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Figure 1 Zhongyuan District watershed boundaries,

rainfall stations and digital terrain model
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Figure 3 SWMM model generalization
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Figure 4 Simulation results of runoff hydrograph

in calibration and verification periods
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Table 1 Comparison of simulated water depth and measured water depth
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Table 3 Proportion of LID control in six schemes

LID /i B L/ %
SO si 2 S3 S4 S5
HEETILAX 0 50 50 50 45 35
heEFILKX 0 20 40 45 45 35
REEFILKX 0 30 10 5 10 30

® o (D)

FILIKIX

*4 LIDEHESH
Table 4 LID facility parameters

P &S AT AT, B TR R ) % 1 0 AR T A ) OE R
BTN FET - 207 4 K ER W], 4% 7 AR TR
IR IR R 35% , DRI 7 B ot B K TR, 3
T3 75 22 LID 5% €8 3 Rl B it J ) K €61 4 e 41 5
SERHCAR U F S AE 2R TN R 5 o ] A T R
(4% 0 o o B R AR R B T 70% , Horp S3 O Rk
M, 24T - 20" R R MW, S3 i
BAEX KRR LID BEAR T i P B A FIL K X i 12
AR A BCEE R 0.60.0. 70, (HARE £ X H
T LID Bl A /0N, W 7K TG 7k PR A B (o A5 3 2 e
KRFFBE ERFETILKXKNWERABRTEE T
HAh 5 58 A2 R B0 0. 82.0. 67, H 78 1% 48 [X 35§,
PR AR T 1 T 2 T v | P A DX T I DR
£5 BABEWHE

E31] iz qiit} + 5
; /AL s
LID 5% 7 MW BE ABiE RE SokR/
= ] S )
FM /mm RE /mm (mm-h™")
/mm
SR 75 0.1 150 0.3 150 0.047 72
HAKEEE 5 150 0.3

M7k #ER 300 0.1 150 0.3 150 0.047 72

3 #ZRE5iTiR

3.1 BRESHEAEEMERIW
3.1.1 BABELEHMEAZTHN

ST AN S LR WL S, it SWMM X} 6
Pl S AR 0L & B, BE 2R 5 52 (S0) T, W 1 21
KFN /N 12 300 R 5 5 R 88.3% . 75.5% . 60. 6% .
55.5% 47.2% , T A3 % LID % Jiti i )7 %€ (S1~S5) #H
T SO By A2 3t A £ 43 i B T 29. 8% ~34. 1% |
53.5% ~ 65. 1% .70. 6% ~ 82.3% .70.5% ~ 84. 1% .
71.5% ~85. 3% ,AN[F)F 1 ™ 4% U it HIl R UL IR S

Table 5 Input rainfall data mm/d
R W 3 ¢ T i 2% 5] W5 DX T 49 % 7 1
20210720 KW (=250) 458.7
20210719 KEZFH[ 100, 250) 138.8
20200806 FZM[50, 100) 63.9
20190809 K[ 25, 50) 38.0
20200711 R 10, 25) 18.3
100
s s2EI 3 [ s4 ZA 85
80 f 7. 1!
S B B
= E E
8 g g
& 8 B
20} E g
K W
W%
(a) U B HI R
80
70+
2
% 60F
=
I
B st
o
&
40}
30— ; - - '
RHARW KBN BN NG| P
WE%H
(b) W AF 3t B R
B5 ARABMELINTSI~-SS ARRHREEHRES
I 18 7t = H B
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4 i

LA T e X g BIF 5 6 B2 3 ek b A e T R
T o R ABE U KT T Y X A W AR O o R R AT AL
UK G S KGR S AR SR 22 < 5% , R K 4F
(R I o FEZK B 5 T = AR IR X T
35% P EEEFILKIX 5 35% MR 4TI KX S
e 30% 1Y LID J7 %8 R ILBLAT , o 25 5 10K X 1
50% H o SETFIL K IX 4 H 45% ARE 4TI K IX K
L6 5% LID J5 %8 Ml U 250 SR e 25, 76 7K BT 45 41 O
I, 00 F 6 Ry 48, BE A BRI S A A 3G, s e f
e A, 5 R SR R R AR T &
K ot HAT — o 0 s AR R LID Al R 7E 2 5
%5 1 X3 (S3) 15 Yo 4 07 A ) 9 25 SR e A, AH L
TR TS (BRFF K21 ) , LID Hi 5 7E 12 i 45
il 075 Gy S AT #0 0e S5 Dy T X R R T VR B T AL
R H S5 0 BUELE AWM b R B AL, (AR
HeB T Pk — R LID WA Jay )5 &l 15 HoAe 4%
FE bR SR A RO . AR A R A5
X LID 415 1 A5 A A R s, 0L 25 2% K TR 2%
B TR IR DX 1) E A o b JR 3 K S K R R S B
TEREARIK Y- | G2 ik T A 7K SCROV

SR

[1] DELL T, RAZZAGHMANESH M, SHARVELLE S, et
al. Development and application of a SWMM-based simu-
lation model for municipal scale hydrologic assessments
[J]. Water, 2021, 13(12). 1644.

[2] LENG LY, MAO X H, JIA HF, et al. Performance as-
sessment of coupled green-grey-blue systems for Sponge
City construction[ J]. The Science of the Total Environ-
ment, 2020, 728 138608.

[3] AHIABLAME L M, ENGEL B A, CHAUBEY 1. Effec-



54 #

SO, 4 L LID BENE AR = X6 3ok T A% O 45 95 e B0 46 5 A VA 93

[6]

[7]

[8]

[10]

[11]

tiveness of low impact development practices: literature
review and suggestions for future research [ J]. Water,
Air, & Soil Pollution, 2012, 223(7) . 4253-4273.
JAWT, W RS, R AR LID B 4 4 X X
PERIROCR B9 R m B (0], K BE AR 4, 2021, 37
(3):26-31, 73.

ZHOU X, GAO Y Q, WU D. Simulation on influence of
regional rain-flood control effect under different combina-
tions of LID measures[ J]. Water Resources Protection,
2021, 37(3): 26-31, 73.

Hoptsc, HAHUR, e, S5 R LID Bt B9 AR
Fe Ot 3k M AR Wi 75 Y il 2 R [0 ). R BT IR AR 9,
2022, 38(3): 168-173, 204.

RONG G W, GAN D N, LI S S, et al. Area proportion
optimization of different LID facilities and effect of runoff
pollution control[ J]. Water Resources Protection, 2022,
38(3): 168-173, 204.

EWE, AF, xR, %.OKET SWMM 3 IX LID
i B AR E [T ). REK LI 5 KRI B, 2017,
15(4): 39-43, 128.

WANG T, DIAO X M, LIU J, et al. Optimization of LID
layout proportions in old city area based on SWMM[ J].
South-to-North Water Transfers and Water Science &
Technology, 2017, 15(4) . 39-43, 128.

ECKART K, MCPHEE Z, BOLISETTI T. Multiobjective
optimization of low impact development stormwater con-
trols[ J]. Journal of Hydrology, 2018, 562 564-576.
B2 XIGEAL, MIHEAL. BT 5 WA AR 0 M
T A X A R R[], NRIRIT, 2018,
39(8): 99-105.

HUANG T L, LIU Z H, KE J C. Planning of low impact
development of an urban residential district in Guangzhou
based on SWMM[ J]. Pearl River, 2018, 39(8): 99-105.
FOERL, B, LT, 4F. BT SWMM Y LID %
i 2 (R A SR DAL 7 [ T]. 4k Hkk, 2021,
37(19) : 120-125.

DU Y E, HOU J M, MA H L, et al. Spatial pattern opti-
mization of LID facility based on SWMM[J]. China Wa-
ter & Wastewater, 2021, 37(19) . 120-125.

e dr, SRR, 25 HE . B AR TR ST N AR
55 S R BE ) PEAE [J]. BN R 2 ( T22 /),
2023, 44(2) . 30-37.

ZHANG J P, ZHANG 7Z Y, ZUO Q T. Urban waterlog-
ging simulation and emergency response capacity evalua-
tion with extreme rainstorms[ J]. Journal of Zhengzhou U-
niversity ( Engineering Science) , 2023, 44(2) . 30-37.
wEE, B, ERE, . TULE AR SWMM J5
HE T e HERL)]. ANRIKRIL, 2019, 40(12) . 37
-42, 69.

[13]

[14]

[18]

[19]

ZHANG S G, LYU M, JIAO C ], et al. Principle analysis
and application progress of storm water management model
(SWMM) [J]. Pearl River, 2019, 40(12) . 37-42, 69.

B, SkEEE, ARV, S BT AR IR Y S U
PP 5O B (1], P E %KoK, 2021, 37
(7): 114-120.

ZHAO Y, ZHANG J F, LI T, et al. Parameter sensitivity a-
nalysis and method comparison of rainfall runoff model[J].

China Water & Wastewater, 2021, 37(7) : 114-120.

XL, LT FR B0 Il T AR T AR AR AR S A
Frik[1]. AKHEK, 2009, 45(11) ; 213-217.

LIU X P. Parameter calibration method for urban rainfall-
runoff model based on runoff coefficient[ J]. Water &
Wastewater Engineering, 2009, 45(11) : 213-217.
BB, W2 E, Xk Rk, SF. Sk T SCHR B R o> A
fie o ST T RS B LR (U] RSB AR,
2020, 29(8) : 1634-1644.

YANG M Y, PAN X Y, LIU H L, et al. Urban non-
point pollution characteristics in China: a meta-analysis
[yl
(8): 1634-1644.

PVRRE. BET SWMM A58 A 365 2458 3ok i Nz I 5 . ARV
BWCRBI[D]. a2 P4 Tk R, 2023,

SUN K. Research on the application of SWMM model in

Ecology and Environmental Sciences, 2020, 29

sponge city; a case study of Fengxi New City[ D]. Xi” an:
Xi’ an Technological University, 2023.

TR N RILFNE s ik £ g iR, B AN K BT AR
#: GB 50014—2021 [ S]. 4t &t tf [ i % f
., 2021.

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Standard for Design of Out-
door Wastewater engineering; GB 50014—2021[S]. Bei-
jing: China Planning Press, 2021.

FIRAR, a3, BRI, 5. 5T SWMM B AL Ay I i
LTS LID OR VAN . RAE 5t 35 0 3 38 1)
[J]. KKk, 2016, 35(11) ; 84-93.

CHANG X D, XU Z X, ZHAO G, et al. Urban rainfall-
runoff simulations and assessment of low impact develop-
ment facilities using SWMM model; a case study of Qing-
he catchment in Beijing[ J]. Journal of Hydroelectric En-
gineering, 2016, 35(11); 84-93.

KONG F H, BAN Y L, YIN H W, et al. Modeling storm-
water management at the city district level in response to
changes in land use and low impact development[J]. En-
vironmental Modelling & Software, 2017, 95. 132-142.
XUAEHE . JTIT 2 T A U S e e LR E (D]
B, RBK, 2005.

LIU H X. The impact study on urban storm non-point

source pollution[ D]. Wuhan; Wuhan University, 2005.



94 N K F F W (T %R 2024 4

Assessment of the Impact of LID Facility Layout on Urban Runoff and Pollution Loads

DOU Ming', YAN Jiajia', WANG Cai’, GUAN Jian’, LI Guiqiu', HOU Jinjin*

(1. School of Ecology and Environment, Zhengzhou University, Zhengzhou 450001, China; 2. Nantong Branch, Jiangsu Province Hy-
drology and Water Resources Investigation Bureau, Nantong 226006, China; 3. Institute of Natural Resources Monitoring and Compre-
hensive Land Improvement of Henan Province, Zhengzhou 450018, China; 4. Changjiang Water Resources Commission of the Ministry

of Water Resources, Changjiang River Scientific Research Institute, Wuhan 430012, China)

Abstract; In view of the lack of studies on the impact of low impact development (LID) spatial layout on the con-
trol effect of water quantity and quality, Zhongyuan District of Zhengzhou City as a target area, its urban water
quantity and quality model with LID facilities was built based on SWMM model principle. Based on the empirical
value of urban comprehensive runoff coefficient and the actual situation of the area, Zhongyuan District was divided
into high, medium and low-density areas of urban buildings, and different proportions of LID (S1-S5) were de-
ployed in the high, medium and low-density urban areas, and the control effect of different spatial patterns of LID
facilities on water quantity and quality under different rainfall levels was calculated. The results showed that with
the increase of rainfall level, the total runoff reduction rate, peak flow reduction rate and TSS load reduction rate of
LID scheme continued to decrease. When rainfall levels were rainstorm, heavy rain and moderate rain, LID scheme
(S5) with a proportion of 35% , 35% and 30% were deployed in high, medium and low dense urban areas, and
the total runoff reduction rate exceeded 80% , the peak flow reduction rate exceeded 70% , and the TSS load reduc-
tion rate exceeded 50%. From the comprehensive index evaluation of water quantity and water quality in each e-
vent, the program had the best performance.

Keywords: SWMM model; spatial layout of LID facility; total runoff reduction rate; pipe section overload; TSS

load reduction rate
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Solving MTSP with Two-stage SA and GA Based on Spark

SUN Jian"?, LIU Pin', LI Hao', CHEN Pan'

(1. School of Computer Science and Engineering, North Minzu University, Yinchuan 750021, China; 2. The Key Laboratory of Images

and Graphics Intelligent Processing of State Ethnic Affairs Commission, North Minzu University, Yinchuan 750021, China)

Abstract; A two-stage KSAGA algorithm combining Spark-based simulated annealing and genetic algorithms was
proposed for the single-depot multiple traveling salesman problem with minimum total path length. In the first
stage, the multiple traveling salesman problem was split into multiple single traveling salesman problems by k-
means clustering, and the traversal order of cities in the group was optimized using the simulated annealing algo-
rithm. In the second stage, the classification of cities was optimized by genetic algorithm, and the cross-variance
operator as well as the hybrid local optimization operator were designed based on the chromosome grouping encoding
method to improve the search space and convergence speed of the algorithm. As the number of cities increased and
the computational scale became larger, the characteristics of genetic algorithm were used to realize the parallelism of
the algorithm in order to speed up the algorithm operation efficiency. Finally, the solution quality of KSAGA was
compared with that of ACO, GA, SPKSA, ALNS and NSGA-1I and the convergence speed of GA and NSGA-1I by
selecting some datasets of TSPLIB for simulation experiments. The results showed that KSAGA could converge
quickly in solving the single-depot multiple traveling salesman problem, and the solution quality was greatly im-
proved compared with other algorithms. Meanwhile, the advantage of KSAGA was more obvious as the number of
cities and the number of travelers increased.

Keywords: MTSP ; parallel; genetic algorithm; group encoding; local optimization operator



