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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.  اسرظلاح 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 الاسٔاء نلأسع 

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

انًُخفؼح َرٛجح ؽفخ الأَٓاسفٛؼاَاخ الأساػٙ    

4. Up word flow from an artesian aquifer.  اسذفاع انًٛاِ يٍ الاتاس الاسذٕاصٚح   

 

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 الايطاس ٔالاسٔاء     

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 نلاَسذاد تفؼم انرشسثاخ انكًٛٛائٛح ٔخاطح فٙ انًُاؽك راخ انرشب 

انؼؼٕٚح. اٌ انكهفح الاَشائٛح الأٔنٛح نهًثاصل انًغطاج ْٙ تذذٔد ثلاثح اػؼاف كهفح انًثاصل انًفرٕدح. 

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

انًؼادلاخ فٙ دساب الأتؼاد 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 لهٛلا .

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 الاتؼاد 

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 دالاخ 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



Lecture - 8 

 

6 
 

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

جذأل خاطح لاسرخشاج انؼًك انًكافئ نهطثمح انظًاء ٔفؼلا 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 الاَثٕب

 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 

   
    

 
 

 

 

 

 



Lecture - 8 

 

7 
 

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 

                                                                 

 .٘لا ٚفؼم ذمهٛم انًسافح تٍٛ انًثاصل لاٌ ْزا غٛش الرظاد 

  انًسافحL ( 5يٍ يؼاػفاخ انشلى.) 
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Van Beers Approach  

  
  
    

 
 
    

 
    (             ) 

  
  
    

 
 
    

 
    (                  ) 

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

 ًٔٚكٍ الاسرغُاء ػٍ انًؼادلاخ 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 

  
 

 
 |  (     

   

 
  ) 



Lecture - 8 

 

12 
 

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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