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INTRODUCTION

The "12 July project", which is one of the biggest agricultural
projects in Iraq is located in the alluvial plain of the Tigris
;i;;r, south-*eit of Kut, approximately halfway between Baghdad
anA eisrah. The project covers a total atea of about 25,000
hectares. Two diitinct hydraulic systems, namely the 17 July
eanal system and the Ishtiraki canal system, exist within the
aTea. ttre hydraulic systems are supplied by the Gharraf river
which is an outgoing tributary of the Tigris river.

The project, which has been of significant benefit to the first
stage oi the 1969 development scheme, ht! made it possible to
grow cereal crops over a few thousands of hectares. However,
ifre project has been affected by increasing salinity of the
soil aue to the existing irrigation system being carried our
without proper drainage facilities; hence crop yields have
dropped.

In this paper the present irrigation scheme and the various
networks- involved in the project are evaluated and the salient
features presented and discussed. Also, new proposals,
including the design of essential components of a system based
on the principle of optimal use of available water resources,
which hive wide seasonal fluetuations in quality as well as
quantity, are presented the objective being to achieve harmon-
ious overall development in the atea concerned.

ENVIRONMENTAL CONDITIONS

Topography

The ground in the aTea has a small overall slope namely about
o.16% (o.0016) mean, a fugure taken from the available topograph-
ical survey (1).

Climatology

The climatic d.ata are obtaj.ned from the meteorological station
at Hai (2) . The climate j.s of the sub-desert type: that is
eontinental, arid and hot, with large daily and seasonal temp-
erature variations and inirequent but violent and higly
irregular winter showers (annual mean rainfall = 143mm); hot
and dry winds blow from the north-west in late spring, often
loaded with dust.

Temperature and humidity

The maximum temperature and minimum relative humidity occur
in JuIy and August and the minimum temperature occurs in January
(eoldest month) with maximum relative humidity. Temperatures
below 0oC have been recorded Ln December, January and February.

15. 1
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The dominant winds blow from the vlest to Northwest onfor 792 days a year. The sub-dominant winds blow from
East between May and October. The windy days per year
direction are shown in Figure 1.

average
the
for each

l*.J
: 

--JThe maximum wind velocity occurs in June and July and peakvelocity usually occurs at mid-day; while minimum wind. velocityusually is experienced in November. The mean wind speeds at6 a.m, 12 a.m and 6 p.m during June are 1S.9 km/hr, 21.1 km/hr
?ld-L?.6 km/hr respectively, and during November 9.A Xm7nr,'11.8 km/hr and 9.2 kmllnt respectively.

Bainfall
The period within which rain fa1ls is between october andthere is no rain between June and september. However, therainfall is non-uniform and has a wide variation from yearyear and from month to month between October and May.

May;

to

The monthly average rainfall (2) is presented in Tabre. r, togetherwith the range of the rainfart from october to May. Because ofthe wide range of rainfarr in any montb, the effective rainfall
which is of use to the crops, has been defined as the rainfall
which could occur with 80% probabillty.

l{ater resources

The project area is located on the west bank of the Gharrafriver, which is controlled by a head ref,ulator located immediate-1y upstream of a barrage at Kut (160 km from Baghdad). TheGharraf river, 168 km 1ong, serves several irri[ated areas onboth banks. it is equipped with four check structures which,to some extent control the water levels in the river. Twodistinct hydraulic systems feed the Ar-shtiraki and the 17 Julycanals. The intake structures are located between two checkstructures.

Quality of water

The quality of water for the project is taken from the dataobtained from Tigris water samples taken at the Kut barragewhich is fairly close to the water supply to the project. Theseasonal fluctuations of the water salinity are snown in Table IIthe values are the average of the available data. The water isslightly saline and ean be used as irriation water if drainageconditions are good. It is to be noted that the SAB (sodium

L5.2
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absorption ratio) values lie between 1 and 5 and so the water
can be classified as being low-alkali hazard.

There is a large variation in water salinity during the year
because of the influence of melting snow and rainfall and also
due to the low run-off during the dry period. For that reason,
monthly salinity values are used in the computation of the
water-salt balance and the leaching requirement is also based
on monthly figures instead of annual average figures.

Soil conditions

The project is located in the Mesopotamian lowland, which is
charicterized by alluvial soils. The alluvial material has
been deposited in thick layers either in the form of medium-
to-fine particles (loam-to-c]ay textures) corresponding to
spreading phases generalized throughout the area in the course
of several seasons, alternating with sudden flood phases
depositing coarse to verycoarse particles (sandy loam to coarse
sand textures). These variations result in a very intricate
stratification of the soil and, often in very wide heterogen-
eity vertically as well as horizontally.

Although the water used for irrigation is not really saline ' .

the summer season, especially, causes excessive salt concentration
in the upper soil layers

Because of the lack of d.rainage and the fact that there is
absence of leaching, some i.mportant surface areas have become
very saline. The ialinlty of the surface-Iayers of the soil
varles widely, between 8 mmhos/cm and over 15 mmhos/crn (for
the saturati.on extract).
The values of hydrauli-c conductivity vary widely, due to
variations in soil texture and the effect of depth. The average
hydraulic conductivity of the soil up to 25O cm below the
ground surface is between 1.75 to 3.00 m/day, i-n the atea
which is classified as being good drainage. However, there
are some areas which have a-hydraulic conductivity of less than
L.75 m/d.ay, a figure which is classified as representing poor
drainage. IIowever, areas of this type are small eompared to the
area as a whole

IRRIGATION DRAINAGE AND SALINITY

Crop consumptive use

The actual evapotranspiration of a given crop at a given stage
of growth Oepends upon the climatic factors. The potential
evapotranspiration is calculated on a rnonthly basis from the
available climatic data by means of the Blaney-Criddle formula (3)
The series of potential evapotranspiration values is shown in
Table III and a sample of slatistical distribution is represented
in Figure 2. The statistical distributions reveal that the

r5.3



inter-annual variation in
tion is verY high for the
March and APri1. However,
summer.

the monthly potential evapotranspira-
off-season months, namely November,
the variation is lower in winter and

For the project design reference to potential evapotranspiration
had to be made and regard taken of the risks initiated by a
i.rpo"rry inadequacy between water Cemand and water avai-lability.
Sevlral vatues of fiequencies (probabilities) have been chosen
to find the potential evapotranspiration, depending upon the
statistical distribution.
The chosen frequencies are

in January, February and. July to September 0.6

i-n October, December and March to June O.7

in November 0.8

As mentiofred previously, some of the rainfall, ie:_ with 0.8
frequencyhcan- be considered useful to the erop. Then the potential
evapotranspiration-is calculated by deducting the effective
rainfall fiom the reference potential evapotranspiration. Table
IV shows the monthly rneans of potential evapotranspiration that
have been instrumental for calculatlng the actual evapotranspir-
ations (crop consumptive use) for eaeh crop with related
correetive coefficiLnts for the entire duration of growth cycle. 

-
Five crops can be suggested to be grown in the project, -an area of
20% beinb allocated foi each crop. The consumptive use ftgures
for the five crops are shown in Table V.

Estimation of leaching requirements

The leaching requirement is the quantity of water brought in
as a supplement to normal irrigation which a1lows leaching of
the soil- in such a manner as to maintain the salinity at a suit-
able 1eve1. The major objective of leaching and drainage consists
of reducing the soil salinity to a level consistent with crop
yields that yield optimum financial return on capital investment.

A salinity level is selected which is admissible for r;rost of the
crops planned for the project. Soil salinity of 3.7 mmhos cm

for- the saturation extract (6mmhos/cm for the field capacity) has
been chosen as an objeetive.

The leaching requirement, LR, 1s given by

D. EC.dw 1w

-=
D. EC.1W ClW

rJ
[-;

t-l
TJ
[*.;]

t 
-:l

r;l
rll

::

LR=

.Ii 
A

(1)
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where,

D. =dw

D. =1W

EC. =1W

EC. =dw

where

depth of drainage water,

depth of irrigation water,

electrical conductivity of irrigation water, and.

electrical conductivity of drainage water.

!rr
!--rl

I]

I]

Electrical conductivity of the drainagea salinity 1evel which is tolerant to inedepth of irrigation water is equal to theuse and the drainage water. The depth ofterms of conductivity ratio can be gj.ven

EC.
dw

W Di*

water, EC^,,,, represents
crops to*6e grown. The
sum of the consumptlve
irrigation water in

as

D.
1W

(2)
L.

Dcw

The
of

= depth of the consumptive use.

, 
leaching rgquirement is calculated using the.monthlSr salinitythe available water as a base -..-" -*i

The irrigation frequency and depth depends upon the infiltrationrate and the available water oeittr oetween t[:e field capacityand the wilting point. An effi.Lien"v oi-6oy" rras neen-alsumeofor the various methods of irrigation which are to be used in theproject. The total irrigation d.epth for various crops, includingthe-consumptive use and, ttre leaching reluirements, are shown in?abIe v. The common irrigation aepins *irr be used, namery 60mm,
?9:l:^1?9yr,. 15.0mrn, 18omm"and 240mm per month. The adjustabler'rrlgatron deoths for the various crops are glven in tiute vt;however, the aajustable totar depth for each crop is greater orequal to the required depth
Accordinq to t!9 g.,rggest_ed irrigation depth the sali.nity of the
;:lr,":*]1-1"...:ll?t.ir 

-q-'.'J;:1;-i;; ;#;-";^'ir,I*"ii.,iluil .!Xi,,. ,
lll., :.*"ll:^I1ill; iil.. "r-r.-,""r'i; ;;il. 

""? ".t. ;;; ;;';ffiil.13i
ualg

::::::":-"::-to the 
",op", 

-i;; ;i;;;;' iii:.sation frequency
?::Y::_1i_tl: sumner roi. i ferioa within o-E"v"." il;=;;;;;",u*iliioa';; ffi;iT"?o days.
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Tosatisfytherequireddelandeach24hourscontinuousdischarge
is required at ir,6 irrr. The maximum welghted affective water

depth desired i;--4.i t*rla^v, which is required particularly in
the perioa .lanuary to ilIay. 

-Then the continuous discharge corre-
sponding to tfrai requireA water depth is:

Irri tion canals: Diseharge rates and design

= 0.5 l/sec Per hectare'

r*J
L-l
IJ
E,J

.;

:J
:,1
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A field canal running between two farms' 50 hectares each; caII

be used for ir"iE"ii6". The productive'area of each farm ean

be considered as 85% of the t;;;i-"r"". The canals can be lined
with concrete;- io minimize the loss of the rare water resource

in the Project.

Lining all irrigation canals is a costly operation;. however'' this
practice wiII "6u." 

the cost of seepage water and the maintenance

of the unlined canals. n conveyu.n"L Ioss of 10% is considered
in the design of the canals'

The deslgn d'ischarge of the farm eanal is 50 I/sec' The network

design is Uased 
-i.r"tfr. 

fUann:.ng- iormula. The Manning roughness

coefficient is taken as 0.oi;; ;;;-;ie;.srope of the cross-section
being 1:1. Ttre canal bottom-3iop" is the range of 9:011. Table

VII lists typicat canal "".iiorr" 
and tfre estiilated discharges which

are needed in the distrinution--ot water from ttre intake structure
on-Otarraf river to the various farms'

Drainage

Field drains

The design of field draj-ns should be based completely on experience

and observat5-ons made on tfre e"iiting networks under similar soil
and water conditions and ar="-o"-appiopriate theory. rn the arid
conditions prevailing in souifr""n ii"q, i-rrigated land requires
intensive field drainage for permaneni control of salinity'

L, =l
r-j
;, *.,-l

":l

The drainage water reaches
per month (3.4mm .Per daY),
ievel is fixed at a dePth
root zone; which is in the

a depth based on a distanee of 100 mm

obtained from i.Uf"" V and VI ' The drain
of 1.8m to prevent resalination of the-ra"ge of l'.2m, due to capillary rise'

The calculation of the spacing of field drains can be made accord-
ing to the steadvl=i"te iotmula" o", alternately' to the non-

steady-state tormutae. The ffogtrorat formula and the Glover-Dumm

equation wilI Ue usea tor the Iteady-state and non-steady-state
respectively. The Hoghoudt formula (3) is: l
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52=

L=ff

4K h2.a+-
q

(3)

(4)

where;

s = the spacing between trvo f ie1d. drai.ns,

q = the discharge of the field drains,

h = the maximim height of the water table above drains leve1,

d = the equivalent depth of the impermeable layer below drains
1evel,

^ and kr. = the horizontal hydraulic conductivity above and
49. - below drain level respectively.

However, the Glover-Dumm (4) equation, for an initial water
table that is not completely flat but has the shape of a fourth-
degree parabola, can be given as:

hl '[*l '
[," 

, ,u

where,

L = the spacing betrveen the drains,

K = hydraulic conductivity of the soi1,

\ = drainable porosity of the soil, "

h^= initial height of water table above the drains 1eve1, takenv midway between the drains.
h.

p=
d=

height of the water table above the drains 1eve1, taken midway
between the drains at time t after the drainage cycle starts,
average depth of the flow = d * *r'
the equivalent depth of the impermeable layer below drains
1evel.

i

I
I

The dralnage criteria rvhieh are used in the calculation of
spacing are given in Table VIII. Accorclingly the calculated
spacing from the Hoghoudt formula and the Glover-Dumrn equation
are 15O m and 160 m respectively. Then, the field drai-n spacing
can be 150 m.
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CONCLUSION

A case study is made of the "17 July Project" in lraq. The
present irrigation practlce and networks of the project are
evaluated. The various environmental conditions of the project
are presented and discussed. New proposals including the
design of essential components of the system are made, based
on the principle of the optimal use of the available water
resources.
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Rainfall (mm) Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Year

Average Value

Lowest Value

Highest Value

Effective Value

(p=80 %)

3

0

20

0

19

0

134

0

23

0

70

I

28

0

98

11

20

0

64

5

23

0

LL7

6

2A

0

LO2

3

7

0

30

o

L43

Table I; Rainfall Data
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tJ Table III, Series of potential evapotranspiration values.

Oct. Feb. Jun.

fi L54

L72

]-78

181

L78

163

179

L49

L64

1_76

160

177

t72

176

166

159

169

165

165

155

158

L74

L77

L47

184

L67

172

180

186

L64

159

183

L77

172

72

61

67

59

60

62

68

64

65

ol

77

68

68

74

75

65

63

44

76

69

69

72

70

69

75

49

64

71

80

68

56

80

59

60

295

265

300

285

278

296

283

296

27t

289

27t

278

285

29].

279

25F

271

273

276

287

276

264

29L

284

300

258

270

290

287

264

278

270

286

298

$
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Table VII , Typical Cana.l- Sections
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Type llax. Discharge
(m3 /sec )

b=0.4

b=0. 7

b=0. 7

b=l. 0

b=1. 0

b=1.0

b=2.0

b=2.O

b=2.0

b=2. 0

b=2. 0

h=0. 7m

h=1.0m

h=1.2rn

h=l. 0m

h=1.2m

h=1.5m

h=1.2m

h=1.5m

h=1. 8m

h=2. 3m

h=2. 5m

f=0. 5m

f=1.0n

f=1. 0m

f=1.5m

f=1. 5m

f=1.5m

f=2. 0m

f=2. 0m

f=2.0m

f=2.0m

f=2.0m

o.22

0. 60

o .92

o.75

L.12

L.7t

1. 86

2.73

3.78

6. 50

7.so
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Table VIII,Drainage Criteria

Depth of impermeable layer

Depth of drains

I{orizontal hydraulic conductivity,

Depth of water leve1

Ka

Ku

=5m

= 1.8m

= 4.8m/day

= 4.3m/day

= 1.2m

*j:
3t
t;
*Y,
.g,
..__ J

{'

;l
::g

*t:

1( 17



Figr:re 1 Nr.u'.rlcer of windy days per year for each direction
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