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Tab. 1  Survey results in the study area

WRBKEM FREPMEIKE/mMm SR/ R/ EKMEFRUKEM A HEAEBUKR/m S HIWEHoK O E i/ m

5548 759 25490 60264

34823 1.09 5.56

2 REE

2.1 SWMM fa/~

SWMM & — X5 A RN /K AR I A 1, 7 [ P A
AL R 2 PO, K T A AR A A g
TP ARSI 2B ALK I K XA A AR 7K
SCHIG, VIARZ A K PR A TR M . SRR AL T m]
PEEENY T B 1158 7 & (Horton, Green-Ampt, SCS

2k ) M W —HEK sl 1R (R I a8 3hitk

AW o FETFT W X IR, ¥£$F Horton 1% KT
Bk, ERNCRR s A

SWMM #8E AU E T3 FUK B LAY 8 TR,
HRE 7 s K Sk H R P A BUK . 5 SR
K 3k Hyoo K T B K PE HopoBF, B 7K 3K 388 B R Hips
HEK A W Tt s UK, Fm Ry

Oou = % (Z O+ Z Qr+At) (D
90

80
70

g L
E60

=50t
&0l
¥ 30}
20}
10}

L] 20 ﬁ':*i%
R

KA Qo M T S S B, m/s; X001 X Qra T I N
Hle+ AciEZ0 B9 A5 i (R - i), ms.
22 &R AR H

HE T X el ] 300 Rl 30 a SRR B TR, SR
WS A T BT AR RICR B ek 72 h BT . 7E
n T Ty TR R AN N, F54F e K 72 h BT 2 /NIt
FFHERLES m T 2 KA A A =

m
P=

x100% m=1,2,---,n (2)
n+1

K P- T Y05 38 i R A7 3 2k, dd ok W C
C, M EL, 50 1006 J5c (R AR A0 36 1l 42, A N 19 A1
SRR SRS A S A A THE, AR 005 i £ T 15
AR 72 0 RN A [A)ER F A 9 X3 4k R A
Bie 2%, AT W I RR 23 T, AS [R) A0 315 1 2 W I A
Sy BCAR WA 1

............. Be .

0 246 8 10121416182022 2426 2830 3234 3638 4042 4446 4850 5254 5658 6062 6466 6870 72

FBE/h

E1 AREIARTRFRIE

Fig. 1 Design of rainstorm process with different frequencies

* 1198« H# Bk E L5 &



M4, % T SWMM BF R K /NI H 3 K 237 5 681

R FHE A 1 v R RIRH 7 2 ol D v 0 £, &5 24
Hiu g B KA AT K A7, AT AR HE B R AT S
DX A A TR T TOFE IXURSE , 6 3B HE K 1 B 30 182 8 4 i
Wi, UL 2. 5 XA AT W T SRR, TCHEB,
Jil i HbIE SR A 1:5000 P BV BCHE o AR 49 1] 38 W 1A
PTG, WCERERH 0.035, P E R T
SR o W T K 7 e R, 2 SRR 3

8 -

0 50 100 150 200 250
AL /m
2 iEHIEE

Fig.2 Schematic diagram of control section
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Fig. 3 Time series of water level at outfall
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Fig. 4 Schematic diagram of land use types in villages
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Tab. 2 Parameters of different land types

FH b2 A ST A/hm’ - E B RABH/(mmeh™) HF/MAB R (mmeh™) BB E 5 /% 2T R KN
JEAE A H 25.0715 4 50.8 7.62 50 0.150
KA 7.3219 4 101.6 10.70 20 0.012
AR 1.0045 4 76.2 3.81 80 0.120
AZ 38 FH Hb 3.3765 4 25.4 0.25 80 0.019
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Fig. 5 SWMM model map of study area
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Tab. 3 Basic parameters of drainage pipes
BN JEAR i /m BifE/m A5
gt SuRt| FAIE R 0.40 -%%0.55 F380.35 KR
Rk Y% VAR HARIEIE 0.50 0.90 K
B[ i STAREs| [SIAES 0.50 1550.60 T 5£0.30 K
HE TR A= 0.40 KU
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AHEKE A= 0.40 KU
i AY=RT ASHI [ 25 0.20 KR
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Tab.4 Survey of water accumulation table
20190811 20180706 20180820
XI5,
BUKHIFYm BUKGEE /m BUKHIAYm BUKIREE /m BUKHIBYm BUKBRE/m

1 7048 0.70 10564 0.70 2520 0.20
2 6658 0.50 9876 0.60 789 0.20
3 7669 0.60 8458 0.65 1975 0.20
4 2429 0.40 15946 0.60 2251 0.13
5 2787 0.3 5765 0.55
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Tab. 5 Model calibration comparison table

- 20190811 20190706
HHFUK R /m’ BB /m’ HAXHIR2E/% HEBUK i /m’ BEFUK i /m’ HAXF IR 2E/%

1 8959 8791 1.88 408 397 2.62

2 4136 3896 5.80 234 230 1.77

3 6515 6018 7.63 357 337 5.69

4 1703 1680 1.34 180 192 6.91

5 955 993 3.94 21
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Tab. 6 Calibration parameter table
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Tab. 7 Model validation comparison table

TACKIX 85 R E
<y
JEAE KW ANEKE 238
JEFE 0.10~020 0.011~0.015 0.08~0.18  0.015~0.023
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M 0.15 0.014 0.10 0.019
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PEAAFK b /m’ BULAUK hE/m’ FIXERZE/%
1 10395 10102 2.82
2 7240 7467 3.14
3 8084 8392 3.81
4 9099 8907 2.11
5 4806 4460 7.19

JaFl  0.012~0.016 0.010~0.013 0.011 ~0.014 0.016 ~0.033

WIBE(E 0.016 0.012 0.012 0.018
REH 0.016 0.012 0.014 0.017
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Fig. 7 Schematic diagram of simulation results of two-year rainstorm and waterlogging
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Tab. 8 Villages affected by design rainstorms of different frequencies

R FRAR SRR/’ e KUK R /m BUK S5 i RABK I ) /h B A /m EK AR/ %
54—l 5965 0.22 31 9.58 693 25
204 —i 16081 0.27 40 12.57 2342 48

P AR B 4% SR AT AT, R A T S AR — 8 BT
i E & T 8h2 9, BUK RN 5965 m’, e RBUK IR E
022 m, HSIPRHEPFRE AL T S — . Ml iE
20 4 — 1t 7% [ I, SRR 52 AR R, AROK N
16081 m’, fig KAUK RS 0.27 m, FUK 5 A8 2 4 4
AIOLE DLIE 7. FEAR AL, 2 A R HE K
1 EBAE T R AR, K e AR, IF
RARGS K445 B Bt HE B DI BE
3.2 HEEAR 2 AL

T AL BB AT, R HERT R R, #4
I YA RO HEPY 2 e 2, HLE K ok sE 4 A,
R, #0205 i DAk T 58 Sk Jmy 5 A YR 4 T8 RS IR,
(7] I 38518 58 3l o 126 30 O 25 5K
321 R A

DL 58 SRR S/ N R B b, W HE B R R AR AL
RERL, DA IR K AR T R A8 i, L
HEBFRE T 2 20 47— BARHE I LA A1, B KRR

IKGEEEAEIE 0.2 m, BUKKFEIA BT 1 h, #ESK R
BiA R BIALTT 5

U, = MinU (5
U = an+bl, + clyhyd, + dl. | hd, — hd, | (6)
max h < 0.2 (7
max ¢t < 1.0 (8)

K USRI RBA, J6; U N RBIAR, 7t a.
b, ¢, d 53K | HEKAE . HEKCRFHEK G
P EAS R 1, 1o 1 O HEAKAS | HEZK BE FHEZK
WA B, mj by, b3 51 R HEK R FHEK A DAL
JE IR EE, my dy. dor R HEZK R FHE K W AR 5
PITREE, my b d 535 A HTHEK 18 AR B RN T
max h i R BUKE B, m; max ¢4 F RBUKET ], he

BRERR A2 TR A, A s AT 4,
BERPIAT & AR R, I AR, v
HA T AR T S AT %6, W3R 9.
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Tab. 9 Optimization scheme enumerate and analysis table

204F— I BHLILE AR

UIES ST A A etk gAs /e
FRBUKIH/m R RBUKI /b
ES 0.25 2.3 w 159520
Y 0.25 2.1 ) 194450
JI%E3 0.24 1.8 g 209430
Ji %4 0.22 1.7 i 234760
TS5 0.22 1.4 ) 251070
Ji%6 0.21 1.3 g 271860
VE Y 0.21 1.1 i 283930
Tr58 0.20 1.0 2 344120
VE 0.15 0.8 = 364460
Jr%10 0.10 0.5 = 394120
ESN 0.09 0.5 2 424750
TiR12 0.07 0.4 P 442670
ESK 0.05 0.3 b 496790
ESL 0.02 0.1 = 552140
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Tab. 10  Optimize before-after comparisons

SAE— BT

204F— BT AR

MBUKIE B RBUKE BUKED SRKBUKITEY FAWAAR, BRUKE FRBUKGR BUKS ERBUKIE), BRKbRIHZ/

m’ m g h % m’ m K h %
RALHT 5965 0.22 31 9.6 25 16081 0.27 40 12.6 48
efb)s 417 0.09 22 0.2 74 5353 0.18 33 0.9 93
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Fig. 8 Comparison of optimization results of ponding points
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Abstract: The specific requirement of the major historical task of building a new socialist countryside is
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constructing beautiful countryside. However, frequent waterlogging disasters restrict the economic and social
development of the small villages and towns in the plain areas in China. Therefore, it is particularly necessary to
strengthen the flood control and drainage capacity of the small villages and towns in rural areas. The drainage
system inside and around the village is an important measure for flood control and waterlogging removal, which
needs to be scientifically evaluated and optimized. However, recently, there are few studies on the drainage system
in rural plain areas. The stormwater management model is an open-source model developed by the U.S.
Environmental Protection Agency. It has been applied to storm runoff and drainage simulation by researchers for a
long time.

A typical plain village is chosen as the research object to explore a scientific and convenient method to evaluate
and optimize the drainage system of small villages in the plain area. First, the basic situation, drainage system, and
historical waterlogging disasters of the village are investigated , and remote sensing images of the region are
referenced. This survey considers various situations such as the siltation of peripheral rivers and pipes and canals. 30-
year rainfall observation data of the surrounding area is collected. Frequency analysis method is used to calculate the
maximum 72-hour rainfall with different frequencies and predict the rainstorm time through the distribution table of
rainfall patterns in the basin. A stormwater management model suitable for this village is established based on the
investigated data. Most parameters in the stormwater management model are measured to avoid calibration.
However, the roughness parameters and the impervious area ratio in the model are very sensitive and need to be
calibrated accurately to ensure the accuracy of the model simulation. The historical waterlogging disaster data are
used to calibrate and verify the model. This model is used to simulate and evaluate the village waterlogging in
different rainstorm return periods. According to the simulation results, some targeted optimization measures are
proposed, and the optimization effect is also analyzed.

The results show that the village has been affected by the once-in-five-year rainfall. Its maximum ponding time
is up to nine hours and the maximum volume is nearly 6 000 cubic meters. Through the analysis, it is revealed that
the main drainage channel is overloaded and the detention tank has not been effectively utilized. Given the above
problems, some optimization measures, such as digging deep trunk and drainage channels with high drainage
pressure and increasing the connectivity of the detention tank are put forward. After optimization, the disaster
situation of the village is effectively alleviated. The maximum ponding time is reduced to 0.2 hours and the
maximum ponding volume is reduced to 417 cubic meters. Under different rainfall conditions, the optimized
ponding time and ponding volume of the village have been effectively improved.

Furthermore, taking the typical villages in the plain area of Shandong Province as an example, this study the
village waterlogging simulation model is established by SWMM model. The drainage capacity of the village is
evaluated, and a practical and effective optimization scheme is put forward. Thus, some conclusions can be put
forward. The waterlogging situation of this village can be better reflected by the waterlogging model based on the
stormwater management model. There are many weak points in the drainage system of villages, and the ability to
prevent waterlogging is low. However, through targeted optimization measures, its ability to prevent waterlogging

can be effectively improved.

Key words: flood disaster; SWMM; plain area; drainage system; evaluation and optimization
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