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A Case Study :

Simulation model for evaluation of irrigation proj ect
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I rrigation water is released in canal

network as per demands of the farmers
in the command area. However, the effect
of water release policies on crop yield and
subsequent net benefits can not be
ascertained as the irrigation water releases
are often decided without considering the
heterogeneity of thecommand areainterms
of soils and crop stages. Hence evaluation
of irrigation project is necessary asit helps
torectify water release policiesand proposes
corrective measures for efficient water
management. In this study, mathematical
simulation model was developed for the
evaluation of irrigation project in terms of
net benefits and applied to Punegaon project
inUpper Godavari basinin Maharashtra. The
developed model considerswater distribution
to the crops according to water release
policy to be evaluated and estimatesthe crop
yield by considering the response of crop to
water applied at its different growth stages.
Theyield values are further converted into
the net benefits. Themodel considersall the
parameters that influence the yield. These
include climate, soil, crop, losses in the
irrigation network etc. The results of case
study indicate that the distribution of water
with respect to timeismoreimportant apart
from total quantity of water applied to the
crops. The crop yield is adversely affected
if the crop experiences water stress during
itsyield sensitive stages.

The planning for irrigation water
management consists of preparation of
preliminary irrigation programme for
all ocation and distribution of water resources
todifferent cropsinthe command area. The
cropyieldismainly dependent on amount of
water delivered at particular crop growth
stage. It is therefore necessary to know the
response of the command area as a whole
and itsunitsi.e. outlet or minor, to different
water release policy in terms of crop yield
and net benefits prior to finalizing the
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particular water release policy. Due to
climatic variability and unforeseen
circumstancesit isoften required to modify
thewater rel ease policy whiletheirrigation
system is in operation. Under such
circumstances it is necessary to have
appropriate tool that aids in evaluation of
several water rel ease policiesfor comparison
and to select appropriate one.

A number of evaluation studies have
been carried out by various researchers for
evaluating variouswater release policiesfor
improving the performance of irrigation
project. Loucks(1981) stated that behavior
of theirrigation systemisvery well reflected
by its evaluation studies. He further
highlighted the importance of evaluationin
better understanding the system. Biswas
(1990) emphasized the importance of
monitoring and evaluation of irrigation
projects for future water management
improvement. He further asserted that
monitoring and evaluation should be given
equal importance as planning and design of
the project. Smout (1996) carried out
evaluation of Takeo Irrigation Project in
Cambodiaand highlighted positiveimpacts
of the projects through evaluation studies.
Isidoro et al. (2004) carried out water
balance andirrigation performance analysis
of LaVioladairrigationdistrict in Spainand
concluded that system can be better
managed for the future by way of evaluation
studies. Labadie (2004) highlighted the
importance of understanding the behaviour
of reservoir system for maximizing the
beneficial uses of the projects. Evaluation
studies reported by Gorantiwar and Smout
(2005) emphasized the importance of
application of required quantity of water at
required time depending on crops and the
type of soil.

Considering the importance of
eval uation; the present study was undertaken
to assess the response of command areain
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terms of net benefits for existing water release policy
and investigating the causes of low performance. For this
purpose, mathematical simulation model was devel oped
which examinesthe response of aspecified water release
policy on cropyield and net benefits. Themodel considers
the heterogeneity of command areawith respect to soil,
climate and canal network. This paper describes the
model used for eval uation study of Punegaon project and
results of the evaluation.

Mathematical simulation model was devel oped for
evaluation of irrigation project. It isbased on the concept
of distributing the released water through the canal to
different crops according to a specified water release
policy. The model considers all the parameters that
influencethe crop yield. Theseinclude climate, soil, crop,
lossesin theirrigation network etc. The model performs
the evaluation for canal water rel eases at the head of the
canal. Soil moisture balanceat root zoneiscarried out on
daily basis. Theinflow parameter of soil moisture balance
comprisesof rainfall and irrigation (derived from the canal
water releases at head) and outflow parameters are
evapotranspiration and deep percolation. Initial soil
moisture content is considered asknown. Theinitial soil
moistureisassumed at i) field capacity, ii) 50 % available
moistureand, iii) wilting point for planting in rainy, winter
and summer seasons, respectively. If pre-sowingirrigation
is given, the soil moisture content before pre-sowing
irrigation is considered at wilting point. The initial soil
moistureisthen computed by carrying out awater balance
over the period from pre-sowing irrigation to first crop
irrigation. The reference crop evapotranspiration is
estimated by Penman-Monteith method (Smith, 1991).
Based on the formulation of Doorenbos and Kassam
(1986), actual evapotranspiration is considered as equal
to maximum evapotranspiration until the readily available
soil water has been depl eted. Beyond thisdepl etion, actual
evapotranspiration becomes smaller than maximum crop
evapotranspiration until the next application of the water
and its magnitude depends on remaining soil water content
and maximum crop transpiration. The actual
evapotranspiration isworked out using equations (1) and

2

ETa =ETm,

If(@~-9,92 3 @p)(@F-9,92Z (1

ETa =[(q"-9,%Z, ETm]/[(1-p)(@~-0,7Z,(2)
If(@~-9,7Z £ (1-q) (4~-q,9 Z, ©)
where, ETa, isactual evapotranspiration on t™ day ;

ETm, is maximum crop evapotranspiration on t™ day; 6%
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isvolumetric soil moisture content (SMC) in theroot zone
depth on t™ day; 6, R isvolumetric SMC in the root zone
depth on t™ day at wilting point; 6, R isvolumetric SMC at
field capacity; Z, isroot zone depth ont "day in mmand
p issoil water depletion factor.

The stage wise crop growth model (equation 3)
proposed by Stewart and Hagan (1973) is used for the
estimation of cropyield.

—a _1q_ %SK s ETms ~ETas
m s=1 ETmS

where, Y_ = Actual crop yield (kg/ha); Y =
Maximum potential yield (kg/ha); s= Subscript for crop
growth stage; Ky_ = Yield response factor for s" stage;
ETm_= Maximum crop evapotranspiration for s" stage
(mm); ETa, =Actual crop evapotranspiration for s" stage
(mm); ns = Total number of crop growth stages.

The net benefits per unit area of irrigated land are
estimated by calculating the cost incurred and benefits
derived from cultivation of the crops. The flow chart of
developed model for simulation of crop yield and net
benefitsispresentedin Fig. 1
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Fig. 1:
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Description of the study area:

Punegaon dam is constructed across river Unanda
at village Punegaon (20°21’N latitude, 73°50’E
longitude) in Dindori taluka of Nashik district in
Maharashtra. River Unanda is sub-tributary of river
Godavari and originatesin mountainousterrain forming
ridgeof Tapi and Godavari valley near village K aranjkhed.
Thelength of theriver fromorigintodamsiteis 13.5km.
Punegaon dam having 1803 m length comprises rolled
earth filled embankment with 122 m masonry spillway.
Thework of the project started in 1985. The dam portion
was completed in 2003; however canal work is gtill in
progress. The gross storage capacity of the damis 20.29
Million cubic meters. The catchment area of the project
is 66 km? and area under submergence is 372 ha. The
average annual rainfall inthe catchment is 707 mm. The
yield of the project with 50 % dependability is47.10 M,
It has 63 kmlong left bank canal with irrigable command
area of 5483 ha

The crops are grown in three seasons namely Rabi
(winter), hot weather (summer) and Kharif (rainy).
Normally there is no demand of water during Kharif as
themajor portion of rainfall isreceived during this season
and hence there are no rotations during Kharif season.
Water isdelivered fromthe reservoirsto the crops during
Rabi and hot weather seasons

Main crops grown in the command of the project
are sugarcane, grapes, wheat, gram and cauliflower.

Direct outletsminorg/distributariesfrom main canal
are considered as unit for this study. Evaluation study
was carried out for the year 2006-07 when 5 units were
provided with irrigation in six rotations. The irrigation
details of Punegaon project for the year 206-07 are given
inTable 1.

‘Table 1: Irrigation details of Punegaon project for 2006-07 ‘

and corresponding crop yield and net benefits. Variations
of moisture content of root zone of various cropsin each
unit were al so simulated with the help of the model.

It was found that minimum net benefits per unit area
from the project were Rs. 63438 /ha; which were found
to be on the higher side (Government of Maharashtra,
2009) as compared to benefits of other major projectsin
the state. Thisismainly due to more percentage of grapes
and sugarcane in the cropping pattern of the project and
use of drip irrigation method for the grapes.

The net benefits per unit area and benefits per unit
of water for different distributaries of the project are
shown in Fig. 2 and 3. It is seen from these figures that
the net benefits per unit area and water applied for
distributary 2 are Rs. 74391 /haand Rs. 102292 /(ha-m),
respectively. These benefits are more than benefits of
other distributaries of the project.
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Rotation number Rotation start day Rotation end day
1 01/12/2006 18/12/2006
2 15/01/2007 23/01/2007
3 14/2/2007 22/02/2007
4 25/03/2007 10/04/2007
5 9/04/2007 06/05/2007
6 19/05/2007 31/05/2007

The evaluation of Punegaon irrigation project in
Nashik district of Maharashtra in upper Godavari basin
was performed with the hel p of the devel oped simulation
model by considering cropping pattern, water rel eases at
the head of the canal and climatic data of the year 2006-
07. The model simulated unit wise, crop wise water use
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Unit wise net benefits per unit area for Punegaon

proj ect
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Fig. 3: Unit wisenet benefitsper unit of water for Punegaon

project
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On the other hand average water application depth
(Fig. 4) of distributary 2 is minimum (72cm) compared
with other distributaries of the project. The analysis
showed that more benefits are contributed to large
proportion of areaunder irrigation for grapes (42%) and
sugarcane (8%) on distributary 2. Dripirrigation method
was used for grapes and hence water was efficiently
used. Average depth of water application was maximum
(128 cm) on distributary 7. There were two crops namely
grapes and cauliflower irrigated on thisdistributary. The
percentage areas of grapes and cauliflower were 37%
and 63%, respectively. Analysis shows that since more
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Fig.4: Unit wise average water application depths for

Punegaon project

water was available, both the crops received required
quantity of water. But still it was observed that the yield
of the cauliflower was much below the maximum
expected yield. Thedetailed analysis showed that thetime
of irrigation water supply did not match with sensitive
growth stages of cauliflower. This has resulted into
reduction of the yield of cauliflower. The results of
variation of moisture content in the root zone of
cauliflower on distributary 7, obtained from simulation
model (Fig. 5) confirmsthisfact. The model depictsthat
moisture content in root zone of cauliflower was much
bel ow allowable depletion level duringinitial and middle
stagesof growth period. Thusthe supply of irrigation water
irrespective of time does not serve the purpose unless
crop getswater asper itsyield sensitive stagesfor desired
crop production.

Theanalysisfurther showsthat the benefits per unit
areaare mainly dependant on soil typefor similar cropping
pattern and irrigation methods. It isobserved that benefits
per unit area of distributary 2 are more (Rs. 74391 /ha)
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Fig. 5: Variations in the moisture content of root zone of

cauliflower on distributary 7of Punegaon project

than distributary 1 (Rs. 63438 /ha) even though water
application depth for distributary 2 isless (72 cm) than
distributary 1 (108 cm). Thisismainly duetodripirrigation
method and favorable soil likeclay on distributary 2. The
sandy loam soil on distributaryl has less water holding
capacity compared to clay soil ondistributary 2 and hence
asindicated by simulation results, more water application
ondistributary 11ed to deep percolation.

Conclusions:

This paper has emphasized the need of considering
appropriate climatic, soil, crop and command area
parameters to estimate crop yields and benefits while
evauatingtheirrigation project. Theresults of evaluation
study indicated that the type of soil, water application
depth, irrigation method andirrigation interval influence
the net benefits per unit area and per unit water applied.
Theevaluation study alsoindicated that thedripirrigation
has the potential to use water efficiently. Application of
large quantity of water than required may not result into
more production if water holding capacity of the soil is
less. Benefitsof theirrigation projects can be maximized
by releasing the irrigation water at appropriate interval,
so those crop water requirementsat yield sensitive stages
of majority of cropsin the command area are met.
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