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A Development of Method for Surface and Subsurface Runoff Analysis

in Urban Composite Watershed (I)
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Abstract

Surface-subsurface interactions are an intrinsic component of the hydrologic response within a
watershed. In general, these interactions are considered to be one of the most difficult areas of the dis—
cipline, particularly for the modeler who intends simulate the dynamic relations between these two major
domains of the hydrological cycle. In essence, one major complexity is the spatial and temporal variations
in the dynamically interacting system behavior. The proper simulation of these variations requires the need
for providing an appropriate coupling mechanism between the surface and subsurface components of the
system. In this study, an approach for modelling surface-subsurface flow and transport in a fully
intergrated way is presented. The model uses the 2-dimensional diffusion wave equation for sheet surface
water flow, and the Boussinesq equation with the Darcy’s law and Dupuit-Forchheimer’s assumption for
variably saturated subsurface water flow. The coupled system of equations governing surface and
subsurface flows is discretized using the finite volume method with central differencing in space and the
Crank-Nicolson method in time. The interactions between surface and subsurface flows are considered
mass balance based on the continuity conditions of pressure head and exchange flux. The major module
consists of four sub-module (SUBFA, SFA, TA and NS module) is developed.

Keywords : surface flow, subsurface flow, interaction, coupling, rainfall-runoff analysis module
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Table 1. Comparison with Surface, Subsurface and Infiltration Analysis of Distribute Models in Domestic and

Foreign
Flow
Analysi
VSIS Surface Runoff Infiltration and Subsurface Runoff
Models
* Analysis of SCS-CN . B
AGNPS * Analysis of Peak Flow Using SCS, CN . .
D . *Don’t simulation for horizontal subsurface flow
Empirical Equation or TR-55
* Manning and Continuous’s Explicit * Infiltration Analysis according to Modify
ANSWERS Method Holtan-Overton
* Simple Runoff CN
DWSM * Kinematic Wave * Smith-Parlange Infiltration Procedure
* Kinematic Storage
* Runoff Contribution Area *Linear and Non-linear Formular Relation to
GSFLOW (Contribution Ratio) HRU
* Green-Ampt
GSSHA * 2D Diffusive Wave * Multi-layered Green—-Ampt
(Finite Difference-Explicit Method) * Green—Ampt with Redistribution
*1D Vertical Richards equation
. . * Kinematic Wave
Hydro-BEAM | * Kinematic Wave +Linear Storage Method
* Approcimation Diffusion Wave
Equation of Saint-Venant S .
Hydrosphere - Equation of Mass Balance and Saint-Venant Equation
Conservation of Momentum
* Green—-Ampt
HyGIS-GRM | * Kinematic Wave *Beven eq. (1981)
* Simple Storage-Discharge Model
. . * Smith-Parlange Infiltration Procedure
KINEROS2 Kinematic Wave *Don’t simulation for horizontal subsurface flow
+9D Diffusive Wave * 1D Finite Difference (Gravity Flow, Richard’s q)
MIKE-SHE (Finite Differential Method) *2-Layer Hydrologic Balance
*Net Recharge
™ . . . * Green-Ampt
Vilo 1D KWA (Kinematic Wave Analogy) *Don’t simulation for horizontal subsurface flow
precipitaﬁon Itetictian Precip]taﬁon Impermeable Soil
Subsurface Flow
(a) Pervious Area (b) Impervious Area
Fig. 1. Runoff Processing in Pervious and Impervious Area
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Table 2. Comparison with Coupling Models of Practicable Surface and Subsurface Runoff Analysis

Field Developer or Researcher Model Name Surfae" Subsurface® | Interaction®
Strelkoff et al. (1998); SRFR/
U.S.Arid-Land Agricultural Research WinSRFR 1D ZI EA DU
Center (2006) n
Utah State University (1999, 2003) SIRMOD 1D EA DU
a v ’ KW/ZI/HD
Katopodes and Strelkoff (1977) 1D HD EA DU
Singh and Bhallamudi (1996, 1997) 1D HD EA DU
Irrigation
Akanbi and Katopodes (1988) 2D HD EA DU
Zerihun et al. (2003) 1D ZI EA DU
Zerihun et al. (2005 a,b,c) 1D ZI 1D R IC
Schwankl et al. (2000) 1D 71 EA DU
Abbasi et al. (2003 a,b) ZIMOD 1D ZI EA DU
Whling et al. (2004, 2006) 1D 71 2D R IC
. 1D
U.S.Army corps of Engineers (2000) | HEC-HMS KW/ TL/UH EA DU
VanderKwaak (1999) InHM 2D 3D R FC
Watershed [ day and Huyakorn (2004) MODHMS | 1D+2D HD 3D R FC/IC
Refsgaard and Storm (1995) MIKE-SHE 1D+2D 71 1D R/EA UC/DU
Bixio et al. (2002) 1D 71 3D R ucC
Fiedler and Ramirez (2000) 2D HD EA DU
Gandolfi and Savi (2000) 2D HD 1D R ucC
. . 1DS1DSS/
Singh and Bhallamudi (1998) 1DS2DSS 1D HD 1D/2D R ucC
Smith and Woolhiser (1971) 1D KW 1D R ucC
Subsurface | Govindaraju and Kavvas (1991) 1D ZI 2D R IC
Liang et al. (2007) 2D HD GW FC
Gunduz and Aral (2005) 1D HD GW FC
McDonald and Harbaugh (1988) MODFLOW VB GW DU
Cheng and Anderson (1993) MODFLOW VB GW DU
Council (1999) MODFLOW VB GW DU
Other Kouznestov et al. (2007) 1D HD 3D R 1IC
D Surface - 1D : one-dimensional, 2D : two-dimensional, 71 : zero inertia, KW : kinematic wave,
HD : dynamic wave (hydrodynamic full inertia), TL : time lag, UH : unit hydrograph,
VB ! mass volume balance
'%) Subsurface - EA : empiric or algebraic, R : Richards’ equation, 3D : three-dimensional, GW : groundwater
@ Interaction Method - DU : degenerated uncoupled, IC : iterative coupling, FC : full coupling, UC : uncoupled
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Fig. 2. Numerical Concept Diagram of Surface and Subsurface Flow

Table 3. Composition of Module

Compositon of Module

Descriptions
Module Feature Module Name
Subsurface Flow Boussinesq Equation Using Darcy’s law and Dupuit-Forchheimer
. SUBFA .
Analysis Assumptions
Surface Flow Analysis SFA 2-Dimensional Diffusion Wave Model
Interaction IA Interaction Method of Surface and Subsurface Using Mass Balance
Numerical Solution NS Numerical Solution uses the finite volume method with central
differencing in space and the Crank-Nicolson method in time
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Fig. 3. Mass Balance of Rainfall, Subsurface Flow and Surface Flow
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