Classification o f Water in the Soil according to the

Plants’ Usage:

1- Excess Water.

2- Total Available Water.

3- Ready Available Water.

4- Unavailable Water.



1- Excess Water:

e |t Is the moisture content more than the field

capacity of the soil.
« This water percolates to the deep layers of the soll

where the plant can’t use.



2- Totlal Available Water:

« |t iIs the moisture content In the range between

the field capacity and the permanent wilting

point.

« The plant can use this water in general.



3- Readily Available Water:

« So, the readily available water is equal to 2/3 - 3/4
of the total available water.

4- Unavailable Water:

It Is tThe moisture content less than the permanent
wilting point.
It Is obvious that it Is impossible that the plant can

use this water as it already died.



Classification o f Water _in_the Soil according to

the Plants’ Usage

Excess Water

i!
Total Available Readily Available
Water ater=B=[2/3-3{4] A
W.P. Z :
H.C Unavailable

Water




The Consumptive Use C:

« |t Is the quantity of water required, in a certain
period, for the plant’ s growth in addition to the
losses due to the transpiration and evaporation
processes.

« quantities of water are expressed as either

volumes or equivalent depths.



Example:

 Theraintall, in an areais 1.5 mm/day.

For an area of one feddan,

The quantity of water from the raintall=

(1.5/1000) x 4200 = 6.3 m3/Fed./day




C —4200deex xRAW

C,: The consumptive use, (m3/Fed)
1 Feddan = 4200 m?
R4.: Effective root depth, m

V.. Specific weight of the soil, t/m3.

Y. Specific weight of the water, =1 t/m3.

R.A.W. : Readily available water.



The field irrigation requirements F:

« |s the quantity of water required daily for both the
plant’s growth and the field losses per teddan
(unit areq).

 The field losses include the water lost due fo

surface run-off and deep percolation.



D.—r
Fr: C e
1 —L¢

~: The field irigation requirements, (m°/Fed/day)

D.: The daily consumptive use, (m3*/Fed/day)

L;: The field losses (%).
r.. The quantity of effective rainfall, (m3*/Fed/day)

note



For arid regions, there is no rainfall.

For semi-arid regions, the quantity of rainfall is
small.

However, the quanfiity of effective raintall is
assumed to be zero if it is not given in the

problems.



The maximum period, in days, between irrigation
processes (P,.4.) €an then be calculated as follows:

C
Prax = F—‘: days



The field water duty (F.W.D.)

IS the quantity of water applied to the field and it is

expressed as (m3/Fed/day)

FI‘ * Pmax

F.W.D.=

On — interval

On-interval is the number of days in which irrigation is

permitted by the water existed in the canals.



On-interval (Opening period)

IS the number of days in which irrigation is permitted
by the water existed in the canals.

Off-interval (Closing period)

IS The number of days in which irmgation is prevented

INn the canals.



River

e
D.C D.C: Diversion Canal
M.C: Main Canal
B.C: Branch Canal
Dist.C: Distributary Canal
r M.C
UTF P D.D: District Drain
~ Dist.C ;’ M.D: Main Drain
i B.D: Branch Drain
r_ Zels ? B.D Min.D: Minor Drain
" Min.D
M.D

Irrigation and Drainage Networks



The conveyance losses due to:

1. Include seepage of water from the bed and the
sides of the canals.
2. evaporation of water from the surfaces of the

canals.

3. transpiration by plants and weeds along the

canals.



These losses are considered when calculating the

water duty for the canals as follows:

D.CW.D.=FW.D.x1.10

B.CW.D.=FW.D.x1.15
M.CW.D.=FW.D.x1.20

Where, D.C.W.D.: Distributor canal water duty.

B.C.W.D.: Branch canal water duty.

M.C.W.D.: Main canal water duty.



Example 1:
An area of clayey soil has a specific weight of 1.2

t/m3,a field capacity of 36% and a wilting point of

20 %. This area is cultivated by cotton that requires

a quantity of water of 24 m3/day for each feddan in

July when its effective root depthis 20 cm.



If the field losses are 40%, determine the field
irrigation requirementse

Calculate the maximum period between
irrigation processese

If the on-interval is 5 days, determine the water

duties for the field and the distributor canale
Explain in detail how 1o increase the efficiency of

the irrigation processe



The Solution

Given:

ys=1.2t/m?3 -.C.=36%

W.P. =20% D = 24 md/fed./day
Rye =20Cm=0.9 M r. =0 (asitis not given)
L, =0.40 On-interval = 5 days
Required:

F,P__..FW.D.&D.C.W.D.2



C —4200deex xRAW
RAW. =(2:3)x (F.C.- W.P)

= (2) x (0.36 - 0.20)= 0.12



Assume y,, = 1 t/m?

Then €, = 4200 % 0.90 x ==+ 0.12 = 544.32m>/fed.

_ 544.32

Thus Prnax ==, = 13.6 = 13days

Fr % Pnax 40 %13
On — interval 5
D.CW.D=F.W.Dx1.10=104x1.1

= 114.4m3/fed./day

F.W.D =

= 104m?3/fed./day



igation effici
: Jia Jalge bae o gl e BolES adtind
s il & 6 g L D) A g 4y yill & g3 -1
A sall oliall (1 guia -2
Ay eadda -3
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W: = water delivered to the farm.
Jiall Jat ) olsall a8

W, = water delivered from the source.
"OA o e " saaddl e da AT sldl 4S



(2) Water application efficiency (E ). ¢ ! 3¢l

E,=—2 *100

Wy
W, = water stored in the root zone of the plants.
Clall ) sda dahaie 43 sl olpall 40a8
W: = water delivered to the farm.
Jaall (A daal Al slpal) 4aS



(3) Water use efficiency (E ). s ol aladinl 361

E,==* *100

Wi
W, = water beneficially used on the farm.
(Jaall 8 Dlad dlaatiual) 3loall 40aS
W. = water delivered to the farm.
Jaall A daal Al slpall daS



(4) Water storage efficiency (E,):
gaall dakaia @ slaall (p HA0 BeleS

E,=== *100

Wn
W, = water stored in the root zone of the plants.
oW Alae S bl g3a dadaie 8 45 yidall olyall 40a8

W, = water needed in the roof zone.
Jsaad) dilate 3L 5 ol gl olaall 4aS



(5) Water distribution efficiency (E;):
Caall é.c o\,j.a]\ @J}.\ 3elaS

Eq=(1-2)*100
d = average depth of stored along the run during

the irrigation.
sl 35 A sl dilaie 8 45 jA) slall Ak Slass aus 5



y= average numerical deviation in depth of water

stored from average depth stored.
o yaTs Jiall Jgl b sdal) Aikaia 6 45 Fidall olall Ak tlons i o 5ia



Example 2:
A stream of 135 lit/s was delivered from a canal and

100 lit/s were delivered to the field. An area of 1.6
hectares was irrigated in 8 hours. The effective depth
of root zone was 1.8m. The water required for the root
zone was 2880ms3. The runoff loss in the field was 432m3.

The depth of water penetration varied linearly from

1.8m at the head end of the field to 1.2m at the tail

end.



Available moisture holding capacity of the soll is
20cm per meter depth of soil. If the irmgation starts
when moisture level reaches 40% of the available
moisture, determine:

a- Water conveyance efficiency.

b- Water application efficiency.

c- Water storage efficiency.

d- Water distribution efficiency.



W: = water delivered to the farm.
Jiall Jat ) olsall a8

W, = water delivered from the source.
"OA o e " saaddl e da AT sldl 4S



Solution
(a) Water convevance efficiency:

E.==£*100 = 2*100 = 74%

Wy



Water application efficiency (E,): ¢ ) 3¢ls

E,=—2 *100

Wy
W, = water stored in the root zone of the plants.
Clall ) sda dahaie 43 sl olpall 40a8
W: = water delivered to the farm.
Jaall (A daal Al slpal) 4aS



(b) Water application efficiency:

E,==2*100

Wy
W. = walter stored in the root zone = 2880 — 432
(28 5ll) = 2448 m3

. 100%8x60%60
W: = water delivered o the farm = T =

2880m3

= 240« 100 = 85%

a " 2880



Water storage efficiency (E):

Dsaall ddlate 8 oluall (323 361K

E, == *100

W, = water stored in the root zone of the plants.
oW Alae S bl g3a dadaie 8 45 yidall olyall 40a8

W, = water needed in the roof zone.
Jsaad) dilate 3L 5 ol gl olaall 4aS



E.=25*100
H20<—e]

puy —ol.8

Moisture holding capacity of the root zone y = 2222

= 36cm sl dihic b elall (Sas
gsndl 0o 40% dears sh )l gsinall J Loie o)l Alee las
60% 6 s claill zlaial ld Al ~liall s ol



Moisture needed = 36* (1-0.4) = 21.6cm = 0.22m
Note: 1 hectare= 10,000m?
=0.22* 1.6 * 10000 = 3520 m3

Water storage etficiency = % * 100 = 69.5%



Water distribution efficiency (E;):
Caall é.c o\,j.a]\ @J}.\ 3elaS

Eq=(1-2)*100
d = average depth of stored along the run during

the irrigation.
sl 35 A sl dilaie 8 45 jA) slall Ak Slass aus 5



y= average numerical deviation in depth of water

stored from average depth stored.
o yaTs Jiall Jgl b sdal) Aikaia 6 45 Fidall olall Ak tlons i o 5ia



[:n ]M; I I- I -I I- t[. . .
— Y\ %
o= (1-2) * 100

1.84+1.2
= 1.5m

d= average depth of water stored =

Yy, =[1.8 —-1.5| =0.3m Y, =112 —-1.5| =0.3m

0.3+0.3 _

y = average deviation = 0.3

Ey = (1-22) * 100 = 80%



CHAPTER (4)
Irrigation and crop
rotation




The Crop Rotation

s the sequence of different crops cultivated in the

land during a specific period.

The objectives of the crop rotation:

1)  Maintaining

cultivated. That is

1

Oy keeping a

ne land sui

table for being

Dalance between

the different food elements in the soill.



2) Optimum usage of the soil and the subsoil. That is
by cultivating the crops of short roots after the
crops of tall roots, and so on.

3) Giving a sufficient fime for land service.

4) Rehabilitating some lands by leaching them from

salts. That is by cultivating these lands with rice.



5) Improving the properties of some lands and

providing them by natural organic fertilizers. That is

by cultivating these lands with clover.



The kinds of the crop rotation:

a) Two tfurn rotation, where the crop is cultivated

each two years.

) Three turn rotation, where the crop is cultivated
each three years.

c) Special rotation, where the main objective is to
leach and improve the properties of the lands

required to be reclaimed.



The Irrigation Rotation:

Water is discharged in the distributary canals for o
specific period called “"working period” or “on -

interval”.

Then, water is prevented from being discharged in

these canals for other period called "closing period”
or “off -interval”. The sum of the two periods is

called “the length of the irrigation rotation”.



The objectives of the irrigation rotation:

1) Protecting the lands beside the distributary
canals from continuous seepage of water.

That Is because the distributary canals in the off-

infervals act as drains that collect the excess water

percolated to these lands during the on- intervals.



2) Helping the imigation engineer to supervise
different areas in sequent periods, which leads to
achieving the required distribution of water among
the different canals.

3) Helping the farmer to irrigate the land in the on-
inferval, and 1o do the required agricultural

processes in the off-interval.



4) Decreasing the dimensions required for the
sections of the canals. So, the cost is decreased.

5) Decreasing the losses, where the water does not

exist in the canals for long periods.



The irrigation rotation can be classified according to:

1) Period of the year.

2) Number of turns.



Period of the year at which the irrigation rotation is

executed:

1. Summerirrigation rotation.

« From half of April to the half of August if three turn

rotation [6+12

« From half of April fo the half of September if two

turn rotation [4+4]



2. Nile irrigationrotation.

From half of August fill the end of November.

3.  Winter irrigation rotation.

« From the end of November till the half of March.

* |t Includes the period of January where no water for
irrigation is discharged.

« The required irmgation constructions, repairs and
cleaning of the canals are well executed during this

month.



4. Spring irrigation rotation

|t Is done from the half of March till the half of

April.



The irrigation rotation according to Number of turns:

1.

Two turn irrigation rotation [4+4]

The distributary canals are divided into two groups

A and B of almost equal area served.

One partial (or intermediate) regulator (P.R.) s

constructed on the branch canal at the location
that divides the total area served into the two

groups A and B.



1. Two turn irrigation rotation [4+4]

« At the beginning of the two turn rotation, the P.R.
Is closed to keep the water required for the group
A.

e |t has to be noted that the two turn rotation is

composed of two equal intervals.



1. Two turn irrigation rotation [4+4]

« The first interval is on-interval for the distributary
canals of group A, and also it is off-interval for the
distributor canals of group B.

« Similarly, the second interval is off-interval for the
distributary canals of group A, and also it is on-

Intferval for the distributor canals of group B.



1.

Two turn irrigation rotation [4+4]

Cl
H.R

— H.R1

3

H.R3

Ch
P.R

H.R2

C2
Group A

| H.R5
o
H.R4

C4
Group B

H.Rb

Ch




2. Three turnirrigation rotation [6+12]:

The distributor canals are divided into fthree
groups A, B and C of almost equal area served.

Two partial regulators (P.R.1 and P.R.2) are
constructed on the branch canal at the two

ocations that divide the total area served into the

three groups A, Band C



2. Three turnirrigation rotation [6+12]:




Example (4-1):
A branch canal of 25 km length serves an area of
48,400 feddans and has 6 distributor canals Qs

follows:

Canal (km) (Feddan)
10,L 5,400
10.R 11,100
15,1 10,000
15K 6010
21.L 5900
21 R 8,000



The canal is used for direct irmgation after the km
21.00 to serve the rest of the area served.

It is required to draw a diagram for the branch
canal with its distributaries indicating the locations of
suggested constructions and showing the area
served for each turn in the cases of:

(1) Two turnirrigation rotation?
(2) Three turn irrigation rotation?



The Solution
The sum of area served for the 6 distributaries =
5,400 + 11,100 + 10,000 + 6,010 + 5,900 + 8,000 =
46,410 Fed
~The area served by direct irrigation after km 21.00 =
48,400 — 46,410 = 1,990 Fed



C1 C3 (5
54000 10000 5 900
H.R _ T.E
H.R H.R3 HAS | 1 990
rr— T T Fﬁu tEC:E
0 il 45
K H.R2 H.R4 HRB| poqer
111000 6010 3000
W. (4 Ch




Two turnirrigation rotation:

48,400 _

Average required area served for each turn =

24,200 Fed.
For the first furn, take group A=C1+C2+C4=22,510

Fedq.
~or the second turn, take group B=C3+ C5+ Cé6 +

Direct lrrigation = 25,890 Fed.



Cl C3 Ch
5 400 10 000 5900
H.R | i TE
HR1|  pREHRI HR3 | 1 99
0 15 "P1 Last 25
Km H.R2 H.R4 H.Rb Reach
11100, 6010, 5 00D
G2 C4
Group A GrEEp B
22 K10 F 25 890 F




Three turnirrigation rotation:

48,400 _

Average required area served for each turn =

16,133.3 Fed.

For the first furn, tfake group A=C1 + C2= 16,500 Fed.
For the second turn, take group B=C3+C4=16,010
Fed.

-or the third turn, take group C = C5 + Cé + Direct
rrigation = 15,890 Fed.




C1 3 Ch
5400/ . 10000 5900
H.R PRI P.RZ
. aptlae Hesl T HAS| c o
Reach
11100 b 010 8 000
W, C4 Ch
~ Group A Group B Group C
16 600 F 16 010 F 15890 F




The Water Duty and the discharge :

. . Irrigated

420md/fed <8 days [4+4]

350m3/fed <18 days [6+12]

Wheat

3
Sharaki /60m>°/fed <36 d Vs [6 ]2]



The Field Water Duty (F.W.D)=

W.Dcrop

2 [(% of crop)*(

On—Interva

The canal discharge (Q)=

-)*(% Imigated Land)]

FW.DxA.S
24x60x60

m3/s



The Water Duty and the Discharge :

% Irrigated Land

Crop 2-Turn 3-Turn
[4+4] [6+12]
Rlce —————
1 Al
2
4 2




Example (4-2):

A diversion canal serves an area of 20km x 21km
and feeds two main canals A and B.

The main canal A serves 60 % of the total area, and
its area served is cultivated as follows:

40 % cotton, 50 % sharaki (prepared for cultivating

maize), and the rest 10 % iIs used for the public

services.



The main canal B serves 40 % of the total area, and
Its area served is cultivated as follows:

30 % cotton, 25 % rice, 35 % sharaki (prepared for
cultivating maize), and the rest 10 % is used for the

public services.

1. Suggest the suitable irrigation rotations for the two

main canals A and B¢



. Sketch a diagram for each main canal showing
the details of performing the irrigation rotatione
Determine the maximum and the minimum

discharges passing in the diversion canale



D.C

Riwver

. C f
: = Y
— DistT ;’! B.C { 4
- = B.D f
F—in.D 7 J
3 = e =4
'p.p



The Solution

For the main canal A, use a 3-turn irrigation rotation
[6+12].

40%650% il[lﬁﬁﬁ 0%

Ty

i S And so on,

till the end of the

o AP
"::::; ] -
i summer rotation-
e S
o Wt
e Ll WEE e

b 12 b 12 .12
on off on off off

During Sharaki After Shamki




% Irrigated Land

Crop | W.D/Irrigation 2-Turn 3-Turn
[4+4] [6+12]

s2omfed U

350m3/fed % Al

Wheat

760m3/fed 1

N =



F.W.D *During Sharaqi

- [62)- (291 1(32) (29)+ @) = s5momessan

F'W'D'After Sharaqi

- [68)- €)1+ 162)- (29 -

= 52.5 m’/Fed./day



Max. M.C.W.D.= 55*1.2= 66 m3/Fed./day
Min. M.C.W.D.= 52.5*%1.2= 63 m3/Fed./day



These losses are considered when calculating the

water duty for the canals as follows:

D.CW.D.=FW.D.x1.10

B.CW.D.=FW.D.x1.15
M.CW.D.=FW.D.x1.20

Where, D.C.W.D.: Distributor canal water duty.

B.C.W.D.: Branch canal water duty.

M.C.W.D.: Main canal water duty.



F.W.D*A.S

m3/s
24x60%x60

The canal discharge (Q)=

%k * 6
Total A.S.= 22219 — 100,000 Fed
4200

Total A.S. by canal A= % 100,000 = 60,000 Fed

60,000

A.S. by canal A= = 20,000 Fed

F.W.D *A.5 66%20,000
Qmax= —=— — = 15.28 m3/s

24+x60%60 24+60+60

FW.Dmin*A.S 63+20,000
Qunin= = = 14.58 m3/s

24+60*60 24+60*60



ne main canal B, use a 2-turn irrigation rotation

4+4] due 1o Rice.

And so on,
kill the end of

the rotation-

o
DDOCODOCODODOR
i

0000
e
San et




% Irrigated Land

Crop | W.D/Irrigation 2-Turn 3-Turn
[4+4] [6+12]

s2omfed U

350m3/fed % Al

Wheat

760m3/fed 1

N =



F'W'D'During Sharagqi
= (i) * (7)< 1 + 1) = () = Gl + 1(55) < (%)
. G)] = 56 m3/Fed./day

F.W.D. Afier sharaqi
= |Gos) = ()= +1G5) « (55) G + () < ()

. G)] = 54.7 m3/Fed./day



Max. M.C.W.D.= 56*1.2= 67.2 m3/Fed./day
Min. M.C.W.D.= 54.7*%1.2= 65.6 m3/Fed./day



F.W.D*A.S

m3/s
24x60%x60

The canal discharge (Q)=

%k * 6
Total A.S.= 22219 — 100,000 Fed
4200

Total A.S. by canal B= % 100,000 = 40,000 Fed

40,000

A.S. by canal A= = 20,000 Fed

F.W.D *A.5 67.2%20,000
24+60*60 24+60*60
FW.Dmin*A.S 65.6%20,000

Qumin = — L — = 15.19 m>/s

24+60*60 24+60*60



For the diversion canail:
Qrax = Qamax T Qemax = 195.28 + 15.56 = 30.84 m3/sec.
Qrin = Qamin ¥ Qs = 14.58 + 15,19 = 29.77 m3/sec.
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