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Surface drainage removes excess water accumulated over the land surface in cropped area 

The sources of excess water  

o Rainfall local runoff  

o Incoming water from adjoining higher areas seepage flow  

o Excess irrigation water  

The design of surface drainage consists of two stage  

o Hydrologic design: Involves quantification of the excess water to be drained and the rate at 
which it is to be drained  

o Hydraulic design: The design involves calculating the drainage channel geometry and the 
drainage network layout  

 
Dr. D.R. Mailapalli 

Agricultural and Food Engineering 

Surface Drainage Design 



Estimation of Surface Runoff: 

a) Rational Method 
Widely known and the most commonly used empirical relation to estimate the peak rate of runoff: 

 =    

Where,  = peak flow (m3/s) ; =dimensionless runoff coefficient ; = rainfall intensity for a given 
return period. Return period is the average number of years within which a given rainfall event will be 
expected to occur at least once ;  = area of catchment (ha) 

Assumptions of Rational method 

Uniform rainfall intensity for a duration at-least equal to the time of concentration 

Uniform rainfall intensity over the entire area of the watershed 
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Example 51.1 
A cultivated area of 40 ha drains to a particular storm water inlet. The runoff coefficient for this drainage 
area has been estimated to be 0.4. Based on a specified design return period and the time of 
concentration of the drainage area, the design storm intensity has been determined to be 10 mm/h. What 
is the peak runoff rate from this area to be used for design of the storm water inlet? 

Solution:  =   360 
= 0.4 × 10 × 40360  = 0.44  m3/sec 
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Rational Method: Procedure  

Area of catchment- surveying or from maps or aerial 
photographs. 

The runoff coefficient C is a measure of the rain 
which becomes runoff.  

On a corrugated iron roof, almost all the rain 
would runoff so C = 1, while in a well drained 
soil, nine-tenths of the rain may soak in and so C 
= 0.10.   
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Hydrologic Design 
Rainfall intensity (I):  

According to the desired return period for the 
design of the structure under study 
The duration of the rainfall intensity is equal to the 
time of concentration of the runoff, Tc. 
Time of Concentration (Tc) using Kirpich equation: 
It is the time taken for the most remote area of the 
catchment to contribute water to the outlet.   =    0.0195  . .   

Where,  Tc is the time of concentration (min); L is the 
maximum length of flow (m); S is the watershed 
gradient (m/m) 
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Rainfall intensity (I):  
With Tc obtained for the catchment, decide on a 
return period.   
The return periods widely used for different 
structures:  

Field structures, 5-10 yrs  
Gully control and Small farm dams, 20 yrs 
Large farm dams, 50 yrs 

With the Duration equal to Tc and assumed 
return period, get an intensity value from the 
Intensity-Duration curve derived for the area. 

Hydrologic Design 
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Hydrologic design 
Example 51.2 
A catchment of 15 ha is composed of 5 ha of permanent pasture (Soil Group B) and 
10 ha of row crop in poor condition (Soil Group C). What peak flow is to be expected 
from a 1 in 5 year storm? The maximum flow length is 610 m, with a gradient of 2%. 
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Values of Tc using Rational Formula 

Solution: 
From Tc_Table or Tc_equation, Tc = 12 minutes 



Hydrologic design 
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Annual Maximum Series (Hypothetical Example Data.) 

From Rainfall intensity duration table 
(hypothetical illustration), Rainfall 
intensity 73.0 mm h-1 
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Coefficient of C values for USA 

Runoff coefficient C for permanent pasture  
(Group B, 5 ha ) = 0.14 
Runoff coefficient C for poor row crop  
(Group C, 10 ha) = 0.71 
 
Weighted value of C for whole water shed: 0.52  
 
Substituting in Rational formula: 
 
Qp = 0.0028 x 0.52 x 73.0 x 15 = 1.6 m3 s-1 



Hydrologic Design 
b) Cook's Method:  

Developed by the 
USCS 
Provides a simpler 
and more 
generalized, but 
similar approach to 
Rational Method 
Catchment size and 
conditions are 
accounted 
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Values () for Catchment Conditions Cook's method 

(10+5+5+5 =25) 



Hydrologic design 
b) Cook's Method:  

When a total of 
catchment condition 
values is made, the 
peak flow (m3/s) is 
estimated using the 
side table 
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Peak Flows (m³ s-1) According to Catchment Condition Total Values and Area Using 10 Year 
Probability High Intensities for Tropical Storms yyyy gggg pppp



Hydrologic design 
c) SCS-CN method 

The Method is based on the relations between rainfall amount and direct runoff.  
These relations are defined by a series of curvilinear graphs which are called "Curves".  
Each curve represents the relation between rainfall and runoff for a set of hydrological conditions 

 
The equation governing the relations between rainfall and runoff is: 

 
 Q = (P-0.2S)2 /(P+ 0.85*S ) 
 
Where Q = direct surface runoff depth in mm; P = storm rainfall in mm; S = the maximum potential 
difference between rainfall and runoff in mm, starting at the time the storm begins. 
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Hydrologic design 
c) SCS-CN method 

The parameter S is essentially composed of losses from runoff to interception, infiltration, etc. 
 
The US SCS calculates S by: 
  

 =  254 

 
CN is the "Curve Number", from 0 to 100.  
 
Curve Number 100 assumes total runoff from the rainfall and therefore S = 0 and P = Q. 
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Hydrologic design 
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Curve Numbers for Soils and 
Catchment Condition, Antecedent 
Soil Moisture Condition II 

Soil group A – Well drained sand or gravel, high infiltration rate 

Soil group B – Moderately well drained soil, moderate infiltration rate, with fine 
to moderately coarse texture 

Soil group C – Slow infiltration rate, moderate to fine texture 

Soil group D – Very slow infiltration, mainly clay material, relatively impervious 
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Hydrologic condition – good/fair/poor 
(rural land use only) 

Antecedent moisture condition (AMC) 

oAMC I – Dry soil 

oAMC II – Average soil moisture 

oAMC III – Wet soil 
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Example 51.3:  
In a 350 ha watershed the CN value was assessed as 70 for AMC III. 
(a) Estimate the value of direct runoff volume for the following 4 days of rainfall.  The AMC on July 1st was 
of category III. Use standard SCS-CN equations.  
 
 
 
 
 
(b) What would be the runoff volume if the CNIII value were 80?  
 
Solution:  
Given,  

CNIII = 70 = 25400 70 254 = 108.86 

 

Date  July 1 July 2 July 3  July 4  

Rainfall, mm 50 20 30 18 
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=  0.2  + 0.8 S  

 =  0.2 × 108.86 + 0.8 × 108.86  

 

           =  ..  For P> 21.78 mm  
 
 
 
  

 
    

Date P, mm Q, mm  

July 1 50 5.81 

July 2 20 0 

July 3 30 0.58 

July 4 18 0 

Total 118 6.39 
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     , = 350 × 10 × .  =  m3 

 
(b) Given, CNIII = 80 = 25400 80 254 = 63.5 

 =  0.2  + 0.8 S  

 
 =  0.2 × 63.5 + 0.8 × 63.5  

 
 

           =  ..  For P> 12.7 mm  
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Date P, mm Q, mm  

July 1 50 13.8 

July 2 20 0.75 

July 3 30 3.7 

July 4 18 0.41 

Total 118 18.66 

     , = 350 × 10 × .  =  m3 
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Hydraulic Design 
Refers to the calculation of geometrical elements of the drainage channel to carry the 
design runoff 

The geometrical elements of a channel 

bottom width 

depth  

Other essential information ( from standard sources/experience)  

stable side slope 

channel bed slope 

channel roughness parameter 

 



Design of Open Ditch 
Ditches should be designed to fulfill the following criteria  

should carry the design discharge  

should be stable  (appropriate side slope) 

Longitudinal side slope (non-scouring, non stilting velocity) 
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Design of Open Ditch 
The following procedure to be followed for designed of drainage ditch 

1. Estimation of discharge (Lecture #51)  

1. Rational method 

2. Cook’s Method 

3. SCS CN method 

2. Grade: 

1. Grade should have maximum possible value without exceeding permissible velocity 

2. Grade should not be so low as to allow silting and should be as  uniform as possible  

3. Table 1 gives the maximum permissible velocities in non vegetated canals for 
different soil conditions 
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Canal material Manning’s , n Velocity (m/s) 

Clear water Water with colloidal silts  Water with sand, gravel or fragments 

Fine sand, colloidal 0.02 0.45 0.75 0.45 

Sandy loam, non-
colloidal 

0.02 0.53 0.75 0.6 

Silt loam, non-colloidal 0.02 0.6 0.9 0.6 

Alluvial silts, non-
colloidal 

0.02 0.6 1.05 0.6 

Ordinary firm loam  0.02 0.75 1.05 0.68 

Stiff clay, very colloidal  0.025 1.13 1.5 0.9 

Alluvial silts, colloidal  0.025 1.13 1.5 0.9 

Fine gravel 0.025 0.75 1.5 1.13 

Coarse gravel, non-
colloidal 

0.025 1.2 1.8 1.9 

Cobbles and shingles  0.035 1.8 1.8 1.5 

Table:1  Maximum permissible velocities in non-vegetable canals  



Design of Open Ditch 
3. Cross-section 

1. For drainage purpose mostly the trapezoidal section is used (easy to construct and 
maintain)  

2. Cross-section of trapezoidal ditch is shown in Figure 1 and Table 2 gives stable side 
slopes for open ditches  

3. Size of the ditch can be determined using Manning's formula  =  1  

Where, V = the mean velocity of flow (m/s); R = the hydraulic radius (m), = D/4 for pipes flowing full; D = 
the actual internal diameter of the pipe (m); S = the hydraulic grade; n = roughness coefficient = 0.013 
for concrete pipes 
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Design of Open Ditch 
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Figure 1 – Cross-section of an open ditch 

Soil type  Side slopes  

Shallow channel  (< 120 
cm deep) cm deep) 

Peat and muck Vertical  0.25:1 

Stiff clay  0.5:1 1:1 

Clay and slit loam   1:1 1.5:1 

Sandy loam  1.5:1 2:1 

Loose sand  2:1 3:1 

Table:2  Side slopes for open ditches  

4. Spoil banks 

1.The excavated earth from the open ditch may be placed on one or both sides 

2.The berm width should be minimum 3 m   

3.Spoil banks should be provided with a flat side slope of 3:1 on the channel and 4:1 on the bund  
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Example 52.1:  
Determine the efficient trapezoidal section of a drainage ditch required to carry a peak runoff of 1.4 m3/s. 
the channel is constructed in alluvial silts. The bed slope may be assumed 1/3000 approximately as per 
exists topographical condition.  

Solution:  = ×   =  1  = ×  ;  ×  =  ×  
From Table 1, n = 0.020 ×  =  1.4 × 0.0201/3000 = 1.5336 
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From Table 2 a side slope of 1.5:1 is selected.  If b is the bottom width and d is the depth,  top width = b+3d.  Wetted perimeter,  = + 2 + (1. )  = + 2 3. ;                       = + 3.606  = + + × = ( + 1. ) ×   Hydraulic radius,  = ; =  =  ..      and 
   ×  =  . × ./ = 1.5336 (from previous slide) Therefore,    ( + 1. )  ..   = 1.5336  
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For side slope of 1.5:1,                        t = 0.667 = 33.69 , tan = 0.3038  For efficient section,   = tan = × 0.3028 = 0.  
Substituting this value of b in  ( + 1. )  ..   = 1.5336 (from previous slide) 

2. 2 2. 24.2116d = 1.5336 
=  1.53361.3262 = 1.156329 = 1.091 m = 0.6055;   = 0.61 m = 61 cm   
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Checking the velocity  =  =  . . × . × .. .  × .  = 0.5449 m  =   =  .  0.5449 = 0.609 m/s 
The velocity is less than the maximum permissible velocity (i.e. 1.05 m/s).  

Finally,  

Bed width = 61 cm 

Depth including free board = 1.30 m (included 20% free board) 

Side slope = 1.5:1   
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Example 52.2:  
Find the section dimensions  of the drainage channel to carry runoff from a 50 ha watershed with a 
drainage coefficient of 5 lps/ha. The given parameters are: channel bed slope, S = 0.2%; channel side 
slope , Z = 1; maximum permissible mean velocity, V = 0.6 m/sec and manning’s roughness coefficient, 
n = 0.025.  

Solution:    =  ×       = 50 × 5 = 250 lps = 0.25 m3/sec  

From Manning’s equations,  =  1    =  10.025 0.002 = 1.79  
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 =  10.025 0.002 = 1.79  

Hence,   = . ; = .. = 0.3352;  = 0.19407 

 

From continuity equation    = ×  =  =  0.250.6 = 0.4167 

Also,  = + = + 1 ×  0.4167 = +  
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0.4167 = +  = (0.4167 )
 

=  =  ++ ( + 1)  

Substituting for b in R and writing R = 0.19407 

0.19407 =  (0.4167 ) + 1 ×(0.4167 ) + (1 + 1)  

0.19407 =  (0.4167 ) +(0.4167 ) + 2.828   
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0.19407 =  0.4167 0.4167 + 1.828  1.1746 + 0.22796 = 0 

This equation has two roots 0.9269 m and 0.2477 m.  = ( . ) =  . 0.9269
0.9269 = 0.477  m  = ( . ) =  . 0.2477

0. = 1.434 m 

The first root is not feasible as it substitution in the area relation give negative b.  

Hence,  

b = 1.43 m    =  0.2477 0.248 = 24.8 cm 

Then,  th   ( ) = 1.43 × 0.248 + 1 × 0.248 = 0.416 m2 
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  = .. = 0.6 m/sec 

Adding a free board of 5% depth to the design depth.    =   24.8 + 24.8 × = 26.04 cm (or say 30 cm)       = + 2 = 1.43 + 2 × 1 × 0.3 = 2.03 m        = + = 1.43 × 0.3 + 1 × 0.3 = 0.519 m2 

The volume of earthwork per meter length of the drain for this cross-section is 0.519 m3  
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Adopted when the conventional surface drainage or subsurface drainage methods are not suitable 
due to technical or economic reasons. 

o Vertical drainage using shallow or deep wells or a shallow multiple well-point system 

o Biodrainage 

o Mole drainage 

 

The function is to achieve the same goals as those of the conventional drainage methods 

Non-Conventional Drainage Methods 
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Vertical drainage: 
o The drawdown in the case of subsurface drainage 

system is limited to a maximum depth of 2 m. 

o A tubewell dewaters the soil profile from much 
greater depths (20-30m)

Non-Conventional Drainage Methods 
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Vertical drainage:

Non-Conventional Drainage Methods 
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Vertical drainage systems may be more effective than existing lateral drainage systems. 
https://doi.org/10.3733/ca.v049n02p12 

Conventional drainage

Drainage System Costs for clay soil



Bio-drainage: 
o May be defined as “pumping of excess soil water 

by deep-rooted plants using their  bio-energy." 

 

o Plants transpiration is met primarily by 
withdrawing groundwater 

 

o Rice plants transpire quite heavily but the process 
is not called biodrainage because rice root system 
is shallow (30-40 cm deep) 

Non-Conventional Drainage Methods 

Dr. D.R. Mailapalli 
Agricultural and Food Engineering 



Bio-drainage: 
o Medium to deep rooted plants in a shallow water 

table region may act as small capacity tubewells 

 

o In case of tubewell drainage, the area 
encompassed by the tubewell network is 
available for normal crop production but in the 
case of biodrainage by a cluster of plants, the 
area within the cluster cannot be used for normal 
crop production 

Non-Conventional Drainage Methods 
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Bio-drainage: 
o Fast growing Eucalyptus species  

known for luxurious water 
consumption under excess soil  
moisture condition.  

o The eucalyptus trees bio-drained 
2022, 2830, 3021 and 2475 mm of 
water in 1st, 2nd, 3rd and 4th 
year at a groundwater salinity of 
12 dSm-1 (Chhabra and Thakur, 
1998) 

Non-Conventional Drainage Methods 
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No operational cost, as the plants use their bio-energy in 
draining out the excess ground  water into atmosphere 

Increase in worth with age instead of depreciation 

No need of any drainage outfall and disposal of drainage 
effluent 

No  environmental  problem,  as  the  plants  drain  out  
filtered  fresh   water  in  to  the  atmosphere. 

In- situ solution of the problem of waterlogging and salinity 

Helps in carbon sequestration and carbon credit 

Acts as wind break and shelter belts in agroforestry system. 

Bio-drainage over Conventional 
Drainage Systems 
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Mole Drainage: 
Mole drains are unlined circular soil channels which function like 
pipe drains in heavy clay subsoils 

 Why mole drainage? 

When natural drainage needs improving due to a 
heavy clay subsoil.  

Areas affected by salt-waterlogging 

They do not drain groundwater- only water that enters 
from above 

More sophisticated drainage system than open drains. 

Non-Conventional Drainage Methods 
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When to Mole drain? 
 
The soil in the vicinity of the mole channel needs 
to be moist enough (20-25%) to form a channel, 
usually occur in late spring or early summer.  
 
The surface soil needs to be dry enough to form 
cracks at the time of mole draining and allow 
traction.  
 
It is preferable for a drying period with no rain to 
allow the cracks to dry and the mole channel to 
harden. 



Mole Drainage Factors: 
Soils should have a minimum of 35% clay and less than 30% sand.   

Gradients fall between 0.4% and 4% (Good gradient =3%) 

Generally moles are pulled at 40–60 cm depth 

A rule of thumb is that the expander to mole draining depth ratio is 1:7 (i.e. a 70 mm diameter 
expander should have mole depth 490 mm) 

Spacing between moles should be between 2 to 5 m. 

Accepted maximum effective length of mole is about 200 m 

About 1 to 3 m long pipe should be inserted into the mole drain channel to prevent outlet 
destruction and soil erosion.  

Low-cost PVC pipe of 1 to 3 m size should be selected for outlet. 
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Other Factors 
Good fertilizer management practices such as not applying fertiliser 
within 4 days of predicted rain should reduce nutrient run-off to a 
minimum. 
 
Open drain outlets should be fenced off from stock and kept clean so 
the outfall is above the drain water level. 
 
Drainage trenches can outfall to dams so that more water can be 
harvested. 
 
Moles should be pulled at 2-3 km/hr to minimize disruption (tearing) 
of mole channels and increase mole life. 
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 
Land drainage Objectives: 

To bring land into production or  

To increase the productivity of existing cultivable land 

To evaluate benefits and costs of any projects/schemes 
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 
Costs of a drainage project: 

Initial or capital investments: canals, control works, ditches, pipes, pumps, land 
leveling, land clearing, farm roads, reallocation of existing structures, etc. 

Replacement investments:  

 Required in the future when capital goods come to the end of their technical 
 or economic lifetime. 

o Loss of existing property 

o Recurring costs of the maintenance works 

o Recurring costs of the operation and management of a scheme 

o Other associated costs 
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Benefits of land drainage: 
Tangible benefits: enhanced agricultural production, water supply for domestic or industrial 
use, etc. 

Intangible benefits: improvement in local environment, improved hygiene, better trafficability, 
etc. 

Computation of Costs and Benefits:  
Costs and benefits occur at different times during the project period 

Costs: Project construction 

Benefits: Project maturity 

Discounting is a device to bring costs and benefits occurring at different points of time on to a 
common base 
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 



ECONOMIC EVALUATION OF DRAINAGE PROJECTS 
Time Periods: 

Actual Life (AL):  

o Well maintained pipe drainage will have 50-100 
yrs of age 

Economic Life (EL):  

o Corresponding to a notional lifetime at the end 
of which project will get renewed 

o At the end of EL, the project cost is zero 
terminal value. 
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Project life, yrs
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 

Financial Life (FL):  

o Often imposed by lending agency 

o Repayment period of the loan taken from a lending 
agency 

o 10 yrs (very much shorter than EL and AL) 

o Project has terminal value at the end of financial life 

o Farmer expects the benefits equal or preferably 
exceed the cost arising during FL 
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1) Discounting Cashflow Method (DCF) 
Sum of money observed now is worth more than the same sum of money in 10 yrs. 

Example: 

Present value: Rs. 100; Interest rate: 10%; Value after 1 yr: Rs. 110;  

Discounting Factor: 100/110= 0.909 

Discounting is the inverse of charging compound interest, 

= +  

Where, DF = discounting factor, PL = life of the drainage project (years), and RI = rate of interest 
(fraction). 
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 



What is the 
present value, if 
the drainage 
project expects a 
benefit of Rs. 
10000/ha after 
20 yrs, at an 
interest of 10%. 

Present value 
=10000x0.149=Rs. 1490
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Computation of Costs and Benefits for Economic Analysis 



2) Computation of Annual Repayment: 
The annual repayment on the initial loan at a rate of interest and over a repayment period: =  

Here, PWF (present worth factor) is equal to:    =  1 + 11 +  

Where, F = annual repayment (�); IC = initial investment (�); RP = repayment period (years) 

RI = rate of interest (-) 
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 



3) Inflation Factor Computation 
The future costs and benefits are increased in value to take account of an assumed rate of inflation.  

Yearly inflation factor  (IF):  =  1 +  

Where, IF = inflation factor; IR = inflation rate (fraction); PL = Drainage project life (Years) 
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 



Indices for Economic Evaluation 
1) Net Present Value (NPV): 

NPV is the difference between the present value of benefits and costs  

It also known as Net Present Worth (NPW)  

Clearly, a positive value of NPV (or NPW) is desirable 

= ( )1 +   
 

Where, Bi = benefits in the ith year; Ci = cost in the ith year 
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2. Benefit-Cost Ratio (B-C Ratio) 

B-C Ratio is the present value of benefits divided by present value of costs  

For a project to be economically viable, the B-C ratio should be >1 

 =  1 +1 +  
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Example 54.1 (Cost Evaluation of Drainage Project) 

A farmer in India plans to drain an area of rough grazing land to enable it to be used as arable land 

Drainage System: 

    Pipe drainage + moling, construction cost  = � 52000/ha 

 Re-moling every seven years  = �  

 Maintenance every 5 years  = �  

Financing: 

 Bank loan over 10 yrs at 10% interest rate 

 Inflation: 5% over the life of the drainage project 

Benefits: Expected additional profit on arable land = �  
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 



Calculations (Results are tabulated) 

1. The annual repayment on initial loan of �
period is �  

  = ;        where =   

 

Where, F = annual repayment (�); IC = initial investment (�); RP = repayment period (years) 

RI = rate of interest (-) 

 

2. The future cost of moling 
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 



year Costs and Benefits at actual price (�/ha) Actual future costs and benefits with 5% inflation (�/ha) Percent values of future sums (�/ha) 

(1) 
Initial Loan Moling 

maintenance Benefits Inflation factor, 
5% Loan Moling 

maintenance Benefits Benefits-costs Discount factor, 
10% Benefits-costs NPV (col 11 

summated) 

 (2) (3)  
(From Inflation Table) 

(5)    (7) 
= (3)x(5) 

 
 

(9) 
-(7)-  

(From discounting 
table)  
(10) 

(11) 
=(9)x(10)  (12) 

1  9000 1.05  0  990 0.91 900.9 900.9 
2  9000 1.1  0 9900   1195.2  
3  9000   0   0.75   

  9000 1.22  0  2520    
5  1500 9000   1920 11520     

  9000   0      
7  2000 9000      0.51 719.1  

  9000   0 13320    11021 
9  9000 1.55  0 13950    13327 

10  1500 9000      0.39   
11   9000 1.71  0 15390 15390 0.35   
12   9000   0   0.32   
13   9000   0 17010 17010 0.29   

   2000 9000 2        
15   1500 9000   3120      

   9000   0   0.22   
17     9000 2.29  0   0.2   

     9000   0     50025 
19     9000 2.53  0 22770 22770    
20   1500 9000   3975   0.15   

Terminal value 10400 10400 Discounted 
terminal value 1560 58190 
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Inflation 
factor 
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3) The procedure for evaluating costs/benefits in any one year is explained in relation to year 6.  

The annual repayment is �  

The benefit of �
inflation to �  

The excess of benefit over cost of �
�  

 

of its installation cost or 0.2x5200= �  
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ECONOMIC EVALUATION OF DRAINAGE PROJECTS 



What is the 
present value, if 
the drainage 
project expects a 
benefit of Rs. 
10000/ha after 
20 yrs, at an 
interest of 10%. 

Present value 
=10000x0.149=Rs. 1490

Dr. D.R. Mailapalli 
Agricultural and Food Engineering 

Computation of Costs and Benefits for Economic Analysis 



The NPV is � �
considered 20 year economic life time period (ignoring the terminal value) 

discounting factor = �  

The present value of the costs after 20 years (similar calculation) = �  

The benefit/cost ratio after 10 years=  ((Benefits-Costs)+Costs)/Costs 

    = (cum col 11+cum.PVC)/cum.PVC 

     

 

 

Discussion 
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The benefit/cost ratio after 20 years (including terminal value)=   

     

 

From these indicators it appears that the project is financially viable in the short as well as in the 
long term. 

 

Discussion 
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Irrigation and Drainage
Lecture No:55  Tutorial: W11

Dr. DAMODHARA RAO MAILAPALLI
AGRICULTURAL AND FOOD ENGINEERING DEPARTMENT

IIT KHARAGPUR



Example W11.1: 
Find the section dimension of a drainage channel to carry runoff from a 50 ha water shed with a 
drainage coefficient of 5 lps/ha. The given parameters are channel bed slope, S = 0.2%; channel side 
slope, z=1; maximum permissible mean velocity, V=0.6 m/sec and Manning’s roughness coefficient, 
n=0.025.  

 

Solution:   = 5 × 50 = 250 = 0.25  m3/sec 

From Manning’s formula   =    

   0.6 =  .  0.002 ;                        0.6 = 1.79  
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=  .. ;  = 0.3350;   = 0.194 

 

From continuity equation = × ; = = ..  ; = 0.4167 

 

Also, for Trapezoid channel = + ; 0.4167 = + 1 × ; = ( . )   = = +  + ( + 1)  
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Substituting for b in R and writing R = 0.19407 

= ( . ) ×  ( . ) .  ;  = 0.4167 d ( . .  ) 1.1746 + 0.22796 = 0 

By solving above equation  = 0.9269 m and 0.2477 m 

Now substituting in equation to find a b value = ( . ) ; = ( . . ) . ;   = 0.477  

The first root is not feasible as it is substitution in the area relation gives negative b. 
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Hence, =  0.  0.248 = 24.8  = ( . ) ;  = ( . . ) . ;  = 1.43  
•   = 1.43 × 0.248 + 1 × 0.248   = 0.416 m2 

•  =  ..  
•  = 0.6 m/sec 

According to freeboard 5% depth to the design depth, the construction depth = 26 cm (or say 30cm)       = +       = 1.43 × 0.3 + 1 × 0.3       = 0.519 m2 

The volume of earthwork per meter length of the drain for this cross-section is 0.519 m3 
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Example W11.2: 
Calculate the peak rate of runoff for a 10 year recurrence interval from a drainage basin of 40 ha area. 
The land is flat (0-5% slope) and consists of cultivated clay soil. The maximum length of flow is 800 m 
and the difference in elevation between the most remote point and outlet is 7.5 m. Assume rainfall 
intensity is 6.5 cm/h.  

Solution:  ,  =  =  7.5800 = 0.009375 =    0.0195  . .  
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=    0.0195  . .  =    0.0195  800 . 0.009375 .  = 20.24  
 
From the table for arable land, 0-5% slope and clay soil, 
the value of runoff coefficient, C is 0.50.  =   360 =   0.50 × 65 × 40360  = 3.61 m3 /s = . ×  m3 /h (Ans.) 
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Example W11.3: 
Assuming an Interest rate of 5.5 percent, average cost for irrigation works �1,125 per hectare, total 
drainage cost of �875 per hectare, operation and maintenance annual cost �23.75 per hectare 

Distribution of acreages by economic land class 
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Class Hectares 
  

Net direct benefits by land class: 
(Annual benefit per hectare) in � 

Total annual benefit 
[hectares x annual benefit] 

1 96 181.25 17,400 
2 40 156.50 6,260 
2 120 107.75 12930 

total     �  

Average annual benefit = �36,590/256 = �142.93 per hectare 

Find an estimate of the economic feasibility over the 100-year life expectancy of the drainage 
system 



Solution:  

Present worth (PW of capitalized average annual benefit): 

PW = interest factor x annual benefit 

Pw=  x � �  

where: 

           n = number of interest periods in years, and 

           I = interest rate at which compounding takes place over the period, 12, expressed as a decimal 
fraction. 

Present worth of capitalized annual O&M costs: 

Pw =  x  � �  
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cost summary : 

                               Drainage = �  

                               Irrigation = �  

                               O&M = �  

                                Total = �  

Benefit-cost (B/C) ratio = =1.06 

Drainage projects having B/C ratios greater than 1 are generally considered feasible 
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