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This document contains three deliverables relatiétd the design, status report and monitoring of
a decentralised urban wastewater plan system fan@hu Medical College (CMC) New
Campus, Chengdu — China. The deliverables have t@®piled to provide an overview of the
demonstration case.

This large scale demonstration at the new CMC Cam@hengdu, China, aims to demonstrate
the potential of reusing grey water for landscapikthough not finished by the end of SWITCH,
it is expected that the demonstration will havehin@ wide exposure because it is part of a wider
sustainable building program of the Chinese Migistir Construction. As such it may contribute
to alleviating water scarcity in over 450 cities @hina which are currently faced with water
scarcity.

The compiled deliverables are:

D4.1-11: Design report of a decentralised urban wéswater system for CMC New Campus,
Chengdu - China

D4.1-12: Status Report of Chengdu Greywater demo ahplanning for subsequent activities

D4.1-13: Monitoring plan for Chengdu Greywater demoand experimental study on pilot
scale constructed wetland
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SWITCH Deliverable Briefing Note Template

SWITCH Document 4.1.11entitledDesign report of a decentralised urban wastewate
system for CMC New Campus, Chengdu - China

(72}

Audience This document is targeted mainly at engineers,nisis and technologist
working on implementation of new sanitation appheec

Purpose This large scale demonstration at the new CMC Camphengdu, China, aims
to demonstrate the potential of reusing grey wiatelandscaping.

Background

Deliverable 4.1.1 reported on the findings on treecfical implementation and performance
of ecosan systems. One of the chapters focusetheoimtplementation of decentralised
wastewater reclamation systems (DWRSSs) in Beijihgs estimated that approximately
300 decentralised wastewater reclamation systergR®s) are in operation, producing
50,000 — 60,000 m3 / day of second quality watet ihused for toilet flushing, landscape
irrigation, street cleaning, car washing.

The Ministry of Construction aims to upscale thpp@ach across China within a current
program on sustainable building. Various innovatigepects are included in this
demonstration including the treatment technologi@slied and the innovative approach| of
reusing the water for landscaping.

Potential Impact

Deliverable 4.1.1 already showed the large potefiiawater saving when reclamation
technologies are applied. This demonstration vélldha China wide exposure because |t is
part of a wider sustainable building program of @@nese Ministry of Construction. As
such it may contribute to alleviating water scarait over 450 cities in China which are
currently faced with water scarcity.

Issues

Originally, this demonstration project was plannedbe implemented in Beijing but
because of various circumstances, it was delayddepiaced to Chengdu. But till present,

the November of 2010, the construction of the whalepus and the demonstrated project
is still ongoing. The indoor grey water pipe systant out door pipe system are already
constructed. The outdoor landscape and the gregrwedatment station will likely be
finished in the spring 2011. Due to the delaysas not possible to conduct the monitor(ng
as was originally planned in this part of SWITCH.

Recommendations

To conduct monitoring of this demonstration acaoegdihe monitoring plan provided
Deliverable 4.1.13 and report on the results taMimgstry of Construction of PR China.

5
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SUMMARY

Chengdu Grey water demo is a demonstration projetie Sustainable Water management
Improves Tomorrow’s Cities’ Health (SWITCH), co-fled by the European Commission
within the Sixth Framework Programme. The demastt technologies and system belong
to Theme 4.1 Eco-sanitation and decentralized wesés management in an urban context.
The activity of Chengdu Grey water demo is techhicanplemented by Chong Qing
Univeristy (CQU) of China, and supervised by Waggen University of the Netherlands.
Originally, this demonstration project was plantede implemented in Beijing but because
of various circumstances, it was delayed and replae Chengdu.

This demonstration project tries to utilize the neampus of Chengdu Medical College
(CMC) in Xindu County as a showcase of the decénéie wastewater treatment and reuse
onsite. In the new developed campus, the grey weder students dormitories planned to
accommodate 7000 students is collected and treaitn the campus. The compacted
indoor Biological Aeration Filter and outdoor Wettls are applied for grey water treatment.
The storm run off from the teaching building araeo(nd 1/4 of the total area of the campus)
is captured with Vegetated Swales and Graved rafitin ditch and then treated by
Constructed Wetlands, which is special designedsior water treatment. Finally, the treated
grey water and rain water flows into the scenicewditody, named as Mingjing Lake. The
later taking a core role of the whole outdoor Eoape is designed as a storage tank for the
treated grey water and rain water, and supporiaive stable reclaimed water supply for
miscellaneous use in the campus.

The demonstration project shows a paradigm of segiation of grey water reuse, rain water
harvesting and landscape/aesthetic function. Wite help of this sustainable water
management system, there is no further need foiaipahtap water for green irrigation and
scenic water replenishment. The demonstrated systdmpefully scaled up among China
with great potential.

Due to the public concerns about the treated wguality, the original proposed grey water
for toilet flushing in teaching buildings was calhee finally. And the black water collected
in the campus is discharged into the municipal sesystem directly based on the worry
about odour pollution and economic consideratiom fiBally, only the grey water and rain
water will be collected and reused onsite. The migege for the reclaimed water is for green
irrigation and scenic water body replenishment.

Since June of 2006, the Chengdu demonstrationgirbgs started up with its design activity.
But till present, the November of 2010, the corcdtan of the whole campus and the
demonstrated project is still on going. Now, mddghe buildings in the campus have finished
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their construction activity. The indoor grey wap#pe system and out door pipe system have
been finished as well. The outdoor landscape amdgiey water treatment station are
hopefully finished at the beginning of 2011. Dudlte delays, it was not possible to conduct

the monitoring as was originally planned.
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1 INTRODUCTION

The site of Chengdu Greywater demo-project is Egtan the New Xindu Campus of
Chengdu Medical College (CMC). The new campus ¢atled in Xindu, a satellite town of
Chengdu City, about 25 km to the center of Chengdu.

Xindu Campus is the new development area of CMdchwvhas a planning area of 73.67
hectare, where about 13,000 students and 3000eiesaafll be accommodated.

The new campus of CMC has been selected as the-pjeat for renewable energy
(ground water source heating pump) utilization uiiding by MOC and MOF, China. Water
saving is a content of the demonstration. Chongdimjyversity is the technical support
organization of the demonstration.

An integration scheme of grey water reuse and Eamiaesthetic purpose is proposed. The
grey water from student buildings (70, 006) mill be collected and treated through Biofilter
and CW, the rainwater will be captured and treatesite with shallow grass/cobble trenches,
swales and CWSs. The reclaimed water (both greymaatd rain water) will be used as the
source of landscape irrigation, toilet flushingeaching buildings, and the complementary of
the scenic water body. The water quality cons@natf the scenic water is another issue in
the whole water system, which will be considered.

High quality grey water is separately collectedated and stored in the middle water tank,
and then the water is pumped from the middle watek and supply for landscape irrigation,
road sprinkle and complementary of the artificaltd. If there is excess water, it overflows
into the Constructed Wetland 2# and then flows ihi® artificial lake for complementary.
When it rains, rainwater from teaching area isem#d and treated through cobble ditch and
landscape pool, then flows into the artificial laken overflow port is set in the artificial lake

for discharging the excess rain water. If the #dagrey water is insufficientsome water

from the artificial lake will be pumped to the middwater tank for complementary. The
water from the artificial lake is treated by thenStiucted Wetland 1# circularly and flows
into artificial lake again.
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2 BACKGROUND

2.1 The demonstration project

The new campus of Chengdu Medical College (Chen@hina) has been selected as a
demonstration project for water and energy ressuse®ing by the Ministry of Construction
and the Ministry of Finance of the PR China. Thaev&@omponent of the demonstration is
supported by the European Commission and servemasof the demonstration projects
within the EU & Framework project SWITCH. Chongging Universityhe technical support
organization of this demonstration. Originally,sttdemonstration project was planned to be
implemented in Beijing but because of various gimstances, it was delayed and replaced to
Chengdu.

This document presents a design for the demormtratoject on water resources saving. The
project aims to save approximately 125 thousafdirtap water per year. It consists of a
system for decentralised urban wastewater reclamatt the new campus site. The grey
water of the students’ buildings will be collectseparately and treated by biological system
plus constructed wetlands. The treated grey waidrran-off water from the roofs of the
students’ buildings and from a square will be azite in a scenic water body (Mingjing Lake
in the new campus). The water from this water bwillybe used for landscape irrigation.

Due to the delays, it was not possible to conchetnonitoring as was originally planned.

2.1.1Chengdu Medical College (CMC)

CMC was founded in 1947 and was detached from thed Military Medical University as
an independent undergraduate college in August4.20be college consists of seven
departments (departments of Preclinical MedicinemBnities & Social Sciences, Clinical
Medicine, Pharmacology, Medical imaging, Nursingdabab Study), offering 3-year
undergraduate programs in 8 majors, including €ihiMedicine, Nursing, Pharmacology,
Lab Studies, Medical Imaging, Bio-technology, Phaceutical Analysis and Applied
Psychology. It currently has an enrollment of 6,8G@lents.

2.1.2The CMC New Campus

CMC is construction its new campus in Xindu Digtrichengdu City. First phase of this new
campus, with a construction area of about 400,08)Guas expected to be built by July 2009,
but actually delay to 2011. The new campus is &diato the Southwest Petroleum Institute,
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which is about 2 km away from Xindu own center k&® away from Chengdu North Railway
Station, 40km away from Shuangliu Internationalpéit.

The new campus will house 13,000 students withZZ&Dnt of building, occupying 73.7 ha
of land. The new campus will be constructed in phases (Table2-1). The first phase will
occupy 43.7 ha of land, and the second phase waligy 29.3 ha. After the first phase of
construction is being finished, around 7,000 sttglare expected to live in it.

The total investment of the CMC new campus is 71liam RMB. 49% of total investment,
377 million Chinese Yuan, is funded by CMC itsedfind the remaining 51% of total
investment, 400million Chinese Yuan, is loaned fizsmnk.

Table 2-1 Planned construction contents and scale of the CMC new campus

Item Project Building area ( n? ) Occupied Land area ()
Total Phasel Phase?2 Total Phasel Phase?2

Front Hall 4500 4500 3375 3375
campus Exchanging centre 11000 11000 8250 0 8250

Skirt building 6000 6000 4500 4500 0

Commercial street 7000 7000 5250 0 5250

subtotal 28500 6000 22500 21375 4500 16875
Teaching Technology building 38000 38000 28500 28500 0
area Administration 8000 8000 6000 6000 0

building

Student centre 6000 6000 4500 0 4500

Teaching building 30000 20000 10000 22500 15000 0750

Lab building cluster 1 18000 18000 13500 13500

Lab building cluster 2 18000 18000 13500 13500

Lab building cluster 3 18000 18000 13500 13500

School administration 3000 3000 2250 2250

building

subtotal 139000 105000 34000 104250 78750 25500
Western Western student 15000 15000 7500 7500 0
student area dormitory cluster 1

Western student 15000 15000 7500 7500 0

dormitory cluster 2

Western student 15000 15000 7500 7500 0

dormitory cluster 3

Western student 15000 15000 7500 7500 0

dormitory cluster 4

Western student 10000 10000 5000 5000 0

dormitory cluster 5

Dinning hall 14000 14000 9100 9100

Supermarket 1200 1200 1440 1440

Logistics 10000 10000 6000 6000

comprehensive

building

Apartment for young 3550 3550 1775 1775

teachers 1
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Item Project Building area (n? ) Occupied Land area (n? )
Total Phasel Phase2 Total Phasel Phase?2
Apartment for young 7100 7100 3550 3550
teachers 2
Apartment for young 3550 3550 1775 1775
teachers 3
subtotal 109400 109400 O 58640 58640 0
Eastern Eastern student 10000 10000 5000 0 5000
student area dormitory cluster 1
Eastern student 20000 20000 10000 0 10000
dormitory cluster 2
Eastern student 10000 10000 5000 0 5000
dormitory cluster 3
Eastern student 15000 15000 7500 0 7500
dormitory cluster 4
Dinning hall 12000 12000 7800 0 7800
Supermarket 1000 1000 1200 0 1200
subtotal 68000 O 68000 36500 0 36500
Teaching - Anatomy building 4500 4500 3375 3375 0
assistant  Animal centre 1300 1300 1105 1105 0
area Printing plant 2000 2000 1500 0 1500
subtotal 7800 5800 2000 5980 4480 1500
Logistics Logistics and auxiliary 15000 3600 11400 18000 4320 13680
and building
auxiliary subtotal 15000 3600 11400 18000 4320 13680
building
Sports area  Track and field stand 3000 3000 2250 2250
Gymnasium 10000 10000 7500 7500 0
A covered sports field 0 19832 0 19832
A 400m standard track 0 19832 19832
and field site
15 volleyball courts 0 6279 4186 2093
14 racket courts 0 13959 9971 3988
31 basketball courts 0 24502 12646 11856
subtotal 13000 10000 3000 94155 54135 40020
Road and square 0 163200 97920.0 65280.0
Green area 0 117236.4 70341.8 46894.6
Includes: water body 0 17585.5 10551.3 7034.2
green space for special 0 99650.89790.6  39860.4

Total

380700 239800 140900 619336.4 373086.8 246249
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Fig. 2-1 The site location of CMC New Fig. 2-2 The Master Plan of CMC New
Campus Campus

PLANNING

Chengdu Yixueyuan Xindu Xinxiaoqu Zongti Guihua
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Fig. 2-3 The Construction Phase Distribution of

Fig.2- 4 The Function Distribution of CMC New
CMC New Campus

Campus
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2.2 Design Objectives and scope

2.2.1Design objectives

The objective of this design is to develop a suastale water system for CMC New Campus,
which including:

To develop and demonstrate a sustainable approacrds decentralised treatment and
recycle of wastewater;

* To achieve 100% reduction of potable water consiomgbor landscape irrigation in the
campus;

* To maintain qualified aquatic eco-environment ire tbommunity and control soil
erosion;

* To demonstrate BMPs (Best Management Practicesidom water management.

2.2.2 Design Scope

This design will focus on the area of Phase 1 nemps. The design content includes:
* Decentralized grey water collection from the studirmitories,

* Onsite wastewater treatment (only for grey watad @euse for landscape irrigation,
* Best Management Practices (BMPs) for rain water,

*  Water quality maintenance for the landscape waddy lin campus.
2.3 Basic Data Analysis

2.3.1Climatic conditions

The CMC new campus is located in subtropics witmseon climate and abundant rainfall.
The annual mean temperature is 16.2°C, while theéman temperature is 37.3°C and the
minimum temperature is -5.9°C. On average, thehsitemore than 337 days of frostless days
per year. The mean temperature in the coldest m@athuary) is 5.6°C. The mean annual
precipitation is 828 mm. July and August are the twost highest precipitation months.
While December and January have the smallest fitatogm. The mean annual evaporation is
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1021 mm. Table 2-2 illustrates the monthly preeaipain and evaporation at the site of the
CMC new campus.

Table2-2 Statistics for monthly precipitation and evaporation at the site of the CMC new
campus (mean values for 1970~2005%)

Jan Feb Mar. Apr May Jun Jul Aug Sep Oct Nov Dec

Precipitation
(mm)
Evaporation

(mm)

*Source: Almanacs of Chengdu City.

7.8 126 199 421 69.9 1013 216.0 1925 110543373 5.1

30.1 36.8 658 1054 149.8 138.1 1328 133.6 92.3.8644.0 28.8

2.3.2Building area and population

The first phase of CMC new campus will be the desigea of this sustainable water system.
The buildings and the design land area have bstdlout in the following table2-3.

Table 2-3 Area of the Service Buildings and the Sustainable Water System

Item Project Building area ( ) Occupied area of function
(the first phase) zone ( ) (the first phase)
Teaching area  Technology building 38000 28500
Administration building 8000 6000
Teaching building 20000 15000
Lab building cluster 1 18000 13500
Lab building cluster 2 18000 13500
Lab building cluster 3 3000 2250
subtotal 105000 78750
Western Western student dormitory cluster 1 15000 7500
student living Western student dormitory cluster 2 15000 7500
zone Western student dormitory cluster 3 15000 7500
Western student dormitory cluster 4 15000 7500
Western student dormitory cluster 5 10000 5000
Dinning hall 14000 9100
Supermarket 1200 1440
Logistics comprehensive building 10000 6000
Apartment for young teachers 1 3550 1775
Apartment for young teachers 2 7100 3550
Apartment for young teachers 3 3550 1775
subtotal 109400 58640
Road and square 97920.0
Greenbelt 70341.8
Including water body 10551.3
Including green space for special use 59790.6
Total 214400 375993.7
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About 70,000 rhof student dormitories will be constructed in fiist phase and 55,000%m
second phase. So it can be estimated that abdd® gtQdents will be accommodated in the
first phase of the new campus. The design arethéosustainable water system of CMC New
Campus is shown in Figure 2-5.

Chengdu Yixueyuan Xindu Xinxiaoqu Zongti Guihua

v N RORmEAS
B EmErE /]
- sEERE -

X HHE oo

Fig. 2-5 Design area for Sustainable water system of CMC New Campus
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3 METHODS

During the design activity of the Chengdu demorisina project, the conception of
Decentralised Sanitation and Reuse (DESAR) wasieapphith careful water balance
calculation and an integration of water technolagg landscape.

3.1 DESAR

Decentralised Sanitation and Reuse (DESAR) is aineavative approach to settle the water
crisis at small community scale. By implementatminthe decentralised approach in the
public sanitation sector, stimulation of reuse e€avered by-products can be obtained.
Decentralised sanitation focuses on source sepacatéection of waste (water), treatment
on- or close to the location and maximization o thossibilities to recover and reuse
nutrients, water and energy.
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Fig. 3-1 Closing Cycles in Water Chain for the conception of DESAR system
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In the Netherlands, Wageningen University and LeAEooperation with a large number of
partners work on the development of DESAR systeDIESAR is based on separate
collection and treatment of black water (toilet teagater), organic, solid kitchen waste, grey
water (washing- and cleaning wastewater) and staater.

During the design activity of this project, the aegie collection of black water, grey water
and storm water was applied. Grey water and stoatemwill be treated and reused on site.
The reasons for no black water treated and reussdeoare: 1) there are existing sewer
system and public owned wastewater treatment plEin¢ black water discharged from
CMC'’s Xindu new campus can be treated with low cBsRelative more difficult and higher
operation cost to treat the black water onsitehvhigher risk to odour pollution in the
campus. 3) The black water is in small scale, ardifficult to utilize the nutrients and energy
containing in the black water in the economical wélyPublic concern about the reclaimed
water quality from black water treatment.

3.2 Water balance analysis

Water balance analysis applied in this projechisypproach to study the monthly and yearly
balance between the available reclaimed water gupml the water demand for non-drinking
use. The US LEEDreference guideline (Version 2.2, ISBN #1-9324441) was used as a
reference for available collectable wastewater utaton. The calculation methods and
parameter values in the guideline were applied phigect. Chinese Design Guidelines for
“Miscellaneous Water Quality Standards for UrbansWwater Reuse (GB/T 18920-2002,
and GB/T 18920-2002) " were applied for the desigrexlaimed water quality. The Chinese
design guideline for reclaimed water (GB50336-200a% used as the main reference of the
water quality of collected grey water.

The secondary water resource in this project ireduthe collectable storm water, grey water
from Student Dormitories and Young Teacher Buildindpue to reason that Student
Dormitories produce most part of the grey watea inigh density, only the grey water from

Student Dormitory is collected for onsite treatmamd reuse for economic consideration.

The area for rain water harvesting in this projaaly includes the teaching building area,
where the scenic water body, Mingjing Lake, is tedain the centre, which ease the rain
water collection and the scenic water body cantiead as the storage tank for the whole
sustainable water system.

10
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3.3 Integration of water engineering and landscape architecture

Cooperated with landscape architects, the demaistrproject shows an integration of

sustainable water system and landscape. The ssatéc body, one of the main elements of
landscape in the campus, is utilized as the stasageburring tank for reclaimed water. The
wetlands for polish grey water treatment and fan msater treatment are changed into the
core elements of landscape as well. So both lapdsaad water system improve with each
other.

11
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4 RESULTS AND DISCUSSION
4.1 Water Balance Analysis
4.1.1Wastewater production
(1) Student dormitories
Occupants: 7000 students
Default male/female occupancy breakdown (50%, 50%)
Table 4-1 Sewage from Student dormitories
Fixture Designcase Gender Fixture model Flush Percent of Daily Sewage
fixture type Rate Occupants  use per flow
(LPF) person (m*d)
Water closet Female conventional water closet 9 0%5 3 94.5
Water closet Male conventional water closet 9 50% 3 94.5
sub-total 189.00
Table 4-2 Greywater from Student dormitories
. ) Flow . Daily Greywater
Fixture Design case fixture Fixture model Rate Percent of Duration useper  flow
type (LPM) Occupants  (sec) Person  (mP/d)
1 washbowl conventional 12 100% 15 3 63.00
washbowl
2 Shower conventional 100% 300 0.1*  42.00
Lavatory
3 Washing machine 0nventional ., 100% 600 01  84.00
Lavatory
4 sub-total 189.00

* Note: The rate of daily use per person was setkets 0.1 based on the consideration of
lowest use rate in winter for water quantity guéearin the calculation of water balance.

(2) New Staff Buildings

Occupants: 300 Teachers

Default male/female occupancy breakdown (50%, 50%)
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Table 4-3 Sewage from New staff buildings
. Flush Daily Sewage

Fixture Eﬁ?gt e:ELEE Gender  Fixture model Rate gircfjmetmct); use per flow
P (LPF) P person  (m¥/d)

Water closet Female conventional water closet 9 0%5 4 5.4

Water Closet Male Conventional water closet 9 50% 4 5.4
sub-total 10.80

Table 4-4 Greywater from New staff buildings

. Design case Fixture Flow Percent of Duration Daily use  Greywater
Fixture fixture type model Rate Occupants  (sec) flow
d (LPM) Person  (m/d)
1 washbow conventional ., 100% 15 3 2.70
washbowl
conventional
2 Shower shower 12 100% 300 0.1 1.80
nozzle
Conventional
3 washing machine washing 12 100% 600 0.2 7.20
machine
4 sub-total 11.70
(3) Teaching buildings
Occupants:
Full-time Equivalent (FTE): 2000 Teachers,
Visitor: 7000 students
Default male/female occupancy breakdown (50%, 50%)
Table 4-5 Sewage from Teaching Buildings
Desi Flush  of Daily useper  sayage
Fixture ESIGN CAE - S onder Fixture model Rate ercent o person flow
fixture type Occupants —
(LPF) FTE Visitor (M3/d)
1 Water closet Female Low-flow water closet 5 50% 3 2 50
2 Water Closet Male Low-flow water closet 5 50% 1 70. 17.25
3 Urinal Male conventional urinal 4.5 50% 2 1.4 (8L,
4 sub-total 98.30

13



= Ssinh

O e, 7| 11

:?Fram ework
SWITCH W
= (2002 2006)
Table 4-6 Greywater from Teaching Buildings
Design .
. case Fixture Flow Percent of Duration Daily use per Person Greywater
Fixture fixture model Rate Occupants (sec) flow
type (LPM) FET Visitor Custodian (m3/d)
1 Lavatory Low-flow 8.5 100% 15 3 2 0 42.50
Lavatory
2 Custodial Conventional 12 300 0 0 30 1.80
use tap tap
3 sub-total 44.30

4.1.2 Amount of harvestable rain water

(1) Land use and runoff coefficient

The rainwater collection area for reuse is the &eseaching buildings and office buildings.
The land use and runoff coefficient are shown anftilowing table.

Table 4-7 Land Use and Runoff Coefficient

Land use Road and Square Green (Turfgrass) building  water pond  Total/ average
Area/m2 47009.1 59790.6 104250  10551.3 221601
Runoff Coefficient 0.8 0.15 0.9 1 0.68

(2) Collectable rainwater and irrigation water

Table 4-8 Collectable Rainwater and Irrigation Water

Collectable rainwater Evaporation from water Irrigation water ()
Month body
Precipi- Collectable Evaporatio Evaporation Evapotran- Landscape waterlostvia Drip  Sprinkler
tation rainwater n (mm) from pond spiration  Coefficient  evapotran-
(mm) (md) () (mm) /KL spiration ()
Jan. 7.8 1177 30.1 317 30.1 0.8 1439 1599 23031
Feb. 12.6 1902 36.8 388 36.8 0.8 1760 1955 2816
Mar. 19.9 3003 65.8 694 65.8 0.8 3147 3497 5035
Apr. 42.1 6355 105.4 1112 105.4 0.8 5041 5601 8066
May 69.9 105516 149.8 1580 149.8 0.8 7165 7961 4946
Jun 101.3 15291 138.1 1457 138.1 0.8 6605 7339 9056
July 216 32605 132.8 1401 132.8 0.8 6352 7057 10163
Aug. 192.5 29058 133.6 1409 133.6 0.8 6390 7100 2402
Sep. 110.5 16680 92.3 973 92.3 0.8 4414 4905 7063
Oct. 334 5041 63.8 673 63.8 0.8 3051 3390 4882
Nov. 17.3 2611 44 464 44 0.8 2104 2338 3367
Dec. 5.1 769 28.8 303 28.8 0.8 1377 1530 2204
Total 828.4 125048 1021.3 10776 1021.3 48851 542778162

9
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4.1.3Water balance analysis

(1) Scheme description

The design is based on the following starting ®int

Grey water from the student dormitories is colldcteparately;

The black water from student dormitories, and waater from teaching building, office
building, and young teacher buildings are dischérigg¢o the municipal sewer system
without onsite treatment.

The high quality grey water (from washbowl and sbown student dormitories) is
collected and treated onsite with a biological sysaind a constructed wetland (CW).

Rainwater from the roofs of the students’ buildingge square and green land is captured

and stored in a landscape water body and purifidu @W.

The treated water from CW will be reused for lamgiecirrigation, and water pond.
Design irrigation type: sprinkler; irrigation Effency (IE=0.625).

Low-flow fixtures are recommended in teaching biniddand office building.

(2) Water balance analysis

Based on the scheme described above, the watemegothat can be captured and that
demanded was calculated and analyzed as below.

Table 4-9 Water Balance Analysis

Collectable Grey Evaporation Irrigation Toilet Water balance
Month rainwater water from pond water () flushing (m3)
(n) (n) (n) (m3)

Jan. 1177.43 5670 317.59 2303.6 2949.0 1277.22
Feb. 1902.00 5670 388.29 2816.4 2949.0 1418.33
Mar. 3003.95 5670 694.28 5035.8 2949.0 -5.13
Apr. 6355.09 5670 1112.11 8066.5 2949.0 -102.49
May 10551.56 5670 1580.58 11464.5 2949.0 227.48
Jun 15291.45 5670 1457.13 10569.1 2949.0 5986.26
July 32605.67 5670 1401.21 10163.4 2949.0 23762.01
Aug. 29058.29 5670 1409.65 10224.7 2949.0 20144.97
Sep. 16680.21 5670 973.88 7063.9 2949.0 11363.43
Oct. 5041.80 5670 673.17 4882.7 2949.0 2206.89
Nov. 2611.47 5670 464.26 3367.4 2949.0 1500.81
Dec. 769.86 5670 303.88 2204.1 2949.0 982.86
Total 125048.78 68040 10776.04 78162.1 35388.0 5876

Based water balance analysis, there are enoughwgrey and collectable rainwater for the
reuse of landscape irrigation and water pond coasen.
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(3) Designed scale of the grey water treatment system

Based on the results of water balance analysiskitown that the average daily grey water
treatment quantity is 189°nThe designed grey water treatment scale is 2@0m

4.2 Design of the Demo-project

4.2.1Designed water quality

(1) Designed water quality of grey water

Based on the data from Chinese design guidelineefdaimed water (GB50336-2002), the
water quality of collected grey water from studbaotlding can be designed as the following
table.

Table 4-10 The Designed Grey Water Quality Parameter

Parameters COD BODs S TN TP

Water quality value / mg:t 225 130 75 15 4

(2) Rainwater quality

Based on the actual monitoring data in Chongqingvéfsity, the quality of roof rainwater
and ground rainwater can be designed as the failptable.

Table 4-11 The Designed Rain Water Quality Parameter

No. Water-quality index/unit Roof rainwater Ground rainwater
2 Suspended Solid/ mg'L 50~ 150 80~ 500

3 Colour 20 40

5 PH 5.8~7.0 5.8~7.0

6 CODcr/ mg.C 20~ 150 50~ 300

7 NHyN/ mg.L* 2.5~15 3.0~ 40

8 Free Residual Chlorine/ mg‘L 0 0

9 Total Coliform / n.C* 0 10

(3) Reclaimed water
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For this project, greywater is designed to usedgi@en irrigation, landscape water body
compensation, road washing and toilet flushing @ater quality requirements for green,
landscaping, road washing and toilet flushing @sed in Table 4-12. Water quality for
planting and road splashing refers to “Miscellaree®iater Quality Standards for Urban
Wastewater Reuse (GB/T 18920-2002); water quality fandscaping refers to
“Miscellaneous Water Quality Standards for Urbanst¥avater Reuse: on scenic water body
purposes (GB/T 18921-2002). Design Values for recyevater in this project are listed in
Table 4-12 as well.

Table 4-12 Recycled Water Quality Standards and the Design Values for the Chengdu Demo-
Project

No. | Items/ unit Toilet Road Urban Landscaping | Designed
Flushing |Cleaning, | Planting values
fire
fighting
1 Basic requirements _— No floating No
objects floating
objects
2 | pH = 6.0~9.0 6~9
3 Color (chroma) < 30 30
4 Smell No offensive odor
5 | sS/mg.l! < — 10 10
6 turbidity (NTU) < 5 10 10 e 10
7 Dissolved Total Solids / mg’L <| 1500 1500 1000 — 1000
8 BOD; / mg.L?t < 10 15 20 6 10
9 | Total phosphorous / mgiL < — 0.5 0.5
10 | Total nitrogen / mg.t < — 15 15
11 | Nitrogen, ammonia (based on N)/ m§.L < 10 10 20 5 5
12 | anion surface active agent / mg.L < 1.0 1.0 1.0 0.5 0.5
13 | Petroleum/ mg.L < — 1.0 1.0
14 | Fe/mg.lt < 0.3 — 0.3
15 | Mn/mg.L* < 0.1 JE— 0.1
16 | dissolved oxygen / mgiL > 1.0 15 15
17 | Faecal coliform bacteria (n/L) < — 2000 2000
18 | Total coliform bacteria (n/L) < 3 —_— 3

4.2.2System scheme description

The proposed sustainable water management systemCKAC's new campus is a

decentralized system with grey water and rainwaegitment and reuse onsite. The grey
water from student dormitories is designed to hmasaely collected from black water with

an independent grey water pipe system, and beetteat a Grey Water Treatment

Station(GWTS) with the technologies of CoagulatienBiological Aeration Filter(BAF)
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+sand-filter and a polish treatment of wetland$ie Tainwater is designed to be captured and
treated onsite with Vegetated Swales, Graved rafitin ditches and CWSs. The reclaimed
water (both grey water and rain water) will be uasdhe source of landscape irrigation, and
replenishing the scenic water body, Mingjing Lake this case. The water quality
conservation for the scenic water was considerethenwhole water system. An artificial
circulation of the lake will be established withpamp lifting and filtration through a CW.
The black water from toilet flushing and wastewdtem kitchen is designed to discharge
into the municipal sewer system and then be trdayegbntralized WWTP.

Rain water harvesting system is deigned in CMCi nampus. Roof rain water and runoff
from the teaching building area are captured andfigd by vegetated swales and cobble
ditches, and then discharge into the artificiaklaReveral small wetlands are to be built up to
treat the runoff in decentralization before itswing into the scenic water body. A CW in
large size is used to maintain the water qualityaigjing Lake. There is spill port in the
lake through which the excess stormwater could ftoxerinto the municipal rainwater
system.

Student
Dormitory
©
o
S
SEA
EZ: Cobble ditct
To municipal o %
sewer system Lo .
8t :
S3:
Black wate grey water € 3 .
O v
> .=
og: N

GWTS Cleanwate

tank ) Mingjing Lake

CWs for Rail
water treatments

Landscape irrigation Overflow

CW for water qualit
conservatio

Fig. 4-1 Scheme Drawing of the Whole Decentralized Water Reuse System Applied for CMC-
Demo-Project
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4.2.3Grey water collection and treatment system

(1) Grey water collection pipe networks

All grey water from student dormitories will be fEated. A two-pipe drainage system is set
indoor. One is used to collect grey water (fromvefioand washing machine) and the other is
used for collecting black water (from toilet flusg). Grey water is collected and discharged
into a buffering tank of the treatment system. Dhack water from student dormitory and
wastewater from teaching building, office buildirapd other buildings are discharged into
municipal sewer system directly without onsite tmeent. Fig. 4-2 shows the lay out of the

out-door grey water collection pipe system.

i xR
Student ‘ ] A Bk w
s, L] . Student /
o 3 Srind f’; 9, i i (\ N l
e o e, oo I Student
T T B i) ] = ! B
SHirs Student | —
(=2 14 : :
\::J\: 7)1 \JL] I Y=3 4

¢ U PO A £

i . Student

Ik [E

Fig.4-2 Grey Water Collection Pipe Network Grey wate
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The grey water treatment process is shown in Rg.€ollected grey water from student
dormitories will be firstly balanced in a bufferingnk and then go through a hair filter to
stabilize the quantity and quality of grey water fmbsequent treatment and remove hairs
from the grey water. Because the hair is diffictdt be removed with coagulation and
sedimentation and will impact the running of BAFhair filter is necessary for the system.
Coagulation and sedimentation tank are the prértea for BAF, which will reduce the
Suspended Solid (SS) concentration and optimizeuieing of BAF. BAF is the core of the
whole treatment process, which will remove the pigacompounds and N, P via
biodegradation. To guarantee the effluent qualftthe GWTS, a sand filter is designed to
remove the residential solid in the water, and @doDioxide (CIQ) is to be added into a
clean water tank for disinfection. The treatedygnater will pump to landscape irrigation
and the overflow at spare time will flow into wettis for residential nutrient removal and
finally flow into Mingjing Lake.

Back washinag wat:

: PAC
Collected Lift pump i

Grev Wate ) — i,
——| Buffering Tank 5| Hair Filter | — "5 | Coagulation/ |>| BAF > Sand Filter

Sedimentation

Disinfection
—>

L 2
Clean Water
Tank

l

Pump to
irrigation

Mingjing | Constructed |  Overflow
Lake Wetland 2# [~

A

Fig.4-3 Grey Water Treatment Processes Applied for CMC Demo-Project
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Fig.4-4 Design schematic drawing of grey water treatment station (GWTS)

4.2.4Grey Water Treatment Units

(1) Buffering Tank:

Gas pipe

Dosing pipe

Buffering tank is used for equalize the fluctuatadrinfluent both in quality and quantity. The
buffering tank is designed like a septic tank witto walls in the tank. The water flows
through the middle holes in the two walls. The fleate of the grey water will slow down in
the buffering tank, and the floating contents, sasipaper and fat in the grey water will float
up and be stopped in the first cabin of the tamkl the contents with higher density than
Table 1 ilhases the main design parameters and

water will be settled down as well.

dimensions of the buffering tank.
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Table 4-13 Design Parameters and Dimensions of the Buffering Tank

Items Description

Flow rate (nvd) 200

Hydraulic Retention Time, 8, effective volume equal to 1/3 of the daily
HRT (h) reclaimed water consumption
Influent Located at tank top

Effluent Lifted via pumps at the tank bottom
Size, LxBxH (m) 6.9x51x%x34

Effective Height, H (m) 1.7

Height for sludge storage,sKim) 1.2

Height for safety, |(m) 0.5

Capacity of sludge storage, (days) 90

Slope of tank bottom, (%) 5

Equipments Pump:

1 submersible sewage pump;
Capacity, Q=18 rih;
Head of delivery, H=15m.

(2) Hair Filter

Hair filter is designed to remove hair and biggespending articles from the grey water. Hair
filter is installed in the outlet pipe of the liftj pump.

Table 4-14 Design Parameters and Dimensions of the Hair Filter

Items Description

Flow rate (nvh) 12.5 in average; 30 in maximum
Dimension of the inflow hole ©=200mm

Proof-pressure <0.2MPa

Height, H (m) 0.5

Weight, W(kg) 35

(3) Coagulation and Sedimentation Tank

In this design, the tanks for coagulation and sedtattion are jointed together to reduce the
occupied space and reduce the construction cosethsCoagulation and sedimentation are
applied as the pre-treatment of the BAF to rembeecblloidal particles and suspended solids
in the grey water.

In this project, a pre-constructed steel tank pceduby an environmental equipments
manufacturer, named as Jiang Yu, is selected asdhgulation sedimentation tank. The
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model no. is JYSB1-15. Dosing kit and mixer are-jmstalled to matching the coagulation
and sedimentation tank.

Table 3 shows the dimensions of the coagulationsaddnentation tanks applied in Chengdu
demonstration project.

Table 4-15 Design Parameters and Dimensions of the Coagulation And Sedimentation Tanks

Items Description

Flow rate (nvh) 12.5 in average; 30 in maximum
Dimension of the inflow pipe @=75mm

Dimension of the outflow pipe @=75mm

Size, xBxH (m) 3.2x22x4

HRT of flocculation zone (min.) 20

Hydraulic of the sedimentatior©

tank, ni/m®.h

Weight, W(kg) 1500

(4) Biological Aerated Filter, BAF

BAF is the main treatment unit in the grey wateatment station with biological degradation
of the organic compound contained in the grey waB&F has the double function of

biological degradation and physical filtration. BAfas originally developed for nitrogen

elimination in secondary and tertiary treatment amdcapable of attaining the highest
discharge quality standards. In this project, BAFapplied to produce high quality of
reclaimed water to meet the high water quality ieament of closed scenic water body (the
water quality stand for water discharge into thesetl scenic water is very high in China,
seeing the national standard GB/T 18921-2002).

The BAF process consists of upflow filtration thghua submerged fine granular medial. Air
is injected either to the base of the bed or ihtorhedia itself. In the latter case, the filter can
simultaneously nitrify and denitrify with the inteittent operation the air blower. It is capable
of removal biodegradable pollutants: carbon palut{(COD and BOD), suspended solids
(SS), ammonia (N-NEJ and nitrates (N-Ng).

The bacteria present in the effluent to be treateth themselves to the packing material that
simultaneously acts as a filter. The pollution ieken down into cellular material, which is
retained in the filtering bed by physical retention

In contrast with other upflow filters (where the dreeis denser than water) the head loss in
the filter ensures that the effluent to be tredteequally distributed without the need for

23



[Cl<Eirlal
SWITCH

._E Sixth
= ?Franmworh
§ ,? .F'mgra.mmn
=3 (2002 2006)

nozzles (which are likely to become clogged) otriigtion pipework, and without the need

to sieve the effluent before treatment.

Filtration takes place in a direction that compabes media rather than expanding it, thus
enhancing the capture of the suspended materidbdRe back-washing eliminates excess
biomass and suspended solids filtered, withoutipgssthrough the whole bed.

Table 4-16 Design Parameters and Dimensions of BAF

[tems

Description

Design parameters
Flow rate (n¥'h)

Designed water quality for influent

12.5 in average;
Running time: 16 hours a day

BOD; (mg/L) 130
Total Nitrogen, TN (mg/L) 15
Designed water quality for effluent
BOD; (mg/L) 10
Total Nitrogen, TN (mg/L) 5
BODs volume load of the packingl
material kg BOD; /(m" » d)
Sludge yield coefficient, (kg 0.2
sludge/kgBOL)
Ratio air to water 5:1
W?shing intensity for backwashing.; 6
(m”es)
Washing time for backwashing , (min) 15
Dimensions
Size, [xBxH (m) 42x42x4.2
Filter bed height, H(m) 15
Height for safrty, K (m) 0.5

equipments
Air blower for bio-degradation

Pump for backwashing

Capacity, Q=1.67m
Head of delivery, H=5m.

Capacity, Q=360m
Head of delivery, H=15m.

(5) Sand Filter

Sand filter can effectively remove

the residual peigled solids, colloidal, organic

compounds, pesticides, manganese, bacteria, viemggsther pollutants in the treated grey
water. A type sand filter equipment produced by iEmmental Protection Science and
Technology Co., Ltd. is Selected, with the typdd@iCF-15 type, in this project. The selected
type of sand filter has a small filtration resistenlarge specific surface area, and also has a

unique advantage by optimizing the filter and filtesign, implementing operation of the
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adaptive filter. Besides it has a strong adaptsbdi raw water concentration, operating
conditions, pre-treatment process, that is, auticalbt form sparse in the top and dense at
the bottom, which is beneficial in all kinds of oatng conditions to ensure water quality.
When backflush, quartz sand is fully spread ouhsd can have a good cleaning effect. Sand
filter with a fast filtering speed, high filtratioprecision and interception capacity and so on.
The sand filter device has a simple structure damgpcessing flow, automatically backflush,
high filtration efficiency, easy maintenance andso

Table 4-17 Design Parameters and Dimensions of Sand Filter

Items Description
Flow rate (nih) 12.5 in average;
Running time: 16 hours a day
Diameter (mm) 1435
Total height, H (mm) 4450
Filtration area, () 1.5
Size of filter media (mm) 0.6-1.2

(6) Reclaimed water tank

Capacity of the reclaimed water tank is designecomting to 30% of the daily water
consumption in reclaimed water system.

Dimension of the reclaimed water tank: 6.6 x 53.3m

(7) Sludge tank

Sludge tank is used for storing sludge and wastwabm grey water treatment station,
which are discharged into municipal sewer netwarkime.

In order to combine the dimension of buffering tamd biological aerated filter, the size of
sludge tank is determined: 6.9 x 4.2 x 2.85m. Sintid buffering tank, the actual height of
sludge tank is 3.4m.

(8) Disinfection equipment

Chlorine dioxide is used as the disinfection agesiich is generated onsite with a chlorine
dioxide generator. The dosage for €i©0.8mg/L water. The ClOgenerator is selected with

the type of KWI-5, which is manufactured by Qinghua EnvironmeRtatection Equipment
Co., Ltd.

Table 4-18 Design Parameters and Dimensions of CIO, Generator
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Items Description

ClO, dosage (g/h) 100

salt consumption rate (g/g gas) 1.6

Size, IxBxH (mm) 800 x 650 x 1200

(9) secondary pump for reclaimed water supply

In this project, two pumps combined with a presdark are used for the reclaimed water
supply in the new campus. The size of the air presgank is determined according to the
maximum flow rate at peak hour.

The maximum water consumption for flushing: 15.38mthe maximum water consumption
for irrigation occurred in May, June, July and Asguwater consumption: 245.8m d,
irrigation twice per day, two hours each time; watensumption for road sprinkle: 90.6
d, 2 hours to complete the work every day, thenlgingest total amount of the reclaimed
water is:

15.39 +246 / 4 +90.6 / 2 = 122°2rh
The needed greatest head for reuse: 38m.

Referring to equipment swatch provided by GuangzBayun Pump Manufacturing Co., Ltd,
BQS120-45-type air pressure feed water systeniasteel.

4.2 .5Rainwater harvesting system

Swale, cobble ditch, and pervious paving (includaegvious concrete) are recommended for
rainwater management. In the project firstly runaffl be collected by cobble ditch and
swale etc., then the harvested runoff will be #dah constructed wetland (or other kinds of
treatment facilities), and will be stored in lanalse water body in campus, finally will be
reused for landscape irrigation. The proceduretofms water harvesting and treatment is
shown in Fig.4-5.
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Roof runoff

Runoff from road, ||  Cobble ditch
square and green
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,| oreen billabong vy _, wetland_—B L 5
(regulation
pool)
Swale
A 4
Recycling Effluent |< Landscape
pool

Fig.4-5 Rainwater Treatment Procedure

(1) Swale and cobble ditch

Swale and cobble ditch are mostly used beside dhd, r -
which can enhance the infiltration of earlier runof

There are three kinds of cobble ditches are appfieithis
project. The cobble ditches used at the side ofdhd, near &&
the building, beside the square have their owrufeat

@ Road-side Cobble ditch (Arc Style)

The depth is h=300mmthe surface width is b=600mm

Two layers of filler from top to bottom

on surface®=40-50mm, cobble; at the basé&=15-30mm, gravel

The design slope +9.5%
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Center Line

Road Section

Cobble: $40~50 (200mm)

Gravel: ¢15~30 (200mm)

Concrete (100mm)

Concrete (200mm)

tamped plain soil

o

(slope=0. 2%)

Fig.4-6 Road-side Cobble ditch

@ Building-around Cobble ditch ( Rectangle Style)

The depth is h=300mmthe breadth is b=200mm

Two layers of filler from top to bottom

on surface®=40-50mm, Cobble; at the basé@=15-30mm, gravel

The design slope i%0.5%

Building Wall

_4/

Cobble: ®40~50 (200mm)
| Gravel: & 15~30 (200mm)
_Concrete (100mm)
Concrete (200mm)
tamped plain soil

rvavavan

T T T Tt

(slope=0. 2%)

Fig.4-7 Building-around Cobble ditch

® Square-side Cobble ditch( Rectangle Style)
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The width has three kinds: b=400mm, 600mm, 680mm

Two layers of filler from top to bottom

on surface®=40-50mm, Cobble; at the basé@=15-30mm, gravel

The design slope i%0.2%.

750mmx450mm Grate

Cobble: & 40~50 (200mm)

Gravel: &15~30 (200mm)

| Concrete (100mm)

Concrete (200mm)
tamped plain soil

square ground

(slope=0. 2%)

Fig.4-8 Square-side Cobble ditch

(2) pervious paving

Pervious paving will be developed to enhance
infiltration of rain water, so as to decrease ttugrs
runoff, and maintain the water supply for local -€d

system.

(3) Landscape pools

After being treated by green area and cobble ditaimwater is treated through landscape
pool. There are five decentralized landscape poothis project. The size of the landscape
pools are designed according to the 13mm runati@fcorresponding catchments area.

(4) overflow well
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The rainwater, which is collected from the roofse road surface and green area, firstly
passes through the overflow well, and then enteessedimentation pond, which will be
further processed. During the heavy storm timerémewvater flow exceeds the current design
capacity of the treatment facilities, and theniit averflow via the overflow-well, so that the
normal operation of subsequent treatment structarde guaranteed.

Before flowing into the sedimentation pond, rainsvgbasses through two overflow
wells to carry on overflowing.

4.2.6Runoff purification system

During the collection of the storm runoff, the raimter will be filtrated by swale, cobble

ditch. Then the rainwater runoff will flow into theonstructed wetlands which are specially
designed for rain water treatment before its diggihg into the scenic water body. The
rainwater treatment constructed wetlands are Idcateund the scenic water body.

According to water balance analysis, maximum ratew&reatment demand occurs in July.
Total rainwater amount in July is 32605.67, and averagely daily amount is 1087ahn

Legend:

1. Constructed Wetlands for grey water
polish treatment

2. Constructed wetlands for rain water
purification

3. Scenic water body, Mingjing Lake

4. fountain for aeration

T RIS

5. lawn

N

QAT E Uy

Fig. 4-9 The General Layout of the Runoff Purification System and Scenic Water Quality
Maintenance System
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The structure of the constructed wetlands '
for rain water purification is one kinds of

down flow wetland land. The normaﬁﬁ

flow rate of rain water can be filtere(>< / o
through the wetland land filter bed=———————— ] ¥
while during heavy storm; the rain water
can directly overflow into the scenic

water body.

Fig. 4-10 The Schematically Drawing of the
Structure of the Constructed Wetlands for
Runoff Treatment

4.2.7Water quality maintenance for the scenic water body

In order to maintain the scenic water body in adg@@ter quality condition, an artificial
water circulation with wetland filtration duringefprocess is applied. Natural ecological bank
with small natural type of wetland is applied adl\isee Fig. 4-11).

Based on literature review and the experienceefitsigners, the renewable frequency of the
scenic water body to minimum the stagnant wateeZerdesigned as 20 days, which means
that the water in Mingjing Lake will be renewed eagely in 20 days. Through estimation, a

internal circulation flow rate of 750Hd is needed. The wetland for scenic water quality
maintenance is design by both the water enginegttalandscape architect with an area of
2296n7.

A submersible pump is installed to cycle scenielalater, with a flux of 32 fh and
lifting head of 5m.

Fig. 4-11 Pictures of Ecological Bank with Small Natural Wetland as References for this
Project
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Base on draft cost calculation, the total investimfen CMC new campus demonstration
project is 430,840 EURO. This budget will be fundsdSWITCH project, CMC, and CQU.
About 72,220 EURO will be from EU fund. CMC will otribute 325,120 EURO for
Construction; CQU will contribute 33,500 EURO foaloratory. The operation cost of the
reclaimed water (including the reused rainwater greyy water) generating is estimated as
0.02 EURO/m.
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6.1 Saving of municipal tap water

With the reuse of decentralized treated rainwater grey water onsite, the consumption of
tap water supply, and discharge of contaminatedagevand rainwater will be significantly
reduced. The reduction of the tap water consumptewage discharge and storm runoff is
estimated and illustrated in Table 6-1.

Table 6-1 Municipal Water Supply Saving, Sewage and Rainwater Discharge Reduction

Unit: m®
Month ~ Municipal water supply Sewage discharge Rainwater discharge
saving reduction reduction

1 5570.21 5570.21 —_—

2 6153.66 5670 483.66

3 8673.95 5670 3003.95

4 12025.09 5670 6355.09

5 15994.07 5670 10324.07

6 14975.20 5670 9305.20

7 14513.66 5670 8843.66

8 14583.32 5670 8913.32

9 10986.79 5670 5316.79

10 8504.91 5670 2834.91

11 6780.66 5670 1110.66

12 5457.00 5457 —_—
Total 124218.52 67727.21 56491.32

Based on the above calculation, 124,23¥9ear of municipal tap water supply can be
replaced via the onsite grey water and rainwatbecoon and treatment.

The estimated average cost for rainwater and gr&gmcollection and treatment is RMB
0.2/n?, while the corresponding municipal tap water pikc&®&MB 1.35/m. Therefore, there
is a RMB 1.15/m financial saving for the water consumption, andrespondingly, RMB
142,800 per year of water supply cost will be sav@dnsidering that water price will be
increased in the near future, the potential ecooahhienefits are remarkable.

6.2 Environmental impact

After reusing grey water, a reduction of annual agsvdischarge will be around 67727m
bringing remarkable environmental benefits (est@datwith contaminants of COD, a
reduction of COD 23,000kg/y can be achieved). NayadXindu is raising sewage charges,
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from RMB 0.15/ni to RMBO0.35 /ni. By reusing grey water, sewage charge reductidirbwi
67727x0.35=RMB 23704. Water saving has great bisnefi

Rainwater infiltration and emission reduction iskey indicator to measure sustainable
building. In this project, total rainwater reusesi 56491n¥year, reducing 45% of total
rainwater in teaching building area. Municipal water network size can be reduced
accordingly, and environmental impacts from poltita as well as the soil erosion will be
controlled in the demonstration area.

6.3 Potential impact after scaling up

If the Chengdu greywater demo was replicated aD1di®s in China it would reduce the
consumption of potable water by 1 billion® rper year. According to statistics of water
consumption of 2006 in china, there was about awmption of 70 billion mof municaipal
water supply, and is assumed that there will beilion m* of municipal water consumption
in the future. So, if the demonstrated system ier@adu Demo-Project can be scaled up in
1000 times, there will a significant help to rekedise water crisis for China in future.
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7 CONCLUSION

Following conclusions can be obtained in this dest@tion project of decentralized
sanitation in urban context.

7.1 Innovation and main achievements

* A showcase of DESAR system is implemented in Chim#ly slight adaptations to
Chinese actual situation of public concerns aneshecoc consideration.

* Integration scheme of grey water reuse, rain wadevesting and landscape/aesthetic.

e Using ecological theory and people-oriented actthadoundation of design, to create a
clean, safe and comfortable water circumstance.

* Significant environmental and financial benefits1dae obtained in the demonstration
projects.

7.2 Significance

* A successful integration of grey water reuse amdidaape/aesthetic purpose will be a
good paradigm for Universities/Colleges to learn.

* The demo-project will also become a study casestadents, who will improve the
future society with the idea in their mind.

* The demo-project can be hopefully selected as aodstration of “resource saving
campus” in China, and training activities can beplamented after finishing the
construction work by Chongging University.
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8 APPENDIX

8.1 Tables of Civil Construction Contents and Equipment List

8.1.1Table of Civil Construction Contents and Equipmentsin GWTS

Table 8-1 List of Civil Construction Contents and Equipments in Grey Water Treatment
Station

Catalogue S Items Sze Sructure  Unit  Amount Notes
N. or
material
Structures 1 Buffering tank 6.9x5.1x3.4 concrete 1 Inside
2 Biological 4.2x4.2%x4.2 concrete m dimension
Aerated Filter
3 Reclaimed 6.6x5.1x3.3 concrete m
water tank
4 Sludge tank 6.9x4.2x3.4 concrete
Buildings 5 Building for Greyl7.7x14.1x6.6 Frame m 1 Half-
water treatment structure underground
station
Control  room 10.5x4.2x3.3 Frame m 1 In grey water
and assay room structure treatment
station
Chemical room  4.2x3.6x3.3 Frame m 1 In grey water
structure treatment
station
Chlorination 4.2x3.6x3.3 Frame m 1 In grey water
room structure treatment
station
Main 6  Hair filter Q=12.5nYh steel 1
equipments 7 Coagulation and Q=12.5ni/h set 1 Suite of
sedimentation equipment
tank
8  Sand filter Q=12.5fh set 2 Suite of
equipment
9 Submersible H=8m, 2 Power of the
sewage pump  Q=12.6nt/h motor
0.75KW
10 Submersible H=15m, 2 Power of the
sewage pump  Q=18nt/h motor 1.5KW
11 Submersible H=15m, 1 Power of the
sewage pump  Q=360ni/h motor 30KW
11 Pneumatic H=30m, set 1 Match 2
water  supply Q=18nt/h pumps, each
equipment motor power
2.2KW
12 Blower Blast volume 1
1.67ni/min
14 Chemical Addition set 1 Suite of
feeding dosage equipment,
equipment 12.5n/h adding PAC
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Catalogue S ltems Sze Sructure  Unit  Amount Notes
N. or
material
or PFS
15 Chlorine Occurrence set 1 Suite of
dioxide guantity equipment,
generator 100g/h mains  input
1.2YD
16 Pipeline mixer DN80 UPVC 2
17 Pipeline mixer DN150 UPVC 1
Pipes 18 Greywater pipe  DN50 UPVC meter 8
19 Greywater pipe  DN80 UPVvC meter 50
20 Greywater pipe  DN150 UPVvC meter 10
23 Greywater pipe  DN300 UPVC meter 12
24  Greywater pipe  DN400 UPVC meter 5
21 Grey water pipe DN200 PVC meter 60
22  Sludge pipe DN150 PVC meter 20
23  Sludge pipe DN200 PVC meter 10
24 Air pipe DN50 PPR meter 80
25  Air pipe DN65 PPR meter 10
26  Air pipe DN80 PPR meter 30
27 Reclaimed DN65 PPR meter 15
water  supply
pipe
28 Chemical feed DN25 PPR meter 20
pipe
29 Service pipe DN25 PPR meter 22

8.1.2Tables of civil construction contents of rain waterarvesting and treatment

Table 8-2 Civil construction contents of Cobble Ditches

Serial Items Size Unit Amount Notes
number
1 Square-side cobbleB=400mm meter 292
2 ditch B=600mm meter 140
3 B=680mm meter 569
4 Road-side cobble ditch B=400mm meter 205
5 B=600mm meter 603
6 B=680mm meter 942
7 Building-around B=400mm meter 12 Designed
8 cobble ditch B=600mm meter 575 by architect
9 B=680mm meter 493
10 Rainwater decanting 750mmx450mm 1932 Castiron

Table 8-3 Main Equipments and Pipes applied for scenic water quality maintenance

Sequence Items Size Material  Unit  Amount Notes

1 Overflow pipe of DN80 HDPE meter 60
reclaimed water tank
2 Drainage pipe of DN100 HDPE meter 200
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wetland pond-bed
3 Drainage pipe of DN110 HDPE meter 16
wetland pond-bed
4 Circulating water pipe  DN110 HDPE meter 15
5 Water supplement DN125 HDPE meter 175
pipe for reclaimed
water tank
6 Connection pipe DN100 PPR meter 25
7 Gate valve DN65 3
8 Gate valve DN80 2
9 Gate valve DN100 6
10 Gate valve DN110 2
11 Gate valve DN125 2
12 Gate valve DN150 1
13 Water meter DN65 1
14 Back pressure valve DN65 1
15 Slow closure back DN110 1
pressure valve
16 Slow closure back DN125 1
pressure valve
17 Cast iron rainwater 750mmx450mm 22
decanting
18 Water meter well @700 Brick 1 Detailed
setting drawing:
055502
19 Circular-vertical type ¢700 Brick 14 Detailed
valve well setting drawing:
05S502
20 Rectangular valve 2
well
21 Circulating pump for 100QW70-7-3 1 Submersible
lake water sewage pump
22 Water pump for WQ100-7-4 1 Submersible
supplementing sewage pump
reclaimed water tank
23 Inspection well with ¢1250 5

sand settling function
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8.1.3Additional construction contents for the demonstraion project
Table 8-4 Additional civil construction contents
NO. Description Foecification Sructure Quantity
1 Hair Filters Q=200r1d Stainless steel 1
2 Coagulation sedimentation tank Q=200 Steel-concrete 1
3 Bio-filter A=6.4nf, H=2.5m Steel-concrete 2
4 CW-A 250m Brick-concrete 1
5 Sludge tank LxBxH = 2x2x2m Steel-concrete 1
6 Cobble ditch 3000 gravel/soll m
7 Green billabong 2000 soil m
8 Swale 1000 soll m2
9 Head tank LxBxH=16x16x1.5m PVC 1
10 CW-B 1276 Brick-concrete 1
Table 8-5 Addition Equipments and Pipes
No. Description Fecification Structure Quantity
1 Chemical adding and Q=200 n/d Stainless steel 1
mixing system
2 Submersible sewage Q=1nt/h Stainless steel 1
pump
3 Reclaimed water lifting Q=43n/h H=45m Stainless steel 2(Qusel
pump standby)
4 Rainwater, circulation Q=40 n¥/h , H=5 m Stainless steel 1
water lifting pump
5 Ultraviolet sterilizer Q=11 fth Stainless steel 1
6 Greywater collection DN110 PVC pipe 1200m
pipes
7 Supply pipe for toilet DN25 PP-R pipe 1000m
flush

8.2 Table of Budgetary Estimate

Table 8-6 Budgetary Estimate for the extra construction contents for the demonstration
project

[tem Account I nvestment EU Budget Matching Fund
(Thou. EUR) (Thou. EUR) (EUR)
CMC CQU
Direct Construction cost
1 Civil construction 162.15 0 162.15 0.00
cost
Equipments and 139.38 0 139.38 0.00
Pipes
sub-total 301.53 0.00 301.53 0.00
2 Indirect construction cost
2.1 Construction 15.08 14.49 0.59 0.00

management cost
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2.2 Design cost 45.23 22.23 23.00 0.00

2.3 lab Equipments 35 5 0 30.00

2.4 Publication / 4 4 0 0
information

transmission /
intellectual property

25 Travel charge 7.5 7.5 0 0.00
2.6 work shop 8 8 0 0
2.7 Expert consulting 8 8 0 0

fee
2.8 Others 6.5 3 0 3.50
2.9 Total 430.84 72.22 325.12 33.50

8.3 Present progress of the construction of the demonstration project

Most of design contents have been constructedisndigmonstration project except the grey
water treatment station. Currently the grey wareatment station has been started to
construct, and will be finished in the beginning 2811. Student dormitories have been
finished (see Fig8-1. Fig8-2), in which the greytevacollection pipe has been installed. The
rainwater collection system have been fulfilledie demo-project. The teaching building has
also been finished (see Fig8-3), in which the gttgidas studied. The following pictures

show parts of the buildings or structures of demmjget. The outdoor pipe system has been
finished till present.
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Fig. 8-3 Pictures for Teaching Buildings
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Fig. 8-4 Picture for the outdoor grey water and black water pipe
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SWITCH Document 4.1.12 entitled Status Report of Chengdu Greywater demo and
planning for subsequent activities

)

Audience This document is targeted mainly at the Central &gment Unit and members
the SWITCH consortium

PurposeTo inform the consortium about the current statu glanning of the construction
the demonstration project on reusing grey wateldiodscaping at CMC Campus, Chengdu

Background Chengdu Grey water demo is a demonstration proejétin SWITCH, co-
funded by the European Commission within the Sitamework Programme. Th
demonstrated technologies and system belong to &RefnEco-sanitation and decentraliz
wastewater management in an urban context. Orlginglis demonstration project wa
planned to be implemented in Beijing but becauseadbus circumstances, it was delayed
replaced to Chengdu. The detailed information alblo&tproject design can be found in |
SWITCH deliverable report: D4.1-11a: Design repofta decentralised urban wastewa
system for Chengdu Medical College (CMC) New Campus

e
ed
AS
and
he
ter

Since June of 2006, the Chengdu demonstrationgirbges started up with its design activity.

But till present, the November of 2010, the corwdtom of the whole campus and t
demonstrated project is still on going. Most of tildings in the campus have finished th
construction activity November 2010. The constrctctivities of the whole campus are v¢
near to accomplishment. The indoor grey water gystem and out door pipe system h
been finished as well. The outdoor landscape amd gitey water treatment station g
hopefully finished at the beginning of 2011. Théport shows the current status of

Chendu Greywater Demo and the planning for next stdivities.

he
eir
2ry
ave
re
he

Potential Impact Although not finished by the end of SWITCH, it igpected that thé
demonstration will have a China wide exposure bgeat is part of a wider sustainal
building program of the Chinese Ministry of Constian. As such it may contribute t
alleviating water scarcity in over 450 cities ini@dh which are currently faced with wat
scarcity.

1%

e
(0)

IssuesOriginally, this demonstration project was plannedbe implemented in Beijing but

because of various circumstances, it was delayddepiaced to Chengdu. But till present,
November of 2010, the construction of the whole pasnand the demonstrated project is
ongoing. The indoor grey water pipe system andloot pipe system are already construc
The outdoor landscape and the grey water treatatation will likely be finished in the sprin
2011. Due to the delays, it was not possible todaohthe monitoring as was original
planned in this part of SWITCH.

the
still
ed.
9
ly

RecommendationsTo conduct monitoring of this demonstration acaggdthe monitoring
plan provided in Deliverable 4.1.13 and reportlo® results to the Ministry of Construction
PR China.

of




[Cl<Eirlal
SWITCH

ré Sixth
j _F_-EFme ework
J Programme

= (2002-2006)

Contents

1 INTRODUCTION ...ttt rr e s

2 CURRENT STATUS OF CHENGDU GREYWATER DEMO.......cccccoiiiiiiiiieeenn.

3 PLANNING FOR SUBSEQUENT ACTIVITIES ..o,

Xi



=AMl >
. E?ﬁamuwnrk

J Programme

SWITCH W s

1 INTRODUCTION

Chengdu Grey water demo is a demonstration prajgtin SWITCH, co-funded by the
European Commission within the Sixth Framework Paogme. The demonstrated
technologies and system belong to Theme 4.1 Edtatian and decentralized wastewater
management in an urban context. The activity ofrgde Grey water demo is technically
implemented by Chong Qing University (CQU) of Chimad supervised by Wageningen
University of the Netherlands. Originally, this demstration project was planned to be
implemented in Beijing but because of various cimstances, it was delayed and replaced to
Chengdu. The detailed information about the progitign can be found in the SWITCH
deliverable report: D4.1-11a: Design report of aeseralised urban wastewater system for
Chengdu Medical College (CMC) New Campus.

Since June of 2006, the Chengdu demonstrationgirbgs started up with its design activity.
But till present, the November of 2010, the corcdtan of the whole campus and the
demonstrated project is still on going. Most of thildings in the campus have finished their
construction activity November 2010. The constattactivities of the whole campus are
very near to accomplishment. The indoor grey wptpe system and out door pipe system
have been finished as well. The outdoor landscapetlae grey water treatment station are
hopefully finished at the beginning of 2011. Théport shows the current status of the
Chendu Greywater Demo and the planning for next stdivities.
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2 CURRENT STATUS OF CHENGDU GREYWATER DEMO

Till present, November 2010, most of buildings plad to be constructed in the first phase have
been finished. Currently, the grey water treatnstation has been started to construct, and will
be finished in the beginning of 2011. Student dtwriés have been finished (see Fig. 1, Fig. 2),
in which the grey water collection pipe has beestalted. The rainwater collection system has
been fulfilled in the demo-project except the raamev treatment constructed wetlands and the
landscape system. The teaching building has aleo faeished (see Fig. 3), in which the students
will study. The following pictures show parts oktbuildings or structures of demo-project. The

outdoor pipe system has been finished as well.e€Tahllustrates the information about current

status of the construction contents in CMC'’s nemmas.

Fig. 1 Students Dormitories

Fig. 2 Washing Bowl and the drainage pipes in Student Dormitories



Fig. 4 Manholes for the grey water and black water pipes
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Table 1 construction status of CMC New Campus in November 2010

Name of buildings | Sub-item of project Current status
Teaching buildin¢ | Main structure constructic Finishec
26603 Outdoor engineering construct Finishe(
Green su-item Finishec
Tender for premis Finishec
distribution(pipe) system
Premise distribution(pipe) syste | Finishec
installation
Tender for multimedia syste Finishec
Multimedia system installatic Finishec
Anatomizing Preparation of constructi Finishec
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Name of buildings | Sub-item of project Current status
building 5657 Main structure constructit Finishec
Outdoor engineering construct Finishe(
Tender fr special sewagt Finishec
treatment system, detailed design
Construction of special sewa¢ Finishe(
treatment system
Green su-item Finishec
Tender for premis Finishec

distribution(pipe) system

premise distribution(pipe) syste Finishe(

installation
A5 laboratory Tender for constructic Finishe(
building ~ 16896rh Preparation of constructi Finishec
Main structure constructic Finishec
Outdoor engineering construct Finishec
Tender for power distributio Finishe(
station
Congtruction of power distributiol | Finishec
station
Tender for premis Finishe(

distribution(pipe) system

Premise distribution(pipe) syste Finishec

installation
C8 logistic service | Main structure constructic Finishec
centre Outdocr engineering constructic | Finishec
11005m . : —
Construction of speciisewag Finishec
treatment system
Green su-item Finishe(
Tender for premis Finishec
distribution(pipe) system
Premise distribution(pipe) syste Finishe(
installation
C6 student cafetea | Main structure constructic Finishec
15751 Outdoor engineering construct Finishe(

Purchase for processing equipm | Finishec
of refectory and tender for
construction

Process installatic Finishec
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Name of buildings

Sub-item of project

Current status

Green su-item Finishec
Tender for premis Finishe(
distribution(pipe) system
Premise distribution(pipe) syste Finishec
installation
C1,C2,B3 studer | Main structure constructit Finishe(
dormitories Outdoor engineering construct | Finishec
37815 . —
Green su-item Finishec
Tender fo premise Finishe(
distribution(pipe) system
Premise distribution(pipe) syste Finishec
installation
C4,C5 studer Main structure constructis Finishe(
dormitories Outdoor engineering construct | Finishec
284144 : —
Green su-item Finishec
Tend« for premise Finishe(
distribution(pipe) system
Premise distribution syste Finishec
installation(pipe)
Library Tender for constructic Finishec
23680n Preparation of constructi Finishec
Main structure constructic Finishec
Outdoorengineering constructis Finishe(
Tender for water well with grour | Finishe
source heat pump
Construction of water we Finishec
Tender for central air conditionir | Finishet
system installation
Central air conditioning syste Finished
installation
Tender for design of the seco Finishec
decoration
Tender for construction of tt Finishe(
second decoration
Construction of the secor Finishec

decoration
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Name of buildings

Sub-item of project

Current status

Tender for control system of tl Finishec
firefighting centre
Construction of controlystem of Finishec
the firefighting centre
Tender for power distributio Finishe(
station
Construction of power distributic | Finishec
station
Tender for premise distributic Finishe(
system
Construction of premise distributic| Finishec
system
Terder for central computer roc Finishec
Construction of central comput Finishec
room
Tender for equipments of compu | Finishe
room
Installation of equipments | Finishe(
computer room
Switching statio Tender for civil engineerin Finishec
construction
Civil engineering constructic Finishe(
Tender for installatic Finishec
Equipment installatic Finishec
Laying of higt-voltage cable fron | Finishec
switching station to each of power
distribution stations
Outdoor bo-type | Tende for installatior Finishe(
substation Laying of outdoor bo-type Finishec
substation and high-voltage cable
Installation of lov-voltage cable Finishe(
from outdoor box-type Substation
to each of buildings
Vehicle Dispatct | Scheme, detailed des Finishec
room Tender for constructic Finishec
Project constructic Finishe(
Floodwater drainag | Tender for constructic Finishec
channel Project constructic Finishec
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Name of buildings | Sub-item of project Current status
Repairing of roac | Tender for constructic Finishec
base in the campus
construction of heavy
and light current
pipe drain,
construction of Project constructic Finishec
sidewalk, laying of
road asphalt surface
Main pipe of wate | Tenderfor constructiol Finishec
supply, firefighting
pressuring water
pipe, the
laying of hydrant on|"prqject constructic Finishe
the loop road
Street lam Scheme, detailed des Finishec
Tender for constructic Finishec
Project constructic Finishec
Greywater ant Tender for constructic Finishe(
rainwater collection
system Projec constructiol Finishe(
Greywater ant Tender for constructic Finishec
rainwater treatment
system Project constructic On going
Artificial lake Tender for constructic On going
Project constructic On going
Gate Scheme, detailed des Finishec
Terder for constructic Finishe(
Project constructic Finishec
Enclosur: Tender for constructic Finishec
Project constructic Finishe(
Gymnasiun Scheme, detailed des Changed to the™ phas:

Tender for constructic

Changed to the™ phas:

Project constructio

Changed to the™ phas:

Swimming poc

Scheme, design of detailed de:

Finishec




o el T -
s == = Frafmework
SWITCH g

=3 (2032-2006)

Name of buildings | Sub-item of project Current status
Tender for constructic Finishec
Project constructic Finishe(
Playing cout Scheme, detailed des Finishec
Tender for constructic Finishec
Project constructio Finishe(
Power suppl systen | Tender for main cable of ligl Finishe(
current
Main cable of light currer Finishec
installation
Tender for weak current operat Finishec
Construction of weak curre Finishec
operating
Outdoorlandscape | Tender for constructic On going
system Project constructic On going
Roacs Tender for constructic Finishe(
Project constructic Finishec
Green su-item Finishec

3 PLANNING FOR SUBSEQUENT ACTIVITIES

Based on the information delivered from the profeher, CMC, the greywater treatment station
is planned to be finished its construction in Febyu2011, and the outdoor landscape system is
planned to be finished in August 2011. The moraitit information can be found in Table 2.
The monitoring activity will be implemented by Chymiing University after SWITCH project.
The planning about the monitoring and commissioraatvities ban be fund in the report of
D4.1-13 monitoring plan for Chengdu greywater deamal experimental study on pilot scale
constructed wetland.

Table 2 planning for subsequent construction activities in CMC’s hew campus

Name of items Sub-items of project | 2010 2011
11|12(1|2|3|4|5|6|7|8|9|10|11 |12

Artificial Tender for
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lake(including construction

constructed

wetland) Project constructio

Rainwater Cobble ditcl

treatment facility Others

Greywater Tender for

treatment station| construction
Project
construction

Note:v means the corresponding activity has been finished
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SWITCH Deliverable Briefing Note Template

SWITCH Document 4.1.13entitled Monitoring plan for Chengdu Greywater demo and
experimental study on pilot scale constructed wetfad

Audience This document is targeted mainly at the Central &¢@ment Unit and members |of
the SWITCH consortium

PurposeTo provide a monitoring plan of the demonstratioojgct on reusing grey water for
landscaping at CMC Campus, Chengdu.

Background Chengdu Grey water demo is a demonstration praejéttin SWITCH, co-
funded by the European Commission within the SiEramework Programme. The
demonstrated technologies and system belong to @ReinEco-sanitation and decentralized
wastewater management in an urban context. Orlgingiis demonstration project was
planned to be implemented in Beijing but becauseaabus circumstances, it was delayed and
replaced to Chengdu. The detailed information atloetproject design can be found in the
SWITCH deliverable report: D4.1-11a: Design repofta decentralised urban wastewater
system for Chengdu Medical College (CMC) New Campus

Since June of 2006, the Chengdu demonstrationgirbges started up with its design activity.
But till present, the November of 2010, the corcdtam of the whole campus and the
demonstrated project is still on going. The corgdtom of most of the buildings was finished
by November 2010. The indoor grey water pipe sysa@ih out door pipe system have been
finished as well. The outdoor landscape and thg grater treatment station are hopefully
finished at the beginning of 2011.

This deliverable provides a monitoring plan for themonstration project An experimental
study on a pilot scale constructed wetland systenmtroduced in this report as the pre-
evaluation on the performance of the wetlands whiehapplied in the demonstration project.

Chongging University will implement the commissiogi and monitoring actives after
SWITCH based on its own fund.

Potential Impact Although not finished by the end of SWITCH, it igpected that the
demonstration will have a China wide exposure bgeat is part of a wider sustainable
building program of the Chinese Ministry of Constian. As such it may contribute to
alleviating water scarcity in over 450 cities ini@h which are currently faced with water
scarcity.

IssuesDue to the delays, it was not possible to condbet rhonitoring as was originally
planned in this part of SWITCH.

RecommendationsTo conduct monitoring of this demonstration acaggdthe monitoring
plan provided in Deliverable 4.1.13 and report loa tesults to the Ministry of Construction (of
PR China.
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SUMMARY

Chengdu Grey water demo is a demonstration prapgcBWITCH, co-funded by the
European Commission within the Sixth Framework Paogne. The demonstrated
technologies and system belong to Theme 4.1 Edtatan and decentralized wastewater
management in an urban context. The monitoringvi¢ction Chengdu Grey Water
Demonstration Project will be implemented by Chddmg University (CQU) of China.
Chengdu Grey Water Demonstration Project tries émahstrate the new conception of
DESAR and an onsite grey water treatment systerh wie technologies of Biological
Aeration Filter and Constructed Wetland. The demaeget is located in the new developed
campus of Chengdu Medical College (CMC) in Xindwstiict, Chengdu City, China. The
detailed information about the project design caridund in the SWITCH deliverable report:
D4.1-11: Design report of a decentralised urbarteveester system for CMC New Campus.

Since June of 2006, the Chengdu demonstrationgirbges started up with its design activity.
But till present, the November of 2010, the cordtan of the whole campus and the
demonstrated project is still on going. By now, tmmstruction of most of the buildings is
finished. The indoor grey water pipe system anddwmar pipe system have been finished as
well. The outdoor landscape and the grey watetrtreat station are hopefully finished at the
beginning of 2011. Due to the delays, it was natsgae to conduct the monitoring as was
originally planned.

This deliverable provides a monitoring plan for ttemonstration project once it is finished.
An experimental study on a pilot scale construstetland system will be introduced in this
report as the pre-evaluation on the performancéhefwetlands which are applied in the
demonstration project.

Chongging University will implement the commissiegi and monitoring actives after
SWITCH based on its own funds.
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1 INTRODUCTION

Monitoring and test are very important activities SWICH to evaluate and demonstrate the
developed technologies and approaches. The watditygof raw grey water and treated

effluent and the information including operatiorstand the evaluation from the end-users
and stakeholders will be collected and analyzedeBan careful appraisal and study, the
significances, failures, advantages and disadvastaf) selected technologies applied in the
demo-project can be concluded and contribute tipergences for further improvement and
promotion.

Chongqging University (CQU) will fulfil the monitang task in Chengdu Demonstration
Project located in Xindu District, Chengdu City, i@d This demonstration project tries to
utilize the new campus of Chengdu Medical Colle@MC) in Xindu County as a showcase
of the decentralized wastewater treatment and rensiée. In the new developed campus, the
grey water from students dormitories planned t@atnodate 7000 students is collected and
treated within the campus. The compacted indootoBioal Aeration Filter and outdoor
Wetlands are applied for grey water treatment. Jtbem run off from the teaching building
area (around 1/4 of the total area of the campaigaptured with Vegetated Swales and
Graved infiltration ditch and then treated by Camstied Wetlands, which is special designed
for rain water treatment. Finally, the treated gvegter and rain water flows into the scenic
water body, named as Mingjing Lake. The later tgkancore role of the whole outdoor
landscape is designed as a storage tank for thedrgrey water and rain water, and support a
relative stable reclaimed water supply for miseedlaus use in the campus.

Due to the delays of construction activities, itsweot possible to conduct the monitoring as
was originally planned. A new updated monitoringrpbased on the present construction
progress of the demonstration project can be peelpdy pilot scale study on a new developed
constructed wetland (CW) system which is appliecChrengdu demonstration project was
conducted in Chongging University to pre-evaludte €W's performance on wastewater
treatment.
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2 MONTORING PLAN OF CHENGDU GREYWATER DEMO

2.1 The demonstration project

The site of Chengdu Greywater demo-project willldeated in the New Xindu Campus of
Chengdu Medical College (CMC). The new campus ¢sitled in Xindu, a satellite town of
Chengdu City, about 25 km to the centre of Chengdu.

Xindu Campus is the new development area of CMOgchvihas a planning area of 73.7
hectare, where about 13,000 students and 3000etiesawhil be accommodated. First phase of
this new campus, with a construction area of ab&d®,000 M and 7000 students
accommodated was expected to be built by July 2B00actually delayed to 2011. Starting
from September 2010, the first class of studenggbeheir new study in this new campus.

The new campus of CMC has been selected as the-pjeat for renewable energy
(ground water source heating pump) utilization inlding by Ministry of Construction and
Ministry of Finance, China. Water saving is a caomntef the demonstration. Chongqing
University is the technical support organizatiorthef demonstration.

The grey water from student dormitories is desigtetbe separately collected from black
water with an independent grey water pipe system,ee treated in a Grey Water Treatment
Station (GWTS) with the technologies of CoagulatiorBiological Aeration Filter(BAF)
+sand-filter and a polish treatment of wetland$ie Tainwater is designed to be captured and
treated onsite with Vegetated Swales, graved iafitin ditches and Constructed Wetlands
(CWs). The reclaimed water (both grey water and veater) will be used as the source of
landscape irrigation, and replenishing the sceritembody, Mingjing Lake in this case. The
water quality conservation for the scenic water e@ssidered in the whole water system. An
artificial circulation of the lake will be estaltied with a pump lifting and filtration through a
CW. The black water from toilet flushing and wasssv from kitchen is designed to
discharge into the municipal sewer system and lieetneated by centralized WWTP.

Rain water harvesting system is designed in CM@® nampus. Roof rain water and runoff
from the teaching building area are captured andfigd by vegetated swales and cobble
ditches, and then discharge into the artificiaklaBeveral small wetlands are to be built up to
treat the runoff in decentralization before itswiing into the scenic water body. A CW in
large size is used to maintain the water qualityMaigjing Lake. There is spill port in the
lake through which the excess storm water couldftove into the municipal rainwater
system.
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Fig. 4-1 Scheme Drawing of the Whole Decentralized Water Reuse System Applied for CMC-
Demo-Project

2.2 Designed water quality of influent and effluent

2.2.1Designed influent Grey water quality

Based on the data from Chinese design guidelineeidaimed water (GB50336-2002), the
water quality of collected grey water from studbaoilding can be designed as the following
table.

Table 1 the Designed Grey Water Quality Parameter

Parameters COD BOD SS TN TP
Water quality (mg/L) 100 60 80 10 15
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2.2.2Designed collectable rainwater quality

Based on the actual monitoring data in Chongqingvéfsity, the quality of roof rainwater
and ground rainwater can be designed as the failptable.

Table 2 the Designed Rain Water Quality Parameter

No. Water-quality index/unit Roof rainwater Ground raater
Turbidity/NTU 20~ 200 20~ 200

2 Suspended solid SS 50~ 150 80~ 500

3 Color (chroma) 20 40

5 PH 5.8~7.0 5.8~ 7.0

6 CODc/ mg.L* 20~ 150 50~ 300

7 NH3s-N/ mg.L* 2.5~15 3.0~40

8 Free residual chlorine/ mgL 0 0

9 The total number of bacillus cdlin/L ) 0 10

2.2.3Designed reclaimed water quality

For this project, grey water is used for landsaapgation, road sprinkle and complementary
of the artificial lake. Water quality requirements on planting, landscapiogd sprinkle are
listed in Table 3. Water quality for planting arahd sprinkle refers to “Urban Mixed Water
Quality Standards for Urban Wastewater Reuse (GB8920-2002); water quality for
landscaping refers to “Urban Mixed Water Qualityr&tards for Urban Wastewater Reuse
(GBI/T 18921-2002). Design Values for recycled watehis project are listed in Table 3.

Table 3 Recycled Water Quality Standards and Design Values

N T ens (o) i Dy | o | Do
1 Basic requirements —_— N%gﬁgtisng N%gﬁgtisng
2 pH < 6.0~9.0 6~9
3 Colour (chroma) < 30 30
4 Smell No offensive odour

5 SS < _ 10 10
6 | Turbidity (NTU) < 10 10 — 10
7 Soluble total solid < 1500 1000 o 1000
8 BODs < 15 20 6 10
9 Total phosphor < —_— 0.5 0.5
10 | Total nitrogen < _— 15 15
11 | Nitrogen, ammonia (based on N)| < 10 20 5 5
12 | Anion surface active agent < 1.0 1.0 0.5 0.5
13 | Petroleum < —_ 1.0 1.0
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14 | Fe < — 0.3
15 | Mn < —_ 0.1
16 | dissolved oxygen > 1.0 15 15
17 I(:qie;rility”_) coliform bacteria < o 2000 2000
18 | Total colifam bacteria (quantity/L) < 3 —_— 3

2.3 Time program of commissioning and monitoring plan

The commissioning and monitoring activities arenpked to start in February 2011. The
whole task of commissioning and monitoring can beddd into four inter-related phases:
Start-up, Commissioning, Training, Conclusion amdtgevaluation. During post-evaluation
phase, the user’s reception and appreciation ordéneonstrated project will be surveyed.
The detailed program about the activities is illatgd in Table 4.

Table 4 Monitoring plan for Chengdu demo-project

No | Task 2011 2012

1 Start-up

Single and online machine trial
11 run

1.2 | Bio-filter start-up

2 Commissioning

2.1 | commissioning

2.2 | Monitoring

2.3 | O&M mannual

2.4 | Commissioning report

3 Training

31 Introduction of the treatment
’ Process

39 Lectures for Decentrialized
) sainitation

3.3 | Laboratory testing

3.4 | Operational trainning

4 Post evaluation

2.4 Commissioning contents

The purpose in commissioning phase is to starbhapthole grey water treatment system and
optimises the operation to improve the treatmemtopmance with low running cost and
maintenance. The main contents involved in commigsg phase include:
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1. Trial running with load (including single andlile machine trial run), resolves problems
influencing continuous duty. It lays good foundatifor the future work, and its object is
normal running of the grey water treatment station.

2. Raise the artificial wet land plant, and bigrfiformation. Its goal is to accumulate and
choose aquatic plants which can adapt the loaakatic conditions;

3. Determine the optimum working condition of bitbefr and artificial wetland confirming to
the inflow quality and quantity; under the conditithat guarantees the effluent water quality
to reach the standards, reduces the cost as fasaible.

4. Record dates of daily precipitation during thay season, and test the rain water quality
of cobble ditch in certain of distance.

5. Test the water quality of influents and efflieemt artificial wetland in order to determine
the water quality conditions of scenic water bodyah is the receiving water.

6. Record the runoff frequency of artificial wetthand artificial lake.

7. Record the clogging situation of collection systso that it can be used for working out the
cleaning cycle. Record the condition of plants gngnand sedimentation so that it can be
used for compiling the operation and maintenancasmements.

8. Analyze the above collected dates so that itlemsed for compiling the measurements
about daily operation and maintenance.

2.5 Monitoring contents

2.5.1Grey water treatment system

The water quality and flow quantity of the grey ®matreclaimed water and even the water
quality of scenic water body will be monitored. Tlsowing table is the monitoring water
quality parameters in the grey water treatmeniesysif Demo-project.

Grab samples were taken on a daily basis at diffdreatment unitgshowing at the
following table). COR,, SS, Turbidity, NH-N, TN, TP, DO, pH are tested once a day

BOD;s is tested once a wegk
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Table 5 Daily operation record table of grey water treatment system of Chengdu Demo-
Project

Data:  Weather: Atmospheric temp.C Water temp.: °C Flow: rid

Sampling | COD, | BODsg SS Turbidity | NHz-N TN TP DO PH Coli-
point (mg/L) | (mg/L) | (mg/L) | (NTU) | (mg/L) | (mg/L) | (mg/L) | (mg/L) group

Raw grey
water

Baffle Tank
effluent

Coagulation
Tank
effluent

Biofilter
effluent

Sandfilter
effluent

Constructed
wetland 2#
influent

Constructed
wetland 2#
effluent

Scenic
water body

Grey water volume
(m®/d)

Vegetation collection
in the system (kg/m)

Power consumption
(kw.h/d)

Coagulant(kg/d)

Disinfectant(kg/d)

The record of main operatian
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2.5.2Rain water treatment system

The collected data of rainwater quality in artidiicivetland and its receiving water -artificial
lake will be monitored. The following table is theonitoring water quality parameters in the
rainwater system of Demo-project.

Table 8 Daily operation record table of rainwater system of Chengdu Demo-Project

Data: Weather: Atmospheric temp?’C Water temp.: °C Flow: ritd

Sampledot | COD | BODs | SS | NHyN | TN TP | PH | Turbidity | DO
(mg/t) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mglL) (NTYU) | (mg/L)

Gravelled
ditch runoff

Artificial
wetland
influents

Artificial
wetland
effluents

Artificial
lake influents

Artificial
lake

Daily precipitation
(mm)

Runoff quantity of
gravel ditch
(m>/d)

Rainwater quantity o
Artificial wetland
(m?/d)

Rainwater quantity o
Artificial lake (m’/d)

The record of main operatian
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2.5.3Questionnaire on user’s reception and appreciation

The feedback from the end users is a very impoftargost evaluation on the performance of
the demonstrated technologies. So a survey ongbesureception and appreciation on the
demonstrated technologies and procedures will bedwtied during the phase of post-
evaluation. A questionnaire is prepared for thereyr

QUESTIONNAIRE SAMPLE

Questionnaire on Chengdu Medical College Greyw@&&tC) Demonstration

Name of interviewee: Title & Qrigation:

1. Do you known that there is a If “Y”, how
greywater treatment and reuse system in did you get the
CMC? (Y/N) information

2. Do you know which types of wastewater have heeated and reused onsite? A. Greywater; B.
Rain water; C. Black water; D. Two or more typdla above, includes

Note: Greywater is wastewater generated from domestic activitieh @s laundry, bathing, and dishwashBlgck water is wastewater
generated from toilet flushing.

3. Do you know where the reclaimed water reused ?

4. Do you feel it is meaningful to install a decahized wastewater treatment and reuse system? If
yes, can you explain the reasons?

5. Do you think the water quality reused for gr@egation is acceptable for you? Please give a you
overall evaluation:

Poor Excellent
1 2 3 4 5
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6. Do you think the water quality in Mingjing Lakeacceptable for you? Please give a your overall
evaluation:

Poor Excellent
1 2 3 4 5

7. Do you think the greywater treatment statiors $@me negative influence to you? If Yes, please
explain it:

8. If the reclaimed water will be used for the gbiflushing in teaching building, do you think that
acceptable for you? Please explain the reasonstail.d

9. If the reclaimed water will be used for the ebiflushing in student dormitories, do you thinktth
is acceptable for you? Please explain the reasotstail.

10. If all the wastewater including black wateistndent dormitories will be treated and reusedhén t
campus, do you think it is necessary? Please ex{fiaireasons in detail.

10
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3 PILOT-SCALE STUDY ON A HYBRID CONSTRUCTED
WETLAND FOR WATSTERWATER TREATMENT AND REUSE

This chapter of the report tries to introduce tRpegimental results of a pilot scale constructed
wetland system as the pre-evaluation on the pedooe of the wetlands which are applied in the
demonstration project.

3.1 Introduction

Compared with conventional electrical-power-conswgntechnologies, constructed wetlands
(CWs) are ecological wastewater treatment systerith Wwoth aesthetic and educational
valuesBrowne et al., 2005), which owns the advantages of low cost both instmction and
operation, low maintenance, and generating aquudict products such as fertilizer or animal
feed Solano et al., 2004; Zhang et al., 2010). Thus CWs have been widely used for the treatment
of domestic wastewatedteinmann, 2003; Hans,2005; Zurita et al., 2009), industrial wastewater
(Hadad et al., 2006; Crigtina et al., 2007), landfill leachate Craiget et al., 1999; Mays et al.,
2001; Vymazal, J., 2009), urban or agriculture runofMiklas, 2003; Kristen et al., 2002; Ying et

al., 2005), and greywaterewart et al., 2004; Masi et al., 2010). However, application of CW in
China has several constraints. One of the obviouastraints is the large land requirement, as a
result of lower treatment efficiency than convenéibbiological technologies such as activated
sludge systems. The hydraulic loading rate of ti@ul CWs for domestic wastewater treatment
varies from 0.2 to 30 cm/d\ood, 1995; Kadlec and Knight, 1996), and mostly varies from 1 to 6
cm/d Song et al., 2006; Li and Jiang, 1995). As microbial activity is primarily responsiblerf
removal of carbon, nitrogen, and sulfur compound<CWs Faulwetter et al., 2009; Kadlec,
2001), it was concluded that aeration would enhancetdedegradation of hydrocarbon and then
improve removal of organic compounds consequdkiitiace et al., 2005).

In order to improve the treatment efficiency andiimize the land requirement, a new type of
hybrid constructed wetland nominated as VBFW+HSF#&¢ been developed in Chongging
University (CQU) and was awarded a Chinese paldnis new type of CW was experimentally
studied in pilot scale for over one year. The dfiyecof this report is to pre-evaluate the
performance of this innovated hybrid CW systemtingadecentralised wastewater.

11
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3.2 The hybrid constructed wetland system

Based on the theory of biological nitrification askenitrification and the proved fact that
aeration can improve the performance of CWs, the ingbrid CWs consisting of two
stages of wetland cells in series (Fig. 2) was lbgesl. The first stage is a Vertical-
Baffled Flow Wetland (VBFW), which has a gravel nadn depth of 1m and is
dominated by anaerobic condition. VBFW is typicatigmposed of 4-6 vertical flow
wetlands, which are interconnected with each o#tep by step. Wastewater flows
through the filter substrate in a “U” style, aswdg wall is installed in each step of the
wetland. The second stage is a Horizontal Subsaifdaw Wetland (HSFW), which is
typically composed of 4-6 sections of horizontddsurface wetland beds. Each section of
HSFW was baffled with 3 walls, so a long flow ditelas formed, in which water flows
in a “S” style. Between every two beds, there idNaural Aeration Ditch (NAD)
constructed to increase the Dissolved Oxygen (D@jcentration within HSFW. An
internal circulation (IC) system is installed, whican alternatively pump the effluent
back to the entrance of VBFW in order to enhanceitdication process.Cyperus
alternifolius was selected as macrophyte in VBFW+HSFKWperus alternifolius is one
kind of aesthetic local plant species commonly fim8outhern China, which can remain
growing even in winter. Several researches havevshbat this type of water plant can
improve the removal of heavy metalSh@iping Cheng, 2002), N, P and organic
contaminants3elma et al. 2001, Jing et al. 2004) in wetlands.

Internal circulation(optional)

- 0 7 7 ]

Reuse or
discharge

Raw

wastewater D]]_> @
—_—

Raw

wastewater .

- : : f ~ _Reuse or
D —
discharge

Septic Tank Sediment pond VBFW HSFW Clear water
pond

Fig. 2 Atypical Schematic drawing of the Hybrid CW: VBFW+HSFW
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3.3 Methods

A VBFW and a HSFW in pilot scale were establishedhie campus of Chongging University.
The raw wastewater was collected from the studeatustmitories. The wastewater is a typical
domestic wastewater from small communities, withsiderable fluctuation in both quality and
quantity.

The VBFW of the pilot system was composed of 6igaltflow wetland cells in series. Each cell
was 0.5m wide by 0.5 m long by 1.0m deep. Grawas filled in VBFW in a depth of 500-
700mm as the substrate with particle sizes deadestep by step from 15mm to 5mm in the serial
wetlands. The pilot HSFW was composed of 4 sect@fnisorizontal subsurface flow wetland
beds. Between each two sections of HSFWs, a Nafedtion Ditch (NAD) was established.
The HSFW was provided with gravel as well as a sates with particle sizes ranging from 3-
8mm, decreasing in the serial of wetlands. Eactiseof HSFW was 2 m wide by 2 m long by
0.6m deep. Three guide walls were establishedrniergée an 8m long and 0.4m wide water route,
in order to make full use of the volume of the HSFMBFW is planted withCyperus
alternifolius. HSFW is planted wittCyperus alternifolius and Canna indica Lin (another local
water plant with red or yellow flowers, but doeskeep green in winter)

Grab samples were taken on a daily basis from anet outlet of the system(Figure 1) Samples
for Chemical Oxygen Demand (COD), Ammonium Nitrog@tH,-N), Total Nitrogen (TN),
Total Phosphorous (TP), Dissolved Oxygen (DO), aht] Turbidity were collected and analyzed
in accordance with Chinese national standard methb® concentration was measured using a
Hach Dissolved Oxygen Probe (HQ30d5331500).

3.4 Results and discussion

This new hybrid constructed wetland system in pltdle was operated from April 2005 to June
2006 on order to test pollutant removal efficieneyer different hydraulic loads and to compare
the relative effects of operating with or withoGt IFurther, the aeration efficiency of NAD in this

system was also investigated. During the coursepefation, the pilot system was operated
without IC from April to June 2005, and with IC tine remaining study period from July 2005 to
May 2006. Data from the pilot system was segregatedoeriods with and without IC.
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3.4.1General performance

The pH Values were between 6.5~7.0 in the wholeegmpent study. Turbidity averaged in
influent 44.27.6 NTU, effluent of VBFW 21.45.6 NTU, and effluent of HSBW 1#8.3 NTU.

The values of four parameters of COD, JHM, TN, and TP in the influent (In), Effluent of
VBFW (VBFW_EFF), Effluent of HSFW (HSFW_EFF) in theeriod without IC (from April %
to Jul. & in 2005) and in the period with IC (from Jul."L.2005 to Feb. "3 in 2006) were
illustrated from Fig. 3-6.
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Fig. 3 COD concentration of influent and effluent of the Hybrid CW without IC and with IC
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Fig. 4 NH4-N concentration of influent and effluent of the Hybrid CW without IC and with IC
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Fig. 5 TN concentration of influent and effluent of the Hybrid CW without IC and with IC
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Fig. 6 TP concentration of influent and effluent of the Hybrid CW without IC and with IC
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Base on the colleted data, the factors, HydrauditeRtion Time (HRT) / Hydraulic Loading Rate
(HLR), Internal Circulation(IC), and DO that infloee the treatment efficiencies of the Hybrid
CW were analyzed.

3.4.2Effect of HRT/HLR.

The pilot wetland was operated in 15 different HRVels ranging from 20 hours to 90 hours
with controlled flow rate into the system. In edgydraulic condition, four daily samples were
tested. The average removal rate of CODINHTN, TP of the Hybrid CW with IC operated
and their standard deviation at different hydraatadition were presented in Fig. 3.
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Fig. 3 The removal rates vs. HRT in the Hybrid CW with IC

From Fig.3, it can be concluded that the removi o COD, NH-N, TN, TP can be improved
stably with increasing Hydraulic Retention Time (HRBased on pilot study, at the points of
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HRT= 80, 85 and 90h in Fig.4, the removal rate el@sed with the increasing of HRT. The
reason for this phenomenon was attributed to tivetdonperature in winter.

3.4.3Effect of internal circulation(IC)

The influence of internal circulation was analybgdcomparing the removal rate of CWs with IC
and without IC. The study results were illustraitedrig. 4. It is obvious that internal circulation
has a very positive effect on pollutants removale Temoval rate of TN can double through an
internal circulation, with flow rate of 1-2 time$ the influent.
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Fig. 4 Removal rates vs. HRT in the Hybrid CW with IC
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3.4.4Effect of Natural Aeration Ditches (NADS)

Several natural aeration ditches (NADs) were efstadtl between every two HSFWs in the pilot
system, and the aeration effect was study. The N&B% around 350mm in width, 1.9~6m in
length, 2~3mm for water depth. Thus sufficient eatihg opportunity was obtained between air
and treated wastewater, allowing oxygen in air piase transferred into the water phase. Fig. 5
shows the DO concentration, as well as the eshaulitgrend line, in water after the different
length of NADs.

After a 5 m long NAD, the DO can be increased fi@@ito 3 mg/L, while in HSFW, the DO wiill
be reduced back to 0.05~0.1mg/L just after 1m fleay, which means biological reaction in CW
is strengthened after natural aeration.

3.4.5Discussion

Despite quite large variations in influent concatitm, a very high removal efficiency was
achieved for SS and COD with efficiencies exceedffbo and 85%, respectively, which was
higher than the average level (94.9% and 78.5%)wasétewater treatment CWs in China
(Dongging et al.,2009) and slightly lower than that reported by J. Paitical (2005) from 20
VFCWs in France with reporting values of 97 and 9a% that reported by Gunth@©97) from
horizontal subsurface flow CW in German with hydi@uate below than 3 cm/d (with COD
removal efficiency of above 90%). Measurement dataall the three hybrid CW systems
indicated that most of SS (above 76%) and a laegeqf COD (above 60%) were removed in
VBFW, the first stage of wetland cell. This was nmaidue to the particulate compounds
retention by filtering in gravel substrates. Wdesrel elevation was observed at the entrance part
of VBFW after operating for one year in Lugu Lakstem and Baishiyi system and indicated the
risk of clogging resulting from particulate compdsndeposition and bio-film growing. No
obvious clogging however was observed in the whnlestigating period in these three full-scale
systems.

Nutrients reduction has been the most critical teisthe system because of the strict discharge
limitations (see table 2). These three hybrid C\Wteyns in full scale all provide rather higher
removal rate for nitrogen with NFN and TN of 72% and 76% which were considerabghbr
than that of other CWs reported in China (Dongaghgl.,2009) of 37.3% and 46.8%, and that of
sub-surface CWs reported in North America of 24&% 55.6% and that in German of and 54%
and 48%(Vymazal ,2002). This high efficiency igibtite to the fundamental design of NADs in
HFSW and the IC system with a combination of vattend horizontal subsurface flow wetlands
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as proven by Gunth€t997) and Coope(1999), which can efficiently enhance DO concentration
and bacteria process within the system. Average pbiosphorus removal rate for these three full
scale systems of 76.5% is slightly lower than thadther hybrid CW system reported in China
with average removal of 79.7%, and much higher thahin sub-surface CWs reported in North
America of 32.7% and that in German of and g8%mazal ,2002).

It is interesting to note that no significant difaces were observed between performances
measured LuGu lake CW, Baishiyi CW and Wulong Fa#guntain CW whereas average
ambient temperature of Baishiyi CW is much higaanthhe other two system. There are two
reasons for that are considered. One is that &iviglionger HRT was designed in Lugu Lake
and Wulong Fairy Mountain systems due to the lovbiamt temperature in winter. The second is
that the sewage flow rate in winter declines sigaiftly due to the tourism acticity decreasing in
winter for these two senic sites.

3.5 Conclusions

Results from the application of both pilot-scalee@ed that this new hybrid CW can achieve a
high pollutant removal efficiency of COD, SS, NN, TN and TP with average removal rate of
85.7%, 96.8%, 80.5%, 76.1% and 76.5% under hydrdadid of 26.9-42.7 cm/d. Mean effluent
concentration of these parameters could all meedtbcharge regulation limits for wastewater
treatment plants in China. This hybrid is competitivith other conventional vertical or sub-
surface CWs system for its high efficiency and laweal requirement of 3-57m>d, and its
application in south China has turned out to becaess.

Compared with traditional constructed wetland, tiesv type of hybrid constructed wetland has
several advantages which are helpful to enhancer¢aement efficiency for CWs. (1) A deep
Vertical baffle flow constructed wetland, followdny a horizontal subsurface flow constructed
wetlands with NADs established, shows an well desigDO distribution amonge the system,
which was great helpful for improving bacteria prss in the wetlands. (2) The hydraulic
condition is optimized in this hybrid CWs. The reaably installed baffled walls are helpful for
making better use of the volume, and prevent stagwater zone. (3) Internal circulation for
HSFWs back to VBFW can elevate the removal rateTHf through enhanced biological
denitrification. Internal circulation can improvket treatment efficient of COD and DM as
well, especially in case of relative high conceimraof organic pollutant.
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