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Design of channels 

Introduction 

 For carrying water from the canal head works to the field, a well-

designed distribution system consisting of a network of canals is required. 

The canals taking off from a canal head works carry the water to far off 

place for various purposes, such as irrigation, hydropower and navigation.  

The capacity of irrigation canals depends upon the water requirements of 

the corps and the area irrigated. 

Canal can be defended as an artificial channel constructed on the ground 

to carry water from a river or another canal or a reservoir to the fields. 

Usually, canals have a trapezoidal cross-section.  

Types of canals 

The canals can be classified in to different types based on different 

criteria: 

a) Classification based on size. 

b) Classification based on canal surface. 

c) Classification based on purpose 

d) Classification based on alignment. 

a) Classification based on size: based on the size, the canal can be 

divided in to the following types: -  

1. Main canal. 

2. Branch canal. 

3. Major distributaries. 

4. Minor distributaries. 

5. Water course. 

1- Main canal: main canal is the largest canal in the system. It takes 

off directly from canal headwork, which maybe a diversion 

headwork's, or storage headwork. 

L.M.C أو   R.M.C  أماهناك  

Sometimes there are two or more main canals on either side. 
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2- Branch canal: A branch canal takes off from a main canal or 

another branch canal. (carry discharge higher than    /sec). 

3- Major distributaries (0.25 to    /sec). 

4- Minor distributaries or minor (less 0.25   /sec). 

5- Water course (or filed channels or gulls): Watercourse are small 

channels which take water from a branch canal, a major 

distributaries or a minor distributaries and supply it to the 

agricultural fields.   

B) Classification based on canal surface:  

1. Lined canals. 

2. Unlined canals. 

1- Lined canals: A lined canal is the one which has it surface lined with 

an impervious material on its bed and sides to prevent seepage of water. 

Therefore, the seepage losses in a lined canal are small.  

2- Unlined canals: An unlined canal is the one, which has the surface of 

the natural material though which it is constructed and it is not provided 

with a lining on its surface. The seepage losses are large. 

c) Classification based on purpose: based on the purpose served:  

1. Irrigation canal. 

2. Power canal. 

3. Navigation canal. 

4. Water supply canal. 

5. Feeder canal. 

6. Carrier canal. 

7. Multipurpose canal. 

 

D) Classification based on alignment: 

1. Watershed (or ridge canals). 

2. Contour canals. 

3. Side slope canals. 
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1- Water shed: the canal which is aligned along a watershed (or ridge) is 

called a watershed canal, it can irrigate on both sides of the ridge by 

gravity.  

2- Contour canals: A contour canal is aligned almost parallel to the 

contours of area. 

3- side-slope canals: a side-slope canal is aligned at right angles to the 

contour lines along the side slopes of the terrain. 

 

Design of channels 

The design of the canal is mainly governed by the quantity of silt in the 

water and the type of boundary surface of the canal. 

Shape of cross-section of the canal. 

A. rectangle        

 

B. triangle 
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C. trapezoid 

 

D. semi-circle 

 

E. parabola 

 

 

 

Canal cross-section 

b = bed width (m) 

Ws = water surface width (m) 

Y,d = water depth (m) 

D = total depth of the canal (m) 

1:z = side slope of the canal 

F1,F2 = free board (m) 

S = longitudinal slope  

Water way: the part of the canal cross-section in which the water flow. 

Berm: the area between the canal cross-section and the side embankment 

used as a road or for maintains. 
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F1: the distance between the water surface and the canal surface used for 

the protection from overtopping (flooding). 

F2: the distance between the canal surface and the embankment level, 

used for protecting from flooding. 

Basic design assumption (simplified assumption).  

a. The flow is due to gravity. 

b.  The flow is uniform and steady state. 
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Depending upon the up factors, the irrigation channels can be broadly 

classified into the following types: 

1. Rigid boundary channels. 

2. Non- alluvial channels. 

3. Alluvial channels. 

1. In the rigid boundary channel, the surface of the cannels is lined .The 

quantity of silt transported by such channels remains more or less the same as 

that has entered the channel at its head. In such channels, relatively high 

velocity of flow is usually permitted which does not allow the silt to get 

deposited. 

2. The non-alluvial channels are excavated in non-alluvial soils such as loam, 

clay, etc .Generally, there is no silt problem in these channels and they are 

relatively stable. 

3. The alluvial channels are excavated in alluvial soils, such as silt. The silt 

content may increase due to scouring of bed and side of the channel. 

Design of lined canals. 

A lined canal is a rigid boundary channel. A lined canal decreases the seepage 

loss and, thus, reduces the chances of water logging. 

A lined canal provides safety against breaches and prevents weed growth, 

reducing the annual maintenance cost of the canal. However, the only factor 

against lining is it cost. 

Type of lining. 

1. Concrete lining. 

2. Precast concrete lining. 

3. Brick lining, etc. 

However, the maximum permissible velocity is relatively high. Table (1.1) gives 

the values of the maximum permissible velocity usually adopted in practice. 
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Table 1-1 maximum permissible velocity 

No TYPE of LINING Max velocity(m/s) 
1. Boulder lining 1.5 

2. Brick tile lining 1.8 
3. Cement concrete lining 2.7 

 

 Water logging when the pores of soil within the root zone of plant gets 

saturated  and the  normal growth of the plant is affect due to in 

sufficient air circulation . 

  

Design By Trial And Error Solution. 

The design of lined canal is usually done by Manning's formula. The value of 

Manning's coefficient (N) depends upon the type of lining. The higher 

values are for relatively rough surface and the lower, for smooth surface. 

   
 

 
         

                                                  
 

 
         ( ) 

Where: 

Q= max. discharge for a given (A) where the p is min.  (m3/s) 

A: cross-sectional area (m2) of flow. 

P: wetted parameter (m).  

S: longitudinal slope (m/m).  

R: hydraulic radius (m). n: Manning's roughness coefficient.                                        

n: 0.015   for lined canals with concrete. 

For trapezoidal section  

  (    )                                                 p=b+2y*√     
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Cross-section of lined canals: for the most economical section, the hydraulic 

radius (R) should be a maximum. Theoretically, a semi- circular section is the 

best section for an open channel. However, it is not practicable to a depot this 

section. From the practical considerations, a channel of trapezoidal section or 

triangular section is usually selected. The corners of these sections are 

rounded to increase hydraulic radius 

  

 (a) Side slope 

The side slopes depend on the properties of the material thorough which the  

channel is to pass.  

Table (1-2) show Sui table side Slopes for channels  excavated through different 

types of material 

Side slope (H:V) Material NO 

N early vertical Rock 1 
0.25:1 Muck and Peat                   2 سماد حيواني و فحم 

0.5:1  to  1:1 Stiff clay or earth with concrete lining 3 

1:1 Earth with stone lining 4 
1.5 : 1 Firm clay 5 

2: 1 Loose, sandy soil 6 

 

Side slope for the canals should be assume 1V = 1.5 H 

Note: Side slope for small lined canal, which has depth less than (0.7m), is 

taken (1:1) (for water course) 

1 

y 
1 

z 

b 
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(b) Longitudinal Slope    S 

Assumption 

 Uniform flow, 

  longitudinal slope should be suitable to prevent the growth of grass and 

sedimentation of silt 

  min = 0.00015 Q-0.2 متوسط الناتج                                                   تؤخذ  

  max = 0.00025 Q-0.2 

Q = full supply discharge in(m3/s)Plus (10%)for over flow 

Note: For water course the longitudinal slope should be (10-60 cm/km) 

The slope of an irrigation canal is generally less than the ground slope in the 

head reaches of the canal, hence, vertical falls have often to be constricted. 

Power houses maybe constructed at these falls to generate power and, thus, 

irrigation canal can be used for power generation also. 

(c) Minimum permissible velocity  

 

 Velocity with sedimentation basin at the head of the system 

  V min =0.33 Q0.2      (m/s) 

  Fr= 
 

√  
     

Fr = Froude number. 

 Velocity without sedimentation basin at the head of the system 

V min =0.5 Q0.2      (m/s) 

To avoid damage to the lining, the maximum velocity is restricted to (2m/sec). 

In general velocities of (0.7 -1 m/sec) will be adequate for prevent 

sedimentation as well as growth of vegetation if the sediment load is high. 

(d)  Bed-width and depth of water ratio (b/y) 
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  ⁄  (   )  for discharges Less than (10m3/s) 

 مالحظات عامة

Triangular section is usually adopted for channels of discharge less than 50 

m3/sec  

                                                                          

 

                                                   R=D                        

   in radians           

          

  

 

 

The radius of the bottom is equal to the depth of water (D). The angle in the 

center is (  ) 

A= (𝜋  ) (   𝜋⁄ )   (
 

 
       ) 

A= D2(      ) 

P=  𝜋  (   𝜋⁄ )          

P= 2D (      ) 

 

 

𝜃 

 𝜃 x 
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The trapezoidal section for the lined canals with discharge greater than 50 

m3/sec. 

A=BD+𝜋  (   𝜋)   (
 

 
)         ⁄  

A= BD+D2(      ) 

P=B+2D(      ) 

In the side slope is 1:1  (      𝜋  )⁄  

A= BD+1.785D2 

P=B+3.57D 

 

 

Ex: Design the cross- section of a concrete lined canal (trapezoidal section) to 

carry a discharge of 1.2 m3/sec (By Manning Eq.) 

Q=
 

 
                                        

Assume             1:Z            1:1.5 

S min = 0.00015 Q-0.2 

 S min                  

θ 
𝑅  𝐷 

θ 
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 S max = 0.00025 Q-0.2 

 S max               

S av. = 1.928 * 10-4                 

Assume          b=1m          y=1m 

   ⁄              (   ) 

   (    )          (       )           

P=b+2y √            √              

  
 

 
         

   
 

     
 (     )

 

  (      )
 

      

       = 1.56m3/sec > 1.2m3/sec 

Assume        b=1m            y=0.9m             b/y=1.111  

          

         

: R=A/P =0.498m 

V= 0.592 m/s     check for velocity                             

V min =0.5 Q0.2 

V min = 0.5 (1.2)0.2 

            = 0.5186 m/sec 
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 = 1.252 m3/sec             1.2 m3/sec 

Assume       b=1m                                 b/y=1.136 

           

         

         

                 

Q= 1.194 m3/sec                  

Check Fr 

    
     

√         
                       o.k 

 

Ex: Design a lined canal to carry discharge of 50   . Assume bed slope as 1 in 

8100, N as 0.015 and side slope as 45   

Sol:  let us adopt a triangular section for   𝜋
 ⁄  

A= 1.785 D2 

P= 3.570 D 

Q=V.A  
 

 
            

   
 

     
 (        ) . (

 

    
)

 

   (
       

       
)

 

  

50 = 0.833 D8/3  D=4.64m 
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Design by Section Factor Method by using the chart                                                        

1. Determine the value of (A R2/3 / B8/3). 

2. Determine z.                                                                         

3. Compute b/y.                                                                           

 

Ex: Design the cross-section of a concrete lined canal for a discharge of 

1.8m3/sec, on slope of 20 cm/km by using section factor method. 

Solution 

Assume       1:Z             1:1.5     for lined canal 

  
 

 
 2/3 A  S1/2 

  

√ 
        

          

√      
           

 2= A R2/3 

Assume b = 1m          (   (   ))   (   )     

Z=1.5            from fig 
 

 
   

                               

  (       )          

                        [Without sedimentation basin] 

  
 

 
  

   

   
               

   
 

√  
 

    

√      
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Design of unlined canal 

 

 Design by Manning Equation  

  
 

 
           

(a) Side slope  

Side slope in an un lined canal depend mainly on the nature of geological 

formations through which the canal is excavated. Side slopes in an un lined 

canal should be flatter than the angle of repose of saturated bank soil. 

Initially, flatter slopes are provided for reasons of stability. Later, with the 

deposition of fine sediments, this side slope become steeper  

and attain a value of (0.5 H: 1V) irrespective of the initial side slope 

provided. These steeper side slopes are stable and the design is usually 

based on these slopes. Table below show the side slopes for un lined canals 

in different types of soil. 

Use (1.5 to 2 H): 1V           For Large canal 

for water course use (1.5 H:1V) 

Type of soil                                                                  H:V                               

Loose sand to average sandy     
soil  

1.5:1 to2:1(in cutting) 
 
2:1 to  3:1 (in filling) 

sandy loam and black cotton soil  1:1  to 1.5:1 (in cutting) 
2:1  (in filling) 

Gravel 1:1  to  2:1 

Murum or  hard soil 0.75:1   to   1.5:1 
Rock 0.25:1  to    0.5:1 
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(b) Bed width and water depth ratio (b/y) 

 

 
 (   )                         (      )  

*b=0.4m     usually for watercourse. 

y = 0.75 Q0.33 

Where 

Q:   Design discharge (m3/s) 

(c) Permissible velocities 

V min = C2 y0.64 

Where: 

V min: minimum permissible velocity to prevent sediment depositions (m/s) 

C2: constant      

Type of suspended material                                               C2 

- Light loam and very fine sand 0.4 

- Find sand ( Dia.=0.4mm) 0.55 
-Moderate Coarser sand 0.63 

- Coarser Sand 0.67 

- Very Coarser Sand 0.90 

 

 

(d) Maximum permissible Velocity  

The design of the canal should be to prevent scouring, there by, the design 

should be based on the concept of tractive force. Scour on a channel bed 

occurs, when the tractivc force on the bed exerted by the flow is adequate 

to cause the movement of the bed particles. If the tractive force acting on 
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the bed or the resultant of the tractive force and the component of the 

gravitational force both acting on the side slopes is larger than the force 

resisting the movement of the particles erosion starts. 

i- Empirical equation                     

V max = C1  y0.64 

Type of bed material                                       C1 

 Fine , light sandy loam 0.55 
 Coarser , light sandy loam 0.60 

 sandy , loamy silt  0.66 
 coarser silt 0.71 

 

ii- Tractive force method      

tractive force    is calculated and it should be less than  (the max. 

permissible tractive force, critical shear stress) depending on bed material, 

maximum shear stress on the bed.  

In uniform flow the average tractive stress,    is given as: 

                                      

       

 : density of water ( g) (KN/m3) 

R: the hydraulic radius (m) 

S: slope of water surface (m/m) 

If        the bed will not scour 

اما تعطى او من جداول خاصة      
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Serval investigators have given the expression for the critical tractive stress. 

Some of the commonly used expressions are given below: 

 

1. Shield’s equation According to shield, the critical stress (  ) is 

operational to gain diameter and the submerged unit weight of the 

sediment, and is given by  

           (   )   

Where    is the critical share stress (KN/  ).   is the specific weight of water 

(KN/  ). G is the specific gravity of the sediment and d is the gain diameter 

(m). 

Taking                                                    ⁄  

          

2. White equation According to white.              

Where d is the grain diameter (m). and    in KN/  . 

3. Lane’s equation lane gave the following equation.           

All the above equation are for fully-developed turbulent flow. 
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Ex: Design the cross-section for unlined canal to carry a discharge of 

1.6m3/s, if the longitudinal slope of the canal is 30cm/km, water contain 

light loamy suspended material and the bad material is a loamy silt. 

(n=0.025, max.tractive force is 2.8 N/m2). 

Sol: 

By trial and error solution with Manning equation 

Q=1/n R2/3 S1/2 A 

Q=1.6m3/s, n=0.025, S=30cm/km=0.0003 

Assume side slope 1:z, 1:2 for unlined canal 

B/y=2-3 

Assume b=2m, y=1m          b/y=2 (2-3) o.k 

                              

                        

             

                                     

                    

                       ⁄                   

                       

         √           

         

                                       

                               

Check for velocity: 
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0.374 < 0.468 < 0.617 

 التصريف وإمرارالمقطع مناسب لمقاومة الترسيب والتعرية 

*Check for scouring by attractive force method. 

𝜏                               

𝜏             

𝜏  𝜏          The bed will not scour. 

Design values b=2m, y=0.9m 
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Design by lacey's method 

 

Assumption: 

a  the channel flow is uniform. 

b the characteristics and the discharge of the sediment are constant. 

c  the water discharge in the channel is constant. 

Lacey's eq: 

Dm=2.46V2/F 

Ws=4.83 e Q1/2 

          
 

 ⁄   
 

 ⁄  
 

 
 

 ⁄
 

      √  

Where: 

Dm=mean depth (m). 

V=mean velocity (m/s). 

F=silt factor (to account the size and density of sediment) 

e= width factor or reduction factored, d=median size of sediment. 

Ws=water surface width (m). 

E=wetted parameter per water surface width (P/Ws). 

Q=discharge (m3/s). 

S=water surface slope (m/m). 

         

Dm=A/Ws 
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*for main and branch canal e=1 

*for distributaries with discharge (1-2m3/s), (e=0.75-0.85) 

*sill factor f=0.4-1, f=1.0 for large discharge. 

 ويعتمد على قطر الحبيبات المرسبة وكثافة المادة المرسبة  

f=0.7-1       at north Iraq 

f=0.6           at middle of Iraq 

f=0.5           south of Iraq 

Ex: Design a stable channel for carrying a discharge of 1m3/s using 

Lacey's Method assuming silt factor equal to 0.75. 

Sol:  

                    

                            

                                  

              ⁄  

                   ⁄         

                 

           

         
 

 
 

 

 
 

            

A3=11.882          A=2.282m2 

b=0.8 Ws=0.8 3.662 

b=2.9m 
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  (
    

 
)  

2.282= (2.9+3.622/2) y 

y=0.7m 

S=0.0003 f5/3 e1/3 E/Q1/6 

E=P/Ws,P=4.475m 

E=4.475/3.622=1.24 

S=0.0003(0.75)1/3(0.75)5/3{           }=0.000209. 

S= 20cm/km 
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KENNEDY SILT METHOD 

 

Kenned'y collected data from 22 channels of upper Bari Doab canal 

system in Punjab. His observation let to following relation .known as 

Kennedy's equation 

 °             

Where: 

 °: The critical velocity (m/sec) which defined as the mean velocity 

Which will not allow scouring or silting in channel having depth to h (m). 

This eq.is, obviously applicable to such channels which have the same 

Type of sediment as was present in the upper Bari Doab canal system. 

On recognizing the effect of the sediment size on the critical velocity, 

Kennedys modified the above equation to: 

V =0.55 m h0.64  

Where: 

(m) is the critical velocity ratio and is equal to m 
 

 °

.here. The velocity (V) 

is the critical velocity for the relevant size of sediment of any other silt 

grade while ( °) is the critical velocity for the upper Bari Doab sediment. 

This means that the value of (m) is unity for sediment of the size of 

Upper Bari Doab sediment. For sediment coarser is greater than one, 

while for sediment finer, m is less than one. Kenned'y did not try to 

establish any other relationship for the slope of the regime channels in 

terms of either the critical velocity or the depth of the flow. He 

suggested the use of the Kutter's eq. along the manning roughness 
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coefficient. The final results do not differ much if one uses the manning 

eq. instead of the Kutter's eq. 

Kutter's equation  

  

(

  
 

 
 
     

       
 

      
       

 

 √ )

  
 

√                  

NOTE: this critical velocity should be distinguished from the critical 

velocity of flow in  open canal corresponding to froud no. equal to unity. 

Table (1-5) show values of critical velocity ratio (m). 

silt grade                                             CVR                        No                            

1                                   light sandy silt, as in Upper Bari Do          1.0 

2                                   coarse light sandy soil                                 1.1 

3                                   sandy loam                                                    1.2 

4                                   coarse silt or debris of hard soil                1.3 

5                                   silt of river indus                                          0.77 

6                                   silt of river nile                                             0.68 

CVR-------------------------------------------------------CRITICAL VELOCITY RATIO. 

s theory'Design of channels by kennedy 

The design procedure will depend whther the bed slope (S) is given or 

the (B/D) ratio is given. The center water commission, new Delhiloy 

(B/D) ratio for canals carrying discharge ranging from 0.3 to 300 m3/sec 

we can use a useful chart of this method or for canals up to adischarge 

of 15 m3/s the following empirical formula is also somtimes used 

(D=0.5√ ) for alluvia canal. 



Lecture - 3  
 

8 
 

Design procedure when the bed slope is given (given Q ,m,n and S). 

Steps: 

1. assume a trial value of the depth (h). 

2. calculate the velocity from (v=0.5m h0.64  ). 

3. determine the cross sectional area(A=Q/V)  

4. assume aside slope of (1H:2V), (1:0.5) ,and determine the width 

B from the relation. eqs, A=BD+0.5D2 

5. calculate the actual mean velocity (v) from kutter's or mannings 

eqs. 

IF the value of (v) is nearly the same as that found from kennedy's 

eq. the assumed depth is correct . if not, the procedure is 

repeated after assuming anther value of (h) till the two values of 

velovity are approximately equal. 

Ex: Design achannel carrying adischarge of 30m3/sec with critical 

ratio andd mannings (n) equal to 1.0 and 0.0225 , respectively. 

The bed slope is equl to 1 in 5000. 

Sol: kennedy's method 

Assume h=2.0m 

V=0.55m h0.64 = 0.55x1x(2)0.64 = 0.857m/s 

A=Q/V=30/0.857=35.01m2 

For a trapezoidal canal with side slope 1H:2V , A=bh+h2/2 

35.01=2b+2               b=16.51m 

R=A/P, P=16.51+2x2√              

V=1/n R2/3 S1/2 =0.885m/s 
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Since the velocities obtained from the kennedy's equation and 

manning's equation are appreciably different , assume h=2.25m ,  

V=0.924 m/s ,  A=32.47m2 

B= 13.31m , R=1.77m , V= 0.92m/s ≈ 0.924m/s 

Design procedure when the B/D ratio is given (given Q,M,N and 

B/D ration) 

1. calculate the area (A) in terms of (D) as followed  

A=BD+0.5D2=D2(B/D+0.5) 

Or A=D2(X+0.5) 

Where →  X = B/D  ratio 

2. the cotinuity eq . and substitute kenndys eq . for the velocity. 

Thuse → Q=V. A=D2(X+0.5) (0.55m D0.64) 

3. calculate the value of (D) from the above eq. 

4. determine thr bed width B=XD 

5. compute       

6. determine the velocity (V) 

7. compute the slope from Kutter's or Manning's eq. 

 

The design of non-alluvial is usually don by Chezy’s equation or 

Manning's formula. 

Chezy’s equation                          √     

Where C is Chezy’s coefficient. The value of Chezy’s coefficient is usually 

determined from Bazin’s equation. 
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√ 

 

Where K is Bazin’s coefficient, which depends upon the surface of the 

channel. R is hydraulic radius and S is the longitudinal slope. 

Channel in which silting problems are anticipated should be designed to 

have some minimum permissible velocity or the non-silting velocity. 

However, this velocity is very uncertain and can be determined only by 

advanced theories of sediments transport. The minimum velocity of            

0-5 m/s is usually taken in other words, the velocity should on be le than 

5.5 m/s. 

Procedure the following procedure is used for design of non-alluvial 

channel by Manning’s formula. Similar procedure can be used for design 

by Chezy’s equation. 

Given the discharge (Q), the maximum permissible velocity (V). 

Manning’s N. bed slope(S) and the side slope (r : 1) are given or have 

been assumed.  

Steps:  

1. Determine the area of cross-section from the continuity equation:  

Q = AV       Or                A = Q/V 

2. Determine hydraulic radius R from the Manning formula. 

  
 

 
   ⁄      ⁄                     (

  

   ⁄
)
  ⁄

  

3. Determine the wetted perimeter from the relation. P = A/R 

4. Determine the depth D and bed width B from the values of A 

and P obtained from Eqs. (a) and (c) by solving the equations 

below. 
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  ( √    )      

Example 

Design an irrigation channel in a non-alluvial material to carry a 

discharge of 15 cumecs when the maximum permissible velocity is 0.8 

m/s. Assume bed slope = 1 in 4000, side slope 1:1 and Manning’s N = 

0.025 

Solution                           A = Q/V = 15/0.8 = 18.75 m2
_ 

   (
  

   ⁄
)
  ⁄

        

  
 

 
          ⁄          

Now                                                     

And           (  √    )                                    

Substituting the value of B from Eq. (b) in Eq. (a). 

[                 ]               Or      D=1.95 m 

Now                                                               

 

Example  

An earthen channel in good condition carries a discharge of 10.0 cumecs  

with a mean velocity of 0.7 m/s. determine the bed slope. Assume the 

bottom width as twice the depth. Take Bazin’s coefficient as 1.30 and 

side slope as 1.5:1 

B=2D 
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Solution  

A = Q/V = 10/0.7 =14.30 m2 

Now                                                                  

Or                                                              

Now                        ( √        )                       

    ⁄                              ⁄  

  
  

   √ 
 

  

      √    
       

Now                       √   

Or                                  √                              
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Ranga Raju and Misri's simplified method 

 

They also assume the side slope of 1:0.5 

                ⁄       

             

Where X is equal to B/D ratio 

       √       

             

  
 

 
         

        

       
 

  
 

 
 

 

         
 

  
 

 
 

 
 ⁄  

 
 ⁄        

 

 
 

 

 
  

 
 ⁄  

 
 ⁄  

(
 

 
)
 

 
 

  
  

 
 ⁄   

  
    

   
 

 ⁄
 

    [         ]
 

 ⁄

[         ]
  

 ⁄
 

  
             

 
 ⁄

 
  

 ⁄        
  

 ⁄
 

 

From Kennedy’s Eq. 

                                     

Or  

  [
 

              
]

 
    

 [
       

         
]
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 ⁄

[
       

         
]
    

       
  

 ⁄

 

       

    
           

         
 

 ⁄

            
 

 :. For the given values of S, Q, n and m, the value of X can be found by 

trial and error or by using the fig.   

                    

Exercise: Design a canal carrying a discharge of 25 m
3
 /s by Ranga Raju 

and Misri's method assume m = 1.0, n = 0.0255 and S = 1/5000 

Solution  

       

    
           

         
 

 ⁄

            
 

               

             
      

         
 

 ⁄

            
 

             
         

 
 ⁄

            
 

Solving by trial and error X = 6.00 or by using fig. 
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  [
       

         
]

 
    

        

                 

  
 

         
          

                    

                   

= 0.88 m/s (o.k.) 

 

Sediment transport theories  

It has now been established that cross-section and bed slope of a true 

regime channel depend upon the following three independent variables: 

1. Discharge (Q) carried by the channel. 

2. Nature and grade of the sediment entering the channel such as the 

grain-size distribution, the shape of grains and the specific gravity 

of particles. 

3. Quantity of sediment (or silt charge) entering the channel. 

        The silt theories discussed earlier consider only the first two 

variables and do not account for the third variable. The third variable, viz, 

the silt charge, is an important factor which considerably affects the 

channel design. For a satisfactory design, the silt charge should be 

considered. The various sediment theories consider the effect of silt 

charge on the design. 

The sediment transported by a channel (or a stream) consists of the 

bed load and the suspended load. 

1. The bed load is that portion of the sediment which moves on or 

near the bed of the channel. The movement of bed load is by 

rolling, sliding and saltation (i.e. small leaps). 

2. The suspended load is that portion of the sediment which remains 

in suspension in the flowing water and does not touch the bed. The 

suspended load is kept in suspension by the turbulent eddies 

generated due to friction. The particles of the suspended load move 

freely through the flowing water. 
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Estimation of bed load. The bed load can be estimated by the following 

two methods: 

1. Sampler method                                          2. Analytical method 

1. Sampler method. In this method, the samples of stream water are 

taken with the help of various types of samplers, such as box-type 

sampler and slot-type sampler the bed load is obtained after drying the 

sample and by determining the mass of dry solids. However, the samplers 

do not give a reliable value of the bed load. It is the usual practice to 

determine the bed load from the suspended load. Generally, the bed load 

is taken as 3 to 25% of the total suspended load, depending upon the 

nature of the bed materials. An average value of 10% is quite common. 

2. Analytical method. Varies investigation have given analytical 

methods for the determination of the bed load. A brief introduction of the 

following theories is given below:  

(i) Meyer-peter’s equation                                    (ii) Einstein’s equation 

(i) Meyer-peter’s equation Meyer-peter’s equation, which is based on 

experimental work carried out at Federal Institute of Technology, Zurich, 

is 

(
  

 
)  

  

 
   ⁄                            ⁄    ⁄      

  ⁄      

Where    is the actual discharge, Q is the discharge if the sides of the 

channel were frictionless,   is Manning’s coefficient for plane bed,   is 

the actual value of the Manning’s coefficient for rippled bed,   is the 

specific weight of water (kN/m
3
),   is the mean grain diameter (m);   is 

the bed slope;   is the depth of flow (m),   is the acceleration due to 

gravity and    is the rate of bed load transport per unit width of the 

channel (kN/m/s). 

The ratio    ⁄  takes into account friction of the sides of the channel. If 

the sides friction is neglected,    ⁄     . 

The values of    and   are obtained from Strickler’s formula as follows: 

       
  ⁄   ⁄            

and                                            ⁄   ⁄             
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Where   the effective is grain diameter (m) and   is the representative 

size (m) of roughness of the actual rippled bed. The values of   is also 

equal to Manning’s coefficient. Its value normally varies from 0.020 to 

0.025 for irrigation channels. 

            ⁄            

Bed shear,                                                    ⁄     

Critical share stress,                                            

Therefore, Eq (1) can be written as 

                               
  ⁄    ⁄              ⁄    ⁄      

  ⁄  

Or                                [    
  ⁄    ⁄    ]

  ⁄
 kN/m/hr          … 

(5) 

Eq.(5) can be written in MKS units as  

        [    
  ⁄    ⁄    ]

  ⁄
 kg(f)/m/hr 

Where   and    are in kg(f)/m
2
. 

 

Illustrative Example  A channel is 50m wide, 2.5m deep and has a bed 

slope of 1 in 4000. Determine the bed load transported by the channel by 

Meyer-Peter’s equations. Neglect the side friction and take 

Manning’s       . The mean diameter of the material is 0.30mm and 

the representative size of the bed material for unrippled bed is 0.50 mm. 

Solution From Eq. (2), 

        
  ⁄   ⁄              ⁄          ⁄  

As side friction is neglected,    ⁄       

From Eq. (5)            [    
  ⁄    ⁄    ]

  ⁄
 

                  ⁄                 

   ⁄                  ⁄  
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Subtracting the above values in Eq. (a). 

                                     [                   ⁄       

    ]
  ⁄

 

Or                                kN/m/hr 

Total load,                      299.00 kN/hr 
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LINING AND MAINTENANCE OF CANALS 

 

ADVANTAGES AND DISADVANTAGES OF LINING 

a) Advantages: The following are the main advantages of lined canals over unlined 

canals: 

1. Prevention of loss of water: Valuable water is saved by reducing seepage losses. 

2. Prevention of waterlogging: the adjacent land is "prevented from waterlogging 

due to seepage of water from the canal. 

3.  Low maintenance cost: the maintenance cost of a lined canal is less compared to 

that of an unlined canal. 

4. Less breaches: the possibility of breaching of the canal is considerably decreased, 

as the section is more stable and strong. 

5. Smaller cross-sectional area: because higher velocity is permitted, the cross-

sectional area of a lined canal is much smaller than that of an unlined canal. 

6. Saving in canal structures: because of smaller cross-section of the canal, there is 

saving in the cost of earthwork, canal structures, and other allied works. 

7. Saving in land: because of smaller bed widths, the cost of land is less. 

8. Less silting: because of higher velocities, silting is less. 

9. Flatter slopes: the bed slope of a lined canal is considerably less than that of an 

unlined canal. Because of flatter slopes in the bed, there is an increase of the 

commanded area. In the case of hydel channels, there is a larger useful head at the 

powerhouse. 

10. No scouring: Because of hard lined surface, there is no scouring of the canal bed 

and sides, which normally occurs in an unlined canal. 

11.  Reduction of weed growth: there is a reduction of the weed growth. The 

transpiration losses are also decreased. 

12. Low evaporation loss: Because of higher velocity and smaller exposed area, the 

evaporation losses are low. 

13. Increase of the value of land: the value of the land is increased because the 

waterlogging problem is considerably reduced. 

14. Less salt problem: the canal water does not come in contact with harmful salts 

present in the natural soil, and, therefore, the salt problem is reduced to some 

extent. 

15. Better operation: the lined canal has a stable section, which is easy to operate. 

b) Disadvantages: A lined canal has the following disadvantages as compared to an 

unlined canal. 

1. High initial cost the initial cost of a lined canal is high. 

2. Difficult to repair if the lining is damaged, it is difficult to repair. 

3. Difficult to shift the outlets as the lining is strong and permanent; it is difficult to 

shift the canal outlets at a later stage. 
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4. Less additional safety as a lined canal does not have inside berms, the additional 

safety provided by the berms in the case of unlined to the vehicular and pedestrian 

traffic is absent. 

 

TYPES OF LINING 

Various types of lining can be grouped into the following categories: 

a) Exposed lining with a hard surface. This type of lining has an exposed surface, which is 

quite hard. This is further classified into the following types: 

1. In-situ concrete lining.    2. Precast concrete lining 

3. Shot Crete lining.    4. Cement mortar lining 

5. Lime concrete lining.  6. Brick tile lining or burnt clay tile lining 

7. Stone block or undressed stone boulder lining. 8. Asphaltic concrete lining. 

b) Buried membrane lining. This type of lining is buried below the channel surface. It is 

further divided into the following types: 

1. sprayed-in-place asphalt membrane lining. 

 2. Prefabricated asphaltic membrane lining. 

3. Polythene film and synthetic rubber membrane lining. 

 4. Bentonite and clay membrane lining. 

5. Road oil lining. 

c) Earth lining: This type of lining uses the soil as a lining material it is further divided into 

the following types: 

1. Thin compacted earth lining. 2. Thick compacted earth lining 

3. Loosely placed earth lining . 4. Stabilized soil lining 

5. Bentonite soil lining.  6. Soil-cement lining. 

d) Porous lining: This type of lining is made of a porous material a brief description of the 

various types of lining is given in the following sections. 

IN-SITU CONCRETE LINING 

         In-situ concrete is the most commonly used lining. It consists of a layer of cement 

concrete placed on a well-prepared and compacted subgrade (soil) in the bed and sides of the 

channel. 
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Advantage of concrete lining 

1. It is quite impermeable and seepage losses are considerably reduced. 

2. It is quite strong and durable. 

3. It has a low coefficient of rugosity and high hydraulic efficiency. Hence, high velocity 

can be permitted. 

4. High velocities prevent silting tendency. Evaporation losses are also reduced. 

5. It permits fast construction by mechanical equipment. 

6. The maintenance cost is low. 

7. It is immune to weed growth. 

8. It can be used in different thicknesses according to the capacity of the channel. 

9. There is no need of plastering the lined surface. 

10. Economy can be effected by using lean proportions (1:4:8) and by partial replacement 

of cement with pozzolana (surkhi). 

Disadvantages of concrete lining 

1. The initial cost is quite high. 

2. It is prone to cracking due to temperature changes and shrinkage. 

3. Repair is costly and difficult. Alteration of the canal outlets is quite difficult. 

4. Because of relatively small thickness, it has limited resistance to external hydrostatic 

pressure after rapid drawdown. 

5. It is susceptible to adverse subgrade conditions. 

6. Skilled labour, and elaborate concrete mixing plants and transportation equipment are 

needed 

7. Strict quality control is required to ensure concrete of proper grade, consistency and 

strength. 

8. Under very high velocities, the fine material in the concrete is eroded, leaving behind 

a coarse surface with a high rugosity coefficient. 

PRECAST CONCRETE LINING 

In precast concrete lining, precast concrete slabs of the sizes                

                              are commonly used.  

Advantages of precast concrete lining over in-situ concrete lining 

1. Precast concrete slabs are manufactured under controlled conditions. Therefore, the 

quality of concrete is good. These slabs provide a better, more impervious and durable 

lining than in-situ concrete lining. 

2. Precast concrete lining involves less site operations. Therefore, the speed of 

construction is quite fast. 

3. Precast concrete slabs can be manufactured on a mass scale. The precast concrete 

lining is usually cheaper than the in-situ concrete lining. 
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4. Precast concrete slabs can be manufactured during non-working season. These slabs 

are sometimes placed all along the canal for curing purposes after casting. Thus the 

cost of curing is reduced. 

5. The shrinkage cracks are less because the slabs are of small size. 

6. If the lining is damaged due to settlement of subgrade, it can be easily repaired; 

whereas in the case of r a-situ concrete lining, it is very difficult to repair. 

7. There the ground water table in high, water pressure is released through the joints 

between these labs. 

Disadvantages  

1. Seepage losses are generally more in the case of precast concrete lining. 

 

2. Transportation of precast slabs is costly and time-consuming. Moreover, breakage of 

slabs also occurs during transportation. 

SHOTCRETE LINING 

          In shotcrete lining, cement mortar is forced under pressure through a nozzle on the 

surface of the subgrade of the channel. Generally, cement mortar 1:4 is applied pneumatically 

(i.e. by compressed air) through a nozzle. The pneumatically applied mortar is called 

shotcrete and hence the lining is known as shotcrete lining 

Advantages  

1. There is no necessity of fine dressing of the subgrade because shotcrete lining 

can be placed even on irregular surfaces. This is specially useful in rock cuts. 

 

2. The equipment required for shotcrete is quite light and mobile. It is 

particularly suitable for small and widely scattered jobs. 

 

 

3. Shotcrete is useful for resurfacing of badly cracked and leaky but structurally 

sound old cement concrete lining. 

Disadvantages  

1. Shotcrete lining is costlier than concrete lining. 

 

2. It is less durable than the concrete lining of the usual thickness. It gives 

satisfactory service only for 20 years or so. 

CEMENT MORTAR LINING 

          In cement mortar lining, a layer of cement mortar (1:3) of uniform thickness is laid on 

a properly compacted subgrade. The usual thickness of the cement mortar lining is 2.50 cm.  

         Cement mortar lining is not commonly used, as it is quite expensive. Moreover, it is 

less durable than cement concrete lining. However, a 2.5 cm thick cement mortar lining is 

sufficient to reduce seepage losses by about 75%. 
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LIME CONCRETE LINING 

         Lime concrete lining consists of hydraulic lime, sand and coarse aggregate mixed in a 

suitable proportion.  

Lime concrete lining is not as impervious as cement concrete lining. It is rarely used in 

practice. 

BRICK TILE LINING 

The brick tile lining, also called burnt clay tile lining, consists of either a single layer or a 

double layer of brick tiles laid in cement mortar. The size of the tiles is generally restricted to 

                     for convenience of handling. 

Advantages of brick tile lining over cement concrete lining. 

1. Brick tile lining is usually economical in initial cost. 

2. No elaborate equipment is needed for laying tiles. 

3. The tiles can be laid by ordinarily masons. 

4. Transportation cost is usually small, as kilns for burning the tiles can be established 

near the site. 

5. Expansion joints are not required, as the shrinkage is practically eliminated and the 

coefficient, of expansion of tiles is very small. 

6. The thickness of lining is uniform because it is governed by the thickness of tiles. 

7. The rounded sections of the channel can be easily lined without the use of a 

formwork. 

8. If there is any settlement of the subgrade, numerous small cracks are developed in the 

mortar layer between the tiles, but the seepage loss is insignificant. In case of large 

settlement, the small damaged area can be easily repaired. 

Disadvantages of brick tile lining over cement concrete lining. 

1. Brick tile lining is relatively more previous than cement concrete lining. 

2. The maintenance cost is high. 

3. It has relatively lower resistance to abrasion. 

4. It cannot be done mechanically. It is a relatively slow process. 

5. It cannot be used where suitable materials for manufacture of tiles are not locally 

available. Brick title lining is commonly used at places where suitable clay for making 

brick tiles is easily available and it is economical. 

STONE BLOCK LINING (OR BOULDER LINING) 

            Stone block lining consists of a layer of undressed stones (or boulders) set in 1:6 

cement mortar 

           Stone block lining has better wearing resistance than brick tile lining. It is more suited 

to steep channels, especially in hilly areas. It is also more impervious than brick tile lining. It 

is quite economical where good quality stone is easily available near the site. 
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ASPHALTIC CONCRETE LINING  

Asphaltic concrete lining is similar to cement concrete lining. The asphaltic concrete consists 

of a mixture of asphalt, cement and graded aggregates, and hence it is also known as 

asphaltic cement concrete.  

Advantages 

1. Asphaltic concrete lining is relatively flexible and has greater ability to 

withstand settlements in the subgrade. 

2. It can be used in place of cement concrete lining wherever it is cheaper 

because of low cost of asphalt. 

3. It can be used for the repairs of cement concrete lining by laying a resurfacing 

layer of asphaltic concrete. 

Disadvantages  

1. It has low resistance to external hydrostatic pressure developed due to seepage. 

2. There is a danger of sliding or slipping during hot weather. 

3. The velocity in asphaltic concrete lined channels is usually limited to 1.5 m/s 

4. The coefficient of rugosity (N) is high if there is no special surface finish. 

5. It permits certain type of weed growth which may cause its puncturing. 

BURIED MEMBRANE LINING 

           Buried membrane lining are buried beneath the channel surface. The buried membrane 

linings are of the following types: 

1. Sprayed-in-place asphaltic membrane lining 

2. Prefabricated asphaltic membrane lining. 

3. Polyethelene film and synthetic rubber membrane lining. 

4. Bentonite clay membrane lining. 

5. Road oil lining. 

A brief description of these linings is given below: 

1. Sprayed-in-place asphaltic membrane lining: This type of lining consists of a thin 

layer, about 6mm thick, of a special high softening-point asphalt sprayed in place at a 

high temperature of about 150°C to 20O°C on a properly prepared subgrade to form 

an impervious barrier. The asphaltic layer is covered with a 30 cm thick layer of earth 

and gravel to protect it from damage and weather. 

Advantages  

1. It provides an effective and relatively cheap method of seepage control in channels.  

2. It can be easily laid even in cold and wet weather. 

3. It is quite flexible and readily adjusts to the settlements in subgrade. 
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Disadvantages  

1. There is no decrease in the coefficient of rugosity because the exposed surface 

consists of earth. 

2. High velocity cannot be permitted. 

3. The useful life of lining is limited. 

4. It requires special equipment and trained workers for spraying of hot asphalt. 

2. Prefabricated asphaltic membrane lining: this type of lining consists of a 

prefabricated asphaltic membranes available in rolls. The membrane is spread directly 

on the prepared subgrade and covered with protective earth.  

           A prefabricated asphaltic membrane lining has the same advantages and disadvantages 

as those in sprayed-in-place asphaltic membrane lining. However, there is no need of special 

equipment and skilled workers in this case. Prefabricated asphaltic membrane lining is quite 

durable. The membranes can be easily-handled and transported. 

3. Polyethylene film and synthetic rubber membrane lining. In this type of lining, a 

polyethylene film or a synthetic rubber membrane is laid on the subgrade and a 

protective cover of earth is place it.  

4. Bentonite clay membrane lining. Bentonite is a type of clay which contains a large 

percentage of the mineral montomorrillonite 

This type of lining is quite economical if bentonite is easily available. 

5. Road oil lining. in this type of lining, road oil is sprinkled over the subgrade in a 

thickness of about 1.5 mm. 

EARTH LINING 

In earth lining, soil is used as a lining material. The following types of earth linings are 

sometimes used. 

1. Thin-compacted earth lining: In this type of lining, a layer of clayey soil, 15 to 30 

cm thick, is placed on the subgrade and thoroughly compacted. 

2.  Thick compacted earth lining: This-type of lining is similar to the thin-compacted 

earth lining, but the thickness of lining is more. The thickness varies from       to 

      at the bed and from       to       on the sides of the channel. The lining is 

thoroughly compacted in layers.  

3. Loosely placed earth lining: In this type of lining, the clayey soil used as lining is 

not compacted. Suitable clayey soil is just spread over the bed and sides of the 

channel in layers up to a thickness of 30 cm.  

4. Stabilized soil lining: In this type of lining, the stabilized soil is used in the bed and 

at the sides of the channel. The soil is stabilized and rendered impervious by the 

addition of specially treated resins and chemicals such as sodium silicate, sodium 

chloride, commercial resins, cement, lime, asphalt and petrochemicals. 

5. Bentonite clay lining: In this type of lining, the bentonite clay is used as a lining 

material. The subgrade in the bed and at the sides of the channel is mixed in place 

with bentonite to form a            thick layer. 
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6. Soil cement lining: Soil cement is a mixture of soil and cement.  

There are basically two types of soil cement lining. 

(a) Compacted soil cement lining. 

(b) Plastic soil cement lining. 

 

POROUS LINING  

         Porous lining is usually provided in the head reaches of the main canal when the ground 

water table is higher than the bed level of the channel. The ground water in the subgrade 

passes throw the pores of the lining and, consequently, the external hydrostatic presser on the 

lining is released.  

         For laying the porous lining, the subgrade is properly prepared. The bed and sides are 

divided into suitable compartments. Not exceeding 15 m in any direction by constructing ribs 

of stone masonry or cement concrete. The ribs are generally rectangular in section. The 

thickness of ribs is equal to the combined thickness of the lining and filter. 
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Water Management (water losses) 

1. Absorption Losses 

2. Percolation (or seepage) Losses 

3. Evaporation Losses 

4. Transpiration Losses 

ABSORPTION LOSSES 

Absorption losses occur because of absorption of water by soil surface canal wetted 

perimeter. 

When the water table is at a considerable depth below the canal bed, the  

Infiltrating the soil below 

The canal bed in unable to reach the ground water reservoir below the table. 

Absorption losses are independent of the seepage head. These losses depend upon the water 

head hc form the water level of the canal to the bottom of the saturated zone and the capillary 

head hc, for the soil at the boundary of the saturated zone and the capillary head hc, for the 

soil at the boundary the saturated zone. In general, absorption losses depend mainly upon the 

depth of water in the canal X type of soil. 

 

PERCOLATION (OR) SEEPAGE LOSSES 

Percolation losses are usually much greater than absorption losses. They may be as high as 3 

times or more of the absorption losses whether losses will be by absorption or by percolation 

will depend primarily on the nature of soil strata and the level of the water table. 

 

Both the absorption loss & percolation are loss initially large because the water is utilized for 

filing the pores of the soil. With the passage of time, the losses decrease & an equilibrium is 

finally reached. Moreover the silt carried by the canal water gats deposited in the canal & 

reduces the soil permeability & hence the seepage  

 

Absorption & percolation losses from the canal mainly depend upon the following factors. 

 (i) Permeability of soil 

The greater is permeability of the soil in the bed & banks of the canal, the greater are the 

losses. 

(ii) Depth of water 

The greater is the depth of water, in the canal, the greater the losses. 

(iii) Velocity of water 

The losses decrease with an increase in the velocity of flow in the channel. 

(iv) Amount of silt 

The losses decrease with an increase in the amount of silt carried by the canal. 

(v) Temperature of water 
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The losses increase with an increase in temperature of water because permeability of the soil 

is increased. 

(vi) Age of the channel 

The losses are large in newly constructed channels and they reduce as silt  deposited with the 

passage of time & a relatively impervious silt layer is formed. 

(vii) Level of the channel bed 

The losses depend upon the level of the channel bed w.r.t natural surface or ground level. The 

losses are more when the canal is in heavy filling. 

(viii) Position of the water table 

The losses depend upon the position of water table w.r.t the canal bed the 

losses are more when the water table is high.  

 

 

 

EVAPORATION LOSSES 

Evaporation losses depend upon the water surface area of the canal, relative humidity, wind 

velocity, temperature & various other factors. In hot & dry summer months, the evaporation 

losses are high, but they seldom exceed 10% of the total losses. Generally, evaporation losses 

is less Than 1% of the total water entering the canal head. 
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Ground Water Flow 

 

Ground water represents that portion of water under the surface of the 

earth. It results from infiltration of rain, surface runoff and snow after 

melting into the soil. Subsequently, this water transports through the 

soil into the ground water level, where it eventually moves back to 

surface streams, lakes, rivers or oceans. 

 

 

Figure 1: Water cycle in nature 

Permeability: 

It describes fluid ability to pass through the soil pores and voids. Mostly, 

permeability depends on the soil and fluid type. For most civil engineering 

applications, water is the applicable fluid. Therefore, it is important to 

describe the soil type. The course soil such as sand has high permeability, 

while the fine soil such as clay soil has low permeability. 

 

Importance of Permeability: 

Knowledge of the permeability properties of soil is necessary to: 

1. Estimating the quantity of underground seepage. 

2. Solving problems involving pumping seepage water from 

construction excavation 

3. Stability analyses of earth structures and earth retaining walls 

subjected to seepage forces. 
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Permeability of porous medium:- depends on 

1- The characteristics of the porous medium. 

2- The characteristics of the flowing fluid. 

The permeability of a medium is measured in terms of hydraulic 

conductivity (also known as the coefficient of permeability). 

The coefficient of permeability is equal to the volume of water which 

flow in unit time through unit a cross-sectional area of the medium 

under a unit hydraulic gradient at the prevailing temperature. 

The hydraulic conductivity therefore has the dimensions of (L/T). 

Flow of water through Porous media:- 

Ground water flows whenever there is an existing of a difference in head 

between two points. This flow can either be laminar or turbulent. Most 

often, ground water flows with such a small velocity that the resulting 

flow is laminar. 

 
The rate of flow (discharge) is measured by using the Darcy's Law: 

 

The fundamental premise for Darcy's law to work is: 

1- The flow is laminar, no turbulent flows 

2- Fully saturated 

3- The flow is in steady state, no temporal variation. 

 

 

Figure 2: Water flow and hydraulic gradient between two wells 
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Q = K.A.     ⁄               (1) 

Where:- 

Q: is the rate of flow. 

K:is the coefficient of permeability. 

A: is the cross-sectional area. 

  : is the difference in head between two points. 

L:is the length between these two points (  ). 

Darcy's Law can be written also as: 

          ⁄                  (2) 

Darcy's law states that how fast the groundwater flow in the aquifer 

which depends on two parameters: 

1- How large is the hydraulic gradient of the water head 

(i=dH/dx); and 

2- The parameter describing how permeable the aquifer porous 

medium. 

How to compute the hydraulic conductivity:- 

1- In the Lab. 

a. Constant Head permeameter: the coefficient of permeability 

of relatively more permeable soils can be determined in 

laboratory by the constant — head permeability test. The test 

is conducted in an instrument known as Constant Head 

permeameter. Darcy's Law for flow of water through porous 

Medium (Soil) is applied for computing the coefficient of 

permeability, this method is used to compute the coefficient 

of permeability for granular soils (Sandy Soils , Gravel) 

 

Where: 

Q = K.A.     ⁄  
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Figure 3: Constant- head permeameter test 

 

b. Variable Head Permeameter: this method is used to 

compute the coefficient of permeability for Fine 

Texture- Compacted Soils and Low Permeability Soils 

(silty clay, clay soils). 

The device consist of a cylinder attached to a vertical glass tube of small 

diameter, the cylinder pressed into the soil to a known depth then the 

whole apparatus filled with water, as the water percolate through the 

soil in the cylinder the water drop in the tube.  

          

Where: 

a: is the cross-sectional area of the tube 

a dh = — (A. K. i) dt 

Where: 

A:is the cross-sectional area of the cylinder. 

i=h/L: hydraulic gradient. 

L: length of soil Specimen. 

a dh = — A. K (h/L)dt 

(A. k. dt)/ (a L) = (dh/h) 



Lecture - 6 

5 
 

Integrating:            ∫        ⁄   

(A. K /a L) (t2 — t1) = log (h1/h2) 

                          ) 

 

2- in situ 

a. By using an auger to make a hole in the soil with determined 

diameter and height   if the water table with the ground level, 

computing the time to fill the hole with water and then 

calculating the coefficient of permeability. 

b. if the water table below the ground level (under the end of the 

hole filling the hole with water, and computing the time to 

percolate the water through the soil. 

Example 1: 

Referring to the shown figure,  

calculate the hydraulic 

conductivity (K) in m/s. The tap 

valve was switched on to allow 

water pass through the medium in the cylinder. Then, the passed water 

moved to the bottom tank. The collected water in the graduated 

cylinder was found to be365 cm3every three min. The water level 

difference between the top cylinder and the bottom tank was 72 cm. the 

length of the permeable layer is 46 cm and the area of the cross 

sectional is 23 cm2. 
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Solution: 

Given: 

Q = Vol./t= 365 cm3/ (3min*60 sec) = 2.02 cm3 /s. 

i = dh/L 

      = 72/46 = 1.56 

Q = KiA 

2.02 = K *1.56* 23  

      = 0.056 cm/s. 

Example 2: 

A permeable soil layer is 

underlain by an impervious 

layer as shown in the figure with 

K= 4.8*10-3 cm/s for the 

permeable layer. Calculate the 

rate of seepage through this 

layer cm3/s/cm width if H is 3 m and  =50 

 

 

Solution: 

i= dh/L 

    = L tan α/ (L/cos α) 

     = sin α= sin 5 

Q = KiA 
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= 4.8*10-3 * sin 5 * (3m*100 cm)*COS 5*(lcm) 

= 0.125 cm3/s/cm 

 

Example 3: 

Find the flow rate in m3/s/m length (at right 

angles to the cross section shown in the figure 

through the permeable soil layer. Notably, the 

depth of the impervious layer is 8 m and the 

permeable layer is 3 m, the water level 

difference between the two wells is 4 m, the 

distance between the two wells is 50 m, α=8° 

and K= 8*10-4 m/s. 

Solution: 

i = dh/L 

   = h/ (L/cos α) 

   = 4 m/(50 m/cos 80) = 0.081 m/s 

A of 1 unit length = H1 * cos α 

                              = 3 m * cos 80 

                              = 2.97 m2/m 

Q = KiA 

= 8*10-4 *0.081 *2.97  

= 1.93 * 10-4 m3/s/m 
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The hydraulic conductivity of multiple layers: -  

1-  multiple horizontal layers: 
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         ⁄      ⁄      ⁄⁄  

              ⁄   

              ⁄   

              ⁄   

              ⁄   

           ⁄  

            ⁄              ⁄              ⁄   

                         

   
                  
        

 
∑  

 
 

2- Multiple vertical layers: 

 

                

 

              

          (          

          (          
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         (          

 

                  

                 

 

   
  
      

    
  
      

    
  
      

    
  
      

 

  
  
 
  
  
 
  
  
 
  
  

 

   
        
  
  
 
  
  
 
  
  

 

 

Example 1 

 Three layered soil of (200 cm) thickness each, with total horizontal 

permeability of (0.35 cm/hr), the permeability of second layer is equal to 

twice the permeability of the first layer, and the permeability of the 

third layer is equal to the half of the permeability of the first layer. If the 

three layers are confined by two impervious layers, find the permeability 

of each layer and the total flow assuming that the hydraulic gradient is 

equal to one unit? 

Solution  

   
                  
        

          ⁄  

        

        ⁄  
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                 ⁄      

        
 

           ⁄                       

               ⁄   

                                 ⁄  

 

Example  

Find the vertical permeability of the three layered soil (100 cm) thickness 

each, the permeability of the first layer is (1.27 cm/hr), the second layer 

is (0.127 cm/hr), and the third one is (12.70 cm/hr) respectively. If the 

water pounded on the surface is (350 cm), find the flow and the head 

losses between the layers? 

Solution  

   
          

(
  
  
 
  
  
 
  
  
)

 

           (
   

    
 
   

     
 
   

    
) 

               ⁄   

                    
   

   
  

            
   ⁄  

          (        

                               

             

                   

                                

              

         (        
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Some Definition:- 

1-  Aquifer: A saturated permeable geological unit that can transmit 
significant quantity of water under ordinary hydraulic head. Types of 
Aquifers:- 
a- Unconfined aquifer: the aquifer that occurs near the ground 

surface and bounded from the bottom with impervious layer, 

using (Dupuit-Forchheimer Eq. to compute discharge and the 

head losses in any point throw the aquifer).  

b- Confined aquifer: the aquifer that occurs between two 

impervious layers and in higher depth, using (Darcy's law to 

compute discharge and head losses at any point throw the 

aquifer). 

 

Steady State Saturated flow (Lap lace's Equation):- 

Consider an element of soil of 

size        Where         

through which the flow is 

taking place (the third 

dimension along z-axis is large, 

it is taken as unity) 

Let the velocity at the inlet 

faces equal    and    

respectively, and the outlet 

faces equal                  

and                 

As the flow is steady and the 

soil is incompressible the 

discharge entering the 
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element is equal to that 

leaving element. 

Thus                                                       

Or   (         (      ))          

Or            (      )                (the continuity equation for 

two-dimensional flow) 

Let h be the total head at any point, the horizontal and vertical components 

of the hydraulic gradient are respectively: 

                                 

The minus indicates that the head decreases in the direction of flow. 

From Darcy's Law:                                                   

Substituting in Eq,①:     
            

          

As the soil is isotropic       therefore. 

                                  (Lap lace's Eq. in terms of 

head) 

 

Methods for Lap lace's Equation Solution:- 

a- Approximation method (Simplified) method by Dupuit — 

Forchheimer. 

b- Electrical Analogy. 

c- Numerical method (Relaxation & Iteration method). 
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Dupuit-Forchheimer Equation (theory of free surface):- 

Simplified Assumptions: 

1- Neglect curvature of 

water surface (neglect 

the vertical flow 

component). 

2- Stream lines are straight 

and parallel. 

3- Hydraulic gradient equal 

to the slope of free 

surface. 

4- Velocity is uniform 

across the section : 

              

    the discharge per unit width in the X-direction. 

                              
      

Where      constant, then:          

Or       
           

Or                    

Integrating Eq.  :               

Boundary conditions:  

                           

                           

Substitution into Eq.  : 

     
    

                  
           then: 
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Flow between tow line sources in a confined aquifer of uniform 

thickness  

 

 

      

    
   

Subject to the condition 

                             

                             

the hydraulic head in the flow system is given by solution the eq. 

        (
       

 
)    

                    

              (
  

  
)      (

     
 
) 
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Flow between the line source in a horizontal unconfined aquifer   

 

       

    
   

                             

                             

        
     

    
      ⁄  

        
  

  
   
(  
    

 )  ⁄

     
  

                (  
    

 )   ⁄  

 

Example: Given                                  ⁄ . Plot 

the variation of                   unconfined aquifer. 

Solution:  

              

  
 

20 45.6 1.15 -0.23 
40 40.74 1.28 -0.257 

60 35.2 1.49 -0.298 

80 28.6 1.83 -0.367 
100 20 2.625 -0.525 
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            *
           

   
+  

     √          

       
                ⁄

      
 
    

    
 

  

  
 
                ⁄

      
  
    

    
 

 

Example: water table flowing in sandy aquifer with hydraulic 

conductivity of (0.002 cm/s) and the aquifer thickness is (31 m), at well 

(1) water level (21 m) below ground surface, at well (2) water level (23.5 

m) below ground surface. The distance between the two wells is (175 

m). 

Find:-  

1- The discharge per unit width. 
2- The hydraulic head at distance of (100 m). 
 

Solution: 

 

 

 

 

 

 

 

 

1)     (  
    

 )   ⁄  

          ⁄  

                            ⁄⁄  
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                                     ⁄⁄  

 

2)         
     

    
      ⁄  

                  

                          
   

   
      

            

 

Example: (33 m) thick confined aquifer, (7 km) wide, for two observation 

wells (1.2 km) apart head reading at well (1) was (97.5 m) and at well (2) 

was (89 m). if (k) equal to (1.2 m / day) 

Find  

1) The total daily flow. 

2) The hydraulic head of an intermediate distance (x) between the 

wells. 

 

Solution: 
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1)         

       
          

    
           

               ⁄  

 

2)   
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Electrical Analogy. 

Analogy between the flow of ground water and electricity:- 

(1) For ground water: 

           ⁄   

             ⁄   

Let        ⁄       and             ⁄   

       -------- (1) 

Where:- 

      ⁄       ⁄       ⁄   

And         ⁄   (     ⁄ )        ⁄     ------- (2) (continuity Eq.) 

Sub. (1) in (2):- 

        ⁄                                   ⁄⁄  (Lap Lace's 

Eq.) 

(2) For Electricity:  

        --------- (1) 

Where:-  

      Resistance (ohm) 

       Current (Ampere) 

    Potential difference (volts) 

     ⁄       ⁄   -------- (2) 

Where:-  

   Specific Conductivity (1 / ohm .m) 

Combining (1) and (2): 

        ⁄          

Let:         ⁄         and              ⁄   

Where:-  

   Current density (Ampere / m
2
) 
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     --------- (3) 

      ⁄   (     ⁄ )        ⁄    -------- (4) (Continuity Eq.) 

Sub. (3) In (4):- 

        ⁄                          ⁄⁄   (Lap Lace's Eq.) 

 

 

Corresponding Elements between Ground flow and Electricity:-  

                   Ground Water                      Electricity   

1- Hydraulic head differences      (m) 1- potential difference      (volt) 

2- Hadronic  conductivity ( ) (m
 
/day) 2- Specific conductivity     (1 / ohm.m) 

3- flow rate     (m3
 / day) 3- Current (I) (Ampere) 

4- Specific discharge     (m/s) 4- Current density     (Ampere / m2) 

5- Darcy's Law:               5- ohm's Law:             
6- Lap lace's Eq.         6- Lap lace's Eq.         
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Infiltration  

Infiltration: A portion of the precipitation reaching the ground percolates 

into ground and is called infiltration. A part of the infiltrated water is held 

by capillarity at or near the ground surface and is ultimately evaporated 

from surface. another portion is used by vegetation and returned to the 

atmosphere as transpiration. Some portion percolates deep in to the 

ground and joins the water table as ground water. Another portion may 

drain in to the ocean. The remaining small portion may percolate great 

depth and appear at distant place as artesian wells. Infiltration is the 

process which water enters the soil from the ground surface. 

 اٌزششخدشوخ ِشٚس اٌّبء ِٓ عطخ اٌزشثخ ساع١ب اٌٝ اعفً داخً ِغبَ اٌزشثخ ٠ٚعجش عٓ ِعذي 

(infiltrating rate  ) ٖأٞ ٛدذاد عّك ِىبفئ ِٓ ا١ٌّبٖ اٌّزششذخ ث  ٌألسض اٌّعطبحِٓ ا١ٌّب

mm/hr  ( اِب ععخ اٌزشش١خ )ِٓٚدذاد اٌعّك ٌٛدذح اٌض(infiltration capacity   ) ٟ٘

  دِع١ٕخ ٌٚٙب ٔفظ ٚدذا ظشٚفالصٝ ِعذي ٌٍزششخ ٠ّىٓ اْ رغزٛعجٗ اٌزشثخ اٌّذذدح فٟ 

 ِعذي اٌزشش١خ 

اْ اٌمٜٛ األعبع١خ اٌّغججخ ٌع١ٍّخ االسرشبح ٟ٘ لٜٛ اٌشذ اٌشعشٞ اٌّزأر١خ أصال ِٓ لٜٛ 

جض٠ئبد اٌّبء ثأعطخ دج١جبد اٌزشثخ )لٜٛ اٌشذ اٌغطذٟ( ٚلٛح اٌجزة األسظٟ ٔذٛ  رالصك

 األعفً.

دشوخ اٌّبء داخً اٚ خالي جغ١ُ رشاثٟ ١ٌظ  ب٘شظ٘ٛ  percolation اٌزغٍغً  -

 ٠ىْٛ ِشجعب ثبٌّبء. ثبٌعشٚسح اْ

اِب إٌفبر٠خ ٌٍزشثخ فٟٙ ثبخزصبس لبث١ٍخ اٌزشثخ اٌّشجعخ عٍٝ أزمبي دشوخ اٌّبء ثذاخٍٙب  -

 ٚرعذ ِٓ صفبد اٌزشثخ.

 ثعذد وج١ش ِٓ اٌعٛاًِ. ٠زأثش ٚأّباِب االسرشبح فٙٛ ١ٌظ صفخ ثبثزخ  -

 

Factors affecting infiltration rates 

1. Soil moisture: when the soil is dry, the infiltration rate is high 

because there is a strong eapillary attraction for the moisture which 

acts in the same direction as gravity. As the soil becomes saturated 

the capillary attraction is reduced and the infiltration rate 

decreased.  

2. Type of soil medium: the infiltration rate depends upon the type of 

soil, it’s texture, the amount of clay and colloids in the soil, and the 

thickness and depth of permeable layers. 

3. Permeability: the infiltration of rate depends upon the permeability 

(or the transmission capacity) of the soil. Infiltration will continue 

only if the infiltrated water is transmitted by the soil. 
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4. Vegetal cover: the dense vegetal cover over the surface of the soil 

increase the infiltration rate. The vegetal cover provides protection 

to the soil surface against the compaction due to impact of rain 

drops. Moreover, it also provides a layer of decaying matter with 

cavities which increase infiltration. 

5. Surface fines: if the soil surface is sealed with soil fines, the 

infiltration rate is reduced. 

6. Compaction of soil: caused by impact of rain drops or that caused 

by men and animals reduced the infiltration rate. 

7. Available storage in soil stratum: the available storage in soil 

depends upon the thickness of the stratum, porosity and the water 

content of the soil. The infiltration is more available storage is 

large. 

8. Depth of surface detention: after satisfying the interception and 

depression storage loss, the rain water collects over the ground 

surface as surface detention. The rate of infiltration increases as the 

depth of surface detention increases because the head causing flow 

is increased. 

9. Temperature of water: an increase in temperature cased a reduction 

in the viscosity of water and consequent increase in the rate of 

infiltration. 

10.   Other factors: a large number of other factors such as entrapped 

air in the soil pores, quality of water, turbidity of water salt content, 

and freezing characteristics of soil also affect the rate of 

infiltration.  

 

عٕذِب رزذفك ا١ٌّبٖ ِٓ ادذٜ فزذبد اٌشٞ ٌزالِظ عطخ اٌزشثخ اٌجبفخ فبْ ععخ اٌزششخ رزٕبلص 

 ثبثزخفٟ ٘زٖ اٌذبٌخ ععخ اٌزششخ اٌ رذس٠ج١ب ِع ِشٚس اٌٛلذ اٌٝ اْ رثجذ ل١ّزٙب ٚرغّٝ

(constant infiltration capacity) ًرٕبلص ععخ اٌزششخ ثّعذي ٠ٚعض. ادٔبٖ وّب فٟ اٌشى ٜ

 أعفًثذا٠خ إعطبء ا١ٌّبٖ ٌٍزشثخ اٌٝ شذ )ِص( ا١ٌّبٖ ِٓ اعٍٝ اٌٝ  ِٓ  عش٠ع فٟ اٌّشدٍخ األٌٚٝ

ّشجع اٌأٞ فٟ ارجبٖ دشوخ اٌّبء إٌّجزة ٚخالي ٘زٖ اٌّشدٍخ اٌزٟ رعشف ثّشدٍخ جش٠بْ غ١ش 

ِّب ٠مًٍ ِٓ اعز١عبة اٌزشثخ ثعذ  ثب١ٌّبٖ اٌّغبَ اٌذل١مخ ٌٍزشثخ ئ٠زُ ثٛاعطخ خبص١خ اٌشعش٠خ ٍِ

, ِع اعزّشاس ع١ٍّخ اٌزششخ رغزّش دشوخ ا١ٌّبٖ خالي اٌّغبَ اٌىج١شح ٚعٕذِب ٠ضداد رٌه ٌٍزششخ

ش٠خ, رثجذ اٌّذزٜٛ اٌشغٛثٟ ٌٍزشثخ عٓ دبجزٙب )ععزٙب اٌذم١ٍخ( ٠ٚزالشٝ رأث١ش اٌعغٛغ اٌشع

 ل١ّخ ععخ اٌزششخ ٚرغّٝ ثّشدٍخ اٌجش٠بْ اٌّشجع.

ٚث١ٓ ِشدٍزٟ اٌجش٠بْ اٌّشجع ٚاٌجش٠بْ اٌغ١ش ِشجع ِشدٍخ أزمبي رزٕبلص خالٌٙب ععخ اٌزششخ 

 ثّعذي ثغ١ػ ٔغج١ب.
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ِٕذٕٟ رغ١١ش ععخ اٌزششخ ِع اٌضِٓ ٠ّىٓ رّث١ٍٗ ثبٌّعبدٌخ اْ ( Hortonٚلذ ٚجذ اٌعبٌُ ٘ٛسرٓ )

 اٌزب١ٌخ: 

Ic = Icc + (Ico – Icc).  e
-kt

  

   = Icِٓ اٌضِٓ (t)ععخ اٌزششخ ثعذ 

Ico = ّٝععخ اٌزششخ اٌعظ 

Icc = ععخ اٌزششخ اٌثبثزخ 

أوثش اٚ ٠غبٚٞ ععخ ٠ٚشزشغ فٟ اعزعّبي اٌّعبدٌخ أعالٖ اْ ٠ىْٛ ِعذي إعطبء ا١ٌّبٖ ٌألسض 

 اٌزششخ.

  ٌزذذ٠ذ و١ّخ ا١ٌّبٖ اٌزٟ رششذذ داخً ِٓ اٌّف١ذ أد١بٔب دساعخ إٌّذٕٟ اٌزج١ّعٟ ٌٍزششخ

٠ّٚثً ٘زا إٌّذٕٟ ٚالع رغ١١ش األسض ثعذ أٞ فزشح ص١ِٕخ ِٓ ثذا٠خ إعطبء اٌّبء ٌألسض 

 ٌٕذٛ اٌزبٌٟ.ععخ اٌزششخ ِع اٌضِٓ عٍٝ ا
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 ِع اٌضِٓ. D( tٚاالسرشبح اٌزشاوّٟ ) I ( tِعذي االسرشبح ) رغ١١ش اٌشىً  ٠ّثً

. (Pاعزّشد ع١ٍّخ االسرشبح ٌفزشح ص١ِٕخ غ٠ٍٛخ فبْ ِعذي االسرشبح ٠مزشة ِٓ ل١ّخ ثبٌثخ ) إرا

اال اْ  (,Ksاٌّبئ١خ ٌٍزشثخ اٌّشجعخ ) ٌإل٠صب١ٌخ٠جت اْ ٠ىْٛ ِغب٠ٚبً  Pٚعِّٛب فبْ ل١ّخ اٌثبثذ 

اٌزٟ ً اٌٛصٛي اٌٝ دبٌخ اٌشجع اٌىبِ ِٓاٌزشثخ ٠ّٕع اٌزشثخ أذجبط ٚأذصبس اٌٙٛاء ث١ٓ دلبئك 

 ٠porosityغبٚٞ ِغب١ِخ اٌزشثخ عٕذ٘ب ٠ىْٛ اٌّذزٜٛ اٌشغٛثٟ ٌٍزشثخ )عٍٝ أعبط اٌذجُ( 

 ثم١ًٍ. Ksرىْٛ الً ِٓ  Pاٌغجت فبْ  ٌٚٙبرا

 

 .٠ّثً رأث١ش لٛاَ اٌزشثخ عٍٝ ِعذي االسرشبحاٌشىً  

 

 اٌزشثخ:ِٓ اٌّعبدالد اٌٛظع١خ ٌٛصف اسرشبح اٌّبء فٟ  (Kostiakovرعذ ِعبدٌخ وٛعزبوٛف )

      

Where 

D = accumulated infiltration depth (mm)  ّٟعّك االسرشبح اٌزشاو 

t = time accumulated Infiltration (min) ّٟصِٓ االسرشبح اٌزشاو 

   C,m = constantثٛاثذ 

ٔذصً    log-log paperعٍٝ ٚسق ٌٛغبس٠زّٟ t ِمبثً Dفبرا سعُ  .ٌٛغبس٠ز١ّخ اٌّعبدٌخ أعالٖ

ل١ّخ ِعبًِ  رّثً (t = 1 min)اٌضِٓ دل١مخ ٚادذح  عٕذ D رمبغعٗ ِع عٍٝ خػ ِغزم١ُ ِبئً 

         ٘ٛ( ١ٍِٚٗ اٌذغبثٟ Cاالسرشبح )
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  اٌّعبدٌخ عٍٝ ٚسق ٌّم١بط ٌٛغبس٠زّٟ                                       

ثبٌٕغجخ ٌٍضِٓ ذصٛي عٍٝ ِعبدٌخ ٌٛصف ِعذي اسرشبح اٌّبء فٟ اٌزشثخ ٔشزك اٌّعبدٌخ أعالٖ ٌٍٚ

 وبٌزبٌٟ:

  

  
   

      

          

      

Where  

k = constant = cm 

n = constant = m – 1  

I = infiltration rate (mm/min) فٟ اٌزشثخ اسرشبح اٌّبءذي ِع  

n = m – 1 

رمع ث١ٓ  nٚاْ ل١ّخ رمع ث١ٓ اٌصفش ٚاٌٛادذ  mل١ّخ ٚثزذ١ًٍ ثغ١ػ ٌٍّعبدٌز١ٓ ٠ّىٓ اثجبد اْ 

 اٌصفش ٚٔبلص ٚادذ ٚوبالرٟ:

( ٚثّب اْ    ( ٠جت اْ رىْٛ ِٛججخ )mل١ّخ ) فبْ (tرضداد رشاو١ّب ِع اٌضِٓ ) D ثّب اْ 

( ٌزا ٌزذم١ك    عبٌجخ )٠جت اْ رىْٛ ( nبدح اٌضِٓ فبْ ل١ّخ )٠٠مً ثض Iِعذي االسرشبح 

 اٌششٚغ اٌثالثخ الثذ اْ ٠زذمك االرٟ:
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اٌغبثمخ فٟ ٚصف ِعذي االسرشبح خالي اٌغبعبد األٌٚٝ ِٓ ٚعٍٝ اٌشغُ ِٓ ٔجبح اٌّعبدٌخ 

ألٔٗ عٕذِب ٠ضداد اٌضِٓ ع١ٍّخ االسرشبح اال اْ ٕ٘بن ظعفب ِٓ إٌبد١خ إٌظش٠خ فٟ ٘زٖ اٌّعبدٌخ 

(t )( ثشىً وج١ش رمزشة ل١ّخ ِعذي االسرشبحIاٌٝ اٌصفش ).  ٚ٘زا غ١ش صذ١خ الْ الً ل١ّخ

اٌّبء فٟ اٌزشثخ ٟ٘ إٌفبر٠خ عٍٝ أعبط اْ اٌزشثخ رصجخ ِشجعخ ثبٌّبء ارا وبْ ٌّعذي اسرشبح 

 ٌفزشح غ٠ٍٛخ جذاً. عطذٙب ِغطٝ ثبٌّبء 

 

of soil infiltration: data below is from field tests The :Exercise 

time (min) Accumulated infiltration time (min)     5                   120 

Accumulated infiltration depth (mm)                    13                     52 

 Find 

a) The infiltration rate. 

b) The infiltration function of depth. 

Solution  

      

                                 

                   

    ثذً اٌّعبدٌز١ٓ                               

      

       

             

  

  
   

                     

                  (mm/min) 
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Basic infiltration rate.  معدل االرتشاح األساس 

اٌزٟ ٠ىْٛ عٕذ٘ب اٌزغ١١ش فٟ ِعذي االسرشبح خالي عبعخ ٘ٛ رٍه اٌم١ّخ عٍٝ ِٕذٕٟ االسرشبح 

٠ٚعشف ٠ّٚىٓ ا٠جبدٖ ِٓ رمذ٠شٖ ِٓ صِٓ االسرشبح األعبعٟ. %( 01ٚادذح ٚال ٠ض٠ذ عٓ )

ِٕز ثذا٠خ ع١ٍّخ االسرشبح عِّٛب ثّعً االسرشبح اٌثبثذ رمش٠جب اٌزٞ ٠ذصً ثعذ ِشٚس فزشح ص١ِٕخ 

الْ إٌغج١خ اثٕبء اسٚاء اٌزشة اٌخشٕخ ٌثبثذ اٌٝ ٘زٖ اٌم١ّخ ااٚ االسٚاء. ٚلذ ال ٠صً االسرشبح 

 ٌٕبعّخ اٌمٛاَٚاث١ّٕب فٟ دبٌخ اٌزشة اٌّزٛعطخ ع١ٍّخ االسرشبح رذصً خالي صِٓ لص١ش عبدح 

اٚ االسرشبح غ٠ٛال ٔغج١ب ٌزا فبْ ِفَٙٛ ِعذي االسرشبح األعبط ٠ىْٛ  االسٚاءد١ث ٠ىْٛ صِٓ 

 ٚٚظٛدبً أ١ّ٘خ  أوثش

   |    | 

  

 
     

         

      

  

  
         

                

                   

                    

                       

    
 

 
                          

        

     |    | 

ل١ّخ ِعذي  ٓاٌزٞ ٠ذصً عٕذٖ ِعذي االسرشبح األعبط ٠ّىٓ رخ١ّ (Tb) ٚثعذ ِعشفخ اٌضِٓ

 .     فٟ ِعبدٌخ االسرشبح اٌعبِخ ( Tbاألعبط ثزع٠ٛط ل١ّخ اٌضِٓ )االسرشبح 

 األعبعٟ ِٓ صفبد اٌزشثخ اٌزٟ رعىظ لٛاِٙب ٚرشو١جٙب ٠ّٚى٠ٚٓعذ اٌجعط ِعذي االسرشبح 

رمغ١ُ اٌزشثخ عٍٝ أعبط ل١ُ ِعذي اسرشبدٙب األعبط. ٚرجشص أ١ّ٘خ ٘زا اٌّفَٙٛ فٟ دساعخ 

 ٔظُ اٌشٞ ثبٌشػ اٌزٟ رذذد ِعذي االسٚاء )شذح اٌشػ( إٌّبعت ٌٍزص١ُّٚرصب١ُِ 

 ٌٍغؤاي اٌغبثك

   |    | 

   |              |           
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Ib =2.8 (366)
-0.56

 = 0.108 mm/min  

I  = 6.465 mm/hr. 

  

Measurement of infiltration capacity( flooding – type infiltrometer) 

      A simple flooding type infiltrometer consists of a metal cylinder open 

at both ends and about (22.5 cm) in diameter and (60 cm) long. The 

cylinder is driven in to the ground with a driving plate and hummer such 

that about (10 cm) length projects above the ground surface. Water is 

filled in the cylinder to maintain the water depth of about 55 cm in it. A 

pointer is set to mark the water level. As the infiltration take place, the 

water level goes down. The water level is mainted constant by adding 

water from burette. Reddings of the burette are taken at a regular time 

intervel to determine the rate of infiltration is obtained. The experiment is 

generally continued till a constant rate of infiltration is obtained, which 

usually accurse after 2-3 hrs deeping upon the type of soil. A plot is made 

between the infiltration capacity and time. 
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Drainage networks       شبكاث انبزل 

- Drainage: is the process of which the excess water removed from the soil. 

 ػًهٛح إصانح انًاء انفائغ ػٍ داجح انرشتح

- Reclamation: is the adequate lowering of the water table. 

- Benefits of drainage in general: 

1. Improves the soil structure. ذذسٍٛ ْٛكم انرشتح 

2. Increase the productivity of soil. صٚادج إَراجٛح انرشتح 

3. Reclamation of saline and al kali soils.  اسرظالح انرشب انمٕٚح ٔانًانذح  

Sources of excess water in the soil.   مصادر انماء انزائد )انفائض( عه حاجت انتربت   

1. Seepage losses from reservoirs. 

 انخسائش انُاذجح ػٍ انُؼخ )انرسشب( فٙ انمُٕاخ ٔانخضاَاخ 

2. Deep percolation losses from irrigated lands.  

 خسائش انرغهغم انؼًٛك انُاذجح ػٍ يٛاِ االسٔاء نألسع 

3. Flooding of low lands due to overflow of rivers. 

انًُخفؼح َرٛجح ؽفخ األَٓاسفٛؼاَاخ األساػٙ    

4. Up word flow from an artesian aquifer.  اسذفاع انًٛاِ يٍ االتاس االسذٕاصٚح   

 

Field investigation   انفحوصاث انحقهيت   

1. Topography → topographic survey and area maps. 

2. Soil → permeability, location.  انُفارٚح نهرشتح ٔانًٕلغ نهرشتح  

3. Water table → water table depth.  ػًك يسرٕٖ انًاء 

4. Water sources → quantity and quality.  َٕػٛح ٔكًٛح انًٛاِ انظانذح نهرشتح 
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Depth and spacing of drains  

The position of the water table will depend upon the following factors: 

1. The rain fall rate or the rate of irrigation water applied.  يؼذل االيطاس ٔاالسٔاء     

2. Soil hydraulic conductivity.  انُفارٚح( انرٕطٛم( 

3. Depth and spacing of drains. )اسذفاع يُسٕب انًاء ٔػذدْا انجٕفٙ(    

4. The depth of the impermeable layer. ػًك انطثمح انظًاء )غٛش انُفارج(    

يا ػهٗ شكم شثّ يُذشف ر٘ اَذذاس جاَثٙ ٚرشأح يا تٍٛ أ غانثا  ح ٔانرٙ ذكٌٕ يا يفرٕدأانًثاصل  -

يثاصل يغطاج ْٔٙ انًثاصل انرٙ ذذفٍ ذذد سطخ  أ( دسة انخٕاص انفٛضٚائٛح نهرشتح 1:1 1:1)

انرشتح نهًذافظح ػهٗ يُسٕب انًٛاِ انجٕفٛح ٔانرخهض يٍ انًاء انضائذ. ٔلذ ذٕجذ انًثاصل انًغطاج يغ 

جُة فٙ شثكاخ انثضل انًُفذج )كًا فٙ انؼشاق(. ٔٚفؼم انثضل انًفرٕح فٙ  انٗانًثاصل انًفرٕدح جُثا  

ٛاخ انًٛاِ انسطذٛح كثٛشج ٔتظٕسج دائًّٛ ٔكزنك فٙ انًُاؽك انرٙ لذ نًُاؽك انرٙ ذكٌٕ فٛٓا كًا

ذرؼشع فٛٓا انًثاصل انًغطاج نالَسذاد تفؼم انرشسثاخ انكًٛٛائٛح ٔخاطح فٙ انًُاؽك راخ انرشب 

انؼؼٕٚح. اٌ انكهفح االَشائٛح األٔنٛح نهًثاصل انًغطاج ْٙ تذذٔد ثالثح اػؼاف كهفح انًثاصل انًفرٕدح. 

ؼشٔف اٌ ذظشٚف انًثاصل ال ٚكٌٕ يُرظًا ٔاٌ يؼشفرّ راخ أًْٛح نكَّٕ ٚذخم ػًٍ ٔيٍ انً

انًؼادالخ فٙ دساب األتؼاد يا تٍٛ انًثاصل. ٔكهًا صاد ػًك انًثاصل اصدادخ لذسج انرشتح ػهٗ يسك 

ؽٕل انًاء فٕق انًثضل يماسَح تانًثاصل انؼذهح، َٔرٛجح نزنك فاٌ انًثاصل انؼًٛمح ذؼطٙ ذظشٚفا تفرشج أ

 تٍٛ انشٚاخ فٙ انًُاؽك انجافح ٔشثّ انجافح انًشٔٚح، ٔاٌ انًثاصل انؼًٛمح ٚكٌٕ ذظشٚفٓا لهٛال .

Drainage system  وظم انبزل 

      Surface drainage                انثضل انسطذٙ. - أ

       Subsurface drainage انثضل ذذد انسطذٙ. - ب

 ًٔٚكٍ ذمسٛى انًثاصل انٗ

 Opened drainage              انًفرٕدح.انًثاصل  - أ

 Closed drainage                   انًثاصل انًغهمح. - ب
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 انًثاصل انًفرٕدح

 

  ، ، شثّ يُذشف                     اشكانٓا / يشتغ              ،  يسرطٛم 

    ، 

 ٔذرًٛض ْزِ انًثاصل تـــــــ

 كثٛش انسؼح. .1

 .R-oذجًغ يٛاِ   .1

 .W-Tفٙ دانح صٚادج انؼًك ذخفغ  .3

In any system of drains one may distinguish between: 

- Field drains or field laterals, usually parallel drains whose function is to control 

the ground water depth. 

- Collector drains, whose function is to collect water from the field drains and to 

transport it to the main drains.  

- Main drains, whose function is to transport the water from out of the area.   

 

The factors which influence the height of the water table are: 

- Precipitation and other sources of the recharge.  

- Evaporation and other sources of the discharge.  

- Soil properties.  

- Depth and spacing of the drains. 

- Cross-sectional area of the drains.  

- Water level in the drains.  
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Steady state drainage equation 

There are two simplified assumptions: 

1. Two-dimensional flow. جشٚاٌ ثُائٙ االتؼاد 

2. Uniform distribution recharge. ٍيؼذل ذغزٚح انًاء انجٕفٙ ثاترح يغ انضي  
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Hooghoudt’s Equation For The Water Table In Equilibrium With 

Rainfall Or Irrigation Water 

   
    

 
 
    

 
        (                    ) 

 

 

 

Where:  

q = discharge per unit length of drain (the recharge) (m/d كًٛح انرغزٚح) انثضل يميؼا  

K = hydraulic conductivity (m/d). 

L = drain spacing (m). 

D = depth of the impermeable layer. (m) ػًك انطثمح انظًاء ػٍ انًثضل 

h = hydraulic head between two drains. (m) اسذفاع انًاء انجٕفٙ ػٍ انًثضل ػُذ يُرظف            

 انًسافح تٍٛ انًثضنٍٛ   

  
( ) خسائش انرغهغم                        

انضيٍ تٍٛ سمٛرٍٛ                                      
 

  ذذد داالخ يخرهفح Hooghoudt’sاشكال يؼادنح 

A. For shallow aquifer. 

   
    

 
 
    

 
 

انرشتح يرجاَسح ٔٚمغ انًثضل فٕق انطثمح انظًاء تًسافح يؼُٛح )انطثمح انظًاء لشٚثح يٍ سطخ انرشتح( )انؼًك  -

 ( 3mذمشٚثا الم يٍ 

B. For deep aquifer  

   
    

 
 
    

 
 

From below drain level 

كميت انجريان باتجاي انمبزل مه انمىطقت 

 انمحصورة بيه انمبزل وانطبقت انصماء

From above 

drain level 

كميت انجريان باتجاي 

انمبزل مه انمىطقت 

انتي تقع فوق 

 انمبزل
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انٗ يا ٚؼادنٓا ُْٔانك يشذسًاخ أ  Dانرشتح يرجاَسح ٔانطثمح انظًاء ػهٗ تؼذ كثٛش ػٍ انًثضل ذؼذل لًٛح  -

جذأل خاطح السرخشاج انؼًك انًكافئ نهطثمح انظًاء ٔفؼال ػٍ انًشذسًاخ ٔانجذأل انخاطح ترذذٚذ انؼًك 

 نٛحانًكافئ )انفؼال( نهطثمح انظًاء ًٚكٍ اسرخشاجٓا تانًؼادنح انرا

  
 

*(
  
  )  (

 
 )+   

 

 

Where 

d = equivalent depth of the impermeable layer (m).      انؼًك انًكافئ نهطثمح انظًاء ػٍ انًثضل

                                                                                              

 u = wetted circumference = half of drain circumference.  

   َظف يذٛؾ االَثٕب

 u =     

   = drain radius (m). َظف لطش أَثٕب انًثضل 

C. For layered aquifer  انرشتح يرجاَسح ٔٚمغ انًثضل فٕق انطثمح انظًاء تًسافح يؼُٛح 

   
    

 

 
 
     

 
 

انًشثؼح تانًاء فٕق انًثضلانُفارٚح نهطثماخ  =     

 انُفارٚح نهطثماخ انفاطهح تٍٛ انًثضل ٔانطثمح انظًاء =   

D. The drain at the impermeable layer. ٚمغ انًثضل فٕق انطثمح انظًاء يثاششج 
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Exercise: 

 For the derange of an irrigated area a drain pipe of radius of (0.1 m) was used at 

depth of (1.8 m) below soil surface the impermeable layer was found at depth of (6.8 

m) below surface of soil. The hydraulic conductivity was (0.8 m/d), irrigation was 

applied once every twenty days. The irrigation losses which recharge the ground 

water table is (40 mm) from each irrigation. What drain spacing must be applied when 

the average water table is (1.2 m) below soil surface.  

 

Solution: 

              

                

  
       

      
        ⁄  

 انطثمح انظًاء ػًٛمح نزا ٚسرؼًم 

   
    

 
 
    

 
 

   
 (   )(   ) 

     
 
 (   )(   ) 
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 طريقت انحم

 trail & error ايا تاسرؼًال انجذأل أ

                                                   

            (     ) 

       

                                                         

(  )          (    )                 

         

 

 طريقت أخرى

Or  

  
 

*(
  
  )
| (
 
 )+   

 

       

      

       

  
 

*(
  
  )
| (

 
     )+   

       

 

 َجـذ L,dراذا انًجٕٓنٍٛ   ٔ  ٔتذم انًؼادنرٍٛ 

                                                                 

 .٘ال ٚفؼم ذمهٛم انًسافح تٍٛ انًثاصل الٌ ْزا غٛش الرظاد 

  انًسافحL ( 5يٍ يؼاػفاخ انشلى.) 
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Van Beers Approach  

  
  
    

 
 
    

 
    (             ) 

  
  
    

 
 
    

 
    (                  ) 

 ػًٛك. W.T (G W)ػذم أ  Equifirػُذيا ٚكٌٕ 

 ًٔٚكٍ االسرغُاء ػٍ انًؼادالخ تاسرخذاو تؼغ انًشذسًاخ 

       

       (
 

 
) 

Where: 

L = actual drain spacing (m). 

   = approximately drain spacing (m). 

C = correction factor. يؼايم انرظذٛخ 

 

Exercise  

Given      h = 0.6 m  ,  D = 5 m  ,  k = 0.8 m/d  ,  q = 0.002 m/d  ,  r
o 
 = 0.1 m  

Solution  

  
  
      (   ) 
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       (
 

     
)            

                       

           

 

Principle of the Kirkham equation. 

  
  

 
                       (    )                    (                 ) 

and 

   
 

 
[|  
 

   
 ∑

 

 
(   
     

 
      ) (    

    

 
  )

 

   

] 

Value of FK are given in the table below. 

 

 

 

 

In the solution represented by eq.   the flow is in the upper region has been 

neglected in the later paper Kirkham (1960) reported region [the flow in the layer 

above the drain level] the general equation for a two-layer problem is  

  
  

  
  
 

     ⁄
   

  = soil permeability for the above drain level. َفارٚح انرشتح اػهٗ انًثاصل 

  = = soil permeability for the below drain level. َفارٚح انرشتح أسفم انًثاصل    

        إرا انرشتح َٕع ٔادذ 

 

L/D (the flow above the drain is ignored)  
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Exercise  

            ⁄  

         

        

            ⁄  

        

, if the vertical flow is assumed in this region 

  
  
   

Solution  

 

 
(
 

 
  )  

   

 
(
   

     
  )  تذٌٔ ٔدذاخ                  

 

   
 
 

 (   )
    

 
 

 
        ( )       

Principles and applications of Dagan equation 

The Dagan equation, is a form similar to the Hooghoudt and Kirkham equations:-

   
  

 
   

Where 

   
 

 
(
 

  
  ) 

Where 

  
 

 
 |  (     

   

 
  ) 
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In the fig below the term   has been represented as a function of 

   

 
 

 Note: that   -values are negative.  

 

 

Exercise  

The same example before 

Solution  

   

 
      

   

 
             

   
 

 
(
 

  
  )  

 

 
(
 

  
    ) 

  
  

 
   
  

  
(
 

  
    ) 

    
      

     
  (

 

   
      ) 

              

  
    √(  )        
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Daring coefficient       معامم انبسل 

سبػخ ٠ّٚىٓ اٌزؼج١ش ػٕٗ  42و١ّخ ا١ٌّبٖ اٌّجضٌٚخ فٟ ِسبزخ ِؼ١ٕخ خالي ٚزذح اٌضِٓ ٚغبٌجب ِب ٠ؤخز اٌضِٓ 

 ثبٌظ١غ االر١خ

 mm/dٚزذح اٌضِٓ ِثال  اٌّجضٌٚخ فٟػّك ِىبفئ ِٓ ا١ٌّبٖ  .1

mفٟ ٚزذح اٌّسبزخ ِثال  ٚزذاد رظش٠ف ثبثزخ ِٓ ا١ٌّبٖ اٌّجضٌٚخ .4
3
/d/donam 

 hr 24ٚزذاد اٌّسبزخ اٌزٟ رؼطٟ رظش٠ف لذسٖ ٚزذح ٚازذح ٌّذح  .3

Donam ِسبزخ ِٓ m
3
/s/day 

 يقسم معامم انبسل انى

 ِؼًّ اٌجضي اٌسطسٟ. .1

 ِؼبًِ اٌجضي رسذ اٌسطسٟ )اٌجبؽٕٟ(. .4

 ِؼبًِ اٌجضي اٌىٍٟ = ِؼبًِ اٌجضي اٌسطسٟ + ِؼبًِ اٌجضي اٌجبؽٕٟ

 اٌزٟ رؤثش ػٍٝ ل١ّخ ِؼبًِ اٌجضي اٌؼٛاًِ

 .daring areaاٌّسبزخ اٌّجضٌٚخ  .1

 اٌؼٛاًِ إٌّبخ١خ. .4

 و١ّخ ١ِبٖ اٌشٞ. .3

 ٔٛػ١خ اٌزشثخ ٚإٌجبد. .2

 ػّك اٌّجبصي. .5

 خ ث١ٓ اٌّجبصي.فاٌّسب .6

 

Hydraulic Design Of Open Drain 

The hydraulic characteristic of the materials used for daring purposes must be 

known because they are used to carry the drainage water out of the filed. The size 

of the drains must be adequate to carry the water of the drainage water at the 

design slope. 
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  أعماق انمبازل انمفتوحة

 ٠زٛلف ػّك اٌّجضي اٌّفزٛذ ػٍٝ ػذح ػٛاًِ:

 اٌزشثخ ٚطفبرٙب اٌطج١ؼ١خ ٚٔفبر٠زٙب ١ٌٍّبٖ.ٔٛػ١خ  .1

  اٌزٟ رسزبج اٌٝ ػّك الً ِٓ اٌزشة  اٌغش١ٕ٠خاٌزشة اٌش١ٍِخ رسزبج اٌٝ ِجبصي ػّمٙب الً ِٓ اٌزشة

 اٌط١ٕ١خ.

 ٔٛع إٌجبد. .4

( ٚاٌزٞ ٠ؼزّذ ػٍٝ دسخبد critical depthاٌؼٛاًِ إٌّبخ١خ )اٌؼّك اٌسشج ١ٌٍّبٖ اٌدٛف١خ  .3

 بد سمٛؽ االِطبس.اٌسشاسح اٌؼب١ٌخ ٚو١ّ

 اٌؼٛاًِ االلزظبد٠خ. .2

 Note: if W.T is low (sandy soil) we will not need for drains. 

 W.Tألٔٗ اٌغشع ِٓ اٌّجضي خفغ ِٕسٛة اٌّبء اٌدٛفٟ 

 

٘ٛ ػّك اٌّبء اٌدٛفٟ اٌزٞ ٠سذس ػٕذٖ اٌخبط١خ اٌشؼش٠خ ف١شرفغ اٌّبء اٌٝ األػٍٝ  -اٌؼّك اٌسشج :

 االِالذ اٌزٟ رزشاوُ ػٍٝ سطر اٌزشثخ.ِسزظسجب ِؼٗ 

 اٌؼّك ا = ػّك اٌّبء اٌدٛفٟ اٌّشاد اٌسظٛي ػ١ٍٗ.

اٌؼّك ة = ِمذاس االٔخفبع ِٕسٛة اٌّبء اٌدٛفٟ ثبردبٖ اٌّجبصي اٌسم١ٍخ ٠ٚؤخز ػبدح ِٓ اػٍٝ ٔمطخ 

 ضي.ف ِٕسٕٟ سطر اٌّبء اٌسش ٚرمغ ث١ٓ ِٕزظف اٌّسبفخ ث١ٓ اٌّجض١ٌٓ اٌٝ سطر اٌّبء داخً اٌّج

اٌؼّك ذ = ػّك اٌّبء داخً اٌّجضي ٠ٚالزظ اْ اٌؼّك ا ٠دت اْ ٠ىْٛ وج١شا ارا وبٔذ اٌزشثخ ِزأثشح 

ثبألِالذ ٚراد ٔسدخ ٔبػّخ ٚرٌه ٌالثزؼبد ػٓ رأث١ش اٌؼّك اٌسشج ٌٍّبء اٌدٛفٟ ٚفٟ اٌؼشاق ٠ٛطٟ 

١ٓ اٌّجبصي ٚفٟ ( اِب اٌؼّك ة ف١ؼزّذ ػٍٝ اٌّسبفخ ثm 1.75 – 1.25ثبْ ٠ىْٛ اٌؼّك ا ِب ث١ٓ )

( ٚ٘ٛ ِمذاس ِزٛسؾ االٔخفبع فٟ إٌّسٛة ٌٍّبء اٌدٛفٟ اِب )ج( ف١زُ m 0.5اٌؼشاق ٠ىْٛ زٛاٌٟ )

 اززسبثٗ ثبسزخذاَ اٌّؼبدالد ا١ٌٙذس١ٌٚى١خ اٌخبطخ ثزظ١ُّ اٌّمبؽغ.

 ( ٓ3.5 – 1.8اْ اػّبق اٌّجبصي اٌّفزٛزخ رزشاٚذ غبٌجب ِب ث١ m ) 
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Hydraulic design 

By using Manning Equation: -  

  
 

 
 
 
 ⁄  
 
 ⁄  

1. By trial and error solution.       

2. Section factor method. 

3. By using design chart for open drain. رخض فمؾ اٌّجبصي ٚال رسزخذَ فٟ اٌمٕٛاد اٌّفزٛزخ

 ٌّؼبًِ خشٛٔخ ِسذد ٚأسذاس خٛأت ِسذد                         

 Note: check Fr.no. for line drain. Check silt factor for unlined drain. 

   
 

√  
                                                         

      √  

                 
  

 
                                      

4. By using conveyance factor. ًِإٌمً ؽش٠مخ ِؼب  

     
 
 ⁄                √   

  = conveyance factor  ِؼبًِ إٌمً ٚاٌزٞ ٠ّىٓ زسبثٗ ِٓ خالي ِؼشفخ و١ّخ ا١ٌّبٖ ثٛزذح

.                                                        اٌضِٓ ٚأسذاس اٌمٕبح  

 Yِٚؼبًِ إٌمً ٚػّك اٌّبء  Aمطغ ٟ٘ ا٠دبد خذاٚي رج١ٓ ٔز١دخ ِسبزخ اٌ Kٚاُ٘ اٌطشق فٟ زسبة 

ٚاالػزّبد ٕ٘ب فٟ اٌزظ١ُّ ػٍٝ . ٌّؼبًِ خشٛٔخ ِسذد ٚالٔسذاس خٛأت ِسذدح( b)ٚػشع اٌمٕبح 

 .اٌسشػخ اٌّسسٛثخ ٚاٌّسذدح ثبٌسشػخ اٌّسّٛذ ثٙب ٚاٌّؼزّذح ٌٍزظ١ُّ

 

Exercise  

 conveyance factor methodثبسزخذاَ 

Given     Q = 0.15 m3/s                                

S = 0.001 
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n = 0.025 

Z = 1:1 

 Solution  

  
 

√ 
       

                                                        
      
     

                
        
        

   

                                          
      
      

                
        
        

 

       

                                          
     
      

                
        
        

 

         

                                          
      
      

                
       
        

 

         

                                          
     
      

                
        
        

 

         

                

 Note:  

 رزغ١ش ٌزظجر  Kفبْ ل١ّخ  n = 0.02ارا وبٔذ ل١ّخ ِؼبًِ اٌخشٛٔخ الً ِّب ٟ٘ ػ١ٍٗ فٟ اٌدذٚي ِثال 

    
    

     
       

     اٌدذٚي ٠ّىٓ إ٠دبد االززّبالد اٌزب١ٌخ ألثؼبد اٌمٕبحٚثبسزخذاَ 
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Exercise  

Find the dimension of earth drain carrying discharge 0.45 m3/s, n = 0.03, S = 0.00024    

1.5 H : 1 V. 

Solution  

By using design chart 

1.   ⁄                                                 

2.   ⁄                                                 

  

 
 ⁄    

 
 ⁄    

 

 رسزخذَ اٌدبسد فٟ اٌسبالد اٌزب١ٌخ

 لطغ شجٗ ِٕسشف .1

2. Z = 1.5 

3. n = 0.03 

 

 

 

⇒ 
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Open drains maintenance  ادامة انمبازل انمفتوحة 

 .اٌس١طشح ػٍٝ اٌزشسجبد فٟ اٌّجضي اٌّفزٛذ .1

 .اٌس١طشح ػٍٝ أدشاف وزٛف اٌّجبصي .2

 .أسذاس اٌدٛأت ٌٍّجضي اٌس١طشح ػٍٝ .3

 .اٌس١طشح ػٍٝ ّٔٛ االدغبي .4

  اٌّغطبح ٠ّىٓ اْ رظت فٟ ِجبصي ِدّؼخ ِفزٛزخ ٚثزٌه رسّٝ ثبٌٕظبَ ( اٌفشػ١خ)اْ اٌّجبصي اٌسم١ٍخ

اٚ رظت فٟ ِجبصي ِدّؼخ ِغطبح ٚثزٌه رسّٝ ثبٌٕظبَ اٌّشوت  single systemاٌّفشد 

composite system. 

 :١ِٓ ٠ؼزّذ ػٍٝ ثؼغ االػزجبساد ٟٚ٘إٌظب ٓاْ االخز١بس ِب ث١

 .اْ اٌّجبصي اٌّدّؼخ اٌّفزٛزخ رٛفش أزسٓ ٚس١ٍخ ٌٍزخٍض ِٓ ا١ٌّبٖ اٌسطس١خ اٌضائذح .1

 %.3-2اْ اٌخسبسح فٟ األسع ثبسزخذاَ إٌظبَ اٌّفشد لذ رظً  .2

 سٌٙٛخ فسض اٌّجبصي اٌسم١ٍخ ِغ إٌظبَ اٌّفشد ٚوزٌه ١ٌس ٕ٘بن رخٛف ِٓ أسذاد اٌّجبصي اٌّدّؼخ .3

 .فٟ ٘زٖ اٌسبٌخ

 .اٌّجبصي اٌّدّؼخ اٌّفزٛزخ رسزبج اٌٝ ط١بٔخ أوثش ِٓ اٌّغطبح .4

 .اْ وٍفخ إٌظبَ اٌّفشد ٟ٘ الً ِٓ وٍفخ إٌظبَ اٌّشوت .5

فٟ . ِٚغ وً االػزجبساد اٌسبثمخ ٠فؼً إٌظبَ اٌّفشد فٟ ٌّٕبؽك راد اٌطجٛغشاف١خ اٌّسز٠ٛخ ٚراد إٌّبش اٌشؽت

ٚوزٌه فبْ إٌظبَ اٌّشوت ٠فؼً فٟ ٌّٕبؽك . بؽك راد اٌطج١ؼخ إٌّسذسحز١ٓ ٠الئُ إٌظبَ اٌّشوت إٌّ

 .ار اْ اٌّجبصي اٌّدّؼخ ال رزؼبسع ِغ لٕٛاد اٌشٞ, االسٚائ١خ

  Drainage wells  انمعايير انتصميمية نهمبازل انمفتوحة

a. Permissible velocity  اٌسشػخ اٌّسّٛذ ثٙب 

To avoid sedimentation of material اٌّٛاد اٌؼبٌمخ رشست  

To avoid scouring of canal ٗأسشاف اٌّمطغ ٚ رؼش٠ز 

 ٚرؼزّذ اٌسشػخ اٌّسّٛذ ثٙب

 .اٌظفبد ا١ٌٙذس١ٌٚى١خ ٌٍمٕبح -

 (.ٔس١ح اٌزشثخ ٚرشو١جٙب)زبٌخ اٌزشثخ  -

 .ػّش اٌمٕبح -

 .ٚخٛد اٌسشبئش ٚاالدغبي فٟ اٌمٕبح -
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 .ٚخٛد اٌؼٛاٌك فٟ ِبء اٌجضي -

      

V = velocity (ft/s) 

y = water depth(ft) 

x = constant (0.5 – 0.64) ٠ؼزّذ ػٍٝ ٚخٛد ػبٌك اٚ ػذِٗ فٟ اٌّبء 

C = constant (0.84 – 1.09) ٠ؼزّذ ػٍٝ ٔس١ح اٌزشثخ ِٓ اٌزشثخ إٌبػّخ ززٝ اٌخشٕخ                    .

                                                                                

رضداد اٌسشػخ فٟ اٌّجضي فٟ زبٌخ ٚخٛد اٌغطبء إٌجبرٟ ألٔٗ ٠ؼًّ ػٍٝ رثج١ذ اٌزشثخ ٌٍّجضي ِّب ٠مًٍ   -

 .رأث١ش اٌسشػخ ػٍٝ رؼش٠خ رشثخ اٌّجضي ٚأدشافٙب

b. Discharge  اٌزظش٠ف 

ثش ػٍٝ اْ اٌزظ١ُّ إٌبخر ٌٍّجضي اٌّفزٛذ ٘ٛ اٌزٞ ٠سزٛػت اٌزظش٠ف اٌؼبٌٟ ٚغ١ش االػز١بدٞ دْٚ اْ ٠ؤ

ِٓ اٌسؼخ اٌزظ١ّ١ّخ % ٠05سزٛػت ِب ال ٠مً ػٓ  free boardّٔٛ إٌجبربد ٚاٌزٞ ٠دؼً ِٓ اٌؼّك اٌسش 

 .ٌٍّجضي

 اٌسؼخ اٌزظ١ّ١ّخ ٌٍّجضي رؼزّذ ػٍٝ 

 .و١ّخ االِطبس ٚثشىً خبص اٌزٟ رجضي سطس١ب -

 .ِزطٍجبد اٌغس١ً ٚاٌّؼزّذح ػٍٝ ٍِٛزخ اٌزشثخ ٍِٚٛزخ ِبء اٌجضي -

 .١خ ِٚؼذي اٌف١غاال٠ظب١ٌخ اٌّبئ -

c. Side slope  أسذاس اٌدٛأت 

ٚاٌزٟ . ٠دت اْ ٠ىْٛ أسذاس اٌدٛأت ثبثزب ِٚسزمشا ِغ ِشٚس اٌضِٓ ػٕذ رٕف١ز ِجبصي ِفزٛزخ اٚ لٕٛاد سٞ

 رؼزّذ ػٍٝ ٔس١ح اٌزشثخ

1:1 

V:H 

d. Open drains slope   أسذاس اٌّجبصي اٌّفزٛزخ 

  √  

 ثبٔسذاس األسع٠زسذد أسذاس اٌّجبصي ثٕسٛ ػبَ 

0.03 – 0.15%    at collector and main drain 

                   

e. Cross-section   اٌّمطغ اٌؼشػٟ ٌٍّجضي 

 شجٗ ِٕسشف                                             

أٞ )ِخ ٌٍجضي اٌسطسٟ فبٌّجبصي اٌّفزٛزخ اٌّسزخذ. رخزٍف اثؼبد اٌّجبصي اٌّفزٛزخ ثبخزالف اٌغب٠خ فٟ رٕف١ز٘ب

رىْٛ غ١ش ػ١ّمخ ِمبسٔخ ثبٌّجبصي اٌّسزخذِخ ػٍٝ ِسزٜٛ ِبء ( ٌٍزخٍض ِٓ اٌّبء اٌضائذ ػٍٝ سطر اٌزشثخ
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 خٚوزٌه اٌّجبصي اٌشئ١س١خ اٌّفزٛزخ رخزٍف ػٓ اٌّجبصي اٌّدّؼخ فٟ اٌّجبصي اٌشئ١س١. ِسذد ٌٍّبء األسػٟ

ٚلذ  m 1-0.8ٚاْ ػشع اٌّجضي اٌّدّغ ٠زشاٚذ ِب ث١ٓ . رىْٛ أوثش ػّمب ٚػشػب ِٓ اٌّجبصي اٌّدّؼخ

 .٠ظً اٌٝ أوثش فٟ اٌّجبصي اٌشئ١س١خ

f. Drain spacing     اٌّسبفخ ث١ٓ اٌّجبصي 

 m 100ٚلذ رظً اٌٝ أوثش ِٓ  m 40-30ا٠ظب١ٌخ اٌزشثخ ٚٔسدزٙب رزشاٚذ ِب ث١ٓ  Kرؼزّذ أسبسب ػٍٝ 

 ٌٍزشة اٌش١ٍِخ 

 

Exercise  

Design an open drain carrying a discharge of 3m3/s, the permissible velocity is 1 m/s 

side slope 1:2 Use C = 55 (economical section)  

      

   
 

 
     

        √                      √    

        √  

  
 

 
 

 

    √ 
 

 

         
 

   
 

 
  
 

 
 

 

         
  

                               
        

 
   

           

        
    

ثبٌزؼ٠ٛغ فٟ  
 

                 

                       

 ثبٌزؼ٠ٛغ فٟ                    
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   √   

    √       
 
 ⁄  

            ⁄  
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    Drainage layoutأنماط توزيع شبكة انبسل 

اْ اشىبي شجىخ اٌجضي رؼزّذ ثبٌذسخخ اٌشئ١س١خ ػٍٝ ؽجٛغشاف١خ األسع اٌّشاد ثضٌٙب. اْ اٌشجىخ رىْٛ فؼبٌخ فٟ 

 زبٌخ ٚػؼٙب اٚ ِشٚس٘ب فٟ إٌّبؽك اٌٛاؽئخ ٚإٌّبؽك اٌزٟ رٛخذ ف١ٙب ا١ٌّبٖ اٌضائذح.

There are two types of drainage layout: 

1. Parallel grid system. 

 According to the topographic factor. 

a. Single slide collector  

 ردّغ ا١ٌّبٖ ِٓ اٌّجبصي اٌفشػ١خ ثبردبٖ ٚازذ )٠خذَ خٙخ ٚازذح(

         

 

 

 

 

             

b. Double sided collector 

 ردّغ ا١ٌّبٖ ِٓ خٙز١ٓ

  

 

c. Herring bone system 

اٌزٛص٠غ ػٍٝ شىً ١٘ىً اٌسّىخ ٚاٌزٞ ٠ىْٛ ف١ٗ اٌّجضي اٌّدّغ ِٛاص٠ب ٌالٔسذاس 

 ٚاٌّجبصي اٌفشػ١خ ِمبؽؼخ ٌٗ.
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2. Random pipe drainage system      ٟإٌظبَ اٌؼشٛائ  

 According to the field area. ًِسبزخ اٌسم 

 Lateral drain designed with angle with the collector.  ػٕذِب رىْٛ األسع غ١ش ِٕزظّخ

                                                                                    

  

 

 

Advantage and disadvantage of open and closed drains system. 

Open drains system مبازل مفتوحة 

1- Advantages 

a) Receive excess surface and ground water. 

b) Need small hydraulic gradient about (0.01%). ًأسذاس ١٘ذس١ٌٚىٟ ل١ٍ 
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c) Easy in monitoring and maintenance.  سٌٙٛخ اٌظ١بٔخ ٚاٌّشالجخ 

2- Disadvantages. 

a) Caused losses in area. 

b) Growing plants and grasses in the canals causes ponds of water. ٚ اٌسشبئش ّٛٔ

 األػشبة رؤدٞ اٌٝ ردّغ اٌّبء

c) Difficulties in machine and human movement. طؼٛثخ اسزؼّبي اٌّىبئٓ ٚزشوخ  

 األشخبص الْ األسع ِمطؼخ اٌٝ ػذح ِسبزبد                                         

Closed drain system مبازل مغهقة 

1- Advantages 

a) Receive excess ground water only.               رسزمجً ا١ٌّبٖ اٌضائذح ِٓ اٌّبء اٌدٛفٟ فمؾ

                                                                           

b) Need more hydraulic gradient about (0.1%). أسذاس ٘زا إٌظبَ أوجش 

c) Monitoring need dug hole in soil. اٌّشالجخ رسزبج زفش فٟ اٌزشثخ 

2- Disadvantages 

a) No losses in area. االٔبث١ت رسذ األسع 

b) No growing of plants and grasses. 

c) No difficulties in movement. 
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Drainage wells ابار البسل 

اْ ِشىٍخ اسرفبع ِٕبع١ت اٌّبء اٌجٛفٟ ٠ّىٓ اْ رذذس فٟ إٌّبغك اٌزٟ رذزٛٞ ػٍٝ غجمخ دبٍِخ ١ٌٍّبٖ رذذ 

ِٕطمخ اٌجزٚس راد ا٠صب١ٌخ ِبئٍخ ػب١ٌخ ٚغجٛغشاف١خ ِغز٠ٛخ ٚال رذزٛٞ ػٍٝ ِٕفز غج١ؼٟ ١ٌٍّبٖ اٌضائذح. رذذ 

ص ِٓ ا١ٌّبٖ اٌضائذح، ٌىٓ ٠ّىٓ ٌىٓ ٠ّىٓ ٘زٖ اٌظشٚف ال ٠ّىٓ االػزّبد ػٍٝ إلبِخ شجى١خ ثضي افم١خ ٌٍزخٍ

اٌؼّٛدٞ )اٌعخ ػٓ غش٠ك االثبس(. اْ اٌجضي اٌؼّٛدٞ ٠ىْٛ فؼبال فٟ إٌّبغك  ثبٌجضياٌزخٍص ِٓ ٘زٖ ا١ٌّبٖ 

( ٠ٚفعً ٕ٘ب Transmissivityاٌزٟ رىٛف ف١ٙب اٌطجمخ اٌذبٍِخ ١ٌٍّبٖ راد لذسح ػب١ٌخ جذاً اػٍٝ ٔمً اٌّبء)

ش االػزجبس عّه اٌطجمخ ظ( ٠أخز ثTٕالْ األٚي ) (K)ثذي ػٓ اال٠صب١ٌخ اٌّبئ١خ  Tح إٌمً اٚ لذس لبث١ٍخاعزخذاَ 

 ( د١ش اْ:Dاٌذبٍِخ ١ٌٍّبٖ )

T = KD 

T = transmissivity  ًِاالِشاسِؼب   

 
 

 
  
  

 

  

 
 

ٌغب٠خ اٌجضي ٚاٌغ١طشح ػٍٝ ِٕغٛة اٌّبء اٌجٛفٟ ٚاْ اٌجضي اٌؼّٛدٞ ٠ىْٛ الزصبد٠ب ِٓ اٌجضي  ٚرغزخذَ االثبس

ذبالد اٌزٟ رىْٛ ف١ٙب ا١ٌّبٖ اٌجٛف١خ راد ٔٛػ١خ ج١ذح ٚرٌه إلِىبْ اعزخذاِٙب فٟ ػ١ٍّبد اٌشٞ. ٌاالفمٟ فٟ ا

ٕبد١خ األخشٜ اْ ص١بٔخ ٘زٖ االثبس ٌزٌه فبْ ١ِبٖ اٌجضي فٟ ٘زٖ اٌذبٌخ رىْٛ ١ِبٖ راد ل١ّخ الزصبد٠خ. ِٚٓ اٌ

 .االفمٟرىْٛ الً وٍفخ ِٓ اٌّجبصي اٌّفزٛدخ ٚ اٌّغطبح فٟ دبٌخ اٌجضي 

Objectives  

 The use of drainage wells for the purpose of drainage lands. 

 The use of drainage wells for controlling the water table. 

Advantages of drainage wells  

1. Drainage wells more economical for unflate area. 

2. The amount of discharge that pumped can be increased and lowering of the 

ground water table increased too because of the continues flow due to the 

pumping. 

3. If the quality of ground water is good, the discharge can be used for industrial 

and agriculture purpose. 
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Disadvantages of drainage wells 

1. More complex in design criteria. 

2. More cost due to the use of fuel and electricity. 

3. Need maintenance and monitoring.  

4. The drainage wells caused management and legal problems. ِشبوً إداس٠خ

 ٚالزصبد٠خ                                                                                              

5. Drainage wells need soil of certain properties of high permeability and low 

drainable porosity. ِٕخفعخ ٚراد ٔفبر٠خ ػب١ٌخ١ِخ ِغب  

The main points of designing a well are:  

1. Choice of well locations: 

(soil conditions) [deep sandy aquifer fractured rock]  

2. Geological and geophysical logging, water quality sampling and test pumping 

can be carried out in a satisfactory way:  

[●pumping test from trail wells can be used to estimate the spacing that is 

necessary. ●piezometers should be located within about 10, 20, …….. , 100 ft 

from the a well] 

3. Selection of a appropriate drilling method. [proper dimensional factors of bore 

hole and well structure.] 

4. Selection of appropriate construction materials, including pump specification.  

5. Well design should be such that pollutants from land surface or other sources 

cannot enter the well. 

6. The pumping rate should satisfy the demand for water.  

7. A well with a long life. [more than 25 years and pumping from aquifer of 80 - 

300 ft beneath soil surface.] 

8. Materials used in the well should be resistant to correction and with sufficient 

strength to prevent collapse.  

9. Well design should be based on low installation and running coast while not 

affecting well performance. 
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There are two types of wells  

1- When the water table is located in un confined aquifer. The wells remove 

water directly from root zone. It may be either shallow or deep wells. [steady – 

state well]. 

2- When water table located in artesian aquifer the water may be free flow 

(confined aquifer). [artesian wells]. 

Information required for well design: 

1- Aquifer location [depth of water bearing strata, and aquifer thickness]  

2- Aquifer nature [consolidated or unconsolidated material, confined or 

unconfined]  

3- Aquifer parameters [hydraulic conductivity, transmissivity, grain size] 

4- Aquifer recharge characteristics 

5- Location of aquifer boundaries. 

6- Nature of formation above aquifer. 
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Design of drainage wells  

1. Steady-state wells 

ِٓ  rاٌجش٠بْ ثبٔٗ ِغزمش إرا ٌُ ٠ذصً أٞ أخفبض فٟ ِٕغٛة اٌّبء اٌجٛفٟ ػٍٝ ِغبفخ  ٠طٍك ػٍٝ

 reٌٍجئش  ثبٌمطش اٌّؤصشاٌجئش ٚرغّٝ ٘زٖ اٌّغبفخ 

re = radius of influence. 

 ِٚٓ إٌبد١خ إٌظش٠خ ٠ّىٓ اٌذصٛي ػ١ٍٙب ثفزشح ص١ِٕخ لص١شح جذا.

 ٘ٛ ٌّغزمشاٌزٞ ٠غبػذ ػٍٝ دصٛي اٌجش٠بْ ا -

 ٍٝ٘زا األعبط فبْ  اٌطجمخ اٌذبٍِخ ١ٌٍّبٖ رىْٛ ثذجُ وج١ش جذا اٚ ِصذس ر٠ٍّٛٙب ٠ىْٛ ثشىً صبثذ ٚ ػ

 اٌجش٠بْ اٌّغزمش ألغشاض رذ١ًٍ ٘زٖ االثبس ٠ؼطٟ ٔزبئج ِمجٌٛخ.

 ُثؼط اٌفشظ١بد فٟ اٌزص١ّ 

 ِٕغٛة اٌّبء اٌجٛفٟ ٠ّضً دذٚد اٌجش٠بْ اٌؼ١ٍب. - أ

 .radialٚشؼبػٟ  horizontalاٌجش٠بْ ٠ىْٛ ثبرجبٖ افمٟ  - ة

 (.cylindrical sinkاٌجش٠بْ ِزٕبظش دٛي اٌجئش ) - ح

 ١ٌٍّبٖ فٟ ِٕطمخ اٌمطش اٌّؤصش.١ٌظ ٕ٘بن رغز٠خ  - د

 اٌجش٠بْ ١ّ٠ً اٌٝ دبٌخ اٌضجبد. -ٖ 

 اٌجئش ٠خزشق اٌطجمخ اٌىبٍِخ ١ٌٍّبٖ اٌٝ ػّك اٌطجمخ اٌصّبء. -ٚ 

 دذٚد اٌطجمخ اٌذبٍِخ ١ٌٍّبٖ ٚاعؼخ جذا. - ص

ٚ٘زا ٘ٛ األعبط ٌزجذ٠ذ رصش٠ف اٌجئش اٌٛادذ ٚاٌّغبفخ ث١ٓ االثبس، ٚرٌه ٌغشض خفط ِٕغٛة اٌّبء اٌجٛفٟ 

 اٌؼّك اٌزٞ ٠غّخ ثٗ ٌّٕٛ إٌجبد ثشىً ج١ذ.اٌٝ 
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 ٚاػزّبدا ػٍٝ داسعٟ: Q (Vol/time)ٌذغبة رصش٠ف اٌجئش 

      

       
  

  
      

    
  

  
 و١ّخ غ١ش ِؼٍِٛخ                     

ٟ٘ ٔفغٙب اٌى١ّخ إٌبصٌخ وششخ ػ١ّك ٠ّىٓ اٌزؼج١ش ػٕٗ ثبٌّؼبدٌخ   اٌى١ّخ اٌّجضٌٚخ ٚاٌّذغٛثخ ِٓ اٌّؼبدٌخ 

 اٌزب١ٌخ

   [(       )]       

  =   

         
  

  
  (       )  

 

 
∫
(       )

 
     ∫  

  

  

   

  

  

 

 reٔصف لطش اٌجئش الْ ل١ّزٙب ل١ٍٍخ ِمبسٔخ ِغ  ٠ٚrwّىٓ اّ٘بي ل١ّخ 
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  ∫  
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| 
  
  

      

 

  
 
(     )(     )

| 
  
  

 

 

  
 
  (     )

| 
  
  

      

When the draw down    or lowering (i.e the change in head due to pumping) is small 

in compare with the thickness (D) of the standard aquifer, we may write  

        

 ِؼطبٖ  rػٕذ ِغبفخ ِٓ اٌجضي   ٠ّىٓ وزبثخ ِؼبدٌخ 

 

  
 
      

| 
 
  

      

           

       

| 
  
  

 
      

| 
 
  

      

 

  
 
(    )(    )

| 
  
  

   اٌّؼبدٌخ                                  
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| 
 
  

 

         
 

    
       | 

 

  
      

 

 

 

 

 

 (position-methods of superطريقة التراكب )

 

        

 

 

( ٠ّىٓ اْ رذغت ِٓ خالي جّغ ِغزٜٛ اٌٙجٛغ ٔز١جخ ٌٍعخ ِٓ االثبس اٌّجبٚسح Pاْ اٌٙجٛغ ػٕذ ٔمطخ ِب ِضال )

ٚاٌّؤصشح ٚػٕذِب ٠ىْٛ اٌٙجٛغ فٟ ِٕغٛة اٌّبء اٌجٛفٟ صغ١شا ػٕذ اٌّمبسٔخ ثغّه اٌطجمخ اٌذبٍِخ ٌٍّبء ٚرذذ 

 اٌّبء اٌجٛفٟ ثبرجبٖ االثبس ثبٌشىً اٌزبٌٟظشٚف اٌجش٠بْ اٌّغزمش ٠ّىٓ دً ِشىٍخ جش٠بْ 

(      )  ∑
  

  

 

   

 |  (
   

  
) 

Where  

     constant discharge for the well. 

     distance from known point (I,m). 

    hydraulic head at (P) during pumping. 
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   ∑  

 ِجّٛع رصبس٠ف االثبس     

       lowering in water depth ٟاالٔخفبض فٟ اٌّبء اٌجٛف 

 ػذد االثبس   

 ]ارا وبْ رصش٠ف االثبس الزصبد٠ب ٌٕٚفظ ٔصف اٌمطش اٌّؤصش[ٚ اٌّؼبدٌخ رصجخ ثبٌشىً اٌزبٌٟ 

(       )  
  
  
   (
  

 ̅
) 

 ̅   equivalent distance from (P) اٌجؼذ اٌّىبفئ ٌٍٕمطخ 

 ̅  (                )
 
 ⁄  

 ٔصف اٌمطش اٌّؤصش ٌآلثبس    

ٚػٕذِب ٠شاد دغبة اٌّغبفخ ث١ٓ االثبس ػبدح رؤخز ٔعش االػزجبس ٔصف اٌمطش اٌفؼبي ِٕٚغٛة اٌٙجٛغ اٌّطٍٛة 

 ٌٍذصٛي ػٍٝ ِٕغٛة ِبء جٛفٟ ِذذد غ١ش ِؤصش ػٍٝ ّٔٛ إٌجبربد.

Exercise  

5 wells located at random distribution fully penetrated in unconfined aquifer each well 

discharge 3600 m
3
/d and has an influence radius of 300 m, the hydraulic conductivity 

of the aquifer is 10 m/d and its saturated thickness is 75 m. the distance from point (P) 

(which wont the lowering) to the wells are (250, 175, 90, 150 and 200). What is the 

drawdown at point P if it reach the steady state – P. 

 .Pِبِب ِمذاس االٔخفبض فٟ اٌذبصً فٟ إٌمطخ 

Solution  

       
  
  
   (
  

 ̅
) 
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          ⁄  

       ⁄  

         

 ̅  [              ]
 
 ⁄  

 ̅  [                  ]
 
 ⁄  

         

(  )     
      

    
    (

   

     
) 

         

                                

        

 .m 2.3ِٚمذاس اٌٙجٛغ ٘ٛ  P  ٛ٘7..7اٌصّبء ػٕذ إٌمطخ  أٞ اْ ػّك اٌّبء فٛق اٌطجمخ

 Artesian wells االبار االرتوازية

  confined aquiferالمكمن المائي المحصور 

 ٠ّٚىٓ وزبثخ لبْٔٛ داسعٟ ثبٌص١غخ اٌزب١ٌخ
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)رؼًّ صمٛة سأع١خ ثبٌطجمخ اٌؼ١ٍب ٌزٛص١ٍٙب ثبٌطجمخ اٌغف١ٍخ اٌؼب١ٌخ اٌّغب١ِخ ٍِٚئ ٘ٗ اٌضمٛة ثّٛاد ػب١ٌخ اٌّغب١ِخ 

 ٌزٛص١ً اٌّبء اٌجٛفٟ فٟ اٌطجمخ اٌؼ١ٍب ثب١ٌّبٖ فٟ اٌخضاْ اٌجٛفٟ( ِضً اٌذصٝ

      

    
  

  
       

 

     
∫
  

 

  

  

 ∫   

  

  

 

 

     
[    ]  

   [  ]  
    

 

     
    
  

  
       

 

     
  
     

  
  
  

  ٠ّٚىٓ وزبثزٙب ػٓ اٞ ل١ّخ ِؼطبح ٌـــــ           
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 اٌعغػ ا١ٌٙذس١ٌٚىٟ ِزغ١ش خط١بً ِغ ٌٛغبس٠زُ اٌّغبفخ االفم١خ  

   eq   = eqٚثّب اْ اٌزصش٠ف صبثذ                                                               

     

  
  
  

 
    

  
 
  

      

     (
  

 
)  ِؼبًِ االِشاس

Where  

  = m( mعّه اٌطجمخ اٌذبٍِخ ١ٌٍّبٖ ٚاٌزٟ ٔفزشظٙب راد عّه ِٕزظُ )                            

  (     )
  (
 
  )

   (
  
  )
    

 غبفخ االفم١خاٌخػ ا١ٌٙذس١ٌٚىٟ ٠زغ١ش خط١ًب ِغ ٌٛغبس٠زُ اٌّ

 

 

 

EX 

For confined aquifer, if the transmissivity factor is 1000 m
2
/d and the average 

discharge allowed from the well is 1200 m
3
/d with influence radius of 300 m and the 

well radius is 0.3 m. find the max drawdown lowering of the well if the height of the 

water inside the well is 30 m. And then fined the lowering at a distance of 30 m from 

the center of the well? 



Lecture - 10 

 

12 
 

Solution  

 

     
  
     

  
  
  

      

         

    

  (    )
 
  

  
   
   

 

          

         

                   

 rاعزخذاَ اٌّؼبدٌخ اٌزب١ٌخ ػٍٝ أٞ ِغبفخ 

       

 

     
  
    

  
 
  

      

    

  (    )
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:اىَنش٘فح اىحقيٞحاىَثاصه تثاعذ    

ٝتخز مو ٍثضىِٞ ٍتجاٗسِٝ  تِٞ اىج٘فٞحَٞآ ىي اىعي٘ٛ فاُ اىسطح اىَت٘اصٝح اىحقيٞح ٍِ اىَثاصه عْذٍا ٝتٌ شق ٍجَ٘عٔ 

 شنو اىْاقص اىْاقص.

P = drain spacing (m)  

K = hydraulic conductivity of the soil (m/d)  

H = height above the previous layers of the ground water table Mid way Between Two drains 

(m)  

h = height above the impervious layer of the water level in the drain = thickness of aquifers 

below drain level (m)   

r = recharge rate per unit surface area (m/d)  

Q = discharge peer unit length (m
3
 /d/m) 

        Q = p.r.1 

 االّحذاس اىٖٞذسٗىٞنٜ ىسطح اىَاء رٗ قَٞح ثاتتح ٍع عَق اىَقطع 

 dy/dx , [steady state] اىتصشٝف ثاتت ٍع اىضٍِ

  اىَٞآ تتحشك اىٚ اىَثاصه فٜ خط٘ط افقٞح 

 ( I-Iحشمح اىَٞآ اىَقطع ) ّذسط تصشٝف اىَٞآ ىَتش ط٘ه ٍِ اىَثضه عْذ اٛ ٍقطع عَ٘دٛ عيٚ اتجآ

 A = y . 1ٍساحح اىَقطع اىَائٜ                                          

 ٍِٗ ٍعادىح داسسٜ: 

                                                        V = K . I 

                                                            = K . dy/dx 

 ( I-Iخاله اىَقطع ) تزىل ٝنُ٘ اىتصشٝف ىيَٞآ فٜ جٖح ٗاحذج ىيَثضهٗ

                 
  

  
      

اُ تصشٝف اىَٞآ فٜ ٍْتصف اىَسافح تِٞ اىَثضىِٞ = صفش ٗٝضداد اىتصشٝف فٜ اتجآ اىَثضه حٞث تثيغ امثش قَٞح 

 اٛ عْذ جاّة اىَثضه ( اىٚ اىصفش.xىٔ عْذٍا تؤٗه قَٞح )

 ( I.Iتتصشٝف ٍٞآ اىثضه عْذ اىَقطع ) Qَٗٝنِ ستظ اىتصشٝف اىنيٜ عْذ جاّة اىَثضه 

    
 
 
    ⁄

  ⁄
 

Or 

       
 

 
 (
 

 
  )      
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 ّحصو عيٚ االتٜ   ٗ   ٗتحو اىَعادىتِٞ 

    
  

  
    
 

 
(
 

 
  ) 

Or  

    
 

  
(
 

 
  )        

 ّحصو عيٚ اٟتٜ:  ٗتأجشاء عَيٞح اىتناٍو ىيَعادىح سقٌ 

 

   
  (
     

 
)  
  

 
   

 ( y = hفاُ ) x = 0فأّ عْذٍا  cٗىتجذ قَٞح 

   
   

 
 

 ( ّٗحصو عيٚ اىَعادىح اٟتٞح:y = Hفأُ ) x = p/2ٗعْذٍا 

  
         

 
 

Or  

    
         

 
                                    

ٕٜٗ ٍعادىح قطع ّاقص ٗتعطٜ ّتائج ٍقث٘ىح ميَا اقتشتت اىطثقح اىصَاء عِ  Hooghoudtٗاىتٜ استْتجٖا اٝضاً  

 .]اٛ ميَا اقتشتْا ٍِ اىغشض اىزٛ ّص عو افقٞح حشمح اىَٞآ ّاحٞح اىَثضه  [قاع اىَثضه 

    
            

 
 

      

   The water table height above drain level at mid poin d,i.e. the hydraulic head for 

subsurface flow into drains (m). 

    
         

 
 

Or 

    
       

 
  

 
 

Where:  

h + S/2 = the average thickness of the soil layer throw which the flow take place 

(aquifer). [h
-
] 



Lecture - 11 

 

3 
 

    
       

 
  

(S.h
-
) = transmissivity of the aquifer (m

2
/day). 

 (h = 0ٗعْذٍا ْٝعذً ٗج٘د اىَٞآ داخو اىَثضه )

 

    
     

 
 

This equation represents the horizontal flow above drain level. 

Or  

   
     

 
 

 ( صغٞشج hارا ماّت تاىْسثح ىقَٞح ) S/2ٍِٗ ّاحٞح اخشٙ فأّ َٝنِ إَاه قَٞح 

If h is large compared with S, the equation become  

   
     

 
 

 ٗفٜ حيح ٗج٘د تثاِٝ فٜ قَٞح اىَست٘صيٞح اىٖٞذسٗىٞنٞح ىيطثقتِٞ اىَفص٘ىتِٞ عْذ ٍْس٘ب اىَٞآ تاىَثضه

The above consideration permit the conception of two-layered soil with interface at drain 

level  

  
     

        

 
 

Where: 

Ka = hydraulic conductivity of the layer above drain level (m/d) 

Kb = hydraulic conductivity of the layer below drain level (m/d) 
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Na+ 

clay 

Salt problems in soil and water 

Salinization and drainage  

Irrigated soil receive considerable quantities of dissolved salts, supplied partly by 

irrigation water itself, and partly by inflowing ground water, irrigation water, even if 

it is of excellent quality, it’s a major source of soluble salts. If these salts are not 

removed from root zone, salinization is inevitable. 

اْ اٌسٍطشج ػٍى ٍِٛدح اٌرشتح ً٘ ٚادذج ِٓ اال٘ذاف اٌشئٍسٍح ٌّشاسٌغ اٌثضي فً إٌّاغك اٌجافح ٚشثٗ اٌجافح 

ج فً اٌرشتح. ٚػٍى اٌشغُ ِٓ اْ ٘زٖ اال٘ذاف ٌٍسد ِرشاتطح تصٛسج وٍٍح, فعال ػٓ اٌسٍطشج ػٍى اٌٍّاٖ اٌضائذ

اال اْ ظٙٛس ادذّ٘ا لذ ٌؤثش ػٍى االخش تشىً اٚ اخش. ار اْ اسذفاع ِٕسٛب اٌّاء اٌجٛفً فً إٌّاغك اٌجافح 

اٌذاٌٚح ٙٛس ِشىٍح ذجّغ االِالح ػٍى سطخ اٌرشتح. اْ اٌرشب ظاٚشثٗ اٌجافح ٌٍصادثٗ فً وثٍش ِٓ االدٍاْ 

 .]ٍِذٍح اٚ لٌٍٛح ٌّىٓ اْ ذىْٛ ٘زٖ اٌرشب [ػٍى ٔسثح ِؼٍٕح ِٓ االِالح ذؤثش سٍثٍا ػٍى أراج ٘زٖ اٌرشب 

- Source of soluble salts 

ذشوض االِالح اٌزائثح فً اٌرشتح اٌى دسجح اْ ذٍّخ اٌرشتح ٌّىٓ اْ ٌؼشف تصٛسج ػاِح ػٍى أٗ صٌادج 

 أٙا ذؤثش فً ّٔٛ إٌثاذاخ.

اٌّسرغٍح صساػٍاً ٘ٛ ٍِاٖ اٌشي, اٌّاء اٌجٛفً,  اٌّصذس اٌشئٍسً ٌضٌادج ذشوٍض االِالح فً اٌرشتحاْ  

اٌغٍٕح تاالِالح ٚػٍٍّاخ اٌرسٍّذ. ػٍٍّح اٌزٚتاْ ِٓ اٌصخٛس  

Source of soluble salts : 

a. Heavy annual of rainfall of humid regions cause water percolate through 

the soil and carry to the streams, rivers and oceans large amount of soluble 

minerals.  

b. Lack of percolation through arid region and the excessive evaporation of 

water gives rise of soluble salts in the soil. 

c. Insufficient application of water during irrigation.  ٍِاٖ غٍش وافٍح اثٕاء فرشج وٍّح  

 اٌسمً.

d. Minerals soils are drived from weathering of rocks.  ذأثٍش اٌرجٌٛٗ ػٍى اٌصخٛس 

 اٌٍّذٍح )اٌىٍسٍح(.

e. The use of irrigation water containing salts. اسرخذاَ ٍِاٖ اٌشي اٌّاٌذح 

f. The use of drainage water.  ًذىْٛ ٍِٛدرٙا ػاٌٍحاسرخذاَ ٍِاٖ اٌثضي اٌر  

 

Saline soils      الترب الملحية 

The soils having excess amount of soluble salts that make the soil solution 

concentrated and reduce soil productivity. 

Alkaline soils     )اٌرشتح اٌمٌٍٛح )اٌماػذٌح 

The soils which have excess amount of soluble sodium. 

اْ صٌادج ػٕصش اٌصٛدٌَٛ فً اٌرشتح ٌؼًّ ػٍى ذذطٍُ تٕاء اٌرشتح ِٓ خالي شذٕرٗ اٌّٛجثح اٌٛادذج ٚاٌغالف 

ظشٚف غٍش جٍذج ٌذشوح اٌٍّاٖ ٚذٛصٌؼٙا ِّا اٌّائً اٌىثٍش فٍسثة ذفشلح اٌذلائك االٌٍٚح ٌٍرشتح ٚتزٌه خٍك 

 ٌّٕٛ إٌثاخ. شٚف اٌّالئّحظٌؤثشػٍى ذٛفٍش اٌ
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( soil extractٌٚغشض ذصٍٕف اٌرشتح ٌجة اٌذصٛي ػٍى ِسرخٍص اٌرشتح اٚ ِسرخٍص اٌؼجٍٕح اٌّشثؼح )

 ٚاجشاء اٌرجاسب اٌّخرثشٌح ٌرذذٌذ ِا ٌاذً:

a. Electrical conductivity (Ec)  االٌصاٌح اٌىٙشتائٍح 

in (mm hos /cm) @ 25c
o 
by using conductivity meter. 

b. pH 

c. Ionic composition in         ⁄  

Positive ions (Ca
++

,Na
+
,Mg

++
,K

+
) 

  (                             mille equivalent / liter)   /ئٍٍِّىاف   /meqٌّٚىٓ ذذٌٍٛٙا اٌى 

d. Negative ions (CL
-
,CO3

=
,HCO3

-
,NO3

-
,So4

=
) 

       
         

                
             

 
اٌٛصْ اٌزسي

اٌشذٕح االٌٍٛٔح

   

   
 

  
  

Where: 

C = salt concentration of water in (      ) or salt content 

Ec = electrical conductivity in mm hos / cm @ 25C
o
. 

 

Evaluation in water 

اجشاء٘ا:ٌرمٍٍُ ٔٛػٍح اٌٍّاٖ ٕ٘ان تؼط اٌفذٛصاخ اٌرً ٌجة   

1- Drinking water 

a. Physical properties: color, pH, turbidity… 

b. Chemical properties: acidity, hardness, alkalinity, total dissolved 

soils... 

c. Bacteriological-coliform, bacteria… 

 

2- Irrigation water 

a. Salinity اٌٍّٛدح     
   
  

 

 

b. Sodicity  اٌصٛدٌح 
   
   
   

 

 

c. Toxicity  اٌسٍّح  

   
 

   

 
     

 

 

Sodicity    اٌصٛدٌح 

 أٛاع اٌرمٍّاخ ٌٍّاٖ اٌشي تإٌسثح ٌٍصٛدٌَٛ

1. SAR : the sodium adsorption ratio. ٌَٛلاتٍٍح اٌرصاق اٌٛٔاخ اٌصٛد 
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√     
 

 

 وٍّا واْ اٌْٛ اٌصٛدٌَٛ رٚ ذشوٍض ػاًٌ ٌؼًٕ لاتٍٍح اٌرصالٗ تاٌرشتح اوثش ٚ اٌؼىس صذٍخ 

            Where  

            Na, Mg, Ca  are concentration in (      )  

            

                        
  

    
         

  

     
          

  

     
          

  

   
 

2. ESP = Exchangeable sodium percentage  

    
                         

                       
 

 ٔسثح االسرثذاي ٌٍصٛدٌَٛ )ٔسثح اٌصٛدٌَٛ اٌّرثادي(

3. SSP = soluble sodium percentage ٌَٛٔسثح رٚتاْ اٌصٛد 

    
  

          
     

4. RSC = residual sodium carbonate واستٛٔاخ اٌصٛدٌَٛ اٌّرثمٍح 

    [    
      

              ]   

 

 اٌّراثشج تاالِالح  ٌرصٍٕف اٌرشباٌّسرخذِح  اٌّؼاٌٍش
 اٌرشب اٌطثٍؼٍح  -1

       

                 

             mmhos/cm 

 saline soilاٌرشب اٌٍّذٍح  -2

 

       

       

      

             mm hos/cm 

 saline alkali soilsاٌرشب اٌٍّذٍح اٌصٛدٌح  -3

       

       

            

         mm hos/cm 

 

 

Irrigation water standard   مقاييس مياه الري 

a) According o its electrical conductivity 
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Irrigation water class Ec (microm hos/cm) 

Class 1 (C1): Excellent  0 – 250  

Class 1 (C2): Good 250 – 750 

Class 1 (C3): Permissible  750 – 2250  

Class 1 (C4): Doubtful  > 2250 

 

b) According to sodicity (SAR) 

Low S1                            0 – 10  

Medium S2                    10 – 18  

High S3                           18 – 26  

Very high S4                   > 26     (26-100) 

c) For RSC  in (     )  

RSC (<1 . 25) low effects. 

RSC (1.25 – 2.5) medium effects. 

RSC (>2.5) high effects.  

 ظؼٍفح.اْ االذذاد تٍٓ اٌصٛدٌَٛ ٚاٌىاستٛٔاخ ظؼٍفاً الْ االٚاصش ذىْٛ 

 

 Ec michos/cm (c)ِشىٍح اٌٍّٛدح ِؼثشاً ػٕٙا تاٌرٛصًٍ اٌىٙشتائً 

 

Sodium Hazard (sodicity) 

The structure of the soil is depend on the type of exchangeable cations. In 

general, bivalent cations such as Ca
++ 

and Mg
++ 

promote a good soil 

structure, where as monovalent cation such ass K
+
, and especially Na

+
, 

have a deteriorating effect causing, amongst other things, a poor 

permeability. In normal soils Na and K occupy only about (5%) of the 

exchange capacity, the remainder occupied mainly by Ca and Mg ions. If 

the percentage of adsorbed Na rise above (10), sodium problem may be 

expected. The adverse effect of (Na) is the more pronounced as more clay 

of the swelling type is present and as the total salt concentration in the soil 

moisture is less.  

ECe = the electrical conductivity of soil sample is usually determined in 

their saturation extract  

    
   

  
     

 

wfc and We are the moisture content percent at the field and in the saturated past 

respectively.  

For moderately saline soils  

Ece = 6 – 8  

 


