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CURRENCY EQUIVALENTS

Currency Unit = Indian Rupee (RSs)
US$1.0 = Rs 45.34

MEASURES AND EQUIVALENTS

1 meter = 3.28 feet
1 ha = 2.47 acres
1km = 0.620 miles

1 cubic meter (1) 35.310 cubic feet
1 million acre foot (MAF) = 1.234 Billion cubimeter (Bm)
1 cubic feet per second (cusec) = 28.5 litrespeond (I/s) = 0.0285 cubic meter per second

(m¥s)
T™MC = Thousand Million Cubic Feet = 28.3 Nih Cubic Meters
MCM = Million Cubic Meter
ABBREVIATIONS AND ACRONYMS
NRLW Water Service of the Land and Water Developni@Ewnision of FAO
CA Command Area
CCA Culturable Command Area
CR Cross regulator
DO Direct outlet
FAO Food and Agriculture Organization
FO Farmer Organization
GCA Gross Command Area
ICA Irrigated Command Area
IBC Indi Branch Canal
ILIS Indi Lift irrigation System
ITRC Irrigation Training and Research Centre (foatia Polytechnic University)
JBC Jewargi Branch Canal
KJBNL Krishna Bhagya Jala Nigam Limited
LMA Local Management Agency
LSM Local System management
MAF Million Acre Feet

MASSCOTE MApping Systems and Services for Canar@on Techniques
MASSLIS Mapping System and Service for Lift Irrigat System
MASMUS Mapping System and Service for Multiple Yse

MBC Mudbal Branch Canal

M&E Monitoring and Evaluation
MUS Multiple Uses of Water Services
NCA Net Command Area (irrigable)
NLBC Naryanpur Left Bank Canal
NRBC Naryanpur Right Bank Canal
O&M Operations and Maintenance
OFWM On-Farm Water Management
RAP Rapid Appraisal Procedure
SBC Shahapur Branch Canal
WUA Water Users Association
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Introduction and Background

The MASSCOTE application presented in this docunmtesd been initialized through a
training workshop in Karnataka for engineers anachagars from the KIJBNL focussing on
Upper Krishna Project from $1January to 10 February 2009. The contributions of
participants made during the work group sessiotisigitwvorkshop have been largely included
in this report under the supervision of the suppgrEAO team composed of Daniel Renault
(NRLW-HQ) and PS Rao (FAO Delhi) as well as resewstaff from KNNL Mrs Shukumar,
Mahesh, Murley, Kulkarny and Mohanar and Mr. Murfegm KBJNL.

This document presents the status of the MASSCQification development immediately
after the workshop. It has several purposes:
suggest some specific strategies to managers afkiesystems on how they should
conceptualise the modernization of irrigation mamagnt;
produce food for thought for decision-makers in rdaka before engaging in
investment plans, particularly on how to ensuret tti@agnosis and solutions are
investigated properly in modernization projects;
introduce the MASSCOTE and RAP exercises to a largience through real-case
application within the KIJBNL one of the three Niganf Karnataka
validate a specific module of MASSCOTE MASSLIS whics dedicated to lift
irrigation system.
introduce a new module on multiple use of water.

e

LoDeC AR LA OF IRRSCAT YO FROUTCTE & I
AR AT AR,

Figure 1. Location of the Upper Krishna Naryanguiojects in Karnataka
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Brief introduction to the Upper Krishna Project Sys tems

The Upper Krishna irrigation systems is a set cftesys using water from the Naryanpur
reservoir located at downstream part of the UppeshKa. A total of 8 systems have been
built since year 2003 which are fed by the Naryanpservoir, totalling a net command area
of 513 000 ha for a GCA of 601 000 hectares. Thisygstems are listed in table below:

Table 1. Upper Krishna Irrigation Systems

Name of subsystem ICA hectares
Naryanpur Right Bank Canal NRBC 84000
Rampur Lift irrigation System RLIS 20235
Naryanpur Left Bank Canal NLBC 47223
Indi Lift irrigation System ILIS 63076
Indi Branch Canal IBC 131260
Shahpur Branch Canal SBC 122120
Mudbal Branch Canal MBC 51000
Jewargi Branch Canal JBC 57098

The 8 systems have been investigated using the \IRHE methodology with two variant
MASSLIS for the lift irrigation systems RLIS & ILIBnd MASSMUS for the multiple use of
water in SBC.

| = R

. : ' 8 systems

Figure 2. Layout of the 8 irrigation systems af thK Naryanpur complex.
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1. PRESENTATION of the MASSCOTE APPROACH

The generic methodology used in the study is cdlagping System and Services for Canal
Operation Techniques (MASSCOTE). It has been deeeldy the Land and Water Division

(NRLW) of FAO on the basis of its experience in rapodzing irrigation management in

Asia. MASSCOTE integrates/complements tools sudhasapid appraisal procedure (RAP)
and Benchmarking to enable a complete sequenceaghakis of external and internal

performance indicators and the design of pracscduitions for improved management and
operation of the system.

MASSCOTE is a methodology aiming at the evaluatbourrent processes and performance
of irrigation systems management and the developrokm project for modernization of
Canal Operation.

Operation is a complex task involving key actistigf irrigation management which implies
several aspects which have to be combined in astensmanner. These aspects are:
service to users
cost of producing the services
performance Monitoring & Evaluation
Constraints and opportunities on Water resources
Constraints and opportunities of the physical syste

MASSCOTE aims to organize project development angtepwise revolving frame
including:
mapping the system characteristics, the water goated all factors affecting
management;
delimiting manageable subunits;
defining the strategy for service and operationefach unit;
aggregating and consolidating the canal operati@teg)y at the main system
level.

MASSCOTE is an iterative process based on ten saneesteps, but more than one round is
required in order to determine a consistent plan.

A specific module of MASSCOTE for Lift Irrigation yStem developed in 2008 called
MASSLIS [MApping System and Services for Lift Iration System] has been used in some
subsystems of the Upper Krishna Project.

Another specific module called MASSMUS [Mapping t&ys and Services for Multiple Uses

of Water Services] which focuses on multiple usksvater in the command area has been
recently developed by FAO and for the first timgtéel on the ground on this project.

1.1. Presentation of the methodology

The first 6 steps of MASSCOTE (Table 1) are conelddbr the entire command area. The
objective of step 7 is to identify homogeneous nganal units for which specific options for
canal operation are further sought by running thieous steps of MASSCOTE for each unit
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taken separately. Then, aggregation and consaidatf the outputs are carried out at the
main system level through steps 10 and 11. Thesntethodology uses a back-and-forth or

up-and-down approach for the different nested Eevéimanagement.

Table 2. 10 STEPS of MASSCOTE

Mapping ....

Phase A — baseline information

1. The performance (RAP)

Initial rapid system diagnosis and performance assessment through the
RAP. The primary objective of the RAP is to allow qualified personnel to
determine systematically and quickly key indicators of the system in
order to identify and prioritize modernization improvements. The second
objective is to start mobilizing the energy of the actors (managers and
users) for modernization. The third objective is to generate a baseline
assessment, against which progress can be measured.

2. The capacity & sensitivity
of the system

The assessment of the physical capacity of irrigation structures to
perform their function of conveyance, control, measurement, etc.

The assessment of the sensitivity of irrigation structures (offtakes and
cross-regulators), identification of singular points. Mapping the
sensitivity of the system.

3. The perturbations

Perturbations analysis: causes, magnitudes, frequency and options for
coping.

4. The networks & water
balances

This step consists of assessing the hierarchical structure and the main
features of the irrigation and drainage networks, on the basis of which
water balances at system and subsystem levels can be determined.
Surface water and groundwater mapping of the opportunities and
constraints.

5. The cost of O&M

Mapping the costs associated with current operational techniques and
resulting services, disaggregating the different cost elements; cost
analysis of options for various levels of services with current techniques
and with improved techniques.

Mapping ....

Phase B — Vision of SOM & modernization of canal operation

6. The service to users

Mapping and economic analysis of the potential range of services to be
provided to users.

7. The management units

The irrigation system and the service area should be divided into
subunits (subsystems and/or unit areas for service) that are uniform
and/or separate from one another with well-defined boundaries.

8. The demand for
operation

Assessing the resources, opportunities and demand for improved canal
operation. A spatial analysis of the entire service area, with preliminary
identification of subsystem units (management, service, O&M, etc.).

9. The options for canal
operation improvements /
units

Identifying improvement options (service and economic feasibility) for
each management unit for: (i) water management, (ii) water control, and
(iif) canal operation.

10. The integration of SOM
options

Integration of the preferred options at the system level, and functional
cohesiveness check.

Consolidation and design of an overall information management system
for supporting operation.

11. A vision & a plan for
modernization and M&E

Consolidating a vision for the Irrigation scheme.

Finalizing a modernization strategy and progressive capacity
development.

Selecting/choosing/deciding/phasing the options for improvements.
A plan for M&E of the project inputs and outcomes.
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PART | MASSCOTE in Upper Krishna Irrigation Systems

The MASSCOTE analysis has been conducted for teab8ystems comprising the
Upper Krishna Irrigation Systems (UKIS).

In Part | the findings for the entire command aaea synthesised aggregating all 8
subsystems.

In Part Il are reported special MASSCOTE appliaatidor two Lift systems and one
for Multiple Uses as well as field visit reportsoduced by participants during the
workshop.

Photographs of the infrastructure features areepted only in part Il as part of the
field report for each subsystems.
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Step 1. Rapid Appraisal Procedure

A RAP (Rapid Appraisal Procedure) was carried aupart of the first step of the exercise
during the workshop. The following sections is BR¥&P executive summary.

Step 1.1 RAP Methodology for Canal System

The RAP is a quick and focused examination of atimn systems and projects that can give a
reasonably accurate and pragmatic description @fstatus of irrigation performance and

provide a basis for making specific recommendatim@tated to hardware and management
practices. The first step in evaluating irrigatjperformance, whether at the farm level or at
an entire irrigation project level, is to perfornrapid appraisal (RAP) of the system as it is
being operated.

The RAP can be described as follows:

The Rapid Appraisal Process (RAP) for irrigationjpcts is a 1-2 week
process of collection and analysis of data bothénoffice and in the field.
The process examines external inputs such as a#bpties, and outputs such
as water destinations (ET, surface runoff, etit.provides a systematic
examination of the hardware and processes usezhiey and distribute watgr
internally to all levels within the project (frorhd source to the fields).
External indicatorgnd _internal indicatorare developed to provide (i) a
baseline of information for comparison against fetperformance after
modernization, (ii) benchmarking for comparisoniagiother irrigation
projects, and (iii) a basis for making specificasumendations for
modernization and improvement of water deliveryiser

Use of a systematic RAP for irrigation projects wasoduced in a joint FAO/IPTRID/World
Bank publication entitle@Vater Reports 19 (FAO) — Modern Water Control arehigement
Practices in Irrigation — Impact on Performan¢Burt and Styles 1999). That publication
provides an explanation of the RAP approach andsgihe results from RAPs the authors
conducted at 16 international irrigation projediefer to Water Report 19 for further background
to the RAP approach, available directly from FA@://www.fao.org/icatalog/inter-e.hjm

RAP is now fully integrated as the STEP 1 or thenfitation of the new approach developed
by FAO for modernization strategy and plans whihalled the MASSCOTE.

A key component of the successful application & BAP and MASSCOTE approaches is
the knowledge and experience of qualified techresglerts who can make proper design and
modernization decisions. It is critical that MASSTE-RAPs are conducted by irrigation
professionals with an extensive understanding efissues related to modern water control.
This technical capacity building will be addressatially through training workshops which
will be organized by FAO. In addition to makingper recommendations for modernization,
evaluators using the RAP approach must have thigyabi synthesize the technical details of
a project with the concepts of water delivery sevinto a functional design that is easy-to-
use and efficient.
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Key performance indicators from the RAP help toamige perceptions and facts, thereby
facilitating the further development of a moderti@a plan through the different steps of
MASSCOTE. From the RAP we have already some godidations on:

Further investigations that should be carried oot the development of the
modernization plan.

Specific actions that can be taken to improve ptgperformance

Specific weakness in project operation, managemesources, and hardware

The potential for water conservation within a pobje

Broad goals of modernization are to achieve impdawegation efficiency, better crop yields,
less canal damage from uncontrolled water levelsrenefficient labor, improved social
harmony, and an improved environment by reducimpgogect’s diversions or increasing the
quality of its return flows._In general, these Igazan only be achieved by paying attention to
internal details, or the internal indicator§he RAP addresses these specific internal detail
evaluate how to improve water control throughowet pinoject, and how to improve the water
delivery service to the users.

Looking at different management levels

When one analyzes a project by “levels” (office,iimeanal, second level canal, third level

canal, distributaries, field), a huge project canunmderstood in simple terms. The operators
of the main canal only have one objective — evémgtithey do should be done to provide

good water delivery service to their customers, distributary/minor canals (and perhaps a
few direct outlets from the main canal). This ‘see concept” must be understood and
accepted by everyone, from the chief engineer o lthwest gate operator. Once it is

accepted, then the system management becomes imgrle.s Personnel on each level are

only responsible for that level's performance.

An important step of MASSCOTE is precisely to stesin this diagnosis and re-organize the
management of the system into units which are fanat, responsible and responsive and
consistent with the main features diagnosed irgthes command areas. On large system the
partitioning into management units is fundamentalatiow an effective service oriented
management from one level to the other down teetiteusers.

Main canal operators do not need to understand ditails of that day's flow rate
requirements for all the individual fields. Of ¢ee, in order to subscribe to the service
concept, operators generally need to know that tiiémate customer is the farmer. But the
details of day-to-day flow rates do not need tckkbewn at all levels. Rather, the main canal
operators have one task to accomplish — to defloar rates at specific turnouts (offtakes)
with a high degree of service.

Performance indicators

The external indicators compare input and outpurofrrigation system to describe overall
performance. These indicators are expressions mbusforms of efficiency, for example
water use efficiency, crop yield, and budget. Bhgyt do not provide any detail on what
internal processes lead to these outputs and Wwbatdsbe done to improve the performance.
They, however, could be used for comparing thegperénce of different irrigation projects,
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nationally or internationally. Once these exterindicators are computed, they are used as a
benchmark for monitoring the impacts of modern@ation improvements in overall
performance.

The internal indicators quantitatively assess titernal processes (inputs - resources used and
the outputs - services to downstream users) ofrragaiion project. Internal indicators are
related to operational procedures, management mastitutional set-up, hardware of the
system, water delivery service etc. These indisatare necessary in order to have a
comprehensive understanding of the processes tiflaemce water delivery service and
overall performance of a system. Thus they proimdeght into what could or must be done
to improve water delivery service and overall perfance (the external indicators).

Participants at the workshop were divided into 7 goups:

Group 1: RLIS and NRBC

Group 2: IBC 0 to 80 KMs

Group 3: NLBC 77 KMs

Group 4: SBC 76 KMs

Group 5: JBC 78 KMs and MBC 51 KMs
Group 6: IBC 80 to 172 KMs

Group 7: ILIS O0to 97 KMs

They spent 3 days on the field and gave ratingalltsternal indicators. During a plenary
session ratings were reviewed and finalized.

Common findings reported from the field visit

1. Gigantic water infrastructure that should be welnaged to serve generations to
come, avoid food shortage and generate good inctomesral population.

2. Management shift from construction phase to wateanagement has not yet
happened.

3. High distortion Official/Reality at management amgkrs levels
4. Measurements, assessment and monitoring extreraely p

5. Multiple Uses of Water is significant in the CA: #tp — Domestic to towns —
domestic to villages /to people — Environment -hifg.

6. Involvement of all users and stakeholders shoulthtreased in water management.

7. Spreading water all over is good for easy accesggter services, but it also generates
shallow water stagnation in non drained shallowkitewith invasive vegetation.

8. Drainage flow important (Nala): Water losses!

9. Water Services should thus include drainage.

10.In some subsystems probably 50 % rice cultivation
11.Water distribution not controlled

12.Rotation not followed leading to shortage of watetail.
13.Lack of gates below disty heads making rotationasgible
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14.Low flow spreading all around low efficiency of tisport
15. Seepage losses due to canal lining deteriorated
16.Too much water flows in upstream distys.
17.Inequity Tail-enders deficit within Disty

Some findings are specific to some system; theyeperted in table 3.

Table 3 Specific issues reported per subsystem

Subsystem Specific issue reported

RLIS BFV required to throttle the discharge
Capacitor to improve PF

NRBC Transitions between cutting and banking reachesuél needs stabilization
Sensi_tive off-takes (designed for Scheme-A+B regquent) needs immediate
attention

IBC Slippage of CC lining to be rectified in many reash

NLBC Vulnerable reaches in banking in km.61 to 63 nespesial attention for

stabilization.

Aqueducts needs restoration

SBC Excess withdrawal and specific geology lead tordrge problem in initial
reaches

JBC Deteriorated lining in initial 20 km stretch to kextified

MBC Substantial leakage in head regulator (diversideed proper structure to

automate operation to avoid vandalism.
Restoration of aqueduct in km.40

ILIS Bank slides in intake channel is a serious problem

External performance indicators

The productivity of land for the entire area isirestted to reach 1206 $/ha. It ranks upper
medium when compared to other systems studied &y RAASIA and elsewhere as seen in
figure 3. It also ranks medium when compared moilar systems of Karnataka: one could

expect higher values as found in Bhadra or Ghabapbat the slight gap is probably due to
the recent development of the project. Some aréabkeoproject have been irrigated for

decades but others are really new for irrigatioth smme are still under development.

In terms of productivity of irrigation water, perfoance is significantly higher (it rankd'5
out of 28 systems studied and first for South Asiadl reach 0.18 $ per m3 of water. One
reason is that pumped water is probably more usea supplementary irrigation rather than
full fledged irrigation supply thus leading to haghvalue per irrigation volume unit.
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Internal performance indicators

For the reporting of internal indicators, subsystemave been divided into 4 groups which
are:

NRBC

NLBC

Branches = SBC, JBC, MBC & IBC

Lifts = RLIS & ILC

The values of the primary internal indicators refflen evaluation of the key factors related to
water control and service throughout the commamé.arThe internal indicators and their
sub-indicators at each level of the system aregassdi values from 0 to 4 (0 indicating least
desirable and 4 indicating most desirable).

Main canal operation

Table 4summarizes the internal performance indicatorgtferMain Canal. The situation of
the main canal is diverse. The lifts systems rartkedlowest whereas NLBC the highest,
with the main difference coming from the Generalditons of the Main Canal [ 0.6 to 2.6].

Table 4. Upper Krishna systemsdnternal Performance Indicators for the Main canal
(Maximum possible value = 4.0, minimum possibleueat 0.0)

MAIN CANAL NRBC | NLBC |Brancheg Lifts |Overall
Cross regulator hardware (Main Candl) 1.1 3B 1B 4 19
Turnouts from the Main Canal 2.1 3.3 2.8 2 e
Regulating Reservoirs in the Main Carjal 0.G 0.p 0.p 0.0 0
Communications for the Main Canal 2.7 2.9 2.3 i

Existence and frequency of remote
monitoring (either automatic or manual} at
key spill points, including the end of th

1%

canal 0.0 0.0 0.0 0.0 0
General Conditions for the Main Canal 1.6 2.6 21 6Q ;47
Operation of the Main Canal 1.8 2.2 2.0 1. 182
Clarity and correctness of instructions fto
operators. 2.7 2.7 2.7 21 -
Average of above indicators (except
reservoir and spill indicators) 2 2.7 2.3 1.7
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Table 5. Actualvs Stated performance

Actual / Stated

NRBC NLBC Branches Lifts
\Water Delivery Service by Main 1.3/ 241 241 1.6/
Canal to the Second Level Canjls 2.4 25 1.8 2.0
1.0/ 2.0/ 1.0/ 1.0/
[Flexibility 1.0 3.0 1.0 1.0
1.0/ 2.0/ 3.0/ 3.0/
[Reliability 3.0 3.0 3.0 3.0
2.0/ 3.0/ 3.0/ 1.0/
[Equity 3.0 2.0 1.0 2.0
Control of flow rates to the 1.0/ 3.0/ 3.0/ 1.0/
submain as stated 3.0 0 3.0 2.0
1.25/ 2.5/ 2.5/ 1.5/

Average of the above indicators 2.5 2.1 2 2

Stated performance reflects how managers seepgbdormance [ranking is made after office
project interviews]. The stated performance indicatare different from one group to the
other in Table 5 as managers are different.

What is remarkable and unusual is the fact thatagers are not overestimating their
performance. The average stated indicators aredeet® and 2.5 which means that managers
are aware of the lack of good performance and #neynot hiding the facts. Only in the case
of NRBC can we notice a gap between the statecdipeaince (average 2.5) and the actual
(average 1.25). For others subsystems actual tatetisare medium and reasonably close to
each other.

Secondary Canals

The performance of the secondary canals (branch raaoh distributary) in UKIS is
summarized by the key internal indicators in Tahleln general, the performance indicators
for the second level canals are substantially laivan those for the main canal (the average
indicator reaches 1.7 instead of 2.2.for the maimaf).

The secondary canalare not equipped with water level control structures whereas
discharge changes a lot from one season to the aideprobably during each season as well.
During low flows in the canals the issue of watevdl is critical and operators are taking
some temporary measures to raise the water lelakidbplaced at bottom bed of the canal).

This lack of water control structures increasesctimos downward.
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Table 6 UKIS Internal Performance Indicators for the Secondary canals
(Maximum possible value = 4.0, minimum possibleueat 0.0)

| | | | Overall
Second Level Canals NRBC [NLBC |BranchesijLifts
Second Level Canal hardware 0.5 1.0 2.4 1.0 1.2
Turnouts from the Second Level Canalg 1.5 2.2 1.3 1.0 1.5
Regulating Reservoirs in the Second

Level Canals 0.0 0.0 0.0 0.0 0.0
Communications for the Second Level

Canals 2.0 2.8 0.4 2.7 2.0
|[Existence and frequency of remote

monitoring (either automatic or manual

key spill points, including the end of the

canal 0.0 0.0 0.0 0.0 0.0
General Conditions 1.4 2.4 2.7 2.5 2.2
Operation of the Second Level Canals| 1.8 1.6 1.8 1.2 1.6
Average of above indicators (exce

reservoir and spill indicators) 1.44 2 172 | 168 | 17

Table 7. Internal Performance Indicators for the Banch /Distributaries
(Maximum possible value = 4.0, minimum possibleueat 0.0)

Internal Performance Indicator Value (0-4)
Cross regulator hardware 1.1
Turnouts (watercourses) from the T
Distributaries/Minors 2.2
Communications 3.0
General Conditions 1.6
Operations 2.4

Tertiary Canals and final deliveries

The internal indicators that characterize the dat@der delivery service at the farm level are
summarized imable 8 The water delivery service being provided tofdreners is relatively
low (average below 1). This is a measure of thexilfility, reliability, equity, and
measurement of the water supply to individual geld

Inversely to what was stated for the main canalk lieere is a significant gap between what

managers think they are doing and what has betddtg participants (average stated = 1.79
actual assessed= 0.87).
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Table 8. Internal Performance Indicators for the Minors/laterals/Field channels

(Maximum possible value = 4.0, minimum possibleueat 0.0)

Actual / Stated

NRBC NLBC Branches Lifts

Water Delivery Sevice at the heg 0.9/ 0.9/ 1.2/ 0.9/
of field channel 2.4 1.9 1.9 1.9
Number of fields downstream df 0.00 / 0.0/ 0.0/ 0.0/
this point 0.00 0.0 1.0 0.0

0.0/ 0.0/ 0.0/ 0.0/

Measurement of volumes 2.0 0.0 0.0 1.0
1.0/ 0.0/ 2.0/ 1.0/

Flexibility 2.0 2.0 2.0 2.0

1.0/ 2.0/ 2.0/ 2.0/

Reliability 3.0 3.0 3.0 2.0
2.0/ 2.0/ 1.0/ 1.0/

Apparent equity 3.0 3.0 3.0 3.0

0.82/ 0.82/ 1.03/ 0.82/

Average of the above indicator  2.07 1.65 1.82 1.65

Table 9. Final Delivery Point Internal Performancelndicators (0-4)
(Maximum possible value = 4.0, minimum possibleueat 0.0)

Overall
NRBC NLBC | Branches| Lifts

Actual Water Delivery
Service to Individual
Ownership Units (e.g., field
or farm) 1.7 1.1 0.6 1.1 | 113
[IMeasurement of volumes 0.0 0.0 0.0 0] 0.00
[Flexibility 2.0 0.0 0.0 2.0] 1.00
[Reliability 2.0 2.0 1.0 1.0] 1.50
Apparent equity. 2.0 2.0 1.0 1.4 150

The social order indicator reflects the degree toctv irrigation deliveries are being taken
either from unauthorized locations or in quantitggeater than allowed. The ranking for
social order is very low (0.4 — 0.6) except for thranch canals which can be considered as
medium (1.6).
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Table 10. Social order
(Maximum possible value = 4.0, minimum possibleueat 0.0)

Social "Order" in the Canal System |[NRBC |NLBC [Branches |Lifts
operated by paid employees 0.6 0.6 1.6 0.4

Degree to which deliveries aNOT
taken when not allowed, or at flow

rates greater than allowed 1.G 10 1.0 10
Noticeablenon-existence of

unauthorized turnouts from canals. 1.0 110 2.( 0] [0)
ILack of vandalism of structures. 0.0 0.p 2.0 0.p

The ratings for the internal indicators describamgployees and farmer organizations show
significant room for improvement. Employees, esglbcfield operations staff, had little or
no incentive to provide excellent service to farsnand were not empowered to make
decisions on their own. The farmer organizatiafidator is low due to the fact that they had
little ability to influence the real-time managermenthe system or to rely on outside help for
enforcing rules and policies. Farmer organizatioage been organized and trained as a part
of previous reform efforts but have only minimgbun into the day-to-day operation.

Budget

The ranking for budget is almost zero as expresaidrastic lack of money for operation and
maintenance and for modernization.

Management and Water user societies

The ranking for WUA in the rap comes to almost Zerahe following reasons:
Small, few functions and impact, fewer resources
Things have not improved for farmers
Will not solve the O&M issue
Comedy of seasonal planning meetings of irrigatiommittee
Federation does not seem to provide service toésbers and may close next year?

Key findings of the field visit
1) No measurements
2) Improper flow control
3) Violation of rotation
4) CRs are not used for water level control
5) Vandalism of structures
6) Lack of training
7) Ineffective WUAs
8) Lack of communication
9) Lack of information system
10) Insufficient operators
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Step 2. SYSTEM CAPACITY AND SENSITIVITY.

Objective: Assessing the physical capacity of irrigation stawes to perform their function
of transport, control, measurement, etc.
Assessing the sensitivity of Irrigation Structu(efitakes and regulators), identification of
singular points. Mapping the sensitivity.

Step 2.1. The capacity along the canal

The assessment of the capacity of the Upper Kristrigation Systems by participants has
yielded to the following points or conclusions:

Main Storage is sufficient but there is no onlit@rage
Conveyance system is OK.

Some reduced capacity due to siltation.

Some sections affected by seepage

Diversion OK

Distribution OK

Control of water level deficient

Measurements: Deficient rated section often no galmw calibration
Safety: not enough escapes

Transmission OK

SR along main canal is in good condition . 50 %ded.

In conclusion the main efforts to be made for cépaare for measurements, water level
control and safety.

Step 2.2. The sensitivity along the canal

Low Sensitivity at Cross regulators

Cross regulators are installed along the main ceauméth follows the contour lines and as
such there is limited drop (head) at each reguldias the sensitivity of the CRs remains low
everywhere.

Variable Sensitivity at offtakes

Sensitivity at offtakes varies with the locatiororsd the canal and the level of canals. By
design sensitivity of most offtake is low (<1) wheanals are run at FSD. However it is
reported for many subsystems that tail end offtadeesfacing harsh problems of sensitivity
and supply limitations due to low discharge in dana

One exception is ILIS which appears to be havimgi lsensitive offtakes all over as reported
in Table 11.
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Table 11. Reports on sensitivity of offtakes alapthe UKIS

Subsystem

OFFTAKES - OUTLETS

RLIS

Medium sensitive

Off takes are medium sensitive. [1.6 ; 1.34; 0.56]

NRBC | NRBC : Off takes are low sensitive. [ 0.15- 0.38]
IBC Main canal offtake 0.8 (upstream) (0.3 dowrestng
Distry offtakes 0.8 1.7
Lateral offtakes Highly sensitive
FIC outlets Highly sensitive
NLBC Low sensitive
SBC By ?esign sensitivity of offtakes is low (<19m@g main canal [average Head =
15
Only tail end offtakes are facing harsh problemsesfsitivity and supply
limitations due to low discharge in canals.
JBC Along main canal low sensitive in the upstreaacthes Sensitivity increases
downward from 0.7 to 2.5
MBC Along main canal low sensitive in the upstreaaches Sensitivity increases
downward from 0.7 to 2.5
ILIS Main canal initial off takes are high sensdivarying from 1.86 to 2.76. and

tail end off takes are of very high sensitive ab8\e
Distributary off take sensitivity increases dowa thistributary at the tail end
Minor off takes are very sensitive.

Tail end off takes are not properly fed due to ffisient head.
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STEP 3: THE PERTURBATIONS
Perturbations analysis: causes, magnitudes, freguend options for coping with.

CAUSES:

Unauthorized off-takes (siphons) and lifting of exafrom canal

Temporarily constructed obstructions (Bunding -I8)ao raise water level at offtake
lack of proper gate to close offtake.

Inaccuracy in management

The operation of pumps is one of the main causgsedurbations. The pumps are
designed to operate for 24 hours, whereas in yethlty are working from 12 hours to
24 hours. When pumps are shut down, there is sulddeering of water level in the
canal. Power shutdown.

Closure of pumping during rains results in perttidyes.

Rain water entering the main canal during rains .

Unauthorised operation of gates by the farmers.

Uncontrolled flows in distributors and minors.

Siltation

Blockage of outlets in the minors by the farmers.

MAGNITUDE:
It is significant in case of pump operation andghl withdrawals from pump sets.

Location
Perturbations are seen all along the length otdmal, more towards downstream end.

Frequency
It is more prominent during Rabi season due to thaaised withdrawal from pumps.

Options to cope with:

By continuous pumping by all the pumps for 24 houbhe perturbations can be
reduced.

The CRs / weirs can be constructed and operateddrely to maintain the required
depth of water.

There are no regulating reservoirs (on-line storadgeng the canal to store surplus
water. The storage capacity of the main canal (tgpphe free-board) should be
considered.

30



Step 4 MAPPING WATER BALANCE

Objective: The objective here is to map the nature and strectd all the streams and flows
that are affected and are influenced by the commareh. It includes assessing the
hierarchical structure and the main features of thiegation and drainage networks, natural
surface streams and groundwater, and the mappinghefopportunities and constraints
including drainage and recycling facilities.

An additional specific objective for the lift sysi® is to map down the balance of energy at
the lift stations.

Water Balance: a first proxy for year 2006-2007

Irrigation supply from the main reservoir accoufds almost % of the total (5260 MCM -
73%) water input in the area, and gross precipiiator ¥ (1956 MCM - 27%) as shown in
Figure 5. the total input being 7216 MCM.

WATER BALANCE - INPUT

Gross
precipitation
in irrigated
fields, 1956,

27%

Irrigation

diversion,
5260,
73%

Figure 5. Water Input balance for UKIS (2006-2007)

WATER BALANCE - OUTPUT

ET of irrigation
water in the
command area (ET
- effective
precipitation), 2237,
31%

Aggregated portion
accountable for
seepage, lateral

flows, percolation,
run-off, salinity
control, special

practices and illegal
crops , 4979, 69%

Figure 6. Water Output balance for UKIS(2006-2007)

The irrigation water needs are estimated by acoogitihe demand for evapotranspiration and
deducting the effective precipitation. The climatiemand ETo amounts to 1753 mm per
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year and the demand for evapotranspiration in tAdsCestimated to be 3365 MCM for the
year 2006-2007. With an effective precipitationetalas 1128 MCM the Net ET of Irrigation
water amounts to 2237 MCM (fig.6), that is 31% loé total water inputs and 42 % of the
irrigation water supply from the main reservoir.

The main conclusion from this water balance analigsthat some 69 % of the water entering

the command area is not used by the planned iedgatops and is either used by some
unplanned uses of water or drained back to thehKasiver.

Table 12. Water balance OUTPUTS (2006-2007)

Sl. |Mode of output Quantity [Percentag¢
INo. in MCUM
ETa Evapotranspiration needs at field level 5336 -
Effective precipitation 1128 -
1 ET of irrigation water in the command area (ET{ 2237 31%
effective precipitation)
2 ggregated portion accountable for seepage, lat§ 4979 69%
lows, percolation, run-off, salinity control, spalc
practices and illegal crops
Total: 7216 100%

Step 5 MAPPING THE COST of OPERATION

Objective: The objective is to gather as many elements of aogtossible which enter in to
the operation of the system, in order to identiky &reas where possible gains can be sought
for with the current service and operational set apd to know the cost of implementing
improved service. This step thus focuses on mgpgthe cost for current operation
techniques and services, disaggregating the elesnentering into current cost and for
various levels of services with current technigaed with improved techniques.

Cost of Operation and Maintenance

The budget analysis is made for 3 different zorme®ing the area. The first share of the cost
IS maintenance and repair, each zone is spendimgebre 60 to 67.5 Millions INRs (600 and
675 Lakh of INRs figure 10.). The second item vehlyse to previous is Salary 34 to 65
Millions INRs. The other items are accounting fome 10 % total for travel office machinery
and equipment.

The proportion of maintenance and salaries in ¢te waries significantly as can be seen in
figures 7, 8 and 9; maintenance from 43 % to 63&%sataries from 31 % to 47%.
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Figure 7. Breakdown of the budget for UKIS Zone 1.
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Figure 8. Budget for UKIS Zone 2. Figure 9. BdigetO&M Zone Naryanpur
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Figure 10. Breakdown of the budget for UKIS Zones.
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In tables 13a and 13b breakdown of cost per hedaralculated respectively for the gravity

systems and for the lift systems. Not surprisirtge difference is huge from 652 Rs per ha
to 1698 Rs per ha but energy spending explains loafyof it (558 Rs out of 1046 Rs). The

remaining gap is generated by higher cost in adstration and maintenance.

Table 13 a. Cost per hectare for Gravity canals.

Components Cost per Ha. in Rs.
Operation & Machinery equipments 52
Administration charges 294
Maintenance of canal net work 306
Total 652

Table 13 b . Cost per hectare for Lift Systems

Components Cost per Ha. in Rs.
Energy charges 558
Operation & Maintenance of pumps 41
Administration charges 538
Maintenance of canal net work 560
Total 1698

Step 6 SERVICE to USERS

Objective: Mapping existing and possible options for serviteslsers with consideration to
Farmers and Crops as well as to Other Users of wate

The analysis of service to users is central iInMRSSCOTE development process. However
a single one go is not sufficient to characterié@spects and options of the water services.
Several applications back and forth are requireddoverge towards a “service” that is
desirable, possible to implement and at an agrped aost with the users, consistent with the
management constraints and set up.

What is thus presented in this section is not gfendive response for services but the state of
the thinking at a given point of time for UKIS.

The first part of the section deals with the “nplki uses of water” which has been
mentioned in several subsystems of UKIS.

The second part addresses the service to farmekintp at existing situation and

developing the perspectives which ultimately leagropose a “Vision of the irrigate
agriculture and water management”.
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Generalities on Multiple Uses of Water

Beyond water for crops, irrigation projects arersedthin the larger context of basin water
management with regards to both the qualitativecarahtitative aspects of water. Moreover,
also within a canal system, “irrigation water” mhg used for many other purposes by
farmers and other inhabitants of the area. Furtbe¥mthe demands on the operator also
include issues in the sphere of mitigation of pgaossnegative side-effects of irrigation, e.g.
salinization, waterlogging and the spread of vebtmne diseases. All these issues place more
or less stringent requirements on the chosen mbdperation.

Within a canal system, there are several serviodfoaexternalities that managers have to
deal with:
domestic water supply to villages;
groundwater recharge;
streams and waterbodies for fishing activities;
water supply for livestock;
environmental needs/impacts (groundwater rechavgaterlogging, salinity, and
dralnage and return flow from the CA to natura¢atns);
recreational needs;
health and sanitation.

Energy production is sometimes another importamt ofswater stored in multiple-use
reservoirs. The routing and scheduling of water alis for generating energy is most often
at the main inflow point to the project. However,some cases, it may be within the system
itself.

Multiple uses, functions, roles and purposes

When we talk about MUS, uses such as domestic waipply, irrigation supply and
hydropower generation are the ones that immediatelye to mind, albeit sometimes at
different scales. The concept of MUS may go beythese very tangible uses, to embrace
also other functions, roles and purposes suchaasl fprotection associated with irrigated
paddy cultivation, or with multi purpose reservoir.

Some functions are rooted in the social and culaspects of water management; others are
related to the hydrological processes, specifitccatjure practices such as terraces in paddy
cultivation, others to the biological and ecologjjpeocesses.

Table 14. Classification of uses and functions

Uses Functions and Roles
Domestic water Flood protection
Sanitation and wastewater managemg@roundwater recharge
Irrigation Support to fishing
Water for cattle Tourism
Transportation Support to natural ecosystems (biodiversity)
Hydropower Social functions linked to the infrastructure angnagement
Environmental flows Recreation
Flood protection Soil conservation
Habitat improvements (raw materials for construgtshade,
cooling effect,...)
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Table 15. Typology of MUSF systems

TYPE Shared system | Typical situation

MPR(1) | A reservoir with separate system-networks for Reservoir Multipurpose reservoir
each use of water. Usually Large infrastructure

MPN A distribution system-network designed for Network Multipurpose network
serving multiple uses

MU + Single Use distribution network yielding Water resource | Domestic +
opportunities and externalities for other uses. & Network Irrigation +

MU Seq | Sequential system: drops cascading from one Water A surface groundwater
compartment to the other cycle/pathway hydrosystem supporting
Successive non consumptive uses of water irrigation and domestic

MF Multi dimension/functions/services Eco-system Paddy Field system
Several functions/roles associated to some Wetlands
uses of water and/or resulting of the circulation
of water and/or the set of practices associated
with water management

MUS in management: elements for quantifying the siz e of each service

First set of elements that one needs to have iml msimelated to the importance of a specific
use, which can be described as:

Quantum or Share of Water Use (or Magnitude ofutbe considering both water

quantity and water quality

Share of the total benefits that are generatethisyuse.
Another critical issue is how do stakeholders vailie various uses. This question goes
beyond the strict approach of benefits to incluue preference of users among alternatives.
Approaching the values of water uses is importaritrbquires more in depth survey, user
interviews to understand on what ground comparsmong uses should be made, decision
should be taken and conflict resolution proposed

The second set of elements relate to the inclusidhe use into the management set up. The
following elements are crucial:

Stakeholder/Actor representing the use

Definition of the specific corresponding service

Share of MOM cost coverage to sustain the wateficss.

In short 3 elements are critical for quantifying thize of a use: Water, Benefit and Cost.
(figure 5).

Mapping the Gross Command Area, Land Uses and activ  ities

The delineation of the gross command area of aatron system is critical in the sense that
it gives the upper limits within which water droggculate. Also external watersheds
contributing to the runoff into the GCA need to delineated to account for precipitation
contributions.

One of the first elements to seize MUS in a Grosmm@and Area is to map down the main
land uses which are contributing in various wayhe evaporation and runoff. Through the
land use we have a good sense of the evaporagas ar the GCA.
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Figure 11. The 3 main dimensions of a Water Use MiUSF irrigation system.

Activities that are localized (not associated tlarge area) need also to be identified on the
GCA map.

It is also important to have an idea of the popoiatistribution and the size of the various
economical activities:

Farming: number of farmers, Gross product

Fishery: number of fishermen, Gross product

Employment: number per type, Gross product

Households (rural and urban). For each use of water needs to identify the type of Users,
Users group, Actors such as the regulatory aushfun this use, and stakeholders.

MAPPING WATER USES & SERVICES in UKIS

The first stage is to identify and estimate theonignce of the various water uses met in the
command area. For several subsystems visited,tsep@ntioned the existence of significant
Multiple Uses and Functions of Water Services (MYBFthe CA. This is particularly the
case for Shahapur Branch Canal for which a speRIASSCOTE module has been applied
(see part Il MASSMUS in Shahapur). MUSF is also tioered as significant feature of water
use in RLIS, NRBC and IBC. All in all we can corsidhat all subsystems are to a certain
extent concerned by MUSF, for at least two othe&sushich are water for people and water
for animals.

In Shahapur the system for which MUSF has beeresyaically analysed, one can find 8
significant water uses/services beyond irrigation:

Domestic water supply to individuals
Domestic water supply to villages
Domestic water to cities

Water for cattle

Hydro power generation

agkrwnhE
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6. Environment and Ecosystems.
7. Drainage.
8. Flood protection.

Main users of the system are obviously farmers glaingated agriculture. The project
has been designed as an irrigation project onlyelver wherever possible water is being
used for other uses and functions.

In the following section a description of each waise is provided then followed by a
definition of the service and some recommendat@mnkow to improve it.

Domestic water supply to individuals: access to wat er

Many people depend on the irrigation canal for detinevater: for bathing, washing and even
for cooking. This use is widespread in the commaureg; all groups have witnessed people
using the canal for their domestic needs. Therm®idata available as to how many people are
benefiting from the canal water for their domestse. For the MASSMUS analysis in the
RAP sheet we have considered that 30 % of theidracf people who are not living in cities
are dependant on canal water for their domesticdsie€his guess leads to some 78 000
people depending on canal water for their domesiter.

The service for that use is characterized by watarability in the canal network; quantity is
less an issue but canal water access is centralefme the service with following
characteristics:

physical access to water and safety

Availability of water (irrigation timing)

The examples shown in Plate 1 below reflect pdsfeshat is it “Servicing individuals”
along a canal and what is lack of service. Peafdag the main canal shown in left picture
are facing very dangerous conditions in accessiatgmat that location. There is no structure
to access safely the water and fatal accident ppdrang. Inversely on the right picture we
can see on the same command area a safe accesetawth a specific structure built along
a secondary canal to ease and safeguard the access.

This type of domestic water service by canal wabtemdividuals is very sensitive to the
closure. During the off period of the canal whemgation stops, people might suffer from
lack of access, which reflect in people going latistance for fetching water and a much
lower quality of water as mentioned by the wometerwviewed (plate 1). Therefore tthe 3
months of the off-period in UKIS is very difficulbr people without access to other sources
of water (tanks or shallow wells).

Improving the domestic services to individuals nhigbnsider several options:
1. Create regular safe access along canals with gpstifictures.
2. Ensure alternative sources of water or enough ktoaage for the off period.
3. Consider issuing water periodically to refill camal
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Plate 1. Domestic water for individuals SBC with p safety (left) and a much safer
access with stairs (right).

Domestic water supply to villages

The service of domestic water to villages resuttenftank supply or groundwater recharge. In
the example shown in plate 2 the Shetykara tart&gelone can find both with the tank used
fro washing and the near by well used for cookind drinking.

Plate 2. Direct domestic water use in Tank Shetyka (left) and a well recharged by the
tank near by (right).

Consistent with the previous guess for individuais have considered that 70 % of the
fraction of people who are not living in cities atependant on water served by tanks and
shallow groundwater recharge/refilled by irrigatiater. This guess leads to some 182 000
people use these services.

With this service (tank-groundwater) the canal péfiod is less a problem. If the storage
capacity in surface and in the groundwater systemnough to cope with losses and uses
during the closure then users won't face any m@sin in terms of quantity. Water quality in
tanks might deteriorate when surface supply istbi§ must be monitored.
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Domestic water to cities

The water service to cities corresponds to a Spedélivery at one point of delivery
(Reservoir or Pump station). In SBC raw water syjpplprovided by gravity to the Shahapur
city in a buffer reservoir upstream the city (sdate 3.). According to the water supply

company, approximately 30 % of the 45000 city intsaits are fed by 116 tubewells and 70
% by irrigation water after treatment.

The volume of the Shahapur reservoir correspondsdaonsumption of 2.5 months, therefore
there is often a gap at the end of the off perioihe irrigation canal (3 months). The volume
of water supply per capita at the reservoir isnested to be at 230 liters/day/capita. This of
course includes the losses in the treatment anwibdisSon and is far above the actual
consumption per capita. In that case it seemsithptoving the efficiency in the water
process and distribution would solve the problermaking ends meet.

Plate 3. Domestic water supply to Shahapur city: Otlet of the irrigation canal into the
buffer reservoir.

Another example of domestic water to cities is regobfor Sindagi (plate 4.).

Plate 4. One example of Domestic water supply tocity (SINDAGI —Pumphouse)
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Water for animals

Cattle in the area is of great importance for fasrend people. We count approximately 3
people and 3 animals (medium to big) per hectaréamd. For Shahapur sub-systems the
number of animals and water consumption are regartd¢able 16. In terms of quantity of
water use the animals represent a neglectable sifiamater use, for instance in SBC 1.5
Million vs 1200 Million of m3.

Table 16. Accounting for animals and their water onsumption in SBC

Number of | Volume
Animals Water heads consumed
consumption type of animal liters/head/day | m3/head/annual Million m3
Big size Cattle Buffaloes 20 73 145460 1,06
Medium Goats-Sheeps-pigs 7 2.5b5 16746 0423
small Poultry 0.15 0.0547b 118677 0.0065

Plate 5. Cattle and goats/sheeps along UKIS canals

It is possible to improve the services to animgisteating ramps to provide a safe access to
the canal water as shown in plate 6 for systenBhadra Karnataka and in Uttar Pradesh.

Plate 6 Examples of ramp easing water access famienals (Bhadra —left; Main Ganga
UP right) .

41



HYDRO-POWER GENERATION & INDUSTRY

There are many power plants in the CA managed ibgtes companies.

In Shahapur subsystem a total of 5 power plantsnatalled, representing 6.6 MWatts. The
annual production is of 20 Million KWh which at allng price of 2.9 INRs/KWh represents
monetary outcomes of 58 millions INRs.

The power plant shown in plate 7 above has theviatigs characteristics:
Head = 6.5 meters

Capacity 1.3 MW

Discharge = 782 cusecs = 22.3 m3/s

Turbine type Kaplan

In Shahapur command area no significant industirygusater is reported.

Plate 7. Power plants (left) on SBC (right) on NRC.

In BC there is thermal station at Raivhur with atireated consumption of 0.98 TMC.

Environmental services

i T . -

. =

]

Plate 8. Lake as a bird antary downstream of th€A in SBC.
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Irrigation supplies many internal water bodies vahieill run dry during the long months of
the dry season. Some of this water bodies haveeaifgpfunction with regard to natural
wildlife such as the bird sanctuary found downstred SBC (plate 8).

Water flows from irrigation has also a general gesg effect in the command area.

DRAINAGE SERVICES

The drainage approach has been carried out onlySBE during the workshop. The
conclusions are reported here below, but they mayeeific to the geomorphology of the
SBC subsystem. Therefore one of the recommendai$oto carry out a drainage survey for
all subsystems in UKIS.

The critical issue of water stagnation, vegetatioproliferation and drainage in SBC

Geomorphology of the Shahapur subsystem is chaizsdeby a waterproof substratum made
of granite. Drainage is constrained by natural reelr downstream of many flat areas. The
low drainage capacity of this flat areas leads &bewstagnation when water is abundant, and
it has been always so during monsoon time.

The recent introduction of irrigation supply hasugh created abundance of water almost
throughout the year and there are now many pladesrenvthis phenomenon has created
permanent water stagnation on surface, small po@ds. of the negative impacts of that
situation is an invasion of undesirable vegetatgseand jungle (plate 9).
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Plate 9 Example of topo sequence of flat land surumded by granite boulders in SBC.

Drainage should be considered as part of the watanagement in order to prevent
externalities of irrigation as water stagnation.

43



Plate 10 Downstream a village: water stagnation ia topographic depression with
invasion of vegetation

Shallow surface water stagnation is not desirableabse it leads to proliferation of aquatic
vegetation, also create conditions for mosquita’seting, therefore the alternatives for
managers are:
- Create a tank with a raised water level to prewagetation development (many
tanks exist in the area)
Drastically reducing the drainage water by actingrdgation water supply.
Channel the drainage flow through or around theek=sion to avoid wide stagnation.

The critical issue of water management and drainagm SBC

Surface water leaving the command area is not me@snd is not accounted for, while the
field visits made downstream Shahapur BC show sfgtificant flows are leaving the CA
(see plate below). In one case measurement welrere but not used and in another case
specific measurement devices should be installed.

Plate 11 Downstream of Shahapur BC, weir with podsility of monitoring the flow (left)
— bridge which should be equipped with measuremertevice (right)
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Losses or water for other uses?

There are many places along the canal those caorisgdered as leakages, from water gates
at escape or in the banks of the canal. In platexeinples of such water losses are given.
However it remains to be seen whether these |leaseseal losses or whether the flow that
escape from the canal is de facto used by peoplglialong the drainage. This situation is
very common in fact in Karnataka, and many manageesnot willing to repair leakages
knowing that users may suffer downstream and mayotdeteriorate the gate or the canal.
These leakages are thus purposely tolerated forardo satisfy other uses (domestic, cattle,
etc..). [Example of this is the escape at the ictlan upstream JBC, MBC and SBC].

.

Plate 12. Example of leakages at an escape alongGS@eft) on an aqueduét' KM 40 OF
MBC (right) which are more likely used downstream.

Flood protection

The positive effects of the main reservoir on tledd regimes downstream of the dam are
incontestable. That does not concern all the apéddKIS but only the ones close to the
Krishna River. No precise data was made availabfand the workshop on the positive effect
of the reservoir in diminishing the extension amaviy of floods in the Krishna river valley
downstream of the reservoir.

Seizing the various water uses

As said earlier the share of water consumptiohesfirst indicator to look at when addressing
MUSF. Figure 12 displays the results of the was® share according to the identified uses of
water. The amount of water uses in SBC is estimtaiegach 1200 MCM out of that field
consumption (crops+fallow period) accounts for 10UCM (84 %), perennial natural
vegetation for 114 MCM (9,5 %), environmental flod® 57 MCM (5%). Minor use
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gquantity wise are fisheries 11 MCM (1 %), domestater 6 MCM (0.5%) and animals 1.5
MCM (0.12 %).

In terms of share of the total estimated benefitsps are bringing some 69%, animals are
contributing to 23 % and domestic water to 6%. Eieity produced is only 1 % of the value.
Benefits from perennial vegetation have been estidhalso at 1 % of the total.

Nota: Environmental flows and fisheries have not beeangjfied in terms of benefits due to
lack of data.

Environmental flows, Perennial natural
56.9 vegetation, 113.8

Fishery in large
water bodies , 11.4

Animals , 1.5

Power Plants , 0.0

Domestic Water, 5.9

Fields (crops+
fallow), 1010.8

Figure 12. Water use per services in MCM for the Sahapur Branch Canal
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0% water bodies

0%

Perennial natural
vegetation
1%

Power Plants
1%

Animals
23%

Fields (crops+
fallow)
69%

Domestic Water
6%

Figure 13. Share of estimated benefits per use

SERVICES to agriculture

Services to agriculture was discussed during thekstmp, no final conclusion was reached.
Here are some of the points put forward by pardictp.

1. There should be high production per Ha of laitti \ess consumption of water through the
use of advanced farming machineries.

2. The cropping pattern should not be divided anlibsis of availability of water but should
be on the basis of Geography or Topography of land.

3. There should be an integration of departmest ldvenue, Agriculture, Irrigation , WUA'’s
and they should come to an agreement that anytiplaf cropping pattern should be dealt
by all departments

4. We feel some industries should be there in conthaaiea so that more employment can be
achieved.

5. After ten years, when more sophisticated systemmplemented, then part of the work
force in agriculture can be used for industrialvgio

6. At “Narayanapur” reservoir, navigation activityyineral water purifying plant can be
started.
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7. By making the system automatic, human errors lmaminimized by having only one
control point at Narayanapur.

8. There should be a survey of number of open wblse wells, tanks, canal water etc.,
pertaining to each farmer should be known so thgt\aolation of cropping system can be
dealt by different departments.

9. Our KBJNL should work on the principles/ Techmeg of Mumbai electrical train
operation by centralizing the unit.

Vision of the scheme

While discussing services at length, a vision & Wpper Krishna Irrigation Systems was
progressively crafted. Below are the two versions

“ A very efficient environmentally sustainableagriculture oriented towards high value
production and value addition. An overall reliable cost effective water management
targeting equity in water access, multiple uses tlmughout the command areas with high
capacity professionals. Farmers active and resporde in water resource management
progressively taking over management and cost recewy with other stakeholders. ”

“Agriculture business system with multiple use of vater”

Step 7 PARTITIONING IN MANAGEMENT UNITS

The irrigation system management should be panibor grouped into few levels of management
and the command area should be divided or groupedubunits (subsystems and/or subcommand
areas) that are held homogeneous and/or separaim fone another by a singular point or a
particular borderline.

Due to shortage of time this step was not addrelsgegzhrticipants except for one group. The
preliminary results are presented below.

Rational of partitioning Management:

- 500 Ha or Lateral level WUCS (depending upome sizthe system)
1000Ha or Disty level LMU

Each subsystem level Federation

System level- PRESIDENT of federation

INDI LIS
The sub command area ILIS has been investigatéldefuas far as management partitioning

is concerned. The proposed partitioning of managemoe INDI LIS is as follows:
* One division + 3 sub divisions
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* WUCS- 500Ha each

* LMAs- 5000Ha (3-4 LMASs/ Subdivision)

* Federation- 10 LMAs (Division)

* Main canal maintained by KBJNL

*  WUCS look after maintenance of Dy & below in comiegrs.

Plate 13 illustrates the proposal.

Table 17. Proposal for management units changes &KIS

EXISTING UNIT

PROPOSED UNITS

Sub-division : 52

Sub-division : 40
AEE-1, AE/JE — 2 +2,
FDC/SDC — 2+2
Comp Operator-1,
Work Inspector — 5,

Sawadi-20
Divisions : 12 Divisions : 10
Circle : 4 Circle : 3
Zone : 3 Zone : 1

Plate 13. Management partitioning for ILIS
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Step 8 MAPPING THE DEMAND FOR OPERATION

Objective:Assessing Means, opportunity & demand for Canalr@jpon
A spatial analysis of the entire command areash vgteliminary identification of Sub-
Command Areas (Management, service,..)

Water management strategy:
Kharif:
* Main canal: Continuous flow, tolerance: +/-5%, flearied during rain fall
» Distributary: Within the Distry Rotation to 3rd lelcanal, tolerance: +/-10%
« In lift schemes main canal should be used for stpwater as buffer storage (online)
to combat voltage fluctuation and also, preferablthin CA buffer storage during
rains for optimum utilization of water and as arngyesaving technique.

* Main canal: Continuous flow, tolerance: +/-5%
Distributary: Within the Distry Rotation to 3rd lelcanal, tolerance: +/-10%
Ensure better service to areas without ground watmtial.
Recycling facilities to be made use of by the users

Conjunctive use to be encouraged.

Operation strategy:
» Rotation with flexibility: kharif: flexibility in main canal (discharge varies due to rains)
e Duration : 10 days
« «Kharif : Flow controlled by CRs and surplus; Sirin buffer storages / canal
* Rabi: Flexibility in main canal limited to availdity
 Information system: Manual SCADA, digitization cditd
» Operation rules at various levels: Kharif-TOL 10 T@L (H) cm Rabi - TOL 5 cm
« Main canal : Khariff: 120 days, Rabi: 90 days
* CR operated to maintain Water level at FSD.
* New structures to be added: CRs (mixed) and escdpek bill weirs in Dy
Service strategy:
1) Allocation of water to farmers:
* Allocation on volumetric basis to WUAs
» Allocation varies for kharif because of contributiof rain fall
» Allocation for rabi is fixed
» Deficit to be shared equally

2) Schedule of watering: Rotation among distribetafor both kharif and
rabi

3)Deliveries: tolerance of 1 day for rabi and 3sl&yr kharif
4)Specific rules for services to downstream users:
« Water to be fed from tail end to upwards at therm@gg of seasons

» Within the distributary, rotational delivery staftem tail end
» Itis the responsibility of tail enders not to westater
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Step 9 OPERATION IMPROVEMENTS: CANAL & LS

WATER DISTRIBUTION:
Assessment of water level control and sensitiviti@ and Disty, reduction of high
sensitive structures
Allocation based on availability
Assessment and repairs to CC lining, removal oirsiMC/Disty
Assess off-take gates on Disty !!!

DRAINAGE:
Mapping of drainage system ( bandharas, re-cycliad,)
Interlinking ponds
Monitoring of water quality
Outflow of the Catchment Area

MEASUREMENTS:

Phase-1: MC- rated gauge

Disty - rated gauge

Lateral - rated gauge
Phase-2: Accuracy!
Automatic data recorder and communication
Separate monitoring unit for KBJNL
Database system for KBJNL

INFORMATION SYSTEM:
Information - Remote Sensing - GIS

Step 10 AGGREGATING AND CONSOLIDATING MANAGEMENT

Step 10 was not addressed during the workshogadsin immediate plan for investigation
and preliminary measures was discussed and istegpbelow. The immediate follow up of
the MASSCOTE workshop are as follows:
* Actual assessment of CCA
* Spatial units for management (KBJNL, WUFs, WUAS)
* Assessment of WUA's ability in Integrated Managemd®rogressive transfer/non-
homogeneous)
* Re-location of office management (with shift frooonstruction to management
focus)
Design of capacity development programme (Stafend)
Need of separate security force for Law and order
Assessment of silt in MC, disty and laterals
Assessment of gates on disty
Policy decision regarding modernization/repairslaterals and FICs (as they are
handed over to the WUAS)
Calibration of rated section - MC and Disty
Installation of FLUMES - project to be developed
Drainage
Escapes (assessment of leakage)
Repairs to arrest leakages in escapes and UTs
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Multiple uses

Database management

Telemetry and sensors

Water balance at local level

Outsourcing of RS and GIS activity in investmenagd and training staff to operate
the system

end of Part |
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PART Il

SPECIAL APPLICATIONS & FIELD VISIT REPORTS
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MASSLIS MASSCOTE approach for Lift Irrigation Syste m

Two systems in Naryanpur are fed with lift statioRer these subsystems MASSLIS has been
carried out using a similar methodology as the RARe information gathered and analysis
made about the lift stations is presented in th#owua steps of MASSLIS in the following
sections.

A Lift Irrigation System is a Canal System (or sygiem) fed by a lifting device. Thus the
main feature that differentiates a lift system fraroanal gravity fed system is only the lifting
station at head. MASSCOTE analysis thus applies ther transport and distribution
components as it applies for a classical open aiaystem. Readers are advised to refer to
the FAO IDP 63 which describes in detail the MASSEOnethodology.

The lift station at the headworks adds though samortant points for management and
operation that need to be addressed properly. kbetkis section we are focusing on the
peculiarities brought by the lift station in retati with various steps of MASSCOTE dealing
with capacity, sensitivity, perturbation and costinty.

MASSLIS = Special MASSCOTE for LIFT STATION + MAS SCOTE for Canal

i LIFTSTATION i : CANALSYSTEM :
:  MASSLIS i I MASSCOTE applies :
”' SassEsEEEEEEEEEEEEEEEEEE X :"’: -------------------------------- -".

Figure 1. Sketch of MASSCOTE & MASSLIS

It is proposed to apply a similar MASSCOTE analyeisthe LIS, basically by introducing a
specific module for the Lift station MASSLIS.
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II. 1. MASSLIS Application RAMPUR LIFT SYSTEM - R LIS

Nota: This section reports some of the detailepsimade for RLIS by the working group 1.
Some steps are not addressed here as they weresskstand developed for the entire UK
complex and are reported in the main document.

Plate 1. Main pipeline and delivery chamber of onéft system in Rampur

The Rampur LIS is made of two pump stations sepdray a canal of 14 km.

Visits

Narayanpur left bank power house
Narayanpur dam and HR of LBC and RBC
Rampur LIS (jackwell 1 and 2,

lead-off canal (14 Kms),

East Branch canal (20 Kms),

west Dy (26.14 km)

Lead-off canal-Dy3

East Br. Canal Dy3 and lateral no4

West dy —lateral No 7

©CoNoOO~wWNE

Key findings
1. RLIS is in operation since 2003-04. The systemdrashly constructed.
2. The canal system is partially degraded. Degradasiomainly due to
*Inadequate maintenance
*VVandalism by the ryots
» Accumulation of silt and growth of jungle along ttenal system
* Erosion of banks and failure of lining in some e of canal.
* Rampant lifting of water by the farmers from theals, more in main canal
* Inadequate maintenance staff
* Poor operation techniques (e.g.no discharge measmtalevices anywhere)
3. No measuring devices anywhere in the canal, respilti high degree of inaccuracy

55



4. In RLIS, there are gates to laterals, whereasethez no gates for laterals in NRBC.

Flow is proportional in the laterals in NRBC. Brargys in NRBC are also ungated.

RLIS- There are no CRs for level control

Due to ungated system of distribution, lot of wat@stage is seen due to tendency of

farmers not resorting to night irrigation. Nightigiation is not practiced. Lot of flow is

seen in drains. No drainage measurements. Dragnsharked with weed growth and

encroachment by the farmers.

No WUAs yet formed. Proposed to be formed and thegss is on.

Allocation of water is 5.6 TMC for RLIS.

Cropping pattern- Designed for semidry crops (10@%nsity of irrigation. khariff

60%, Rabi 40%), But paddy cultivation is seen , enor areas where assured water

supply is there (head reaches of main canal andabgslaterals). Paddy is grown in

RLIS also. Extent of paddy is about 10-20%. Otheps grown are ground nut,

sunflower, jowar, wheat, cotton, pulses, milletd agarden crops). The area of

unauthorised irrigation is not accounted. Actualpgred area is more than official

figures. Cultivation of more water demanding cr@peddy) can be anticipated.

10. Sensitivity :RLIS-offtakes —Low to medium(<12}-

11. Main Canals- there are no capacity problemde&iup to some extent. Dys and
laterals are also silted up.

12.Perturbations-

13.RLIS- Huge perturbations are seen when the pumps @ more) trip, sometimes
discharges becoming too low. Unauthorised withdtadiains entering in to canal,
illegal withdrawals, and closure during rains capseurbations.

14. Communication —Roads are good along main canadatdbutaries. No all weather
raods. There is good road network in the commaed. ar

o0

© oo~

Multiple use of water is largely practised in RLIS.

1. Irrigation,

2. Drinking water supply (Muddebihal, Nalatwad, Hundun llkal & Kushtagi —from
Naraynpur reservoir) and Lingsugur from NRBC. Watapply to some villages from
NRBC under execution. (0.18 TMC)

3.Industry-Raivhur thermal station (0.98 TMC)

4.Hydro-power-

0 Near NLBC Left bank HR , 2 *5.8=11.6 MW generatiomit.
o Near Km 55 of NRBC (head 33 m), 2*6=12 MW genematimit.

5. Flood control- Reservoir is used for flood cohtwith controlled releases during floods
(Aug-Sept)

6.. Other uses (animals, birds, washing purposesegation etc.)

7. Environmental (Greenery in the command areatdtiees (Jalli flora mainly), regenerated
water (return flow) helping to maintain aquatielifi the river and streams)

Step 1.2 RAP for the Rampur Lift Irrigation Systems

For the lift system a special module of RAP-MASSEOi$ applied. It is called MASSLIS
and is based on a similar methodology as the RAtR. ilformation gathered and analysis
made about the lift stations is presented in th#owua steps of MASSLIS in the following
sections.
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The RLIS is made of two stages separated by a cérdd km long.

Stage 1 Reservoir Pumping station

The first lifts of RLIS offtake from the right bard the main reservoir and lift the water for
about 11 meters.

Table 1. Characteristics of Stage 1 lift

Inlet Outlet Raising main | Head at inlet Head at MC
entrance

RBLIS 1 | Reservoirl SS Siphon | 850 m length | 492.25 maximum | 502.1 m
Submerged | 2.6 m diameter 487.75 minimum

Plate 2. Stage 1 Lift Intake of main reservoir (let) and Delivery chamber (right)

The outlet configuration iSiphon Submergedand as such the static head is defined by the
FSD in the canal that is h3= 500,00 + 2.1 m.

Stage 2 Pumping station

The second lift of RLIS is located at km 14 of thain canal, it lifts the flow for about 26
meters.

The outlet configuration in the delivery chambeNisn Submerged Siphonthus the static
head of the lift is defined by pipe end elevatidmch is h2=526.3 m.

Table 2. Characteristics of Stage 2 lift

Inlet Outlet Raising main | Head at inlet | Head at MC
entrance
RBLIS 2 | Main Canal Non Submerged| 1100 m length | 499.71 max | 525.35
Siphon 2.2 m diameter| 497.91 min

57



Lift station appraisal

Generally functioning very well.

Log books maintained.

Some loss of static head is seen in delivery charhlaad 2

Frequent power failure is seen. Efficiency of syste affected by losses (static head
losses and losses in raising main due to higheaaigpof raising main. Raising main
designed for expansion phase also). Efficiencyffisceed due to non-operation in BEP
range.

Plate 3. Stage 2 LIFT: Intake of from main canal left) and Delivery chamber (right).

Step 2. SYSTEM CAPACITY AND SENSITIVITY.

Objective: Assessing the physical capacity of irrigation stases to perform their function
of transport, control, measurement, etc.
Assessing the sensitivity of Irrigation Structu(efftakes and regulators), identification of
singular points. Mapping the sensitivity.

Step 2.1. The capacity along the canal

STORAGE: The lift operates between levels 487.7 m and 4®éh2vhich are minimum and
maximum water levels. Generally, from July to Aghke storage in the dam is adequate for
operation of the lift.

CONVEYANCE

Pump house 1 Pumps installed are 2+1, each capable of disamgfgicumecs capacity. The
discharge from % Jackwell is 10 cumecs. The raising main is of @s®f dia 2.6 m steel
pipes for 850 m. Raising main is designed to cd®ycumecs, taking into consideration
expansion phase.

Lead-off canal (14 Kms) is designed for 14 cumecs.

Pump house 2 : Pumps installed are 2+1 , each discharging 4.78ecs, totalling to 9.5
cumecs. Raising main is 2.2 m dia, 1.1 km longvisreteel pipe. It is designed to carry 14.25
cumecs, considering expansion phase.
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Canal system : There are no conveyance problems. Canal systerapiable of conveying
water to the entire command area of 20235 ha.

DIVERSION: Flow diversion takes place in Km 4 of East Brarchnal, called as Y-
Junction. There are no problems of diversion.

DISTRIBUTION: Distribution of water is through gated off takeBhe gates require to be
attended for proper upkeep.

CONTROL : There is no water level control in the main cagrain distributaries. Butterfly
valve is provided in the raising main for contnogi discharge. However, this is sparingly
used. Used only when there is an emergency liketgweing of canal banks.No CRs are
provided. Due to frequent tripping of pumps, dailgter level fluctuations in the main canal
iIs common. One option to maintain water level wobkl to have weirs across canal to
maintain water level. However, there is risk of tupam people getting more water at the cost
of downstream people.

MEASUREMENT : There are no measuring devices anywhere. Preseldlsharge based
on number of working pumps is taken into accourtie ariation in discharge due to
variation in head is not considered.

Need to fix flow meters to measure discharge ohgaanp.

There is a need to measure the discharge at tpigats (near pump house and main

canal) and for Distributary off takes.

SAFETY : There are 2 escapes, one in lead-off canal andnokast Branch Canal, which
are sufficient.

TRANSMISSION : Transmission of data / instructions is done throagpbile phones from
office to field.
Centralised (@ pump stationl ) monitoring of floatal of various points of canal
and pump house 1 & 2 could be considered. Thigdceither be done by manual or
automatic transmission.

Step 2.2. SENSITIVITY

RLIS
1. Along West Dy. Off takes are medium sensitive.
Dy3 Sensitivity = 0.6/0.3= 1.6

2. Along East Branch Canal Off takes are low talim@ sensitive.
Off take D-3 @ Ch.4.26 Km
Sensitivity=0.5 /0.37 =1.34

3. D-3 of Lead off canal @ 6.3 Km
Sensitivity = 0.5/0.9=0.56
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Step 2.3 The lift station capacity

The capacity of a lifting structure is defined arrs of discharge (Q) at the outlet of the
station or the entrance of the main canal. Thisciéyp depends on the internal characteristics
of the station (power & efficiency/losses) and teger level conditions of the supply and of

the restitution. These two levels determine heddeatift station.

For a lift station, the discharge lifted [Q] intbet system at a given elevation will then
depend on:

the water levels (head conditions) at lift station

the power and energy input

the head losses within the station (inlet and opilges ; pumps)

the energy efficiency of the pumps.

Setting point vs Best Operating point

Pumps are designed for a BEP for which efficiercyneximum. However inlet water level
may vary during the season.

RLIS 1
The case of RLIS 1, the static head of the lifiembetween 8 and 12.55 meters. Head losses
generated in the raising main pipe is estimatelgetabout 0.45 meter. Thus we obtained the

following table of the running conditions:

Table 3 Head characteristics of Stage 1 lift

Dynamic head| Discharge Efficiency

m3/s
Min 8.35 6.19 0.80
Max 12.9 5.75 0.87

The BEP of the pump is obtained for bowl head o&@8 is 91.0 and yield a discharge of 5.0
m3/s. It can be seen from table above that theageerunning conditions of the pumps are
deviating significantly from BEP and that has twieets:

Average discharge capacity is significantly incegaBom 5.0 to more than 5.7 m3/s
Average running efficiency of the pump is belowioptm: average 85.6 % instead of
91 %.

For the computation of minor head losses alongrthim pipeline it has been considered:
an inlet — a valve — a 8@end - 2 3Dbends and an outlet.

RLIS 2
The case of RLIS 2, the static head of the lifiembetween 24.2 and 26 meters. Head losses
generated in the raising main pipe is estimatdaetabout 0.7 meter. The variation of head is

very limited and the pump is run close to BEP, tthes efficiency of the pumping remains
close to maximum at 89 %.
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Thus we obtained the following table of the runnamgpditions:

Table 4 Head characteristics of Stage 2 lift

Dynamic head| Discharge Efficiency
m3/s
Min 24.2 5.23 0.885
Max 25.9. 5.08 0.895

STEP 3: THE PERTURBATIONS
Perturbations analysis: causes, magnitudes, freguend options to cope with.

Causes
The operation of pumps is one of the main causgsedirbations. The pumps are
designed to operate for 24 hours, whereas in yethlity are working from 12 hours to
24 hours. When pumps are shut down, there is sulddeering of water level in the
canal.
lllegal withdrawals from the lead off canal andnfraghe main canal by pumping by
farmers.
The temporary obstructions at off takes.
Closure of pumping during rains results in perttidyes.
Rain water entering the main canal during unpreciderains .
- Unauthorised operation of gates by the farmers.
Magnitudes
It is significant in case of pump operation andgkl withdrawals from pump sets.
Location
Perturbations is seen all along the length of #reat more towards downstream end .
Frequency
It is more prominent during Rabi season due to thised withdrawal from pumps.
Options to cope with
- Continuous pumping by all the pumps for 24 hours,derturbations can be reduced.
The CRs / weirs can be constructed and operatgdéntly to maintain the required
depth of water.
There are no regulating reservoirs (on-line storadeng the canal to store surplus
water, which may be considered.

Step 4.2 MAPPING the ENERGY at RLIS
Energy produced by the lift station

The energy produced at a lift station in terms @hrgum of water elevated is given by the
following equation:
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Volumdém?3)xHeadstatt(actual)(m)

EnergyKWh) = 1
gy KWh) e 1)
head static (actual) is the difference of watevatien between canal inlet (Hand outlet
(Ha).
Outlet nonsubmerged H downstream cons
H2 Oiflet Elevation aentrance of the cat
Gravity supply %
H3 Outlet
|::> Outlet submerged H downstle:
—
Inlet H;
Head Static (pump) = H — H; Head Static (actual) = B — H;

Figure 2. Sketching out the water head at a Ldtieh

Energy required by the lift station

The energy required at a lift station depends erntakal head, the volume pumped (V) and the
efficiency of the system |.

_ Volumdém3)xHeadtota(m)
Energy(KWh) = = X }/Effi ciency )

total head is the head static of the pump- [H] plus head losses in the inlet and outlet pipes.

Head data at the STAGE 1 lift station
H1 minimum = 487.75 m

H1 average = 488.25 m

H1 maximum = 492.27 m

H3 restituted at present = 502.1 m

Efficiency from head analysis Stage 1
Given the head losses in the pipe, the efficiemcyhead lifted is equal to 12.03/12.5 = 96%.
At the functioning head the pump efficiency is 86ver that BEP because BEP is obtained

for a head of 19 meters. Together with the motbéciehcy of 95% the overall efficiency is
then estimated to be 78%.
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Table 5 Stage 1 Lift efficiency analysis

Static 12.03
head Head total 125
Head losses along the
raising pipe 0.47 | Head input 125
Losses at outlet Delta H 0 0.96
|
Efficiency pump 86
Overall
Efficiency motor 95 | Efficiency 0.78

Efficiency from head analysis STAGE 2 lift station
H1 minimum= 497.91m

H1 average = 498.81 m

H1 maximum =499.71 m

H3 restituted at present = 523.90 m

H2 =525.90

Energy balance for average running conditions

Table 6 Stage 2 Lift efficiency analysis

Static 23.99
head Head total 25.99
Head losses along the
raising pipe 0.80 | Head input 26.79
L osses at outlet Delta H 2 0.90
|
Efficiency pump 89
Overall
Efficiency motor 97 | Efficiency 0.78

Given the head losses in the pipe and at the dglolgamber, the efficiency for head lifted is
equal to 23.99/26.79 = 96%. At the functioning hélael pump efficiency is 89% close to
BEP. Together with the motor efficiency of 97% theerall efficiency is then estimated to be
77%.

Step 5 MAPPING THE COST of OPERATION

see the main report for more details on cost ofafien

Cost of pumping in RLIS

Another important component of the cost for irrigat supply to agriculture is that of
pumping systems.
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The spending of energy can be calculated for 1 m3 water as follows :
Energy KWh) = Volumém3)xHeadtota(m)

367 % }/Efficiency

Table 7a. Energy spent and cost at RLIS stations

KWh/m3 Cost IRs /m3
RLIS 1 Energy /m3= 1* 12.5/367/0.817 = 0.042 KMiB 0.125
RLIS 2 Energy /m3= 1* 26/367/0.86 = 0.082 KWh/m3 0.246

Table 7b. Breakdown of expenses for RLIS

l. Administrative charges AMOLleT’ X5 e
akhs
1 SALARIES 212
2 | TRAVEL EXPENSES 19
3 OFFICE EXPENSES 6
Operation & Maintenance
Il of LIS, machinery &
equipments
MACHINERY &
EQUIPMENTS 18
LIS 129
I Operation & Maintenance
" | of canal netwroks
6 MAINTENANCE &
REPAIRS 248
TOTAL 633

NOTE: STEPS 6 to 10 onSERVICE - PARTITIONING - DEMAND

IMPROVEMENTS & CONSOLIDATION are reported for the e ntire

UKIS in the main report.
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I1.2. MASSLIS application INDI LIFT SYSTEM - ILIS

Nota: This section reports some of the detaileppsimade for ILIS by the working group 1.
Some steps are not addressed as they were discassedeveloped for the entire UK
complex.

The Indi LIS is fed by Naryanpur Left Bank CanalCit 73.47 km.

Pump station

Intake : Open channel of length 1.050km from mifBC
Jack well : Rectangular size

Pump : VT axial flow pump 2100KW, 5+1

Raising main : 53m of 1.8m dia of MS 1S2062

Delivery chamber : Rectangular size 39 X 21.15&m.

Inlet elevation : 469.50

Outlet restitution el. : 503.31

CANAL DETAILS

LENGTH : 97.30 km
ICA : 41900 ha Scheme — A
:20642 ha Scheme — B not developed pendingsiate allocation of
water
total :62542 ha
NO. OF DISTRYS . 47 NO
OFFTAKE DETAILS:-
DISCHARGE :5.32 CUMECS.
FSD : 3.30 MTRS.
BED WIDTH :6.50 MTRS.
BED FALL 1:IN 7500
UTILISATION :190 TMC

DETAILS OF LONGEST DISTRIBUTORY UNDER ILC

LONGEST DISTRY : NO.28 DY.

LENGTH OF DISTRY NO.28 :19.737 KM.

| C A OF THE DISTRY 28 12216 HA.
DISCHARGE OF THE DISTRY 28 :1.279 CUMECS.

Key findings from field visit made (3-2-09 to 5-2-0 9)

Jack well : having a constant head of 33.25 m,esintet and outlet elevation doesn't change
much, as they are controlled canal wherein vamatgmnains small compared to static head.
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MAIN CANAL

It is a contour canal with CC lining siltation igdly due to canal bank sliding during
rainy season.

Water logging in embankment reaches due to imprepaling of expansion joints in
CC lining.

No measuring device installed in any of the camavork.

Cross regulators (CR) are not properly operatedavider level control.

Plate 4. Jackwell at ILIS

Plate 5. Raising pipes and delivery chambers at IS

CANAL OPERATION

Upstream control.

Up to final deliveries network is maintained by theppartment.

Scheduling of flows is rotational (10 days) andniralistributaries to the final
deliveries is proportional.

CRs are not used for water level control in themgainal.

No CRs in distributaries and minors.

Unauthorized command areas on either side of thwlcare significantly well
irrigated by unauthorized well installed syphongs@nd pumps; probably more than
600 off takes in 97kms. (estimated 25% of the infischarge)
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Ground water table is quite high and its depthfithe order of 15 ft from surface in
the initial reach of the canal.

CANAL MAINTENANCE

Main canal in deep cut reaches silted up to the tifrl to 1.5m.

Service road is fairly motorable, needs clearari¢hick jungle on either sides.

Off take gates damaged in many places, needs repair

Distributaries and laterals are badly silted up. Nff take gates and many
unauthorized off takes in distributaries 11 to @mplete reengineering is required.
Sufficient maintenance grant is required to keepddinal operation healthy.

Laterals are tampered in many places to tap waténdfarmers making impossible to
feed official FICs properly.

Plate 6. Lack of water level control compensated biemporary weirs made of rocks

Plate 7. Examples of illegal pumping along ILIS

TRANSPORTATION

Roads exist on only one side of the canal.

Service roads are good on main canal but need$ejwtgarance on either side of the
canal.

Along the distributaries service roads are mot@afllhey are encroached by the
farmers in some reaches.
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PERFORMANCE for EQUITY

Head reaches get sufficient water.

Tail enders get insufficient water during low diadte in canal.

Unauthorized lifts, off takes are getting betterva® than the command area stake
holders.

PERFORMANCE for RELIABILITY

Good reliability in the initial reaches of the netnk but the tail end reaches are
deprived off sufficient water supply.

Step 2. SYSTEM CAPACITY AND SENSITIVITY.

Objective: Assessing the physical capacity of irrigation stanes to perform their function
of transport, control, measurement, etc.
Assessing the sensitivity of Irrigation Structu(efitakes and regulators), identification of
singular points. Mapping the sensitivity.

Step 2.1. The capacity along the canal

CANAL SYSTEM
Main canal is capable of carrying the desired disgeé.
In deep cut canal sections, de-siltation is baetuired.
Capacity of 2nd and 3rd level canal is insufficidog to siltation and also exaggerated
due to over drawl.
Generally there is no free board, encroached 2 tim8s of free board due to over
drawl.
Uncontrolled flows in distributaries, minors andCH as there are no control gates.

MEASUREMENT
No measuring device in any canal.
Flumes installed in one or two distributaries, o€ properly calibrated.

SAFETY
7 escapes are provided for safety of the canal.
Escape gates to be reengineered to avoid substaakage.

SENSITIVITY
Main canal initial off takes are high sensitive yiag from 1.86 to 2.76. and tail end
off takes are of very high sensitive above 3.5.
Tail end off takes are not properly fed due to fhsent head.
Distributary off take sensitivity increases downd#ne tail end.
Minor off takes are very sensitive.
Some minor off takes need to be reengineered.
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Step 2.2 The lift station capacity

The capacity of a lifting structure is defined arrms of discharge (Q) at the outlet of the

station or the entrance of the main canal. Thisciép depends on the internal characteristics
of the station (power & efficiency/losses) and teger level conditions of the supply and of

the restitution. These two levels determine heddeatift station.

For a lift station the discharge lifted [Q] intcetystem at a given elevation will then depend
on:

the water levels (head conditions) at lift station

the power and energy input

the head losses within the station (inlet and opilges ; pumps)

the energy efficiency of the pumps.

Setting point vs Best Operating point

Pumps are designed for a BEP for which efficierecyneaximum. However inlet water level
may vary during the season.

The case of ILIS, the variation of static headhat lift station is limited because it is fed by a
canal:

¢  H1 minimum= 4695 m
e H1 average = 470.5 m
¢ H1 maximum = 471.6m

With a restitution level at 503.31 m, the lift headet to 32.8 +1 m.

Raising main pipe

For a horizontal length of 53m, the actual pipegtarfrom the jack well inlet to the chamber
is 81 meters. Major head losses along the raisipg @are computed considering that length.
They are low given the short distance about 0.15 m.

Minor head losses should be added consideringdt@ning features, one 90 d* bend, a
butterfly valve, 2 60 d* bends and one 90 d* befttky amount to about 0.33 m.

Thus we obtained the following table of the runnamgpditions:

Table 8 Running conditions of the Lift Station

Dynamic head Discharge Efficiency
m3/s
Min 32 5.348 0.922
Max 34 4.953 0.929
Average 33 5.165 0.927

The BEP of the pump is obtained for bowl head aB383and is equal to 0.92. The motor
efficiency is specified by manufacturer at 0.9cdn be seen from table above that the
average running conditions of the pumps are closBEP, thus the efficiency of the lift
station is maximum at 89.7%.
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53 meters y

a

81 meters

Plate 8 Design drawings of the ILIS pumping station
Capacity of estimating volume input at head of sysims

Managers tend to record number of hours run by paofip and estimate the volume input by
multiplying this amount by the nominal dischargetloé pump. The analysis above leads to
the following conclusions as far as the capacitgssfessing the volume is concerned:
* Using pumping hours is reasonable to give accuteeharge and volume within a
certain limit depending on the head. Dischargeegaat 4 % about average value (see
table 1).
* One should consider associate water levels andatecassessment of head losses in
the pipe.
« the BEST option should be to have a measurement ppstream of the main canal.

STEP 3: THE PERTURBATIONS
Perturbations analysis: causes, magnitudes, freguend options to cope with.

PERTURBATIONS

Unauthorized pumping and off takes are substapttaioughout the length of main
canal, distributaries and laterals.

Uncontrolled flows in distributors and minors.

Siltation

Power shutdown.

Bunding by the farmers near off takes.

Blockage of outlets in the minors by the formers.

70



Step 4 MAPPING WATER & ENERGY BALANCE

NOTE: See the WB for the entire area

Step 4.2 MAPPING the ENERGY at ILIS

Energy produced by the lift station

The energy produced at a lift station in terms @hrgum of water elevated is given by the
following equation:

Volumdém3)xHeadstatt(actual)(m)
367

Energy KWh) = 1)

head static (actual) is the difference of watevatien between canal inlet (Hand outlet
(Hs) [See Sketch of heads in figure 2 previous settion

Energy required by the lift station

The energy required at a lift station depends erntakal head, the volume pumped (V) and the
efficiency of the system |.

_ Volumdém3)xHeadtota(m)
Energy(KWh) = = X }/Effi ciency )

Efficiency being that of the pump set (motor+pump).
Total head is the head static of the pump-[Hi] plus head losses in the inlet and outlet

pipes.

Head data at the lift station

Inlet elevation as follows

¢  H1 minimum= 469.5 m
* H1 average = 470.5m
¢ H1 maximum = 471.6 m

Outlet elevation

H3 restituted at present (entrance of the can&l)3m

H2 outlet (top edge of the vertical pipe in therabar) = 503.80 m
H2 considering the flow about the edge of the pip805 m
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Efficiency from head analysis

Given the losses of elevation at outlet and headés in the pipe, the efficiency for head is
estimated to reach 94%. Together with the pumgieficy of 92.7 % and motor efficiency of
97.4% the overall efficiency is estimated at 85%.

Table 9a. Stage 1 Lift efficiency analysis

Static

head 34.5 Head total spent 35
Head losses along the Head input into

raising pipe 0.5 | the flow 32.5
Losses at outlet Delta H 2 0.94

|

Efficiency pump 92.7 0.87
Efficiency motor 97.4 | Overall Efficiency 0.85

Step 5 MAPPING THE COST of OPERATION

Note: See the main report for more details on obsiperation

Cost of pumping in ILIS

Another important component of the cost for irrigat supply to agriculture is that of
pumping systems.

The spending of energy can be calculated for one laic meter of water as follows :

Volumém?3)xHeadtota(m)
367 X }/Efficiency

EnergyKWh) =

Energy /m3=1* 35/367/0.90 = 0.106 KWh/m3

At usual price of electricity (INR3/KWh) that woutshbst: 0.318 INRsS/m3
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Table 9b. Breakdown of expenses for ILIS

Administrative charges

AMOUNT, INRS. in
lakhs

[EnY

SALARIES

188

N

TRAVEL EXPENSES

17

w

OFFICE EXPENSES

6

Operation & Maintenance
of LIS, machinery &
equipments

MACHINERY &
EQUIPMENTS

16

LIS

336

Operation & Maintenance
of canal networks

MAINTENANCE &
REPAIRS

219

TOTAL

782

NOTE: STEPS 6 to 10 onSERVICE - PARTITIONING - DEMAND -
IMPROVEMENTS & CONSOLIDATION are reported for the e ntire
UKIS in the main report.
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I1l. MASSMUS application in Shahapur Right Branch  Canal

This section on Shahapur RBC starts with the flisit report from the Group-4 participants
and then move into the MASSMUS analysis of this-system.

l11.1. FIELD VISIT REPORT on SHAHAPUR BRANCH CANAL.

The group 4 was assigned with the work of Rapidragal Program (RAP) for the
Shahapur Branch Canal (SBC), and the field vigitoise between 3-02-2009 to 5-02-2009 for
collecting the data and flow characteristics of bineanch canal and it's distributory network
system.

During the course of visit of the SBC the group leassulted the project officer/
Manager, i.e., the Chief Engineer who is in charfgihe maintenance of the Shahapur Branch
Canal (SBC) canal and collected the data for fliine project office questionnaires.

The SBC takes off at Chainage 76.14 Km. of Naryahedt Bank Canal (NLBC), the
following are the salient features of SBC:

1 )Length : 76.00 Kms.

2 )Discharge : 104.00 Cumecs. 3673.00 Cusecs.

3) Bed width : 9.68 Mts. (in cutting) : 6.10 M{sh embankment)
4)F.S.D : 4.60 Mts.

5) Side slopes :1:1 (in cutting), 2:1 (in embaekt)

6 ) Bed fall :1in 6400

7 )No.of Distry’s : 38 Nos.

8 )Total length of Distry’'s  : 382.00 Kms.

9 )Total ICA :1,11,767.00 Ha.

The Head regulator of SBC consists of two Radigégiavhich are controlled by electrically
as well as manually.

Plate 9. D/S of the SBC Head Regulator View showgrthe Radial gate
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The alignment of canal is a contour canal from @®29.00 Kms and the canal runs
on ridge portion. The conveyance capacity of theatas adequate for irrigating the
contemplated command area and irrigates lands afi&giur and Surpur Talukas to an extent
of 1,11,767 Ha. There is also a proposal of Mallabt Irrigation Scheme-1 (LIS) at 6.50
Km of SBC, which draws 600 cusecs of water to atégan area of 10,000 Ha. The Mudbal
Branch canal (MBC) off takes at 28.63 Km of SBCj(iviction) which has the capacity of
1200 Cusecs, length of 50.00 Kms and irrigatind80,Ha. of land in Shahapur and Jewargi
talukas.

Plate 10 Y- Junction structure comprising MBC, SBCand Escape.

The SBC is serving water for five Hydro electrioyg generation stations, those are
constructed along the main canal and one statiaroistructed on the Distributory No.9
where total electric power generated is of 7.6 MW.

Plate 11. Power generation station on SBC
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There is also a proposal to construct two poweiosts on the Distributory No.6 and 7.

The water is flowing in main canal to its full salp depth; however there are some
reaches where the designed section and bed sloj¢ a&tained. There is accumulation of silt
in the bed to a depth of 0.7mts to 0.8mts in tligalrreaches and at the time of construction
of canal during 1987, many cross walls were coonstdito head up the water to be utilized
by the near by farmers. These walls exist even aon@vdue to this water is heading up and
freeboard is submerged and also exact dischargeggai the branch canal can not be
assessed. The tail end of the canal about 10 kmtigetting the sufficient water to irrigate
the lands especially during the end of Rabi season.

DISTRIBUTION:
DISTRIBUTORY AND LATERALS

The SBC has a total 38 number of distributoriesjritathe total length of 382 kms,
and irrigating an area of 1,11,767.00 Ha of Shahapd Surpur taluka. Among them Dy-6
and Dy-9 are having maximum length of 36.00 km eaehving 18,377 Ha and 15,530 Ha
respectively, and Dy-5 and Dy-7 are having the flergf 28.50 km each, serving 8,440 Ha
and 8,082 Ha respectively.

The water then flows through the Laterals and Kn#dirough FIC’s to irrigate the
fields. The total length of the laterals is abo20Q Kms. The water is flowing to it's full
supply depth, in Distributories and laterals of thiial reaches. However there are some
reaches in major distributories where the desigreation and bed slope is not attained, also
there is accumulation of silt in the bed to a degftlh.5 mts and there are many obstructions
made to head up the water by farmers, due to thiemis heading up and freeboard is
submerged. Hence accurate discharge going in #igbditory can not be assessed. The tail
end of the distributories and laterals are notingtthe required amount of discharge which is
causing the growth of vegetation and weeds in #malcbed itself. Almost all of the tail end
distributories are not getting sufficient wateririgate the lands especially during the end of
Rabi season.

Plate 12 Distributory No.6 Plate 13 Distributory No.9
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Plate 14 Lateral with damaged lining, weed and junig growth
There is a growth of jungle (jail flora) along thespection path and Service roads of

distributory and laterals, which is causing thedinamce in regular inspection of the canals and
maintenance.

Plate 15 lllegal water is heading up by farmers

FIELD IRRIGATION CHANNELS

The field irrigation channels (FIC’s) are consted with the slab lining, many of
them are removed by the rice cultivators and ledelhe land following the plot to plot
irrigation i.e., applying water on plot which is bigher elevation. After collecting the water
up to 5 to 10 cm height the water spills over t® tiext plot which is at lower level than the
earlier one. And at many places the slabs wereimgiss
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Plate 16 FIC'S without water (left) FIC'S without slab lining (right)

FLOW CONTROL
The flow is regulated in SBC through radial gateshd regulator having undershot

flow characteristics and low sensitivity. This ipevated by both electrically and manually
and is in good condition. The distributoriesefats and direct pipe outlets are fitted with

vertical sliding gates.

Plate 17 Vertical sliding gate for Dy.No.-9

About 60% to 75% of the distributory gates are wedlintained and are in operating
condition and almost many of the gates of lateaald direct pipe out lets are damaged and

can not be operated for regulating the water.
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Plate 18 Damaged gate for lateral P&tl9 Damaged gate for D.P.O

SENSITIVITY
Sensitivity is defined as the ratio of changeurput to change in input.

Variation in out put
Variation in in put

For the SBC all the gates are of sliding verticategwith undershot flow. Hence the
sensitivity:

S =( /Difference head at inlet and outle}

The value of = 0.5 for the undershot type of flow

Sensity Analysis for the SBC

0.6

0.5 1
=
=03
(%]
c
& 0.2
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0 T
HR of SBC DyNo.1 DyNo.2 DyNo.3 DyNo.4 DyNo.5
Structures

Figure 5. Sensitivity indicators at Disty headwosdisng SBC
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FLOW MEASUREMENT

There are no proper flow measuring devices im#gtevork of the canal. Presently the
measurement is being done by reading the gaugéepaosm slant length of canal lining of the
branch canal and distributories. Many distributari® not even have the painted gauge and
only two distributories have the gauge well fordieg the depth of flow. There is an
ambiguity between up stream controlling authoritgl @own stream officers regarding flow
measurement due to accumulation of silt in candl be

The gauge is painted just D/s of the canal, distaty head works, and U/s of piers of
the bridge and cross regulator, as at this locatien flow is turbulent which results in
variation in flow level, hence these are the uradié locations to measure the flow. The
measuring structures like flumes and other deveresrequired to install at steady flow
reaches.

Plate 20 Gauge painted on SBC Platé Gauge painted on Dy.No.-6

Plate 22 Gauge aside well on Dy.No.-6
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COMMUNICATIONS AND TRANSPORTATION

In the earlier days the communications were dbineugh wireless, nowadays, the
mobile phones are being used for communications. droject vehicles are being used for
inspection, operating the gates and attending tatenance works of the canal.

Plate 23. Head regulator operation control room

The Service roads (SR) and Inspection paths (I@)ragood condition and are used
for vehicular transport. Only few SR of the distribries are used for vehicular transport and
some others can be accessed by Motor cycles omwekier the rest of the roads are not
accessible because of growth of jail flora (jungle)

SAFETY

There are totally two Cross Regulator Cum Escap@shnare provided in SBC, one
at the Y- junction of MBC and SBC and another on&370 KM. In case of emergency the
escapes are operated to release the excess wateoitbthe breaches and damages to the
canal, and second one can be used for the maimgahaiad at its upstream side.

Plate 24 Cross Regulator Cum Escape Km 13.70 of SBelate 25 Cross Regulator Cum
Escape Km.- 7.5 of Dy.-6
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As per design norms 6 numbers of CR cum Escaperaxéded along the SBC and
are functioning properly, and the unintended leakaaye observed in the escapes.

PERTURBATION

Perturbations are observed in the canal and blig&iies which have negative impact
on the canal performance. Mainly the water is drdwm the canal by using the electric
pumps, diesel pumps and by syphonic action. Becatigaproper maintenance of escapes,
the water is leaking in to the natural drainagesl because of improper irrigation practices
by farmers of paddy fields much of the water iswilog in to the natural drains and
considerable amount of the valuable water is wgstin

Plate 26 lllegal pumping Plate 27Water leaks

Plate 28 lllegal siphon Plate 29Drainageutiet before the river
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CROP PATTERN

The command area of SBC have the mixed croppittgnpain initial reaches of the
canal network system the percentage of the paadysfis more compared to the other type
of crops because of the availability of more waltetail end reaches the pattern is vice versa.

Plate 30. Set of shots on crops and farmers

The following pie chart shows the percentage of dhferent type of crops grown in SBC
command area for the year 2007-2008.
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CROPPING PATTERN FOR KHARIFF

0%
0%
0%
3%

16%

10% 25%
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B SUNFLOWER
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O TUR DAL

B GREEN DAL
0O PADDY

B SUGAR CANE
O CHILLIES

B GROUND NUT
B BAZRA

0O OTHERS

0O GARDEN CROP

Figure 6 Cropping pattern for kharif

CROPPING PATTERN FOR RABI
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Figure 7. Cropping pattern for Rabi
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MULTIPLE USES

The SBC is being utilized for the multiple sengdike Domestic water supply for the
75 % of the population of Shahapur taluka, withea gapita rate of 90 litres/day. Similarly
the KBJNL Bheemarayangudi camp is also drawing whie the domestic purpose for a
population of 6000 at a per capita rate of 45 dfay, to cope up with the shortages of
present water supply.

Plate 31 Domestic water Reservoir fed by irrigatiorpipe.

Water storage tank for supplying water to shahpur town
The surplus water of distributory and laterals[@f6 and D-9, flows in to the natural
streams and nalas and contribute to the wateé8Hattikera tank which is used for fishery and
minor irrigation purpose. The water table levethas region has considerably increased and
the open wells are serving with sufficient water.

Plate 32 Shettikera MI Tank Plate 33 Open welin Shettikera

The canal water was being used also for drinking,ahimals, for bathing and washing the
cloths along the canals the villages that are t@tliaearby.
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As explained earlier the SBC is also serving far Hydro electric power generation for 6
stations.

DRAINAGE

In the initial reaches of the SBC canal network $lirplus water was flowing from the
paddy fields and tail ends of the distributory daterals, because of improper irrigation
practices and water management causing serious lwgtgng, salinity problems and growth

of the swamps and weeds increases which indirectlises the growth of mosquitoes and
unhealthy conditions.

Plate 34 MUS in SBC Plate 35 Cattle accessinguer

Plate 36 Drainage and vegetation Plate 37 Draiga and vegetation

WATER USER SOCIETY

A total of 500 Water Users Co-Operative SocietyUSY are formed in the SBC
command area among which only 5% of them are fanitg to a little extent. A meeting was
conducted with the members of Ganganal village Vld& the problems faced by the society
members as well as the departmental people wetasdied. The farmers were educated about
the use of the water without wasting the waterdiyrig the same to the drainage.

The necessity of further formation of the WUS he entire acthcut area is suggested
for smooth water management and good revenue toheor the Nigam.
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Plate 38 Meeting with office bearers of Ganganal W8
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[1l. 3. MASSMUS in Shahapur.

STEP 1 SPECIFIC Rapid Appraisal Procedure (RAP) for MUS

The first step in MASSMUS is identifying the usesdafunctions that are significant as
service provided or as a practice.

Table 12. Mapping the MUSF met in Shahapur: Signitant use/functions signalled bold

underlined
Uses Functions and Roles
Domestic water Flood protection
Sanitation and wastewater managemepGroundwater recharge
Irrigation Support to fishing
Water for cattle Tourism
Transportation Support to natural ecosystems (biodiversity)
Hydropower Social functions linked to the infrastructure ana@nagement
Environmental flows Recreation
Flood protection Soil conservation
Habitat improvements (raw materials for construgtshade,
cooling effect,...)

Also to identify the type of MUS system as presdnteTable 11, the Shahapur system is a
Multipurpose Reservoir (MPR) and a Multi Irrigatipius (MI+).

As presented earlier RAP is a systematic set afguhores for diagnosing the bottlenecks and
the performance and service levels within an itragasystem. It aims at providing qualified
personnel with a clear picture of where conditionsst be improved and assists in prioritizing
the steps for improvement. Furthermore, it alsoviples key internal and external indicators
that can be used as benchmarks in order to compgmmvements in performance once
modernization plans are implemented.

The details of the methodology and description AP Rvorksheets are given in Appendix 1.
Readers are also invited to refer to MASSCOTE dectirfior that purpose.

Specific Worksheet: MUS

In the RAP-MUS excel file, the worksheet 7.a. fau®n MUS, where key information or
indicators for MUS had to be inserted. The mainmglets to be filled in for each use are
mentioned in table 13 below.

External indicators: ASSESSING the various VALUES of MUS

In worksheet 1 the tables at bottom are summarithiegvalues recorded for MUS as part of
water uses and as share of the total generated.valu
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In the basic RAP for irrigation canal, the grossueaof the agriculture production is the
criteria used for calculation of Monetary Produet pa ($/ha) and per m3 of water ($/m3). It
is thus suggested to take whenever it is posdilglsame value — Gross production value - for
other uses in order to allow comparison among Hréeus uses. However for some uses or
function of water the gross value does not makeesemd some other criteria have to be
considered.

Table 13. Elements to be filled for each specifidse of Water (Worksheet 7.a).

Bulk water to cities

Means of delivery/provision

Characteristic of the service: definition

Service achievement

Use of water: Consumptivevsnon-consumptive - (fraction recycled)

Usevsother uses: How would you characterize the coexistee of this use with others

In case of conflict for water or in the system opeation explain in few words in the cell below

Users and Governance

Service remuneration and associated taxes

Remuneration of the service by users/organisatiordirectly to the Water Management Entity

Fee associated to the service paid by user/organises to the State

Water use tax paid by user/organisations directlyd a Water Basin Authority.

Value associated to or generated by the service

Tablel4. Ranking of integration of MUSIin managemen& operation

Indicator Management Manager attitude Local level
value attitude [as stated] operators and local practices [as seen on the field]
0 Ignoring or denying “There is only one single use
MUS and/or its for irrigation”
magnitude
1 Blind eye on MUS No intervention to reduce direct pumping from canals
practice by users No particular concerns about groundwater pumping
No intervention to prevent use of canal as a waste
Manager is aware of some disposal.
MUS related practices but do
2 Positive marginal not consider them as part of his | | gcal operators accommodate in their day to day
practices to support job. practices the other uses of water.
MUS e.g. letting unfixed leakages to drainage when water is
used by downstream people/villages.
letting unauthorized gate flowing into near by small
tanks or drainage.
3 Integration of other Manager knows and organise Bulk water deliveries to villages tanks
services concerns the management to serve other | Main canal filled with water after irrigation season to
into the operation uses or to ensure that provide water to people in the GCA.
operation for irrigation do not Local reservoirs managed to account for other uses.
penalised the other uses. Minimizing period of canal maintenance.
4 Integration of MUSF is fully integrated in the Each service well defined. Users well identified, they
Multiple Uses Management Operation and pay for the services, they have a say on decisions on
Services into the Maintenance. Governance is the system management.
management and made on the basis of multiple
governance. services with multiple
users/stakeholders.
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Internal indicators: how MUS is integrated by mana  gement

In worksheet 5 “Project Office question” a speaaktion (line 89 and below) has been
introduced to assess the way managers are seeirg) MUis is described in table 14 column
3 from the left. Column 4 introduces the ranking®@tocal practices are considered.

The Shahapur system has been ranked 3 for MUS atieg (table 14).

STEP 2. CAPACITY & SENSITIVITY for MUS

Capacity of the infrastructure

In MASSCOTE approach, capacity and functionalitycahal system is assessed for each
physical structure with respect to four main feasur
functionality : whether the infrastructure/structure is functicoranot;
capacity. if functional, what the actual flow capacity diet structure is with regard to
its function (possibly compare with design anddwal target);
ease of operationhow easy the structure is to operate;
interference: whether the structure has adverse impact on #m@wour of other
structures (perturbations to other hydraulic strres).

Capacity and Sensitivity for Multiple Services

For MUS the capacity at stake is the one dealirth afl types of service. Capacity must be

seen as @hysical capacityas well agime capacity. For instance, irrigation canal systems
are regularly (annually) off for repair and mairdane or because the irrigation season is
over, this results in having services to other usehkiced, if not simply cut during these

periods. Thus the capacity issue for MUSF is alsalendar issue throughout the year.

The requirement to maintain the capacity for otisss may then drastically reduce the period
of closure of the canal and thus the time allocdtedepairs and maintenance. This is for
instance practiced in the Indus River basin irfa@yatsystems, in order to not let the areas
without water supply for a too long period of tim@onsiderations on population health are
dominant here but this is often conflicting withretrequirement for repairs and maintenance
works.

Capacity in assessing physically the water is swngetritical and an issue of safety. Easy
access is quite often provided along secondarytentiadry through construction of stairs but
along the main canal the situation is different @rwn be very dangerous. Women are at risk
when washing their clothes just standing alongstbpe with no safety protection as shown in
Plate 39 left.
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Plate 39 Left Lack of provision for accessing th&BC main canal; Right access

provided along secondary equipped with stairs.

Table 10. Example of capacity and sensitivity for mitiples Uses

SERVICES

the service

Characteristics required fq

CAPACITY

SENSITIVITY

Domestic Water

flow
- High quality of water

- Highly reliable controlled

reduced during canal
closure

High sensitive ta
deficit and
pollution

Water to cattle

- access to canal water
- supply to water ponds

reduced during cana
closure

Groundwater
recharge

- canal seepage

- Field losses

- specific
facilities

recharge

D
L

Reduced by canal
lining

Low sensitive

Homestead garde

N- groundwater pumping

system

ligh water table to feed ro

Groundwater
recharge and
percolation from

adjacent fields

Low sensitive

Environment

- Environmental flows

Availability of water

Water scarcity
Pollution

Fishery

Presence of wat

Minimum water
flows or volume in
water  bodies t
season’s end. a‘

sensitive to long
term quality
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STEP 3 PERTURBATIONS for MUS

In general terms and having MUSF in mind, a pe#tidn is defined as:
An unplanned variation of the influencing conditins that may lead to a significant
change of the intermediate or ultimate delivered seices.

The nature of perturbation is a function of theveer specificities. It is also quite different in
terms of duration: for a delivery point in irrigai, fluctuations lasting less than one hour can
have serious impacts of the service delivered, edsefor groundwater recharge, only long
duration of shortage can yield a noticeable chamdgiee aquifer.

Mapping and managing perturbations

To be able to incorporate perturbation in manageraed operation of the system, mapping
perturbations is essential. It means identifyind aharacterizing their dimensions as well as
the option to cope with (see Table 12):
- origin;

frequency and timing;

location;

sign and amplitude;

options for coping.

Managing perturbations has two basic objectives:
ensure passing variable flows without adverselgdiifig on line services;
ensure that the perturbation is managed propeylgobping with service perturbation,
e.g. compensating for a deficit of water if thetpdyation is negative, or by storing the
surplus if it is positive.
To achieve these objectives, there are two options:
Set up an infrastructure in such a way that peatiwvhs are dealt with automatically,
e.g. the surplus is diverted automatically towand=as that can store or value the water.
Detect the perturbations and have a proper setoaedures for the operators to react.
For analysis, the perturbation domain is divided invo components: (i) generation; and (ii)
propagation. These can also be termed “active™ggattive” processes.

The active and reactive processes can be analysbcee constituent parts:
the causes of perturbations, such as return fldlst operation of structures, and
drift in the setting of regulators;
the frequency of occurrence;
the magnitude of perturbations experienced.
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STEP 4. WATER ACCOUNTING for MUS

Water accounting, also called water balance, refeithe accounting of the influxes and
outfluxes of water in a given space and time. Watamounting is an important part of the
MASSCOTE process and the foundations for a modeatioiz project. MUS do not bring any
specific demand for water balance but it reinforbeavily the need to measure each and
every use of water in the gross command area.

Rainfall =  Transpiration Consumed
Irrigation - Evaporation ] fraction
. \ 4 Runoffm
Runoff in ]
Non
Groundwater in con;umed
R fraction
v Grpundwater ¢
4 5

. Deep perCOIatiO/
v

Figure 8 Sketch out of water balance of an irrigatsystem.

Consumptive Use

Withdrawal Return flow

%Non recoverable flov
Recoverable flov

Figure 9. Sketch out of water partitioning: constivg use and return flow.

Water in & Water out

Water accounting must consider all water (surfacgew and groundwater streams,
conjunctive use, storage and recharge, etc.) titateand leaves a defined area in a particular
span of time.

As “water in” we have to account for precipitation the CA, the GCA, Runoff from
adjacent watershed, groundwater net contributiath @ncourse irrigation water. As “water
out” we have to account for Evapotranspiration (EWRich is often the main component, the
runoff out and the groundwater lateral out.
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Water use

Using water might have several meanings which ésdlgnare related to one of the
following characteristics:
o Quantity: water use can consume water
o Quality: water use can reduce water quality
o Energy: hydropower water use consumes the elevgénargy) of water to
produce electricity.

Furthermore there are several ways of qualifyingewase using the following criteria as
illustrated in table 12: water uses can be demetiv non depletive, consumptive and non
consumptive, processed or non processed, but\adl tzabe somehow evaluated to develop a
comprehensive MUSF approach.

Table 13. Characterisation of water use

Characteristic of Definition Example of such use
the Use
Consumptive Water leave the system Irrigated crops
(hydrological cycle) and return to| Homestead garden
atmosphere Perennial natural vegetation

Non-consumptive| Water is not consumed. Water | Hydro-power
maybe diverted and used but is | Domestic water (recycled)

returned after use. Animals
Depletive Water is depleted from the naturaDiversion schemes
resources Groundwater Pumping
Non depletive Water is used on its site without| Recreational use in aquasystems
any diversion Landscape tourism
Process Water is needed by the productiv€rop growth
process. hydro-power
Non process Water consumed is not part of thEisheries and evaporation from

process, but rather a side effect | water bodies
Tourism, recreational value

Beneficial Positive externalities Groundwater ice

Non beneficial No added value. Pollution from agriculture areas
Negative externalities

Nota: the qualification of the water use as in tableid 8ot always clear cut.

Consumptive use means water leaves the hydrologicdé. We found in this category all
uses associated to evapotranspiration process dither the result of a direct process
consumption such as evapotranspiration for crop®roperennial vegetation in the GCA or
an indirect consumption (they are not necessaryhi®process) such evaporation from water
bodies for fisheries, environment, recreational &maism.

Non consumptive uses are the ones which returm lpagt if not all of the fraction they have
taken.

Note that evapotranspiration is not the only constive use, the fraction of water sunk into
deep groundwater aquifers or water which becomesabie after too much degradation falls
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in this category. However they are more seldom taiglis why here we have restricted this
category to ETP.

Depletive Uses: Evapotranspiration

The consumptive use of water is mainly due to exagspiration, water returning back to
the atmosphere. The rate of evapotranspiratiomgtshrelated to the nature of land use and
its water status (well fed or dry).

From Uses to Beneficiaries

Identifying beneficiaries and benefits of watersiaee important to appreciate the importance
of each use within the GCA. For instance one stef isay that for example 8 % of total
water is evaporated from the water bodies withen®@CA, the second step must identify who
are the beneficiaries sharing the values/benefitv@ated to this use. A similar reasoning
must be made for the natural ecosystems.

Uses and beneficiaries sometimes coincide, e.gcrfp production and farmers, in that case

the measure of water outputs is affected to onglesinse. Coincidence between one use and
one beneficiary is not always met, e.g. water odieaporate water but this use can be
related/associated to many beneficiaries (fishetmsism and recreation, environment and

wildlife, transport,...). This latter point is addised below.

Partitioning benefits of water bodies

Some consumptive uses are unambiguously assot¢tatate single use like crop production,
or homestead garden, natural vegetation, althobgly tnight yield to several beneficial
outputs.
Some consumption corresponds to several uses atidonof water and it is not
straightforward to partition the consumption acoogdo these various associated uses. This
is in particular the case of water bodies suchrveses, lakes, tanks etc... They may serve
several purposes: storage of water for the dryosedisheries, recreational activities, tourism,
wild life, flood protection, etc... There are nomgle rules to partition the water
evapotranspired from a reservoir. Criteria that loa used to weigh the consumption are:

numbers of beneficiaries, households, jobs

monetary value generated per use

Environmental values.

Impact of water quality

The return of water into the system after some agse be done with deteriorated quality
(pollutant, thermal change, ...) and that has tocbesidered when water accounting is
processed as a whole.
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Environmental flows, Perennial natural
56.9 vegetation, 113.8

Fisheryin large
water bodies , 11.4

Animals , 1.5

Power Plants , 0.0

Domestic Water, 5.9

Fields (crops+
fallow), 1010.8

Figure 10. Use of Water in Shahapur system (inWIC

STEP 5. Accounting Values of water uses

This step is added specifically to address MUSFResys The values associated to the water
uses must be characterized in such a way thahithen be used for comparison among uses,
for decision making about water allocation as \vaslifor estimating the possible contribution
for cost coverage.
Value per Uses and per benefits:
0 gross product supported from this water service
employees
households
values: monetary and non monetary (social, culete,)
health
0 environmental values
Theory of Valuation
Value with respect to all water
Value with respect to irrigation water (with & waht irrigation analysis)

|]|]|::> Users
|]|]|::> Beneficiaries (people,

hotisehold

O O 0O

Monetary value $

4>
4> Employment (jobs)

Figure 11. Accounting water use, beneficiaries aallies
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Table 14. Water Uses and Values estimator

Use/function

VALUE estimator

Delivery to farms

Crop yields  $/hairrigated $/m3

Domestic water

Cost paid by service users
Estimated cost of an alternative solution
Number of capita served

Drinking water for cattle

Value of annual animabgucts
Number of households

Homestead garden

Value generated by the garden

Support/recharge to natural surfg
streams (surface and groundwater)
environment

ice
&

Industry and Hydropower

Economical value generagathloyment

Tourism, fishing, recreation, wild animg
& natural parks

I€conomical value generated, employme

Control of vector-born diseases
waterbodies

in

Flood control

Population and assets protected

Control of drainage return flow

Transport

Quantum transported

Economical value, employment

0%

Power Plants
1%

Animals
23%

Domestic Water
6%

Environmental flows

Fishery in large
water bodies

0%

Perennial natural
vegetation
1%

Fields (crops+
fallow)
69%

Figure 12. Share of Monetary Value per use iniapar system .

nt
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IV. NARYANPUR RIGHT BANK CANAL

Nota: This section reports some of the detailepsmade for NRBC by the working group 1.
Some steps are not addressed as they were discassedeveloped for the entire UK
complex.

NRBC
Length: 95 kms.
ICA: 84000 ha. Total developed 55841.44 ha

No. of distrys: 22
Branch canals: nil.

Offtake details:-
Discharge: 101 c/s
FSD: 5.49 meters.
Bedwidth; 6.00mtr
Bed fall: 1 in 6400
Utilisation: 23.33tmc

Key findings from field visits made (3-2-09 to 5-2- 09)
1. Narayanpur left bank power house
2. Narayanpur dam and HR of LBC and RBC
3. NRBC (km 0to 95), Dys 5, 7(a), 9 and lateral Nea3d Dy 16
4. Hydel scheme near Km 55 of NRBC (Somanmaradi Hwleatric
Project)

RLIS and NRBC are in operation since 2003-04. 3ystems are freshly constructed.
RLIS is fairly new compared to NRBC. Though NRBCswanstructed in the late nineties,
water is released only in 2003-04. The delay istduaottlenecks along the canal, which took
some time to complete.

Both the systems are partially degraded. Degradadionainly due to

Inadequate maintenance

Vandalism by the ryots

Accumulation of silt and growth of jungle along ttenal system

Erosion of banks and failure of lining in some e of canal.

Rampant lifting of water by the farmers from th@a&ls, more in main canal

Inadequate maintenance staff

Poor operation techniques (e.g.no discharge maasutedevices anywhere)

No measuring devices anywhere in the canal, respiiti high degree of inaccuracy

There are no gates for laterals in NRBC. Flow @pprtional in the laterals in NRBC.
Branch Dys in NRBC are also ungated.

NRBC, there are 5 CRs along main canal (Ch 17136 39.1 Km, 55 Km, 72 Km, 95
Km). In addition, there are 8 cross walls (weirshstructed to raise water level behind to
feed the offtakes whose bed levels are higher @Bh of main canal. They are used for
level control. The CRs are also operated.
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Due to ungated system of distribution, lot of wgstaf water is seen due to tendency
of farmers not resorting to night irrigation. Nigintigation is not practiced. Lot of flow is
seen in drains. No drainage measurements. Draiasclaoked with weed growth and
encroachment by the farmers.

Multiple use of water is practised.

e lIrrigation,

» Drinking water supply (Muddebihal, Nalatwad, Hundun

* llkal & Kushtagi —from Naraynpur reservoir) and gsugur from NRBC. Water
supply to some villages from NRBC under execut{6rl8 TMC)

e Industry-Raivhur thermal station (0.98 TMC)

e Hydro-power-

0 Near NLBC Left bank HR , 2 *5.8=11.6 MW generatiaomit.

o Near Km 55 of NRBC (head 33 m), 2*6=12 MW genematimit.

* Flood control- Reservoir is used for flood contwith controlled releases during
floods (Aug-Sept)

» Other uses (animals, birds, washing purposes,agoreetc.)

e Environmental (Greenery in the command area dudérdes (Jalli flora mainly),
regenerated water (return flow) helping to maintaguatic life in the river and
streams)

No WUAs yet formed. Proposed to be formed and tbhegss is on.

Allocation of water is 22.6 TMC for NRBC and 5.6 TMor RLIS.

Cropping pattern- Designed for semidry crops (1008nsity of irrigation. khariff

60%, Rabi 40%), But paddy cultivation is seemore in areas where assured water supply

is there (head reaches of main canal and Dys aedhlg). Paddy is grown in RLIS also.
Extent of paddy is about 10-20%. Other crops gravenground nut, sunflower, jowar, wheat,
cotton, pulses, millets and garden crops). The aefemauthorised irrigation is not accounted.
Actual cropped area is more than official figur€sitivation of more water demanding crops
(paddy) can be anticipated.
Sensitivity : NRBC offtakes-Low (<1)
NRBC CRs -Low (<1)

. Main Canals- there are no capacity problemde&®iup to some extent. Dys and
laterals are also silted up. Silt is more pronodricedeep cut reaches of NRBC.

Perturbations-

NRBC- lllegal withdrawal, pumpirgy farmers, reduction in discharge during
rains, when hydel scheme trips, some time is t§88rmin) to divert the flow to main canal
results in perturbations in main canal downstreatov Km 55. Rain water enters main canal
through inlets causing perturbations.

Communication —Roads are good along main canaldatdbutaries. No all weather
roads. There is good road network in the commaed. ar
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Plate 40 Ungated distribution along secondary andaterals

Plate 41 Cross regulator and main offtake along NBC

Plate 42 Importance of drainage flows
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Step 2. SYSTEM CAPACITY AND SENSITIVITY.

Objective: Assessing the physical capacity of irrigation stawes to perform their function
of transport, control, measurement, etc.
Assessing the sensitivity of Irrigation Structu(efitakes and regulators), identification of
singular points. Mapping the sensitivity.

Step 2.1. The capacity along the NRBC canal

STORAGE : The storage in Narayanpur dam , which is a batan@servoir is sufficient to
supply water for Khariff and Rabi covering an area84000 ha.
CONVEYANCE : NRBC is a gravity canal, 95 Kms long with 18 Dy8anveyance along
,main canal is good. There are no problems alongh manal as far as conveyance is
concerned. However, when design discharge of 3b8@as is allowed when expansion of
area takes place in Phase-Il, the Main canal wilepproblems, because of

Siltation, growth of weeds causing reduction ircderge

Damaged lining portions in banking reaches areenalble to breach
DIVERSION : The diversion capacity is sufficient.
DISTRIBUTION : The distribution is by a system of distributariederals and FICs. The
lateral gates are ungated, resulting in uncontladl@pply of water. There is a need to install
gates for branch Dys and laterals.
CONTROL : There are 5 CRs along main canal. They can befosedater level control.
MEASUREMENT : There are no measurement devices anywhere. Theae nised to
measure the discharge at all levels of canal system
SAFETY : There are 5 escapes along the main canal, whilffisient.
TRANSMISSION : Communication is being done through mobile pho@Entralised data
acquisition could be thought of for improved watenagement.

Step 2.2. The Sensitivity along the NRBC canal

NRBC : Off takes are low sensitive as illustrateddr some distributaries below
Dy-3 @ Km 10.84 S=0.5/2.2 =0.22

Dy-4 @ Km 17.45 S=0.5/2.7 =0.18

Dy-7 A @ 35.9 KmS=0.5/3.25 =0.15

Dy-12@ Km 69.47 S=0.5/1.3 =0.38

Dy-17 @ Km 94.535=05/1.4 =0.35

Dy-18 @ Km 94.88S= 0.5/1.85 = 0.27

ouabhwhpE

CRs are low to medium sensitive

1.CR @ Ch 17.36 Km
S$=0.5/0.5=1

2.CR @ 71.015 Km
S$=0.6/0.5=1.2
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STEP 3: THE PERTURBATIONS
Perturbations analysis: causes, magnitudes, freguend options for coping with.

Causes
The operation of pumps is one of the main causgsediirbations. The pumps are
designed to operate for 24 hours, whereas in yethlity are working from 12 hours to
24 hours. When pumps are shut down, there is sulddeering of water level in the
canal.
lllegal withdrawals from the lead off canal andnfraghe main canal by pumping by
farmers.
The temporary obstructions at off takes.
Closure of pumping during rains results in perttidyes.
Rain water entering the main canal during unprectederains.
- Unauthorised operation of gates by the farmers.
Magnitudes
It is significant in case of pump operation andgkl withdrawals from pump sets.
Location
Perturbations are seen all along the length o€émal, more towards downstream end.

Frequency
It is more prominent during Rabi season due to thraised withdrawal from pumps.

Options to cope with
- Continuous pumping by all the pumps for 24 hours,derturbations can be reduced.
The CRs / weirs can be constructed and operateddrely to maintain the required
depth of water.
There are no regulating reservoirs (on-line storadgeng the canal to store surplus
water, which may be considered.
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V. JEVARGI BRANCH CANAL AND MUDBAL BRANCH CANAL

Nota: This section reports some of the detailepsimade for JBC and MBC by the working
group 5. Some steps are not addressed as theydisressed and developed for the entire
UK complex.

Jevargi Branch Canal
length 86.31 km, command area : 57,100 ha

Mudabal Branch Canal
length 50.01 km, command area : 51,000 ha

Plate 43 Trijunction of IBC, Escape & JBC Head regulator of JBC

No of gates: 02

Type: radial gates

Discharge: 36.32 cum

ICA: 57,000 ha

Operation : electrical / manual

Measurement: gauges on upstream and downstream

Head regulator of MBC

Due to leakages of around more than 250 cusecsad hegulator of MBC, the initial
distributaries of MBC are being fed with water 4 days after closure and no water at the
tail end distributary D-26 at km.50.80

It is represented that D-26 at the tail end of MiBVing designed discharge of 177 cusecs, is

not even receiving 20-25 cusecs, which could naddmn due to rotation closure period in the
reach from 31-01-2009 to 10-02-20089.
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Plate 44 cross regulator at 9.250 km

Main Canal

No of CRs : 7, One each per 12 km

Type : radial

Measurement: No gauges

Flow control :Only head regulator is being operdtadlow changes.

Intermediate CRs are kept open and not used irstaiguthe flow
Changes except CR at dy-12, which is used foriostat

Each cross regulator is provided with escape
Sensitivity at head regulator is 0.5, which is low
All other cross regulators being fully open, sewgit is high

Offtakes of main canal are less sensitive in upstreeaches and sensitivity increases at tail
reaches. The sensitivity variation ranges fromt0.2.5

Bottom width: 7.9 m; FSD: 3.0 m

Free board: 1.0 m

Slope:  1:6400

100% cc lining

Lining degraded/ damaged at many reaches

Silt level is around 5% to 10%

Capacity is enough to carry required discharges

lllicit withdrawals by way of lifting water throughumps and syphonic actions by pipes

Cross bunds are constructed as permanent structures

All along the main canal subsequent to the indialdofftake of distributory for raising the
head in the main canal to draw extra water to fk&iblutory is the prime reason for tail end
problems
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No optimum utilisation of water due to uncontrolédws through offtakes without any

measurements.

Diversification of crops in initial reaches and tilized excess water from fields is left to
nalas.

At certain places of the main canal through exaVafrains rain water entry is given to main
canal and this act as positive perturbation.

Service roads need improvement, since present @ibdiég is rough on one side and no
access on the other side.

Secondary canals

Scheduling of operation in secondary canal is oddy® rotation basis

Distributory offtakes are less sensitive

Cross bunding in the main canal is leading for capgroblems in the secondary canals

No gauges for measurements

lllicit operations through pumping also prevaildli®e secondary canals

Cross bunding problems in the mbc is leading towater at the tail end distributory, such as
dy-26.

Laterals

Laterals and FIC’s are ungated

In the initial 75% of the reaches the laterals fiod are well fed, but tale end laterals and
fic’s are finding shortage of water

Communication is through cell phones and is effective
Accessibility of offtakes of distributorys and ledés is average on one side ( sr ) and no
access on the other(ip)

Plate 45. Scouring of canal lining in JBC DY-12
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Plate 46. Damaged cc-lining in MBC main canal

Plate 47 Illegal pumping

Plate 48. Cross bunding along main canal subsequetat distributaries

Plate 49. Rain Water drained to main canal
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V. NARYANPUR LEFT BANK CANAL

Nota: This section reports some of the detailepsinmade for NLBC by the working group 3.
Some steps are not addressed as they were discassedeveloped for the entire UK
complex.

View of NLBC Upstream

Length of canal =77.52 km
Discharge of canal = 10000 cusecs
Bed width of canal =16.45m

FSD =6.1M

FB =10M

CBL =481.584

Bed fall =1:7400

Total command area =53000 ha
No of dys =25 no.

No of cr with escape =5 no.

Plate 50. Inlet

Most of FIC’s are controlled by stones
No proper control ,overflow over the flumes

Plate 51. Field channel inlet (deteriorated)
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Plate 52. D3A of NLBC

Plate 53 Multiple Uses of Water

Plate 54 Cattle access to canal water

Cross regulators (CR) are not operated for watel leontrol.

No proper measuring device installed in any ofdheal network.
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All the distributaries are flowing encroaching tfiee board, even then tail end is
suffering

Violation of cropping pattern is observed all alotgg command of NLBC by the
farmers as well as WUA's.

50% WUA's are functioning and are active

Upstream control.

Up to final deliveries network is maintained by theppartment.

Scheduling of flows is rotational (10 days)

from distributaries to the final deliveries is pasponal.

CRs are not used for water level control in themgainal.

No CRs in distributaries and minors.

Uncommand area on either side of the canal argaiad by unauthorized pumps
Ground water table is quite high and its depthfithe order of 15 ft from surface in
the initial reach of the canal.

Service roads for distributaries are fairly motdealmeeds clearance of thick jungle on
either side.

Off take gates damaged in many places, needs repair

Distributaries and laterals are silted up. No ake gates and many unauthorized off
takes in distributaries 1 to 25, complete reengingas required.

Sufficient maintenance grant is required to keepddinal network operation healthy.
Laterals are with many unauthorized outlets makingpossible to feed notified area.
5 escapes are provided for safety of the canal@&at the reach of 0 to 77 Km
Escape gates to be reengineered to avoid substaakage.

Table 15. Evaluation of sensitivity indicators at fftakes

SINo Offtake Delta H Delta Q sensitivity
1 D1A 3.6 0.5 0.138
D2A 2.05 0.5 0.24
D3A 1.66 0.5 0.30
Table 16. Evaluation of sensitivity indicators at ®
SINo CR Delta H Delta Q sensitivity
1 CH 51.89 0.12 0.5 0.24
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V.I. INDI BRANCH CANAL Upstream O - 80 km

Nota: This section reports some of the detailepsimade for IBC by the working group 2 &
6. Some steps are not addressed as they were skstasid developed for the entire UK
complex.

MEASUREMENT
Gauges on rated section on main canal sides atribdtaries
Few flumes are installed on distributary and ldgera

Plate 55 Gauge upstream the canal

Plate 56 Painted gauge on a bridge Plate 57 Measments flumes

Lifting of water through pumps and siphon actioanir main canal, distributary and
escape channels

Rain water enters the canal in deep cut reaches

Tailing-off of Indi Lift Canal enters IBC

Temporary bunds constructed across distributaniddaerals

Number of pipes are inserted into canal sidesawdvater to the adjacent fields

3 pumps/km on main canal - drawing about 70 cuéaeyage)

2 pumps/km on distributaries canal (average) - drgwbout 20 cusecs (average)
Temporary bunds almost near all distributary okieta

lllicit withdrawal by pumps, siphon action
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Plate 58 Illegal pumping

Plate 59 lllegal cross regulators

Using CR for water level control and constructidmeirs to maintain head
Providing canal berm in deep cut reaches

Providing catch water drains along the canal

Managing the water distribution to avoid unauthedioff-takes

Leveling the lands to allow the water to reach¢aill FICs

Educating the farmers towards optimum use of caagér
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V.II. INDI BRANCH CANAL Downstream 80 - 172 km

Nota: This section reports some of the detailegpstmade for IBC downstream by the
working group 6. Some steps are not addressedegswiere discussed and developed for the
entire UK complex.

Group -6 Indi branch canal 80to 172 km

Main canal : total length 92 km

Distributaries and Laterals

Number of offtakes- 32 nos

T otal contemplated ICA of 63,000ha.

This canal is having discharge of 40.485 cumecs.

1) To have equity among all the offtakes the mainat should be free from perturbation.
The offtakes should have less sensivities. To egguhe quantity of water flowing into
the distributaries controlling structures such @ss regulators and measurements flumes,
gauges are tobe established. Recording of gaugéngeat each offtake point should be
recorded. Equity should be maintained among all dffeake points. All water users
associations should be trained to adopt warabasties to fully utilize quantum of water
supplied to them. Water users associations shawioh ftheir federations to plan the
efficient use of supplied water and also to coltbetrevenues.

2) Drainage monitoring: as far as possible cropgatern shall be followed. However

drainage inevitable due to violation of the crogppettern, drainage shall be monitored
by construction of necessary checked dams and baamslhStudy of quantity of drainage

water both quantitatively and qualitatively sha# made and program to reduce the
seepage water should be chalked out. For exampladirbranch canal area are utilized
drainage water from canal network system is utlibg constructing bandharas and open
wells under SCP and TSP works.

3) Measurements: for main canals at all regulatgasjge reading may be marked on
upstream/downstream and wherever necessary meaireomits like flumes may be
constructed and at distributaries level to meatweguantum of water measuring devices
like flumes may be constructed. The quantum of wated by water user associations
may be checked and recorded by the department amsw

4) A buffer storage point (i.e at ramanahalli taaky telemetry station may be installed
and managed.

5) Information systems: currently the wireless egstthat is installed on Irrigation

Officer’'s vehicle is used as a information systékhall headworks and offtakes remote
sensing and GIS may be installed.

end of part Il
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