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Optimal control technology of hydraulic reguation in water resource area along rivers based on numerical sinmlation
BAI Jie"?, ZUO Rui"?,GUO Xue ru'?, WANG Lina"?, WANG Jirr sheng"?
(1. College of Water Sciences, Beijing Normal University, Beijing 100875, China; 2. Engineering Research
Center of Groundwater Pollution Conirol and Remediation, Ministry of Education, Beijing 100875, China)
Abstract: Pollution control technology of water resource area along rivers is aresearch hot topic in the field of environment pro-
tection and drinking water security in China. In accordance with historical data and hydrogeological conditions in the study area,
the numerical simulation method and MGO module model were applied to the study area based on the regional groundw ater flow
field and initial concentration of groundwater pollution. By means of global optimization algorithnr genetic algorithm, the best
exploitation quantity and location of pumping wells were optimized to control the contaminant plume in the research area. In the
two basic conditions of eliminating pollution sources and controlling pollution sources, the variation trend of pollutants in differ
ent observation wells was analyzed and the effectiveness of the hydraulic control technology was explored in order to provide
technical support for ensuring w ater safety in w ater resource area along rivers.
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Fig. 1 Location of the study area
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Fig. 2 Conceptual model of hydrogeological condition

MR K 2R G e A AR R 5 1 [R] A S T
SR REEM N K UARSE, AT R S iR

(Y )
a%[K(H— B)%—Iﬂ + a%[K(H— B)aa—[ﬂ +
W=0 (x,y)€ED;:t2>0 (1)

H(xaya O)ZHO(x’y) (xay) ED;t: 0(2)

K- 8% r, = g(x.y.0)

(x,y) €D 16> 0 (3)
0 |p, .~ €0 o> 0 4
o |12 2= (x,y) Chhnst> (4)




B E S e KT R AR N £F T AR IR B 7 T R A R R A R

e D I RIS X3k, Ho S #IaaHh s KK A
H (x,y, t) HDXNAE— K SkAR 5 B & K2 R AR
b K BB ZREL W I ), R 20K BT
BNIB, HhKeE; T O 2RI 5, Fomlin #hgsid
T q MR 1R T 2 ) 5, FORM KA 5t
2.2 HAEARRIGES

WA 5] o e 2 40y X B IX S T AR DG K
22 060 m, Bt 14 852 m, 1A 144. 1 km* . HI3H
MRS, A A R 5, P DAAE P b A
Y5 85y e RUEBE T IR BAE A T X, BT
Rk N2 . AX 3Lt 2 350 NEIT, 0l 4 NS
X, PUASE 5 S ZH05r X UL 3, WG SR 1.

3

Fig.3 Partition map of hydraulic conductivity
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Tab.1 Initial hydrogeological parameter in every part
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Tab.2 Water level in observation wells

4 KA

P i)

2009 4 6 H 2009 F7 H 20094 8 H 2009 4F 9 H 2009 4 10 J 2009 4 11 H
WK AL/ m 76. 466 76.016 75. 426 75. 446 75. 026 76. 396
i AT KA/ m 76. 81 76.23 75.97 75.73 75. 66 76. 12
172/ m - 0.344 - 0.214 - 0.544 - 0.284 - 0.634 0.276
W KA/ m 76.955 76. 845 76.755 76.725 76. 675 76.315
S A KA/ m 77.52 77.45 77. 41 77.33 77.36 77.15
1R 2%/ m - 0.565 - 0.605 - 0.655 - 0. 605 - 0.685 - 0.835
3
Tab.3 Fitted hydrogeological parameter in every part
S BIERB K/ (me 1)
1 13.2
2 0.41
3 4.7
4 1.4
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Fig.4 Comparison between simulated and

measured groundwater flow field
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Fig. 5 Distribution of simulated contaminant plume
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Fig. 6 Distribution of head restraint
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Fig. 7 Location of candidate wells and observation wells
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Tab.4 Optimization results

I mhA FHAL(E, N) Wi/ (m3 e k)

1 147 (2828. 10, 2007. 33) 1013.75
(2868. 25, 2803. 16) 443.23

2 129
(2868. 25, 1931. 50) 443.23
(2828. 10, 2007. 33) 387.51

3 114 (2957. 46, 2078. 70) 203.25
(2953. 00, 1944. 88) 203.25
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Fig. 8 Concentration changing curve of observation wells
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Fig.9 Particle Tracking results
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Tab.5 Optimization results
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Fig. 10 Concentration changing curves of observation wells
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Fig. 11  Contrast of concentration variations in observation wells

A SCHLHE BT 9T DX 2 AT ZK BT B8Rk Sk SC b i
F A, W BUE AL U7 ik, i2H MODFLOW
PR ST GRS PR R IR M T K5 Geas B AR A,
S AT S el o LS o R e N L TE AN ]
s fEBLEEA b, Je l MGO Bl 5542 o 4

- 88+ 4B5KE

Al AR SR — 0 AL VA (GA) B A Ty
5, A E T AR O 3 B OL R il K
T3 R 5 G PR g AR AT B die s K
i1y Bl A R4 5 KK D 07 R, R 2R
A7 T5 G YOS TR I3 15 3R GEAEAS [ BR ) i
1500 B S i K ZERE AN K .

AW TN PRI L) VA BE A -E K F PR g it T



B

S e KT B U £F AR M T T R AR LR

BORSCHF, [R)INH 0 HR 7K v Gedzs 3R 4t 7 se 4l
B WFFO R AR IR i P St A 7K
PLEE, KRG FA 5 A = 50 He A e A< b
KT B AL LA, e D % R
LI SOMATA 2R, 5635 1R K5 Qe ia iR i, A e
55T INTRERA R 7K 0 4545 IR

[1

(References) :

#k, 1998: 108. (CHEN Meng xiong. Hydrogeological and Envi
romr geological Problems in China[ M |. Beijing: Seismological
Press, 1998: 108. (in Chinese))

TR, e, AR R, A5 AR 2 R K SR MR K T
TR ] rE KL 8 5K FIEL B, 2011, 9( 4): 134 136. ( MA
Xirr shuang, LU Sheng yong, LI Ming liang, et al. Research of
groundwater prediction model in shallow groundwater over ex
ploitation zone in the Northern Area[ J]. Soutlr to North W ater
Diversion and Water Science & T echnology, 2011, 9( 4): 134
136. ( in Chinese))

JETOHE, A FEA, R, S b T R KRR KUK FOIR
BE 1] . 7K BEUS4E B, 2009, 25(1): +4. (TANG Ke wang,
ZHU Dang sheng, TANG Yun. Groundwater quality assess
ment of urban drinking water sources in China[ J]. Water Re-
sources Protection, 2009, 25(1): 1-4. ( in Chinese))

ARFEL, TRk, SR, S Ak OO AR P A RN (0 ) -
AEVE[J]. KF 23], 2010, 41(8):914-920. (ZHU Dang
sheng, ZH ANG Jiar yong, SHI Xiao-xin, et al. Security assess
ment of urban drinking water sources 0 . Security assessm ent
for cities in China[ J]. Journal of Hydraulic Engin eering, 2010,
41(8):914 920. ( in Chinese))

ELLHE, 28R, WRIERH . N KK U5 G BB R e R AL U]
EEREIRLE, 2011, 31(5): 875 880. ( WANG Hong qi, QIN
Cheng, CHEN Mefyang. Study on priorities of prevention and
control of groundwater source pollution|[ J]. Soutlr to- North
Water Diversion and Water Science & Technology, 2011, 31
(5):875 880. ( in Chinese))

FRES:, G4, BERA oK 2 5 RS Q[T . Bk
A6 -5 7K R B2, 2007, 5(5): 57 83. (CHENG Yarr pei, NI
Zeng shi, TANG Hong cai, et al. Water supply and groundwa-
ter pollution control[ J]. Soutlrto North Water Diversion and
Water Science & Technology, 2007, 5(5): 5783. ( in Chr
nese))

TR, PR, 2EE R AT X 2 N ACOK BEAT J]
BE T K B2 4], 2001, 28(1): 31-32. (HU ANG Ying zhe,
SUN Yong he, LI Liamr nan. Quality assessment of shallow urmr
derground water in Jiamusi City[ J]. Journal of Heilongjiang
Hydraulic Engineering College, 2001, 28(1): 3+32. ( in Chr
nese) )

B RE, AR, ok S L AR T MR KT AR A AE 7 T R
Fefift ghexet 5[ 7). Hb R UK, 2011, 33(4): 3637. (LI Long hui,
YANG Churrsheng, ZHANG Yur guo. Environmental geolog

ical problems and protection strategy of groundwater exploita-

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

tion in Jiamusi City[J]. Ground water, 2011, 33(4): 3637.( in
Chinese) )
AR, T2k, W B AR TETT AR AT B K 59 PE VAR J] . 3
MK 2% ] HUER B 2% R, 2011, 41(S1): 303309. (HUAN
Huan, WANG Jirr sheng, HU Li tang. Phreatic vulnerability
assessment in Jiamusi Section of Song hua River[J]. Journal of
Jilin University: Earth Science E dition, 2011, 41(S1): 303 309.
(in Chinese))
BTG, 172 B, L AR LA AR WL Bk AR 5% 2858 0 b
[J]. ZRAG IR K 5 4% B SR B2 ), 2008, 40 (2): 109 114.
(ZHAO Hong mei, XU Hongen, WANG Shrjun. Analysis
and research of environmental capacity of water in the Song
hua River Jiamusi[ J]. Journal of Northeast Normal Universr
ty: Natural Science Edition, 2008, 40( 2): 109 114. ( in Chr
nese))
FANHI, FRAETE, EICH, L REE RO H R 7K S 1t
FY[J]. #F /K, 2011, 33(3): 8 10. (WANG Xiao gang, GU O
Churr qing, WANG Werr jun, et al. Affection of wastewater
from bagasse pulp millon groundwater [ J]. Ground Water,
2011, 33(3): 8 10. ( in C hinese) )
FHRRR, WAk INRET, S5 A AR Y L AR U e B
R KV G aEST [ J]. LA #%2, 2000( 3): 16 19. ( YIN
XF lin, CAO Jrliang, SUN Cheng qi, et al. Analysis and re
search of environmental capacity of water in the Songhua Riv-
er Jiamusi[ J]. Geotechnical Investigation & Surveying, 2000
(03): 16 19. ( in Chinese))
Aese, BOHET . MR K5 Qs 8 BB AR R AUAL T ] . K3)
JIZE I SR A #]) L 1996, 11(5): 513-519. (ZHU Liang,
DU AN Xiarr bao. Numerieal modeling and optimal estimation
of the transport of groundwater pollution[J]. Journal of Hy-
drodynamics, 1996, 11( 05) : 513 519.
2R, K, X% R AT TG MR 7K K 50 25 ASE 0 A
FEJ]. e Tk &2 ), 2008, 35(4): 8 11. (LI Qin, ZHENG
Yong sheng, LIU Liamcheng. Numerical simulation study of
groundwater n North River of Jiamusi City[ J]. Journal of Her
longjiang Hydraulic Engineering, 2008, 35(4): 8 11.
T o 72, ARk LR T T K YR R K B R AR I
JEIRAY BT T, PR B R 5% 545 B 2006, 31 (1): 152 153.
(WANG Lan, MENG Xiarmr xian, XU Hongen. Analysis of
causes of superstandard Fe and Mn content in source water of

catchment areas in Jiamusi City[ J]. Environmental Science
and Management, 2006, 31( 1): 152 153. (in Chinese))
LA, FLPSHE. A=A 1 R KAk 2R AE SR AR T] . 4%
A KFIZK HL, 2006, 24( 265): 105 108. (YUAN Ya jie, KONG
Qing hui. Groundwater chemical characteristic and quality
change in Jiamusi City[ J]. Water Resources & Hydropower
of Northeast China, 2006, 24(265) : 105 108. ( in C hinese))
Wi e, IS IRAT, 6. RS e AE AR A L e b T
X R KK BT S HT L] mE KR 5 KRR, 2010, 8
(4):57-83. (CHEN Shanglong, DA Lihong, QTAO Guang
jlan. . Analysis to the effect of the nitrogen contaminant
transporting in unsaturated soil on groundwater quality[ J].

Southrto North Water Diversion and Water Science & Teclr

A BIHE . 89 -



F 14 % BFE 86 M BmALEALGAFAE - 2016 £ 10 F

[18]

[19]

nology, 2010, 8(4) : 57 83. (in Chinese) )
ZHENG Chur miao, WANG Patrick. MGO- A Modular Ground-
water O ptimizer Incorporating MODFLOW/MT3DMS Documerr
tation and User s Guide[ P]. The University of Alabama, May
2003.

A, AR, IRFEBE, S AT TR T K I ST 1 5451
WYL MK AL 5 K FURHEE, 2013, 11(4): 105 108. (GUO
Qian, MOU Haibin, XU Jirlu, et al. A case study on the

scheme optimization of horizontal wells to exploit groundw a-

[20]

ter[ J]. Southr to North Water Diversion and Water Science &
Technology, 2013, 11(4) : 105 108. (in Chinese))

FRAT R, A, TR, S T A BRI AT K 0K 5 £
RS J] . FEAKAL I 5 KRR B2, 2012, 10(4): 5254, (GU O
Showr yun, LI Wei, ZHANG Shur heng, et al. Numerical simur
lation of the second period water source area of water supply
for Salt Lake Group in Qinghai Province[J]. Soutlrto North
Water Diversion and Water Science & Technology, 2012, 10

(4):5254. (in Chinese))

(L% 54 W)

[10]

[11]

[12]

[13]

[14]

[15]

TKRIEE, EIpaHe, ZEAEK. SCS MREBLAE 2 2 A7 [ 340 /M X iy
gayon R i RPN TN = RPN = S S AT B e 1
2004( 25): 155 158. (ZHANG Methua, WANG Xiao yan,
QIN Fulai, Application of SCS modal to estimate the quantity
of rainfall runoff of small watershed in Shixia, Miyun County
[ J]. Journal of Capital Normal University: Natural Science F-
dition, 2004(25) : 155 158. (in Chinese))
Lucas I F J, Frans J M. Accuracy assessment of satellite de-
rived land- cover data: a review. Photogramm etric Engin eering
& Remote Sensing, 1994, 60(4) : 416 432.
VR WK SO BB M b 5 K R g AR, 1990.
(YUAN Zuo xin, Watershed hydrological model[ M|, Beijing: Wa-
ter Resources and Hectric Power Press, 1990. (in Chinese))
2L, VA M. S CS 18 JE/K SRR RLTE i ST Vi T T 5
R RO 2R ARFHERR, 1992, 28(1) : 156 159. (GAO
Yurryu, XU Yo peng. An application research of SCS model
based on remote sensing information in Cao E river basin[ J].
Journal of Nan Jing university( Natural scien ces edition) 1992,
28( 1): 150-159. (in Chinese))
U. S Soil Conservation Service. National Engineering Hand
book Section 4. Hydrology [ M].
Printing Office 1972.
BUHRA, XUB A% SE AR, A5 MR ) A48 40 5 bR 42 R
E’”{M—U\Lrﬁlﬂﬂ??ﬂ:/f@ﬂ[] K, 2009, 24( 1) : 44-48.
(QUAN Rutsong, LIU Min, HOU Lt jun, et al. Impact of

USA: U. S Government

land use dynamic change on surface runoff: a case study on

Shanghai Pu dong New District[ J]. Journal of catastropholo-

9 - S5 WIRE

[ 16]

[17]

[ 18]

[19]

[20]

gy,2009, 24( 1) : 44-48. (in Chinese))

JiAE T, AR, FSE K. i 2B ik (SCS KLY 71 L ATl M
TR N A2 W OC R 10 N FHF 90 0. A&k T FE A% iR,
2008, 24( 3): 87-90. (ZHOU Cutning, REN Shur mei, YAN
Mer jun. Application of SCS model to simulate rainfalt runoff
relationship in Wenyu river basin in Beijing[ J]. Transactions

of the CSAE, 2008, 24( 3) : 87-90. (in Chinese))

VFE, #3002 F ArcView 1) SCS LAY 7R R4S W THH
FIRE L] K AR FEBIEST, 2006, 13(4): 176 179. (XU Yan,
PAN Werr bin. SCS model for watershed runoff calculation in
arcview[ J]. Research of Soil and Water Conservation, 2006,
13(4): 176 179. (in Chinese))

BENE O, T2, T, A5 AR N 17 st ) AR e 0 A2 T 1) 5%
W[ J]. K HARFRE R, 2015, 35(2) : 27 32. (XUE Lt fang, YU
Hongxue, ZHENG Qing qing, et al. Effects of Land use
change on runoff in Xuzhou city[ J]. Bulletin of Soil and Water
Conservation, 2015, 35(2) : 2732. (in Chinese))

Wong Siuwai, Tang Bosin, Basil van Horen. Strategic urban
management in China: A case study of Guangzhou develop
ment district[ J]. Habitat International, 2006, 30( 3) : 645 667.
FAFLL, BRIRTT, BN, A T T ICKAE IR i X AT UK
SCREAY (R 3 FIRFE S 0] KR K TR 24 4R, 2014, 24(2)
9297.(MENG Churr hong,LLU Zherr gung, MA Xixia, et al.
Research on distributed hydrological model for irrigation area
based on thetheory of duat cycling water resources[J]. Jour

nal of Water Resources & Water Engineering, 2014, 24(2):
9297. (in Chinese))



