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Application of simulation optimization model in groundwater
monitoring well optimization

Zhai Qiumin® Wu Chao' Xi Beidou'

(1. Chinese Research Academy of Environmental Sciences, Beijing 100012, China;

Xiong Feng'?  Su Jing' Sun Yuanyuan' Jiang Yonghai'

2. College of Environment and Planning, Henan University , Kaifeng 475001 , China)

Abstract

established based on the hydrogeological data of a farmland in Beijing. The groundwater flow and solute transport

A multi-objective simulation optimization model for groundwater monitoring network design was

was simulated using MODFLOW and MT3DMS , with the parameter uncertainty analyzed by Monte Carlo method.
Non-dominated sorting genetic algorithm II ( NSGA-I1) was used to optimize the two objective functions in the op-
timization model,,where one was to maximize the monitoring reliability ,and the other was to minimize the monito-
ring cost. The result showed that the maximal reliability of the monitoring system reached 76.8% when the num-
ber of the monitoring well was 3, with the presence of well 5, well 6,and well 8. A fourth well (well 10) could be
adopted when the control boundary for the pollution plume extended. The case study indicated that the simulation
optimization model can be used in groundwater monitoring well optimization to establish the trade-off relationship
between the two objective functions,to obtain the number and location of the monitoring wells, and to guarantee
the reliability of the monitoring system.

Key words simulation optimization model; non-dominated sorting genetic algorithm II ( NSGA-II) ; multi-

objective optimization ;optimizing design of monitoring network ; groundwater
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contamination plumes
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Table 1 Reliability analysis of radius of

influence of monitoring wells

FE o on on &k REHE RIS MARE%)
1 0.014 0.021 3.5 9.1  9.03 ~0.77
2 0.013 0.019 32 89 8095 0.56
3 0.012 0.017 3.0 89 879 —1.24
4 0.012 0.014 3.3 9.3 10.21 9.78
5 0.011 0.015 2.8 9.1  8.64 ~5.05
6 0.010 0.013 2.5 9.0  8.56 ~4.89
7 0.010 0.012 3.1 9.2  10.06 9.35
8 0.009 0.011 2.2 88 847 ~3.75
9 0.008 0.009 2.0 9.0 832 -7.56
10 0.006 0.005 1.5 9.1  8.86 ~2.64

45

4.0 st

; ot

35 .

3.0 o

f“ll)j *

B £ +

20 +

15 ’

o} .

054 5 0 s 20 25

K3 NSCGA-T 1AL B b5 b8 30 Pareto i
Fig.3 Pareto optimality of objective functions of NSGA 1[I

Kl 4 WoR T NSGA- I 5k mE A5 S B br ek 2L
AL S aH . 1 4 (a) 7R W R 58 7T 58 7 B
KAk BARLETHEE 10 )5 8 F U8 B 4 (b) Wil I
Hoat /M BARTERT 20 AT sh Mgk 7R T3
40 fRJ5 H b5 R B0 T U8, NSGA- T 55 3% fig ik —
AR DU 0 B A 2 E T R 4 ] R e K

TS BC T, 42 Je 1 Ak M D00 9 MR 4 75 0 P 4t 2R
LR

318 —— Z20 e A
—e— 720 ¥){i

40710 20 30 40 30 60 70 80 90 100
LS AW
(a) NSGANFLEA 2200 B R ih 2

—— 720 AR
—e— 22 (i

0 10 20 30 40 50 60 70 80 90 100
ER
(b) NSGANFLLAZ1 8915 (R ih2&
Bl 4 Hbs e B S

Fig.4 Convergence of objective optimization model
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Table 2 Location and reliability of monitoring wells

WOOEECR RS MR (m®) MR (%)
3 19,23,39 10 370 76.80
4 19,20,23,39 13 770 102
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