Lecture - 8

Drainage networks  Jis) s

- Drainage: is the process of which the excess water removed from the soil.
Ll dals ce il oWl A ) dddee
- Reclamation: is the adequate lowering of the water table.

- Benefits of drainage in general:

1. Improves the soil structure. &l JSu (auas
2. Increase the productivity of soil. 4l 4l a2k )
3. Reclamation of saline and al kali soils. 4alall 5 4, 58l o fill ~Saind

Sources of excess water in the soil. 4l dala ce (oailill) ui3H slall jobas

1. Seepage losses from reservoirs.
il Al 5 <l gl b (auall) fuadll e daslill Al
2. Deep percolation losses from irrigated lands.
a6 5 W1 el e Aaill) (read) Jalaill yilua
3. Flooding of low lands due to overflow of rivers.
) il A Aaddiall ol HY) il

4. Up word flow from an artesian aquifer. &) 5i,¥) JLY) (e obal) gl )

Field investigation 4u8all cila sadlf

1. Topography — topographic survey and area maps.

2. Soil — permeability, location. 4 sll a8 gall § 43 yill 4,000

3. Water table — water table depth. slall (5 sisa (ec

4. Water sources — quantity and quality. il dallall slull 0aS 5 dse 43
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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. ¢! s_¥15 JUae¥) Jaxs

2. Soil hydraulic conductivity. Jsa sl (3Ll

3. Depth and spacing of drains. (sl lae 5 elall o guia ¢ 165 )

4. The depth of the impermeable layer. (33l ;) claall dadall Gac
o Lo 2l e Jlaad) (53 Cisate as IS8 e Wl Qe (05 il da it Wl J3bdl -
gt A Al Dbl sy sUare Jlae ) &l AL 3l el Al s (1:2221:1)
e Blarall bl 2a 5 285 130 elall (e palaiill 5 48 sadl obiall o gusia o Adadlaall 4 )
& zsiball J) Jumins (GB1ad) (b WeS) Baiall ol s b cin ) L A il 3l
B Al Gl 8 Gy aaily by sans 5 S Dadaud) olull LS Lgd o5S5 l Blaliall
il @l Ghladl 4 dald y bl Gl il Jady 2awiDU sUarall J5lal) Led (ia jat
A sitall bl A4S Calaaal 2336 3 5an o slhiall J 5kl 40531 3000 A8SH (o) 4 uanl)
Gan Jay 43S paal ) e gy Leliie G 0S Y Jobell sl O Gigaall e
Glae e a5l 558 ala ) bl Bae o) LSy Il o e sl lua 3 ¥ aladll
Jshal 8 ity Ly e Jaah A8and) J3laal) (U A At g edlaall Jlaally 43 lee el (358 sl

(S8 Ly et (35S, Aanl) 33l (5 ey 5 gl Al s Aadl Bl 3 iy 0 o

Drainage system Jjal pkii

Surface drainage weabadl Jd

Subsurface drainage . abull @i ol o

I bl sl Sy
Opened drainage Aagad Joladl
Closed drainage Al JHdl e
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A gitd) J 3l
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R-0 ol pani 2

W-T (addd Baall sy jdlla 43
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.

—— main
collector
>~ .
* —_, Field or lateral

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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Rainfall

i

Soil surface

L NN RN AN

Impermeable layer

Steady state drainage equation

There are two simplified assumptions:

1. Two-dimensional flow. 2ty S oL s

2. Uniform distribution recharge. ¢ e 436 & gall clall 4,055 Jana
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Hooghoudt’s Equation For The Water Table In Equilibrium With

Rainfall Or Irrigation Water

_ 4kh®  8khd

L? /q +— (based on Darcy's low)

From above From below drain level
drain level AEL) e el ol ol Ao
sladly (b ) dgas slasall d8udal) 5 J jaal) (o B guanal)
dalaial) Cya el
B g8
dimadl
Where:

q = discharge per unit length of drain (the recharge) (m/d &3l 4.S) J 3l Jalaa
K = hydraulic conductivity (m/d).

L = drain spacing (m).

D = depth of the impermeable layer. (m) Jiwl e slaall Akl Gee

h = hydraulic head between two drains. (m) Caaiia die Jjuall ge Asall clall g ld )
el Adlsal)

deep percolation losses Jalxill ylua (m)

time intervale between two irrigation (s on (e )

adlide O @l Hooghoudt's Adlas JSA)

A\. For shallow aquifer.

4kh?> 8khD
= + —
q q

LZ

Baall) (il e (pa Ay B olanall Ailall) Aipne Ailasas slanal) ikl (358 J 3aall i s i &l

(3m e B Ly s

B.For deep aquifer
B 4kh?> 8khd

q q

LZ
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5 lansi e Glllia 5 Ledobay Lo 1 D dad Jaxs Joaall e S amy e slanall Adall g duslaie 4y 53 -
Gand) 1ty Aalill Jglaall s Cllansi jall e b s slacall dihall S Gaall z)aiuY dald Jslaa
A0 Aabaally Ll Al ¢Say slacall Zall (Jladll) ¢Sl

Where

d = equivalent depth of the impermeable layer (m).  JJull (e slaall dakall { 8SAll (Gaall

u = wetted circumference = half of drain circumference.

o

u=rem
r° = drain radius (m). sl qusul Hhd Caias
C. For layered aquifer e lae slocall 28l (3 58 O el g 5 duilaia 2 il

4k,h?  8k,dh
= +
q q

LZ

Ky = Ll (548 e lall dasdial) il L5l

Joy = elanall Aidall 5 J jaall (s Alealall clall A3l

D. The drain at the impermeable layer. 5 il slawall Akl (358 J jeall oy

3 4kh?
q

LZ
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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.

g Soil surface L,

1.8m

HANNA AR N\ Impermeable layer

Solution:
D=68—-—18=5m

h=18-12=06m

_ 40x 1073 0.002 m/d

1= 20 day m
iy 13] Rigee ¢ larall dayLal)

, 4kh* 8kdh

1? = +—
q q
) _ 4(0.8)(0.6)? N 8(0.8)(0.6)d
0.002 0.002

L? =576 +1920 d R €
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assume L = 80m for r=01m
d = 3.55m (table)

check

useL =85m ~d=361lm

(85)2 = 576 + 1920(3.61) 0.K.

~L=85m

=0.314

Jad) 45, )

trail & error s Jslall Jlaziuls W

223 L0 olsenal) 2 (2) 5 (D) ilabaal) Jau

L=85m

d=3.61m

gladl e 13 GV Ikl Alid) JolE5 Jady Y o

(5) pill cliclina (jo L Zilasall o
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Van Beers Approach

4kh? 8kDh
p +T (Hooghoudt Eq.)

Ly

4kh*  8kdh
= . +T (Van Beers approach)

L3
e (G W) W.T ) dsam Equifir 058 Lexie
Cilans yall (gazy e\di:u.ul_j Y alaall e eliaiut) (Say g

L=L,—C

D
C=D1n (—)
u

Where:
L = actual drain spacing (m).
L, = approximately drain spacing (m).

C = correction factor. moaill Joleo

Exercise
Given h=0.6m ,D=5m, k=0.8m/d, g=0.002m/d , r°=0.1m
Solution

_4><O.8><(0.6)2+8><0.8><5><0.6
- 0.002 0.002

L2 =576 + 9600 = 10176

L, =100.876 =~ 100 m

=0.1m

=0.314m
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C=51n( )=13.836m

0.314

~ L =100—-13.836 =86.164m

useL =85m

Principle of the Kirkham equation.

qL
h = - Fi (1958) ... ... (D (steady state flow)

and

1 L 1 2nmro 2nnD
Fp=—In —+ —(cos — cos nn) (coth — 1)
T mro ] n L L
n=

Value of Fg are given in the table below.

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

2ro

In the solution represented by eq. (1) 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

_qL 1

=~ ——F
kb 1_Q/ka ;

k.= soil permeability for the above drain level. k) et 4 3l 43
ky,= = soil permeability for the below drain level. Jall Jiul & il 43

10
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Exercise

k, = k, = 0.8/day Nomograph

forthe

D
%?x‘// Kirkham

hk, k,

r,=0.1m Dq k,

h=06m

q = 0.002 m/day
log-1log

L_ i(’f_b ) ’f_b) L/D
D FD\q k,
, If the vertical flow is assumed in this region

kq

41
kp

Solution

h (k 1) 0.6( 0.8 1) 48 .

N == 0 — — = QA g 7y g
q 5 \0.002 el

D 5 .
2ro 2(0.1)

L
“5=17=1=17(5=85m

Principles and applications of Dagan eqguation

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

11
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In the fig below the term S has been represented as a function of

ro

D

e Note: that g -values are negative.

B
Dagan eq (1964)
mro
D
Exercise
The same example before
Solution
o 314><0'1 0.06 2.1
—=3. —=0.06 = =-2.
D 5 B
F, ( ) _(_+ 2 1)
h= k Fp = <5 )
_ 0.002L ( “E 42 1)
08 x4 '
L?> +21L —9600 =0
—-21F./(21)2+ 4 x 9600
= \/( ) = L=88m

2
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