eight & ten for WUA area of up to 1000 ha, 1001 to 1500 ha, 1501 to 2000 haand
more than 2000 ha respectively.

While dividing a water users area in to territorial constituencies, proj ect authority shall as
far as practicable, place area under a direct pipeline or a pipe out let in a territorial
constituency. Each constituency shall be assigned a separate serial number. Map/sketch
of each water users area showing the boundaries of territorial constituencies shall be
prepared by the Project Authority. List containing the survey numbers of the land situated
in each territorial constituency shall also bb prepared by the PIOJ ect Authority.

5.4.2 Managing Commiittee of Water Users' Assocxatlon and Electlon of Its,
President and Members . A

There shall be a Managing Committee for every Water Users' Association. The Pro_] ect .

Authority shall make arrangements for the election of President of the Managing Commlttee‘ -

of the Water Users' Associetion by direct election fromamong its membets by the method
of secret ballot (descrlbed in detail in Rules 2002). The Project Authorlty shall also
cause arrangements for the election of a Managing Committee consisting of one Member
from each of the territorial constituencies of a water users' area, by the method of secret
"~ ballot. If, at an election held as mentioned above, the President or the Members of the

~ Managing Committee are not elected, fresh elections shall be held. The Project Authority

may, for the reasons to be recorded in writing from time to time, postpone elections.

Where a land owner holds land in _mofe than one territorial constituencies of the water
users' area, he shall be eligible to take part in election for membership of the Managing
Committee only from one territorial constituency for which he opts.

The President and the Members of the Managing Committee shall, if not recalled earlier,
be in office for a period of five years, from the date of the first meeting. The Managing
Committee shall exercise the powers and perform the functions of the water users
association. ‘ -

5.4.3 Delineation of Distributary Area and Constitution of the Distributary
Committee ' _

The Project Authority may, by not1ﬁcat10n, delmeate every Command Area of the irrigation
system, comprising of two or more Water Users' Areas and declare it to be distributary
area. There shall be a Distributary committee called by its local distinct name for every
distributary area declared. All the Presidents of the Water Users' Associations in the
distributary area, so long as they hold such office, shall constitute the Genera! Body of
the Distributary Committee including two officials nominated by the Project Authority.

" There shall be a Managing Committee for every Distributary committee and the said
committee shall consist of such number of members, not exceeding five including President.

The Project Authority shall cause arrangements, for the election by the method of secret
ballot of the President and Members of the Managing Committee from among the
Members of the General Body of the Distributary Committee. The Government may, for
the reasons to be recorded in writing, from time to time postpone elections. If, at an
election held as above, the President and the Members of the Managing Committee are
not elected, fresh elections shall be held. The term of office of the President and the
Members of the Managing committee shall, if not recalled eatlier, be co-terminus with
the term of general body. The Managing Comumittee shall exercise the powers and petform
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the functions of the Distributary Committee. _
5.4.4 Delineation of Project Area and constitution of Project Committee

The Government may, by notiﬁca’uon delineate every command area or part thereof, of
an irrigation system and declare it to be a project area. There shallbe a Project Committee
called by its distinct local name for every project area declared. All the Presidents of the
Distributary Committees in the project area, so long as they hold such office, shall constitute
the General Body of the Project committee. .

There shall be a Managing Committee for every Project Committee con51st1ng of nine.

Members including Chairperson. The Project Authority shall cause arrangements, for
election by the method of secret ballot, of Chairperson and eight Members of Managing

Committee from among the members of the General Body of the Project Comumittee.

The Government may, for the reasons to be recorded in writing, from time to time,
postpone elections. If, at an election held as mentioned above, the Chauperson and the

- Members of the Managing Committee are not elected, fresh elections shall be held. The

term of office of the Chairperson and the Members of the Managing Comm1ttee shall, if
not recalled earlier, be co-terminus with the term of general body. The Managing
Committee shall exercise the powers and perform the functions of the  Project Committee.

- 5.4.5 Disqualifications

A person, who is employee of the Government of India or any State Government of a

- Local Authority or any institution receiving aid from the funds of the Government, shall
be disqualified for election or for continuing as a Chairperson or a President ora Member

or a Managing Committee of a Farmers' Organisation. No person who has been convicted

by a criminal court for any offense involving moral turpitude committed under any law for
the time being in force shall be qualified for election or continuing in the office of a

~ Chairperson or a President or a Member of a Managing committee of a Farmers'
Organisation. A person shall be disqualified for being chosen as a Chairperson ora -
President or aMember of the Managing Committee of a Farmers' Organisation ifon the -

date fixed for scrutiny of nominations for election, or ori the date of nominations, he is, of
unsound mind and stands so declared by a competent court; an applicant to be adjudicated
as aninsolvent or an undischarged insolvent; a defaulter of land revenue or water tax or
charges payable either to the Government or to the Farmets' Organisation; interested in
asubsisting contract made with, or any work being done for, the Panchayat or Panchayat
Samiiti or Zila Parishad or any State or Central Government or the Farmers' Organisation.

A Chalrperson or a President or a Member of Managing Commmee shall be dlsquahﬁed

for election to or continuing in office of Chairperson or President or Member of Managing

Committee of a Farmers' Organisation if he absents from three consecutive meetings of
the Managing Committee without reasonable cause, provided that the disqualification
under this sub-section shall not apply in the case of women, who during the advanced
stage of pregnancy or during a period of three months after delivery, is unable to attend
the meetmgs

A person havmg more than two children shall be dlsquahﬁed for electlon asa Chairperson
or a President or a Member of the Managing Committee, provided that a person having
more than two children shall not be disqualified under this section for so long as the
number of children he had on the date of such commencement does not increase and
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-

provided further that the birth of an additional child within one year from the date of
commencement of this Act shall not be taken into consideration for the purposes of this
section. :

A person shall become disqualified to continue as Member of Water Users' Association

or hold the office of Chairperson or President or Member of a Managing Committee of
a Farmers' Organisation, if he ceases to be a land owner in the area of operation of

~ concerned Farmers' Organisation.

5.4.6 Procedure for Recall 7

A motion for recall of a Chairperson or a President or a Member, as the case may be, of
‘aManaging Committee of a Farmers' Organisation may be made by giving a written
notice to Project Authority in form of an application on the plain paper, signed by not less -

. than one-third of the total number of members of the Farmers' OrganiSation, who are

entitled to vote. Provided that no notice of motion under this section shall be made within -
one year from the date of assumption of office by the person against whom the motion is
sought to be moved. If the motion is carried with the support of majority of the Members
present and voting at a meeting of the General Body specially convened for the purposes,
the Project Authority, shall by order remove the person, against whom motion is carried,
from office and the resulting vacancy shall be filled in the manner a casual vacancy is
filled. ‘ ‘ E ' R

5 4,7 Casual Vacancles ‘

A vacancy arising in any of the Farmers' Organisation either due to dlsqpallﬁcatlon
death, resignation, recall, or by any other reason, such vacancy shall be filled for the
remammg period in the following manner:-

@

@

Ifa vacancy in the office of the President of the Water Users' Association arises, the
Managing Committee of the Distributory Committee in which the Water Users'

~ Association is situated, shall nominate one of the existing Managing Committee

Members of the Water Users' Association as President of the Water Users'
Association. Where the Distributory Committee does not exist the nomination shall
be made by the Project Authority. :

If a vacancy of a Member of Managing Committee of water users' association
arises, the Managing Committee of the Distributory Committee shall nominate, any
one of the Member of Water Users' Associations from that particular constituency
in'which vacancy has arisen, as a Member of the Managing Committee. Where the

~ Distributory Committee does not exist the nomination shall be made by the Project

’Authomty

 [favacancy in the office of a President of a Distributory Committee arises, the

Managing Committee of the Project Committee in which the Distributory area is

situated, shall nominate, one of the members of the Managing Committee of the

Distributory Committee as the President of the Distributory Committee.

(iv) Ifavacancy of a Member of Managing Committee of a Distributory Committee

4,

arises the Managing Committee of the Project Committee shall nominate one of the
members of general body of the Distributory Committee as amember.

If a vacancy in the office of the Chairperson, of the Project Committee arises the
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Government shall nominate one of the members of the Managing Connmttee of the
Project Committee as the Chairperson.

(Vl') If a vacancy of a member of the Managing Committee of a Project Committee
arises, the Government shall nominate one of the general body members of the
Project Committee as a Member of the managing committee.

- The term of office of a member or a President or a Chairperson of the Farmers'
Organisation, nominated as above, shall expire at the time at which it would have explred
had he been elected at the ordinary election. :

5.4.8 Duties of the Chairperson / President of a Farmers' Organisation

The duties of the Chairperson / President of a Farmers' Organisation shall be to preside

over the General Body Meetings and Managing Committee Meetings and conduct the

- meetings in a peaceful and democratic manner; to sign and authenticate the minutes of
~ the meetings and other records of the Farmers' Organisation; to exercise casting vote in
the event of equahty of votes on any matter being decided upon by the General Body or
the Managing Comrnittee, as the case may be; to act as a custodian of all records,
properties of the Farmers' Organisation; to maintain full and complete accounts of all

transactions of the Farmers' Organisation; to sign all contracts and documents on behalf
of the Farmers' Organisation; to operate accounts jointly with another member of the -

Managing Committee duly authorised for the purpose by the Managing Committee; to
represent the case of the Farmers' Organisation in any dispute before Distributary
Committee or Project Committee or Apex committee or project authority or the
Government, as the case may be; to act as an authorised representative of the Farmers'
Organisation at all other forums, meetings called by any authority; to be accountable for
all transactions; to conduct the affairs of the Farmers' Organisation in a democratic, free,

fair and transparent manner; to submit annual reports to the General Body, on the activities
of the Farmers' Organisation; to ensure that the available resources with farmer's,

Organizations are utilise in most efficiency economical manner; to motivate water
conservation techniques and to timely and evenly distribute the available water to members
- following a well define procedure; to act for generation of the financial resources for the
farmer’s Organisation for sustainability and progress to achieve the objectives; to respect

the written guidance of project/ competent authority with regard to technical and financial -

matters and to act for implementing them; and to implement decision taken by general
body with the help and guidance of project/competent authority. -

5.4.9-Functions of the Farmers Orgamsatlons

- Common Fuactions of the Water Users Assoc1at10n Dlstnbutory Comrmttee and PrO_]CCt :

Committee

- Following ﬁmctlons areto be camed out by WUA DC& PC in addltlon to the ﬁmctlons :

' 'mentloned il next para

o To promote economy in the use of water allocated

® Toprepare and maintainan 1nventory of the 1rr1gat1on system w1th1n the area of -

operatlon
° Tomomtor flow of water for irrigation,;

o Tomaintain accounts;
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‘o To cause annual audit of its accounts;

o To inaintain such other records as brescfibed'

e To conduct General Body meeting in the manner prescribed,

e To conduct regular water budgeting and atso to conduct periodical social audlt in
the manner prescribed.

o To encourage avenue plantations in its area of operation.
_Functions of Water Users’ Association

The Water Users' Association shall perform these functions (in addition to functions
mentioned above), to prepare and implement a warabandi schedule for each irrigation

_ season, consistent with the operational plan, based upon the entitlement, area, soil and
cropping pattern; to prepare a plan for the maintenance, extension, improvements,
renovation and modernisation of irrigation system in the area of its operatlon and carry
out such works of both distributary system and field drains in its area of operation with
the funds of the association from time to time; to regulate the use of water among the
various outlets under its area of operation according to the warabandi schedule of the
system; to prepare demand and collect water charges; to maintain a register of land
owners as published by the revenue department; to resolve the disputes, if any, between
its Members and water usets in its area of operation; to raise resouirces; to assist in the
conduct of elections to the Managing Committee; to-abide by the decisions of the’
Distributary and Project Committee; to encourage avenue plantation on canal bunds and
tank bunds by leasing such bunds. ' )

Functions of the Distributary Committee

~ The Distributary Committee shall perform these functions (in addition to the functions

mentioned above), to prepare an operational plan based on its entitlement area, soil,
cropping pattern at the beginning of each irrigation season, consistent with the operational
plan prepared by the Project Committee; to prepare a plan for the extension,
improvements, renovation, modernisation and annual maintepance of both distributaries
and medium drains within its area of operation; to regulate the use of water among the
various Water Users' Associations under its area of operation,; to resolve disputes, if any,
between the Water Users' Associations in its area of operation; to maintain a register of
Water Users' Associations in its area of operation; to abide by the decisions of the
Project Committee; to assist in the conduct of elections to the Managing Committee.

Functions of the Project Committee

The Project Comimittee shall perform these functions (1n addmen to the functions mentloned
above), to approve an operational plan based on its entitlerhent, area, soil, cropplng '
pattern as prepared by'the Competent Authorlty in respect of the entire proje ject areaat -
~the begmmng of each irrigation season; to approve aplan for the extension, 1mpr0vements i

" renovation, modemlsatlon and annual maintenance of irrigation system including themajor - i

* drains Wlthm itsarea of operation at the end of each crop seasons; to maintainalist ofthe
‘Dlstmbutory Committees and Water Users' Associations in its area of operation; { to resolve
disputes, if any, between the Distributory Committees. '

-
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5.4.10 Censtitation of sub-committees of Farmers' Organisation -

The Managing Committee of a Farmers' Organisation may constitute sub-committee to

‘carry out all or any of the functions vested in each Organisation under this Act. The Sub-
Committee will carryout specific functions assigned by the President/ Chairperson on
- recommendation of the managing committee. No member shall represent more than one
sub-committee. Sub-comittees constituted under this rule shall carry out such other
functions as may be specified by the Government from time to time.

(A) Admlmstratlon, Finance and Resoureces sub- Commlttee-

The Administration, Finance and Resources Sub Committee shall- conslst of not more

~ - than the three members having minimum education qualification of the secondary,

- - nominated by chalrperson / president from the members of Farmers Organisation. This
_ subcommittee shall examine and put his recommendation about any administrative reforms
required for better ﬁmctlomng of the Farmer's organization and methods for raising of -

© résources to achieve financial soundness of the farmers Orgamsatlon The recommendation

of the sub comnuttee shall be discussed in the General Body meetmg, and a decisionbe. .

amved at by voting in favour by at least two third maj omty of members present.

1 ~'Depes1t anda ,numstrahon of the funds - The Farmers Orgamsatlon shall keep their
fundsina Natlonallsed Bank or a Co-operative Bank or a Post Office. Co-operative
Bank means 4 Primary Agricultural Co-operative Society or the District Central Co-
operative Bank or the Rajasthan State Co-operative Bank. The funds shall be applied
‘towards meeting of the expenses incurred by the Managmg Committee of the concerned
Farmers ' Organisation in the administration of this Act and for no other purpose. President
of WUA will operate accounts jointly with another member of the Managmg Comrmttee
duly authonsed for the purpose by the Managing Committee.

(B) Works- Sub Committee: (NIRMAN Up SAMITI) for Water Users'
Association- -

Works sub committee shall have eight nominated members,ou’t of which six members
shall be nominated by the managing committee of Water Users' Association, Two members
representing head reach; Two members representing middle reach and Two members-
‘representing taﬂ reach, : :

Out of these six ‘members two must represent scheduled castes and schedule tribes
(preferably one from each cast) and one shall preferably be awoman member. The rest
~ two members shall be nominated by the competent authority on requestofthe managing
comumitiee out of which one shall be from available technical/ supervisory staff of the
 departinent and other shall be either a village level agricultural assistant or any otherJocal
- government empioyee nominated by District Collector on the request of the competent
“authority.

-~ Thesub commlttee SO consntuted shall have ﬁmcnons/ 1espons1b111t1es as, the sub commlttee

- shall meet fortnightly, during the work of Maintenance/ tepair/ improvement/ construction

~ isin progress; it shall decide about work to be taken up on minor. Conduct and assist
-~ "walk through surveys" and work out strategies to carry out the work in best economical
_manner adhering to required specifications and time; it shall recommend about
employment/ removal of labour/ suppliet/agency/contract required for: carrying out the.
works; it shall finalize the quantity-quality and make etc. of all materials/articles etc.
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appeal to the Managing Committee of a Project Committee, whose decision thereon
shall be final. Any persons aggrieved by any decision made or order passed by the
Managing Committee of a Project Committee may appeal to the Apex Committee, whose
decision thereon shall be final. SR B
Any appeal as described above shall be preferred within fifteen days of communication
of the decision or the order to the person aggrieved.. Every appeal underthis section
shall be disposed off within thirty days from the date of filing of the appeal by:adopting
summary procedure. ’ ' ,

5.5

IMPLEMENTATION OF PARTICIPATORY IRRIGATION
MANAGEMENT PROGRAMME |

The challenge of successful functioning of FOs and their sustainability can be met by
ensuring; close partnership between the ID & AD officials and the farmers, equity in

- water distribution, proper maintenance plan, cultivating sense of ownership among farmers,

transparency in functioning of WUAs and improved cost recovery and water service.
This would require: : e ‘

e Political support at the grass root level to convince farmersand mobilizing their
- support for formation & sustainability of FOs, - :

* Cpntinubus state supporf in transferring irrigation responsibilities and officials
- towork as facilitator, o - _ .

e Comprehensive human resources development program for FO managing
" committee members and the state officials:

Continues strengthening of WUAs through monitoring and evaluation program.
Mobilization of Financial Resources to Sustain Reforms,

Entrusting Powersto WUAs,

Priority for other Funds.

5.6

SUMMARY

To efficiently utilize irrigation potential created and to provide irrigation facility to all
farmers even to tail enders and to manage the irrigation system properly it is essential to
have farmer's participation in management of irrigation system not only at minor level but
upto project level. Giving responsibility to users will not only benefit the state government
but will also benefit farmers by way-of improved agriculture production. Therefore it is
necessary to implement the PIM in all major, medium & minor irrigation projects in the
state. The legal support provided by RFPMIS act & rules will guide department officials

& farmers for successful implementation of PIM.

5.7

SELF-ASSESSMENT TEST

e Why it is necessary to have farmers' participation in management of irrigation system?
e Define Participatory Irrigation Management. |
e Whatis the three-tier system of PIM?
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What are the functions of WUA? :

How amember can be recalled?

® How social audit of a farmers organization is conducted?

5.8

KEY WORDS

Participatery Irrigation Management.
Water Users Associations.
Distributory Committee.

Project Committee. 7

Managing Connnittee. |

Territorial ‘Constituency.

Farmérs Organiiations.

Land Owner. |

Water Utilizers.
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UNIT-6

PERFORMANCE EVALUATION OF WATER RESOURCES PROJECT

Structure
6.0 Objecuves
6.1 | Introduction & Future Challenges

6.2 Performance evaluation studies
63 Common findings of performance evaluation studles »
6.4  Common Recommendations of performance evaluation studles
6.5 Concept of benchmarking in mlgatlon system
6.6 Procedure for performance evaluation of irrigation projects
6.7  Summary - o
6.8  Self Assessment Test
6.0 Objectives
| ThlS un1t deals with the topic covenng methods/ mdlcators for evaluaxlon of water resources
; prO] ject. It broadly covers: , :

° Introductlon & future challenges

o Systems in Water Resources PI‘Q] ect

oA ~ Identification of performance md1cators

e Analysisof ihdicators
6.1 Introduction & Future Challenges

- Majority of 20th century Wltnessed path breaking teehnolo gical breakthroughs inthe -

fields ofindustrial production, communication technologies etc, the later half & particularly

- the last decade saw a gradually building concern on the finiteness of the fresh water

availability & the resultant socio-economic impacts. India, though have achieved
remarkable progress in the areas of water resources development since independence,
is presently experiencing range of issues in water sector primarily due to rapid growth of
population, urbanization & mdustmahzahon detenoratlon of ex15t1ng system due to deferred
maintenance, de31gn criteria etc. - '

The declining per capita water availability, growing regional imbalances owing to rainfall
variation, rising multi-sectoral water demand, inequitable water distribution, low irrigation
efficiencies; deteriorating water quahty, ﬁnan01a1 constralnts etc are some of the i issues
posing serious challenges in future.

Presently agriculture sector is the largest consumer of water and consumes more than 80
% of available water. With the increase in water demand for non-irrigation use & reduction
in per capita availability of water, the water availability for irrigation use will be curtailed.

The agricylture sector is the mainstay of Indian economy & agriculture and allied sectors |
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contribute nearly 25% of Gross Domestic Produc‘non and about 65-70% of the population

. isdependenton agriculture for their livelihood. Presently total annual agriculture production
., comes nearly 220 million tones while the total food grain demand by 2050 tunes to be
between 420 - 490 million tones, The presently irrigated area yields about 2.75t/Ha
while yield rain fed area is around 0.75 t/Ha, With availability of land as constraints, the
poss1ble solution for meeting this food grain demand of future revolves around:

a. Conversion of rain fed area into 1rr1gated area through development of new
water resources projects.

b.  Useofhigh yielding crop variety.
c. Bridging the gap between irrigation potential created and utilized.

Of the possible solutions to mitigate food grain requirement, development of new water
sources is becoming very costly and of the all-freshwater sectors, agnculture inmost
cases shows the lowest return of water in economic terms. The matter of using high

yielding crop variety is a scientific research work and carries with time. Regarding bridging.

. the gap between irrigation potential created and utilized, about 32 lacs Ha irri igation
~ potential has been created in Rajasthan while the utilization tunes to about 22 lacs Ha
-only. Thus there is a tremendous scope of improvement of water use efficiency. Studies
reveal that mere 1% improvement in irrigation efficiency in India's 90 m Ha irrigated area
can save enough water to provide irrigation to an estimated 300,000 Ha at about 30-

' 35% efficiency. Thus i irrigation efficiency should be improved from the present average

ofabout 30%toa maxmnum achievable Value of around 60%.

Thus looking to the present era of water availability & future challenges, the slogan of
tomorrow should be "more crop per drop of water".

- Thereis astrategic need to "re-invent”" water management in agnculture sector based on:
1. Modemization ofirri gatlon infrastructure and i institutions.

2 Adoptxons of modern methods ofi ungatlon B '

3. Savmg of irrigation water through scxentlﬁc approach

4, Improvmg service dehvery '
5

. Participatory management of irrigation by stakeholders groups in distribution
of water and shanng of costs and benefits. S

Looklng to the performance of present 1rr1gat10n system, it is the 1i ght tlme to answer
some questions hke :

1. Total revenue put in per unit volume of 1mgat1on water stored (Rs/m3)‘7
2. Agriculture output per unit command area (Rs/Ha)?

3. Output per unit irn'gation supply (Rs/m?)?

4. Total operation & maintenance cost per unit command area (Rs/Ha)"
5

Total revenue recovered per unit volume of i 1rr1gatlon water stored/supplied -

(Rs /m3)?

Crop (revenue) per unit 1rngat10n supply? |

o

Environmental impacts?
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required to be purchased from market through inviting competitive bids by publication or
by enquiry under local shopping procedures; it shall regularly supervise the work and
satisfy about the quality and progress and recommend to stop the construction and use
of material on work in case work is not found satisfactory and order to remove/replace
‘inferior quality work and also recommend for removal of agency contractor found to
perform work with inferior quality and workmanship; it shall suggest for change/
modiﬁcatibn/ alteration/ addition or delete and deviate from the items of work originally
provided in the estimate. However such changes even if within the total sanctioned cost
shail be got approved before execution from concern competent Authority empowered
to do so; samiti shall have powers to access / scrutinize and audit all vouchers/bills etc.
related to construction and O&M activities. :

Any decision shall require consent of at least five members and in case of & disagreenient
over any issue, the committee shall approach to the chairperson of Water User Association,
‘whose decision shall be final. : ’

(B1) Execuiion of works

The Proposals for conducting maintenance/ Repair and improvement works on Minor

" and drainage system shall be finalised after conducting a joint walk through in association
with representative of project authority. The prioritization shall be donein consultation
‘with competent authority depending upon the availability of funds and necessity of work
for smooth running of the system. Project/Competent Authority shall get the estimate
prepared and convey technical sanction for execution of such works where required.

“ The work shall be executed by the Water Users Association in association with works
sub-committee following the guidelines as given hereinafter.

Procedure for execution of works by Water Users' Association

Water Users Association may execute, repair and maintenance work, out of its own
income subjected to following conditions: - ‘ ’

@ Kachha works of repair and maintenance involving earthwork, excavation, repair
of cuts, filling of depressions, grass cutting, shrub & weed removal, filling of rain
cuts, gullies, rills silt removal and repair of banks and service road etc not exceeding
Rs 50 per ha. of Culturabalé Command Area in a year. '

e Puccawork relating to repairs of structures involving plaster/ pointing and repair to
damaged masonry/ concrete etc. not exceeding Rs. 20 per ha. of Culturabale
Command Area inayear. '

e Tor attending piping, breach amount shall be spent not exceeding Rs. 30 per haof
Culturabale Command Area pet year and execution of all such work shall require
approval of the managing committee; :

e Works exceeding Rs. 50000/- in a year, shall be executed after preparation of
proper estimate and issue of technical sanction by the competent authority including
deviations up to 20 Percent. Technical sanction will issued by Junior Engineer for
more than 50,000 and up to Rs. 1,00,000 per year for M&R works only; Assistant
Engineer for more than Rs. 1 ,00,000 lacs to Rs. 5,00,000 per year for M&R works
only; Executive Engineer for more than Rs. 5,00,000 lacs upto Rs. 10,00,000 per

year for M&R including all works for extension, improvement and modernisation
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etc. and Superintending Engineer for more than 10,00,000 lacs per year for M&R |

including all works for extension, improvement and modernisation etc, -

On Completion of repair and maintenance and regulation works the report about works
executed shall be prepared and all related vouchers shall be put up before the managing
committee for scrutiny and suggestions for future adoption. The final report shall also be
putup before the general body. '

Any work related to fresh construction, chan;ge from original desi gn and improvement
shall require approval of Executive Engineer and Superintending Engineer with in their
respective technical/ administrative/ financial limits, o
Competent authority can stop execution of work by written order, if work is found to be

of inferior quality and workmanship with advice to remove/ terminate agency/ contract
with immediate effect. A - A
(C) Water Management and griculture sub-committee; (SINCHAI UP
SAMATI):- '

Water Management and Agriculture sub-committee shall be constituted by president on
the recommendation of managing committee as perrules.

The Sinchai Up Samiti shall have functions and responsibilities and fulfilled under the
technical guidance of'the Project/ Competent Authority as follows, It shall meet frequently
during and well before the start of irti gation season and as and when require. It shall see
- that minor and watercourses and drains of each chak are properly cleaned and maintained
to carry the required flows. In case they are not clean it may pursue the concerned outlet
farmers / chak samiti to get the clearance done and impose a ban on utilisation of water
till proper clearance is done. If required may also approach the Nirman Samiti/Chairperson
for carrying out the required maintenance in time, It shall in consultation with Project/
- Competent Authority frame a water distribution schedule, stating date, time and quantum
of water for a chak. It shall approach the Project/ Competent Authority in case supplies
falls short of the requirernent and act accordingly to the instructions to get the supplies
restored. It shall distribute the available water among the chak and authorise chak samities
to draw water on equitable basis adopting certain pre-decided norms of allocating water
inturn to individual farmer, It may recommend alteration, in size and position of existing
outlet and may recommend removal or fixing of new outlet and change of boundaries of
~ the chak keeping in view the best use of water but no change shall be made unless
approved by the Project Authority. However total capacity of all outlets shall not exceed
the design capacity of respective carrier channel. It may recommend to declare an area

out of command or inclusion of new area'in the command of the minor and may

recommend use of water through lift in the near by area. It may recommend to engage
educated unemployed youth of the village with repute to act as water master who shall
perform the following activities. He will maintain record of Water Users Association and
Sub Committees and Farmer Organisation under the guidance of Chairperson; Supervise

- day to day irrigation and assist chak samiti/Farmers in getting water on their turn, andto

maintain watch and ward and to ensure safety of structures; Collect Irrigation dues/fees
and maintain accounts and records as required and as directed by Chairperson / President;
Prepare report of wastage of water and Other related works ordered by Chairperson of
- Water User Association. Water masters may be reimbursed of his duties on commissjon
basis/contract basis in kind as a share of crop produce or fee collected through farmers

70



or Water Users' Association shall reimburse out of the own resources asmay be decided
by the General body.

(D) Meonitoring, Evaluation and Training Sub-Committee

Monitoring, Evaluation and Training Sub-Committee shall be constituted by Chairperson
in consultation with the Competent Authority. This sub-committee shall look after overall
monitoring and evaluation and shall suggest any improvement require in functioning ofthe’
Farmers' Organisation. It shall also act for introducing various training programs to
‘members of Farmers' Organisation by approaching the related departments in consultation
with the Competent Authority / Project Authority. The training shall constitute a regular
feature to improve over all working and efficiency of Farmers' Organisation.

(E) Chak Samiti

Managing committee may constitute chak wise Chak Samiti for efficient distribution of
“water and to implement discussion taken by general body meeting with in the chak concern.
Chak Samiti shall consist of three farmer members of the concern chak nominated by the
President/Chairperson. - '

5.4.11 Resources of Farmers' Organisation

The funds of the Farmers' Organisation shall comprise of the following. Grants received
from the Government as a share of the water tax collected in the area of operation of the
Farmers' Organisation; such other funds, as may be granted by the State and Central
Government for the development of the area of operation; resources raised from any
financing agency for undertaking any economic development activities in its area of
operation; income from the properties and assets attached to the irrigation system within
its area of operation; fees collected by the Farmers Organisation for the service rendered
in connection with better management of the irrigation system; and sums received from
any other source. : S I

54.12 Audit

Every Farmers' Organisation shall get its accounts audited every year. Atthe end of
each financial year, and not latter than three months after the commencement of the new:
financial year the Farmers' Organisation shall cause its accounts to be audited.

5.4.13 Power to levy and collect fee

A Farmers' Organisation may for achieving its objects and performing its functions, levy
such fee as may be specified by the Government from time to time. Wherea member has
defaulted in payment of fee, the Managing Committee shall prepare a list of such defaulters
along with amount due. The President/ Chairperson of Farmers' Organisation shall make
‘an application under the Rajasthan Land Revenue Act 1956 for recovery of amount due.

54.14 Power toremove encroachments

A Farmers' Organisation shall exercise its power to remove encroachment on irrigation
worksin their respective jurisdictions through Managing Commiitee in the same manner
as is exercised by the Tehsildar under the provisions of the Rajasthan Land Revenue -
Act, 1956 and rules made there under. g

5415 Offenses and Penaltics |
Whoever, without any Jawful authority, daﬁxages, alters, enlarges or obstructs any irrigation
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system; interferes with, increases, or diminishes the water supply in, or the flow of water
from, through, over or under any irrigation system; being responsible for the maintenance
of the irrigation system neglects to take proper precautions for the prevention of wastage
of the water thereof or interferes with the authorised distribution of water there from, or
uses water in an unauthorised manner or in such manner so as to cause damage to the
adjacentt land holdings; corrupts or fouls, water of any irrigation system so as to render it
less fit for the purposes for which it is ordinarily used; obstructs or removes any level
marks or water gauge or any other mark or sign fixed by the authority of a public

servant; and opens, shuts or obstructs or attempts to open, shut or obstruct any sluice or

outlet or any other similar contrivance in any irrigation system; shall, on conviction, be

punished with imprisonment which may extend to two years or with fine which may

extend to rupees five thousand or with both,
5.4.16 Compoesition of Offences

. AF armers’ Organisation may accept from any person who has committed or in respect
of whom areasonable belief can be inferred that he has committed an offence punishable
under this Act, a sum of money not exceeding rupees one thousand by way of composition
for such offence. On payment of such sum of money, the said person, if in custody, shall
be discharged and no further proceedings shall be taken against him in regard to the

offence, so compounded.
5.4.17 Punishment under other laws not barred

Nothing in this Act shall prevent any person from being prosecuted and puhished under

any other law for the time being in force for any act or omission made punishable by or

under this Act, provided that no person shall be prosecuted and punished for the same
offence more than once. ' ‘

5.4.18 Settlement of disputes

Any dispute or difference touching the constitution, management, powers or functions of
- aFarmers' Organisation arising between members, shall be determined by the managing
committee of the Farmers' Organisation concerned. Any dispute or difference arising
between a Member and the Managing Committee of a Water Users' Association or
between two or more Water Users' Associations shall be determined by the managing
Committee of the Distributory Committee. Any dispute or difference arising betweena
Member and the Managing Committee of a Distributory Committee or between two or
more Distributory Committees shall be determined by the Project Committee. Any dispute
~ ordifference arising between a Member and the Managing Committee of a Project

Committee or between two or more Project Committees shall be determined by the
“ Apex Committee, whose decision shall be final, '

’ EVery dispute or difference under this section shall be disposed of within forty five days

from the date of reference of the dispute or difference.
S5.4.19 Appeals |

Any persons aggrieved by any decision made or order passed by the Managing Committee
of a Water Users' Association may appeal to the Managing Committee of the Distributory
Committee, whose decision thereon shall be final. Any person aggrieved by any decision
made or order passed by the Managing Committee of a Distributory Committee may
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8. Costrecovery ration?
9. Maintenance cost to revenue ratio?

10. Revenue collection performance?

6.2

Performance Ev‘aluation Studies:

6.2.1 Need for performance evaluation:

Looking towards the present irrigation efficiency of around 30% and increase in gap 7
between irrigation potential created and utilized and further studies reveal that mere 1%
improvement in irrigation efficiency in India’s 90 m Ha irrigated area can save enough .
water to provide 1rr1gat10n to an estimated 300, 000 Ha at about 30-3 5%-efﬁciency :

Thus irrigation efficiency should be improved from the present average of about 30% to
amaximum achrevable value of around 60% Fori 1mprovmg the nngatron efﬁcrencles, it
is necessary to:

. -Locate the deficit areas :
: -Pluggmgthe leakages :

- - Assessment of areas heeding attentlon

© 6.2.2 Objectives of evaluatmn studies: -

, Performance evaluation studies were started inthe 703 with the followmg objectives:

1. Measurement of gaps between set targets and achrevements
" Reasons for shortfalls and remedial measur_es
. Assessment ofi nnpacts on envrronment -
_Selectron of best practrces and processes o
Ratification of assumptrons
Assessment of performance w1th respect to set Obj ectives
| Identlﬁcatron of shortfalls ‘ '
~ Impacts on agro- ~econoMic, soclo-economlc and env1ronment of command

Irrrgatron induced and degradatlon 1.e. Water loggmg, alkamty/ salinity effected |
Jand.

. Recommendatlons for closing performance gaps and 1mprov1ng overall
efficiency of the system.

© o NG LR W N

o
<

1 6.2 3 Mam aspects of performance studles -

Followmg main aSpects have been consrdered during performance evaluatron ofi 1rr1gatron
projects in various parts of the country :

"1 System Performance

2. Agro-economic impacts R
3. Socio-economic impacts

4 Environmental‘impacts |
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(a) System Performance: For evaluating system performance of the project, the
following parameters are generally considered: ) ,

Physical achievement
Hydrology
Distribution Network

Co_nimand Area Development and irzigation efficiencies.

1

2

3

4

5. Competing Demands
6. Cohjunctive Use of Ground and Surface Water
7. - Mitigation of Droughts '
8 Managerial Issues -

(b) Agro Economic Impact: It has been experienced that irrigated agriculture yields
far better results than unirrigated agriculture especially by using high yielding varieties of
seedsand fertilizers. The availability of water and its periodicity is main factor in evolving

* cropping pattern in the command. In performance studies pertaining to agro-economic
inputs following parameters are being considered:

- 1. Cropping Pattern )
. LandDistribution and Holdings

Farming Practices

2

3 .
4.  Agro-based Indﬁstries
5 Extension Services

6. Micro-level Credit F aciliﬁes

7. Ancillary Income Generation Sources
8. Rotational Water Management

(¢) Socio-economic impactﬁ Irrigation &evelopment in command areas increased yield
of various agricultural products in many fold and this has elevated the social status of the
community at large. Thus while studying socio-economic impacts of irrigation projects, |
| following_aspects are being considered: ' o : "
1. Fam Employment
2. Non-farm Employment
3. Infrastractiral and Institutional Facilities
4.  DemographicImpacts
5. Litracy.
6. . HealthCareand F amily Planniig
7. Poverty Alleviation - v
- (d) Environmental im:p_._,zi,cti: Some s'e'ctiehs"of the society criticized irﬁgation‘ projects
commenting that these create imbalance in the env‘ir'pnment_ in many spheres. While -
performing evaluation studies of completed irrigation projects emphasis has been given
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to evaluate impact of these projects on the environment and for this purpose, following
parameters have been considered: '

1.

7

w N W R WD

Ground Water Table
Water Quality -

- Ecology

Wild Life

Drainage & Water logging
Soil Salinity & Alkalinity
Forest & Land Use

_Flora & Fauna

6.3 “Common Findings of Performance Evaluatlon studies:

Studies carried out by various Central Govt. agencies such as Central Water Comm1ss1on
Planning commission, Central Board of Irrigation and Power, Ministry of Water Resources
and some State Govt. reveal some common features regardmg various aspects of proj ect
performance Some of these are as given below:

(A) System Performance:

1.

B DN

W

6.
7.

System deterioration due to deferred maintenance

Shortage in Water Availability -

, Redﬁctien in Canal Capacity

Gap in Potential Created and Potential Utilized

Industrial and domestic water supply demands 1ncreased enomlously for
which there was no provision at planning stage.

Overuse of water by head end cultivators
Inadequate flow measurement methods

Shertage of supervisory staff

(B) Agro-economlc impacts:

1.

N

Introduction of high y1eld1ng variety of seeds resultmg in 1ncreased'water

- demand of crop.

Increase in cropplng intensity

. Change in croppmg pattem » .
" ;IncreaSed Use of HYV Seeds Fertlhzers and Pestrcrdes

: 'Increase in Yleld

Increase in income through ancﬂlary soutees
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- (€) Secio-economic impact:.
(D Appreciable increase noticed in
1. Treméndous increase in land value
2 Generation of Farm Employment
3 Economical upliftment of cultivators
4. Infiastructural and Institutional Facilities
5. Literacy _
6 He'althCareand Family Planning ,
7. Effect onsocial evils like drinking liquor etc, -

: (i) lemg standard of people has been elevated and many people raised .
‘above; poverty line . ' ' , : :

(D) Envnronmental lmpact: o
1. Risei n Ground Water Table , _
Positive Impacts on Flora & Fauna.

" Decrease in Alkalinity & Salinity

2

3., Water Logging at Places
4

5 Increase in Green Covers

6.4. Common Recommendatlons of Performance Evaluatlon Studies:

~In depth studies of performance evaluatlon reports of 112 major and medlum irrigation .
proj ects suggest following measures for optlmrzlng the benefits from these projects.

1. Rehabrhtatlon and Restora.tlon of Damaged/ Silted Canal System

2 Proper and Timely Maintenance of System
. 3. Selective Lining of Canal and Distribution System
- 4, Realistic and Scientific System Operation -
- 5. Revisionof Cropplng Pattern, 1f needed
6 Restoration / Provision of Approprlate Control Structures
7. Efficient and Reliable Communication Network -
8. Rehable and Adequate Water Measurrng System :
9. Conjunctive Use of Ground and Surface Water
- 10. VRegular Rev151on of Water Rate '_ _
. 1 1. Encouragement for F ormatron of Water Users' Assocratrons '
12. Trainings to Farmers
13. Micro-credit Facilities _
14. . Agricultural ExtenSion Services
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15. Encouragement to Farmers for raising Livestock

16. IncreasingNon—farmEmployment Avenues

6.5

Concept of Benchmarkmg in Irrlgatlon Systems for evaluatmg
performance: ~ ’

6.5.1 Concept of Benchmarkmg in Irrigation Systems:

The best performer sub-bystem inairri igation project or the system as a whole resulting -
into the best performance is considered as a benchmark and other sub-systems ina
particular irrigation system or other irrigation proj jects when compared with the best

performer is termed as 'Benchmarking of Imgatlon System'. Thus, benchmarking process
may be undertaken in two ways i.e., :

(1) Internal Benchmarking or Process Benchmarkmg and

)] External Benchmarking or Metric Benchmarkmg In the case of internal benchmarking,
the comparison is accomplished with various sub-systems of a proj ject whereas in external

benchmiarking various projects located in almost similar agro-climatic zones are compared.

In case of projectslocated in different agro- -climatic zones, welghted parameters are -

con51dered for various indicators of benchmarkmg Process.

+ As per the definition of benchmarkirig for the irrigation industry coined by 'Austl allan
- National Commission on Irrigation and Drainage' (ANCID), benchmarking is a process

whereby organizations pursue enhanced performance by learning about their own

 organization through comparison with their hlstorlcal performance and w1th the practices

(

and outcomes of others. '

- 6.5.2 Indicators for performance evaluatlon

In all 20 indicators have been considered for aforesald 4 sub-systems These md1cators :

. are as follows: |

(A) System Performance:

e  Water delivery capacity Index
e Total annual volume of i irrigation water supphed/dehvered (m3/year)
e Fieldapplicationefficiency
e ' - Annual Relative Imgdtlon Supply Index
e Annual nngatlon water supply per unit command area (Cum/ha)
e Annual irrigation water supply per unit 1mgated area (Cum/ha)
(B) Agricultural Productivity: l.

e  Output per unit command area (Rs/ha)

e Output per unit irrigated area - Tonnes/ha cropwise, Rs/ha

° Outpﬁt per unit irrigation supply (Rs/cum), |

® Olitput per unit crop water demand (Rs/cum)
(C) Financial Pei‘formance:

e Costrecovery ratio |
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Total O&M cost per unit area (Rs/ha)

Total cost per person employed on O&M Works (Rs/person) -
Revenue collection performance . , |

Reveﬁue pér unit volume of irrigation water supplied (Rs/cum) '

' Maintenance cost to revenue ratio

Staff numbers for O&M pér unit area (persoﬁs/ha‘)
®  Total O&M cost per unit of water supplied (Rs/cum)
(D) Environmental Aspects: ‘ |
e Average depth to water table (m) and Land Damage Index
e  Water quality: Ph/Salinity/ Alkaliniiy Indexand Salt balance (tonnes)

6.6 -

- Procedure for Pérformance Evaluation of Irrigation Projects:

6.6.1 Collection of reqliired data:

In case of internal performance evaluation, data relaﬁng to various sub-systems of the
project s collected and compiled. If external evluation is to be carried out, data concerning

- all the projects participating in the process and located in the similar agro-climatic zones

is compiled. In case, the projects are not located in similar agro-climatic zone, proper

- weights are to be assigned to such projects so as to bring them, theoretically, in the

- similar agro-climatic zones. As may be seen from the list of indicators illustated in preceding

paragraphs, following data is required to evaluate various indicators: -

1. Designed discharging capacity of canal to cater peak crop water requitement
and actual carrying capacity. ‘ S

Crop water requirement to meet evapo-transpiration needs of the region.
Culturable command area of the project
Amount of water supplied to various sub-systems or projects

Actual area irrigated

S

Staff engagéd for running and maintenance of the system and expenditure being
incurted on them

7. Details of fecovery of water charges
8. Details about crop production
9.  Water table details
10. Details of water quality
6.6.2 Analysis of data:

Sometimes data for a particular parameter is not directly available. In such cases, the -

data s estimated considering all relevant facts and fi gures. Proper checking and scrutiny
of data is also essential to avoid erroneous results. Adequate infrastructure may be
provided to collect, compile, scrutinize, analyse and process the desired data. If some
important data is continuously missing, arrangement for observing such crucial data is

also required, -
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6.7

Summary

. Adoption of scientific methods of monitoring & evaluation of the system based on the

outputs does not require much financial arrangements. But there is an urgent need to
change present mindsets of both irrigation managers & the cultivators. The managers are
required to establish monitoring cell from the existing establishments. The field officers
will submit data to the monitoring cell and monitoring cell will prepare an annual report
indicating input & output from any irrigation system. This exercise will quantify the cost -
of water & output per drop of water besides preparing grounds for any forthcoming
rehabilitation projects. ' :

Culﬁvators in turn will de'\_/eldp‘ faith.in the system & through equitable water distribution

& scientific farming can increase agriculture production for suitable development of country.

6.8

Self asséssment test .

1. Whatare performance evaluation studies?

- 2. Whatare the environmental impact?

*e e
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UNIT-7

BENCHMARKING OF IRRIGATION PROJECTS

- Structure

7.0 Objectives

71  Introduction

72 Need for Benchmarking

73 Benchmarking Obj ectives

7.4  Benefits . -

7.5  DataCollectionand Analysis

7.6  Summary

7.7 | ,SelfAssessmeht Test

78  KeyWords A

7.9 Suggested'Reading's. g
Objectives

7.0

Fierce competition, globaliéation and development of new information and communication
technologies have forced ustocontinuously search for and adopt new processes, structures’
and tools in order to survive and compete in their respective spheres. The explosion of

‘ ~ management tools and techniques in the 1990s to help systems successfully change is -
~ evidence of this situation. One among these techniques is benchmarking, which has proved -
" tobe valuable in helping individual systems evaluate their competitive position. '

Introduction ‘

The average annual flow available inrivers Ain Indiais around 1869 BCM. Presently, the

" national annual average per capita availability is about 1829 cum per year. However, by
.~ the year 2050, the estimated annual per capita availability of 1168 cum would take the
~country at the threshold of water scarce conditions.. The situation in certain parts of the

country is likely to be critical and it is estimated that by the year 2050,30% of the
geographical area and 16% of population in the country will be under absolute water .
scarcity condition, with water availability of less than 500 cum per year. o

Estimation of water demand and its implications on water quantity and quality is extremely
important. Agriculture has the dominant demand and it will continue to predominate for
along time. However, there is considerable scope for rationalisation of its demand and
optimisation, of its use. Lower consumption of water in agriculture has a very positive
impact on reduction of environmental degradation. For meeting country's need for food
grains, the water demand for irrigation for year 2050 has been estimated by the National
Commission for Intzgrated Water Resources Development Plan (N CIWRDP) to be .

- around 628 BCM for low demand and 807 BCM for high demand.

Despite the fact that productivity Inirrigated areas has increased as compared to that ¢
rain fed areas, the increase is still below the world standards and developing countries
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like China. This is coupled with sub-optimal water management including low irrigation
efficiencies. There is scope for considerable improvement in productivity and consequent
reduction in the demand for water. Applying the right quantity at the right time and using
the right cultivation and irrigation practices can achieve conservation of water on the
field. Against the backdrop of such a situation of imminent scarcity and inter-sectoral
competition on physical and financial resources, the water resources management has to ‘
undergo a paradigm shift and deep introspection. : : ‘

Asa first step along the path towards sustainable water development and management
we have to use water efficiently. By using water more efficiently, we in effect create a
new source of supply. Each liter conserved can help meet new water demands. Measures
to conserve water and use it more efficiently are now most economically and
environmentally sound water supply options. Irrigation experts and professionals have to

 strive for the highest standards of water use efficacy and evolve means to achieve them

to tide over the impending menace of water scarcity. It should be our endeavour to
achieve the low demand scenario for which it is imperative that considerably higher level

. of efficiency is affected in irrigation water use.

7.2

NEED FOR BENCHMARKING

Fierce competition, globalisationand development of new information and communication
technologies have forced us to continuously search for and adopt new processes, structures
and tools in order to survive and compete in their respective spheres. The explosion of
management tools and techniques inthe 1990s to help systems successfully change is
evidence of this situation. One among these techniques is benchmarking, which has proved
to be valuable in helping individual systems evaluate their competitive position. .

Benchmarking is simply the "introspection” sinceitis a continuous process of measuring
one's own performance and practices'against the best competitors, and isa sequential
exercise of learning from other's experience. Itisa fundamental management skill that
supports quality and excellence and since the early 1990s has become widely regarded
as a skill that should be communicated and utilised day-to-day private and public business
operations. Recent developmentsare utilising the technique for government operations

" forexample, in municipal and state setvices, in the developed countries. Benchmarking

has also broad applications in problem solving, planning, goal setting, process
improvement, innovation, strategy setting, and in various other contexts.

Benchmarking is a continuous process. Opportunities for improvement are identified by
conducting an internal assessment and making comparative measurements with best
practice organisations to determine the performance gap between current practice and
best practice. Selected best practices can then be suitably adopted to fit into the
organisation's needs and-mplemented. The cycle of improvement continues.

‘Benchmarking as a tool can provide with the criterion for prioritisation for rationally
utilising the limited financial resources among different systems. By incorporatinga Fault
Tree Analysis approach as prevalent in Risk Analysis the weak spots in the system and

the management practices being adoptegi*canfbe—identiﬁedrforfappropriate,intm .

In the irrigation sector that would mean more pr(_)ductive and efficient use of the water

i.e. 'more crop per drop' . It has successfully been applied in the Water Supply and.
' Sanitation areas in different conditions. Within the irrigation sector Australia is now
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advanced in the application of the technique to improve the petformance of their irrigation _

systems in a systematic way.

Within the general efforts of reform, benchmarking in the itrigation system is essential. In
~ theirrigation and drainage sector service users are responding to a variety of challenges.

Irrigation systems are coping with a vicious cycle that starts with inadequate maintenance,
resulting in poor service that causes limited willingness to pay by users. The latter provides
insufficient maintenance funds that further reduces the operational efficiency of the system.

The State Irrigation Departments are also responding to a variety of challenges, including:

® - Increasing competition for water, both within the irrigated agriculture sector,
and from other sectors. ' ~

® Increasing demand on the irri gation sector to produce more food for growing
\ - populations. Coupled with the pressure on available water resources, this results

in the "more crop per drop" initiative promoted by international agencies such

as the International Water Management Institute (IWMI) and the Food and -

Agriculture Organisation (FAO) of the United Nations.

® . Growing pressure to effect cost savings whilst increasing the productivity and
efficiency of resource use. :

®  More private sector and users participation leading to more transparent and

accountable (to users) management practices.

® Increasing interest by the wider community in productive and efficient water
resource use and the protection of aquatic environments. :

®  Increasing need for accountability to both government and water users in respect
of water resource use and the price paid for water,

By using appropriate perfomiance indicators of benchmarking it is possible not only to
improve the water use efficiency and financial viability of the system but also ensure
adoption of best management practices and the environmental sustainability in the irrigated

agricultural systems, This would also assist in evaluating the efficacy of farmers' _

participation in irrigation management.

BENCHMARKING OBJECTIVES

7.3
Objectives set forth for benchmarking are: .
. Identifying the best management practices.
e Generating competition amdng various agencies or the projects, units for
distributory networks and or Water Users' Associations (WUAS),
® Prioﬁtising and evaluatihg rehabilitation and remodeling or modernization .
projects, o
®  Assessingand morliforing the inigatibn eﬁicienéy
7.4 BEN EFITS

The following may be considered as meiin_ benefits from the benchmarking process :-
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(b)

(@)

©

®

©

(b

0

Performance Measuring Tool- Benchmarking provides an effective tool for
measurement of performance of irrigation systems. With the use of
benchmarking, irrigation projects taking part in the benchmarking process can
be ranked in order of their performance.

Processes and Procedures- It introduces better stéps, processes and prbcedmes
for improving performance and effecting innovation in system/ sub-system.

Quality and Quantity- It provides improved quality of service with enhanced
productivity. , . '

Continuous Evolution- It supports continuity in evolution of system. With
time, with ever increasing experiences and with continuous improvement and
innovation in technology, benchmark is shifting continuously upward with

emergence of new best performer in the field or improved level of performance

of the same performer. Thus benchmarking brings forth dynamic, relevant and
achievable targets of higher level of performance. '

Awareness- It raises awareness among personnel involved with systems /
sub-systems about performance level of irri gation systems taking part inthe
benchmarking process and their relative strengths and weaknesses.

Opportunity for Learning- It provides a platform for learning from others
who have achieved excellence in similar fields and gives greater confidence in
developing and applying new approaches. :

Solution for Common Problems- It provides an environment for sharing

knowledge, experience and insight among organizations towards looking for
solutions to their common problems.

Sense of Togetherness- It creates a sense of togetherness among project
authorities of participating irrigation projects and increases willingness in them
to share information, knowledge and experience with each other with the
common goal of overall improvement in performance of irrigation sector.

Co-operation and Collaboration- It introduces co-operative and collaborative
approaches that give rise to better outcomes. :

Involvement and Motivation- It creates an atmosphere for greater involvement

~ and motivation of staffand enhances individual and organizational learning. -

(&)

Sustainability in _Agricultural Production- Improvement in the level of
services to the farmers is akey factor for increasing and maintaining sustainability
in agricultural production.

7.5 Data Collection and Analysis

7.5.1 Data Requirements

In any system, such as anirrigation network, there are:

Inputs
Processes
Outputs, and
Impacts
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In measuring performance we are interested in the efficiency with which we convert v
~ inputs to outputs, and the potential impacts that (a) the use of these inputs (resources)
might have and (b) that the outputs might have on the wider environment. We are also
interested in the efficiency with which the processes convert inputs to outputs,

There are a variety of irrigation domains (or systems) in which we are interested, of
which the following three are of primary interest: :

® _Servicedelivery: This domain includes two areas of service provision: (a)
the adequacy with which the organization manages the operation of the irrigation
delivery system to satisfy the water required by users (system operation), and
(b) the efficiency with which the organization uses resources to provide this
service (financial performance). ' :

® Productive efficiency: Measures the efficiency w1th which irrigated agriculture

uses water resources in the production of crops and fiber.

© Envirenmental performance: Measures the impacts of irrigated agriculture
on land and water resources. -

- The performance indicators that are proposed for use in the benchmarking exercise are
linked to these three domains, and their inputs, processes, outputs and impacts. There
are many performance indicators that might be used in this context. For the benchmarking
- exerciseonly key performance indicators will be used as given in Table and detailed in
Appendix A-1. The data required to be collected, for this purpose is given in Table-3.

To ensure consistency in the comparison of results, organizations joining the benchmarking
programme will need to collect the data required for the calculation of the benchmarking
indicators according to the specifications and protocols provided in Appendix A-2 which
provides for each indicator the definition, measurement specification and processing needs,

- Participating organizations will carry out the primary data processing to convert raw data
 into the format required for input into the benchmarking spreadsheet, This task must be
carried out according to the instruction provided. - '

The proforma provided for benchmarking contain data 'in the follovﬁng categoriés: '
e  Summary of benchmérking indicators |
- ®  SalientProject Features - -
®  System Performance | | _ _ £
® Financial Indicators |
® - Agricultural Productivity
®  Environmental Aspects

Indicator values in the summary workSheet are calculated automatjcally after the basic
data are entered into the appropriate worksheet without user intervention.

Two types of indicators can be considered accbrding to the type of data required:
(2) Indicators based on primary data
(b) Indicators based on secondary data

Some indicators are based on primary data that the organization must collecteitherasa -
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normal part of its operation or for the specific purpose of benchmarking. Variables such
as inflow volumes, revenues collected from water users, and total operation expenditure
. fall into this category.

" Some other indicators rely on the use of secondary data for their calculation. Forexample,
the calculation of evapotranspiration (Etc) relies on climatic data for the location of the
irrigation scheme that must be provided inthe format specified by the methodology for
calculating etc. This type of datamay be collected either by the participating organization
itself or an external organization. Wherever data are procured from an external organization
‘special attention must be paid to the data processing methodology. This is particularly
important when data auditing is necessary to trace possible calculation errors.

7.5.2 Data Units

In order that the data can be compared across different irrigation systems the data should
be presented in the units specified in Appendix A2. Data may be collected and processed
locally in different units, but should be converted into the required units before entering
into the database. - '

7.5.3 Data Processing and Analysis

Much of the data analysis involves compiling ratios of the data collected to produce the
value of the required performance indicator. Participating organizations will be responsible
- for processing the raw data collected in conformance with the protocols outlined in
. Appendix A2.Ttis possible that past data collected by such organizations may have
been collected in a variety of formats that may not necessarily comply with these
specifications. In such cases, it is necessary to ensure that data are processed in a
comparable manner. ' o ‘

7.5.4 Data Audit

There are large volumes of data relevant to the indicators covering water, agriculture,

finance etc. Engineers and other professionals working in the field offices generally provide
these data. As they are in the lower rungs of the hierarchy, there could be communication
gap in understanding the objectivity of the process. Therefore detailed data audit at the
system/subsystem level is essential. '

7.5.5 Comparative Analysis - |

The essence of the benchmarking process is to provide organizations with the ability to
compare their performance in relation to similar organizations or similar processes. The
comparative analysis will consist primarily of ranking performance levels for individual
indicators both numerically and graphically. : ’

7.5.6 Program Implementation

Periodic reviews of the programme will be required to ensure that the programme remains

flexible and relevant to the benchmarking partners. New performance indicators may

need to be added in the futureto ensure that emerging issues in irrigation and drainage

 are reflected in the programme. For example, when a system/sub-system is managed by
a Water Users' Association (WUA), indicators relevant to the functioning and effectiveness

of the WUA may have to be incorporated: '
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7.6 SUMMARY

Benchmarking is a continuous process. Opportunities for improvement are identified by
conducting an internal assessment and making comparative meaSurement_s with best
practice organisations to determine the performance gap between current practice and
best practice. Selected best practices can then be suitably adopted to fit into the
organisation's needs and implemented. The cycle of improvement continues.

Benchmarking as a tool can provide with the criterion for prioritisation for rationally
utilising the limited financial resources among different systems. By incorporating a Fault
Tree Analysis approach as prevalent in Risk Analysis the weak spots in the system and
the management practices being adopted can be identified for appropriate interventions.

- Inthe irrigation sector that would mean more productive and efficient use of the water

i.e. 'more crop per drop'. It has successtully been applied in the Water Supply and

Sanitation areas in different conditions. Within the irrigation sector Australia is now _

advanced in the application of the technique to improve the performance of their irrigation
systems ina systematic way. :

7.7 . SELF -ASSESSMEN T TEST

'®  What is the necessity of Benchmarking?

® What are the objectives of Benchmarking?

® Whatare the benefits of Benchmarking?

® What are the categories in which data collection for Benchmarking is to be done?
7.8 KEY WORDS

® Benchmarking: Process of measuring one's own performance and practices against

the best competitors and is a sequential exercise of learning from other's experience.

7.9 SUGGESTED READINGS

®  Guidelines for Benchmarking of Irrigation Systems in India, 2002. Indian N_atiqnal
committee on Irrigation and Drainage. ~

®  YadavKashindra. Application of Benchmarking in frrigation Industry. Lecture note,
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Table 1

Salient features of the project/system/subFSystem*

Code

Item Possible Option
Location
D1 State
D2 District
D3 Name of the Project/Scheme
D4 Name of System/Sub-System
D5 River/Basin/Sub-Basin
D6 Latitude/Longitude
Climate and soils
D7 Climate Arid
' ‘ Semi-arid
Humid
Humid tropics
D8 Average annual rainfall (mm) '
D9 Average annual reference crop potential
' Evapotranspiration, Et (mm)
D10 Peak daily reference crop potential
evapotranspiration, Et_(mm/day) A
D11 Predominant soil type(s) and Clay,Clay loam, Loam
percentage of total - Siltyclay, loam Sand
Institutional
‘D12 - Year first operational
D13 Type of management Government agency Water
' Users Association/ Federation
_ of WUAs ,
D14 Agency functions (to indicate the Trrigation and drainage service
' -extent the agency controls the Water resource management
system/sub-system) Reservoir management
Flood control
Domestic water supply
FisheriesOther
D15 Type of revenue collection Tax onirrigated area
Charge oncrop type and area
Charge on volume of water
delivered-charge per irrigation
Charge based on number of
waterings per season

.*Considéring that the records connected with works, personnel émployed etc. are
maintained at the level of an irrigation Section, the System/Sub-System adopted should
be at least at the jurisdictional level of a Section.

91




Code Item , Possible options
D16 . Agency entrusted with Revenue Irrigation Department
' Collection ’ Revenue Department
’ "WUA ‘
Others
D17 Land ownership Government
- Private

Socio-economic ’

D18 Gross Domestic Product (GDP)

D19 Farming system ‘Cash crop
Food grains crop

: : Mixed cash/ Food grainscrop | -
1+ D20 Marketing Government marketing board |
' : Private traders
Local market
_ Regional/national market

D21 Pricing Government controlled prices
Local market prices

Water source and availability ' '

D22 Water source Storage on river
Run-of-theriver including
barrage/anicut '

. Groundwater
Conjunctive use of surface
and groundwater

D23 Water availability Abundant Sufficient -

: ' Water scarcity
D24 Number and duration of irrigation Number of seasons
' season(s) Number or months per season
’ ' Season 1 ’
Season2
‘Season3

Size _

D25 Commanded (irrigation) area (ha) -

D26 " Total number of water users supplied | -

D27 Average farm size (ha) -

D28 Average annual irrigated area (ha)

Out of the above :
Surface water (ha)
- Ground water (ha)
In case of .onjunctive use, please give
weightage for the waterings from
each source : -
D29 Average annual cropping intensity (%) | -
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" Infrastructure - Irrigation

percentages of total command area

D30 Method of water abstraction Gravity diversion
b Purmped diversion
_ Groundwater
D31 Water delivery infrastructure Lined channel Unlined
(lengthand %) _ Pipelines
D32 Location and type of water control Control structure at intake of
equipment ’ | the system/sub- system
Type: '
None - » v
Fixed proportional division
Gated - automatic local
control
D33 - ‘Discharge measurement facilities, Location
| | locationand types | None -
Type: .+
| Flowmeter =
Fixedweiror flume
Calibrated sections
o _ “Calibrated gates
Infrastructure - Drainage - ‘ '
D34 Area serviced by surface drains (ha) - ‘
D35 Type or surface drain | ConstructedNatural
D36 Length of surface drain (km) NaturalOpenClosed
| D37 Area serviced by sub-surface :
I drainage(ha) ' ‘
D38 Number of groundwater level B
e measurementsites.
" Water allocation and distribution I
1 D39 Type of water distribution Supply oriented
c ' g ot On-demand -
o . : _ , Arranged-demand
. | D40 | Frequencyofirrigationscheduling | Daily
-  at the intake of the system/sub-system - | Weekly
o I “Twice monthly
Monthly .
Seasonal -
. ‘ None
D41 Predominant on-farm irrigation practice | Surface- furrow, basin, -
' | border, flood,furrow-in-basin,
_ _ Drip/trickleSub-surface
Cropping- _ | :
‘D42 | Maincrops each season with
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Table 2

Main Performance indicators for Benchmarking

Domain Performance indicator
I System performance 1. Water delivery capacity Index.
' 2 Total annual volume or irrigation water supplied/
delivered (m3/year).
3. Field application efficiency.
14, Annual Relative Irrigation Supply Index v
5. Annual irrigation water supply per unit command
area (Cum/ha).
6. ‘Annual irrigation water supply per unit 1rr1gated
x - area (Cum/ha) ' '
| Agricultural Productivity | 7.-  Output per unit command area (Rs/ha).
o - Output per unit 1rr1gated area - Tons/ha crop
\lee Rs/ha. v
9. Output per unit 1mgat10n supply (Rs/cum)
10.  Output per unit crop water demand (Rs/cum).
II. Financial aspects 1. Costrecovery ratio. - '
' 12, Total O&M cost per it afea (Rs/ha)
13.  Total cost per person employed on O&M
Works (Rs/person). :
14.  Revenue collection perfonnance
15.  -Revenue per unit volume of i 1mgatlon watex{ -
- supplied (Rs/cum)
16.  Maintenance cost to revenue ratio.
17. . Staffnumbers for O&M per unit area (persons.
ha). .
18.  Total O&M cost per umt of water supphed(Rs
' cum).
~ |IV. Environmental Aspects 19(a) Average depthto watertable(m)
' 19(b) Land Damage Index
-120(a) Water quality: Ph/ Salinity/ AIkahmty Index
| 20(b) Saltbalance (tonnes).
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“oR oW N

© o No

12.
13.

14,
15.

16.

17.
18
19,
20,

21.
22.

23.
24,

Table 3
Data requirements pertalning to the system/sub-system
Current canal capacity of the system/ sub-systemr at the diversion point.
Designed Peak irrigation water demand for a month/fortni ght. -
Total daily measured water at the intake of the system/ sub-system.
Total daily measured water delivery to the field head. : _ ' |

Total daily measured water used by evapo-transpiration (for different crops if

| avallable)

Total daily measured ramfall over 1rngated area.

7 Total command area serviced by the irrigation system/ sub_system. '

“Total annual irrigated crop area.

Total annual tonnage of each crop.

. Market pnce/Mlmmum Support Price (MSP) for the Crops.

. Total volume of water consunied by the crops(ETc) forrice crop percolation lossess

need to be included.
Total revenue collected from water usets.

Total management, operatlon and mamtenance (MOM) cost excluding capltal
expenditure and depre01at10n/renewals

Total cost of MOM personal.

Total number of MOM personal employed.
Total revenue due during the year.
Periodic measurements of depth to water table

Waterlogged areain the comrnand area after introduction of i 1rr1gat10n

- Salinity/alkalinity affected area in the command area after introduction of irrigation.

Electrical conductivity of periodically colle'cted irrigation water samples in mmhos/
cum.

Electncal conduct1v1ty of penodlcally collected dramage water samples in mmhos/
cum., :

Total daily measured drainage water outflow from the irrigation system
Periodic measurement of salt content of irrigation water.

Periodic measurement of salt content of drainage water.
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Appendix A2

Protocols for Data Collection and processing

Reference to indicator Canal capacity to deliver water at system head
No.l ’ _
Definition Actual discharge capacity of main canal at diversion

point of system/sub-system

| Measurement specification

Location:Discharge capacity must be determined
at the system/sub-system head assuming canal
freeboard according to canal design
specifications.If not yet available, it can be

determined using any accepted flow measuring |

technique including: flow metering, measuring
flumes and control sections.FrequencyNeeds to be

_determined at the start of the i lmgatlon season.

ProcesSing-
Units Expressed in cubic meters per second (cumecs)
Reference to indicator Peak irrigation water requirément
No.1 ‘
definition The peak crop irrigation water requirement for a
' monthly period expressed as a flow rate at the head
of the irrigation Systern/ Sub—System
| Measurement specification Locatlon The calculation is based onthe demgned
' : maximum monthly crop water requirement in the
system/sub-system. The- field, distribution and main
* system conveyance efficiency must be used toindex
this value to the head of the System/sub-
system.Frequency:Calculated each season.
Processing The maximum monthly crop water requiremeht _
should be available from the calculation of crop |
* water requirements for the eritire system/ sub-
system.
| Units - Expressed in cubic meters per second (cumecs). |
Reference to indicator Total annual volume of irrigation water delivery
No2 ' ‘
- | definition ' Total volume of water delivered to water users over

the year or season. Water users in this context
describe arc the recipients of irrigation service,
these may include single irrigators or groups or

irrigators organized into water user groups. -
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Measurement specification

" LocationMeasurement should occur at the point

of interface between the irrigation provider and the
water user(s).Frequency:The magnitude and
frequency of fluctuation in discharge will determine |
the desired frequency of measurement. Discharge
should be monitored at least twice daily to ensure
sufficient accuracy. The best accuracy can be
obtained from continuous monitoring of discharge
by electronic monitoring devices.

Daily average discharges must be converted into

Processing
' daily delivery volume using the actual delivery time.
The total volume of water delivered is the aggregate
 result of daily volume of supply.
Units Expressed in cubic meters (cum)
Reference to mdlcator Total annual velume of crop irrigation demand
No.4
-definition Total annual volume of irrigation water fequired '

by the crop less effective rainfall. For paddy rice,
percolation losses must be included

Measurement specification

Loc‘ation:C.rop evapotranspiration will be

~ calculated using the FAO CROPWAT model for

the net area planted to each crop in the irrigated
command area. Estimation of effective rainfall may
prove to be difficult in some circumstances. There
are a variety of methods included in CROPWAT
for estimating effective rainfall (Dastane, 1974). The
use of the USDA-SCS model is recommended.
FrequencyThe preferred Etc calculation period is
daily insituations where daily data are not available
the shortest possible interval is to be used. The
calculation of Etc will include the entire growmg
season from planting to harvest

Processing

The total annual volume of water consumed by all
crops grown in the system is the weighted sum of
the water consumed by individual crops as
follows:VET_, =(Et, -R)Aiwhere:VETnet= Total
volume of water consumed by crops less effective
rainfall (cum)i = Crop type Et} =
Evapotranspiration from crop i from planting to
harvest (cum)Re = Effective rainfall over crop area
from planting to harvest (cum)Ai=Area planted to
crop i. (ha)For rice crops the average percolation
rate will be multiplied by the crop area and growth
period to obtain the total percolation volume.
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[ Cnits

Expressed in cubic meters (cum).

Reference to indicator
No.5

Total annual volume of irrigation water inflow

E Definition

Total annual volume of water diverted or pumped
for irrigation (not including diversion of internal

 drainage to the system/sub-system).

Measurement specification -

Location:Inflow will be measured at the diversion
point in case of gravity diversions or at the pump
delivery of groundwater or river pumps. In
situations where there are additional inflows and/
or diversions for any purpose other than irrigation
e.g. urban supply, industrial supply, etc. a mass
balance of the net inflow for irrigation must be
carried out. '

Inflows from drainage recovery must be deducted
from the inflow amount whereas catchment inflows
must be included as irrigation diversions.

Frequency

N

The magnitude and frequehcy of fluctuation in

 discharge will determine the desired frequency of

measurement. Discharge should normally be
monitored at least twice daily to ensure sufficient
accuracy. The best accuracy can be obtained from
continuous monitoring of discharge by electronic
monitoring devices. ' :

Processing

Daily average discharges must be converted into
daily delivery using the actual delivery time. The total
volume of water delivered is the aggregate result
of dally volume of supply converted into dally
volume

Units

- Expressed in cubic meters (cum).

Reference to indicator
No.5

Total command area serviced by the system/sub-
system : :

Definition

The command area is the nominal or design area

provided with irrigation infrastructure that can be
irrigated by the system/sub-system.

Measurement specification

Thisareaisusually derived from the desi'gn drawmgs
for the irrigation system. Over time areas may go

- out of production due to a variety of factors, including

construction of houses, buildings, drainage channels,
etc. Adjustments should be made to the command
area to allow for this reduction in irrigable area.
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| Processing

The command areas for each.tertiary unit are

. measured and aggregated up for the whole system/

sub-system.

Units

Expressed in hectares (ha).

Reference to mdicator
| No.6

Total annual irrigated crop area

| Definition

The total irrigated area croppéd during the year in
the system/sub-system. ' '

| Measurement specification

The value is the result of the total area nominally
commanded by the system multiplied by a cropping
intensity factor to take into account the actual
intensity of land utilization during the year.

Processing

The area cultivated in each cropping season is the
aggregate of the areas planted to each individual
crop. The annual irrigated area isthe aggregate
value or the each season's cropped area. These
data are usually collected by the irrigation and
drainage organization for operation and accounting
purpose and/or by other related agencies that
complle production statistics.

Units

Expressed in hectares (ha),

Example

For instance, if the area commanded by the
irrigation system is 10,000 ha and the areas

| cultivated during the year are: wet season 8,000
* ha, and dry season 6,000'ha, the total area irrigated
bythe system is 14,000 ha. The cropping intensity

is1.4.

Reférence to indicator
No.8

Total annual agricultural production

| | Definition

Total annual tontiage of agricultural production by

crop type in the system/sub- systen.

| Measurement specification

Total tonnage of utilizable productlon obtained from
each crop.

Records normally compiled ‘by the irrigation and

Processing

' drainage organization or related agricultural
organizations are adequate for this purpose.

Units

Expressed in metric tonnes (t).
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Reference to indicator
No.8 '

Total annual value of agricultural production

Definition

Total annual value of agricultural production
recetved by producers inthe system/sub-system.

Measurement specification

The total value of agncultural productlon received

_market prices or Minimum Support Price (MSP).

by producers is determined at local (domestic)

Processing - Worked out from the yield of crdp, area planted
» for the crop and local price of the ¢rop.
Units Expressed in Rupees.

Reference to indicator
No.10

Total annual volume of water consumed by the
crops

Definition

Total annual volume of water iised by the crop to
meet evapotranspiration demand For
rice,percolation losses must be included

Measurement specification

Location:Crop evapotranspiration Et will be

calculated using the FAO CROPWAT model for |
the net area planted to each crop in the irrigated
command area.Frequency: The preferred ,
calculation period is daily. In situations where daily |
data are not available the shortest possible interval
is to be used. The calculation of Et will include
the entire growing season from plantmg to harvest,

Prdcessi_ng ' The total annual volume of water consume by all |
crops grown in the system is the weighted sum of
the water consumed by individual crops.

‘Units Expressed in cubic meteré (cum).

Reference to indicator Total MOM cost -

No.12 , o »

Definition - Total management, operation and maintenance cost

“excluding capital expenditure and depreciation/

of providing the irrigation and drainage service

renewals.

Measurement specification

“Thisitem includes all costs involved n the provision

~ these include:

of the irrigation and drainage service. Typically

o Bulk water fee

e Staffcost

~® Operation cost (e.g. electrlmty for operatlon of
- plant and equipment and water supply)
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e Maintenance cost

e Overheads (include administrative expenses of

~ the project worked out on pro-rata basis,
insurance, taxes, etc.)

A single annual value is required for this item. All

’ Proéessing
costs items must be aggregated annually according
to the financial calendar of the organization.
Units Expressed in Rupees
'| Reference to indicator Total cost of personnel engaged in I&D service |
No.13 ' - ' :
Definition Total cost of personnel employed in the provision
-of the irrigation and drainage service in the system/
sub-system v ' ‘
Measurement specification This item includes the cost of all personnel
employed by the organization including contractors
and contract employees engaged in the.
~ administration, management and operation.
Processing A single annual value is required for this item. All
personnel cost items must be aggregated annually
according to the financial calendar of the
organization.
| Units EXpressed in Rupees.
Reference to indicator ' Total number of personnel engaged in I&D service
‘No.14 - -
Definition Total number of personnel employed in the

| provision of the irrigation and drainage servicein .
-~ the system/sub-system.

Measurement specification

This item includes all personnel employed by the
service provider including contract employees
engaged in the management, operation and
‘maintenance. if I must be expressed in Equivalent
Full Time (EFT) units.

Processing - | A sihgie annual value is required for this item. All
' personnel must be aggregated annually according
to the financial calendar of the organization and
expressed in EFT units. ’
Expressed in Equivalent Full Time units. The time

Units

of part-time or seasonally employed personnel

“should be converted to the equivalent full time

employment based on the proportion of full time
worked. ' '
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Example

Full time weekly hours: 48 hours EFT = 1.0

Employee workmg 24 brs part-time per week EFT

=0.5

Reference to indicator
| No.14

Gross revenue collected

Definition

Total revenues collected from payment of services

by water users in the system/ sub-system.

Measurement specification

This item includes all tile revenues (cash and in-
kind) received by the irrigation or drainage service
provider as payment for water supply and disposal,
and other services using the agency's infrastructure.
Whete drainage charges are levied separately these

must be included in the calculation.

'Processing

 Asingleannual value is required for tlfis item. V.fhere
" services are charged on a different basis, e.g.

seasonal, bi-annually, etc. the partial figures must
be aggregated annually according to the financial
calendar of the organization. Payment made in kind
must be converted into monetary terms, either using
local market prices for the in-kind commodity, or

- atrates stipulated in the service agreement.

Units

Expressed in Rupees.

Referenee to indicator
. NO'. 14 :

Gross revenue collected

Definition

Total revenue due for collection from water users

~ for provision of irtigation and drainage services for

the system/sub-system.

Measurement specification -

This item includes all fees levied (cashand i_n—kind)

by the service provider in payment for water supply

and other services provided by the irrigation and
drainage infrastructure. Where drainage charges
are levied separately these must be included in the
calculation.

Processing

A single annual value is required for this item. Where
services are charged on a different basis, e.g.
seasonal, bi-annually, etc. the partial figures must
be aggregated annually according to the financial

 calendar of the organization.Payment to be made |

in kind must be converted into monetary terms,
either using local market prices for the in-kind
commodity, or at rates stipulated in the service
agreement
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Units

Expressed in Rupees

Reference to indicator
No.14 ’

" Gross revenue invoiced .

Definition

- Total revenue dug for collection from water users

for provision of irrigatior and dramage services for

~ the systera/sub-system.

Measurement specification

This item includes all fees levied (cash and in-kind)
by the service provider in payment for water supply
and other services provided by the irrigation and
drainage infrastructure. Where drainage charges
are levied separately these must be included in the
calculation. :

A single annual value is required for this item. Where |

Procesémg -

'  services are charged on a different basis, e.g.
seasonal, bi-annually, etc. the partial figures must
be aggregated annually according to the financial
calendar of the organization. Payment to be made

in kind must be converted into monetary terms,
either using local market prices for the in-kind
commodity, or at rates stipulated in the service

agrecment.

Units Expressed in Rupees
| Reference to indicator Maintenance cost
| No.16 '
| Definition v Total expenditure on system maintenance

: _Measurement specification This item includes all the costs associated with

maintenance of the irrigation and drainage
infrastructure either carried out by the organisation
or by external contractors. It should not include
major repa1rs or rehabilitation work.

Processing

A single annual value is required for this item. All
. maintenance costs items must be-aggregated

annually according to the ﬁnancml calendar of the

'orgamzatlon
Unité | | Expressed in Rupees.
Reference to indicator Averénge depth to watertable -
| No.19(b) .
Definition - Average annual depth of watertable calculated from

watertable observations over the irrigation area in
the system/sub-system.
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'| Measurement specification

Location: Watertable depth must be monitored by
a network of piezometers distributed over the
commanded area of the System/Sub-System in

- sufficient density to enable the delineation of

contour lines of watertable depth. The installation

- of piezometers must follow the standard guidelines

described in F AO Irrigation and Drainage Paper
No.38 Drainage - Design  Factors.
Frequency:Watertable levels are typically
monitored on a monthly basis.

| Processing Individtial readings will be average overthe 12-
month period to produce a single value required
for this item:

Units Expressed in meters (m)
Reference to indicator _Water quality Salinity/ Alkalinity
No.20(a) ' ‘ -
Sahmty/Alkahmty of the irrigation supply and

Definition

drainage water

- Measurement specification

Location: The salinity/alkalinity of irrigation inflow
will be measured at the intake of the system/sub-
system. In situations where there are additional
inflows these should be monitored separately. The
salinity/alkalinity of drainage water will be
measured at the point where drainage flows leave
the irrigation scheme or just before entering a
receiving body of water, e.g. river, lake, etc. |
Frequency:The magnitude and frequency of
fluctuation in discharge will determine the desired
frequency of measurement. Weekly or monthly

Definition

readings are typically used
Processing A single value of the parameters is necessary each
- year. Weekly or monthly readings must be
converted into weighted average according to-the |
volume of irrigation supply water or drainage water |
‘occurring during the measuring period.
Units - Expressedvin micro mhos i)er centimeter (mmhos/
7 cm). -
'| Reference to indicator Salt balance
1 No.20(B) . ' .
Differences in the volume of incoming salt and

outgoing salt.
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Measurement specification

Incoming salt: Total amount of salt entering the
irrigation area of the system/sub- system through
the water supply system. The salinity of irrigation
inflow will be:measured at the diversion point in
the case of gravity diversions or at the pump delivery
of groundwater or river pumps. In situations where
there are additional inflows these should be
monitored separately. Outgoing salt: The total
amount of salt that leaves the irrigation area through
the irrigation supply and drainage system. The
salinity of drainage water will be measured at the
point where drainage flows leave the irrigation
scheme or just before entering a receiving body of
water, e.g. fiver, lake, etc. Additional salt outgoings
may occur where irrigation water leaves the system
through outfalls or is diverted for other uses.

| Processing

The annual incoming and outgoing amounts of salt
will be the aggregate of the individual readings
collected for each individual period. This may vary
in length according to water quality practices '

Units

although daily readings are preferred.

Expressed in metric tonnes @®.

XX
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UNIT-S

Structure

EN VIRONMEN TAL IMPACT ASSESSMENT

. 8.0 Objectives
8.1 Introduction - _
8.2  Thepotential negative impacts of most large itrigaﬁon projects
8.3  Waterloggingand Salinization |
- 8.4 Social Issues
8.5  Irrigation Efficiency
8 6 g Project Alternatives
8.7 Managemént and Training
8.8 Monitoﬁng |
8.9 | Polidy and Institutional Requirements
8.10 Cbnclusions and Recommendations
8.11  Self Assessment Test
8.12  Key Words
8.13  Suggested Readings
8.0  Objectives |
Successful development depends on the rational use of environmental resources and on
-minimizing or eliminating any adverse environmental impacts by improving the planning,
design and implementation of projects. The environmental impact assessment provides
preliminary information to assist with water resources project design and the development
of anEnvironmental Management Plan for any project.
8.1 Introduction

* Environment s the totality of ecosystems for local, to regional and to global. EcosyStem
is the dynamic arrangement of plant and animals with their nonliving surroundings of soil,

air, water, nuttients, energy, lakes, and grasslands are ecosystems. The commission on
ecology and development co-operation distinguishes three categories of environmental

| ,impacts;- h

e Disturbance and/ or pollution of the environment
® Depletionand/ or over exploitation of the natural resources
®  Destruction and or impairment of the natural ecosystem

Other Impacts:
- ® Lossofwetland
- @ Change in habitat
e  Salinization
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Loss of wetland is concern to bird watchers, interested in natural environment and
everybody. Wetland is of great value as wildlife habitats, food storage areas, ground
water recharge areas and ecological and recreational areas. |

Developing countries prefer agricultural productivity while developed countries prefer
natural areas.

Trrigation and drainage projects manage water supplies for the purpose of agricultural
. production. There are various types ofirrigation depending upon the source of water
(surface or ground water), means of water storage, conveyance and distribution systems,
and methods of delivery in the fields. Large scale utilization of surface water for irrigation
has been practiced. ' '

.. The dominant delivery method up to 95 percent worldwide is surface irrigation in which

wateris distributed over the irrigated area by gravity in overland flow. The other systems
are sprinkler and drip irrigation. Althoughthey are relatively new technologies requiring
higher initial investment and more intensive management than surface itrigation, sprinkler
and drip irrigation show great potential for maximizing the efficiency of water use and
reducing irrigation-related environmental problems.

Two consequences of intensive irrigation are salinity and water logging. There are over

250 million ha of irrigated land worldwide, of which nearly 30 million ha are degraded

due to the twin menace of salinity and water logging. Barghouti and LeMoigne (1991)

indicated that about 1.5 million ha of cropland are being destroyed by salinization each
year. They further noted that salinity and water logging have reduced the yields of major
crops by approximately 30 percent in Pakistan, Egypt and India.

The developing countries are focusing onmore efficient irrigation delivery systems, better

on farm water management, and the reclamation of saline and waterlogged lands. To

" achieve this, horizontal subsurface pipe drainage systems are being instaled to lower the
water table, and leach salts from the crop root zone. ‘ ‘

Agricultui‘al land drainage which includes the construction of ditches and channelization
of water courses, as well as fields under drainage canhave a variety of effects on the

environment. Of the irrigated arid and semi-arid developing countries, Eqypt has the
most experience with subsurface drainage. There are about 150,000 ha, of horizontal

pipe drains in Pakistan. Atleast 10 million ha may require drainage. Dattaetat. (1992) -

stated that over 6 million ha of irrigated land in India are severally affected by water
logging, and approximately 8 million ha suffer from salinity and alkalinity. However,
 large-scale subsurface drainage is introduced to India as aresult of a Canadian financed
project in the state of Rajasthan. There are about 12000 ha of Horizontal pipe drains
installed in the Chambal Command Area (CCA) to overcome the water logging and soil
salinity problem. o ‘

The environmental impacts that could generally arise from irrigation and drainage projects
have been discussed by several people, including Hagan and Roberts (1972), White
(1978), and Hiliel (1990), among others. Hoffman (1990) noted that drainage in
California's San joaquin valley ceased some years after operation, on discovering that
high concentrations of selenjum in drainage effluent caused a loss of waterfowl in the
Kesterson National Wildlife Refuge. The draining of marshes and other types of wet
land produces alterations in plantand animal communities. A reduction in wetland acreage
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can also affects streams and takes by causing changes in water quality and hydrology.

The construction of ditches and channelisation of natural streams has a direct local impact
on flora and fauna in and adjacent to the water course.

Ditching and field under-drainage systems may also produce downstream effects over -

- considerable area involving alterations in hydrology, channel form, Sediment load, water

temperature, chemistry and aquatic biology.

- Asaresults of the above concerns, and to ensure sustainability, agencies such as the

World Bank and the International Commission on irrigation and Drainage (ICID) have '
developed checklists and guidelines to aid in the environmental assessment of irrigation
and drainage projects (World Bank, 1991); (,Mock and Bolton, 199 1). There are critical
water quality- issues that are either now emerging, or have been previously neglected, -

~ whichrequire special attention in the planning of new irrigation and drainage projects.

8.2

‘The po-tentiai negative impacts of most large irrigation projects

includes:

Water logging and salinisation of soils

- Increased incidence of water-borne and water-related diseases

~ Resettlement or changes in the lifestyle of local population.

Increases of agricultural pests and diseases resulting from the elimination of dirt season
die back-and creation of amore humid microclimate. '

The expansion and intensification of agﬁeulture made possible by irrigation has
the potential for causing: B '

Increased erosion ; : "

Pollution of surface and groundwater from agriculture biocides

Deterioration of water quality (water quality guidelines for drinking and irrigation) |

Increased nutrient levels in the irri gationand drainage water resulting in algal blooms
Proliferation of aquétic weeds ' ' |
Eutrophication in itrigation canals and downstream waterways

Fertiliser must be used to compensate for high growth rate and loss of nutrients through
leaching S :

* Pesticides to control the greater numbers of crop pests and diseases.

- Large irrigzition projects, which impound or divert waters, have the potential to -

cause major environmental disturbances resulting from changes in the hydrology

and limnology of river basins.

Reducing the river flow changes floodplain land use and ecology
Disrupts riverine and estuarine fisheries 7
Causes salt water intrusion up the river and into the groundwater of adjacent lands

DiVersio_ﬁ and loss of water througl irrigation, reduces the water supply for downstream.

- users including municipalities, industries and agriculturists
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A reduction in a river base flow also decreases the dilution of municipal and industrial
wastes added downstream, posing pollution and health hazards

The deterioration of water quality below an irri gation project can render the water unfit

for other users, harm aquatic species

Because of high nutrient content-, result in aquatic weed growth that Clogs water ways
and his health, navigation and ecological consequences : S

The potential direct negative environmental impacts of the use of groundWater supplies.

arise from overlapping groundwater supplies. This results in the lowering of water table,

. land subsidence, decreased water quality and salt-water intrusion (in coastal areas).

A number of external environmental factors influence irrigation projects.

- Upstream land use will affect the quality of water entering the irrigation area, particularly
. the sediments content and chemical composition. Use of river waters witha large sediment

Joad may result in canal closing.

The obvious benefits conferred by irrigationare those resulting from increased production
of food. Increased vegetative cover for a greater portion of the year helps reduce soil
erosion. o '

8.3

Water logging and Salinization.

- Water logging results primarily from inadequate drainage and dver-irrigation, andtoa
' lesser extent from seepage from canalsand ditches. '

Salinity problems, naturally more acute ina,.id and semi-arid areas which _haVe more
rapid surface evaporation and saline soils, are exacerbated by irrigation, Water logging,

concentrates salts, drawn up from lower in the soil profile.

Alkalisationisa particularly detrimental form of Salinization which is difficult to rectify.

Soils in and semi-arid zones have a natural tendency toward salinization, many of soil
related problems could be minimised by installing adequate drainage systems. Water
logging and salinization can also be reduced or minimised by using sprinkler or drip
irrigation, which apply water more precisely and can more easily limit quantities to no '
more than the crop needs. ‘ :

Social Issues

~ Social disrupﬁon is inevitable in large irrigation projects covering vastareas. .

" Local people dislocated by the irrigation project face the classic resettlement

problems:

Adecreasein the standard of living,

Increased health problems.

Social conflicts. _

Deterioration of natural resources in the resettlement area.

The people remaining in the area will like have to change their land use practices and

agricultural patterns.
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Increased population density and altering the distribution of wealth can havea profound
influence on traditional social patterns :

Water borne or water related diseases commonly is associated with the introduction of
irrigation. The diseases most- often linked with irri gation are schistomiasis, malaria and
onchocerciasis, whose vectors proliferate in the irrigation waters.

Increased use of agrochemicals, deterioration of water quality and increased population
pressure in the area is other irrigation related health risks. :

. The reuse of wastewater for irrigation has the potential of transmitting communicable

diseases mainly heiminthic.

8.5

- Irrigation Efficiency

Inefficient use of water not only wastes water which could go to other users and avoid
ecological impacts downstream, but results in land deterioration through waterlogging,
salinization and leaching, and decreased crop productivity. o

8.6

- Project Alternatives

Improve the efficiency of existing irrigation projects and restore degraded crop lands to
use rather than establishing a new irrigation project. ‘ ‘ ‘ C
Develop small scale; individually owned irrigation systeins as an alternative to large,
publicly owned and managed schemes ' ’

. -Develop irrigation systems using groundwater- resources, which have less potential for

causing environmental damage than surface water Systems.

Use sprinkler or drip; irrigation as alternatives to surface irrigation to decrease the risk of

~ water logging, salinization, erosion and inefficient water use-.

Site the irrigation project on the site where ne gative soci;il and environmental impacts are
minimised ’ - - :

8.7

Management and Training

Operation of all controls facilities from the water source to individual farms requires
almost constant management '

Careful management is essential to the quantity, timing, controllat;ility and predictability
of water delivered to the users - / ' '

Training of a cadre of managers to provide the needed services is required.

Planning and implementation of an irrigation project must be done with the cooperation
and collaboration of engineers, soil scientists, hydrologists, public health specialists and
€Conomists.. : '
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8.8

Monitoring

Factors to be monitored should include: -

Climate
Stream discharge
Nutrient content of discharge water
Water table elevations in the project area
Quality of groundwater ‘

Water salinity levels

Chemical and physical propertles of soil in 1mgat1on area

\v

- Cropping intensity

Crop yield per unit of land and water - _
~ Condition of distribution and draihage canals (siltaﬁon,weeds & linings).
Incidence of disease and i)resen’ce of disease vectoré - | )
- Health condition of proj ect population
Changes innatural vegetation L
Changes in wildlife population in the project -

Fish population and species

8.9

Policy and Institutional Requlrements

, Wlnlemanydevelopmg countries including - Egypt, India and Pakistan, have environmental

agencies and strong environmental laws, there is extensive water pollution either by irrigation
and drainage, or limiting the productivity of irrigated agriculture. The laws are seldom
enforced.

Governments should consider assisting, industries to develop and install technologies,
which minimise, or eliminate, pollution by rivers, irrigation canals, and agricultural drains.-

One reason why pollution laws are seldom enforced is the absence of areliable water
quality monitoring. Countries lack of the field and laboratory facilities, and qualified
personne] to undertake a water sampling program, conduct the analyses -and accurately
interpret the data. In many cases, the laboratory equipment is unavailable, Sampling
procedures do not follow established guidelines. Laboratories do not undertake
appropriate quality assurance and quality control procedures. Environmental agencies

“will have to work with research institution and universities, to train staff, develop manuals

and guidelines, and provide essential equipment. The assistance and expertise of regulatory
agencies and water quality laboratories in developed countries should be sought.

A rigorous and routine water sampling program for all major rivers, irrigation canals,
agricultural drains, and groundwater needs to be developed. This data should be published
and frequently analyzed by water management agencies, in case corrective measures are
required. Other ecological indicators, eg. Soil properties, crop yields, and habitat species
and numbers should be routinely monitored. These policies and monitoring program will
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lead to improvement in irrigation water quality, and irrigationof environmental damage
due to the disposed or reuse of drainage water, and wastewater irrigation. :

Planners and designers of irrigation and drainage projécts will be required to undertake
initial environmental scregning and scoping studies, especially when external funds are
sought. These initial studies are useful, prior to conducting major environmental
assessments and model exercises. Biswas and Geping (1987) emphasised the benefit of
a scaling checklist. Based on this concept, a scaling checklist of environmental impacts
indicators pertinent to irrigation, drainage and flood control projects was developed.

8.10 Conclusions and Recommendatlons

Water quality is a major constraint to the sustarnablhty of irrigation and dramage systems.

- Some of the problems are not new, eg, Irrigation water quality, or the environmental
impacts of wastewater irrigation. However; few, if, any attempts are made to resolve the
problems.

* Horizontal subsurface drainage isbeing installed in irrigated regions to combat salinity
and waterlogging. Irrigation water quality is being severely contaminated by municipal
and industrial effluent. Open main drains are also contaminated by sewage. This has
severe implications for the agricultural reuse of drainage water. The quality of drainage
water needs to be continually assessed to ensure that aquatic biota and receiving water
bodies are not being damaged. The reuse of drainage water for irrigation of crops and
agroforestry, as well as for fish production ought to be actively encouraged.

8.11 Self Assessmentl‘ Test :

What is Environment?
, Deﬁne Ecosystem. , |
~ What are the Possible Potential Negative Impacts of a Water Resources PrOJect‘7 ,

il e

How Env1ronmental Management Plan (EMP)is to be Prepared‘?

.. 8.12 Key Words

e 'Environment' is the totality of the ecosystem.
o 'Ecosystem' means all surroundlngs e.g. plants earth, oceans, air etc.

® 'Quality' includes parameters within permissible 11m1ts

81.’13,', Suggested Readlngs

“Ayers, R.S., water quality for Agnculture FAOQ Irri gat1on and Dralnage Paper No. 29.
Rome, Itly -

Mock JF, Env1ronmental Effects of Imgatron HR. Walhngford

EXX
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UNIT-9

ENVIRONMENTAL TMPACT ASSESSMENT OF WATER

RESOURSES PROJECTS
Structure: |
9.0 Objective
9.1 Introduction
92 Statusoflrigation | | |
."9.3 Some problems of water resources Development sector and their possible Solutions
94 The potential negative impacts of most large irrigatiori proj ects include
9.5  Theexpansion and intensification of agriculture made possible by irrigation has the potential
, for causing - ' : : ' - : ’
9.6 C_mcl_H_sibns and Recommendations
9.7  Self Assessment Test
9.8 . Key Words
A 99 - Suggested Readings
9.0 Objectivé:

India has.16% of the world population with only 4% of water resources and 2 % area.

Water is the most critical natural resource to sustain human civilization. The environmental
impacts that could generally arise from water resources and drainage projects have been
discussed by several people. The environmental impact assessment of water resources
provides preliminary information to assist with water resources project design and the

~ development of an Environmental Management Plan for any project.

9.1 Intrbduction:

The environmental impécts that could geherally atise from water resources and drainage
projects have been discussed by several people, including Hagan and Roberts (1972),

~ White (1978), and Hillel (1990), among others. Water is the most critical natural resource

to sustain human civilization. It is one of the important resource due to which bio-culture

on this globe has become possible. Ditching and field under-drainage systems may also

produce downstream effects over considerable area involving alterations in hydrology,
channel form, sediment load, water temperature, chemistry and aquatic biology.

Hoffman (1990) noted that drainage in California’s San J oaquin valley ceased some

- years after operation, on discovering thathigh concentrations of selenium in drainage -

effluent caused a loss of waterfow! in the Kesterson National Wildlife Refuge. The draining
of marshes and other types of wet land produces alterations in plant and animal
communities. A reduction in wetland acreage can also affect streams and lakes by causing

" changes in water quality and hydrology. The construction of ditches and channelisation .

of natural streams has a direct local impact on flora and fauna in and adjacent to the

. water course.

119




India has 16% of the world population with only 4% of water resources and 2 % area.

- The distribution of rainfall & its storage's through out the country are generally uneven
but it is especially highly uneven in case of Raj asthan. For instance in Rajasthan in south

east the average rainfall ranges from 900 mm to 600 mm while in North West, it is limited
to merely 100 mm. The per capita annual water availability has been gone down from
5277 M3 in 1955 and is expected to dwindle to 1496 M3 by 2025. It is note worthy
here that less than 1000 M3 per capita water availability is an indicator of water stress
conditions. It varies from as much as 18417 M3 per capita in Brahamputra valley to as
low as 411 M3 per capita in east flowing rivers between Pennar and Kanyakumari
(excluding Cauvery). Even in Ganga basin the availability varies over a wide range being

as low as 740 M3 per capita in Yamuna, 1369 M3 per capita in Sone and as high as -

3379 M3 per capita in Gandak basins. As per 1991 census, the per capita availability of

water in Rajasthan was about 1000 m3 per annum against national average 0f2829 m3

which is likely to reduce in state to about 400 m3 by 2050 .
With the creation of Uttarkhand, Jharkhand and Chattisgarh state from UP, Bihar &

. Madhya Pradesh respectively, the Rajasthan now have become the largest Indian State

with 11% of country land, 5.5% population but only about 1% water resources.

- 9.2

. Status of irrigation:

On the eve of independence, scenario of per capita availability of water at national and
state level in different time periods, comparative values of physical and other resources -
national & state are shown in table-I to table-III below: » ’

Table-I The status of irrigation of India on the eve of independence '

Country NetArea Net %mnet . Area irrigated by source

Irrigated  area Canals Canals - Wells  Tanks ofherl
sown  area irrigated Govt. Pvt  Total
{col.3as% ' : ’

ofcol. 2)
1 2 3 4 5 6 7 8§ 9 10
Undivided 1168 282 241 131 21 152 66 - 33 31
India S (00 (465 (T4 (539 @4 (1) (10
' | India 985 194 197 63 19 82 53 . 33 26
(100)  (325) (98) (423) @713) a70) (134)
Pakistan* 183 - 88 48.1 68 02 .70 13 . 05
00 (72 @3) (M5 48 - 6

Figures in bracket are % of the total net irrigated area
*  Estimated figures.

+  As per report ofthe 2nd lrrigation Commission, 1972. Country
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Table -1I PER CAPITA AVAILABILITY OF WATER

Year | Per capita availability Per capita availability Minimum per capita

of water (in.cum) of water (incum) in India | requirement (in cum)
Rajasthan state ‘

1951 | 2028 6602 1000

1971 1725 4349 1000

1991 1042 2829 1000

2000 857 2384 1000

2025 567 1589 1000

2035 506 NA 1000

2045 457 NA 1000

~ Table -1l Comparative Values of Physical and other Resources -National & State’

70%

Particulars National Level State Level %ascompared foNation
Total geographical . _ 1
area 1328.76 Mha 34,2 Mha 10.4
| Population 1000 miltion 54.8 million 5.50 °
Total cultivable ' ' :
area 184.376 Mha 125.70 Mha 13.94
- |Irrigation Pontential |16.1Mha (in 1950) |0.40 Mha (in 1950) 248
‘| (Surface) 42.9Mha (in 1999) |2.83 Mha (in 1999) | 5.46
Ultimate irrigation  |75.9Mha 5.12 Mha 6.75
potential * |(Surface water)  |(surface water)
' 64.10Mha 10.41Mha
(Ground water) (ground water) 0.64
Gross cropped area |131.89 Mha in 1950 |9.76 Mha (1951-52) | 7.4
: 189.54 Mha '119.38 Mha (1990-91)| 11.29
Area under food- . ' A '
crop as % of total
crop area 67% . 65% -
Area -crop as % '
of gross irrigated
area 19.53% -
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Water Resources : National Scenario

1. Precipitation ' : 4000 Cubic Km

2. Water resources ' : 1869 Cubic Km
3. Utilizable ' 1140 CubicKm
, (including 450 Water resources cubic km from Groundwater)
4. Ultimateirrigation - ' : 113-125 M Ha
potential by Conventional projects

Successful development depends on the rational use of environmental resources and on
minimizing or eliminating any adverse env. ironmental unpacts by unprovmg the plannmg
_ design and implementation of projects.

Loss of wet land has concern to bird watchers, interested in natural environment. Wetland
is of great value as wildlife habitats, food storage areas, ground water recharge areas
and ecological and recreational areas. '

Developmg countmes prefer agricultural productivity while developed countries prefer
natural areas.

Irrigation and drainage projects manage water supplies for the purpose of agricultural
production. There are various types of irrigation depending upon the source of water
(surface or groundwater), means of water storage, conveyance and distribution systems,
and methods of delivery in the fields. Large scale utilization of surface water for irrigation
. has been practiced.

The dominant delivery method upto 95 percent world-wide is surface ungatton in whlch
water is distributed over the irrigated area by gravity in overland flow. The other systems

are sprinkler and drip irrigation. Although they are relatively new technologies requiring
higher initial investment and more intensive management than surface irrigation, sprinkler
and drip irrigation show great potential for maximizing the efﬁc1ency of water use and
reducing ungatlon—related environmental problems.

Two consequences of intensive irrigation are salinity and water logging. There are over
250 million ha of irrigated land world-wide, of which nearly 30 million ha are degraded
due to the twin menace of salinity and water logging. Barghouti and LeMoigne (1991)
indicated that about 1.5 million ha of cropland are being destroyed by salinization each
 year. They further noted that salinity' and water logging have reduced the ylelds of major
crops by approximately 30 percent in Pakistan, Egypt and India:

The developing countries are focusing on more efficient irrigation delivery systems, better
- on farm water management, and the reclamation of saline and waterlogged lands. To
achieve this, horizontal subsurface pipe drainage systems are being installed to lower the
water table, and leach salts from the crop root zone.

Agricultural land drainage which includes the constructlon of dltches and canalization of
_ water courses, as well as fields under drainage can have a variety of effects on the
environment, Of the irrigated and semi-arid developing countries, Egypt has the most
~ experience with subsurface drainage. There are about 150,000 ha, of horizontal pipe
" drains in Pakistan. At least 10 million ha may require dramage Datta et al. (1992) stated
that over 6 million ha of irrigated land in India are severally affected by water logging,

e
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and approximately 8 million ha suffer from salinity and alkalinity. However, largevscale
subsurface drainage is introduced to India as a result of a Canadian financed project in

~ the state of Rajasthan. There are about 12000 ha, of horizontal pipe drains installed in

the Chambal Command Area (CCA) to overcome the water logging and soil salinity
problem.

As aresults of the above concerns, and to ensure sustainability, agencies such as the

- World Bank and the International Commission on irrigation and Drainage (ICID) have

developed checklists and guidelines to aid in the environmental assessment of irrigation
and drainage projects (World Bank, 1991); (Mock and Bolton, 1991). There are critical
water quality issues that are either now emerging, or have been previously neglected,
which require special attention in the planning of new irrigation and drainage projects.

9.3

Some problems of water resources Development sector and their
possnble Solutions:

Following main problems of water resources Development sector are identified below

which need attention and solution Rajasthan. -
1. Dec1s1on for planned development of water Water Resources Organization:

The major water utilization departments in isolation or independently at present are often

- have objectives which are contrary to other's need such as PHED, Irrigation, Ground

water dept., Industries dept., mines, forest, DRDA, Local self Govt., Panchyats, Famine
reliefetc. These dept. are preparing schemes to full fill their own objectives by exploiting
the available state waters. To regulate the utilization and exploitation of state water
resources optimally, a Rajasthan state water resources council was created in 1992
headed by the Chief minister, Govt. of Rajasthan. A standing committee headed by the

Chief Secretary was also set up to assist it. The meetings of the council & standing

cominittee are required to take place at desired frequency and at pre determined intervals.
To enable these bodies to take decisions for water development and utilization based
upon state water policy, a Rajasthan water resources organization need to be created in
the irrigation department which will function as secretariat of these bodies. The Rajasthan
water resources organization will assist these bodies to update the assessment of water

in different time period & suggest strategies to allocate it to different users based upon

the priorities mentioned in state water.policy through collection, analysis, processing of
data/information regarding available water and its demands. It will also suggest necessary
measures to harness balance water potential of the state. It will take care of inter sector
coordination to assess temporal & spatial demand of water based upon the population,
industry & other growth sectors in a regular manner and will be responsible for the

- periodical review of the Rajasthan water resources plan i.e. in 2005,2015,2025, 2035,

2043 etc. This organization will be responsible for collecting and updating the hydrologic
& other data regularly and reassess the available water in a regular manner.

2. Operation & Maintenance Policy of Iri’igation Projects:

The present maintenance & operation policy of water resources projects in the state is
not well defined especially in projects located south east of Aravallies. Clear operation
rules and detailed procedure need to be prescribed for each project based upon its
specific potential. In project reports prepared for execution of projects, no planning &
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strategies are mentioned as how these projects will be operated , maintained & managed
after completion so that they may meet the objectives for which they have been created.
The man, material and financial resources needed in different time periods to meet the
anticipated objectives of service to the beneficiaries are also not adequately evaluated &
planned. The miaintenance roster concept is either not known or not implemented. The
_ maintenance & operation functions probably need more frequent and regular monitoring
at the level of minister, secretary, Chief Engineer & other functional levels. The
comprehensive physical & financial norms at each level are also not explicitly defined.
The financial norms issued in 1985 by the finance department on the recommendations
of Chief Engineer have not been revised so far. The rationality of financial norms need to
viewed in light of increased public awareness, involvement of beneficiary, increased
transparency & resp0n51b111ty to public, more difficult sites, more concern to environmert, -
ecology & rehabilitation measures, the degree of complemty coupled with increased
" management and administrative costs (major, medium or mmor), the mcreased decision
flow channels, etc.

3. Participatory Irrlgation Management:

The involvement of farmers'at the level of project formulation need o be included in the
‘proposed farmers' Act. The farmers need to be motivated to contribute at least 20%
share in capital cost which should be mentioned in the act. The proposed act must ensure
construction, operation & maintenance of tertiary irrigation system to be transferred to
farmers' groups to maintain quality of services and generating a sense of ownership. At
present the department is fully depending upon the aid from World Bank to initiate PIM.
- This concept may be partially good, but why department can not initiate these measures
from indigenous resources which are economically more sustainable. Few experiment in

. this direction have taken place, for example at Mahi Project, Banswara recently with the

cooperation of farmers & through their motivation operation of canals were successfully

- made even with less water in reservoir & scare finances. Though these measures require

lot of motivation and strong political & administrative will but these measures & strategy
are practicable and sustainable. If need to understand that the world bank is giving loan.
- to state Govt. and not an aid which need to be repay with interest by our future generations.
The World Bank is providing loan to finance PIM only in 5.0 lac hectare area. The
present irrigated area in state is more than 28.0 lac ha. For how long? & for how much
amount? and time? State government is going to take loan from world bank ifit do not
"plan its own indigenous strategy to implement PIM concept. To implement all these
concepts, desired level of political & administrative ingenuity, will and effective participatory
leadership is necessary. This approach can replace thousands of crores rupees external
loan. This is the only practical approach and demand for the effective solution to the
‘present problem of water allocation and distribution in irrigation projects. The Govt. and
- department administrative & technical leadership both can do it by itself committed first
itself to participatory approach sending clear message to its officers staff & farmers
about their firm commitments & sustained efforts.

4 Periodical Evaluation of Objectli'es

Periodical project evaluation shall be carried in relation to the obj ectives of the project.
Objectives need to re defined periodically looking to the changing need of the society.
The project operation strategy, accordingly need to berevised periodically if necessary.

124




5. Farmers' Expectation:

The farmers expect equity in allocation & distribution of water, timely supply (the dates

of openinig & closing of minors/ outlets must be announced before sowing) of water and
its reliability. These services need to be maintained if Govt. expects farmers cooperation

in water distribution & utilization along with and payment of irrigation charges by them..
- The effective control of irrigation department over irrigation system cannot be maintained
if irrigation department do not propagate & pursue these policies effectively. When Govt.
do not provide services to farmers, how it expect charges forit. Itisa myth that farmers
do not want to pay services / charges of water. A passenger is usually willing to pay for
_ reservations charges readily if one getsitin ratiiway compartment.

6. Scarce Value of Water:

~ Theefficient & uniform water application largely depend over its equity in allocation &
distribution. The scarcity value of water is the only incentive, which prompt individual

- farmers to invest both labour & resources in efficient application of input including the
. water. It only motivate farmers group to make their tertiary & micro net work system
efficient to enable conveyance of water to their fields with out much losses. In case

- equity in allocation of water between various segments of the canal system is effectively
planed & implemented, the irrigation agencies will automatically know the difference in
‘water released at head works and actual water delivered to farmers groups at minor
heads. This will prompt the department authorities to plug the leakage in the system both

due to scarce value of water and also because of social pressure from farmers groups.

Scarcity value of water created through controlled allocation and distribution will prompt
the progressive farmers to adopt more & more water saving technology like drip &
sprinkler irrigation methods. However, the use of these methods depend upon many
factors like the soil type, wind velocity, temperature, availability of power and its cost
etc. The adaptability decisionina particular area and scale of economy can be derived
by developing farm economy scale models in each command areas. '

. Conjuiictive Use of Water:

The study of availability of ground water in each block of project command must be
assessed in association with ground water department. The annual natural recharge and
recharge from other sources in the block must be assessed on continuous basis. The
quality of ground water also need to be analysed. Based upon these parameters, the
appropriate stratégy to use. ground water in conjunction with surface water need to be
derived block wise. The close monitoring of ground water régime, regulation & quality -
* of water need to be checked and if necessary corrective measuresneed to be takenina
- particular time period. The related data for efficient and sustained operation needtobe
monitored at state level and no laxity or mistake in its operation must be tolerated at any
levels. The use of saline and sewerage water through mixing with surface water or otherwise
can also be planned. The artificial recharge sites are identified in and measures need to
 be taken to recharge ground water through them. A separate irrigation unit at state level
need to be given this task so that expertise in it can be developed through the concept
"learning while doing" approach. Luni, Parvati, shekhawati, Ruparel, Banganga, Gambhir,
Baney etc river basin. o
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8. Water logging, Salilnity & Alkalin_ity Management:

A survey of water logged, saline & alkaline area especially in major & medium projects
must to carried out immediately by the each project authority. To devise specific preventive

and or corrective measures, the source of the problem or the reasons of water logging,.

salinity or alkalinity in specific location need to be assessed. Alfter assessment of the
problem , the work to devise solutions need to assigned to a specific division of IDR in
each zone so that expertise and timely completion of this task could also be ensured.

9, Drought Management - Participation of affected Populétioh':

It is now clear to large section of the people that appropriate measures need to be

planned to contain the recurring drought in the state. In last 50 years several hundreds
crores of rupees have been incurred annually to lessen the miseries-of the affected
population and the livestock. Thousands of crores rupees, man, animal and material

 resources have been lost of the affected population. The human miseries dueto loss of

their dear & near ones only can be felt and understood by those who have passed with

- this trauma. Fortunately, it is pdssiblf_: to fight the drought with determined political &

administrative will. This require effective planning of schemes and their effective
implementation. The drought affected people's participation in planning of schemes, their

- implementation and later on their operation and maintenance should be ensured to plug

the leakage of resources in implementation of relief works and or other such schemes,

‘The complete transparency in all such works must be ensured by the state Govt. by

announcing effective policy. Under irrigation department, a drought scheme planning unit
at state level must be created who can develop strategy with available technology to
prepare schemes through which intensity of drought can be reduced and advance action
plan could be prepared to manage the situation effectively especially to facilitate the

- demand of drinking water, to generate employment to enable the affected population to

buy food & fiber for their family needs. The department need to tackle this problem in
wider prospective nested in policy for permanent solution to recurring farmers.

9.4

The potential negative impacts of most large irrigation ,pfojects '

include:

Water logging and Stalinization of soils
Increased incidence of water-born and water-related diseases

Resettlement or éhanges in the lifestyle of local population

season die back and creation of a more humid microclimate.

9.5

‘The expalision and intensification of agriculture made possible

by irrigation has the potential for causing

' Inéreaised -Ierosion »
Pollution of surface and groundwater from agridqltufe biocides
Deterioration of water quality (water quality guidelines for drinking and irrigation)
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Increases of agricultural pests and diseases resulting from the elimination of dirt.

' Increased nutrient levels in the irrigatioﬁ and drainage water resulting in algal blooms -
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Large irrigation projects which impound or divert waters have the potential to

Proliferation of aquatic weeds ‘
Eutrophication in irrigation canals and downstream waterways

Fertilizer must be used to compensate for high growth rate and loss of
Nutrients through leaching : o

Pesticides to control the greater numbers of crop pests and diseases.

cause major environmental disturbances resulting from changes in the hydrology
and limnology of river basins. '

Reducing the river flow changes floodplain land use and ecology

Disrupts riverine and estuarine fisheries

Causes salt water intrusion up the river and into the groundwatér of adjacent lands

Diversion and loss of water through irrigation reduces the water supply for
downstream users including municipalities, industries and agriculturists

* Areduction inariver's base flow also decreases the dilution of municipal and industrial

wastes added downstream, posing pollution and health hazards

The deterioration of water quality below an irrigation project can render the water -

unfit for other users, harm aquatic species

Because of high nutrient content, result in aquatic weed growth that clogs water
ways and has health, navigation and ecological consequences -

The potential direct negative environmental impacts of the use of groundWatcr supplies

arise from overlapping ground water supplies. This results in the lowering of water -

tableland subsidence, decreased water quality and salt water intrusion (in coastal

- areas).

A number of external environmental factors influence irrigation projects. Upstream
land use will affect the quality of water entering the irrigation area, particularly the
sediment contentand chemical composition. Use of river waters with alarge sediment
load may result in canal closing. -

The obvious benefits conferred by irrigation are those resulting from increased

~production of food. Increased vegetative cover for a greater portion of the year
‘helps reduce soil erosion. ' '

Water logging and Stalinization

Water logging results-primarily from inadequate drainage and over-irrigation', and
16 a lesser extent from seepage from canals and ditches.

Salinity problems, naturally more acute in and semi-arid areas which have more

~ rapid surface evaporation and saline soils, are exacerbated by irrigation. Water
Jogging concentrates salts; drawn up from lower in the soil profile.

Alkalizationis a particularly detrimental form of salinization which is difficult to rectlfy

Soils in and semi-arid zones have a natural tendency toward salinization, many of
soil related problems could be minimized by installing adequate drainage systems.
Water logging and salinization can also be reduced or minimized by using sprinkler
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or drip irrigation which apply water more precisely and can more easily limit quantities
to no more than the crop needs. ' ‘

Social Issues

¢ Social disruption is inevitable'in large irrigation projects covering vast areas. Local
people dislocated by the irrigation project face the classic resettlement problems:

A decrease in the standard of living, Increased health problems.
Social conflicts..
Deterioration of natural resources in the resettlement area.

® The people remaining in the area will like have to change their land use practices and
- agricultural patterns. ' :

- ® Increased population density and altering the distribution of wealth can have a
profound influence on traditional social patterns '

e  Water borne or water related diseases commonly are associated with the introduction
of irrigation. The diseases most often linked with irrigation are schistomiasis, malaria
- and onchocerciasis, whose vectors proliferate in the irrigation waters.

® Increased use of agrochemicals, detérioration of water quality and. increased
population pressure in the area are other irrigation related health risks.

¢ Thereuse of wastewater for irrigation has the potential of transmitting communicable
diseases mainly helminthes. '

Policy and Institutional Requirements

While many developing countries, including Egypt, India and Pakistan, have environinental
agencies and strong environmental laws, there is extensive water pollution either by irrigation
and drainage, or limiting the productivity of irrigated agriculture. The laws are seldom -
enforced. : . ' '

Govemment should consider assisting industries to develop and install technologies which
minimize, or eliminate, pollution by rivers, irrigation canals, and agricultural drains. One
reason why pollution laws are seldom enforced is the absence of areliable water quality
~ monitoring. Countries lack of the field and laboratory facilities, and qualified personnelto -
- undertake a water sampling program, conduct the analyses, and accurately interpret the
~ data. inmany cases, the laboratory equipment is unavailable, Sampling procedures do
not follow established guidelines. Laboratories do not undertake appropriate quality
assurance and quality control procedures. Environmental agencies will have to work
with research institutions and universities, to train staff, develop manuals and guidelines,
and provide essential equiptient. The assistance and expertise of regulatory agencies
and water quality laboratories in developed countries should be sought.
A rigorous and routine water sampling program for all major rivers, irri gation canals,
agricultural drains, and groundwater needs to be developed. This data should be published -
and frequently analyzed by water management agencies, in case corrective measures are
required. Other ecological indicators, ego soil properties, crop yields, and habitat species
and numbers should be routinely monitored. These policies and monitoring program will
lead to improvements in irrigation water quality, and itrigation of environmental damage
due to the disposed or reuse of drainage water, and wastewater irrigation.
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Planners and designers of irrigation and drainage projects will be required to undertake

 initial environmental screening and scoping studies, especially when external funds are

sought. These initial studies are useful, prior to conducting major environmental
assessments and model exercises. Biswas and Geping (1987) emphasized the benefit of
a scaling checklist. Based on this concept, a scaling checklist of environmental impact
indicators pertinent to irfigation, drainage and flood control projects was developed.

9.6

Conclusions and Recommendations

Water quality is amajor constraint to the sustainability of irrigation and drainage systems.
Some of the problems are not new, eg irrigation water quality, or the environmental
impacts of wastewater irrigation. However, few, if any attempts are made to resolve the -

. problems.

9.7

" Self Assessment Test:

1. Whatdoyou understand by water quality?
2. Define water logging.
3. Definesoil salinity and alkalization.

9.8

Key Words:

Irrigation means the supply, distribution and controlled applications of water to agricultural
land to improve the cultivation of crops. - '

. Environmental Impact means The effect on the environment of a certain human

interference.

Ecosystem means A dynamic arrangement of plants and animals with their non living
surroundings of soil, air, water, nutrients, and energy. . ‘

9.9

Suggested Reading:

- FAO Iﬁigation and Drainage paper 55; Control of Water Pollution from Agriculture; 1996.

Government of Rajasthan, State Water Policy

Ministry of Water Resources, GOL National Water Policy,1987
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UNIT-10

WATER BUDGET BASED ON CROP WATER -

REQUIREMENTS
~ Structure ' |
10.0 Objectives
10.1 Iﬁ‘trouction
102 Water requirement of crops
103 Economics out of per urit of water applied
10.4  Crop Planning with Available Water -
10.4.1 * Steps To Water Budgeting
104.2  Examples -
10.5  Operation of canal based on crop water réquirément.
10.5.1  Reference Evapotranspiration(Eto.) |
10.52  Crop-Coefficients(Kc)
1053  BffectiveRainfil
110.5.4  Scheduling
10.6 A Case Study
10.7  Self Assessment Questionnaife
10.8 - Suggested Readings |
10.0 Objectives -

Water is a 'precious commodity' through out the world and its limitation are being felt
more acutely in arid and semi-arid tracts, where the greater pan of cultivated areCj is
under rainfed agriculture, with scare possibility of irrigation. Our growing population and
rapidly diversifying and expending need make water an increasingly scarce resources.
The state is facing recurrent drought due to inadequate and etratic nature of monsoon.
Not only quantum of rain, duration of monsoon is also less, as a result there is poor
inflow in the tank available for irrigation and replenishment of ground water is also meager.

- Afew perennial river e.g. Kalisindh, Chambal and Mahi are there, but their benefits
~-cannot be divided by the state as they flow through liriited area, Tt has been observed _

that about 50-60 percent available water is lost during conveyance, run off and seepage
losses do occur on account of evaporation also. This further minimizes the availability of

 irrigation water. Under the circumstances this precious resource is to be efficiently utilized

~ and conserved to meet the evapotranspiration need of the crop at its peak requirement.

- Water conservation coiwjxise not only creation of reservoir for storing of water, but also
It X
prevention of losses, water use efficiency recycling and reuse of waste water etc. It is

therefore of great importance to harness more out of per unit of water applied. It means

 planning the crop and allocation of water to each crop to meet their evapotranspiration
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need to increase productivity i. e. water budget.

10.1

INTROUCTION

Forthe growth and development and to obtain optimum yield, crops should be irrigated

 atits critical water requirement stage. While deciding the water requirement, it must be

borne in mind that what are the conveyance and field application losses. The amount of
losses be added to the net water requirement of the crop to arrive the total requirement -
ofthe crop. ‘ ‘

10.2

WATER REQUIREMENT OF CROPS

“Thenet water requirement of different crop are being given in the fdllowing table; Mostly

Kharif crops ate rainfed but inthe even of failure of rainfall, life saving irrigation be given-
at flowering and grain filling stages so that productivity is not declined. '

Water Requirement of Crops(Unit mm)

S.No.| Crops ‘Net Water Requirement | Total water requirement
A | Rabi Crop>s. ey : L |

1. | Wheat 1 500-600 750-900

2. | Batley 350-400 525-600 .

3. | Gam - | 200250 | 300-375

4. | Mustard 250-300 ~375-400

5. | Dhaniya 300-350 450-525

6. | Linseed | 200-250 300-375

B. Kharif Crops .'

11, | Maize 500-550 750-825

2. | Jowar 400-450 | 600675

3. | Bajra’ 300350 | 450-525

4. | Groundmut 400-500 600-750

5. |'Soyabean | 400-500 600-700

6. | Paddy | 1500-2000 - -~ | 2250-3000"

The above table reveals that in the even of limited availability of water high water efficient

—corps like gram, linseed, Mustard, Dhaniya in Rabi and Bajra, Jowar, Soyabean, _

~ Groundnut in Kharif be grown.

10.3

ECONOMICS OUT OF PER UNIT OF WATER APPLIED

" Under the condition of limited water availability early maturing, high watér,eﬂicient varieties.

of crops be selected, so that higher profit from per unit of water applied, could be
earned. Income from per unit of water applied in Rs. is being summarized in the following

table.
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S.No.| Crops Yield | Sale |Income| Cost- | Net Net Income -
Kgha | " price Retun | water | per unit of
Req | netwater -
' applied
1 Wheat | 3000 600 | 18000 | 7000 | 11000 | 5000 [ 222
2 Barley 2500 600 | 15000 | 55000 | 9500 | 4000 2.37
3 Gram 1000 | 1500 | 15000 | 5000 | 10000 | 2500 4.00
4 Mustard | 1600 | 1200 | 19200 | 5500 | 13700 | 3000 456
5 Dheniya | 1000 | 1600 | 16000 | 5000 | 11000 | 3500 315
6 ' | Llinssed 800 1500 | 12000 | 4500 | 7500 | 2500 300 .

The data in the above table revealu that with per unit of water applied hlghest proﬁt is
recelved from Mustard followed by Gram, Dhani yaand linseed. When avalla.ble water is
scarce the cultivation of wheat/Barley is not profitable. :

10.4

CROP PLANNING WITH AVAILABLE WATER:

(@) Under assured irrigation Malzemwhea‘r or Bajra- wheat can be grown. However,

highest profit cai: be €9rned from Groundnutwheat rotation, When extended irrigation
is adopted wheat may be replaced by mustard / Gram/ Dhaniya as per need ofthe
area.

water. When only one irrigation is available Gram/ linseed or Taramira can be
grown. When two irrigation (i.e. Palewa +one irrigation) are available mustard/
Dhaniya/ gram can be grown. When two irrigation after pre-sowing irrigation is
available Dhaniya/Mustard can most profitably be grown. Wheat/Barley should

be grown only when more than three irrigation's are avallable orwhen farmel had

his own source of irrigation.

(©) Incaseof delayed monsoon, moisture be conserved and sowmg of Gram/Mustard/
Toriya be dortie, so that even with one irrigation crops will yield better. Incase of
early withdrawal of monsoon life saving irri ga‘uon be planned for Kharlf crops at
critical stage of crop requirement. '

10.4.1 - STEPS TO WATER BUDGETING:

Water saved is water generated therefore to plan water budget one has to
ensure the available water, followmg steps be taken for water budgetmg

: thercafter

1. Water avallable for irrigation.

2. Conveyance and field application losses be deducted ﬁom the avallable

water to get net water for crops.

(b) Under llmlted water supply crop plan may be developed as per avallablhty of

B

3. The data on existing crops and cropping pattern be collected and water -

requirement may be worked out.

4. Gross water requirement of existing cropping pattern be compared with
water avauable fori irrigation a,nd ensure how much area will be put under
cxﬂtlvauon

5. Now develop croppm,(D paftem as per available water and try to extend i in
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10.4.2

irrigation by selecting high water efficient crops and theif varieties.

6. Workouts gross waters requirement of the proposed cropping pattern and :
compare with the water available. Now ensure with the same water
available and change in cropping pattern. How much additional area is
covered howmuch saving in. water observed and what is irti gation intensity
with existing system and with proposed system?

7. Ttshould be taken care that the overall efficiency or-the system and designed -

intensity of the system should not be exceeded failing which canal willnot
be in a position to cover the proposed area. ' ’

An integrated approach has to be developed for efficient implementation of
water budgeting and crop planning approach relates to develop co-ordination
with officials of irrigation, co-operative and agriculture department to facilitate

- farmers in getting water, seed fertilizer, plants protection chemicals etc. along

with technical know-how as and when needed. Water scheduling be coincided
with critical water requirement stage of the crops i.e. of Mustard and Gram
irrigation scheduling be coincided with branching and pod formation stage of
the crop. Seed and fertilizer should be made available to the farmers before
opening of canal so that they could undertake sowing operation well in time.

EXAMPLES
‘Water Budgeting
1. CCA of the project = [ 8600 Acres
2. Total water available in tank = | 495 mcft.
3. | () - | Dead Storage = |72 mcft.
(i) Eavaporation losses @ 13 % _ = 54.99 mcft.
(iiy. | Eonveyance losses @ 30 % = | 110.40.mcft.
(iv) water required  for drinking | = | 15.45 mcft.
’ purpose @ 6 % total . '
4 Water available for irrigation = 424 .84 mcft.
. ’ (495-252.84) ‘
5, Existing Cropping Pattern
S.No | Crop - Irrigation Area in Percentage | water(mcft.)
- | acreinch acre -
1 Wheat =~ = - 16 2860 33.25 - . 165.79
2. - jPulses 10 900 - 1046 - 32.80
3 TOiseeds | 10 | 1200 | 1395. | 4347
Total ' 4960 - 57.66 241.86
6. Proposed Cropping Pattern » |
S.No | Crop | - lrrigation Areain | Percentage. | water(mcft.)
: acre inch acre ‘ ’
1 Wheat 16 1500 17.44 ..86.96
2 Pulses 10 | 2000 23.26 72.46
3 Qilseeds 10 2283 26,55 82.72
.| Total 5783 . 67.25 o 24214
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7. Irrigation would be given as below

Pulses and QOilseeds

Pre sowing irrigation = 4 Acreinch
Firstirrigation = 3 Acre inch
Secondirrigation = 3 Acreinch

- Total = 10Acreinch
Wheat ‘ . '

- Presowing irrigation = 4Acreinch
dimigation’s = 12Acreinch

(GAccincheach) - -
Total o = 16Acre1nch

~ Note: 242 16 mcftwaterwouldberequlred forproposed croppmgpattern whlch 1s‘ ER

available in tank. -
Units of Irrlgatlon Measurements “
These units are used for getting following mformatlon
To workout the area wh1ch can be irrigated wittl given quantlty of Water..

2. . Toworkoutthe quantlty of water which would be needed to irri gate a gwen area’ -
’ and crops to be grown. : :

To calculate the time needed fori 1rr1gatmg agiven area o

4. Towork out the optimum capac1ty of. entire conveyance system Ind1v1dually for ‘
.main canal, dlstrlbutanes, mmors arl d water courses :

Acre-Inch

It represents. the quantlty of water requlred on one acre areato the helght of one 1nch
One acre inch of water measures about 22464 gallons and. welght 101 tones ;

- Cusec

. Itis the quantity of water ﬂowmg at the rate of one cublc foot per second As1 cubic B '

foot of water weighs 62.4 Ibs. Water- flowing @ 1 Cusee for one hour w111 wei gh (62 4
x60x 60)or approx1mate1y 100 tones or one acre 1nch

Duty

e

| during the base penod
Delta

This denotes the area whlch can be ungated by one Cusec of water ﬂowing contmuouslyt o o

This indicates the depth of water in cins. Wthh would be requlred for matunng the crop; - .,: i -
~ This depends uponthe number ofi 1mgat10ns and their intervals. Th1s provides total water o

requirements..
AIDC |
This term is infect duty based on day basis (24 houirs) and is related to the area of various-
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crops, which <are to be irrigated by one Cusec of water.

Base Period:

This denotes the total number of days in any cropping season.
1.Kharif - 1stJulyto 14th October - 106 clays..

2 Rabi - 15th October to 28/29 February - 137 days.
3.7aid - 15t Marchto 30th June - 122 days.

However the period conditions of any area. As such it may vary in different climatic
ZONES, o

A, Seasonal storage requlrements

FlowinCusec =  Areaof thie eropitii gated
C Duty of the erop.

- Storage in Mcft Flow in (,usec X base perlod (ans) X O 0864 (one day Cusec)

B, To caleulate canal dlscharge,

Q= - Areaproposed for. 1rr10a’uon
N FlowperlodxAI/DC
Where: -

' Q = Dischargein Cusec.

Area=Area proposed for irrigatiori in acres.. N
Flow period = T number of days. |
N AI/DC = Area irrigated per day Cusec in acres.
C. | To find out the area that can be irrigated in given quantlty of water.

Area in acres = Quantitv of water in Mcft x 23 &
Delta in feet

One Mcft =23 Acre feet.
Tlme required for irrigation
- Water- requlrement in (M3) = Area (ha) x Delta (mm) x 10

Time requlred for irri gatlon in hours= Water rex uirement in (M3)
Delivery é)f water (M3)/hour |
D. Depth of water required in Cms.

D = As.D. (fc - pal
100
“Where:
D =  Depthof water required in cms.
‘As=  Specific gravity of the soil. .
D= Root zone depth in cms,
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Fc = Field capacity in percentage.
Pa = Available moisture in soil in percentagé

Now looking to the above example, now we can also calculate the seasonal
requirement and the most important is that through we can also calculate the
operation of canal based on crop water requirement. : '

10.5 OPERATION OF CANAL BASED ON CROP WATER

'REQUIREMENT. -

The objective of irrigation is to supply water to the plants. The soil is the medium from
which crop draw water and nutrients. Since the plant transpires continuously, water
needs to be available continuously. The water stored in the soil supplies this water over
an certain period, after which it needs replenishment, which is done in intervals through
application of irrigation water, Irrigation provides one of the greatest possibilities for
~ increasing agricultural production in India. This objective can be achieved by adopting,
. proper scheduling of irrigation, improved operation of water supply and distribution
. systems. ‘ '

. Most crops vary in their water requirements over the growing season. This is generally
* due to changes in leaf area and climatic parameters. An appropriate canal schedule help
to provide good crops and would encourage the farmers to make judicious use of water.
In some projects, water supply schedules are based on fixed internal and/or a fixed
depth of water application regardless of the changes in crop water requirements over the
growing period and this may cause losses in the yields due to excessive in or inadequate
water supply to the crop. It is generally noticed that when a farmer irrigates his field from
the tube well, he achieves the optimum water utilization efficiency but in the command
area in most of the cases farmers do not achieve this much efficiency, perhaps, because
they are not applying right amount of water at right time. Therefore, for high yields, the
operation of water supply through canals must be directed toward meeting the crop
* - water requirements over time and acreage. The canal scheduling based on crop water
requirement is simple correct and scientific.

During the period of peak water requirement, canals should be run continuously which

should thus determine the maximum irfigable arca, During the times of lesser demand,

prior to orafter the peak period, supply could be delivered intermittently on and ON/
OFF basisin such a way that crop water requirements would be followed as closely as
possible and within practicable limits of operation. To prepare a schedule for the canal
operation according to crop water requirements the systematic approach of water
budgeting is needed and for which the following data are needed.

a. Cropping pattérn inthe Command Area.
b. Crop water requirement of each crop.
c. Irrigation efficiencies. |

The simulation modules for the water deliveries for the two different minors (examples)
in the Rabi season have been prepared to match the water supply versus crop water
requirement. The cropping patterns in the command areas 6f minor 1 and 2 have been
shown in table 1. The crop water requirements for each crop of the proposed cropping
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 pattern can be calculated by using the reference evapotranspiration and coefficients.
- 10.5.1 REFERENCE EVAPOTRANSPIRATION(ETO)

Eto is defined as maximum evapotranspiration that occurs under given climatic
conditions with a field having well watered agricultural crop, such alfalfa or
Lucerne of the 30-50cm, of top growth. Monthly Eto of the command area is
givenintables2. ' A ‘

10.5.2 CROP-COEFFICIENTS(Kc)

For converting Eto values into Et for crop, suitable crop coefficients i.e. constant
factor should be evolved for the crops at different growth stages. The monthly
Ke values for some of the rabi crops are given in table 3. The amount of water
-needed to meet the crop water requirement any amount for land preparation in
the command areas of minor-1 and 2 are given in table 5A and 6A respectively.

10.53 EFFECTIVE RAINFALL

Effective rainfall means only a portion of total rainfall. Inits simplest sense,
effective rainfall means useful for utilizable rainfall by the crop. The calculation
of monthly effective rainfall is given in table 4. The effective rainfall in season is

also shown in the water budgeting tables. Irrigation efficiency is normally
expressed in terms of amount stored in the root zone as a percentage of total
water released. The efficiencies in the minor command are as :-

Conveyance efficiency(Ec) of minors -+ . = - 90%
Field channel efficiency (Eb) o= 80%
Field application efficiency(Ea) L= 70 %
The overall efficiency of minors are - Ec. Eb. Ea

= 9x.8x.7=0.50r50%

Basedon the above data collection and preliminary calculations, monthly water
budgeting(ten days) tables can be prepared.

10.54 SCHEDULING

With the help of these monthly water budget tables, the net itrigation requirement
~ mm/day, net and gross water delivery in canals can be calculated. The unit
description is given in table 7. The tables 5B and 6 B gives the month wise (ten
daily) account of water release from the minor 1 and 2 respectively for therabi -
season. Keeping in mind that the canals will either be design discharge. In
order to prepare a schedule for the canal operation, water deliveries at FSL
for the numiber of days per month are calculated. Depending upon the selected
interval of irrigation (which should be generally a function of irrigation moisture
retention) the duration of ON/OFF operations is developed. The desired interval
in the tables 5B and 6B was of 10 days. In many canal schedules the weekly
intervals are also adopted. _

10.6 A CASE STUDY

National Water Management Project, New Delhi, conducted a cése study for Bhadra
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Reservoir Project of Karnataka State. The objective of the case study was to increase
~ the efficiency of water use by - estimating crop water demands, improve the canal
operational procedures and monitoring of water distribution. In this case study, the
~ distributory wise graphics, of the project were prepared for menth w15e supply of water
“Versus requlrements Some of the graphics are discussed below. :

The graphic for 6/2 seourlng sluice, show the actual flow VS advised flow chart for the
Kharif season. 1990. This graphic shows that the actual. supply of water from this
distributory was the same inall months from June to November. The supply nearly matched
with thedemand for the months J une July and September only where as the supply was

E much less than the: -required demand for the months of August, October and November, -

_ The graphic for the dlstrlbutory 17, show that the actual supply was much less than
“requirement except for the month J uly These graphic show that many times there was a

~ wide gap between actual and requlred supply of water from the canals. This clearly
‘fmdlcate that con31derable amount of water can be saved and its best use can be made by

effectwe momtomn 18 ¢ of Water supply versus crop water 1equ1rements to increase the ‘

crop productlon m the command area, -

vTable 1z The cmppmg pattelm m the command area of mmor 1 and 2

Mi:nor’ N.Q-;E’_1’- _ 1
_CCA‘ , . o 1000Ha _
1L.CA: ' E . 1 900HA (90%)
Croppmg Pattern
a. Wheat | 40%, 400 Ha
- b, Mustard 30% , 300 Ha.
' ¢. Potato 10% 100 Ha. -
d. . Gram 5 %, 50 Ha.
e. Berseem 5%, 50 Ha.
“Minor No 27 ‘
CCA 500 Ha.
A1T.CA. 400 HA (80%)
 Cropping Pattern
1. Wheat 30%, 150 Ha.
2. Mustard 40% , 200 Ha.
3. Gram 110 %, 50 Ha.

Atior Bto) In the Command Area

| SNo.| Month - Fbo

"1 . | January 32
2 February ' 4
3 | March - 6
4 April 79
5 May 9.6
6 June 9.1
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7 July : : 6
| Avgst 44
-9 * September - 47
10 | Oetober | 49
11 | November | . 4
12 | December , 3.5

Table 3 : Monthly Crop Coefﬁcents(Kc) for some Rabi Croops..

Month_ Wheat - Mustard Potato ' Gram Berseem

October - 0.3 - ' 0.3 04

November 04 0.5 0.5 0.5 0.8

December 0.7 ‘ 0.8 0.8 0.7 0.8

- January 1.0 - 0.8 12 0.7 1.1

February 12 | 05 1.2 05 | 1.2

March | 0.6 o 0.9 0.3 0.9

April | 02 -} - |- 07 N 0.6
- Table4: MonthlyEﬁ'ectlve Ramfall N | |

Monthly T Av Monthly Consumptlve use in’ mm.

- Normal |
Ramfall R/mm ,

25 ] 50 | 75 [ 100 ] 125 | 150 | 175 | 200
: - Monthly Effective rain fall (mm) Re.

—3% | 15 |17 [ 18 | 18 [ .19 | 20 | 21 | 22

50 - | 25 . 133 [ 35 | 36 -] 37 | 40 41 44

75 | 42 | 47 | 61 | 54 | 56 | 58 | 61 | 65

100 \ 50 | 656 | 69 | 73 | 75 | 79 | 83

125 . B 81 75 | .83 89 [ 91| 96 | 102

150 ' 4o 1124 | 97 104 | 106 | 113 | 120

75 | . . | 100 | 117 /120 [ 128 | 136

200 | | 162 | 125 | 131 | 140 | 148

o925 | .. .| .. | . [ 200 [ 142 | 152 | 162

~250 - . [ . . T 7148 [ 164 | 175

—975 | . | 1 I . T 150 [ 173 | 188 |

=00 . . . [ 260 | 175 195

—Es0_ . [ 200 [ 200

300

|25 |50 | 75 | 100 | 125 | 150 | 175 | 200
CorrecuonFa‘,'-f;:,; R . 3

. ‘Net depth of: Water apphcatlon mm. Mi{ltiplicatioﬁ Factor

25 : 0.77

50 | K 0.90

75 B 1.0

100 102

125 ~ 1.04

150 : 1.06
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(Supply Vs Advised Flow Chart
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Table No. 7 Unit Description

Discharge - = Cumecs(m*/sec.)
Area - Ha=10000 m*>
'. Trigation _ Discharge
g 4 Area
- m?/sec

= - 10000 sec.m?
= m ,
: 10000 sec.
= 1000 mm
10000 sec.
mm

10 sec, \ -
= o 7
10x1/60x1/60x1/24 day
= (mm x8640)/day
[rrigation = . (Discharge in cumecs)x8640
(mm/day) AreainHa, |
Discharge o= (Trrigation Mm Per day) x(Area in Ha))
(Cumec) 8640 '

* 1 cumec = Cusec

10.7

SELF ASSESSMENT QUESTIONNAIRE

Now after reading this now you can understand about the principles 1nvolved in water
budgeting. Please make a brief note on the following:

® What are the factors come in the water budgeting?

e Howcanal operation canbe plahned based on crop water requirements?

10.8
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