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Application of Drainage Model in Design of Courtyard Sponge Transformation

Scheme
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Abstract; A design goal of a courtyard sponge transformation scheme in Changde was decided by
problem-oriented approaches. Catchments were divided based on the analysis of current terrain, and low
impact development (LID) facilities were set up based on the principle of source dispersed control and
addition of new drainage overflow facilities. After the scheme was determined, DigitalWater Simulation
was used as a tool, and long and short duration rainfall data and annual rainfall data with different return
periods were input to construct a sponge city planning drainage model. Hydrology and water quality were
evaluated afterwards. The results showed that the sponge transformation scheme of the courtyard was
reasonable and feasible. According to simulation results of rainfall data in a typical year, the volume
capture ratio of annual rainfall achieved 86. 3% and the removal efficiency of annual total SS was
48.5% , which met the requirement of sponge city construction goal.
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Fig.1 Layout diagram of sponge facilities

A B MU S A 3% 1 R SR A R T
AT BN 3 o AR AR I B A AT LK E 85 1%

4SS MRFF BT LK F) 48. 3% , 0] LI 2 H
PRgaE i 2K
F1 WAERENE5RT

Tab. 1 Statistics of rainwater runoff control volume

HEAR 73 DX I, — AN Ji 37 ) HE K 2R G800 3 2R 7 T 40 3
Fﬁ&i{‘o

T 208 DAL 7 5% T R TRk B D82 T 2 1 i
FIR“E & a7 ORI R KA. Bk

b KIE /Zgﬁfg LID % ﬁé@ﬁ ﬁiﬁ% %ﬁ;ﬂﬁi fl; SS
e Wi Ry By W | g |
£ m m’ mm {2/ %| /%
1 10.23]0.67 | 332 40 26.4 | 83.9 | 45.4
TN 2 10.15]0.61 | 275 29 31.5 | 87.6 | 47.1
3 10.26(0.75 | 307 55 27.7 | 84.8 | 47.3
4 10.24]0.62 | 431 56 38.3 | 92.5 | 52.5
5 10.18]0.63 | 321 38 33.2 | 88.7 | 49.8
6 (0.25]0.68 | 175 33 18.9 | 75.3 | 47.6
51H1.32] 0.67 |1 841 251 28.6 | 85.1 | 48.3
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Fig.2  Schematics of drainage system reconstruction
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Fig.3  Schematics of sponge city planning drainage model
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Tab.2 Parameters of LID facilities

INAS IR IX A LID 35 it R, PR 3 155 it
R — ALK XS HORE, 2 B0 E E 2 S %
SR BRI 2 PR

52 S MK AE R K% LA TH BN
2 KRB/ mm 300 10 200 600 20
FE A 55 % 0.85 0 0.9 0.75 40
iz 2T R 0.35 0.012 0.2 0.15 0.1
FHIYE R % 0.25 0 0.3 0.1 0
JELRE/mm — 280 — — 290
LB — 0.15 — — 0.15
)= Bk - 0 - - 0
FEKHEA/ (mm - h ') — 120 — — 120
JELRE/mm 400 — 300 300 —
FLBRLE 0.45 — 0.45 0.45 —
FH [R]45 7K it 434K 0.1 — 0.1 0.1 —
+ 42 HiZE 250 0.024 — 0.024 0.024 —
5Kk%/(mm - h™") 120 — 120 120 —
KR 5 — 5 10 —
7K 3/ mm 90 — 90 50 —
JELRE/mm 350 120 350 200 200
e LB 0.5 0.75 0.5 0.5 0.75
RS FEKHEA/ (mm - h ') 300 400 300 300 400
WEHT 0 — 0 — —
- HEk 2% 0.6 — 0.6 — —
iys ek %K 0.5 — 0.5 — —
(HKE) % =A% 5/ mm 100 — 100 — —
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HOKBE RSB & 1 K30 K3l 1 KB 3 R
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Tab.3 Hydrology and hydrodynamic parameters

R R L 3 R 40 o, T B AR ik
Horton #4575 ey SRR R A 0 6 1 K0k 8

B Ch W E X BUEYE NS
Width - K LK XRFAE 5 19.1~25.6 2.29A"*
Slope WK R RE/ P 0.1~0.5 GIS J5
Tmperv K XA B K LBl %o 30 ~65 GIS J5i%
N — imperv AKX ST R 0.011 ~0.015 GIS Jrif:
N - perv BRI =T R 0.2~0.5 GIS J5
Destore — imperv RNiB KX FEE R/ mm 1~2 GIS 7
Destore — perv BB X HEE R/ mm 2.5~3 GIS Ji:
% Zero — imperv TeEEEANBE AKX & L/ % 50 ~80 GIS Jrk
Conduit roughness IR ST R 0.011 ~0.024 Sy A
Max. infil. rate R FBE/ (mm-h™") 30 ~50 SEI A
Min. infil. rate /N TFBE/ (mm - h™') 2~5 S A
Decay constant BB E/h ! 2~7 S A A
Drying time SEE TR RV d 7~10 ST A
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Tab.4  Initial value parameters of water quality(SS)
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5 e
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Fig.5 Time distribution of 24-h rainfall with 30-year return

period
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Fig.6 Comparison of ponding area before and after
transformation
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Fig.7 Comparison of runoff hydrograph before and after
transformation
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