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Delineating Water Source Protection Area
Based on Two-dimensional Flow-pollutant

Model
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( College of Environmental Science and Engineering,
University, Shanghai 200092, China)

Tongji

Abstract: This paper describes the general principles and
research methods of delineating source water protection areas
based on the two-dimensional flow-pollutant model. Taking
Gong Lake as an example, the two-dimensional flow-pollutant
model of Gong Lake was first built and run according to
Delineating Source Water Protection Areas (HJ/T338—
2007). The water transfer in Wangting hub was regarded as
the main impact on water quality in Gong Lake, and the water
quality indexes such as CODy,, TP and TN in different
situations were analyzed in 2010. Then numerical simulation
was used to delineate source water protection area on the basis
of the two-dimensional flow-pollutant model and GIS method.
The study results provide the technical support for delineating

source water protection areas.
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Fig.2 Flow-field simulation in Gong Lake on 1 Mar

E3 3 A1 HEMRHMRESM
Fig.3 Velocity distribution simulation in Gong
Lake on 1 Mar

BHRAK
S

E4 2A2HE3 A 1 HRPEMARZES
BERAKT Fig.4 Water quality classification simulation in Gong
Lake from 25 Feb to 1 Mar

B5 11 A 4 BREEIRSE

s BAELLIVE R E, RIEB SO K E. Sk Fig.5 Flow-field simulation in Gong Lake on 4 Nov

M5 7€ 2010 4F 3 F 45 B2 BRI /K FHX 41 8 K #1545
T, TR BT A 26 2 =, H o s A R £ s B o
SRR E.
2.2 10 BEZ=IZAKES O
DIBILRSE 5 KBI 11 A 4 H W6, 72 B kB
AT IRZR XA 52 e T 5 9 30 Fh 5T 380V IO 1) BT 1 (7
A Fr i sh WLE 5. ik 4 A FIAE 2 BUE R, B
T ) 38 HC RS TR R R, B 2 BN A 6

FR B A1 5 39 TIP3 0. 013 m» 577,
22 10 AR sTMLs e /K BRI IE , WA 7. XHEF

POTHY 3 UK BT AR AT At R PR ER TR KL 1

PR E; BB 200 3, 7R 2 K TR IT— 1V
X RALVIN 28 L 7R 7 X TR IV 26, Bk
M FERAULE 2010 4F 10 H B2 ELIA) 7K 1l HX 4 94
JKEELLT » ST BT LA 2600 3, He b BB 5 4
PRELTEBARATF. 10 A STHI/K BT 47T 3 A Bk,



886 [/ B K 2 2 RCH AR B B

40 %

FRFERETHFEERRBHITHET , REMLLH
FERZ. YR AT IR A2 725 R G 7L ol 2008 4F
3 1 B B R IR A A BT KR B R
i 792650, B R Z B R AT RRAR B X FF 78, Rk
TN, TP KA T BHA B,

BRAKT

E 6 11 A4 B#EilmiED R E
Fig.6 Velocity distribution simulation in Gong
Lake on 4 Nov

BRI

BARAKS

WIS

BARK™ BIRKS”

COoD,,,

AR KU

TP

7 10 A 30 HE 11 A 4 BBk EFE
Fig.7 Water quality classification simulation in Gong
Lake from 30 Oct to 4 Nov

2.3 REAEILRAKESSH

DABEHARIEE 5 KBP 6 A 5 H B1,2010 45 A,
248 ALK AR AL 45 1k PR K 72 R AT IR AR
RURSENA T, T TE BT P KA b 2 B B B0
DL 8. P oA R AR 2 B T AT K PR AT R 1) R
VYL TR 2 T K AL, B E B AN 9 MR
3  BAEEA PR 0. 014 mo» s71.

21l 5 A sTILEG KT B, DL 10, X BT
it 3 WK BT A AR 445 . 5 H BT /K A X 4%
22, FE R R B ERK SR A5 JE K, BT b

BRI

8 2010 £ 6 A 5 HRMEIRHE

Fig.8 Flow-field simulation in Gong Lake on 5 June

BIFRK)

RIS

B9 2010 ££ 6 A 5 HITHEMRES %
Fig.9 Velocity distribution simulation in Gong
Lake on 5 June

BARAKI” BRI

R
E10 201046 B 1 BE 5 HEBERkRERE

Fig.10 Water quality classification simulation in Gong
Lake from 1 June to 5 June

TR, BT R B0, B R R R CE E
BEAEWRAATE. BAT S » MR IR EUA 2N
£, BBELAN 8 F 7T R X TR TV 28, B A



o

P ¥, 55 BT YK MUBHRLN WITE BUK IR X R 23 T vk 887

PAIVIER E, IFAEIE R KIR TR V 38, iR 22,
3 TR KKERIPX RS

3.1 —REFEPRYS

MR R K AR VR AR X K] 43 4 AR BV ) (HT/
T338—2007) , TR FH 7K ZK Y5 s — AR X K] 43R
FAZ3vE , BNEUK 02242 500 m P X388 — F AR
PX. AR _ BRI gT e d@ AR 2007—2010
AR AR BB — AR X P 2T /K 38K 5 3 2]
4% LA A, oAb R SRk IR — &R XN 11 2%
AR A B AR 10%, WK 11; 8 RAK) 1
2009 1 2010 4F—Z A3 X PN 1T KA o5 7K 388 T
FL40% A b, WA 12

20074F

70

F IR i He /%

20094E 20084F

20104F

B 11 fRAKE KiE—RERPXARER
Fig.11 Water quality classification in the key area of

water source protection of Nanquan water

supply plants

&
B 12 $HHRAK KiEM—RRIP XK FEIE
Fig.12 Water quality classification in the key area of

water source protection of Xidong water supply

plants

3.2 ZHRPERXIS

BRI ST R AOK IR R X, R A
Bkl o3, BIE 8 5K ) FEg SROK IR BOK A
2 000 m YEREIEA "R X, WL B 5L L& 1%

YRR K B 24 RESA B (I 28 /K AR SR (LR 13,14), 7F
AR FZKIRESR SR A Bk o322 B ).

20084F
B 13 BRAKR KRG ZREPXABRET
Fig. 13

20094 20074F

Water quality classification in the secondary
area of water source protection of Nanquan

water supply plants

20104

B 14 SBAFRK KR Z RRP K AKTEER

Water quality classification in the secondary

7//

\

20084 20074

Fig. 14
area of water source protection of Xidong

water supply plants

[ 434T 2010 4F STMATRISOK RS A A, B F 5T
TR A0 K SRR 3 KB, BRORT X R AR X
TPRAL R PRI T B, 1 3 H 0 S, LR 15 7K
VRPRY X K B % 4. BRI g an T -

(1) FIFH ArcGIS WSFELAE A , 221 2010
AE T I LR B /K B AR A £k, ARHE K B8 4 55
ELR R K F K KB D X

(2) HFRRAKBE] KA AR KT 7K I8 Hh
))& F ST R, B B 45T » L% R B 590 0 K
T T 3 R 7K B 4 T K TR — R R X ] T8 R 0
R IFEHF N HRP X, G — .

(3) FIF ArcGIS By T B, & 2 h 5 e
WISEREL R 2 km, 25 &3 R 43 1) SE B AT R4, 7T
BTV EEE B30 2 km DL A X 43R E
h ZHAR X, LIRS RK e R S BRI 4 4
HILK 15.



888 [/ B K 2 2 RCH AR B B

40 %

BHRKI™

B 15 2010 EFRHMESKRIEFREEER
ZHRIPXBRE

Fig.15 Contour of comprehensive water quality index

and border of the secondary area of water
source protection of Gong Lake in 2010

FRYEAIN 25 SR, DAL J5 BT 1 0 385 PN 7K TR b — 2%
PR IX K AR 2 28K AA, L Bk
PR XK AL 90 %0 LA, i AR FH A R K K 5
TR, TLE 16.

100 - j 7
90 /
e 80F
g 70 .
=60
i 50 w [V
= w 11l
& 40 -
E 30 w
& 20 w1
10
O 1 /A 1 i 1
20104 20094 20084 20074
B 16 L ERMREK R ZREPXARER
Fig. 16 Water quality classification in the optimized
secondary area of water source protection of
Gong Lake
4 it

(1D RGEHFE T 4K R BREL, B4 2010
SRR BT 5T W 3 FK BT 48 AR CODwa s
TP, TN B LS 72 , USSR 71 BT 7L 390 FO) O
SR A b R B R Hh R B RO
W PR AR B, T DT K B 3 TS 0 A R R
EA T 2B S R A — E AL, B0 gE, I
K B 22 5 ST K IR » DA e i BR 6 18 B 0 o B
4, BBRRZ , BRIR L. B B R LASE , ST

K4 X I aeis B I R E K.

(2) AR R A K K TR AR 4 XK 43 3 R B3 )
(HJ/T338—2007) , % F 7K J5a 152 78 Xof 7K Jo bR 100 14 43
BT G5 A0 X R 43 R L 3 5843 % & 2010 4F R
IF) A 7K 1 T B U K B K B AR L O A5 B K

T LA KK IR — S — R AR X — 2
PR3 XATS R P G 30 00 43 5 v, B g SR K IR g
ZRK)BUK B 500 mo 3 B A K BRI E R — HAR
X ;s AR X SR FRE BB HA LR 43 » % 1 S R4
FIRT AT B e SR K IR B AR KT M R AR X
) 0 RO AR I 3T BRI 2 20 T ety o o B S i 3
2 km DL b ST TR 2 Ry K TR HE — AR X, R
PIXEFR 96. 02 km?, [ ZELL KR AR X TR
90 % A L.

&% 30K :

[1] F/NP, BB, 2R 2007—2008 4E5 | TLHT AR 7K X K #i K

BRBCERBCRHTI]. AKBEIRARI,2010,26(1): 40.
ZHOU Xiaoping, ZHAI Shuping, YUAN Li. Influences of water
diversion from Yangtze River to Tai Lake on water quality of
Taihu Lake between 2007 and 2008 [J]. Water Resources
Protection, 2010, 26(1). 40.

[2] W@, mimge, B3, A¥sgEh TRIM 3 . bR . /%
HF WAL, 2007.

GAO Tingyao, GU Guowei, ZHOU Qi. Water pollution control
engineering[ M]. 3rd ed. Beijing: Higher Education Press,
2007.

[3] CHEN Zhihe, FANG Hongwei, LIU Bin. Numerical simulation
of wind-induced motion in suspended sediment transport [J].
Journal of Hydrodynamics, 2007, 19(6): 698.

[47] LIU Xiaobo, PENG Wengqi, HE Guojian, et al. A coupled model
of hydrodynamics and water quality for Yugiao Reservoir in
Haihe River Basin [J]. Journal of Hydrodynamics, 2008, 20
(5): 574.

[5] ZHA, LM% £T=4RKBE I RBIKsh I BUE RS

BATRERT MR MM SRE]. K ¥R S5iiRE: A
#8,2003,18(6): 686.
LUO Liancong, QIN Bogiang. Numerical simulation based on a
three-dimensional shallow-water hydrodynamic model in Tai
Lake—current circulations in Tai Lake with prevailing wind-
forcing [J]. Journal of Hydrodynamics, 2003, 18(6): 686.

[6] WALV, 2058, MR, KWIKsh % =R 5ERBHE 3.

oy B BRI XA R S [T ] #3a A2, 2000, 12(4)
335.
HU Weiping, QIN Bogiang, PU Peimin. Three-dimensional
numerical experiments on hydrodynamics in Tai Lake: 3.
influence of the reclaimation in Mashan District on wind-driven
current [J]. Journal of Lake Sciences, 2000, 12(4): 335.

[7] #E,BER. REIKBEEXTZ4XMHmHRL].
WIIERL,1996,8(2) ; 97.

PANG Yong, PU Peimin. Numerical study of wind-driven



o

P ¥, 55 BT YK MUBHRLN WITE BUK IR X R 23 T vk

889

[8]

L9

[10]

[11]

current in Tai Lake with the air — water coupling model [J].
Journal of Lake Sciences, 1996, 8(2): 97.

o, M, Hm e, 5. Eik5 PR KB a5 K5
070 o EKFIK BB 5T B 2431, 2007, 5(1) « 8.

MA Wei, LI Jinxiu, TIAN Xiangrong, et al. Investigation on
countermeasures for water environment management and water
pollution prevention in Dianchi Lake [J]. Journal of China
Institute of Water Resources and Hydropower Research, 2007,
5(1) : 8.

EI0R, BIREE, EHE . I EROK R S KIS YA E
MR LR]. JbE: KR K B R TR 5 2005.

PENG Wenqi, MAO Zhanpo, WANG Shiyan. Water quality
protection and water pollution control research in Erhai and
Dianchi Lake[R]. Beijing: Institute of Water Conservancy and
Hydroelectric Power Research, 2005.

RHTIL XM, FBEHEAERIIM]. JbT B RAL, 2004.
SONG Xinshan, DENG Wei. Environmental mathematics model
[M]. Beijing: Science Press, 2004.

RAEBE, BUME. ARIToHTEAR I %R TREMHIM]. 4t
AR T ARAL , 2006

ZHOU Changyu, HE Xiaohua. The method and application of
finite element analysis [M]. Beijing: Chemical Industry Press,

[12]

[13]

[14]

[15]

2006.

AP RFTEHFIRE . ARPUERF M EIM]. B%.
[RIPF 2t AL, 2004.

Computational Mathematics Department of Tongji University.
Modern numerical calculation and analysis [ M]. Shanghai:
Tongji University Press, 2004.

YIN Hailong, XU Zuxin, YAO Yijun. Eco-hydraulics techniques
for controlling eutrophication of small scenery lakes—a case
study of Ludao Lake in Shanghai [ ] J.
Hydrodynamics, 2007, 19(6). 776.

hEK R K R 2R A B . KW 5 RE D it LR]. db
I EKFIK B2 Y BR  2002.

Institute of Water Conservancy and Hydroelectric Power

Journal of

Research. Calculation of water environment capacity in Tai
Lake [M]. Beijing:
Hydroelectric Power Research, 2002.

SRR KWK BT I A 2 43 S AR AE R K AR SR R T, K
VLB IR 53735, 2009, 18(5): 439.

ZHU Guangwei. Spatio -temporal distribution pattern of water

Institute of Water Conservancy and

quality in Tai Lake and its relation with cyanobacterial blooms
[J]. Resources and Environment in the Yangtze Basin, 2009,
18(5): 439.

0 IO 0 04 B0 TOE TBOE B0 T O -0 IO IO B0 0 04 B0 T IO 04 T 04 T4 -0 IO 04 0 IO O B0 T O T 0 04 0 0 04 T -0 04 04 -0 O O

(3258 881 T1)

[17]

(18]

[19]

[20]

[21]

[22]

F i, EHEM, XNEHE, & EUHEaRFfRtRS %
JREHLT]. N SR, 2007, 13(6): 895.
WANG Ya’ nan, FU Xiumei, LIU Haiyan, et al. Recent
progress and trend in biological production of hydrogen [J].
Chinese Journal of Applied & Environmental Biology, 2007, 13
(6): 895.

Phpse, SKEW, BN, BBREAKPEAETE RIS
FEBAEY RN ARLT]. Tlkk4ab3, 2009, 29(11): 7.
ZHONG Fuhua, ZHANG Yanhao, XIA Siqing. A hydrogen-
biofilm oxidized

reactor removing

Industrial Water

based membrane
contaminants in drinking water [JJ.
Treatment, 2009, 29(11). 7.

Rittmann B E, Nerenberg R, Lee K C, et al. Hydrogen-based
hollow-fiber membrane biofilm reactor (MBfR) for removing
oxidized contaminants [J]. Creative Water and Wastewater
Treatment Technologies for Densely Populated Urban Areas,
2004, 4(1). 127.

Chung J, Nerenberg R, Rittmann B E. Bio-reduction of
soluble chromate using a hydrongen-based membrane biofilm
reactor [J]. Water Research, 2006, 40(8): 1634.

XIA Siqging, ZHONG Fohua, ZHANG Yanhao, et al. Bio-
reduction of nitrate from groundwater using a hydrogen-based
membrane biofilm reactor [J]. Journal of Environmental
Science, 2010, 22(2): 257.

SKEEW:, phObde, EIUWE. A HE R AT RR

(23]

[24]

[25]

[26]

[27]

(28]

SR T RMBIZT]. KAEHEAR, 2009, 35(5): 75.
ZHANG Yanhao, ZHONG Fohua, XIA Siging. Study on
contaminitated ground water treatment with hydrogenotrophic
denitrifying bacteria [J]. Technology of Water Treatment,
2009, 35(5): 75.

Chung J, Li X, Rittmann B E. Bio-reduction of arsenate using
a hydrogen-based membrane biofilm reactor [ J J.
Chemosphere, 2006, 65: 23.

Butler R, Godley A, Lytton L, et al. Bromate environmental
contamination: review of impact and possible treatment [J].
Critical Reviews in Environmental Science and Technology,
2205, 35(3); 193.

Hijnen WAM, Voogt R, Veenendaal HR, et al.
reduction by denitrifying bacteria [J]. Applied Environmental
Microbiology, 1995, 61(1). 239.

Susarla S, Masunaga S, Yonezawa Y. Transformations of

Bromate

chloronitrobenzenes in anaerobicsediment [J]. Chemosphere,
1996, 32(5): 967.

Heijman C G, Hollinger C, Claus M A, et al. Abiotic reduction
of 4-chloronitrobenzene to 4-chloroaniline in a dissimilatory
iron-reducing enrichment culture [J]. Applied Environmental
Microbiology, 1993, 59(12): 4350.

Katsivela E, Wary V, Pieper D H, et al. Initial reactions in
the biodegration of 1-chloro-4-nitrobenzene by a newly isolated
strain LW1 [ ] ].
Microbiology, 1999, 65(4): 1405.

bacterium Applied Environmental



