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Stormwater in Shenzhen
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Heavy pollution of Dasha River by runoff
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Characteristics of pollutants in rainwater runoff of
building districts

Building o SS Turbidity COD,, NH,—N TN TP
districts g mg/L NTU mg/L mg/L mg/L mg/L
Tianjin 67'%' 134.2-4455  31-154 . . . .
Xi‘an - 18.4-138.2 - - 2.67-5.13 3.32-9.38 0.13-0.26
. 0.362-
Chongqging - 128.5-192.3 - 90.8-125.5 1.57-221 2.82-.82 0.469
Average 6.5-8 50-200 90-130 1.3-5.5 2.0-10  0.10-0.50




Pollutants in runoff of building districts

SS  COD,  BOD, TN TP

| |

Roof P 1027 1141 40.1 6.20  0.38
| |

Road : 512.6 :2861 57.5 784  0.78
Municipal : :

sewage of | 155-180 1455-600  230-300 - -

. . I
residential area

® Particles and the related COD and TP are the major pollutants, which
can be effectively removed by filtration process.

® The stormwater runoff in building districts is an alternate water source
for reclamation and reuse in China.



Characteristics of pollutants in rainwater runoff of

building districts

Particles, especially small particles, are the major pollutants in rainwater runoff.

Source Particle size distribution Reference
Sidewalk <104 um for 15%, 104~246 pum for 28%.
L sediment  246~840 um for 25%. 846~2000 um for 8% o or 1974
<75 pum forl0%, 75~250 um for 32%, Shaheen
2# Sediments 250~420um for 24%, 420~850 um for 19%, 1975
850~3350 um for 15%.
Motorway
3# rainwater <100 pum for 90%, <50 um for 78% Roger 1998
runoff
4%  Road runoff 0.45~75 um for 85%, >300 um for 22% Hezrggge”
<100 pum for 10%, 100~400 um for 25~60%, Sansalone
s Rl >400 um for 40~70% 1998
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Characteristics of pollutants in rainwater runoff of
building districts

Runoff Particle size distribution Reference
Garden, COD, BODs, Heavy metal (Cd. Cu. Pb. Zn) , and ElenEle
1# . . . -Mertz M
Road, Roof TP were largely incorporated into filterable partcles C 1999
60~80% TP and Pb, 50~60% TN, 30~40% Znwere  1Ved"
21 Road ’ i ’ Jacobsen
particulate 1991
34 Road More than 60% of TP, 40% of TN were adsopt on the Vaze J
particles with 11~150 um 2004
44 Highwa 50% of Zn, Pb and Cu were adsopt on the small particles Sansalone
gnway with size less than 100 um 1997




Treatment and reuse system for rainwater in
building districts
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Collection of rainwater runoff
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(https://baike.so.com/doc/5606070-5818679.html)



Treatment and reuse system for rainwater in
building districts
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Characteristics of pollutants in rainwater runoff of
building districts

1. Heavy particulate pollution
2. COD¢,, TP, and heavy metal were mainly in particle form

3. Large rainfall runoff

1. Physical-chemical filtration process: hydrocyclone, filtration. sedimentation.

permeable pavement;

2. Biological filtration process: artificial wetland, rainwater garden, glassed swales

12



Normal filtration processes




Effectiveness of the normal filtration processes

Turbid
SS : TP NH,-N TN  coDcr Hydraulic .
Process Ity 0 Advantages Disadvantages
(%) (%) (%) (% (%) load
(%)
m3/ (m’*h)
wildl
" Ihdh y dﬁiﬁ?i’c Poor effects for
Sand filter 58-95 55-90 27-91.3 31-93 5-71  35-69 0.6-9 gnny removal of
load, good for .
microbes and TN
SS removal
Low hydraulic
-98- -47.6- -39.6-  -47.6- Good for NP
Wetland 10-78 86 0.01 load, | land
SHand 973 96.5 859 965 removal 04d, fargetan
use
Good for SS
0.05-0.1 | stabl
Membrane 97 >95 >80 - Poor  80-84 remove, Stabie, High cost
(metal) easy for
maintenance
: high hydraulic
Filter cloth L f
MErciom 2080 - : : : : 525  load. Goodfor oo cooe 1OF
(20pm) rainwater

SS removal




Effectiveness of the normal filtration processes

Items Parameters Remove efficiency
Particulate SS Membrane>Sand filter>Filter cloth> Artificial wetland
pollutants Turbidity Membrane > Sand filter > Artificial wetland
TP Membrane>Sand filter> Artificial wetland
Solable NH,-N Artificial wetland> Sand filter>Membrane
pollutants TN Sand filter> Artificial wetland>Membrane
CODcr Membrane>Sand filter> Atrtificial wetland
Hylc:)r:éjlic Filter cloth> Sand filter>Membrane > Artificial wetland

» Sand filter is a good candidate for the treatment of rainwater runoff in building districts



Research progress on filtration process of rainwater
runoff

Bac.

Turb. SS COD TP NH4-N TN Heavy Referenc
Process Item count
(NTU)  (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L) cells metal e
500-
Influent 6-93 14-56 - 0.08-0.15 - 1.0-1.4 11000 -
1# Sand Effluent - = - = - - - - AZ\(r));a(;,
R |
e_m_ova 55-90% | 60-90% - 40-70% - 30-50%  -25-90%
efficiency
Undergrou Removal
nd sand iy - 70-90% - 43-70% : 30-50% - 22-91%
e efficiency
o filtration Shen,
Surface Removal 2009
sand .. - 75-92% - 27-80% - 27-711% 33-91%
N efficiency
filtration
Influent - 207-958 38.5-90.0 0.12-0.6 | 0.39-1.18 2.16-3.79 - -
Hydrocycl Effluent 1 - 110-854 4.1-97.0 0.10-0.64| 0.35-1.11 1.75-3.06 - - Jin
3# one+rapid Effluent 2 - <10 - - - - - - 201'1
fil 0
Her Removal : 05% | 52-58% | 60-80% | 70-90% o0 i :
efficiency (SV)
Influent - - 108.5-165.9 0.09-0.62 2.49-3.61 - - -
0.04— 0.19—
Effl - - .5-87. - - - h
4  Sand uent 393870 419 0.59 Cz:oirz‘
Removal i i 48-64%  57-89%  84-93% i i i 16

efficiency




Research progress on filtration process of rainwater

Influent - 95.7-122.1 0.07-0.21 1.66-2.09
Zeolite
5#  filtratio = Effluent - 32.6-79.6 0.02-0.07 0.19-0.45

6#

#

8#

n Removal

efficiency

Coagul  Influent

ation +
Sand Effluent

54.4

7.5

35-66%

87.3

27.0

78-89%

0.80

0.07

66-73%

5.34

3.68

Wy, 2008

Research gap
1. Effectiveness at large hydraulic load was less assessed
2. The optimization of materials, particle size, depth, velocity of filter

fi |tra'[IO Removal
n efficiency

Vertical  Effluent
sand

n efficiency

87%

74

58%

59%

0.14

45%

Cu: 49%

Zn: 80%
Cu: 55

Zn: 20.0
Cu: 32%
Zn: 56%

32%

1.3

5%

uUsS
EPA2000
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Objective

The objective of the present study is to develop the technology of rapid
filtration for treatment of stormwater runoff.

Four works:

(1) The effects of filters with single media of quartz sand or ceramsite, as well as dual
media of both, on removal of particulate matter, organic matter, nitrogen and
phosphorus in stormwater runoff were evaluated under high hydraulic loadings.

(2) Long-term operation test of dual-media filter was performed to assess the
effectiveness and stability of pollutants removal and to determine suitable filtration
period through head loss analysis.

(3) The effectiveness of a rapid filtration device was assessed to treat real stormwater
runoff collected in rainy days.

(4) The improvements in removal efficiency on both particulate and dissolved pollutants
were estimated by combination of rapid filtration and artificial wetland.



Filtration experiment device

PVC,

internal diameter
10 cm,

height 180 cm

X
=
.,
=l
3

N
-_—

| | |

1KF 2.80HK 34EE 4. ¥EH 5. @O 6.
FILR 7. HAKIE 8. EEE 9. WEF 10 WEE
Design of filtration experiment device Picture of filtration experiment device

» Quartz sand or ceramsite with size of 3-5, 5-8, and 8-12.5 mm
» The particle size distribution in effluents at different media depth were estimated.
» The effective media depths as well as suitable filtration rate were determined. 19



Feed water

Simulated rainwater:
SS: Surface earth sampled at Tsinghua campus with screening

COD NH,-N TP
G H SS (mg/L) TN /L 4
oup P Mo (mg/L) MIL) gy (maiL)
Normal level 6~8 150 150 6 3 0.45
High level 6~8 300 300 12 6 0.90

Real rainwater runoff sample
Sampled at Building L of Tsinghua campus

20



Effectiveness of single filter on SS removal
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| - sSHk \ -
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— \
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)] N ) ~ o
& 40} .y ¢ 40} “Eae
- -l
"y mmg : \T!T\!:\l\- -8 4
b v ol e
0 20 40 60 80 100 120 0 20 40 60 80 100 120
TERRARFE (cm) HUFRARE (cm)

Filtration curve of 5-8 mm sand at V=10 m/h. Left is measured value and Right is simulated curve.

Inflection Point: for each filter of 1 cm, increase in SS removal was less than 0.3% 21



Effectiveness of single filter on SS removal
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Effectiveness of single filter on SS removal

Hydraulicload 5m/h 10m/h 15m/h 20 m/h 1. More than 90% SS were
removed by the sand at 0-60 cm

Sand size Effective filter depth (EFD, cm) " or the ceramsite at 0-80 cm.
3-5 mm 28 49 60+ __ 67 2. Larger sand size, smaller
5-8 mm 41 56 53! 52 EFD
! 3. Larger hydraulic load, larger
8-12.5 mm 25 32 35 v 49

filter depth
4. Hydraulic load should be

lower than 15 m/h as SS

Hydraulicload 5m/h 10m/h 15m/h 20 m/h el &t A0 T e e

Ceramsite size Effective filter depth (cm) than 80%
3-5mm 46 | 65 80 | _1_0_8>
5-8 mm 54 63 75 72

8-12.5 mm 43 65 62 v 62 53




Effectiveness of single filter on SS removal

100
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For filter depth within 0-60 cm, sand filtration is better;



Effectiveness of single filter on COD and TP removal
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Particle size distribution of effluent of single filter
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Optimal filter depth for pollutants removal

JFi/KSS  Size HL SS COD TP EFD

5 20 40 60 60
35 10 40 120 40 120
15 60 60 60 60

150 5-8 10 60 60 40 60

5 20 40 60 60

8-12.5 10 30 40 80 80

27



Sand of 0-60 cm

lypothesis for dual-media filtration

_ —®— 20 cm5-8mmg i t K —e— 40 cm5-8mm ki i /K
—A— 60 cmSﬁmnﬂ’ﬁl\ﬁuﬂjm 60 cm3-5mmf JERD H K
/
\

/ Ceramsite of 0-40 cm

-

-~

AAAAAAAAAA

01 1 10 100 1000

FifE (um)

How about to combine the two filters together ?
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lypothesis for dual-media filtration

Column Upper layer Lower layer
1# 5-8 mm ceramsite for 40 cm 3-5 mm sand for 60 cm
2# 5-8 mm ceramsite for 60 cm 3-5 mm sand for 60 cm
3# 5-8 mm sand for 40 cm 3-5 mm sand for 60 cm

29



Effectiveness of dual-media filtration

HL Eﬂ‘lu;_ent of dual-media filtration

/ S\

Effluent of single

media filtration

m/h R \\_ 2# 3# Sand Ceramsite
=S 5  '929%\ 962% 93.4%  92.6%  91.8%
! \
10 | 924% \ 927% 91.0% 895%  88.2%
: \
15 |, 90.6% ' 91.0% 91.3%  82.9%  82.7%
m/h :' W 2# 3# Sand Ceramsite
5 1 442% | 46.6% 416%  423%  39.6%
COD 10 1 447% ! 433% 409% 37.6%  43.0%
|
15 1+ 403% ! 416% 359% 28.8%  27.3%
' I
|
mh i 1 | 2% 3# Sand  Ceramsite
5 1 251% ! 288% 261% 17.9%  24.2%
\ I
TP 10 235%, 26.8% 23.8% 17.0% = 21.1%
15  \22.9%  245% 21.3% 151%  21.3%

N

Removal
efficiency
indeed

improved 20



Effectiveness of dual-media filtration for long term
operation
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Effectiveness of dual-media filtration
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Effectiveness of dual-media filtration
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The device of rapid filtration with dual-media
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Effectiveness of the rapid filtration device

100 Ssitrk 1801 CcoD, itk
SSHik 2 cop_ ik
DCOD, /K
~ = 120t w7 DCOD, Hi7k
= £
E %
; : 60I
@)
0
1# OH 1# 2#
FE B 2t 5 (4) Bk 1)
0.10¢ B Pk
I -TP;EJK e
0.08 ek v" Satisfied removal effects on SS, COD, and
| TP for 67.1-92.0%, 59.0-85.0%, 46.2-
78.3%.

v" The removal efficiencies on COD and TP
were higher than the simulated feed water
o ' tests.

35
HYRE (3



Combination of rapid filtration and artificial wetland

Rapid filtration

Pretreatment process Treatment process for water reuse
for removing SS, part of for removing ammonia, TN, COD, TP

CODand TP 0.1 m3/(m2-h) .



Combination of rapid filtration and artificial wetland

3

rapid filtration
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Combination of rapid filtration and artificial wetland

HL for

S g V\I>Ie(:ia SS  CODg TP NH,-N TN
mg/L  m3(m2:h) nd % % % % %
010 1 >08.0 88.2-957 87.4~949  #30  45.0-~55.0
- 2 >98.0 834~945 79.8~904 #4130  45.0-~55.0
015 1 >98.0 90.5~92.7 76.7~87.4 21.7~253 40.4~48.4
2 >98.0 83.3-949 585-79.8 24.4~30.2 41.7~45.6
010 1 >98.0 92.9~96.8 95.2~96.0 48.8~51.1 41.1~46.5
0 2 >98.0 87.5~945 765~78.1 36.1~40.6 39.5~51.7
015 1 >98.0 82.1~84.0 89.3~90.0 42.1~57.9 42.3~50.4
2 >980 78.9~82.1 820  38.3-48.1 37.6~38.3

The combination of rapid filtration and artificial wetland can significantly improve
removal efficiency in dissolved pollutants as well as prevent blockage of artificial
wetland due to removal of particles in advance.



Conclusions

1. The filters with single media of quartz sand or ceramsite with particle sizes of 3-5, 5-8,
and 8-12.5 mmunder filtration rate of 5-15 m/h can remove 73-96% of SS, 35-50% of
CODc,, and 15-30% of TP.

2. The removal efficiencies of dual-media filters on SS, COD,,, and TP were 91%-97%, 35-
50%, and 15-25%, respectively, which showed better and more stable performance than
single media.

3. The removal efficiencies of dual-media filter within the initial 18 d, i.e. 36 times filtration
of long-term filtration teston SS, COD,, and TP were 85-95%, 40-60%, and 25-40%,
respectively. The head loss was less than 180 mm and increased in less than 7.5 mm for
each filtration.

4. The combination of rapid filtration and artificial wetland can significantly improve
removal efficiency in dissolved pollutants as well as prevent blockage of artificial wetland

due to removal of particles in advance. 39
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