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Abstract The impermeable area is continuously increasing due to modern urbanization. The increase of
the impermeable area causes urban flooding when high-intensity rainfall occurs. To prevent such
flooding, various runoff reduction facilities are installed, and research is also conducted to overcome the
limitations in the facilities. In this study, the runoff characteristics of a permeable drainage system for
a 1-hour rainfall with a particular rainfall intensity were simulated using a three-dimensional numerical
simulation. The surface runoff and infiltration were computed using dimensionless variables derived with
dimensional analysis of variables to determine the effective rainfall. A unit hydrograph for the 1-hour
duration was derived. Based on the unit hydrograph, a synthesis hydrograph was derived for an arbitrary
rainfall, and the applicability of the procedure was evaluated by comparing the discharge hydrograph
to the numerical results. The peak discharges of the two methods were very close, with a ratio between
them of 0.996, and the total amount of surface runoff difference was evaluated. Thus, it is possible to
derive a highly accurate runoff hydrograph immediately with this very simple method. It is expected that

the runoff prediction for the permeable drainage system is performed in real time.
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Fig. 2. Deriving of 10 minutes unit hydrograph of
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rainfall (¢) 1 hour unit hydrograph (d) 10 minutes unit
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where S is surface runoff, K is permeability, D is

rainfall duration, and 7 is rainfall intensity
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Table 1. Variable of dimensionless expression of
relation about surface runoff

Variable Dimension
S (Surface runoff) [L]
K (Permeability) LT
D (Duration) [T]
/ (Rainfall intensity) LT

—Total rainfall
--Effective rainfall

I (mm/hr)
N
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Fig. 4. Effective rainfall hyetograph
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Fig. 5. Domain properties and Boundary for simulation
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Table 2. Domain properties

Domain Properties
Fluid domain Fluid water and air
Fluid water and air
Porous domain Permeability 107 m?
Porosity 0.35
Table 3. Boundary condition
Boundary Properties
Inlet Effective rainfall hyetograph
Outlet Static pressure: 0 Pa
Wall No slip wall
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Fig. 6. Comparison of surface runoff hydrograph

Table 4. Comprehensive study result

Synthesis Numerical
hydrograph analysis result

Peak flow 6.728x10°° 6.755x10° 0.996
discharge (m*/s) (m’/s) '

Toral 0.135 0.125 0.070

surface runoff

NSE 0.978

RMSE (m’) 2.873x10°
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