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In the past 30 years, Sanya has developed into a
high-density city with fragmented ecosystems
and bottlenecked urban development. In April
2015, the Ministry of Housing and Urban-
Rural Development proposed “Ecological
Restoration and Urban Remediation” for Sanya
and prioritized the Sanya and Linchun Rivers
— two rivers that run through the central city
— as core causes. The Fengxinglong Ecological
Park project is located at the junction of the
two rivers in downtown and its surroudings

are occupied for various land uses. Diversified
urban interfaces, abundant green space, and
numerous ecological contradictions make the
site critical for the remediation and restoration
of waterways in Sanya. Through a series of
resilient landscape design interventions,
Fengxinglong Ecological Park catches, stores,
and purifies rainwater to reduce river pollution
and flooding disasters in addition to offering
recreational funtions. As a valuable “urban
sponge” and comprehensive resilient ecological
park, it has helped restore the historic
ecosystem and realized the intensive use of
resources.
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Originating in the
piedmonts north of
Sanya, the Sanya River
and Linchun River flow
across the downtown
Sanya and meet at the
east side of the Sanya
Bay before emptying
into the South China
Sea.

Fengxinglong Ecological
Park located at the
delta junction of Sanya
River and Linchun River.
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1 Project Background

The rapid economic and urban development of China has
deteriorated waterfront environments, causing urban floods and
river pollution that threaten social economy and human well-
being.

In the past 30 years, Sanya has developed into a high-
density city with fragmented ecosystems and bottlenecked urban
development. In April 2015, the Ministry of Housing and Urban-
Rural Development proposed “Ecological Restoration and Urban
Remediation” for Sanya and prioritized the Sanya and Linchun
Rivers — two rivers that run through the main city — as core
causes. The Fengxinglong Ecological Park project is located at
the junction of the two rivers in downtown and its surroundings
are occupied for various land uses around it. Diversified urban
interfaces, abundant green space, and numerous ecological
contradictions make the site critical for the remediation and
restoration of waterways in Sanya."

2 Project Introduction

2.1 Location

Originating in the piedmonts north of Sanya, the Sanya River
and Linchun River which flow across the downtown Sanya and
meet at the east side of the Sanya Bay before emptying into the
South China Sea (Fig. 1), are the mother rivers, history witnesses,
and natural landmarks of Sanya. The unique growth conditions for
the mangroves created by these two tidal rivers contributed to the
flourishing mangroves habitats along the rivers that attract groups
of egrets. !"!

Located at the delta junction of Sanya River and Linchun River,
the Fengxinglong Ecological Park covers an area of 9.54 hm” (Fig.
2). From the 1940s to the beginning of the 21st century, the park
site was a salt flat, but with the development of the city, it was
transformed into a site of housing and parking (Fig. 3).

2.2 Climate Conditions

The tropical oceanic monsoon climate of Sanya causes high
temperatures and unbalanced precipitation and evaporation. Using
data from the past 30 years, the annual average precipitation
is 1,522 millimeters with 2,344 millimeters of evaporation.
Precipitation is mainly distributed between May and October,
leading to floods during the rainy days and drought during the dry

season®.

2.3 Regional Water Catchment
The runoff from the park and the surrounding neighborhood
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forms a regional catchment area of 7.2 hm® (park) and 31.3 hm’
(surrounding area) and a total effective runoff area™ of
approximately 25 hm* (Table 1). Polluted runoff will degrade
the water quality of the site unless caught and purified.

2.4 Water Balance

For most of the year, natural precipitation cannot match
water demand in the park. Water stored during the rainy season
and the reclaimed water from sewage plants can be used in the
dry season, but they do not meet the water quality requirements
of the landscape. According to test data from the Sanya
Environmental Monitoring Station, the quality of the treated
water from the Hongsha Sewage Plant where the site water
came from is Class IV quality (Table 2). The water is largely lost
to evaporation because of year-round hot weather and may lead

to eutrophic deterioration of the water body'".

=1 HOKRERR
Table 1: Runoff of the Catchment

TitheR SER BERRH BRERER
Type of Land Total Area (m?) Coefficient of Runoff Effective Runoff Area (m?)
ZAEEH 30,000 0.2 6,000
Park Green Space
A ERERHE 33,000 0.5 16,500
Park Pavement
AEKER 9,000 1 9,000
Park River Systerm
ik ER X 313,250 0.7 219,275
Neighborhoods
Bt 385,250 - 250,775
Total

R2: DL 2016 FEE—FEHKEKKEBFIER ( ZWHF RS )

3. AREZISHRHIER
4

NETFEE

3. Original condition of the

site before construction

4. Site plan

Table 2: Quality of the Water Discharged by the Hongsha Plant from January to March, 2016,

Monitored by Sanya Environmental Monitoring Station

PSSR HEEEE SHEEE BiFEIR a8 B8 ot
Monitoring Indicator COD (mg/L) BOD (mg/L) SS (mg/L) NH;-N (mg/L) TN (mg/L) TP (mg/L)
—A
26 1.8 9 1.9 14.2 0.43
January
—R
23 1.8 8 2.7 13.6 0.42
February
=7 21 1.6 8 15 14 0.43
March : ’ :
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2.5 Impacts of Tides and Groundwater

The plan also takes tidal water change at the nearby
Sanya Bay into consideration. According to data analysis, the
maximum tidal fluctuation is 1.9 meters, while the highest
tide level in a 100-year flood event reached 2.55 meters. The
groundwater level is between 0.84 and 2.96 meters, with
the highest water levels appearing after the rainy season in
December. The park design isolates the park water from the
groundwater because a freshwater system is needed to ensure
that irrigation and waterscape are not affected by groundwater
fluctuations, avoiding land salinization caused by seawater
fluctuation. In addition, engineering problems such as anti-
floating of the new underground structures also need attentions.

2.6 Peripheral Plant Community

The mangrove along Linchun River hold 16 species from
15 families. Among this diversity, eight families (eight species)
are true mangroves and seven families (eight species) are semi-
mangroves. There are an additional five species of mangrove
associated with five families. The dominate species is Rhizophora
apiculate, a typical tropical tree which can form a pure forest.
The original 300 hm” of mangrove forest and associated
ecological communities have suffered irreversible damage due
to land transformation caused by urban development, dam
construction, and the channelization of waterways.

3 Design Goals

The Fengxinglong Ecological Park was defined to be a
comprehensive urban park that combines sightseeing, citizen
recreation, and ecological science. The resilient park landscape
creates a space for citizens to live in harmony with nature, and
provides solutions to droughts, floods, urban heat islands, and
biodiversity loss.

First, the design aims to create “urban sponges” to enhance
resilience to climate change. According to the Sponge City
Construction Master Plan of Sanya City (2016), goals for the
Fengxinglong Ecological Park are: 1) control 60% of total
annual runoff; 2) completely absorb 25.3 mm of precipitation
on site; 3) safely discharge the stored rainwater for a two-year
rainstorm event.

Secondly, the design will create rich habitats to support
mangroves and other vegetation and provide homes for egrets
and other wild animals. Through restoration and protection
of the mangrove ecosystem, shoreline erosion is reduced while
water being purified. Tours and circulation with some parts
inaccessible during breeding seasons through the park are
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designed to reduce disturbance to migratory birds.

Thirdly, the design diversifies the riparian space to allow for
variations in use between day and night and the rainy and dry
seasons.

Finally, the landscape facilities need to have different
functions for the day and night to meet the needs of residents
and tourists. During the day, shade and water features help cool
visitors while lighting activating the space at night.

The main design strategies include:

1) Combine water treatment system with ecological
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The central activity area
located on the west side
of the Fengxinglong
Bridge.

Spring and waterfalls in
the waterscape area
Aquatic plants such as
Phragmites communis
and Canna indica are
planted in the bioswales
of the ecological
purification area.

The grass amphitheater
is framed by a sunken
open grassland, tall
tropical plants, and
viewing platforms.
Flourishing mangrove
protection zone
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waterscape: The treatment process and engineering structure
of the core water purification system are integrated into the
overall landscape of the park, forming a series of ecological

waterscapes.

2) Layer riverbank restoration with mangrove restoration:

The design emphasizes mangrove restoration through
riverbank reconstruction, hydrophilic space design, and
mangrove replanting that provide space for protection,
science education, and sightseeing.

3) Integration site construction with spatial experience:
The design proposes to construct a complete and continuous
green corridor to connect the riverside green spaces and
provide a rich experience by reconnecting the space formerly

separated by the river and urban roads.

4 Spatial Layout

Based on the site analysis and the design goals presented
above, the design proposes to construct two “sponge”
systems, one large and one small, that help define zones with
different functions (Fig. 4).

1) The central activity area is the park’s core. To block the
site from the sight and noise of the Fengxinglong Bridge, the
area is gently sloped on both sides. Through a series of ramps
connecting the ground and the roof of the park service center,
a building located in the west of the central activity area,
visitors can take an overlook at the park and the river. The
boulevard square set between the service center and the
microtopography lets tourists gather for dancing, Tai Chi,
and other activities (Fig. 5).

~J © Wasser Hannover GmbH
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2) The tropical garden is in the north of the park. Planted
with tropical plants such as orchids, this quiet and restful
area is enclosed into a series of small gardens by gentle
slopes.

3) The waterscape area located on the east side of the park
collects and stores water on site while providing space for
sightseeing and recreation. To the north of the Fengxinglong
Bridge, the spring feeding water body flows through a series of
waterfalls that aerate and oxygenate the water (Fig. 6). And to
the south of the bridge, there is a large water surface (southern
lake) with a weir at the south end which partitions the park
lakes and Linchun River.

4) The ecological purification area to the east side of the
waterscapes contains four bioswales and two phosphorus
removal ponds (Fig. 7) with underground diversion facilities,
storage tanks, and sedimentation tanks. The water body is
purified here, and discharged into the lake.

5) The grass amphitheater to the southwest of the southern
lake is framed by a sunken open grassland, tall tropical plants,
and viewing platforms' (Fig. 8). In a rainstorm event, this
grassland can also store rainwater. In addition, the waterfront
plaza on the north of the grass amphitheater is available for
tourists to play with water.

6) The mangrove protection zone aims at preserving and
restoring mangrove communities around the site, and providing
diverse habitats for wildlife (Fig. 9).

7) The ecological parking lot is made of sand and gravel
that helps rainwater infiltration and purification. The
surrounding grass swales and rain gardens can absorb the
rainwater from the parking lots.

00 © Wasser Hannover GmbH

~O © Wasser Hannover GmbH
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5 Implementation 10. RIBHAFRAREEL

10. Treatment process
of the large sponge
system

5.1 Large Sponge System for Municipal Drainage

The design integrated the rainwater discharged into the
municipal rainwater pipe network from the surrounding
31.3 hm? under-reconstruction neighborhoods into the park
water purification system. The purified water flows into the
lakes for storage and then into the Linchun River through the
overflow (Fig. 10).

Rainwater from the municipal pipe network of the
surrounding neighborhoods first goes through the underground
diversion facilities at the project site. The initial runoff
containing more serious pollution is intercepted into the
underground storage tank and then flows into the sewage plant
for treatment. After intercepting the initial runoff, the overflow
rainwater enters the sedimentation tank and is discharged into
two-stage bioswales for treatment through pumps. The purified
water flows into the waterscapes, and overflows into the
Linchun River through the weir when the water level exceeds
the designed level to prevent flooding in the park. The large
sponge system has realized the purification, storage and peak
reduction of surrounding municipal rainwater, which greatly
reduces pollution in the municipal system to Linchun River and
provides flood control during the wet season.

5.2 Small Sponge System for Park Drainage

The runoff within the park area is treated by a variety
of means which highlight dispersing from the source and
discharging slowly, making the Fengxinglong Ecological Park
become more resilient to absorb water when floody and reuse
the stored water when dry.

Through this system, the park can control 70% of the
annual runoff, and absorb rainwater when precipitation is less
than 35.4 millimeters. All the first-flush on the roof, roads and
squares in the park needs to be treated before discharged. The
overflow pipes can accommodate and safely discharge a two-
year rainstorm. According to the topography of the site, the
park was divided into many catchment zones. And low-impact
facilities such as green roofs, a sunken grassland, rain gardens,
bioswales, vegetated buffers, and permeable pavement, can

infiltrate, retain, collect, and discharge water from the park into
the lakes™.
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Table 3: The Difference between the Offering Water Source and Consumption

In total, the park can accommodate 398.25 m’ of total
runoff (298.25 m’ by the rainwater facilities and 100 m*"' by
the rainwater storage modules), which exceeds the expectation.

5.3 Water Source and Water Quality Assurance System

The total water area in the park is around 9,000 m?, with
an additional 15,000 m* of green area. Through assessment
we found that the annual water consumption of the park is
136,095 m’ more than the existing water source provided in
a year (Table 3). The water collected from April to November
meets irrigation and consumption demands. From December to
March, additional water sources may be introduced.

Lakes provide the main storage for rainwater on site.
The southern lake covers an area of 6,260 m” with 1,878 m’
for water storage. The northern lake, on the other hand, is a
waterfall system and is unable to store rainwater. The rainwater
collected by the southern lake provides irrigation for the
landscape. When the stored rainwater cannot meet the water
supply requirements, municipal water can also be brought in
after purification in the bioswales and phosphorus removal

ponds. "

Bfs —B —RB =B mA HA <A tA AV hB +A +—B +=B 2F
Month January February March April May June July August September October November December Year
PR 8.0 12.8 19.2 433 1423 197.5 192.6 221.5 251.4 234.5 58.3 10.7 13921
Precipitation
(mm)
TR EMKR RS 2,006.2 3,209.9 4,814.9 10,858.6 35,685.3 49,528.1 48,299.3 55,546.7 63,044.8 58,806.7 14,620.2 2,683.3 349,103.9
Harvested Rainwater
(m*/Mon)
o ARUK AR E 1,008.1 1,605.0 2,407 .4 5,429.3 17,842.6 24,764.0 24,149.7 27,773.4 31,522.4 29,403.4 7,310.1 1,341.6 174,552.0
Available Water Resource
(m*/Mon)
EEE 184.0 164.0 198.0 215.0 235.0 205.0 214.0 194.0 177.0 192.0 195.0 190.0 2,363.0
Evapotranspiration
(mm)
AL E 1,656.0 1,476.0 1,782.0 1,935.0 2,115.0 1,845.0 1,926.0 1,746.0 1,593.0 1,728.0 1,755.0 1,710.0 21,267.0
Water Evaporated from the Lake
(m3/Mon)
TR 2,760.0 2,460.0 2,970.0 3,225.0 - - - - - - 2,925.0 2,850.0 17,190.0
Irrigation Volume (m3/Mon)
TKE 4,416.0 3,936.0 4,752.0 5,160.0 2,115.0 1,845.0 1,926.0 1,746.0 1,593.0 1,728.0 4,680.0 4,560.0 38,457.0
Water Demand (m3/Mon)
E=l -3,412.9 -2,331.0 -2,344.6 269.3 15,727.6 22,919.0 22,223.7 26,027.4 29,929.4 27,675.4 2,630.1 -3,218.4 136,095.0
Shortfall (m3/Mon)

i RAMBRE=EAER (REBMAE) , UETEN, RERRTRENKRRENS0%EATHATNKRRE, KAESTKEHITIEN,

Note: 50% of the amount of harvested rainwater is represented as the avaliable water resouce, because that only the south lake, which covers about half of the park area, can be used to store water.
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The water quality of the waterscapes will directly affects " igﬁ'—; KRRERGR

the public health and landscape experience. Therefore, one of
. . M. T f
the design goals is to have the surface water meet the Class 1] ﬂ:eatmem proces=
e water source and

water quality assurance

system

standard and complete a long-term purification cycle. To meet
this goal, bioswales are set up on either side of the Fengxinglong
Bridge. Aquatic plants such as Phragmites communis and Canna
indica planted inside the filters paved by selected local medium
sand can keep the filter layer porous and absorb the dissolved
nutrients. In addition, phosphorus removal ponds are introduced
in to keep away algae that grows in the low-phosphorus tropical
climate of Sanya. The water flows to the south and is purified by
the filter system along the bank and pumped to different facilities
in the northern part of the park through a circulating pump. As the
Figure 11 shows, these facilities include two phosphorus removal
ponds (to be purified once again), the spring (to supply water for
the waterfall and other waterscapes) and three bays of the northern
lake (to cycle back to the lake)."

5.4 Create Waterfront Spaces through Planting
The planting design is driven by four principles: 1) form

a continuous riverfront mangrove belt; 2) arrange the color

of trees to have a seasonal rhythm; 3) care about visual

BBt
Phosphorus Removal Pond
=y Sk

Bioswale

Filter System along the Bank

- Waterscape
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VOLUME 6 /ISSUE 4 / AUGUST 2018

18-9-17 b4F2:15




appearance in all seasons; and 4) focus on both overall

greenness and detail plantings.

R4 EXEETARKRENRS (ETHREENLT )

Table 4: Monitoring Report of the Water Quality of the Fengxinglong Ecological Park
by Sanya Environmental Monitoring Station

Based on hydrological data, research and analysis of [P AR 15
mangrove habitat, and site conditions, the park’s riversides are Monitoring Time April 14 - 15,2017
filled with continuous mangrove with small waterfront spaces o i
dotted inside. The methods of placemaking and riverbank Features Clear and Odor Free
restoration vary due to different topographies and land uses. And RS AT E ik R KFES
the species Of mangroves to be planted are COHHCCth Wlth the Sampling Location Monitoring Indicator Result Water Quality Level
salinity of the water body. k& 30
. . . C TE 0
The circulation considers topography, mangroves distribution,
and the Fengxinglong Bridge height to create routes with Eﬁwsz{ 8.29
. . . . . P
minimum disturbance to the ecological environment. Corridors
Ad; 26 0.17
formed by skywalks, water boardwalks, park lanes, and building NN (oL
roofs, create a variety of forest and water experiences!''’. FHEESREEN
SN BE 0.93
South Lake of TN (mg/L)
1 Fengxinglong Class Il
6 COHCIUSIOH Ecological Park B 0.07
TP (mg/L)
After nearly six months of trial operation, the water quality - 6o
of the Fengxinglong Ecological Park has reached the standard of DO (mg/L)
Class Il Surface Water. Table 4 shows that COD, NH,-N, TN, R 1%
and TD levels all decreased sharply compared to Table 2. €OD (mg/L)
The design of the Fengxinglong Ecological Park teaches us to BER I 3
. L CODMn (mg/L)
consider the role of a site within its broader context and to layer nme
functions to provide the most services and spaces to its users. By o L
. . . & TR (hFKERESE) (6B3838-2002)
using resources more 1ntent10nally, WwWe can I'CdllCC management Note Reference: Environmental Quality Standard for Surface Water (GB3838-2002)
and maintenance costs in urban public spaces, as well as relieve

the dependence and consumption of various resources.

The park catches, stores, and purifies rainwater to reduce
river pollution and flooding disasters in addition to offering
recreational function. As a valuable “urban sponge” and a
comprehensive resilient ecological park, it has helped restore the

historic ecosystem and realized the intensive use of resources. LAF
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