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Simulation of Nitrate Pollution Pump-and-treat

Optimization Method
JIANG Lie', HE Jiang-tao' , JIANG Yong-hai’, LIU Fei'
(1. Beijing Key Laboratory of Water Resources and Environment Engineering, China University of Geosciences ( Beijing), Beijing

100083, China; 2. Chinese Research Academy of Environmental Science, Beijing 100012, China)

in Groundwater Using

Abstract: To study the groundwater polluted by nitrate in a landfill site in Beijing, with the pump-and-treat technology, genetic
algorithms (GA) and simulated annealing (SA) were used to optimize the cases of 18 planned pumping wells in the groundwater nitrate
plume. The optimization method was run to determine the minimum total costs, as a result of the optimal number of wells with the
optimal locations and pumping rates. The results of optimization showed that, both GA and SA optimization conditions could reach the
desired results, which means that the concentration of nitrate could be reduced to 10 mg-L™" after 100 days pumping. However, under
the GA optimization conditions, the pumping rates of well 8 and well 14 were 155 m*+d ™" and 10 m*+d ™", respectively. In contrast,
under the SA optimization conditions, the pumping rate of well 8 was 82 m’-d ™", and that of well 14 was 39 m’-d~'. Based on the
GA and SA optimized pumping rate, the total mass removal rates of nitrate were 76. 89% and 84.92% , respectively. The results
showed that the best location of the well was in the central axis of either midstream or downstream of the nitrate contamination plume.
The pumping rate of midstream was larger than downstream. Comparison of the two optimization algorithms showed that the optimized
system management cost of SA was 6. 8% , which was lower than that of GA. Meanwhile, SA was easily convergent with smaller
volatility.

Key words : groundwater; nitrate; pump-and-treat; simulation and optimization; genetic algorithm; simulated annealing
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Fig. 1 Initial head of the study area
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Table 1  Getting hydraulic conductivity and

transmissivity from different methods

FKRERT BEREK

S PRRRT BEREA gokzscs
Theis 22.42 3.24 4. 11E-02
Neuman 22. 14 3.2 —
Cooper-Jacob Time-Drawdown 25.46 3. 68 —
SEXME 23.32 3.37 —
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Fig. 2 Three-dimensional geological profile of the study area
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Fig. 3 Initial groundwater nitrate contamination plumes

and location of potential wells
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Table 2 Input parameters of the simulation model

ZH HH S HE
A% BIC Ax/m 2.25 B R YRR /m 10
A& ELIC Ay/m 2 P YREEE/m 1
IKVBiEFZE/m-d ! 3.37 N 14 1
M BIERE/m-d ! 0.337 A A/ d 10
L 0.20 wRKEBLKEH 50 000
AR 0.3 REL X 1
EKIZIRE /m 6.92 &5 e/ d 100

R 3G T TR B2 il A
AL ABUK ISR BN SRR E | B
/NS R ORI K B RORH R £ AR ¥ BTk B S 2 0R
AF.

R3 ZRAREMARETE

Table 3 Cost coefficients and constraint variables

a,/Jt 20 000 Quin/m*+d ! 0
ay/JG+m 3 0.76 || Q0 /m*-d"! 300
hy/m 19 ¢*/mg-L7! 10
B/ M 21 1EE EA/d 100

3 EHERSTSIR

3.1 iR ik

AT GA B A SCS BN R . A5 H
H 100, e RIRAEACE A 100, 45 113 54l 7K s R B
LI E 2l 32, 38 UAE#E R 0.90, 45 5 4 524
0.05. SA BUE AR SEANT WA 1, filikE
A0 000, FETER N 0.9, T K% RECH 100.

PIRREAL 5 5 A0 B SR vk B 24 3R XA 2 100 d s
(T KA ERER (LAAGT) i85 10 mg-L™'. GA ik
508 SIALA K AN 155 m’-d ™' 14 SR
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Table 4  Location and pumping rate of optimization wells

g5 (L) GA SA
1,2,3,4 0 0
5,6,7 0 0
8 155 82
9,10,11,12,13 0 0
14 10 39
15,16,17,18 0 0
Sk /m? -d ! 165 121

IR SA 7E 14 SR HEORED N, {H SA S
AGEH (121 m*-d™") H GA(165 m*-d ") /).

BT GA 1 SA fEAL A /K % 100 d J5 il R
R LR K 28. 45 kg F131.42 kg, HoEH %
4343 5] 76. 89% 1 84.92% , VLI 4. A Akt Ferh
RIS AGH 5 A R B 25 B B A7 A T Rl 2R b
S ITIOF SR

GA . SA [FIBHEAL T H M & Ak 2. K 4
ATLAE HOF5E X 18 H & 28 IR Ak ik
LR AR 8 S IR 14 SIF. LR IZ Y
Mgy b P AR 2 R T LA SR AR
FRIGEE B AR, eI as 7 2w 16 1 A T
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s £ =
= sk

(a) GA b

[ 86355 H BF5E 1€
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Fig. 4 Distribution plume of nitrate in groundwater after 100 days using the GA and SA pump-and-treat method
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B GA RIS — P IR IAE T B RGLIR
BERLAR.

K15 GA 5 SA LS Hbr sk B Al
SO L. GA £ 40 AR5 T4k B A5 R £50k T Uk s, 1
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AL St SA Bk, P RAHBETRE. W
LA R A S e R . Al MR
FAT 2R i 8, stk | 23R |
FAR AL B RS A AL SE R0 (5. SA I R GeiR T
MAEL L GA /3 338. 4570, 1A AL 6.8% , UL
%5,

x5 GA. SA R RGIEERA/TT
Table 5 GA,SA optimization of the cost management

of the system/yuan

(URAERES LA A TRA ARG A
GA 40 000 12 500. 25 52 500. 25
SA 40 000 9161.80 49 161. 80
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