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Hydrological regulation simulation of rainwater runoff of bioretention based on HYDRUS-1D // ZHANG Wei'?,
WANG Haoyuan'*, ZHAO Yuhua'*, LI Simin'? (1. School of Energy and Environmenial Engineering , Hebei University of
Engineering, Handan 056038, China; 2. Hebei Technology Innovation Center for Water Pollution Conirol and Water
Ecological Remediation, Handan 056038, China)

Abstract: In order to study the hydrological regulation efficiency of bioretention facilities, a bioretention model was
established based on HYDRUS-1D, and the model parameters were calibrated through experimental data to verify the
reliability of the model. The verified model was used to carry out simulation experiments, and the influence of hydraulic
load parameters, aquifer height and initial water content on the hydrological regulation effect of bioretention was
quantitatively analyzed by using the total runoff and peak reduction rate, and the delay time of runoff and peak emergence.
The results showed that the maximum root mean square error of the simulated and measured values was only 0. 134, the
relative error was —2.28% to7.59% , the Nash-Sutcliffe efficiency and R” were both above 0. 8, and the simulation results
were reliable. Comprehensively considering the hydraulic load parameters, the bioretention with a confluence ratio of less
than 10:1 have a better control effect on the rainfall process with a return period of less than la and a rainfall duration of
less than 120 min. With the increase of the confluence ratio, return period and rainfall duration, the hydrological control
effect of facilities continues to weaken. Increasing the height of the aquifer will improve the hydrological regulation effect of
the bioretention. When the height of the aquifer increases from 0 em to 25 cm, the total runoff and peak reduction rate

increase by 86.16% and 96.74% , respectively, and the runoff generation and peak emergence delay time are extended by
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57. 8 min and 36.0 min, respectively. The increase of the initial water content will reduce the hydrological control effect of
the bioretention, the total runoff and peak reduction rate ranged from 49.32% to 54. 11% and 22. 84% to 45.37%

respectively, and the range of runoff generation and peak-occurrence delay time ranged from 24. 1 min to 25. 0 min and 1.0

min to 2.5 min, respectively.

Key words : bioretention; HYDRUS-1D; rainwater runoff; hydrological regulation
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Fig.1 Schematic diagram of bioretention facilities
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2.1 HESHREMEIE

AR5 12K 8 51 0 5l - A B DL 4 SR 1 W 45 A
JEE , AW A V8] 58 o AL J2 FIEUREZ XV B9 6, .6,
a.n K SERRDK IRAE SR, SRR ELIR IR 1.
RS HRE A RARABY, R R A 6 415 5 ik
RS AT SEME | 358 195 B IR AU 45 2R DL
F2, M2 WL, K RMSE 0. 038 ~0. 134, RE
H-2.28% ~7.59% ,NSE Jj 0. 849 ~0.999, R* Jg
0.894 ~0.999, FIABULT RS LM AR ILA —F,
REAVBLUSE SR AT SE

®1 RESHRELER

Table 1 Calibration results of model parameters

6./ 0./ K./
R : s oz/1 s
(em® »em™) (em® »em™)  em’ (em - min™)
MiE+ZE 0.083 0.453 0.010 1.466 0.016
B 0. 060 0.418  0.031 1.343 0.079

x2 HEETMHER

Table 2 Evaluation results of model

MEB: 5% RMSE RE/%  NSE R?
M1 0.110 5.84  0.849 0.894
ZEM M4 0.080  3.34  0.989 0.997
M7 0.134 7.59  0.915 0.992
M2 0.080 3.34  0.989 0.997
M3 0.038  0.20  0.999 0.999
M5  0.084 2.63  0.989 0.997
e M6  0.122  6.92  0.959 0.994
M8  0.052 -2.28  0.979 0.986
M9  0.131  4.23  0.970 0.994
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Fig.3 Hydrological regulation process of

bioretention facilities
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Table 3 Hydrological regulation simulation results

in different scenarios

R R _ .
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1 0.5 60 10:1 53.53 36.22 25 2
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3 2 60 10:1 32.01 2.60 20 0
4 5 60 10:1 25.05 2.00 16 0
5 0.5 30 10:1 70.24 57.37 15 5
6 0.5 120 10:1 42.33 3.36 45 0
7 0.5 180 10:1 37.94 2.72 65 0
8 0.5 60 5:1 100 100 60 36
9 0.5 60 15:1 35.85 2.87 21 1
10 0.5 60 20:1 26.11 2.10 18 1
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Fig.4 Hydrological regulation effect of bioretention

under different aquifer heights

- 106 -

2.3.3 wndbakE

mo ST 5 R BOM G, i B RO N
oK o8 i 78 K AW > o S35k H =10 em
F A Wit B it P =0.5a. T, =60min i =10: 1 1§
DU AN m B A i P B R AT 7 IR 0 A
PRHL my 735 15% 20% 25% 30% , A= 4 ik B8 1%
it 7K ST RSN AL S Frs o FEL S FT UL, 24 my i
15% “E 46 28 30% I, A i B8 Wt B, E, 73 0] K
49.32% ~54.11% 22.84% ~45.37% ,t, .t, 53 53K
24.1~25.0min 1.0 ~2.5 min, FfE Y0 B
mo WIANWIEE N, E AN K T E, A B B i, 24
mq >25% W R DB 10 P A, AR B2 e R s 1
T BRGS0, 1, BB TN, A ] R TR 2%
PET  mo AR, AR Wy i B B0 X T R 2K AR 3T ) 9 4
RO BT, 55 SR A A 1 AT SR B kR
Xof T T e Ml A8 UG AR 3N 1) S M A5 3] ) 2518 B AR
—H R AT S K R BRI, S ORE
[ (1 285 6 FIAR /N U A7 TR K A2 378 1 A R AL BR AR R AR
R w1 IR ABRES), REAE A BN BT
AR ] A K, DA T /bl e AR VA, 38 3 DA A8 Ik 1Y)
.

60

——F,
—~ F>
-
Soi\‘\‘—\‘
D\\C’ Y
ﬁ;40—
»_E_‘
30F
2053 20 25 30
mo/%
(o) Wl
30r —-— [
—— b

¥ o L

3
S
T

FER 8] /min

10+
51
073 20 25 30
mo/%
(b) HEIR A (]

ES5 AREYIREKEEYEBIZHEKEERE
Fig.5 Hydrological regulation effect of bioretention

under different initial moisture contents
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