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ABSTRACT

Aiming at polluted water of the Chuanzi River, Changde

City, and in order to restore the sustainable natural water
circulation system, improve the water quality, and create an
ecological water environment, this project carries out the
comprehensive management of the river basin through multi-
disciplinary integration. The integration of various measures,
including landscape architecture, sponge city construction,
water treatment, and flood control, achieves concurrent
implementation of a variety of functions. The project
incorporates development of the surrounding properties, to
explore a circular economy approach to urban environmental
management.
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Introduction

With rising demand from the public

for quality living environments, the
appealing voice for improvement of water
environments such as polluted water bodies
has become increasingly strong. However,
the cost of managing contaminated rivers is
often high, while the city also faces problems
such as lack of construction space. This
poses a critical challenge for engineers,
designers, and government departments to
improve water quality, restore the ecological

water system, create high-quality urban

landscapes, and at the same time achieve

returns on investments.

Project Background

Changde, a medium-sized city in Hunan
Province, experiences an average annual
precipitation of approximately 1,400 mm,
and heavy rain intensity due to uneven
annual rainfall distribution. As a major water
system of the city center, the Chuanzi River
stretches 17.3 km long, with a catchment
area of 27.97 km?, and finally flows into the

Yuan River. The watershed area is fairly flat,

with a ground elevation of about 32 m, which
is lower than the flood level of the main
river (Yuan River, with 41.8 m as its 100-year
flood level). With the original embankment
height being 34.6 m, and the relatively high
groundwater level of 29 m, the riverbank soil
has low water permeability. In the 1980s,
due to expansion of the city, some parts of
the river were buried, and Chuanzi River
was divided into several fragments. Due to
the pollution caused by the urban drainage
system, Chuanzi River turned into a

black and odorous river which seriously

impacted the livability of the city.
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Valve open

KRBT KRiBTT
Pump stopped Pump running

RBF
2 EREESEL
Storage ecological

HEEK filter
Gound reservoir RW-PW
TKREE

pump
station TW—PW
FRERPRE

Pump station during
non-rainfall period

KA

TSIRARERT

Sewage treatment plant

BKTFER
main stormwater channel

BKTFE : 4
main stormwater pipe

EBEMEARAK T Stormwater during non-rainfall period

EESKAIE, JRIE300L/s  Deliver stormwater to the sewage treatment plant carrying 300L/s
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When the stormwater fills up 1a and then 1b reservoir, the pump of the storage ecological filter starts to operate.
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BB
Storage ecological
RW= PW filter
WKRE
Stormwater pump
station TW—PW
FREMPRE

Pump station during
non-rainfall period
SKTFE KA

main stormwater pipe TSIKAEIET

Sewage treatment plant

SKFR
main stormwater channel

EWERKTR, KF2.4m%s Stormwater during heavy rain period, flows more than 2.4 m*/s
RKRE1aR1bEK, FNBKTFRETFEEZEE2SEKBHDK, BERKRERKEETR.
Stormwater flows from 1a and 1b reservoir, and from the main intake channel and pipe directly. Then, it flows
through stormwater pump station to the river.
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Stormwater pump

station TW—PW
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Pump station during
non-rainfall period
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TSIKARER
Sewage treatment plant

SIKFR
main stormwater channel
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main stormwater pipe

INH/RRERA TR, hF2.4m’s

Stormwater during light / moderate rain period, flows to the pump station with less than 2.4 m*/s
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The runoff will be deposited in 1a and 1b reservoir, then transferred to storage ecological filter by the stormwater
pump station.
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Flushing water stays in the pipe network and distributing channel for a while, then will be delivered to the sewage
treatment plant.
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In 2004, Changde City began water
restoration efforts for the Chuanzi River.
While it completed dredging, shoreline
construction, and water replenishment,
the program did not bring fundamental
improvement to the water quality and
water environment of the Chuanzi River.
Since 2008, Wasser Hannover GmbH has
carried out a series of practices, including
water system planning, pump station
transformation, river revitalization, and
sponge city construction, with the goal of
implementing comprehensive environmental

remediation.
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Problems and Conditions

The environmental problems of the
Chuanzi River are typical examples of river
problems in the southern cities of China,
which include:

(1) Misconnected pipes abound in the
drainage system, and stormwater pump
stations are the largest river pollution
source. The drainage system in the Chuanzi
River basin is supposedly a diversion system,
but there are in fact a huge number of
misconnected rainwater and sewage pipes.

As the city elevation is below the flood level,
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the drainage system cannot be drained into
Chuanzi River by gravity, thus the rainwater
is collected into eight detention tanks and
pump stations. During heavy rain events, the
water flow stirs up contaminants deposited
in the tanks, then pumps them into the river.
Coupled with the tail water discharge from
sewage treatment plant, this has placed
the water quality of the Chuanzi River in
the worst class of the China Environmental
Quality Standard for Surface Water (EQSSW).
(2) Frequent urban waterlogging: The
flat terrain of Changde City, coupled with

the high draining water level of stormwater

~3 © Wasser Hannover GmbH
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pump stations and low hydraulic gradient of
drainage pipes, causes a high incidence of
waterlogging.

(3) Serious deterioration of water
ecology, with almost no self-purification
capacity: To resist the flooding of the Yuan
River and promote the urban landscape,

a manually operated sluice gate located

at the confluence of the Chuanzi and Yuan
River controls the water level. This measure
makes the river almost as still as a lake,
with slow water flow and serious deposition
of pollutants. The majority of the riverbank
has been paved to avoid soil erosion; coupled
with the upstream blockage, this has caused
the river to lose its natural characteristics.

(4) Poor water environment: The banks
of the river on both sides have turned into
garbage dumps and temporary farmland,
resulting in dark and malodorous water,
from which residents keep their distance.

(5) The water is isolated from the city:
Towering embankments completely separate
the river and the city. The scarcity of land has
also narrowed or buried the river channel
in many places, seriously diminishing the

space available for water detention.

Design Goals

The project is intended to restore the
natural ecology of the Chuanzi River, build a
safe water environment, and jointly develop
with neighboring urban areas. Specific
goals include: 1) achieving water quality
levels for the Chuanzi River which meet the
standard of surface water class IV according
to EQSSW; 2) restoring 90% of the riverbank
to an ecological shoreline; 3) gradually
expanding the sponge city construction to
reach an annual runoff control rate of 78%;
4) improving flood security to withstand a
2-year storm event in the urban drainage
system, a 3- to b-year storm event in key
areas, and a 100-year flood for the detention
and drainage of the Chuanzi River; 5)

building waterfront space for living and
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recreation, and enhancing the landscape

quality of urban public space to develop
new economic potential; 6] reviving water
culture so that residents can experience
nature in the city, and reopening navigation
on the Chuanzi River, and create a “Water

City”culture with rich local characteristics.

Design Concept

Water quality improvement is a
prerequisite for successful transformation of
a contaminated river. The key to sustainable
water quality improvement is pollution
control and ecological restoration. We used

the sponge city construction concept to

achieve a comprehensive transformation of
the drainage system, so as to relieve river
pollution, reduce peak runoff, and protect the
river’'s ecological base flow in non-rainfall
periods. Rainwater from the catchment area
is used to refill the river, in order to reduce
its dependence on external water resources.
Sustainable ecological restoration of the
water system is a systematic project, which
needs an overall scientific master plan. We
started by using mathematical modeling
to simulate and analyze the drainage pipe
network and surface water system, and the
interactive relationships between them in
rainy and dry seasons. We determined the

source of pollution, developed an appropriate
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management plan, and simulated the
results. Then we defined the specific
requirements for implementation of the
project.

The water system is one of the most
important spines of urban space. Water
ecological restoration should be considered
together with urban open space, land
use, urban traffic systems, and future
urban development as a whole. Through
improvement of the water environment, the
value of adjacent lands can been increased,
thus generating returns on the investment in
pollution management.

In order to achieve these goals,

professionals of urban drainage, hydraulic

10.
1.

ETBF
EKERIRSTRE
FEE

Ecological revetment
Floating islands and
boardwalk

. Riparian vegetations

improving the self-
purification capacity of
Chuanzi River
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engineering, ecological engineering,
limnology, and landscape architecture need
to work together integratively on this multi-

objective scope.

Design Process

Drainage and Water System Master Plan
Based on the mathematical model
simulation of the drainage network and
water system, we analyzed the relationship
between the drainage system and the river’s
hydraulic force, as well as the indicator of
pollution sources and future water quality,
so as to plan the overall drainage system
and water system. Meanwhile, based on
research into the city’s spatial development,
hydrology, topography, green space system,
historical water system, and local culture,
we proposed to create three “blue-green
rings” to link the existing mountains, green
space, parks, and lakes, reconnect the once
cut off Chuanzi River, and connect the river

with other water systems.

Flood Management

The original embankment isolates the
river from the city. By connecting the Chuanzi
River with the upper Xin River, widening the
Xin River, building new sluice gates, and
remodeling all stormwater pump stations
along the Chuanzi River, we were able to
lower the embankment by 2 m. According to
the river hydrodynamic model simulation,
we determined the design water levels of
the Chuanzi River: 29.6 m as low water level,
30.6 m as normal water level, and 31.6 m as
flood water level. The 100-year flood control
embankment was set at 32.6 m. In order
to return more detention space back to the
river, we retreated the embankment, and
shifted the green space originally located
behind the embankment, turning it into
a floodable waterfront. At the same time,
we gradually promoted the sponge city

construction among the nearby residential

in the city by regulating rainwater from
beginning, slowing down the runoff process,

and reducing the peak runoff.

Water Supply

The Chuanzi River mainly relies on the
city’s drainage system and surrounding
catchments for its water supply. To date, a
water supply pipeline from the Yuan River
has been installed carrying 1 m%/s; a future
connection of the Chuanzi and Xin Rivers will
lead the upstream water into the Chuanzi.
At the same time, during the remodeling of
the eight original stormwater pump stations,
ecological detention filters, underground
detention tanks, and sedimentation tanks
were added to increase storage volume.
The collected rainwater flows through the
ecological detention filter for precipitation
and purification, then drains into the Chuanzi
River. The existing parks, residential areas,

roads and squares, are also fully used to

l"l 1 !
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collect, store, detain and purify the rainwater

as a supplement to the Chuanzi River.

Water Pollution Control

First of all, we remodeled the eight
stormwater pump stations along the river —
the main source of pollution in the Chuanzi
River. In the dry season, discharge sewage
will be drained to the sewage treatment
plant; in small and moderate rains, mixed
rain and sewage water will be drained into
the river after biological cleansing; runoff
in extreme storm events will be drained
directly into the river. This approach reduces
pollution in the river and supplies water
to the river. In addition, a new sewage
treatment plant (daily treatment capacity
of 50,000 m®) was built, which effectively
alleviates the serious lack of sewage
treatment capacity. Our next plan is to purify

the tail-water of the sewage treatment

plants through constructed wetlands,
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12.  Stormwater ditches
along the riverside path

13.  Water bus at the Big
River Street and Small
River Street pier

ensuring the water will meet the class Il
standard for surface water according to
EQSSW.

At the same time, we plan to carry out
closed-circuit television (CCTV) detection
on drainage pipes to monitor the drainage
network, repair and maintain damaged
pipes, and improve the flow capacity of pipe
networks in order to reduce waterlogging
disasters.

River Self-purification Capacity Upgrade

In order to enhance the river’s self-
purification capacity, over 370,000 m® of
sludge was dredged out of river, ensuring
connection of the water system and
removing barriers for fauna.

The cross section of the bank is designed
in a double trapezoidal shape. Between
the designed normal water level and low
water level, palm mat and plant rollers were
installed, in which we planted moisture- and
drought-tolerant plants, such as Phragmites
communis, Thalia dealbata, etc., to protect
the bank from erosion and provide habitat for
animals such as amphibians. Between the
designed normal water level and flood water
level, we installed palm mat and planted

grass, in order to reduce the risk of erosion

The design proposal reflected the

natural river morphology, and created
ecological spaces of different depths through
new islands. Ecological floating islands
were set up in the river bend and near the
pump station outlet to improve the river’s
ability to self-purify. Submerged plants will
be gradually added to further improve water
quality.

Waterfront Space Construction

Landscape paths and waterfront
platforms were created in front of the
embankment. In the riverbank landscape
area, residents can enjoy the beautiful
waterscape.

We integrated the river transformation
with the surrounding urban development.
Through transformation of some of the
cross-river bridges, we not only ensured
water traffic, but also established walkway
and bicycle lane networks throughout the
water system, making the Chuanzi River part

of the city’s secondary traffic system.

Water Culture
The transformation of the Chuanzi River
brings a healthy river back into residents’

daily life, recreating the water city culture

part of the river, Changde City’s original
area, Changde’s historical Big River Street
and Small River Street were reconstructed,
to demonstrate the city’s ancient river
street culture. At the same time, a German
Street was designed at Nigugiao (Nigugiao
is one of the eight upgraded pump stations],
which represents the 10 years of German
experts’ support to the restoration of the
Chuanzi River. This creation of new cultural
characteristics will help attract German
enterprises to join in, and expand foreign

cooperation in Changde.

Project Result

The ecological management of Chuanzi
River basin has transformed a once black
and odorous river into a multi-functional
open river park, creating diversified
waterfronts and living spaces. The water
purification process played an important
educational role for urban residents as
well. With the improvement of the water
environment, the Chuanzi River has become
the first water travel route in Changde. The
success of the waterfront German Town
and historic district have also brought

economic returns to the river restoration
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areas to reduce the risk of waterlogging during flood. of Changde. On the north shore of eastern investment. LAF
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