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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: -

Main canal.

Branch canal.

Major distributaries.
Minor distributaries.
5. Water course.

B wh e

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 5 R.M.C Wi &lia

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 5m3/sec).

3- Major distributaries (0.25 to 5m3/sec).
4- Minor distributaries or minor (less 0.25 m3/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:

Irrigation canal.
Power canal.
Navigation canal.
Water supply canal.
Feeder canal.
Carrier canal.
Multipurpose canal.

No bk~ wdhE

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.

Contour-canal

103

102

/ Ridge cakal

Si\%e slope cangl

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 E— —

B. triangle

V
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C. trapezoid —\—/—

D. semi-circle - I
E. parabola N

Earth embankment

Ws
R
Berm
Canal surface

\ Water level

D
d
Water way 1
z Bed level

Canal cross-section

A

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,F, = 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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F,: the distance between the water surface and the canal surface used for
the protection from overtopping (flooding).

F,: 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
guantity 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

e 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.

p = 1R2/3S1/2
n

Q=V=xA R = % (m)

Where:

Q= max. discharge for a given (A) where the p is min. (m?/s)
A: cross-sectional area (m?) of flow.

P: wetted parameter (m).

S: longitudinal slope (m/m).

R: hydraulic radius (m). n: Manning's rOl;ghness coefficient.

n: 0.015 for lined canals with concrete.

For trapezoidal section

A=(b+Zy)*y p=b+2y*V'1 + z2
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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. Howevey, 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

NO | Material Side slope (H:V)
1 | Rock N early vertical
2 | Muck and Peat pad g Jl s e | 0.25:1

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

4 | Earth with stone lining 1:1

5 | Firmclay 1.5:1

6 | Loose, sandy soil 2:1

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

Note: Side slope for small lined canal, which has depth less than (0.7m), is
taken (1:1) (for water course)
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(b) Longitudinal Slope S

Assumption

e Uniform flow,
¢ |ongitudinal slope should be suitable to prevent the growth of grass and
sedimentation of silt

Semin = 0.00015 Q> Sl s s A3 5
Somax = 0.00025 Q*?

Q = full supply discharge in(m>/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

e Velocity with sedimentation basin at the head of the system

V min=0.33Q%*  (m/s)

\
Fr=—< 0.6
9y

Fr = Froude number.
e Velocity without sedimentation basin at the head of the system
Vmin=0.5Q"*  (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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b/y = (1 — 2) for discharges Less than (10m>/s)
dale clhadlo

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

m>/sec
\ Pl /
0 2
20 X
R=D
0 in radians |
X=Dcot0

The radius of the bottom is equal to the depth of water (D). The angle in the
centeris (2 60)

A= (tD?) (20/27) + 2(§D.Dcou9)
A= D*(0 + cot8)
P=2mD (260/2m) + 2D cotf

P=2D (0 + cotf)
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The trapezoidal section for the lined canals with discharge greater than 50
m>/sec.

A=BD+7D2(26//2m) + 2 (3) D. D cott
A= BD+D*(0 + cotf)

P=B+2D(6 + cotf)

In the side slope is 1:1 (8 = 45° = 1/4)
A= BD+1.785D°

P=B+3.57D

Ex: Design the cross- section of a concrete lined canal (trapezoidal section) to
carry a discharge of 1.2 m*/sec (By Manning Eq.)

Q=%R2/351/ZA n = 0.015
Assume 1:7Z 1:1.5

S in=0.00015 Q°?

Smin = 1446 x107*
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S max= 0.00025 Q°2

S max = 2.41 x 107*

Sa.=1.928*10%~ 2% 10~* = 0.0002

Assume b=1m y=1lm

~b/y=1 ok (1-2)

A= (b+zy)y =(1+15x%x1)x1 =2.5m?
P=b+2y V1 +22 =14+2%1V1.52+1 = 4.68m

R—A—0543
=5=0. m

£ Q= oo (0.543)3 (0.0002)z * 2.5
= 1.56m>/sec > 1.2m>/sec
Assume b=1m y=0.9m b/y=1.111
A = 2.115m?
P =4.242m
: R=A/P =0.498m
V=0.592 m/s check for velocity
V min 0.5 Q%
V min = 0.5 (1.2)2
=0.5186 m/sec
V> Vi o.k
Q="V.A
= 0.592 x 2.115
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=1.252m’/sec > 1.2 m>/sec

Assume  b=1m y = 0.88m b/y=1.136
A= 2.041m?

P =4173m

R =0.487m

V=0585 >V,

Q=1.194 m*/sec =~ 1.2 m3/sec

Check Fr
0.585
Fr = Tooioes 0.199 < 0.6 0.k

Ex: Design a lined canal to carry discharge of 50 m3. Assume bed slope as 1 in
8100, N as 0.015 and side slope as 45

Sol: let us adopt a triangular section for 8 = ”/4

A= 1.785 D?

P=3.570D

Q=V.A =21 A.S1/2R2/3
n

1 2 2
1 i .= ,1.785D*. =2
50 = —— (1.785 D?3).(——)2 . (———)3
0.015( ) (8100) (3.570 D)

50 = 0.833 D¥®* —D=4.64m
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Design by Section Factor Method by using the chart

1. Determine the value of (A R¥? / B¥?).
2. Determine z.

3. Compute b/y.

EX: Design the cross-section of a concrete lined canal for a discharge of
1.8m>/sec, on slope of 20 cm/km by using section factor method.

Solution

Assume 1:.Z 1:1.5 forlined canal
Q — %Rz/sA S1/2

@:ARZB
S

1.8 0.015 _
1/0.0002

2= ARY?

191 = 2

Assume b =1m ~ (AR™(2/3))/b"(8/3) =2
Z=1.5 — from figs =1

~y=1m check for Fr no.
A=(1415%x1)x1=25m?
Vinin = 0.5 Q%% = 0.562 m/s [Without sedimentation basin]

Q 1.8
V=Z= ﬁ=0.72m/s>Vmin

|4 0.72

Fr = =
Jay V1981

=0.23<06 o.k
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Design of unlined canal

e Design by Manning Equation
1
Q — —R2/351/2 A
n

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

for water course use (1.5 H:1V)

Type of sail

H:V

Loose sand to average sandy
soil

1.5:1 to2:1(in cutting)

2:1to 3:1 (infilling)

sandy loam and black cotton soil

1:1 to 1.5:1 (in cutting)

2:1 (infilling)
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

10
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(b) Bed width and water depth ratio (b/y)

b
— = (2 — 3)for discharege less than (1Om3/s)
y

*b=0.4m usually for watercourse.
y=0.75 Q0'33
Where
Q: Design discharge (m*/s)
(c) Permissible velocities
V min =GC, yo'64

Where:

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

C,: constant

Type of suspended material G,

- 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

11
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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 =C; yo'64

Type of bed material C,
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 7, is calculated and it should be less thant.(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, 7 is given as:
7,=w.R.S KN /m?

where:

w: density of water (pg) (KN/m°)

R: the hydraulic radius (m)

S: slope of water surface (m/m)

If T, < 7. the bed will not scour

12
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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 (t.) is
operational to gain diameter and the submerged unit weight of the
sediment, and is given by

7, = 006w (G—1)d

Where 7, is the critical share stress (KN/m?). w is the specific weight of water
(KN/m?). G is the specific gravity of the sediment and d is the gain diameter
(m).

Taking G =2.65andw = 9.81 KN/m?. Eq.22.42 becomes
7, =098d

2. White equation According to white. 7, =0.801d

Where d is the grain diameter (m). and 7, in KN/m?2.

3. Lane’s equation lane gave the following equation. 7, = 0.78 d

All the above equation are for fully-developed turbulent flow.

13




Lecture - 3

Ex: Design the cross-section for unlined canal to carry a discharge of
1.6m>/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/m?).

Sol:

By trial and error solution with Manning equation
Q=1/n R”* s> A

Q=1.6m>/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) 0.k

A= (b+zy)y A= (2+2x%x01) X 1=4m?
P=b+2y(1+2z3)% =6472m

R=A/P =0.618m

Q = 1/0.025 (0.0003)%° (4) (0.618)%/3

Q =2.011m3/s > 1.6m3/s

Assumeb =2,my=09m - b/y = 2.222 (2-3) o.k.
A= (24 2x0.9)0.9 = 3.42m?
P=2+2x09V4+1=6.025m

R = 0.568m

Q =1/0.025 x (0.0003)0.5(3.42) (0.568)2/3
Q = 1.625m3/s = 1.6m3/s (¥4%) o.k.

Check for velocity:

V=0Q/A=1.6/342=0.468m/s




Lecture - 3

Vmin = C,y°%* . from the table C, = 0.4
Vmin = 0.374m/s

Vmax = c;y%%* . from table C; = 0.66
Vmax.= 0.617m/s

Vmine <V < Vmax

0.374<0.468 <0.617

iy pealll Sl el 5 4 el 5 s Sl A glaal Canlie adaiall
*Check for scouring by attractive force method.
T=wx*R+*s=9.81%1000 * 0.568 * 0.0003
7=1.671 N/m?

T< 1T, The bed will not scour.

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

Assumption:

ae the channel flow is uniform.

bethe characteristics and the discharge of the sediment are constant.

ce the water discharge in the channel is constant.

Lacey's eq:
Dm=2.46V°/F

Ws=4.83 e Q*?

E

S =0.0003f73e's —
Qs

f=176Vd

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 (m*/s).
S=water surface slope (m/m).
b=08Ws

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

*for distributaries with discharge (1-2m?/s), (e=0.75-0.85)
*sill factor f=0.4-1, f=1.0 for large discharge.

A pall Balall AU 5 dpus jall Clppadl el o ading

f=0.7-1 atnorthlraq

f=0.6 at middle of Iraq

f=0.5 south of Iraq

Ex: Design a stable channel for carrying a discharge of 1m>/s using
Lacey's Method assuming silt factor equal to 0.75.

Sol:

Assume e =0.75

Dm=246V? ; Dm = 3.28V2

Dm = A/Ws - 3.28V2=A/Ws —» A=3.28V*Ws
Ws = 4.83 e Q1/?

Ws = 4.83(0.75) (1)Y/? = 3.622m

A =3.28V2 (3.622)

A =11.882V2
0 1
—AV s V===
Y - A4
A =11.882/42

A*=11.882 — A=2.282m’
b=0.8 Ws=0.8%3.662

b=2.9m
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b+ Ws
A:( 2 )y
2.282=(2.9+3.622/2) /y
y=0.7m
$=0.0003 % e/* E/Q®
E=P/Ws,P=4.475m
E=4.475/3.622=1.24
$=0.0003(0.75)"3(0.75)**{1.24/(1)/¢}=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

V. = 0.55 ho-6*

Where:

V.: 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 h%%

Where:

%
(m) is the critical velocity ratio and is equal to m V—.here. The velocity (V)

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

grade while (V:) 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

6
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coefficient. The final results do not differ much if one uses the manning

eg. instead of the Kutter's eq.

Kutter's equation

1 0.00155
(1, (g 000155
v=|2 S— | VRS
\1+(23+ 0.0(;155/
R

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).

No silt grade CVR

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.

Design of channels by kennedy's theory

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 m*/sec
we can use a useful chart of this method or for canals up to adischarge
of 15 m>/s the following empirical formula is also somtimes used

(D=O.5\/B) for alluvia canal.
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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 h®®*).

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+0.5D°

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
eg. 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 30m>/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 h®®** = 0.55x1x(2)°% = 0.857m/s
A=Q/V=30/0.857=35.01m’

For a trapezoidal canal with side slope 1H:2V , A=bh+h?/2
35.01=2b+2 —» b=16.51m

R=A/P, P=16.51+2x2V1 + 0.52 = 1.67m

V=1/n R¥3s¥? =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=32.47m"
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+0.5D’=D*(B/D+0.5)

Or A=D*(X+0.5)

Where > X =B/D ratio

2. the cotinuity eq . and substitute kenndys eq . for the velocity.
Thuse = Q=V. A=D*(X+0.5) (0.55m D*®*%)

3. calculate the value of (D) from the above eq.
4. determine thr bed width B=XD

5.compute R = A/P

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 V=CVvRS

Where Cis Chezy’s coefficient. The value of Chezy’s coefficient is usually
determined from Bazin’s equation.
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87
14—

VR

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.

3/2

1 VN
_ ~ p2/3 c1/2 _
V—NR S or R = <51/2>

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 Eqgs. (a) and (c) by solving the equations
below.

(B+rD)D =4

10
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B+(2 1+r2)D=p

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 m*.
R = (51/2> =142m

A
P = R= 18.75/1.42 = 13.20m

Now (B+D) D =18.75

And B+ (2hWV1+2%)D =13.20 or B+2828D =13.20
Substituting the value of B from Eq. (b) in Eqg. (a).

[(13.20 —2.828D)+ D] D =18.75 Or D=1.95m

Now B =13.20—-2828%x195=7.69m

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

11
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Solution

A= Q/V = 10/0.7 =14.30 m*

Now (2DB+15D)D = A= 1430 or 3.5D? = 14.30
Or D=202mB=4.04m
Now P=B+ (2 1+ (1.5)2) d=4.04+728=1132m
R=A/P =1430/11.32 = 1.26 m
c=—57 __ 87 = 40.32
1+ KVvR 1+ 1.30V1.26 '
Now V = CVRS

Or 0.7=40.34v1.26 xS or S=1in4185.

12
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Ranga Raju and Misri's simplified method

They also assume the side slope of 1:0.5
A= BD +0.5D? = D?(B/D + 0.5)
A=D*X+0..5)
Where X is equal to B/D ratio

P=B+2D+1+0.52

=D (X + 2.236)
oA _DX+05)
2 X +2.236
y=4-__¢
A~ DZ(X +0.5)

V=1R2/351/2 or g:lRZ/le/Z
n A n

@ ~aers

G @ @+ 2.236)]"/3
A2R"s  [D2(X +0.5)]" 3
Q*n?(X +2.236)"/3

DX +0.5)'"/s

From Kennedy’s Eq.
Q=V.A=055m D** _(D?(X + 0.5))
Or

1 1
0 Z6t [1.818Q 264

b= [0.55 m (X + 0.5) m (X + 0.5)
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Q%2 (X + 2.236)"/3

= 2.02

1.818 Q
[m (X +0.5)

S (002 (X +2.236)"/3

= 0.299
n?m? (X +0.5)1313

.. 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.

X +0.5)'

0.75 &

)

ném?2

(S Q 0.02

0.35
-

x=)

Exercise: Design a canal carrying a discharge of 25 m® /s by Ranga Raju
and Misri's method assume m = 1.0, n = 0.0255 and S = 1/5000

Solution
§Q00% 0209 2.236)"3
nm? (X + 0.5)1313
2x107* x (25)%% (X +2.236)"73
(0.0225)2(1)2 (X + 0.5)1313

(X +2.236)"/3
(X + 0.5)1313

0.421 = 0.299

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

S Q0.0Z
" = 0421 we have X = 6

for
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1

o _[_ 18180 rm—209
“lma@x+osl T

B=209%x6=1254m

B qQ
~ D2(X +0.5)

check V = 055 m D%6*
= 0.55 X 1 X (2.09)0%64
=0.88 m/s (0.k.)

V

= 0.88m/s

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 (i1) 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
9 (£)3/2 wSD = 0.047(w, —w) d + 0.25 (w/g)3 (q5)*/?

() = 0.047(w, 25 W/g)"* (@) .. (1)
Where Q, is the actual discharge, Q is the discharge if the sides of the
channel were frictionless, N ~is Manning’s coefficient for plane bed, Nis
the actual value of the Manning’s coefficient for rippled bed, w is the
specific weight of water (kN/m®), d is the mean grain diameter (m); S is
the bed slope; D is the depth of flow (m), g is the acceleration due to
gravity and g, is the rate of bed load transport per unit width of the
channel (kN/m/s).

The ratio Q,/Q takes into account friction of the sides of the channel. If
the sides friction is neglected, Q,/Q = 1.0.

The values of N~ and N are obtained from Strickler’s formula as follows:
N~ = (k)V%/24 ..(2)
and N = (Ye/24  ..(3)
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Where kg the effective is grain diameter (m) and k is the representative
size (m) of roughness of the actual rippled bed. The values of N is also
equal to Manning’s coefficient. Its value normally varies from 0.020 to
0.025 for irrigation channels.

N =0.0225 f* .. (4)

Bed shear, T, = (Qs/Q)wDS
Critical share stress, 7, = 0.047 (w, — w)d
Therefore, Eq (1) can be written as

T, (N~/N)¥? = 7.+ 0.25 (w/g)"/3 (¢5)*/3
or gs = 47500 [1,(N~/N)¥/2 — 7.]*% kN/m/hr
()
Eq.(5) can be written in MKS units as
gs = 4700 [, (N~ /N)¥/2 — 7.]** kg(f)imihr

Where t,and 7, are in kg(f)/m*.

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 N = 0.02. 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),
N~ = (k,)V%/24 = (0.5 x 1073)V/6/24 = 0.0117
As side friction is neglected, Q,/Q = 1.00

From Eq. (5) g, = 47500 [r,(N~/N)¥/% — .|

7, = wDS = 9.81 x (1/4000) X 2.5 = 6.13 X 1073

N=/N = 0.0117/0.02 = 0.585

7. = 0.047 (w, — w)d = 0.047(2.65 — 1.00) X 9.81 x 0.3 X 103
=228x%x 1074
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Subtracting the above values in Eq. (a).
qs = 47500[6.13 x 1073 (0.585)%/2 — 2.28 X
10-4]%2
Or qs = 5.98 kN/m/hr
Total load, Q, = 5.98 X 50 = 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.
2.

2

10.

11.

12.

13.

14.

15.

Prevention of loss of water: Valuable water is saved by reducing seepage losses.
Prevention of waterlogging: the adjacent land is "prevented from waterlogging
due to seepage of water from the canal.

Low maintenance cost: the maintenance cost of a lined canal is less compared to
that of an unlined canal.

Less breaches: the possibility of breaching of the canal is considerably decreased,
as the section is more stable and strong.

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.
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.

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

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

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.

No scouring: Because of hard lined surface, there is no scouring of the canal bed
and sides, which normally occurs in an unlined canal.

Reduction of weed growth: there is a reduction of the weed growth. The
transpiration losses are also decreased.

Low evaporation loss: Because of higher velocity and smaller exposed area, the
evaporation losses are low.

Increase of the value of land: the value of the land is increased because the
waterlogging problem is considerably reduced.

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.

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.
2.
3.

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

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

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

w N

© o N A

It is quite impermeable and seepage losses are considerably reduced.

It is quite strong and durable.

It has a low coefficient of rugosity and high hydraulic efficiency. Hence, high velocity
can be permitted.

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

It permits fast construction by mechanical equipment.

The maintenance cost is low.

It is immune to weed growth.

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

There is no need of plastering the lined surface.

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

of cement with pozzolana (surkhi).

Disadvantages of concrete lining

PophPRE

o o

The initial cost is quite high.

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

Repair is costly and difficult. Alteration of the canal outlets is quite difficult.
Because of relatively small thickness, it has limited resistance to external hydrostatic
pressure after rapid drawdown.

It is susceptible to adverse subgrade conditions.

Skilled labour, and elaborate concrete mixing plants and transportation equipment are
needed

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

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 50 cm x 50 cm X
5cmand 50 cm X 25 cm X 5 cm 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.

Precast concrete lining involves less site operations. Therefore, the speed of
construction is quite fast.

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. ltis 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
30cm x 15 cm x 5 cm for convenience of handling.

Advantages of brick tile lining over cement concrete lining.

Brick tile lining is usually economical in initial cost.

No elaborate equipment is needed for laying tiles.

The tiles can be laid by ordinarily masons.

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.

P owphRE

Disadvantages of brick tile lining over cement concrete lining.

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

The maintenance cost is high.

It has relatively lower resistance to abrasion.

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

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.

akrowbdPE

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:

Sprayed-in-place asphaltic membrane lining
Prefabricated asphaltic membrane lining.

Polyethelene film and synthetic rubber membrane lining.
Bentonite clay membrane lining.

Road oil lining.

akrwbdPE

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 200°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. ltis quite flexible and readily adjusts to the settlements in subgrade.
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Disadvantages

1.

N w

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

High velocity cannot be permitted.

The useful life of lining is limited.

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

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.

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.

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 30 cm to
60 cm at the bed and from 60 cm to 90 cm on the sides of the channel. The lining is
thoroughly compacted in layers.

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.

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.

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 5 to 10 cm 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.

10
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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.

The Water Cycle

Condesation
Precigitatiof™  (clguds)

(gl-w rain)

Pen
-

v -

T

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.

v 1 v

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

Where:-

Q: is the rate of flow.

K:is the coefficient of permeability.

A: is the cross-sectional area.

Ah: is the difference in head between two points.
L:is the length between these two points (Ax).
Darcy's Law can be written also as:

V =k.(AR/L) (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.(Ah/L)
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-

B I O

ful Hond Hamf
ll}l

Constart-Head Permeameter

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.

adh = —qdt
Where:
a: is the cross-sectional area of the tube

adh=—(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)
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Integrating: (A.k/ al) [dt=—dh/h

(A.K [a L) (t; — ti) = log (hi/h))
K = (a.L/A.t)log (h1/h2)

2- insitu
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 cm’every 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 cm”.
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Solution:
Given:
Q = Vol./t= 365 cm?/ (3min*60 sec) = 2.02 cm? /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 cm/s for the

permeable layer. Calculate the
B Impervious layer {3 Permeable layer
rate of seepage through this

layer cm®/s/cm width if H is 3 m and a=5°

Solution:
i=dh/L
=Ltan o/ (L/cos a)

=sina=sin5

Q = KiA
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=4.8%107 * sin 5 * (3m*100 cm)*COS 5*(Icm)
=0.125 cm?/s/cm

Example 3:

Find the flow rate in m>/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

a9 Impervious layer ES Permeable layer

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

and K= 8%10™ m/s.

Solution:
i =dh/L
=h/ (L/cos a)
=4 m/(50 m/cos 8°) = 0.081 m/s
A of 1 unit length =H1 * cos a
=3 m * cos 8°
=2.97 m*/m
Q = KiA
= 8*10™ *0.081 *2.97
=1.93 * 10 m’/s/m
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The hydraulic conductivity of multiple layers: -

1- multiple horizontal layers:

&
WO
%Ql Kl Ll
L, O K, L,
%QB K?. L3
D
Q = KiA
Q, = Kii1A;
Q2 = K3izA;
Q3 = K3i34;

Q: = Q1 + Q2 +0Q5

A= (L) x (1)

Ay = (L) x (1)
Ay = (L) x (1)
A; = (L) x (1)
Az = (L3) x (1)
Ly = Li+ Ly, + Ly
Ay = A1+ A, + Ag
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I = Ip = Iy = I3

Ah;/D = Ah,;/D = Ah,/D = Ah;/D
Q¢ = Ky. A (Ahy/D)

Q1 = K. A;. (Ah, /D)

Q2 = K;.A;. (Ah;/D)

Qn = K3.A3. (Ah3/D)

Ky A,. (Ah, /D)
= K;.A,. (Ah; /D) + K,.A,. (Ah, /D) + Ks. A;. (Ah; /D)

KhAt B Kl'Al + KZ'AZ + K3.A3

_ Ky.Lp.+Kp Ly + KLy TKL
h = L, +L, + L, T L

2- Multiple vertical layers:

o

W
AH, k. b
L, AH, K L,
- K, s
D

Aht - Ahl + Ahz + Ah3

Q= 01 =02, =03
Q: = Ky. A¢. (Ah¢/Ly),
Q: = K;.A;. (Ahy /Ly),
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Q2 = K3.A;. (Ahy/Ly),
Q3 = Kj3.A;3.(Ah3/L3),

At:A]_:AZ:Ag
Lt=L1+L2+L3

L, L, L, L,

Cera T Uk Al T %A, TR AL

Le Ly Ly Ly
K, Ki K; K;
L; +L, + L3

"L, L L
K"K, TKs

v

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
K;.L:.+K,.L, + K:.L
K;, = LH 2 2 > 5 —0.35 cm/hr
L; +L, + L3
K2=2K1
K3=1/2K1

L1 = LZ = L3=2006m

10
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K,.L;.+2Ky. Ly + 1/2 Ks. Ls

0.35 =
L; + L, + Ls

Kl = 0.3 Cm/hT ) KZ = 0.6 ) K3 == 015
Q¢ = Kp.A¢. (Ah/Ly)
Q = 0.35.(3 x 200 x 100). (1) = 21000 cm?/hr

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
(L; + Ly +L3)

TR

K, = (3 x 100 <00 100 100)
= ( )/ 1.27 0127 12.7

Q: = Ky. A¢. (Aht/Lt)

Q. = (0.343)(100 x 100)( )

300
Q = 4004.0 cm?3/hr

Q; = Ky.A;1. (Ahy /Ly)

4004.0 = 1.27(100 x 100) (Ah,/100)
Ah; =31.53 cm

Q2 = K. A;. (Ahy /L)

4004.0 = 0.127(100 x 100) (Ah,/100)
Ah, = 315.30cm

Q3 = K3.A3.(Ah3/L3)

11
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4004.0 = 12.7(100 x 100) (Ah5/100)
Ah; =3.15cm

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 Eqg. 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 dx, dy. Where (dx = dy) T it
through which the flow is | "
taking place (the third — %

. . .. V.
dimension along z-axis is large, * L g

it is taken as unity)

Let the velocity at the inlet |
faces equally, and V,

NS

respectively, and the outlet
faces equal V,, +(9V, /0x). dx,
andV, + (9V,/dy).dy

As the flow is steady and the
soil is incompressible the
discharge entering the

12
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element is equal to that
leaving element.

Thus Ve dy +V, dx = (V, + (0V,/0x).dx).dy + (V, + (0V,/dy).dy).dx
Or ((an/ax) + (avy/ay)) .dx.dy =0

Or (9V/dx) + (8V,/dy) =0...........(D (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:

iy =—(0h/dx) i, =—(0h/dy)
The minus indicates that the head decreases in the direction of flow.
From Darcy's Law: V, = —K, (dh/0dx) V, = =K, (0h/dy)
Substituting in Eq,D): K, (02h/dx2) + K,(0%h/0y*) =0
As the soil is isotropic K, = K,, therefore.

(0%h/0x?) + (0%h/0y*) =0...........(2) (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).

13
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Dupuit-Forchheimer Equation (theory of free surface):-

Simplified Assumptions: y
1- Neglect curvature of

water surface (neglect

the vertical flow

component). 1 »
2- Stream lines are straight CEENN

and parallel. d

3- Hydraulic gradient equal d,
to the slope of free
surface.
4- Velocity is uniform
across the section :
Vx = —K,(0h/0x)
q, = the discharge per unit width in the X-direction.
g, = Vi .A = —K,(0h/0x).(h) = —K,.(0h?/0x)
Where g, = constant, then: dq,/dx =0
Or —K,(0%h%/9%x) =0
Or (92h?/0%x%) =0 ..o e .. ()
Integrating Eq. (1): h2 =Ax+B ...........(2)
Boundary conditions:
At x=0 h=y,
At x=1 h=y,
Substitution into Eq. (2):
A=?=y?)/L , B=y? , then:
h? = (y,2 = y,.2/L).x + y1% oo . 3)

14
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Flow between tow line sources in a confined aquifer of uniform
thickness

XXX XXXXXXXXXXXXX XXX

‘‘‘‘‘ s hl’Vater table

N —eaa

hy b h (x)

h

Datum

dzh(x) B

d x?
Subject to the condition
h(0) = h, at x=20
h(L) = h, at x=1

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

20,

h(x)=h1—< I

dh hl_hZ

15
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Flow between the line source in a horizontal unconfined aquifer

h2(x) = hy® + (hy® — hy*)(x/L)

_(hlz — hy?)/L .

Zh(x)

XX XXX XX XXX XXX XX XXX
B \\\\\\\\‘\bl/'"er
\‘\ta\bie\\
h (x) =
h; h,
Datum
| L |
[ I
21,2
d2h%g _
d x?
h(0) = h, at x=20
h(L) = h, at x =1

C[(x) = V(x)-h(x) =k (h12 — hzz)/ZL

Example: Given h; =50m,h, =20m,L =100m,k = 5m/d. Plot
the variation of V(x). dh/dx .q ? unconfined aquifer.

Solution:

X h(x) V(x) dh
dx

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

16
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~ (20)2 — (50)2
hZ(x)_(50)2+[ 5 ]x

h(x) =V2500 — 21X
((50)* — (20)2)/100 _ 52.5

V(x)=5x 2 h(x) 0
dh  ((20)2 - (50)%)/100  10.5
dx 2 h(x) " h(x)

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: ® @
G.S

2/m ———————————

3/m 23.5m

1) q =k (h’ —hy*)/2L

k =0.002cm/s
k = 0.002 (3600 x 24)/100 = 1.7 m/day
L=175m

17
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h,=31-21=10m,h, =31 —235="75m
q = 1.7 ((10)%(7.5)3)/(2 x 175) = 0.212 m3/day

2) R*(x) = hy* + (hy" — by ") (x/L)

x=100m,L=175m
100
h%(x) = (10)? + ((7.5)?(10)>) x — =75m

h(x) =8.66m

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:

97.5

G.S

18
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1) Q=KiA
(97.5 — 891)
1200

= 1963.5 m3/day «

= (1.2) X X (33 x 7000)

) 1=2
KA
19635  (97.5—h)
" T 12(33x7000) 600

h =93.25m

19




Lecture - 6

Electrical Analogy.

Analogy between the flow of ground water and electricity:-
(1) Eor ground water:

Q =KA. (Ah/L)

Q = K (BD).(Ah/L)

LetV=Q/(BD) and Vh=(Ah/L)

V= (3/x) + (3/3y) + (3/02)
And (0v,/0x) + (0v,/0y) + (0v,/0z) = ------- (2) (continuity Eq.)
sub. (1) in (2):-

(0%2h/0x?%) + (0%2h/dy?) + (0%h/0z?) = VZh = 0 (Lap Lace's
Eq.)
(2) For Electricity:

R: Resistance (ohm)

I:  Current (Ampere)

AV Potential difference (volts)

R =(1/6).(L/BD) -------- (2)
Where:-

&: Specific Conductivity (1 / ohm .m)
Combining (1) and (2):

I =6.(AV/L). (BD)

Let: J=(I/BD) and VV =—(AV/L)
Where:-

J: Current density (Ampere / m?)

20
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(0],/0x) + (8], /0y) + (08],/02) = 0-------- (4) (Continuity Eq.)
Sub. (3) In (4):-
(0%2V /0x?) + (0%V /dy?) + (0%V /dz%) = V2V =0 (Lap Lace's Eq.)

Corresponding Elements between Ground flow and Electricity:-

Ground Water Electricity
1- Hydraulic head differences (Ah) (m) 1- potential difference (AV) (volt)
2- Hadronic conductivity (K) (m/day) 2- Specific conductivity (&) (1 / ohm.m)
3- flow rate (Q) (m*/ day) 3- Current (1) (Ampere)
4- Specific discharge (V) (m/s) 4- Current density (J) (Ampere / m2)
5-Darcy'sLaw: (v =K. h) 5-ohm'sLaw: ] =6. V)
6- Lap lace's Eq. (V2h = 0) 6- Lap lace's Eq. (V2V = 0)

21
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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.

g e e s A il alase Jala Jiud () wd ) A 5l mhas (e elall 5 00 4S )a
1 And el olaall (e (ASa (Bae Claa gy M sUaadl) oLl (1« (infiltrating rate )
< (infiltration capacity ) zed sl daw Wl (Ge ) 3aa o Baall Slas ) mm/hr
Glas g i Ll g A Cog ol 8 Boasal)l 45l dae il o) Sy il Al Jaxa il

C—)“Jﬂ‘ Jaza

58 (e Slual Agliall 5 ) 2l (5 8 a Z LY Alaad dppal) L) (5 58l

sad )Y Qa5 gy (eadand) 230 (5 ) Al s randy lall il o Buadld
Jady)

ol (28 e JOA o) Ay el A ja jalls sa percolation Jaladll -
slall besdia 0 585 0l 3 5 _pally

Ledalay elall 48 ja Jual e dapiiall 4 il L6 laialy gd 4y il Ll L) -
Al Cldia (e el

(el sadl (e € aamy il Lail 5 A dda (g 2L Y Ll -

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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10.

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.

Surface fines: if the soil surface is sealed with soil fines, the
infiltration rate is reduced.

Compaction of soil: caused by impact of rain drops or that caused
by men and animals reduced the infiltration rate.

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.

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.

Temperature of water: an increase in temperature cased a reduction
in the viscosity of water and consequent increase in the rate of
infiltration.

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.

uduﬁ@iﬂ\muu%&\:\dﬂ\c_kuw)\ﬂdj\Q@Sgh‘wbw\éﬁﬂum

&&\G&)ﬂ\imﬁbl\a&& sl g Lghaid :Q,SBQ\UJ\&}S\JJJA@LJHJAS

Jaray gl Al dans (Bl (5 jma 9 oLl JSAI 8 WS (constant infiltration capacity)
Jiul ) o) e oball (Uae) 25 A il bl elae) Al (e (5 Al yall (8 o o
M\ﬁubﬁﬁﬂuﬂ@\&ﬂ\c& JUA 5 Ldaiall ;LAMASJ;D\A.:\L;L;T
Ay Al il (e J) Las olgally 4 ll 4880 lisall (ole 4y el dpalas Aol 3 o
J\Jﬁum‘jﬁ)ﬁﬁ\?w\d)\Ao\:\A\Z\SPMC_&)ﬁ\:\:ﬂ& J\JAL.»\@‘C_&).\H&J
i ey yail) o sraall Al 3 5 (Alia)) Lgian) Ledala e Al skl (5 giaal)

el al) Al ey oy e i) s e
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Where
D = accumulated infiltration depth (mm) <SI_3l #Li3 )Y ac
t = time accumulated Infiltration (min) <SI_al # L5 )Y (e )

C,m = constant <l
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o
Ly _ct
I VI
D (mm)
1000 — A
m=2
a B
100 -

I (mm/min) gL Jaxa

10 - s @ i Ol B
¢ I 5‘{-_\’)1\ Al Y13 el
1 | | | { >
10 100 1000
(min) t 3
g-“‘.-.‘:")l-""js el (35 (e Aaladll
Cro ol Aol oMte | Alalaall (305 Ay i) 3 elall 2Ly} Jane Cia gl Alalaa e J guaally
;gSLﬂLS
dD ;
dt
D = ct™
[ =cmt™1
I = kt™
Where
k = constant = cm
n=constant=m-1
| = infiltration rate (mm/min) L) & elall ~L&5 ) Jaes
n=m-1
O &8N Aad ol g aa) gl g siall G a8mM Aad o Gl OSay Gilalaall Jasy Jilaty

O s (M > 0) s e 0S8 ) e (M) A QU (1) o W g S 50 5D o) e
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m>0 and n<O0

n=m-—-1
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o<m<l1

-1<n<o0

O sy alelull I #LE Y Jaee Caiay b Akl Aaladd) #la (e a2 Ll e

Gl 3103 Laie a5y Aslaall oda 8 4 el Lalill (e lina @llia ol V) #LE5 ) dlec

dad 8 Y e e M dall () (1) 2LV Jame 4 8 S S (1)

DS elally Arpdia pranad Aol ) el e A3l oo &5l A el # L1 Janl
Jam Ay sk syl elaly aie Lo

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

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
D =ct™"
13 =c(B5)™
52 = c(120)™
Oilalaal) o
c=64
m = 0.44
~D =64 t0.4—4—
®_,
dt

[ = 6.4 (0.44) 0441

[ =28t79%¢  (mm/min)
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Basic infiltration rate. osbud! zU&S Y Jare

delu A LELY) Jane b padll ladie 6 il 2 LE Y Jiste e dadll Gl 5
Capmry L omba) FLEY) (e (e o (e sdlagl (Sans (%10) e 2 Vs sasl
LY dlee 4oy dia dia 3358 5 e 223 Jeany (sl Ly )8 Clll) L5 V) ey Lo gac
oY aagall a._uﬂ\ el ) dnul) Al oda ‘_A\ i) CWJY\ d-sa,,\ Y g el )V
o) il dae Ul 5 Aass gial) il Als 8 Laiy sole ypad (ga ) IA Joand LY diles
O5S la¥) ZLE Y Jane o sebe 8 1A L Syl L&YY 5l o) ¥ () 0K G

s a5 g dpaal S

T, = |600n]|
AN
—<0.1
<
Al=011 I \
= ken _ E
10%
al_ knt"1 W \___
At
Al=knt"1(at) S
0.1 =knt™1(at) M t
0.1kt™ = knt™ 1 (60)
0.1t"=n t" t71(60)
1
(60)?(n)=0.1=> -1<n<0
t=600n
~ T, = |600n]|

Jooe A (el (R ¥ 2L 5Y) Jna oie Juang (531 (T) oM 48 e 3nug
T = Jet™ alall L5 Y Qe (B (Ty) G 30 A iy (ebe¥) L35

O s LewsS 5 gl 58 St Al A il liim (g i) LYY Jine mmall my
Al )3 b a sgdall 138 Aanl oy el Lealli ) Jaze o (el e 3 i) s
avanaill Causliall (Ll 5a5) o) 5 )Y Jara 22a3 A 5 I (o 1) alas aalicai

Gl Ul gl
T, = |600n|
T, = |600 X — (0.56)] = 366 min
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1, =2.8 (366)°° = 0.108 mm/min
| =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  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

Yy ¥ ¥

— 0
)
_.\_%_O

. “F




Lecture - 8

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

IR R
—— bl oda i

Aaddl S ]

Us \ / o aiadad ¢ ‘JAL:L&A‘

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

12
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Daring coefficient  Jsd) Jalaa

aie el (Saysdeln 24 e 3l 335 Lo We 5 (g 3 B0 g ODUS Aisne Aalise 3 A Jaall elall 408
Y paally

mm/d e a3l 3as g (AU g el obaall e (86 Bae ]

m>/d/donam e dalua) sas 5 & 415 jaall slaall (o A3 Cay posali Cilany 2

24 hr 32al 83a) 583 g0 )M Cay puad aad il dabiall Glas g 3

Donam 4abus (s« m%/s/day
o d) Jalaa oy

bl 5l Jera ]
(b adadl ciad 33l Jaaa 2

L Ol Jabaa + adandl J3al) Jalaa = IS 31 Gl
I Jalre A e i35 Al Jal g2l

.daring area 4l daludl ]

Aalid) da el 2
S S 3
il g4 il de 5 4
okl Bae 5
dokdl e ddledl 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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da gidal) Joleal) glasi

;dn\)s‘égscj;;c}ié.d\d)',\d\&sgﬁjﬁg

obaall Ll g dmplall Wgilda 5 45 ll e 53]

Gl e J8 Bae (I zliag Al A 2l il e J81 Lglae J lae (N zliad dule )l oo il

Akl

Sllle s 2

Gila o e adday Al (critical depth 48 sall sbaall = jall aall) Lalidl el s2dl 3
DbaeY) b gia bS5 ddlaldl 5 ) sl

ApalaBy) Jol sl 4

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

Sle Y oLl wii Ay jil) dpalall sxie Giaay Al L sal) cldl Bae sa -; 2 jall (el
Aoyl mlans e o) 5 i) #3leY) dne Lo

Ade Jsanll o) jall il clal Bae =1 Gaall

Aty et e sale 3 505 Aleal) J el olaily A gall clall o guiie (alddV] Hlade = o (Gaal)
sl Jah el o 1 Gl ) s A8lsall Causiie G 2ty all elall mhas isie o
8l 4 il il 1) ) 50K (0 66 o Gamg | Gl (o Zaa Dl 5 O el Jaha el (Bae = 7 (aall
s Bl g sall Ll 2 el Baall 5 e At Glld 5 dee b A <l 5 23
s Joball g Adluall e adingd o Banll L) (1,25 - 1.75 M) o e | Bendl 0680 0l

i () Lol sl elall o guiall (& (aliasV) o ia jlaie 525 (0.5 M) (s> 055 G )
aaliall ety Lalal) L840 5 Haell ¥aladl) aladinly 4l

(1.8 -3.5m) i e Wlle 75 55 As sidall J 5l Slee o)
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Hydraulic design

By using Manning Equation: -
1
V ==R:85"2
n

1. By trial and error solution.

2. Section factor method.

3. By using design chart for open drain. &= sidall &l gidll & aadiud Y g J bl Jadd ads
AN FONET PEQE RG] PRI S PREQg PO

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

|4
Fr=— Fr <0.6
vy
f=176Vd
VZ
or Dm= 2.467 f=04-1

4. By using conveyance factor. Jaill Jalas 45 jla
Q=KS/2= V = cVRS
K = conveyance factor 33 s sbuall 40aS 48 yma SR (e adbis (S (o3 5 Jaill Jalaa
Ll sl s ol
Y slall Bae 5 Jaill Jalra s A pdadll dalise daiis G Jshaa Sl (& K Gl (8 Bkl aal
e aaaill 8 U dlaie Yy saane il ga HlasiY g dane A5 gdd Jaladl (b) 3L (2 ye g
msanaill sadinall s L 7 sanall heyudly 833l 5 &y suenal) G ol

Exercise
conveyance factor method alaaiuly

Given Q=0.15m3/s

>=0.001 n=0.025
1:2:1:1 3




Lecture - 9

n=0.025
Z=1:1
Solution
K = % = 4.743
A
A =0.34m?
y = 0.45
A =0.33m?
y=041m
A =0.33m?
y=035m
A =0.33m?
y=031m
if n=0.02
* Note:

b=02m
b=03m
b=04m
b=06m
b=08m

y =048
y =0.5
y = 0.44
y = 0.46
y=04
y = 0.42
y = 0.34
y = 0.36
y=0.3
y = 0.32

K, = 4.608
K, = 5.054
K, = 4.193
KZ - 5.071
K1 == 4‘-508
K, = 4.903
K, = 4.44

K, = 4.939
K, = 5.068

enad] i dad Slin = 0.02 Mo a6 4o 4 Loo i1 55030 Jola Lo CuilS L]

0,025 3.794

K=KxX

5LI8N aleyy Ll o YLain Y/ ol (SKas S saad] alasinl s

“ Kno.oz2s = Kooz X =52

= 4743 X 0.8 = 3.7944

b=03m y=04m A =0.28m?
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b=04m y=037m A =028m?
b=06m y=0.31m A =0.28m?
b=08m y=0.27m A =0.28m?
b=03m
b=04m
b=06m
Exercise

Find the dimension of earth drain carrying discharge 0.45 m3/s, n =0.03, S = 0.00024
15H:1V.

Solution

By using design chart

1. b/, =3 y=06m =b=18m
2. b/, =2 y=07m =b=14m
by, =3 i\
b
b/y=2 = s \
>0
Al Y 8 @ ladl aastus
e Chyaiedud add (]
0.7
Z=15 2
n=0.03 3
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Open drains maintenance 4a gidall J jiuall 4ala)

g siall el 8 Sl il e 3 k)
okl G sS Gal ad) le 3 phagul
el il gadl Hlasdl e 3yl

e s e 5l
pailly anst Gl g da gide drane o (Al () (S Bl (dae Lall) duliall 5kl ()
Sl aldailly ceni @iy g 3Uase Aaase J ) A aal ) single system il

.composite system

s Sl e V) sy o ading paldaill (e JLEaY) ()

5300 30 Ladand) olaall (e alaill Al s a3 55 4 bl dread) J 3kl o

93-2 Jha 28 3 el pUail) aladinly () 35 jludldl ()

Aranall J bl olaws) (e o sad @l SIS g o jiall Uil ae Agliad) J Sl (and A seu
Alallods 8

Szl (e ST Lla ) 2 liad da gidall easall J 3Ll

S pall plail) RIS e JB) a3 jaal) pUail) A4S )

o bl Ll 13y ginaal) 156 salal) 13 3lalial L 3 jiall allail ks Zald) ) jlie V) JS ey
Glaliad 8 Jamds S pal) Uil (6 Iy 5 janiall Fadall il 3aliall (i€ pall Uil) 25 pa
(5 5 e i e Y Aanall Jladl) o) 31 2l 5 Y

D w N R

Drainage wells 4a gidal) J juall daraail) yulaall

a. Permissible velocity L 7 sewal/ de_pu/
To avoid sedimentation of material <&/ 3 poll s 47

To avoid scouring of canal 425 ahdial/ i/ il

Lo 7 sassall de_pud) 2ty

S L ) i)
(e 535 o o) 0 s
L sLiglf =

Ll 5 JE Y]y Stiliadl 3 sa 5
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il slo b Gl gl 2sa s -

V = velocity (ft/s)

y = water depth(ft)

x = constant (0.5 — 0.64) L/l 4 4eie 4/ Glle 24a 5 Ao dainy

C = constant (0.84 — 1.09) AER) s dae Ll il e 4 il s Ao ain

My Las J jpall 4 5il) psli e Jory 468 il o Laill 3 g g s 8 juall S de puadl D2 5 -
gty Lnall A i 4y e e de ] il
b. Discharge <& rail
e Sp o) Osm gbie Yl g g el iy palll cie st 54 4 & sidal] Jjpall maldl sraaill )
Lsaaill dewll 30 %50 e i Y Lo e siwfree board ot/ el (o Jeng (s3] 5 UL pai
el

e et juall dresanaill decdl

b S ) el Sy jlheY) LS -
il elo da gla g 4 yill da plo o sacinall g Jrnil) Clilhio -
coadl] S g Lilal] Lllayy) -
c. Side slope «ulsall s/
5.5 Ssi 5 da sida J jlue i die o ] ) g pe g | pdiess g LS il snd] lani] 5% ) e
) g o i
1:1
V:H
d. Opendrains slope 4 sidel/ ] jlal) sl
VxS
Y loaib ple sais Jjball ol saads
0.03-0.15% at collector and main drain
Iraqi — 0.025 — 0.08%
e. Cross-section (il i jell xhaiall
Gkl N/
&) ondasl) Sl dansivwal) da siiall J jlaalld Lo 355 8 lsd) CiDUSL da gidal] J jlial) oley) Calis

elo (s sie o Lorkivall Jjlually 4 plia dsac e (355 (il oo (e 51 oLall (o plEl]
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At lf ol 5 Enapall  loall o S i Stiall i ] laall S5 o )1 oLal] 222
45081 m Lo rsl s qanall Ljsell (e 5 Ananall Jjlaall o L e 5 lise jiST (5555
A ) S jlaall 6 ST A S

f. Drainspacing ikl Jw ddlual/

100 m o ST ) ot 285 30-0 M S Lo g5 bpinasi g Ll Ll K (A L] 20t

Exercise

Lalo I o yill

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

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

IS
I
=
AN

3
-‘-A=I=3m2

p=W=>b+2d\z2 +1

p=W =b+2dV5

R_A_ 3 B 3
W p+2dV5 b+4472d
.R_d=>d_ 3

CT 277 2 b+4472d

6 =bd +4.472d? ........ €

A =3 =bd + 2d?

bd = 3 — 2d?
(D) b sy

6 =3 —2d% + 4.472 d?
3=2472d*= d=1101m
b(1.1) = 3 —2(1.1)% (2) &b sy

~b=0.527m

)

y

2b + 2(2d
R RICO

2
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R—d—OSS
—E— . m
V =CVRS

1=55v055 §'/2

~S=6x10"* m/m
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Drainage layout Jjs) 48 a5 g Jaladf

o8 Alad (585 A8 ol L 31yl s Y1 A1 sl e et ) A 5l it 50 405 JISS) )
3300 30 olaall Lgd aa 55 ) (shaliall 5 Lkal o) (laliall (88 55 50 sl Lgmuza g s
There are two types of drainage layout:
1. Parallel grid system.

e According to the topographic factor.

a. Single slide collector

(3235 dgn pas) sy ol e ydll J jluall (1o sliall gans

Lateral drain

L |

Collector drain

M.D.
w | ||
C.D.

Main drain

R (p0 o

length LD.

Vi)

w

Main drain M.D.

c. Herring bone system
s Gl pe panall J juall 4 50 o3 5 ASaid] SSi8 JSG e 2 ol
A deblie e ydll J jlall

10
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C.D.

Lateral
L AED) \ / e
‘?3‘?"‘:?:‘1‘JC.D \ /
(M.D

h 4

Main drain

2. Random pipe drainage system /il L5l
e According to the field area. JfisJ/ 4ale

e Lateral drain designed with angle with the collector. 4eliiic s )Y/ )5S Lodie

| | ] fou
o N T

couectoré\ l l l\single

s Herring-bone

River

Advantage and disadvantage of open and closed drains system.

Open drains system 4a side / jlua
1- Advantages
a) Receive excess surface and ground water.

b) Need small hydraulic gradient about (0.01%). Ll S5 s s/

11
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c) Easy in monitoring and maintenance. <4/ /s Lilual U ggus
2- Disadvantages.
a) Caused losses in area.
b) Growing plants and grasses in the canals causes ponds of water. s (siilial/ sai
e Lall ey I (5055 iliie VI
c¢) Difficulties in machine and human movement. 4 a 5 (HlSel] Jloriv) 4 g2ca

Cilalive 520 ) dnbia 2 ¥ Y (aliiY)

Closed drain system 4ife /it
1- Advantages

a) Receive excess ground water only. Jadd 8 gall elall (e 30 31 olyall Jiiss

b) Need more hydraulic gradient about (0.1%). S aUsill 138 lassl
c) Monitoring need dug hole in soil. il & jis xUiag 48) yal)
2- Disadvantages
a) No losses in area. (=¥ i canly)
b) No growing of plants and grasses.

c) No difficulties in movement.

12
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Drainage wells J 3 &

cint olall dlala Al e (5 gind il 3haliall 3 st o (S asall slall Culia gl ) i o
Gt 3030 obaall (ands Mie o (5 giad Y g A e 481 2 sada g Alle Al Alliay) Gy ) 53] ddhaia
S S S 81 a3l slaal) (e Galaill Al 5 AKad Al e e ) (Sar Y gkl ol
Ghaliall 8 Yied () 5Sy (535l ) O L (OLY) Gaob 0o guall) (g2 sanll Jalls elaall 028 (e alall
s Juaiyy (Transmissivity)elall Jias et fas dille 50 culd oluall dlalall dakall L (oS3 3l
Akl e Jlie¥) s 33k (T) Is¥) oY (K) Al Adba) e Jay T Jaill 3,38 ) 4L lasiul

:0) Eua (D) obaall Alalal)

T=KD

T = transmissivity <Y Jalza

ol (e Lalaa®Bl (585 (53 sl ) O 5 (8 sl elall g e 3 shasall 5 300 Aad LY andiias
N Sllee 8 Lealadtiul lSaY elld g saa due g8 I3 A gal) slall Lead 5 Al V) 8 &Y
DL o3 Aibua ol AN Aalil (e s Apalial dad Culd elye o 55 AMal 28 8 3l elpe old Gl

Y1 O Al 8 Uil A gl Jaall (pa IS JBI ) 55

Objectives

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

e 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

M w0 D oE

More complex in design criteria.

More cost due to the use of fuel and electricity.

Need maintenance and monitoring.

The drainage wells caused management and legal problems. 4,3} JSUia
Aol

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

drainable porosity. dslle 2,3 ) 5 daidic daliss

The main points of designing a well are:

1.

Choice of well locations:

(soil conditions) [deep sandy aquifer fractured rock]

Geological and geophysical logging, water quality sampling and test pumping
can be carried out in a satisfactory way:

[epumping 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]

Selection of a appropriate drilling method. [proper dimensional factors of bore
hole and well structure.]

Selection of appropriate construction materials, including pump specification.
Well design should be such that pollutants from land surface or other sources
cannot enter the well.

The pumping rate should satisfy the demand for water.

A well with a long life. [more than 25 years and pumping from aquifer of 80 -
300 ft beneath soil surface.]

Materials used in the well should be resistant to correction and with sufficient
strength to prevent collapse.

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

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

3- Agquifer 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
Oar Adlae Lo 8 sal) el Cguia G aliail (5l Juany o113 i 4l glosall e Gl
re sl sl il il o3 andiy il
re = radius of influence.
Jan B sl dia )35 Lo J panl) (S 4y il Aalill e
A il Ll Jsas e 2ol ol -
OB LAY 13 e 5l IS 055 Lol g sama 5l an S aas 0 5SE oball Alalall A5, o
A e gl any Y1 o8 Jiad al 2 Y el ol
araaill 8 il @l (axy @
Ll loall agas Jia Asal) slall iguia -
Tadial =lxi 5 horizontal 8 ol (58 ol -
.(cylindrical sink) sl Jss Lhliie gball -7
sl Jlasl\uh.q‘_gamﬂmmém a2
bl s I s gball -
slacall Akl dae ) olaall ALY daall 5 5y jull
Jas daul g oliall sl dadall D gas )

o) Ll (o paia (s G jad @lld g LY G Adlall g aal sl ) Cay et aanl Gl g 138
A dS5 Gl gail 4 ey 3 Bandl )
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re
il Q
I
' I L T
I L2 2 7
Root Zone I W.T
_—_—_—_—_T_—_I—___“- ________ —
I Sw
|
I he
h I -
I
I
v I \ 4 v
/ | / Impermeable layer

(ela Sle laldde) s Q (Vol/time) i) ciu ypai ilual

Q = KiA
dh
=2nrh K— ... ... .. ..
nrh e D
dh i )
Q, h’E unknown e slas e 408

Uabaally die paail) Sy e e S AU Al s o (1) oleall (o o geanall 5 AU 5 jral] LS
aul

Q =n[(re? —rw?]q .. oo e .. )
@=@

= 2nr h ka =n(re? —rw?)q
re( 2 2) he
re?—r
E f YW =2 f h dh
k r
r™w hw

re g 4 lae AL0E Leiad (Y il jlad Caial pyy A Jlaal (S

Q =mnre?q........(3
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re d he
r
ﬂfrez_zz f h dh
k r
™W hw
g 2 re 12 he
kre Inr]rw—h]hw
re
T 12 |In— = he? — hw?
k T™W
re
i |n— = hez — hWZ
km ' rw
Q he?—hw?

rw

Q _ (he + hw)(he — hw)

km re
In ™w

Q Sw(he + hw)

km In%

When the draw down Ah 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

h+ hw = 2D
b&urdﬂ\whmm@z\jﬂ:.a@l.\su&

Q h*—hw? ®
= InL

r™w
eq @ =eq (6.
he? — hw? h? — hw?

e = = SN ()
|nm |nm

iz (h — hw)(h + hw) e )
kr InLs
rw
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h+ hw = 2D = since Ah =S,
Q B Sw x 2D
kr o p
rw
Q T
Ah = —_
2nKD lnrw
vS=he—h

(methods of super-position) «s) & 44, )k

P

T
3

Q1

Q2 Q

3 slaall JLY) (e goall Aa i Ja gl (5 glse gan SIS (0 s () (S (P) e Lo Al ie L gl
Gat g elall Alalad) Addal) elany 45 jlaal) die | jurea 8sal) elall Gguia A da el (oS5 Ladie 53 figall

Sl UKl LY eladl i sall slall Gl s S5 Ja oS i) (o all as ks

n
Qi | (rei)
LTk n ri

i=1

(he? — h?) =

Where
Qi = constant discharge for the well.

ri = distance from known point (I,m).

h = hydraulic head at (P) during pumping.
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0r=) 0

Qr = LY lais e
he — h = lowering in water depth &) slall (& (alaasy)

n= JLI‘}“ e

[ el ) o pudil g Lol Y1 iy pami IS 1] ) JSIG s Al

(he? — hw?) = ﬁln (E)

r

7 = equivalent distance from (P) dkaill  &lSall 2aill

7= (1.72: T34 cer cen e ....rn)l/"
re = L Jisall il o
Csthaall da gl o guiia g Jladl) ladll Caad jliie W) juai 3 gisale LY G Adlual) il 3l Ladie
Bl sai e Sise e ddma s cle suia o Jgaall
Exercise

5 wells located at random distribution fully penetrated in unconfined aquifer each well
discharge 3600 m*/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.

P, kil b Jualall & (=liaiy) laia Lale

Solution

he? — h? = %171 (E)

he =75m
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Q = 3600 m3/d
k=10 m/d
re =300m

_ 1
7= [r.r.r.rn.r] /s

7= [250 X 175 x 90 x 150 x 200] "/

=1639m

75y — 7 5 % 3600 ( 300 )
~Trx10 " \1639

h=727m

= § = lowring at point p=75-72.7
=23m
2.3 m s hisell Hlaies72.7 s P akaill die claall A3l 358 cladl Bac o)

Artesian wells 4/ ¥/ LY/

confined aquifer sl ol Galals

Al i gually el ¢ 516 0SS (Sas
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W.T
e T U T i

2 Sw d
wmalih | TSy VA s S s s

he K |m

slaadih

XX XX XXXXXXRX XX XX XXX X XXX

dalisall dlle o gas gl An {Le g dpalosall Adlall Aulill AR Lebia ¢ Llal) Adally Gl ) o 55 Jaat)

(il 5T 8 alaally Ulall Zidall & 8 sl oLl Jum sl pomal) Ji

Q = kiA

dh
Q=k.—X2nrxm
dr

— dh
27 km f

[1n7]7e, = [dhlpe,

2t km
Q re
In—=he—h
2wt km nrw € W
he — hw . i
27'[ka= e e e (D) 7 =D elane da o) (e LS (Say
n—
T™W

he—hw_h—hw

re T
In— In—
T™W T™W

—
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he — hw r
h=——=—%X1In —+hw
In— rw

W

Ay Ailaall 21 e ol ae Ldad e Sl yull Ll o,

eq (D) =eq (2 Sl g el () Ly
he —hw h— hw
= N C)|
mre 1=
r™w r™™w

2

L
T =km <?> BB Julza

Where
M= (M) plaiie clas ol Lo yias i g olpall Alalall Laudall clans
Tr

In(=)
h = (he — hw) —22—+ hw

1ry (m)

L88Y) Zilesal) a5y e o) pa s ity Sy jasgll i)

EX

For confined aquifer, if the transmissivity factor is 1000 m%d and the average
discharge allowed from the well is 1200 m®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?

11
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Solution

Q  he—hw
e ()
™W

he — hw = Sw

1200 Sw

27(1000)  ,_ 300
Lnor
0.3

Sw=131m
Sw = he — hw
he =131+30=3131m
r4dlue ol Ao 2000 Aaleal) alasil
r=30m

Q  h—hw 5
rw

1200 h—30

2m(1000) _ ,_ 30
Ln=s
03

he =30.7m

Sww30m=he—hw30m

=3131-30.7=0.61m

12




Lecture - 11

148 5l lial) ) 20
3% ) e Ol s IS e b sl laall (5 slall ) (ld &y 31 sial) Auliad) (3 3aall (e pama (35 o Laie
o) il (<
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* /d/m)
Q=prl
il e e Alihad 53 elall mhand (S5 jasgl) Hlaaiy)
e e i il [steady state] , dy/dx
8l b gha s 0ol ) datisld) e
(1-1) el oball 4S o ol e (5 500 ahaia (g} vie J jsall G b il olgall iy o (a5
A=y.1 ) adaial) Aalise
teeld Aalas (e g
V=K.I
= K . dy/dx
(1-1) el JAA J3aall Baa) 5 A (G olpall iy yuaill (55 ellhy

dy
=24V =2 —
Q11 |4 vk dx @

Aad 5S) als Cun el ol & oy i) 21305 s = Gl Saall G Adlsall Ciaiia 8 slaal) iy i )
I3l il ie gl il I (X) Aad I 58 Laie )

(L1 iall sic J 3l sbae iy puats Q Jsuall il e S iyl Lay (S

Qu _P/2-x
Q  P/2
Or
2 (P
Q1_1 = QE (E—x) @
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1 e Joani (D) 5 (@) cxond) s

2 P-0.20-)
Or
ydyz—k(z—x)dx ©

(Y e Jeani (3) a8 dabaall JalSill dlee ¢l jaly

(y=h) g x =0 Laic 4ilé ¢ g 2a1l

—h?
€=
AV el e Jeanis (y = H) gl x = p/2 Lexie
4k(H? — h?)
= —
Or
2 = M Donnan Eq.

oo slaall Adall Cuy 58 LIS A gl il Jaat g alls adad Alalas a4 Hooghoudti@\ Leaiital Al
[ 500 s bl 38 5o A1 e o 531 (im0 (e iy 81 LS 1] el ¢

_ 4k(H —h)(H + h)
Tr

2

S=H-h

S = The water table height above drain level at mid poin d,i.e. the hydraulic head for
subsurface flow into drains (m).

4k S(H + h)

2
p r

Or

S
,_ BkS(h+3)

p r

Where:

h + S/2 = the average thickness of the soil layer throw which the flow take place
(aquifer). [h]
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2

_ 8kSh™
B r

p

(S.h") = transmissivity of the aquifer (m%day).

(h = 0) sl Jabs slaall 3 5 5 ey Lasic

4k S?
B r

2

p

This equation represents the horizontal flow above drain level.

Or

4k S?
a= D
3 ypa () Lald dpilly culS 131 S/2 A Jlaa) Sy 4ld (5 530 Lali (1a
If his large compared with S, the equation become

_ 8k Sh

=
p
el sbaall o gaia die (3l adall (el 4S5 ynel) Ailia giusall Aad (8 (pli g g3l B

The above consideration permit the conception of two-layered soil with interface at drain
level

_ 4k, S? + 8k, Sh
p

Where:
Ka = hydraulic conductivity of the layer above drain level (m/d)

Ky = hydraulic conductivity of the layer below drain level (m/d)
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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.

A8a) 4 5 A8l Blalial) b U5 o jliiad dpe )l CalaaY) e saal y o &l dasle e 3kl )
GRS 3 ) gay Aayl i ol CalaaY) sl o (e p e g By a8l 85200 1) slaal) e 3 jlasid) (e Dlad
Aalal) Bhlid) b g gall elall guie gl ) ) 3 AL ) JS30 HAY) e g 28 Laaaa) ) sela o) )
Lsall il o) Al s e Z3Y) paad A ) sehs Gl (e S aalia dilall 40l
JRsB s dnle il 38 0685 ) (R ] ) o3 U (e Lule S35 = SlaY) (e A A e

- Source of soluble salts
a0 ) Al 8 A #3leY) S i ealy ;4 e dle by gemy iy o (S A il el )
Sl e & i
cshsadl el sl olia oo Loy ) Alatusall 4 i) 3 2 5eY) 35S 530 31 st 1) jauadll )
el Sllee § ~3YL i) saiall e Gl e

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. 3 ¢Ui 448l ye olae 20aS

i)

d. Minerals soils are drived from weathering of rocks. _sawall e 4 saill il

(1) s Ll
e. The use of irrigation water containing salts. asltall (s ) slae aladinl
f.  The use of drainage water. 4le i sla ¢ 5S35 Al J all ola pladiin)

Saline soils  4alal) sl

The soils having excess amount of soluble salts that make the soil solution
concentrated and reduce soil productivity.

Alkaline soils  (4zacall) 4, 5lall 4, 3l)
The soils which have excess amount of soluble sodium.

Bl g 3aa) gl daa gall afind SR e By il el adast e Jomy 4 5l A o g saall eaie 3305 o)
Las Ly 58 5 olaall AS jal B & gyl (318 el o 4, il 20 ) (330810 48 )88 Copd Sl Ll

P, bl el Al gyl i e i
e \\
// A
1 \
\ 1
\ /7
A R4
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(S0l extract) fxsal dssmall aliius 5 & 01 paliinn (lo J paall im0 oot 1
6'31"‘ L A_p;ﬂ 4..3_)43;43\ ‘.—‘)L.Aﬁ\ ;\‘);\}

a. Electrical conductivity (E¢) b _eSl 4 bay)
in (mm hos /cm) @ 25c° by using conductivity meter.
b. pH
c. lonic composition in (mg/f)ppm
Positive ions (C;™*,Na ", My K"
(mille equivalent / liter) #/.8Swle meq/ £ S Leh 3 (S
d. Negative ions (CL",CO37,HCO3,NO3,S047)

m «~ mq /£
Meg /¢ = PP a/ :
sum of atomic wt s 3 o))
lonic charge iy gY)daadl)
e — C
‘T2
Where:

C = salt concentration of water in (meq /¢) or salt content
Ec = electrical conductivity in mm hos / cm @ 25C°.

Evaluation in water
e ) Cang Gl Clia gadll any @llia oluall L 53 4yl
1- Drinking water
a. Physical properties: color, pH, turbidity...
b. Chemical properties: acidity, hardness, alkalinity, total dissolved
soils...
c. Bacteriological-coliform, bacteria. ..

2- lrrigation water
a. Salinity &= 5Ll DS

Ec

SAR
b. Sodicity 4 sl ESP
SSP

NO3
cl~
B
check

c. Toxicity 4w

Sodicity 4 sall
a2 seall Al (51 s el o1 3

1. SAR : the sodium adsorption ratio. asa swall < sl Glaill 4L
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Na
SAR = —
’Ca + Mg
2
onan (Sl 5 S Ay il Bt AL iy e 3855 58 o g0 seall 0l S LS
Where

Na, Mg, Ca are concentration in (meq /¥)

51 S2 S3 Sy
0-10 10— 18 18 — 26 26 <
2. ESP = Exchangeable sodium percentage

£sp — 100 x (—0.0126 + 0.01475 SAR)
~ 1+(—0.0126 + 0.01475 SAR)

3. SSP = soluble sodium percentage a s swall (b sd 4w

Na
P = X 1
5S Na+Ca+ Mg+ K 00

4. RSC = residual sodium carbonate 4l a g seall Sl g3 )<
RSC = [(CO5 + HCOZ) — (Ca*™* + Mg*™)]

2V 5l ol Cavieatl dandined) yuladll
daplall 0 Al -]
SAR < 13
ESP < 15
ECe < 4 mmbhos/cm
saline soil aaldl o 5l -2

SAR < 13
ESP < 15
ECe > 4
PH < 8.5 mm hos/cm
saline alkali s0ils 4 sall Aalall o 3l -3
SAR > 13
ESP > 15
PH (8.5 —10)
ECe <4 mm hos/cm

Irrigation water standard ¢! sbw (usilia

a) According o its electrical conductivity
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Irrigation water class Ec (microm hos/cm)
Class 1 (C,): Excellent 0-250
Class 1 (C,): Good 250 — 750
Class 1 (C3): Permissible 750 — 2250
Class 1 (C,4): Doubtful > 2250
b) According to sodicity (SAR)
Low S; 0-10
Medium S, 10 - 18
High S3 18 - 26
Very high S4 >26 (26-100)

c) For RSC in (meq/?)
RSC (<1. 25) low effects.
RSC (1.25 — 2.5) medium effects.
RSC (>2.5) high effects.
A (5585 yeal ¥ Y Waa g0 )\ g 2 g0 gl (0 A3V

michos/cm (€) Ec b Sl Jua silly Lie 1 jume da slall 1<

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

W,
_ _Jc
Ece = - chc

wfc and We are the moisture content percent at the field and in the saturated past
respectively.

For moderately saline soils

Ece=6-8




