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Preface
CDIA helps secondary cities in Asia and the Pacific develop

Qiandao Lake and the Xin’an River are the main source of

This series of four reports is intended to support the

bankable infrastructure projects. It has been working in the

drinking water for 10 million residents downstream in Zhejiang

Huangshan government, design institutes, sub-project owners

People’s Republic of China since 2008 and has conducted

Province, and protecting the river’s water quality is thus of

and project managers to implement and build on innovative

CDIA would like to express its gratitude to the Huangshan

project preparation studies (PPSs) in 18 cities. Out of the

critical importance.

elements in each of the four areas, with recommendations

Municipal Government, particularly Mr. Wang Weidong,

and technical roadmaps to guide them through project design

Director, and Mr. Yin Quan, Deputy Director of the Huangshan

20 PPSs conducted, 15 are now linked to project financing

Acknowledgements

estimated at $6.4 billion, with about $2.4 billion or 37% linked

Huangshan Municipality lies some 100 km south of the

and implementation. It can also be used as a reference for

ADB Project Management Office, who had the vision and

to Asian Development Bank investment loans.

Yangtze River, in the south of Anhui Province. It is composed

other cities in China and elsewhere in the Asia Pacific region.

courage to ensure that the Huangshan projects demonstrated

of three districts, Tunxi, Huangshan, and Huizhou, and four

Highlights of the innovative elements of the interventions

innovations and best practices in various areas. We also owe

In 2019 CDIA provided technical assistance to the municipal

counties, She, Xiuning, Yi, and Qimen, with a total land area

include:

thanks to Fan Mingyuan, Principal Water Resources Specialist

government of Huangshan in China’s Anhui Province. The

of 9,800 km , and a permanent population of 1.4 million (0.72

assistance involved carrying out four project preparation

million urban and 0.68 million rural residents). Its UNESCO

1. First Flush Stormwater Pollution Management:

of the investment project, spearheaded the innovations, and

studies in support of the implementation of the Anhui

World Heritage Sites, including the mountain which gives the

Space saving and cost-effective solutions for stormwater

provided much valuable feedback on the CDIA intervention

Huangshan Xin'an River Ecological Protection and Green

area its name, Huangshan (Mount Huang or Yellow Mountain),

pollution control in urban areas, including adapted design for

areas.

Development Project (hereafter the Huangshan Xin’an River

and the beautiful traditional villages of Xidi and Hongcun,

a detention pond and concepts for integrated community

Project or the Project) — for which loans of $100 million from

draw more than 70 million tourists to the region every year.

development.

the Asian Development Bank and €50 million from the KfW

However, the rapid growth of tourism, along with economic

German Development Bank were provided to China. The
project will primarily upgrade sewerage and stormwater

development, urbanization and intensive agriculture, have

2. Environmental Health and Safety (EHS) management:

Senior Infrastructure Development Specialist from CDIA, who

increased environmental pressures across the Xin'an River

Development of a web-based EHS management platform

led this intervention. Their great efforts played a vital role in

drainage facilities in Huangshan city, and in urban areas of its

Basin, and damaged water quality in the river. Huangshan

for industrial parks, to improve environmental safety

this project’s innovative approach, and in ensuring it would

four surrounding counties, to reduce pollution in the Xin'an

Municipality is therefore in urgent need of strengthened water

monitoring and emergency responses, and upgrade enterprise

have a longer-term impact. The publication also benefited

River. It will also construct river embankments to provide

management and sustainable green development to maintain

management behavior.

from valuable input from Analyn Rubenecia, Communications

better flood protection, encourage the use of organic fertilizer

and improve water quality in the upstream reaches of the

and biological pesticides, strengthen capacity for ecological

Xin'an River.

2

This publication was prepared by Prof. Zhou Jianpeng and
Yang Yuanping, with close collaboration from Zhang Yu,

and Outreach Specialist, and Chee Anne Roňo, Urban
3. Application of Informational Communication

system and project management, and pilot a green finance
mechanism.

from the Asian Development Bank, who led the preparation

Development Specialist, from CDIA.

Technologies (ICT):
CDIA provided technical assistance to the Huangshan

Cost-effective ICT strategies for a range of environmental

Many thanks also to Joey Shen, who supported many aspects

government on four core aspects of the Huangshan Xin’an

monitoring systems, with integration into ‘smart city’ data

of the report’s development, and for the excellent work done

The project is part of the ADB-China Country Partnership

River Project, all of which represent key areas for infrastructure

management platforms for better maintenance and operation.

by the editing team from CONSTELLATIONS International.

– Yangtze River Economic Belt Programme. The Yangtze

investment in China. This has led to the introduction of

River Economic Belt (YREB) is an environmentally-focused

innovative concepts, approaches and technologies for project

4. Climate Change Adaptation and Mitigation:

economic development initiative covering nine Chinese

design and implementation, making the city a pioneer in

Recommendations: piloting the ARCCE (assessment, review,

provinces including Anhui. The YREB region is home to over

the relevant fields in China. CDIA technical experts took

communication, collaboration, engagement) participatory

40% of China’s population, and contributes about 45% of the

part in consultations and capacity-building events with

approach to developing climate change measures and

nation’s economic output. It is also home to freshwater

local stakeholders to enhance understanding of the design,

integrating them into project design.

bodies that provide drinking water for 400 million people. The

construction, operation and maintenance of the suggested

Xin’an River, the major river in the southern part of

innovations. These joint efforts contributed to the successful

Huangshan, drains southeast towards the Xin’an River Basin,

approval of the ADB loan for the Project in December 2019.

Further details can be found in the individual reports.

flowing into Qiandao Lake and on to the Qiantang River,
which discharges into the Hangzhou Bay, south of Shanghai.
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Executive Summary
This report on urban stormwater

Background

Approach Taken 1: General Pollution Control Measures

Outputs

strategies and innovative technical

First flush is the initial volume of stormwater produced by rainfall events in urban

CDIA’s experts consulted with local stakeholders in government project offices and

Based on the modelling, the detention

solutions for reducing pollution from

areas. Such runoff typically contains concentrated pollutants such as sediments,

design institutes, and held a capacity development workshop. After making site visits

pond design was adapted to tackle the

first flush stormwater in urban areas of

oil, grease and toxic chemicals, which can harm fish and wildlife populations,

and analyzing data from computer simulations, they proposed a range of measures

first flush effect, meet the technical

small and medium-sized cities, based

damage native vegetation in receiving waters, foul water supply sources, and make

that can be applied in urban areas of Huangshan with separate sewer systems to

requirements, and spatial and budgetary

on a pilot project in She County of

recreational areas unsafe. First flush runoff pollution has become a growing problem

control first flush stormwater pollution. These include source control measures (such

constraints of small to medium-sized

Huangshan Municipality, a secondary

in China in recent years, as rapid urbanization, and the construction of buildings and

as installing pervious sidewalks and tree trenches), in-sewer control measures (regular

urban areas. The adapted design can

city in China’s Anhui Province. It uses

infrastructure, a major feature of China’s economic development, has covered the

cleaning of silt and sediment), and end control measures (see Pilot Project, below).

remove almost 60% of the pollution

modelling to calculate stormwater

landscape with impermeable surfaces, making it harder for rainfall to drain into the

flows, and proposes an adapted

ground. This has led to increased stormwater runoff, causing not just pollution but

design for a detention pond-wetland

also urban flooding and soil erosion.

management describes best practice

load from the most frequent one-year

Approach Taken 2: Pilot Project

return of rainfall events, while requiring
significantly less space and investment.

The Huangshan Xin’an River Project focuses on replacing existing combined sewer

system, to treat initial stormwater
runoff emerging from separate sewer

Huangshan is affected by such problems, having seen rapid growth, due mainly to

systems with separate sewer systems where possible (or improving combined sewers,

systems before it is discharged into

tourism, which has increased the pressures on the environment and ecology of the

where not). However, facilities to control pollution in new separate stormwater

rivers. This space-saving, cost-efficient

Xin'an River basin. The Xin’an River is the water supply source for millions of people

sewers, which discharge directly into rivers, were not included in the original project

design is specifically tailored to meet

in the downstream region.

design.

cities. Effective first flush stormwater

The replacement of combined sewer systems across China with separate sewer

CDIA, which sees stormwater as posing a problem in terms of water quality as well

community development by developing

management can protect wetlands and

systems has reduced the risk of urban wastewater overflowing into rivers, but it also

as quantity, therefore proposed a pilot project to demonstrate the effectiveness of

water-themed riverfront parks.

aquatic ecosystems, improve water

means that stormwater is now discharged directly into rivers, increasing the risk of

end-point treatment facilities for controlling first flush pollution from stormwater

quality, conserve water resources, and

contamination from first flush pollution if the runoff is not treated.

sewers. The measure selected was a detention pond-wetland system. Sites for the

For long-term, sustainable stormwater

pilot project were selected in Ziyang Park and Shuzhen Square Park in She County’s

pollution control, further regulations

Project Goals

Guguan Zone, a typical ‘small catchment’ in terms of drainage area.

may be required. China’s current Sponge

In the spirit of the Chinese government’s Sponge City-Low Impact Development

Urban sewerage modelling is essential to facilitate the planning of urban stormwater

provides useful guidelines. However,

guidelines, adopted in Huangshan in 2019, and as the city prepared to begin work on the

management and reduce loading of pollutants, and can support the incorporation

after an international peer review,

Asian Development Bank-funded Anhui Huangshan Xin’an River Ecological Protection

of low impact development measures in urban planning. In this project, the first

CDIA proposes the development of

and Green Development Project (hereafter the Huangshan Xin’an River Project, or the

flush effect and its impact on the catchment area was simulated using stormwater

enhanced regulations, which would

Project), CDIA carried out a project preparation study on first flush stormwater pollution

management modelling, enabling the design of the detention pond-wetland system

require operators to obtain a permit

management. It focused on providing cost-effective and space efficient solutions for

to be optimized to achieve a cost-effective engineering solution.

for stormwater discharge and develop

protect public health. It is hoped the
adopted for use in other cities in China
and the rest of the Asia-Pacific region.
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It is recommended that first flush
pollution control can be integrated with

the needs of small and medium-sized

approach outlined in this report can be

Further
Recommendations

City-Low Impact Development program

stormwater pollution control in existing urban areas, where space for renovation or the

their own comprehensive stormwater

installation of stormwater treatment facilities is often limited.

management programs.

Executive Summary

Executive Summary
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1

First Flush Pollution and the Challenges of
Stormwater Management

@Photo by Artem Saranin from Pexels

1.1 Introduction
Rapid urbanization in China over the

LID), aimed at reducing runoff. First

This report focuses on measures

past 30 years has had significant impacts

flush stormwater is also one of its

to reduce pollution from first flush

on the natural environment, and

focuses. The SC-LID approach seeks to

stormwater in Huangshan, in the

consequently on urban water resources

maximize the use of natural systems for

context of the Asian Development

and drainage systems. Large areas

drainage (e.g. bioswales, bioretention)

Bank-funded Anhui Huangshan Xin'an

of countryside, agricultural land and

and restore urban green space, to retain,

River Ecological Protection and Green

other green areas have been converted

infiltrate and reuse stormwater on-

Development Project (the Huangshan

into roads, pavement, buildings or city

site. In Huangshan, Anhui Province, the

Xin’an River Project, or the Project),

squares. This has led to a significant

focus of this pilot study, the municipal

which seeks to clean up the Xin’an

increase in the urban ‘impervious’ area,

government introduced its own SC-

River, a major source of water supply for

preventing rainfall from draining into the

LID ordinance in 2019. It mandated

much of Eastern China. (See Preface.)

ground, and thus resulting in increased

monitoring of stormwater runoff, and

stormwater runoff, urban flooding and

required that any new construction

soil erosion. The consequent increase in

should incorporate SC-LID measures.

the volume and velocity of stormwater
runoff accelerates the collection of

Generally, however, stormwater has

pollutants from impervious surfaces,

still been seen in China primarily as a

leading to an increase in the pollution

water quantity problem, not a water

load carried by stormwater. Pollutants

quality issue. There is currently no

from stormwater, in particular the ‘first

treatment requirement for first flush

flush’ (see 1.2), from urban areas have

stormwater, despite the significant

become a major source of pollution

pollution it can cause. China does not

load in the receiving water body system,

have national stormwater regulations

primarily rivers and lakes.

requiring operators to obtain a permit
for stormwater discharge and develop

Some measures have been taken

their own comprehensive stormwater

to tackle the problem. In late 2014,

management programs, as is the case in

China introduced a Sponge City-Low

some other countries.

Impact Development program (SC-
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1.2 The Impact of First
Flush Pollution

1.3 Sewer Systems for Stormwater Management

‘First flush’ refers to the initial volume

In urban areas, stormwater runoff

In a separate sewer system,

of stormwater runoff produced from

typically flows into storm sewer inlets

stormwater is discharged directly into

rainfall events in urban areas. Such

(Figure 01), where it is collected and

rivers or other surface waters. (See

runoff typically contains significantly

conveyed by either a combined or

Figure 02.) Such sewer systems thus

more concentrated pollutants than

separate sewer system.

remove the need to treat stormwater

runoff produced during the remainder

in wastewater treatment plants, but
In a combined sewer system both

can lead to urban water pollution, as

stormwater and wastewater (from

the stormwater discharged typically

Contaminants in urban first flush

homes, businesses, etc.) are conveyed

contains concentrated pollutants which

stormwater can come from residential

to wastewater treatment plants, before

can harm fish and wildlife populations

and commercial areas, streets and

the treated flows are discharged to

in the receiving water, damage native

parking lots, industrial activities,

receiving waters such as rivers. The

vegetation, foul drinking water supply

construction, and atmospheric

disadvantage of such a system is that

sources, and make recreational areas

deposition. Pollutants in the first flush

an unnecessarily large volume of

unsafe and unpleasant. This can lead to

can include:

stormwater passes through wastewater

beach and shellfish bed closures, and

treatment. And at times of heavy

limits on fishing and other recreational

Sediment from impervious surfaces

rainfall, the capacity of the system may

activities. It is therefore important that

(e.g. roads), or that has settled

be exceeded, leading to a combined

such systems are well managed.

in storm sewers during previous

sewer overflow (CSO), resulting in not

rainfall events;

only stormwater but also untreated

Oil, grease and toxic chemicals

wastewater being discharged into

from motor vehicles;

receiving waters.

of the storm.

•

•
•

Pesticides and nutrients from lawns
and gardens;

•

Viruses, bacteria and nutrients
from pet waste and failing septic
systems;

•

Road salts;

•

Heavy metals from roofs, motor

Figure 02: Stormwater with pollutants is discharged

vehicles and other sources.

into the river from a sewer outlet (lower right)
Figure 01: First flush stormwater collects surface

A study of stormwater runoff samples

pollutants before flowing into storm sewer inlets

by the US Environmental Protection
Agency, for example, found a
concentration of fecal coliform between
400-50,000 MPN/100 mL in first flush
stormwater, which can cause significant
water pollution.1

1

The US EPA conducted a comprehensive study of urban runoff between 1978 and 1983 as part of the National Urban Runoff Program (NURP). Stormwater runoff

samples were taken from more than 80 sites and over 2,300 separate storm events. Coliforms and US priority pollutants were measured on samples from a subset of
sites.
@Photo by Nur Andi Ravsanjani Gusma from Pexels
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1.4 Stormwater Management in the Huangshan Xin’an River Project: CDIA’s
Findings

1.5 CDIA’s Approach in Response to these Findings

Pollution in urban first flush stormwater

A capacity development activity with

This report summarizes the CDIA study’s recommendations, including the details of

can be controlled by three types of

stakeholders from local government,

the pilot program, with the aim of guiding project design and implementation, and

industry and project offices provided

disseminating experience gained from the pilot project to help solve issues relevant

an opportunity to share the innovations

to and significant for other parts of China and the Asia-Pacific region.

measures: source control, in-sewer
control, and end point control.
These can be implemented by means
of a range of structural measures,
including engineering technologies
and installations that collect and
treat first flush stormwater, and/or
non-structural measures, including
methods of operation, maintenance,
and management. (See Chapter 2 for
more detail.)
The primary approach to urban
stormwater pollution management
proposed by the Huangshan Xin'an
River Project focuses on:
i. Replacing existing combined
sewer systems with separate sewer
systems, where possible, in Huangshan’s
various districts and counties, in order
to prevent combined sewer overflows
and thus eliminate direct discharge of
untreated wastewater overflow into rivers.

To bring innovations and international best practice to the Project,
CDIA funded a project preparation study focusing on first flush
stormwater pollution management. The CDIA study identified several
issues that had not been addressed in the original feasibility study for
the Huangshan Xin’an River Project, in particular:
i. Measures to prevent pollution from urban stormwater,
especially first flush stormwater, being discharged directly into receiving
waters once existing combined sewers are replaced with separate
sewers.

proposed by CDIA and solicit
stakeholders’ support and additional

The report consists of two major technical components:

inputs. A range of factors and measures
were thus considered in the CDIA

1. Stormwater management to tackle urban first flush pollution: highlighting

study’s selection of stormwater

technologies available for control of first flush stormwater, with a focus on an

management and first flush treatment

adapted design for a detention pond-wetland system tailored to the needs of small

technologies for the Huangshan Xin’an

and medium-sized cities, and relevant international best practice;

River Project.

ii. Need for a systematic methodology to address a range of
different aspects of stormwater pollution control, including design
criteria, modelling and simulation of stormwater quantity and quality,
the performance of the stormwater treatment process, structural
and non-structural stormwater control measures, operation and
maintenance, and costs.

2. Urban storm sewer system modelling and stormwater quality simulation: the
Taking into account the Project’s

methodology adopted includes innovative approaches for the pilot project, water

emphasis on infrastructure

quality modelling and simulation, international best practices, and dissemination of

development as well as inputs from

knowledge that can benefit other cities in China and the wider Asia-Pacific region.

stakeholders, the CDIA study proposed
a pilot demonstration project, focusing
on structural measures for reducing

iii. Integration of urban water pollution control (e.g.
stormwater management) with community development to
enhance the urban living environment.
iv. Need for comprehensive regulations and standards to guide
municipalities and design institutes to develop and implement effective
technical solutions to handle stormwater pollution control.

ii. Repairing and upgrading the

first flush pollution from separate sewer
systems. These measures were designed
to be installed at strategically selected
sites, to demonstrate both the concept
and practice of stormwater first flush
management and treatment. Modelling
would be carried out to evaluate the
anticipated effectiveness of such
measures.

remaining combined sewers (in
areas where it is not feasible to install

CDIA also recommended that

a separate sewer system), by installing

these measures be integrated with

new, larger size interceptor sewers to

comprehensive management and

increase in-sewer hydraulic capacity

other non-structural measures, in

and thus reduce the likelihood of

the form of a long-term framework.

combined sewer overflows and the

It also proposed possible ways of

resultant discharge of untreated

integrating first flush pollution control

wastewater into rivers.

with community development, by for

@Photo by Todd Diemer on Unsplash

example incorporating end source
treatment facilities into water-themed
riverfront parks.
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2

Approaches for Stormwater Management
and Pollution Control

11

EHS MANAGEMENT FOR INDUSTRIAL PARKS – DESIGNING WEB-BASED SOLUTIONS

2.1 Measures for Stormwater Runoff Management
The benefits of effective stormwater runoff

Vegetated filter strips can be used in

The performance of these measures can

management can include: protection of

urban parks with large open green spaces.

be optimized by means of appropriate

wetlands and aquatic ecosystems; improved

engineering design and operation, to

quality of receiving waters; conservation of

These measures also need an adequate

ensure that the required stormwater

water resources; protection of public health;

maintenance program: pervious

discharge quality criteria are met.

and flood control.

pavements, for example, (which are
normally used for low traffic areas such as

However, it is important to note that the

As mentioned in Chapter 1, a range of

parking lots or pedestrian walks), require

effectiveness of first flush stormwater

structural and non-structural measures

periodical sweeping and vacuuming of

treatment in removing pollutants

can be implemented to control

their paved areas, while green roofs and

depends on the type and concentration

stormwater pollution:

planter boxes in residential or commercial

of the pollutants (e.g. settleable solids,

buildings may require the support and

and soluble nutrients such as nitrogen

consent of private owners.

and phosphorus), as well as rainfall

Source control
Source reduction of the stormwater

intensity and duration, the magnitude and

volume, rate of flow and the concentration

In-sewer control

peaking effect of stormwater runoff, site

of pollutants in the stormwater can

Stormwater flows in gravity sewers are

conditions (e.g. site topography and slope,

reduce the load of pollutants entering

governed by open channel hydraulics.

soil infiltration rate, temperature, and

the receiving waters. Many structural

Low flows of stormwater, caused by mild

evaporation rate), and the surface area

measures can be used for source control,

rainfall, lead to low velocity in-sewer flows,

and effective volume of the measures

including: pervious pavements, cleaning

which can result in sediment solids settling

applied relative to the drainage area.

inlets, bioretention, rain gardens, planter

in the sewers. Large flows of stormwater

The financial resources dedicated to

boxes, tree trenches, green roofs,

from severe rainfalls, on the other hand,

stormwater treatment, and the potential

bioswales and infiltration trenches. Such

produce high velocity in-sewer flows,

need for significant involvement of private

measures can help to collect stormwater

which result in the re-suspension and

owners, public institutions and agencies are

runoff, provide hydraulic detention,

washing-out of accumulated sediments,

other factors that can make a difference in

allow stormwater infiltration into soils,

causing significant first flush pollution.

the selection, engineering, installation, and

and facilitate water evaporation and the

For in-sewer control, a non-structural

operation of the approach chosen.

settling and removal of sediments and

approach such as a maintenance program

other pollutants from stormwater.

to periodically remove silt and sediment

A cost-effective solution for urban

provides a practical and cost-effective

stormwater pollution control ideally

These measures can also be integrated

way of controlling stormwater pollution

involves integrating engineered design

with urban landscaping to create a green,

by improving the quality of stormwater

with operation and maintenance. While

and in some cases educational, urban

discharged into receiving waters.

structural measures for source or end

living environment (See Chapter 5.1),

point control of stormwater are important,

which can contribute to sustainable urban

End point control

non-structural measures such as regular

development. However, such measures

Stormwater treatment facilities such as

cleaning of streets, elimination of illegal

require the availability of suitable sites

detention ponds can be installed at the

dumping of wastes into storm sewer,

with, for example, an acceptable soil

exit locations of storm sewers, before

periodical removal of debris and sediment

infiltration rate, and sufficient land space

they discharge stormwater into receiving

build-up in sewers are equally important.

(and volume, in the case of bioretention

waters. If well designed and operated,

and rain gardens). Bioswales (vegetated

such facilities can ensure that the quality

For a toolbox of structural technical

runoff channels) and infiltration trenches,

of stormwater meets predetermined

solutions for stormwater control please see

for example, can be installed alongside

criteria. (See Chapter 4.)

the additional information provided on the

roads, if sufficient space is available.

Approaches for Stormwater Management and Pollution Control

next pages.
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2.2 Toolbox of Structural Technical Solutions for Stormwater Control
Bioretention

Rain Garden

A landscape feature built in a natural or

A landscaped area, typically adjacent to

constructed depression for detention

buildings, which captures stormwater

and filtering stormwater runoff, as

runoff from roofs, driveways, sidewalks,

shown in Figures 03 and 04.

private parking and compacted areas
nearby.

Figure 03: Bioretention (dry condition)

Figure 04: Bioretention (wet condition)

Figure 06 : Rain gardens adjacent to buildings

Stormwater Tree Trench

Planter Box

A system consisting of a trench

A box with plants and soils, which

dug along the sidewalk, lined with a

is installed adjacent to buildings.

permeable geotextile fabric, filled with

The box receives stormwater from

stone or gravel and topped off with

rooftop areas of the building through

soil and trees. Stormwater runoff flows

drain pipes, and provides temporary

through an inlet to the trench and is

storage for the stormwater. Solids

stored in the pore spaces between

and pollutants in the stormwater are

the stones, watering the trees and

filtered and removed prior to final

infiltrating through the soils. When

discharge to the sewer system.

the hydraulic capacity of the trench is
exceeded, excessive stormwater flows
into nearby storm sewers.
Figure 05: Example of tree trench
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Figure 07: Example of planter box adjacent to building (collecting rooftop stormwater)
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Pervious Pavement

Infiltration Trench

Such pavements use porous materials such as porous concrete

A gravel-filled holding area, which stores stormwater runoff.

or asphalt, interlocking concrete pavers or concrete grid pavers,

Stormwater is infiltrated and pollutants are removed.

so the surface is permeable to allow the passage of stormwater
runoff. These types of pavement are normally used for parking
areas, sidewalks, and alleys. Porous pavements require enhanced
maintenance such as jet washing and vacuuming to remove
clogging materials from the pores of the pavement.
Figure 08: Porous asphalt pavement in parking lot

Figure 12: Infiltration trench

Stormwater Cleaning Inlet

Vegetated Filter Strip

Installed at the entrance to a storm drain, cleaning inlets

A vegetated area that collects sheet flow of stormwater runoff.

filter stormwater to intercept trash and large debris,

Such an area slows down runoff velocity, allowing sediments

collecting sediments in a chamber before they can enter

and pollutants in stormwater to settle out and to be removed.

the main sewer pipe.

Figure 09: Cleaning inlet basket and stormwater catch basin

Figure 13: Example of filter strip

Green Roof

Dry Pond System

Vegetation is planted in an engineered growth medium on the

Collects and holds stormwater during peak flows. The pond

roof of a building. The vegetation retains water, thus reducing

empties again due to outlet discharge, infiltration, and

stormwater runoff, improving the quality of stormwater,

evaporation after the rainfall ends. Such a system equalizes

providing a habitat for birds and insects, and reducing air

peak flows and minimizes overflows. Discharged stormwater is

pollution through uptake of pollutants in air. It also provides

often released to storm sewer systems, rivers or streams.

additional insulation for the building, helping to save energy.

Figure 10: Green roof in an urban environment

Figure 14: Example of stormwater dry pond system

Bioswale

Wet Pond System

A shallow, trapezoidal channel, whose side slopes and

A permanent pool of water, normally surrounded with

bottoms are covered with vegetation, typically grass, for

vegetation. The pond allows settling of sediments in collected

retaining and infiltrating stormwater runoff.

stormwater, removal of pollutants through infiltration,
reduction of nutrients through uptake by aquatic plants, and
microbial activities in the pond. Such a system can provide a
habitat for plants and aquatic species.

Figure 11: Example of bioswale along road
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Figure 15: Example of stormwater wet pond system
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3

A Practical Approach to Stormwater
Management: Huangshan Pilot Study

3.1 Stormwater Pollution Control for Separate Sewer Systems
As already discussed, most sewers
in urban areas within the scope of
the Huangshan Xin’an River Project
will be converted to separate sewer
systems, which (unlike combined
sewers) normally discharge collected
stormwater directly into receiving
waters. (See Figure 16.) To protect
the Xin’an River from first flush
pollutants, stormwater pollution
control for separate sewer systems
was therefore chosen as a main
focus of the CDIA study.
As noted in Chapter 2, various options
are available for reducing pollution
in separate sewer systems, including
source control, in-sewer control and

Figure 16: When runoffs with pollutants enter storm sewers, they are discharged into rivers

end point control measures.

3.2 Source/ In-Sewer Control Measures in the Huangshan Xin’an River Project
Aside from sewer conversion, four
types of source and in-sewer control

i. Installing pervious pavements to collect storm runoff.

measures were proposed for the six
districts and counties of Huangshan

ii. Installing stormwater tree trenches to collect storm runoff from sidewalks.

Municipality where urban point source
pollution work is to be carried out as

iii. Installing stormwater cleaning inlets at entrance to storm sewers.

part of the Project. The measures, which
are in line with Huangshan’s Sponge

iv. Cleaning sections of existing storm sewers or channels for removal of silt

City - Low Impact Development

and sediments.

program for reducing runoff, consist of:

A Practical Approach to Stormwater Management: Huangshan Pilot Study

18

3.3 End Control
Measures Proposed in
the Pilot Project

3.4 Choosing the Pilot Site
In choosing a site for the pilot project,

Suitability of location for end

the following technical factors were

control measures

To complement the proposed source

considered:

End control measures should be placed

Based on these criteria, She County was

at the exit of storm sewers. Availability

selected as the location of the pilot site.

Watershed divide

of space and construction opportunities

Of the relevant districts and counties

Project’s emphasis on infrastructure

Huangshan’s districts and counties

for treatment facilities therefore affects

of Huangshan where sewer system

development, the CDIA study proposed

drain towards two different watersheds:

the choice of location.

upgrading is to be carried out under the

a pilot project to demonstrate the

the Yangtze River watershed in the

effectiveness of end control measures

north and the Xin’an River watershed

Stormwater quality modelling and

Yi and She Counties), She County has

in reducing pollution from first flush

in the south. Since the pilot project is

simulation

the largest urban area affected, and the

stormwater runoff.

designed to support the Huangshan

Computer modelling of the sewerage

greatest length of storm sewers and

or in-sewer control measures, and in
response to the Huangshan Xin’an River

Project (Huizhou District, and Xiuning,

Xin’an River Project, the CDIA study

system at the chosen site is essential

ditches involved in the project. The four

This approach is particularly suitable for

proposed selecting a site from among

to simulate the hydrologic, hydraulic,

rivers that flow through She County

older urban areas, of which Huangshan

the districts and counties which are

and water quality performance of

(Yangzhi Water, Bushe Water, Fuzhi

has a number, since these tend to have

part of the Xin’an River watershed. (See

stormwater management systems.

Water, and Fengle River) drain into the

many historic and cultural protection

Figure 17 below.)

Building a storm sewer model requires

Lian River, which eventually drains into

clearly delineating contributory areas of

the Xin’an River. She County is thus

blocks in the downtown, as well as a
high building density, thus limiting the

Land area

drainage, connectivity of storm sewer

considered to be a large contributor of

availability of ground and underground

Since the amount of stormwater

networks, and discharge points.

pollutant loading to the Xin’an River.

space. In such circumstances, it is

runoff is positively affected by land

therefore difficult to implement

area, locating the pilot site in a district

The choice of pilot site was therefore

Moreover, in She County, the exits of

extensive source control measures for

or county with a large land area can

narrowed down to an area in the Xin’an

several major storm sewers are located

meeting first flush pollution control

provide a larger impact in terms of

River watershed which has, or will soon

in open areas along the riverfront,

requirements, and so the use of end

pollution reduction.

have, separate sewers, and provides

providing suitable, cost-effective sites

suitable space for the installation of

for developing first flush treatment

control facilities should be considered
as an important part of stormwater

Sewer type

end control measures, in particular a

demonstration facilities. This is in

pollution management strategy.

As discussed, the Project’s stormwater

detention pond system. It should be

contrast to Huizhou District and Yi

management priority is to focus on

in an area where urban point source

County, which have small, densely

The end control measure proposed

separate sewer systems, thus affecting the

pollution work is also taking place under

populated urban areas with rivers

for the pilot project was an adapted

choice of location for the pilot project.

the Xin’an River Project.

flowing through the town center, where

detention pond/wetland system.

a large number of stormwater sewers

(Details in Chapter 4.)

exit through vertical concrete walls that

Figure 18: Typical storm sewer exit in an urban area of Huizhou District

Figure 19: Typical storm sewer exit in an urban area of Yi County along the Zhang River

serve as river banks, leaving no space
for installing stormwater treatment
facilities. (See Figures 18-19.)

Figure 17: Watershed divides of Huangshan Municipality
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3.5 Selecting Locations for First Flush Treatment Facilities
Three areas of She County are involved

The pilot project aims to demonstrate

in Huangshan Xin’an River Project

that installing first flush treatment

work: the 5.8 km2 Guguan Zone, the 5

facilities at the end of larger sewers

km New Development Zone, and the

can provide major benefits in terms

4.9 km2 Old Town Zone. As part of the

of pollution reduction, by treating

Project, combined sewers in the Guguan

a significant quantity of pollutant

and Old Town zones will be converted

loading. To demonstrate the impact

to separate sewer systems, with the

and viability of such treatment, two

installation of 9 km of wastewater

locations were selected to install such

and stormwater sewers. A separate

treatment facilities. They are shown

sewer system will be built for the New

as red dots in Figure 21.

2

Development Zone, which is still under
construction.
As mentioned earlier, the first flush
treatment measure proposed for the

Figure 21: Storm sewer network in Guguan Zone, She County

pilot project is a detention pond system,
which can be operated as a wet basin.
Such a system requires a relatively large

Figure 20: She County’s urban riverfront parks (shown in green)

The first location selected for the

land area, and is particularly suitable for

installation of first flush treatment

new developments in urban areas, since

facilities was in Ziyang Park. As shown

it can be more easily incorporated into

in Figure 22, the site features flat

the overall site development.

ground, a large area of open space,
and relatively undeveloped land –

The exits of several of Guguan Zone’s

Based on both technical analysis and site visits, Ziyang Park and Shuzhen Square

ideal for the installation of stormwater

major stormwater sewers are located

Park, which are currently relatively undeveloped, were deemed to be particularly ideal

treatment facilities.

in large open areas along riverfronts in

locations, and it was therefore decided that the first flush treatment demonstration

three urban parks – Shuzhen Square

facilities for the pilot project should be installed in these two parks.

Park, Ziyang Park, and Xinzhou Park
– making them suitable sites for

Figure 22: Stormwater outlet and open space in Ziyang Park

such facilities. These three parks are
located in an area where three rivers
converge to form the Lian River,

The second site selected was located in

which flows east, and large sewer

Shuzhen Square Park. Figure 23 shows

pipes provide stormwater drainage

a sewer discharge outlet in this park,

to a large catchment area. (The three

which is currently part of a combined

parks, situated from south to north

sewer system. After the Xin’an River

respectively, are the green areas on the

Project is implemented, it will become a

map in Figure 20.)

stormwater discharge outlet for the new
separate sewer system.

Figure 23: Sewer discharge outlet and open space in Shuzhen Square Park
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4
Technical Design and Modelling for
the Detention Pond System

4.1 A Detention Pond System for Stormwater Pollution Reduction
A detention pond (DP) is a widely used

stormwater. To meet a given

is installed and operated. Stormwater

measure for stormwater management,

requirement of pollution reduction,

flows are affected by rainfall intensity

which can equalize stormwater runoff

the configuration and size of the

and distribution throughout the

flows in order to mitigate urban flooding,

DP system should be designed to

drainage area, which need to be

and reduce pollutants in stormwater

consider both flows of and pollutants

assessed through modelling.

runoff. While detention ponds are

in the stormwater to be treated in the

effective in removing suspended solids

detention pond. The soil condition and

from stormwater runoff, they can also

groundwater table at the chosen sites

be designed to incorporate a wetland

may also affect how the detention pond

element, which can remove soluble
pollutants such as organic matters,
phosphorus, nitrogen, and heavy metals,
before the stormwater is discharged
into receiving waters.
As shown in Figure 24, a detention pond
system typically includes a forebay
unit for rapid settling to remove large
solids and debris carried by stormwater,
followed by a wet pool unit to further
remove small solids. If the wet pool unit
is constructed as a vegetated basin,
the plants in the wet basin can uptake,
adsorb, and biologically remove colloidal
and soluble pollutants such as nutrients,
organic matters, bacteria, oil and grease,
and metals.
The inlet and outlet of the detention
pond system are installed at opposite
ends of the system to maximize
the hydraulic retention of treated

Figure 24: Conceptual layout and section of a detention pond system
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4.2 Stormwater Management Modelling for First Flush Analysis
To guide engineering designs for

The outflow, concentration and

rate. It can be seen that the sediment

For Guguan Zone as a whole, the

best applications, through the pilot

sediment transport rate for each of the

concentration and sediment transport

simulation runoff process demonstrated

project, a stormwater management

studied drainage areas was modelled

rate of the runoff are relatively large

a clear first flush effect. Modelling for

model (SWMM) was established to

using the stormwater management

in the initial stage of rainfall. After the

storms with different return periods

simulate the storm sewer system in She

model, and the outcomes show an

peak flow, the sediment concentration

found that between 44.5% - 83.9% of

County’s Guguan Zone, and evaluate

obvious first flush effect at the outlet of

and sediment transport rate decrease

TSS are carried away by just 20% of the

the performance of a detention pond

the studied drainage areas. A variety of

significantly, while the discharge

early runoff from each rainfall event,

system at the two selected sites. The

rainfalls ranging from 1-year to 100-year

decrease is not obvious. This means

while between 86.4% - 96.7% of TSS are

aim of the SWMM modelling and

return periods were simulated, Detailed

that most of the Total Suspended (TSS) 3

carried away by 50% of the early runoff.

2

accumulated on the ground are washed

simulation was to illustrate the tools

information is available on Appendix 1.

and methodology available simulating

away by runoff at the beginning of the

The M (V) curve of the outlet in

the performance of the detention pond,

Taking Ziyang Square Park as an

rainfall event, while the TSS load carried

Shuzhen Square Park under 1a, 2a, 3a, 5a

and benchmarking performance of the

example, the discharge, sediment

by rainwater runoff in the later stages is

and 10a (i.e. once in every 1, 2, 3, 5 or 10

initial detention pond design.

concentration and sediment transport

much smaller.

year) storms is shown in Figure 26.4

Figure 26: Dimensionless M (V) curve of first flush under storm modelling for Shuzhen Square Park

Figure 25: Outflow, concentration and sediment transport rate in Ziyang Park under different levels of storm conditions.

2

https://cdia.asia/wp-content/uploads/2020/09/SWM-En-Appendix-1.pdf

3

TSS is a commonly used parameter for describing urban stormwater quality, because of the correlation in concentration between other pollutants and TSS.
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Where M means accumulated mass percentage of pollutant (such as TSS), and V means accumulated volume percentage of runoff during a rainfall process.

Technical Design and Modelling for the Detention Pond System

26

4.3 Traditional Detention Pond with Continuous Flow Operation
Initially, a traditional detention pond

TSS (because it correlates with the

began. The simulation results show

The simulation also shows that, before

pond has been installed, the TSS peak

construction of the detention pond will

was designed, without particular

concentration of other pollutants), were

that the smaller the rainfall, the larger

the detention pond is built, the TSS

concentration decreases significantly.

reduce the TSS load discharged into the

consideration of the first flush effect,

considered as top priorities.

the reduction of the runoff peak. For

concentration process is very sudden

river by 54.8% after a 1a storm, by 40.0%

example, for the outlet in Shuzhen

and intense, while after construction

For different return period storms, the

in a 5a storm, and 27.2% in a 100a storm.

the continuous flow of stormwater into

Simulation was then carried out to

Square Park, the peak flow reduction

of detention pond, the process is far

modelling shows that the greater the

The TSS load reduction of the outlet in

the river. In this case, the detention

assess the impact of construction of

rate of runoff under a 1a storm is 90.0%;

smoother and more gradual. Without

storm intensity, the smaller the TSS load

Ziyang Park is similar.

pond’s volume provides an equalization

detention ponds that are designed with

under a 5a storm it is 73.5%; in a 10a

a detention pond, high concentrations

reduction rate of the detention pond.

effect, and the outlet opening creates

continuous flow operation, in Shuzhen

storm it is 67.8%, and in a 100a storm

usually appear at the outlets in the

For example, in Shuzhen Square Park,

a controlled flow release effect, which,

Square and Ziyang Parks. The simulation

it is 63.1%. The results for the outlet in

first two hours. Once a detention

together, result in reduction of the peak

runoff results show that detention

Ziyang Park are similar.

flow. Further details of design of the

ponds can reduce peak outflows

traditional detention pond design can

significantly and slow the discharge

be found on the modelling technical

of stormwater – the duration of

report.5

outflow is significantly prolonged after

and with its outlet designed to ensure

Table 02: TSS Load Reduction (kg) Under Traditional Detention Pond

In designing the capacity and dimension

Indeed, once the pond is in operation

of the detention ponds for the pilot

the process of runoff may be similar

project, stormwater control and the

to that which occurred under natural

removal of pollutants, particularly

conditions, before urban development

Table 01: Peak flow Before and After Construction of a Traditional Detention Pond

Return

Peak flow

Peak flow after

before DP(m3/s)

DP(m3/s)

1a

2.621

0.263

2a

2.984

3a

Outlet in Ziyang Park
Peak flow

Peak flow after

before DP(m3/s)

DP(m3/s)

90.0%

1.180

0.033

97.2%

0.442

85.2%

1.594

0.092

94.2%

3.205

0.658

79.5%

1.847

0.215

88.4%

5a

3.489

0.925

73.5%

2.187

0.371

83.0%

10a

3.881

1.248

67.8%

2.410

0.487

79.8%

100a

5.016

1.849

63.1%

2.693

0.732

72.8%

Periods

5

Outlet in Shuzhen Square
Reduction rate(%)

Shuzhen Square Park

Return

construction of the detention pond.

Reduction rate(%)

Ziyang Park

periods

before DP

after DP

reduction (%)

before DP

after DP

reduction (%)

1a

3308.1

1494.1

54.8%

1397.9

425.9

69.5%

2a

3365.5

1747.0

48.1%

1532.0

579.8

62.2%

3a

3283.1

1832.3

44.2%

1578.4

685.0

56.6%

5a

3203.5

1923.0

40.0%

1623.4

802.1

50.6%

10a

3168.8

2035.2

35.8%

1590.6

884.6

44.4%

100a

3138.6

2285.4

27.2%

1417.9

1051.5

25.8%

The TSS load before and after construction of the traditional detention pond was also simulated using data for rainfall from the
year 2018. The results showed that construction of the detention pond would have had a significant effect: the total TSS load of
the stormwater outlet in Shuzhen Square Park would have decreased by 78.8% for the whole year, while in Ziyang Park it would
have decreased by 80.0%, as shown in Table 03.

Table 03: Reduction of Total TSS Load Under Traditional Detention Pond
Outlet at Shuzhen Square

Outlet at Ziyang Park

Before ( kg )

57434

23965

After ( kg )

12176

4714

Reduction Rate( % )

78.8

80.0

https://cdia.asia/wp-content/uploads/2020/09/Huangshan-CDIA-Urban-First-Flush-Modeling-and-Design-20191218.pdf
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4.4 Exploring an Adapted Detention Pond Design – Batch Operation
Using continuous flow detention ponds

higher concentrations of pollutants.

and be discharged directly into the river.

Compared with the continuous flow

It is therefore necessary to establish a

parameters, including length, width,

for stormwater control and pollutant

CDIA therefore proposed an

This design can not only reduce the work

detention pond design, the scale of the

detention pond drainage mechanism

height and gradient, to ensure effective

reduction requires a large ground

adapted detention pond system

scale, but also effectively control the total

adapted detention pond in the pilot

for the rainy season. Further research

control of first flush pollution. The scale

area. According to the stormwater

design, specifically tailored to the

load of TSS.

project is thus much reduced, requiring

and analysis need to be carried out, to

of the detention pond should also take

management modelling, a traditional

characteristics of the local first flush

less space and less investment, while still

determine how, after a certain period of

into account the current and projected

detention pond, with a volume

effect, as a stormwater end control

Figure 27 illustrates how the overflow

effectively controlling stormwater runoff

time (e.g. three days), stormwater stored

economic and social development of the

equivalent to 75% of the runoff from a

measure.

weir is installed and functions in an

pollution. This adapted design can also

in the detention pond can be slowly

area in which it is located.

adapted detention pond. The water

be used for stormwater management in

discharged, by means of a suspended

frequent rainfall (1-year storm) event,
would reduce the event’s pollution load

The adapted detention pond design,

inlet size (width and bottom height)

other areas of Huangshan, and in other

water pump or drainage outlet, to prepare

During the preliminary engineering design

by 54.8% at Shuzhen Square Park, while

with batch type of operation, can focus

and the overflow weir size (crest

similar small and medium-sized cities

the detention pond for the next rainfall,

stage, it is recommended that Huangshan

in Ziyang Park the figure could reach

on trapping highly polluted rainwater

width and elevation) are determined

with significant first flush effects.

and also ensure the reduction rate of

Municipality and She County should

69.5%. The case volume of this type of

in the early stages of rainfall, while

according to the rainwater flow process

the TSS contained in the stormwater in

evaluate the engineering design, site

traditional detention pond would be

in the later stages cleaner rainwater

and detention pond size.

6000m3 in Shuzhen Square Park and

is allowed to overflow directly into

3

the pond. This adds to the requirements

conditions and expected performance,

Constraints of the Adapted

for the operation of adapted detention

and carry out a cost-benefit analysis,

3000m in Ziyang Park. With a depth of

the river channel. In this design, the

This conceptual plan is intended to

Detention Pond Design

pond: if there are two rainfall events in a

in order to optimize the use of the

2m, the ground area required to build

normal outlet used in a continuous flow

guide the preliminary engineering

In the adapted detention pond design,

short period of time, and the stormwater

allocated budget and financial resources.

such detention ponds would thus be

detention pond is not needed – instead,

design that follows the adoption of the

the first 20-30% of total runoff volumes

previously collected remains in the

They should also adjust the design as

3000m2 in Shuzhen Square Park, and

an overflow weir is installed at the side

feasibility study, when the conditions

are stored in the detention pond, and

detention pond, the filled pond can’t

required to ensure it is in line with the

of the detention pond inlet channel.

of the site and soil will be reviewed in

remain in it, without being discharged.

accept the runoff from the later rainfall

Huangshan Sponge City – Low Impact

When the rainfall intensity is small,

detail, the layout and major components

The remaining 70-80% of the total runoff

event into the pond. During the design

Development Ordinance and the urban

In a small to medium-sized city such as

the confluence stormwater level in the

of engineering units developed, existing

volumes are overflowed through the

stage, the probability of two consecutive

drainage plan which the ordinance

Huangshan, the first flush pollution effect

inlet channel is lower than the top of

and new facilities investigated, and

“side overflow weir”. The highly polluted

rainstorms in a year can be analyzed; the

requires to be developed.

is significant and the majority of pollution

the lateral weir, and all the stormwater

the costs of construction, operation

water stored in the adapted detention

impact, on the annual pollutant reduction

could be prevented by capturing the

enters the detention pond. When the

and maintenance shall be assessed in

pond should not be directly discharged

rate, of the first flush runoff from the

initial stormwater runoff. Guguan Zone,

rainfall intensifies, early runoff with

further detail.

into natural water bodies such as rivers

second rainfall event not entering the

where the pilot project is to be located,

high sediment concentration enters the

because it is hard to remove pollutants

detention pond should also be evaluated.

is typical of small catchments in small

detention pond. Once the detention

According to the Guguan Zone first

once it is distributed into running water.

and medium-sized cities, and, as the

pond is full, the water level of the

flush simulation result (Figure 26), if the

Thus, the detention pond must be

At the preliminary design stage, the

modelling shows, is highly susceptible to

detention pond inlet channel rises

adapted detention pond is designed to

emptied promptly, with the stored flows

required volume of the pond and capacity

the first flush effect.

higher than the top of the side overflow

trap 25% of the runoff of a 1-year storm

pumped out before the next batch of

of overflow structures should be analyzed

weir, and runoff with light sediment

event, it can uptake up to 57.5% of the

runoff (rainfall) arrives.

to determine their hydraulic design

concentration will overflow the side weir

pollution load from the rainfall event.

2

1500m in Ziyang Park.

Huangshan’s urban stormwater outflow
accounts for a small proportion of
the total flooding in the Xin'an River

4.5 Detention Pond Operation and Maintenance Requirements

Basin, and flood control for urban
stormwater outflow would have little

Appropriate operation and routine

at the inlet should be removed to

sediment removal easier, and to

impact on floods in the Xin'an River

maintenance are important for effective

ensure that the first flush, with its high

maintain the aesthetic aspect of the

Basin. It therefore makes sense for

performance of the detention pond

pollution concentration, can enter the

area. Any eroded sections of the basin

urban stormwater management in

system. Accumulated sediments need

pond, instead of overflowing directly

must be repaired. Periodic clearance

Huangshan to focus mainly on control

to be removed; the frequency of removal

into the river. Similar items should also

of dead vegetation and harvesting of

of stormwater runoff pollutants.

depends on the rate of sediment build-

be removed from the side overflow weir,

plants that have absorbed pollutants,

Considering the obvious first flush

up. Sediments accumulated at the inlet

so that its flow capacity is maintained.

in order to allow new plants to grow,

effect at the pilot sites, it is appropriate

and overflow structures of the detention

to consider optimizing the design of

pond need to be cleaned periodically;

The side slope of the basin should

solids and debris (e.g. branches/textiles)

also be regularly mowed to make

the pilot project detention pond, to
focus on trapping initial runoff with

29

is required, along with appropriate
disposal of removed plants.

Figure 27: Illustration of Adapted Detention Pond with Side Overflow Weir installed

Technical Design and Modelling for the Detention Pond System

Technical Design and Modelling for the Detention Pond System
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5

Further Recommendations for Sustainable
Stormwater Management

5.1 Integration with Urban Development
Although the proposed facilities
are primarily designed to treat first
flush stormwater, in order to remove
pollutants and protect river water
quality, such facilities can also be
considered as components of overall
urban development, which can
enhance the living environment of the
community.
In particular, they offer an opportunity
to establish attractive, water-themed
urban parks for the people. The three
waterfront parks in She County’s
Guguan Zone that were mentioned
in Chapter 3 feature large areas of
green space, but are underdeveloped.
The main amenities in Xinzhou Park,
for example, are a simple pedestrian

Figure 29: Square in Xinzhou Park

walking trail (Figure 28), a plain square
(Figure 29) and undeveloped riverfront
areas (Figure 30). Leisure facilities or
other distinctive features that would
attract local residents to make greater
use of these parks are limited.

Figure 28: Pedestrian walking trail in Xinzhou Park

Further Recommendations for Sustainable Stormwater Management

Figure 30: Undeveloped riverfront area in Xinzhou Park
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5.2 Stormwater Regulations – Lessons from International Best Practice
One option would be to develop these

In the area of water pollution control,

to enforce it. Huangshan’s own SC-

pilot project is the NPDES stormwater

areas as water-themed city parks,

the primary focus in China over

LID ordinance, which took effect on

program, which regulates stormwater

integrating urban green development

much of the last 30 years has been

January 1st, 2019, calls for sponge city

runoff from municipal separate storm

with stormwater management and

on the installation of wastewater

planning, and monitoring of annual

sewer systems (MS4s), construction

pollution control. This approach has

and stormwater sewer systems, and

runoff, peak flowrate, total amount of

sites, and industrial activities. Operators

been successfully implemented in the

wastewater treatment facilities.

pollutants, stormwater reuse and urban

must not only obtain discharge permits,

Living Water Park in Chengdu, Sichuan

The emphasis of urban stormwater

flood control. As noted, it requires

but also develop comprehensive

Province, where ponds and other

management has been largely on

any new construction, reconstruction,

stormwater management programs

natural features filter and clean water

the collection and conveyance of

or expansion of infrastructure in

(SWMPs) to significantly reduce the

from the nearby river, before releasing it

stormwater runoff through various

Huangshan to incorporate SC-LID

amount of pollutants discharged into

back into the river.

hydraulic structures such as stormwater

measures.

receiving waters. SWMPs must include

inlets, sewers, culverts, channels, and

Figure 31: The Chengdu Living Water Park: Linking water management with urban park development

minimum control measures, including

discharge outlets. There is no treatment

Under international best practice,

public education about stormwater

requirement for first flush stormwater,

stormwater from separate sewer

runoff pollution and its impact on water

despite the large loading of pollutants

systems discharging directly to

quality, public participation through

to rivers it can cause. As discussed in

water bodies is regulated similarly to

stormwater management panels and

Chapter 1, stormwater has been seen

wastewater, and is subject to specific

public hearings, system mapping to

mainly as a water quantity problem,

pollution control regulations. In the US,

detect and eliminate illegal discharge

rather than a water quality issue.

for example, stormwater is regulated

of pollutants, runoff controls for new

under the National Pollutant Discharge

developments, and training in pollution

The Sponge City-Low Impact

Elimination System (NPDES) program,

prevention for municipal staff.

Development program, which has been

which prohibits the discharge of

widely applied across China since its

pollutants through a point source unless

More details of the way these

introduction in late 2014, has brought

the discharging party has obtained an

regulations are implemented can be

Landscaped ponds, waterways and other elements play a part in reducing pollution and treating stormwater, while also providing a

significant progress in mitigating

NPDES permit. This specifies discharge

found can be found in Appendix 2.6

pleasant environment and giving visitors a chance to learn about urban water management. (See Figures 32 and 33.)

the problem. It has set targets for

limits of regulated pollutants and sets

reducing stormwater runoff (by 80-

monitoring, reporting and other related

85% in most cities) and removing the

requirements. The regulations cover

pollutants it carries (typically removing

a wide range of areas, from animal

between 40-60% of TSS), and for

feeding and aquaculture to industrial

reuse of stormwater. However, the SC-

and municipal wastewater, stormwater

LID program is currently a guidance

discharge and maintenance, and

rather than a permit-based regulation,

pesticide permits.

which means local governments have
to introduce their own ordinances

Figure 32: The Chengdu Living Water Park: Water basin reduces pollution

Figure 33: The Chengdu Living Water Park: Built-in water treatment unit
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Most relevant in the case of the current

Further Recommendations for Sustainable Stormwater Management

https://cdia.asia/wp-content/uploads/2020/09/KP-SWM-CN-Ap-2.pdf
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6
Takeaways From the Stormwater
Management Study and Pilot Project

This KP study highlights the impact of first flush stormwater pollution, particularly in small and medium-sized cities in
China. It emphasizes the need for treatment of stormwater pollution in separate sewer systems, which are gradually
replacing the combined sewer system in Huangshan and most other cities across China.
In the pilot project, CDIA proposed treating such pollution using a detention pond system, and recommended a design
adapted to the needs of smaller urban areas where there is a pronounced first flush effect.

The adapted design, in which a side

The adapted detention pond design,

For long-term, sustainable stormwater

overflow weir is installed at the side

incorporating a green wetland area,

pollution control, suitable regulations

of the detention pond inlet channel, is

combines the need for stormwater control

will be required, to optimize

specifically tailored to capturing and

with the desire of urban communities for

management of stormwater discharge,

treating first flush pollutants, preventing

green space. It can be further integrated

and to guide the implementation of

them from flowing into receiving waters

with community development by

technical solutions. Based on review and

like the Xin’an River. The adapted pond

developing water-themed riverfront parks,

analysis of international best practices,

design requires significantly less space,

to provide both an attractive environment

CDIA proposes the development of

and consequently much less investment,

for leisure, and environmental education

enhanced regulations, which would

than a traditional detention pond.

for urban citizens.

require operators to obtain a permit
for stormwater discharge and develop

The adapted detention pond is designed

The study also highlights other

their own comprehensive stormwater

to suit the needs of small to medium-

structural measures that can be

management programs.

sized cities, providing a practical, cost-

applied to reduce the risk of urban first

effective solution for stormwater

flush runoff pollution, including tree

It is hoped that the findings and

pollution management, which can

trenches, pervious pavement, as well

methodology outlined in this report,

be adopted by other cities in China

as cleaning inlets to capture pollutants

which emphasizes an integrated

and elsewhere in the Asia-Pacific

before they enter sewers. An additional

approach linking urban stormwater

Region that experience significant

toolbox is also provided, giving more

pollution management with community

first flush effects. It is ideal for urban

alternatives for different site conditions.

development, and seeks to minimize

communities, where implementation of

the impact of urban development and

source control measures is constrained

Good management, including best

preserve the natural environment, can

by limited space, the high cost of

practices for optimizing operation of

provide a useful guide for municipalities

retrofitting, difficulties in coordinating

pollution control measures, is also

and design institutes to develop

among different departments, and a

essential. This should include regular

technical solutions for effective

lack of maintenance capacity.

maintenance, cleaning and removal

stormwater pollution control, and for

of sediments inside sewers and from

the adoption of such measures in other

The study also highlights the importance

detention ponds and other treatment

small- to medium-sized cities in China

of careful site selection for such

facilities. Social acceptance and

and the rest of the Asia-Pacific region.

stormwater treatment facilities, taking

the views of stakeholders, including

into account factors including rainfall

government agencies, community

and stormwater volume, suitability of

groups and organizations should also be

the site, etc.

taken into account.

Takeaways From the Stormwater Management Study and Pilot Project
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