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DrainFlow 

 

Modules: 

• Overlandflow                     2D Saint-Venant equations 

• Channel flow (CIDR)       1D Saint-Venant equations 

• Subsurface flow (SSM)  3D Richards equation 

• Tile drain (CD)                 1D Saint-Venant equations 
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DrainFlow 



Some other Examples to test the DrainFlow 



Infiltration excess runoff benchmark  
(low hydraulic conductivity)  

0

1

2

3

4

5

6

7

8

9

10

0 50 100 150 200 250 300

qir/Ks = 4.67 and 47.6  

1m 

4m 

Sx = 0. 05% 



Saturation excess runoff benchmark  
(high permeability)  

Sx = 0. 05% 

Initial water table 1 and 0.5 m 



qir=5.5e-6 (m/s ) 
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Slopes 
  Ground surface:     0.001%  
  Tile drain:                0.01% 
 
Manning’s roughness coefficients  
  Ground surface:      0.059 m1/3/s 
  Tile drain:                 0.025 m1/3/s 
 
Soil hydrodynamic properties 
 Ks= 7.71e-6  and 7.71e-7 (m/s) 
  Ss =5e-4m-1 & ϕ=0.4 
  nvan=2.0 & α = 1 (m-1) 
  Sres= 0.2 & Ssat=1 

 
 
 
 
 

 
 

 

Tile drain 

100 (m) 

Iwt= 2.9 (m) 

qET=2.75e-7 (m/s)  

20(cm) 

Application of DrainFlow to synthetic 

tile drainage examples  
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(a) Saturation excess 
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(b) Infiltration excess 
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Overland flow and tile drain hydrographs 

Saturated excess scenario Infiltration excess scenario 



qET/Ks=0.05 

qir/Ks=7.5 & 0.75 
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Drain spacing: 
 100, 50, 25 and 12.5m 

Iwt= 2.9 (m) 

20(cm) 

Manning’s roughness coefficients  
Ground surface:      0.059 m1/3/s 
Tile drain:                 0.025 m1/3/s 
Main drain:              0.018m1/3/s 
 
 
 
 

Soil hydrodynamic properties 
Ks= 7.71e-6  and 7.71e-7 (m/s) 
 Ss =5e-4m-1 & ϕ=0.4 
 nvan=2.0 & α = 1 (m-1) 
 Sres= 0.2 & Ssat=1 

Slopes 
Ground surface:     0.001%  
Tile drain:                0.01% 
 



Overland flow and main-drain hydrographs for the 10 tile drains  
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(a) Infiltration excess  
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(b) Saturation excess  

Overland flow

Main drain

Rainfall Evapotranspiration  
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10 Drains (100m drain spacing)
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(b) Main Drain 

80 Drains (12.5m drain spacing)

40 Drains (25m drain spacing)
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10 Drains (100m drain spacing)

Rainfall Evapotranspiration  

Comparisons between DrainFlow results for (a) overland flow and (b) tile drain hydrographs 

for saturation excess runoff condition, for various tile drain spacings. 



SCS-CN methodology 
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SCS-CN methodology 

• The SCS-CN formula is a lumped 
based approach that calculates the 
total direct runoff from a storm 
event. 

 𝑸𝑸 = 𝑷𝑷−𝑰𝑰𝑰𝑰 𝟐𝟐

𝑷𝑷−𝑰𝑰𝑰𝑰+𝑺𝑺
   when   𝑃𝑃 ≥ 𝐼𝐼𝐼𝐼,  

 𝑸𝑸 = 0         otherwise 
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𝑺𝑺 =
𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐
𝑪𝑪𝑪𝑪

− 𝟐𝟐𝟐𝟐𝟐𝟐 

𝑰𝑰𝑰𝑰 = 𝝀𝝀𝑺𝑺  𝝀𝝀 = 𝟐𝟐.𝟐𝟐 
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Initial Water Table 

Overland Flow Surface 

Ground 
Surface 

Manning’s roughness coefficients  
Ground surface:      0.059 m1/3/s 
Channel      
0.025 m1/3/s 

Soil hydrodynamic properties 
Ks= 7.71e-6  and 7.71e-7 
(m/s) 
 Ss =5e-4m-1  &  ϕ=0.4 
 nvan=2.0  &  α = 1 (m-1) 
 Sres= 0.2  &  Ssat=1 

Ground Slopes 
Sx:     0.001%  
Sy:      0.01% 
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A comparison between the 
DrainFlow and SCS-CN 
methods in a hypothetical 
V-catchment 
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DrainFlow results 

Infiltration  

fc= steady state infiltration rate  
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Sy:      0.01% 
 

Land Surface Recharge 

Possible cases with a 
zero steady state 
infiltration rate 

fc=0  
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SCS-CN generalisation 
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𝑸𝑸 = 𝑨𝑨 𝑷𝑷−𝑰𝑰𝑰𝑰 𝟐𝟐

𝑷𝑷−𝑰𝑰𝑰𝑰+𝑺𝑺
   when   𝑃𝑃 ≥ 𝐼𝐼𝐼𝐼,  

 𝑸𝑸 = 0                    otherwise 
 
 
A=1       When fc=0   
0<A<1         otherwise 

Thanks  
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