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1.0 Objectives

The objective of this unit s:
e - Tounderstand the basic concept of opefation’ system
e To understand the basic concept & principles of water regulation

e To understand the equitable water distribution method "Warabandi

1.1 Introduction

* Theefficient operation of an irrigation system depends upon many variable comprising of
technical and social parameters. The basic objective should be to optimize per unit use
- of water to achieve the optimum productlon level.

This umt htghhghts the two most tmportant aspects

) Operatlon is the process of delivery of water for 1rr1gat10n 1n a speuﬁc way. It
should be capable to meet the local conditions.

° Through effective operation, the desired objectives of the project can be achieved.




In operation of irrigation System water regillation is an important function, to enable !

proper allocation of irrigation supplies to each segment of the operational area of the
farmers' orgamzatlon

It is also equally important that the irrigation water should be made avallable at the minor
and outlet level, are distributed among all the landholdings in a chak proportional to the
size of the landholding. Hence, water regulation in the system has to be followed by a
rotational water supply among farmers. The latter exercise is also known as warabandi.

The unit will consist of explaining the various operational aspects of water regulatlon and

4. Interval between irti gations

warabandi.
'WATER REGULATION |
1. Release supply schedule | a. Quantity
‘ L b. Duration —
c. Interval betWeen supplies
2. Mode of suppy ' | ‘Fuvll subply
 Half supply
' CQntinueus
Intermitent
3. Duration of supply Period to cover the éntire command '

(one cycle)

—

5. Quantities to be supplied

IRRIGATION SUPPLY
Regulation includes: A
e  Fixing the dates of release of water for irﬁgatioﬁ;
e Pattern of water supplies to different reaches inthe command;
® Period and pattern of ava11ab111ty water; | o
| o , Quantlty of supply;-
e  Changesinregulation in response to emergencies; :
o Adopt euitable crop pattern; and |
. Water allowance.

ROTATIONAL WATER SUPPLY (RWS) OR WARABANDI
" Thismethod helpsto:

Provide equitable quantity of water to each farmer 1rrespect1ve of locatlon of
fieldand in proportlon to size of landholdmg inthe command

Know water schedule;
Adv1se in agncultmal productlon planmng and procurement of agncultural mputs



® - Develop the sense of oWnership among the farmers; and |

©  Bring about discipline among the water users. .

1.2

Principles of operation

Irrigation system operatlon is the main process in irri igation management. Basically,
operation is the process of releasing, conveying and dividing water in the canal system to
ensure predetermined flows at prescr1bed times for specrﬁed durations at demarcated

~ points of delivery.

Anessential feature of operation is an agreed plan accordmg to Wthh operation is carried
out every season. The plan is also called the seasonal operatlon plan

The seasonal ope1 ation plan is aimed to:

® assistin effective day-to -day operation, :
e  provideabasis for monitoring of the water delivery,

e provide abasis for longer-term review and evaluation of policy and operatronal
practices in the light of the operational experiences. . '

Operations aim is to 1ntroduce an irrigation service which is reliable, predrctable and,
where appropriate, equitable. These are the objectives of irri gatron System operation.

AN EFFECTIVE OPERATION PLAN CONSISTS OF:
e SUPPLIES ARE AS PER ALLOCATION/AVAILABILITY
e - SUPPLIES ARE ASSURED TO BENEFICIERIES

e TIMING OF SUPPLIES ARE KNOWN IN ADVANCE TO THE
BENEFICIARIES

e WATER SHOULD BE DISTRIBUTED EQUITABLY
How to meet the obJectlves of operation? k .
To adequately meet the. Ob_] ectives of operatron there is a set of prerequisites:

e A properly designed irrigation system is needed. Overall design of the system
as well as technical features has bearing on operatron This aspect of de31gn
willnot be dealt within this unit. :

‘e Presence of control structures for regulating & controlllng the flow

. The Ob_] ectives should be laid down in main policies of operation and described
in an operation manual, local (government) orders and irrigation acts.

o Well deﬁned rules and 1nstruct10ns are necessary to prepare approve
\ 1mplement monitor and adjust the operation plan. - :

e Technical features of the canal system for control of water levels and flows,
influence the operation. B : :

e Aneffective orgamsatlonal structure to support the reallzatlon of opera‘uon
" tasks. . , L :

.. Appropriate information system in the irrigation project, Within the irrigation




department, and between the department and other agencies, including the
water users. ' '

@ Coordination between the irrigation department, otheér Government agencies -

and water users is important in the operation.

An important feature of 1rr1gat10n syster operation is that these prerequlsltes are
interrelated and are mutually dependent This isreflected as below

Interrelatlonshlp of prerequxsxtes for Irrlgatmn Operation

Policies and rules
- Demand based or supply based
- Operation Manual
- Irrigation act -
- Water distribution committee

l

Input data - Operation Plan:

~Water availability - Prepare
-Area |, | - Approve
-Crop ' - Implement
-Water requirement - MolmFor , :

' - Adjust ' Coordination

l , | - Irrigation Deptt
e - - Agriculture deptt.
Physical Infrastructure |———» OPERATION = - Govt. agencies
- : ' | = Farmers

1t

Information Management - Organization

1.3

Policies and rules

Each irrigation project has a set of objectives or goals. Generally, the aim is that the
project will deliver water ina manner which facilitates maximum agricultural production
and extends benefits of i 1rr1gat10n toas large anumber of farm families as possible.

In order to meet the Obj ectives of the project, several activities have to be carried out.
Operation policies and ¢ 0pe1 at10n tules for the project, dlctate how this should be done.

Operatlon policies

Policies are framed in line with the Ob_] ectlves of the project, and provide guidance for

- operation of the system.

For instance, these policies 1nd1cate the access t0 Water resources and the irrigation

_service. In most of the case, operation policies have been outlined in the project reports.

The poheles take into consideration the existing irrigation laws, water rights and present
system of water allocation.



Proper knowledge of the operation policies is thus essential for successful operation.

Operation rules: For making irrigation service reliable, predictable and equitable, present
operation policies should be reviewed, taking into consideration these objectives, and
revised operation rules developed for each project under the project.

Rules covers:

- planning of watex deliveries (e.g. determmanon ofi m"lgatlon service, preparahon
of the operation plan, approval of the operation plan),

- water deliveries (e.g. mode of canal operation, releases from the reservoir,
irrigation schedulmg) :

- - monitoring of operations.

Ideally, these rules should be pr ov1ded in the Operation and Mamtcnance (O&M) manual :
for each project.

The O&M manual describes the pohcles and rules. It deals with general orgamscttlonal
~ aspects, operation and maintenance procedures, and administrative and financial policies.
The operation section of the O&M manual covers the following aspects

e Detailed operation policies, rules and specifications,

e Procedures for operation planning, ‘

e  Procedures for operation of headworks and irrigation system,
e * Procedures for control of emergencies, -

& Procedures for monitorihg and evaluation of the operation.

In addition, the manual contains a description of general project features, like command
areas and buildings. '

The manual is very useful for the management of an irrigation project, because: ,'

e itisareference book for day-to- day project operation and mamtenance at
every level in the project,

e it will guide the manager ofa project to make decisions in line with the
recommended practice '

o 1t prov1des basic dala on the proj ect

When a manual isnot avaﬂable the project manager should start the preparatloﬂ of one.
The best approach would be to do it step-by- step: ‘

1. Formulate scope and requirements of the manual, including specific operation
procedure'; and data needs.

Collect data (project details, present policies and rulcs)
Process and analyse data, undertake further study if required.
Frame operation policies and rules.

' Compile information and prepare the manual.

Get approval of the manual.

R

Update the manual periodically as needed.
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1.4

Operatlon plan .

In each 1rr1gat10n project, operatlon plans are to be developed attwo dlfferent stages
The first stage is the period of formuldting the project, during which the plan known as

the Design Operation Plan (DOP) is prepared. The DOP isthe reference plan and is

entirely based on the historical data on dependable river inflows into the reservoir and on
rainfall over the command. With: the DOP as the reference and taking into. consrderatron :
the real availability of resources. (both water and rainfall) for use just-before the
commencement of the season, & Seasonal Operatron Plan.(SOP)i istorbe prepared The -
SOP must beapproved by the water distiibution comiiittee consrstlng of ofﬁcrals &
water user assoc1at10n members, representatrve farmers of the area. before 1t can be'
implemented. ' : - L o

Formation of Water dxstrlbutlon Comtmttee

The water distribution commlttees should be formed at varlous stages Generally for
Major prOJ jects, it is headed by’ Drvrsl(‘)nal Commrssroner & supermendmg Engmeer as
: “member secretary. For medium proj ects, Distrlct collector is the chaitman of water

distribution commitiee & Executive Engmeer isthe meniber secretary while for Minor

v “project, SDO of the area acts as the Chairman & Assls*tant Englneer is the member

secretary ST
The SOP'i is: always the plan whr,

i3 to be used for 1mplementatron in operatlng an

,1rrrgat10n system. However, in certam casés like wet'seagon erops, vihere the actual

resoutces (water and rarnfall) avallablhty before ‘the commenéement of the. seasomisnot

- known inadvance, and can only be antlclpated DOP 1tself is to be taken as SOP forthe

project and proceeded further for lmplementatlon The SOP indicites how watgr will be
released conveyed and divided dunng the season: With thrs reference document the

:'Pf o) ject manager canenisure that the prej ect objectrves are aclneved
] The DOP is developed in three steps R O SERT IR

1. Broad prineiples of operatron afe lald down These are part ef t:he pro;ect report .,
and include: - ' : o :

e 'm"ode'of canal'bperation' o opemng and closure date of re'leases

‘. water allocation for the project.

2 ,-Both the DOP. and SOP are to be based on the above prmoxples Thrs plan states

* releases to other users e of releases
*mode of supplies e

E rules to respond to specrﬁe srtuatlons

In practlce, the releases vary fromi season 1o seaso ’} beeause the ralnfall and mﬂows will
vary Guldeh nies for respondmg to: such Varlatlons ea mportant aspeet of the plan _

3. Approval of SOP" by the water drstnbutlon comm tee: - .

. The pr1n01p1es of operatlon and the operatlon plan as prepared take 1nto consrderatron
: project objectives . operation policies and rulés for the project

‘*avallabrllty of water and water allocations  * past operation performance.

6




Flow Chiart of the Operation Plan

Compilation of scheme information.

End-of-season corrections

»>
»

v

Operation plan (wet/dry) .
— ' Preparation
of plan

Apbroval of the plan

»

I Periodical corrections - ¢

" Instructions for operation

Water deliveries | | Implementation
' l = lofplan

 Monitoring of opefations. ',

End of seasori review

| Implementatlon

1.5

After approval of the S.P by water d1str1but1on commlttee detaﬂed operatlon schedules -
and mstructlons will be communieated to the operatlng staff for anlementatlon

: Schedules of ‘operation will also be communlcated to the users and other agerlmes For -

the waterusers this is very 1mportant since they should know in ad ncethe dates. of
deliveries and amount of water to be supplied. This information enables them fo make
tnnely arrangements for land preparation and other farrmng activities. . : _
ypraciced
place

Rration, water de]i"very isas&aight'fofv%ard-af‘fairﬁriééféé.tilﬁﬁﬁﬁ‘ié~"‘
waotks. arid offtakes to the. dlstrlbutaries'. ,.Watef dehvery ‘
rigation schedlﬂes

1 systems in general operate on

A : operzrtlon principle, upstream regula OF
tbtal prechcte' tequirements into the head-reach and fhen re
at cross-iefiulators to provide the planned ﬂow to the distnb ] ary heads

atter‘ﬂo i releases the

The distributaries and miners are run accordmg to tl*le"e _v ,off pmn01ple In prmclple the -

~ canals will be operated at a constant fixed flow, wher Vaﬂéble supplies are controfied: :

by the duration and interval of the irrigation turns. This operatlon principle is called the
ungated proportional operation system. No adjustable controls are needed and all

| distribution is through proportional division of water.’

s the levels and ﬂows' o




In some cases, for instance in canals having a distinct kharif and rabi cropping pattern,
distributaries will continue to be operated according to the fully regulated operation system.
Gated structures will provide control of flow to minors.

The operation staff will be engaged in: . 7
®  controlling the gates at headworks and offtakes to distributaries
e  controlling the water level in the system
® measuring of flow at the gates at headworks and offtakes to the distributaries.

Inpractice, hdwevér, operation is a complex matter and water delivery relies on many
factors which may interfere with the planned supply.

Interferences may occur due to:
o unexpected climatic conditions: e.g. excess rainfall, or long dry spells,
® unexpected water losses inthe system,

e changed agricultural practices leading to unexpected demands for water, e.g.
request for extension of the irrigation season due to late planting,

@ farmerinterferences, \

e political interferences.

The operation. staff has to deal with all these factors in order to operate the system
according to the plan. In practice the operation plan or manual will provide a guide to
solve most of the problems. ' , :

1.6

Monitoring of operation

- ormodifying the operation plan. -

Monitoring is an important aspect of operation. It is the process of collecting information,
analysing itand reviewing the implementation of the operational plan. ‘

Inmost projects, data collection is already being carried out. These data can be converted
into information on the performance of the project, to serve as a feedback for adjusting

Monitoring is needed to assess the operation and to see whether:
e wateris available as anticipated in the operation plan,
. ®  waterisdelivered according to the operation plan,

e there are any unexpected, adverse effects of the operation on soil, crop and
environment, : ‘

¢ _ the plan has been successful or not in meeting the agricultural and economic
objectives of the project. -

Rescheduling of operations
e {_

- The operation plan is based on average and historical data (inflow and rainfall) witha
certain dependability. During the irrigation season, it may well be that the actual information ‘
- differs from the data used in the planning of operations. Rescheduling of the plan may

then be necessary. :

~




- Inparticular rescheduling of the plan is required under the following conditions:

-® inresponse to rainfall, especially in the kharif season
e  inresponse to water storage in the reservoir or river flows
® inresponse to emergencies.

An effective monitoring system will reveal the altered circumstances and depending

upon the situation, changes in the operation plan should be made. The results of the

monitoring may lead to:

e mid-term corrections inthe ongomg operation plan through arevised i 1mgat10n
release schedule,

® revisionsinthe operation plan for the next season. '

Rules for such action, where necessary, are normally laid down in the operation planor
operation manual. o

End of the season review

The end of the season review is to oompare the objectives of operation planning with
actual irrigation performance. The outcomes of the review can be used to revise the
operation plan for the next season.

1.7

Management of water distributionvsystem

~ Management of water distribution system itw‘olves two dimensional aspects as follows:-
(A) Technical:

It involves technical aspects of the system like plannmg, designing and operatlon upto the
outlet.

(B) Social:

It involves, social aspects like cooperation of users, water users orgamsatlon, local
people's influence etc.

1.7.1  Factors of a good water distribution system
Following are some important indicators of a successful distribution systein.

A) 'Ap‘pr‘opriateness.

(®) Eqity

@) BetW_éen large & small farmers

() Between location i.e.from head to Tail,

(i) Equitability of time as per land holdings.
(C) Predictability |

- (D) Adequacy

(E) Timeliness

(F) Flexibility

(G) Incentiveto users »
(H) Less Scope for malpractices.




1.7.2. Types of water distribution system

Water distribution methods can broadly be classified in two types under gravity system
of irrigation: : _

(A) Flexrble Methods: These methods involve much ﬂex1b111ty in demand as well ‘
asin operatlon Followmg methods are covered under the flexible methods.

@ On Demand Method
(i) . Modified demand method
(111) Contlnuous Method.

Out of the above three, first two are notin pract1ce in Raj asthan and only. the continuous

" method is being adopted in some of the pI‘Q] ects where the water is available in ample
' quantity.

(B) Rigid Methods These methods do not allowthe ﬂex1b111ty Inthese types of

- methods: supply is controlled and water distribution is based on predetermined

o schedule or plan Whleh is strictly to be followed with rigidity. Under this head

" mainly the Rotational Water Disttibution i is covered, which has been found to
be quite successful in Rajasthan by the name of "Warabandi".

1.8

Rotational Water Supply (WARABANDI)

Making irrigation water available to all farmers in a chak on a rotational basis in an

“equitable manner is an important requirement in irrigation management. This is called

~ Rotational Water Supply (Warabandi). This helps in achieving the following:

s

1. Provides equal volume of water to each acre irrespective of the Iocation.

2. Helpsthe farmersto know inadvance the days, period of availability of irrigation
water, allotted to their field.

"3, Helps to preplan agricultural operatlons including i mputs as securlty ofirrigation
~ isensured. .

4. Ensuresequity among the farmers in irtigation water supply irrespective of tail-
enders or top enders and rich or poor farmer

5. Enablesthe farmer to feel thati irrigation water is hlS personal property (relating
itto time) and motivates him to use his share to the best of his interest. And

6. Brmgs about discipline in water use and eliminates unauthorlzed orillegal
irrigation. :

In Warabandi the essential requrrements are:. _
i  Ensuringthe supply of designed flowsin the minor and at each outlet

ii. ~Developing proper distribution network of field chanmnels upto each holdmg
within the chak; and

ii. —Allocatingatimeand day for ﬂow of water to each individual farmer and working
out irrigation schedules

10




1.8.1 ENFORCEMENT OF "WARABANDI"

For enforcement of "Warabandi" for its purpose as mentioned above, there is aprovision
in Rajasthan Irrigation and Dramage Act, 1954-55, rule 11, Section 4, which reads as
following: t
"In case the Divisional Irrigation officeris of the opinion that the distribution of i 1rr1gat10n
water in a "Chak" is not being ensured équitably and economically and "Warabandi" i
essential, he may enforce - "Warabandi" in the chak concerned after giving adequate
publicity through Panchayat of his intentions of doing so. Appeal if any against the
orders of Divisional Officer shall be to the Superintending Irrigation Officer within 15
days from the date of issue of the order and his decision i in the matter shall be final."

~ Breach of such Warabandl will be an oﬁ”ence pumshable under section 55 (9) of the act.
o182 MANAGEMENT OF "WARABANDE" |

The 1mgat10n wafer drstnbutron in Watabandi System is m iinly’ thetWo tler ope ibnas:
followinig ‘ o .

B Ay Upper ters o

In this tier the system is managed by the State which involves mamtenance and operanon R

ofthe: system upto outlet to fulﬁll the requlrements of "Waraband
(B) Lower tier: ' ‘

- This 1sthepa1tofsystembelowoutlet andlstobemanagedbycultrvators Thedrstnbutron

- of'water is done on a severi days rotation basis with the help of an‘approved roaster,
" whichi is prepared by 1 the department for the usefulness of the farmers -

- 1.83. TYPES OF WARABANDI -
‘ Broadly speaklng there. are mamly two type of warabandr
i) Panc yat1 Warabandr managed by Farmer"s Orgamsatrons
y Sarkarl Wataband: Enforced by the Government '
1.8. 4 Systems of warabandl

- Inviewofthe systemofwaterdlstnbutronmaChakWarabandr canfurtherbe categonsed " ’

- asfollowing:-
) Nakewar Waraband1

i) Gol Wardbandi

: ._"'m) Khatewar Warabandl o

/ v'_‘l 8. 5 Forms of warabandr ’ _ N
o fAs far as scheduhng of Waraband1 is eoncerned Waraband1 can be planned 1n three

- - ;_forms as followmg

D). Non Centmuous Waraband1
1i) Contmuous ‘Warabandi (weekly temporary)

- 111) Contmuous Warabandi (weeklypermanent)

. In the present tlme m western part of Raj asthan, in the comrnand areas. of Gang Canal C -




System, Bhakhra Canal System, continuous weekly permanent warabandi is prevalent.
1.8.6 Chak: o ‘

Chak is an area which will be irrigated (receive water) under particular outlet. At present,
the top enders in the chak or the more powerful farmers appropriate the water without
any regard to the needs of others. This results in over irrigation by some and deprivation
‘of the legitimate share to others, particularly in the tail end reaches.

The size of the chak under each outlet (pipe) is determined by the topography of the area
and is generally upto a maximum of about 100 acres. Projects are designed for a duty -
taken in project planning, Duty is an area irrigated by 1 cusecs of water flowing for entire
crop period. This means that a continuous flow of 1 cusec for the entire crop period will
provide irrigation for entire dity period. However, a minimum flow through the pipe will
be 0.5 cusec to provide the required drlvmg head. :

In general aminor has between 4 to 10 pipes servmg about 200 to 1000 acres. The
pipes are normally provided with shutters to regulate the discharge or designed on
automatic proportional modular (APM) basis in order to secure the designed flow.

Once the water is let out into the chak, itbelongs Jomtly to the farmers of the chak and it |
should be their responsmlhty to dlsmbute it,

1.8.7 Warabandl - Process
THE CONCEPT.

" "Warabandi” isa System of equitable water distribution by turn in proportion to the
land holdmgs withinan outlet command. ""Wara'' - means ""turn’' and ""Bandi' means
"Fixation" i.c. "Warabandi'" means "fixation of turns" which is adopted according
to a predetermined schedule specifying the day, time and duratlon of supply to each
-u‘rxgator

By local names it is called "Shojapali" in Gujarat, Maharashtra .and Karnataka,
"Warabandi" in North India, "Osrabandi" in some parts of Uttar Pradesh and "Varavaram"
in some parts of South India.

A chak may be divided into blocks of continuous fields called zones based on physical

~location of field channels and convenience of water distribution by rotation. Each chak
may be divided into 4 to 8 zones depending upon the extent, and each zone may consist
of about 6 to 8 farmers. '

Water (in terms of time) is supplied to each zone under a outlet one after the other.
Within the zone one farmer irrigates his lands after the other, according to the schedule.
Howevet, each farmer obtains water for a specific period on the specified day or date.

The detailed timing schedule is to be formed. In working out warabandi, weekly rotation
is generally adopted, as days are easy to remember by the farmer than dates. However,
rotation can be worked out for different periods also, if required. If the interval between
waterings required by the crop is longer than once a week the field can be divide into
two or more parts which get irrigation in turns, or arrangements with neighbors canbe
made to arrive at proper intervals. :

\

The farmers in each zone become an interested group. This provides the motivation to
work together within the group and also gives collective power to them to bargain or
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- settle issues with other groups protected with such pammpatlon as groups are strongel

than individuals, and any injustice would beconie a group issue.

The canal systems under major & medium irrigation projects are not closed at night‘
Hence the water, if not used in the nights, will go to waste into field drains. Hence itis
necessary to organize the use of water both night and day.

In case of minor irrigation projects, the tanks, irri gatlon ehanme]s are generally closed. in
the night and there is only day time irrigation.

188 Work details; '

In Warabandi system in a chak eaeh farmer has to get the qame quanuty of water per
- acre. Toensure thisitis necessary to take into cons1deration the following factors.

A Thetravel time for the water from the outlet to the inlet point to the holding
B Seepage losses in the field channels.

Flow velocities in the normal field channels will be one foot per second with a slope of
1:1000 and i.5 feet per second with a slope of 1:500. Water losses in the channel
system are in relation to slope. In slopes 1:1000 losses are generally around 15% per
1000 feet and in slopes 1:500 losses are 10% per 1000 feet. Thxs is mosﬂy inlight (red
soils), but less, by about 50 percent in heavy bOllS ’

1. 8.9 Preparatlon of warabandiroster

- For preparation of Warabandi plan or the schedule for a partlcular chak the chak plan
(map of chak) is needed with the following information/ details mthm it.

) Details of C.C.A. (Culturable Command Area).
Vii) Sanctioned Alignment of Water Course duly marked.
iil) Listof farmer's alongwith the details of land holdings.
iv) | Location of Naka points on the Water Course. '
v) . Reach wise nature of Water Course. |
vi) Filling time (Bhara1) from one Nakato'the other
Svil) Depletlon time (Jharai)

It is prepared to be completed in 7 days period i.e. 168 hours T he turn should start at

‘head of the Water Course at 6.00 AM on Monday and will end on 6.00 AM on next .

Monday, after completing 7 days i.e. 168 hours. The calculation of time allocated per

~ unitarea of the chak and the time further allocated to the individual farmer for his land
* holding in computed by using following formulas:

(i) Flow time for a unit area of the Chak (T) in Hours

(T) = 168-Total Bharai + Total Jharai
Total C.C.A. of the Chak.

@) Flow tlme for a farmer (I)

(I)=Flow time for unit area (Mx his area + his Bharai - hlS Jharal

"Bharai" is generally zero in the case of last farmer and "Jharal" is zero for all the farmer
excepting the last.

13




‘The turns are fixed on the basis of first come first served from the head downwards. The
operation of schedule presents no difficulty.

- Amodel calculation.in which Warabandi is explained below step by step.

The steps' for working out Warabandi schedule are as follows: .

Step 1:
" Step?2:

Obtain ownership plan along with field channels layout

Divide the chak area into zones within the chak each zone may have 6 to 12

. farmers. This isto be done in consultation with the fanners.

| Step 3:

The area of each individual holdmg within each zone has to be shown intable.
If one fanner holds more than one piece of holdmg withina zone, each holding

* has to be dealt with separately.

Step 4:

Step 5:

Since water requires time to travel from one distribution box to the next, all
farmers in the chak share this time as loss. The travel time is a function of slope.
Since slopes vary, care has to be taken i in calculatmg thetime. -

Conveyance losses of water in thie field channels to individual farmers holdmg

~ have to be borne by all fanners. Losses accumulate from box to box. If for |

instance, the first farmer and second farmer on a field channel have each 2%
losses in their field channel stretch, the second farmer has to bear also the

. loose of the first farmer thus has actually 4 % loss. The accumu]atlon oflength

Step 6:
 Step7:

Step 8:

Step - 9:
Step-10:

- Step-11:

of channel for each individual plotis carried out.

The slope of each ﬁeld channel stretch istaken from the map for determma’uon
of travel time. : '

The conveyance time is calculated by takmg the appropriate slope into
consideration. : : :

- Each farmer in the command area is allocated a 'basic time'. This is equal to the

time of irrigation available divided by the areas (acres) in the chak. Since the
irrigation is for 24 hours 7 days in a weak, 168 hours are available for irrigation.

The conveyance time is now calculated.

The transmission losses during conveyance of the water in the field channel are

10 percent for a slope of 1:500 and 15 percent for a slope of 1:1000. A farmer

in the lower end of a zone has to bear the losses of all previous farmers plus the
losses occurring in their field channel which is only used by him,

F ollowmg the determination of transmission losses in percentage these haveto
be converted into time. If we consider 10 percent loss over a certain length of
time, only 90 percent of water will reach the field. In order to get 100 percent
of the volume into the field the water has to run mote than 10 percent longer

thatis lOO/(lOO 10)=1.11 t1mes longer

In case of the first farmer in zone one having a total transmission loss 0f4.35

* percent and 2.29 hours basic time, the formula to be followed would be 2.29

x 4.35 / 100 = 0.099 hours or 0.1 hour. It can easily be seen that total
transmission losses increase with distance from the water source and that the
tail end farmer have the highest transmission losses to bear.
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Step-12: Each individual farmer is compensated for the losses due to conveyancein
terms of time. The availability time durlng one week is however only 168 hours
minus the transport time. '

Step-13: Since now every plot is compensated with time for transmission loss, transport |
time of be added. Summing up of all final times will result in 168 hours.

Step- 14: Final time, which indicates decimal hours, is converted inte hours and minutes.

Step-16: With this finally fhe time schedule with days are worked Vout.v ‘

In all this, the filling time is considered as negligible |

The schedule is worked out for 24 hours, and seven days in rotation. While the zone is to
follow the ealculated rotation time, the rotation within the zone between farmers may
change by the farmers of the zone. Thus while the hours given for each farmer remain
constant the timing may be changed by mutual agreement between the farmers in the
zone. '

It can be sen that at the head of the system, the time allocated to each acre is less than
-the time allocaied to an acre at the tail end of the channel. This is due to the water losses

which are to be shared equally

1.9

Organisation

The most crucial elements in orgamsatlon for operation are the units with well deﬁned
responsibilities, and the linkages between the different units.

In a large project, the superintending engineer functions as the project managerand is
responsible for overall direction and coordination in medium projects, Executive Engineer
is respon81b1e for overall directions & coordination. .

Separate units for admlmstratlon and finance assist the proj ect manager with personnel
matters and budgeting.

A planning and momtormg unit, working under the project manager is respon51ble for
development of the operation plan, and monitoring its lmplementatlon ‘The unitisinclose

contact with other concerned agencies.

* One O&M d1v1510n, is responsible for the,eberation and maintenance of the reservoir

and main canal system. Water delivery, monitoring and evaluation, and maintenance of
the main canal system and headworks are the most important tasks. O&M field divisions
are responsible for water delivery and maintenance in the sub-divisions and sections.
These divisions coordinate with the water users and other agencies to ensure proper
delivery of water. ‘ ' '

The operation staffis usually also available for other activities. For instance, maintenance
tasks are often assigned to them, especially since these can be carried out during the off-
season, The ungated offtakes in the distribution system considerably reduce the workload
of the operation staff. As a result more time is available for maintenance work and other
assignments. The duties of each staff category should be described in the O&M manual
of the system to be prepared as per local needs, availability of water, cropping system
etc. '
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1.10 Information systems

Effective operation and water distribution depends on the timely flow of data and

‘information to assist in controlling the day-to-day activities. It also provides a basis for

longer-term review and evaluation of the progress of the project towards achievement of
its objectives. Availability of proper data is essential for the development and monitoring
ofthe operation.

Data and information on operatron & distribution need to be collected, processed and

* presented in a form suitable for use by the manager of the project, the department or
~ other agency, according to prescribed formats and procedures

Wrthm the field of operatron important data refersto:
) water resources: storage status inflows and ramfall
e water demands: cropping plan
e canal status: drscharge, water levels and losses

e  irrigation schedules: opening and closing of canals

Managing the flow of data and information is a critical activity. For optimal results, the

activity has to suit the specrﬁc needs at differént levels of the organisation. -

For 1nstance the project manager needs only a weekly and monthly status of the dehvenes
whereas the ﬁeld operating staff needs data on an hourly or daily basis. -

1.1

Coordination

An irrigation system does not function in isolation. For operation purposes it should
maintain contact with the whole societal environment. For an irrigation system to operate
efficiently, it is important to closely coordinate with many agen01es partlcularly

® Agmc:lﬂture department: submission of cropping plans, participating in developing
: of irrigation schedules and releases in the project level irrigation committee.

e CADA: coordination of agricultural development in the project area;in particular
in participating in developing of irri ga‘uon schedules and releases in the project
level irrigation committee.

° District administration: joint aeﬁon for flood operation and emergencies.
) Irngatron department: releases to other ' proj jects in the basin.

e Power Corporation: scheduling of releases for power gener’ttron to be

' incorporated in reservoir operation schedule. The live example of synchronizing

irrigation demand to the power generation/supply can be seen in Chambal
Valley Development project Kota.

o  Village administration: supply of drinking water to villages acoordmg to schedule.

e - Water users: participating in developing of irri gatlon schedules and releasesin
project level irrigation committee.

Such coordination is usually formalised in government orders or project instructions.

Details regarding meetings to be attended or chaired, and frequency of meetings, are laid
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down. However, very often, the i 1rr1gat10n official has to deal with unscheduled requests
for cooperation, usually related to demands for water.

Relations with the water users

Farmershaveas pecial role in irrigation system operation. First of all, they are responsible

for water distribution below the outlet. A normal pattern in many proj jects is to have
water users' assoc1at10ns or pipe comimittees. :

These are organised according to government procedures Operation and water dehvery '
is preferably arranged through the system of Warabandi or any other suitable rotational
methods. The role of the irrigation department is confined to dellverlng water at the
outlets according to the operation plan.

Delivering water at outlet level should be discussed with WUA and ﬁnally approved

In the water distribution committee, WUA may offer suggestions for adoptmg certain

measures to improve the operation in a particular canal or in the whole system. WUA,
therefore, are likely to be involved in the monitoring of water delivery in canals. For this
reason, they could be organised into canal committees. When required, the prOJ ect
management should provide support to these committees. Effective commumcatlon thh
farmer Ieaders should be promoted by the project manager.

- “The water users committee, distribution level committee, project level cotnmittee have

been formed on most of the projects. In future it is likely that the entire operation of
system up tp project level shall be administered by the WUA & thus operation plan will

 be prepared by them in consultation with the irrigation department. It is expected that

- department should function as a advisory body & real time operat10n should be managed

by the beneficiaries. -

1.12

Summary

Successful operation & distribution of water in an irrigation system is  possible where:

e The project manager has a thorough knowledge of the operation policies and
operation rules.

'@  Anessential part of the operation is the development of an operation plan and
- the subsequent implementation of the plan and its monitoring,

o A structured irrigation system ensures that the operation plan can be
- implemented effectively with few gate settings according to the adopted plan.

@ Anorganisation structure which is established along functional units with clear
responsibilities supports the efficient execution of operational tasks.

e A well-established information system ensures that operations are based on
correct information which is available at the right time.

® Processing and distribution of information follows well- defined paths.

. Linkages with other agencies and the water users are essential for developing
the operation plan. They are mamtamed through good coordination and
communication. :
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1.13

Self Assessment Test

1. What is water regulatlon ?

2.  Howyouwill form water distribution comlmttee ?

1.14

Key words_ '

. Water distribution committee

DOP
SOP

 Warabandi

Bharai
Hlarai

1.15

Suggested readmgs

Land and water management in Imgated areas by ATUL (IARG AND KAILASH

BHARGAVA
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Summary

2.0

Objectives

The aim of this unit is to acquaint the students/user to know the different components of

. anirrigation system, its basic function and basic principles of preparation of an operation. |

plan of irrigation system. -

This module describes the broad layout of an irrigation system and the hydraulic and
operational characteristics of its main components.

2.1

Introduction

Foran 1rr1gat10n system, the source of water may be from the surface ﬂow or ground
water. Reservoirs and diversion weirs use surface water. Ground water s lifted from
open wells and tube wells to be used for 1rr1gat10n For the irrigation water to reach
different parts of the command from its source, it has to be conveyed and distributed
through a canal system. This canal system comprises of canals of dlfferent sizes and
various types of structures. :

Forimproving the performance of' exiSting irrigation ’systéms through improved operational
procedures, this envisages preparation of a seasonal operation plan (SOP) for the wet
and dry season every year. This is then finalised after acceptance by the water distribution

‘committee. As amember of the water distribution committee, the farmer representative

has arole to examine the SOP with special reference to water delivery at the outlets and
assist the scheme manager in finalising the plan. A practical understanding of the water
delivery plan and the role of the physical system either in providing operational flexibility
or in putting an operational constraint is essential. ‘

For this the farmer representative must have a clear concept of the irrigation systern its

various components, their functions and the hydraulic characteristics of the main and
dlstmbutary canals:

2.2

Basic concepts of an irrigation system

Irrigation may be defined as the means to bring surface water or ground water from a
source to the fields for growing of crops.
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The main aim of irrigation is to supplement natural rainfall with artificial supply of water

-with the qpecme purpose of:

°. 1mreasmg crop yields
e insuring against the uncertainty of monsoon,
@ promoting crop diversification.

Distinguished by the source of water, an irrigation system can be classified into three

© types:

e Reservoirsystem,
e Diversion or run-of-the-river system,

e Ground water system.

: Distihguished by the size of its command, an irrigation system is classified as a:

“@  Minorirrigation project (2,000 ha and below),
@ Medium irrigation project (2,000 - 10,000 ha),
o MaJ or irrigation project (above 10,000 ha).

2.3

_,Functions of an irrigation system

’ An irrigation syetem has three main functlons (exeludmg the functlons below the outlets).
~ Theyare: :

e Harnessing of water,
o ;Conveyahce of water to the command,
@ - Controlling/regulating flow,

@ Delivery of water at the outlets.

- 2341 Harnessmg of water

- Forany irrigation, rainfall is the primary source of water. But mostly it is not available
according to the requirements of crop. For a farmer, the timeliness of rainfall is- more

- important than the total amount of rainfall in a season or year. Occurrence of rain when

- the crops do not require water may prove harmful to the crops; similarly failure of rainfall,

when crops need water may reduce the crop yields or even damage the crops.

The rainfall in most parts of India is seasonal, i.e., it occurs durlng apartlcular penod of

the year and the other months are normally dry. -

‘ Teri igation in the dry seasor can therefore be possible only if water is available from a

source other than the rainfall.

. Art1ﬁc1al supply of wateris needed for:

) Ensurmg a regulated supplementatlon of water during ramy (or wet) season,
e Providing irrigation during the dry season.

T, he artificial supply of water is achieved in many dtjferent ways.

, When it rains over the catchment area of a river basm, a small portion of water evaporates;

some water enters into the soil and the remaining water flows into small streams and
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tributaries. The water from the tributaries collects into a river and runs down to sea.
Structures are built to control this uncontrolled flow of water and use it for irrigation.
These man-made works include storage reservoirs, river diversionworks like anicuts .
and barrages, etc., and lift irrigation schemes. ' B
It is easy to build dams where the river gorge is narrow and the flanks high. In the upper
reaches, the rivers normally flow through hilly areas which provide suitable locations for
building dams. Therefore, most reservoirs are built in these reaches. Fora river diversion
" work, the requirement is a minimum continuous flow throughout a crop season. Inthe
lower reaches, the rivers normally flow through plains and generally become perennial.
In these areas, therefore, water is diverted for irrigation by constructing river diversion
works. In areas where ground water is available in abundance and at shallow-depths,
ground water (lift irrigation) schemes are quite popularand common. :

The main components of storage and diversion schemes are described later.
2.3.2 Conveyance of water to the command |

Conveyzmce of water from the reservoirs or river diversions to the fields for irrigation
takes place by means of anetwork of canals. The canal system through which the irrigation
water flows before reaching the water delivery point consists of: - - '

e Conveyance system (main canal and branch canals), .

e Distribution system (distributaries and minors). -
233 Cbntrolling/Reg’ulating flow 7
For covering maximum area under, efforts are kept to provide flatter slopes for conveying
water. Thusto maintain desired quantum of supply at desired elevation servral control
structures are built across the canal system. The main objectives of these control structures
e Toregulate supply
@ Maintain desired elevation & flow depth
° Proper distribution of supply in branches, distributories etc.

2.3.4 Delivery of water at the outlets

Inany irrigation system serving small farms, itis not possible to deliver water to satisfy
the individual needs of the crops or farmers. Therefore delivery of water is made at an
aggregate level and the point where such delivery is made is the outlet. An outiet command
is called a chak. A group of fields, together forming a chak, jointly draw water at the
outlet. ‘ : ‘

The dishibhﬁon of water to individual fields within the chak is through anetwork of small |
water courses, field channels and farm channels. Figure 1 gives an overview of an irrigation
system. S _ ' - ’

| The canal system is managed by the irrigation department upto the outlet and by the
farmers below it. An outlet is thus the interface between the two managements.

The success of an irrigation system, in meeting its objectives depends, to alarge extent,
upon how reliably water is delivered at the outlets by the' irrigation department and how
efficiently it is distributed among the farmers below the outlets.
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~Overview of an irrigation system ‘
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2.4 Head works

Depending upon the obj ectivesb and location, head works can be divided into two classes:

-®  Diversion works,
® Storage works

Diversion works are provided for diverting the water from main river stream to canal
network. These structures are usually provided on perennial rivers. The storage resulting
from such type of structures are generally less & their main aim is to raise the water level
& thereafter diverting the water into cannal system. While under storage works, the main
objective is to store water during monsoon season & made available for irrigation during
requirement of water by crop for their growth, ' o

‘Diversionworks
Diversion works usually consist of :

Main structures covered under diversion works are weirs & barrages.

Weir : It is an obstruction constructed across the river to effect local storage & raise the:-

water level locally & to divert part or all the supplies in the cannal. The only difference
between & weir & a dam apart from strucural is onle heigh & the quantum and period

for which supply is stored. In weir maximum ponding of water is done against the raised -

crest of structure or partly ponding may be done by shutters.

Barrage : Thisis similar structure as that of weir and its objective is similar to that of weir.
The main difference between weir & barrage is that in barrage maximum ponding is done
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. through raised shutters/gates while in weirs maximum ponding is done by raised crest.
Thus barrage can also be defind as a gate contolled weir with low crest. The advantage
of barrage over weir is during period of high floods & better regulation of system. During
high floods, the gates of barrage are raised to clear off high flood level so that there is
minimum afflux (raising of water level dueto obstruction in flow).

Advantages of barrage over weir :

1. Better contorl on the river floods, both inflow & outflow are régulated by means of
operation f gates.

2. Better control oversilt entry in the canal system.
3. Betterofriver sedimentation due to presence of scouting sluices.

- 4. Improved facilitie of inspection & repairs.

'The only disadvantage of barrage is itshigh initial & operation cost as comphred to
weirs. ‘

" The feaiures of diversion works are as under ;

suitable for supply to the canal system, i.e. alevel which can command the area
to be irrigated and can provide sufficient depth of flow inthe canal to carry the
required supply, ' ‘

‘e - A weirorabarrage across the river of sufficient height to maintain a water level

e aheadsluice (also called a head regulator) for each canal taking off from the
diversion weir to control the flow into the canal, '

e scouring sluices with their sill at about deep bed level of the river for flushing
~out the bed silt, (normally scouring sluices are placed on the extreme flank of
the weir adjoining the head regulators), '

o flood banks, connecting the weir flanks with high ground for bréventing the
' water from outflanking the weir because of the heading up of the water caused
by the construction of the weir across theriver. : '

A general 1a‘yout of the head works of a diversion scheme is as below
Lay out of a diversion scheme head works
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Storage works

In storage works, the main structure is construction of a dam across river to creat a
storage of water. A dam is a hydraulic structure built across a river or stream to impoiund
‘part of runoff fromi the catchment area located on its upstream side. Various types of
dam are Gravity dam, Arch dam, Butress dam, earth & rockfill dam. Depending upon
the topography of area, geology & nature of foundation, location of spillway, safety
conditions, availability of construction materials, earthquake zone, purpose & economics
“aesthetic consideration, the type of dam is decided. : .

Gravity dam

It is the dam which depends on selfweight to resist the action of water stored on the
upstrem side. It is a rigid type of dam generally constructed of concrete, masonry etc. Its
shape is approximately triangular in section with a suitable top width for traffic &

“operational purposes, ’ ‘

ArchDam:

Itis a curved dam convexed upstream the depehds princiaplly on arch action for its
- stablility. The water load is transferred by arch action to the abutments. This type of dam
is built across deep gorges with strong abutmens. :

Buttress dam :

This is also called hollow dam. Itis cohstructed in concrete consisting of water supporting

- upstream face of deck, usually RCC slab supported by buttress generally in the form of
equally spaced conterforts that transmit water load & wei ghtof deck to the foundation,
Earth and rockfill dam : | | ' |

This is nonrigid structures built with the hélp of soil & rock across the river stream for
ponding water. The suitable soil from nearby area is placed & compacted so asto create -

~abarrier-for water storage purposes. This type of dam is provided with an overflow o

section constructed either in masonry or concrete. As compared to other dams, this type
of dam is most economical & easily proveided in sites located in seismic zone.

The main components of'a storage reservoir are: T
®  adamwhichimpounds water, (itis generally constructed of masonry, concrete
or earth), I
® - one ormore outlet sluices, called head regulators, through which irrigation
water is drawn into the canals, ’ 7
®  surplus works to dispose offthe inflows in excess of the storage capacity ofthe
reservoir. Co ‘ ~

2.5 Canal system

The canal system can be described in two parts:
® conveyance canals
e distributary canals

Conveyance canals The ¢onveyance canals consist of:
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main canal
“branch canals

a general layout of a canal system

Lay out of a canal system

Minor or
Sub-distributary

| T ==>" 7 Tioa
A , - §y Weir]

Distributary -

Main canal

Water colrse

~ Branch canal

Main canals take their supply directly fromthe head works. In some cases the topography
of the command requires the main canal to branch off into two or more canals. A branch
that takes off from the main canal and conveys water to a major part of the command’
~ areais called a branch canal. Along their length, the conveyance canals require many
canal s_truCtures of different types to successfully convey water to the distributaries. These
structures can be categorized as: ' - '

e Conveyance structures,
e Protective structures,
. Contfol structures,
@ Measurement structures. '
Conveyance structures

The main and branch canals normally run on contour. They have to therefore cross a
number of streams. At such crossings, cross- drainage works are provided. Depending
upon the size of the stream and the site conditions different types of cross drainage (CD)
works are provided. The CD works commonly found on canals include aqueducts,
under tunnels, super passages, canal syphons and level crossings. :

The cross drainage works can be classified as :
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_ " Cross drainage works , _

Canal over the drainage Drainage overcannal ~ Discharging = Combining
draio into  canal &
canal drainage

) Aqueduct - Syphon =~ Canal Super Syphon  Inlet Level

aqueduct  syphon passage  super c crossing
passage _

Aquaduct

An aquaduct is deﬁned asa dramage crossing in which the canal is carried over the
~ drainage channel] & the bottom of the canal trough is above the hlgh ﬂood levelin dralnage
channel. :

Syphone Aquaduct :

A syphon aquaduct is deﬁned as a-drainage crossing in which the.canal is carried over
the drainage channel & drainange channel is carried under pressure while passing under
~ thecanal. i.e. High flood level in drainage channel is above the bottom level of canal

trough

Canal syphone :

A cannal syphonisdefined asa dramage crossing in which the drairiage channel is carried
ina trough over the canal & the bottom trough level of the drainage channel is above the
high flood level in canal. :

Syphon super passage :

A syphon super passage is defined as a drainage crossmg in which the drainage channel
is carried in a through over the canal & canal is carried under pressure while passing
under the drainage channe. i.e. High ﬂood level in canal isabove the bottom trough level:
of drainage channel. :

The canals also have to sometimes cross existing cart tracks, roads and railway lmes At
such crossings, suitable cross-communication works like culverts and bridges are provided. -
These are known as VRB for village Road Bridge, DRB district Road Brldge

_ Protectlve structures

In certain situations like heavy rainfalls or storms etc. , damages to canals are likely to
occur due to uncontrolled excess flow within the canal. In order to protect the canal from
such damages, protective structures are provided along the canal at suitable locations to
dispose off the excess flow. Escape weirs and escape regulators fall under this category.

Control structures

" From the operatlonal point of view certain structures are essentlally required on the
canals. These are called control structures. According to their functlons they are described
as: :

e  Water level control structures,

o Water flow control structures.
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For controlling the water levels iﬁ
Cross regulators and duckbill weirs belong to this category.

For controlling the water flow at the offtake po
provided. Offtake sluices, proportional distributors,
open flumes and tail clusters come under this category.

Measuring structures

During-operation, the-flow in
ensuring reliable and equitable supp
structures. Broad crested weirs, Parshall ﬂumes and cutthroat flum

category.

the canals, water level control structures are provided.
ints water flow control structures are

pipe outlets, orifice semi-modules,

the canals has to be measured at selected locations for
lics at the outlets. This is done with the flow measuring

es, etc. belong to this
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Distributary canals

The distributary canals receive the water from the main and branch canals and deliver it
at the outlets. These canals consist of distributaries (also called majors) and sub-
distributaries (commonly called minors). -

The distributaries take off from main or branch canals and supply water to the minors or.
sometimes directly to the outlets. Along its length a distributary requires certain structures
for proper delivery of water to the outlets. They include:

e sluice structures,
® measurement structures,
e drop structures.

An offtake sluice diverts and controls the water into a distributary from the main or
branch canal. It has a gate for adjusting the discharge according to the requirements.
Some distance below the offtake sluice a flow measuting structure is generally provided
to measure the discharge. ' SR A :

Sluice structures are also provided along a distributary for diverting and controlling water
into the minors. These sluices are also normally provided with gates for adjusting the
discharges. : ’ ’

- However, gated control is normally confined upto the distributary head (offtake sluice). -
The distribution of water below this is norrally through ungated proportional structures.
The commonly used ungated sluices are ungated pipe outlets, open flume outlets and
orifice semi modules. : - '

Since the distributaries generally run on ridges, they have to negotiate steep slopes. In
order to have easy bed gradients, distributaries are provided with appropriate number
and type of drop structures.

A minor is a small channel which receives water froma distributary and delivers it to
outlets. The minors have similar structures as distributaries. ' o ‘
Along its length a minor has a number of outlets for supplying water to the chaks.

Traditionally these outlets.are also ungated. Like distributaries, minors also generally run
on ridges and require a number of drop structures to have an easy gradient.

Chak system

Water is delivered to a chak at the outlet which is the lowest point of water delivery by.
the irrigation department. This point is also called chak outlet.

The size of a chak is not uniform and generally varies from 20 ha. to 60 ha.

 Below the chak outlet the distribution of water among individual farm holdings is the
fesponsibility of the farmers themselves.

This distribution is done through water courses and field channels. A number of small
- structures like drops and distribution boxes are required on these channels for proper

distribution and control of water. All the water courses and field channels along with the

structures on them are initially constructed by the government; but thereafter they are
- required to be operated and maintained by the beneficiary farmers.
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2.6 Summary

" Trrigation systems can be categorised as storage schemes, diversion schemes and ground
water schemes. Distinguished by the size of their command, the irrigation systems are
classified as minor, medium and maj or schemes,

- The main functions of an irrigation system are to:
o vhamesﬂs water,
® convey water to the command, ' S , - o
® dehver water to the fields. |
The main components of an irrigation system are:
- head works (storage or diversion works)
e conVeyance canals (main and brallch canals),
e distributary canals (dlstmbutanes and mmors)
e chak system. _ v o
For proper conveyance of water from the source to the command and distributionof - - S
- water to each outlet, a variety of structures is required on canals. They can be classified :
as: : : ,
conveyance ét_mctures (acjueducts, super passages a_hd canal syphons, etc.),‘
protective structures (escape weirs and escape regﬁlators),
. control structures: | | '

- Water level control structures (cross regulators and duckbill weirs, etc.);

N~ .9 e o

Water flow control structures (offtake shuices, proportional dlstrlbutors open
flumes, and orifice semi modules, etc. )

»

3. Measurement structures (Parshall flumes, broad crested weirs and cutthroat
flumes, etc.).

2.7 Self Assessment Test

Describe the physical features of an Irrigation system?
What is irrigation and its main purposes? Describe briefly? 7
- Define the meaning of head works & describe the various diversion works?
" Describe the eommand area aﬁd discuss briefly its features 7 “
Classify the category of an irrigation system by its size? -

Briefly describe the various types of control structures and canal conveyance system?

Rl R S

2.8 Key words

1. Command Area means "an area within the defined boundary which can be covered ‘
by a water resource project. '
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8.
9.

Gross Command Area : It is the area lying between defined set ..of boundary
‘which can be irrigated by a diversion/storage scheme. :

Culturable command area : Culturable area is that part of gross command area,
on which cultivation is possibe i.e. Gross command area minus sum of uncultivable
area (ponds forest, roads, residential area, cart track etc. )

Irrigable Area : It is defined as percentage of CCA proposed to be irrigated
annually as per the availability of water in the project. : ,

Intensity of Irrigation : It is the percentage of 1rr1gab1e area to the Culturable
command area. :

Headwork means "the structure built across the river/stream for diverting the water .
or for storage purposes

Canal system means "the artificial carrier system used for dlvertmg the water from
head works to various destination & distribution in the command area.

Chak means the area irrigated under one outlet.

Outlet means the water delivery point from canal to the farmer's field.

2.9

Suggested readings

1.

S

Training modules under NMWP PI‘O_] ect, Ministry of Water Resources Govt. of
India 1992. '

Training modules of Imgatlon Management & Tralnlng Institute Kota for m1ddle &

~ junior level officers.

Training modules for Irrigation & CAD Department Govt. of Andhra Pradesh 1998
Irngatlon Englneenng & Hydraullc Structures by S.K. Garg.

Text book of Irrigation Engineering & Hydrauhc Structures by R.K. Sharma.
Irrigation Engineering by B.C. Punmia ' '

L A & 4

30




UNIT-3

~ IRRIGATION EFFICIENCIES

Structure '

3.0 ObjectiV'eS

3.1.- Introduction

3 2 | Conveyance efﬁ01ency
3.3 Typeoflosses

' a. Transient losses
- b Steady state losses
| (1) Visible leakage
(2) Evaporation losses
(3) Seepage losses.
3.4. 'Factors affecting Seepage Losses
3.5  Assessment of Seepage Losses ,
Analytical Method:
thpirical Method :

36  Actual Field Measurements

37 Self Assessment Test o
38 . Keywords

39 - _Suggested Readings

3.0 Obj ectives
\ o To identify the loss of Irrigation water

. '~ Tounderstand the type of losses
oi To determme the amount of losses v
- Finallyto determine the efficiency of irrigation system

‘3.1 = Imtroduction

A substantial part of the water that is released at head into a canal systern is lost during its
travel up to point of its delivery before it is utilised by crop. Inunlined, normally maintained
conveyarce system, it has been established that about more than 50% of the water that
is released into canal system s lost during its travel from head to crop roots.

- Estimated ranges of water losses at various stages are indicated in following flow chart.
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Water losses in
]

Conveyance System . ‘ I Sield application -
b= | ' 25-30%
Main System Field Channels |
20-25%
Maincanal &  Distributaries
branches & Minors
10-15% 15-20%

A realistic assessment of quantum of water loss during its travel from head to fields of
crops is of great significance not only in planning for construction but also for ensuring
reliability and equity in supply during actual operation of system. Besides, assessment of

- Josses also helps in making choice for lining of channels.

(i) Expressed as percent loss, conveyance losses are given by |
’ Y%loss = {(V,-V)/V} x 100

Where as'V.is volume released info system and V, is the volume dehvered out by the
system. -

(ii) Losses are also expressed as percent loss per 100 M length of channel (generally |

used for field channels)

P={(V,-V)/V}x 100 x (IOO/L)

Where ' L= Length of channel in metres.

(iii) Cohveyance losses are also expressed in terms of wetted area a§:

' V={(Vi-Vo)/P}xLx10¢ permillion sq. area
Where P = Wetted Perimeter per unit 'length of the channel
and L. = Length of the Reach. | o

3.2

Conveyance efficiency:

‘Conveyance efficiency of a system is the total amount of water dehvered out of the

system as percent of the total volume delivered into the system.

Eﬂi01ency = " (V,/V)x 100 %
Durmg steady flow condltlons it can be expressed as
" Efficiency = (Q,/Q)x 100 %
Where Q, = Discharge delivered out of the system and

i

Q

Discharge delivered into the system.,
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3.3.

Types of Losses:

‘Depending upon the position of water table,

is considerably low. Water seeping from canal | pje:1 ABSORPTION LOSSES -

Depending upon the state of flow, losses are classified as
@) Transientlosses
(i) Steady state losses.

3.3.1 Transient - losses: These are losses which occur during the period beginning at
the instant the water is released into system till-attainment of steady flow conditions.
These losses can be sub-categorised as: ‘ ’

(a) Short term losses which occur for a short period on account of breaches. ‘

(b) Storagelosses which occur due to fillingin local depresswns or vwdened sectlons
of channels.

(é) Initial high losses to bring dry so1l into saturated state.

(d) Switching losses due to switching of Water fromone ﬁeld to another and from
one system to another..

None of these losses can be measured individua]ly and are derived indirectly.

3.3.2 Steady State losses: These are losses which occur contlnuously durmg operatlon
of system and are classified as: ; : :

 (a) Visibleleakage
(b) Evaporation losses
(c) Seepage losses.

3.3.2(a) Visible leakage losses occur due to piping through holes into canal banks
rendered by rodents and insects which live in burrows. This can-be measured by
diverting leaking water into nearby drain and installing a flow-measuring device there in.

* These are also controllable and can be minimised by timely and adequate maintenance of

channels.

3.3.2(b) Evaporation losses, usually very small in magnltude these losses depend

upon water surface area, depth, temperature , humidity, wind velocity and sun-shine
hours. These losses can not be helped out and take place 24 hours a day, through out the

‘year and range from 3mm to 10mm per day, totalling about 1500 mm per year.

Evaporation losses are insignificant as compared to seepage losses and constitute
about 1.5-2% of steady state losses whlch in turn work out to about 0.25-0.75% of the

© total losses.

3.3.2. (c) Seepage losses constitute the major
loss of irrigation water from a canal system being

about 97.5-98% of total losses. /—j\ ) ~Z 4 N

seepage losses are further subdivided into: i, SatUTaLe L200E.....

3.3.02. (C)-(i) Absorption losses:- , Cavillarv
Absorption losses takeplace when water table | Groundwater table
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. ground water and thus direct flow of water
~-takes place since hydraulic -grade line joins-

bank and bed, first fills the pores of the soil around it but after the loss is balanced by
evaporation & transpiration of seepage water re-emerging at the surface by capillary
action. The seeping water therefore does not augment the ground water supplies,-but its

does compensate for the evaporation and transpiration loses from soil.

The rate of loss depend up to depth of flow, H.G. line slope but is 1ndependent of
seepage head.

Deposition of silt carried by canal water éonsiderably reduces these losses. -

3.3.2.c (ii) Percolation losses: Percolation
losses occur when the ground water table is

high and near canal bed. There is a zone of /_\ Z /T N\
continuous saturation from canal bed to the | 4 N/ o

Sa,turat‘ed; zone

water surface level in canal to the ground | o Cavillary
water. These losses therefore directly augment
the ground water and depend upon seepage
head “H”. The rate of percolation is very high

. Groundwater table
Fig:2 PERCOLATION LOSSES

as compared to absorpuon losses.

3.4.

Factors affecting Seepage Losses:

(1) Permeability of construction material & soil strata through Whlch the canal passes.
(i) Position of ground water table.

(i) Dralndge conditions of the sub-soil

(iv) Wetted perimeter.. A

(v) Condition of the canal.

(vi) Depth of flow and its velacity. |

(vil) Amount of silt carried by the water o ,

(viii) Regrllation of canal. ' |

3.5

‘Assessment of Seepage Losses

3.5.1. Analytical Method:

The method is of particular value for canals, which are in planning stage: The method is
based upon coefficient of hydraulic conductivity of soil and boundary conditions of flow
system. The method is applicable only in channels aligned along watershed, which are
not normally subjected to recharge from the ground water. (For detalls LS. 9447-1980
may be referred to)

3.5.2 Empmcal Meéthod:-
(a) Etchevery and Harding Values:

For design purposes, Etchevery and Harding have given conveyance losses in cumec
per million square metres (Cumec/mSqM) of wetted penmeter in various types of soil

 strata as under:
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Type of Seil , : ~ Losses (cumecs/M sqm) .
Impervious clay- ioa’rﬁ o 09- 12
Ordinary Clay- loam or Silty- clay » 12-27
*Sandy -loam - : - 3.6 - 5.2.

Loose Sandy- loam | ’ 52- 6.1

Gravely Sandy soil  70-88

Porous Gravely soil 8.8-10.6

(b) U.P. Irrigation formula. B
Q =  (1/200)(D+B)y* Cumec / Km. length of Channel
- Where D = Depth of ﬂow and B= Bed w1dth of channel (in metres.)
(c) Punjab and Haryana Irrigation formula ‘
K. = 19 Q" . ‘ _
~ Where K = losses in Cumec/m SqgM and Q = Dlscharge in Cumecs.
(d) David and WllSOIl formula for lined channels.
_ SL = 045C x (P, xLxD”3)/(4x106+3650V”2)
Where S, = .Seepage losses; P, = Wetted Perimeter. V = Velocrty of flow ;
D= Depth offlow. L = Lengthofchannel;C = A Constant.
" Table for Values of Constant : (O
Concrete lining o 1.
Bitumen orCement—rhortar i' - 10.
(¢) Pavlovasky Formula '
= 0.0116 B +2Yx C

- Where = Secpage losses ( Cumec/ Km ) B, = Canal width at water edge. (M)

Y = Depth of flow. (M) C =Coefl. ofInﬁltratlon(Metres/ day.)

Values of Ci: Heavy Loam (0.5); Medium to light Loam (0.05 - 0. 1); Sandy -Loam
(0.1 - 0.5) ; Loam (0. 25 -0.5); Fine Sand (1.0 - 5. 0); Medium gramed Sand (5.0 -
20.0) ; Dusty -Sand (0.5 - 4 0). A |

3.6

‘Actual Fleld Measurements

 In this method actual field measurements aretaken in the system under operation. Various

methods are:
(a) Ponding Method.
" (b) Inflow- outflow method.
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(¢) Tracer Technique.
(d) Seepage meter method.

(a) Ponding Method.:- As the name implies, losses are determined by measuring loss
of water from a ponded reach of the canal. A reach of channel is isolated by constructing
temporary bund or bulkhead on existing control structure, Measurements may be done
by constant or falling level method: Seepage losses are computed from:

@ Rate ofloss of water from the pond.
(i) Dimensions of wetted perimeter.
- (i) AsSésSment of evaporation losses.

- Equipment required is two staff gauges, two hook gauges, evaporation pan and equipment
to replenish water : _

Though entire pr(ijce'dure inlaid-down in IS-9452- (Part-I)/1980, some important poihts
are stated below

' ‘Critériaifqrvs'elect»ién of site:
O Cuwed féa_ch should be avoided.
(ii) | Nature of 'mateﬁal in the isolated selected reach should have small variations.
o (111) .. Reaéh 's_houl'd have no structure or source of additional inflow or loss.
@Gv) Site must bej easily approachable, -~ - s |
(v) Mlmmum length of pond be more than 10 timesits bedwidth.
 Limitations,
e Normal running of the canal is intérrupted.
® "Cbnstx’uction/demolition of pond may be costly.
. A_rrangeﬁwnt for la.rge quantity of water is needed to initially fill it and
. subsequently replenish the pond. -
e Thoughresult is accurate, it does not show reach-wise variations in the pond
lengh. -~ ' .
o Actual ﬁMﬁng conditions are not simulated in standing pobl, suspended materials
- may settle down reducing seepage losses.

e  There may be variation in ground water table through out the ponded length

from that in ponded reach.

®  Assumed effect of variation in head is neglected.

®  Suitable for any canal.
~ @ Suitable for more accurate results in small seepage losses.
'@ Canbe applied to smaller reaches of canals.

(b) Inflow-Outflow Method: The method utilises measurement of discharge atthe

U/S and D/S ends of the reach under study and working out the difference between the -

two, to'give evaporation plus seepage losses. By
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Deducting evaporation losses and other losses if any from the inflow and outflow, seepage
* losses are worked out.

1.S. 9452-Part- (iii) (1 980) gives all details about this method, however some important
points are stated below. '

Equipment Required are set of two Flumes/Notches/Current meters, Stop watches, -
Survey equipment, Spirit levels, Shovels, Gunny bags, Plastic sheets etc.

Precautions:
e ' Asfaraspossible,all outlets from the canals should be closed and preferably
sealed otherwise another discharge measuring device must be installed there.

e All measuring devices must be well calibrated, maintained and checked before
use. '

e Steady flow conditions must be maintained during study. -
e Water levels during study must be regularly measured and recorded.
- Limitatioms: - v '
e Losses worked out are total losses in the entire reach, for position of water -
table, temperature, humidity, etc. at the time of experiment. '

e Results may not be accurate for smaller reaches and low discharges due to
limitations of accuracy of measuring devices. :

e Adequate arrangements are required in longer reaches of bigger canals for
measurement especially control of leakage from off-taking channels

. Reach-wise distribution of losses is not possible.
Merits: - ‘ '

e Method can be used without rendering canal system out of operation. )

e Lossesare obtained under conditions simulative to actual runnings of canalé. N
(c) Seepage Meter Methoed: Seepage Meter is a device used to measure local
seepage for a small area under normal operating conditions of canal ata time. However,

by taking readings at several points along the channel section, a fairly average value can
be determined. : '

The method involves pressing a cylindrical bell into the channel bed. Attached to this bell -

isa plastic bag filled with water. The water that seeps into the channel bed is replaced by

water in the bag that is under the same pressure as the chaune! flow. and thus represents

the some head against the channel surface. Seepage rate can be computed from the

" knowledge of area of the bell, the seepage from the bell is determined by weighing the-
plastic bag before and after the test and the elapsed time :

. Seepage Ratio (SR) in determined by
SR = Q/(AxT)
Where Q is thé volume of water seeped through the channelbed of area A in elapsed
time'T. ' ' '
Limitations: |
° Seepagé meter works well union bed material is disturbed leading to over

assessment of seepage rate.
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) Drﬂicult toinstall and use for greater depth% of ﬂow higher velocrtres and highly
vegetated channels.

(d) Tracer Techniques: In this, traces (a mixture of radioactive 1eotopes) are meorporated
into a sample to make possible observation ofits course.

Method is mote useful in sub-surface flow measurements and can not be used in open
channels because water is used by habitants for purpose other than Imgatlon also.

3.7 Self Assessment Test

1. Describe the various stages of losses?
Describe various types of losses in the conveyance system?

3. Define conveyance efficiencies & calculate overall efﬁcrency of the project based
on the average losses in the system?

Describe the factors affecting losses?
5. Describe the different methods for measuring losses?

3.8 Key words

Seepages means “Transfer of water from one body to other through voids present in
soil medium”,

Discharge means “rate of flow of water per unit time”.
Velocity means “the distance traveled per unit time”.
Mean velocity means “average velocity across the depth of flow. . -

Slope means “rate of change in bed elevation with respect to distance a dimensionless
.unit. Generally defined in ration of vertical height to horizontal length.

3.9 Suggested readings

_ Dlscharge Measurement structures —editor M.G. Bos.
Weirs & Flumes for Flow Measurements by P. Ackers, Whlte ete. |
Water Measurement manual by U.S.B.R. o
Irrigation Engineering & Hydraulic structures by S. K. Garg.
Indian Standard Codes of Practices.

I T

Training modules under NMWP Project, Mlmstry of Water Resources Govt. of |
India 1992.

7. Training modules of Trrigation Management & Training Institute Kota for middle &
Jumor level officers.

8. Ackers, P, White, W.R., Weirs and Flumes for Flow Measurement, John Wiley &
Sons, 1978 '

9. Chow, V.T, Open-Channel Hydraulics, McGraw—Hill, 1959
10. French,R.H., Open—Channel Hydraulics, McGraw-Hill, 1986
11. Subramanya, K., Flow in Open-Channels II ed., Tata McGraw-Hill, 1997

A & 4
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UNIT4

IDENTIFICATION OF MAINTENANCE PROBLEMS OF

CANAL AND PRACTICES FORIMPROVING THE SYSTEM |

Structute: _

40 Objectives
4.1 Introdﬁctioﬁ |
42  Causes of system degradation
43 Categories of maintenance
44 Méintenancé plan |
4.5  Implementation
4.6 Completion repori |
47  Monitoring
4.8 Summary
49 Self Assessment Test |
410 Key wdrds |
411 Suggested readings -
4.0 Objectives |

" A stitch in time saves nine"

This unit deals with the topic covering general maintenance plan. It broadly covers:

‘@ describes the physical and social causes for the degradation of the physical
works in irrigation systems, :

. identifies the general requirements for maintenance,

e outlines proc%edures for preparation and implementation of maintenance plans.

4.1 ,Introductidn |

A common problem in all physical systems is the recurring cycle of construction-
deterioration-reconstruction. In irrigation schemes, deterioration of the infrastructure affects
timely and equitable delivery of irrigation supplies. This in turn inhibits agricultural
production. To overcome this problem, the infrastructure needs to be maintained properly
season after season so that dependable water deliveries can be maintained over time.

Operation and maintenance of any irrigation system is a complex and dynamic learning
process and needs a technological approach for sustaining it over a longer period.
Deterioration of any civil work due to its continuous use and with respect to timeisan
inevitable phenomenon. The rainfall, flood, high wind velocities bringing the blown sand, -
burrowing animals, cattle encroachment and offensive activities are the major causes to
damage the irrigation system. All these activities cause recurring damages, erosion, silting,
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vegetative growth, seepage losses etc. and thus irrigation system require timely and
adequate maintenance otherwise, further deterioration will take place and structure will

: cdllapse and require to be reconstructed.

~ - The most serious problem in the earthen channel is sedimentation and in lined channel is

formation of cavities behind the lining panels which eventﬁally leadsto failure of the lining
panel. Erosion may be the serious problem in some of the channels and it can be check
by maintaining the proper canal section. Similarly, seepage losses from the earthen channel
can be quite significant, particularly when o perating at higher levels. The vegetation or
aquatic growth is the another problem, which can be control by removing it manually or
by mechanical means. The involvement of farmers in maintenance ofirrigation system
may further reduce the maintenance problems and improve the efficiency of irrigation
system. The concept of participatory irrigation management being propagated and
implemented recently is a mile stone step in maintenance and optimizing the productivity
of an irrigation system.

The maintenance is also needed due to social reasons in addition to physical reasons, as
under:- B

> Cutting of canal banks for personnel interest. » -
»  Inserting unauthorized pipe outlets below the bank to draw more water.

> Putting obstruction dike in the canal to raise the water level to draw more
- water. ‘ o

Tempering the existing outlet.
Not following the "Wafabeindi"f.
AlloWing the cattle to cross or to bath in the canal. o
- Unauthorized use of canal banks for motoring the trucks, tractors and cart.
Unauthorized cuiting of canal plantation. A

Removal of lining blocks for personnel interest

YVVVVY VYV

4.2

Causes of system degradation

’ Da_.mage by wind, rain, sun, lightning, std:_'ms; floods, etc.

- There are several causes for the gradual degradation over time of the physical system in
. anirrigation scheme. These are: o

- Operational wear and tear Examples are:

¢ Normal wear and tear due to service loads.
® - Abnormal wear and tear due to: unsystematic operations.

¢ Improper designs and inadequate maiﬁten_ance. |

: We_dtlz‘ering action Examples ave:

. 'Wetting‘ and drying, heating and cooling,

40

Removing of gauge strips and dismantling of parapet wall by the notorious
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Contact with saline water and other aggressive agents.
Damage by pests Examples are: |

Interference in performance due to weeds, rodents, animals, and human vandalism.

4.3

Categories of maintenance

Maintenance activities are of three categories:

1. Ordinary repairs

2. Special repairs

3. Emergentrepairs _

In the case of mechanical and electrical equipment one more category can be added,

" namely, preventive maintenance. This refers to the practice of replacing parts according

to a predetermined schedule to pre-empt failure or breakdown of the equipment while
performing. "Prevention is better than cure" is the philosophy behind such action.

43.1 Ordinary repairs

Ordinary repairs Ordinary repairs (also known as normal maintenance) focus on fair
wear and tear of the physical system each year due to causes discussed earlier. In this
category are also included petty repairs carried out departmentally through the services
of baledar, if any, and temporary labour employed on daily wages.. a

- Examples of such petty works are:

Repairs of minor leakages in irrigation channels.

°
e [Filling potholes/ruts in the canal banks and service roads.

Closing minor breaches in small channels.

Clearing unwanted vegetation and plants from the canal banks, beds and along

service roads. | v

- @ - Lubricating gates and other mechanical parts. »

@ Repainting name-boards, gauges and markers on canal banks inspection roads,
Cete. . '

4.3.2 Special repairs

These activities relate to repairs which are not caused by fair wear and tear of the system

* during its normal course of performance. The need for these arises either due to faulty

design and operation of the system or inadequate maintenance. Examples of such cases
are: o
Silting or scouring of canal bed and banks.

Failure of canal lining.

- Damages to protective works, energy dissipators, waste weirs, etc.

Works to check excessive conveyance and operation losses.

- Recurring need for such works calls for a thorough review of the design and operation
. procedures. Until more permanent solutions are found to such recurring problems, special
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repairs have to be camed out to sustain efficient performance of the system Normally
these repairs are camed out during the canal clo sure periods.

4.3.3 Emergent repairs

‘These are works of unusual repairs which disrupt the integrity and performance of the
system unless attended to urgently. :

Examples of such works are:
e  Damages by floods
e Pipingincanals
® Breachesinthe system
o Iﬁcipié:nt system failures
° Daniage or destruction of celltrol and regulatory structures

These works should be taken up at the first sign of distress in the system. Tt is-not.
necessary to go through the formal procedures of prior sanction of estimates and allocation

- of additional budgets before taking up such works. Additional budget is made available
_ for such emergent works (over and above the annual budget allocation for normal

: mamtenance) ﬁ‘om what is known as "contingency fund" of the state govemment

"It may, sometlmeb be necessary to close parts of the system to carry out such repalrs

Promptness and speed of restoration are of prime importance in such repalrs

Regardless of the type of maintenance, time is the essence of the activity, Postponement

- of repairs merely adds to the cost. It also interferes with normal performance. Asis often

said, "a stitch in time saves nine".

4.3.4 Physw_al. Phenomenon causing maintenahce problem:

) The rate of sedimeritation and conveyance losses are more than estimated.
(ii) Less Volumes of water are received in the reservoirs than computed in the
proj ect estimates. ,
(iii) There is lack of awareness and culture in general maintenance of the system
' from headworks tooutlets. _ ~
(iv) The deferred maintenance due to insufficient budget untralned staff and lack’
_ of culture has also multiplied the problem.
v) The sﬂtatlon of channel, poor condition of control structure. ,
(vi) Presence of weed or vegetation or improper section due to which canal are

unable to deliver required quantity of water.

(vi)) Mgrenumber of pipe outlets than designed.

‘(i) Uncontrolled outlets.

(ix) Insuﬁ‘iexent dramage network at many sites leading to water logging condition.
x) No prov151on of gauges at control poi nts.
(xi) Heavy seepage losses - System losses are much more than estimated.

Conveyance losses in canal are 2 to 3 times or even more ranging from 2 to 20
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~ cusecs per million sq. feet of wetted perimeter.

(i) Canal F.S.L. are not properly maintained - This leads to obstruction in canal.
Sometimes farmers put obstruction to take water to higher elevated areas.

The structure wise maintenance problems can be summarised as below.

4.3.5. Unlined channel :- However, the channels are designed and constructed with
non scouring and non silting velocity in order to achieve their regime section but effective
performance do not exist due to the following reasons. ) '

@ Excessive sediment entry from the reservoir into the main canal.

(ii) Improper side slopes, berms in high cut reaches.

(i) =~ Canal not running at its designed discharge resulting in lower velocity &
deposition of sediment. '

(iv) Due to problem narrated in (iif) above, excessive weed growth thereby chocking
of section & further reducing the velocity. The Chambal system has acute
problem of weed growth due to its five tanks enroute.

v) Re-entry of excavated earth/silting due_ to rain and wind.
(vi) Improper design of structure causing erosion of down stream of structure.
(vii) Canal banks get eroded due to heavy rainfall or animal drinking.

'~ 4.3.6. Lined Channels : The lining if not designed propetly creates maintenance

problems. A
(i) * Under cutting of bank due to non provision of adequate drainage.
(ii) * Lining on unstable slopes causes failure.

(iii) Removal of blocks. -

The process of cavity fortation begins with seepage through joints into the irrigation
channels: During this process of cavity enlargement, the concrete panels begins to
deteriorate lined irrigation channels & eventually failure of panels.

4.3.7. Irrigation Channel Embankments: The physical environment of an irrigation
channel embankment plays a tremendous role in expected maintenance problems.

(a) Fill Embankment :- A major problem with earthen fill embankment is leakage/
piping as a result of biological life living just above the phreatic line.

In particular rodent burrowing holes or crabs in the embankment pose the greatest threat

to the safety of embankment. The live examplg of this situation is Chambal main system.

(b) Cut Embankment :- Inadequate slope & berm causing falling of earth inside &
widening of section.

V(c) Service road embankment: -

() Duetoencroachment of freeboard surface run-off flows from the irrigation channel
& generally service roads are not graded thus causing maintenance problem.

(i) Deterioration dueto vehicular traffic.

(iii) Iﬁadequate maintenance results in roadway depression and pot holes further the
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vehicular traffic further deteriorates surface.

- () Sometimes soil is excavated from the outside bank by the nearby wllagers orbythe
deptt. for maintenance of road surface for filling up trench to be cut during piping
for filling up breach etc. All these activities expose the hydraulic gradient line wl'nch

- inturn causes a breach.

(vi) Outer bank erosion can be the 1°esult of:-

(@ The cross-slope grading of the roadway bemg too steep so that surface runoff
has arelatively high velocity.

(i) - The bank stope being ,too steep thus causing exposure of hydrauhc gradient &
ﬁnally causmg soil erosion.

(i) Thebank height being too high.

4.3.8 Sedimentation: There i a tremendous variation in the amount of sedimentation that
‘occurs in irrigation channels. This sedimentation carried from surface dramage 1nﬂ0ws
into the irrigation channel is the result of :

1 Sediment *ransported by the fiows into the canal head works.

2. Roadway and berm erosion. ‘ o

3. Erosion from cut banks. o ‘

4. Overflow from adjoining earthen channels or ponds into the channel.
5

. Animals crossing the earthen or lined channels with subsequent erosion remltmg
_ in the animal pathways.

The basic phllosop}ucal approach towards sedimentation should be the elimination ofall
sources of sediment, so that no sediment enters the irrigation channels.

- 4.3.9 Aquatic and vegetable grewth: One of the most persistent maintenance problems,
besides sedimentation, is aquatic growth. The most difficult to control are under water

~weeds, some sediment for establishing roots, while a few species can attach to brick or
concrete. This is a frustrating problem because once the aquatic growth has been removed
from a channel, it will grow again within one or two months. As aresult there is considerable’
reduction of the discharge capacuy (20 25 percent) of the Irri gatlon Channel.

- 43.10 Drainage:

() Surface Drainage: The primary purpose to prevent surface ran-off from entering

- the Irrigation Channel in order to avoid.

a) To prevent sediments load With the surface run-off,
b) The potential for cavity enlargement or formation is lined channels.
¢) Toprevent the ponding of water alongside the Irrigation channels,

Ponded water will eventually percolate into the soil & raised the ground water table,

" which in turn increases the seepage rate that weakens the earthen channel banks and

~ sediment transport through the joints in lined channels.

(i) Sub Surface Drainage: When lined i 1mgat10n channels are constructed in cut areas,
the soil water pressures behind the lining panels can increase significantly, particularly

44




during the monsoon season. This condition results in higher seepage rates into the channels,
and consequently, greater sediment transport through the lining joints. Also, these increased
hydraulic pressures can cause wall panéls to fail by sliding or flood panels to fail by
increased hydraulic uplift pressures. Sub surface, preferably, the adjacent land will be at
ot below, the invert elevation of the Irrigation Charinels. '

4.3.11. Structures:

(i) Gatestructures : Dueto high velocity passing through a gate opening there will be
some scour immediately downstream. Every effort should be made to operate the
gates in a manner that minimise scour. ‘ _

(i) Fall structures: The very natore of their hydraulic design, will result in considerable

. scour immediately down stream. - '
(iii) Drop structures (syphons) : Drop structures consist of _
-a) Inlet structure with / without gates U/S b) A concrete chute or pipeline in
between inlet and outlet structures. '
¢) Astiiiingbasinand an outlet transition structure.
Sometime, cavities form near the head wall of the inlet structure and in the embankment
overlying the concrete pipeline. These cavities can result from: -
a) surface drainage into depression or | v
b) - Leakage from concrete pipe joints. These occur due to hydraulic pressure
nearby roadway. It is a visible evidence of scour in down stream hence proper
" means forimproving the hydraulic energy dissipation in the still basin be sought.
(iv) Bridges: Generally, concrete bridges are in good structural condition.
The only problems is breaking of railings as well as serious rain cuts along the bridge

abutments. Measures should be taken to divert any rainfall away from the irrigation
.channel. : ' L

. Forlined channels, often cavities are formed behind the lining panels underneath the -
bridge because of surface run-off near the abutments. If the bridge settles, then additional
pressures will be placed on the lining and these may be prone tocracks.

(v) Tail cluster: A tail cluster is a structure constructed in brick/masonry at the tail of
distributory or minor which may be feeding the fields at their tail. It helps in heading up of
water at F.S.L. and then directing the water on to the rail outlets. Animals or people
cross at these tail structures, they damage the structure & their sill gets lowered at places.
“This result's in non-building up of the required head at the tail and non drawal of shares
of supply by the outlets. The only way to check this is to block the animals or people
path way or repairing it regularly before each Irrigation reason.

(vi) Under canal Tunnels (Nallah syphon): To convey natural surface drainage waters
under neath the Irrigation channels. In some cases, more compacted backfill drain. Should
have been placed behind the headwalls of the inlet and outlet structure to be culvert
drains.

 The maintenance problems associated with drain culvert is the removal of sediment and
shrubbery in the cutlet and inlet structure.
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(vii) Other structure: The primary difficulties have beenthe grading and shaping of the
soil surface surrounding the structure. In some cases, rain cuts alongside the structure
will result in sediment reaching the channel. Only in a few cases has their scour endangered
the structure. However, for lined channels, these rain cuts have frequently resulted in
cracks, broken or failed lining wall panels nearby.

4.3.12 Social phenomena covering Maintendnce Problems.

Many maintenance needs in an irrigation system are due to social reasons in add ition to

the physical reasons. They are as follows :

(1) Cutting of canal embankment, extra unauthorised pipe outlets inserting below -

the bank to draw more water than one’s due and legitimate share.

(2) Putting obstruction dikes, Tampering outlets for drawing more water into the
outlets. S :

(3) Lack ofadequate maintenance of Wee. including field drains andnot 1 following

the Warandi.
(4) Allowing the cattle to cross or to bathe in canals.

o) Unauthorised use of the canal-service road by bullock carts, trucks, tractors
etc. ' ’ ’ SR

(6) Removal of lining blocks panels for personal use such as temporary bathing/
washing of clothes, o .

(7) - Removal of gauge strips from the gauge well or sites.

(8) Water coursenot being maintained & cleaned by cultivators before the irrigation
season, :

(9) Unauthorised removal of cénal plantation/ trees.

4.4

_Mainténance plan

The history ofirri gation development in India can be traced back to prehistoric times.
Vedas and ancient Indian scriptures made reference to wells, canals, tanks and dams
which were beneficial to the community and their efficient operation and maintenance

‘Wwas the responsibility of the state. » ,

- Civilization flourished on the banks of the life, According to the ancient Indian writers,
the digging of'a tank or well and canal was amongst the greatest meritorious act ofa man,

Common problem in all irrigation systems is the vicious cycle of irrigation construction -

followed by deterioration of the system because of inadequate maintenance and then

rehabilitation (which means again reconstruction) followed again by deterioration,
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Construction Rehabilitation

Deterioration -

Hence proper attention must be given for timely maintenance of the system.
4.4.1 Collection of Information & formation of maintenance report

An important stage in the maintenance phase is the preparation ;;if the maintenance plan
_every year. There are four sources of information to identify the maintenance needs:

e Inspection notes of the scheme officials.

e Completion report on annual opetations.” ol

e Presentations at the water distribution committee :fiieétings.
e Direct information from farmers and canal inspectors. o

Information from all thesé sources can conveniently be entered inaregister maintainedin
“the office of the scheme head for reference as needed. ' '

Generally, the responsibilities of O&M officials for inspecﬁng' ﬁroj ectvcomponents and
" the schedule for such inspections should be given in the departmental maintenance manual.
- However, no such manual has been prepared by many state governments.

The schedulé of iné,pection is different for canals and structures. As arule, all structures
in the system are inspected before and after the monsoon season, with particular attention
to their substructure. Main canals and related structures are inspected during the canal
closure periods. Delivery channels are inspected during their off period of rotation. A
sample checklist for use by all the inspecting officials of the project is presented in annexure
1. These checklists accompany the inspection reports and provide a valuable basis for
preparing the maintenance plan. ' ‘ '

Farmer representatives attending the water distribution committee me'eti.ngs sometimes
bring up matters relating to the maintenance and upkeep of the system. Notes from these
meetings are also a good source of information for the maintenance plan.

Direct submissions from farmers and canal inspectors on maintenance needs constitute
yet another source. ’

Based on the information from the sources mentioned above, the maintenance plan for
the year is prepared at the scheme-level and evaluated. If the total cost of works to be
done does not exceed the standard annual maintenance budget of the scheme, further
steps are taken to sanction the estimates, invite bids and let out the works.

In case the cost exceeds the normal budget then the components of works need
prioritization. Items of work which cannot be postponed even for one season receive
priority over items which can wait until extra funds are available. Such additional works
are normally categorized as "special repairs". '
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T'he maintenance plan is prepared annually and is in two patts, viz.,

e Themain report (provides basis for technical proposals, rates and costs, the
implementation schedule and the agencies for carrying out works).

e Theappendices (extracts from inspection reports; summary of previous year's
completion report on maintenance, details of maintenance needs attended to
the previous year and cost of each component, estimated cost of works, efc).

An outline of the contents of the main report is presented in annexure II.

The maintenance cost should be related to the operational efficiency to be achieved and
the quality of irrigation service to be rendered in conformity with the stated obj ective(s)
of the scheme. ‘ :

- Iftheneeded maintenance is not done periodically, the operational efficiency falls, graduaﬂy
in the initial years and more steeply in later years resulting in the further deterioration of

-system. Thereafter a special programme of rehabilitation has then to be undertaken to
achieve the desired level of system capability. ' :

4.4.2 PREPARATION OF MAINTENANCE PLAN:

The scientific preparation of amaintenance plan is a totally missing concept in operation
& maintenance of an Irrigation system. The maintenance is a "continuous Learning process”
- & involves technological approach for sustaining an irrigation system over alonger period.

The objective of preparation of a scientific maintenance plan should be
(i). Maintaining rather than rehabilitating. |
- () Documenting maintenance needs. L
(i) Using existing flow controlling structure for water measurement.

(iv) Develop more detailed physical knowledge about the happening within the
system. ' : ' : ~

~ (v) Allocating costs for maintenance as per priority & available budget &
o documenting it for future use. R N
A scientific approach for improving maintenance consists of following phases.
4.4.3 Problem identification (Diagnostic Analysis) : It consists of following steps.'

(a) ENTROPIC PROCESSES (SURVEY): Conducting a walk through on the system
& documenting maintenance needs in sample proforma attached. It should be for 6]
Main system (ii) Tertiary system (iii) Drainage system.

(b) OPERATION CONTROL SURVEY: Document the operation control survey
with following consideration . : o : -

(). Isthesystemisin order techmcally to support an adequate, equitable, timely &
dependable water supply? ' S

() How does the actual operation of minor c’om;iafé to the designed operating
procedures? - IR : R

(i) What are the constrairits in aliénmérit, section, grades, pucca structure, water
profile etc. ’
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-(iv) Observed losses at different point if any.
(v) Maximum & Minimum water level achieved during last irrigation season.

(¢) MAINTENANCE NEED INFORMATION SURVEY: Conduct a maintenance
- need survey with certain structured proforma & priorities the requirement by physical
inspection. While documenting the events.

¢ Talk to farmer & obtain information
e Talk to canal Inspector
e Talkto concerned Mistri/J En

e Talkto Agriculture officer / supervisor & obtain information regarding erops,
damages to crops if any on account of maintenance & operation failure if any.

(d) Report preparation on Maintenance requirement, hydraul'ic- requirement & public
utility requirement etc. ' : ‘

4.44. DEVELOPING SOLUTIONS: »
- @  ByDeveloping Primary maintenance plan
e ByDeveloping Essential structural plan
' ByDeveloping Contigent maintenance Plan
e ByDeveloping Catchup maintenance Plan
e By Developing preventive maintenance Plan
4.4.5. IMPLEMENTATION OF SOLUTIONS‘:'
- Implement minimum maintenance
. Implement essential maintenance
. Continue improving preventive 1naintenai1ce pro graxﬁmé

" Problem identification is part of Diagnostic Analysis done to find system constraints and
its causes. ’ : '

.

Discussion herein therefore is being limited to development part of maintenance plan
only. Factors tobe considered while preparing maintenance plan.

@) Avaﬂable maintenance manpower & its Job related functions.
(ii) Available maintenance equipment & no. of hours of its requirement & output.
(i) Availablematerial. | |
(iv) Availability of financial FeSOUTCES. -
' 4.4.6 PRIMARY MAINTENANCE PLAN: The primary maintenance includes the
- works which are required to be taken up every year ot every irrigation season.
The plan should illustrate ’ o

| @ Physical description of work -

(i) List of works to be executed e.g.

. Jungle clearance - Weed clearance - Silt clearance - Filling of cuts/ breachetc. -
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(i) Marking of these works on bar diagram or on L - Section.
(iv) Quantity & cost estimates,

(v) Details of work to be executed by Departmental Manpower (vi) Detail of
- work to be undertaken by other agencies. '

After preparing this plan a subjective assessment of maintenance funds required every
year can be determined. ‘ : : .

4.4.7 ESSENTIAL STRUCTURAL MAINTENANCE PLAN : This plan includes
the works and programme related with flow regulation and structural maintenance.

() - Essential structural Maintenance . ‘
- (i) Propc}sed flow measUrement programme for ensuring equity of water distribution
 (iil) Maintenance & upkeep of gates, Rubber seal, etc.-
(iv) Maintenance & upkeep of gauges etc. '

The requitement under this plan may notbe every year but certain minimum expenditure

shall bave to be included in yearly maintenance fund programme to meet the desired _

water measurement & regulation & assessment of seepage losses. -

4438 CONTIGENT MAINTENANCE PLAN : There ate certain conﬁngencies which
may develop during the course of regulation. This may be include

o Canalpiping

e Damageto canal Dowels
e Canal bi'e‘élc'hes'A

® Anyotherunfore seen item

Itis therefore essential to anticipate such requirement & prépare-a.plan to meet out the
casualties. Certain part of allocation shall have to be kept reserved for such items therefore
necessary provision while preparing plan may be kept so that operation of canal is not
disturbed. '

4.4.9 "CATCH UP" MAINTENANCE PLAN: This plan includes programme which
is being catching upon deferred maintenance such as :

® Repair of crest of falls ,

e :Increésing free board U/S of pucca structures
o Repair of damaged lining
® Pﬁddling work etc.

* These works are being executed after the.canal closure & in turn prevent the deferred
maintenance needs. It also increases the flow characteristics thereby improving hydraulic
efficiency. B ' B :
Itis therefore essential to document events in "ENTROPIC PROCESSES' and prepare
aplan. Thisrequires separate financial provisions to be utilised at the end of each irrigation
season. ' ‘

The plan should classify category of works to be completed in time frame & should be

50




‘participation.

marked on "L - SECTION" so that works to be executed yearly may be indicated on L-

‘section of each Minor/ branch/Main canal etc.

Thereafter, it is high time for technocrats to critically examine the maintenance activity &

'present a good, acceptable document & plans based on scientific calculations. The
~practice of preparing adhoc & stop gap plans should henceforth be stopped.

4.4.10 TERTIARY SYSTEM:

System below outlets can be termed as tertiary system presehtly their construction,
maintenance & operation is collective responsibility of farmers. '

- Jtis advised that maintenance plan for tertiary system may also be prepared by Irrigation/

Agriculture official. The steps involved will remain the same as described for Macro
Network. The department should implement this maintenance plan through farmers

4.4.11 HUMAN RESOURCE NEED IN MAINTENANCE:

Routine maintenance works are generally carried out using available man power with the
department. The available manpower furtherhelpsin '

- planninga detailed maintenance plan
- Execﬁtion of maintenance plan

- Ensming quality of works

- Monitoring the works

- Preparation of compilation report
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Implementation

A proper scheduie atleast one year in advance should be prepared for implementation of

_maintenance, published & distributed among the project officers & water user associations

asit has been done in several projects. A typical schedule for the implementation of the
maintenance plan is proposed as below for the project level:

| Particulars - o | Proposed period
.| Preparation of maintenance plan | L | November 30
Preparation of cost estimates Decémber 31
Proposal for additional funds ! J amiary 15

Invitation of bids and settlement of Contract for normal’
maintenance works : February 28

Invitation of bids and finalisation of contract for speciél repairs | -March 31 |

Completion of maintenance works (except petty works which .
can be done even during operation phase) =~ | May 31

Preparation of com‘pl'etion repoft on maintenance implementation| September 3 0
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“Maintenance works are implemented through iwo agencies:

® Departmental agency.
& Coniract agency.

All petty works which are not susceptible for accurate measurements and other works
which can be carried out by the O&M staff are done departmentally. Examples are
trimming and dressing of inspection roads, removal of shrubs and vegetation from canal

. banks, filling earth in rain guilies, oiling and greasing mechanical parts and dewatering by .

pumps. For such purposes, besides the O&M staff, additional help as needed is engaged

- temporarily on contract basis. o o
- The maintenance works are supervised by the O&M staff for quality in accordance with

the departmental specifications and sound engineering practice. The 'departmentai
standards prescribe the characteristic qualities and acceptance criteria for the works.

4.6

Completion repm‘& -

 Attheend ofeach itri gation year a completion report on maintenarice should be prepared.

This would indicate:
o ®  Theaction plan for the year
® Implementation and achievemerit
.¢  Constraints (causes)

-~ Physical (design/operation deficiencies)

= Temporal (inadequate closures)

- Financial (inadequate budgets)
7 - Social (public interference) | » ‘ -
Lessons learnt and remedial actions proposed should be included in the next year action
plan. L , : I
The report should be prepared by concerned ASsistant Engineer for the maintenance
programume within his jurisdiction. This is aggregated at the Subdivision and the Division
levels. Thereatter, it is sent for review by the authority one step higher than the head of
the scheme. - co o IR

Monitoring

For purposes of control a suitable management information system (MIS) should be

developed to monitor the maintenance activities. Information needed relates to:
®  Whether inspectioné have been‘ done as scheduled. 7 |

Whether mainténance plan has been prepared in time. ? _

WhEtBer_maintenaﬁce activities have been implemented as planned. ?

- What was the budget allocation and what expenditure was incurred?

‘Whether éompletion report on maintenance activities during the year has beén
prepared on time? ' ' '

52




Vulnerable components -
-~ Piping
- Slips

- Seepages

- silting

- Scouring -

4.8 Summary

below:

The salient points rega1 dmg proper upkeep and mdmtenance ofthe system are summarised

The recurring cycle of constructl011—detenoratlon-reconstructlon and upkeep
is an inevitable process in any irrigation system. Proper maintenance of the
physical system is a prerequisite for improved 1mgat1on service. :

"Prevention is better than cure "A. stitch i in tlme saves mne" These maxuns
govern the strate gies for mamtenance

Maintenance works should be planned well ahead of thelr implementation,

- partlcularly taking note of closures and idle times of the system.

Pre-planned inspections of the canalsand structures reduce malntenanee costs
and contribute to timely : and rehable water deliveries.

If maintenance funds are 11m1ted priority should be givento the maintenance of
components which immediately affect the planned ﬂow or planned levels of

water.

Maintenance activities should be monitored and reviewed each year.

4.9 . Self Assessment Test

1. Whatare the main causes of system degradatlon define bneﬂy with examples?
2 Define maintenance and various categories of maintenance.
3. List the sources for prepating a maintenance plan’7
4. Howto conductawalk through survey for prepanng maintenance plan?
5. How to prioritize maintenance & itsneeds ?
6. Whatis the need for preparing an annual complet1on report on mamtenance‘?
7 What are the general maintenance problems, describe most critical failure problem'?
8. Identify possible gaps between actual practices of maintenance with respect to
mamtenance plan?
9. Prepare aneffective MIS system onmaintenance planning?
4.10 Key words

Piping means nformation of earthen pipe /cavity in embankment due to rodent hole,
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crab, erosion etc causing the leakage of water from canal/ storage".

Slips mean "settlement of embankment/lining with respect of'its supportive structure”,
Seepages means "Transfer of water from one body to other through voids present in
soil medium". ' :
Silting means "deposition of earth/silt particles in bed /slopes of structure".

Scouring means "erosion of earth/silt particles from bed / slopes of structure due to

water flow".

- Gully erosion means "cavitations in slopes due to runoff water durmg rains",

Aquatic weeds means vegetatlon having either root in water or in earth but their habitat
is in water.

MIS means "management information system" i.e gathering data/mfonnatron from ﬁeld
planning, execution, completion, weakly reports etc. '

4.11

Suggested readings

oS ov R W

1. Trammg modules under NMWP Project, Mlmstry of Water Resources Govt, of
~ India 1992.

2. Tralmng modules of Irrigation Management & Trammg Instltute Kota for mrddle &
junior level officers.

Training modules for Irrigation & CAD Department, Govt. of Andhra Pradesh 1998
Irrigation Engmeermg & Hydraulic Structures by S.K. Garg.

Textbook of Trrigation Englneermg & Hydrauhc Structures by RK. Sharma
Irrigation Engmeermg by B.C. Punmia
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~ Nameofirri gation channel:

Checklist for maintenance

Annexure 1
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Date of inspection:
Inspected Reach: Km ( ) Inspected by:
Category: O/S/E (0: ordinary repairs, S; special, E: emergent)
Signature:v
SN Item inspected ‘Condition when Categofy of |
‘ inspected repair O/S/E

1. Earthwork ‘

a) gully erosion

b) slips

c) bedsilt

d) seepage

€) piping

f) Re sectioning

2 other

2. Lining
‘a) panels

b)  joints

c) subgrade

d) other

3. Masonry

a) pointing

b) plastering

c) revetment

d) cavities

e) Replacement

f) other

4, Concrete structures
-a) plastering

b) cracks
©) cavities/erosion

d) foundation erosion

©) other




Mechanical Structures
a) shutters/gates
b) gate seals
(¢ pipng
d) painting gates
e) ~other
6. Drains
a) silt clearance
b) repairs to masonry
1o revetment
d) vegetation
€) other
7. Inspection road
a) surface pot holes
b) resirfacing
¢)  sidedrains
d) other
8. Miscellaneoﬁs
a) Shrub clearance
| b aquatic plants _
c) painting marker boards and marker
-d) oiling/greasing
e) other
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Annexure 2

Outline content Report to a'ccompany maintenance estimate

1.  Theproject _
Historical background

Salient features of the scheme

2. Perform ance (previous year)
The number of days for whlch the canals operated

Delivery pattern (total number of outlets, number of outlets which
-did not dehver water; number that delivered less water than -
authorlsed) '

3. Carryover works
’ Comment on maintenance needs attended to the previous year '
" Carryover Works from previous year(s) (

4. Inspecnon summaries

Maintenance works planned in current year based on the inspection
reports

-5, Rates and costs - _
Analysis of rates Estimated cost of departmental works and works

on contract Cost summary:
Amount ~ Percent
Trrigation | | |
Drainage
Toolsand plant (T&P)
 Establishment

Abstraet of estimate Detailed
estimate or billof quantmes

Line diagram of the system and other plans asneeded
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'Annexure 3.0

Performa of Salient features of Project

1. Year of commissioning of the scheme

2. Planned GCA (ha)
'CCA (ha)
- ICA
 Kharif (ha)
Rabi (ha)

3.  Water allocation |
| . Khbarif (M.Cum):
Rabi (M.Cu.m) :

Total (M.Cum) :

4. Canals

' Head discharge (cumecs)
Length (km)
Lining C.C. (M.Sqm.)
Masonry (M.Sgm.)
CCA ('000 ha)
Distributaries (k)
Minors/subminors (km)
Outlets (No.)

v5. Structures

~ Cross regulators
Offtake regﬁlators
Syphons
Aqueducts
Super passages

Escapes
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Right v Left
Maincanal - Othercanals
(No.) ~ (Noy



Drops
Measuring devices

Bridges

6. Drains

Catch drains and toe drains (km)
Constructed collecting drains (km)
Drops & other structures (No.)

~ Natural arterial drains (km) _
7. Inspection roads - Main Canai
(km)
On the canal banks Elsewhere
8. Other

L A 2 4
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UNIT5

PARTI CIPATORY IRRIGATION MANAGEMENT

Structure

54

5.0 ObJeCtIVCS '
51 Introduction - o
52 Background S
53 - Concept of Partlc_lpatory Irngatlon Management
: Legal prov131ons in Rajasthan
55 Implementatlon of Part1cxpatory Imgatlon Management Program _~
56 , Summary
57  Self-Assessment Test ‘
5.8 Key Words ,
5.9 Suggested Readings
5.0 Objectives |
After independence large-scale construction of irrigation projects under successive plans
were taken upthereby increasing the irrigation potential of Rajasthan from 0.40 million
ha in 1951 to about 3.2 million ha at present. Due to several reasons created potential is
~ notbeing utilised properly & large area remains un-irrigated which a water deficient state
like Rajasthan can not afford which is of size of 10.4% of the country's area having only
1.16% of'the eountry's surface water resource. Present lecture describe the necessity of
user's participation in ma,nagement of irrigation system with special emphasis on legal
‘ support provided for its implementation in Raj asthan, '
Introduction

As mentioned above the irrigation potential created is not utilized properly. The annual

- revenue realised from water charges is very less as compared to the non-plan expenditure
onIrrigation Organisation including establishment & interest on capital outlay. Generally

funds needed for the maintenance of the irrigation systems are not provided and due to

-inadequacy of maintenance funds & lack of proper practices of water management, the

condition of the existing irrigation systems is going from bad to worse successively. Due
to poor water management, the area in the command of i 1mgat10n projects is becoming

- mcreasmgly waterlogged & saline & going out of cultivation. -

In the 1rr1gat10n projects constructed in successive plans, the constructlon above the

~ canal outlets received attention whereas the design, construction & maintenance of
- irrigation system below the outlet did not receive proper attention except on some of the -
- projects. This has caused lot of problems of over out-letting from canals, inefficient -

water use & wastage of precious water. The Irrigation Systems are more administered
than managed. Water users have no participation in administration of the Systems. They
mostly depend on the irrigation agency for water supplies. A farmer is concerned with
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timeliness, adequate quantity & regularity of water supply to his field and advance
information of the same to him. There is no incentive for economy in water & no deterrent
against over-uses. This is not reflected even in the water rates, which ate not on volumetric .
basis but on area basis. Canal offences & defaults being in excessively 1arge numbcrs are -

 hardly possible to be properly dealt with.

Theabove contributory factors have created under—performmg irrigation systems devoid
of equity in water distribution between head & tails, strongly entrenched interests of
those farmiers who have opportunity to have excessive water supply at the cost of those

who thus do not receive adequate supplies. Irrigation infrastructure is having widespread
deterioration. Service to the farmers is poor & marked by msensrtlwty Agrlculture
production per unit of water & her unit of area is low

There is thus an obvious need for paradlgm shift, mvolvmg farmers inthe management of
irrigation system as a partner. It is experienced that when farmers'participation is taken
in the management of i 1rr1gat10n systems they have comparatwe advantages of:

e Having better local knowledge of problems/ fellow irrigators/ farmers needs ,

& 1mgat10n problems
e Having dlrect incentive to: manage the system in productlve manner,
e DBetter on-the-ground presence than even the most dedlcated agency staff
® | ‘Improved design, construction, Operatlon & Management
._ ‘ Lower costs to Govt.

° Organised farmers for management of irrigation systems constltutes a soc1a1‘:: -
capital, which can have many cascadlng, advantages ‘ '

. Improved services to the farmers.
@ Better utilization of Water promoting its more equltable dlstnbutlon

i . Better recovery of irrigation dues.
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) Management of Trrigation System by farmers had been practiced even inancient times in

the country for which incentives were givento the farming community. Arthshastra of |

~ Chanakya, fourth century A.D., provided concessions in taxes to farmers participating in
-Of undertaking construction & maintenance of tanks & diversion Works People -
participated in the construction & management of weirs & canals built on Tung Bhadra

River in 13th - 16th Century A.D. Also before advent of British Rule, certain parts of

R irrigation systems maintained by the Govt. were called "Sarkari" & lower parts of irrigation "

systems maintained by the farmers were called "Kudir maramat" (farmer - maintenance).
Farmers' groups in Tamil Nadu, Andhra Pradesh & Karnataka used to maintain many
tanks. Similarly 'Phad' System in Mabarashtra used to be managed by the beneficiary
farmers.

During British period, with modern systems & practices, large dams & projects were

built in many parts of the country & the Govt. tended to extend its control & activities

over construction & management of these projects. As such peoples participation in
such projects lost its momentum, and irrigation system came to depend more & more on
government rather than for being people centric. -
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CONCEPT OF * PARTICIPATORY IRRIGATION

MANAGEMENT

Participatory Irrigation Management (PIM) refers to involvement of water users in all
aspects of irrigation management at all fevels. "All Aspects" means initial planning, design
construction, extension, improvement, renovation/modernization, operation, maintenance,
revenue assessment & recovery, supervision, financing, decision, rules momtormg &

evaluation. "All levels" means full physical limits of the itrigation system viz. quaternary,

tertiary, secondary, main, project & sector levels as well as from lowest level function to
the highest-level function including setting of policies. The participatory mechanism will
include information sharing, consultations, joint assessment, shared decision making;

~ collaboration & empowerment of the water users. Farmers' participation can be promoted
~ by formation of Farmers Organisations (FOs) like Watei Users Associations (WUAs),

Distributory Committee and Pl‘Q] ect Committees.

5.4

LEGAL PROVISIONS IN RAJASTHAN

To provide legal support to the Farmers Organisation (FOs) for the farmers part101pat10n
in management of irrigation systems in Rajasthan an act titled The Rajasthan Farmers'
Participation in Management of Trrigation Systems (REPMIS) Act, 2000 was enacted
and the same has come into force on and from 20th day of July, 2000. Rules 2002 have
also been notified. In India about 10 states have enacted special acts related to PIM

including Andhra Pradesh, Madhya Pradesh, Tamilnadu, Rajasthan, Maharashtra, Orissa,

Chattishgarh, Karnataka, Gujrat, Uttar Pradesh, Bihar etc.

As per the Act, the objects of the Farmers' Organisation shall be to promote and secure

 distribution of water among its users, adequate maintenance of the irrigation system,

efficient and economical utilisation of water to optimise agricultural production, to protect

the environment, and to ensure ecological balance by involving the farmers, inculcating a

sense of ownership of'the i 1rr1gat10n system in accordance with the water budget and the
operatlonal plan. :

Some of the legal provisions are descrlbed below. For detailed description readers are
advised to refer RFPMIS Act & Rules.: : ~

- 54.1 Delmeatlon of Water Users' Area and Terrltorlal Constltuencles and

Constitution of Water Users' Association

- The Project Authority will, by notification delineate every command area uﬁder eachof

the irrigation systems on a hydraulic basis which may be administratively viable; and.

‘declare it to be a water users area for the purpose of this Act. In respect of the command
- area under the minor and lift irrigation systems, the entire command area may, as far as
~ possible, form a single water users' area. This Water Users' Association shall be called
by its local distinct name. Every Water Users' Association (WUA) shall consist of all the

water users who are landowners in such water users' area as members. All members
shall constitute the General body of the Water Users' Association and all adult members
shall have right to vote. :

Every water users area shall be divided by the Project Authority in to number of territorial
constituencies (T.C.) depending upon area of WUAs. Number of T.C.s will be four, six,
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