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FORENORD

This Handbook on ‘Irrigation System Operation Practices’' has
been developed on behalf of the Irrigation Research and
Management Improvement Oorganization, Central Water
commigsion, Govt of India and the United States Agency for
International Development under the Irrigation Management and
Training Program of the Water Resources Management and
Training Project (WRM&TP) No.386-0484.

The WRM&AT Project is Jeintly spensored by the Government of
India and the United States Agency for International
pevelopment . At present eleven state governments and four
universities are participating in the project. The goal of
the project is to achieve increased production from irrigated
agriculture through improved performance of drrigation

systems, The primary means te be adopted are training,
research, technology tranefer, and organizational and
procedural changes. The state gevernments have establighed

Water and Land Management Institutes (WALMIs=) or Irrigation
Management and Training Institutes (IMTIs) for this purpose.

A major component of the project is development of
interdisciplinary training and enhancement of management
capabilities cf in-service personnel. Curriculum development
and preparation of training materiale are important means for
providing the required training. For this purpose,
curriculum develcpment workshops participated by faculty of
various state training institutes and departmental officers
are conducted on selected tepics with the aesistance of
LBII/WAPCOS, Irrigation 8ystem Operation i1is one of the
topics identified by the institutes for developnent of
curriculun and training materials.

Water and Land Management Institute (WALMI) Uttar Pradesh
came forward to organize this Workshop which was held fron
April 6~18, 1989 at Okhla. Faculty of various project
ingtitutions, including WALMI U.P., officers from U.P.
Irrigation Department and LBII/WAPCOS consultants
participated in the workehop and in the curriculum
development process. The WALMI UP Director, Mr. 8.P. Jain,
Associate Director, Dr., K.P. Jain and the faculty members who
organized the Workshop and the faculty of different
institutions who participated in the curriculum development
efforts deserve 4 mention, their assistance is acknowledged.

It is hoped that this document will be useful to the faculty
of 8TIs and the in-service professionals concerned with
nanagement and operation of irrigation systems. Suggestions
and comments on this Handbook are most welcome and these will
be suitably disseminated.

i~






Executive Summary

This Handbook on 'Irrigation System Operation Practices' has
been developed to bring in a scientific approach and
homogeneity in the practices in the country. For increasing
agricultural productivity from existing irrigation systems,
{mproved operation of the systems has & major role to play
coupled with timely maintenance of the systems. The handhook
has been divided into nine chapters keeping in view the
various aspects which will make an operation plan effective,
efficient and accaptable. The aspect of Users Inputs and
Needs has been given proper recognition in developing these
chapters.

I describes the water-resource scenario of India,

T of utilizable quantity of water by different
authorities within the linitations of physiographic
conditions, socio-politicsl environment, legal and
conatitutional constraints and the technology so far used.
while pointing out that increasing demands for other than
irrigation may soon cause a strain on water resources it has
been stressed that improvementes in management for better
agricultural yields with reducing quantity of water should be
the course henceforth.

The utilizable qguantity of water is estimated to be 700 km?,
the estimated ultimate irrigation potential 4s 113 mha from
all sources. The irrigation potential created by systematic
efforts is not being fully utilized and the gap is rather
disturbingly increasing. The gap in 1985 was assessed to be
6.9 mha.

Several factors responsible for the increasing gap have been
enunciated o.g. non-availability of water, lack of micro-
network and land levelling/shaping, agronomical factors, etc.
It has been emphasized that systematic and realistic planning
and implementation and introducing better management
practices are very vital to narrow down the gap.

Eh!z&%i'zl deals with irrigation system components, existing
operation practices in Northern, Southern, Eastern oand
Central Zones. In Norther Zone =~ the operation is 'supply
based' where canals are run on rotational basis according to
predetermined schedules, while below the outlet 'Warabandi'
system of water distribution 41s followed. On medium and
minor projects, canal running schedules for each crop season
asre decided by Water Diastribution Committaees.

In Central 3Zone - 'Rigid Shejpali' syatem ia followed where
spplications are dnvited from the farmera and the Canal
Advisory Committes decides the total area to be allowed
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water. Farmers' applications are sanctioned elther to
irrigate the full or reduced area as per availability.
Schedule of operation is prepared and publicized indicating
the channel flows in the weeks of the season.

In Southern Zone = The District Collector convenes a meeting
of the Irrigation Engineer, Agriculture Cfficer and prominent
farmers to decide the opening date of frrigation system and
ita running program. ©On bigger systems, this exercise is
done at Government level. The systems are opened for the
gseagon after due publicity. Continuous flow is maintained in
channels specially for paddy (rice) - during its puddling and
transplantation period, subsequent supplies are made by turns
till maturity. For irrigated dry crops, supply ig
intermittent - generally 10 days 'on' and 10 days "off'.

Below the outlets, there 1s no established Warabandi system
l1ike Northern Zone but a notional distribution practice by
turns ameng various holdings 1is prevalent. Disputes are
gettled mutually by the £armers with the help of social
pressures,

on tank systems - there exist formal or informal committees
at village level to manage cperation. An firrigator-
agreeable to all - called ‘'Neerkatti' {is engeged by the
beneficiaries to distribute water to various holdings.

In Eastern Zone = The practice of submitting applications by
the farmers for supply of water for short/long-term leasge
exists. Junior Engineers check them for 'earthen bund'
around fieldes to check wastage of water and that 85 per cent
of farmers 1in the block have applied for water. The Junior
Bngineer recommends them to Sub-pDivisional oOfficer for
sanction. pivisional Canal Officer sanctions the long-term
lease for water. The agency of ‘Lambardar' or 'Ssttedar', a
representative of group of farmers in the Chak or a block of
Chaks, aexista who assists in getting applications,
measurement of irrigated areas, reporting misuse of water,
distribution of demand slips among farmers and in
investigation of complaints, etc.

In Bihar, ‘'Tateel' system of water distribution is followed.
In this the opening and closing time of the system is decided
by the Superintending Engineer Incharge or the Executive
Engineer and notified through pasphlets. ‘on' and 'off’
periods on channels vary £from system to system as per
judgement and past experience of Superintending Engineer/
Executive Engineer regsrding availability of water. Most of
the hig {irrigation eyetems in the state &are 'run-of-the
river’ (diversion) systems and water availability is
fluctuating.
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In this chapter, the objectives enshrined in the National
Water Policy-1987 relevant to system operation, reproduced
below have also been highlighted.

1) water sllocation to be with due regard to equity
and social juatice,

11) reduction in gap between potential created and
utilized, and

1i1) involving farmers in various aspects of water
management .

The options for approach to preparation of improved operation
plan have been described to focus 'site specific' plans for
each system under 'scientific approach'.

The variety of operation methods in vogue in the country are
alego contained in this chapter e.g.

1) running the canal system continuously for the
designed base period,

ii) running and c¢losing the entire system for 7, 14 or
21 days alternately till the storage lasts.

144) running the main canal full or partial and running
the distributaries and minor full by rotation,

iv) dividing the command into zones and supplying water
to separate zones by turns,

v) supplying water to the whole command with less
depth of waterings,

vi) by reducing flow period in maing by incressing in
their discharge capacity,

vii) volumetric method.

Chapter III deals about the knowledge and background
Information which the System MHanager eshould gather for
preparing a realistic operation plan, like physical and
technical details of the system, climate, topography and
goils. River basin development, availability of surface
flow, =status of ground water, drainage status, crops and
cropping activity, design principles of canals, maintenance
needs and implementation, feedback from farmers, status of
communication, statutory provisions and respongibilities of
various functionaries regarding operation of a system have
been alao described.
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Chapter IV highlights the variocus field and hydraulic surveys
required for an improved operation strategy. use and
maintenance of flow control structures on the system for
operation control have been stressed. Measurement of channel
losses periodically (either by inflow-outflow method or
ponding method) has been emphasized. Unless discharges are
regularly measured and data on seepage losses gathered,
realistic operation plan may not be possible. Emphasis has
also been given for seeking farmer's input in system
operation.

Chapter V deals with the Preparation of Operation Plan, the
nees. objective:s and types of operation plans. The steps
required to be adopted have baen listed viz:

i) asgesspent of water availability, and

11) agaessment of demand for dirrigation and for other
purposes. Interaction with farmers and agriculture
expert.s on demand have been highlighted,

1i1) matehing supply and demand with an eye on the crop-water
need and measurens

iv) preparing the plan, rotation, grouping, running
schedules, ete.

For assessing the demands, as stated the need of interaction
with fiarmers and seeking their active participation for
realistic appreciation has been emphasized, Their
preparedness and capabjility to use water and commitment to
follow the proposed operation program has been suggested.

Varfous options for preparing an operation plan have been
described - major ones being - projected cropping pattern
barsed, crop growth stage based and crop-water requirement {or
evapo~transpiration depth) based.

The chapter further deals with matching the supply and demand
vhen eupply is more or equal to demand, when it is moderately
less than demand or when it is much less than the demand.
Rotational operation of channels and grouping of channels and
their operation in rotation have been described.

One solved example on preparation of operation plan (North-
Rotation) hae been given to illustrate the steps {nvelved,
Typical example each of North, 8outh, East and Central
Regions of operation plan has also been given.
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Chapter VI deals with the important aspect of dissemination
of operatien plan amongst irrfgation staff and beneficiaries
for taking deciszions about crope, irrigated area, sowing
timee, winning confidence, increasing responsive attitude and
acceptability. That the 0O&M staff should know broad
assusptions, methodelogy, procedures, quantity of water
planned, periods of supply to have better underatanding,
taking action in time has been highlighted.

The chapter suggests the information to be diegseminated, the
delivery schedules, time and perioeds of supply, opening and
closing dates of canals. Methods to be adopted for
dissemination including notices, newspapers, mass media like
All-Tndia Radio, Door Darshan (TV) for reaching remotest
places have also been described.

The need for discussione with farmers to be organized in
groups or through ueers assoclations, censultative
committees, etec., has bean discussed. The need for
contingent plans in case of lese water in monsocn has been
streased. Farmers to be apprised of maintenance of micro-
network, preparing £lelds, adopting improved d{rrigation
sethods for water saving/conservation have also been
menticned.

The need for the allocation of dutie# and responsibilities to
be proper and clear for various functionaries for successful
inplementaticn along with illustration for gauge reader have
been given. Likewise the interaction and linkage with
supervisory functionaries such as Mistry/Mate and operating
staff has bean explained. The need of clear instructions
about actions to be taken in maintenance, emargency
situations such as breach in canal has been given. Volume
control concept to reduce regponse time and eaving water is
recommended for operating long canals.

The need for feedback from field, feedback information from
command - rainfell, actual deliveries, crops, cropped area,
cropping activities, critical growth stages, irrigation
system efficiency has been given in some details. Flow
disgram depicting dissemination and feedback procedure has
been enclosed for ready reference.

various possible eventualities within the irrigatien scenario
1ike (1) more rainfall in catchment and command, (ii) more
rainfall 4n command and less 4in catchment, (111} less
rainfall in command and catchment have been described,
Posgible revisions in operation plan according to the
different methods of distribution of water in the Northern,
Central, Southern and Eastern Reglions are suggeated. There
are four appendices on (i) assignment of duties during
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implementation  with illustration, (11) activitywise
responsibility of varioue officers for feedback information,
(111) role and responsibility of project management
indicating the roles of different officers starting from the
Chief Engineer upto tertiary level, duties, functions and
responsibilities, and (iv) preparation of a comprehensive
annual administrative report about the performance of the
project by the project management., The expected contents of
the reports, information needed, analysis and findings are
explained in detail.

Chapter VII stresses the need for a reliable and fast
communication network which is very important 1in irrigation
management. Precise and accurate planning, implementation,
monitoring of water deliveries invelves collection of
meteorological data, weather forecast, information about
crops, Airrigated area, sowing times and critical growth
stages. various types of modes like messengers, telegraph,
telephone systems in vogue, the drawbacks vis-a-vis present
day fast communication have been given. Latest innovations
of high frequency, very high frequency, ultra frequency
wireless systems have been given. In the present conditions,
VHF 1is most suited for irrigation management and has
therefore been recommended. Need of providing wireless sets
for all officers at the controlling peoints has been
emphagized. The methodology for network where 8 to 10
stations can communicate efficiently has been given.

Different networks that «could be organized on area
gharing/time sharing basia to reduce the frequencies needed
for smooth working/clear audibility have also been brought
out., Suggestions for a phased program for installation of
VHF system by continuing existing aystems has been
reconnended.

The need to prepare a wireless manual for all irrigation
projects to cover installation stations, officers authorized,
rules of operation, frequencies allotted, priorities, etc,
for the use of operating staff has also been explained.

Some information and hints for preparing manual =~ like
establishing control stations, traffic rules, priorities of
different massages, abbreviations, code words, standard
messages, timings for essential water management messages,
writing messagee, duties and responeibilities of operation
staff are indicated. ways and means to minimize operating
cost, number of operators needed for different networks has
been 1illustrated. Advance technology including telemetry,
computer controlled systems, written communication
facilities, extenzion of telephonic tranamissions are also
indicated.
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Sample standard mwpessgage - daily gauge report, VHF networks
proposed in Upper Krishna Project, Karmataka have been given
for guidance purposes.

Chapter VIII deals with need for monitoring, objectives of
mongiorInET' existing monitoring procedures and improvements
required have been described.

Regular monitoring of physical constituents of tha
infrastructure, climatological data, water availability,
water releases in canals, ground water, crops - their
patterns and delta of water applied, yields, and farmers'
responsa to water distribution has been emphasized for
evaluation of the project's performance. The formats needed
for reporting each of the above paraneters hava been
appended. It also gqives as to what permanent, seasonal and
regular reports are to be prepared and record maintained.

The chapter alse includes guidelines and proforna for
preparing water account to work out the conveyance efficiency
of the system, application efficiency in £ield and working
out the delta; and duty of water to enable the system manager
to analyze the causes of low efficienciee or low duty or high
delta for taking suitable measures to improve.

Chapter IX, the last chapter in this Handbook 1g on training
and emphasizes the nead for a more comprehensive
understanding of Irrigation Management and ite prerequisites
like precise water control, relfability of supply, increased
availability of water to farmers, equity in distribution.
Some of the topics for training of various f£ield staff have
been identified along with a broad approach for designing the
training program by laying down the job requiremente and then
working out the training topics. Likewise the need to train
farmers in the field has been enphasized. It bhas been
suggested that training activity need not be centralized for
all levels, rather field {en-site} training  has been
atressed.
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CHAPTER I

Introduction

1.1 wWater Resources of India

1.

2

Wwater, the most essential input for agriculture iz becoming
gcarce. The demands on water for non-agricultural purposes
like industries, municipal, fishing, recreation and
navigation are continuously {increasing resulting further
strain on water availability for irrigation.

The average annual precipitation in Tndia 1is estimated at
4000 km® (kilometer®) Erom rain and snowfall. out of this,
the seasonal rainfall is of the order of 3000 km®. After
allowing for evaporation and other losses the country's
estimated water potential from surface flow is estimated to
be 1800 km® (180 m ham i.e. million hectare meter).

The water availability varfes in time and space and is not
uniformly distributed.

The utilizable quantity of water, within the limitations of
physiographic conditions, socio-political environment, legal
snd constitutional constraints and the technology so far
used, has been amssessed by different authorities as under:

i, Irrigation Commission of India-1972 assessed it to be
666 km™ or 38% of total surface water.

ii. bpr. XK.L. Raoc an eminent engineer and later Minister of
Irrigation and Power suggested 1t as 50% of water
potential equal to 900 km™.

f{11. National Commission on Agriculture-1976 estimated the
quantity as 700 km®.

The uwtilizable quantity may be considered 700 ka® (70 mham).
The ultimate irrigation potential of India is estimated at
113 mha (million hectare) comprising 58 mha from major and
medium projecta and 55 mha €£rom minor projects which
includes 40 mha from ground water, Presently committed
water utilization is estimated as 420 ks® out of total
annual utilizable resource of about 700 km?,

Land use pattern

The total geographical area of the country is 329 mha, The
land use 1s broadly 67.34 mha under forest, 40.35 mha not
available for cultivation, 30.91 mha other uncultivated land
compriging of pastures, tree crops, culturable waste and
22.87 mha for current and other than current fallows. The
net area sown is about 143 mha while the groas cropped area
is about 180 mha.
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1.3 Climate

1.4

India has diverse and varied climate, from Himalayas in the
North to 1Indian ocean 1in the Scuth. The annual rainfall
varies from 2500 mm along Weat Coast and Western Ghats to
150 mm in Western region. The climate, sunshine,
temperature is favourable for cultivation except the snow
clad, steeply sloping, hilly and rocky areas. The monsoon
i generally regular, South West monsoon comes between June
to September 1in the country, in Tamilnadu it is North East
Monsoon during October to November. The rainfall in most of
the areas except North Eastern and Coastal reglons is
erratic with occasional long dry sapells turning the
agriculture into & gamble. supplementary irrigation is
therefore essential even for Kharif while for Rabi =&
substantial supply is needed for assured and higher
production, use of ground water can be helpful 1in areas
where it fes available.

Growth of Irrigation - Reasons for shortfalls:

The irrigation tradition in India is as old ae civilization.
Congiderable efforts were nmade 1in ancient/historic pericds
in harnessing surface and ground water for irrigation by
diverting the river/stream flowe and excavating welle/tanks.

some major drrigation projects were taken up in pre-
Independence period 1in drought prone or water short areas,
some major diversion worke were also constructed on
perennial rivers in Northerm, Eastern and Southern parts of
the country. However, the process of systematic planning
for sustained supply of water and land use through
irrigation in all the regione only began after Independence.
Massive investments have since been made in this Sector
through successive Five Year Plans creating a potential of
67.5% mha {end of VI Plan) against the pre-plan figure of
22.40 mha, before Independence. The pace has been as under:

cumulative Irrigation Potential Created
unit - million ha (mha)

Major & Medium Minor Total

Irrigation Irrigation
Pre-plan benefits 9.7 1z2.70 22.40
First plan 12.26 14.00 26.26
second plan 14.30 14.79 29.09
Third Plan 16.60 17.01 33.81
Fourth plan 1974 20.70 23.5%0 44.20
Fifth plan 1978 24.82 27.30 52.12
Sixth plan 1985 30.01 37.52 67.53
seventh plan anticipated 33.01 45.96 78,97
(June 19290) Say 792 mha
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Year

1951
1956
1961
1966
1969
1974
1978
1980
1985

All these years eonmphasis hass been 1aid on creation of
additional irrigation potential te attain self sufficiency
in production of food and fibre, But during this process,
the utilization of the created irrigation potential, however
hag not been able to keep pace as shown below:

end Potential created Potential utilized Ga
mhs wha mha
22.4 22.4 X
26.3 25.2 p §X-|
29.00 27.8 1.4
33.60 32.2 1.4
37.1 i5.8 1,3
44.2 42.2 2.0
52.1 48.5 3.6
56.6 52.7 3.9
67.5 60.6 6.9

The gap is rather fastly {increasing particularly on the
major and mediusm irrigation projects by and large managed by
the irrigation departments of the states. There are several
factors responsible for this lag although some of them may
be beyond the contrel of the project management. A few of
more dominant factors are discussed below,

1.4.1 Availability of water

on some of the projects the avaflability of water for
irrigation anticipated at the project formulation stage has
been decreasing, perhsps due to (i) changes in the rainfall
pattern (i1) over-estimation of runoff at the planning stage
{111} 1installing additional works upstream (iv) construction
of large nusmber of minor irrigation tanke, percclation
tanks, nala bunding/diversions or lift irrigation schemes in
the upstream reach. Thus, it is always useful to assess the
actual yield in the rivers and properly evaluate the
potential at intervals.

1.4.2 Micro network

The micro-network 18 constituted by field channels,
irrigation ditches, turnouts and related structures.
garlier the outlet/chak size was usually large while farmers
were expected to construct field channels for conveyance of
water from the outleta to the fields. The field channels
constructed by the farmers in an unplanned manner led to
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axcesgive loge of water 1in transit and excessive use of
water in the upper reaches, thus impalring water
availability at the field, ultimately resulting in less than
planned coverage by irrigation.

1.4.3 Land levelling/shaping

The absence of proper grading of fields subjected to
irrigation reduces the application efficiency leading to
less coverage and utilization.

1.4.4 Agronomical factors

In the abgsence of knowledge of suitable crop varieties
responsive to irrigation for higher yields and profits, the
farmers grow whatever crops they know, which may even be
high water consuming crops 1ike paddy (rice) in kharif or
rabi followed by summer crops In coastal reglon, which
affects both the coverage and thereby the utilization. The
farmers in Maharashtra, Gujarat, Karnataka have switched on
to sugarcane, banana crops which are although pest resistant
and have gassured market profits but consume more water
rather than seasonal crops.

There is still a need for evolving crops giving good ylelds,
pest resistant, low water consuming and responsive to
irrigation in critical periods e.g. oilseeds, pulses to
cover large areas with the available water. The country 1is
also short in the production of these creos.

1.4.5 Farmers Response

The farmers response in improving water management at micro
level and field level has not been very encouraging. There
ie no collective thinking and planning due to absence of
well organized farmers associations, There 18 hardly any
responsibility or incentive for water saving. Night
irrigation is not practised uniformly.

1.4.6 Management practices

Although in the recent years several steps have been taken
to NArrow down the physical Infrastructural and
institutional gaps, but major delay is in introducing better
management practices through systematic and realistic
planning and implementation.
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The demand for water from non-irrigation sectors is on the
increase, perhaps being essential for improving the quality
of 1ife which too cannot be underrated, even though these do
reduce the availability of water for drrigation purpose.
The irrigation sector, to meet the challenge must plan
covering larger areas even with diminishing water resources
to not only maintain but alse increagse the production of
food and fibre. This certainly warrants improvements in
storing, handling and delivering water as per requirements
of plants for increasing the production per unit volume of
water.

gffective and improved water management i{s therefore a need
of the day. The effort needs organized training of project
personnel particularly middle and tertiary levels through
state level training i{nstitutes, WALMIs, expcosing them to
better operational and implementation practices.

This Handbook on ‘'System Operation Practicea' is thus an
effort to address the iseue of iwmproving system operation
practices, which, it is hoped will be helpful in imparting
training to the project personnel and to the practicing
professionals at large,
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II.

Chapter II
gSystem Operstion - Components, Objoctives and Options

2.0 Most countries around the world have invested large sums of

money to create infrastructure for development of irrigation
potential, Emphasis on utilisation of the potential is
obviously a concern. A major step to focus on this aspect
is improving management practices to increase crop
production, Deteriorating irrigation network and inadequate
operating procedures often preclude any saignificant
improvement.

An important strategy £for improving the panagement for
increased agricultural productivity i1is, firet of all, to
identify the maintenance deficiencies 4in the system and to
remedy them particularly those interfering with the proper
operation of the system. Second step would be to resort to
improved operation practices that deliver reliable,
predictable and equitable water. Once the operstion
practices have been improved, technical assistance should be
provided to the farmers so that they alsc improve their
water use practices and management of tertiary system.

Irrigation system - constituents:

It may be appropriate to recall the importance of the
constituenta of the system & role they play 1in the system
operaticn,

Primary constituents of a Irrigation System are:

? Water Source =~ reserveir/river-diversion

2. Water diversion and conveyance system

3. Delivery Sub-system:
pistributaries/minors/outlets.

4. Command area or Farm Sub-system water courses/field
channels & allied farm structures.

5. prainage Bub-system for removal of excess water from
the command area

The farm sub-gystem is considered to be the "heart" of any
irrigation system performing the primary function of crop
production. The water delivery and water removal sub-
systems support the farm gub-system.

2.1.1 Source:

source of water supply to any irrigation system may be, a River
where water diversion structure, a weir or barrage or regulator
may have been constructed to direct river water into main
canal(s) on the flanks for irrigation. Availability of water for
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irrigation on such a system is dependent on the flow in the river
and may Efluctuate as per discharge flowing/passing in the river.
Regulation of water for delivery to each of {its sub-systems as
por crop water requirement 1s therefore not possible on such a
source of water. In cagse it is a dam on river for storage of
water, regular and timely release of water is possible from the
regservoir and irrigation operation can be better planned on
them.

2.1.2 Conveyance and Denverz System:

The conveyance system is one which conveys water from the source
to other distributing channels. Important features of this are;

Head Regulator - A structure at the uppermost point to release
regulated suppliee, constituting the first and main flow control

structure on the system.

Main Canal or a feeder canal is the principal artery of the
conveyance system. It is mostly a contour canal, with a flat
bed gradient varying from 1/7000 to 1/15,000 commensurate with
the topography of land to serve maximum possible area.

Branch canal: Branch canals take off from the main canal running
usually on ridge 1l1lines to facilitate irrigation. Commonly no
direct outlets are allowed from the Main canal or Branch cansl.
Thege constitute the Primary systen of the net work.

pistributaries These are the channels which off take from Main/
Branch canals running mostly on ridges. Bed gradient follows the
the natural ground.

Minors: Minors take off from distributaries, with carrying
capacity varying from § to 25 cusecs. If the capacity ia leas,
they are called sub-minors. outlets for delivering water to
water course are provided on minors, outlet is the last
government control point.

The distributaries and minors form Secondary system net work.

Tertiary/Micro system: Below the cutlete are the water courses &
field channels which feed the area under command, called tertiary
or micro system of the net work built, maintained and controlled
by the farmers them-selvaes. Lately under new directions of GOI
they are constructed by government upto 5-8 Ha block to be
maintained by the farmers.

Control Structures: Control structures regulate the supplies for
all channels. Head regulator is most important structure
provided at the head and regulates supplies to suit the plan of
ocperation or for closure for routine mnaintenance. Another
important structure is cross-regulator, located on the downstream
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of take-off point, to maintain water level needed for relenszing
water into the off-take even if the main canal ig run at lesser

discharge. It iz helpful 4n rotational running and closure of
channels. One important control structure d1s Escape. Escape

with regulating gates s helpful 1in meeting emergencies, for
quick reductions in flow in the roaches located at long distance
from the main canal, it fs in reality a safety valve tc prevent
damage to the system.

Command area: The area irrigatad hy gravity flow from the ocutlets
s e command area. It 18 divided into a number of blocks
called chaks. Area under by one outlet fs called a ‘'Chak' and
may vary from 20 ha to 60 ha. Sometimes the area can be even up
to 400 ha as in Northern Zone. Large eize chak calls for a
longer length as well as larger carrying capacity of water course
which the farmers may feel difficult to manage,. The number of
beneficiaries also becomes large and sometimes the farmers may
not join together to construct and maintain the water course and
field channels. On new projects, the Government of India have
issued directionsz to divide the chak into 5-8 ha sub-chake and
government channels to be constructed up to these 5-8 ha blocks.
The number of land holdere in this sub-chak is thus reduced to a
manageable gize. The length of field channel also gets reduced.

2.1.% brainage: Irrigation and Drainage go together. If surplus
water 18 not quickly drained out it would affect the fertility of
soil and the crop yield. The rain water too needs removal in
time to enable timely sowing. Under the concept of command area
davelopment, every field is provided with a field drain along the
field valley 1line to carry water to another drain (lateral
drain), which collect water of all adjoining fields and take it
to Main or Main sub-drain, flowing into the nearby natural drain
or river. 1In case each of the fielda cannot be provided separate
field drains, it should be ensured that at least a group of them
have at least area drainage facility. Natural depressions or
borrew areas can be linked for field to field drainage. Orains
are designed not only to cater to excess idrrigation water but
also for rain water from the fields and have to be regularly
naintained like canal system.

Besides the surface drainage, there are other methods also e.g;
(1) providing sub-surface drains (horizontal drainage) (ii} a
sories of tube wellsz (vertical drainage) & (i1ii) growing a latrge
number of plants (like euncalyptus) termed bioclegical drainage.
For sub-zurface drainage, perforated pipes are laid below the
ground to collect excess water. This method 1g costly but may,
sometine be needed if sufficient land for surface drains i{s not
available or the cost is prohibitive.
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2.2 Exieting Operation Practices:

India also has a variety of operation practices, evolved over a
long periocd to suit the water availability, topography, agro-
climate and socio~economic conditions of different regions.

The country could be divided in four distinct regions namely 1)
the Northern - Maryana, Punjab, Uttar Pradesh and Rajasthan 2)
the Central - Madhya Pradesh, Gujarat and Maharashtra, 3) the
Southern - Tamil Nadu, Andhra Pradesh, Karnateka and Rerala and
4) the Eastern - Orissa, Bihar, Assam & West Bengal. Some
distinct inter-region similarities in operational practices are
noticeable.

1) Northern Region - The operation of the systems 15 generally
"Supply sa-.a!. pietribution of water {s done according to
predeternined running schedules at varying capacity £factors and
rotational operation. The distribution below the outlet is also
on prefixed sharing of flow-time pro-rata to {individual farm
holdings. The procedure of water distribution below the outlet
is called 'Warabandi',

In Northern region, the states draw allocated share of water from

various rivers, Even the river systems are inter-linked to lend
an integrated multi-benefit character and help basin-wise
development. Inter-basin transfer of water i{s also followed.

The storage works are designed for mean flows for more capacity
and advantage of carry over for utilization in lean years. The
water flows are primarily regulated for power, keeping, of
course, in view the irrigation requirements as well.

For other major, medium and minor frrigation works, the ‘Water
pistribution Committees’' at various levaels have heen constituted.
The committee decides the running programme of various channels
for the crop season. Agriculture officer advises the suitability
of crops to be grown for the given availability of water.

There are State Level Advisory committees also which meet under
the chairmanship of the Irrigation minfister of the state and
take policy decision relating to supply of water.

puring running periods,, the distributaries/minors are run at
full gupply for the ontlete to draw their stipulated share of
watar. No distributory/minor operates for all the daye during
the crop period, they follew a vrotational programme, this
prevents the land from becoming saline and minimise conveyance
losses. The absence of manual control at outlets makes the
distribution fool-proof. The water supply below the outlet is
managed by the beneficiary farmers by their collective wisdow and
CommONSense .,
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Most irrigation schemes in the Northern region command areas much
larger than can be actualy irrigated and thus water deficit
oCCurs. pistribution of water in water deficients system is
done by following methods;

i) Canal rotation with full supply : The distributaries are run
full, by rotation, Farmer takes water in field when there is
water in the channel.

i1) Rotational system: The channels rtun 1in proportion to the
availability would result in running at lower levels than full
supply which in turn would causa silting as also shortage of
water at tails. The channels therefore are run full by turns
after grouping them ae per exigencies of supply.

i11) warabandi: The system of warabandi (by turns) below the
outlets ia followed and farmers follow the system mutuslly. The
system has some proven advantages which greatly promote better
water use avoiding wastage as well as conveyance losses. Tt is
practiced as most organized and orderly method of water
distribution,

One weakness in the system of Warabandi is that {t can not
accommodate water demand of crops with highly variable water
requirements. This hae to be taken care by supplementation from
ground water, wherever possible,

2) Central Region =~ gystem of esupply of Irrigation water
followed in the states of Gujarat, Maharashtra and Madhya Pradesh
is by inviting and sanctioning applications (demand] known as
*"ghejpali", now being revised to "Rigid Shejpali". The water
distribution is based on application by farmers and sanction by
Irrigation Department. The applications indicate both the area
and crop(s)] to be grown,

Irrigation programme iz fixed for each outlet command (20 to €0

Ha) for each rotation period. The dates when water would be
delivered and closed are fixed and the farmers are informed by
notice. The duration for delivery to individual farmers is not

fixed. The irrigation starte from tail to head except where
field channels are not in goed condition or when intensive

denands occur, puring the peak demand periods, the tail end
farmers suffer, The head reach farmera take more water thus
depriving the tail enders of water, The system {5 now being

revised by fixing the date and time termed as "Rigid Shejpali’.

The applications are received, the volume of water required at
various points in the system (outlet, wminor head or the
distributary head atc) is worked out 1in cusec days. The total
aren to be allowed water is decided generally after convening the
meeting of canal advisory coamittee at the beginning of the
geason. The canal advisory committee meeting at Executive
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Engineer's level consists of officers of Agriculture and other
departments and leading users. Parmers get sanction to the
applications (within the 1imit) from the ID, to irrigate the
applied area or reduced area. A reduction can be made 1if the
demand exceeds the availability. A schedule of operation is
prepared {(based on the area applied/sanctioned) and publicized,
indicating the flow periods in weeks of the seagon. Schedule of
distributicn at the farm level is drawn up indicating the order
in which the farmers should draw water within the chak. Areas
ganctioned for the crops are supplied water up to maturity.
Irrigation department is responsible for operating the system as
per the schedule and ensure that the flow (generally/day cusec)
is constant at the outlets (generally serving about 40 ha},
Parmers take water by turns within the sanctioned area. When the
farmers of a chak have taken water for the sanctioned area, the
outlets are closed until next flow period. All outlets have
gates which can be locked.

This existing system has several shortcomings to make 1t an
efficient system. These are:

1) outlets are gated pipes drawing about 1 cfs. even when the
parent channel runs with half depth. Nost of the outlet
gates are broken and are opened or closed using mud or
vegetation to plug the pipe. This leads to over-drawals in
head reaches and undependable supply at tails.

ii) The time taken to irrigate the sanctioned area wmay vary
significantly due to variation in flow rate, nature of soil
and the degree of levelnees of fields.

111) Farmers are liable to not use their turn or choose not to
irrigate at night, and the department tries to make up the
lost turn.

iv) Piling of applications is drregular/delayed, and goes on
till middle of FKharif season. The farmers intentionally
delay applying, hoping for the rainfall. Once the
application is sanctioned, the farmer has to pay the charges
irrespective of the fact whether there is water or not. Any
delay in Kharif crops leads to delay in Rabi and even losa
in production.

These factors undermine the schedule of operation causing
unrelfability of flow at the outlet {in time, quantity and
duration) which further results in lack of discipline.
Farmers tend to over {rrigate whenever water is available.
The system deficiencles and unreliable water supply
especially to the tail enders are among the primary reasons
for low utilizartion of irrigation potential.
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Southern Region: The basic design, layout, construction, &8s
also the system operation of the irrigation systems in Tamil
Nedu, Andhra Pradesh, Karnataka and Kerala is almost similar
except for minor variation within these states.

In Southern region, the right to uge irigation water is
attached to the land. When a new irrigation project is
implemented and the canal net-work comes on the ground,
211 the land to be served is identified and listed with
respect to land settlement survey numbers and notified
converting these lands based on soil characterstics from
‘dry' te 'wet', The Culturable Command Area (CCA] and
the irrigated srea are generally the same. The rate of
revenus is revised to a higher level. The water cess
component is neither separately shown nor 1t 1s known.
The land cess thus collected is relevant to the type of
land and not the crops grown or water used. Once the
land is classified as ‘'wet', the new cass becomes
effective whether the farmer{s) take water or not. The
land cess is collected by Revenue Department and
Irrigation Department has nothing to do with either the
assessment or the collecticn. The Irrigation Department
functions as Service Department to make irrigation water
available for the crops grown, this system is noticed to
function.

The irrigation systom {headworks, canal network and the
outlets) 1s designed to ensure supply to the entire
command on 75% dependability, as per cropping pattern
and crop period as assumed. Regulating and flow control
structures are provided on the canal net work for
distribution of water in all the limbs of the system.

At the beginning of the irrigation season, the District
collector, calls a meeting of the Trrigation Engineer,
the Agriculture Officer and a few prominent farmers to
decide the dates on which the system(s) in the district
could be thrown open. The irrigation engineer gives
details of the water availability, the in-flow
anticipated, the behaviour of monsoon etc,, the
agriculture officer is to advise the timings and kinds
of crops and other agricultural packages. For bigger
systems, the exercise is done at Govt. level by the
Agriculture Production Commissioner who calls for
proposals from the Chief Engineer Irrigation and the
Director of Agriculture.

The system is opened for the season after due publicity
through radio, press and notification clearly giving
duration for which the system would be open. Irrigation
Engineers keep on relessing water as per needs and/or
the demand of the farmers in different limbs of the
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systen. Thareafter, a continuous flow 1is maintained.
This can be varied in different branches depending on
needs, atleast in the rice growing areas. The demand is
maximum during puddling and transplantation periods when
flow 1s maintained continuocusly. Subsgequently the
supply 18 made by turns. For irrigated dry crops, the
supply is intermittent, generally ten days 'off' and ten
days 'on', the interval can vary from system to system
and crop to crop.

Operation practices followed below the outlet are as
under:

a) When the main system 1s ‘on' continuously and supply is
normal, the farmer turns are observed by following a
sequence mutually arrived at and tradition-ally
practiced. Though there 12 no established warabandi
syetem 1ike Northern Zone, there 1g a notional
distribution among the holdinge by days, part of the day
or aven by hours depending on the holding. Any dispute
arising over this is settled mutually amongst the
farmers using social pressures. Very rarely this assume
ie found to severe proportions requiring interference of
the officiala, the revenue official 14 empowered to
intervene.

b) After transplantation is over, supportive irrigation is
maintained, by adopting a turn key system at the minor
level. The minors are kept open or shut while the
distributaries are run at half supply level for proper
feeding of the outlets. The farmers' turns, within the
chak, continue when the minor is on.

In some systems in South India, certain segments of the
command are eligible for two crops, rest being eligible
for one crop only. Water supply can be denied to the
later for the second crop.

Stora System eration:

Storage reservoirs (tanks) are operated by the beneficiaries
irrespective of the size, the number of outlet sluices or
channels taking off. Most of the tank systems do have formal
or informal committees at the village level to manage the
operation. In large tanks where Irrigation Department staff
is avatlable, the sluices are operated by them accerding to
the decision of the committee, In small tanks, the village
headman gets 1t done. Maintenance of large tanks (more than
40 Ha in T.N.) rests with the Irrigation Department and that
of gmall tanks with the 'panchayats'. Water distribution is
by the beneficiaries. An irrigator agreeable to all, called
*Neerkatti" is engaged by the beneficiaries to distribute the
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water to various holdings according to a traditional
procedure of ‘'by turns', and is paid in kind at the time of
harvesting by all the beneficiaries.

Deltaic Area:

The deltaic area of the rivers like Mahanadi, Godavari,
Krishna & Cauvery, constitutes a substantial part of the
total irrigated area of the states. The management is
complicated and difficult owing to drainage problems. In
cage of intensive rainfall which 1eg common often in the
coastal zone, the run off from the uplands rushes down the
delta, but the wild land-slopes considerably reduce the
velocity causing silting which raises the general levels of
land, the ground water level also risee and when the drains
overflow they cause flooding in the area. The sea at the
same time 1is rough giving rise to high waves which
practically prohibits the drains from flowing into the sea,
thus causing stagnation and flooding of inland. Sand bars
get formed at the mouth of drains, adversely affecting
functioning. Large pockets of low lying areas become water
logged owing to poor drainage and damage the crops. While
there may hardly be any feasibility for storage due to mild
slopes, irrigaticn system operating as a flood removal
system earlier, can at best function as a direct flow system,
The tidal influx extends quite far into the inland spreading
galinity. Though river flows do periodically flush the silrt,
the saline 1intrusion does take place, The soils in delta
region are semi previous loamy - alluvial, capable of
intensive cropping as agro~climatic conditions favour ralsing
of wet crops. Continuous vigil 4s required to utilize the
river flows, the area being prone to heavy precipitation and
flows 1in the rivers, to eliminate {nundation or water-
logging.

Rulee of Regulaticn:

Rules of Regulation approved by competent authority are
avallable for each of the systems. These are at best only a
guide, with directions for operation in normal times. They
dwell more upon the precautions te be taken and for actions
in dealing with the floods.

When irrigaticn is 'on' in a systeam, the day-to-day schedule
of releaszes caters to the requirement projected at the
section level. Looking to the area under the crop, and its
stage of growth, the Section Officer intimates the water
requirements for compilation at the sub-divisional level and
further tranesmission to the Executive Engineer, who is the
key person in the management. He wuses his foresight,
considers the water availability and other relevant factors
and approves the schedule of release of water in different
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sub divisions and for sections.

4. Eastern Region:

Most of the Irrigation systems in Eastern Region comprising
of Bihar, Orrisa, Assam &and West Bengal are river diversion
worke. These states have norsally good rainfall and water
is in abundance in the rivers during monsocn. Due to this
availability and 4its relisbility, Paddy is mainly grown in
Kharif in large areas, almost covering 100% of the culturable
commanded areas. Supporting irrigation in Kharif is provided
whenaver there is a long gap in rains while the crop requires
water. Due to shortage or unreliability of water in winter,
Rabi 15 grown in a comparatively much less area, i.e. about
30% or less.

8ince water from the run of the river 1s directly diverted
into the 4rrigation channels, there 4{g a problem of
codinmentation in the canals. Maintenance grants are being
inadequate, due to which the canals are sgeldom maintained
causing serious reduction 1in the carrying capacities of
canale, On the other hand new techniques of agriculture under
the Intensive Agriculture Programme and new methods of
agriculture are being practiced, while using high yielding
variety seeds and fertilizers. This has increased the demand
of water, while canals have proved to be inadequate to meet

these needs. In general, the canal systems have many
deficiencies like lack of £field channels below the outlets,
lack of control structures, gates ete. resulting in

considerable waetage of water and low field application
efficiency.

In Bihar, 'Tateel' system of water distribution is followed.
The opening and closing time of the system is decided by the
Superintending Engineer incharge and or the Executive
Engineer and notified through pamphlets to farmers. Water is
supplied for irrigation during Kharif sgeason also. To
fllustrate the point a mention may be made of one Paligaon
distributory which is usually open for ten days and closed
for five days and so on., The period of 'ON' and 'OFF' varies
from system to system, according to the judgement of the
8.E/E.E. coupled with availability of water and past
experience.

Under the Bengal Irrigation Act 1876 and ceanal rules
applicable to ‘Son' Champaren-3aran-Kala, there 1 a
provision for submition of application by the farmers for
eupply of water on long term lease (7 to 10 years), lease for
Kharif season, Rabi season, hot weather season or even for a
single watering during Kharif crops. One or more waterings
during hot weather season & water required for village
tank{s) are also covered by these rules. The applications are
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made on prescribed forms, the Jjunior engineer checks the
possibility of irrigating the area 1in question, whether &
small eerthen bund exists around the field to prevent wastage
of water and that 85% of the farwerg 1in that block have
applied for water. 1f satisfied, he recommends the
application to the SDO (Assistant Engineer). Except the long
term lease usually sanctioned by the Divisional canal Officer
(Executive Engineer), other applications are sanctioned by
the 8po and conveyed to the farmers through the Jen &
Lambardar. These rules provide for appointment of a
‘Lambardar' or ‘Sattedar’, a representative of a group of
users in a chak or a block (group({s) of chaks). ‘Lambardar'
is appointed by the 8SDO in consultation with the users. The
pivisional Canal Officer can also make the appointment, A
Lambardar must have an interest in the land use, hie
functions are:

1) To obtain gigned appiication for water and certify the
correctness of signatures of the applicant.

11) To assist officiale in measuring the irrigated area or
the area proposed to be Airrigated & record the same in
'Sudhkar’ registers.

111) Te give timely information te the canal officer of the
irrigation regquirements.

iv) Superviee distribution of water within the ocutlet command
and report misuse or wastage of water.

v] To attend investigations by the Divisional Canal Officer.

vi) To receive and distribute the demand slips among the
concerned farmers.

vii) To verify the gauge readings at site recorded by the
gauge reader.

Rules also provide for payment of Lambardar fees, {n
proportion to the water ceses asgessed. Rates vary from
Rs.1.56 to Rs.3/ per Rs. 100/~ of agsessed water cess, the
average ie about 2%, The rules also prescribe water rates,
procedure of water cess assessment, collection, remissions
atc.

The ‘Lambardar' eystem abandoned in 1974, has now been
revived in 1598. The farmers apply water to fields according
to convenience, from field to fileld, starting from head.
They sometime irrigate higher lands slec by obstructiing flow

in the canal for raising water level. Due to which the
lower portion of command are deprived of water and may go
unirrigated. rarmers are alsc not united & have no
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collective control on the system. They are not cestain of
the availability and itz duration. The communicaiion system
on the canale 1s lacking. Lambardar does not interfere with
water distribution belew the outlet although disputes are
resolved by the cultivators mutually.

gfforts are now being made to form "Adhoc" farmers
association on pilot basis toc awaken and discipline the
farmers as a group, and ultimately hand over responsibility
to them along with statutory measures/powers.

A chart showing summary of exieting operation practices in
various zones 18 enclosed at pages 19 to 23.

2.3 Improving System Operation - objectives:

The National Water Policy =~ 1987 besides other things lays
down that:

i) The irrigation intensity should be such as to extend the
benefite of irrigation to as large a number of farm families
as possible, keeping in view the need to maximise production.

14) Water allocation in an irrigation system should be done
with due regard to equity and social justice. Disparities in
the availability of water between large and smnall farms
should be obviated by adoption of & rotational water
distribution system and supply of water on a volumatric basis
subject to certain ceilings,

i11i) concerted efforts should be made to ensure that the
irrigation potential created 15 fully utilized and the gap
between the potentfial created and utilization is removed.
For this purpose the command area development apprcach should
be adopted in all irrigation projects.

iv) Participation of Farmers: Efforts should be made to
involve farmers progressively in various aspects of
management of Irrigation systems, particularly in water
distribution and collection of water rates. Assistance of
voluntary agencies should be enlisted in educating the
farmers in efficient water use and water management.

V) Improved Management: A perspective plan for standardized
training should form an integeral part of water resource
development, It should cover training in system operation,
physical infrastructure and the managenent of water
distribution eystem. The training should extend to all the
categories of personnel involved in these activities as well
ii2 the farmers.
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In view of the vital importance of water for human and animal
life and considering its dncreasing scarcity, the planning
and management of this resource and its optimal and equitable
use has become a matter of utmost urgency. There is thus a
need to look into and analyse the deficiencies in the systems
and improve the actual operation and management.

2.4 Conceptual approach

Conceptual approach to an ideal operation programme would be
(1) to corrctly asgess the availability of water for
distribution in the Command, {ii) to correctly assess the
water demand of crops, (iii) draw the operation plan as per
water availability, (iv) seek input of the users, (v]
implement the plan publicised publicity, (vi) have proper
feedback and interaction, (vii) monitor the deliveries
through regular and continuous feedback from field, (viiti)
revise/improve the plan with knowledge gained, and (ix)
evaluate the performance, The aim should be to extend
irrigation benefits to as large & number of farm families as
poseible keeping equality and social justice in view.

2.5 38cientific approach:

Different {rrigation systems would have different ‘'site
specific' problems. An effective approach would be 'process-
oriented’ rather than prescriptive, Prescriptive approach
lists step by step procedure to be followed and is perhaps
preferred by many system managers but it does not result in
optimal result and the field staff do not learn how to
accopmodate the site characteristics to improve the
performance. A gmcientific approach, ‘'site specific’, is
therefore necessary. This process emphasizes;

a) attaining more detailed phyeical knowledge about changes
within the system.

b) documenting maintenance needs for system improvement

<) using existing flow control structures for water
measurements

d) increasing conscicus approach for operating the system
to meet the user needs.

e) awarenees of crop-water needs and farmer responses

Steps required for improving the system operation plan:
(A) Know the system - Problem Identification

i) study maps, old record and information
ahout crops grown & cropping activity.

11) Seek input from farmers

111} Examine water availability Scenario.

iv] conduct hydraulic survey and mapping
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v) Overgee the outlet designs, location, sizes &
alignments

vi} Identify flow control structures for flow
measurement

vii) Conduct operation control survey
- Check discharge ratings
- Measure channel losses.

viii)Examine flow control at Tails {Tail clusters)

{B) Implementation of Zolution
Implement proper channel maintenance programme and
maintenance plan for structures.
1i) TImplemant improvements 1in water delivery. Also
oversee the outlets.
({ii)Continue improving water delivery schedules.

(C) Development and Testing of solutions

1) Develop operation plan. Ensure releaases to meat
the crop requirements at critical stages of growth.

14) Check discharge ratings.

111) obtain information on cropping activity.

iv) Nid term review/ravision of operation plan.

v) Monitor and obtain feedback.

vi) Purther refine the system operation plan.

CONCEPTUAL APPROACH

S2ady Project Assocs megplies Assess Rennnd
Deslqne Tnvolva
Tarmers
[aflows/oattlon (Forecast ftorage Carryleg Seepeqe
o dal Bnail, fes| cagecity besd § oper.
1.ya of chansel| | lenes Covenlt
Agel. dept,
Spaten BEfe, Crepped o Croppleg je{  Farners
{137} Fractices ressnrees §
l preparsdeens
I
supply 4 Muest crog-water
Desnad tequiresetsy
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a) Overseeing the outlets - numbers, sizes and locations:

Problem of unauthorized additional or oversized outlets
existe on most of the old projects as well as on the newly
built ones. In early stages phages of construction and for a
quick development of dirrigation the managers themselves
encourage/allow £ixing of these outlets. When the farmers get
used to them and start growing high yielding crops after
making investments on land, seeds and fertilizers, they are
likely to resist removal of these outlets at completion
phase. The axe falls on the tail-ende where even subsistence
irrigation is not available. These practices upset the whole
cperation planning procedure and should thus be arrested, if
equitable distribution i{s to be ensured. The case for a
change 4n the aize or location should be examined on
technical merits. Extra outlets should be removed. There is
likely tc be a severe resentment by big/influential farmers
to such a step and here the rapport and cradibility of the
manager will come to rescue. If needed, recourse to the
provisions in the Irrigation Act should be taken, taking care
that link water course/field channel for the new (authorized)
position is made on the ground before hand.

b) Direct outlets from main canal/branch canal:

When the availability is more than demand, the system coculd
run full & may not cause difficulties even if outlete from
the main or branch canal are given. But such a situation
would seldom occur, as efforts to irrigate more area than
permissible are bound to cause shortage of water, In order
tc meet the situation the distributaries and minors have to
be put on rotation on 'ON' and ‘OFF' basig, and the main
cansl/branch canal run full or partial for all the days. The
direct cutlets given on the wmain <canal/branch canal would
continue drawing water for all the days, unless gated and
sacured by locks which would warrant avoidable mnan power,
supervision and <control. As a principle no direct outlets
from the main/branch canal should be given. The areas
possible by only main/branch canal can be grouped together
and a separate sub-minor built taking off from a regulator
and grouped with other channels for rotational running.
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This iz an important aspect of planning the system operation
:nd. funds if required for the needed interventions should be
ound.

c) Small chaks - stream size:

The last Govt controlled structure on a gystem is the outlet
for about 40 Ha to allow nearly 1 cfs. discharge. Although
the size would normally depend on the ‘duty' adopted. The
conmand srea 18 divided in a number of chaks to be served by
outlets provided. It is kept in view that the length is not
unduly large, a length of 1 to 1.5 km being preferred. Since
the water course follows the ridge. The size and extent of
chak is mainly dependent on geographical features. For chaks
of gize 40 Ha and above, the discharge of a water course at
the outlet may be 1 ¢fs based on the water allowance. For
smaller chaks, the discharge may work out to be lese than 1
cfs., To illustrate, 1f the area of a chak 1s 10 Ha, the
allowable quantity would be only 0.25 cfs. If the length of
the water course is 1 km incurring a seepage loss of 3% to 4%
per 100m length, it will mean loss of 30 to 40t of the
discharge. The stream flow through the water course would be
dwindling and may not be able to cover the area in the
allotted time. The chance ig that the tail area may not get
any water at all, S0 it ig essential that a minimum stream
size depending on the type of soil and length of water course
may have to be fixed.

Such situations can be met with by grouping of smaller chaks
into one or two so ag to make a viable eize, They can be
considered to be grouped with the adjoining large chak(s].
For doing so, the water course of one chak will have to be
linked with the other by either providing a syphon through
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the chak boundary {(generally a valley) or across the minor or
even distributory.

such review of blocks (’chakbandi'|, while preparing the
operation plan would be helpful in optimising the use of
irrigation water and at the same time ensuring a proper
strean size.

2.6 oOptions for Operation:

There can be a variety of options in planning systen
operation. They largely depend on the water dependability,
physical system (storaga or rtiver diversion}, topography,
cropping pattern, cropping practices, rainfall - intensity
frequency, maintenance of the d4nfrastructure, control
structures, socio-economic conditions of the farmer, user-
groups in the command and farmer's know how on maintenance &
distribution of water. The practices may vary from system to
system, region to region and state to state.

A variety of operation methods are in vogue. Below the
outlet, the farmers manage water distribution mutually or at
places through some sort of formal or informal societies. It
is either ‘warabandi' in the North, the mutual understanding
in east or south and the 'Shejpali’ in central region. The
person supervising distribution of water below the outlet ia
called 'Miraab’ (North). 'Sattedar' or 'Lambardar' (east) &
'Neerkatti' in South. The options in any of these methods,
can be:

i) Running the mnain canal & system continuously for
designed base period of the crop. closing the entire
gystem for 7 or 14 days and again running it till the
storage lasts or crop matures, whichever ig earlier.

11) Running the main canal with full or partial supply for
designed base period and run the distributaries and
ninors full by rotation.

4i4) Dividing the command in zones and supplying water to
separate zones in turn (1f water is insufficient) each
year.

iv) supplying water to the whole command with less number of
waterings and adjusting the cropping pattern.

v) By reducing flow period & increasing discharge of minors
is snother method of operation pravalent in
Maharashtra and on many minor frrigation projects in
Rajasthan. It calls for a design of the Distributory/
minors and the outlets for a (flow) period of 15 days
while the main canal/ branch canals are designed for the
peak require-ments of one month of the crop eeason
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(based on monthly crop water requiremente]. S0 by
running these minors for 15 days with double the
discharge, the required quantum of water required for
crops is possible to be supplied 1in half the month.
This results in & bigger stregm size and faster
application of water to fields, thereby minimizing
conveyance and £ield losses, These channels remain
closed for 15 days to give enough time for carrying out
maintenance work {f necessary. Farmers appear generally
happy and satisfied with this method of operation.

vi) Volumetric method of supply:

supply of water for irrigation on veolumetric basis 1is
very much desirable looking to the present day high cost
of project, It will promote a judicious and optimum use
of water by the farmer as he has to pay for it on volume
basis. It would reduce wastage of water, thereby
providing an ideal water manggement and maximum
productivity. But it is not practically feasible in
Indian conditions because of heavy cost in installation
of meters and arrangements required for maintaining and
reading of large number of meters installed. Also fool-
proof meters to operate in field conditions are
difficult to maintain.

To promcte volumetric use of water, Govt. of Maharashtra
in their Irrigation Act 1976 ag section 60 have made a
provision that in case 51% of the occupiers of land on a
distributary command area agree, water can be supplied
in bulk at the head of distributary on velumetric basis
at promotional water rates, the internal distribution
being left to an association of the concerned

beneficiaries.
The metheds i), 14), & v} above are “supply-based” while (1iv)
and (vi) are ‘crop water need based'. Parmers adopt a
cropping pattern based on past availability of water and
econonic scenario. Requirement of water varies from crop to
crop as per their critical stages of growth which too vary
from crop to crop. In the event of rainfall in a part of

command there may be need to curtail supply to them but due
to lack of communication, such regulaticn is either not
possible or delayed, thereby affecting the crop.

"Demand-Based" systen of cperation perhaps the most
desirable, is not very much in practice. 'shejapali’ system
in central region, and localisation system in Southern
region attempt to do so but there are many drawbacks., For
demand based operation, a lot of automation, excellent
communication system and abundant water is necessary.
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vii) Delta region:

The finer position of silt in the rivers gets deposited near
the ocutfall into the sea due to flat grade while the coarse
grained silt gets deposited in upper reaches. The river bed
thus rises. During £loods, canal banks overflow and may aven
breach causing the water flow into depressions. Thus the
rivers (drains) eserve &as 1rrigation channels in the head
reaches and drainages at the end. The flat topography may
not permit any storage resgervoir or tank meaning that only
*run of the river" systems are suitable for deltaic region.

In Plain or Plateau areas, we have generally a storage
reservoir or a tank with a network of canals irrigating the
commanded area. Run of the river systems are also feasible/
existing. In diversion system the flow 18 not always
uniform. There are fluctuations in flow which may be more &
sometimes less than required. For operation of such systems,
a historical flow data of the river at the weir location will
be helpful in predicting the flows for planning purposes.
Upstream flow measurements and effective communication system
is likely to make the situatiocn easy for anticipating the
availability of water at the weir/barrage. The gystes
manager is required to be alert to divert & utilize all the
available flow through the canal in a rational manner,

A schenmatic plan for various options of operational methods-

bath supply based and crop based for Plain/pleatau and Delta
regions is shown below:
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GENERAL OPTIONS OF OPERATION

Irrigation Systes

Case Sub-system Flow condition Releases Remarks
Cage (1)
Continu- Primary continvous flow Ffull
ous Secondary continuous flow Full
Running Tertiary continuous flow Full
Case (i4)
Rotation Primary continuous flow Partial
Balow Secondary {fntersittent flow | Full
distributary||Tertiary intermittent flow | Full
Case (114)
All by Primary totermittent flow | Full
rotation Secondary intermittent flow | Full
Terciary intermittent flow | Full
Volumatric All Sub-system| By Volume By Volume |Needs measur-
(on demand) ing device at
farm gates
and crop water
know-how by
farmors
Minor work Primary continuous Full Twice of auth-
Secondary 15 days 'on' & orized(Channel
Tertiary ]15 days ‘off’ design is done
accordingly)
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PREPARATION OF O-PLAN

Distribution of water

= OBJECTIVES :
- Equality -- per unit area
- Timeliness
- Predictability
- Acceptability by farmers & involvement
- Punctual & prompt attention by ID
personnel
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Chapter IIIX

Knowing the System

It 1is essential for the system cperator to first acquaint
hinself with the system for which the operation plan is to be
prepared. The manager has to study all the components of the
syatem and other socio-economic aspects having direct
relation with the system operation for effectivity and
efficiency. The object of knowing the system would require
the following steps:

3.0 KNOWING THE SYSTEM

- study of physical, technical, historical and socio-
economic details of the system.

Climate, topoegraphy and soils,

River basin, its development, rainfall, location of rain
gauge stations, and catchment area.

surface flow and Ground water

prainage, wster logged and salt affected areas.
Cropping pattern and related activity.

water requirement on the system

canal net work - design principles, fixation of carrying
capacity, flow control points and delivery of water to

farms.

- Maintenance needs and implementation

- Operation information from farmers.

- organisation, responsibilities and functions, system of
approval.

- gtatus of communication - feed back and monitoring.

- statutory provisions and rules related to operation of
system.

3.01 Study of physical, technical and historical
details of the system

The first step to “"know the system" iz to collect and
study the relevant and available data con the physical,
technical and historical aspects of the system. The
survey of India maps showing the location of the dam,
catchment area and command area of the project need a
careful perusal. 3imilarly the design, plans like the
longitudinal sections, X-sections of the dam and canals,
layout plans of canal system, soil characteristics,
geological features etc. should be studied for improving
operational efficiency. Reports and technical studies
or economic evaluations carried out should also be
obtained. There should be registers listing various
activities, noticeable channel reaches in the system and
history of changes which the system might have undergone
over the length of time are likely to provide the
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required insight into the system and need to be studied.
Information regarding standing orders 1issued for effect
cperation and maintenance from time to time should also
be looked intc. It will be most valuable in providing
background of the system and assist in formulation of
workable improved operation plan.

3.02 cClimate, Topography and Soils

Basides rainfall, other climatic factors like
temperature and humidity occupy an important place in
assessing the net requirement of water for'irrigation.
High temperatures cause evaporation of water from the
free surface of reservoir/ canals, as well as from
vegetation/crops - called evapo-transpiration which too
is quite significant. Therefore, data on evaporation
lotses based on 'pan evaporimeters' observations or that
for evapo-transpiration based on inetrument cbservations
ghould be known to arrive at correct hydrologic balance
and water requirements.

Shape, size and gradient of the catchment area and soil
types available are important factors, as they very much
affect the net available surface flow or run-off from
the catchment. The flowing water fs liable to carry lot
of sediment, rolling or suspended and settling in the
reservoir bed, to adversely affect the live capacity of
reservoir.

Likewise details of topography, land-glopes, 1in
particular, soil types 1in the command area are also
egsential to facilitate decisions on  measures to
mininisze seepage logses and/or erosion of banks and for
enhancing the efficiency in implementation.

3.03 River basin, its development, rainfall, rain gauge
gstations and gauge discharge observation sites

Correct realistic assessment of water availability in
the reservoir 4z the most important step to enable
preparation of a realistic and effective operation plan.
A careful study of the complete river basin, dependable
minimun and maximum flows, soil conditions and climatic
aspects is necessary for assesing the hydrological
behaviour of the catchment area. The run off
intercepted by other storages upstreas has te be
properly accounted for. Commitment on the downstream
epills has also to be kept in view for reservolr
operation. pDetails of such dams have therefore to be
known . The 1information would also be needed for
assessing the peak flood discharge and effect the
operation at the spill-way/ waste weir, Location and
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type of rain-gsuge stations in the catchment ares with
complete record of rainfall, pesk {ntensities on some
particular days in preceeding years gshould be studied to
determine the yields from the catchment. 1f river
discharge obgervation esites exist 4n the basin, the
discharge data available, along with the crosa~-sections
and longitudinal sections at these sites should be
obtained to recheck and verify the water availability by
establishing proper rainfall-runcff relationship
wherever necessary.

3.04 Surface flow & Ground-water

surface flow and ground water are integral and
inseparable componente of the hydrological cycle. As a
natural corollary, their wuti{lisation should also be
inter-dependent and conjunctive.

The actual maximum and minimum yields at the dam site
for a number of past years for which rainfall/ discharge
data may be available, should be made use of and
dependable yield at 50%, 75%, 90% and 100% epan of time
be ascertained. The gross and utilisable storages
provided at the time of formulation should be analysed.
Details of quality of water regarding salinity, pH value
{acidic or alkaline) etc for suitability for irrigation
and drinking should be collected. The existing sources
for irrigation other than canal within the command area,
the cropping practices followed and status of land use
for irrigation should be alsc ascertained.

Similarly, status of use of ground water, availability,
quality, depth from the ground, geasconal variations,
present extant of exploitation and future prospects
ghould be weighed. Ground water table observations
taken both in pre-monsoon and post-monsoon, for at least
three years should be examined.

This information would enable identifcation of areas
where conjunctive use of surface and ground water is
possible or where only ground water use is possible for
irrigation in areas within the command. This would also
reveal dependence on canal water to enable a decision
for release of water for consumptive use or less and if
the water can be spread over larger area by supplying
water at critical growth periods during shortages.

3,0% Drainage - water logged areas/salt affected area:

For planning the operation, {t 1ie essential to have
information about important characterstics, e.g type of
soils, goil cover, gradient, means of drainage, general
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topography {undulating - mild slopes-plain), areas water
logged or salt affected, Special information regarding
water logged or salt effected area 15 necessary. The
gystem Manager may have to, at some stage, be called
upon to exclude the water logged area from surface
irrigation. If necessary a plan for providing a series
of {tube) wells in the area for conjunctive supply of
water to adjoining lands echeuld be considered. This
would not only help in reclamation of the water logged
areas but would also create a second gource of
irrigation. There may also be a requirement of extra
water for leaching of the salts to be taken into account
and 1f conditions permit, the plan should meet these
spacial requirementa. If, however, water for leaching
18 not available, salt affected areas could as well be
excluded from irrigation programme. Irrigation without
drainage leads to many problems and it has to be ensured
that the fields have proper drainage. It is likely that
these were provided for each field while reshaping the
1and, or there could ba field to field drainage or some
natural drains may be around to take care. Unless there
are appropriate means to drain excess water, salt
incrustations are likely to occur and harm the fields,
for which, the irrigation manager may consider ainimum
number of waterings.

A.06 Cropping pattern & Farming activities

It will be desirable to find out the cropping pattern
followed in the area for past yeare and cosparing it
with the project cropping pattern, alongwith the
cropping methods and timingse of the activities. The
deltas (water depth applied) for each crop and actual
duty (area per unit veolume of water] should also be
assessed. Besides, it may be useful to assess the users
crop preferences to arrive at an acceptable crepping
pattern to optimise the use of irrigation water, It i=
generally not easy to exercise a control over the
cropping pattern but some congensus can be arrived at
depending on the mutual dialogue and trust.

3.07 wWater Requirement on the System:

After knowing the areas 1irrigated and the cropping
pattern on the system, assessment of duty of water and
systen efficiency, approximate requirement of water for
irrigation in that area and crops could be easily
estimated. This would also warrant 2 close examination
of all relevant documents which might have been prepared
in past. 1t should also be co-related with other
agriculture inputs, soil types and practices.
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3.08 cCanal network design principles

For improving the system operation practices it is
essential to have a complete study of the canal network,
design principles, existing carrying capacities,
location of various control points on the net work and
the method of water delivery to the farms. Design
principles adopted £for the conal system should be
studied. The bed width, side slopes, Coefficients of
roughness (rugosity), silt factors etc. adopted in the
design should be looked into. This knowledge would
enable the system operator to find out whether the
channel sections are appropriate or they need special

attention. It 1is 1likely that original design of
existing canal structures was based on the traditions of
old 1irrigation systems. Some changes, on the old

practices over the time may have taken place due to
better know-how now available, while the canal
structures may be required to conform to the latest
principles.

- Carrying capacities:

The carrying capacity of any canal is fixed on an
assumed cropping pattern taking into consideration
the climatic conditions, cropping intensities and
crop water requirements envisaged at the time of
formulation. Conveyance and other losses are also
taken into consideration in the design. Normally
the peak water requirement occurs during pre-sowing
stage of one crop and flowering stage of the
previous crop, The project water requirements for
the given cropping pattern are worked out for each
month of the crop season.

A change 4in the crop pattern commensurate with
gocial/conmunity demands in future cannot be be
ruled out, The design discharge can be marginally
increased to take care of such requirements. It is
also likely that the capacity may even now be
guitable even for the existing cropping pattern,
An analysis of the situation will enable the
manager in taking appropriate action.

- Flow Control points :

Knowledge of all control points on the canal net
work 1is necessary to prepare and implement the
system operation plan. If adequate number of
control points do not exist, they will have to be
suitably provided/identified. The important points
of flow control can be head regulators, main canal,
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branches, distributaries and minors, cross
requlators, escapes, tail clusters and the outlets,

At the off-take point of each branch, distributary
or minor, a head regulator 1is provided for
regulating or closing the supplies as per operation
schedule or routine seasonal maintenance. Cross
regulators on the canals on the downstreas of
:aga-ofi points are so located that they are able
to raize up water level to Eully feed the off-
taking channels, Providing adequate number of
crogs regulators and head regulators for operation
purposes is not only of utmost utility in control
over canal flows but alsc due to the fact that
these structures also provide a lot of flexibility
in operating the (irrigation system under all
eventualities. Escapes with regulation device are
also essential on large canal systems for emergency
use. They are helpful in quick reduction in flow in
the system located at long distance from the main
canal. The escapes are safety valves for avoiding
damage to entire system.

Tail cluster is an important structure at the tail
5% & minor, where there may be 2 or more outlets.
The outlets can be open type, gated or fixed
orifice or modules which can also serve as flow
control points (Fig. 3.1). It has to be seen that
they are properly fixed with gauge strips providad
on their cills to measure available working head on
each of thenm. Tt has to be ensured that outlets
get their designed operating head to pass the
required stream flow on to the fields. It would be
proper to lay down guidelines on ‘outletting' for
homogenity.

3.09 Ppetermination ot maintenance needs and
implementation:

Adequate and timely maintenance of an irrigation systea
is vital for proper irrigation water management. This
wanagement can be effectively possible only when the
infrastructure for water conveyance i1s in a fairly good
condition. For increaszing preductivity, evaluation of
maintenance deficiencies and their rectification coupled
with improved operational practices providing mnaore
reliable and predictable water deliveries are nost

essential. There 1is a need to conduct engineering
survey of the system for determining the maintenance
needs conducive to implementation. As certaining the

guantum of desilting required restoration of the
gradients to design and the quantum of earthwork to be
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filled in the eroded banks or bed for proper slope and
shape iz ezsential for restoring conveyance efficiency.

In order to improve water distribution in the command,
a study on the quantum of seepage losses from the canal
iz essential. This would help in identifying the
reaches where proper measures may have to be taken to
save the losses.

Water can be effectively managed only 1f it can be
accurately measured., Scme important structures on the
system can be identified as flow control structure and
calibrated to measure the diecharge. It is thus
necessary to properly identify and repair such flow
control structuree sc¢ that they can daependably serve
both as flow control and flow measurement structures.

A diagneetic “wWalk-Thru' maintenance survey is necessary
for a precise and documented projection of maintenance
needs. An important source for ascertaining these needs
is to involve the user farmers. They would provide many
clues to maintenance and operation preoblems in the
system which may not otherwise be possible to be
identified by the System Manager.

Some social causes may also be responsible for giving
rise to maintenance needs e.g cutting of banks, putting
obstructions or unauthorized/ oversized outlets or
tampering with the fixtures, warranting the manager to
understand the causes to develop proper solutions and
take remedial measures so that appropriate maintenance
plan{s) can then be prepared and implemented.

3.10 rarmers' Input for Operatiomn Plan

Before enbarking upon preparation of the system
operation plan it is necessary to have s dialogue with a
few knowledgeable farmers of the command in its head,
middle and tail reaches and have a feel of their
capacity, resources, and preparedness to respond to the
situation when water has reached their outlet as well as
problems regarding maintenance and operation and their
crop preferences, dates when water isg required along

with choices of intervals of waterings. A manager who
can establiish a rapport with the users will be wining
half of the operation battle. The operation plan,

infact, has to meet the needs & expectations of the
ugers,
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3.11 Organization - responsibilities and functions

For pianning the system operation, it 1s necessary to
know the orgunization on the ground, their functions and
reaponsibilities. Maintenance is an inseparable part of
operation & so one has to know the functions and duties
of tha wvarfous functionaries. The Executive Engineer,
Assistant Engineer. Junfor Engineer and the work
charged staff, telephone operator, gauge reader, dak-
runner and beldar, each has specified duties to perform
in the operation or maintenance of the system. Their
points of location, times of duties etc, should be
¢learly known. The Manager has alsoc to know, whether
any formel or informal group/committee or association of
farmers baelow the outlet exists to take care of
naintenance of water courges/field channels and
distribution of water in “chaks' and organise other on~
farm activities.

Knowledge of important provisions in the Irrigatfon Act
& Rules of the state, statutory powers of each of the
engineering officers vested by the ruleg is necessary.
The financial powers to sanction budget and programmes
should also be known.

3.12 Status of communication : Feed back & monitoring

This ia yet another important aspect needing attention
for organising efficient frrigation system operation. It
enables good and eaffactive monitoring, and i1ssue of
instructions. Successful implementation of water
delivery schedules will greatly depend on the
reliability and efficiency of the communication net
work. Joint decision by senior engineere are possible
only when important feed back from the field 1s
available to them. The system manager has thus to ensure
that the speed iz maintained,

3.13 Statutory Provisions and Rules of system operation

It iz {mportant to have a knowledge of the statutory
provisions in the act and rules framed thereunder for
operation/water distribution in the system.

An exanple of the Northern zone may be quoted, after
annexing the province of Punjab in 1849, the Britishers
acquired full control of the Indo-~ Gangetic plaine of
Northern - India and set up & network of canal off-
taking from the rivers - Ganges, Yamuna, Ravi, Beas etc.
Por necessary control and development of canal
frrigation, an act called the Northern India canal and
prainage Act was enacted in 1873. After independence and

-46~



reorganization of Punjab, this act with =minor
medifications is still prevalent in Northern States viz
Haryana, Punjab, Utterpradesh and Rajasthan. Each state
has adopted the act and issued a set of rulesz or other
executive orders to be followed in respect of management
of irrigation water,

In Rajasthan, Rajasthan Irrigation and Drainage Act 1954
and Rajasthan Irrigation & Drainage Rules 1855 are
applicable. In Gujarat, the Bombay Irrigation act has
been slightly modified and is called Gujarat Irrigation
act and rules thereof are called Gujarat canal rules.
In Maharashtra, MNaharashtra Irrigation Act, 1576 and
Bombay canal rules are applicable.

Historically the, management of the Irrigation systems
largely resgted with the beneficiaries. The village
panchayat left it to & group of farmers to maintain,
operate and manage these in the best mutual interest.
In most cases, commands were within the limits of a
single village. If benefits extended to more than one
village, there was an informal arrangement for
consultations between the groupe in respective villages
in the allocation, distribution and operation eof
storage reservoir or the main system. Disputes, if any,
were settled by the wvillage panchayat. Although the
rulers believed in more and more centralisation, stfll
they retained the village as unit. The first civilian
department of importance they created was the "Marommat'
department to repair and maintain the numerous small
systems of irrigation. Thege departments over a long
time grew into the present Irrigation/P.W.D. while
Centralisation of administration with the department led
to enactment of various acts. A few of them relating
with water management are still in use in regions e.g.

The Madras compulsory Labour Act 1850.
The Madras Irrigation Act 1865

The Madras River Conservancy Act 1885
The Madras Land Encroachment Act 1905

LI I I )

In EBastern Region, the following Acts and Rules are
applicable;

The Bengal Canal Act V 1864

The Bengal Embankment Act VI 1873
The Bengal Irrigation Act III 1876
The Bengal Drainage Act VI 1880
The Bengal Embankment Act II 1882

The state of Bihar have also framed & promulgated
variousg Rules under the above acts as below;
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The Drainage Rules

The Navigation Rules 1893

The Embankment Rules 1516

Sone, Champaran, Saran, Kamla Canals Irrigation
Rules

The Bihar Public Irrigation & Drainage works rules
1949

The Sakri Canals Irrigation Rules 1952

The Damodar Valley Corporation Rules.

In various canal acts provisions do exist to deal with
all day to day problems. gSome of the provisions in
Northern region are illustrated below:

i)

i1)

114)

The divisional canal officer may demand by issue of
an order to the beneficiaries using a water course
to construct suitable bridge, culvert or other
works for smooth and efficient passage of water in
such water course,

The Divisional canal officer can issue directions
to provide for any of the components indicated
below and get the same implemented through an
order;

a) Construction, alteration, extension and
alignment of any water course or realignment
of any existing water course.

b) Addition of any new areas to a water course
and increase 1ts capacity or reallotment of
areag served by one water course to another or
exclusion of areas from one outlet to another,

<) Lining of any water coursge or any other work
to aveid wastage/loss of water.

d) Occupation of land for depositing the soil
avatlable from water course clearance.

a) Any other matter which is necessary for proper
maintenance and distribution of supply of
water from a water course.

The Divieional canal offfcer can acquire any land
required for implementation of a scheme. He <an
direct tha beneficiaries to take over and maintain
the water courses and on their failure to comply
with directions, he can make arrangements for
maintenance of water courses at the beneficiaries'
cost in proportion to the culturable commanded
areas.



iv) If =a person demclishes, alters, enlarges or
obstructs or causes any other damage to the water
course, the person affected can apply to the sub-
divisional officer for issue of directions for
restoration of the same to its original condition.
If water supplied through a canal is used in an
unauthorized manner, and i{f & person by whose act
or neglect such use hags occurred cannot be
identified, the person who has derived or may
derive benefit therefrom, is liable to the charges
prescribed for such use.

v) pistribution of water and smettlement of differences
is done by the Deputy collector (canal) under
relevant section of the act. Discbedience of orders
under the section is punishable under the act,

vi) A Divisional Irrigation officer with prior approval
of Supertending Engineer can prohibit the use of
canal water

a) To any field which can be irrigated from any
other permanent or reliable source

b) For irrigation of Kharif crop, if land to be
irrigated 1s situated within one and half
kilometers from the outer most hougses in any
town

c) If land has not been prepared properly with
plots (Kyaries)

d) If the cultivator has not paid irrigation dues

e) If the cultivator does not adhere to
“Warabandi®

£) To any cultivator where water courses are not
in proper condition

ql To any cultivator who does not take water
during night

h) To any cultivator who obstructs the flow of
watar in the water course paesing through his
field for supply to other cultivators on the
same outlet.

Some states have constituted Water Distibution
Committees for deciding the water distributionien
programme and cropping pattern for the particular
season. The committee 18 headed by the Executive
Engineer Irrigation and represented by representatives
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of Agriculture and Revenue departments, Pramukh of Zila
Parighad, Pradhane and Sarpanchs and few farmers of the
command area. This committee decides the programme of
opening and closing of various channels.

Water Distribution committee meets twice a vyear 1i.e.
prior to Rabi & Kharif on major projects. Complete
programme of running of main canals, distributaries and
minore 41ie& sgettled 1in consultations with Agriculture
department experts and the users. Agriculture
department officer also advises suitable cropping
pattern and/or the number of waterings possible from the
available water.
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Chapter IV

Hydraulic and Field Surveye for System Operation

Hydraulic/£ield survey of the system components is
necessary for arriving at the M&O needs for improving
the operational efficiency and thereby the
responsiveness of the operation plan.

survey of system
4.1.1 Approach to field work:

1f there are more than one main canal, the canal serving
the larger area will of-course be of primary importance,
but to begin with, the smaller one may be taken up. The
work will be completed soconer to give & feeling of
accomplishment . Mistakes, if any, copmitted on smaller
system would provide valuable insighte.

The field work on the smallast distributary or minor
should be undertaken first. After completing the field
work on the smaller distributaries and minors, begin
field work on the smaller branch canal and proceed to
the main canal viz the principle of part to whole
sghould be followed.

gince many of the structures on the system may be
eimilar or of etandard design, it 1s advisable to
calibrate identical structures first. See 1f results
are compatible. If not, reasons ghould be investigated
by checking dimensions and elevations and accuracy of
the discharge measurements during calibration.

4.1.2 Bench Mark Survey:

For arriving at the maintenance needs of earthen
channels & structures, and developing a maintenance plan
and system operation plan, bench mark survey 1is
necessary. Elevation Benchmarks have first to be fixed.
A net work of bench marks may already exist on the
system. If these were fixed long back, it would be
advisable to recheck/refix the same for authenticity.
The bench-mark elevations should be true elevations
above M3L (Mean Sea Level) & not arbitrary. It is
important that the circuit of elevation level survey
terminates at the starting point to be sure that
elevations are accurate. Whenever any system 12 closed
(itn rotation), elevation values for all sill/crest of
flow control structures, & fall or escape, or of outlet
structure should be assigned. 1f strip/depth cauges
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have been provided at the flow control structures,
their elevations corresponding to the zero reading on
each should be marked.

4.1.3 Hydraulic Survey of Channels:

For assessing the hydraulic status of any channel{s),
hydraulic survey is required to be done at least once in
two years to ascertain the depth of silt to be removed,
restore bed gradient as per design/regime section (a
non-silting and non-scouring section} and the gquantity
of earth required to be filled 1in the eroded bank or
bed. Survey for Longitudinal section of the channel is
undertaken and plotted on graph sheet. The designed
longitudinal section of the channel is superimposed and
areas of silting or eroszion worked out for removal or
£il1ling. For bank{s) alsc the designed cross-sections
are superimposed. The study of behavior of a canal for
sone time, may warrant change in parameters in some
reaches 2o that channel attains the regime section. In
cases of channels where regime iz yet to be attained a
regular =and periodic watch 1&g needed. This can be
accomplished only by conducting regular hydraulic
surveys at regular intervals.

4.1.4 Flow control structures:
i) Identification

For efficient water management, accurate
measurement of water flowing in the channels and
delivered at the outlet ie very essential, It is
therefore necessary to identify such flow control
structurea in the system which can be calibrated to
measure the discharge. Tdeally, the discharge
should be measured at every division 1in the
irrigation system but in most projects discharges
are measured at the head worke of the canals only.
The technology for measuring irrigation water ds a
simple one, but yet it 1is not included in the
routine operation practices on many {rrigation
systems,

A variety of structures can be calibrated to
measure water. The most common are canal sluices
{regulators), open channel measuring flumes and
outlets etc. The outlet gtructures are generally
uncontrolled, mostly free flow structures, or pipe
outlets, or open channel flumes.
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Maintenance needs

puring channel operation, each structure should be
inspected for visible damage and leakage. Most of
the flow control structures on major channels would

be gate structures. It should be seen that there
are no difficulties in operation and there ig no
leakage. As regards other structures such as

falls, escapes, check structures, it should be seen
that their c¢rests are intact. If damaged, they
should be repaired. Similarly, the outlets should
be checked to see that they are of desired sizes

and at desired levels. The canal structuree have
to function both as flow control and flow
measurement structures. For operation control,

some of them would need to be calibrated for
discharge measurements and therefore it s
egsential to have these etructures in good
condition.

The canal system should be inspected by the
Assistant Engineer by a ‘'Walk-Thru' survey and
maintenance needs for structures listed in =a
register.

During canal running, the structures should be
inspected for visible damage or leakage., For
example checking operation of the gates of
regulators for repairs that may be needed to check
the leakages or for proper lowering and lifting.
Fixing of etaff strip gauges, bench-mark on
suitable locations could be done while canals run
to facilitate measurement of water levels later
when deaveloping the discharge ratings.

buring canal closure, each structure should be
inspected, The gates, gate frames and gate
structures ghould also be carefully checked.
Falls, escapes and check structures should be
carefully verified for crest elevation. Crests
should be repaired and leveles assigned.

The location and size of the outlets should be
checked, and cross-sectional area ascertained to
compare with the sanctioned numbers and sizes.
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4.2 calibration of flow control structures:

(1)

pPischarge calibration:

Calibration ig the process by which depth-discharge
relationship 1is established. standardized flow
measurement devices 1like sharp crested weirs, cut
throat or parshall flumes previously calibrated in
a hydraulic laboratory can be installed. When doing
field calibration on any control structure, water
discharge rates corresponding to one or two flow
depths are recorded, To ensure correctness, &
minisum of four to five readings are necessary.
each reading will conteain appropriate upstream and
downstream depth measurements and corresponding
flow rate, When appropriate data has been
collected, a graphical presentation is done for
establishing the gauge-discharge relationship, a
rating table thus prepared 1is kept in a plastic
case located on the structure, Classifications of
control structures depend on their functlons and
operational nature. Some mey he etther meduviar or
Eree flow structuras while some may be non-mnodulear
or submergsd flow structures, The terms modu!ar
flow, free flow and critical G&epth Elow have
identical mesning wherein a changa 3in the
downstream {low depth does not effact the upstrean
flow depth becauee the critical depth cccurs in the

vicinity of the constriction. Likewiege the non=
modular, submerged and drowned fiow have identical
meanings. A non-modular (low condition exists

when the down stream flow dapth 18 raised to the
extent that flow velocivy at evary point through a
constriction becomesr less than the criticsl value
$0 that an increase 1in the downstrean flow depth
results in an increzge in the upstream flow depthn.
Control structures designed to operate under
modular Elow conditions sometines Lecome non-
modular on acrount of unusvai cperating conditions
like accwmulation of aquatic weeds or vegetative
growth down stresu. Care should be taken to
observe the opesrating conditions cof the control
structure in ovder to determine which Fflow rating
sheuld be used. T modular flow condition a
reading taken at each upstream gauge depth nust
have a corresponcding flow rate meagurement.. In a
non-modular flow conditicn, two readings, one
upstream and one down- stresm are required for 2ach
discharge moasurement
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4.3 Flow Measurements:

Methods

There are a number of methods to measure discharge. A
current meter is generally used for discharges greater
than 500 liters per &econd. when discharges are less
than say 300 liters per second, flow measuring flumes
like “parshall’ or ‘cutthroat' flumes are used by
installing them in the channel, To measure, very small
discharge even a plastic bag can be used for collecting
the water and repeatedly poured into & graduated
volumatric container to f£ind the total volume of water.
Thie 1s a very helpful method for measuring leakage from
closed gate structures.

A Gauge |stage) measurement:

A staff gauge 1is placed against the wall cof an
irrigation structure or on a post located in the middle
of an irrigation channel. For modular flow, the ataff
is located on upstream while for non-modular flow, two
staves, one upstream and one downstream are placed. A
mark can algo be drawn en or top of the wall of the
irrigation structure and reading is taken by using a
tape to find the distance from the mark to the water
surface, This mark establishes a reference point for
future readings. When water surface is turbulent, use of
plezometer is helpful. A piezometer pipe is placed
through the wall of an irrigation structure connected to
a stilling well on the channel (Fig. 4.1).

B. orifice:

Any opening where upstream water level 1s higher than
the top of ocpening is referred to as an orifice. If
upstream water level is below the top of the cpening,
the opening 18 hydraulically functioning ag weir
structure. LBII/WAPCOS technical report 19-A can be
nade use of for modular/non-modular flow measurements,
formulae and methods for calculations.

Head regulators of main canal, branch canal,
distributaries are gated orifice structures. Outlets on
minors feeding the tertiary system are also uncontrolled
orifices. They mostly act as modular orifices but
sometimes as non-modular also.
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c. culvert and Inverted Syphon:

culverts can serve as a combination of open channel and
closed conduit flow measurement structures depending on
the type of flow conditions. ror culverts placed in
irrigation conveyance channel, free surface flow occurs
in the culvert. In addition, downstream conditions will
likely control the depth of flow in the culvert, For
this particular condition of free surface sub-critical
culvert flow analysis for non-modular (submerged) open
channel constriction would apply.

D. Overflow structures:

The most common overflow structure used for discharge
measurement 1s weir. Whereas flume is open channel
structure with flow constricted from sides, weir is open
channel structure with flow constricted Erom the floor.

Another common type of overflow structure is a drop
structure with curvilinear crest, inclined drop or
vertical drop. Over them the £low passes through a
critical depth in the vicinity of the crest, so it is
nodular.

General form of the wmodular £low equation for an
overflow  structure are  described in LBII/WAPCOS
‘fechnical report 19-A which can be referred to.

E. Outlets

These are structures on the minors to convey water to
the tertiary system. They are very large in number and
carry a small discharge varying from 0.5 to 3 cusecs.
Por this, flow range, portable flumes are usually most
convenient device for measuring discharge. Either a
trapezoidal flume or parshall flume or cutthroat flume
could be installed on the downstream of the outlet for
measurement.

Following types of canal outlets may exist on a system
(1) Flume outlets
(11)Fixed orifice outlets

(111 )0Open pipe cutlets
(4v) Gated orifice outlets.
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1) Flume outlets:

A flume outlet is open channel constriction which
can operate both under modular flow condition or
nen-medular flow.

11) Fixed orifice ocutlets:

In a fixed orifice outlet, the discharge rate is a
functien of the canal water level to the exponent
of 1/2. Thus the discharge rate increases with
increasing water levels in the canal. For a fixed
orifice outlet, the free flow discharge rating is
drawn with ¢the help of standard formulae, In
northern region fixed orifice outlets are provided
(Pig. 4.2).

111) Open pipe outlets:

These outlets are simplest of all so far as
fabrication and installation is concerned but are
most complex hydraulically. Their discharge rate
will, in most cases, be a function of water depth
in the c¢anal, hu to the exponent 1/2 or the square
root of the difference in water levels between the
canal and the tertiary channel.

iv) Gated Orifice Outlets:

Procedure for these outlets is identical to those
of orifice structures described above,

Measuring Channel losses - inflow-outflow and Ponding
Methods:

Seepage losses from canals and tertiary channels are a
significant problem on many irrigation systems in India.
Nith the increasing emphasis upon improved irrigatiocn
water management practices, accounting for movement of
water through & system including seepage logses alsc
becomes increasingly important. In order to distribute
water in an irrigation system, a knowledge of variation
in seepage losses throughout the system is required.

Seepage losses on channels can be measured by inflow-
outflow methoed or by ponding method. Seepage loss car
be expressed either 1in litre per second per 100 meter
length of channel or in percentage per 100 meter lengtt
or in cubic meter per unit of wetted area.
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Determining
canal losses

O INFLOW OUTFLOW METHOD
O PONDING METHOD

O FFactors causing seepage

O Permeability

O Depth

O Wetted area

O Slope

O Watertable

O Soil - water temperatures
O Porosity

O Soil-water chemistry
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1.5

A Inflow ~« outflow method

in the inflow-outflow method, the existing
irrigation structures are used for discharge
measurements. The structures for which discharge
rating are developed are used for the purpose.
Seepage loss rate can be evaluated for sach reach
beatween two structures and added up covering the
complete canal to evaluate total seepaga loss. A
series of discharge readings at various times in
irrigaticn season could be taken to aggesg the
variation in seepage lose rates, Installing
temporary flow measuring devices such as V-notch
or cut-throat or parshall flumpes on small tertiary
channels can also be helpful in these observations.

Current meter can also be used for inflow-outflow
method on large canals, the difficulty with the use
of current meter is that the seepage losses need to
ba much greater than the possible error in
observations. If seepage loss rate is low, & very
long reach has to be selected for messurements.

B. Ponding method:

Reaches with minimsum number of canal outlets are
preferred for the test. puring seepage loss
measurements, the outlets have to be plugged s=o
that there is no leakage. If 1t 18 not possible
then the discharge through each of them has to be
accurately measured. The length of pond depends on
the bed slopes of the channel, For flatter slopes
in channels, longer ponds will be required. The
actual wmethod 15 described in details in technical
report no. 19~A brought out by LBII/NAPCOS which
can be referred to,

Seeking farmer's input for system operation:

Involving the farmere in the maintenance and operation
of the gystem 15 not only essential but very useful teo.
An inbuilt system should therefore bhe introduced on a
project which would enable the departmental hierarchy to
have regular contact with the beneficiaries to "listen"
to them. Sometimes they would know the problems as also
thelr solutiona 1in operation =and maintenance of thea
gystem better than the field officers. Some finer
issues which may mnot come to notice during hydraulic
Burveys can sometimes be identified through farmers. 71t
iz therefore advisesbie to form "Irrigation Committee®
at aach sub- divisional level for the irrigation works
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in a sub-division. The committee may consist of the
concerned Assistant Engineer as its convenher, the
concerned Jjunior engineer of the section and the
farmers. The supervisor of that section should also
attend the meetings.

The meeting of committee should be convened every week
during the crop season on fixed dates, at fixed place
and fixed time, notified in advance. Stations could be
fixed in the sub-divisional jurisdiction to hold these

meetings. Place of meeting should be such that farmers
do not have to walk more than say 3 km to attend the
neeting. All problems/suggesticne put forth by the

farmers during the meeting should be recorded 1in a
register and entries should be again made as soon as
each problem is redressed or action taken, Efforts
ghould be made to mitigate the problems say within a
.fnth 1.e. by the time next meeting 1s held at the same
place.

An Irrigation Assessment and Action programme on the
Periyar Vaigai Irrigation system has been launched in
Tamil Nadu to enhance communication between the
frrigation Department and the farmers. Each section
officer is regquired to be in his coffice every Monday at
4 p.m. during irrigation season to meet the farmers,
when both operation and maintenance problems are
discussed. Such committees would be highly helpful in
geaking farmers' advice and their 4involvement in
maintenance programme. This would alsc create in them a
sense of ownership of the system and a confidence in the
department, It will also enhance credibility.

Diagnostic "Walk-thru" survey - objectives and
procedure.

Some times the field surveys may not provide ainor
details of the neads. S0 a ‘walk-thru' survey is

necessary to have detailed insight of the problems.
This also helps in proper diagnosis of the causes aad
poseible remadies. Such 'Walk-thru' survey provide the
field personnel greater understanding and sensitivity.

Before the Diagnostic ~“Walk-thru' survey, four major
activities pertaining to the (1) Hydraulic Survey of
channels, {(11), Calibrating the flow control structures,
(111) Measuring Irrigation channel losses and {iv) Input
by farmers should have already been accomplished.

The primary information obtained from the Hydraulic
Survey of channele, viz the quantities of sediment to he
removed from various reaches and the locations whera
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aither the banks or bed require earth f£i11 can be
verified during the walk-thru survey. Causzes of scour
or sedimentation can also be diagnosed on the spot.

similarly the correctness of the discharge ratings on
flow contrel structures can be tested by comparing the
actuals with the design discharges.

Information obtained during channel loss measurements
would identify reaches of high, intermediate and low
water lcsses,

puring walk-thru survey, & study of high & low water
loss reaches could be done and 4t may be possible to
diagonise the causes of such high or low water losses by
on the spot study of the physical conditions and
environment like soil type, cut and f£ill reaches,
biological activity 1in the embankment or depth of the
ground water in adjoining area.

This survey requires two or three individuals such as
Asgietant Engineer, junior engineer and his supervisor
walking along each irrigation channels and taking notes
on each O&N need. while ‘“driving-thru' may highlight
only the major problems, walk=-thru would allow
observation of minor maintenance and operation problems
which can be readily corrected at less cost before they
become expeneive major problems.
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Chapter V

PREPARATION OF IRRIGATION SYSTEN OPERATION PLAN

Irrigation Syetem Management

Preparation of an irrigation system operation plan is an
important activity of the meanagement which can induce
digcipline in the operators and gain credibility with the
users. It warrants the use of professional skills of the
manager and good inter-active rappert with the users. The
manager has to know the system, its capabilities and the
degree to which 1t can respond to the farmer needs. The
object is to get better farm yields with the same volume of
water. The system manager has to be on the vigil, using
administrative discipline to enforce equality.

Irrigation Systems Operation plan - Need for

The river snd stream flows are community assets. When water
is stored/diverted by building a dam or a weir, the
allocation for different uses will depend on the priorities
e.g. water for drinking purposes, bulk of which 1s used for
agricultural purposes. For delivering this water to the
fields, =& network of channels (main canal, branches,
digtributaries, minere and water courses) 1s constructed
with large dnvestments. Efficient utilization of available
water depends on the efficiency of the systen operation
plan.

The delivery system should be capable of providing uniform
quantities of water on the principles of equality and
predictability. The ideal object would be supplying the
right quantity of water at the right time. But several
physical factors may prevent achieving this objective, Thus
the least acceptable would be adequacy and predictability.
This means that a plan to operate the channels is carefully
drawn up. ‘The farmers are involved in decision making for
this activity of water management. Various pre-requisites
for arriving at the plan of system operation are;

» Inflows into the reservolr are determined
realistically.

. The channels (whether lined or unlined) have a fairly
physical status {(conveyance efficiency].

w Operational losses in the system are properly
detarnined.
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5.2

bl The actual deliveries are well monitored and there ig
an effective feed-back system.

® All the individual functionaries clearly understand and
perform their duties in an appropriate manner,.

o The rapport and continuous interaction between the
gystem managers and farmers is maintained.

Adequate maintenance of the channels together with properly
designed outlets will further improve the system
performance., The identification of deficiencies in the
system and solutione have alrendy been discussed.
Corrective measures to ensure adequate functioning of the
delivery system have to be taken to sustain capability and
eredibility. For improving an operation plan, the following
gtepe Are nNecessary:

Estimation of water supply available.
1i. Estimation of water demands,
111, Matching of supply and demand.

iv. Evolving schedules and/or measures to meet the
situation.

v, Preparing schedule of releases.

vi. Inter-action with users.

Objectives of a System-Operation Plan

Nater releases into the irrigation system during the season
should match the demands of the farmers who follow a
cropping pattern mpost appropriate for them. It ig& the
responsibility of the system manager to keep this priority
in mind while distributing water. The water distribution to
farm lands 4= to be achieved through a conveyance network
systen which should:

i. Be flexible enough to carry peak/partial flows at
constant water levaels,

ii. Deliver a predictable quantity of water at
predeterained times,

1i1. Deliver water to the service areas identified in

accordance with the policies of the Govt, for the
region/scheme/area.
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5.3

5.4

iv. Entail minimum channel losses.
v. Provide accurate Elow control and measurement

vi. Meet the expectations of the farsers.

Tn‘ﬂ of System garation Plans

At the formulation stage of any drrigation system, water
requirenente are worked out on an assumed cropping pattern,
for each month of the crop season. The channel design is
arrived at giving due weight to the climatic conditions and
watering depths for those crops, These computations are
listed in terms of percentage of the peak requirement termed
capacity factors. The capacity factors form the yardstick
to run the channels. The variable is the duration of running
time. Due to these capacity factors the canal rotation
becomes esgential, The channels during flow should attain
governing levele and head of water over the outlets, which
can draw their share of water only when the designed head of
water exists.

The first step for the system operator is to find the water
available for agricultural use. The following situations
can arise which will determine the type of 'Operation Plan'
for the system;

1. Supply 18 equal to or more than demand.
2. Supply 1s mederately less than demand.
X Supply L& much lese than demand.

4. supply 1s far less than demand, calling for emergency
meagures,

Steps for Preparation of Irrigation System Operation Flan

The preparation of an irrigation system operaticn plan iz an
exercise in which the manager uses hie professional skill
giving due consideration to the various concerned issues. To
properly understand the system capabilities and to rectify
gaps the following steps are followed:

Step I. Know the Systen

System components

Design parameters

Objectives implemented

Farmer interactifon/participation
Cropping pattern and activity related
gystem of water distribution
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- Channel and operational losses
- system efficliency
- Monitering & communication practices

Step II. Field Survey Requirements (discovering the gaps}

- Hydraulic and bench mark survey
- Identification of flow control structures
- pischarge measurements

. ‘Network

" outlets

- Channel losg measurements

- Calibraticn of structures

- Information from farmers

- Diagnostic 'Walk-Thru' survey

- Implementing solutions
Step 1I1. Assessment of water availability
Step IV. Assessment of demand
Step V. Matching supply and demand
step VI. Evaluate operational efficiency

Step VII. Bvolve schedules or measures related with cropping

activity.
The first two steps, Enow the System' and “Field Survey
Requirements' for discovering the gaps have already been
digcussed 1in preceding chapters, It shall therefore be

appropriate tc now proceed with the remaining steps on
preparation of an operation plan,

Asgessment of Water Availability

The assessment of water available from the source is based
on a number of physical factors, such as soil conditions and
climatological factors. It has to be realistic, for
calculating the water availability, the hydrology of the
area has to be properly analyzed to arrive at a reliable
estimate,

The use of hydrology is made to predict floods, their extent
& magnitude. The discharging capacities of surplussing
arrangenents on the storage dam are fixed after carrying
out hydrological studies. Analysie in terms of time &
frequency is carried out to predict the maximum £lood, full
tank level (FTL) and maximum water level (MWL) of a dan are
fixed for storage, flood protection, £flood routing etc,
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Text books on Engineering Hydrology can be referred to for
the purpose of detailed procedures. However, for medium &
minor irrigation systems, in 1India, empirical formulae are
still in use. For major storage schemes or diversion works
hydrological studies are carried out to support the
formulation. Medium & minor works are taken up on smaller
streams and flow-discharge data are often not available or
scanty and empirical formulae with proper values for
characteristic coefficients are chosen. Maximun flood
values ars also determined with the help of empirical
formulae for the region. It 1i&, however, better thaf rain
gauge and disgcharge observation sites are fixed in
representative sub-water sheds to arrive at rainfall and
runcff relationships for all time use. This could be done or
started even during operation phase of the project.

It may, however, be appropriate to recall briefly the
definition of run-off and other terms used in hydrology,
factors governing run-off, characteristics of catchment and
other considerations.

5.5.1 Approach for determining Water Availability

The assessment of water availability is carried out
with the help of a number of data from variousa
sources. It 41g processed in the formate and then
analyzed as per established practices. various steps
are;

&, Collection of stream flow gauge data, 1if
available. Collection of rainfall data from
properly located rain gauges, river or streanm,
cross gections, long sections, & other
characteristic details.

b. Correlation of stream flow & rainfall to arrive at
& relationship equation/curve
If data is not available, statistical methods are
to be followed.

d. oObtaining 1esohyetal maps & using empirical
formulae

@, Determining losses in the stream, reservoir & the
syesten.

f, Assessing sediment behavior.

5.5.2 Pactors affecting the availability:

The factors affecting the flow likely to be available
(run-off) from a catchment are:
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1)

11)

111)

iv)

Precipitation characteristics: Such as types of
gtorms, extent, uration and intensity.
Distribution and direction of storm intensity with
tima, effects of proximity of water bodies, and
types of precipitation, (such as snow melting)
causes a direct impact on the run-off.

Geological features of the catchment

(&) Type of surface soil and sub-soil and
the permeability characterietics.

th) Location of the point of discharge.

The forces which produce physical features may be
internal, such as Earth movements or external
forces like forest denudation & deposition.

Topography

The degree of ground inclination is a very
important factor related to infiltration capacity,
time of overland flow and concentration of
rainfall 4in satream channels. The slope 1ig of
direct importance in relation to flood magnitude,
other factors are (i) orientation of the basin
(14) Altitude of the basin & (14i) Physical
character of the basin.

Size and shape of the catchment

Between the catchment areas of two individual
gtreams an area of higher land separates the
surface water flow te either side, These may be
major “divides®, between two conplete river
basins or minor “divides' between tributaries.

The catchment area is bounded by the topographic
water shed and contribution to run-off {is
characterized by the following generalizations:

* Usually intense rainfall ie over a emall area
i.e. the larger the catchment area, the smaller
is the average intensity of rainfall.

* The peak flow often decreases as the area of
the basin increases,

* Large basins give a more constant minimum €low
than smaller ones.

* Fan shaped catchments give greater runoff.
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v) Metacrological conditions

Temperatures, annual snd geasonal, variatione and
duration, timings of extreme low and high
tomperatures, all affect the run-off,

vi) Catchment pattern

There are two kinds of patterns, Autogenic:
Which are inherent in the river regime and involve
channel migration, cut-offs, crevassing, avulsion
ete, Secondly which occur in response to systea
changes 1ike, climatic fluctuations or altered
sediment load or discharges, perhaps a tesult of
human activity.

The pattern or arrangement of the natural stream
channels developed by nature s also known as
‘drainage net', If the basin is well drained, the
length of overland flow is short, the flood peaks
are high and the minimum flow is correspondingly
low. The more efficient the drainage, the more
flashy 1s the stream flow and vice versa.

5.5.3 Estimation of run-off
Runoff is estimated by various methods:
a. Empirical formulae and tables
b, Estimating losses
c. Infiltration method
d. Rational method
e. Unit hydrograph method, and
f. Synthetic unit hydrograph method,
Methods a to d above are mostly used for computing
surface run-off. The other two {e & f) are used in
flood forecasting and/for routing. If stream flow and
rainfall data are available, the co-relation should be
established for finding run-off yields. These
exerciszes are carried out for major systems. For
small schemes adoption of empirical £ormulae and

tables are of ready help taking care in selection of
the coefficients.
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5.5%.4 Empirical formulae and tables

There are a few formulae and tables prepared by
eminent engineers 1in the country after lot of
ohservatione and analysis. The run-off iz calculated
on the basis of catchment area, rainfall and
geological characteristics of the catchment. These
researchers determined values of the characteristic
coefficients and even percentages of the total
precipitation expected at any location in the river or
etreanm, pifferent values have been assigned for
urban, forest, commercial and industrial areas, parks,
farms, pastures, pavements, clayey soil, sandy soile,
black cotton soils, flat and cultivated, partly
cultivated, hilly, steep, without cultivation areas,
etc. The catchments have also been defined as 'good',
‘bad', ‘average', 'dry’, ‘'damp‘' or 'wet' etc. The
incidence of rainfalls has also been variously
distinguished like, 1light rain, continuous down pour,
heavy down pour, intermittent pours etc, These have
also been defined as 'negligible’', ‘'light', ‘medium’
or heavy falls. The commonly used formulae are:

i. Binnie's percentages {Madhya Pradesh)
ii. Barlow’s tables {ur)
iii.strange's tables {Maharashtra)
iv. Inglis & de-souza formulae (Maharashtra)

Strange's tables nave been used in the example of
Rajasthan. Reference to text books for further
details is advised,

The annual/sessonal yield can be worked out with the
help of the formulse for the data of rainfall for a
numher of years. These computations can be arranged
in descending order to verify the dependabiiity
quotient for the reservoir contents (90 or 75%). When
rainfalls are erratic the commonly adopted design
criteria is based on mean flows (50%) for better
carry-over of water for lean years.

For computation of surface run-off by (1) Estimating
losses {1i) Infiltration methoed and {i4i) raticnal
method, a reference to the text books is advised.
petermination of run-off on large catchments has to be
supported by data of actual & reliable observations.

hssessment of Demands:

After arriving at a reliable estimate of water likely to be
available, the next step in preparing the system ocperation
plan 15 assessment of demands. It is necegsary to seek
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farmer participation and inter-act with them tc arrive at an
acceptable and implementable plan. It is essential to
develop a rapport with the farmers and to become familiar
with their capabilities & resources.

There are practices in some states where beneficiaries are
to apply for water indicating are and <rops proposed. These
applications are scrutiniged by the management and
sanctioned in accordance with the overall policies. There
is also the practice of executing ’'contracts’ for longer
periods. These practices exist in particular areas and have
been practiced over s long pericd of time. The principles
governing releases of water however remain the same either
under these practices (shejpali) or others.

5.6.1 Parmer garcicigation(1ntoraction

Holding of meetings with farmers of the area and
deciding the duration and quantum of water supply is
one of the important step for preparing a system
operation plan. The beneficiary knows the cropping
practices comprehensively, His involvement in the
preparation of the plan is essential. Including
farmers in drawing up the policies for preparation of
the system operation plan and at various other stages
of irrigation system operation is bound to induce the
spirit of ownership and commitment to the plan. While
preparing the plan, their needs, expectations and
capabilities should be taken into account to increase
their commitment for successful implementation.

Farmers decide their crop preferences, achieve
capabilities and preparedness. Therefore, this
interaction & involvement 18 bound to give good
results and an effective plan. The farmers alsc play
a very important role in attaining equitable water
distribution and maintaining field channels in good
operating condition. The objective for the manager
should be to:

1. Know their need and crop preferences.
11. ¥Know their capabilities and preparedness
1i1.Ensure farmers' commitment and acceptance
iv. Barn credibility with thea.
Any deficiency in performance should be attended to
with promptness and commitment. Successful Ffarmer
participation will thus lead to:
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5.6.2

- Elimination of inequitable distribution of water

- Development of good social practices by farmers
enhancing the utility :

- Prompt & efficient use of water on the farm by way
of construction and maintenance of field
channele and adoption of improved practices.

- A sense of system ownership by farmers.

- More effective implementation of distribution
policies.

- An atmosphare of coordination, confidence &
credibility. 4

Steps for assessment of water d ds.

The . assessment of water demands needs careful
appraisal. Various types of demands can be:

* Drinking purposes

*  Industrial

*  Ppisciculture

= Power generation

hd Environmental

*  S1lt extrusion

*  agriculture

*  Flood moderation

These requirements have therefore to be accounted for
in order of priority to determine the quantity
available for irrigation purposes. ’

Consideration of Soils:

There are bound to be different types of =soils (Fig.
5.1) in the command ranging from pervious to
impervious., Pervious soils would need more frequent
irrigationa than impervious ones. So, to decide the
frequency of irrigation, soils should be got tested
for their water retentivity.

-76-



MAP OF INDIA

TYPES OF SOILS







Water Demand for irrigation purpeses:

The demand for irrigation is linked with the soil and
land, which ts fixed, It 1is also linked with the
cropping pattern which 1&g a dynamic process and on
which the irrigation manager has 1ittle control. Care
should be taken to plan releases of water according to
the demands which can be worked out on the following
optiona:

* Cropping pattern based (conventional - projected)
. Crop-water (growth-stages) depth methods

* Evapo-transpiration depth method.
The most common procedure practiszsed by nost
irrigation managers in the country 1is originsl
system design cropping pattern based. This means
supplying water as per parameters adopted at the
time of 1installation of the system. Although this
may be in variance with realities.

{1) Based on projected cropping pattern:

The difficulty of foreseeing the expected ciopping
pattern varies according to the degree of freadom
allowed to farmers in choice of crops and the timing
of their cultivation activities, It 15 easy on land
gaettlement projects with an integrated management. The
government, through the operating agency, controls the
cropping pattern (and, often the timing of cultivation
activities). Demand can also be controlled by control
over the water supply (permitting highly water-
consuming crops in some areas which receive sufficient
water). Legal limits can be placed on the areas to bhe
covered by certair crops.

free choice of crope depends on market demand which
will be the determining factor. The farmers are
pernitted choice on the cropping pattern for better
returns, This makes the task of the irrigation
manager more difficult. Tc overcome the complexity,
inter-action with the farmers will provide the manager
with insight to plan the releasesa. Although the
network may have been designed for an anticipated
cropping pattern, channel capacities must etill meet
the requirementa of an altered cropping pattern,
There 18 thus a need for the manager to work out the
demands accurately to see that the gystem can respond
to the changed circumstances as well as possible.
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(11)

In irrigation schemes where management can exercise
authority over the cropping pattern the balance
between the cropping pattern desired by the farmers
and the management can be by approval or rejection of
application forms. The farmer's proposal is examined
by the management and ig informed whether his form 1is
rejected, approved or modified. If rejected, the
farper must propose another cropping pattern. This
procedure will prove fruitful 1f the farmers are
knowledgeable enough to select crops guitable to the
soils, climatological characteristics and water
availability constraints.

If the management has no authority over the cropping
pattern, 4t 1is necessary to study the trends in
relation to different crops. This should be done in
the operation manager's office, although mostly it is
collected by other government offices.

For accurate calculations of nonthly water
requirements, informstion 1s needed on the expected
cropping pattern and the actusl water requirements
(stages of crop growth) under different soil
conditions. Thus there is a need for a small planning
unit in menagers office - at least in a large project,
where such data can be collected and analysed.

The requirements thus known, the calculatien of the
monthly crop water requirements can be nade., A
variety of well known formulae exist to undertake this
exercise. (Irrigation and Drainage Paper No. 24 FAO
1977)

Based on crop-water need (critical stages of crop-
!towth!:

The requirement of water 18 worked out to meet the
water deficit at the stages of growth broadly
identified by research (Annexure I). For example for
wheat crop the stages have been identified as:

Growth atage for wheat No, of daya after sowing
a. ¢rown root initiation
(care watering) 20-25
b. Tillering 40-45
c. Jointing 55-60
d. Flowering 85-950
a. Nilk Formation 100~10%
f. Ppough 115-120
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Depth of water required for each of these stages is
worked out fn light of climatic conditions viz.
temperature{s), moisture, wind velocity, rainfall,
ete.

such periods of growth for various crops in the
country have been identified Dby the research
organiaations and can be used to work out
seasonal /monthly/fortnightly demands te schedule the
releases into canals accordingly.

The ternm water requirement of crops implies the total
water required at the field head to mature the crop
and does not include transit losses. The term
consumptive use (CU) means the water loss due to
Evapo-transpiration (ET) plus that used in the plant
metabolism, Since the water used 1in metabolisa ig
negligible, the two terms are synonymous.

The amount of water required to replenish the soil
moisture deficit back to field capacity for the entire
crop growth period is stated as the total water

requirement. Water 18 also needed for special
purposes like leaching excess salt{s), puddling, pre-
planting dirrigation ({palewa) otc. The water

requirement (WR) of crops may be expressed as
WR = ET or CU + Application logs + special needs

Water requirement of crops (WR) can be expressed in
terme of source of water from which these demands are
met, as:

WR = IR + ER +3.

The IR is the irrigation requirement of crope at field
head. It is the gross amount of water applied through
irrigation, ER is effective rainfall {.e. the total or
fraction of rainfall that forms part of consumptive
uge {CU}. The 8 is the amount of moisture contributed
to CU from the soil profile either as stored moisture
in the root zone and/or that contributed from the
shallow ground water table.

The IR can bheat be determined directly by conducting
field experiments based on the modern concept of soil
water or plant water requirement. Field equipment of
appropriate size and kind can give more talented
parameteres 1ike IR, ER, S, runoff, percolation losses,
etc, But these facilities not being available for
estimating WR it is necessary to measure ET which can
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be measured dicectly by soil moisture depletion
studieg 1in the field. In the absgenca of such
facilities, ET cin be estimated indirectly. For Pan
Evapotranspiration (PET) values calculated by using
evaporimeters snch as the 'WEMB' standard open pan or
by using various ampirical formulae. Or one can base
calculations on thermodynanic principles, using
climate parameters like temperatures, wind velocity,
relative humid y and eolar radiation. It may be
mentioned that “Hybrid" crops are more sensitive and
vulnerable to “crop-stress"” and need more frequent
waterings. Thus it would also be necessary that the
incidence of 'Hybrid®" crops 1is Xkept in mind while
determining the roquirements,

Based on crop water requirement (Bvapo-transpiration) :

Thie method is based on the depth of water needed to
meet the water loss through evapo-transpiration of a
disease free crop, growing 4n large fields under non
restricting conditions including soil, water and
fertility and achieving £ull production potential
under the given growing environment. The general
equation used for working out the requirement is;

E crop = K x EO
T c T

Where E crop = Evapo-transpiration depth
T required (mm)

KX = Effects of crop characteristics on crop
¢ water requirement called crop coeffi-
cient
EO & Rate of evapo-transpiration (Reference
T evapotranepiration) from an extensive

surface of 8<15 om tall, green cover of
uniform height actively growing
completely shading the ground & not
short of water., (FAO Irrg. & Drainage
paper 24)

The value of Ko varies from crop to crop, criticasl
stages of crop growth & prevailing climatic
conditions,

The value of E To (am per day) can be determined by
any of the 4 methods prevalent at prezent. It can
vary from year to year depending on the climatic
scenario.
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5.6.

L]

Blaney - criddle method
Radiation method

. MNodified Penman method
d. Pan avapeoration method

oUe

A sample case study on crop water requirements (Inder
Mohan March'89 =~ CBIP) shows requiremente by the
Modified Penman method (Annexure 1II). The study for
Bhakra System, evaluates existing scheduling of
irrigation for Rabi crop only where the water
allowance i 2.75 cugecs per thousand acres of CCA.
other features considered were :

a. The canal system was partially lined.

b. The eystem has been in operation for a long time.

c The tendency of the farmers was to spread the
available limited water over a relatively larger

area.

d. The efficiencies were adopted as below;
Conveyance efficiency 75%
Field Channel efficiency 5%

{outlet to field gate)
Field application efficiency BO%
overall project efficiency 0.75%0.85%0,80: 0,51

or 51%.
e, The cropping pattern (Rabij:
Wheat 22.8%
Gram 7.6%
Total 40.3%
Oflseed 7.6%
Fodder 2.32

f. cultivable commanded area: 11,66,000 Ha

g. The depth & frequency of waterings were based on
suggestions of the Haryana Agriculture Department
and Haryana Agriculture University.

The findings are sunmarised below:

{a) Requirements per ha by modified penman method were
3942 cuM (fileld)

(b) Requirements per Ha by stages of crop growth wete
3080 CuM (field)

(¢) Supplies actually made in 10 years period (8 2.75
cusecs per 000 acres) were 2796 CuM(field)

In this case, if water was available, it would he
degirable to meet the crop-water based on modified
Penman method, In scarcity, a judicious decision to
meet the demand based on crop growth stages, duly
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supplemented with ground water will be necessary so
that crop ylelds dc not suffer.

5.6.6 Irrigation system efficiencies

After calculation of the demand, the efficiency of the
water distribution system and application efficiency
must be known. This usually 4s the weakest point in
estinating the denmand. Such evaluations are rarely
made in the field becausze they are time consuming.
These functions could be integrated within the
irrigation managers service office. The important
thing is that they are carried out by someone. A good
irrigation system incurs minimum operation losses.
Main system losses include logses in the main canal,
branches, distributaries & mninors upto the outlet
heads. For calculation of overall system efficiency
the losses in water courses and field applications
also play a part.

5.7 Matching Supply and Demand

There can be situations when water is released from head
works alsc for non consumptive use e,g, power generation,
flood moderation, silt extrusion or environmental
requirements. The water demand as worked out above will hold
good, but appropriate scheduling to use the available water
will have te be done. The resulting effect on matching the
depand & supply can be;

(a) Supply may be more or equal to the demand: a situation
which will pose minimum problems in distribution.

(b) Supply may be moderately less than the demand: a
gituation calling for appropriate scheduling/ rotation
of canals.

{c) Supply may be much less than the demand: a situation
when mandatory canal scheduling/ rotation may have to
be resorted to.

If supply is far less than the demand, £t would require
canal scheduling known as “Distress~Regulation" or "Crisis
Managenent".

After the water availability and water demands are known,
the system manager has to match them and evolve a manner of
raleases which would correspend to the crop hneeds and
farmer-expectation and thus the need to establish a rapport
with farmers.
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The most skillful part of the exercise begins in deciding
the water disztribution practices or resorting to other
measures to achieve the closest possible matching of supply
& demand.

The possible situations for matching supply and demand can
be any of the three ahove (a,b, or c¢). The considerations
in evolving the schedule may be;

1) Systems where water supply 1s more or equal to the
demand.

This is the most favorable situation from managenent
point of view, The systems with sufficient water are
sasier to operate, but are likely to be less efficient
in terms of returns per unit of water than systems
with some degree of scarcity. Thie kind of situation
may exist during the construction period or on
incomplete schemes and in initial years of irrigation
development in a command, when demand 1is lowar than
supply.

In technically well designed schemes, supply and
demand should match fairly. It is not only important
to check the seascnal volumes needed but also if the
demand in the peak month can be met. When the supply
15 lesser than the peak month demand, & corrective
measure can be to advance the planting dates of some
crops to avoid coincidence of peak demands.

i1) Systeme with a moderate water deficit

A moderate water shortage (10-20% of the design), 1s
often encountered 1in irrigation schemes, This can
also be a periodic situaticen only in "dry" years. 1In
the first case, it is normally an accepted risk in the
design of an irrigation scheme, while in the latter it
nay be attributed to designed intensity of irrigation
for larger szocial spread. Although other factors like
changes in cropping pattern, over estimation of water
supply, technical deficiencies of the system, etc. may
also lead to this situation. Whichever the case,
these systems offer the best return from water.

Suitable water distribution practices combined with
some of the measures discussed later can be usgeful 1In
matching supply and demand. Most o©of the irrigation
systems in India face moderate deficite from year to
year, thus requiring the manager to exercise his skill
and judgement in evolving a schedule of releases of
water.
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111)

5.7.1

(1)

Systems where supply is much less than demand:

There are many irrigaticn schemes, which command much
larger area than can ideally be irrigated. The water
shortage may be greater than 50 percent. These
schemes may not have been designed to irrigate whole
of the command area or may be to irrigate [(area) less
than 100 percent for benefitting as many people as
possible. Some can be a result of under-evaluation of
crop water requirements. These projects gave yields
lower than expected.

Measures to match supply and demand

Several measures and water distribution practices can
be used to raduce the gap between supply and demand,
applicable mostly to gituations described under
(11)and (1ii) above.

The measures to reduce the gap between supply and
demand are related to:

a) Cropping pattern
b) Water distribution practices

c) Water fees.

Measures related to the cropping pattern

There are three crop related measures which can be
applied to reduce water demand: (a) changing the
planting time; (b) changing the existing crops for
others with lower water requirements; and (c¢) reducing
the irrigation area. These are the most effaective to
reduce water demand but they are also the most
difficult to inplement, requiring authority to
introduce changes 1in the cropping pattern. A long
dialogue between the management and the farmers is
needed to convince them of the necessity for these
measures. They are effective in the following ways:

a. Shifting or alternating planting dates to reduce
peak demand. For instance, water supplies can be
carefully varied according to the stage of crop
growth and farmers made to know that to get enough
water at periods of peak requirements (for land
preparaticn, etc.| they must keep to a pre-planned
time table. Ccareful scheduling of this kind
allows controlled staggering of cultivatien
activities Dbetween different sections of the
system,
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changing the existing crops for others is another
effective measure to reduce demand, but the
condition being that the two crops have similar
benefits for farmers, that iz domestic
requirements, financial returns, labor
requirements, risk, input investments and by-
produts, (fuel, fodder, etc). The possibilities
of applying this measure are therefore limited.

Reducing the irrigated area is the most expedient
way of reducing the demand, but difficult to
implement. Rather than reducing the irrigated
area, the usual is to reduce the water allocation
which should mean reduction in the area, Some
methods of reducing the cropped area are:

- @aliminating the areas farthest from the
distribution peint [(quite common 4in small tank
echemes 1n South India where the farmers may
have fragmented holdings, some near the tank,
others farther away).

- giving water to certain sections of the command
area only, with the sections rotated from
season to season. This ie feasible only where
irrigation is supplementary and other sections
are able to grow rainfed crops in the season
concerned. It is also only possible if good
farmer participation and cooperation existe,

11i) Measures related to water distribution practices

There are only two water distribution measures
that can be used to manage a water deficit:

= reducing the water allocation but keeping
the same distribution methed;

- changing the water distribution method to a
pore efficient one.

a. Reducing the water allocation can be effected
in different ways:

1. Allocating water to preferential crops: This
can be practiced where high value crops
(fruit trees, nursery produce, vegetables)
are grown. The valuable crops receive the
necessary allocation and whatever is left is
utilized for the other crops. This is easy
to implement 1f goals of the farmers and the
management are the same.
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1i. Decreasing the amount of water per
irrigation: This can be done in proportion
to the deficit without regard to the crop
yield or, by trying to decrease water in a
way that the effect on crop production is
minimized. The first alternative is commonly
adopted because of its simplicity, the second
offers a much better possibility but requires
a thorough understanding of the critical
growth periods of the crops concerned. 1ts
effectiveness decreases with the numsber of
cCrops grown because the intervals and
critical growth periods for some may not fit

the others.

With measures like these, the reduction
expected ig moderate, Large reductions in
flow will often hamper the operation of
canals.

iii. Extending the intervals between irrigation is
a measure commonly used to meet water
shortages., If in one given year the system
is able to provide 6 waterings, the following
year the supply may be only half and the
system may deliver 3 waterings at double
intervals of time. This mpeasure 1s most
common, but efforts should be made for giving
the 3 irrigations at times when the crop can
make the best use (growth stages). The
effectiveness of the method is also
influenced by the number of crops grown.

b. Changing the water distribution method: Among
the &IE!eren: distribution methods, eome may be
more efficient {assuming comparable situations
of management and technical design) than
others. The possibilities of changing,
dietribution method are limited because of {it's
link with a specific technical design,
Changing the method may also require changing
the physical system, BEven {f there is noc need
te alter the physical systen, a switch is
difficult bhecause farmers get used to a
particular system. such changes 1f intended,
should be tried 1in pilot areas and then
extended to other areas {f positive attributes
of the new method have been demonstrated.

141 Adjusting water fee policies:

Increases in the water fees tend to decrease the
amount of water used. This measure should be
exercised with great care and only where the



yeconditions for its use exist, the system nust
equipped with measuring devices at the farm
leval, and supply is on the basis of volume. This
can either be considered at Minor Level (Farmer
organization) or at the outlet point. Another
requirement is that the farmer must have
understanding of soil-plant-water relationships,
otherwise he will continue to use the same amount
of water as before and simply pay more for it,
This method can hardly be adopted in a foreseceable
future, and may not even prove equitable.

§.7.2 canal Scheduling for Water Distribution

canal scheduling is done for distribution of available
water in an organized & equitable manner. When water
iz run in the channels continuously, 1.e, for paddy
areas, it generally does not prompt optimum use.
water losses in the channels as well as in the field
are significant, This can lead to an inequitable
situation, the head-reach farmers thriving at the cost
of tatl-enders.

5.7.3 Objectives for canal (rotational) water distribution

The rotational system of water distribution in the
event of shortage of water can infuse a sense of
equality {(in Jjoy or sorrow) amongst the farmers. The
objectives should be;

1) Allocation of Water for gocial Justice and
equality.

11) Predictability

(a) In time & duratiomn
(b} In quantity

1ii)Bquality from head to tail.
iv) Orderly distribution.

v) Punctual running of the channels as per
predetermined programme.

vi) Maximizing benefits.

Bach of these objectives (and advantages| are
important:

i) Allocation of water for social ustice and
equality: In case of shortage/fluctuations in
watar supply, the distribution should be based on
gocial Jjustice and equality. wWhile various
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i1)

neasures to overcome situations of shortage have
been explained, the basic object of designing a
system to \irrigate Jless than 100% of CCA i= to
gpread the bepefit to as large number of farmers
as possible. The system manager should also
likewlise choose a rotation which supplies water to
all the traditionally irrigated area rather than a
reduced or restricted area. This may not enable
ideal crop yields, but will infuse a sense of
equality, either supply water at long intervals or
for lesser depths in the field to all the ares,
'head to tail' of every distributary/minor,

Predictability in time, duration and antity: The
Totational plan for channels should ensure running
of the distributing channels at their authorised
full esupply levels at prefixed timings, so that
the canal outlets have their deaigned head of
water and draw their share of water. It &s
equally essential that farmers are aware of the
program in order to anticipate the arrival of
water and to make preparations. The rapport of
the manager with the farmers again will be of
inmense use, the farmers can be prompted to form a
group to distribute water amongst themselves,

iii)8quality from head to tail: The system manager

should ensure that designed full supply levels and
‘working head' are kept on all the outlets from
head to tail, that each outlet gets its due share,
and that there is no over drawal. Vigilance by
the system personnel 1is needed as some of the
farmers adopting un-social means can not be ruled
cut. It has also be ensured that the data of
‘Tail~gauge' 18 particularly communicated to the
manager in preference to other gauges to properly
monitor distribution.

iv} Orderl distribution: Any socially good system
nn!ousgealy demands discipliine, The benaficiary

v)

involvement in operation policy management by way
of group formation for each outlet command with
due weightage to 'Tail' should be attempted.
Water should be regulated properly to enable every
farm, its due share. Taking water by 'Time-turns
(Warabandi)' is a sturdy tool for ushering self
digeipline.

Punctual running of the channele per predetermined
program: The rotational running of channels ig
meant for the farmers and they must know of the
releages and closures in very certain terms. Once
the program has been well disseminated, the
management should see that the running of channels
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vi)

proceeds according to the given program, and that
there 18 no laxity.

Maximizing benefits: The goal of a rotational
Tunning program is based on social justice for
benefit to the maximum possible. The ideal object
would be to supply water as required in the entire
command area, but when that is not poseible, the
next best option iz to make do with whatever is
available to reach as close to the goal of
maximization of benefit as possible.

Most of the Indian systems are water-conatrained
systems and the rotational running of channels is
likely to provide benefits to the largest number
of farmers. The managerial instinct has thus to
be effective, to win the confidence of the
beneficiaries. The Water-short systems prompt a
better return from water per unit volume.

5.7.4 Critical stages of ctog growth based example of
preparing a eystem operation plan for R Crop_(Gct.

to_Harch) season (Major crop - Wheat
EXamp 1l e Xercise : Prepare an operation plan for a
torage irrigation (medium size) system with the below

mentioned salient features.

Degcription: A medium sized (more than 2000 Ha)

irrigation reservoir aystem having
a gross capacity of 94.43M° , the
dead storage being 1.98 NM™.

Catchment area: Gross area 744.96 =£g. km.
Free area 744.96 s8q, km,
{unintercepted)

Type of Catchment: “Average'({Strange's classification)

Average annual
monsoon rainfall

{50 yrs): 700 mm {27.56
Inchesg)

Expected monsoon

yield: 96.51 MM™ (3450
m. cft)

Groes Command area: 17,523 ha

Cultivable command: 10,860 Ha

area

Intensity of irrg.: B5% Rabi

13.5% Kharif
98.5% Total
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Anticipated annual: 10,705 ha

irrigation

Supply sluice cill

level BL 295.42 n.

Top of Dam (Earthen) EL 309.14 m,

Full Tank Level EL 305.94 m.
Natwork system: Two main canals (unlined),

trapezoidal, Left Main and Right
Main & minors with the following

particulars:
RMC LNC
CCA (Ha.) 2 7334
3526
Length (Em) : 28.4
26.2
Full Supply : 249
119
Discharge
{cusecs)
Clinatic Sub~tropical with 3 distinct
conditions: geasons

Kharif (Mid June-Sept]),

Rabf (Oct=Nid March) and

‘Ziad' (Mid March-Mid June})

Maximum temperature 47°C

Minimus temperature 1°C

Rain - erratic, mostly occurs from
July to Mid September, yearly data
reproduced below for years 1968-B6.

mn
1968~-69 713.10
69-70 663.26
70-71 446 .50
71-72 869.70
72-73 450.30
73-74 967.12
74-75 636.25
15-76 826.15
76=77 926.16
71-78 654.40
78-79 614.13
79-80 974.32
B0-81 561.35
81-82 419.12
B2-83 731.34
81-84 506.18
84-85 458.00
a5-86 689.70

“92=



10, Topography Altitude 260 m to 205 »
Average Slope 0.2% West to East

11. Cropping Pattern Crop Porcentage
Kharif 19.64
Rabi 59.21
Total for the Year 78.85

12. Losges: Conveyance Network Losses = 50%

Tank Los&ses: Sunmer 9%
Others 6%
Total 15% (over ten months)
13, Designed discharge e 119 c¢s
capacity RNC 249 cs
368 cs

Exercise Requirements: Please evolve the following:

i) A system operation plan for the Rabl crop season
1i) A canal rotational plan, if required.

A line diagram of the system is given Annexure III.
Note:

i) Presume the year to be a normal year for purposes
of rainfall precipitation.

41) The agriculture experts advise that a 10 ca depth
for pre-sowing and 7.5 cm depth of water sghould be
provided for every subsequent irrigation in the
£1eld. The dominant crop is wheat, releases should
be planned for the main crop.

i1i)The number of waterings and depth may be as below:

I turn pre-sowing (Field) 10 cm
ITI & subsequent (Field) 7.% cm each
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Crop Growth Stages (Wheat)

ta: Days from sowin
Eoﬁiuq o =

Crown root initiation 20-25

(CRI core)

Late Tillering 40-45

Late Jointing 585-€0

Flowering 85-90

Milk Formation 100-105
Dough 115-120

Sclution to the example:
Step No. 1: To determine availability of water

b)

c)

Catchment Araa Gross 744.96 s5q. kn.
Free 744.96 8q. km.
Rainfall 50 years

Average rainfall = 700 mm
{27.56 inches)

Since no observations of river discharges are
available, enmpirical formula will have to be used
for determining the run-off. In this casze, at the
time of formulation of the project Strange's
coefficients and table had been used. A reference
to Strange's table, which gives the runoff in
Million cuft per sqg. mile iz also made now. For a
yearly rainfall of 700 mm 27.56" and
clagsification of the catchment area as 'average'
the runoff is 4.63 M. cft per 8q km. Thus the
monscon yield €4.63 M. cft per sg. km. ts adopted.

ml
Total yield 96.5%1 (3450 M.cft)
Gross storage capacity 94.43 (3375 M.cft)
Dead storage 1.96 (70 N, cft)
Live Storage (Net) 82.47
Regerved for drinking 1.8

purposes
Deduct reservoir losses
@ 15% per annum (10 months) 14.02
Net available for
irrigation use 76.83
wWater available for
the two crops:
(in reserveir)
Rabi Crop 66.5
Kharif Crop 10.31
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Note: The above allocaticns of water for the two
crops have been arrived as per indication that the
intensity of i{rrigation is 98.5% (85% 1in Rabi
(winter crop) and 13.5% in Kharif (summer) crop].

Step No. 2

Conveyance Efficiency: It has been indicated in the example
that the conveyance system efficiency is 50% ,that d4g 100
units of water released at head reduces to 50 units at the
field. The physical status of the system thus cannot be

rated to be satisfactory.

Step No. 3

In view of 50% conveyance efficiency it is clear that 66.5
M* (allocated for Rabi) of water in the reservoir would
mean delivery of 33.25 MM®™ in the field.

Step No. 4 Determination of requirement:

a) The cultivable commanded area < 10,860 Ha
Anticipated annual irrigated area [ 10,705 Ha
Area to be : 1) Rabi 85% H $231 Ha
irrigated : 11) Kharif 13.5% : 1474 Ha

Thus water for Rabi is to be provided for 9231 Ha

b) To decide the number of waterings to be given we have
to look at the past practices and the crop growth
stages., The practice has been to provide one pre-
sowing watering of 10 cm depth followed by waterings
of 7.% cm depth and reoleases made on cropping pattern
basis.

Ae indicated in the problem, the critical crop growth
stages for wheat are;

1. Crown root initiation (core)
11, Tillering

111.Jointing

iv. Flowering

v. Nilk Formation

vi. Dough

¢) The dominant Rabi crop in the command is wheat, sgo we
shall confine the water releases to match the
requirements of wheat. The crop-growth stages would
necessitate one pre-sowing and 6 more waterings. Let
us first see whether even the practice~based
requirement can be met with (6 waterings). These
requirements at field emerge as:
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1] Field requirement for pre-sowing
of 10cm (9231 x 10) = 923 Ham = 9.23 WM™ -~ (a)
100

11) Field requirement for one watering of 7.5 cm depth
{9231 x %ﬁ%’ * 692 Ham » 6.92MN" “= (b)

Total requirement on field (& +64b) = S0.77 MM?

Not withstanding the channel £1illing volume on each
turn of flow,

Total requirement in reservoir with conveyance
efficlency 050% = 101.54 MM~

Clearly it 15 seon that water available for Rabi in
the reservoir 1s less than the amount needed {101.5%
MM*), and some thinking {#& required to plan the
irrigation.

The above would also show that we are propesing an
over all (total water depth) delta of 55.0 em (10 + 6
x 7.5)

This leads us to a situation:

a) WwWhere we have to reduce the area under Rabi to
66.50/101.54 x 100 or 65.5% of 9231 Ha or 6046 Ha
{adhering to § waterings) or

b) Where we may have to reduce the number of
waterings and supply water at stages of critical
growth when some stress can be borne by the crops.

144, The agriculture experts advise that besides the
pre-sowing, three more waterings are most
essential for wheat at (a} CRI (b) Flowering &
{e) Milk stage.

This would mean that the overall deita of 32.% cm
{10 « 3 x 7.%)) should at least be provided at the
field. Water required will be {9.25+43x6.92) MN™
or 30 MM®., At the reserveir it will work out to be
60 MM* with the prevailing conveyance efficiency.

Step No. 5 Matching the requirements with availability

{a) With the objective to cover as mnuch area as
possible commensurate with the available supply
avoid discontentment and to maintain social
justice, the water requirement for the whole 9231
Ha area of rabi will be:

9.25 ¢+ 3 X 6,92 = 30.01 MM* at field or 60.32 MNM*
at reservoir plus channel Filling one day each on
each release, 4 in all will make 1t 63.82 MM,
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It 15 also seen that Water available for rabi is
66.5 MM3, while for pre-gowing and 3 wateringa we
need nearly 64 MM3. Therefore if we Ery another
watering the requirement would rise beyond the
permissible share of water for Rabi. Hence more
than 3 waterings are not feasible.

Step No,6 Determination of canal running time:

(a) The total canal capacities are 249 4 119 = 368
cusecs, deliveries at 50% efficiency = 184 cusecs
(b} The canal running time to deliver these gquantities
at field will be: -
1 Ham = 4.1 cusec days)
1. For presowing 923 x 4.1/184 = 20,65 or 21
days + 1 day for filling
11. Por each of the other waterings 692x4.1/184 =
1%.48 days (say 2 weeks) + 1 day for channel
filling

14 days (2 weeks) have been adopted to suit the
time turns (Warabandi) system, which is a weekly
cycle.

{c) Total running days (effective) 21 + 3x14 = 63 days
(d) Add channel filling time (1+3) = 4 days
{e} Total canal running time = 67 days

Step No.7

Interacting with farmers by meeting and discussing
with them revealed that in the eventuality of shortage
of water and 1inability to supply water for 6
irrigations, the suggestion to give 3 waterings may be
follawed, Regarding sowing activity it was informed
that they start sowing in November while some of then
go upto mid December. Keeping this d4in view, the
operation plan should provide for a canal flow
scheduling accordingly. The farmers were advised to
start preparation as per these discussions. The
agriculture euthorities were also requested to
organize seed, fertilizer, and other inputs in
accordance with these decisions.

Step No.8 cCanal 3cheduling

(a)

Pue to conveyance efficiency being 50%, a rotation by
forming 3 groups of equal capac:ity to run two of them
at a time can be attempted but due to location of
minors and lengths involved it would perhaps result in
additional absorption losgses. Contihuocus running of
both main canals for 120 days will not be
pogaible/advisable and rotating the minors will also
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{b)

(c)

nean more losses. And the probahility of 'head’
farmers on the mains taking more and ‘widdle' or
'tail' farmers getting less and scope of other
compltcations would also exist. Morsover continuous
running 1s not possible because the total run is
possible only for 67 days during the baze period of
the crop. Therefore we may only fix days for running
of canals and closing them and run all the channels
tognther as one single group.

The practices 1in the area are that wheat 1s sown from
the start of November upto Mid December. Thus we can
fix the date of opening of the canals for pre-sowing
with effect from 8.00 am of 24th October for 22 days
to be effectiva from 25th Octcber E.00 a.m. which
should be a Monday (In case 25th 1§ not a Monday, a
date falling on Monday will be fixed). All the canals

will be opened at 8.00 am. Thus the schedule for
releazes of water for pre-sowing would be as under:
Pre - sowing

{Run = 21 days)
24 oct/25 Oct. 1/11 8/11 15/11
sunday/ Monday Monday
£.00 am 8.00

Close

out-lets to be opened from 25 Oct. Monday 8.00 a.m.

the running has been planned for whole weeks to enable
enforcement of 'Warabandi' which must start on Monday
only.

For subsequent waterings channels are to be planned
for 2 weeks running time for the same reasons.

The various stages of crop growth are given. Although
the ideal pattern of irrigation will be te provide
water at each stage of growth, because of the
shortage, it has to be ascertained from crap-
scientists as to when it is poseible to skip.
According to the findings available, water must be
nade available at "Crown Root Initistion" (CRI) stage
which occurs after 20-25 days of sowing. AsS per
prevailing system in the area (Northern Reglon) sowing
of wheat is atarted 1in MNovember and goes upto 15
pecenber, it can be presumed that sowing will start
from 10 November. Therefore water must be made
availablie in the field €rom 29/11 (8.00 am - Monday]
i.e 20-2% days after sowing and run upte 13th December
{8.00 am, Monday| for CRI stage of growth. The canals
would be opened on 28 Nov, at 8.00 a.m. to cover
filling time of one day.
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(d)

(a)

(£)

Again according to Agriculture experts (to be
interacted with farmers) water would be necessary at
tillering and jointing stages, but we have no water
for the two stages and the want can bear the stress
also, therefore a closure be provided. Then, we see
that after sowing, the 'flowering' stage will occur
after 80-85 days i.e. somewhere in later fortnight of
January, 8o the canals should be opened on 23rd,
January at 8.00 am (Sunday] to be effective from 24th
January, Monday B.00 a.m. to be closed on 7th February
(8.00 am, Monday).

The third watering should then be provided at 'Milk‘
stage which occurs at 100 to 105 days from sowing.
Thue 'Milk' stage will start appearing from end of
February. The canal may therefore be opened on 27th
February {Sunday - 8 a.m.) effective from 28th Feb.
Monday 8.00 a.m. and closed on 14 March (8.00 a.m.~
Konday) .

It has therefore become clear that there were two
optione for preparing the Operation Plan.

(i) Provide all the 6 stage waterings of 7.5 cm and
one presowing irrigation of 10 cm but 4in that
case the area covered will be smaller as shown
above or.

(i{1)Reduce number of waterings after expert advice and
in consultation with farmers and maintain social
parity for all the beneficiaries. It has been
possible to provide water to all the Rabi area
although with lesser number of waterings. Since
the cbject 1s to provide the benefit to as much
area as posgible for social equity, we have chosen
te provide the minimum 3 waterings besides the
pre-sowing and cover the full targeted area of
9231 Ha even though the yields may be lower but
this is the only option Jleft so as to avoid
discontentment and maintain parity.

Step No.9 Operation Plan - Preparation

The eventuality of reduction in waterings could have
been avoided, had corrective measures to the effect of
conveyance system losses were taken in time. We see
from part I of the solution that water for Rabi in
reservolr 18 66,50 MM3 but it becomes 33.25 MM3
owing to 50% conveyance system losszes. The operation
plan emerging from the above given solution can be
figuratively expressed as a chart attached (Annexure
Iv).

-99-



Step No.l0 Preparation of Reservolr Cperation Plan

Commensurate with the above pattern of releases, it is
necessary to prepare an operation plan for the
reservoir operation. The avatlability for each month
has tc be werked out and then the losses are computed.
Since the canals may also be runhing during the month,
releases into them are also worked out.

A8 per capacity chart of the reservoir the water
lavels and dates are indicated and the 'operation-
instructione’ for the operator are also recorded in
the statement given below.

Operaticn plan for Kharif Crop with Sugar Cane as tha
nain crop (11%) can be prepared. Water requirement
for other crops would be much lesser than sugar cane
and some adjustment in terme of areas or releases
would be possible.

The above would depict the method of preparing a
system operation plan. At the time of preparing the
game in different projects/cases, actual practices of
the area will have full bearing on the exercise.

Note: canals to open at 8.00 a.m. on Sunday & outlets opened
on Monday falling nearest as suitable to your calender
and to be closed on Monday £.00 a.m to facilitate
adoption of Warabandi turn system.
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Regeyvelr Operation Plan Computation

calculatione for reservoir depletion
(Figures in MMY)

Month Quantity Losses Releases
on at 1.5% during
ist day of the month
month

October 94.43 1.46 8.55

Nov, 84.42 1,31 18.40

Dec. 64,71 1.03 13.12

Jan. 50.56 0.82 5.65

Feb. 40.09 0.67 8.5%%

March 30.87 0.27 14.20

13th March 16.40 0.58 -
Reservoir Operation sSchedule
pate of Operation Water level (m)
24 Oct. 305.18 apen FTL 305.94
15 Nov. 303.96 Close
28 Nov. 303.94 Open
13 Dec. 302.85 Close
23 Jan. 302.74 Open
27 Feb. 301.67 Close
28 Feb. 301.61 Open
14 March 299.84 Close Sluice Cill

Level: 29%.42

. canal rotation -~ allocaticn of water:

Allocation of water in the canale in years of good
rainfall may not pose much problem, although, care 1is
needed for optimum use of water. It should not go
waste or used for over idrrigation. When the
availability of water iz less, utmost care is required
for fair distribution of water.

In case of supplies, one alternative is to run all the
canals at a time, with less than full supply
discharge, proportionate to the available supplies.
It is however not conducive to delivery of water at
the tatls of channels. Lower water levels 1in the
canal will not be able to feed the share of outlets,
farmers may resort to putting obstructions in channels
to raise water levels to feed outlets while some may
draw more at the cost of others lower down . People
may even resort to cutting of banks of canals to
irrigate fields instead of taking water in an orderly
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and organised manner, It may Isad to chain reactions
difficult to check or control, If a channel is run
with less than full supply discharge for a longer
period, it would cause silting and form additiocnal
berms on sides thereby affecting the carrying
capacity. Similarly, overfeeding (more than full
supply) endangers the structures, bed & banks of
channels. Thus, keeping the designed flow regime of
channels is very important, whenever any
distributary/minor 1s run it must run te its full
designed capacity.

Rotational Operation of Channels

The Other alternative & the method of rotational
operation of canals. This methed is followed in large
irrigation projects or multi-purpose hydro-electric
projects, where canal network comprises of significant
lengths, and supplies are inadequate and/or
fluctuating. This system may not find favour in the
mediun/minor irrigation tank projects. In medium and
ninor irrigation projects, assessment of the available
gtorage is done and the decision regarding allocatton
of water for & crop season is taken in advance and
releases decided upon, keeping in view the crop
calender - sowing period and various stages of crop
growth,

In the rotational system, the canals are run in turns
with full supply discharge and the duration of flow is
regqulated. wWater flows in the canals as per
predetermined schedule round the clock.

This system has been practised in North-Western States
of India for decades and {s acclaimed to be a
guccessful method of Irrigation Management. The water
managers and farmers have developed satisfaction in
these allocation and distribution practices. Farmers
participate freely and actively in these practices as
these are based on the principle of fairness. This
system has been devised;

- To allocate available water keeping in view sccial
justice and equality.

- Toe ensure equitable distribution of water from
head to tail.

- Te arrange orderly distribution of water 1in
canals,
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- To extend benefits of {drrigation to as large a
number of farmer families as possible keeping in
view the need to mnaximize production by timely
availability of water.

- To run the channels as per predetermined program,
the regulation schedule of running of channels
having been made known to the farmers in advance.

- To maintain cperational efficiency of system by
obviating any tendency cn the part of Government
official to 4increase or decrease discharge or
duration of flow of canals, as also, to cbviate
any temptation of farmers to interfere with the
flow of water in the channels.

= To maintain canals in regime so that they draw
their authorized full supply discharge at the
designed full supply levels from head to tail.

5.7.7 Grouping of Channels

Water from source, & regervoir or diversion barrage,
etc. is fed into the main canal(s). The main canals
may feed 2 or 3 branch canals, which in turn supply
water to a number of distributaries/minor through
control structuree. Distributary/minor is the channel
which supplies water to water courses through various
outlets (see Annexure Vj.

Keeping 1in view the principle that whenever a
distributary fs run in rotation, 4t runs with full
supply discharge, the formation of groups of canals is
decided. Other deciding facters are, location of
contrel points, losses in the feeding channels and
other priority requirements, if any.

If the availability of water at the head is equivalent
to the total authorized capacity of entire
distribution net- work, all the channels can be run at
a time with their full authorized discharges as "One
Group” .

In cases of inadequate or fluctuating or unpredictable
supplies, the system of 'Rotational Operation' of
canals is resorted to for distribution of available
water in the entire command, The entire net work of
canal system is divided into Groups £for rotational
running.

Following types of groupings have been in practice in
NW-India for the purpose.
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5.7.8

-  Two group system

If the expected supply 15 in the range of 50% of
total capacity of channels, then the channels are
divided inte two groups of nearly equal capacity.

- Three group system

If the available supply i5 in the range of 33% or
67% of total capacity of channels, then channels
are divided 1into three groups of nearly equal
capacity.

- vVarious combinations of groups/subgroups can be
formulated for other ranges of supplies, depending
upon the control points.

Rotational Running Period

Rotational running period of a group of channels is
dependent upon the proposed running period of outlets.

In the 'Warabandi' system of distribution of water
below an outlet, a water course runs on & seven day
cycle according to a predetermined roster. In order
to feed all the outlets from head to tail of
distributary, a certain travel time iz required for
the water to reach the tail of distributary and attain
its  full supply level, The running time of
distributary is therefore bound to be more than saven
days. This travel time can be calculated by actual
observation from time to time. However, in actual
practice for easy operation, the distributaries are
run on multiple of B8 days cycle basis to ensure
ninimum of seven daye of full supply discharge to
outlets,

operation of Channel Groups in Rotation

In actual practice, the predetermined schedule clearly
depicts the details of groupings of every channel. The
groups are allotted '‘Preferential Orders' (PO I, PO
II, PO ITI, etc.] of running, and decided period of
running of each group throughout the crop season is
also given. Whenever any group runs, all the group
channels are run with their full supply discharges.
The groups are run as per their preferential orders
and rotated.

Two group system

In this system, when PO I group is running for eight
days period, then PO II group remains closed. After
completion of 8 days cycle, the supplies to the PO I
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group are switched off and allocated to PO II group
for & daye running, The groups keep rotating after @
days cycle. 1In case the supply is more than the total
cepacity of PO T group, then the additional supply is
diverted to the PO II group., The PO Il group is then
called as running in “balance” without affecting its
preferential order. Though the capacity of groups, 18
very carefully fixed in the beginning keeping in view
the lowest possible expected supply, but due to
certain exigency circumstances beyond control like
breach of upper feeding canal or heavy fluctuations
from above, such situation can not be ruled cut. The
sufferance so caused can be compensated not during the
flow-period of these being prefixed. 1t could be
possible to do so only during "Balance" phase.

™wo groups can be rotated in another fashion also. In
this, one group rune for 15 days and the second group
remaing closed for 1% days. The groups are rotated
after 15 days cycle. "on" and “off" perficd of 15 days
{instead of 15 days) is adopted because one extra day
for filling the system upto designed full supply level
is required only once at the opening of the channels
and it is not required for the second consecutive week
when the channels are already running full.

In this system, the farmer in each group gets his turn
after every seven days in the first running period of
15 days. But when this gqroup 1 rotated for second
run, then the farmer will get his next turn of water
after 23 days.

A sample of "Two Group" formation indicating name of
each channel in the group, their authorized discharge,
losges in between in the main and branch canale, and
regulation timing of each head regulator, is given
(see Annexure II).

A sample of Rotaticnal FProgram of “Twe Group System"
for 8 days cycle, their preferential orders and
predeternmined dates of running 41z also given (see
Annexure II).

Three group system

When the lowest expected supply is in the range of
33%, then each group runs for & days and remains
closed for 16 days. The groups are run and rotated ae
per thelr preferential orders.

The farmer gets his turn of water after 24 days.
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If the expected supply 1s in the range of 67%, then
two groups can be run simultaneously for 15 or 16 days
and the third group remains closed for B days.

The farmer in each group gets his turn of water after
seven days in the first "on" period of 16 days. 1In
the next rotation, he will get his next turn after 16
days.

If the supply f2 more than 33% or 67%, then additional
supply is fed to the next PO Group (balance group).

Samples of three group formation with 33% availability
of water and rotational running are available at the
end of the Chapter (case example no. 3).

The system of dealing with fluctuations i{n supplies

and balance running of groups 1is the same as that
degcribed in two group system above.

Rotational operation at a glance

The £following table gives a typical rotational
operation at a glance, for a canal system of 1000
cusecs for different water availability situations:

No.of groups Running Closging Interval between

81, Avail-
No. abil- days days two consecutive
ity. waterings
1. 67% 3 Groups 16 8 7 days in every
(330,340,330 cs. Running Period.
aach) Next turn
16 days.
2. 50% 2 Groups a 8 16 days.
(500 cs.each)
16 16 7 dayz in every
3 33%

running period.
Next turn 24 days.

3 Groups a 16 24 days.

(330,340,330 cs,
each).
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5.7.10 case study on Rotation of Canals

A case example of Gang canal system (Rajasthan| on
two groupzs as well as three groups methods ie
appended at the end of this chapter (Annexure V(1)
to Vi{7}. This 418 a system which receives water
under an inter-state agreéement. The grouping ias
done to cope-up with anticipated deficit 1in
supply. In the eveant of full supply being
available, all the channeles can run As one group.
The destributaries and minors are always rtun full
to ensure designed working head and share of water
to each ocutlet.

Salient events of the study are summed up below:

A. Two_group method

i. Two groups formation has been done by
wentioning the discharging capacity of each
channel of the group which is more or less
equal,

1i. Absorption losses from one comtrol structure to
the next one have been worked out and given.

14¢. Travelling time for water to rteach various
control structures has been determined ond
given,

iv. Crop status, dates of opening & closing cycle
prescribed and priority have been indicated.

B. Three group method

i. In this case also the groups have been formed
which add up to motre or 1ess equal discharges
following the same procedure as for tWwo groups.

14, Other dats e.g. losses, travel time and
priorities have been given.

111. The procedure for dealing with fluctuations,
running with balance is same as for two Groups.

5.,7.11 Case  Stud; on 'She 11" systen of water
Str on tra

A sample of "Preliminary Irrigation Program =~ PIP' as
prepared for Mula irrigation project, Maharashtra for
Rabi & hot weather (details at Annexure VI| depicts
the procedure followed generally in central region.
This plan is based on following principle:
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1)

111)

iv)

v)

vi)

vii)

The anticipated avatlability is worked out, (Annexure
VI{1) to VI(4)} (carryover, evaporation losses and
river gaing are taken into consideration).

Demands for non-irrigation purposes 1is accounted for
besides the earmarking for 1ift scheme from the
regservoir, Net availability {a therefore known for
the crop (Rabi & Hot weather).

Based on last years' performance in area as well as
crops and future trends, requirement of water for Rabi
1g worked on ‘'duty' basis. The exercise iz repeated
while working out availability for hot-weather (end of
Rabi). PIP indicates areas, crops and number of
irrigation planned for the variety of crops. (Annexure
v(12)).

Program in detail for every rotation is prepared based
on {a) Sanctioned area, (b) Crop-wise sown area, (c)
Area irrigated by day cusec as observed, Preparation
of this program is done from lowest functionary (Canal
Inspector) upto project level. (Annexure VI(5} to
Vvi{(9))}.

Schedules for water deliveries allocating water to
each farmer (below the outlet) is also prepared by the
Canal Inspector and publicized (Annexure VI(10)}.

The canal inspector also prepares statement showing
opening and closing time for each outlet on the minor.
The Jr. Engineer prepares this for his jurisdiction.
The Sub-division/Division then prepare the program for
distributary branch canal and main canal is prepared.
(Annexure VI(11)).

After each rotation, the quantity of water delivered
vig-a-vis area 1irrigated is reported for each outlet/
minor/disty and main canal in terms of AIDC.

However, to improve upon the present procedure the
following suggesti ons are made, an improved format is
also given at Annexure VI{12) based on NIR (Net
irigation requirement for different crops).

The canal losses should be considered as per actual
exparinental observations, minors, distributaries,
main canal and actual convevance efficiency worked out
for each season.

Water requirements may be worked out with
climatological approach and net irrigation
requirements worked out after considering average
effective rainfall for preparing PIP instead of
adopting duty concept.
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The water delivery schedules for allocating time for
individual farmers may be prepared on the basis of
consumptive use of different crops after deducting
effective rainfall during the period as shown in
Annexure

To reduce repetative calculations and labour required
at present in preparing individual outlet water
delivery schedules, cut of estatement of outlets con
ninors and subsequently minors on distributaries etc.
for each rotation, computers may be uszed for which
softwares are already developed by WALMI, Aurangabad.

5.7.12 Case stud on 'Localization' system of water
distribution (South]

ii.

114,

iv.

i4.

111,

iv.

The operation plan in southern region s prepared by
taking the 'Wet' & 'Dry' areas into consideration on
the following principles:

Water regquirements are worked out on the basie of
cropg sown and delta observed. Thege requirements are
at the 'major' (main distributary) head to which the
losses in the main canal are added subsequently at
circle level,

The requirements are shown in M.cft and converted into
cusecs.

The capacity of the ’major' is indicated in the plan
and the required flow in cusecs is worked out, If the
required flow 48 more than carrying capacity, the
free-board is encroached.

The plan stipulates running at partial discharge.

To improve the system operation practices, the
following suggestions are made;

The water requirement should be worked out, after
taking the effective rainfall into account rather than
‘deita’ basis.

Actual losses 4in the conveyance system should be
cbeerved to ensure efficiency.

In the event of requirement of partial flow, the canal
should be run with full supply and closed after the
volume has been delivered.

Losses in the main canal {(actual) should be reflected
in the plan to f£ind out total flow.
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5.7.13

i1,

114.

iv.

Individual channel ({farmer) allocation and pertiod of
running should be worked out to arrive at 'ON' & 'OFF'

periods.

A sample 'plan' prepared for a system in Andhra
pradesh is given at Annexure VII.

Practices in Eastern Region

The operation plan depicting the areas, crops and
requirement for each fortnight/month should be
prepared. A sample notification at Annexure VIII
issued for Patna canal indicates that after receipt/
sanction of application the running/closure program is
igsgsued and notified for implementation. The canals
are run as per this notification to their full
capacity. The following suggestion would improve the
'system operation' practices.

pDetailed calculations for field requirement and at
outlet/minor/disty./main canal should be carried out.

Losses should be observed and taken into account for
arriving at the flow required at 'head‘.

A scientific method needs to be laid down to ensure
proper water management.

Individual channel/farmer allocation should be given
and then rotation should be devised.
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ANNEXURE I

GRONTH PERIODS (IN DAYS AFTER SOWING) OF TYPICAL CROPS

crop
Wheat

Maize

Sorghum

Barley

Gram

Soyabean

Stage

Crown root initiation
Tillering

Jointing

Flowering

Milk

Dough

Seeding
Tasselling
8ilking

Seeding
Preflowering
Grain Formation

Tillering
Jointing
Milk

Preflowering
Vegetative

Flowering
Grain Filling

Groundnut Flowering

(Kharif)

Hustard

Cotton

Potato

Rice

Pegging
Fruiting

4"-6" Leaf Stage
Flowering

Vegetative
neproductive
Boll Bursting

Stolonization
Tuberization
Maturation

Barly (100-110 daye)
Seeding
Maximum Tillering
Panicle Initfation
Flowering
Maturing
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Days After Sowing

20
85

100
115

10
115

I8.=
115 ~

4%
30
80
35
70

30
80

20~

80
45
90

20
50

90 -

25
40 -~ 45
&0
85 - 90
105
120

15
100
125
25

110
120

70
45
110
a5
75

o0
90

a5
20
120
50

80
120

35

110



Medium (120-140 days)

Seeding 20
Maxinum Tillering 35 - 40
Panicle Initiation 55 - 60
Flowering 830 - 100
Maturing 120 - 140
Late (150-170 days)
Seeding 20
Maximum Tillering 40
Panicle Initiation 85 - 90
Flowering 125 - 135
Naturing 150 - 170
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Anncxure I1(1)
[Refer to para 5.7.5)

Scheduling Based on the Water Requirements as Computed
by Modified Penman Method (FAO-24)

Crop water requirement is expressed by the rate of maximum
evapotranspiration (ETm), considered as the field water supply
level for the maximum yield. The ETm of each crop L& worked ocut
by the following three steps.

85 Reference evapotranspiration (ETo) - This 1s calculated by
Modified Penman equation set out in FAO Irrigation and
proinage Paper No. 24 (1977).

11. Crop coefficient (kc) - This is determined on the basis of
growing period and length of developmental activities during
each growing peried.

111, Maximum Evapotranspiration (ETm) 4is then calculated by
relationship.

ETm = ke X ETo

on the basis of the values of consumptive use as computed above,
net irrigation requirements at the €ield 1level are calculated
keeping in wview other parameters such as effective rainfall,
percolation losses and special needs of certain crops.

The computations for fortnightly water requirements in a typical
study case are given at Statement -~ 1.1. Only Rabi Season 1is
taken up for analysis as an example. These have been calculated
using, 'A Guide for Estimating Irrigation Water Requirements' by
R.8. Saksena --, Inder Mohan et al, published by the Ministry of
Irrigation, Government of India.

The cropping pattern and intensity of irrigation during Rabf
season has been taken as followe:

8.No. Crop Irrigation intencity Cropping
intensity
as percentage for cne ha. of
of CCA cropped area
1. Wheat 20.% 0.43
2. Oilseeds 12.0 0.25
3. Isobgol/Cumin 13.0 0.28
4 Veg/Potatoes 2.0 0.04
Total 47.5% 1.00



Annexure II(2

Crop water requirements for one hectare of composite cropped arcg
are then calculated as given in the Statements 1.2 & 1.3,

Ref. Statement - 5.2

Average reguirement 3 400 cubic metres per ha.
from Nov. I to Dec. II for each fortnight
Average reguirement 1 700 cubic metres per ha.
from Jan. I to Feb. II for each fortnight
Canal Operations ]
If Mov. T to Dec, 11 the canal is to run alternate week.
400 x 1000
Discharge of outlet ]  e—mmeemeecaws = 0,661 1ltrs.
Tx24%3600 /ha. for
7 daya.
consider Irrigatien
efficiency upto cutlet H 65%
Therefore discharge 3 0.661
at outlet  mm=e=—= = 1,016 litres/
0.65 sec, per ha,
Average CCA of an outlaet ! 60 ha.
Intensity of Irrigation
in Rabi 1 47.5%
Cropped Area : 60 x 47.5
---------- = 28.5 ha
100

or 1,02 cusgecs.

If from Jan. I to Feb. IXI, canal is to run every week, the
requirement works out to 350 cubic matre/ha. for 7 days.

piacharge of outlet s 350 x 1000
---------- = 0.58 ltres/
Tx24x3600 Sec. /ha.
spprox. same as discharge of
0.661 litres/sec./ha.

-120=-



Annexure II(3)

Thus, ns per the requirements computed by Modified Penman Method
the canal system should run alternate week during the period from
November I to December II and every week from January I to
February II. The discharge required at the outlet head 41z 1.016
litres per second per hectare.

The actual discharge being supplied at the outlet may then be

compared with the above requirements for the assessment of extent
of under or over irrigation.
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STATEMENT

Annexu:

Cropped Area and Total Water Requirement 1n.lnb1

re II(6)

Crop Irrigation Cropping Crop Water
intensity intencity requiremente
as percen- for one por ha. of

tage of CCA  hectare

each crop-

of cropped depth

(om)

Water
requi-
rement
for
erop-
ped

494,65
458.01
s
394.69

2127.0
1145.0
981.5

area

1. wheat 20.5 0.43
2. Oilseeds 12.0 0.25
3. Isobgol/cumin 13.0 0.28
4. Veg/Potatoes 2.0 0.04
Total -----;;:; ------ 1.00

Average requirement for
one hectare of composite
cropped area
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Annexure II(7)

Scheduling of Irrigation under Various Stages of Growth
of Crop - A Case Study

For the evaluation of existing scheduling of Irrigation, Bhakra
Canal System has been taken as a typical case. Only Rabil season
has been analyzed,

i) Status of Existing Scheduling

The acheduling of irrigation at present in the sbove command
is based on the water allowance of 2.75 cusecs per thousand
acres of CCA at canal head. The intensity of irrigation
being achieved in Rabi is 40.78%. The channels are run
under preference orders, and shortages in any section are
covered with the suitable balancing cycles already planned
for the purpose. Ultimately balanced equitable distribution
as per water allowance is maintained in the crop season.

The data of seasonal irrigation supplies at canal head and
area irrigated thereof in 10 years period from 1969-70 to
1978-79 during Rabi season is given below:

Seasonal Irrigation Supplies*
(for Rabi Seagon)

CCA = 1166000 ha.

8.No. Year Irrigation Area Irri- Area Irri- Cross
supply at main gated gated as supply
canal head %age of per ha.
CCA of crop
Mm> 000 'ha £ n?
1. 1969-70 2857 478 40.99 5977
2. 1970-71 2290 443 38.42 8112
3. 1971-72 2693 486 41.68 5541
4. 1972-73 1996 470 40.31 4247
5. 1973-74 2717 4717 40.91 5696
6. 1974-75 1766 398 34.13 4437
7. 1975-76 2961 494 42.37 5994
8. 1876-77 2655 475 40.74 5589
9. 1977-78 3135 453 42.28 6359
10. 1978-79 3152 836 45.97 5881
Average 2622 476 40.78 5482

* Scuree : CBIP March, 1989
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Annexure IT(8)

From the above data of scasonal irrigation supplies, average
quantity of water delivered at canal head per ha. comes to
5483 cubic metres. In order to assecs the water actually
delivered at plant, conveyance logses din the systen
reckoning from the source to the field have bean taken into
account. The following value of conveyance efficiencies and
field application efficiencies have been considered in the
context that (1) the present system is partially lined, (ii)
the mystem has been in operation for a long time, (1iii) the
tendency of the farmere 18 to epread the available linmited
water over relatively larger area.

- Conveyance efficiency 75%
{(from canal head to outlet head)

- Field channel efficiency 85%
{from outlet head to field gate)

- Field application efficiency 80%

- Overall project efficiency
= 0,75 x 0.85 x 0.80 $ .51 say 51%

Thus the supply actually delivered to plant per ha. works
out to 5483x0.%1 = 2796 cum. As already mentioned equitable
Qistribution of this water is maintained in the command area
as per above mentioned water allowance.

The crop-wise intensities of irrigation as achieved are viz.
wheat 22.8%, gram 7.6%, oilseeds 7.6%. In addition fodder
is found to be 2-3%,

Irrigation Requirements Based on Stages of Crop Growth

The intensities of irrigation and cropping have been taken
same as envisaged in the system.

8.Ko. Crop Irrigation intenaity Cropping intensity
as percentage of CCA for one ha, of
Cropped Area

1. Wheat 22.2 0.60
2. Gram 7.6 0.20
3. Oilseeds 7.6 0.20

Total 8.0 100
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The data of stages of

timings of
racommended by

Haryana

crop growth,
sowing for various
Agriculture

Agriculture Department has been adopted.

Annexure II(9)

irrigation depths,
seed varieties etc., as
University and
This is as given

below:
Crop No., & depth of Time of irrigation Stage of
Irrigation {daye after sowing) growth
in mm
wWheat I 60 Pre-sowing
II 60 22 Crowning
I1I 60 45 Late tiller-
ing
v 60 65 Jointing
v 60 85 Flowering
vI 60 105 Milking
aGram I 100 Pre-gowing
11 80 60 Branching
III 80 120 Pod-£1lling
Mustard I a0 Pre-sowing
I 60 50 Seedling
III 60 110 Plouerlnq

below:

Crop Time of Time of Crop Seed Variety
Sowing Harvesting duration
{daye)
Wheat 1 Nov.~ 1 April- 135-150 WH 147, 283,
25 Nov. 15 April HD 2009,Arjun,
Sona etc,
25 Nov.~- 15 April- 130-135 Sonalika,
21 Dec. 30 April WH 291
Gram 10 Oct.- 20 March- 160 H 208, C 214,
30 oct, 10 April C-24, Gaurav,
c-238
Mustard 10 Oct.- 10 March- 160 Raya, Parkash,
15 oct. 25 March RH 30, Varuna,
T-59
1 Sep.- 20 Dec.- 110 Toria,
15 Sep. 5 Jan. Sangam



Annexure II(10)

Using the above date, the requirementse as per crop growth stages
have been computed. These are given in Statement - 1.5, The
total requirement for one hectare of composite cropped area in
Rabi works out to 3080 cubic metres. Little variations 1in flow
are obgerved in each fortnight during the peak months of
December, January and February. The overall extent of under-
irrigation works out as under:

- Requirement of water as computed H 2080 cum,
by the stages of crop growth

- Water actually delivered § 2796 cum.
2796
- Percentage of water supplied 1 mm—e—— = 90%
3080
- Percentage of under-irrigation ! 10%

The deficiency of 10% could ecasily be covered by use of water
from tubewells.

The average requirement for ocanal operations may be taken ag
about 350 cubic metre each fortnight during the months of
December, January and February. If during these months canals
area to run alternate week, the discharge of cutlet would be

350 x 1000
B e —— e e ——— = 0.58 litres/sec per ha.
Tx24X%3600

Enowing the discharge of the outlet per hectare of cropped area,
ac computed above, the discharge required at the outlet head to
cover entire CCA of outlet and corresponding discharge and
running periocd of distributary, can be asgecced and compared with
the existing scheduling.
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Annexure Ir{12]

Comparison of Irrigation Requirements Baced on Crop Growth
gtages and Modified Penman Method - A Cage Study
Relating to Bhakra Canal Command

Irrigation requirements based on crop growth stages have been
computed vide Enclosure 5.2 (ii). The total requirements during
Rabi season workout to 3080 cubic metres for one hectare of
composite cropped area, The month-wise breakup of thie
requirement is given at Statement - 1.7.

Irrigation Requirements Based on Modified Penman Method

For computation of irrigation water requirements of Bhakra Canal
Command by Modified Penman Method, the basic meteorological data
haa been extracted from climatological tables of Hisar
cbeervatory, which provided 30 years average of temperature,
rainfall, humidity, wind velocity and sunshine hours. Por such
of those crops whose planting dates are spread over a period of
one month, average values have been taken.

The intensity of irri{gation, cropping pattern, planting,
harvesting dates of crops and their durations have been taken to
be the sane as adopted while computing the requirements based on
erep growth stages. The requirements computed for each crop are
given in Statement - 1.8.

The water requirement per hectare of composite cropped area are
given in Statement - 5.6. These work out to 3935 cubic metres
per hectare.

The results of the two observations are tabulated below:

Comparison of Crop Water Requirements
(for one hectare of composite cropped area)

{(in cubic metres)

Crops Requirements as Requirements as Remarks
computed by per stages of
Modified Penman growth
Method
Wheat 2658.6 2160 Month-wise
breakup is
Oilseeds 523.8 320 given at
Statement
Crame 752.8 520 5.6
Total 3935.2 3080



Annexure II(12)

The data indicated that the requirement as worked out by Modified
Penman Method are about 28% more as compared to requirements
under stages of crop growth.
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Anmexure TI(14)

STATEMERT 1.7
Crop Water Requirement by Modified Peomen Method in Rabi***
(Haryana - Eissar)
Crop Oct. Wov. Dec. Jaa. Feb, March April Total WIR
WHEAT
ETo 158 106 80 82 105 174 226 (1/2)
Ke 0.3 0.7 1.08 0.85 0.7 0.25
Consumptive
Use ETc, 3. 56 6.1 89,25 1218 28.2
Presosing
regquiressnt 30.0 - - d - =
Effective
oalnfall - - - - - -
NIR é1.8 56 B86.1 83.25 121.8 28.2 463.1
OILSEEDS
ETo (wm) 158 106 80 2 108 174 (1/3) 226
L 0.3 0.7 1.0% 0.1 0.25
ETc 31.8 56 86.1 3.5 14.5
Effective
ratofall - - - o -
NIR 31.8 36 26.1 3.5 14,5 261.9
GRAM
ETO (sm) 15802/3) 106 80 82 105 174 226
Ke 0.3 0.7 1.03 0.8% 0.7 0.25
ETe 31.5 T4.2 84.0 69.7 73.5 A3.5
Effective
eainfall & e - - -
NIR 31.5 .2 2.0 69.7 3.5 .5 376.4

¢ fource: Central Water Commissice
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STATEMRNT 1.8

Amexare 11(15)

Crop Water Reguirements ler Bect. of Composite Cropped Area in Rabl

(A) As per Modified Menman Nethod

(in cubic metres)

S.No. Rabt Crop Cropped Ares Sepr. Oct. Nov. Dec.
in hectare

Jen.  Febd,

March April Total

1. “heat 0.6 - - 370.8 33 516.6 535.2 730.8 167.2 2658.6
"2, Ollseeds 0.2 - - 63.6 112 172.2 &) 29 - 523.8
(Sarsoen)
3. Grua 0.2 - 63 1604 168 1394 1AY L1 - 752.8
63 382.8 616 820.2 B829.2 846.8 169.2
1952

(8) As per Stages of Growth of Crops

1. Wheat 0.6 - - 360 500 4% A50
2, Oilseeds 0.2 @ 80 &0 120 - 60
3. Craa 0.2 - 200 - LI 160

L 260 20 700 570 (24
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Annexure III

SCHEMATIC LINE DIAGRAM OF THE SYSTEM

RESERVOIR

km
282

® Flov Control Structures
(vertical gates)
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Annexure VI1}

LINE DIAGRAW OF GAMNG CANAL SYSTENM
HEADWORKS
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Annexure V{2)

ROTATIONAL PROGRAM OF GANG CANAL SYSTEM

FOR THE D
Group A Group !B[
ame of canal Discharge(C.8) ame of canal Discharge (c.8)
1. ML I 60 1. GG I 163
2. H 245 2. HH-NWL 39
3. BIF 39 3 HWL 13
4. 4 3858 4. BB 152
5. ML II 28 5. KEK-SLMK 61
6. LNP 378 6. RB 184
7. 2 114 7. P8 112
8. Y 21 8. MK 63
9. Farm 42 9. RMSR 8
10. D-Bhagsar 25 10, Sameja 184
11. Knji 246
1337 1225
Add. Losses from Border Add. Losses from Border
head to Sadhuwali Head head to Dabla head.
& 4in LNJ Br. 50 150
1387 1415

Abgsorption Losges:
b = ES?air head to Shivpur head 10

2. ghivpur head to Bifurcation head 30
3. ghivpur head to 2dhuwalil head 3o
4. sadhuwali head to Netawali head 30
5. Metawali head to Sulemanki head 30
6. sulemanki head to Faquirwali head 30
7. Faquirwali head to P.S. head 20
8. p.8. head to Dabla head ac
Regulation Time
1. Border head 03 Hrs.
2. shivpur head 06 Hrs.
3. Bifurcation head

sadhuwali head 09 Hrs.
4. Netawali head 12 Hrs.
5. gulamanki head 15 Hrs.
6. Paquirwali head 18 Hrs.
Te P.S. Head 20 Hrs. Approved by
8. pabla Head 24 Hrs. Executive Engineer
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Annexure V(3)

ROTATIONAL PROGRAM OF CANAL SYSTEM
Q
YERR ﬁ_ﬁ PRIORITY OF GROUPS
{Two Groups)
PERIOD DATES CYCLE PREFERENTIAL ORDER OF GROUPS
SOWING I II
07/10 15/10 1 A B
15/10 23/10 2 B A
23/10 31/10 3 A B
31710 08/11 4 B A
09/11 16/11 5 A B
16/11 24/11 6 B A
24/11 02/12 7 A B
02712 10/12 8 B A
GROWING 4
10/12 18/12 9 A B
18/12 26/12 10 8 n
26/12 03/01 11 A B
03/01 11/01 12 B A
11/01 19/01 13 A B
15/01 27/01 14 B A
27/01 04/02 15 A B
04/02 12/02 16 B A
MATURING
12/02 20/02 17 A B
20/02 28/02 18 B A
28/02 a8/03 19 A B
03/03 16/03 20 B8 A
16/03 24/03 21 A B
24/03 01/04 22 B A
01/04 a5/04 23 A B
09/04 17/04 24 B A
Note: Comnencement and closing datee of Rotational Program of

canal system for different crops seasons shall be in
accordance with the crop calendars based on agro-
climatic conditions of individual Irrigation Systen.
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Annexure V(4)

Abstract of number of cycles and running days of each
group under I and 1T preferential oﬁzu

I I
Group Cycles Running Group Cycles Running
Days Daye
A 12 96 A 12 96
B 12 96 B 12 96
Total 24 192 24 192
Note : 1. gach group will run in I preferential order
after 8 days.

2. Running days for each group in each
preferential order are almost equal.

~142~



Name st

Discharge

canal (C.8)
1. ML I 60
2. GH 245
3. BIF 39
4. F 385
5. ¢ 114
6. Farm 42
7. d-Bhagsr 25

910

FOR_THE

Add. Losses from
Border head to
sadhuwali Head

& in LNJ Br.

Absorption Losaes:

T horaar hesd

50

canal

ML II
LNP

Y

[eleb d
HH-NWL
HWL

BB
KKSLMK

ROTATIONAL PROGRAM OF GANG CANAL SYSTEM
CRREOD o A e R

Name %52!25§%%harqe

{C.

Add. Losses from
Border head to
Sulemanki head

rder head to Shivpur head
Shivpur head to Bifurcation head
shivpur head to Sdhuwali head
gadhuwali head to Netawali head
Netawali head to Sulemanki head
Sulemanki head to Faquirwali head
Paquirwali head to P.S. head
P.8. head to Dabla head

Regulation Time

order head
shivpur head

Bifurcation head
Sadhuwali head
Netawali head
Sulamanki head
Pagquirwali head

P.S. Head
Dabla Head

03
06

09
12
15
18
20
24

Hre.
Hre.

Hrs.
Hrs.
Hrs .
Hre.
Hrs.
Hrs.
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8) canal
1. RB
2. Ps
3. MK
4. RMER
5. Sameja
6. KNJT
Add. Losses
Border head to
Dabla head.
Approved by

Executive Bngineer

Annexure V{35)

Group ic]
Name © scharge

(C.8)

184
112
63
8
184
246

797
from



Annexure V(6]
ROTATIONAL PROGRAM OF CANAL SYSTEM
PO
TYERR — AND PRIORITY OF GROUPS

{THREE GROUPS)

PERIOD DATES CYCLE PREFERENTIAL ORDERS OF GROUPS
SOWING 1 hid h434
07/10 15/10 1 B A c
15/10 23/10 2 C B A
23/10 31/10 3 A Cc B
31/10 08/11 4 B A [od
08/11 16/11 5 < B A
16/11 24/11 6 A c B
24/11 0z/12 7 B A [
02/12 10/12 8 c B A
GROWING
10/12 18/12 9 A c B
18/12 26/12 10 B A c
26/12 03/01 11 Cc B A
03/01 11/01 12 A [ B
11/01 19/01 13 B A C
19/01 27/01 14 c B A
27/01 04/02 15 A c B
04/02 12/02 16 B A [
MATURING
12/02 z0/12 17 c B A
20/12 28/02 18 A [+ B
28/02 08/03 19 B A <
08/03 16/03 20 c B A
16/03 24/03 21 A c B
24/03 01/04 22 B A [
01/04 09/04 23 Cc B A
09/04 17/04 24 A c B
Hote: Conmencement and closing dates of Rotational Program of

Canal system for different crops seasons shall be in
accordance with the crop calendars based on agro-
climatic conditions of individual Irrigation System.
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Annexure V(7)

Abstract of cyclea & Running days of each grou
under I, Ig and I1ird Preferential orders

I Ix IIr
Group Cycles Running |[Group Cycles Running |Group Cycles Running
Days Days Daya
A 8 64 A ] 64 A 8 64
B ] 64 B 8 64 B 8 64
C 8 64 c g 64 c 8 64
Total 24 192 24 182 24 192
Note: 1. Every group will run in I preferential order after
16 days.

2. The running days for each group in each
preferential order are almost equal.
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ANNEXURE VI(1)

Preliminary Irrigation Program (PIP)

for Rabi~-Hot weather

MULA Project Ahmednagar, Maharashtra
(comprising of two canals - MLBC and MRBC)

Expected balance Gross in Mula
Regervoir as on 15th October

Deductions
1. Dead Storage 4500 Mcft.
2. carryover 1000 Mcft.

Evaporation losses

in reservoir at

6 Mcft/day for 137

days 822 Ncft.
6x137 ®322

Net storage available

Expected river gains/post monsoon flow
Water available for utilization

26500 Mcft.

6322
20178 Mcft.

3 Mcft.
Mcft.

Requirement of water for urban and domestic purposes:

1.

2.
3.
4.
5.
6.
7.
8.
9.

Mcft,
MPHV Agricultural 270
University (Agriculture
use)
Ahmednagar Municipality 17
MPHV (Drinking water) 13
Wambori village 6
Rahuri Sugar Pactory 2
Mula Sugar Factory 2
Dyneshwar Sugar Factory 8

Jogeshwar tilt irrigation 10
MIDC Ahmednagar (Indl.) 100
Ncft,
Net water available for
Rabi/Hot weather irrigation
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ANNEXURE VI{2)}

III Requirement of Rabi irrigation as per program approved in
CADA Executive Committee on the basis of cropping pattern as
developed and future trends in demand in consultation with
agriculture department and farmers' representatives.

Mula Right Bank Canal (CCA 80000 Ma)

S.No. Crop Area in Conversion Equivalent
ACres factor areas on
F.Cane basig

cres

1. 8. Cane 4000 1.00 4000

2. Wheat 30000 0.67 20100

2 ¥ Jwar local 21000 0.32 6930

4. Vegetable 3000 0.33 1000

5. Other seasonal
crops, gram,
sunflower 9000 0.33 2970

————— seemsee

67000 35000

- -

Base period 15 Octcber to 28 February » 137 days
canal losses 30% and duty 70 on cane basis

Water required for Rabi:

30980 x 137 x 1.3

mmm——————————— = 7520 Mcft.
11.87 x 70

where:

11.87 cusec days constitute 1 Mcft,.

Mula Left Bank Canal including Pravore Right bank tail area
= CCA 10000 Ha

S.No. Crop Area in Conversion Equivalent
Acres actor areas on

S.cane basis

1. 8. Cane 1000 1.0 1000
2. wWheat 6000 0.67 4000
3. Jwar local 6000 0.33 2000
4, Vegetable 900 0.33 0o
5. Others 600 0.33 200

14500 7500
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Water required for Rabi, canal losses 25%

7500 x 137 x 1.25

e ————————— = 1582 Meft
11.87 x 70
Total water required for Rabi = 7500 + 1582 Mcft.
= 9102 Meft.
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ANNEXURE VI(3)
Expected Balance in Reservoir as on 28 Feb. 1982
20239 - 9102 » 11137 Mcft.

Hot weather 1961-82
- From 1 March to 30 Jan 1982 = 122 days

1 Deductions for evaporation in Reservoir
at 8 NMcft/day for 122 days:

8 x 122 = 976 Mcft.

2 Requirement of water for Urban and other
usesg as per Rabi 488 Mcft.

3. One watering for Kharif seasonal crops
1982-82 for early sowing:

B73 Mcft.
2337 2337
Net quantity of water available for BB00 Mcft.
Hot weather s=zeason
Water requirements as per program for Hot Weather:
Mula Right bank canal
S.No. Crop Area in Conversion Equivalent
. Cres Factor areas on
cane basis
1. Sugar canal inclu-
ding cane on wells
as per demand of
Earmers 8000 1.0 8000
2. Ground nut 30000 0.67 19100
27100

Water requirement for 122 days considering canal losses 40%
and duty %0 Acres of Sugarcane

27100 x 122 x 1.4

v R R S e e - 7859 Mcft.
11.%7 x %0
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ANNEXURE VI(4)

Mula Left bank canal including Pravare Right bank canal tail

Quantity of water required:
3345 x 122 x 1.3
---------------- = 900.7 Mcit,
11.57 x 50
Total water required for Hot weather:
7859 + 900.7 = B759.7 Mcft.
Bxpected balance in reservoir on 30 June:

8800 - 8759.7 = 20.3 Mcft.
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S.No. Crop Area in Conversion Equivalent
Acres factor areas on

cane basis
{Acres)

1. Sugar cane 1000 1.00 1000

2. Seasonal crops 3500 0.67 2345
3345



ANNEXURE VI(S)

Illustrative Water Demand Statement for a Rotation of Kharif
{Prepared by Canal Inspector for his beat for each rotation]

Demand (ha) AL/DC Q.reqd
Offtake ==ccscccccaccaa - (ha) {day
Cane Gr.Nut Kharif Other Total cusec)
shusar
Direct
Minor 3
1. Ta - 1.00 3.10 - 4.10 2.5 1.8
2. OR=2 - 2.00 2.00 - 4.00 2.5 1.8
3. OR-1 2.00 2.80 - 4.80 2.5 2.0
Total =~ 5.00 8.00 - 13.00 2.5 5.0

Direct

inor 4

. Ta 0.20 =~ 0.40 - 0.60 2.5 0.25
2, OL-% 0.20 1.00 1.80 - 3.00 2.5 1.00
3. OL-4 - - - - - - -
4, 0OL-3 0.40 1.40 2.00 - 3.80 2.5 1.00
5. OR~-3 - - 2.00 - 2.00 2.5 0.7%
6. OL=-2 - 1.00 1,00 - 2.00 2.5 0.7%
7. OR-2 - - 2.20 - 2.20 2.5 0.75
8., OL-1 0.40 1.00 0.80 - 2.20 2.5 0.75%
9. OR-1 - - - - - - -
D.M. lél

.Ta - 1.00 3.80 - 4.80 2.5 2.00
11.0L-4 - 1.40 6.20 - 7.60 2.5 3.00
12.0L-3 0.60 1.00 7.40 - 9.00 2.5 3.75
13.0R-3 0.80 1.00 5.60 - 7.40 2.5% 3.00
14.0L-2 - 3.80 15.80 0.30 19.90 2.5 8.00
15.0R-2 1.00 2.40 5.80 0.30 9.50 2.5 4.00
16.0L~1 0.80 2.60 6.60 - 10.00 2.5 4.00
17.0R=1 - 0.40 3.60 - 4.00 2.5 2.00

Total 4.40 18.00 15.00 0.60 g8.00 2.5 3s.00

Direct

utlie

No. 23 0.40 2.00 8.00 0.20 10.60 *3.0 d.0
G.Total 4.80 25.00 £1.00 0.80 111.60 - 44.00

Average Al/DC = 2.54 ha.

* AZ/DC = 3.0 ie considered for direct outlets on distributary
as losses are less compared to outlets on minors.
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ANNEXURE VI(6

Illustrative Water Demand for a rotation of Kharif
(Prepared by sSectional Officer lor each rotation]

8.No. Particulars Demand (Ha) AL/ Qty.
meeeesssssserreereseseeeeseesene= DC reqd.
Cane G.Nut Kharif Other Total
Bhusar
--nn—s ---- s.oo----;t;o - 13,00 2.5 5.00
1. DM~4 4.4 18.00 65.00 0.60 88.00 2.5 35.00
DO=-23 0.4 2.00 8.00 0.20 10.60 3,00 4.00
Totsl ;t;--;;.oo ;;t;o Q.80 111.60 -:- 44.00
DO=-21 2.00 3.40 16.00 - 21.40 3.00 7.00
25 DO-22 1.00 7.00 19.00 0.20 27.20 3.00 9.00
MI.DY-4 8.20 13.00 65.00 8.40 94.60 2.00 47.00
Total 11.20 23.40 100.00 8.60 143.20 =~ -63.00
3 DY-4 23.60 50.40 162.00 7.20 2432.20 2.00 121.00
4. MINOR~5 7.60 33.00 72.00 27.50 {co.lo 2.00 70.00
arand Total "47.20 131.80 415.00 44.10 638.10 -  298.00

-

Day Cusec
Average AI/DC = 2.14
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ARKIRRE YI(1)

Thustrative Water Pesand Statessst for a rotatics of Dharif
regarad 3y seb-(visiond! coc for e ation

Takase Sed-Division

£.0c, Hase of Jeaned (Ma) Ll
sactloe o ]
Cipe BV, Dharif  Otder Tetul beed) Cusecs

1, Mikane Section 1 4000 1.0 I M0 SULSS 650110 n.e
37.0002.5 ne
m.asNn 115.0

B ]

ne.0

2. Tibeme fection 2 .10 1M (1500 WL1D EML10 §5.0001.9 LA )
131.00/2.5 0.0
LUR 7R ] M.

na
1. Hrugees
Section | SLA0 AL WL 1RG0 S0 smjze 0
(. Hrspo
Sectione 7 2,60 3020 3.0 R0 SERAE L0 e
5. Dstigeca
Sectice 5010 140,00 SELE LT W20 waens 1.0
#0020 WD
Wi
§. RLLS Noer 040 L0 1800 . nw 00023 3.0
RN WTAL 7080 SIL40 204035 RLTE O ABLDS 1544 Day
Casace

Average AI/IC = 2.1 e

vraasit Josses per day laafle O to 22 » 70 Cusecs

ow Parled v 7 duys.

totel Josses= 70 ¥ 7 = (%) Day Cesecs,

fotal Qty, Peqelred for Ssb-divieles = 1S40 4 430 = 200 Day Cesecs,
Daily rate of Elucharge = 230 Cusecs far 7 days.
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ANNEXURE VIII

Sample order issued for operation of canals in Bihar

ROTICE

From Irrigation Department

petails for opening and closing of Patna Cansl and its distribution svatem are
given below according to which it is possible to supply cenal water during Fharif

of 1989-90.

§. MName of Canal Period of running Period of closer

No.

1. R.P.Channel A(2) Tutarakhi 20.6.89 to 29.6.89 30.6.89 to 4.7.89
R.P.Channel B. Teldihamahi 5.7.89 to 14.7.89 15.7.89 to 19.7.89
(lst reach). Dewra, RP 20.7.89 to 29.7.89 30.7.89 to 3.8.89
Channel C Anchha feeder. 4.8.89 to 13.8.89 14,8.89 to 18.8.89
Patna Canal 3rd reach, 19.8.89 to 28.8.89 29.8.89 to 2.9.89
Imamganj & RP Channel D. 3.9.89 vo 12,9.89 13.9.89 to 17.9.89
Maner, Patna Canal from 18.9.69 to 27.9.89 28.9.89 to 2.10.89
Vikram to end of Patna 3.10.89 to 17.10.89 13.10.89 to 17.10.89
Rajwaha EKhajuri 18.10.89 to 27.10.89 28.10.89 ro 1.11.89

. Patna Canal outlet 1st reach

of Mall Camal, 2nd resch of
Anra, Saidpur. Mchammadpur
L.P. Channel, Belsar, Murra
Nagua, Paliganj. Bharatpura
Chandos, R.P. lChannel,

G Patna Canal from Bikram to
end Danapur. Majhauli of
Rajbah, R.P. Channel,
Kurkuri-Dariyapur.

M.E. Canal & Manora Mall
Ireach Koyasa. RP Canal E.
Alara Rampur Chaaram.
Parallel channel ¥. Patna
Canal Outlet 1,2,3 RP Channel
and Dokha Jaharpur, in
between Arwal & Mahbalipur.
Rewa,. Adampur., RP channel 4,
Dorwa Jalalpur.

1.11.89 to 10.11.89
20.6.89 to 24.6.89
30.6.89 to 9.7.89
15.7.89 to 24.7.89
30.7.99 to 8.8.89
14.8.89 to 23.8,89
29.8.89 to 7,9.89
13.9,89 to 22.9.89
28.9.89 to 7.10.89
13.10.89 to 22.10.89
28.10.89 to 6.11.89

25.6.89 to 4,7.89
10.7.89 to 19.7.89
25.7.89 to 3.8.89
9.8.89 to 18.8.89
24.8.89 o 2.9.89
8.9.89 to 17.9.89
23,9.89 to 2.10.89
8.10.89 to 17.10.89
23.10.89 to 1.11.89
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25.6.89 to 29.6.89
10.7.89 to 14.7.89
25.7.89 to 29.7.89
9.8.89 to 11.8.89
24.8.89 to 28.8.89
8.9.89 to 12.9.89
23.9.89 to 27.9.89
8.10.89 to 12.10.89
23.10.89 to 27,10.89%

20.6.89 to 24.6.89
5.7.89 to 9.7.89
20.7.89 to 24.7.89%
4.8.89 to B.8,89
19.8.89 to 23.8.89
3.9.89 vo 7.9.89
18.9.89 to 22.9.89
3.10.89 to 7.10.89
18.1.89 to 22.10.89



Cultivatore are requested mot to put any obstruction in
distribation of water.

Any alteration needed duriog lrrigation season is reserved with
Executive Eongineer,

There may be variation in supply due to fluctuation in supply from
the same river.

The whole canal system will be closed when discharge in some river
ds 4 lakhs

The control on supply of water from head quarters from Barun Block
to Bitoa Block and Paliganj district and irrigation will be looked
after by E.E. Sone Modernization Div. Bikram. Division Ehasgol
will look after irrigation from outlet. parallel channel,
distribution and water courses from main canal.
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CH, 1
Inplementation of Operation Plan

Dissemination of ration plan - Need :.
4~329:———q-=.2e-——-———-——-

The dissemination of operation plan amongst the
irrigation staff and the beneficiaries is necessary for
successful implementation and improvement in the system
operation which would enable:

1) Parmers:

- Taking decisions about crops, area to be sown, ite
timing, the quantity of water to be made available
and periods of supply.

- Wining the confidence of ueers and inducing a sense
of ownership.

- Increasing responsive attitude and acceptability.

Likewise the O&M staff should alsc know the broad
assumptions, projections made in preparing the plan so
as to understand the limitations of the plan and
suitable actions in implementation during excegs/
average/scanty rainfall, They should know precisely:

- Methodology and procedures for operating the canal

network.

- pates of opening/closing canals, time required for
filling/emptying.

- Quantity of water planned to be supplied and period
of supply.

11) stafef:

- Better understanding of the plan by the operating
etaff.

- Understanding of the Dbackground of the plan
particu arly the water availability and steps
necessa y to take appropriate actions,

- underst.nding about who 18 to do what and when,
during - aplementation?

- Minimiz’‘ng doubts, confusions or overlapping of
actions 1t relevant time, d
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6.2 Information to be disseminated

Information about the irrigation operation plan,
particularly the delivery schedules, time and periods of
supply, crucial to the farmers in making decisions about
crops, irrigation area, etc. should be furnished to the
farmers as quickly ae possible. Information about
opening/closing dates of canals, changes in
deliveries/clogures of canals, restoration of supply
etc, has to be given periodically.

Wide publicity is necessary to ensure that all concerned
agenciee, personnel and farmers get information in time.
Various methods of digseminating information are
described below:

Issuing Notices/Circulars

Conventional method of informing or drawing attention of
large number of staff members and farmers is to issue
noticea and display on the notice boards.

Written notices give accurate message, can be patiently
read and understood by the concerned personnel, and
minimize distortiocns. Notices should be published in
news papers, gazette and dieplayed at prominent places,
offices, visited by the farmers.

- Irrigation officea such as circle, division, sub-
division, section, CADA, T&V staff of agriculture
extengion services.

- zila Parishad, Block/Tehsil, Panchayat, and Water
Users Association (WUAS).

- Local bazaars, regular markets, credit societies,
banks, sale/purchase agencies.

News Papers

News papers are likely to publigh news of particular
interests and may willingly take the news, bulletins or
special articles describing the services provided and
benefits of 4irrigation ete. The news or notices
published give authentic information, that can be
clearly understoocd by the farmers.

All India Radio (AIR) and Television (Doordarshan)

AIR and Doordarshan are the fastest and wide spread mass
media reaching remotest places. The irrigaticen
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operation plans and information relevant to the farmers
should be broadcast, telecast appropriately.

In addition, news bulletins and local announcements
about water delivery schedules, crops to be taken to
suit the planned frequencies of supply, appropriate
dates for sowing should also be broadcast or telecast
periodically.

The programs, plans to elaborate the services and
benefits ete. could be organized to be discussed through
interviews with the farmers on AIR/Doordarshan.

It 1# 1ikely that the broadcast on AIR or displayed on
™ screen may not be followed accurately. Hence,
repetitions may be essential to attract attention of the
listeners/viewers requesting thom to obtain any further
details from the irrigation officers.

Interaction - Need

Interaction with the operating staff and the
beneficiaries would lead to valuable suggestions in
respect of operation and use of water, These can be
innovative and very useful in the mid term corrections
in the water deliveries during the season, as well as in
improving/preparing subsequent operation plans.
Interaction would also establish healthy relations
between the project managers and the users. Farmers
would feel that they are consulted or involved in the
planning/decigion creating a feeling of ownership and
promote Judicious and economical use of water.
Interaction and consultation with the supporting service
agencies and operating staff helps in better
understanding and emphasizing the importance of
actions/efforts expected from them. Thelir suggestions
may likewise 1indicate practical applicability of the
process and improve the control/regulation of water.

(1) Interaction with the farmers

organizing the farmers at various levels such as minors/
distributaries and seeking their participation in water
distribution/management at micro level 1is a need which
has even been initiated in many states. Qutlet
committees/panchayats, water users' Associations (WUA)
at minor/distributary level or for the entire area
covered in wminor irrigation projects and systems based
on wells are also being established. These WUAs should
be able to undertake water distribution, resolving
disputes in water sharing and wmaintenance of field
channels/fie d drains {n the initial astage. Later these
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c:n be invelved in planning of crops, organizing inputs
atc.

Canal congultative committees or canal advisory
committees at the project level or at the irrigation
division level should also be established, in fact these
are existing in many states. It should be mandatory to
organize nmeetings at fixed place(s) and time to redress
the grievances of the farmers at least at gectional
level. <The officers too should =aleo fix time and day
for meeting farmers at their headquarters.

piscussions should be organized with such formal or
informal committees/asscciations. The discussions could
be held through specially organized meetings at
villages/gram panchayats or block generally with groups
to know their collective reaction/response. These
discussions may cover following points:

- opening/closing dates of canals - the basis adopted
in evolving the plan, the water availability,
actual or projected cropping pattern and suitable
sowing dates, The crops planned, the sowing dates
may be assessed from the farmers so as to match
them with the progran. The periods of critical
gtages of growth of various crops could be then
assessed for mid-season corrections, later.

- Proper upkeep, maintenance and repairs of micro
level network such as field channels, field drains.
The importance of deweeding, desilting of field
channels/drains for getting full quantity of
allotted water and minimizing the ceepage losses
ghould be explained and the WUAs/ farmers advised
to organize these in time, before the commencement
of the season.

- Whereas water deliveries for Xharif season depend
upon the replenishment in reservoirs or river flows
and rainfall in the command, but knowing sowing
dates of various cropse, contingent plans for water
deliveries in case of scanty rainfall and the
possibility of skipping a rotation to conserve
water for the most critical growth period can be
discussed, Similarly poesibilities of conserving
water by decreasing the rotations (for storage
based schemaes) to be able to supply more water for
the Rabi/Hot weather can be discussed.

- The major 1loss of water taking place in the field
application and its importance should be brought
home (even {n well established canal systems field
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application efficiency is less than 70%). With
proper training and educating the farmers, this can
be improved to saving a large quantum of water.

- Improved mnethods of application like borders,
furrows, etc. need to be introduced to the farmers.
Large scale interaction to be followed by
demonstrations of these methods, explanation on
optimum lengths and widths of borders, furrows,
stream eize, cut off points should be given and
later demonstrated on their £filelds. Irrigating
alternate furrows to szave water under conditions of
scarcity or giving light dose by increasing stream
size could also be explained. The extension wing
of Agriculture Dept. may be requrested to provide
the input.

- For paddy irrigation, the latest finding of
Agricultural Research is that, it is not necessary
to maintain high depths of water (5 to 10 cms) all
the time. The yfelds do not reduce, even if there
i no water on the surface for one day. This can
be an important factor for extending dirrigation to
other areas by economizing/conserving water and
improving irrigation efficiency. The extension
wing can be requested to intervene.

- Film/elide ghows, Video Cassgettes mnay be
extensively used for quickly educating/aseisting
the farmers in the command in large number.

(14) Interaction with Staff & Other Agencies

Interaction with staff ehould cover all operational
details and delineation of varioue tasks to be performed
by the field staff. It may also include ascertaining/
procegeing or obtaining necessary approvals, sanctions
as per statutes. Suggestions on duty allocations are
given in Appendix I.

The allocation of duties and timely actions to be taken,
is an important aspect of successful implementation. 1In
addition, instructions for respond to various situations
arising in supply of water through large networks are
also required to be circulated and discussed.
Illustration on duty allotment for one category of the
£ield functionary is given below;

Gauge reader:
- Fix exact time of reading the gauges.

=169~



- Procedure for reading the gauge accurately,
eliminating parallax.

- Recording in register clearly 1in an unambiguous
manner.

- Reading the corresponding discharge from discharge
rating curves/graphs/statements.

- Reporting gauges & discharges in etandard units
prescribed, whether in lit/sec or cumecs and gauge
in cms or meters up to second or third decimal
points.

- Action to be taken if gauge decreases/ increases
such as;

1) If the gauge of main canal/branch increases
beyond danger line, encroaching the free
board; open the escape and intimate sectional
officer.

ii) If the gauge of distributary/minor increases
beyond the specified level, operate the gate
and adjust the gauge/ discharge to the level
permitted and intimate the sectional officer.

141) If the gauge 1in main canal 4s less than
planned, intimate the sectional officer.

iv) In the event of breach in main/branch canal,
take following actions:

a. close the c¢roegs regulator on upstrean
eide
b. Open escape to release excess water

c. Simultaneously report immediately the
sectional officer and the sub-divisional
officer.

(114 )Interaction & linkage with Supervisory
!ggcflonarlo: such as mistry/mate

The sectional officer 1&g the laet rung of control on
operation and maintenance of the network. The functions
are divided below this level. The mistry/mate/gangman
are responsible for maintenance, and the mistry/canal
inspectors are responsible for operation and supplying
water. A clcee linkage 1s essential for smooth and
timely operations and maintenance.
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The Mictry/mate should know the program of works to be
carried out inside the channels during closure pariod.
In cacee of breach, the gauge reader/ ziledar/patwari,
canal inspector on g¢etting information should take
immediate action to close upstream CR, open escape and
intimate mietry/mates to take up repairs if the breach
i# of small magnitudes.

Leakages through gates of HRs of distributaries/ minors,
jamming of gates, bending of stem rods, wearing out of
seals of gates, leakages through structures like pipe/
masonry agqueducts, damage te lining noticed should be
promptly reported to mistries, and the sectional
officer, for taking up repairs.

{iv) There should be standing instructions to the
operating staff on the actions to be taken in emergent
circumstances. Emergency situation may crop up during
implemantation due to 1i)Earthquakes 1i)floods 1iii)
breachea in canals iv)Heavy down pours.

In case of damages due to rainfall and earthquakes,
following actions are advieable.

Assess damage, 1f it poses a threat to the safety-
reduce discharge or close the channels and report to
sectional officer for immediate inspection and repaire.
Breaches are common in a large network due to piping,
failure of structure, or over-topping. Major breach
particularly in Main canal/branches affect the rotation
program and may lead to submergence of fields nearby,
besides the 1loss of production as 1t may involve
stoppage of supply. Prompt and action is necessary to
minimize the damages. The important actions required on
occcurrance of breach, are degcribed below:

- If the breach {s 1liable to erode the channel
section, close up-stream regulator coampletely or
reduce the discharge to the extent that can safely

pags.
- Open the escape up~stream and releasce excess water.
- Assess the discharge required for the upstream off-

takes and reduce discharge i1in the main canal to
meet that requirement.

- Intimate the occurrence of breach on priority

nessage 'CRASH' te the next higher officer and all
other officers in the command.
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- gectional officer/Sp0O should inepect the breach and
take actions such as;

Assess (1) extent of damage (i1} labor, material
and equipment needed for repairs (1ii) approximate
time required for the repairs (iv) labor, material
& equipment with them to start repairs and (v)
expected time to start work of closing.

- organize procuring labor, material, eguipment from
other unite;

- Intimate the farmers on AIR/TV and wireless network
through bulletins, the location of breach, probable
time of starting the repair work, expected time and
date of completing repairs as well as likely time
for release of water. A diagram showing the flow
of such & situation is given at Appendix I.

- Start the repairs immediately simultaneously
preparing working estimates/obtaining approval,
ganctions.

- The 3D0/30 should workout the travel time of water
to downstream and intimate the farmers about the
exact time, they would get water.

- standard message should be used for reporting
breaches suggesting actions to be taken in the
situation

Feedback from Field::

For quick communication and relay of reports/
instructione the system needs a reliable communication
network. Yor the system to work properly and
efficiently, the need is for a dependable communication
network to quickly disgeminate information pass
important messages and convey instructions.

It 15 used for conveying day to day information relevant
to implementation.

(a) Reporting of gauges

i) The reporting of gauges and discharges to
higher levels affords monitoring of the canal
Flows and should be arranged to be done
promptly,
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(b)

11) All information about the gauges/discharges
within the Jjurisdiction of secticns, sub-
divisions, division should ba reported at one
time in one message every morning and evening.

i1i1) In order to minimize time in transmission, the
message should be very brief, standard form
of messages called "gituation reports"
(S1TREPE) for rain gauges and discharge
“sitrep RGD' should be used for this purpose.

The names of distributaries CRe, HRs could be
printed so that only the fiqures of gauge readings
and discharges need be filled in while reporting
which can be used by the receiving side also saving
considerable time.
suggestions on assignment of duties for improving
implementation process for other categories are
given in Appendix II.
Other Information
Most of the information 1s available/collected at
the field and transmitted regularly to the project
level as feed back. The information or feed back
which is required daily or frequently -
1) Precipitation rain/snow fall

in catchment area

in command area
1i) Floods or inflow in the reservoir.
114) Run off, river gains.
iv) Annual yield of the river.
v) contents in the reservoir.

vi] Water released from the reserveir, spills
diverted intoc the canals, evaporation,

vii) Water f£flows 1in canal at different points in
the network.

viii)Area {rrigated vis-a-vis water delivered.
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(i1)

River gains by rageneration £rom catchment are
assessed presently on ad-hoc basis. However, exact
measurements need to be taken by installing gauges
on nallas joining upstream of the work,

Actual Canal deliveries/gauges

Measurement of discharge in open channels is
important part in inplementation. They are
classified twe major categories:

a) Velocity type and

b) Head type

There are many types of standard measuring methods
of which some are good and dependable to suit the
water head available and accuracy desired.

Points of measurements

Measuring and reporting of water discharges at the
HRs/CRs/escapes of canal, branches, distributaries,
provide a feedback on releasing water in various
networks as per schedules 1in respect of time and
quantity. It also provide informaticn about equity
in water deliveries in various sub commands and
that the flow in the main system ig such that;

- the operational losses are minipum;

- there iz no unauthorized diversion;

- there 18 no wastage of water in the system.
- to enable water flow upto tails of minors.

The discharge should therefore be measured at
following points:

a) Ma n canal/branches - HRs, all CRs, escapes,
bildges, flumed rmeasuring devices, It is
acdrantageocus to have measuring devices at the
b:ginning/end of aach irrigation unit
d-vision/ sub-division.

.

b ristributaries - All HRs & tails,
c) dinors Head & Tail ends
) outlet Head
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{(d) Reporting of the data:

Observing & Reporting Checking
Recording by by by
HRe Main/branch Gauge reader/
canal, distri- canal inspect-
butaries and or/chowkidars/
tail gauges wireless oper-
ators 8.0. 8.D.0.
HR, Outlet Patwari/canal Z2iledar/
inspector/ 3.0, 8.0.
gauge reader
CRa /Bacape wWatchmen/ Wireless 8.0./
wireless Operator/ 5.D.0.
operator Chowkidar

(e)

All the canal gauges should be reported twice a day
i.e morning and evening at prefixed hours.
Reporting at nearer intervals, nay be cone
necessary during major changes in the flows.

The sectional officers and sub-divisional officers
should report progressive as well as cumulative
quantity of water delivered in the channels or part
thereof lying in their jurisdiction weekly,
fortnightly basis or as may be specified.

Feedback on cropping activities

The actuasl crops sown, cropped areas, sowing dates
for assessing critical growth stages may vary
slightly or substantially from the adopted in the
operation plan and therefore periodical feedback
from farmers 18 necessary for reviewing and
regulating water deliveries to meet the crop water
needs during implementation of the plan.

The sowing/transplanting generally takes 2 to ¢
weeks. The information need to be furnished weekly
giving cumulative figures of cropped/irrigated
areas of each major crop.

The information when received has to be arranged
guitably as per canal sub-networks.
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(£)

Feed back on losses:

A feedback of losses and thereby the irrigation
efficiency 1is a vital information about the
performance of the eystem and water use. The
efficiency can be 3judged quickly by two indices
during the season.

- Leeses in  the canal system which indicate the
conveyance and operational efficiency.

- Coverage by irrigation,an indication of water
application/use efficiency.

The conveyance losses can be worked out by
collecting information about quantity of water
received and diverted in a specific reach of canal
over & unit period.

The reporting, computing and analysis can be done
at the end of each rotation, season or the year.

The coverage by irrigation when related to the
quantity of water delivered gives an indication of
water use efficiency.

For assessing the irrigation efficiency and thereby
the management efficiency, the area irrigated per
unit volume of water supplied will have to be
observed and recorded.

Responsibility for feed back: A precise system
about collection & reporting of information has to
be introduced by the system manager showing who is
to collect data, the frequency of reporting etc.
Some identification of such function has been done
and is shown in Appdx.II.
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Flow diagram depicting dissemination and feed back procedure
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6.5 Review/Revision in response to feedback:

As the irrigation progresses in A season, nore
information about the cropse, cropped Aareas etc, is
available to the preject management through periodical
feedback. The actual precipitation/replenishment in the
reservolir ste. 18 also known from time to time. This
data i required to be processed, analyzed gquickly to
devise appropriate decisions toe meet the actual
conditions. If the area irrigated or the replenishments
in the reservoir/river flows differ substantially i.e,
about 20% from planned flows a revision of delivery
schedules may be reguired to aim better utilization and
yields. To facilitate compiling/processing/analysis/
retrival of voluminous data, it would be advisable to
use desk calculators/computors. Bvery sub-division may
be permitted a desk calculator and the division may have
a micro-computor. Various likely situations are briefly
{llustrated below:

{a) Kharte

The water delivery schedules are mostly dependent
on the monenon and are thus flexible. The rainfall
in the conmand and catchment monitored constantly,
may necessitate revisions to meet the situations.

(b) Rabi and Hot Weather

The water availability 4s precisely known. The
rainfall contribution assumed in the operation plan
is generalliy emall. There would be few occasions
for revisions 4n delivery schedules, The rains in
the catchment or command 1is helpful and conducive
to saving/conservation of water whichk can enable
increasing areas under hot weather season. There
is thus & need for revision of schedules, even if
the variations are of small magnitude.

There can be various eventualities within the
trrigation scenario. The possible actions 1in
respect of review/revision can be:

More rainfall both in catchment and command areas

There is no apparent need to save/consave water,
the domand is also small. If the variation in
raine 1s small, no revision may be necassary.
Distributaries receiving more rainfall can be
closed and excess water diverted through escapes to
avoid water lagging/ fleooding and damage to crops.
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(1)

(11)

(1)

(11)

If the rainfall in command d{s high, main canal
system may need closure or reduction for the safety
of the network and minimizing water logging/
flooding.

In the event of volume control for operation, if
the network 1s small, and travel time does not
exceed 1-2 days, the flow may be reduced or even
stopped. In other cases, where response time is
longer, main system may be run with less discharge
and the distributaries closed. Excess water may be
released through escapes.

More rainfall in the command, less rainfall in the
catchment or less river flow

Such & situation warrants saving or conserving
water to the extent possible, The water deliveries
may be reduced in the affected areas sgo long it
does not affect the crop yields. Ccanal networks,
with constant veolume control operation or projects
with small networks can reduce or stop water flows
as per requirement.

(2]
o

Less rainfall 4in the pnand, with less rainfallg
égp eénighment, in the catchment is & problem c
@sts tha 6kille of irrigation management. Due to
different methods of water distribution, the
approach has alsc to be different to meet the
situation. The strategies may be:

Northern Region

The rostering & grouping of distributaries and
according priorities for supply in different weeks
ag per availability and supply automatically
provides in-built machanism for effecting
deliveries by £ield functionaries in different
situations.

Central region

One or two planned rotations in the non-critical
stage growth periods can be skipped or deferred so
as to suply during critical stages.

bl L4

In case of gevere drought water saving measures
like irrigating alternate furrows/borders, mulching
nay be advocated.
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- Oone or two wateringe can be skipped during
non-critical stage growth periods.

- Supply in critical growth period of the
principal crop should be maintained but
adjusted as per sowing dates.

- Water should be conserved by closing the
distributaries receiving rains.

If water receipts are noticable in October/November
the actions can be:

- Revise the PIP to include additional area
which can be sanctioned under late Rabi/Hot
weather crops like ground nut, sunflower, hot
weather green grass, fodder or suru sugarcane.

- Revise number of rotation for the remaining
Rabi/ Hot weather seasons. Isuue fresh notice
inviting applications for late crops.

(111) Southern Region

(b}

The supply 15 generally with on & off running of
distributaries.

{a)] When water is more than anticipated which
could ba due to

- More post monsgoon flow or late rains in
catchment; or

- More ratns in the command reducing irrigation
neads,

If water receipts are noticed earlier, say in
October or Hovember, revised operation plans may be
congidered.

- By reducing the ‘'off' pericd and increasing
‘on' period and intimate farmers to enable
them to sow additional area under different
late rabi/Hot weather crops.

It may be advisable to conserve water for Rabi by
closing the distributaries receiving rains. Even a
emall rain may be able to meet the consumptive
requirement for a emall period.
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(c) If the availability of additicnal water is noticed
late or there is late rainfall in December/January.
Revistion of schedules can be considered by:

- Supply of additional watering during critical
growths.

- Conserve water in Rabi and increase the
irrigation in Hot weather season.

- Reserve water for presoaking irrigation to the
deep black cotton soil command areas, to
enable farsers to take early kharif crops in
the following year.

6.6 Suggestions for Improvements

6.56.1 The preparation and implementation of operation is
dynamic to accommodate parameters e.g. rainfall,
breaches in canale and crops. Computor use should be
resorted for rescheduling daily/weekly deliveries, 1In
Maharashtra, it has bean started on pilot basis on
minor works.

6.6.2 Volume control concept: The controlled volume concept
for operating the gates and canals involves
manipulation of the water levels between two cross
regulators in such a way that the volume of water in
the reasch 1g kept practically same through many ranges
of flow.

The water surface at zero velocity is maintained at FSD
upstrean of each CR and the volume of water stored in
the compartment is worked out. wWhile increasing the
flow, the water surface is rotated at the mid point
between the CRe by depressing the water level at the
downstream CR and allowing it to rise due to back water
effect upto the upstream CR, Care is taken to operate
all CRs simultaneously at a predetermined time. The
obvious advantages are:

- Canal storages are artificially built in
compartmente, hetween CRs, throughout the length.

- Changes in water surfaces, during fluctuaticons in
the flow are minimus.

- Response time between demand and supply at any

point i.e. head or tail is minimum, depending upon
the rate of permissible depletion of water.
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- In emergencies i.e, breaches or heavy rain fall in
the command, 1t pernits rapid shut down of the
system to whatever extent necessary. As all the
flow can bhe held, the loss or wastage of water can
be significantly reduced.

6.6.3 Annual Performance Report: An annual completion report
on the performance of the plan is necessary to evaluate

the implementation. Broad outlines are shown in
Appendix IV,

It 18 advisable that the head of the department should
prescribe rules for system operation and circulate
anongst the concerning staff. Suggestions are given in
Appendix V,

Suggestions for regional improvements are given below:

Northern Region

1.

Measurement and accounting of water in minor irrigation
projects should be at par with major projects and
raflected in Annual Performance Report.

Rostering distribution and according priorities in
advance for asupply of water during different weeks,
elininates arbitration/misunderstanding 1in supplying/
receiving water by project field level functionaries and
farmers. This also provides 4inbuilt mechanism 1in
adjusting the deliveries automatically, in different
situations of getting more/adequate/less water in main
system,

However, the farmers cannot get exact idea about the
total quantum of water they are likely to receive, which
18 necessary for deciding crops, cropped area.

Efforte should be made to intimate quantity and period
of guaranteed supply during critical stages particularly
in the storage based systems.

The revenue wing may be entrusted the respongibility of
assessing the coverage of 4irrigation vis-a=-vis water
supplied and thereby improve the overall efficiency
through regular monitoring and reporting the area
irrigated/day cusecs or AI/DC by end of each rotation/
season at outlet and miner level.
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Central Region

Rigid Shejpali i.e. allocating precise time for each farmer
should be adopted on all systems.

Applications and sanctions for water supply 1s a very
elaborate process particularly when the farmers do not apply
in time during Kharif. The water availability alsc cannot be
predicted to plan water deliveries precisely in advance, n
such uncertain situation, dispensing of applications for
Kharif should be considered. Water can be supplied as per
indents placed by Water users Asgociations (which are being
formulated) indicating crops and areas,

In order to minimize effort invelved in processing/
sanctioning applications for water; supply on volumetric
basis at minor level to Water users Association could be
encouraged. Computerization for preparing rigid Shejpali
schedules assessing flows 4n main system may also be
considered to bring preciseness/accuracy and speed during
implementation.

Southern Region

Irrigation Water Tax is levied once the areas are notified
under the project as a surcharge on land revenue. The
project management has no obligation to measurs irrigated
area and prepare demands every season. However, thias
underscores the importance of measuring canal flows, end uses
in utilization, ensuring equitability in supply and thereby
evaluating performance efficiency.

Heasurements of cropped (irrigated) area jeintly by
10/Revenue staff should be introduced and reflected in annual
Performance Report. The ID should compare water delivered
against the area {irrigated seasonally and should monitor
number of waterings supplied at outlet level and farmer level
on sample bagis. Eventually measurements of water flows at
different points would be obligatory for field staff.

The present practice of supply water to part command during
shortages, may be reviewed from the point of view of
equitable distribution and social justice. Attemps could be
made to supply less number of waterings at critical stages to
larger areas which would algo promote substitution of light
crops needing less water which can be sown on larger areas
particularly during Rabi/Hot Summer.
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Eastern Region

Extensive use of ground water potential, through conjunctive
use or augmentation together with substitution of light crops
needing less water may be considered particularly in Rabi/hot
weather so a2 to increase cropping in these seasons and
utilization of water on large areas to more number of
farners.

Planning operation of canals with 'ON' and 'OFF' system
during Rabi/hot weather would be conducive to encourage light
irrigated crops.

Measurements of irrigated crops and water flows need to be
more systematic so as to get true picture of irrigation
performance, equitable supply to all farmers.

6.7 Role and responsibility of project management

For improving practices of system operation and
implementation, it is vital to allocate distinct role
and responsibility for each of the functionary(s)
precisely. The accountability to prompt discipline and
promptness has to be also laid down. A few suggestions
in this respect are given in Appendix VI,
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APPENDIX T

Diagrar showing the flow of feedback in case of a cana
breach

CR CR
—

=

RESERVOIR

| Farmers ]

@

TV/Radio
| Newspaper

1. Notice Breach
2. Open Escape U/s Clcose/Reduce CR
3. Intimate Breach =-- SO - 8DO - EE

4. Inspection EE, SDO

5. Reduce Flow Main Canal

6. Asgess Damage, Mat./Plant/Eqpt. --
Available, to be borrowed, Period
for Repairs, Date of Restoration

7. Report Breach to SE - CE - Govt.

a. Inform Farmers, Breach Cause, Probable
pate of Restoration Thru TV/Radlio/
Hewspaper

9. Repair of Breach

10. Final Intimation about Restoration,
Date of Water Release
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1.1

1.2

APPENDIX II

Suggestions on Assignment of Duties - Implementation
Process

The conveyance network constraints and the absence of
clear guidelines for operating the system to deliver
equitable, assured and timely supplies to all farmers
have generally resulted in huge and avoidable waste of
water. Thesge have also resulted in appropriation of
more water by the upstream farmers than their fair share
at the cost of the tail enders, besides causing a
negative impact on the economic performance of the
irrigation project.

No matter how well a project is designed and
constructed, an irrigation preoject fulfills ita intended
functions only when properly and Jjudiciously cperated
and maintained. It is the general experience that water
delivered equitably according to assured and timely
schedules could raise production substantially and
increase the net returns and incomes without appreciably
increasing the operation costs.

A detailed note on duties of the O&M staff starting from
gauge reader/sluice operator upto Executive Engineers,
indicating the responsibility at each level, time of
recording the gauges, reporting timee etc. should be
understood and adhered te. The following can be used as
guidelines for duty allocation.

A. Gauge Readers

The gauges provide information for monitoring,
accounting and later on auditing of water supplied and
are therefore very important in irrigation management.
The recording should be c¢lean and unasbiguous, showing
actual gaugee as read and the corresponding discharges
as per the ready reckoner; supplied 4in the form of
graphs or tables. The remarke column should invariably
be filled 1in, showing possible reasons for departures
from the schedules, e.g.

1) Fall in water lesvels in the parent channels,

1i) closing of off-takes due to rainfall in command and

111} opening of distributaries due to prolonged dry
srelle,

The rycimary record should be with gauge readers,
opera ors/chowkidars who may maintain one register for
all v e pointe in the beat.
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Work Inspector/Mistry

He will receive & superwise the roster program, observe daily
gauge and discharges at the head and tail of the minors,
(morning and evening) with the help of the gangmsn, record
the same in the register and report the same to the section
office before 08-00 hours and 17-30 hre every day. He will
also monitor the gauges and discharges of the distributaries,
and report to higher suthorities for corrective action to
maintain the authorized discharge.

Wireless Operator Cum Watchman at the Cross Regulator

He will have stage-discharge tables for different openings of
gates at different operating heads, He will receive advance
intimation from 8.D.0, about setting of gates and maintaining
the gauges upatream and downstream gauges and the gate
openings and the corresponding discharge at 07-00 hrs and 17~
30 hrs and transmit the same immediately to the 8.D.0. under
intimation to Section Officer.

Whenever there 1s an instruction to effect the changes 1in
discharge, he will alsc record hourly/half hourly gauges,
gate opening, as per instructions and give a final report at
the end of the operation. He will have a standing
instruction that in case the upstream gauge level crosses the
danger mark, he should immediately open the escape and
maintain the gauge level below the danger mark and report
continuously to the $.D.0./8.0.

Sectional Officer

He will have the {irrigation program, (annual and seasonal)
restering of distributaries, opening/closing times of main
canal/ branches and distributaries in his jurisdiction. He
should have ready information about gauge discharge tables
for main canal, HR5s of branches and distributaries and cross
requlators in the jurisdiction.

He will receive the gauge/discharge reports from

1) gauge reader
1i) work inspector and
111) watchman/wireless operator of cross regulators.

He will record this information including the daily rainfall
data in the registers, verify the discharge as per tables and
report the same to the 8,D.0. between 08-30 to 9-00 hrs and
18~-00 to 18-30 hrs, except the information of CRs which will
have been already transmitted directly.
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He should monitor the setting of gates of CRs through reports
or personal inspection as per the program received from time
to time,

He will also monitor regularly the gauge and diacharges of
the distributaries, minors and tail gauges during his
inspactions as also through daily reports.

Sub~divisional Officer

He will have the 1irrigation program (annual and seasonal)
rostering of distributaries, opening/closing times of main
canal, HRs of branches/HRs of distributaries in his
jurisdiction, He should have also ready information about
gauge, discharge, gate openings of HRE and CRe.

He will receive the daily gauge/discharges and rainfall dates
from the Section Officers and wireless operators at CRs
threugh the tertiary network. He will record the information
in the registers maintained in his office. He will transmit
the information to the Executive Engineer through the second-
ary network between 08-30 to 09-30 hrs and 18-30 to 19-00
hrs.

He will receive the instructions from the Executive Engineer
about changes 1in the discharge to be made in main canal and
branches and transmit the same to the wireless operators at
CRs under intimation to the Section Officers.

He should monitor the operation frequently. He will also
monitor the gauges/discharges of distributaries and laterals
during his field inspections and through reports.

EXECUTIVE ENGINEER

He will have the 1irrigation program (annual/ and seasonal)
rostering of distributaries, opening/closing times of wmain
canal, HRs of branches/HRe of distributaries in his
Jurisdiction. He should have also ready information about
gauge discharges, gates openings of HRe and CRs.

He will receive through secondary network daily gauge/
discharge and rainfall reports from sub-division officers,
records the same in the registers maintained and transmit on
the primary network the required information to the central
irrigation operation control (C€.I.0.C.) under intimation to
the Superintending Engineer and the Chief Engineer O&M.

In case of heavy rainfall, he will instruct the 3.D.0. to
cloge the concerned distributary, letting out excess water
through the escapes and report to the C.I.0.C. about the same
and suggestions 4f any, for continuing the closure or not
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opening of the distributaries scheduled to be opened 1in the
following period. on receipt of instructions from C.I.0.C.,
the B.E. will in turn pase on the instructions to 3.D.0, to
effeact changes 1in discharge of main canal and branches and
setting of gates.
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APPENDIX III

Responsibility of various officere
(acEIvIEv wigae]

Item Responsible Frequency of
officers reporting

1. Water availability

Rainfall in catchment 80/8DO/BR in Seasonal &

and its distribution charge of dam annual

Rainfall /runoff - do - annual

relationship

Yield of River . - do - seasonal &

annual

Storage, storage - do -~ seasonal &

efficiency annual

Rainfall in Command S0/SDO/EE in- seasonal &
charge of canals annual

Ground water avail~- GWD/agri. dept. annual

ability

2. Status/condition of Project

1)Total water supplied & SDO/EE for their seasonal/
efficiency of main canal/ jurisdiction annual
branch
quantity of water Canal inspection
released for ascapes in Central region

2)Total water supplied & SD/SDO for their seasonal/
officiency of disnet Jurisdiction annual

EE to compile for
his Division
CE/SE to compile
for Project

3)Water released from Patwari/Ziledar
outlets & efficiency for their juris-
diction
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4)Water application Patwari/Ziledar, ceasonal/
efficiency canal inspector, annual
gection officer
by conducting sample

testing
5)overall project BE/SE/CE in-charge annual
conveyance efficiency of Project
2. Uttlization of water
1)Area irrigated cropwise/ Ziledar, Deputy seasonal &
seasonwise annual Collector in annual
Northern Region
2)intensity of irrigation Canal Inspector,SO
on canals & SDO in Central

region for their
jurisdiction, EE to
compile into for Div.
SE/CE to compile for
project

Agriculture Deptt. in
Northern/South Region

3)Area irrigated by ground canal inspector, seasonal &
water a intensity so in Central annual
region SDO to
compile for sub-div.
EE to compile for Div.
SE/EE to compile for

Project
3. Duties/Delta
1)Seasonal duty & delta Patwari/2iledar in
of outlet/minor head Northern Region.
& delta Canal inspector in
Central Region
2)Seasonal duty & delta Sectional officer/
of distributary head Ziledar
3)Seasonal duty of Main/ BEDO/EE for sSub-div/div
branch canal head SE/CE to compile for
project
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4. Cropping intensity

1)Total cropped area &
cropping intensity

5. Health of soil/water

1)Area water logged/Prone
to water logging/salt
affected

2)Quality of soils, water

3)Accidents/breach

6, Costs

1)Expenditure on Regular
& worked charged esta-
blishment

2)Expenditure on Casual
labour

3)expenditure on repairs/
other item

§)Assesament of cost
per Ha. for O&N

Rainfed area to be seasonal/
collected from Agri. annual
deptt. or Director

of station & compile

for project.

EE of Div. level

SE/CE of Project level

Directorate of Irrigation
Research or Drainage Div.
in Central Region

EE/SE for Northern/Southerm
Region

Director of Irrigation
Research or Drainage
Divn., in Central region;
Agri. deptt., or GSDA in
Northern &

Southern Region.

Annual

Mistry/S.0.

sp0 for Sub-Div.
EE for Div.

SE/EE for Project

Annual

SDO/RE

EE for Div.
SE/CE for Project
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APEENDIX IV
Annual Performance Report

A comprehensive annual adeinistrative report abcut the
perfornance of the project should be prepared by the project
managers at the end of irrigation year i,e. 20 June. The
report should be discuseed in detail at the policy making
level 1.e. CADA board/canal consultative committee, canal
advisory committee or variocus water management boards.

Purpose of the annual performance report

The annual report should be a concised record of the project
performance giving details of natural resources as available,
condition of the project components, management efficiencies,
successes, failuras in respect of achievepent of end
objectives such as utilization of available water,
productivity and production. The report should also reflect
the annual expenditures to Judge the cost effectiveness of
the project.

The report would indentify the weaknesses of the project
personnel as well as farmers in utilizing the resources in
optional manner.

The analysie of the report would provide useful information
and guidance in improving the operation plans in subsequent
years as well as 1in improving the implementation for
achieving the planned/desired objectives.

Contente of the annual report
1. Availability of natural resources

1. weighted actual rainfall 4in the catchment against
the anticipated/designed and rainfall /runcff
relationship.

2. Actual runoff of the river against anticipated/
designed, number of rainy day, dry spells.

3. Distribution of rainfall monthwice/ 10 daye period
vie-a-vis as per design

4. Yield of the river in the year, vis-a-vis designed.

5. Actual water stored vig-a-vis planned/designed.

6. Actual water stored against wmaximum allowable
storage to know storage efficiency.

s & Quaniity of water diverted from canals vis-a-vie
planned/designed.

B. Weighted actual rainfall in the command and its
distribution/monthwise/10 days reriod against
anticipated/designed.
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9. Ground water potential in the command

status and condition, performance of project components

) 38 Water released from HRs of distributaries against water
released from HRs of main canal to know convevance and
operation efficiency of the main system.

2. Water relesased from HRs of minors/outlets against water
released from HRe of distributaries to know conveyance
efficiency of distribution network.

3. Water released from outlets against water released from
HR of Ninors as per sample tests to know conveyance
efficiency of tertiary system.

4. Micro network conveyance efficiency as per =sample
testing of szome outlets.

5. Application efficiency of the farmers fields as per
sample testing.

6, Overall project application and conveyance efficiency.

7. Quantity of water released from escapes and leakages
from various structures to know cperation efficiency.

8. Farmers satisfaction on water availability as per
program.

Utilization of water

1. Area irrigated cropwise, seascnwise and during the year
from canal water vig-a-vis planned as per project
report.

2. Area irrigated cropwisze, seasonwise and during the year
from ground water,

35 Irrigation intensity on canal water vis-a-vis planned
and as per project report.

4. Grogs irrigation intensity including irrigated area from
ground water,

Duties, delta

1. Seasonal duty of irrigation in ha per cumecs at the head
of ocutlet, minor, distributary, main canal. AL/DC in
case of central region, vis-a-vis planned/as per project
report.

2. Delta of 1Irrigation in mn/ha seasonal /annual of
irrigated area at field, outlet, minor, distributary and
main canal level -vig-a-vis planned as per project

report.

Cropping intensity

X, Total cropped area cropwise, season wige, during the
year.

2. Cropping intensity season wise, annual
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o GaWwn

of soil an Ler

Area water logged compared to previous year.

Area prone to water logging.

Saline area compared to previous year

Area prone to salinity

Quality of water from canals & ground water, PH,
electrical conductivity, PPD,

Area damaged due to water logging/salinity and unfit for
cultivation.

Other statistical information about performance

Number of breaches in Main/branch canal, period of
closure, reduction in number of irrigation rotation.
Number of breaches in distribution network, period of
closure area affected =~

Number of accidente, during repairs.

Expenditure on Regular establishment allocated to the
projact

Bxpenditure on work charged establishment

Expenditure on casual labour

Expenditure on repairs

i) Material

11) Contracts

other expenditure

Total Assessment of revenue from irrigation, industrial
and Municipal use of water

Total recoveries made during the year from irrigation,
industrial, municipal use.

Cost of O&M per ha based on

1. Actual expenditure on repairs

2. Gross expenditure including establishment.
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APPENDIX V

SUGGESTIONS FOR PREPARING RULES FOR OPERATING THE SYSTEM

Every project should have its rules of operaticn laying down
briefly the policy in supply of water, and the rights/
responsibilities of the beneficiaries 1in using it. Such
operating staff and made known to the beneficiarfes also
through booklets/pamphlets indicating the zalient features of
the projects, water avatilability, probabilities of
replenishment 1in the reservoirs, storages, canal networks,
control points and head regulateres up to pistributary/Miner.

Some suggestions which could be helpful in preparing the
operating rules are indicated below:

1. The control of the system up to outlets lies with the
Irrigation Department. It is thus their respongsibility
that water reaches each outlet.

2. wWheraver water Users Associations(WUA) exist and water
i1s taken in bulk from Irrigation department for supply
to the individual farmers, including the maintenance and
repatrs of minor; the control with ID will be to head
ragulator of minor. The department will howaver own the
systom below and exercise check and monitor equitable
distribution of water to the farmers.

S, Water will be supplied to all farmers in the command for
irrigation; (1) eguitably proportional to their holdings
subject to availability; (ii) on application filed by
the farmers for the area to be sanctioned subject to the
availability as well as to extend the irrigaticn to as
large numher of farmers as possible.

4. In case of WUAs taking water in bulk, the WUAs would be
responsible to distribute the same equitably to all the
menber/non-nember farmers.

. R water will be delivered as per rotational water supply
(RWS}) through the canal net work amongst the groups of
distributartes/minors and as per warabandil schedulas or
rigid shejpali schedules will be communicated to the
farmers in advance.

6. Water will not be supplied to any land not included in
the command.
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10.

11,

12.

13,

Schedules for water supply will be prepared according to
the general cropping pattern as established 1n the
command in congultation with farmers.

The water release schedules will take into account:

1. Sowing dates and critical growth stages of
principal crops grown;

2. Average probable effective rainfall in the command;
3. Period of maturity of principal crops.

Schedules shall be prepared and circulated before the
crop season and rigidly followed and no one from the
operating staff or the beneficiaries will be authorised
to change, modify or alter except 1in case of heavy
rains, the distributaries will be closged on request by
the farmers, WUAs and for which no additional supply is
liabla to be made in the following “on' period.

During normal year, water will be supplied at days
frequency.

Due to scarcity or less replenishment or other reasons
during 4{isplementation, frequency of supply will be
reduced and lees number of turns will be made available
in consultation with farmers and giving due publicity.
However efforts will be made to supply water during
eritical stages of the principal crops.

In case of prolonged dry spells in the command, efforts
will be made by the management to supply additional
watering (if available) and such additional schedules
will be comaunicated at least 48 hours in advance,
preference being given to save gtanding crops rather
than storing/preserving water for next (Rabi or Mot
weather) seasons.

Unexpected/unforeseen interruption of service may occur
due to many causes for which

1) the users will not be entitled to any compensation
or

i1) remissions will be given in water charges,
pistributaries/minors will run for prescribed “on' days

to ensure that every farmer gets at least one turn
during each rotation.
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14.

15.

16.

17.

18.

19.

20.

Farmers should take water as per warabandi or rigid
shejpali schedules, The schedules will be ghifted by 12
hrs after one season/year sc that some farmers may not
have to continue to take water during night hours. If
gomeone does not avail the night turn, this should not
be made good later,

when water starts flowing into the outlets, the farmers
will take the water by turns and time. They will start
irrigation in gequential order from head to tail/tafil to
head as per schedules.

Farmers are authoriged to

i) grow any crop 1in any area within the command within
the water allocated or

44) grow only those crops in that area as per sanctions
accorded by the department.

Taking water unauthorisedly - out of turn, more in
quantity by heading up the distributary/minor will be
considered to be a legal offence and action will be
taken by the department according to the provision in
the Irrigation Act/Rules.

Additional outlets will be permitted only on written
orders from executive/superintending engineer/chief
engineer.

The farmers will have to maintain the field channelg/
field drains for the langth passing through their
heldings.

or

The water users association (WUA) will have to maintain
and repair the fleld channeis/field drains/minor within
their area of operation. The departnent may stop the
supply of water 1if the field channels/drain are not
repaired and water is likely to bhe wasted,

The benefictaries will be responsible to pay the water
charges levied by the department from time to time.
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AFPENDIX VI

Role & Responsibility of Project Managenent

(General)
General

The principal objective of any irrigation system is to supply
water to the farmers. The supporting agencies like
agricultural extension ({T&V), agriculture research, credit
and input, stocking and supplying of seeds and CADA play a
vital role in utilising the water resources quickly and in
optimal manner. They help in converting the scarce water
resource into production and wealth.

gffective managemant depends upon personnal~structure and
ancillary services & equipment on the system 1like
communication network, automation etc. In a multi
disciplinery approach, different departmenta, organisations/
agencies ara tnvolved in management and, a clear
understanding of functions of the individual discipline
together with effective coordination and linkages with other
disciplines at respective levals 1in day to day operation is
most essential. It is proposed to limit the guggestion here
to the role & responsibilities of the Irrigation department
(ID) & its personnel.

Administrative Arrangements

The organisation of any major irrigation project or a group
of medium or minor irrigation projects can be said to have
four different components.

i) Policy making.

11) Administration & decision making.

{i1) Implementing or execution.

iv) Field operations (includes maintenance).

The typical organization set up on irrigation projects
prevailing in most of the states is as under:

Types of Irrigation Projects

Units Major Medium Minor
Policy making State Govt. 3tate Govt.state Govt
CADA canal C.E. E.E.
Advisory S.8.
committes Canal Adv.
Canal Committee
Consultative Consultative
Committee Committen
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Administration

& decision C.B./8.B. 8.E. E.E

naking

Implementing

execution SE/BE. - 5.D.0.

Field sSpo/so 50 & 8.0,

Operation & Field Field Canal-
staff Staff Inspector

The Executive Engineer of the major irrigation project or
district, in case of pedium/minor project prepares the
annual /seasonal preliminary irrigation plans (PIP), which are
approved by the SE3. The crops, sanctionable area, rotation
period, number of irrigation is described inm the PIP.

The canal Advisory Committee comprising of MLAs, farmers'
representatives, under the chairmanship of the Executive
Engineer decides opening/closing of canals, rotations etc,

Canal Advisory Copmittes at sub-divisional levels are also
organized for medium projects on similar lines to those for
najor projects at diviaional level.

The Canal Advisory Committees are of advisory nature and help
the respective cfficers in taking appropriate decisions in
respect of planning/implementing and redressing grievences
from the farmers.

Job Related Functions

The Irrigation officers have to perform eeveral functions
which can be classified in four major categories =

1. Adninistrative.

2. Operation and maintenance.
3. Implementation.

4. Monitoring & evaluation.

The administrative functions are generally 1in respect of
controlling, directing and governing the work of the
subordinate officer, and are specified in detail in the
Irrigation Act, Rules, manuals, guidelines issued by the
State Govt., from time to time. The Chief Engineer and
Superintending Engineer have more adminfstrative functions
and are involved in decision making, directing, initiating
certain activities, overseeing and monitoring. Coordinating
with other departments, seeking approvel of government in
respect of issues, where powers are not delegated to them,
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The chief Engineers and the Superintending Engineers have
more responsibilities in respect of policy making and
planning. Their duties are generally similar in all the
states and are governed by the administrative orders issued,
provisions in the irrigation Acts/Rules of the respactive
states.

Function Related to System Operation Plan

Job related functions for operation/implementing/ execution
of field officers vary considerably in different regions
according to the methodology adopted in water distribution,
assessment/recovery of irrigation changes and are therefore
described 1in detail as under. However the job related
function of CE and SE being administrative, are more or less
similar and differ at the level of EE or down below.

Chief Engineer or Engineer-in~chief

As administrative and professional head of that branch wing
of the department or of the region he is incharge and is the
rasponsible professional advisor of government in all related
matters. Hig main duties in respect of operation,
implementation and monitoring are generally as under:

i) Reviewing water allowance and water allocations.

i1) Reviewing, monitoring and overseeing annual
seasonal irrigation plan.

i14) Scrutinizing, reviewing performance of the projects
and suggesting improvements in operation, services
or work components.

iv) Guiding flood management,

v) Exarcising full control over the water use for
power generation, industrial and domestic usze,
exercising control over the execution of drainage
schemes in the command.

vi) Initiating and incorporating latest and sophisti-
cated technology in respect of equipment, methodo-
logy for better water conservation and control.

vii) Organizing periodical sedimentation surveys of the

reserveirs,

viii|Coordinaton with concerned departments/agencies
guch as Agriculture Research, Extension,
cooperative and revenue departments, India

Meterological Dept. (IMD).

ix) Organizing suitable training program for all
categories of staff for updating the knowledge fn
irrigation management,

x) Exercising adeinistrative, budgetory control over
all the officers under him,
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x1) lesuing general or specific directors for
uniformity in the eystem-operation. A sample of
"Operating rules" is enclosed at Appdx I.

Superintending Engineer

i) He {2 the administrative unit of the department
responsible to the Chief Engineer,

11) He is responsible for all functions in respect of
control, operation and maintenance of dams,
reservoir, canals, supply of water in his
jurisdictien,.

1i1) He should oversee and exercise control over the
activities of the divisions under hinm.

iv) Coordination with other departments like
Agriculture, extension, research, cooperation,
revenue, Indian Meteorological dept.

v) organizing periodical sedimentation survey of the

reservoirs.
vi) Periodical inepection of irrigation works.
vii) Monitoring and evaluation of irrigation

performance, irrigation efficiency and ares
irrigated per unit volume of water.

The roles below the rank of Superintending Engineer are
distinguishable in various zones according to system of
water distribution stated below:

Executive Engineer - Operaticn

Al Northern Region

1. Workout crop water requirements as per project
cropping pattern or the crop pattern as developed
in the command and identify critical growth stages.

11, Workout water availability and furnish the same to
the higher authorities in caze of major projects.

111 .Supervise irrigation in the command as per
achedules and turns.

iv. Observe crop condition in the command, coverage of
irrigation and critical stage growths for releasing
water ag per crop needs.

B. Central Region

a. Planning of System Operation
1. To prepare program of {rrigation of each
season - Kharif, Rabi and Hot weather (P.P) as
per water availability, forecasts and propose
irrigation areas that could be considered for
sanctions.
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i1. Work out schedules for water supply along with
periods of flow/closure and number of
waterings for different crops.

111. To check condition of the water conveyance
system, distribution network and arrange
necessary repairs.

Implementation of the plan

1., To release water f£rom the system asz per
program.

11, To sanction perennial, two seasonal, garden
blocks for irrigation.

141, To execute agreements with the villagers for
supply of water,

iv. To check crop measuresment of irrigated areas
each season as prescribed by the government
and observe recovery.

v. To ensure prompt payment of water charges by
the users of canal water for non-agricultural
purposes.

vi, To conduct surprise inspections periodically
of the fields, the working of measuring
devices, and controlling structures.

Monitoring

85 Te keep constant vigilance over the gauges
and/or other identified control points on
larger systems.

11i. To ensure that irrigation ‘“passes’ are issued
and maintained properly and entries mnade
punctyally.

111, To wmonitor progress of assessment and
realization of the {rrigation water charges
and watch on recovery of arrears.

iv. ;o engure that no unauthorized irrigation is

one.

Southern Region

oggratlon

i. To furnieh all details regarding water
availability, inflow, river flows and
anticipated behavior of monsoon to the
collector during meeting for taking decigion
for the operaticn plan.
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D.
1)
11)

Implementation

1. To release water as per operation plan,

11. To build up storages after allowing mandatory
wateyr releases for the downstream systems,

114. To regulate water in the system as per plan
and order changes in the “on' periods as per
water availability.

Monitoring

L. To watch canal gauges in the jurisdiction of
the division and order corrections in
distribution functions as per situation.

Eastern Zone

Invite water applications from farmers for supply
of water.

Sancticn applications for long-term supply, 7 to 10
years and for perennial and hot weather crops.

111)To release water as per cperation plan.

iv)
v)

To regulate water in the system as per plan.
To investigate and redress complaints from farmers.

Sub-divisional Officer

A,

b.

Northern Raegicn

Operation

55 Te ba 1n a position to allot available supply
to variovs channels in proportion te various
demands .

1i. Have a knowledge and information about
agriculture conditions in the command.

Implementation

1. To inform farmers about state of supply of
water and the rosters through ziledars/
patwari.

ii. Releaze water 1in the distributaries as per
schedules and prierities and to see that all
minor channels taking off from main system are
fed with full autherized dischardge.

iii. Chaecking crop measurementsz as per orders
issued by the dovernment.
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Honttoring

1.

11,

111,

iv.

See the gauge register personally to see if
channels are running according to orders and
water is reaching tail ends.

Undertaking field vigits, inspecting
irrigation and ensuring that every channel is
properly maintained.

Inspecting tail/head of each channel twice a
year,

Hearing complaints for irrigation and
redressing grievances.

Ensuring maintenance of outlet registers
showing changes in size, area etc.

Central region

Cperation
i. To keep direct touck and control of field

1.

111,

staff.

To sanction water applications received for
water supply in respect of seascnal crops on
Porm No. 7 and recommend other applications to
Executive Engineer.

To prepare irrigation schedules for each
geason and obtain approval of Executive
Engineer.

Implementation

i,
11,
114,

iv,

vi.

To ensure irrigation passes are delivered to
the farmers in time,

To release water in the canals network as per
schedule.

Ensure proper distribution of water and supply
te all distributaries/minors. Investigate
into the complaints received from farmers.

To keep vigilant watch on gauges of water
measurement i.e, storage, off~-takes of canals,
cff-takee of major distributaries and requlate
rotation and flow in the system,

Arrange measuremente of irrigated crops
through measures, check precribed percengages
of the measurements of a season and prepare
demand statements.

To check that irrigation passes are properly
up-to-date.
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€. MNonitoring

i. Check frrigation efficiency for every rotation
and at the end of season and year through
AI/DC and area irrigated per million cubic
meter of water.

ii. Check Bt of the total number of Panchanamas in
a season.

111. Check the gauges and discharges reported by
the 8.0, and compare them with the planned
discharges or order correction.

iv. Check unauthorized irrigation, wastage of
water or excessive utilization is brought to
books and panchanamas are framed in time.

gectional Officer/Junior Engineer/Assistant Engineer
A. Northern Region
a. Operation

1. To keep all channels/structures in proper
order and carry out repairs to see that the
capacities of channels and control structure
can serve to authorired discharge.

ii. Defects, major repairs to be reported to SDO.

111. Take prompt action in closing minor breaches
in canals.

iv. Remove unauthorized obstructiocns.

b. Implementation
1. To submit information in respect of
Status of irrigation demand.

- Readings of all gauges head/tail in his
section.

- Observe diecharge in the main channels at
lease once a month by calibrating with
current meter.

- Checking measurements of crops.

¢. MNonitoring

L Inspect all channels once a month and
accompany higher officers for their field
inspection,.

11, Inspection of all lined/unlined canals
alongwith tube wells.
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Central Region

Operation
i. To calibrate all gauges at control points

before the start of kharif season and check
then periodically.

1i. To inspect all irrigation/drainage and other
gtructures before monsoon and after monsoon,
report conditions to SO and undertake
necessary repairs.

1i4. Demarcation and unitization of field
boundaries.

iv. Checking condition of outer bunds to ensure
that they do not lsak.

Implementation

i. Prevent misusa of canal water.

11. Receive applications from the farmers duly
certified by the canal inspector/talathi and
reconmend them to SDO for sanction indicating
past arrears of water revenue.

114, Issuing passes to farmers after sanction by
SDO/EE.

iv. Prepare delivery schedules and release water
after approval by SDO/EE.

v, Reporting daily rain/canal gauges to SDO/EE
and maintaining discharge registers.

vi. Preparing weekly or each rotation water
account in prescribed forms and submit to
higher officers.

vii. Checking measurements of irrigated crops and
preparing demand statements,

viii.Recovery of irrigation water charges,

ix. Inspection of field 4rrigation in the beat
frequently, checking panchansanas about
unauthorized irrigation, wastage of water.

Nonitoring

i. Checking and ensuring updating of irrigation
pagses.

1i. Cchecking wastage of water, unauthorized
irrigation and booking offences under
Irrigation Act.

i1i. Collecting rain/canal gauges and periocdically
checking accuracy in gauge reading and
recording.

iv. Checking seasonwise area under crops in a

geason as prescribed.
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V. cbserving area irrigated/day cusecs AI/DC at
outlet, minor, distributing head and
irrigation efficiency.

c. Southern Region

i) To release water as per operation plan in the
distribution.

i11) To follow 'ON' and 'OFF' system for distribution in
the remsining pericd upto maturity of crops.

1i1) To maintain water levels 1in distributaries and
effect continuous supply upto transplantation.

iv] To collect information about crop activities in the
command,
v) To supervise working of Neer Katti.

D. Eastern Region

1) Serutinize water applicatione, checking them with
water availability and recommend then for
sanctioning to SDO/Divisional Officer.

11) Regulate flows in the distribntaries as per
rotation periods on instruction from SDO.

111) To book irrigation offences, misuse of water.

iv) To perpare distribution slips for water.

Revenue Wing
A. Northern Region

In Northern region, the responsibility of water
distribution below the ocutlet, measurement cof irrigated
crope, preparing demand gtatement etc. is handled by &
separate Revenue unit under the control of Executive
Engineer O&M. Deputy Collector is the head of this
branch. The Deputy Collector 1s assisted by Ziledars
and Patwars/Amins at field level. In Rajasthan the
revenue branch iz empowered to recover the irrigatiocn
water charge from the farmers.

The duties and responsibilities of Deputy Collector,
Ziledars and Amins are:

a) Deputy Collector

For operation:
- To organize and supervise the program of

irrigation measurements and assessment of
canal revenue
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- To prepare warabandi schedules on demand by
farmers, hearing objections and recommend for
sanction to E.E.

For Monitoring

b)

- To check irrigation measurements recorded by

the Patwari/Amin at site. The percentage
checks prescribed are different 1in different
states

- To d4nspect Patwari/Amin at field while the
measurements are in progress and see that
ziledars ara exercising prescribed checks.

- Te enquire into the malpractices and
recommending punitive rates.

- To assess compensation and remission for crops
destroyed or injured by breaches, short supply
of water or due to natural calamity such as
hail, lockoute, pests etc.

= To see the correctness and completeness of
shajra sheeta of channels, Xhasra bancdobast
and periodical revision

- To compile area statementst £for remodelling
channels redistribution of outlets.

- To prepare demands of revenue of irrigation
and submit them on due date to Divisional
office.

- To recover the irrigation rwovenue (Rajasthan)

or watch the recovery done by Tahsildar of
Revenue department.

Ziledar

ziledar has jurisdiction over 12000 to 18000 ha and
4 to 6 Patwari/Amins. Hie charge boundaries
generally correspond with those of a sub-divieion.
In Haryana 2iledar has independant office and
reports directly to the Deputy Col lector whereas in
Rajasthan, the Ziledar reports to sub-divisional
officer and works in his office. Hig duties are
generally:

- Te organize the irrigation measturement
operations in consultatiion with the Deputy
Collector and implement the same from
Patwarie/Anins.

- Check crop neasurements recorded by
patwaris/Amins as prescribed, preferably at
least one village in each Patwari/Aming' bea.".
check every field and calculations of areas.
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c)

To be in close touch with agricultural
conditions 41.e. state of crops, demand of
water, and see that supplies are distributed
to the hest advantage as per predetersined
echedules. He should report area irrigated
daily to the division/sub-division/deputy
Collector.

To supervise checking of jamabandis

Te investigate promptly and carefully all
complainta about drrigation and report to
deputy Collector for orders

To investigate all cases of unauthorised
irrigaticn wastage of water, punitive rates,
and offences under the Canal Act.

To make thorough enquiry in case of a breach
whether caused by cultivators or otherwise and
initiate proceedings Lf the breach caused by
cultivators or initiate proposals for
compensation for damage to crops.

Te look into and report on all cases of water
used for non-agriculture purposes and see that
water rates are promptly levied

To carry out sales of grass, fruits and other
canal produce.

Verify correctness of outlets.

To prepare warabandi schedules on demand by
farmers and as ordered by the Executive
Engineer, after collecting data, verifying
areas and titles of holdings from Revenue
department and in consultation with farmers.

Patwari/Amin

Patwari/Amin 1s the lowest field man in the Revenue
branch and contrels irrigation. His duties are

Maintain chak wise/village wise record of
cultivable command area holding of each
individual farmer as per revenue record

Keep account of dates of sowing of each crop
in consultation with farmers.

Measure actual area irrigated under each crop
by individual farmer for every crop season and
submit to the Zilladars.

Measure area of crop damaged under each type
of crop for each individual farmer for every
crop season and record reasons of crop damage.
Prepare half yearly (crop season| returns
indicating actual area f{rrigated, number of
waterings applied, type of crop sowing,
unauthorised irrigated area, times, amount of
water charges ete.
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a)

- Prepare annual demand collection and balance
{DCB) statement of each individual farmer and
abstract and forward them to the Zilledar.

- Prepare/distribute water bills to each farmer
in prescribed form, collect water charges and
deposit in the treasury,

- Prepare monthly statement of irrigated area.

- Aszist Zilledars for preparing warabandi
proposed within outlet after in-depth
diecussions with them, obeerving
filling/employing time of water course.

- Enforce approved warabandi.

- Solve routine disputes amongst farmers for
enforcing warabandi as per roater.

- Xeep up~to~date chak plans, shajras.

- Keep contact with farmers. Keep them posted
with latest irrigation Act, Rules and apprise
them with assesgment of availability of water,
Rotational running prograns of canals,
priorities etc.

Central Region: Field Staff

Canal Ingpector
Canal Ingpector 1is an fmportant field functionary
in the central region. He 1s in-charge of water

releases and water distribution. His duties, mainly
are implementation of irrigation plan and
monitoring:

- To prepare a “pali Patrak' for distribution of
water balow outlets to the individual farmers,
for approval by the Sectional Officer. wWith
rigid shejpali now being introduced, a
detailed schedules indicating time allotted to
each farmer, opening and closing of outlets,
discharge required for the minor etc. 1is
required to be prepared.

- Submit (at least 4 days 4in advance) the
planned rotation, indent for esupply of water
in that rotation at the head of distributory
channel in his beat to the sectional officer.

- Enter the next day turn on the irrigators
water passes according to Pali Patrak. In
rigid shejpali and outlet/minor panchayats or
water wuser's associations being set up, the
schedules are to be distributed to these
units.

- To open the outlet gates of the channel at
scheduled time, and close them as per
schedules.
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Demarcation or unitization of the areas
sanctioned under block system and preparing
sketches thereof 1is also to be taken up {f
ordered by Sub-divisional/ Executive Engineer.
He should keep record of areas irrigated under
various crops, outletwise, minorwise,
villagewise as per requirements.
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CHAPTER VIIX

COMMURICATION NETWORK

Neod

For improving the management of an irrigation systen,
copmunication 18 one component which has to be
established well so that everybody knows what is being
gaid, done and implemented, Communication has various
modes. On irrigation systems which are large encugh,
man to man cosmunication would be & tall objective and
therefore steps are necessary to have a communication
system which ig available to all the persons involved

in maintanance, operation and monitoring of the
activities, That these have to respond at all times
need not be emphasized. The comnunication system

should cater to the needs at any time of the day or
night,

The Indian Meterological Department (IMD) is now able

to provide forecasts for small area if
climatological data from stations are furnished
promptly and regularly to IMD.

Precice and accurate planning monitoring and regulation
of water releases would warrant;

1) Collecting meterclogical data from additional
gtations in the command/catchment and
transmitting the same to IMD.

11) Collecting weather forecasts from IMD,

114) Cellecting dinformation about cropes, cropped
area, sowing dates from command.

iv) wWorking out water availability,

v) Working out consumptive use of crops.

vi) Preparing delivery schedule and communicating
thom to the operating staff and
beneficiaries.

vii) Releasing water as per schedule.

{viii) Knowing the happenings on the system related
to water use.

({1x) Director/implementing reviewed instructions/
information
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7.2

7.2.1

Te achieve this precision in water management, a
reliable and fast communication system ig& essential,
to serve the following purposes;

a) Operation and naintenance of dams and canal
networks.

b) Flood regulation and emergencies.

c) Warnings to flecod prone areas and organizing
rescue operations.

d) organizing effective timely supporting services to
help the farmers.

e) Other administrative requirements.

Types of Communication

Messenger Service

In ancient times, communication was possible only
through messengers. Runners for carrying written/oral
messages were used for transmitting information, After
introduction of postal services, routine and ordinary
messages are transmitted by Dak.

In some remote places, the canal and river gauges, are
still communicated by hand or messengers called “dak-
runners’ . The Dak runner system involves a large
number of messengers. The communication 1s slow and
takes long time in communicating for action and
reporting compliance.

Telegraph/Telephone System

In India by about 1900 A.D., telegraphic communications
or canal wiree were introduced on some major and medium
Irrigation Projects. Some of these are still in use
efficiently. The telegraphy involves “Morse' Code
wherein messages are converted into sound strokes,
transformed into electric circuit breakers through
Morse Key and again transformed into sound strckes at
the receiving end.

Later the telephones (magneto system) were introduced
for better and quick communicaticn through direct talk.
The telegraph/telephone 1§ under the Monopoly control
of tha Post & Telegraph (P&T) Department. The systems
are installed by the P&T department as per specific
indents of Irrigation department. The system is owned,
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maintained and repaired by P&T and leased out to the
user department on yearly rent per km length of the
l1ines installed, the operators are employed and paid by
the user department.

Both, the telegraph/telephone are installed efther with
gingle wire-earth return or double wire systems. The
annual rent per km for single wire-earth return system
is less which works on 1.8 to 3 volts, the
communication 4& weak and subject to interferences,
distortions due to changes in weather, or influence of
pagnetic or electric circuits. In such case Morse Key
tranemission as a standbye for telephone system is
essential, Double wire system ieg comparatively costly,
but communication 1s better and not affected by
climatological changes. The merits and demerits are
given below:

Merits

i) Morse code transmission is unambiguous, clear and
reduces errors.

11) The P4T department carries out its maintenance and
repairs.

111) The lines available are for exclusive use of the
department.

Demerits
i) The installation takes long time.

ii) The maintenance and repair service is not prompt
and up-to-date. Batteries are not replaced

promptly.

1i4) The poles get uprooted/damaged and conductors snap
frequantly. Insulators are damaged by miscreants.

iv) The 1linee, when crossed by HT electrical
transmission (11 KVA and above) induce A.C. hum
affecting audibility or causes distortions in
communication.

v) Audibility is poor when conductors are
intercepted.

vi) The communication isg possible between two stations
only at a time or at the most 4 to 5 stations on
the lina. For long distances, the messages are
required to be repeated involving more tine.
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vii) In the telegraph system, the messages have to be
transmitted through trained operatore and hence
l1iable to distortion/misuse.

Wireless System

Wireless communication consists of short wave (3F),
High freguency (HF), very high frequency (VHF) or Ultra
high frequency (UHF) depending upon the wave length
used, Wireless system eliminates physical structures
like wires or poles in remote places and is thus free
from a number of disruptions and damages. The
installations can be done guickly. The operation/
maintenance cost is lass than the rental charges of
telephone/telegraph lines.

High Frequency Wireless (HF)

The frequencies are generally 10° to 10” Hz. The system
can be installed and owned by the Irrigation department
after necessary permission and licence to use frequency
from the wireless Advisor, Ministry of Communication,
GOI. The P&T Dept. alsc installs and leases out such
network for exclusive use of the Irrigation department.

The HF wireless tranemission propagates through space
in omni directions, overcoming obstacles like high
hills, earth's curvatures etc. and can cover longer
distances. The power required is high and so the
operating costs are also high, The HF system iz
sugceptible to Jamming or interference from other
networks in the vicinity, The audibility is poor or
weak during inclement weather high temperatures, There
are periods when the communication can be totally blank
particularly in summer during mid-days and mid-nights.

Very High Prequency Wirelese Network (VHF)

The VHF works on very high frequency. The frequencies
from 107 to 10* Hz. The transmission 1is in straight
line like light ray beam which can be intercepted by an
opagque body, structures or even the curvature of the
earth, But, if the transmitters and receivers (through
high antenna or higher altitude locations) are provided
to aveid these obstructions, the reception is clear and
audibility very good to excellent, not susceptible to
weather or 1ight temperatures or interference by other
nearby wireless networks.
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7.3

7.3.1

For large and extensive command areas intercepted by
hills, auto repeator (transmitting/receiving) stations
are required. The VHF transmitters/receivers work on
relatively low power ranging from 2 to 20 watts, which
reduces installation, maintenance and operation costs.

Ultra High Frequency Communication System (UHF)

Ultra high Frequency Network operate on frequencies
10" HZ to 10* HZ. The propagaticn pattern is that the
electromagnetic waves travel straight and have lesser
bending effect in comparison with the VHF., As a result
it has less coverage of communication betwean two
points in comparison with V.H.F, all the other factors
such as out-put, terrain, aerial heights being similar
this system gets restricted to purely line-of-sight
commiinication due to earth's curvature. For a long
distance communication UHF system will need more
repeaters than VHF.

The most significant advantage over V.H.F. 15 that it
has a multi-channel facility extending from 12 to 60
while the V.H.F. haz only one channel facility. Better
directive antennae can be designed. Although for
taking advantage of wmulti channel facility it is
necessary to have multi-plexing equipment in addition
to wireless trans-receiver sets. The repeaters in
U.H.F. are much less prone to noise and more number of
repeaters in tandem can be possible. Although UHF has
the advantage of multi channel facility the installa-
tion cost may be high but 4n the 1long run it provee
economical, These systems are iIn use by Telephone
pepartment, Defence, Railways, cCivil Aviation and
Police. Single channel U,H.F. is used by Civil Aviation
and Navy for short distance communication with mobile
sets and or hand held portable sete.

Ultra High frequencies however have a high potential
uge in remote measursments and control of water flows
in the system. It may even become necessary when
improved and sophisticated gates are installed cn the
systens in near future.

Locations, networks and sub-networks

Location:

In order to have smooth and fast flow of information/
instructions to the operating personnel or strategic
contrel points, the wireless stations need to be
installed at the location of all key functionaries
deployed on water/flood management, administrative
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hierarchy upto policy decision making level as
suggested below:

1. officers from Chief Engineer of the project (OCM)
upto Junior Engineer (or Sectional officers).

2. Rain/River gauges in the catchment and all
villagee in the flood prone area on the downstream
of the dams.

3. All control points such as Reservoir spillways,
Head regulators, cross regulators, escapes on main
and branch canals.

4. Offtakes of distributaries.

5. Metecrological observation stations in the
commands .

6. Officers from supporting services like CADA,
Agriculture Extension, Revenue & Police.

7. No station should be farther than say 8 km 50 that
a man can walk down with the morning message and
come back before evening.

Networke and Sub-networks

It {a generally not necessary for all the stations to
communicate with all other stations regularly.
Generally about 8 to 10 stations can communicate
efficiently on one network. The system should
therefore be organized in suitable networks. A typical
designed network system for primary, secondary and
tertiary netorks (Annexures I and II) for an irrigation
complex on Krishna river in Maharashtra have been shown
to depict the use of same {requency on area sharing
basis.

Primary network

For administrative convenience, it may be necessary to
have all important key officers from CE to EE under one
primary network. This can also be used for water/floecd
management, rescue operations and emergencies. For
large projects, auto-repeater stations nay be
necessary, for medium/minor projects such auto
trans/receiving stations may not be needed. Appendix II
depicts the manner in which primary and secondary
networks can be laid out. Appendices IXII a, b and c
show the various contact points in the primary or
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-3.

3

secondary networks on the same system as shown in
Appendix I and II.

Secondary networks

The secondary networks should link the Divisions with
sub-divisions and other important strategic control
points, like dams, Cross regulators, Head regulators,
main/branch canal or distributaries. The network
should primarily be used for water management, it may
be used for administrative messages 1in the remaining
period. Each division and its sub-divisions can have
independent network, as shown in appendices IIc & TId.

Tertiary networks

Under these networks, the sub-divisions can be the
sections and important control points like HRs, CRs,
escapes on main/branch canals, HRs of distributaries.
These are to control water flowe in the system and may
need to work round the clock during irrigation seasons.
Bach sub-division and fts sections should can have one
independent network and all sub-networks of the project
5o grouped that places which are adjacent to each other
on the same canal are able to inter-communicate,
Appendix I showe &n example of tertiary system also.

Frequency Requirements

The primary network may have twe independent
frequencies, one for water management and the othar for
flood management, For every autorepeater station in
the command, two additional fregquencies may be
essential.

Providing 4independent frequencies for secondary and
tertiary network may not be possible being limited the
divisions/sub-divisions located at long distances, can
use same frequencies on regional basis. If the traffic
is less, adjacent divisiona/sub-division can use the
same frequency on time sharing basis.

Communication syetem is an important tool for
managenent, and erection, installation alone may not
ensure its effectiveness, 1t 18 the planning and
orderly sustained operation and maintenance that may
lead to better and efficient management. Preparing
detatled, procedures for operations, manuals, traffic
rules, assigning appropriate priorities for different
mesgages, setting up time echedules for collecting
important information, issuing instructions/executive
orders higher authorities and periodical monitoring 1is
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another essoential activity to ensure effectiveness
in water management.

Cembination of different communication systems

In most of the existing wmajor/medium irrigation
projects, some kind of communication system, telegraph
(canal wire) or telephone 15 in existence and working
satisfactorily. In the leng run, the VHF wireless
communication is suitable and econcmical for better
water/flood management though immediate replacement

may call for additional budgetary provisions. Since
this may be difficult to obtain especially on
complemented projects it may be advicable to continue
the existing system and usge it in combination with VHF
wireless which may be installed on the missing links.
Later when it 1s possible to get funds, same could be
replaced by VHF network.

However, the preliminary/feasibilicy survey, GOI
approval and allotment of frequencies should be
organized for the complete network, ae it would be
difficult to later get adjacent frequencies.

pifferent situation may be prevailing in respect of
communication systeme in the commissioned projects.
whaere there may be telegraph system (canalwise) or
telegraph/telephone or wireless sets on lease from
police or P & T department, these may be used while
improving the system.

The installation of VHF networks could be arranged in
stages.

- Installation of VHF, secondary and primary
networks in phase I, replacement of tertiary
network in phase II.

- installation of VHF tertiary network in phase I
and secondary/primary in phase IT,

- Installation of secondary/tertiary VHF wireless
network in phase 1 and replacing HF network by VHF
in phase II.

Wireless manual
A manual for the use of wireless communication may be

prepared for all the irrigation projects in the state.
The manual may cover =



L)

i)

1i1)

iv)

v)

vi)

vii)

scope and objective of instsllation and use of the
system, such as water mancyemant, flood
regulation, construction facilities, monitoring
irrigation deliveries and health of soil and water
in the command and collecting vital statistical
information.

petailed methodology in carrying out preliminary
survey, feasibility studies, obtaining approval,
licence and allotment of frequencies from GOI.

Types of wireless communications 1installed in the
state viz. HF, VHF, UHF etc.

Officers/fleld staff authorized to use the
communication networks, and officers authorized to
have direct Radic Transmission talk (RT Talk).

Qualifications for the operators of wireless sets,
and radio techniciansg for repairs.

Rules of operation and traffic discipline.
functions, duties and responsibilities of Central

Control station (CC8) for the project and control
stations (CS) of individual network.

viii)Nethod and language to be used in initiating/

ix)

xi)

xit)

writing messages, transmitting/receiving on
wireless and forwarding the megeages to the
concerned officers.

Priorities for different messages according to the
purposa, contents and urgency.

gtandard messages for common situations like flood
warnings, breaches in canals, canal/river gauges,
MNET Reports.

Nonitoring of communication traffic by €88 & CS.

Daily/Periodical maintenance, inspections of
installaticns.

xiii)0fficers autherized to use/operate 'mobile' ‘'Hand

xiv)

held' sets or gets installed in cars/jeeps.
Centralized training facilities, syllable for the

operating staff and officers entitled to use the
system.
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«5.

Some useful information and hints are givern in
Appendix IV.

Priorities

Messages initiated for the operation and maintenance,
flood management, administrative matters have different
purposes and importance, Nost of the messages in the
O&4M relate to water measurements i.e. gauges on canal/
rivers or discharges of water flow in the canal
network. These information play wviteasl role in
regulation of water and therefore need to be given
special status and specific time slots far
transmitting/receiving. Few types of messages warrant
suspension of all routine work, seeking immediate
action by the receiving side. In order to understand
the importance, urgency and purpose of various messages
by the operators and the receiving officers, certain
priorities need to be accorded.

Messages seeking prompt attention/action or compliance,
such as unscheduled increases or decreases in the water
flows, express reminders, indents for materials,
equipment needed for urgent repairs or works and flood
releases of higher magnitude, may be classified a=z
‘Priority’'.

Immediate/Most Immediate

Messages where the receiving side is expected to
suspend their normal work and respond to the
information/instructions of the calling side may be
marked as immediate or Most immediate as per situation
and urgency.

Breaches in distributaries/minors which are not likely
to create panic, danger to human 1life or property but
need immediate restoring.

Instructions/indents or movenent of man material,
equipment for restoring the damages from canal
breaches.

Accidents.

sudden decrease 1in canal discharges due to wide spread
rainfall in the command warranting adjustments of gates
of HRs, CRs and opening escapes gates.

Tour programs of VIPs.

High flood releases from reservoirs.
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‘craen’

The messages, when the calling side expecte suspension
of all other works, reguesting other wise for immediate
action, prompt help or situations of alarming
emergencies may be classified as crash.

a. Heavy flood warnings.

b. Release of heavy floode from dams expected to
submerge villages on down stream, warranting
immediate evacuation, rescue cperation.

c, Earthquakes.

d. Major breaches i{n the main/branch canals likely to
flood the area, damage the crops, structures, or
cause danger te human/animal life and property.

e. Instructions regarding movement of men, material,
equipment for restoring ropatriuq the breaches.

£. Instructions/information about VIP programs.

Situation Reports (SITREPS)

i. Daily (mornming/evening) gauges of canals/rivers,
rainfall, MET observatione 1ike evaporation,
temperature relation humidity, wind velocity,
sunshine hours.

11, Instructions for changing the discharges of
canals, setting gate opening of CRS/HRS,

111, Daily flocd bulletins.
These messages, require exclusive and specific time
slot for transmiseion as they play crucial role in
water/flood management and monitoring. Sample sitrep
at Appendix V.
Non Priority
- Reminders
rocutine compliance of administrative orders,
progress reports.

Instructions regarding transport or movement of
material/equipment.
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7.

.5.2

5.3

.5.4

Abbreviations Code Words

communication on wirelass involves transpitting
nessage, repeating the same for correctness and copying

& forwarding to the concerned officers. All these
involve time and effort for writing and typing the
message by the initiator. Congiderable time can be

gaved in this process, if abbreviations, code words, or
standard phrases are evolved and circulated among the
concerned personnel/ officers. A few fllustrations are
given balow:

Abbreviations - Terms

u/s = upstrean

d/s - downstream

CR - cross regulator
HR - head regulator

Designation of various officers:

CE - chief Engineer

BE - Executive Engineer

GR - Gauge reader

Code words:

Sitrep - Situation report

Sitrep DGR~ Situation report daily gauge
rainfall observations

Standard Phrases:

ETA ~ Expected time of arrival
EYC - Expected time of completion
PDC =~ Probable date of completion
WDs - Water delivery schedules

A few others in use are shown in Appendix VI,

standard Messages

All sitreps in respect of climatological data, flocod
discharges, flood releases from the reservoirs, water
releases from canal 1.e. gauges and discharge at
different points in the canal system, area irrigated,
water accounts, etc. should be on estandard message

formats. These messages designed for specific
situation can be printed and all the messages except
the figures could be printed. This will reduce

congiderable time 4in transmission/receiving, writing,
copying, besides increasing the efficiency of
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communication by way of handling wmore traffic or
increasing the capacity of the system.

special standard messages can be prepared for usual
situations occurring in the 1irrigation projecteg like
canal breaches, sudden increase/decrease in discharges
etc. The standard message formats should indicate/hint
all poseible information desired to be reported by the
concerned officer and also indicate further steps/
actions to be taken by them 4n such esituations.
Typical message is enclosed [Appendix VII (1)&(2)1.

Mestings on wireless network

In case of emergencies or other important occasions
like flood releases, rescue operations canal breaches
ete. it may be neceseary to have all concerned officers
available for giving information, cross queries,
confirmations or compliance. Radio Transamission
meetings (RT meetings) c¢an be convened on wireless
networks, which will reduce the time, expenditure on
travelling and further provide more time to attend
urgent works, O&4M officers like 8.E.s may organize such
meetings with B.E.s to know canal releases, action
taken in adjusting discharge etc. Similarly E.BE.8 &
A.E.BE.s can organize meetings ¢to discuss important
matters.

Brief minutes of discussions should invariably be
recorded and circulated by the control station
organizing the meetings.

procedure for operation

In order to maintain discipline and increase
efficiency, the control station should steer the
communications from the opening of the sets in the
network;

1. The control station should give a netting call to
all the outstations in a fixed serial order and
the outstations should be requested to report
back, to assess the audibility, strength of speech
or identify break downs.

2. If the outstaticon is not audible or not found to
be working, arrangements to substitute the set by
replacing the standby set from the contrel station
or the repairs of set may be initiated.

3. Urgent messages common to all or to the majority
of the stations should be passed on by the control
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station as per priorities, starting from "crash"
up to "priority",

The control should receive priority messages from
the outatations as per the order of priority and
serial order of the stations.

The controel should then allocate time for the
outstations to transact any messages mutually
between two or more but every time intervening and
taking back the control after completion of the
allocated time or completion of the communication.

sitrep's should be transmitted/received during the

gpecific time slots. Sitrep messages should be
received from the outstations first in the serial
order as decided and thereafter any

instructions/orders to be issued by the control
station should be transmitted. Normally ordinary
traffic under ‘mon priority’, ‘priority’
classification should not be entertained during
the Sitrep time,

Before closing, the control should invariably
remind the outstation, the time for opening for
next transmission.

Conatdering the messages normally expected to be
transmitted in the irrigation projects; specimen
time schedule for communication is given below:

Tertiary Secondary Primary Time
Water
Management

Net call/testing 0700-0830 0800-0830 0800-0830
Priority messages

Sitreps

Administrative
nessages

Other messages
about water
management

Administrative
nessages

Sitreps

0830~0900 0830-0930 0900-1000
0500-1100 1000~1200 1000~1200

1230~1300 1400~1600 1400~-1500

1430-1700 1600~1800 1500-1800

1800-1830 1800-1900 1900-19%30
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7.5.7 Writing messages

Wireless transmission 1is on simplex which works on
Prass to talk switching (PTT},. The operator on the
transmitting side has to prees the switch while talking
and at the end of every sentence has to say “over'.
The operator on the receiving side listens and writes
the message eimultaneously and says " Rodger' to
intimate that the message or 1its part is received.
After the message is transmitted, the receiving
operator repeats 1t for confirmation. To facilitate
compunication certain methodology 1s required to be
used in Writing message.

(i) Messages should be written in narrative form using
small sentences separated by stops.

(11) Long messages should be broken in paragraphs and
sub-paragraphes which are denoted by firstly,
secondly and sub-paras by alfa, brave, charlie
etc, This facilitates repetition or confirmation
wherein the exact paras, sub-paras can be referred
for confirmation, or correctness.

111) Tabular information should be written in narrative
continuous messages by indicating code for columns
like alfa, bravo, charlie etc. (Appendix II)

iv) Wwhile writing message, subject should always be
written first to draw the attention of the cfficer
receiving the message.

v) Messages should be very brief and worded like
telegraphs, decorative language should be avoided.
Even some preposition, a, the, an, etc. and formal
addressing phrases like “Sir', respected, kindly,
please may be omitted to minimize errors, reduce
time in tranamission/receiving.

7.6 Duties and responsibilities of wireless operator

7.6.1 The wireless cperators would be working at following
places:
- controlling stations of each network such as

offices of Chief Engineer, Supt. Engineer,
Executive Engineer or Sub-divisional officers.
- Sectional officers

- Along canal at head regulation/cross regulations
or off-takes of major distributaries
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11)

1i1)

iv)

v)

vi)

vii)

- st gpillway section, River sluices etc. of the
ane

- At river gauge sites
- In the f£lood prone villages downstream of the dam

The operators posted at contrel station should be
exclusively for communication 1i.e, controlling the
traffic in the network, transmitting or receiving the
messages.

The operators at sectional offices may have less work
and can be entrusted with additiocnal work of recording
meteorological observations/ rain gauges for utilizing
their services fully.

The operators along the canal or at dam sites or at the
river gauging stations would have very light work in
communication. Hence these operators can be entrusted
with duties 1ike watch & ward, reading gauges,
operating gates etc. The duties and responsibilities
of the wireless operators are described below:

General duties (Common to all categories)

Receive the written mnessages initiated by various
officers in the station and acknowledge their recall
promptly recording the date/time and signature.

Open the wireless set on time asg per schedule or as per
instructions from the control station and check
audibility and £ine tune the set for better audibility,

Transmit and receive messages distinetly and
accurately. Repeating the messages for confirmation.

Receive correctly the messages and regulation
instructions and enter simultaneocusly in the receipt
register.

In case of standard messages or sitreps the information
received should be recorded in the printed formats and
the original message pasted in the register.

Despatch messages and regulation {nstructions and
simultanecusly enter in despatch register.

Understand the ~Priority' instructions on the message
and transmit/receive them as per instructions.
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viti)Mark time and date of transmitting/receiving on the

ix)

x)

7.6.3 (a)
1)

11)

itd})

iv)

{b)
(1)

{11)

nessages.

Pass on the copies of masesages or gauge readings to the
concerned officeres.

Close the set on scheduled time or as per instructions
from control.

Operators in charge of control stations

Give net call to all the stations in the network and
assess audibility,

Take action for replacement of sets/repairs of the set
not working of out station.

Monitor and centrol the traffic throughout the working
tinme of the network.

Organize wireless meetings by intimating concerned
officers as per instructions £rom the controlling
officer.

operators at the sectional head quarters

Record the meteorclogical observations such as Rain
gauge, Maximum Minimum Temperature, Relative Humidity,
wind Velocity, Evaporemeter, sunshine recorded and
enter into the registers.

Maintain the MET instruments, changing graph papers.

(1ii)Transmit MET chservation/data to the sub-

(<)
(1)

(1)

divisional/Divisional officers as per instructions of
the officer in-charge of station.

Operators posted along the canal, reservoir, river

Record the gauges and enter into the respactive
registers.

Operate the gates of CR, HR, escape as per instructions
of Sectional officer/sub-divisicnal officer and check
discharge as authorized,

{1i1)Transmit the MET date, gauge reading, corresponding

discharge from rating curves and operating of gates to
the sectional officer/sub-divisional officer.
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7.8

Manning Communication

Reliability of the communications depends on judicious
use of the equipment, regular wmonitoring alongwith
timely maintenance. The operating staff can be
mininized by proper planning of job charts or assignhing
the duties propertionately to the effort required. The
chowkidars/watchmen for CRs, escapes for the main/
branch canal and those for HRs of main cansl, branches
and distributaries, where wireless eets are installed
could be trained to aleo carry out the functions,

Advance Technology

with a rapid advancement in electronics and electronically
operated devices, there is a tremendous scope tc use the

wireless network for precision and accurate
operating/controlling and monitoring water delivery or
regqulating floods. Some of them, expected to be used in

near future are:

- Telemetry:
Electronic devices are now available in market, which
can continuously record the canal/river gauges at
designed intervals, Equipment are also available which
can racord the gauges, 1installed at the measuring
devices, and can transmit the sape through auto
transmitters periodically.

- Remote control:
The gates of CR, MR, escape of canals or flood gates of
the dam can be remotely operated from the control
station, through gervo motor operated hoists installed
at the gates whose switch can be activated by wireless
eignals.

- Computer controlled information system:
Computers can be used alongwith wireless network so to
store information about crops, cropped area,
elimatological data required for working out crop water
requirements. This can be brought on the computer
screen, analyzed for taking appropriate decisions in
releasing water.

Written communication facilities are also available.
These devices can be attached to the wireless trans/
receiving sets. The messages can be transmitted
through facsimile tranamission accurately without
mutilating the information with preambles such as time,
date, message number to whom and by when initiated etc.
Secrecy of the messages can be maintained since they
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are transmitted at a high speed in a digital
communication code.

Extensions and telephonic transmissions:

In the present systems, the officers are required to go
to the static wireless set installed at their location.
Senior officer nay not get tine to go for
transmitting/receiving messages. Similarly for urgent
talks the conventional one way communication may be
time consuming. Radio telephone exchange equipment
working on duplex by Voice operated carrier system (VOX
switching) in place of Press to Talk Switch (PTT) can
be installed to facilitate senior officers Jike CE, SE
and EEs who can then talk on VHF wireless similar to
Telephone system.
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Appendix III (c)
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APPENDIX IV

Ssome information and hints useful for preparing manual:

(a)

(b)

(el

Control stations

fThere may be 3 to 12 number wireless sets in one
network, Y€ all the trapsmitters or more than one
transmitters are operated simultaneously or if more
than one operator try to talk at a time, there would be
confusion and interference. It is therefore necessary
to designate one station in each net to contrel the
traffic and regulate communication, direct opening/
closing of the sets at specific timings.

Central Control Station (CCS)

There should be o¢ne Central Control Station in each
projact to regulate, & monitor the traffic of all the
networks 4n the project area, under the control and
guidance of the Chief Engineer Incharge of O&M. The
Executive Engineer (EE)/Assistant Executive Engineer
{AEER), could be designated as controlling officer of
the CCS8.

The CCS should prepare and issue detailed guidelines in
respect of traffic rules and diecipline, detailed
procedure to be followed in transmitting/receiving.
The ©C8 should alsoc fix up timings for opening/closing
of different networke, allot specific time for networks
using same frequency on time sharing basis, and
indicate specific time slots for transmitting/receiving
situation reports (sitreps), or other messages of
specific time importance. The CC3 should prescribe
duties and responsibilities for different persons/
officers entitled to use the communication networke.
similarly, Executive Engineer - O&M Division, could be
designated as the controlling officer and the wireless
set at the Division headquarters coculd £function as
control station for each respective secondary network.

The AEE 0&M sub-divn. can be designated as controlling

offtcer and the wireless get 1in the sub-division as

control etation for each respective Tertiary network

under the sub-division.

Traffic Rules - Discipline

i) pifferent networks should work strictly as per
time allotted to them by CCS.
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11)

114)

iv)

v)

vi)

vii)

Messages should only be initiated by the persons/
officers authorized to do so.

The R.T. Communication (Radio-Talk]| meetings on
wireless shall be restricted only between the
officers authorized specially.

All messzages should be on prescribed formats and
gigned by the persons/officers inttiating the
mesgages, duly according appropriate priorities.

All messages particularly in respect of flood/
water management should be logged in the registers
maintained at each station and the operators
should mark the time of

- receiving the message from the initiating
officers.
- trangmitting/receiving on wireless.

- delivering the message to tha concerned
cfficers.

Operator receiving the message on wireless should
repeat the same for confirmation and correctness.

Messages should be brief, eliminating all
unimportant words, phrases, propositions. The
language should be similar to that used 1in
telegrams.

viii)only trained and authorized operators/radio-

technicians, should be &allowed to handle/operate
the transmitters/receiving sets.
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APPENDIX V

Sitrep No. 1
Daily gauge report

From : AEE, Sub Div 331

To : EE OCN Div 33

DGR Sitrep: Nov. 19 0830 hrs. Al!a. Main Canal HRG 5.50 m Q
230.31 comsec. Bravo. ﬁ¥ ) 8 3 1.31 m. Q1.31
cumsec. Charlie. HR G 0.91 m, Q 0.80
cumsec, Delta . HR brancb N G 2.21 =, W B1l65
cumsec. Bcho. CR main canal km 13.41. G. 5.31
m. Q 200.18 cumsec go to openings 3 nos. 6.0 m Xx
0.81 m., Extort. Raingauge stn no 1 30 mm. Stn 2
41 sm, Stn 3 - 81 mm. Golf, MET Stn 1, Temp
max 32.2°C mm 16.3°C, Pay wind velocity 72 km.
BEvaporation 5.0 nm. Sunshine hrs 4.3. Hotel.
Other information.

Note: For a given sub-division, initiating the sitrep to its

controlling division, all the gauge points would have
been already identified and known. The printed forms
should have all the particulars regarding the locations
of various control/gauge points units of measurement

ate,

only the actual figures as per observations need

to be inserted while initiating the message.
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Abbreviations (in use):

AEE

EE O&M
Div
Sub-div
8itrep DGR

HR
CR
DY
MC
Br.
G
Q

MET
stn

Assistant Executive Engineer

Executive Engineer, Operation & Maintenance
Division

sub-division

situation report about daily canal gauges, rain
etc,

Head regulator

Cross regulator

Distributary

Main Canal

Branch

gauge reading

discharge

Meteorological Observaticn Station

Station
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APPENDIX VII!I!
CRAS

STANDARD MESSAGE

From : EE, Div. 21

To SE, CR 1

Info : CE O&M, SEs (All), BE O&M (All)

SUBJECT: MAJOR BREACH IN MAIN CANAL Km 30

Firstly: Location and time. Breach occurred 1130 hrs Nov 18 on
service road side at 29250 ocnm. Frobable Cause.
Piping. Extent of Damage. 150 » hank washed out upto
CBC. Further erosion continues, Approximate E.W.
damaged/washed out 5000 cum. P.C.C, slab lining 1500
sqm. washed off (stop)

Secondly: Action taken. CR Km 25 closed, escape km 24.99 opened,
Discharge Q main canal reduced from 100 cumsec to 30
cumsec to cater irrigation damands u/s CR Km 25 (stop)

Thirdly: repairs). Water
expac re (stop)

Fourthly: Bg%ig!entémanggwer available. Tippers/trucks 4 nos.

abor nos arrang Nov 18 1400 hrs. 400 m Nov 19
0800 hrs (stop)
Fifthly: Equipment/manpower needed, Additional requirement.
a) Tippers/trucks 15 nos.
b) Shovel/loader 1 no.
<) Read rollers 2 nos.

Request divert from other Divs./Circles (stop)
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APPENDIX VIZ(2]

Sixthly: ETC (Expected Time of Completion. EW Nov 23 1800 hrs.
Lining Eov 25 Irrigation expected to be restored Nov
27 0700 hrs {(stop)

Seventhly:Request action to be taken your eide. Broadcast info

breach, interruption irrigation and expected
restoration by Nov 27 0700 hrsa on TV/AIR/NEWS PAPERS
{stop)
=/d
EE Div 21
Message Received by at time date.
Message Transmitted by at time date.
Message delivered to at time date.

Note

Standard message for breaches 1in main/branch canal should
indicate the information expected to be furnished by the
reporting officer and furthr should provide hints on actions to
be taken by him in the circumstances.

The words and phrases underlined could be printed in the standard
message with blank space for £11ling the information as per
situation.

All messages should start with the subject to draw attention of
the other side.

Time should be written as per railway time table and the first

two digits indicate the date, such as Nov 18 0800 hrs means 8.00
an of Nov 18.
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Chapter VIII

Monitoring & Evaluation

8.1 Need: Monitoring is just not collecting information

8.2

From different sources, It should generate information and
provoke thinking to improve the asgumptions on various
parameters that {impinge on water delivery, It involves a
sustained analysis of the information and keeping watch on
the changea taking place in the physical condition of the
components of the system. It ia alec for verifying whether
the parameters adopted in formulation of operational plan of
the system are actually realized during actual cperation so
that any modification necessary could be timely introduced.
Monitoring and evaluation should lead to better design.

Currently the hydraulic performance of the system 1& not
monitored to review and improve the assumptions wmade
({rugosity coefficient, aseepage losses, operational losses
ete. ). This causes serious effect on agriculture output on
certain assumed supplies which in turn depend on assumptions
made in the design. It needs a greater strese on monitoring
of the gystem's hydraulic performance.

In absence of objective feedback from the field, new
irrigation projects are being designed and operated on
assupptions without taking their wvalidity into account in
actual performance. As a result of this gap between the
field and design in communication, the planned objectives
are not fulfilled. The presumptions regarding cropping
pattern., duty of water, irrigation efficiency, canal losses
etc., are not being met with, In order to continually
improvae the operation of an irrigation system, a fairly
extensive monitoring data {is required. When sufficient
knowledge ie gained about the hydraulic functioning of the
system, the amount of monitoring data could be reduced.

Objectives:

Monitoring, evaluation & feed back for system operation of
an irrigation eystem has the following objectives:

1) That all the constituents of the system are 1in a
reasonably functioning condition for operational
performance.

1i) To see if running of channels has been done as per
programme .
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i44) To esee if distribution of water has been timely and
equitably to the satisfaction of the farmers.

iv) To ensure that data on channel gauges and discharges,
channel losses, cropping pattern and cropped ares, soil
test resultes of samples from the command, number of
watering provided, weather [(temperature, rainfall,
evaporation) reports, discharge chserving on the
gtream/river are being regularly collected and
maintained season by season and year after year.

vl To ensure that the above data is evaluated and results
applied for further improvements 4n the system for
further improving the syzten.

vi) To ensure that proper water accounting is done after
each cropping season with an object to assess and
improve the irrigation efficiency year after year.

wWhile d{tems 11), iii), v), wvi) above would require
monitoring & ewvaluatien by the operation wing, item i), &
iv) will be required to be attended by the maintenance wing,
suitable simple formats to monitor 1), 11}, iii), & 4v)
during operation of the system will be required to be
introduced so that the eyetem of this data collection
becomes an inbuilt practice for the 0 & W staff. Specimen
formats for each item have been given in annexures.

Monitoring parameters:

Wonitoring and evaluation of an operation plan would require
a comprehensive data collection which can be grouped as
below:

i} Physical infra-structure - Physical condition of the
dam/weir, conveyance system and control structures is
necessary to establish if the system would perform
gatisfactorily during operation.

i1f) Weather =~ rainfall, temperature, evaporation, humidity
ete Relpe in evaluation of performance.

{i{) Crops - cropping pattern, cropped areas, crop yields,
their various growth stages, cropping activity and sequence
of water delivery are aesmential to ensure that water
delivery has been adeguate and timely,

iv) water delivery =~ Data on monitoring of inflows,

outflows, and distribution as per programme is most
important parameter. 1t would also include asseasment of

system losses, drainage flows, fluctuationsz in ground water
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levels ete. Deviation 1in the delivery from the planned
programme or failures have to be specifically noted and

evaluated,

v| Farmers "'%%“‘e - Information on farmers' satisfaction
or reactions out the syztem is important to judge whether
the plan has been successful or require further
improvements.

WHAT TO MONITOR ?

Water Infrastructure
Delivery

.~ x

v -

" Monitoring

.~ Parameters ~-..

: Farmers
Crops & : Response
Activity Weather

4

-259-



8.4 Existing Procedures:

Although water is such a precious and scare commodity for
maximizing foed production, yet no gperious monitoring is
done on 1ts use on most of the irrigation systems. Leaving
a few interstate multipurpose ptojects, where water
accounting has to be compulaorily done to satisfy provisions
in interstate agreements, no full scale monitoring covering
all the parameters is done. On some major projects canal
gauges are taken at some prefixed Ilocations like head
regulators of branch canal, distributaries or ninors are
recorded in a register but no efforts are made to further
evaluate the discharges based on them cor compare them with
design/plan. Accuracy of the gauge data is doubtful as they
are mostly taken by casual untrained gauge readers.
Physical condition of the infrastructure is nmeldom
monitored. Seepage losges, discharges measurenente are
rarely obsetved, The systems usually lack in adequate
control structures and measuring structures. There are no
tatl gauges on the channels to ascertsain the discharge
reaching the tails of channels. Weather data like rainfall,
temperatures, pan evaporimeter readings, etc. of course 1is
maintained by the hydrology wing. But regular measurements
of river discharges, sedimentation studies, soil and water
tests are not done. Crop record is kept in some states
where assessment and recovery of water chargee is done by
Irrigaticn Dept., but where 4t is done by Revenue Dept, no
record of crops/irrigated area is kept. Once notified as
command of the project, wet crop rates become leviable on
the farmer under that project whether water 1is& actually
applied for {rrigation or not. In such a case it is not
poseible to assess the water made available. on some
projects, water has to be pushed to the tails of channels
after great efforts. The management feels psychologically
satisfied with this achievement but no effort is made by
them to sctually assess the discharge made available at the
taile and whether it conforms to the design for the tail
outlets. The system mnanager 18 thus always in dark about
the quantum of water released and the quantum actually used
on field and thus he can not have any estimation of the
irrigation efficiency on the system. The procedure on
pulti-purpose major or medium projects is discuseed below,

8.4.1 Physical condition of the infra-structure:

Many ctates have established dam safety cells for
multipurpose projects to undertake moniteoring the health of
the dam. FPeriodical reportes are obtained by this cell from
the £ield giving the Egtress meter, strain-meter and
deflectoneter readings and analysed 1in consultaticn with
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8.4.2

8.4.3

the Designs Directorate. Visual inepections are alao
periodically carried out by the team of the gafety cell in
addition to the routine inspections by the maintenance
staff, 1In case of medium and minor projects, only visual
inspections are carried out by the officers at variousa
levels and inspection nctes sent to the next lower officer
for guidance and necessary steps. The canals are also
like-wise inspected and inspection notes sent, indicating
steps required or repairs required to improve thea.
certainly such visual 1inspections cannot be termed as
sonitoring as they no where come near to the pre-
requisites of monitoring.

Moteorclogical Parameters

Hydrology wing 1in the department generally maintains
complete data on weather. It also maintains its own rain
gauges and hydromet laboratories and collects data on
rainfall, temperature, evaporation, humidity etc.

Water svailability:

River gauging is carried out by the staff of the Hydrology
wing in gome states, in few, it is done by the headworks
staff. Registers are maintained and water levels are
recorded regularly. Measurements are frequent, sometime
hourly during floode, Sedimentation egtudies are, however,
not carried out on the reservoirs regularly. On interstate
rivergs, CNC maintains network of gauging stations., BDoth
CNC and the States maintain flood warning system for
major/main rivers,

wWater releases in the canale:

A daily discharge register {is maintained for each canal
upto the head of minor, On minor projects, it is kept for
the main canal/distributariea. Daily reports of gauges at
important control pointe are sent to the Executive and/or
Superintending Engineer Discharges are read from the
gauge readings £rom rating curves, On very few projecte,
measuring devices are provided on the canal systems.

There 1s no regular practice to mnmeasure the canal

discharger and assesgging seepage losses. They are toughly
asgegsed fLrom the difference of discharges between two
stations. gystematic estimation of seepage and other
operational

Losses are undertaken only in context of a special
programme for the purpose. S8imilarly, drainage flowa are
soldom measured except for special reasons like planning
reuse or Carrying out improvements in the drainage eystem,
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8.4.5 Ground Water:

prior and post monscon ground water levels are usually
recorded by the Ground Water Department of the state in
order to monitor the rise or fall of ground water table.
These observationa are taken only in some of them by the
Irrigation Departments alegoe to monitor the ground water
build up for which may threat water logging or salinity.

8.4.6 Crops, delta and yielde:

In Northern States, the revenue wing of the Irrigation Dept
maintaine the record of crops, dirrigated area, number of
waterings etc. The Patwari records the irrigated area, and
{2 checked by the Ziledar, DO, Deputy Collector and
Executive Engineer ae prescribed. In Eastern Zone, record
is maintained by the Patwari on deputation to Irrigation
Dept from Revenue Dept. But in Southern region, recording
of irrigated areas is done by the Revenue Dept, Total crop-
wigse irrigated area is worked out from the figures provided
by the Patwaris to the SpO. and conveyed to the Executive
Engineer SE & CE after the end of each crop season.

crop vyield estimation ia done by the Revenue/Agriculture
departmentz. In some states like Andhra Pradesh, it is done
by the Bureau of Economics and Statistics. Crop yield data
is obtained by Irrigation Dept. E£rom the above deptts.
whenever needed,

B.4.7 Farmers response:

8.5

At present, there is no systematic procedure or method to
agsesa or understand the farmerg' reaponse to the water
delivery system/methods. It 1is necessary to regularly
monitor the farmers  satisfaction on water distribution at
least twice during a crop season. They can give some very
valuable suggestions to ensure equitable and timely
gupplies. Wherever pipe cosmittees or farmers' association
are in existence, some feedback regarding farmers reactions
can be available through them.

Suggestions for Improvement in Monitoring System:

The present procedures only tantamount to esome data
collection, which can be termed to be just only a part of
conplete monitoring and this data collection ie aleo not
pystematic and regular. It is seldom analysed or evaluated
and used for further improvements. There is also a need to
check the accuracy of the obhservaticns/measurenents.
Procedures for measurement of system loseses and drainage
flow needs to be introduced.
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A more systematic approach to monitoring as per the
parameters explained above 1is essential with particular
enphasis on monitoring the physical fitness of the system,
regulation of channel flows and timely & eoguitable
distribution, The data 1ike weather report, discharge
measurements, seepage losses in channels, cropping pattern,
and crop yields & farmers' response ete. could, however, be
collected by the various agencies as a operational activity
for further evaluating the efficiency of the system.

It will be desirable te have a monitoring system which ie
“inbuilt' within the department and fully integrated with
the management of the syetem, thereby minimizing dependence
for collection on other departments. Sometimes, co-
ordination is not well established with other dpartments and
information obtained from them may not always be available
in time or could even be guestionable.

The monitoring should be capable of providing information
required for day to day operation as well as for preparation
and evaluation of the seasonal operation plan embracing both
the water delivery and agriculture aspects. Tt should
therefore aim at:

i) congistency as far as possible with the existing data
collection procedures and arrangements.

i4) Plexibility in application and adaptibility to the
needs of scheme of different sizes and characteristics.

1i1) Simpleness to adopt, relatively fool proof and capable
of generating data of acceptable accuracy in reasonahle
time.

iv) Appropriateness for its purpose of the information to
be kept at the level it ie required and its reporting
to those who need te know and act.

v) capability for implementing by the existing staff or
with esome marginal incremental staff positions where
such staff does not exist.

vi) Availability to each circle to evaluate the performance
data, which can be done by an evaluation team or by
the Technical assistant to Superintending engineer with
one or two assistants under him.

There is no defined assistance to the system managers to
carry out this important task of compiling, analysing,
t{dentifying areas for improvements and issuing directives.
To strengthen the hands of managers the following steps
would be helpful at various levels.
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1) gub-divisional level:

The information in specified formats is to be collected and
trancmitted by the Assistant Engineer who normally has 3 to d
junior engineers, besides patwaries, mistries, gauge readers,
gignallers, dak runners etc. who may collect and furnieh the
same. Additional asgsistance of a junior engineer level person
to be called 'Monitoring Assistant', may help coordinate and
organige relevant 4{nformation in time for transmitting to the
Executive Engineer. At sub-divisional level too, record of
rainfall, other climatological data, canal gauges and discharges,
irrigated area and crop registers, unauthorized irrigation, lists
of outlets, discharge and seepage register etc. will have to be
maintained. The monitoring assistant may ensure that these are
waintained properly.

ii) Divisional level

The data received in the division will need posting in separate
registers. The important work with the divisions 1g& to analyse
and evaluate the data so received. In some States an Assistant
Engineer termed technical assistant is provided to look after the
work of checking of estimates, and cother technical jobs but he is
loaded with othetr administrative works that results in neglect of
monitoring and analysing work. It would therefore be appropriate
to put one more technical assistant 1in the O0&M division of the
level of Assistant Engineer to assist and ensure compilation,
analysis, & evaluation.

111) Circle level

In the circle (Superintending Engineer’s office), reports are
received £from the Executive Engineers on reservoir operation,
irrigation and cropped area, gauges/discharge of channels,
seepage loss, eeasgonal/annual performance & evaluation of each
system. These have to be compiled for the systems under control.
The Superintending Engineer is supposed to analyse/evaluate and
adviege the Executive Bngineers on {mportant issues asking
improvements. In some gtates the Superintending Engineer is
assisted by a technical assistant of Executive Engineer level or
a senior Assistant Engineer. It 4is felt that he should not be
loaded with routine jobs but used for the important work of
monitering and evaluation.

iv) Chief Engineer’'s level:

various reports on irrigation, <¢ropped area, seasonal/annual
performance reports, are received which need to be compiled and
exanined. At least the Superintending Engineer working as
Technical Assistant to CE should exclusively look after this work
and appraise the CEBE for induction of overall measures for
improvenente.
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8.6 Data collection & Reporting instruments:
They can be categorized as under

A)

- Permanent registers
- Regular reports - daily, weekly, fortnightly, monthly.
- Seasonal and annual reports.

Permanent Registers:

These are to be maintained for record of information
collected on various parameters at definite and specific
time intervals e.g.

(a} Rainfall and climatological data register to keep day
to day record of rainfall, temperatures, humidity,
evaporation etc. from observations taken at fixed
timings in the field.

(b) Reservoir operation register to keep record of the
daily water levels of reservoir based on observations
taken daily at fixed hours.

(c] Instrumentation register - to keep periodical record of
the obeervation from various instruments provided in
the body of dam like, stress meter strain meters.
piezometer, plumb hole etc.

(d) Gauge and discharge registers

(e} Irrigated area and crop register = channelwise and
outlet wise

(£) wWater charges - demand, collection & arrears register

(g) Land ownership/occupier register (where water billing
and collection is done by Irrigation Department)

{8) Regular reports:
A few essential formats for communicating daily/seasonal/

yearly data regularly to higher offices are necesesary for
effective monitoring as indicated below:
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Report Periodicity/frequency

Initiating funct-

fonary

1) Rainfall report Dafly (observed Junior Engineer

ot 8 AM.)
11) Reservoir datly ( - do =)
operation
144) Yteld from the Yearly
catehment
iv) Canal Gauge Dally

& discharge

(of each canal

4t head and tatl
and at other
important control
points)

v) Channelwise
Wuter account

vi) Chak area
irrigated and
water use

vii) Drain discharge

viil) Channelwise
irrigated area
Crop report

ix) O0.X. report for
canal systen &
control structures
(after essential
maintenance)

x) Discharge & seepags
lose measurement
{randomly selected
outlets)

xi) Water logged and
salt affected
area

xii) Bresch report

xiii)Famwer response

Monthly

Monthly

Monthly

Seasonal

Before start of
irrigation in
each season ~

say by 15th June
for kharif & 15th
Oct for Rabf.

Once & year
(31st Oct)

Yearly

Monthly

Once in a season
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Jr. Engr.

Patwari

Jr. Engr.
Assistane-
Engineer

Assistant
Engineer

~do-

Asst. Engr.

Destina~
tion

A. BEn
(AEn to EE
weekly)

EE

AEn/EE

AEn/EE

EE/SE

Ao/EE

=do-

EE/SE &

EE/SE



{c)

8.7

Seasonal /Aannual reports:

The evaluation team attached with the monitoring cell/unit
in each divigion will prepara a eseasonal/annual
performance treport of the system based on the above data
and submit to the superintending engineer & Chief

Engineer. This tean will gimilarly prepare
geasonal/yearly water account & submit to the above
authorities. A sample for preparing water account is

given in annexure 1.

parmers Response gurvey report for each crop season will
be prepared by the Assistant Engineer & sent to the
Executive Engineer. Format for farmers response FUrvey
report given at annexure 14.

Parmer Response Survey at the end of each crop season will
provide & clue on the implementation of operation plan and
chak comparing performance in different gectione of the
command. It will provide useful data on farmers attitude
to irrigation management, cropping preferences & yields.

Pormats for Reporting

Well designed simple formats for monitoring of each
parameter and for enabling & report i an integral part of
monitoring. If the formats are correctly and timely
prepared by the concerned functionary(s) involved in the
gystem operation, assesment of performance of the same
becomes easy and handy. submission of these formate
should be made compulsory for every functionary as one of
his important dutyi{s). tUnless submission of data i=
ensured the short-comings in a system will never come to
light.

i) Climate data format: (Daily)

A typical format iz given at annexure 2 obgervations on
rainfall, maximun and minimum temperatures, evaporation,
wind volocity and humidity should be recorded daily for
each station at a fixed time, mostly 8 a.m. The format
can be used for reporting of daily rainfall by the junior
engineers. complete information for a month can be
compiled from these in the register in the sub-division.

i1i) Reservoir Operation Format: {Daily)

Format at annexure 3 1is to be maintained for inflows

outflows from the reservoir. Reservoir levels are to be
observed at 6 a.m. Evaporation lese from the surface of
reservolir can be directly taken from the suitably
processed obgservations of open pan evaporimeter once in
24 hours. The releases by way of supplies to canals,
river spillage for the past 24 hrs. have to be shown in
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the £format. The evaporation losges besides others can
thus be arrived at. This would give complete account of
the water received from the catchment area of the dam.
Format for conveying reservoir levels on regular basis is
already in uee but it needs to be upgraded to cover a few
guggested factors. The above daily information will give
total annual vyield from the catchment of the reservoir/
system and echould be worked out by the evaluation wing and
compared with that adopted in design. Form 3 A gives the
details to be worked out for asseseing the annual yield.

111) canal & Distribution Gauge Format: {Daily)

Format at annexure 4 is meant for daily reporting of the
canal gauges and discharges by the Jjunior engineer.
Gauges at head and tail of each channel aleng with other
important structures located on the canal like falls,
peter flume etc. has to be correctly recorded at a fixed
time and transmitted to sub-division/division for keeping
the record in a permanent register and further evaluation.

Based on daily discharges of each channel, overall
performance report of the main/branch/distributary canal
can be prepared. The channel losses worked out from this
ripbtt could be confirmed/verified by actual measurements
also.

iv) Chak Area Format (monthly)

Annexure 5 provides for the outlet/chak location, size,
type, designed working head, designed discharge at the
outlet and actual observed discharge (read from the rating
table with respect to flow levels in the parent channel),
area irrigated during the month and quantum of water
issued to the chak., This also provides for the area, of
unauthorised irrigation and water so used. This is new
format and i& rare in use pesently.

v) Drain Discharge Format

Excese water applied which the soil can not retain weould
flow down the drain. It may also flow from field to £ield
111 it meets the field drain or valley around the chak.
1€ it flowe from field to field, it can be measured for
the group of fields in the chak by suitably installing a
noa:urinq device 1like V notch or parshall flume in the
drain.

The format to be submitted monthly would give reference of
the field drain, area draining into as also the locaticn
of ¥ notch. FProm this it should be poesible to work out
the net water applied to the field during the month,
Format is given at annexure 6.
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vi) Channelwise Irrigated Area and Crop Report (Seasonal)

The Assistant Engineer would submit a report of the total
villagewise irrigated area cropwice after every crop
geason, for each channel to his Ex. Engineer in the format
at annexure 7. The revenue wing working under him would
provide thie data after actual measurements.

The Northern, Eastern and Central regions where irrigation
is recorded by the revenue ataff of the irrigation deptt.,
thie is already being maintained. In Souther states,
recording is done by the Revenue deptt. Information in
thieg format may be obtained from the Revenue deptt. after
each crop season. The concerned patwari of the area may
directly mubmit it to the Asst, Engr. strict directions
by the Revenue deptt. would be necessary.

Agriculture deptt. carries out crop cutting experiments in
the commands of 1irrigation projects as their routine
exercise. From them, the average crop yield for each type
of crop can be obtained and total crop production can be
assessed to compare with thie projected production. This
can enable to determine monetary value also.

vii) OK report for canals and control structures
{seasonal)

Unless water delivery system 16 in a reasonably good
physical condition, timely and equitable distribution of
water is extremely difficult. It has, therefore, to be
ensured by the system manager that canal system 1is timely
and properly maintained for smatisfactory operational
performance. To ensure this, the Superintending engineer
ehould obtain a 'OX' report from his Executive Engineer(s)

before starting irrigation in each season. Format for
this 'OK' report 1s given at annexure 8 to cover
eggential activities of maintenance also. The replies

should be given in yes/no. Introduction of such a format
will eliminate overlooking importnat aspecte in operation.
wWherever the reply i 'No', the safe carrying capacity of
the channel. The next higher officer will take note of
this, inspect the site and record his own views on the
corrective aspect of the situation.

This will be self revealing alse, and induce the aystem
managetr to organise his work force, properly channelise
the funde and use managerial skills to improve the
performance, If some channels or group of them could not
be attended to, the same should be truely reflectad in the
format for developing a proper improvement approach.
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viii)Discharge measurement report

pigcharge measurement on channels can be carried out
throughout the year when channels are running with full
supply. Some channele may have weed problem where it may
be desirable to measure the discharges on to aseess the
effect of weed growth.

Discharge observation on bigger channels can be measured
by current-meter while on smaller channels it can be done
with the help of '‘parshall’ or cut-throat flumes.
Measuring structures like standing wave flumes can be alzo
used for the purpese, Format of discharge measurement
report is to be sent by the Asst. Bngr., to the Executive
gngineer yearly for each channel in his charge as per
Annexure 9.

{x) Seepage loss messurement report

1t 1& very essential to regularly measure the seepage
losges in a channel and to take it into account ino
preparing the operation plan, Proper checking of seepage
loss would enable remedial =steps and identification of
problem reaches. Seepage loss should be determined at
least once & year by the Asst. Bngineer and reported to
the Executive Engineers. Format for the seepage loss
measurement report i& given at annexure 10.

x) pischarge and seepage loss mneasurement report for
Water Courses

The system wmanager eshould have knowledge about the
condition of the tertiary system also as overall system
efficiency would depend on the field channel and field
application efficiencies. He may therefore, organise at
least a random check on discharge and seepage lossee in
the water courses at the start of each crop season.
Begides a few representative, some problematic water
courses could be selected. This would help in bringing
such cultivators into confidence who atteapt to put
oversized or extra/unauthorized outlete. Similarly
field application efficiency should also be checked on
random basis on scme chaks. Annexure 11 gives the format
for reporting water courses discharge measurement and
seepage losses.

xi) Assessment of water-logged or Salinity effected areas

It is necessary for the manager to have an eestimate of the
water logged and salinity effected areas in the command.
Even the areas prone to water logging (water table 1.5 m
to 3 m below surface] should be estimated. Areas which
are prone to water-logging have to be provided with
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reetrictive {rrigation. It may be advisable to leave out
such areas to be irrigated by gtround water only. Areas
which are fully water logged or saline, have to be
debarred from Airrigation but 1{f the requirement is for
special purpose like leaching of salts etc. it should be
accounted for, while planning operation. Format for the
report (yearly) is given at Annexure 12,

%ii) Report on breaches on canals

Monitoring of breaches 1f any, on the canal system is
necessary. If any channel breaches often at the same
location, some measures may be necessary. Similarly if
the cause of hreach on channels happens to be the similar
a permanent solution iz called for. Format for this
monthly report to be furnished by the Asst. Engineer is
given at Annexure 13.

xil) Farmer responge survey

Every esystem manager may like to monitor the degree of
satisfaction amongst the users. A questionnaire for
conducting a survey is suggested who may like to carry it
out from time to time for their own knowledge and evolving
correct methodology, the format is given at Annexure IV,
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Annexure 1

water Accounting Procedure
{Some Suggestions)

At the close of each crop season, the Bystem Manager should
prepare a 'water account' on the basis of information
collected through various formats/reports described below.

The total water stored/available in the reservoir can be
xnown after deducting evaporation losses, seepage/ leakage
at the dam and the dead storage. The carryy over, if any in
the dam is also be taken into account.

From the seepage loss measurements in main canal, branch
canals, distributaries and minors up to the outlets, total
losses in conveyance system can be worked out. Total water
delivered to various outleta of the system divided by the
total release from the head regulator of the dam would give
the ‘Conveyance Efficiency' of the aystem. Since the
geepage losses depend on the degree of wmaintenance and
upkeop the conveyance efficiency may vary from year to year
commensurate with maintenance.

Below the outlets the watearcourses carry water where
sizeable seepage losses occur, Losses in a water courses,
even if reasonably maintained, may be around 25 to 30%, or
more, if not maintained. These losses, when reflected on
added to conveyance efficiency, give the Irrigation
Bfficiency of the system. FPor project efficiency, losses in
the reservoir by seepage or evaporation etc. are also added.
The project efficiency would thus be less than irrigation
efficiency. The water ultimately goes to the field
channels and on to the fields, part of it ag a surface flow
goes into the drains, while some part goes to root =zone of
the crops or gets stored below the root zone or goes to the
sub-soil aquifer. Knowing the irrigated area, the average
depth of water applied can be determined. The average depth
can be worked out for each watering, while the seasons total
would give the 'Delta’ of water for the crop.

I1f B+ for that particular c¢rop {1s known, minimum depth of
water stored in the root zone can also be known, Ratic of
thie minimum depth stored to the depth applied is called
"application Efficiency"”.

‘Duty' of Water: The total water released through minors to
outlets ig known. This divided by the area irrigated would
give the 'Duty' at the outlet head. puty of water at the
pinor head, distributary head and main canal should be
gimilarly worked out by accounting £or the total water
releases. Water account can  be prepared for each
minor/distributary as per proforma 'A' and for each season
annually in the proforma 'B’.

273w



The accounting as above would give us the conveyance
efficiency, application efficiency, overall irrigation
efficiency, duty and delta achieved on the system. Thia
would enable the system manager to analyse the causes of low
efficiencies or 1low duty or high delts for taking suitable

measures to improve. For example conveyance/irrigation
efficiency could be improved by minimising the seepage
losees from the channels and water courses. Application

efficiency could be improved by reducing wastage through
drains by manipulating just and adequate water to meet the
field capacity of the soil as well as by resorting to proper
field preparations.
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Annexure 1 (A)
(uater sccount)

Water Delivery Account

Name of the System
Sub~Division Return €or the month ending
Crop Season

1.  WATER ACCOUNT

DISTRIBUTARY VATER QUANTITIES (Cublic metres)

NAME [NUNBER | Planners Quantity |Actual issue|bDevision from PlaniReasoos for deviacion

Diatributaryl
Pistributary?
Pistributary3

besersrnnan

Total
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Annual Water Account

Annexure 1 (B)
(water account)

S1. |Neme of [Authorized |Mean discharge|Vol. of water|CCA|Designed |Irrigated
no. {minor! |full supply applied Tevig™ ares
distri-| discharge | Eh R Hv |Eh R B« intensity{kh R Hw
butary cusecs cusecs [ halkh R Hw
1 2 3 4 S 6 7 L]
Irrga™ |Duty at outlet{Total depth of|Volume of water|Net Water| Average
intensicy or area water applied | drained from used on | depth of
achieved |{irrigated per (cms) the command of field water
unit of water ainor a* spplied or
ha/cusec n* deltal(coms)
Eh R Bu|kh R Hu|Eh R Hw Fh R Hwikh R Hw
9 10 11 12 13 14

Abbreviations used:

Kh =~ Kharif

R -~ Rabi Crop Hv - Hot Weather Crop
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Anpexaze 2

Climatic Data Format (Daily)

Station:
Moath
Date Hainfall Temperature c Eveporation  Wind Velocity Husidity Sunabioe
(mm) Hax™ Min™ (=) kn/Day (relative) (Mours)
%
1 2 3 A S 3 7 L]

Total for the
wonth of August

(Total ratafall {n the catchment & comsand can be separately worked out from this
staticowise tormat)
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teserveir Opetatica Parmat [daily)

Wuss of reservelc/spsten Seaigoed sterage Mex Rater depth storsge se Ist Ny
diviglos wea o8 Lot Jelpeseeeq (carry aves|----nex.

Flecharge [9pi1Tages
throagh civer|iy past A
slalees g ars.spiLivage) |otder losces

cpeaed cleeed it
[ (4
[T N
§ T
o e

Bote: Mver galan, §1 way, are reflected fx colums Be. 3y the adave.

Rasamare I+
tatel ylald feemet (eneml)
nitfam’
Catehnest aren =oev 3000 Desfguad pleld -----en.
W Tage | Oilfar- | tarage | Tatal  [3ivarslon te Camals|ieleast | focal  [foial
o Ist July | on Bt | @3t duefeg | 0811e  [lac Rmc tetal  |throwsd | evegara- [ylald recd.
{carreat aly ) | th durleg civer | tlos mt

year| [ETTH current | the year alulcen | other |[5HERTeM
peat) pear losses | $410)

Tat Nuly
(outgedsg)

‘ L ] 1 ' ] n i

-279-






Anmexure 4
Canal & Discharge Format (Daily)

Systea:
Moath Same of Pull Supply Moeuru o_:ul.! %
Date Chazsmel discharge

at head u per stnenm(o) unctum
programme
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Annexure 5
chak Area Format (monthly)
1. Name of System:
2. Nape of Distributary/Minor:
3. Chak Location (R.D.)
4. Chak/Outlet No.:
5. Type of Outlet:
6. g8ize of Outlet:
7. pesign Head at the Outlet:
8. Design Discharge of the Outlet:

9. Actual Discharge Carrying Capacity of the Watercourse
(as checked at the beginning of irrigation season).

10, Area irrigated in the chak during the month:

11. Quantity of water supplied during the mongh
(cusec x days)

12. Unauthorized irrigated area:

13. Water unauthorized used by:
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Annexure 6

prain Discharge Format (monthly)

Name of System:

Field Drain (chak no. to be given)number:
Area draining into the field drain:
pesigned carrying capacity of the drain:

Actual carrying capacity of the drain
{to be measured in the middle of the crop season):

pischarge in the £ield drain

For areas without field drains:

Location of V.notch or Parshall flumes:
Area served (chak areas) by the V.notch:

Discharge at the V.notch/Parshall flume:
(to be measured once in a month)
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Annexure 7

Irrigated Area Channel & Crop wise Report

{Seasonal)
Name of System: Year:
Name of Channel:
Village(s) covered:
Crops Area Irrigated

Rabi

er s e
DI
Terrr e

Frrasnnna

Total Area for .... ...
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MNIINEE & (Seaconal)
PORMAT O3 OF REFORT POR CAMAL SYSTEN AND CONTROL ETRLCTORE

Kme of the Praject
Rane ol Ju/Bcb-Tu/Section

Pariad of Beport
0] Faad Mark: Tes L]
Hexd Reguletar: D O

o) Checked for tmoesd cperation of gater
3 Leukage for gates

o) OCwege stripe puiated/marked

4] Discharge ratlsg checked?

2] Appreach ts slelee cleared.

faly Jraack Hst, klaore

(F) Cazal:(Write Tes/mo/Part/Pell Sane/Wumder  |Wame Maaber

g.10, Tten of work

H Ye-veeding/deel litleg
Yed-gradient restoraties

i Bk, strenqtbering/
resteratien

il Leakuge/seepage atherded U

17) seeviee rosd rapaine

(¢} Strectures

1) Tegalatieg gater chected
for speration & leakage

1] Gage eetips puinted &
Karked

1) Beud & tall quages provided

1) eIl levele of fallg,
requisters, seanerieg flene

escapes rectared
7 birckarge ratlag cerves
virified
{3) outlets

v Louatioae & discharge capn
clts as per design

L) Seicage at qates, L ay
chesket
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Annexure 9

Discharge Measurement Format

i. Name of the System
14, Name of the Channel
1114, Method of measurement
current meter / measuring flume
Velocity-Area.
iv. Location of check-point
v. crosa-sectional area of flow at the point
vi. Time Start
End
vii. Velocity observations
viit, pischarge calculations
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Seepage Loss Report

Name of System Date of measurement:
Name of channel Location of reach - between RD - to RD
Whether lined or

unlined Length of reach

Canal section:
A. By inflow-outflow method:

Qu {Discharge at upper end of reach)
Qd (Disccharge at downward end of reach)

Seepage loss - Qu-Qd

B. By Ponding Method:

Location of test spot
Length of the pond
Wetted Surface area of the pond

Time duration water was ponded
initial reading
Pinal reading

LOBS
Loes per 6q.m of wetted area
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Annexure 11

Discharge measurement report on outlete:(randomly selected)
Seepage ;oss MeAsSUrement report on outlet:

Name of minor: Date of measurment:

Location of outlet: RD = - -
No. of outlet : (eg 6L or 6R)Length of water courses - - km.

Type and mize of outlet =~ - - =~
Area commanded by the outlet - Ha, - - - =

Designed discharge of the outlet at head:
Actual observed discharge at the outlet head:
Renarks -~ (Reasons of variation)

Seepage Los6:

Discharge in water coureges at - - meters cumecs (x)
Discharge in water courses at - - meters cumece (y)
. . Lose in - - meters = x-y
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ANNEXURE 12(YEARLY)
FORMAT FOR WATERLOGGED & SALINITY AFFECTED AREA ON PROJECT
Name of the project

Culturable cossanded area of the project: Same of the Division/Seb-Dn/Section
Period of report
Village Bame of the CCA under Water logged Ares prone to | salinicty
chanoml the channel| area water logging | effected ares
(water table (water table

between O to 1.54)| between 1.5 &
3.0
Ha Ha Ha

Total ==ewew=  HA —m———- [ Ha
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MIRIORE 13/ ¥oathly|
POREAY POR BRRACEES OF NAIN/BRABCE/DISTRIBUTANT/MINOR CAYALE{NINTELY|

Rete of the Prefect Nane af Divieion/Suh-Da/Section
teriod of report
bate of [Mane of the  [Lecatles of | Conee of Extead of densqe bevarks
breach  |chammel dresch breach (Preves-
tine
|measares
taken)
L) Date of
ffect- oqlmJ
tdlcrops) |resto-
ritio
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Name

Date:

Annexure

FARMER RESPONSE SURVEY QUESTIONNAIRE

of the System:

1.0 BASIC INFORMATION

14

1.3
1.4

Pistributary........
Name /Number of Minor seedenne
Outlet veseness

Reach Distributory - Head / Middle / Tail
Minor - Head / Middle / Tail

Farmers Name:

Survey No. and Village

IRRIGATION MANAGEMENT

2.1

2.3
2.4
2.5
2.6
2.7

How much of land do you a) Own AR IRt T
b) Cultivate ------- ha
c) Irrigate ==-== -<ha

How much of your irrigated land is in the
scheme  =~=wweeecha

When did the canal open?

When did water first reach your outlet?

How many waterings were given?

Wae the water supplied through the canal adequate?
If not, did you obtain water from a well/tank/tube-

well, or any other source to supplement canal
supplies?
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Annex. 14
(contd.)
3.0 Crop Season: Kharif /Rabi
{The following questions apply only to farmer's
irrigated land within the scheme)

3.1 Por each crop you raisged thie season, when did you:
Name of the crop Complete the liked to have
operation completed it

a) Nursery
Land Preparation
Transplanting
Harvest

b) Sowing
Harvesting

c) Sowing
Harvesting

3.2 Did any of your crops suffer from molsture stresa?

If so, what crops = =  ====-- m—mm— wm————

4.0 INPUT & PRODUCTION

4.1 For each crop you raised this season, what is
Crop ===== =eeee =c-=-

a) The variety you uged?

b} 'The area planted (ha)?

c} The type and quantity N === N =cee N ====
of fertiliser used (Kg/ha)P ===« P «scve P ceaea

[ BV R PN

d} Your total production (kg)? =---- —amn . maan

-302-



1

2

CHAPTER IX
TRAINING

Water Management - Pre~reguisites:

There is still a need for an understanding of the meaning of
irrigation water management. Irrigation water management
has been defined differently but one view is that it is the
procegs by which available water is manipulated and used for
the production of food and fibre. It 1& not merely
impounding water in the reservoirs, nor the conveyance
through canal networks, nor the application at field level
for crops in isolation. It is the way how best these
processes, skills of the personnel, physical and biological
factors, natural and social resources are utilized to
convert the water as a means of production. Water
management 1ig the judicious conservation and optimum
utilization of water in all spheres of its availability. It
warrants the following pre-requisites for improvement and
better performance:

i) Precise water control and reliability of supplies at
the farm level.

ii) Increased availability of water to farms and farmers

144) Bquality in water distribution among all classes of
farmers for social justice and maximizing production

iv) Sustained maintenance of environment, soils and system
facilities

v) Increased participation of farmers in water
distribution, and maintenance of micrec level networks

vi) Precise cost effectiveness of the systems and services.

Need for training

There has been a growing awareness in recent years among the
administrators, professionals and farmers that in order to
make significant progress in fully utilizing the irrigation
potential already created and increasing agricultural
output, ways and means must be devised to increase the
efficiency and productivity of irrigation water,
Advancement in the agricultural research has provided a
focus on:

1) evolving crop varieties having very high potential
vields and response to irrigation
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11} accurate information about soils, crop-water-soil
relationships

14i) water conserving and saving methods in respect of farm-
water application and conrumptive water use.

The research in irrigation engineering has evolved precise
controls through level controlled gates, remote or auto
contrelled gates, devices and methods of saving conveyance
losses through lining, telemetry in water measurements, and
improvements in control structures.

Howaver, the irrigation engineers and field staff who are
qualified primarily in Civil Engineering even now only

concern themselves with water delivery system above the
outlets., There is a tendency among them to think that water
distribution 15 a routine activity. They do not feel

concerned with crope or crop water requirements or demands
of the farmers.

The agriculture extension agency who are giving technical
advice to the farmers 1is likewise =£till concentrating only
on the crop husbandry, farming practices, pest control,
harvesting and post harvesting measures and storage etc.
They de not have accurate information or knowledge ahout
water availability in the system, constraints in supplying
water through canal networks in public delivery system,
soil-plant-water relationship, and optimal use of water for
maximun production per unit volume of water. They appear to
have an impression that water can be made available through
the system to all farmers, whenever wanted or whenever crops
need it and wherever wanted. The farmers feel that water
should be supplied to individual farmers at the farm gates
whenever they want and in full requirement, They usually
fenl that more the water more is the yield and therefore
tend to over-irrigate the fields anticipating that if there
is delay in ensuring supply (rotation) stored water in soils
would be useful for the crops.

There is no overall endeavour yet to address on farm water
management and water conservation and nc one appears to he
having any comprehensive idea or concern about the
integrated water management.

The 4rrigation engineers and the operating staff have to
face a number of problems/complaints or grievances raised by
the farmers in the field. The problems in respect of water
sharing, order of turns etc. can be minimized by introducing
Warabandi, rigid shejpali but the complaints raised by them
ahout the freguency of water deliveries, adequacy of water
as per their expectations need authentic information on
these subjects. The farmers in general expect and press for
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9.3

high water doges and that too with high frequency mainly
because of the fear that the next rotation may not be
available on time. Some perceptiong cf the farmers are
described below a=z an illustration.

1) shallow soils need more water and with high frequency.

t11) Deep black soils need very high doge pntticularl# for
pre~soaking irrigation as much as & delta at field
level more than 20 cms.

i1ii) Paddy needs standing water in the field minimum 10 cas,
during transplantstion, flowering and continuous supply
is preferable,

iv) Vegetable crops need water at 4 to 5 days interval.
v) High yielding wheat needs minimum & to & rotations.

vi) It is difficult to prepare fields for receiving
irrigation in Kharif season eand only flood irrigation
15 possible.

The thoughts prevailing amongst the farmers are not very
true but irrigation engineers can convince them only if the

have full knowledge and information on the £indings o

agricultural research.

The extension officers end field level workers advocate the
water management practices based on research in Agriculture
Universities or Resesarch Centers which are oriented towards
maximizing production per unit areg of 1land. = The water
availability and the constraints in delivering water through
the delivery system involving extensive canal networks as
well as the concept of maximum production per unit volume of
water ie generally sidetracked. For uniformity in giving
guidance on the water management, it is necessary that both
the {rrigation officers and extension officers, workers have
some minimum basic working knowledge and information from
either eide.

The training effort i1s an effective means of apprising the
personnel in respect of latest technelogy, precise meaning
of comprehensive and integrated water management and thereby
improving the capacity to manage water.

Objectives of Training

The objective of training should be to improve performance
of the project by using the water resources for sustained
increase in crop production, both in quantity and quality
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9.

4.1

without detrimental effects on the enviornment and soils in
particular, The training of project personnel should:

1. Induce in trainees, an appreciation of the benefits
stemming from good and improved water use practices.

2. Provide the trainees with capacity to determine the
existing deficiencies in the project facilities,
operation, and to develop feasible, efficient as well
as cost effective approaches to their removal/
reduction.

s. Provide the trainees, with discipline and team skills
and approaches for regular on going monitoring and
evaluation for further improvements in {rrigation
gystem operatione.

4. Help professionals to understand the principles,
processes and specific field problems.

5. Provide fisld training experience and knowladge for
skills 4n monitoring methodologies and procedures in
disciplinary and inter-disciplinary responsibilities
and actions.

6. Understand the process and benefits of team work.

7 Help professionals to appreciate and adopt positive
attitudes and behaviors related to involving farmers in
decision making.

a. Prepare them for the role as project managers and not
only administrators.

Training Topice for Field Punctionaries:

Nermally, the senior officers, during their £ield
inspections are expected to train/guide the juniors working
on the system, only an organized effort is required in this
direction to improve the performance. As an illustration,
an attempt to arrive at the training topics for a few field
functionaries for such on-the-job training is given below:

Signallers:
Job requirements

o Receive and transmit messages accurately and
distinctly.

o Control the stations in the network and regulate
traffic,
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o Know procedure, traffic rules.
(4] Keep instruments in order and maintain the same.
o Pass on the messages to concerned officers.

o Obgerve, record and passe on gauge of canal/
river/reservoir,

The shove functions would warrant training on the following
topics.

{b)

(e)

Knowledge of the project organization/hierarchy

o The organization of the project, units like
ChiefEngineer, S.E., EE, 8DO, AR, their
headquarters

=] Hierarchy in reporting

Information about the communication system

installation;

o Networks and stations in each net, frequencies
allotted.

o Overall state/Project wireless/telephone
communication, manual/guidelines, rules,
procedures.

) Control stations in each network, functions of the
control.

o General time scheduling for the project.

-] Other communication system, P&T, Trunk phone sets,

-] Priorities of different messages.
o Standard messages.
] Net call 1in wireless communication, or Morning

testing call in telegraph/Telephone systems.
Procedure to be followed, order of communica-tion
of diffarent sets in the network.

-] Clesing the communication in the evening

uccolvogfransnitttng messages

o Receiving megsages from initiating officers
recording time and date.
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(e)

Receiving/transmitting nessages, procedures,
paras, esub-paras, columns acknowledgement about
‘properly heard', repeating for confirmation,
recording time and date,

Pasging on messages to the concerned offices.

Instrument handling/maintenance

o

Handling the instruments with care.

Daily/weekly maintenance of instrument and its
accessories, like batteries, power packs, battery
charger, antenna etc.

Action to be taken 1if instrument is not working,
reporting, replacing.

Other functions:

L]

Observing the gauge correctly, removing parallax
at scheduled intervals.

Changing graphs for auto/self recording gauges,

Reading discharge from depth/discharge rating
cusecs/statements.

Recording the gauge and discharge in the
registers.

Gauge Reader
Job requirements:

o

-]

Reading the gauges accurately,

Recording the gauge readings neatly in the
register,

Reporting to the sectional officer punctually.

Adjustment of gates of control structures to allow
authorisged discharges in the off-takes.

Reporting any variations of levels/discharges in

main and/or off-taking channels to the sectional
officer.

-308-



Topics for training

o

various types of gauges, vertical, slanting with
magnification, least counts etc.

purpose of stilling wells for gauging to eliminate
waves, keeping the inlet pipe clean.

Reading the gauge accurately eliminating the
parallax.

various registers prescribed for recording the
gauges of outlets, minore, distributaries and main
canals and accuracy needed in recording.

pPhysical phenomena of free flow and submerged flow
in case of Parshall flumes, standing wave flumes,
orifices and situations.

Reading the discharge on gauge/discharge rating
curves/statements/graphs.

rime fixed for recording and reporting the gauges/
discharges.

standard formats for reporting.
Authorized discharges in different canals.

setting of gates of Head regulators to allow
authorized discharge.

Gate Operator
Job regquirements:

o

To cpen and close the gates of canals as per
program.

To adjust the gate openings for authorized
discharge in the off~-takes.

To watch water level in main canals/branches and
ensure ite requlation as per plan.

To open escapes if water level rises beyond danger
mark, encroaching upen free boards.

To report variations in discharges to sectional
officer.
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Topics for training:

1)

o

Q

Various type of gates installed worm/gear etc.

Procedure of operating the gates, i.e, whether all
gates to be operated sequence of operation etc.

Action to be taken, if gates get jammed.

Times fixed as per program for copening/closing
different off~-takes.

Daily maintenance such as oiling, greasing etc.

Reading the gauge of the off-teking channel to
ensure authorized discharge and adjusting the gate
opening.

Danger level marks to be obgerved in the parent
channel.

Action to be taken 4if water level crosses danger
mark, by opening escapes.

Reporting formats, procedure of any abnormal
conditions to sectional officer.

Other field operating personnel:

Likewise, topice for Canal Inspectors/Measurers/
Ziledars/Patwaris could be identified as given below:

Canal Inspectors (Central region)

Job requirements (central region)

=]

Receiving water applications from the farmers,
processing and forwarding to Section Officer.

Issuing passes to the farmers.

Maintain distributary/minor/outlet wise record of
cultivable command area, individual farmers
holding.

Preparing water distribution schedules and inform
farmers.

Prepare and submit to Sectional Officer, indent
for water supply.

Resolve disputes of farmers in sharing water.

-310-



o Open/close gates of HRs of minor/outlets and
maintain authorized discharge.

o Bring to book any unauthorized irrigation, wastage
of water, preparing panchanama.

o Xeep water accounts and submit to Section Officer,

] Demarcation and unitization of £ilelds (Central
region).

o Measurenent of Trrigated crop.
o Keeping record of Irrigation by wells.

o Prepare Warabandi achedules and enforcing the
same.

] Training and educating farmers in on farm water
management, water application.

] Seascnal, two seasonal, perennial, cane or garden
blocks. Procedure to be followed in sanctioning
blocks, delivering water.

(] Issuing irrigation passes to farmers.

L] Procedure to be followed in delivering water 1.e,
gtandard discharge at outlet (viz 30 lit/sec),
supplying water from tail to head through
suthorized turnouts.

] Distribute summons issued by higher authorities
amongst farmers in cases of litigation under
Irrigation Act and Rules.

Topics for Training (Ccanal inspector or equivalent)

] Seasonal crop water requirements by growth stage
and root zone depths for each irrigated crop.
o How water below root zones is wasted?

-] Why are there variations in water requirements
during the season?

(] when are the critical water regquirements during
the season?

] Correct water depths to be maintained for paddy

during variocus growing stages - depletion of water
depth up to surface without affecting yields.
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Basic understanding of differences in water holding
capacities of various soil types and methods of
irrigation.

o Using feel or visual rethod to estimate
soil/subsoil moisture.
o Border, furrows, ring methods of field irrigation

stream size, cut off points, optimum lengthe.
o How can farmers manage sandy/shallow soil fields?

Methods to improve accuracy in crop measuring and
reporting procedures;

-] Measuring irregular shaped fields

o How to use tables for conversion.

] Preparing demand statements, cropwise, farmerwise,
outlet/ minor wise, penal rates for irrigation
offences and demands at penal rates.

Review of crop calendars and agronomic practices for
crops grown in the area;

o Common farming practices which affect irrigation
gcheduling

o Recommended and actual sowing dates of different
crops.

o Number of watering required for different crops,
most critical waterings and adjusting deliveries
to coincide crop requirement as per availability.

o Measures to be adopted by farmers in saving water
by alternate border/furrow methods, matching.

Planning specific steps for securing better farmer
participation in managing local irrigation system.

-] Organizing farmers, outlet committeas, water
users' associations, cooperation of department/
farmer public relations.

] Farmers' roles in management and maintenance of

the mnicro system 1i.e. field channels, field
drains. settinag disputes.
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Volumetric supply at minor head to the WUA,
maintenance of water accounts, procedure- and
responsibilities of department and WUA in this
reaspact.

piszszemination of information about water supplies
to farmers in time, holding farmers' meetings

Leadership training

9.5 Engineering Personnel:

1) sectional/sub-divisional officers
Job regquirements:

]

Naintenance of the canal network, ensure
capacities of various channels as per design

Distribute water among different
distributaries/minors/ outlets as the cperation
plan

Maintaining water levels and discharge in the main
branch canal as per the irrigation plan/delivery
schedules and contreolling the flow in the system

Reporting Meteorological data particularly
rainfall, reservoir/canal gauges

Routine and special inspections of dam/canal
network structure, controlling structureg, cross
drainage works, head regulators, escapes and their
gates and undertaking repairs

Checking irrigated crop measurements (central)

Initiating and submitting demand statement for
collecting irrigation water charges and effecting
recovery {Central region)

Maintasining, recording and reperting information
about quantity of water delivered at main (branch/
distributory/minor channele, rotation/season/year
wise and comparing with area irrigated.

Observing, assessing the system efficiencies i.e.
storage, conveyance, operation, applicatien.
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Reporting breaches/accidents in canal and
undertaking/ organizing repair/restoration.

Sanctioning water application for seasonal
irrigation, preparing irrigation schadule,
obtaining approval of Executive Engineer,
preparing indents for water supply rotation wise
(Central region).

Keeping touch and control of field sataff,
informing farmers about state of water
supply/rosters.

Training topics:

Review of field staff responsibilities and procedures
in fulfilling and enforcing department rules and
relevant portions of Irrigation Act, rules, manuals
standing orders and their implications on farmers,

o

Mothod adopted by the state in supplying water
{.e. RWS (Predetermined schedules) and Warabandi,
application system, continuous flow, on and off
supply, localizatien, Rules and Act provisions and
duties and responsibilities of the department and
the farmers in supplying/ receiving water.

Procedures for resolving common conflicts.
Procedure for addreseing rules violations.

vVarious powers vested in the officers and
limitations.

Knowing the system and project specifics

o

Average Rainfall in the catchment, rainfall/
runoff relationship, distribution of rainfall,
mean flow, yield of the river of dam/diversion as
designed; probabilities of yields.

Canal network, capacities of main/branch
distribution, minors, size of outlets, water
allowance.

Intensity of Irrigation as planned and as per

actuals.
Ground water availability and utilisation.
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o Project organization, communication system,
location of telephone/wirelese station,
frequencies allotted.

o Hydraulic survey cof structures and canals.

o calibrating flow control structures and discharge
neasurenents,

o Methedology of assessing conveyance losses.

] Project  specific reguirements of various
components.

o pariodical inspections, recording observations and
reporting.

o Preparing detailed estimates and annual plan for
repairs.

o pissemination of operation plan, issuing notices,
interaction with farmers/field staff,

) Ascgessing demand for water supply and placing
indents.

o Preparing detailed schedules for water
dietribution.

] Procedure in receiving/processing water

application from farmers, obtaining sanctions and
issuing passes to farmers (Central region).

o Procedure for resolving common cenflicts amongst
the farmers,

o Procedure for booking unauthorized irrigation
misuse/ wastage of water, entries in Pahani

Patrak, checking panchanama (Central region).

a Procedure for maintaining water levels/
controlling flows.

11) Executive Engineers/Assistant Executive/Deput
Engineers in reparation and IigIeuantaEIon o%
ggeracIon glan

In small projects EES/AEES/Dy ES are required to prepare and
implement irrigation annual/seasonal plans. In the case of
major projects they are expected to assist in preparing the
plans for their Jjurisdiction and implement the same as
finally approved by SE or CE as the case may be.
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Job
(a)

(b)

(el

requirements:

Collecting Information relevant to operation of the
system that is reservoir details, status of command,
trends in cropping pattern, crops, sowing dates, periocd
of maturity. Crop water requirements, critical stages,
canal capacities, status of maintenance, hydraulic
testing of canals seepage losses, conveyance
efficiencies. Application efficiency from sample
tests/ observationa duties, delta of irrigation.

Interaction with other dogartlont:

Trends in cropping pattern, new varfeties expected for
large scale sowing, crop water requirements sowing
times from agriculture Extension and research and
farmers. Requirements for leeching, requirements for
hydel power generation, industrial/municipal use, and
irrigation requirenents for projects situated on
downstrean of river diversion/danm,

Interaction with farmers

Interaction with farmers and establishing good rapport
with them are the key factors for succesaful
inplementation of operation plan and high irrigation
efficiency. The executive officers have to take a lead
in organizing farmers, invelving/seeking participation
in preparing and implementing operation plan, for which
they need training on approaching farmers, organizing
them at outlet/minor level, addressing farmers'
meetings, areas of involvement and participation,
redressing their grievances.

Training topics

Operation plan: Procedure for =

-}

Assessing area which can be irrigated from available
water after considering duties/ deltas canal
efficiencies etc. in case of Central Region.

Procedure for determining the number of irrigations
that can be supplied as per water availability as per
objectives set for distribution of water.

Forming groups of distributaries/minors for rostering
canals.
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o Fixing priority for supply of water in different groups
in different weeks.

-] Determining opening/closing dates of canals after
considering sowing times, period of maturity.

Dissemination of Operation Plan

o Need for dissemination for better understanding among
the staff and users Information to be disseminated,
methodology of dissemination of operation plan.

Farmers 'rra!.nln!

Farmers are the principal users of water. The overall
irrigation efficiency depends largely on its use below
outlets comprising of field channel efficiency and on-farm
water application efficiency. The water wuse efficiency,
however, depends on the appropriate irrigation doses at
right time as per crop needs as well as meoisture holding
capacities of soils. Though individually the farmers know
the 'Art' of Irrigation, they are required to be trained
particularly on the community based approach, their
respongibilities in the public delivery systems and the
science of irrigation. Training should include importance
of land 1levelling, operation and maintenance of micre
network, correct sowing periods, crop water requirements,
appropriate field layouts and advanced methods of
irrigation.

Large number of farmers can be trained quickly, at low cost
at field level. A team for training the farmers can he
drawn even at a project level n coordination with
Agriculture Department. High stress and emphasis should be
given on demecnstrations, audio visuals, slide/film shows,
video cassets.

Training Topics:

(a} Land preparations

4] Advantages to the farmors individually and
collectively

(b) Land levelling/shaping

o Procedure for preparing 1land for irrigation and
adopting modern on farm water application methods

© Uniform application of water in the entire field.
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(e]

(4)

(e)

(£]

(g)

-] possibility of irrigating larger areas from
available water per rotation

collactive advantages by land levelling/shaping

o Prevention of water logging/salinity as excess
water can be drained off quickly.

o Light irrigation possible and therefore
poseibility of getting higher frequency of supply.

Ismproved methods of on farm water applications

o Improved methods of irrigatien, lengths/widthe,
stream size, cut off points.

o Implements for preparing land, borders/furrows
Crops, cropping pattern & sequence
o Crops grown and that should be grown.

o Need for a common and uniform cropping pattern.
sowing crops ae& per rotation of Irrigation to use
water. Crop water needs/critical stages, disease
control measures, Remunerative crops with
available water, frequencies of watering. Crop
water requirement of different crops.

pistribution of water below outlet - maintenance of
water courses, field channels, field drains

o pistribution procedure e.g. Warabandi, rigid time
based shejpali, continucus or intermittent.

o pDiscipline to be followed by the farmers and penal
action as per statutes for unauthorized
irrigation, misuse/wastage of water or taking
water out of turn. Rights and responsibilities of
tarmers in getting water, procedure for resolving
disputes.

Maintenance of water course field channels, field
drains

o Need for adopting participatory approach among the
project managers and beneficiaries.

o organizing water users agsociation/outlet
committees.

] Advantages to the farmers individually/
collectively.
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Works! on
roved Irrigation stem ation Practices

WALMI Uttar Pradesh, Okhla
April 6-18, 1989

LIST OF PERSONS ASSOCIATED WITH THE PROGRAM

A. Project Institutions' Faculty Involved with Curriculum
velopmen

1. A.V. Raghupathy, IMTI, Tamil Nadu

2. V. Muthuvijayan, INTI, Tamil Nadu

3. H.C. Parmar, WALMI, Gujarat

4. N.L. 8clanki, IMTI, Rajasthan

5. 8.A. Kulkarni, WALMI, Maharashtra

6. 8.B. Khandekar, WALMI, Madhya Pradesh
7. A.B.S. Raj, CWR, Anna University, Madras
8. J.8. Chhabra, WALMI, U.P.

9. R.K. Jindal, WALMI, U.P.

10. Shiva Datta, WALMI, U.P.

11. V.K. Jain, WALMI, U.P.

12. V.C. Verma, WALMI, U.P.

13. V.N. Agarwal, WALMI,6 U.P.

14. vU.C. Pande, WALMI, U.P,

15. K.R. Gulati, WALMI, U.P.

16. R.K. Verma, WALMI, U.P.
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B. LBIX Congultants Associated with Pr ration of
Ttialz, curriculum Development 355 gevologgen{

I-8hort-term Consultants

1. B.C. Malhotra, Engineer-in-chief (Retd), ) workshop
Haryana ) Background
) Materials
2. A.R. Sethi, Engineer-in-Chief (Retd), ) bDevelopment
Haryana )
)
3. A. Mohanakrishnan, Chief Engineer (Retd), )
Tamil Nadu )
)
4. D.R. Shankar Iyer, Chief Engineer (Retd), )
Gujarat )
5. J.C. Verma, Chief Engineer (Retd), Haryana ) Workshop
) Partici-
6. W.8. Tiangco, Irrigation Management Expert, ) pation
NIA CONSULT, INC, Philippines (LBII) ) and Curri-
) culum
) Development
7. 8.N. Lele, chief Engineer (Retd), )
Haharashtra }
} Handbook
8. G.C. Xanjolia, Chief Engineer (Retd), ) Development
)

Rajasthan

II-Long-term Resident Team Members Associated with the Program

1. ©O.P. Mehta, Irrigation Engineer

2. B.S. Rajvanshi, Irrigation Engineer

3. T.0, Kajer, Training Specialist

4. W.C, Bell, Main Systems Management Specialist
S. J.X. Gianchandani, Team Leader, WAPCOS

6. Jan Stofkoper, Team Leader, LBIIX
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Cs Other Workshop Participants

1. Hon'ble Moin Ahmad Khan, State Minister Irrigation, U.P.
2. Hon'ble Hitesh Kumari, Deputy Minister Irrigation, U.P.
3. B.G. Manohar, Chief Engineer, IRNIO, CWC

4, F.D. Goel, Director, IRMIO, CWC

5. Gokhul Prasad, Adviser, USAID

6. Mike Walker, Research Adviser, USAID

7. James C. McClung, LBII Irrigation Engineer

8. R. Gopala Krishnan, Director IMTI, Tamil Nadu

9. A. Mallikarjuna, Director WALMI, Karnataka

10. S8.P. Jain, Director WALMI, U.P.

11. K.P. Jain, Associate Director WALMI, U.P.

12. G.C. Kalra, Deputy General Manager NABARD, Bombay

13. G.N. Kathpalia, Consultant, New Delhi.

14. P.8. Rastogi, BEngineer-in-Chief (D&P), Irrigation
Department, U.P.

15, Zamirul Islanm, Chief Engineer (Ganga), Irrigation
Department, U.P.

16. M.K. 8inghal, Chief Engineer (Planning), Irrigation
Department, U.P.

17. R.8. Mathur, Chief Engineer (N), Irrigation Department, U.P.

18. K.G. Goel, Chief Engineer (M&IP], Irrigation Department,
u.p.

19, V.8. Chaudhary, Joint Director (Agr), Water Management, U.P.
20. 8.8, Manocha, S.E., Irrigation Department, U.P.
21. A.R. Nehru, 8.8., Irrigation Department, U.P.

22. Vikram Jeet, S.E., Irrigation Department, U.P.
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23,
24,
25,
6.
27.
28.
29.
30.
31,
32.
33.
34.
35.
36.
3.
38,
39,
0.
41.
42,
43,
44.
45.

R.P. Goel, 8.E., Trrigation Department, U.P.
Kanti Prasad, S.£., Irrigation Department, U.P.
M.C. Gupta, 8.E., Irrigatfon Department, U.P.
8.K. Kumar, S.E., Irrigation Department, U.P.
Jagdish Mohan, S8.E., Irrigation Department, U.P.
R.S. Agarwal, 3.B., Irrigation Department, U.P.
Ranvir Ahuja, S.E., Irrigation Department, U.P.
Ram Sharan, E.E., Irrigation Department, U.P.
V.P. Malik, E.E., Irrigation Department, U.P.
K.C. Ahuja, E.E., WALMI, U.P.

Brahma S8ingh, B.B., Irrigation Department, U.P.
Laxmi Narain, E.E., Irrigation Department, U.P,
0.P. Jindal, E.8., Irrigation Department, U.P,
D.C. Chawla, E.E., Irrigation Department, U.P.
0.P. Garg, E.E., Irrigation Department, U.P.

K.S. Bansal, E.E., Irrigation Department, U.P.
N.D. Jain, E.E., Irrigation Department, U.P.

R.X. Goel, A.O., WALMI, U.P.

V.P. Garg, 8.0., E-in-C Office, Irrigation Department,
H.8. Chaudhary, 8$.D.0., Irrigation Department, U.P,
A.K. Jain, 8.D.0., Irrigation Department, U.P.
8.P. Agarwal, 8.D.0., Irrigation Department, U.P.

R.K. Channa, 85.D.0., Irrigation Department, U.P,
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