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Ombrotherinic Diagram
TSRy,
Temperature Qorgan(s5-69) Pracipitation
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The comparision between DRIP Irrigation & SURFACE Irrigation  for
orchard in NESA IRRIGATICN PROJECT(NIP)

T, KFBRITI : MABAB GHODSS Consulting Engineering Company

ABSTRACT

The NESA project area is Located in South-East of IRAN and has The
desert climate (warm & arid). In this area mean maximum temperature (june)
is 45°C . mean anual percipition is less than 40 mm. and pan evapcration
{class-A) 1s about 4000 mm per vear.

Citrus and date palms,with excellant varieties has been cultivated
within the project area. In present feature,water resources deficit and 1its
unqualified distribution are the most important constraints for agricultural
production.

In feasibility study of NESA IRRIGATION  PRCJECT(NIP},1986-199C,The
following two main alternatives have been investigated :

A= First Alternative : surface Irrigation system{SIS) is considered for all
crops.

B- Second Alternative :In This alternative the new corchards wiil be

Irrigated by DRIP Irrigation system(DIS) and surface Irrigation is

considered for field crops.

In{DIS) The energy is supplied by difference in elevation between normal
water surface in main canal and The orchards, so without executing any
pumping station,the(DIS) works favarably.

The most commen factors which economize The{DIS) in comparative
with({SI8) are listed as below

Tncreasing Irrigation efficiency and decreasing gross water rTequirments.
Decreasing The cost of cultivation practices and alsc the auxillary
elements.

} Providing optimum moisture at root zone depth.

) Increasing the crop vields.

) Increasing the cultivaled lands.

} Lowering the total projgct costs,Including arch dam,diversion dam,
Irrigation and Drainage networks and the related structurs per hectar.

Therfor under (SIS) the extent of the project area 1is 4170 hectars.The
total executing costs 1in (SIS) alternative is 344453 million rials
(13 million rials per hectar) and in (DIS) it 1is 37175 million rials
(10 million rials per hectar).
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IN THE NAME OF GOD

. Evaluation of Irrigation Efficiency in the Dez
Irrigation System.
ABSTRACT:

M.R. Fatemi and A.Shokrollzhi, Technical Advisors in
Water Affairs, K.W.P.A. , Ahwaz. Iran.

The Dez Irrigation System is irrigated by the Dez River.
Construction of the system started in 1341 ( 1962 ) and
completed in 1356{(1977). Gross and net service area are 115000
and 93750 hectares respectively.

The predicted total irrigation efficiency was %54
(including %90 conveyance efficiency and %60 field efficiency)
but the average fotal irrigataion efficiency practicaly had nat
exceeded %21 during the 9 year period 1360 - 69 (1982 - 1990)
due to different causes mesf Important of which are: irrigation
duration less than 24 hours per day, lack of land levelling and
secondary irrigation and drainage network, The nonexistence of
intergrated lands and the weakness of farmers training.

In the paper the perdicted and achieved tolal irrigation
efficiency of the system in the non - integrated area are
compared and evaluated for each year of operation separately
and while pointing to the effects of low irrgation efficiency,
to improve it, supply water and receive water price an
volumetric basis: inerease irrigation duratiom to 24 hours per
day: land levelling and construction of secondary network:
farmers training: integrate all the service area and follow
the consulting engineers recommendaticns are suggested.
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8011 & Water 11 enmowaste manaoement

Past experience of the world tells us that many harmful situations
have been involved in water and soil , as a part of ecosystem's most
important items  , because of lack of information, and it should be

managed under a general national and world envirowaste management
programe.

Since the supply of fresh water is limited and the quality of soil is

very important in the ecosystem and agriculiure as well
point of view, and life without water and soil is impossible, |
Therefore, the questions are that why the problem of water and soil

keep growing? What is endangering our sources? and how can we protect
our water supply and soil quality? what is the cost of management and |
control? and what should be the level of control and the limited of
dosage of pollution? and how can we maximize the social benefits.

as economical .

b

Through an expanded knowledge of enviromental health science
ecology , biology , physics, chemistry, toxicology, zoology, botany,

biotechnology and other relalated sciences, we have to make decision, .
what s serious Hazard, and what is the potential risk of polluticn,
as however the potential health effects of many chemicals , and’
potential lose of many envirowaste, is still unknown, and these data
gaps introduce a measure of uncertainity and the need for risl
management , which is complex , dynamic, immensely , challenging for |
social, political, institutional and economic perspectives.

Hazardous wastes which have leached out of land fills animal wastes
fertilizer, herbicides , industrial waste agricultural chemicals ,
sewage and human corganic wastes are the sources of pollution of water,
and scme of them is also sources for pollution of so0il as well as |

some other sources faor ercsion of soil which will affect the !
fertility of soil, and other aspects of ecosystem.

Irrigation is a very wuseful technique to use the ground watez%
sources today the American southwest is the most heavily irrigated
area in the world, but heavily irrigation may destroy the land by salt .
seepage and wipe out societies that grow up around the man made casis.

The management tools for water and soil management as well as anv
other envirowaste management is relatively risk analysis, cosz@
benefit analysis, and risk management , which as a result shoulc
minimizing the envirowaste cost and maximizing the social benefits.
The decision point is where the curve of total cost of contro’,
and poliutien it in a minimum level and in fact +the proper use o
enviromental resources 1is more a matter of econcomics than morals.

In general the cost of envirowate can be measured as threee item: .
which are the loss of resources, cost of pollution, abatement an:.
cantrol and cost of loss of human 1llife and of poor health, and the
guestion is that who should pay for it? and how can it be financed?

References: Envirowaste Managzement Institute Of America
Reference subjects
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Soill& water in Eﬁ?irbwaste management -

By Khosrow Saee
'Mahaging director of Sakht Va Arzeh Sanaye Co.
B.S In Industrial Engineering

gtudent of Envirowaste management Institute Of America

Introduction:

Past experiences through the world, tells us that because of lack eof
information and knowledge harmful situaticn has been involved in our
environment especially in important jtems as water and soil. The
envirowaste management is now developing to a recongized science, which
through an expanded knowledge of environmental hezlth sciences, ecology
physics, chemistry, toxicology, humand physiology, biology, biotechnology,
zoclogy, botany, and food science, should provide the envirowaste
management policy. Hereinafter vou will find some aspects of water and
soil enviromental problems, and the envirowaste management decision tools.
Water and soil pollution:

Vost of the earth’s water is salt water and less than one percent of
all water in earth 1is useable water 1in lakes, rivers, underground
aquifers, so the supply of fresh water 1is limited but life is not
possible without 1it. Natural water contains not only chemically pure
water (H20) but dissolved gases, and solids and many living organizm.
S0 rather than discuss deviation from standard, bonstituents, scientists
describe water as polluted if it is noi suitable for an intended use.
Concern over the quality and quantity of surface and ground waters,
supplies is a function of geography as well as the effects of soil which
due to human activity, and various natural processes c¢an cause pollution
to the soil and water sources.

Today the American southwest is the most heavily irrigated area, in the
world transforming a desert into a veritable garden of Eden. But the omen
is that haevily irrigation may destroy the land by salt seepage , and
+his is not an academic point, for examnple, the 1400 mile Colorado river
which is the life blood of 17 million people and has made American westerm
desert bloom, but this magnificient river is being slowly poisoned as it’s
water become more and more saline which comes from contact with the
very saline. Western soil and salty mineral springs and by salt

Reference: Envirowaste Management Insitute subject references
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concentration, which is caused by evaporation and the increase use of
the river in seven states it serves on the other hand, a general
accounting office study, in America finds that more tham 50% of the
irrigation water is wasted as water is evaporated out of irrigation canals
at a rate sometimes as high as 50% and many large scale irrigation use
the system of spraying water into air, instead of dripirrigation to save
water.

Another tragedy in the countries using high irrigation is that it is using
up waters that is vitally needed for future generations y for example
three vyears ago times reported that the Ogallala aquifiers the vast
underground reserviors of water that transformed much of the great
plains into one of the richest agricultural areas of the world is Theing
sucked dry , and a report by Beston engineering firm estimates that
by the year 2020 some 2.1 million acres of irrigated land will dry in this
area.

Considering the above mentioned, in respect £¢ environemtal waste
management, the main questions are why the problem of water and soil keep
growing? What is endangering our sources? How can we protect our water
and soil quality and gquantity? What is the cost of management and control?
what should be the level of control and the limitation of dosage of
pollution? and How can we maximize the social benefits while minimizing
the cost of envirowaste.

Hazardous waters which have leached out of land fills animals wastes,
fertilizer, herbicides, industrial waste agricultural chemicals, sewage
and human organic waste are the sources of pollution of water and always

through polluted soil, and the most important of them can be each of the

followings:

1. Toxicity
Toxic and heavy metals can act as metabolic or respiratory blocks,
in many organizms.

2. Deoxigenation
Which is due to biological process of organic materials. which reduces

the available oxygen for other organizms which is almost under control
by B.C.D factor.

3. Salinity
Whereas some organism can tolerate a certain range of salt

concentration but it should be considered as a pollutant, to fresh
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10.

11.

water,ﬂroganizms.

Acidity

At a PH level of below .0 all vertebrates most invertebrates
and many microorganisms, are eliminated.

Turbidity

Cuting down light transmitance enough to inhibite photosynthesis
of both macro and microscopic water plants.

Phusphoraus

Too much or too little is bad. Too iittle phosphorous results
in very low productivity of aguatic systems, and toc much leads to
population explosions of plants and micro organism. and this may cause
shortage of nutrients and exygen in water sources , as a result of
population explosion of some species of algae.

Detergents

Which the most important effect of it 1s because of phasphoraus
problem.

Agricultural runoff

We are adding fertilization of farmlands, which 10-25% is almost
leaching away into surface runoff , before the plants are able to use
it, and this represent a lose to the farmer and a burden to aquatic
ecosvstem, because of phosphorous contain.
The other agricultural spurces of phosphorous is animal waste ,
agricultural chemicals which always contain toxic chemicals, and can
affect our surface and ground waters.
Organic waste
However , sever pollution from organic matters, occures in natural
situation, or due to man's misuse of his environment by the release
of untreated human and animal wastes and sone industrial processing
plants, which organic waste has through our most recorded history,
typhoid epidemics , mere common place of centuries.

Industrial discharges and damping of industrial waste which covering

a range of pollution as radicactive isotopes poisons, pesticides,

heat pollution and etc.

Biological pollution

Biological pollution causes disturbance to an ecosvstem by directly
influencing the relationship between component species population.
There are also other sources of pollution as certain disinfectants
used to purify water which can create potentially hazardous

by-products as a zood example is chlorine which can reach with
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natural and man made chemicals, in water to treate some toxic
materils. Also there is the risk of pollution, in water distributing
system, in pipes and conduits. Acid rain as the other source of
pollution is now very serious problem for water and scil.
Considering the above mentioned the envirowaste managment should be
shared in g local, national , and international programne, to arrange a
control system for serious hazards and we should also consider <that
the proper use of environmental resources is more a matter of economics
than the morals, and also however, the potential heaith effect of many
chemicals, are unknewn, and these data gaps introduce a measure
of uncertainty into nearly all discussions of the adverse effectg
of environmental polluticns. Therefore the management of these
risks 1is conmplex dynamic, and immensely challenging frem social,
political, institutional and economic perspectives, and should take
the cpportunity, to integrate environemtal policies that allowing for
mutual achievement of the respective goals of the agricultural, social
environmental, and industrial community, safe and afforedable food

)

a prosperous agricultural and industrial sector » a8 well as stable

productive ecosvsten.

Using the envirowaste management procedures as a tool for soil and water
management
As an envirowaste management, we should first, answer to a very important
questions, as "what’s a serious hazard ?" In answer to  this question
scientists almost considering the risks as following category:
A. Relatively high-rigk ecological problems:
- Habitant alternative and destruction
(soil erosion, deforestation etc. |
- Species extinction and overall loss of biological diversity.
- Stratospheric ozone depletion
- Global climate change
(Green house warming)
B. Relatively high-risk to human health
As  pollutant in drinking water ocutdoor air pollution ) workers
exposure to chemicals in industries.

C. Relatively medium risk ecological problems

- Herbicides and pesticides

Follution of surface water
- Acid depositicn (Acid rain etec.)

- Airborne toxic substances

Yva




Relatively low risk ecological problems with very restricted range.
01l spilis

Acid runcff to surface waters

Termal pollution

underground water pollution.

However, some of the philosophical thoughts being expressed for

envirowaste management is as followings:

1.

(R

Cost vs benefit analysis, which is also of <considerable value in
determining whether pollution control should be undertaken and if so,
which control methods should be used 1in general. The cost of
pollution can be measured in three ways. First,

we can measure the
loss of resources through unnecessary wasteful exploitation, as
for example,the destruction of fish through the pollution of rivers.
Second we can measure the cost of pollution abatement, and control,
like the charger we may pass on to the people by taxes buyers for
some kinds of soil and water projects.Third, we can measure the
cost of loss of human life and of pcor health. As for example
the relationship of water pollution to many health problems. However
the social including economic costs of pollution are confusing
because thev are not usually explicit, and modern industrial
socities do not normally include in their production costs the
spewing of effluents inte the air or the overloading of the land
with solid waste. In this manner, ther pass a hidden and heavy
cost  to the compunity.

In general the afflvuent countries can afford the luxury of
restraints or prohibitions on the use of powerful welfare,
Developing countries on the other hand , or underground waters,
migcht rightly accord mere ilmportance to the well-being of their
human pepulation than that if their countries birds, population S0
it is wunreasonable to expect that different countries should have
common attitudes to environmenial gprotecticn. However , in cost
vs benefit analvsis we should consider this points.

Risk characterization and risk assesement

It means that decision makers ultimately must relay an jundgement:
Does the weight of the scientific evidence justify a regulatury
decision or not?

Comparative risk analysis by mother, unborned baby, tamily, friends
and government is also a very important step to evaluate the risk

of alternabives.
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4. Risk reduction, or waste reduction and minimization the cost  of
waste is the {irst step as a growing hnnnlnr nian wnsle recveling
sources consuming reduction, and other measures are becoming more
and more popular. For example , the pollution of underground water
is based on many factors as the soil materinal, deeps and distances
of underground water table quality and quantity of pollution, which
after & risk assesement we may find some prohibitions and contrel
costs are not necessary and some of the others are vitnl.

5. Risk management, as the final decision making process, will let
to make a falr decision for any problem, to minimize costs and

maximize benefits.

In this analysis twe lists would provide the raw material for a
rational setting of pollution standars, in ope all the changes

necessary to bering about a <given alternation in the subject of

control, and in the other all consequenaces that result from this

alternation, If the items in each list could bhe assigned realistic

quantitative values, {and we will assume for the moment that this is
pessible) the lists would represent two broad catecgories of costs. The

first will be «called the <c¢ost of control, although the second is

clearly a list of the benefits, of centrol, which we can call it %
costs of pollution since it represents the henefits foregone in the
absence of control and we will have the chart A and il we draw the

chart of total cost of pollution and cost of contrel, we will have the

chart B, which indicates point as the minimum cosi decision point.,
I
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However, the = pollution is a by-product of living, for example

construction of a dam will affect the ecological system but they are

essential for previding energy and water for irrigation this being so,

the genuine questions are how much pollution and other disturbances

of the environmet shall we indulge in? but there is also another guestion,
who should pay for environmental pollution? It is chvious that peonle look

at the world from different view points reflecting different value

systems, and often what becomes, the prevailing view of what is right is
determined by the relative power of the definers. But when somebody

pollutes environment and somebody has tc clean it up, the clean up is

added to the national product, and the pollution is not subtracted and

this makes for bad book keeping, therefore, a svstem of payment of

pollution cost by the related sources is very helpful and logical.
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Initial conditions table:

1 Manning's roughness coefficient { N = {16 )
2 Variation of roughness coefficieont { DN =20,00 % )
3 Minimum allowable slope ( 30 = ,00025 )
4 Maximum recommended velocity { Vmax = 2.40 m )
5 Minimum recommended velocity { Vm = .40 m/s)
] Normal veloecity to critical ratio { Vn/Vec = .85 3
7 Flow velocity to critical velocity ratio

with reduce of watar depth { Vn/Vc = .80 )
3 Maximum falling of water level { Mf = ,10a )
g Allowable usage of freeboard ratic ( RE =50.000 % )
10 Maximum bottom width to water depth ratio (B /Y= 2.00 3
11 Minimum bottom width to water depth ratio ( B/ Y = 1.00 )
12 ¥inimum bottom width { B = .600 m }
13 Side slope for greater bottom width { Zm = 1.50 )
14 Side slope for smaller bottom width (71 = 1.00 )
15 Would vou like to compute civil and earthwork volum e(CEV =Y )
16 Would you like to draw canal profile { DCP =Y )
17 Horizental scale { SH = 1: 3000}
18 Vertical scale { sv = 1: 100 )
19 Maximum Fill height ( Hf = 4,00 m }
20 Maximum cut depht { He = 2.00 m)
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cms m m m/m -4 m @ m
5+813 . 990 L8041 1.05i1.50% 3.00 24,76 25.54 25.38
Properties of present station of canal ki
Station an Sm z S Yn '] Ym Vo
1 2 cms 3 cus 4 5 BlE-4 7 a 8lo/s 9! m 10|m/sll
5+220 . 990 . 396 L9071 1.50| 3.60 78 .62 491 .49
EL.b EL.n EL.m EL.req EL.g b/d HL Yyn/vVC
m 12 m 13 n 14 m 15 m 16 17 m 18 19
24.76 25.54 25.38 24.80 24,60 |1.16 |1.08 .37
25.03 25.81 25.52 25.16 24,70

Do you want to change the above properties (y/n) : ?
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" sEC. STA, Af. Df.  Ac. De. c/F

Aat.
1 (.09 21.88 '0.68 0;00 ¢.00 0.00¢ 3.786 65.71 0.435 0.5
2 7%.00 25.30 0.88 0.00 G.00 0.00 3.886 5.89 0.45 0.5
3 150.00 24.92 0. 84 0.c0 0.G0 0,00 3.85 8,87 C.45 4.5
4 300. 060 24.15 0.30 a.00 o 0.60 0,04 3.83 §.83 0.45 0.5
5 350.00 23,01 ad.74 0.00 0.00 0.00 3.79 6. 77 0,45 0.5
a3 2524.00 20.75 0.67 G.00 0.00 0.00 3.83 5.63 0.45 0.45
34 27083.00 27.48 1,03 0.00 .00 a.00 3.85 5.98 0.45 0.45
35 2750.00 39,34 1.62 ¢.00 0.00 @.00 4,20 8§.57 0.45 G.45
36 3000, 06 22.39 0.78 0.00 Q.00 G.00 3.68 5.72 0.45 G.45
96 7400.00 9.03 0.40 0.00 0.00 Q.00 2.78 2.17 0.45 0.24
97 T560.00 7.48 0.40 0.00 g.00 0.00 2.88 2.00 0.45 0.24
98 7662.00 T.13 0.40 0.00 0.00 0.0c 2.85 1.98 0.45 0,24
AL, Df. Ac, De. c/F Ast. Ar. AZ. Aco,
AVERAGE 20.65 0.53 0.00 0.0Q 0.00 3.359 5.13 0.48 0.41
Maximum [ill height = 1.682 Station = 2150.00
Haxigum cut depth = c,00 Station = .00
LECEND:
SEC. : RUMBER OF SECTION De. : DISTANCE FROM ORIGIN
Af. ¢ AREA OF FILL Bf. ¢ HEIGHT OF FiLL
Ac. ¢ AREA ©F CUT Dc. ¢ DEPTH OF CUT
Ast. : AREA OF STRIPPING C /¥ : CUT / FILL RATIO
Ar. ¢ AREA OF RECUT Ag. : AREA OF GRAVELNG SUTFACING
Aco. ! AREA OF CONCRETE LINING
JUL atsa sty (S alebas y (Ol s potid el oy 5 et 8 et Jypas
CANAL OR
LATERAL Lim) Qd{cms) Re.W.S5(m} N.G.S(m) DIF.HG(u)
K4 7662.00 2.200C 27.47 28.20 1.27
K& 7023.00 1.300 26.47 24.50 1.97
KT 7466.00 1.700 26.09 23.31 2.78
K8 701s5.00 1.550Q 25.08 24.16 .52
K10 7870.00 1.6080 24.08 23.23 .83
K13 6000, 50 1.550 22.72 . 21.30 1.42
K14 6296.00 1.200 22.02 21.55 .47
Kis 5656.00 1.200 21.81 21.35 .48
CANAL QR

LATERAL COST(Riala)  COST(Rials/m} CUT(a3/am) FILL{m3/m) CUT/FILL RO.¥{ha} by canal section

K4 522844740 68239 0.00 20.85 0.000 13.19075

K& 354701470 56201 G.00 16.735 0.0G0 10.8630C

¥4 464289060 62187 Q.00 17.83 0.Goc 11.8927

X8 472871230 67384 0.00 20.87 G.000 11,7080
K10 48943514¢C 62180 0.00 16.92 G.000 13.0373
K13 4510758000 75179 0.06 20.89 0.000 11.9392
K14 351849440 58642 0.900 16.86 0.000 9.5095
K1§ 369696940 65363 0.00 20.99 0.000 9.2841

LENGTH{ =) COST(Rials] CUT(nd) FILL{n3}) OCCUPIED AREA(ha}

TOTAL 54696 3516858220 4] 1039140 a1
AYERAGE 6837 64299 G 19

KAXIMUM OF RESULT

COST(Riala/n) 73179 K13
CUT{n3/n] a

FILL{a3/n) 21 K8
OCCUPIED AREA(ha] 13 K4

HMINIMUM OF RESULT

COST{Riala/m] 56201 K6
CUT(nd/n} .8 K4
FILL{n3/a} i7 £
CCCUPIED AREA(ha) 9 K15
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Introduction and Application of TABNET Software in the Design of

Irrigation-Network-Distribution System

M. Assadollahbalik, Ph.D., and H. Taghig¢pour, M.5.

A computerized model FTABNET” is introduced to opiimize the

parameters of distribution syvstem design of a Irridation na2twork
some of the software capabilities are
1- Hvdraulic design of channels with reszpsct toe  the
foliowing parameters @ minimum and Maximum of fhe allowabie
water veioncity, Minimum and Maximum cut and fill, ratic
of floor width to the water depth, required water suriacs
elevation, variation of the water zurface slsvation at
i1 fferent section of the channel, sho.
- Desizn and location of vrequired Hydraulic structure in the

network.

3- Volume computation of the earth and concrete works

according to the available standards

4- Construction cost estimate of the Irrigation network

o

according to the unit price of the planning and budgeting
organization,
5- Drawing of the project line and the natural terrain.

This program helps the desisner to check all the impertant

paramesasr as qulcik as possible, oprimizes the design, =zaves time,

ans saves money as well,
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A Comparicpnof different flow control systems
Mendi. Maherani
Makab Chodss consulting Engineers CO.
Irrigation Dept.
P.o.Box 15815 - 1791

Tehran

Abstract

The optimal water delivery schedule in an irrigation system such as
intermittent supply at constant discharge, or continuous supply at varied
discharge is dependent on the applied control system, e.g. a manual upstream
control system or an automatic downstream contrel system. Normally, the
interrelationship between the delivery schedule and the contrel system is
not investigated. To investigate this relationship,
phenomena has to be taken into account. This can be done by using a
hydrodynamic flow model. The present development of these models makes it
possible o simulate and evaluate che water supply as a function of the
control system, the delivery schedule and the delivery strategy.

the unsteady flew

For the Karun Lrrigation project (KIP), which is a new irrigacion project
loczted in soucthern part of Iran, the effect of various control systems and
delivery schedules and strategles has been investigated by using MODIS
hydrodynamic flow model. The project area covers 160,000 ha, and consists
of different cropping patterns. The project area is divided in four regions,
of which the Shoeibieh region, with 42,000 ha, has been selected for this
study, The project area is fed by a 48 ki long conveyance and main canal
with a capacity of 56 m/sec.

Three types of control systems were examined for the conveyance and main

canal, namely; (1) Manual upstream concrol; (2) Aucomatic upstrean control
and (3) Automactic downstream control

Tor each of above contral systems two intended water delivery schedules
are selected, the first one with freguent and small adjustmentcs and the
second with infreguent and big adjustments. They are called continuous flow

with low steps and high steps, respectively. To realize the delivery
schedules, various operation stratsgies were tested.

The results of the simulations were analyzed by means of two operational
performance parameters; the delivery performance ratio and the operation
efficiency, which they have determined for two trials, before {(first try)
zand after (best try) simulation studies.

The results have shown that by simulation studies the performance
parameters have improved considerably for both manual and automatic upstream
control. The results have shown cthat the operation of the offcakes
{nfluences the response time. For automatic downstream control, there is noc
a significanc difference between che first and the best trials, and show
always the best performance. Tt would seem that downstream control does nol
need simulation sctudies, but this is not true, For example, in exceptional
cases (surplus or deficiency of water) the hydrodynamic model is necessary

to investigate the reaction of the different parts of the system in this
control system.

VoY
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KRecommendation about the automation of wmigation systems , tiow control procedure and the seiection

ol suntable structures for water disterbution and discharge measurement .

SUMMAry :
1 hus article contains the studies which have been carmned out on the automotation of iIrngatuon systems

tlow control procedure and the selection of suitable 1ntake structures construcied 1n the ( irrigation )
syslems such as Dasint-e-Moghan , Garmsar , Fomanat , Kasht , Lahyan . Gazvin an Dez irngation
projecis through which some necessary and appropnate recommendations , on the base ol studies and
obeseruations , are imade .

a - Automatation raie¢ of the systems ;

Applying the resuits , come out of investigations and observalions about the operation and ehiciency
of water tlow control and water level regulation practice 1n existing irrigation systems of Iran , it 1s
recommended that automatic and remote control water tiow disterbution devices with gales |, being
operated by electricity should be applied as well as regulating of water level should be done by
hydraulic fixed checks tor the conditions ol this country .

b- Flow Controt Method

Flow control method from upsteam and its coordination with other component structures of the

system with regard to the limitation of water resources in lran , lack of acquaintance to the
proceaure anag naving a 10w 1rmgauon knowieage ol the 1armers and peasants { on unconsiderning
the crop patterh and water consumption need of the crops on the base of design hydromodel and
also the lock of spaciality of the system operatiors about the regular maintance of the irngation
structures } is recormmended |

¢- Suitable inlet structures :
For the circumstances of Iran it is recommended that automatic models with arch gates should be

used as approperiot structures for intake and water discharge measurement . T'o achieve a high

output in irrigation systems in Iran the {ollowing recommendations are made :

- 'The change of operation system through selling water on the base of precise calculation
of necessary water for the farmer .
- 'T'he instruction of operation personnel .

- Project prepration and the excution of control system improvement in paratiel with the

change of operation sysiem .
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Vp=Pa+Qb+Rc (%)
P = ( LW+ (L - L) W) (y)
1 2 2 7
Q= —é—-(L1W+(L~L1)Wl) (/\)
1 e 2
R——é—(Llw+(L~Ll)wl) (1)
R S RUAP T
Vp=Pa+Qb+Rc (10)
Z 3
WL2 KA L
Po= e s = — s R= —— {1y}
2 & 5
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Direct Grading of Irrigation
Surfaces Without Trial and

Error

S.F. Mousavi, and M. Hajian

Assistant Professor, College of Agriculture
Isfahan University of Technology, and M.S.,
Shahrekord University

ABSTRACT

Grading of agricultural lands, for adjusting up and downs of the land, 1is
important for increasing efficiency of surface irrigation systems. The existing
land arading design methods such as fixea - voiume center, Jeast squares and
weighted average require trial and error to determine the location of grading
plane. Fasa (1989) has introduced a new method in which the aradino olane is
determined directlv. Desicn formulas consider different specificaticns such é&s
two edge slopes, one slope and a control point, and two control points. In this
paper, a computer program namec” LANDGRAD" is written to determine characteris-
tics of grid points and cut and fill volumes for different grid types.This prog-
ram has a Main called” GRAD " and three Submains of GRADL, GRADZ, and GRAD3,
cach related to one type of land shape. The cut and fill volumes, in triangular
or rectangular grids, are compared by three - Point and four - Point methods.
Application of such programs, where the number and area of agricultural lands

is large, results in fast land grading calculations.
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Subject : water control systems
M.CG.SAFIEE. Manab Ghodss Consulting Enyineers Company.
Absiract:

For limit and control water surface Fluctuation in supply canal during
irrigation season , use of water control system is avoidless. the function
of water contrel systems is to provide irrigation water in a timely and
reliable manner.

Deliverg system. A "supply” system is one in which deliveries must be
arranged and preset at the source. The arranging may be done in response to
Farmer water order or may be specified by the irrigation services.With a
supply system, a Known discharge is teleased at the source and 1is then
distributed throughout the system based upon Schedules known in advance.

A " demand "svstem is one which automaticallg responses TO user demands. the
users of a tertiarg unit can open the offtake at any time (flexibilitg  in =
frequency).

Even under the most Sophisticated automated control systems,the water order
are Essential to operating personel. this 1is particular true during the
startup at the beginning of the irriyation season, when demand are in
creasing and at the end of the season when the water deliveries are
declining.

Surveys in a few NETWORK irrigation in IRAN (Ghazin . ‘MOGHAN, VARAMIN
GARMSAR, ....)illustrate this aspect that unqualified operation, unknowledge
Farmers in optimal use of soil and water suorces, use of automated control
and distribution system are more sufficient.

beCause of above mentiond in chosing of control system and  structure as
well as posible , we have to do economic, sociologic , technical surveys.
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Irrigation Irrigation irrigatiee Irrigation Irrigatien Irrigation lrrigation Irrigation lrrigatien lrrigation Irrizatioz

late Interval Dapth Interval bepth Interval Depth Interval Depth Interval Depth
Days £ Lays ta Days 4} Days 4.} Days 44
APR & 3
ABR 14 g
APR 18 18 1 11 14
02 41
APE 29 18 11 14
H
KAY & 3
G4 i H
RAY L1 § g 1¢
KA 14 04 Gt 12 14
Gé
XiY 16 § 34 04
i3
MAT 18 04 b 14
43
¥AT 26 L § ) il
IS
LN 0% 18
16 14
it s o §
16
¥AT 10 8 12
i ] g 16 14
il 2
JUK § 8 16
18
JUN 1T 17 14
Jibh 18 34
Tota: seasonal water 36 48 &0 11 84
dejative vield 3§ 57.41 4.3 £5.42 £5.42 83.41
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% of potential yield

12 Days Inc for finding irrigation date
Inc=increment
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o of potential yield

15 Days Inc for finding irrigation date
Inc=Increment
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% of potential

18 Days Inc for finding imigation date
Inc=increment
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BADJGAR Shiraz IRAN 1990
BEST IRRIGATION DATE 8

IRR  ACCUY PERC

CYCLE DATE  DEPTE YIEL
¢ ooV 8 J 011
¥AY 26 11,0 107
APR 20 24.0 43.8
HAY 8 36.0 356.1
JUE 11 48,0 63.5

TenY

ENT
D
1
E
8
i
i

HAY 26 60,0 64.7
AR 2 TR0 65.3

O AN e Lad B

SEASON SUHY

9
1

ARY

KHEAT VARIETY KO. 1

REFEREHCE CROP EVAPOTRANSPIRATION =108.83 CRNTIHETERS
SEASGHAL POTENTIAL EVAPORATION
SEASCEAL ACTUAL EVAPORATICN
SEASQHAL PCTERTIAL TRANSEIRATION
SEASONAL ACTUAL TRANSPIRATION

STASONAL DEEP PERCOLATICH

SEASQNAL WATER

SEASONAL IRRIGATION WATIR

SEIASONAL PRECIBITATION

BEGINNING AVAILABLE SOIL MOISTURE
ERDING AVAILARLE SOIL MOISTURZ

BADJGAH Shiraz IREN 1990
STAGE

BEGIN SEASON
PLANTIHG
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Using of CRPSM1 Model in Water and Yield Management

by:Ardeshir Arian ( MS in Irrigation & Drainage,and
designer in diversion dam section of Mohab Ghods
Consulting Engineers )

Abstract:

The CRPSM1 model (Arian,1992) is a modified version of
CRPSM model (Hill et al.,1984). The CRPSM model combines
the influence of weather conditions c¢n development of
the plant growth stages , with a model which predicts
seasonal yield as a function of soil water status at
each plant growth stage . The model requires information
as input data which describes the growth characteristics
of a given crop at different environmental conditions
Phenclogy of growth stages of a crop and the amount of
vield at different amounts of irrigation , weather
conditions, planting date and crop-soil water management
interactions are predicted by the model. Considering
the model abilities , optimization of irrigation amounts
and dates 1is possible through repeated execution of the
model.Knowing conveyance and distribution efficiencies,
analysis of irrigation dates and amounts in a specific
irrigation network with a certain area and cultivation
leads to determination of chronolegical water reguir-—
-ments in the network.

Finally, using of CRPSM1 model or its latest versions
in water and yield management will result in increase of
water use efficiency and yield production.
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Fitler hote and cork
Vent pipe
Calibrated head tank

Gage consisting of plastic
tube and board calibrated
in cubic feet

-

—

Pipe driven into ground
and wired to heed tgnk

Wire or legther strap
"
Waooden platform

d Valve
%il?er tank
]

Rubber tubing

~——Plexiglass cover

s

r

--Etb(“:filomp rd
/

T
Adjustable rod threaded
to fit top of carburetor :

~—tConstant level float valve
{carburetor) to fit :
inside of tasing

h=Depth of water to be '
maintained from bottom

of hole

.

’

~

s Gt 05 Sl U5 s by ferle3T T oY s Y JSs

- \J/

TAY



10,5 ey K olstma i) s b 5!

1440 [Lr(—§-+ J(%}.) 1) -1] : ]

X = T % 3h (1) {
2 7n? u?
h
3 Ln{=)
K = 1440 [____._____t___]q 3hy Ty»h (1)
nh(h+2T,)

3asy9 e ¢ (Sdg g sglaa =K

052500 oa S e ¢ o sl ol g2y 3 e = Q

Sie ¢ a3l e Jgbys Sale e ol Gee=h

S Sab gl

e e Sale g5 vl T b 313 pis Joli i e G olien ] pbey oo = Tu
adg,ly Sale g, -T
cdgtin 030a U a2 y5n B ol Samatd 2 lia 0 a5 ¢ (o linl pbe Gl Sl lasl
P OSs e 0T T el ol e e S 03180l Tl 6T oS ¢ omoms s 5 Solp byl o L
08 5T) 31y lis K loe Jso 8 e sdaus o L8515 GrsSan Saly fulosf sl p5Y & liemes
Log {h(t1)+_£-.— ]- Log [h(tn)+'£—1

K=1.15r =1.15r tage ()
t -1
n 1

Siapiile s Saleeli=r as
roiila e f¥ oless Salz s ol ges = h{ty)
Fomtile st oloss Saless olges = h(ty)
ol g h(ti)+“’g““ edlie oy I8 aa SRE S Ky gy, 0 TS faget Al st
cewl AR e alols b il cded o t; =l
MGLZGL?SBJJ- (5 ) eogoels Canl (551 Coa i Rgs ol a0 aad S o3hail K

T ) sl LR LY by ol pS s

TAQ




iply A L)
ST aylus) L35 Y
e
ol ¥
Jalad oy, 0 @
Sarlia B 5z /i a; -

Elals &t"‘:'x
) T My / \‘“’Q GS.

o "Dunrﬂw.w-vHiu-‘i,‘ﬂa-h.e-}l.’-_} PIPEEER mﬂﬁfgklﬂm, ASTIEFT TRTRIPIFS Fr i)

«—®

NS

Slals 5us - d St

o Sadastad colan et e gSes Saly aiy by S0



St wslyy i)l oji.;_iljl‘ss_‘._._!j).x.‘._..h o pada Y
NIURRU=SPRYY 78 S I IN L S K kL Soai Siees S S50 oS g gL S0
e taiie D135 S aSa,S aoliinl ga)lse yasuls Ba) oelil eele Bl SB S dsbagt el 38T
Gldsoyd s ( ¥) asl maSue,0 & 5l gy it by coaly a3alad Sledble £33 pany aad JuSA5
.o loas gloyl Hazen s Childs , Ernst , Kozeny JUL-T - EAPN VN L E N
\.‘A-JL&.-L;Q-D ;V s ghliae SG glaable oiwe asnliog St el g5 HLASE Soo cejlen 250y

SF \)dm&ﬁa"@a)#l)yj)@%lﬂ)l@

e lie ailginl sg,-f
s " Uiy 00,5 pid ¢ onlb S1S85 S pan ¢ bS5l g le Tl BT aSSU S ook
coetoa sula, 5 o Bl DS o passl Yo gliz,lg dasisle TY/0 3 ay pindsds adlginl e I
& Ny o il 88 B3 4y Bilon slo allgmnlylc cal goges anm Sodsdi g8 aglasl as s
s il g 15y tansriilo 18 1510 5015 1551 g - 95tpe aolicin] 1510 aslaial T sl @iyl s Sslo
casion £353 S o T 3585 58 o3l alolidlgagiae aiby, O aslyialgayd o lejed yahy ¢ Sl o
st K 5l g b "l Bndeds canpm ¢ 2l Guln vl anlol clas 4y 3gis o5 Aoka sl
39 Sa p Lo gL gt S @3l gagas Do Kok Fa el s (F) agranlss
S et 1S B ey b Ay (5 ) Sl 05 s S e 38 s LS5 ¢ B sl

SUIT ) s,

a

Sinig gy al5s

e Ly VF (sl St Lty ar Sodspied Salsa o8 a3last S La,LosT polis ) Jsoe
A lgialy ad sy e Ges oS Sole iy G LeSans! plaSn casane L g ldel ey albia s
Slaey adye by o biula T esnase o Lash 1580 o bgta b Jgan aSadl 0ad p Lol S5 a s Aslls
pie o JCaa Bl ey oF 038 8 0l Sale o lan s Gas pS Sal> S50 oy len L2 Lo 5T alasl
bl salanu Il Slgsae colas pylss . Gl aitlaiagey Sate SlLbl S el e Lslsl o bt
vt sae ] Gy Lot Ty S @l d g oy o LA B g5 30 S

oy = axb prdas) Sleos(y = atbx  poden) ghi pamn Sy duls s T Jea
caba o Las aihie abiely Slide sltg,sl sl camay Sdg e Solas

St cnlan S a3las o by wdsasesly oS Gl pylasiee BLASLT T ) Jylazglas azal
Sgmas Lt il m shend s by ([Smo ¢ Gherla 3T 50, 1,85 s JBlae it lag o il sletss &
o/ YA L 50/ YA 31 ifeS oygm S, 05 0/ 1Y Lo /YRS L T e . e A P
Sysme il oy e o Bl Ml a1 oo Vo8 i p S 1580 oSS i
SlplamSom cana S o, Lol By selse RS- SRYURC LU NAPL TS ST ) | ) RGN P RWENWP I e

TAY




5 bty (g Rl e ) (S0 wnlan cn o Slhae lagle sl polii ) e

.Ol 3 E “ Adj-} -i . Jd . !.-‘

aslainl Ag, Sk o 82 o9 olil a,tat Srle3l Jona
NETL - Sals dy ShEesty and ) g
IY/e v/4 £/Y 8/ R, Voylod ol
Y/ ¥/¥ YE/Y 1Y/Y R, Yoo bed o ben
199/ A ¥/5 YYd/e Al R, L3> anljo Lol
15¥/9 /e YA/ Y4/4 Ry ol als
AS/¥ ¥/A 0/0 Y1/0 R, 1 aylod oo
1YY/ ¥F V5 /¥ YE/Y vy/v Ry, Vooled o
/A ¥/o 1ot /Y ¥/ R, , 55,0
£1/4 /% AT/Y YA/Y R, oLT sty
17Y/) T/ Afo 14/0 Rlg sebls
AVA /8 /8 Al 3 R, oL i 2
VEY/¥ by $ofo F/A R =S
20
EVAY $fo Y/o 1¥/¥ ' R,y V oo,led ¢ pmm
1YA/Y £/ Tva/e 10/Y R,, Vo lad o g
Yi/vy Y/A ay/o /¥ R, oy lod &g

TAA



E.
G ltas o Sdgjans cules Shhowe 00l (658 a3hasl ol ue Sledy sha e S Bl Y Jsas

© LAJLR"S."JI L;:QBJJJ\J:—-E—.L.J—Q

Js— S s 5
= 15.54 + (. K = 0.
. Ko = 1 199K, r = 0.106
VE K, = 16.26 + 0.009 Kg r = 0.066
Be}
.“1 Kp = 23.15 - 0.056 KDR r = -{},159
KS‘:\I: 7.91 - 0.021 KS y = -(}.294
sz = 7.89 - 0.012 KDR r = -0.064
KS = 14.17 + 0.457 X DR r= 0.174
0.278 ]
Kp— £.85 KSN r = 0,289
2 K= 951 Kso'm | r = 0.235
1: ~ -0.575 i
3 Kp— 208.18 KDR ro= =247
‘3
= _ -().148 -
L KSN_S'GZ KS r 0.299
-(3.593
KSN=83'72 KDR r = -0.245
0.220
KS =11.18 KDR r = 0.045

Shoes ¢ adhgy sty av Sy Calas molie wnd KDR 5 K

ol e las ailpinty o 28l solinul ¢ Fae oS Salx U5 1o ay

¢ sz f KP r.dj..\._?-o._.!!J.;x

AR



i+ ot (5 Sl 513 g oy 23 " -3 e 5l el 1,15 355 4505, L 5 Lot
e olas o lin o e ade M lies s cajlails g it ple g ot a0 helin adlyinl By, au
MLl el adtgnial By pelaslaylad Slten 5,800 ey gl S bl ase T cnay Sy
cabdae Glaily saloy doledl Ggd pulos aibis p Loy
i, Lz st ¢ olbel Btay) albis o oS Gl 50 uiy 30800 nl (SIS (658 amns
Aty s Sican Cheldn aslginly s S 2l solisatc Gos oS Sale 351 aniloas o ad sy
3 e Lo g5 o 1 gl Jgeae gl hins s il asto L0 Sods e calas cnpd (a8 a3 lest o

RS 644)..1:_“ ks.élSk}__;JjJ..s_",.a P V- K-
:‘IAJJE
NI RN [PERYIIL 5T IRRCICR P | PSS VS PHPIN SO FCH E S ISY TS WX 0 [ BN

30,8 519,05 adimginnng | asaS e U G Lot G liad gl adtis T o lojle

P aslabula,ee aulia

.(u_u“jJ.ul.J.wg_LJLa}-s.mJGﬂA_uf.ao ‘TFY;‘S;Nth.J.wjddi"md_z-\ c.lup Ls)[thu_'%

et gy atfasls o, Lass)

NN WS LU KD Y L5 1 RN § E2p s | SUR u.:.s.e_) mdigen Jgol e ITFA L PICINT-RRY STNE-1 A [

FF] SUNEE DI ISR HINNRNCERY PSPPI PLUEIN PEES NS | ¢4 WRCIIE LI ML TSN R S IR 5
cobdel s olasty

b3l e pmads ¢ Lol uitagy 2S5 @bl agsm 1TFLL gLl gl aibian T oloste ¥
s oldolt albiasszge gl 2505, 08 (g Line ) e ey ol b cionda g gis ae e

8 S b S a3l Sl gty Lais L VPS¢ 8 logglin i S50
NECYFW PO | & (LI ) R PUL [ WS- PN V. S LT AL 2

alSails wiybanst, el )y 2805 glo aSul (g5 aali g CJJ;: el SR ATFF L) anldelf
R Sl Tt 2

5} IR Ry FPL-IE SR ¢ SUCH U PR PO I S RS PP Y I JURDR | . IR B SP
s ol SASe s

8- Bouma,J., and F.D.Hole.1971. Soil structure and hydraulic conductivity of

adjacent virgin and cultivated pedons at two sites. Soil Sci. Soc. Amer.

Proc. 35: 316-319,

T4



9- Bouwer,H.1961. A double tube method for measuring hydraulic conductivity of

s0il in situ above a water table. Soil Sci. Soc. Amer. Proc. 25 : 334-339.

10- Bouwer, H.1962. Field determination of hydraulic conductivity above a
water table with the double-tube method. Soil Sci. Soc. Amer. Proc.

26 : 330-339.

11- Bouwer,H.1966. Rapid field measurement of air-entry value and hydraulic
conductivity of soil as significant parameters in flow system analysis. Wat.

Resour. Res. 2 : 728-738.

12~ International Instiute for Land Reclamation and Improvements. 1974. Drainage

Principles and AppTications. Vol. Iil: Surveys and Investications, Wageningen,

The Hetherlands.

13- U.S. Department of the Interior.1984. Drainage Manual. Bureau of Reclamation,

U.S.A,

14- Van Schilfgaarde, J.1974. Drainage for Agriculture. American Society of

Agronomy, Pub. No. 17, U.S.A.

T




Cemparison oIi Iour methods ol MEe3s3UTLng nydrauliic
conductivity in Rudasint region in Isfiahan

n,N., and S.F.Mousavi

ol
Y
()
=
fu

4
4

)]

.

rt

[ =

&)

[ TR
n

R

o cf

(S

3

Q m

(8]

€

S

-

03}
¥

=l
3,4
1

1

A3

i}

=
v
®
i
Q)
e
F [l
L
jo
o
s
(@]
m
|» a
el
=
(@]
s
{[\
™

Hydraullc conductivity is one ©f

iications in irrica

[g)
b
(]
o}
)
3
ey
e
=
a1
'..l
ot
[y}
e
o
e
Ut
o]
L")
103
2
ch
w

~mat [as many ag

i
s}

wmare are Gliferent m thods to measurs 1T in the field.

ity aQoupie ring, and using sO1L. Taxiurs o agCimace GYCrEULLC
ConguCcTIvITY ars chosen and apio.lad in L& 3TELLICLSE ln Tadasnc
- DA H I SO B I — s
rTedJdion in Lazanan Lol =w ~LTEs L2
TE30ULTS snowWad ThET 2z EEYICIMING ~ae

A



bMCM‘J]J&J_ﬁJGC)‘;‘

ololl ez 2l bt z Mol i) 2







wu\j h:d!..&..a;ﬁ%d..l&-a ‘-:J-S“)—:l ‘_,,J‘Jjj o "- Gaas o FRT.Y d—_h&—”f

N N [N " Lol 1, I - . . . w IR N A - o .o N
3o e U ) .Y | 12 (G ik 3 I S e et —
A ST o had
w 5
N o i i T . sl T S . . 5% Moo T = a3 o . 1
3 o s S b A ‘_’:...._)_a.....:;iw..);.ald = st e tplul G330 8 e
PO P . - R -
CRE SRS BT NI SN S W S SNy Bt S i ol LD -
™ peet oy - PR = [yl - o - - [ -
LT P Cal Ao | - sEL e L w i A [ T ! _
ehhsiad et & (5 5 et ;_,.-qﬁ—-)__..l & e e 3 Bt S Pl 33 b 3 g e -l 3 S
PRNLINIE AR BSR4
£ R |3 e s [N v N \ : e
e Tnre (& ek ot S S e J— D e — T . T o] PO L T T . W LU T . T
w it . P (el el K P
! R
r—— 4D et Jed e
Ve . - . . - 1 . . ‘] .
[P O A NS | J— w\-.ia.".___...........;v. Ll San | _ 1 a3 NV ST - i O
& P, P T [ - " - ~ ;
FTCLIUNE BV ST LA DIPTSR

T4







s P
iy s A3 g s et Amd M 3 33 33300 il 55 pe sha llews
- ) 2 S - 2 " = i p%2 P

TR . -y v e T - R e : | -
Il cm——— L;\____,___.;_.; “n B
Shas R e s e A S L e el e e
_ e oy e s . - . . . .
s N » — 1 N o y
siv— 3 ol a0 Gemes By v S e Llass 3 sse (River alluvial Plain)
T S [N N Lk o e, Lt . . [N { e
s 3= S JT et ! & it §Pn et o Dl e S AP G e 30D G grked 3 L‘L.'g-....-..a
S ==l e ST ST B RTINS S AR SN S U WSO G Wik S S S o < L
2 - P fl — T podl B n Z - -
- P PO . L . 13 - 1 ¢
v s | a.;..:m).s adbis eSS le el \_'c...ll._f_—l a 385 8 (-‘».......3":.__0...4'...4
S S ¥ .\_5_.;........: e L S u.._.,'..-a‘.....}.a‘ IS S s..a.....\_‘._x.s I« .‘_‘..‘:_‘-‘_“ ———F et T &4-..5‘»..-;
T W% B O AU S GR - S S W S Wi~ e NP TR S S TR G 1 31 g emd ) b
T = - - i -2 . =2 w2 T
A e i e i i S el S M e e s 2 wlosal ¢ AN =< . 3y adt Lt
g - - Py (e . - = - "
-J;\..."‘Q....A...: \Ln.é'-.—_f
CJ..’: A.d.‘:—i-a‘r.ll_t-JL!a-d (Gt | g
P . Lo ela abdi, & s s ol ataT . : N ;n
;A e ')J_—"’ Lo - 3w LY e ,__C—.‘""f""""":‘ el &“'.....‘a! -‘.)J_.f;.?- ;...:I_;| 3.53.._'*:-..: -
o . - : I, S Y R L I
5 i s 3 p Y NN USSR S i..f-:i)' ‘_;JL.-..-:-.'J PR c,..::i “—"‘-"""_‘f‘—";"_c,—“""'ad [P S T VY
o S r:L..;.._a'-_l -l Ll
" ¥ N - [} [ <)L - e b oA 1, [} b Lk
R T L e e St Al A T S L B R z ;s

Sy T 337 seew > (Desodification) —lel g 2 (Desalinizatian) _=!2:

\
-

P &y L
.. - - ' . . oo et . PR : N .
i et i RPN A LU y [V WV WA/ S S VROt S {"“':E"" ot o [ ——
- 2 T o 3 w 3 J el o 2
AN i 100 .- o - - ] - N .1 - . PR ‘ - - ¥ F— oo ; R
! [F— AT D S D et e 5TV L e d D . . f S, SIS R d [UUPECIL SERSEPE S
¢ : — i - - - — - — . ~ z
- 1 - . - - o ot * i y ' :
t STV IS B SR [ T P BRI - o B2 FRE SN O st e et it — - ——]
- P - : - 2 - 3 - P - - -




D o Ser a3 G oS lerhe FALE ad ke Dt o e e P/ A s o VYA

VS et e L S5 .&-'\.._.!! t....-...__?- a4 -‘-a!-._'i;_‘: -L.‘.'I_:g,‘:‘..s.af‘ .‘...;J..‘o _\,:J;:J-JL; -
Pad oo B s Latd 1y SHellT e d33oon LK 1/F Sl 5 5 Zaey &8 o7
\_,_a'-_x.....”.._:s.o J-l_g.__a k‘.':.\_.s.....:-".'»....l 3 i_{“"'r“ C;.lo A o @EJ{ LSJL""’.""‘ 3 CL‘»}‘ 3-.—;'......3;—_; &l ;l -..:.a....‘_..?
J‘Q-.‘n_.} e N A 5o .__\-..-.li ,..S_n;_;_i .'5{_“._.;_‘::‘..:)3.0_;!.\ \-.:J;j;-.b u—i..f[—-;l? Al n.S...g \..—\_-Ib FL)
RIS S SIE SO B0 TR 0 10 R g S/
L \_..S..,;,.;...: R e L I ([ B RN S e
Moistura ‘\_..':5,:.5-_: RIS J SIS SRR B R T T
: ; o - | . .
Content % |gr/cm3 S SBIPWP Sl (FC =5 R T
Ya/e 1/4Y LA RY YA/QY V-1
IRFA V/iEe YFE/YY Ya/%2 V-7
yy/r V /53 Yo/ YAV v
V3/A VAR TY/6T T/ 1 ¥ 1
r:*' PSS SUTUOVS S5SNI VO S S NS
- e Yt = .
;_'b_.;_b_l_-llu.- YEA u,..._;’-;.-.»—al C'J....- 6.5""';
a—a J-I (et W) Gkt L.LJL_? [EFERCEY L_.a_.-_y.::
BT /i Ly O O N L A QIR R
. o
:PILOT FARM s loiT ds i
ol T e S0 3o o Sl LB 3 5T e e 25w el gl
! 3 (:_..._‘.:a RS TR AL Y S5 R g e St ) 3 R R R i
030 X s B9 gyl B0 M 0T e e g el = ploblT aals d A e

| [ el < M S b PR ; LY. IR
e e Mo B ] ‘:--»_J-..-\:J? P - UL ‘aL?_H -....._.‘4.....3‘ et L, 3=
| R— (aL....-..S;! 2 -z b d—é—;u——:l 3 Al e R S ,__',,..S_.:.»_a’-_'a__.l..\jj.}..f.__b s_a'-....:;"..:...} jl L’a...;..._..‘.

:J._i‘.\_‘f Lo Lo [ AR S 3 dewd S LIl |
Pl - e R = e

- - e -

. - f A LA AR | -
S-ded 8 g veududien d L esmied R e Lt e g

e 5o =S gt ol ofend 205 D S (5

St W3 2 d S == a7 l_"».}-: IR N S g.r,T _\;*....:_n L J"'u..:s_.o - h,..._z‘..........;....\ —ie =
S b gl 350 ol oo St cowd 2 pled! (Double ring) e bee Sew s
B S IS R S S~ it e 0 G 3 LS 5 -



: LT R
(0 i et ¢ e g p i

hn;.‘ -
| hirﬂ-l‘-”hcial,a;t

N = 3330445
LE = 254200
IN = 3330302
E 2254323
N =3330162
£ = 253766
N = 3330260
|E = 253614

Ta,ens turbae °

E
kY ‘

Yy







S N T T U e e R S W S AP WL PR E R e -
et 2 Fd (UL N = i«.-.ﬂ::‘w.;;- 2o A’*“""“‘ s b *:ng.u.u_ e [ - N ‘-..‘._z_.u._‘: kN [ T N s baid
FEC DT S 1 SRS SV S W R S S SV S PY & e Padanets Leb s W7 ool By s, sua 8
T B o S N A I A
! B ’ 2o
gt 5 bt 4 Q-—ijf_‘dﬂ',? y bt o3 3 Bl et | D a B da :--T'\--T‘l-:é-w‘-.-) )té.ei‘..l.f:»_.* L..’:_‘;'Tfl”q—}l &.L)';.n.a L_‘E.:*m 3

e . . . . . A . . e
T S S I L..M} - { La\,,.:l et YERYE 3 L_...!,._‘: { - et A tn 3 g E\.i:m,l a0 )T I
l,::s - ool ! J-—.MWILM ¥ .'_';7 L;.t.__ﬁ: .‘.p)! et S Wi [ 3 £ E.—_.E‘L:JJ\} GBS iy ¥ %Y ) gt o

D I L I S I SV S B SO o S e |

TREATMENT (K) =it sberS i hhalat oSl ¢y s,k g
g T
!
T
¥ X K4 n ]
- a ]
. T | rp |REPLICATION
& D
A1 o.mc. M <} x» i 11 { T )
2
T3 =
£ | pej B K& X i
Samnling Locallons tn Plote -
Bampiing 8tation Before Lesohing

SYMBOL{DEFTH OF APPLIED WATER ¢m

K1 25

K2 80

K3 75

K4 140

KA 28 + (280 ec ACID)}

B e B I IE B A R T B R e R o LI S-W) vy p i SR BN N

sUoafopsbliensa . Con a3l st G LGS TAGTY, T2, T b o plems &5 283 alud 5 B 0







o A1 - e Nt L N - to 1 - [
!‘_-_é‘:‘ E LRIV B I S C_»:‘ ae e L \_:_l;....a_l' PRI N LR e R ot = i Dy
PR U T SO UL A I S U N RN AP AT . BN« plodl 23 aoalnd C_L;l Saby o

= oy el el , S R i 1
cAh A sE B e vaan sale S MITRA LS A8 Ll S L b ) WS g CANER
- - - L™ = - - - -
L : < T att < : L - e N
L) St S A : - _‘5....___'{._...:)! (5 e ‘SJ\;Q..S-_J__J 3 ’.....“"—._'{J*' -L:D.—-_-..J _'«I o
oot | LT el PR B S il e Y A |
ad__....._g....a g_;‘_.‘........1;1 e (8 Sk | ‘:.x::..-a b etk 41 5_;.._»5;_-::- ‘_;i;_a g Sed W8 a S Lal T P e
e \..S_.l;::....}-..-';_..,\ .li-h.:JT PP Y 4"‘ + - Yg} i d:‘.:"—-: K_’lx ‘\_'J‘-_p{ -‘a_.J \LS—;.A' R I
. LT AT L.~ T . M . [ . s iy il s f ’
& ;}\.\_;T;é-—-__..)‘h-j St _:-\‘;.....uﬁ J-E B aED B TR T R I R WL L G W RN e i_j-—q_-—a
S Aoz LI LSS - R L A S S SV L. . S U PR A I8 ——— 3, A _..;-.-EL}
T o =] s - ) - e 3 - -
..s.__g.-.;s tl;.-f.a!&;_! 5 i
0T al e bbb Lo WS lo e 3Ll Sdaed 8 A n ! wm3e Aol il s
™ e T - -~ [ e

et 3 S WA ST gl S S il YR SR S R S S 6. U S W W N A
L - TN : - L U S = - - X « I Wy s Lo <
S e T D 3 Bnd e S Dl 3 sos pef AL TTELUTEL T gl S
) g f [ i I ks ST ST P < N 3 ~ 5 < |
Hd Dt et il 4 i D bt 30 Sid bl L up 3] 3 (5 memed a5 3 3 303 3 dew 30 e e e o8 ol
- - - - - - et - - - o, ot e -
LI S-SR SV IR . GNP N L P e e T L e ;"_w_s 5 el WS gl sl sl o sl
L T - T -0 IS B o BTN SRS BT O Sy S-S ST + 2ot vl
AL SO 4 el AL I S SRS P W S VI i SR I - S S U R . D e g
g e
R T P T L 0 S IR PRS- IE St S UV PN L & SR S A R
1 < - 3 I a0 = . T [} n "
3 i — J...L..)J:J- Svvrsredoens | rir——d d' --;—l;.—.-a;l R DU S S JJ-‘-L....; et !
N W . . - . *
pimrE Bl psd $353e A 1P o lad Jiaa o ogoode Al

9 31 ol aigad Bliad oy as =t {(F) ajles Jgon

Hea / 1 ER R N

108 6
CLASS SUH . Y R . I EC*18

| pH
SR [ SSP | o0 [Ma | Mg | Ca ant | $0a | C1 | Cogh P negel

Co§y | 48|58 | 162|810 |27 {54168 4318235 | 7.8 1828 | 1561

—— s...S..?;..);..}J-_. 3 e ..‘5..5_;5-:._.: abhat, (1) OJL..a.f; \Jj..\..':- PL

. - Y 0
b — ! > 2l e s
o . .. Al e ' “ C ap o d . a - i oa T
S et e Pt 2230 g S 3w 3 Ta L 5 pmerde WM Taw alia (5 el ve L g 3]
.
L T ;o - Yy RS oy 1 . Aal€ .y 2
S et & S e (5 pebedembedd e s =¥ A A¥ 23 ZBLS g o Dl 3 ADS TS R G Ve R g
J_‘_‘;_\:J S P SO DT ) IR + D 3> 3 u_S'\_‘v-u__...'.:L..f.:a (g D3 33 3 5 53h oo lis L S
a3 R .-y
s-‘h..-.-..._a 55"‘_‘ Jl—i.-.-a“ \j—.d--..d-.-.l_
EIR Y VoI SRU L S S S SIS SR G 3 I VPR WU B B 4 B S S rlaol asls 3 sl s e
) - - - ar - - -
N R I IR S SO ST B OC U s D s S D s [ T I
P BN - [ - el L ru g " e ? = - =z
v | -L_...E.... QL_RB;. .3 Y 3 AY minls s u,_!_‘.{b__‘..'.] et s
Dol s sy 30 D B LT ATel Leonl D aT s




FROJECT: ABADAN el gt F pal 51 Jud ll slo adped auad palid (1] ajles Jyan
STATION:PILOT PROECT

AR AT hn ATRE ) T Thiare e g s R B L SRAIT S LI

kR M LSRN

sime . FRTERCRC " e
APPLLE D WATER DEPTH o ECe FH [ L .__ Mol Hoe _— ol B e Talf G- _N__?:w.—...\o.__..s A Al SR ESP
Cm. Cm. b3 d3/m L1000 T B R U PI-SWARL ] [§F]
- % P ey | e L . 4 . : T T B | B B | i
a- 5 148.10 7.60 i 22 1967Y 1942 10 WAz 1178 £0.68
25- 50 102,00 7000 33,10 £5.490) iU 1500 1:45% El IsEl 10271 £2.69
v} 50~ % 04,80 .00 3.0 15.200 102 i L3 IR R A T2 105.86 24,61
F5-11%) 8%.30 7.90) 37,80 w00 19y 120 13du 4 11521 104.47 56.25
2 RPEIICes | T | T O T | R T T G ited
Q- % 110,00 7.700 0,60 16 10 51 1001 o 16351 109,79 a6, 96
25~ L0 1045.30 7.7y 1910 15wy b Wit { 1994 97,54 51.61
5 50~ 75 97} .40 T an_0d 1540 AR 140G t 1373 o 1Ll &R, 20
75100 G¢.20 7. 600 w3 50 16 #0000 [ E 1334 124af 92,850 £€1.73
-roestiy Y. GUU— | L. SPVESES (RS i AOUNTORL | PO IR R | e T | RS AP
o- @5 .00 7700 41 B0 15, 00} 12 o6l 10w 103 31 1368 91._4% 75.9% 57 21}
25- 0 105,60 7.0l 5950 160l 13,0063 o G i ¢ 13478 105.21 B0.75 0. 7a
50 50- 79 g .68 7.761 40,00 16,400 1ol s e W Y] s 98.51 £4%.37 4302
75-100 7a.60] 7.80F 40,50 e enll 1asu] el vl e o 1oy s9.9vf @738 6.7
T e | R T [ T | R | B B i lianaiii Lt S
a- 25 43,00 w730 0.0U) 1610 g 9 1els %) s1af] 101.81 77.30 9.8z
25- 0 87,30 sm.pall GO0 16,40 170 14704 15 0 1415 103, %6 0% ol €0.1%
75 53~ 7% 76.30 ag. 10 o.00ll 164G 1% sl 113 0 11323 85.77 60. 98] 55.61
75-100 72,80 53,00 0.004 16.50 i[04 W7y 1048 G 1048 914.97 54 5% 70 £
B sama pcszzzz I anmmeis () st - NV | SR S P JERPEPE X . s -
Q- 7% 95. 70 §6.80 1:3% 1561 a 1495 107.93 &8, 45 6,21
25- W 79.90 16, 60 T 1212 0 Yidil] 97.20 4z 17 SR, A
106 50 75 68,50 16,00 Ry Loy e agyll 97.60l av.EB] LG
75100 68. 50 16.20 2y f e O ol 93.s0)f sz.47) L2
ST 2 A rpanien SN FRNTSRN! REETC R : RN AUURR | O | N R L ik e
Acx D.H U FL.Oe O [ITRIER LN Y]
= 0.090% ZIcHALY-Y 1) 72" 59.64¢ Lo Enlim -
2 0.41062 2ICHALY-Y 23 2= 67.47 g a0 T e UTRTEIAID

Yoo



T n - - . stie . . & A N " ..._ m S
LS-—tﬂLnjEd—CJ}AJMJJ d,}glrﬁ.u“ﬁ*_g vlwh\'adﬂ)wc;){_‘n -....“.)- LSLQ‘L"E"‘-' ‘_S-JLAA-M d-:)_?c_l C_éL.a_: (T_')GJ Jj =

SOIL CHEMICAL ANALYSIS OF :

o

b o . o
LEPTH (en) T } EC ¢ pH; tatiCa’! Mg'tl Heo3| Q1 504 INV | ESP
‘ |
|
R - e - 31 L8
R N o I T e
I e e e
i
|
I
il |- 35 - 3.5 | 4.4
L
[ SAEREEEE - 39| 19.%
! 17 } iz - - | e
? g
! g iorE |- tea | < 38,5 | 159
¥ bz ez | - Jsas| - SR
Fa7 ] s - ling - 38 | 3.1
| |
j H
5,3 17.8] o1 | 33 | - e - | 5,2
H § K
P R IV [ i . . P
‘{-"—'__;--'E:‘:ZJ ALl i T ;. SR - £i.8 - | 3% 12,7
R T T T e o e v e

o4

®A + TREATMENT OF 25 co UATER + 258 cc ACID (IN 2%2 meter PLOTS)
T ¢ REPLICATION
ESP "1 B4SED OK RICHARD’S RECGHEKDATION (U.S SALINITY LAD)




H? S04 + cacald —www—3 casod + co2 - H2 ©

Nalcold + casos — N2 S04+ cncol
—_
332 uSL....}G.._‘J'__.)_"n R T Sl S sl C‘J..:I ol 31 o liSad vz iT L2

ry

- o " 1 I D - . o . P . 1 . PR -
R -1_._.5 Ot (5 S .u[_}_.n_s L T R J._n;'h_; —— L:...S...L.._ -.\_9_.3_| _l-..s._.a(

2 2
el b \_-’:J-...L.-..:a._.a s..ld’-..-m...a'.'_ ;--o_;T
EORA TRV S-SR SUTISY . U W e} B SO R e R S R L O I s e
P b Y A &’....\'.......f 1 o= 3 F::;L......:_-.._,l — Loy 2l S, 3o g e .*...w..% _-..:; 1
..:‘;;‘ J ;_l..\' Tty C—JE BV, S GJ—"-J d_;i.‘........al U T O S Sk ST AU S/ RPIL O S S ST S Vvl SR §
L VRS S C‘_J!............s....: TG L . S RYCUPICRINEN Sy W I S U, IR N SRS g I SU U T WS S I T 3 .
- i = - gt - e
o dew™ 23 o S 0T e | [T USSR 3 VN S NP ji a5 WSSle o WS LS ‘5'._.1‘: Bt Srurnant ;L...a..ow
- 7 - A - k; =
T R s I P LIS S S
RUURE SN T S SRR S P S S S S - R I WL I S RPURICR UL G, . S S gt
I B R S .9 T WS W U RO .4 UG- N B VIS AP UL 3 BTN By
et - - it —r P s - it = -
(CM/hr)
T /AT VY PN A IR IS R R
St T
e I -\-——Il'—"';:-\-‘l-—l & Gt
14/5% SWARY SH e oEE T
e
S o2 a3 003 500 LD i 3007 Lede Dl S 3 i
v et | e}.‘-_a.bds L.’.a?;' (FY & fyy 3, Ll JLS«I;.‘;g-}_‘_‘.‘._. St ez 37 S - L
: (StS At g i
T R Y AT N LI I S e plad— 0ad plad!l shedgem 37 5o
Ve o7 Loty S5 st C\),.sl PR I ufw S |3 LS i [EFEGLFUTE  S
- W PR
. 1 5o st gt ol e Yo L
. VTS S i< Yd PO O i L A I N % . Y . . S PR L
] rﬁ-.......-! - — s _,_—...p-J ' o ;- o
=L e Rl .S SR SRR Sl /S ST W ) B N L ) e Vs -]
= Sav 3 2 > z p
_ . R L. ; N - ; ) s .
— ___‘:'...é....l JESTIPLC S S IR C".fi PR SR ot et hd v et | 2 {(InTernal Drainge)
B d et Lzl b S 5550 L EJL.i- -t L L‘__.._':_g;_'; sl ‘_‘,.-:'Jj-:a—‘iT
o s |
DU S SO S UR U QPN S A L W 5 -1 B B S-S S P ICE SO S VLR T B R
e .‘.......7._...-’ \__“:j AR A ;.;-‘ai ‘:‘i~t._.._f wl > | ‘_‘C;....—)_i_._ng..-» A=ty oA 3 -
—_— —_ MY s Y 7Y A Fana— Wbl - ey 3 bz o2 Y ;~E _:'._:..:..'..‘
2 " E = h -



FIG (3):Regression of EC on X
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FIG (4):Regression of ESP on X.
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25-58 1-Z 111.5 | 4z.9 | 188 161 | 1242 1583 198.7 | 61.4
58-75 1-3 98.8 | 43.8 78 188 984 1154 196.7 | 61.8
75-188] 1-4 B1.2 | 43.8 65 122 999 1177 182.4 | 68.8
8-25 | Lj-1 9.6 | 39.5 29.7| 27.7 | 66.8 123.4 12.3 | 14.4
25-58 | L2 9.1 | 39.2 24.7| 25.8 | 69.7 119.4 14.8 | 16.2
50-75 | Ly-3 9.8 | 38.5 22.7| 25.3 | 62.8 118.8 | 1Z2.7 | 14.9
75-1848| L;-4 8.8 | 38.3 26.3| 22.7 | 60.3 189.3 12.2 | 14.3
8-25 | Lp-1 3.3 | 41.8 29.8| 5.8 | 12.9 64.9 3.2 3.3
Z5-58 | Lp-2 6.2 | 48.3 Z6.8| 14.8 | 34.8 74.0 7.6 9.8
58-75 | Lz—3 g.1 | 41.5 21.8| 26.8 | 58.5 97.5 19.4 | 12.3
75-188| Ly-4 9.2 | 42.5 17.8| z8.8 | V8.0 187.4 16.3 | 18.6
B-25 | L1 5.8 | 37.5 2z 14 25.5 61.5 6.8 7.9
75-58 | Ly—2 6.8 | 48.8 i1 22, 43.9 76.8 12.6 | 14.0
5A-75 | La—3 7.9 | 42.3 11 19 61.5 91.5 15.9 | 18.2
75-198| Lz—4 11.2 | 42.5 15 19 93.5 127.5 2z.7 | 24.4

Yof

1 ¢ Imitial

Ly: 25 cm Water + 1.3 Ton Acid I'er Hectar
L,: 188 cm Water + 5 Tons Acid Per Hectar
Ly: 188 cn Vater + 18 Tows fAcid Per Hecrar
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TITLE ¢ Effects af soil apendpents on soil reclamatlom apd improvement
of ARADAN Jeslamd lamds

Prepared by: Roudaki,M.Kh. Mahab Ghodss Consulting Epginerring Co.

ABSTRACT:

The Khusistan Plain with an acreage mOTe than 3 million hectars and
containing about 30% of t+his country water resource has +the most potential
for agricutural pProduction. In the khusistam Plain 1ike other Places in
Iran, The salinity and Alkalinity are common Problems.

The deltaic origin Abadan island is located along Arvand rud in the
south part af Khusistan Province. The most common charactristics of Abadan
is high saline ground water and due to high evaporation Potential most af
lands at this region have became saline and alkaline.

In Abadan Phase (II) Study it is considered to convey fresh water from
the end reach af Karun river. Before fresh water becomes available, finding
the solutions af the ahove-mentioned problems are emphasized.

In Abadan drainage feasibility study, execution af a pilot farm with
the following aims is being considered.

1- Controlling the proposed subsurface drainage system.

9~ Attaining the optimum Permissible depth of graund water.

3. Determining the best material (envelope) which will be used
around subsurface drainage pipes.

4- Evaluating the Principles af Physico-Chemical reclamation of the
soils and proposing the optimum amount af soil amendments.

The last item has been investigated at pilot farm and the following
results have been obtained

A- Applying water in leaching tests has little effect on
decreasing soil salinity and alkalinity

B~ Using soil amendnent{Acid gsulfuric)increased soil infiltration
rate by 10-20 times.

C- In desalinization and desodification tests 1.3,5 and 10 tons
acid per hectar has been used as soil amendments and the hest

-

result has been obtained in & ton acid treatment.
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1- General Equation For Infiltration
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Application of General Infiltration Model in Evaluation
of Infiltration in Basin and Border Irrigation systems

Mousavi, S.F., and B. Mostafazadeh

Assistant Professors, College of Agriculture, Isfahan
University of Technology.

ABSTRACT

One of the important parameters in design, evaluation, and simulation of
basin and border irrigation systems is soil water infiltration. Infiltration
has a dynamic characteristic, and changes under different factors both with
respect to place in a given field and with respect to time during the irriga-
tion season. Since performance, and finally efficiency, of basin and border
irrigation systems is affected by soil infiltration, this phenomenon requires
special consideration.

S0i1 infiltration in basin and border frrication systems is mainly verti-
cal and cne-dimensional. One dimensicnal infiitration was measured with buffered
cylinderical infiltrometers in three fields. GEFI computer program (Singh and
Yu model) was used to fit the measured field values. Input data required for
the model was measured and the results of the model for each field test was
studied. The resuits showed that the model is able to fit accurately the cumula-
tive and instantanecus infiltration for each field.
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A Study of Capability of Surge Flow in Improving

tt

Irrigation Efficiency

ABSTRACT

Irrigation by "Surge flow" or intermittent application of
water in furrows is an irrigation management scheme. Many studies
invelving this method have demonstrated savings in irrigation water
use as well as better distribution uniformity thus impreving
irrigation efficiency. This paper presents the results of a field

experiment conducted a research farm, in Karaj, Iran during summer

1992, A compariscn was made between surge and continucus flilow
irrigation. The experiment inveolved three surge treatments with
different c¢cycle times and four replications. For each irrigation

event the advance times through furrows, cutflow from furrows, and
soill moisture were measured. Comparing the results of the surge
flow kith continuous flow showed an increase of application
efficiency in surge treatments. The first irrigation showed a
remarkable improvement over continuocus flow thus saving irrigation

water consumption.
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An Introduction to Exigency
of Instalation of Unit Management

on area Under Irrigation Network

"Summary of Paper"

The paper is about the characteristics of area under irri -
gation network such as :
Human problems, technical problems of network, agro—economical.
probiems of production, environmental problems and f£inally the
manner of passage %rom exlsting condition to development. The
foundation of the paper is based on above mentioned subjects, and
special condition in the area under planning which makes them
different from previous systems. The author, beside to introduce
these specifications, gives a brief explain about the manner of
encountering these problems and finally reach to conclusion about:
how pass from e#&sting condition to development stage. 2And in
this subject, author by using all of the above mentioned points,

recommend his main opinion which is "Exigency of Instalation of

Unit Management for the area JUnder Irrigation Network".

A4y



RECENT DEVELOPMENTS IN SUBSURFACE DRATNAGE

L.X.SMEDEMA

DRAINAGE ENGINEER, WORLD BANK (AGRNR/IPTRID)

IHTRODUCTICN

Subsurface drainage refers to technical measures designed to
remove excess water (including solutes) from the rootzone of
agricultural land by capturing the excess water below the =oil
surface. The subsurface drainage technoleogy typically consists
of systems of sinks installed into soils at certain depths and
patterns. These sinks may consist of well incised ditches or of
underground perforated pipe lines (both examples of line sinks)
or of various types of wells (point sinks). In the sinks, a low
potential is maintained which induces excess water from the sur-
rounding soll to flow towards these sinks, from where it is then
discharged either by gravity or by pumping {in the process main-

taining the reguired low potentials in the sinks). These sinis
generally are only effective when they are installed deep enough
te act upon the groundwater in the soil (saturated zone). Oonly

in special cases, sinks are effective when installed in the un-
saturated zcne (applies e.g. to mole drains installed in soils
with impeded deep percolation characteristics).

The technigue of subsurface drainage in the form of ditch
drainage was already applied in ancient Mesopotamia and Egyot.
Pipe drainage was invented in the late 18th century but hardly
applied till wmid 19th century. The use of wells for land
drainage purposes is of rather recent date (20th century). The
subsurface drainage practice by far preceded theory as the first
elementary understanding of the underlying soil water movement
principles dates from early 19th century only.

It is estimated that world wide the area of agricultural land
provided with man-made subsurface drainage systems, runs about 90
million ha. In most cases, ditches and canals are used as the
drainage means. The area under pipe drainage is estimated to be
in the ocrder of 30 million ha statistics on well drainage are not
available but its application is estimated to be limited to an
area of less than 1-2 million ha, wmostly concentrated in a small
number of countries (the nost important being Pakistan and
China) . The application of mole drainage is also very limited
with the largest concentration found in the UK (world wide ap-
plication probable less than 0.5 =~ 1.0 million ha).

C:\LOT\REPCRT.CET




FUNCTIONS

The first (and still foremost} application of subsurface drainage
was for the removal of excess water from the soil profile in or-
der to allow air to enter into the rootzone (aeration function).
It is the primary function of almost al constructed subsurface
drainage in Europe and in the eastern part of North Anerica.
These two broad regions joints cover about 90% of all subsurface
drained land in the world. A second main application is for the
removal of excess salts from the rootzone (salinity control
function). In the process of removing the excess salts, excess
water 1s also removed but this 1is not the primary objective of
this type of drainage. This application is of much later date,
starting in the early 20th century, and covers a much smaller
area, mainly located in western USA, Middle East and West and
Central Asia (total about 10 million ha).

Twe important secondary functions of subsurface drainage are the
early soil workability and sub-irrigation functions (there are
other functions but these have generally no effect on design and
therefore do not have to be recognised explicitly). These two
functions generally become important when farming reaches a cer-
tain level of development and have replaced aeration as the main
function of subsurface systems in some areas in the West. For
the developing countries, aeration and salinity control are still
the main functions on which to concentrate. A clear recognition
of the function(s) of subsurface drainage is important as these
targely determine the system design and operation.

DESIGN AND CONSTRUCTION

In the fifties and sixties, some very important breakthrough in
the field of pipe drainage technoclegy were achieved:

- Introduction of corrugated plastic drain pipe in various

diameters which rapid replaced the hitherto used tile and
concrete pipe

- Introduction of trenchless installation of drain pipe

- Introduction of a new generation of trencher type drainage
machines capable of high quality installation of drain pipe
of various diameters and at great depths

- Introduction of laser equipment for grade control for pipe
drain installation

These technological improvements and innovations have greatly
helped to keep pipe drainage costs under control during the past
decenia while, equally important, they have improved the instal-
lation quality. With the new technolegy, high gquality installa-

C:\LOT\REPORT.QO1




tion 1is now possible ‘under difficult conditions with unstab’
subsoils and high watertables.

The application of synthetic envelopes is still mostly limited ié

pipe drainage for aeration control in the West. In the salinit’
control applications, almost always preference is given to grave
envelopes, even though costs are much higher. There is howev:

growing evidence that gravel envelopes are far less safe th
conceived and this has opened new chances for alternative er
velope materials. '

A main problem with pipe drainage is still the backfill of tr
pipe trenches in situations where trenches cave in immediate?,
after installation as is often the case with deep installati
for salinity control. This uncontrolled backfill leaves amp-
possibilities for piping which contributes to envelope failure
At present hardly any R & D work is done soclve this proble
Uphilling over thrench to keep (irrigation) water away, is n
practical and therefore rarely done. The piping hazard has al:
hindered the application of trenchless installation of pi
drains for salinity control. Another factor which has held ba
the use of trenchless machines for this application, is i
required large traction force and the related risk of machine
becoming bogged down in wet spots as are likely to be encounter
in projects in developing countries with predominant small hold
irrigation.

The technigque of mole drainage is well known to have its Limit ¢
application but nevertheless is of considerable significance
+he areas where 1t is applicable. Gradual further improvemer
in the mole drainage technology have been made but there are .
real breakthroughs which have enhanced the effectiveness -
widened the application of the mole drainage technique.

Well drainage has shown to be very effective for watertable cc
trol in fresh groundwater areas where the pumped water can

used for irrigation. There is however a need for improved des:
and technology which would extent the life time of tubewel! |
The application of well drainage in saline groundwater areas h
veen far less successful as operating agencies are reluctant |
use scarce O&M funds on pumping of saline water which canr
easily be disposed of. A border case are the areas with fre
water overlying saline water. For this guite common situation

irrigated areas in the (semi) arid =zone, the skimming ¢ .
scavenger well technology is under development. This technelo,:
which is designed to astract water only from the upper fre
layer, is still in its testing stage. 1

C:\LOT\REPORT .001




INFORMATION TECENOLOGY

Computers have entered in the drainage planning and design, espe-
cially in the field of data collection, data processing and data
storage. For the simplier type of work, computer use has become
an almost standard routine which has saved time and enhanced the
full use of available data for planning and design purposes. The
full use of all possibkilities, including the complete integraticn
of the use of GIS systems and remote sensing imaginary in project
preparation, has however not yet been realised.

Computers have also found i1s valuable application in the field of
simulation meodelling of drainage processes. This type of models
has proven its usefulness in evaluating alternative development
options, technical approaches and solutions, the results of which
can be used for pelicy formulation and plan preparation. Models,
in conjunction with field trials, have alsc proved their useful-
ness in developing design criteria and in evaluation design op-
tions. Many of the available models are not beyond the develop-
ment stage and have become suitable for standard planning and
design use. The research into the use of the "expert system"
methodoleogy to drainage design has, however, not yvet yvielded use-
ful applications.

ENVIRONMENTAL PROTECTION

While agricultural drainage in scme cases has some negative im-
pacts on the environment (notably on the water guality and on the
bio-diversity), drainage is also a suitable measure to improve
and to protect the environment. This applies especially to
drainage of irrigated land. It is now well understocd that
without adeguate drainage irrigated agriculture in many areas in
the (semi) arid climatic zone, is not substainable. Drainage is
needed at the field level tc maintain a self-free rootzone, but
also at the basin level to assure that the saline fieid drainage
effluent is envircnmentally safely disposed of (preferably intc
the sea). Disposal into evaporation ponds requires careful
analysis and monitoring as low concentrations of toxic elements
in the drainage water may reach harmful levels in the ponds and
enter into the food chain of the local fauna.

An increasing environmental problem 1s the increasing pollution
of agricultural drainage water by the disposal of household anc

industrial waste in the agricultural drains. In many developinc
countries, there is no hope that this abuse of the agricultural
drains can soon be stopped. This polluticn especially affects

the downstreams re-use of drainage and may carry serious public
health hazards.
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RESEARCH AND DEVELOPMENT

In many countries in West Europe and North America, agriculture
goes through a period of social, economic and environmental ad-
justment which is not conducive for the research and development
(R & D). Much of the R & D in drainage in the past was done in
the countries of the Western World which had the funds and the
capability to do R & D work which served their own interests but
was also to the benefit of the developing countries. This ap-
plies to the government sponsored R & D programs as well as to
the programs undertaken by the drainage industry which is also
concentrated in these countries. Most of the conventicnal R & D
programs in drainage in the West have not been phased out and Lhe
programs in the developing countries (partly supported by Western
aid programs) have been too limited to make up for this loss. As

a result, notably the developments in drainage <technology have
stagnated.

T+ should also be mentioned that the R & D expenditure in the
irrigation/drainage sector in the developing countries has always
been on the low side {less than 1% of the investments in irriga-
tion and drainage works, World Bank/UNDP 1950}, which low R & D
budget is considered to have contributed to the sector's unsatis~-
factory performance. To give a badly necded new impetus to R & D
work in the developing countries, the International Program for
Technology Research in Irrigation Drainage (IPTRID) was launched
in 1991 at the initiative of the ICID, UNDP and World Bank. The
task of this program is to assist developing countries to prepare
priority R & D programs in irrigation and drainage technology,
and to facilitate in the funding and implementation of these
programs (all implementation would be done by national research
organisations, possibly in collaboration with researchers from
the West). The IPTRID program is already active in six countries
(Egypt, Pakistan, Morocco, Mexico, China and India and in one
region (West Africa). Under the IPTRID program also a world wide
network of exchange and dissemination of research results in the
field of irrigaticn and drainage technology has been started.
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TRHCID CONFERENCE Tehran April 1993
Invited Lecture on
HONTTORING AND EVALUATION OF IRRIGATION PROJECTS
by J R Rydmewski

{ Professor or Irrigation Engineering , University of

Southampton UK )

SUMMARY

+

Nature of Irrigation Projects

Irrigated agriculture can be seen as a special case of
intensive agriculture , in which technslegy intervenes to
provide control for the soil - moisture regime in the cop
root zone . The aim is to achieve a high standard of Tvwear
round agriculture , irresspective of rainfall availability.

The mannar in which technology intervenes can be : { a }
to add water when it iz needed by the crops ! { b ) to

remove excess water from the soil profile : { c ) o
remove excess water from the surface of the cropped
land : { d ) to protect the cropped land from flocods . -.1In
addition , it is essential to ensure that such water

management practices do not adversely affect the condition
of the farmed land .

The direct benefits of irrigation project will be of
the same kind as those for agricultural development 1in
general , but the costs of providing the above teehnologies
will vary greatly in magnitude and time . Once implemented,
the investment in the provision of irrigation water )
together with the annual costs of lkeeping that investment
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operational and in ¢gocod working order , is directly
reflected in the +true cost of providing +that important
inputs ( e.g.fertilizers , seeds ) it cannot be returned
to the provider if not wanted .

By their wvery nature s irrigation projects are slow 1in
reaching full productivity , but have +the poiential |, by
their inherent flexibility , of remaining productive
indenfinitely . This is in direct contrast to industrial
projects . Unfortunately ) the methodologies for
appraising investment projects were developed for the
latter , with discounting of future events not helping

long life projects

Reascns for embarking on the development of irrigated

agriculture differ widely , being based on economic '
social and political considerations . Since it is quite
common for a project to take 8 to 10 vears from planning
to first ©production ) it 413 not surprising that aims
{ or goals )

stated initlally have to be modified with time . Here the

Tlexibility of irrigation projects is of advantage

Since irrigation projects involve consuptive use of water

resources , they have to be an integral part of nationsal
water resources development plants , usually on watershed
basin considerations . Activities in the upper catchment
can greatly influence the project , which itself may have

considerable impact on downstream communities and natural
environment

Honittoring in General

In the broadest sense monitoring is a function of the
learning process to inform how the project 1is meeting
the various goals , objectives and targets set for it

With costs of modern projects being now of +the order of
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$ 15000 per hectare , a medium - size project becomes a
multi - million investment . In industry it would be
unthinkable to implement and manage a comparable project
without clearly set out monitoring procedures s but
irragation projects , possibly because mest are in the
public sector , have been very slow in adopting this
discipline .

Monittoring involwves the collection and processing of
data . It is therefore important to realise from the
outzet that collection of data is not c¢cheap and that it
must be clear who wants it and for what purpsse . Also ;, the
greater the accuracy required the higher the cost . So
sensitivity analyszes to determine the influence of various
parameters on the criterion being evaluated are advisable
before finalising monitoring procedures

Monitoring for Evaluation

his i3 =a learning process Tfor planners *to allocate
scarce resources wisely and in a sustainable manner .
Typically , comparisons are made between the predictions
made at the planning and feasibility stage with what 1is
actually happening . For instance , the expected internal
rate of return is compared with one based on scome historical
data . If project wvisbility 1is judged entirely on this
criterion , then often very optimistic expectations are
made to satisfy funding bodies . Cost and Time overruns are
5o bad in irrigation projects that expected levels of the
JRR have little meaning in reality .

A -




Monitoring for Implementation

This leads directly to +the importance of beginning the
monitoring process as soon as project costs occur

Constrains and bottlenecks during the construction pericd
and during handover to project management should be
identifield from past experiencs .

Monitoring for Management

Again it has to be admitted that linking about
management of irrigation projects has lagged Thehind that
for industry . One has to consider various types af
farming systems , and especially the educational level
of the farmers . Here the broad guestion is are we doing
things right 7 whereas at project appraigsal stage 1t was
are we doing the right +things 7 Management goals

objectives and targest , though possibly changing with time
have to be clear %o management staff ) who should
participate in theilr monitoring

Ak
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IRRIGATION AND DRAINAGE SEMINAR
Organized by the Iranian Committee of ICID

Tehran, Iran

April 24 - 26, 1993

It is my distinct honor to have been invited to participate in the
1993 Iranian Irrigation and Drainage Seminar. I understand that this
activity is the first of its kind organized since the Revolution. It 1s
appropriate that we congratulate the organizers of this important

undertaking. I sincerely hope that the activities for the duration of the

Seminar turn out to be productive.

Before sharing with you some experiences, I would like first
to say a few words about the contribution of the World Bank to irrigation
development in developing countries. During the period 1975-85 the
irrigation subsector represents about a third of the Bank annual lending
program for agriculture and about one-tenth of the total lending programl.
About 15 to 20 irrigation projects were financed every year representing
a total lending of over current US$ 1 billion. India was the most

important recipient country of Bank support for irrigation with an average
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lending of US$ US$ 450 million per year. During the last 7-8 years,

lending for the irrigation subsector has decreased to about 5 percent of

total lending with only 8 to 10 projects per year.

The Bank lending for irrigation has not only declined
quantitatively But éiso qualitatively. The Bank’s Operation Evaluation
Department carried out an independent reviewz of the Bank-supported
projects at completion. The rate of success defined as the percentage of
projects with a satisfactory economic rate of return has progressively
declined from 80 to about 50 percent over the last 5 years. This was a
great concern to the Bank. To better understand this serious decline in
qualitative terms, the Bank carried, out a number of impact evaluation
studies which are carried out 3 to 5 years after completion of the
infrastructure when project are expected to reach their full development.
I would like to share with you the results of that series of evaluation

studies,
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These impact evaluations showed that although irrigation
projects contributed much to national food supplies, their performance in
economiic terms is generally less satisfactory at full development than
expected at completion of the investment phase: Out of. the 21 projects
evaluated by the Operations Evaluation Department, fifteen projects
yielded a lower rate of return at the time of impact evaluation than

estimated at completion.

The agroeconomic performance indicators showed:

- The irrigated areas are smaller at the time of impact
evaluation than at completion in half of the projects for
a variety of reasons: water shortages, waterlogging and

incomplete irrigation system. flooded areas, inadequate

topographic data at the preparation stage.

- Crop yields were lower than projected at completion in

about half of the projects.

1T -
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- As a result of changes in irrigated areas, cropping
intensity and yields, agricultural projection was lower at

impact than estimated at completion in fifieen projects.

Changes in comumodity 7prices had an impact on the economic
evaluation of these projects. However, the major. impact on the
agricultural projection and consequentiy on the rate of return is the sharp
decline in cropping intensity. The impact detailed study of eight projects
evaluated showed a direct relationship between the decline in overall water
use efficiency and cropping intensity. Overall water use efficiencies are
estimated at or less than 40 percent in all cases with the exception of the
gravity and sprinkler projects in Mqrocco. The most important finding is
that these values are between 50 and 85 percent of appraisal estimates.
Projects in high rainfall areas have the lowest overall efficiencies (below
30 percent), about half of the appraisal estimates. With the exception of

one project in Mexico, the cropping intensities are between 65 and 90

percent of appraisal estimates.
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It is now overwhelmingly evident that water efficiencies have
been overestimated in many feasibility and appraisal reports of projects
implemented in the 1960-1970s. This overestimation has a direct impact
on water availabilitv, cropping intensities and agricultural production. All
practitioners know how manipulations of key parameters increase the rate
of return to- the desired level. The rate of remurn is not in practice a

reliable estimate if there is such an uncertainty on a key parameter.

These series of impact evaluations have been of great value for

the Bank. It shows that the deficiencies in water distribution are far
greater than suspected affecting cropping intensity and crop yields much
more than was originally thought. The most realistic economic evaluation

of irrigation projects explains to a certain extent the recent decline in

performance.

The results of the post-evaluation studies by Operations

Evaluation Department may be somewhat disappointing but it helps greatly

- 93
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in identifying the constraints to better performance of the subsector. The
results at full development point to a number of design flaws that are
attributable to insufficient project preparation, inadequate attention to the
improved technologies that have become available in both irrigation and
drainage. New irrigation technologies developed in some countries have
found little place in others where they might have been beneficial. The
impact evaluations found that water control an.d water efficiencies were
generally more satisfactory in North Africa and Latin America than in
Asia where obsolete structures for controlling water meant that canals
were poorly regulated. In this respect, the recent initiative of the
International Commission on Irrigation and Drainage for an internationally
supported program to enfiance exchanée of information and research on
irrigation and drainage technology is undoubtedly a step in the right

direction.
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