of an urban development. It is therefore meaningless to install WSUD 
measures if failure to manage erosion and control sediment occurs as not only will the sediment exported from a 
poorly managed site lead to compromise of the WSUD measure, but may actually significantly impair or even 
totally destroy downstream waterway health that the WSUD measure was designed to protect.



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Construction & Establishment;

Secondly, one of the highest failure risks of WSUD measures occurs due to poor construction and/or 
establishment. Vegetated BMPs (e.g. swales, wetlands, bioretention swales/basins) are living systems and can 
require two years or more before vegetation matures and the BMP reaches a fully functional form. The 
construction and establishment phase of vegetated BMPs is a critical period. If appropriate management 
measures are not taken during this phase, the performance of the BMP is likely to be suboptimal. In particular, 
vegetated BMPs constructed as part of a greenfield (i.e. undeveloped) or infill (i.e. redeveloped) site can be at a 
high risk of damage due to sediment-laden runoff from under construction upstream areas and vehicle damage 
during subdivision and allotmentscale construction activities.

One other key issue at this stage of a project is to ensure that WSUD elements are actually constructed to 
specification (e.g. that the correct filter media have been used in a bioretention system).



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Construction & Establishment;

Therefore, the construction and establishment of vegetated BMPs must be carefully managed and
requires a staged approach, which involves (Leinster, 2006; GCCC WSUD Guidelines, 2006) the
following:

Stage 1: Functional Installation – Construction of the functional elements of the BMP at the end of subdivision 
construction (i.e. during landscape works) and the installation of temporary protective measures (e.g. geofabric 
covered with shallow topsoil and instant turf to protect the filter media).

Stage 2: Erosion and Sediment Control – During the Building Phase, the temporary protective measures 
preserve the functional infrastructure of the BMP against damage, whilst also providing a temporary erosion and 
sediment control facility.

Stage 3: Operational Establishment – At the completion of the Building Phase, the temporary measures 
protecting the functional elements of the BMP can be removed, along with accumulated sediment, and the BMP 
can be planted in accordance with its design planting schedule.



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Construction & Establishment;
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3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Erosion/ Scour;

During large rainfall events, BMPs are often subject to high stormwater flows that have the potential to cause 
erosion/scour within the BMP. In particular, BMPs located at the downstream end of large (i.e. greater than 5ha) 
catchments can frequently receive potentially erosive flows.

If not managed appropriately, high stormwater flows can cause erosion within BMPs, wash out ‘biofilms’ 
(attached to the surface of vegetation) and resuspend/remobilise accumulated pollutants (e.g. sediment and 
attached pollutants), subsequently reducing the treatment performance of the BMPs and potentially requiring 
ongoing rehabilitation works.



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Erosion/ Scour;

Therefore, appropriate measures are often required to reduce the potential damage to BMPs caused by high 
stormwater flows. Some examples of appropriate measures to reduce such damage include high flow diversions, 
flow detention, appropriate erosion protection and less reliance on ‘end-of-pipe’ treatment (instead applying a 
more integrated stormwater ‘treatment train’ throughout the given catchment).



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Public Safety; 

As outlined in Section 2.4 of these Guidelines, one of the objectives of WSUD is to integrate stormwater 
treatment into the landscape. However, BMPs integrated into urban environments may introduce risks to public 
safety due to standing water and flow conveyance.

BMPs with temporary or permanent standing water (e.g. sedimentation basins, wetlands, bioretention basins) 
introduce a potential risk of drowning. Appropriate measures are subsequently required to mitigate this risk, 
including gradual (i.e. less than 1 vertical: 3 to 5 horizontal) batter slopes, dense littoral planting and, in some 
cases, permanent fencing.

BMPs that involve the conveyance of stormwater flows (e.g. swales) can also pose a risk to public safety through 
the combination of elevated flow velocities and water depths that can cause persons (e.g. standing in a swale 
during high flows) to fall and potentially incur injuries. Therefore, BMPs that involve the conveyance of flow 
should be designed appropriately (e.g. appropriate ‘flow x depth’ factor) to satisfy local design requirements for 
public safety.



Risk & Issues

3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Maintenance.

BMPs often rely on ‘natural’ treatment mechanisms (e.g. filtration, sedimentation, biological uptake) to improve 
the quality of stormwater. Like any asset, BMPs require regular maintenance to ensure they are performing in 
accordance with their desired design objectives. The costs associated with such maintenance can be higher than 
those associated with conventional stormwater systems, particularly in the first years when WSUD BMPs are 
establishing, and provisions need to be made to ensure that sufficient ongoing funds are available to enable the 
required works to proceed. Guidance on the likely costs are available via recent studies (Taylor et al 2005), and 
contained within life cycle costing module in the MUSIC (Model for Urban Stormwater Improvement 
Conceptualisation) software.
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3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Maintenance.

If BMPs are not inspected and maintained appropriately, their treatment performance may be reduced and the 
BMP can introduce several problems (e.g. public safety risks, odours, attract undesirable species). In particular, 
BMPs that are intended to capture highly degradable gross pollutants (i.e. gross pollutant traps) and (to a lesser 
degree) coarse sediment (e.g. sedimentation basins) require accumulated pollutants to be removed at regular 
intervals.

In regard to GPT’s, the costs associated with maintenance can be considerable. Appropriate consideration needs 
to be given by Local Governments as to how such costs will be addressed when such assets are handed over 
following the completion of development works, which may include such measures as part of the stormwater 
treatment train. Unless GPT’s are regularly and appropriately maintained, material present within the GPT can 
decay and undesirable pollutants can be liberated.
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3. Stormwater Treatment

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

•Maintenance.

Therefore, it is necessary that appropriate maintenance plans be developed for BMPs addressing the
following:
•Inspection frequency
•Maintenance frequency
•Data Collection/ storage requirements (i.e. during inspections)
•Detailed clean-out procedures (main element of the plans), including:

Equipment needs
Maintenance techniques
Occupational health and safety
Public safety
Environmental management considerations
Disposal requirements (of material removed)
Access issues
Stakeholder identification requirements
Data collection requirements (if any)

•Design details



Risk & Issues

4. Institutional Risks

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

The implementation of WSUD requires the sound understanding and commitment to the overall principles 
discussed in Section 1.3. This commitment therefore requires a degree of institutional capacity and leadership in 
order to ensure WSUD is adopted in an integrated fashion with existing regulatory frameworks. The risks 
associated with the adoption of WSUD in the institutional arena are therefore complex and highly dependent on 
human factors. Issues such as leadership and championing of WSUD principles, capacity building and 
development, staff turnover, loss of corporate knowledge, and institutional inertia are some of the key areas 
where risks lie. Further guidance on institutional risks and barriers to WSUD adoption are available through 
Monash University’s National Urban Water Governance Program at http://www.urbanwatergovernance.com/.



1. Background

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Monitoring WSUD measures is a complex undertaking and should not be simply considered as a way of ensuring 
that compliance is being achieved. In a large number of monitoring programs, data collected has been of little 
value in improving the understanding of the measures that were evaluated.

Therefore, the development of a monitoring program to assess the effectiveness of a WSUD measure or 
treatment train should carefully quantify the outcomes to be sought by such a program, and whether these are 
best delivered through other mechanisms (e.g. through examination and comparison with other studies). It may 
be better to facilitate monitoring of devices through collaboration with other agencies (e.g. local and state 
governments) or in partnership with research groups in academia or Cooperative Research Centres. Monitoring 
needs to have a useful output such as helping to inform future management decisions at the site, inform future 
design at other sites etc. Monitoring is expensive and needs to have a specific purpose.

There are two levels of monitoring that could provide useful outputs:
• To assess achievement of overall WSUD objectives; 
• To assess the performance of individual WSUD measures.

Monitoring Consideration



1. Background

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

CHS

Monitoring Consideration



Monitoring Consideration

2. Monitoring Objectives

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

To develop a monitoring program which will provide useful information, it is imperative that the
objectives of the program are clearly identified. These objectives should not simply be “to see
whether it works”, but focus on key characteristics of the WSUD measure (e.g. the quantity of
sediment removed per year). The objectives should also be focussed on providing information for
adaptive management, such that the results of the monitoring can be used to inform the changes to
the management regime that may be required to ensure the treatment measure can operate at
optimal efficiency. Typical objectives can be:

• Hydraulic performance - % of total flow treated, % of flow bypassed, water levels etc;
• Water quality performance – Inflow concentrations, outflow concentrations, loads captured;
• Economic – Capital cost of treatment measures, maintenance cost, potential savings through
•deferment of large infrastructure, land costs, lost opportunity costs;
• Maintenance – Inspection records, maintenance frequencies, maintenance activities, plant
•establishment performance;
• Ecological – Fauna and/or flora assessments, ecosystem health monitoring (e.g. primary
•production);
• Public health – Pathogen levels and other potential hazardous compounds which may be
•associated with recycled stormwater or wastewater; and
• Social/Aesthetic - Photographic records, resident surveys.

The above list is not exhaustive and the monitoring program objectives should be closely aligned with
the objectives that were intended to be satisfied through the implementation of the WSUD measure or
treatment train as outlined in Section 2 of these guidelines.
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2. Monitoring Objectives

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

CHS



Monitoring Consideration

3. Monitoring Protocols

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

The former Cooperative Research Centre for Catchment Hydrology (now eWater CRC) previously commenced 
development of a Stormwater Monitoring Protocol (CRCCH 2000) which outlined three levels of assessment for 
the monitoring of stormwater treatment facilities. These levels of assessment were to provide guidance for the 
minimum set of parameters that should be collected, enabling additional parameters to be selected as 
monitoring budgets may allow:

Level 1 was considered to be the minimum set that must be collected to ensure that some useful information 
may be obtained. This included the assessment of physical performance, such as hydraulics (treatable flows, 
bypass flows etc), material captured, some basic physico-chemical and inorganic parameters (Total Suspended 
Solids, Total Nitrogen, Total Phosphorus, particle size distribution) and finally the results of maintenance activities 
and life cycle costs.

Level 2 parameters included speciated nutrient parameters (ammonia, organic nitrogen, oxides of nitrogen 
etc) contained in inflow and outflow, characteristics of trapped material (e.g. sediment characteristics).

Level 3 parameters addressed issues such as vegetation establishment and mapping, mapping of trapped 
material (e.g. location of sediment deposits), social assessments (e.g. adjacent resident surveys) and ecosystem 
assessments.

Further assessment levels were to be considered depending on available budget and at least after a suitable 
number (i.e. statistically relevant) of level 1 parameters had been completed. It should also be realised that 
considerable resources have already been expended (and are continuing) on the assessment of the efficacy of 
WSUD practices. Practitioners should consult available literature to gain further understanding on these activities.
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3. Monitoring Protocols

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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4. Assessment, Accreditation and Asset Handover

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Monitoring programs may also be related to providing the information necessary to give confidence to the final 
asset owner (in the majority of cases this will be local governments) that the asset is in a suitable condition and is 
operating satisfactorily prior to handover. This may simply be visual monitoring and inspection during an “on-
maintenance” period for the asset. However, some regulatory agencies may also require monitoring results (e.g. 
water quality results, volumes of potable water substituted etc) to be provided to show that the asset is 
operating as intended. It should be noted that vegetated systems take at least one to two growing seasons to 
mature and therefore monitoring of devices during the establishment phase is not likely to indicate the 
operational performance of the treatment measure.

In the majority of cases, a simple asset transfer checklist may be beneficial and an example of one is provided in 
Table 6-1. This has been developed in response to the typical asset transfer issues identified by local government 
officers in a number of authorities.
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4. Assessment, Accreditation and Asset Handover

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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5. Summary

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

The need for monitoring a WSUD element or treatment train should be determined by the degree of confidence 
in the performance of the element. Obviously, those measures which have been studied in depth by research 
agencies are not likely to require further monitoring to ensure that they are going to be successful. If any 
monitoring is to be conducted, it should focus on the consistency of the delivered WSUD implementation to that 
proposed in the conceptual and detailed design phases, as this is an area where there is the highest likelihood of 
non-compliance. 

If a particular measure is an application of existing, well understood WSUD practice in a different environment, or 
is a new technique or element, then monitoring is likely to be beneficial. In all other cases, it is suggested that 
only where a monitoring program can considerably expand existing knowledge should a monitoring program be 
considered. In simplest terms, “monitoring for monitorings sake” is not likely to be successful.



Maintenance Manual 

Maintenance staff need easy access to all parts of WSUD elements:

Access tracks should be designed to cater f or the type of equipment that will be used to remove sediment or do 
other maintenance work.

In bioretention systems, inspection openings at the end of perforated pipes need to be part of the initial design. This 
allows maintenance staff to check sediment build-up and water level fluctuations. Infiltration tests should be 
undertaken periodically.

Ensure that inspection openings have been angled to allow jetting to occur into accumulated sediment which will 
then wash back down the pipe (rather than jetting from behind built-up sediment).
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1. Vegetation Management

2. Wetland and Pond Management

3. Sediment

4. Mulch

5. Street tree pits
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1. Vegetation Management

It takes two summers and a subsequent autumn season to establish vegetation. After that, vegetation 
management is required for the life of the WSUD asset, and needs to be scheduled accordingly. Where dense 
planting is required, it is generally best to use a combination of ground covers and other plants. For information 
on using specific plant species, refer to Appendix A of the WSUD engineering procedures: Stormwater manual.

It is also important to select vegetation appropriate to the equipment available for maintenance and to carry out 
planting accordingly. In ponds and wetlands, plants can be used to stabilise banks and may need to be included in 
designs where there is the potential for erosion. In inlet zones, dense planting around the waterline can make 
public access difficult, and as such, can minimise the risks of drowning. It can also make the landscape more 
attractive and screen basins which can be typically turbid.
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2. Wetland and Pond Management

Often wetlands and ponds are designed with a number of objectives supplementary to stormwater management, 
such as providing habitats or improving local amenity.

To protect wetlands and ponds, it is critical to undertake regular maintenance on the upstream sediment basin. 
Any build-up of coarse sediments in wetlands is generally caused by poor design or poor maintenance of the 
sediment basin. The design also needs to accommodate fluctuations in water levels.

To avoid the occurrence of algal blooms, ponds and wetlandss should be designed to have a proper flowthrough 
of water. Design considerations to minimise the risk of algal blooms are outlined later in this manual and in
Melbourne Water’s Constructed shallow lake systems — Design guidelines for developers.

The size of the weltand or pond needs to relate to the size of the catchment to ensure adequate flushing and 
turnover of water. Smaller elements are cheaper to maintain but the element must still be 1—2 per cent of the 
catchment it is treating to be effective.

To minimise the potential for mosquito breeding, refer to the WSUD Engineering Procedures Stormwater Manual.
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3. Sediment

All wetlands, ponds and sediment basins should be designed to have an area
for stockpiling wet material that is removed during maintenance. Removing
dry material is much cheaper than wet material.
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4. Mulch

If there are plans to mulch swales or bioretention systems, designs need to
make sure that run-off does not wash these mulches into drains where they
could create blockages. Good design, as well as avoiding mulches that float,
can make sure the mulch stays on site.
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5. Street tree pits

The most important design considerations are selecting the right species
for the site and the best filter material to ensure the appropriate infiltration
rate of water through the media. It is also useful to identify existing services
located near the site.
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Inspection frequency

In most cases, newly constructed components of WSUD elements will need inspection after rainfall to ensure they 
are working properly. After settling-in, all elements should be inspected every three to six months. This frequency 
seems to be the most cost-effective without sacrificing environmental effectiveness. Areas of high litter loads may 
need more regular inspection.

In particular, inlets should be regularly checked and cleared to prevent debris and sediment build-up. For example, 
if building sites in a catchment are poorly managed, the stormwater running off these sites will carry a great deal 
of debris and sediment into nearby ponds, wetlands, raingardens or vegetated swales. Built-up debris and 
sediment can smother plants, damage filtering capabilities and reduce the volume of water that can be stored or 
treated. It can block inlets or outlets, making sites smelly, unattractive and ineffective.
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Inspection frequency

Raingardens, wetlands and vegetated swales will need more maintenance while their plants are becoming 
established (the first two summers followed by a subsequent autumn season). Weed removal and replanting may 
be required.

Maintenance checklists have been developed as part of the WSUD Engineering Procedures. They are included in 
this manual on the inside back cover. Photocopy these checklists to use when inspecting WSUD sites so you build 
a record of their condition and the quantity of pollutants removed over time.
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SEDIMENT BASINS

Main tasks
•Make sure the 
erosion protection 
(plants, rocks or other) 
around the inlet is 
operating as designed.
•Check for and remove 
any built-up
sediment.
•Make sure the outlet 
zone is clear of 
vegetation and debris.

Primary target
•Sediment

Secondary targets
•Organics
•Litter

On site
Soon after construction, inspect the inlet zone after storms to make sure the erosion 
protection is working properly. 

Sediment should be removed about every five years, but this depends on the nature of 
the catchment. As a general guide, sediment should be removed once the sedimentation 
basin is half full.

In catchments where there is a lot of construction work, large loads of sediment can be 
washed into the stormwater system unless it is properly controlled on each building site. 
In these areas, sediment basins will need to be cleared out more frequently.

Remove organic and inorganic debris and litter whenever you see them on the site.

Maintenance costs
Ponds, sediment traps and sedimentation basins typically cost between three and six per 
cent of the construction cost to maintain each year.

Generally, there is a very strong correlation between typical annual maintenance costs 
and the surface area of the basin. Put simply: smaller basins are cheaper to maintain. 

Maintenance costs are low in most years, but higher when desilting is done or aquatic 
weeds need to be removed.
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PONDS AND LAKES

Main tasks
•Check for endangered 
species.
•Inspect the inlet zone 
for scour after
large storms.
•Unclog outlets.
•Remove litter and 
debris.
•Control weeds and 
pests.
•Replant edging plants 
where needed.

Primary target
•Fine sediment
•Metals

On site
For ponds and lakes, most of the maintenance work is needed around the inlet zone. 
Remove litter, weeds and debris whenever you see them on the site. 
Replant edging plants as necessary.

Maintenance costs
Dealing with algal bloooms is essentially a design and management issue, rather than a 
maintenance one. For further information on algal blooms, refer to the comprehensive 
document Design guidelines for shallow lake systems, produced by Melbourne Water and 
available from its library on its website at:

www.melbournewater.com.au/content/library/rivers_and_creeks/wetlands/
Design_Guidelines_For_Shallow_Lake_Systems.pdf

Ponds, sediment traps and sedimentation basins typically cost between three and six per 
cent of the construction cost to maintain each year. Generally, there is a very strong 
correlation between typical annual maintenance costs and the surface area of the basin 
or pond. Put simply: smaller ponds are cheaper to maintain.
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WETLANDS

On site
The maintenance tasks for wetlands are similar to ponds and lakes.

However in wetlands, maintenance staff also need to look out for any build-up of coarse 
sediments. The inlet zone of a wetland needs the same maintenance as a sedimentation 
basin. Scour and erosion at the inlet can also create problems, so it is important to 
inspect all inlets after large storms.

The most intensive maintenance effort will be needed during the first two summers and 
subsequent autumn season while plants are becoming established. This will involve weed 
control and replanting where necessary. When checking plant densities, aim to have 70—
80 per cent of the ground covered after two growing seasons (two years).

To help wetland plants establish, keep the water level shallow and constant for the first 
six to eight weeks. After that, the plants should be strong enough to survive in deeper 
water, so the wetland can be gently filled to its normal operating water level.

Large wetland systems will need tailor-made detailed maintenance schedules, which 
include a brief explanation of how the wetland operates and a list of main items or areas 
to check during each inspection.

Main tasks
•Inspect the inlet zone 
for scour after large 
storms.
•Unclog any outlets; 
remove vegetation 
litter, debris and 
sediment.
•Control pests and 
weeds.
•Replant edging plants 
if needed.
•Check and maintain 
water plants.
•Manage vegetation
•Remove litter

Primary target
•Fine-to-medium 
sediments
•Nutrients
•Metals
•Bacteria
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WETLANDS

Maintenance costs
To cost wetlands, the treatment device includes an inlet zone sediment basin/pond and 
macrophyte zone, without a gross pollutant trap.

Wetlands typically cost between two and six per cent of the construction cost to maintain 
each year. Generally, there is a very strong correlation between Typical Annual 
Maintenance costs and the surface area of the wetland. Put simply: smaller wetlands are 
cheaper to maintain.

Maintenance costs increase where:

•there are introduced aquatic weeds
•sediments are contaminated
•upstream control of sediment is poor
•access is difficult
•dewatering areas are limited.

Main tasks
•Inspect the inlet zone 
for scour after large 
storms.
•Unclog any outlets; 
remove vegetation 
litter, debris and 
sediment.
•Control pests and 
weeds.
•Replant edging plants 
if needed.
•Check and maintain 
water plants.
•Manage vegetation
•Remove litter

Primary target
•Fine-to-medium 
sediments
•Nutrients
•Metals
•Bacteria
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SWALES OR BUFFER SYSTEMS

Main tasks
•Control weeds and 
pets
•Make sure water 
flows into, and 
through the system.
•Prevent or remove 
channelisation.
•Remove any 
accumulated sediment.
•Remove litter and 
devris.

Primary target
•Coarse sediments
•Some nutrients (Total 
Phosphorous)
•Litter
•Organics

On site
To operate successfully, the plants in a swale or buffer system need to be wellestablished
and dense, and managed well to prevent erosion.

The plants need to be grouped close together so any runoff water will flood or seep 
through, rather than establishing little flow channels (known as rills) which might erode 
the swale surface.

Maintaining the health and density of vegetation is vital, particularly in the early stages. 
New plantings will need to be maintained for at least 6 months. Tasks include regular 
watering, weeding, replacing dead plants, monitoring and controlling pests, and 
removing rubbish.

Any scour at inlets (if the swale does not have distributed inflows) needs to be monitored 
closely. Litter, debris and sediment can build up at the inlet points. Litter and debris also 
need to be removed from the surcharge pits.

Check overflow pits for structural faults. Check the pits are functioning properly.

Grass clippings need to be disposed in green waste or compost systems. Areas damaged 
by wheel ruts need be restored to re-establish contours.
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SWALES OR BUFFER SYSTEMS

Main tasks
•Control weeds and 
pets
•Make sure water 
flows into, and 
through the system.
•Prevent or remove 
channelisation.
•Remove any 
accumulated sediment.
•Remove litter and 
devris.

Primary target
•Coarse sediments
•Some nutrients (Total 
Phosphorous)
•Litter
•Organics

Maintenance costs
Maintenance costs tend to be higher in the first five years, while the swale or
buffer is becoming established.

•Grassed swales cost about $2.50—$3.13/m2/year to become established(but if  
residents mow regularly, there is less cost to local authorities).
•Vegetated swales cost about $9/m2/year.

After five years, the cost for grass swales decreases to roughly
$0.75—$1.50/m2/year.
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RAINGARDENS (Bioretention systems and swales)

Main tasks
•Make sure water 
flows into, and 
through the system 
during storms.
•Prevent or remove 
channelisation.
•Remove weeds and 
replace dead plants.
•Remove accumulated 
sediment, litter and 
devris.
•Remove clogged 
filtration material and 
replace with new 
material.
•Test filtration capacity 
if visible problem or 
every five years
•Check drainage pipes.

On site
To operate successfully, the plants in a bioretention system need to be wellestablished 
and dense.

The plants need to be grouped close together so any runoff water will flood or seep 
through, rather than establishing little flow channels (known as rills) which might erode 
the surface. Mulch should prevent erosion.

Maintaining the health and density of vegetation is vital, particularly in the early stages. 
High-density planting will also ensure a uniform root zone in bioretention systems.

New plantings will need to be maintained for at least six months. Tasks include regular 
watering, weeding, replacing dead plants, monitoring and controlling pests, and 
removing rubbish.

Any scour at inlets needs to be monitored closely. Litter, debris and sediment can build up 
at inlet points. Litter and debris also need to be removed from surcharge pits.

Check overflow pits for structural faults. Check the pits are functioning properly.

If the fitration capacity is reduced significantly, the filter material should be replaced, 
along with new plants and mulch.
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RAINGARDENS (Bioretention systems and swales)

Primary target
•Fine-to-medium 
sediment
•Nutrients
•Organics
•Metals

Maintenance costs
The Typical Annual Maintenance cost for a bioretention system is approximately five to 
seven per cent of the construction cost. Maintenance costs are likely to be higher in the 
first few years due to the intensive effort needed to establish the system.

The maintenance cost for mature bioretention systems is similar to swales: $2.50/m2 for 
grassed systems and $9/m2 for vegetated systems using native vegetation.
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STREET TREE PITS (Bioretention systems)

Main tasks
•Remove leaves, litter 
and fine sediment 
from surface.
•Remove caked 
sediment from surface.
•Prune tree as 
necessary.
•Test filtration capacity 
if visible problem, or 
every five years.

Primary target
•Fine-to-medium 
sediment
•Nutrients
•Organics
•Metals
•Litter

On site
Street trees can be used as small-scale bioretention system in streetscapes where there is 
limited vegetation or landscaping for linear swales or largerscale rain gardens. This is 
particularly relevant for town centres where space is limited and hard stand areas 
dominate the landscape.

Check the pits are functioning properly.

Check inlets for scour and sediment. Remove litter and debris.

Over time, the filter media will accumulate fine sediments. It should be replaced when its 
infiltration capacity is reduced significantly. If the filter material becomes clogged, the 
tree will be unable to thrive.

It is also important to check there is enough filter material in the tree pit.

Maintenance costs
The typical annual maintenance cost of a tree pit is five to seven per cent of
the total construction costs.
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INFILTRATION SYSTEMS

Main tasks
•Ensure pre-treatment 
is operating effectively.
•Maintain plants if 
present.

Primary target
•Fine-to-medium 
sediment
•Nutrients
•Metals

On site
Infiltration systems differ from raingardens in that water infiltrates into the surrounding 
soil, rather than entering the piped stormwater systems. Infiltration systems may have 
plants or simply use an infiltration medium such as sand. The most important aspect of 
maintaining infiltration systems is to make sure the WSUD element used for pre-
treatment is operating effectively.

Check that sediment is not clogging the system. Surfaces need to be cleared of debris and 
sediment periodically to maintain system functions.

Check the infiltration rates to make sure the system is functioning properly.

Maintenance costs

Typical Annual Maintenance costs for infiltration systems can range from approximately 
five to 20 per cent of the construction cost. There is a strong correlation between the 
Total Annual Maintenance cost and the total acquisition cost. Put simply, the more these 
systems cost to build, the more they cost to maintain.
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ANNUAL MAINTENANCE COSTS

Until recently, detailed data about actual costs incurred by owners of these elements has not been available. We 
now have the results of a number of studies into maintenance costs. The costing estimates in this manual are 
the best that could be generated given the information available collected from
around Australia. For some measures such as buffer strips, bioretention
systems and infiltration systems, the data is very limited.

These estimates will be refined over time as local governments and developers record detailed costs involved in 
maintaining WSUD elements.

To minimise costs, managers could investigate the potential of working with community groups on maintenance 
tasks.

All figures and calculations used in this manual are derived from real data for maintenance costs loaded into the 
computer software called MUSIC (Model for Urban Stormwater Improvement Conceptualisation), developed by 
the CRC (Cooperative Research Centre) for Catchment Hydrology’s Urban Stormwater Quality Program. The 
rates can also be found in the Users Guide to MUSIC at www.toolkit.net.au.
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ANNUAL MAINTENANCE COSTS
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SEDIMENT BASINS 
maintenance checklist



Maintenance Manual 

PONDS
maintenance checklist
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CONSTRUCTED WETLANDS
maintenance checklist
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SWALES AND BUFFER STRIPS
maintenance checklist
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RAINGARDENS
maintenance checklist
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STREET TREE PITS
maintenance checklist
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INFILTRATION SYSTEMS
maintenance checklist



Case Studies

无花果小区
林恩布鲁克林房地产
高嘉华市政广场
维多利亚港
墨尔本皇家公园人工湿地与雨水收集回用系统
澳大利亚奥罗拉新城开发
澳大利亚维多利亚伯恩赛德公共空间恢复重建
澳大利亚Bellamack新开发住宅
澳大利亚墨尔本山谷胡社区
澳大利亚谢珀顿雅逸小区
澳大利亚埃平北小区
Council House 2, Melbourne
Victoria Park, Sydney
Yatala, Gold Coast
Bellvista, Sunshine Coast
Coomera Waters, Gold Coast
WSUD in the Planning Phase – Renwick
WSUD in the Implementation Phase – The Ponds/Prince Henry



Case Studies

无花果小区

纽卡斯尔，新南威尔士州

启示：
项目原址污染严重，合理的WSUD项目不仅改善了污染状况，促进了生态环境的
可持续发展，还显示出了显著的经济效益
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无花果小区

纽卡斯尔，新南威尔士州
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林恩布鲁克林房地产

墨尔本，维多利亚州

启示：
WSUD是一个复杂的系统工程，只有通过对各个部分的合理联系和组织，并形成
完整“链条”，才能达到具有高效能的设计效果。

项目概述
林布鲁克住宅开发项目位于澳大利亚墨尔本东南郊约35公里，整个小区开发面积 1700 公顷。作为示范区，55 公顷采用了
WSUD（以水为核心的城市设计）。
该设计的目的是通过收集利用雨水，有效地保护水资源，同时在暴雨季节大大减轻下游排水管道的压力，从而节省整个城
市基础设施的建设费用。
为了保护接受水环境，缓解和处理暴雨雨水的影响，公共开放空间、道路、景观要素、建筑设计和排水系统相结合，形成
三个连续的层次。

项目类型：WSUD 城市住宅开发
项目规模：271 套住宅
项目成本：271 套住宅的开发成本大约为800 万澳元
实施时间：WSUD 概念开发始于1999 年7 月，发起人为墨尔本水资源公司，开发商为城市与地区土地公司（URLC）
竣工时间：2000 年8 月
销售时间：2000 年2 月开始销售。由于开发商以雨水管理作为卖点，该住宅区的销售比其他楼盘要好得多。
奖项：澳大利亚城市开发学会颁发的优秀奖和合作研究中心联合会技术变革奖。

监测结果
WSUD 与林布鲁克住宅区的普通排水系统进行了比较，包括雨水数量和质量、建设成本、WSUD 的维护和社区接受。
监测结果显示，该系统表现良好：雨水通过该系统有效排出，经过适当的过滤后，在排入当地排水管道之前变得更清洁了。
城市雨水环境管理标准（维多利亚雨水委员会1999 年发布的标准）要求氮含量减少45%、磷含量减少45%、悬浮固体物减
少80%。而林布鲁克的初期监测结果显示，各种指标都好于该标准，氮含量减少了60%、磷含量减少了80%，悬浮物减少
了90%。
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林恩布鲁克林房地产

墨尔本，维多利亚州

项目设计
初级处理：
在每户住宅的宅前绿地和入口道路设置植草洼地、填充砂砾的沟渠，形成绿化过渡带，收集、过滤和运送建筑屋顶和场地
内的径流，再通过直径150mm的PVC管道，沿支路引向主要道路。
二级处理：
主要道路宽度为16米，中央绿岛两侧的道路横向坡度向中央倾斜，取消道路缘石和排水沟，使径流向中央绿岛汇集，通过
砂砾沟渠等生态过滤系统滞留部分径流，并将其与径流继续运送到公共开放空间。
三级处理：
在主要道路的生态渗透系统下游设置开放空间，通过绿化、渗透系统和湿地，暴雨雨水经过进一步处理后排放到观赏性的
人工湖中，再经过重力自流沟渠将其收集，用于景观绿化的浇灌。
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林恩布鲁克林房地产

墨尔本，维多利亚州

启示：
WSUD是一个复杂的系统工程，只有通过对各个部分的合理联系和组织，并形成
完整“链条”，才能达到具有高效能的设计效果。
面临的挑战
开发商面临的主要挑战是要尽量使雨水系统的 WSUD 因素看上去和普通系统一样，而委员会则更关心社区对系统的功能与
外观设计的长期反应：他们不希望系统将来的维护费用太高。城市与地区土地公司还担心，如果该系统与普通排水系统区
别太大，潜在买主可能不愿购买这样的住房。
然而要使人们放心，必须要有独特的解决方案。在这个案例中，开发商首先要做的就是说服承包商和分包商支持这种非常
规的设计，但在安装费用以及材料费用上不要提高太多，同时还要达到质量标准，这一目标在林布鲁克项目上得到了实现。
该系统的建设成本与普通排水系统基本相同，由于在排入当地排水沟和海湾之前，不再需要更高标准的处理，因此还节约
了成本。
另一个挑战是，必须要求建筑商和交易商改变现场管理，以便尽量减少和控制建筑工地的垃圾、污染物和沉淀物的移动。
在施工单位开始施工之前，城市和地区土地公司向所有建筑商分发有关 WSUD 的宣传册，建筑工地附近的洼地用围栏围住，
并用路标标示禁止施工车辆通行。

项目效果
由于在推广方面加大了美学及环境方面的宣传力度，住宅销售提高迅速，从每月销售 12 套提高到30 套。
该项目吸引了全澳大利亚的开发商、委员会及排水沟管理机构和环境决策者的关注。林布鲁克住宅项目已经荣获多种奖项，
并成为澳大利亚雨水管理的一个典范。

该系统的安装成本虽然和普通排水系统差不多，但环保效果要好得多，节约是相当明显的。
首先，雨水在进入当地排水管道和海湾之前不再需要高水平的处理，因为它已将垃圾过滤掉。总之，通过渗漏、过滤、雨
水池、洼地及湿地等处理方法和技术，这一节水系统能够带来良好的生态效果，对水资源和环境保护起到积极作用，这些
措施对城市更新非常有吸引力。
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林恩布鲁克林房地产

墨尔本，维多利亚州

项目效果
由于在推广方面加大了美学及环境方面的宣传力度，住宅销售提高迅速，从
每月销售 12 套提高到30 套。
该项目吸引了全澳大利亚的开发商、委员会及排水沟管理机构和环境决策者
的关注。林布鲁克住宅项目已经荣获多种奖项，并成为澳大利亚雨水管理的
一个典范。

该系统的安装成本虽然和普通排水系统差不多，但环保效果要好得多，节约
是相当明显的。
首先，雨水在进入当地排水管道和海湾之前不再需要高水平的处理，因为它
已将垃圾过滤掉。总之，通过渗漏、过滤、雨水池、洼地及湿地等处理方法
和技术，这一节水系统能够带来良好的生态效果，对水资源和环境保护起到
积极作用，这些措施对城市更新非常有吸引力。
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林恩布鲁克林房地产

墨尔本，维多利亚州



Case Studies

高嘉华市政广场

悉尼，新南威尔士州

启示：
该项目是一个示范项目，具有示范、引导和教育作用。通过示范项目来了推动
WSUD的理念与实践被更多的设计师、学者和公众所接受。
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高嘉华市政广场

悉尼，新南威尔士州



Case Studies

维多利亚港

墨尔本，维多利亚州

启示：
该项目发挥了WSUD雨洪管理与景观结合的能力，展示了WSUD在公共开放空间
的优势，为其他城市的海滨设计和开发提供了新思维和新途径。
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维多利亚港

墨尔本，维多利亚州
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Goulburn Valley 货运物流中心雨洪管理总体规划
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Goulburn Valley 货运物流中心雨洪管理总体规划
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Tempe Recreation Reserve Redevelopment



Case Studies

Tempe Recreation Reserve Redevelopment



Case Studies

Tempe Recreation Reserve Redevelopment



Case Studies

Tempe Recreation Reserve Redevelopment



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Bellair Street Raingardens



Case Studies

Cottesloe Aquifer Recharge
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Kwinana Water Reclamation Plant 
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The Green at Brighton 
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Capricorn
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Liege Street Wetland
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The Grove: Leading, Learning, Living 
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Evermore Heights 
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Fiona Stanley Hospital 
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Parkfield Lake and Public Open Space retrofit 
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PEEL-HARVEY water sensitive urban design tour
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PEEL-HARVEY water sensitive urban design tour

Site 1 Quandong Park, Seascapes, Halls Head
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PEEL-HARVEY water sensitive urban design tour

Site 2 Santalum circus, Seascapes, Halls Head
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PEEL-HARVEY water sensitive urban design tour

Site 3 North Port Stage 12, Linville Street & Boxgum link, Port Bouvard, Wanannup
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PEEL-HARVEY water sensitive urban design tour

Site 4 Channel View, Port Bouvard, Dawesville
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PEEL-HARVEY water sensitive urban design tour

Site 5 Enchantress Lane & Estuary Road, Dawesville
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PEEL-HARVEY water sensitive urban design tour

Site 6 Snake Drain, Mariners Cove, Dudley Park
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PEEL-HARVEY water sensitive urban design tour

Site 7 Alcoa Wetland, Pinjarra Road, Pinjarra
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PEEL-HARVEY water sensitive urban design tour

Site 8 Cantwell Park, South West Highway, Pinjarra
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PEEL-HARVEY water sensitive urban design tour

Site 9 Meadow Springs Drive, Meadow Springs
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PEEL-HARVEY water sensitive urban design tour

Site 10-A Jane Kennaugh Reserve, Loretta Parkway Lakelands
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PEEL-HARVEY water sensitive urban design tour

Site 10-B Yindana Lane, Lakelands



Case Studies

PEEL-HARVEY water sensitive urban design tour

Site 10-C Ballard Meander, Lakelands



Case Studies

WSUD tour_South-eastern perth metro site descriptions



Case Studies

WSUD tour_South-eastern perth metro site descriptions



Case Studies

Site 1 Glenview way, Southern River

WSUD tour_South-eastern perth metro site descriptions
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Site 2 Stillwater Street, Southern River

WSUD tour_South-eastern perth metro site descriptions
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Site 3 Flowerfield Loop, Southern River

WSUD tour_South-eastern perth metro site descriptions
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Site 4 Siroi Court, Southern River

WSUD tour_South-eastern perth metro site descriptions
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Site 5 Panther Elbow, Southern River

WSUD tour_South-eastern perth metro site descriptions
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Site 6 Benalla Drive, Harrisdale

WSUD tour_South-eastern perth metro site descriptions
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Site 7 Sotheby Drive & Wright Rd, Harrisdale

WSUD tour_South-eastern perth metro site descriptions
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Site 8 Lauraine Drive, Harrisdale

WSUD tour_South-eastern perth metro site descriptions
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Site 9 Peaceful Vista, Harrisdale

WSUD tour_South-eastern perth metro site descriptions
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Council House 2, Melbourne
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Council House 2, Melbourne
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Bellvista, Sunshine Coast
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Commercial
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Commercial
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澳大利亚奥罗拉新城开发
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澳大利亚维多利亚伯恩赛德公共空间恢复重建
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澳大利亚Bellamack新开发住宅
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道路布局模式
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道路布局模式
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公共开放空间布局—澳大利亚墨尔本山谷胡社区
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公共开放空间布局—澳大利亚谢珀顿雅逸小区
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公共开放空间布局—澳大利亚埃平北小区
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Biofilters in the Shire of Serpentine Jarrahdale (100 Pages)
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City of Kwinana Parkfield Lake Retrofit (60 Pages)
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