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ABSTRACT
The operation of canal irrigation systems is a complex task with spatially variable soils, crops
and weather conditions. The releases for the irrigation, reach the fields through a hierarchical

network of main canals, branch canals (secondary canals) and distributaries (tertiary canals).

The proposed study area, Harbhangi irrigation project is constructed to serve two major
purposes such as (a) Providing irrigation facility to its own command area and (b) Transferring
water from Vansadhara basin (project basin) to adjacent Rushikulya basin which is water
scarcity basin through a natural carrier, river Padma . Hence, tvhe accurate estimates of reference -
crop evapotranspiration(ET,), crop coefficients for the different stages of various crops, crop
water requirement (CWR) of the project and preparation of irrigation scheduling for the canal
network envisage the optimal use of the storage water of reservoir and also preventing the ayacut
area from the negative effects, i.e., leaching, water logging and subsequently ground water
pollution.

Steps are taken to calculate daily ET, by Pemﬁan—Monteith method. Crop water
requirement of the project with single coefficient method is estimated. Determination of optimal
yield from the reservoir with several failure fraction conditions at different annual reliability and
indicating dependability of the project to sustaiﬁ thé future food requirement of the project
command area is carried-out. Also, irrigation scheduling for the different crops of the projeét is
prepared individﬁal[y and periodical release for all the distributaries of the project for better
management of the irrigation system.

For real time managelﬁent of the irrigation system, A DSS is developed with Visual
Basic-6 in four major modules, i.e., (a) to caléulate ET, after running the Fortran program in

back end with ET, module, (b) to estimate CWR of the project with CWR module, (c) to
i



determine reservoir annual'depeiidable yield after ruiming the developed Fortran program at back
end with yield module and (d) to prepare the gate operation for all the distributaries after
preparing the irrigation scheduling for all the crops of the co.mmandiarea with scheduling
module.

CWR of the project is 16.37 Tham against project value of 18.67 Tham for the scheduled
cropping pattern. After incorporating soil coefficient (K;) to the K. value, CWR of the project is
reduced by 5%. The inaximum annual firm yield with 100% project dependability is 12.8 Tham.
Maximum annual total yield ‘is 22.23 Tham on an annual’ projeet dependability of 75% with

normal flow condition.
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 CHAPTER-1

INTRODUCTION

i.l »' | -GENERAL

'Role 'of water for survival of flora and fauna needs no elaboration. It is One of the most
1mportant resouroes for mankind. It has come under tremendous pressure both quahtatively
and quantitatively due to contmuous rise in 1ts demand and socio-economic elevation So the
need of the hour is to 'plan and manage available water 'resources for sustainable
development. This requires a clear vision on the planning horizon focusing on the imperative

strategies.

In the post independence era in India, wide networks of irrigation system infrastructure
have beencreated through Five Year plans, better known- as Green Revolution, to meet the
- food ’sut‘"ﬁciency. Since the population of India is still has a rising trend and is expected to

' stabilize by 2045 AD (Press Information Bureau India, http://bpib.nic.in, released on eve of
Independence Day, 2002 10/ 10/2007) the Govt. of India has mtended to undertake steps for
second Green Revolutlon to meet the requirement. Because the available water resources are
limited,. the_next alternative is to use the resources efﬁciently ina s_ustainabvie manner. The
reuievu o.f literature cvlearly indicates-that the water utilization efticiency of irrigation in India
is far poor compared to _the : developed n'ation:s_- (Energy Dept. of India,
http://wwW.renewingindia.org/eefagri.html ')."i“his is because of release of irrigation water is
supply based rather demand based superstltlon among the farmers, lack of education among -
the farmm0 commumttes absence of mobilization. and effectrve trammg at the grassroots
. level, gaps between the: irrigation water managers and the farrnersl and dearth.,of technology

. application.



: Irrlgatlon potentral of India has 1ncreased to 98 84 m ha (1997 98) from 22. 6m ha

during 1950 51(durmg pre-plan tlme) (http//lndra gov.in/ sectors/ water - resources/

1rr1gatlon) Presently, the operatlon and management of the 1rr1gat10n are bemg cr1t1c1zed for o

the srgnlﬁcant gap Abetween, N

- irrigation potential created and actual'-irrigation potential achieved,,and 1

- -, lack of equitable distribution of water -among the beneﬁciaries,vVithin'the ayacut area -

~ and adaptation of useful cropping p_attern'which results in an alarming water use

 efficiency, i.e.; up 1030-35%. -

'The'prinCipal challenge to the State Water Policy -of Orissa is to manage.the water -

resources and'cultfivahle land more ef_fectively to meet the growing needs.ofthe population,

whlch is putting_enormous pressure on agricultural production and on the non-renewable and ‘

limited natural resources.. Thus a .ba_lance'ihas to be ‘achieved between the needs of a

progressing economy'and the protection of natural resources, while addressing the impact of

.o

- current environmental,problems. Hence, there is an urgent need in.all' the rn"ajor irrigation‘ o

3 prOJects for 1mprov1ng efﬁcren01es in the of 1rr1gat10n water management through the

. development and adaptatlon of advance water management technlque that take care of the

R ramfall drstrrbutlon croppmg pattern varlatron crop water demand for short duratlon draught

Situation and’ alsoto avoid exce_'ssisupply_of irri gation wate_r which caus,cs, water logging.

Decision Support System (DSS)'lis' a'vcomputer based intera'Ctive system which
R provrdes modelmg and srmulatlon facrlltles It may help m 1ntegrated water resources prolect

" development to - meet the 1rr1gat10n requrrement The system helps m generatmg what-lf

' f_'_,scenarlos to ard lrrrgatlon ofﬁcers in 1mplement1ng the water manaoement p011c1es-

82



N _efﬁeientl)t; Thestudy aims at _designirrg and developing sueh a decision support system for
Harbhangi Irrigation projeet, Department of Waterreso_.urces (DOWR), Orissa; The study
irrtended to provtde the techno-scientific capabil.ity‘ to assess and evaluate possible
alternatives for irrigation in a systematic way to assist decision makers about the availability
- of water resources at specific locations insrde the ayacut area at a givendtime. Rather than
adding a bit of knowledge ‘verticatly’ and getting more insight .on some partictxlar aspect, the
| ideayis to broaden the understanding of the total irri gation -system "management ‘horizontally’,
by integrating the knovtz_ledge and too‘ls already available through an irmoVative‘cross-sector

and multidisciplinary view.

1.2 AN OVEYIEW OF THE STUDY AREA

- The study area covers the Harbhangi Irrigation Project, an inter-basin irrigation project in .
Orissa state, where water from river Harbhangi, a tributary of river Vanshadhara in
‘ Vanshadhara basin (an interstate basin between Orissa_and Andhra Pradesh) is transferred to
| Rushikulya basm (a basin in Orissa state). The river Padrna, a tributary of rit/er Rushikdlya is
used as a carrier 't'o'r transferring_water to Harbhangi irri gation projeet. The ayacut area of the
project is 9650 ha in Rushikulya Basin where the imported water is used_. Inﬂorv to river'
' d'Padrr.la,frorh,‘its original' catchment area will not be uti.lized ‘within the aSIacut area of the

Harbhangi Irrigation Project.

'Subsequently, it is proposed to construct a cascade type powerhouse' to utilize the
geophyswal advantage of the | prQ] ect location and accommodate a natural gross head of 230m
with an mstalled capacrty of 24, 75MW However the powerhouse operatlon is yet to be L

commnssnoned.



13  OBJECTIVES OF STUDY
In"this:"study'it'is prOposed- to develop a demand‘ based irrigat-ion ,strategy for Harbhangi
'prOJect on ten dally ba51s by des1gnmg and developmg a Dec1510n Support System based on‘

the followmg approaches and methodology

i ,Eétimati;)n' _of runoff and ‘inlﬂlowinto theq reservoir uslng avsultablve rainfall-runoff '
| modai - | |
i - Calculatlon of ETc (crop evapotransp1rat10n) from ET, (reference evapotransplratlon)
' usmg Penman—Monte1th Method to estlmate the. gross water requrrement of the crops o
i, _,_.Apphcatron of jonear. Programmlng vbased_ reservo_lr yreld'model to: en_sure the
reliabllity of water release fro‘m'the féserv'oif for irri'gation purp'os\e. '
v, Development of 1rr1gat10nschedulmg and management scheme for canals (reach
- 1w1se) to minimize the deﬁclt between the canal water supply and the crop water o

: requ1reme_nt.

- '1A4 : METHODOLOGY AND APPROACHES

- ADSS wrll be developed as an act1ve dec151on support system to allow the user to adopt the

82

R decmon d1rectly The methodology and approach for the development of the soﬁware of

-:DSS are descrlbed below ‘
s The-methodologies_'to be u_sed for th'e"p.urpo_se':- -
. i) »SCS-CN method shall be used for estlmatlon of 1nﬂow to the reservo1r

u N ETO shall be calculated by Penman-Montelth method and the result shall be compared

.' w1th CROPWAT72 software developed by FAO



iii. -

v

Vi

Yield model developed and used .by Dahe and Srivastava (2000), Panigrahi and

~ Srivastava (2005) and Sethi and Srivastava (2007) shall be used to get the annual

reservoir yield with 75% dependability. Available FORTRAN program for LP

solution shall be used wlth‘input data matrix and data matri}r required for LP model :

. will be generated by developing a computer program.

Using exnstmg/optlmal croppmg pattern, the opt1mal utilization of water shall be

“decided with approprlate 1rr1gat10n scheduling by ‘Field Water Balance model.

All the above approaches will be programmed in FORTRAN and dynamlc link

libraries (DLLs) shall be developed for each method to mtegrate in a DSS software

DSS contamer software shall be developed using Mlcrosoft Visual Bas1c (VB). The
rich content of graphical user interface available in VB shall be used to des1gn easyto =

" use 1nterface of DSS. All the DLLs developed in (v) w1ll be mtegratmg as back-end

tools in the front-end container software.



- CHAPTER2 -

~ AN OVERVIEW OF HARBHANGI IRRIGATION PROJECT

21 GENERAL
- Harbhangi Irrigation Project is an inter-basin irrigation project in. Orissa stat'e, constructed
'across vriver' ‘Harbhangi. The Harbhangr river is a major tributary_ratv vu'ppermosr i'part of river
| Vansadhara. Vansadhara river originates from Mahendratana.ya hiils located at rhe southern
part of Orissa. Irs basin is an intersfate basin hetween Orissa and Andhra Pradesh AThe
catchment area of the Vansadhara basin belongs to h111y terrain and undulated topography
The command area of the Harbhangi irrigation project lay under the sub-basms of
river ‘Padma and Joro, the two upper most trrbutarles of river Rushd(ulya. The Padma river
originates from Kuduma hill ranges at latitude 19°- 38’ North and Longitude 84°- 15" East
at an eleva‘rion of 500m. The Padma-river hae a drainage ar.ea of 6635q.km and it joins river
Rushikurya on its right. Harbhangi river transfers water of Vansadhara basin to .Rusi\kulya
basrn through exrt channel connectlng to Padma river. Rlver basm position along with other
© near by basin and the overall pr0]ect layout is given in Fig. -2 1 and F1g 2.2,
22 HISTORICAL DEVELOPMENT OF THE PROJECT
| The lrrlgatlon authorlty planned to develop command area in the upper zone of Rushrkulya _. .
basin (Padma valley) which is prommently a draught prone area. The water resources of river
Padma which were berng utrllzed for the downstream prOJects i.e. in lower area of the -
| rushikulya basm was not avarlable for thrs purpose. Hence the water resources of- Harbhanor'
river in the adjacent Vansadhara basin were_.chosen f_or transferrmg water to the'proposed

command area of the Padma valley
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Fig.-2.1 Basins and Sub-basins of Harbhangi Irrigation Project

Accordingly, the conceptual planning of the project was started by Govt. of Orissa
around 1962. Construction work of the reservoir site as well as canal system was completed

by 1994 and since then, the project is functioning quite satisfactorily

The river Harabhangi is the upper most and major potential tributary of river

Vansadhara. It originates from Ramgiri hills of southern Orissa at the general elevation

-7-



around 1100m.The main dam that intercepts a catchment--area of 503.8 km? is }ocatedv at
about 90Km of downstrearh of its origin.

'Thev stored water is being ﬁtilizéd for inter-basin transfer cutting across the dividing
line through a lined D-shaped tunne] of 3m diameter and 2.2km length. At the exit end the
~ water emefges 6u‘t‘ at a RL367.00m and flows into the river Padma. A pickﬁp weir has been
constructed. over river Padﬁa at Gokulpur named Gokulpur Barrage keeping pond. level of
the barrage kept at 137.2 m above the MSL at aBout 33 Km downstream of the tunnel exit. A
new pick up weir is located at 7.6km upstream‘of the old Padma weif.The discharge of the
river Padma is being diverted to the renovated Sorada'réservoir through a' new link channel
and the Sorada re’s;ervoir functions as a balancing reséwoir fof the Rﬁshikulya irrigation
project at the downstream.

Thus the river Padma from the diversion tunnel exit to the Gokulpur barrage used as a
carrier or natural conductor systém for Harbhangi irrigation system only, because practically
the water of the river Padma is not being utilized by the Harbhangi irrigation broject.

The proposed hydropower plant to utilize the potential head of 230m available_ 'élong
the courée of the Padma River to generate 12.4MW hydroelectricity is under construction.

2.3 PHYSIéAL CHARACTERISTICS QF THE PROJECT AREA |
2'.3..1' Location |

The project is located in Ganjam and Gajapati districts. Th¢ dam is located at about
longitude 84° 80° East and latitude 18° 30° North with MW‘L'of the réservoir at 387.5m
above the sea level; Where as the eleVa’Fion of the command area 'éf the project, under Soroda

‘and Badagada block Qary from 130m to 90m abov'evMSL‘. -
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2.3.2 Climate

| The climate of the entire project area is of tropical monsoon type. There are four well-
defined seasons i.e. summer (March to May), monsoon (June to September), post monsoon
(October to November) and winter (December to February). Thunderstorms are quite
frequently encountered during the monsoon periods. The hydrometeorological data of
Dhaugaon hydrometeorological station of CWC which is situated within command area are
used for the analysis. The average maximum and minimum temperature varies from 45°C to
27°C during summer and minimum temperature varies from 9.6°C to 15.3°C during winter.
The relative humidity varies from 88% to 93% during July to September. The area is visited

-9.



by ‘tropical monsoon climate of pronounced wet season from June to October with average

annual precipitation of 1350 mm and annual pan evaporation is 1496mm. Monthly average of

~ hydrometeorological data éf the Dhaugaon station is fumishéd in table-2.1.

Table-2.1 Monthly hydrometéorological data of Dhaugaon station

Mean Daily

SI.No. Mbnth Mean Mean Mean Air Mean » Monthly Pan

o C Max - Min humidity in -Wind Sunshine in | Evaporation in
Temp in.| Temp in % speed in hr mm

: - 0C " 0C km/day

| 1 Janue;ry' 29.5 16.3 87.7 4.0.5 7.1 93.9
g February |~ 33.1 | 19.1 88.4 49.2 8.4 123.6
3 March 35.5 232 89 55.2 8.1 155.3
. .April 386 | 254 80.6 61.9 8.4 188.9

g May 403 275 80.3 69.5 8.3 o7 |
° June 36.6 27.4 80.4 3538 5.1 141.4
’ July - 33.9 26.8 86.5 26.4 35 1183
5 August | 319 | 281 88.7 22.8 3.1 98
-9 September | 33.1 | 25.8 89.6 22.1 4.2 96.2
M October | 31.8 24.5 89.4 29.4 6.4 91.8
B November | - 30.1 19.6 87.1 29.'5 6.1 - 815
| December | 208 15.9 84.6 29.3 5.1 79.8

2.3.3 Soil Characteristics

The geographical formation of the study ‘area is Alluvial, brown land Lateristes, |

“Gondowanas, Newer Dolerites and Archon comprising igneous and metamorphic rocks.

Based on the soil survey, five soil series were recognized in the command area. Soil texture

varies from loamy sand to clayey loam.

Dependiﬁg on the ,topography, soil type and drainage . éharécteristics_, the

~command are was qlaséiﬁed into land suitability for irrigation. Out of the total CCA 0f 9650
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*ha,. 65-00. ha (71%);iis asseése_d_ und%:_r classes;I and II, 1e m;)deratel:y suitable for ifrigétion; '
and 3100 ha (29%) under class-11 i, fairly suitable but severe limitation for the sustained
use for i&igation. | - |
234 Agriculture

The preseﬁt:'land use énd cropping pattern is ?ropbéed for a total cropping area of
© 17650ha througﬁ Out‘th‘cl-yea‘.r. T.he"rice‘i_‘s vth‘e mlajvolr 'cfop m the area about 7160 ha being
growh orjlv medium a;md low_ lands and 1850ha m hig.h‘-lands. cher crops growﬁ in the

command area are raggi, pulses, groundnuts, vegetables and sugarcane also grown on small

- © areas. -

. - After irrigation fa-i(;ili’tyj .providéd; tﬁe farmer_s have adépfced cdmple){. éropping B
‘pattern involy.ingn.ﬁ)'{ed relay cropping? but tWo baéic pgttemé recd'gnizea are aé folléws: :
(a) " On médium 10\:N iérid, riée fdlloéd by é,puisé cr(')p.,v .'and = '

(b)) On high land, raggi als o followed b'y"a pulse cropi.( S
=N ‘In>b>_o-tAh_'the;:ases, the first crop is}rhbst i?nport_ziﬁt. .
24 WATER RESOURCES '
~ The -mean‘arinuél inflow at fh‘e_: dam site wés eSt"im‘atVedA;is' 273mem’ per year (8‘;7cum¢c:s)," |
Wthh is_corfesp(:ihd. to'5_40ﬁ_1m_ éf fﬁﬁoff.’.Aln inter-staté'aér:eement.isf in fo;c.e'.\)vit:}; An_dhrzi .
; Pradesh f_o' use "Vavvsnavcihara.llb;iéin-vs.rater at Gotta r_ese‘riloivr-_'of—lh.’)"O"‘/vc.)-S.()%,share’.' But, di.v:é‘rsion‘
o of :Har:l)héng’i>reSe1’r\vloir "_\v.;vate_‘:_r to '-tll.en Rushiku‘.lya-,-baih‘ | cast a _shéfé é_f érduhd_ 18% of the
: Ofiséa éhére. Hence,' the Watéf_sﬁaré of Qriss'a gt Gotta. ‘re.éeryd'ir 1s ye\;iséd. : |
The monthly y{ielld‘ _seriés_.f(‘)r ejlv.}'jqfiod of 40‘ fqars. i.;a_t, .(:iamVISIit:eiha\{e. been preéentéd

' in table 22
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25 'CANAL' NETWORK

L The canal network of the prOJect is orlgrnated from the Gokulpur barrage. Total ayacut area

_ of 9650 ha [of the project] is spread over Sorada and Badagada Blocks Main canal starts

' , from the Gokulpur barrage to a,length of 2.515 km. Then the canal is brfurcated to two

) dlstrrbutary 1e Left . drstrrbutarres and Rrght drstrlbutary Total ayacut area of the Left

drstrrbutary is comlng under the Sorada block is 2300ha Srmrlarly, the ayacut area of the ‘
-Rrght drstrrbutary is 7350 ha. The canal length off- takmg reduced distance (RD), system
ayacut area and self ayacut area of each canal is furmshed in Tab_le-2.3. Canal layout with the

. major canals is~gir/eh in Fig.-2.3
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- 2.6 SALIENT FEATURES OF THE PROJECT .

* Ttem

Feature

"~ Name of the project
Name of the Basin

“Location

S_;at;a

District A

Hydrology -

'.Ciaitc':h._mer‘lt area
Maxirﬁu’m ahﬁual "fainfall' .
VMinimum'- annuai ‘-fainf‘all

Ayerag_e- annual rainfall

75 % year’s dependable inflow

Reservoir :

.'_-Typ_cofDarfn o |

) Cr,eSpl’evei éf Dam
_.Svpili\%vay. diécharge capacity
_ 'Liye storage capacity 4
'.FRL/MWL |

DSL-

_FRA

Harbhangi Irri gation Project

Rushikulya'and':Vansadhara -

 Longitude 84030’ East

Latitude 18030 North

~ . Orissa

o -15-

Gaj_pati and Ganjam |

-503.'8 »sqvkr‘n'

3249 mm

414" mm

1235 mm

21.576 Tham

: Eanh dam | :

RL  390.500 m
4608.000 cumecs
10.025 Tham

RL  387.500 m-

RL .3'75.0007. m

"RL  1215.000 ha



Item . - R o "F'_eét'ure'_;.>

Cpsa o RL 53500 ha
FRC - Ri"-i4125‘.00£)vvv';hanﬁ B
- DSC S e 4100000ham
‘Diversion Tl'mnel? | | L
'Diafﬁe,tef-- 28000 m

-, _L'en'gth Tl L | o s  2.200' Km
i

‘ .C;‘téhr‘rier;_t‘area ‘ : - X 200985qkm .
FRL/MWL SR . RL ‘1'37.';200":1#
MFD P - N _. ”  ,1‘2-52.000'cu_Iﬁecs‘
WL R 140640 m
'...I.r‘rig»zitvionv '7_ | R | |
CCA | ‘- ', .. | : _ | , | 965000 ha -.

fGross’arvl‘nrual inigatiéﬁ 'reqﬁiréments- L '16'.370‘,\‘Tham>«

- N.B.:-Area-elevation-capacity data of the reservoir is furnished in the Table-2.4 which will -

 “be u__sed for the réséfvoir‘ yield analysis. _
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Fig.-2.3 Layout Plan of Canal Network of Harbhangi Irrigation Project

Table-2.4 Elevation-Area-Capacity of Harbhangi reservoir

Elevation | Area in | Capacity Elevation | Area in | Capacity

Sl. No. inm Ha in ham Sl No. inm | Ha in ham
1 " [ 370.00 330 2100 11 380.00 758 7300

2 371.00 370 2425 12 381.00 810 8100
3 372.00 420 2750 13 | 382.00 870 8925
4 373.00 440 3200 14 383.00 927 9700
5 374.00 490 3600 15 384.00 985 10525
6 375.00 535 4100 16 385.00 1045 11400
7 376.00 575 4625 17 386.00 1100 12350
8 377.00 620 5200 18 387.00 1157 - | 13500
9 378.00 665 5500 19 387.50 1215 14125
10 379.00 710 6550
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CHAPTER-3

REVIEW OF LITERATURE

31 GENERAL

iModel is the representation of the behavior of the system. It may be physical, mathematical,
anaiytical or analogous. However, adoption of a partioular_type is based on scale, logistics,
aVailahility of time,‘funds, data, computational facility, required accuracy. The following -

papers are reviewed before take up the project work.
32 RAINFALL-RUNOFF MODELING

The National Engineering Handboo_k (NEH-4) Soil Conservation Service-Curve Number
(SCS-CN) method (SCS 1.956, 1964, 1971, 1985, 1993) is one of.the most popular methods
for computing the volume of direct surface runoff for a given rainfall event. A significant
research dealrng with several issues (Mishra- and Singh 2003a) related with the SCS-CN
method’s capahilities, limitations, uses, and ipossib]e ad\rancements have been published in
the recent past.

Mishra and Singh (1999a, 'b; 2002a; 2003a, b) provided analytical treatments of the
SCS-CN methodology Jain et al. (2006a) mcorporated the storm duratron and a nonlinear
relatron for rmtlal abstraction (Ia) to enhance the SCSCN- based Mrshra and Singh (2003a)
- model.

- Using the volumetric concept of soil-water—air, Mishra et al. (2004a) described CN
as the percent_degree of saturation of 'the_watershed at 10 in. of rarnfall and its efficacy to
distinguish the hydrological actiVeness of watersheds. This concept is cOnsistent with the
. work of Neitsch et al (2002) relatmg the curve number with the available soﬂ water content |

- wilting point, and ﬁeld capacrty Mlshra and Srngh (2003a c) further extended the phys1cal |
2] - |



description of CN using dynamical concept of infiltration and attributed its dependence on
soi'lA'sporitivity-and'hydraulie conduetivity‘ besides others_.' A criterion is developed for-

determining the validity of the Soil Conservation Service curve number (SCS-CN) method. -

Accordmg to-this crrterron the existing SCS CN method is found to be apphcable when the- e

-potentlal max1mum retentron S is less than or equal to twice the total rainfall amount.
Mlshra and Smgh(2004) A new lumped conceptual model based on the Sorl Conservatlon :
Service Curve Number (SCS CN). concept has been proposed 1n.thls paper for long—term
| hydrologlc srmulatron XK. Geetha et. al -2007) and mod1ﬁed SCS CN method (Mlshra et.
“al. ) w1ll be d1scussed later in the chapter-4 |
-3.3 . YIELD, MODEL |
- The .yield rnodellwas developed by Loucks et al.(1981) aceording to ‘whom it is a general :
pu_rpose i'rnpl_ieitly stoehastic LP model that _i‘.neorporates. several approximations to redu_ce the
size of the cbnstraints "set _needed to enunc_iate reservoir system p'lanniné‘and operation and to
achieve the target releases with desired ‘reliability. Dandy et al. (1997) made-a comparison of" -
, 31mulat10n network lmear programmmg, full optrmrzatlon LP model and the LP yreld model |
for est1mat1ng the safe y1eld of the Canberra water supply- system consrstmg of four reserv01rs
They however pomted out that 1f the system y1eld w1th a spec1ﬁed relrablhty needs to be' -
, determmed there is consrderably more dlfﬁculty in usmo the opt1mrzat10n and yleld models
) Slnha et al. (1999b) presented a y1eld model for selecting and ,s1zrng_ potentlal reservoirs and
hydro plants on a. rlver basin and:a linked —slmulation-optimization framework is used for
formulat1on However Dahe and Srlvastava (2000) have demonstrated the use: of yleld
model for assessment of annual yreld from a system of elght reservoirs in the upper basm of

the Narmada river w1th spec1ﬁed rellablllty and the extent of avarlab111ty of 1mgat10n supply |

.



during failure years. Such an assessment can assist the planners to decide upon the
irrigation policies regarding thé érea to be brought under irrigation with sustainable croppiﬁg
- pattern and to reduce the damages due to likely shortages in supply during failﬁre years. Also;
a'FQRTRAN program is developed for the sequential creation _o_f LP matrix for LP solution to
' bé used in yield model analysis‘(Dahe-ZOOI). Panigrahi:and ySrivastava'(Z.()OS) presented
' 'intégr'a.t’ed‘yield. model (IYM) for river basin development fo asséés optimal annual yields
f‘romvreservoirs based -on pre-specified annual release reliabiiities with site specific yield
failure years fraction factors and also simultaneously optimizing the’ 'cropping Apatt'ern. Other
studies are Jena (2005) and Awchi (2005). Work needs to be done to éstimate r.eservoir yield
for a shorter time period‘ to help ﬁanagement of demand based weekly irrigation water-
releases in a multi purpose project.

3.4 IRRIGATION SCHEDULING

Optimai distribution of watef to irrigation canals was studied by Muspratt (1971). In these
study systems optimization based on mathematical programming is vdes‘cribed for water
assignmént to irrigétion .cénél network with capacity constraint. »'Flynnvandr Marino (1987)

presented the methods for- determining the optimal design capacities and distribution

. management of water delivery system in the presence of probabilistic supplies and known

* transportation losses. The above problem 1s presented with a discretg distance model of
convéyance sysfem and is solved using dynamic pro_gra‘mming.-ln this method;s development,
frnportaﬁt economi§ interactions are detailed. Lohani and Fonténe (1988) have studied the
- analysis of main and lateral ca'najl designs (allocation of,dischérges gnly)-. for optimal allo;:gtioh
of water that will fnaximize the economic benefits using dynamic progfémming (DP)

~ techniques
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~An mtegrated canal- schedulmg model was reported by Rajput and Mrchael (1989)

.The model was used to determme the 1rr1gat10n schedule of the Sansad drstrrbutary of

MRBC, Guj arat.on the basis of sorl morsture status of dlfferent parts of the command area. The
model was one of the first. efforts to match the canal supplres with actual water needs (Rajput
and Michael, 1990) The model was further 1mproved and was made to determme optimal
: canal operatlon pohcres under dlfferent levels of rotation. (Rajput 1992)

A detail study over the soil water momtorrng and measurement by Thomas et al.
consrdermg various methods gave a good idea regardmg root depth behavror towards
.avarlable 5011 moisture. Akhand et al (1995) developed a water allocatron model to
recommend allocation of ‘1rr1gatlon water to d-1fferent crop fields i in a canal based -‘1rr1gat10n t
proj ject. Model components were an 1rr1gat10n schedulmg program to predlct 1rr1gatron water
demands, crop response losses Mujumdar et al. (1998) developed an mtegrated model for
' short-term yearly reserv01r operatlon for 1rr1gat10n of multiple crops Ghahraman and
Sepaskhah (2002) developed-a model for opt-imal allocation of water from a 'single purpose
reservoir to 1mgatron prolects wrth the pre-determmed multrple croppmg pattems .

Water oonservatron fact sheet publrshed by the mmrstry of Food, -Agriculture and ‘
‘ ﬁsherles (2002) prov1de detarl calculatlon for avallable water for dlfferent types of soil basmg
“on sorl type and root depth of the crop for preparmg the schedulmo of the 1nd1vidual crop. Jena
and Srrvastava 2, 005) and Deept1 Rani (2005) dealt with the real llfe problems of optrmal
~allocation of avarlable water through canal networks usrng DP | |

Scheduhng of 1rr1gatron using da1ly water balance approach for wheat consrdermg .
actual Kc va]ues site specrﬁc sorl type cl1mat1c meteorologlcal and crop growth condltlons,

soil coefﬁcrent for various allowable depletron llmrts dally ramfall and ET, ina seml-humrd'

Sl



tropicél canal command using water balance approach (Parhi, P.-2008). The crop water
requirement computed comes out to be 4 % less than those estimated using conventional crop

coefficient approach.
3.5 DEVELOPMENT OF DSS

Decision support system is an integrated approach for helping people to make better decisions.
One of the early expert system for canal water scﬁedulicg Was suggested by Hershauer et al. \
(1989). The system wcs proposed to schedule the distributicn of cancl water acccrding to the - |
physical changes of the environment. Chang et al. (1993) described the decision suppcrt |
systerﬁ for the management of the irrigation schedule (DMIS) at field level O‘fj medium to
large scale ixjri\gation schemes. It was reported that DMIS is an effective tool suitable. for the
management of the parcel-based irrigation schedule of medium to large-scale irrigétion
schcmes. Jacucci ct al. (1994) developed -t}-lle software HYDRA, a dccision support system to
impfove irrigation watcr use efficiency in Mediterranean agriculture at ‘variousA levels. An
integrated decision’ support syétem was dcveloped by'Rao (1995) which integrates simulation
models; databases and :exp'ert System baséd knowledge-bases: Thl;S was used for estimation of
}ground water recharge, simulation of grcund water systefn and to develop alternative
conjunctive water use plans. cha et al. (1996) developed an-irrigation decision scppcrt_'
-system within the‘ framework of the Notec River Water Managemeﬁt Sy.stem,‘ Poland which- ,
provided real time confrol of water distribution and irrigation.' An integrated decision support
system was develcped by Arumugam and Mohan (1997) to assess thc deci;icn making using
five years data. It was reported that shortages in irriga_;cion water supblies simulated from the
decision support systcm were less than’those ccCUrring in actual .operaticn prac;ciced by"water’ :

“authorities. Hasan et al. (2000) reported the application of a DSS in Jo’r'dan, specifically to |
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manage and operate the irrigation water demand ‘and supply—of the main water oarrier the .
ng Abdallah canal in the Jordan valley Scheme irrigation management mformation system
(SIMIS), the demsron support used by FAO for managmg irrigation schemes was developeda '
by Mateos et. al. (2002). It is based on srmple water balance ‘models w1th capacity v
constraints. Rotational 1rr1gation schedulmg system (RISS) for supportmg both water supply

' 'schedulmg and on—off control works for automated 1rr1gation with reservoir ORC (operatron.
. rule curve) by Kim et. al. (2003) | | | |

_ ‘GIS-basedA decision support system for real time water .demand estimation in canal o
' irrigation systems fornsone. irrigation systeml of Bihar state was _prepared by 'Rao et; al.

» (2004). Real time water demand from different -points of the canal system 1s -integrated to
decide the release of 1rr1gation water. Pesco fiver demsron support system (PRDSS) is
' developed by Mex1co state engmeers which s1mulates major components of the groundwater
_.‘and surface watet hydrology and water operations assocrated wrth the Pecos Rlver (2006).
| Onlme decision support for irrigation was modified 'by Thysen, Ivar (2006) for Denrnark
farmers tov manage the irrigation supply to Idifferent_ crops ascertaining the moisture position
at field. This is calculated on moisture balancing method-after racquiring the necessary field

data from farmers-over internet.



CHAPTER—4

LONG TERM SIMULATION OF RESERVOIR INFLOW
BASED ON SCS-CN METHOD

41 GENERAL
Tne simulation of rainfall-generateei runoff ie very important in varieus activities of water
resources’ development and management such as flood control and its management, irrigation
scheduling, design of irrigation and drainage works, design.of hydranlic structures, and
nydno-power generation etc.. Irenically; determining a rebust relationship- between rainfall
~and runoff for a watershed has been one of the most important problerns} for hydroliogists,
engineers, and agriculturists since its first docurnentation by P. Perrault
(In: Mishra and Singh 2003) about 325 years ago. The process of transformation of .,
- rainfall to runoff is highly complex, dynamic, non-linear, and exhibits temporal and spatial
: vanability, further affected by many and_iof.ten' int_errelated physical factors. Hewever an.
-'understanding of various hydrologic variations-(spatial and temporal) over long periods is
necessary for identiﬁcatien of —these complex and'heterogeneous watersned characteristics.

Also,the long-term hydrologic simulation plays an important role in watefsh'ed rnanagement-

- -’practlces Ttis also used for augmentatlon of hydrologlc data benef cial for water resources '

plannmg and management (Mlshra and Singh 2004).

The available models for simulation are vary in description of the components of the
hydrologic cycle,degree of coniplexity of inputs, number of parameters to be detérmined,
time /interval used, and output generated. Some event-based vsimul'ation models like

»Hy'drologic. Simulation Package Fortan(HSPFj, System Hydrologique Europeen(SHE)

27-



USDAHL(Holtan and Lopez, 1971) Hydrologic Modelmg System(HMS) HEC-I Flood

(1985) Despite their comprehensrve structure, many of these models have not yet become
standard tools in hydrologic practice in developing countries, such. as India, Pakisthan, Nepal ?
and other Asian countries. The rfeasOn is (a)most- basins.in these 'countries are ungauged or if '
» 'gauged atall, then measurement is taken only daily basis and there is little hydrological data
:available (b)these models contains t0o many parameters which are dlfﬁcult to estimate in
| practice and vary from basm to basin. Furthermore when these models are compared on the
same‘basm, they are found_widely varying in their performance (Woodward »and Gburek,

" 1972). Hence, the infiltration loss hased SCS-CN model is suitable for the simulation.

42 HIST_ORICAL. BACKGROUND OF THE SCS-CN METHOD
The origin_ of the SCS.—CN-Tmethod can be traced to the lprop.osal' of Sherman
(1942,1949) on plotting direct runoff versus storm rainfall, and th'e-(suhsequen_t‘ work of
Mockus (1949) on estimating bsurfacerunoff for ungauged watersheds using information on
_ so_il, land use,' antecedent rainfall, storm duration, and. average annual temperature. Andrews
(129545 develop_ed a graphical procedure for :estimating runoff from rainfall for combinations
of s‘oil- texture and type, the amoun_t of vegetative _cover, and conservation practices. All of |
these are cOmbined into what is"referred to as the soil-cover' complex or soileegetation-land
use -complex (Miller and Cronshey l989)l Thus the empirical rainfall-runoff relation of
. Mockus (1949) and the s01l-vegetation land complex of Andrews (1954) constltuted the
buildlng blocks 'of the SCS-CN r_nethod described in the 5011 Conservation Serv1ce (SCS)
' National Engineering Handbook-‘Se’ction 44(“‘I—I.ydrology” 1985). -Rallisonand Miller (1982) '
| succinctly described the SCS CN method asa graphical transformation and generalization of .

the works of Andrews (1954) and Mockus (1949) The SCS CN method is also used in
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popular continuous simulation models such as CREAMS Knisel(1980) and SPUR Wight and -
Skiles (1987). It has been adapted’for urban catchments by the Soil Conservation Ser;/ice and
was discussed for this application by Aron (1-982) and Kibbler(1982). Besides being fairly
accurate in runoff predictions, the versatility of the SCS-CN method lies in the fact that it is
simple, easy to understand and apply, stable, and capable of accounting for several watershed

“runoff producing characteristics, such as soil type, ‘land cover and practice, hydrologic
condition, and antecedent moiétu_re éondition (AMC), Ponce and Hawkins (1996); Mishra
and Singh (2003b). The original SCS;CN method computes the direct runoff by considering
only the available rainfall on the current day without taking care of the effect of the moisture

- available prior to the storm. On the other hand, the curve numbers are sensitive to antecedent
conditions (Ponce 1989).

Several others have reviewed the SCS-CN method fﬁr its limitations such as
unaccounted rainfall infensity which is an important source of variability in the methodology,
consideration of time factor, lack of clear guidance as to how to vary antecedent moisture
conditioh (AMOQ), the discrete unrealistic relation between CN and AMC,' and the fixing of

the initial abstraction ratio at 0.2.

43 ORIGINAL SCS—CN METHOD

The Soil Consérvation Seryice Curve Number (SCS-CN) methc;d (SCS, 1956), an
event-based, lumped rainfall-runoff model, is based on the water Balance equation and two
fundamental hypotheses. The first hypothesis is the ratio of fhe actual amount of direct
surface runoff (Q) to the maximum potentiél surface runoff) is equal bto the ratio of amount of

actual infiltration (F) to the amount of the potential maximum retention (S).
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The second hypothes1s relates the 1n1t1a1 abstractlon (I ) to-the potentlal max1mum
retention. Water balance equation: P = Ia +F -!- Q e N . ’ (4 1)

(a) first hypothesis

f; PQI 4.2)
(b) second hypothe51s -
@S @)

Flg 4. I-Proportlonahty Concept v» o

where P= total precxprtatron 1= mltlal abstractron F —cumulatrve inﬁltration after tirne to
'_,'pondmg, Q drrect runoff S potent1a1 maxrmum retentlon and A 1nitia1 abstractien )

' 'coefﬁment A 0 2 (a standard va ue) Equatlon (1 2) combmed w1th Equatlon 4.1) leads to

(P 1)

TR 69

B valrd for P>Ia, Q=0, otherw1se Couphng of Equatlon (4) w1th Equatlon (3) enables a

j,determmatlon of S/P as (Mlshra and Smgh l999a b)

| :gh[zuca A)] Jcca A)2+4/t]
P". ‘ 2)& B

S 4.5)



or alternatively (Hawkins, 1993),

S=5[(P+20]-y0(4Q +5P)] (4.6) -
for A = 0.2. Here, C = Q/P = runoff factor. In practice, S'is derived from a mapping

equation:

S=‘E)‘9‘9"110 orS:zsﬂ—Z.M 4.7)
4 CN CN

where S is in inch or cm; and CN is the curvé number Varying from 0 to 100.

The curve 'num‘ber. CN is derived‘ from the tabiés given in the National Ehgineering
Handbook (Section 4) (NEH-4). Parameter S of for any catchment depends on soil type, land
ﬁse, hydrologic conditiqn and antecedent moisture condition. Parameter A is AfreAquently

viewed as a regional paraxﬁeter dependent on geological and climatic factors.

4.4 DERIVATION OF THE MODIFIED SCS-CN METHOD
" The modified- SCS-CN method is.l‘)ased in the SCS-CN method and was formulated
by Mishra and sihgh (2002a) and Mishra et al. (2004). |

4.4.1 TotalInfiltration Concept

The existing SCS-CN method consists of initial abstraction that excludes the static o

inﬁltration and valid for the time past ponding. Hence fhé total infiltration is the dynamic
infiltration and static inﬁltfation. 'Whgreas the dynamic infiltration is retained in the soil and
s absorbed in the potential voiumetric space i.e. S, the static portion actually céntributes to
pér_colation to meet the ground water table and ﬁﬁally appear as delayed flow ér baseflow at

the outlet of the basin.
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4.4.2 Rainfall-excess équation

" . The modified SCS-CN method -considers both these parameters as well as AMC of

8

‘the soi.lvin.'the model. Fc can be deducted directly from the cumulative rainfall amount and

N ‘applied» to the proportional equality hypothesis of SCS-CN method can be written as shown

~ in Fig.4.2 So the prdpbﬁioﬁal equality hypothesis of SCS-CN method can be Wfifte_n as

L0 _E | S -'_'- 3

P-I,-F:.
" Whefé Fc¥sfati;: iﬁﬁlt_rgtiori and Ed is tﬁe' dynami;: infiltration.
AndeF;+Fd'f'  ' o V~'_ ~  |  ;' | o "  49
Thus fhe water bélance -equati‘or‘l can be epréséed as . .
CoPeRAFe @0
A useful form of the model.can be d'ériyed'ﬁom above gqﬁ_a!nion (4.8) and (4.10) as

L (P-1-F)

CP-I-F.+S".
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‘The effect of Fc on Q is similar to that of Ia i.e. greater the value of Fc, lesser will be
value of Q and vice-versa. Introducing M (antecedent soil moisture) on similar lines leads to

~ the general form of the SCS-CN equation as follows.

0= PL=F) (P-1,~F+M)
“ P-I,-F,+M+S

4.12)

4.5 - SIMULATION MODEL USING THE MODIFIED SCS-CN METHOD
Mishra and Singh (2004) developed a more vérsaﬁle modei based on the modified -

SCS-CN method for daily flow simulation.

4.5.1 Rainfall-Excess Computation.

The modified SCS-CN model can be written for time t as

RO _ (P(1,1+A1) - Ia(l) - Fc(t,t+Ar))(P(t,/+At) - Ia(r) - FC(I,HAI) + Mr)

(t0+A1) — ]
P(t,r+Ar) - Ia(r) - F(I,H-Al) +'Mt +Sl

(4.13)

C

_ where RO(t+At)=rainfall excess during a time period, P(t+At)= rainfall occurring in At

period,Ia(t)=initial"abstraction_, Fe(t+At)= static infiltration in At period, M; = antecedent

moisture amount,prior to the beginning of the storm and St the potential retention. This -
. equation-(l.S) is valid for P(Lt+At)>=(Ia(t)+Fc(t,‘tw), RQ(t,t+Atj=0 otherwise. If P(t,;+At)<=Ia(;),then
Fc(t,;+m)=o. If Py seay<=(lagy+Foqseay)then Foon=(Peesomy-lag)-
Here Tag=AS: - - (414
4;5.2 Soil Moisture Budgetipg '.

| vThe dynamic inﬁltration component of inﬁl’_tratioﬁ (Fd).tha‘t ioccurred during the At
p’griod can be comput‘ed from the Wate; balance equétion as |

Fd(t,t+At);-=P (t,t+At)'Ia‘FC(‘t,HAt)“R‘O(t,HAt) U (4.15)
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. which is valid for RO(t,t+At)>=_0, -f_d(t,ﬁm):d _o.th.er_Wise.: The térn'l.Fd(t,ﬁm) él‘éo reprééénts an
: incréése in the ar'nout;l.t of .soil Il‘qoisfurwe' m fhe soil profile during At period,. which Wheh
added fo its .anteced'ent moisture Mt leadé to ‘thelan'tecedent m_oisturg amount for the next
storm as:
Meaty=Fdeuay*Me-ETgiag - - ' (4.16)
_ where M(t,wm)l varies from 0 to Sabs. St can be ‘m.od_iﬁed féf the next storin by balancingvthe
soil moisture as | “ | ‘4
B S(t;t+At)=,St’Fd(t,t+At)+El_T(i,t+At) o . - L | (4;17) |
It is noted that theisum of Si+M; fof a wate;shed 'repr.esenf.st_he.abs.olute pdtehtial maximum
refeﬁtion; Saps Which c‘orfesbonds .;‘co ihe combletély dry conditibn of the soil. Ther;efore, it
represents the upper boﬁnd of S-vériation. Thé fhihimurh"value of Sis, héchér; eqﬁal to 0.
453 Computatioﬁ of Evépotransbiration‘- | |
The poféntial cyapdfranspirdtion (PET) éan be computed using the pan evaporation as
PET (a0 PANC*Et vy | o - | ERCAL))
- where PANC i_s"the pan’ coefficient anci E (ti+ap is the pan eﬁéporation during At -péﬁod.
P.ANCv_deper_xds or; the vegetative cover and season, and thus, bis a function of thé timc;, of the
year_; : : | |

PEZt,t+A‘)=?E(’+N) _ ‘ N Co (4.19)

abs
- From e,quatioln‘ (13)and (14) it can be written as

S

 PANC= . (420)

) abs
~*-Thus, PANC is defined as the ratio of the poténtial. maximum retention- at a time to

~ the absolute potential maximum réteﬁ_tiori. F(l)'lllow'in'g Schaakel et al. (1996) further with the

a4



assumption that the ratio of moisture deficits for both the upper and lower layers is equal to

each other leads to a description of the total amount of evapotranspiration(ET) as

. ‘ - S . ' .
E T(LHAt) =E (t.t+At) [1 - (S_")-] ’ (4.21)
abs i
or
ETtat = Bqrran[1 ’(PANC)Z]‘ B (4.22)

The initial abstraction coefficient 2, is taken equal to PANC, which varies from
0tol. ) ' ' ‘

4.5.4 - Catchment Stprage Routing
The daily rainfall-excess rates computed previousiy are routed fhrough the watershed

using the single linear reservoir technique and the total watershed assumed as single reservoir

. for the simplicity.
" Continuity Equation: RO-DO= AV/ At | (4.23)
>Storage Equation =K (DO) o o (4.24)

- where V is the reservoir storage or the rainfall-excess detention storage, K is the storage
coefficient, At is the time interval, RO is the rainfall —excess rate, and DO is the runoff rate at
the outlet of the watershed. Using finite difference scheme, DO at different time steps can be

- computed as:

" DO ¢ +ay=doRo¢td Rog+dzDoy _ : B (4.25)

where do,d,,d; are routing coefficients.

RS U e
@e-MK) o
R 4.26¢) .
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| 4.5.5: Baseﬂow Computation '

It is known that inﬁltrationl depends on rainfall Therefore if P-1, is less than ch ona
| given day, then Fo=P-I,. It is 51mply concluded that Rot—O or Fy=0. ,It implies that F; exists
_' even prior to the satrsfactron of the caplllary demands whrch is in contrast with reahty This
"1s because of the assumed equrvalence between f; and the minimum infiltration rate at a time

approachrng 1nﬁn1ty Con31dermg that mﬁltrated water beyond the saturat1on is percolated
down to meet the water table and ﬁnally appears at the outlet of the basrn It further assumes
 that the basm boundary co1ncrdes wrth the aqurfer boundary and no lateral ﬂow contrlbutes to
the water table beyond watershed boundary. |

Hence ‘total inﬁltrated water can be routed assuming a single linear reservoir as

above. The baseflow (Qb) can be computed as

Qb(t,t+At)=gOFc(t)+gch(t)'*'gZQb(tj , I o : - (4.27)
where _ ’ o
Ak - o . - _
vk TR S (D

_(-MK,)

&= C+MK,) (4289

where Kb is the baseﬂow storage coefﬁcrent [T]
Thus the total runoff hydrograph RO appearrng at the outlet of- the catchment i is

computed as the sum of the routed ramfall-excess, DO, and the.b_aseﬂow, Qo

RO=DO+Qy [y o o (4.29)

where RO: the computed runoff and go, g1, gg are baseﬂow routmg coefﬁcrents

6.



4.6 DEVELOPMENT OF CONTINUOUS SIMULATION MODEL FOR
MODIFIED SCS-CN METHOD | '
461 Parameter Estimation
' The model parameters, SO[L],FC[L],K[T],and Ks[T] ini/o]ved in the model are
determined using non-linear Marquardt algorithm of 'constriained least séluares (In: Mishra
~and Singh 2003),Aco.upled with trial and error, utilizing the objectivé function of minimizing
‘err‘ors between the computeci and observed data or 'maximizing model éfﬁciency (Nash and.
-~ Sutcliffe 1970) for calibration, | |
where S,= absolute poténtial of rnaximum retention,
F = Minimnm daily infiltration,
K = runoff storage coefﬁ;ient and |

Kp= base flow stérage routing coefficient

4.6.2 Model calibfation and Validation

Under the model nalibraition, some: initial values of the inpii_t parameters (S,, Fc; K
- and Ky) describing the range of variation for each parameter are given ns inplit into the
__rnodel.. The Values of th‘ei input parameters are changed in an attempt to get higher
efﬁciencieé that indicate perfni’mance of the model. These calibratéd ‘param.eter values are
then uéed for Validation for \ialiciaition to check the efﬁ.ciencies of the rnodel whethei‘ the
calibrated mociei performs consistently i)eyond' thé_ calibfate_d periQ(i. If the satisfactnry
resiilts are obtained under both the condition then »th'esle paramctefs'useci"for generating the

: funoff from the a\)ailablc rainféll for that watershéd.
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47 APPLICATION OF THE SIMULATION MODEL .

Above model is apphed to the watershed of Harbhang1 Irrlgatlon PrOJect for rainfall- runoff

slmulatlon Ramfall data of RG station at Mohana for five years (1997 2002) and inflow

- data of the same perrod at dam site gauging station are taken for the analys1s For calibration
_ three years data and for- validation two- years data is con51dered ‘with two_ dlfferent
comblnatlon |

4.8 RESULTS AND DISCUSSION
| The estlmated values of the parameters Sos Fc,'K and Kbiunder calibration for the flow record

~of ﬁrst three years’ (1997-2000) and then parameters -are vahdated on remalnmg two years

- data (Case I) Then to check the consistency of the model ‘last three years data is taken for

the calibration and ﬁrst two years_data is used for vahdat_ron (Case-1I).
~ Four parameters determined by running a previoust available FORTRAN program.

The parameters o_btaIned for both the cases are used “for the validation and resnlts are

ta.bn.lated: :
Case o m
' sotL]= 12.5 mm 1172mm
:F;[L]‘=24.4mm' s 192 mmn
K[T]=§.ss days 296 days
| 'Kb[Tj='26.;‘66 days - 1'5;..41 days

- Case'-

Efﬁmency of the model is 78. 6% m cahbratlon and when apphed for the validation

“the efﬁmency comes out to be 70 35 %. The Root mean square error(RMSE) and relatlve |



error for the calibration and validation are 0.81lmm & 5.5 % and 1.52mm & 10.9 %
respectively.
Case-11

Efficiency of the model is 75.5'6%iin calibration and when applied for the validation
the efficiency comes out to be 74.88%.The Rdot mean square error(RMSE) and relative error
for th'e calibration and validation are [.16mm & -1.91 % and 0.99mm & -1.63 %
respectively.

Graphs are plotted between daily rainfall vs. runoffs (computed and observed) for the
calibration and validation periods in fig.-4.3(a) & 4.3(b) and fig-4.4(a) & 4.4(b) respectively.

From the above results for the two cases, it is observed that though the calibration
efficiency for the case-I is higher, parameters for the case-1I is more consistence and giving
very low relative error. Thus the parameters for the case-I1 are taken as the watershed runoff
parameters for reservoir inflow. However, the output result of both the cases for calibration is
attached in appendix-a and appendix-b.

Since the Inflow measurement facility is available in the Harabhéngi irrigation

project, this model is not used in the DSS.
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49  CONTINUOUS SIMULATION MODEL FOR HYDROLOGIC
FORECASTING (K. Geetha et.al.) | '

' Tﬁis model d_iffefs from the original model, as in daily flow simulation, the original SCS-CN
“method is used to compute the direct surface runoff considering the rainfall of the cﬁrrent day

| utilizing the CN-values chres_pohding to antecedent 5-days AMC, allqwing unrealistic
- _;udden quantum jﬁmpé in CN-variation. .-Secondly, the value of initial abstractidﬁ coefficient
is fixed as 0.2, which has shown fo be varying in. literature (For example, Mishra and Singh
2003). The proposed long term hydrélogic model obviates these limitations and is capable of
simulatiﬁg, other than direct sur_face runpff, the total streamflow and its components such as
surface runoff, thfoughﬂow, and base flow which is conceptualized to héve two different
imoisture stores, i.e. soil moisture store and ground water sfore. This continuous simu]atibn
| fnodel consider-s. a daily time step interval for analysis. Thus, the present version is.a

f _signiﬁcant'enhancemént over'the previéué ones utilizing ori'ginal SCS-CN method.

The present model formulation incorporates the SCS-CN concept revised for rainfall
dependent initial abstraction aﬁd quantification of flows adopfing various flow paths in
‘'stream flow generation, such as (1) Surfaée runoff, (2) :Through flow and (3) Base flow. This
aigofithm operates 6n daily time basis and, therefore, réquires daily data of rainfa]l'énd
evaporation as input to explain fhe physical behavior of the »cagl_tchment. The observed runoff
s used for model evahvlat_vi(-m. A complete description 'df -individL_'lal_compvonvents of the

: proposéd model as-given fig.-4.5.

e



" SRO:

A 4

- SpS ’

- THR,

"-“'GWS ’

‘BE:

TROy

DPR:

Fig. 4.5 Sc_hematic diagram of SCS:CN-based.lilmped conceptual rainfall—r_unoff model

) 49.1 Initial Abstraction
| Imtlal abstractlon is con51derer1 as a short term rloss before pondmg such as
interception, 1nﬁltrat10n surface storage (Ponce and Hawkms 1996; Mlshra and Smgh 2003).
* Here it is assumed that this loss is a f_ractl_on_ of the pos31ble retentlon in the s011 and is
computed as: . V' | ) |
1,=1S, Fort<5days. | - R " (4.30)
E - here,,?t is taken as :0.2., Physically thi:s ’mearrs,t-hat, for‘_a gitfehstorm, 20_%_0f the potential

_maximum water retention is the initial abstraction before runoff begins (Singh 1992).



Otherwise

[ 2T o - |
_10(,,.:/15,[1%”’} ) - @3l

where ‘) and o are the coefficient and exponent of the inttial abstraction which are to be

optimized.

4,9.2 Antecedent Rainfall .

In literature, the term antecedent varies from .preyious 5to '3Q days (SCS 1971; Singh
© 1992; Mishra and Singh 2003). However no explicit guidehne is available to vary the soil |
' moisture with the antecedent rainfall of certain duration. Since the NEH-4 (SCS 1971) uses
5-day rainfall based on the exhaustive field investigations, this duration of 5 days was
retained. In this model, for the first 5 days beginning from the starting day -of simulation
‘(June 1-June S, in this study), curve number CN is taken as CNO and.as the ‘dayladyances,
CN \_/aries with .respect to antecedent moisture amount, AM, bas-ed onv the antecedent rainfall

(ANTRF) as: ANTRF, = B,

Pyt By t Ry Y Ry (4.32)
where t is the day under consjder_ati'on and P is the rainfall of the respective day. |
493 Antecedent Moisture | |

The initial moxsture available in the s01l prlor fo storm plays a v1tal role in the
estimation of runoff (Mrshra and Singh 2002a) as curve number CN varlablhty is pnmarrly '
attributed to antecedent moisture amount rather than the antecedent moisture conditions (SCS
1971; Mlshra and Singh 2003) which may lead to sudden Jumps in da11y curve number values.
This model assumes that the current space avallable for water retentlon S‘ is. constant for .

' ﬁrst 5 days of srmulatlon and hence CNt—CNo St can be computed from curve number CNp

R of the first day whlch is determmed by optlmlzatlon When the number of days exceeds 5, the -

246 -



. antecedent moisture, representing the initial moisture available in the watershed ori the day
under consideration‘(AMt), can be computed as follows: _ )
'AM, = B\[ANTRF, - | 63

here, B is the coefficient of antecedent moisture to be determined by optimization. Then, -

o (S) - -
St is modified as: S, = ——— . C v (4.34)
o - (4M,+5,) I | :

here’ inthis modei, it is consi,dered that da‘ilyj antecedent moisture amount AM; varies
with respect to antecedent rainfall (Eq. 433) and hence the daity possible water retention of
the soil is computed using Eq. 434 N
_ 4'9‘4, Rainfall Excess |

The amount of rainfall (P) reaching on the ground-after the init‘ral losses (Ia) is termed
as_effective rainfall (Pe) and this is availabie for initiating various other processes in the
hydrolo;gic cycle. The effective rainfah (Pe) is'assu_‘med to be partitio_ned Aas surface runoff or
rainfall excess (RO) and infiltration (F) as stated in Eq. 1. Using the daily effective rainfall .v
(Pet) ‘the daily ralnfall excess ROt can be computed by using Eq. 4 for the first 5-days of |

simulation, only if rainfall P exceeds initial abstractlon (Ia), it is zero otherwxse

© 495 Routmg of Ramfall Excess
When the number of days exceeds 5, to transform the surface runoff that 1s produced
at the out]et of the basm the ralnfall excess ROt (Eq. 4) is routed usmga smgle linear

reservoir concept as follows (Nash 1957 Mlshra and Smgh 2003):

SROt—COXRot+ClXRO(t 1)+c:zx SRO(H) o (435)

1/ K) . IR |
here C0=———<'and Co= Cr S . (436a&b
where K™ B o _ ~ (436a&b)



0_:).—(1/1r<)

/D) 4.36 ¢)

‘where K is the storage coefficient.

4.9.6 Infiltration

The amount of water reaching the ground after initial ébstfaction and not produced as
direct surface runoff is assumed to infiltrate into the upper soil. It is modelded as:

Fe=PelyRO @ | @37)
"4.9.7 Evapotranspiraﬁon

The amount of water goes back or lost to the atmosphere is in the form of
evapotranspiration ET, and can be obtained by the summation of daily evaporation from the
water bodies and ﬁmspiration from the soil zone in the watérshed._ |
(a)  Evaporation

The daily evaporatiqn EViis comput_ed as follows:

EV,= PANCXEVP, _' | | (4.38) |
»where EVP; is the potential eévaporation based on the field data and PANC is the pan
coefficient.
(b) Transpiraﬁon

Transpiration from the soil zone is considefed asa function of water content available
‘in the soil store above the wilting point of the soil (Putty and Prasad 1994, 2000; Mishra et
_al.2005). The trghspiration is computed as |

TRECIX (S Scb) ' | @39

where Ci=coefficient of transpiration from soil zone, 8,=wilting 'poi'nt of the soil, Sys=the .
maximum possible water retention, and St=possible water rete'ntjon;on tth day. The total

actual evapotranspiration is taken as the sum of evaporation and transpiration as follows:

S48 -



CETeBVATR. o  (440)

498 .‘ .Drainage : |

The term drainégeis useri as the outﬂow from a linear reservoir (Nash 1 957)'only
when the moisture conteht in the soil zone.increases and exceeds the ﬁeld capacity Qf (Putty
and Prasad 2000; .l\/.Iishraet al. 2005) as: o | |

DRI=C2X (SaSc8) o | - - (441)
where Cz— subsoil dramage coefficient, Sabs—maxmum potentral water retention, S&
possrble water retention on tth.day, DR¢=drainage rate at time‘t’, and Gf%ﬁeld capacity of
thesoll. - B |
4.9.9 Throughﬂow or Ihterflow

The outﬂow t‘rom the uneaturated soit store is‘ partitioned into two eornponents: (@)
- Subsurface flow in lateral id‘irection and‘ -(h) 've_rtieal percolatioh into grouhd water zone. The
former component .representing the through flow is taken as a fraction of the above drainage
rate (Putty and Prasad 1994, 2000) |

THRACIXDR, L " o BN (R %)

where THthhroughﬂow at tlme ‘t’ and C3—unsaturated s011 zone runoff coefﬁ01ent

4.9.10 Percolatlon :

The outﬂow ut th’e. vertlcal d1rect1on from the unsaturated zone rneets the ground
water store due to the permeablllty of the 5011 Thls percoleted amount of water is consrdered
asa part of dramage and rt Is estrmated as (Putty and Prasad: 1994 2000; Mlshra et al 2005):

PRA(ICOXDR, " B ey

* where PRi=percolation at time ‘t’

‘;4‘9- “Ar,.. .



4.9.11 Déep Seepage

The saturated store is éonsidered as a non-linear reservoir and from this saturated
store, outﬂow occurs -at an exponenﬁal rate in the forrﬁ of deep seepage. As the saturated
store is cpnsideréd as' a non-linear store, the formulation for the deep seepage is made as an
exponential function Qf the percolation. This‘is modelé_d as fdilc;ws: :

DSP,= PR)E | ' | . (4.44)
where DSPt=déep seepage at any time ‘t’ and E=exponent Qf ground water zone. Deep
seepage can tra\}el in lateral direction as well as vertical dipectibn thro_ugh the;.saturated>
store. This seepage is agéin bifurcated into two components: (1) activé ground Water flow
(bése flow) andA (2) inactive ground Water flow (deep percolation) into thé aquifers.

" 4.9.12 Base Flow

The base flow of a watershed is the ground water release from a catchment in a

- stream. Thisacﬁ_Ve gfound water flow which is aiso known aé delayed flow can be modeled

as ‘outﬂowl ffom a ﬁon_-linear storage in the form of base flow (EFt) és follows:
BF=BCOEFXDSP, | -

where BCOEF=ground water zone runoff coefficient

- 4.9.13 Deep Percolation
Tﬁé inaptiVe ground water ﬂbw into aquiférs ié térm‘é’dx_.gs rerealat
- fromthe saturated ground water zone in vertical direction, and'is cqns’idergd as a loss from

- the saturated sto?é which i§ rhédeled as: | - |

| DPR;(I-BCOEF))-(DS'P{ S . (4.46)
Where DPRt=fieep percolatioﬁ at any ¢ anq BCOE_F%’rou'nd :wat'er zone runoff - |
coefficient. Here, it is w‘c;rth‘ émphésiiing 1héf the '1')'roposéd- model éoﬁside:s :dée;') Sgepége
which is partitiqne& into two components, baée_r ﬂow and dé'ep pcrcc')lati.on.fo.n the other_ihand, |

=50-



both the Putty and Prasad (1994 2000) and Kentucky (James 1972; Smgh 1989) models do
not account for deep seepage and deep percolation.

4.9.14 Total Stream Flow

The totalv stream flow (TROt) on a'day t, is obtained as the sum of the above three

components, surface runoff, throughflow, and base_ flow.

TROt =ROt +TH_Rt SBFt  ift Sdays. @

TROt=SROt +THR{ +BFt  ift> 5 days @48
4.9.15 Water Retentlon Budgetmg | | o

The computatlon of daily water retention stoiage or soil moisture .budgetmo is
esseiit_ial in a daily hydrologic 51mulat10n._ This SCS-CN-.bas.edrmodel represents a sml-water
balance model. Tlie current space avai]able for r‘etention'.ef water St ‘is again modified by
" taking in‘toacco'untithe ei/apotianspiration‘loss; drainage from the soil moisture zone, and
daily infiltration te:the unsaturated store as: - o |

| St= Se1)~ Feiyt ETayDRee) N . o - o (449)

where S(‘.‘l) is fdie previous day potential ".maxinium retehtion (inm); ET¢-1y is the previous
day eyapotranspiiation (mm);_ DRy is the drainage on the preVielis d'ay; E(H.) is the previous
day inﬁltra_tion- (irim), coinputed using water balanee eqliation:; R ;

FeiPenlaenyROwy - L » o (4.50)
here, 1f Pe(t)>0 F>0 B '

- 4.10 DEVELOPMENT OF CONTINUOUS SIMULATION MODEL
The propo'sed long-term hydrologlc simulation model (Fig. 4.5) is developed - for
describing watershed hydrology by considering temporal' and spatiai variations of various .

, proeesses, involved in the ‘r'unoff:generation inechanism and 'also byincoxjpo'ratirig modified -

5T '



soil conservation service curve number (SCS;CN) technique as well as storage boncepts to
represent the catchment response in a better way.

This modified SCS-CN based lumped model that captures the relevant catchment
features requires 13 parameters, viz., CNO, |1, a, b, K, Cl, C2, C3, Sabs, of, 0w, BCOEF, and
" E to derive an acceptable model output. Commonly, a close fit between calculated and
observed variables is possible for models with a high number of parameters even if the model
assumptions are false (Grayson et al. 1992; Beven 1997). In contrast to the studies showing
less number of parameters is needed to establish rainfall-runoff relationship (Jékeman and
Hornberger 1993), here the number of parameters involved in the model is coxnparativeiy
large, but it is at the gain of significant higher efficiency and it generates not only streamflow
but also its components, a distinctive feature. It is notable that the presented model requires
easily available rainfall and evaporation in order to generate streamflow and its components.
Here the parameters involved in the model are determined by trial and error method.

4.11 RESULTS AND DISCUSSION |

All the parameters are optimized manually in excel sheet for one year (1997) rainfall-
runoff record and thé efficiency,RMSE and relative error for the calibration is achieved
69.82%, 1.22mm and 0.7% respectively. These parameters are applied for validation next
year (1998) flow record and found to be the efficiency,RMSE and relative error for the
~ali dedion.

thration is achieved 64.07 % ,1.02mm and -5.02 %. The results have been plotted in
Fig.4.6 (a) and 4.6(b). The manually optimized parameter \_Niﬂl sample calculation is
furnished for calibration is furnished in appendix-c and sample calculation with those

parameters is furnished in appendix-d.-

-52.
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CHAPTER-5

CROP WATER REQUIREMENT

51 GENERAL

Reasonabvle estimation of crop water requirement (CWR) of the projecf is very much’
essential for oprimal management of ‘the water resodrces for an irrigation project. In thisi
irrigation project, the CWR is many fold of the water demand from the reservoir for other

purposes; hence CWR is only estimated for the further enalysis_. It vis very much essential to

asses the presehtpas well as ﬁJture demand of CWR for various options such as CWR, for

proj'eet stipu]ated cropping pattern and cropping pettem required for the mihimum food

requiremerrt for the total population of the basin/sub-basin. Hence, it is essential to predict

rhe year of population- stabilization and future human population to estimate. the future

requirement of crop produce. For this purpose, the population projection has been made for

the Harbhangi suld-basin, corresponding to year 2041 AD bvahi.ch the population is likely to

be stabilized. |

52  CALCULATION OF REFERENCE CROP EVAPOTRANSPIRATION (ETO)

The indirect ETo estimation methods based on cllmatologlcal data vary from empmcal
- relatlonshlps to complex combmatlon methods -based on physical processes. Out of all the :
methods of estimation, the Penman- Monteith method is recommended as a. standard method
‘(FAO 1998), ie., |

A08A(Rn—G)+y 200 U2(ea —ed) . '

— T+273 o :

ET, = | GO
C A+y(l+ 0.34U2) _ S

where ETo= reference crop evapotransplratlon (mm/day) R,= soil heat flux (MJ/mz/day) G= ‘

soil heat flux (MJ/m*/day), T= average temperature (OC) U= wmd speed measured at 2m ‘
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hel ght(m/s) (€s-€4)= vapour pressure deﬁ01t (KPa) A—‘slope vapour pressure curve (KP P C)
and y —psychometrlc constant (KP /OC) - ‘ |

For the study area dally hydro-meteorolog1cal data of three years from year 2001-
2004 at Dhaugaon statlon is taken.and da_1ly average is calculated. Monthly average for the
hydro-'meteorolo’gical data s calculated fr'orn the daily aVerage and used for calculating
reference ETO with CROPWAT—4 software (FAO 1999) fumlshed in Table-5.1(A) . The
| annual ET comes out to be 1365mm A FORTRAN program is developed for est1matmg
-da1ly ET for calculatlon of crop Water requ1rement and preparatlon of 1rr1gat10n schedulmg
The annual value of ETo estlmated on dally ba31s is found to be 1270mm is given in Table-
5.1(B). The program is able to calculate the ETo for any time perlod as per avarlablhty of
hydro—meteorologxcal data and also from dally hydro meteorolog1cal data of a year, the same
may be calculate ‘for dlfferent tlme 1ntervals ie. _monthly,_ five dally weekly, ten daily or
fortnightly: interual other than daily ETO. In ._our stud)r;.ten' Vdaily ET(,»is‘ used for further
analysis;‘ i | |

Table-5.1(A) Calculated ETo (grass) (CROPWAT)

Month - ETo (mm/day)
January - - 2.8 :
February - | = 3.79
March 453
April .. 53
- May . 561
"~ June 415
- July - 3.47
August |- 3.2
_September 34
October - 353
November | - 278
| December |- - .2.31 -
| Average: - 3.74

Annual evaporatlon =3.74* 365 1365. 3 mm; Wmdows Ver 4, 3 (FAO 1999)
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Table-5.1(B) ET, on 10 daily (month wisé) basis calculated from daily ET, value

Start | End Block { ETo -| Start End Block ETo

Month Period Period No. (mm) | Month | Period | Period No. (mm)
Jan 1 10 1 | 23.17 Jul 1 10 19 36.68
11 - 20 2 27.07 11 20 20 31.3

21 31 3 3174 21 31 21 31.01

- Feb 1 10 4 33.21 Aug 1 10 22 28.33
11 20 5 34.78 11 20 .23 30.13

) 28 6 31.14 21 31 24 31.35

"~ Mar 1 10 7 38.67 Sep 1 - 10 25 27.33
11 20 8 41.55 : 11 20 26 32.36

- 21 31 9 48.73 1 30 27 31.98

Apr 1 10 10 47.42 Oct 1 10 28 32.81
11 20 11 47.35 11 - 20 29 3148

1 30 12 52.65 ) 21 31 30 36.43

May 11 10 ° 13 55.17 Nov 1 10 31 29.23
11 - 20 14 | 49.92 11 20 32 27:1

21 | 31 15 56.19 1 30 33 23.76

Jun 1 10 16 | 4633 | Dec ] 10 34 24.02
11 20 17 40.83 11 20 35 22.96

1 30 18 31.07 21 31 36 2471
: Annual 1269.96

53 CROP WATER REQUIREMENT (CWR)

The crop evapotranspiration, ET, differs distinctly from the reference evapotranspiration
(ET,) 'as. the ground cov.e.r, canopy propertiés and aerodynamic‘ resistance of the crop are
different from grass. The effects of characteristi‘cs that ;iistinguish crops from grass are
integrated info the Qrop-coefﬁcient (Ko). ET, is determiriefi by two .ap.proac.hes, the single-and -
.the dual .crc.)p cdcfﬁcient'appfoach. In the single crop .coefﬁcient approgch,_the differencg: in
_ evapotranspiration between the cropped and reference grass-is combined intp one single
coefficient. In the dﬁal Vcrop_?&efﬁcient ap.proach,‘ the crop ’coe.ff"lqient is 'sblit into two factors
‘describing separately the ‘diffcrences in evaporation and transpiration between the crop and
* reference surface. However, the éinglg crop coefﬁci'ent approach is followed here.

'5.3.1 Single Crop Coefficient Approach

In this appyoabh the c‘fop evapotranspiration, i.e., Etc is calculated as below. .
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ETe=Kc*ETo - . R )
N ‘where ETc [mm d;l], Kc [dimensionless] and ETo [mm d-1].

5.3. 1 1 Kc values for Crop growth stages -

As the crop develops, the ground cover, crop height and the leaf area change Due to
differ_ences 'in evapotranspiration during the various growth stages, the Kc for' a given crop
will vary over the growing period. vThe gi'owing period can be divided into four distinct
growth stages: initial, ceop ‘development, mid-season and late-season. Kc values for the ciops
are taken from FAO-56; Irri_gation and Drainage (1998) for all the stages. Kc value for the
initial stage is not cofreeted due to non auailability of infiltration data and other crop data and
taken original value. Ke valuesv Afo‘r the mid .stage and late stage are -corrected for the
pfevailing relatiue humidity and wind velocity as mentioned below. |
(a) Determination of K¢ mid

For speciﬁc adjustment in .climates where RHp, differs from 45% or where U is
larger or smaller than 2.(l m/s, the Kc mid values from Table 12.of FAQ-56 bulletin are
corrected, i.e.,

Ke(mid) =Ko(mid rom table ) +[-04(U2-2)-. 004 (RHin45)] (0/3) - (53)

' where‘h=prevai_ling' average crop height of the locality, RHpix= minimum relative humidity
and U, =wind Velocity' at 2m height form ground level.

(b) Determmatlon of K late -

The Kc late values in Table 12 of FAO- 56 are typlcal values expected for average Kc end

‘under the standard climatic condmons For spemﬁc adjustment in climates where RH,m,, differs from

' 45% or where u2 is larger or smaller than 2.0 m/s Kc end value can be corrected , i.e.,
c(late) _Kc(late from table)+[ 04(U"'2) 004(RHmm'45)] (h/ 3) 03 ) ' - (5 4) :
Kc(mld) and Keglatey values of each crop is given in Table-S 2.and total crop perlod final Kc.

and crop duration in each stage for all the crops_ are furnished in the table-5.3.
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- Table-5.2 Corrected K, values of K. mia and K ate -

< Kc for Mid-stage Kc for Late-stage
SI. Crop Crop Mid & Y
No | : MId - As per . : : s per .
Name Heigh Period | FaQ. | ESt- % Late Period FAG. | Esti %
t(m) . 56 mated | Change 56 mated | Change
Early Aug11-
Paddy | 100 | ALY 1.2 1.03 1452 | Sepll-Sep30 | 105 | 087 | 16.80
2 | MidPaddy | 1.00 g‘;?fg 1.2 1.02 1477 | Sep26-0ct20 | 1.05 | 087 | 1679
3| LatePaddy | 100 | SPOT | 2 1.02 1472 | Oc25-Nov2s | 105 | 088 | 1646
; - Aug11- . - -
4 Raggi 0.50 Sept10 0.9 0.83 7.78 Sepl1-Sep25 0.9 0.64 28.89
5 | Groundmt | 040 | QM | 44 1.02 1137 | Novié-Nov30 | 0.8 075 | 6.82
6 | Maize | 2.00 g‘éﬂy 12 009 | 1766 | NovéNow3o. | 075 | o067 | 1080
7 | Sugarcane | 300 | MOZI- | 435 | 101 1880 | Nov27Jam2s | 0.8 | 077 | 4.40
. Dalua Feb21- s
8| pty | 140 | horio 12 1.03 1448 | Apri8-Mayls | 105 | 089 | 1553
o | Pukes | 130 |0 | 445 0.98 1522 | JanOl-Janis | 075 | o066 | 1167
| Groundnut Mar11- } )
0] ey | 040 | he 115 1.03 1008 | Ap21-Mayls | 0.8 076 | - 4.41
Vegetable . Dec21- : -
1 o 030 | De2 1.05 0.93 1107 | Ja25Febls | 095 | 088 | 696
Vegetable Feb11- -
12 gea 050 | 007 105 . | 082 1284 | Apr0l-Ap30 | 095 | 088 | 779
13| Pamo | 060 | 200 [ 145 1,01 1245 | Ja29Feb25 | 09 081 | 1031
14 | Mosard | 1.00 }J:ae’;% NEERE 0.98 1444 | Feb09-Feb28 | 075 | 067 | 11.07

5.4 EFFECTIVE RAINFALL

Effective rainfall is calculated by different methods as per the FAO (Training Manual-3,'
1986) and 'USDA-SCS, and the later one is used as it gives reasonable values for the basin.
For Padagaon Detail calculation is furnished in Table-5.4

1. - Probable rainfall % interactively defined by user.

: NormalIy 80% of the total rainfall is taken as effective rainfall.
2. - FAO/AGLW formula:
Peff=0.6 * Pmon - 10 for Pmon <= 75. mm - (5.4a)

Peff = 0.8 * Pmon - 25 for Pmon > 75 mm _ o } | - (54b)
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3. USDA-SCS method .
’ Peff = (Pmon*(125-0.2*¥Pmon))/125 for Pmon <= 250 mm ' (5.5a)

Peff= 125+0.1*Pmon for Pmon>250 mm : o (5.5b)
Table-5.4 Effective rainfall at Padagaon _
’ - Monthly Effective Rainfall in mm
Sl Month Rainfall in mm 780 % Probable FAO/AGLW USDA-SCS
No. . Rainfall (mm) Formula Method
1 2 .3 4 5 - 6
1 Jan 113 5.8 0.0 ‘ 11.1
2 Feb 226 1.5 ' 3.6 21.8
3. Mar 36.6 0.9 12.0 34.5
4 Apr 66.6 1.1 30.0 - 59.5
5 May 93.1 2.7 49.5 79.2
6 Jun . 1792 136.5 118.4 127.8
7 Jul C 2397 385.8 166.7 147.8
.8 Aug . 245.5 3472 171.4 149.1
9 Sep 205.9 158.3 139.7 138.1
10 Oct 132.6 1.1 81.1 104.5
11 Nov 57.8 0.7 . 24.7 52.5
12 Dec | - 89 - . 1.0 0.0 8.8
Annual [ 13000 1042.6 797.1 934.6

55 IRRIGATION WATER REQUIREMENT

. The irrigation water requirement basically represents the difference betwéen the crop water
reqﬁirerﬂent and éffective rainfall. The irrigation water requirement also includes additional
w'atér requirement, tfansplantat.ion and percolation ldss. Net I&igation Requirement (NIR) is |
| | ‘g'iven by: | | |
: NiR = {(Et+ Peréolatiod loss+ Tfan_splantatién watey requirement, if any) — -
. (Effective fainfa1'1)} R o G
Gross irrigatidn requifement (GIR‘):- GfR = NIR/ ({* Z;f) ' ) . - f5.7). .
where (. = conveyance ef_ﬁciéncy and Q= ﬁeld_ a'pplicétion efﬁcienby. L
Fér this project, field épplicétion efﬁcienc_:y and conveyaﬁcé efficiency for the p.a.ddy‘

: cfop. is 70% and 80% and for the other érops it is 52.5%:and SQ% ;@spe&ively. ThuAs,’ fhe".

\-_."—’61-



corhbined efﬁcien‘cyr'for the paddyﬂ crop 1s 56% and for the o.ther' enons it ie 42%. For the
paddy crop the percolatlon loss in the ﬁeld is taken as 6mm/day (FAO 56) and 200mm depth
of water is applied during previous month for the land preparatlon It is observed that
irrigation requirement for the crops of the project is around 15 %. less as compared to the
calculated on the. basis of monthly‘ ETo by CROPWAT-4 and Kc valnes are taken as per
FAO- 24 A sample calculatlon of one crop (late paddy) is given in the Table-5.5 and total
prOJect water requirement comes out to 16370ham which i is furmshed in the Table-S 6.

5.6 IRRIGATION WATER REQUIREMEN T FOR MINIMUM FOOD
REQUIREMENT
5.6.1 Population Projection

‘Population of the project command area i.s projected using the state .population data
from year 197 1-2.001 and growth trend fixed by the Census India (2001) for the state up to
year 2026. It is found that the stabilized prolect basin population will be 99552 by 2041A.D
(Flgure 5.1 and TableS 7.

Table-5.7 Populatlon projection up to year 2041

. : Growth
| Base | Projected |in5
year Year - |years Populatlon Remarks
- 1991 - - 57458 '
1991 2001 1.515 78404
2001 2006 1.107 82841
- Assumed
2006 2011 0.950 : 86851 rate of
2011 2016 | - 0.835 | - 90538 d%fcor"f'th,is
2016 2021 0737 93924 | ‘5 perthe
2021 2026 0.565 | . 96608 }re:\dd N
projected by
2026 |. 2031 0.391 98510 Census
2031 2036 0.202 99509-| India for the
2036 2041 0009 | 99552 | st
population .

2041 | - 2046: 0.000 | 99552 | (Orissaa)
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y=-0.00015¢ - 0.011x + 3.5477
| 'R®=0.9705

—— Population Trend

— Poly. (Population
Trend)

Rate of Growth in %

o - 50 100 150 -
Year (0=1900 A.D.)

Fig.-5.1 Projected Population from Year 1971

5.6.2 Requirement of Minimum Crop Produce

Standard nutritional parameters i.e.protein requirément and calories requirement for a
- normal person are takeﬁ from Jena (2003) to calculate minimum crop produce required to
- sustain the stabilized population of the project area. According to the crop yield per hectare
for different cfopé ;1re taken for Dept. of Agr_iculture,Orissa-and. crop produ%:e required, the
2 érop area -of different crops afe fixed in proportidﬁ to schedpied c.ropp_.ing ére_a of the project
-to cailculaté- fhe CWRmi,, for minimum foc;d requirefnent; CWR s is used fox; the analysis of
low ﬂow yéar yield. Details of crop produce reqﬁirement célcula‘;ion are furnished in Téblé-. .
5.8(a,b,c) ( Jehﬁ-ZOOZ). Crop area of differént cfopé aqd totall CWRmin i-s"fumisvhed'in' Table;
5.9. The area of different- crops is taken in prop,ortiqn_atg to the scheduled fcropping pattern. _

- Minimum crop water requirerﬁent of the project is..1'200'0ha-1‘n.,
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Table-5.8a Age Group-wise Male-Female Population Percentage

Age Group Male (%) - Female (%)
0-9 years 21.42 21.44
10-19 years 20.23 20.2
20-39 years -33.16 32.51
40-59 years 17.69 18.48
Above 60 years 7.5 7.37
Total 100 100
Ontotal .
Population 49.24 50.76
Table-5.8b Daily Dietary Allowances
: ‘ Male Female
: Proteins | Calories | Proteins | Calories
Age Group (Grams/Kg) | (Units/Kg) | (Grams/Kg) | (Units/Kg)
- 1 2 3 4 5
Oto S years . 42.00 1500.00 42.00 1500.00
10 to 19 years 1 83.33 2600.00 73.33 2133.00
20 to 39 years 65.00 - 3000.00 60.00 2200.00
40 to 59 years 65.00 2800.00 60.00 ©2100.00
Above 60 years 65.00 2500.00 60.00 2100.00
Weighted o . » ‘
Average '63.78 2524.90 58.83 25623.79
Weighted - : -
Average on rotal Proteins=61.27 Calories=2524
population " - grams/person units/person

_ Table-5.8C Total annual cro‘p’produce required for minimum nutritional req

uirements

Note:
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Minimurﬁ crbp produce.revised satisfying all requirements .

. y il P Revise Crop

“Grop” Content of- Crops - Available per Capita - " Produce ] Total Crop

. Required Calories Produce

| : Produce P . :

"Crop - Required . ) - L ( er Avallab!e_ Required

S (Per - Protein | Calorie Protein. Calories | Capita/Day) | per Capita | - for Total
Capita/Day) (Grams/Kg) | (Units/Kg) | (Grams/day) | (Units/day) as per (Units/iday) | Population

. ) o Calories . (tonne/year)
: - . : Required’ .

1. 2 3 4 5 . 6 7. - 8 9
Paddy 0.35 75 3460 26.25 S 1211 042 1453.2 15261.3
Pulses 0.025 240 3350 . 6| 8375 0.025 83.75 908.4
Raggi 0.01 104 3490 1.04 34.9 0.01 34.9 363.4

__Petato 0.13 |. 50 . 2450 6.5 - 3185: 0.13 318.5 4723.7
Ground. . . N . o -
_nut . 0.07 315 - 5610 - 22.05 392.7 | . '0.07, - 3927 2543.6
-Vegetable | -~ 0.3 40 800 [ 12 240 03 240 10900.9
N ’ " [ Total - . 7884 | 2286.85 © 2531.05 |©  34701.3
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 CHAPTER 6

' RESERVOIR YIELD MODEL

6.1 ~ GENERAL
' In reservoir studies, modeling attempts to study thehehavior of the river and reservolr based’
- on'the. observed river ﬂows to predict the future yield with the.»i'nput of yariousnatural data
such as annual pan evaporation, temporal distribution of the inflow to thereservoir,;historical
‘inflo’w record and estlmated project crop water requirement based on the cropping pattern -
fixed by the authority: On the basis of characteristics, there are predominantly two
_approaches in reservoir yield studies:-deterministic and stochastic. Given the uncertainties
‘_inherent-in the predictionﬂofv hydrologic process, that affect the .performance of water
= resources systems, deterministic planning models are often inadequate for nrellminary plan
: f_ormulation and evaluation. Because of the aforesaid limitations stochastic planning models
' 'has got advantage_ oVer. the deterministic models. | |

6.2 STOCHASTIC MODELLING

Incorporat1on of stochast1c parameters in the modelmg of river basm studlesh brmgs the
' .system behavior closer to’ the natural one for it cares the uncerta1nt1es in hydro-
_, meteorolomcalfactors which influence the input parameters to the system. Broadly, three
types of stochastic' reservoir planmng models that 1ncorporate hydrologlc varlablllty and
. uncertamty and are structured for solut1on elther by lmear or dynamrc programmmg
_technlques are: (1) The ﬁrst one 1s exphCItly stochastrc models that deﬁne a number of
p0551b1e dlscrete Stream ﬂows and storage volumes and their bprobabllltles in each time
: 'mterval and at each 31te (ii) - The second one is 1mpllc1tly stochastlc model Impllcrtly

o stochasttc in the sense that when it optrmlze over a long contmuous serles of h1st0rlcal or'
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_ -synthetlcally enerated unregulated inﬂon'v‘time series, most of the stochast‘ic 'aspects of the
problem, 1nclud1ng spatial and temporal correlatlons are 1mphc1tly 1ncluded in the model
itself that identify annual firm water yleld, its within-year distributions, and its reliability;
and'(iii) third one is chance-constrained models(which have rules that e'xpress the unknown
reservoir storage volume and release probability distributions as linear functions of the

- unknown unregulated stream ﬂows (Loucks et al. 1981).

) StochasticdeSign models are: large in stze, especially. for rit/er basin planning. Also,
'rth'ey are ‘no't‘very _helpfnl in deﬁning rese'rvoir operating ‘policies'._ The chance-constrained
models are small’ but their struc_t;re_ te_nds to lead to conservative estimates of design
variables. Compared to above two, _implicit 'stoc'ha‘stic models, although lar‘ger.than chance-'
constrained m‘ode]s are much smaller than th‘e stochastic design .models. They have resulted
A_ in relatlvely good estimates of both desrgn and.operatlng pohcy‘ varrables Yield model
comes under thls category and cons1dermg 1ts advantaoes in deahng with large scale
problems it is selected for use in the present' study -

6.3 PHILOSOPHICAL BACK GROUND OF THE RESERVOIR YIELD MODEL
Reservorr yield is the quantity of Water Whrch is dependent on active storage capacrty, the
.dlstrlbutron of mﬂows and the reservoir operatmg pohcy, released/made available from a .
reseryorr for-so.mev spe01ﬁc use(s). Water resources managers and lplanners_ are trying their
best t‘or getting better optio:ns and one amongst those is the deterrnination of the vguaranteed
. y1e1d from the reservoir. In connectlon W1th any‘ water resources plannmg ‘and management is
: }the determmatlon of the system y1eld and re11ab111ty that is in the sharp focus of the water.

) resources experts Hence safe or firm yleld can also be deﬁned as that annual demand which

can be met w1th0ut thereservorr falhng to its ,dead storage Ievel at any pomt of tlme. " So the



philosophical backdrop of the reservoir yield model is founded on this conceptual base of
determination of reservoir firm yield.

6.4 CONCEPT OF YIELD MODEL

The yieid model based on linear programming developed-in Loucks et al. (1981, pp. 339-353,
368-371) was subsequently improved by Dahe and Srivastava (2002). 'It is a general purpose,
implicitly stochastic linear programming screening niodel that incorporates several
approxifhations to reduce the size of the. constraint set needed to describe reservoir system
operation and to capture the desired reliaBility of target releases considering the entire length
of historical or synthetically generated unregulated inflow time series (Stedinger et al. 1983).
The yield model estimates over-year and within-yeaf feservoir capacity requirements
separately to meet the specified release reliability targets.

Unlike compiete optimization model in which continuity equation is formulated for
each within-year time periods, the yield model consists of a set of constraints at annual timel
step and an additional set of constraint for within-year time periods based on a critical year
(Dandy et al. 1997). Set of constraints at annual time step is applied to model the behavior of
over-year storage. Set of constraints for within time period models the within—-yearl storage
behavior. Thus, each reservoir consists .of two storages; one for “ovér-year” peripds and one
for “within-year” periods. This approximat¢ yield model has a specific felation between over
year storage and within year storage.

In case of a complg:te modvel, the model provides the storage at each time step for the -
entire length of historical record and the maximum of. these é‘_corage:\'/olurﬁes is the activ¢
rééervbir storage capacity. Hence, there is no scope to know fhe_ov'er-year and within-year -

storage capacities separately in a complete model. Whereas, the over-year continuity
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constraints of the yield model gives the storagé at fhe end of each_ year kﬁb_wq é's ’ovevr-year
, storagé. The méxixﬁurri of all ovér-y§:ar storage volumes is the ov'er-yea_r.storége capacity.
Similarly, within-yeaf conﬁﬁuityl const_rainlts give the_ storages of all withih—yeér time periods .
in’ a> cfitical year. The maximum of alI- such wifhin-year.stbrage vo_lurheé’ is ‘the'wjthin-year
: s;toreixge' capécity; Active reséry'oi; étdrage éapaéity is simply th_é sum of the' over-year and
Wi’thin-y.ear storage capa‘cities‘.‘ Hence, it is hroposed_ to use the approximate yield model for
this study. | - | |
641 6ver4year émd Within-y_éar Storage Capacities j

The oVer—year storage cap.acity is govefned: by distribﬁtion of annual strearh flows and
thé annual reservoirby_ield to be 'pro.vid'ed. Besides that, édditional- stb_rage is required if the
disffibution of stream flows '\.Jvi.thi'n the year aoes not coiﬁcidé with the desired Awithh:l-year |
distribuﬁon of annual reservoir yieid. As suc;h, the Within-ycar constraint is designed &) ;ls to
ensure thét the demand within-the-year can alwéys be satisﬁed for a specified reliability in

the ’yield.

. Without the introduction of within-’year continuity constraint in the model, there is - '

-every pqssibility that the re‘servoir may fail t§ meet the térget demand during low flow
Apreri‘c‘)ds' 'pé'rticu'larly'jn summé; ﬁdonths, even '_thou.gh the Qemand'(‘)n annual basis is well
satisfied. 'Hehce, sa%e ér ﬁrm yiéld'caﬁ also b.e‘deﬁned as that anﬁual defnapd which can be
met without the reservoir falling to itsidead s'torg'gév level at ény pdint of '.time.' An illustration
of such a sit-uat_i'q_n-devpicted“ thr'c_)'ugk_:x: Fiéuré 51 is .by "igno‘ring fhe'-wiphin;yéér continuity

" constraint.
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Storage Volume (MCM)

Fig.- 6.1 Withiﬂ-year storage volume versus time Vduring a dry year
The figure éhows the monthly fluctuations in storage volume ofa reservoir dﬁring a

dry year. The starting aﬁd end of .the year' storage vélues are 10 MCM and 2 MCM,
respecti\'/ely,A and therefore give the appearance that the system | can satisfy a particular
demand ih question. However, the area abc in Figure 5.1 shov-vs that 'the reservoir storagé will
fall below dead st-orage-dur‘ing‘ the months 4 fo 7. Ciearly in this case, the ééfc yiéld needs to
be reduced becéuse of the Withinéyear constréints.
6.4.2 Reliability of An’n_uél Yields

Each historical inflow is as_sociated with a probability to result a yield that can be
:provided in ény futuré yeaf by. a given siie of reéérvoir _\‘Nith a paﬁicular _6peréting policy.
» Thesc% probabilitiés éfe usually éstimated frdm tﬁé unregulated historical ﬂéws; So, reliaBiIity ,
- of ény annﬁal yield is the probability that the stre;am ﬂiow inl ény yeér_ is greater than 0? equal
~ tothe value of thét yield. |
Vafioué méth‘ods‘ afe employed fco’ eétiméte ;cl_;e‘ prbb-ability"th'at any fgive"n stream flow

will be exceeded. TheAcﬁ)mmt')nIy‘ employed method is the Weibull plotting 'positi‘oln method,

T



B which idvolves the pfediction of thé mean number of-random events that can occur in future.
Theﬂowdischargé data is afrdyed in descending order.' Each.yez‘irf.s flow so arrdyed is
dséigned the serialv numBer from .t'he top and if M be the_seriad number of the; flow in any year,
the iaercenta'ge dependability for the flow of tﬁat year 1s calc:uilated by appiying the formula’
v 'M*IOO./(NH).A” The probabilipy' associated with such d nundber» is termed' as mean
p’robability. The mean pro‘babilits; of any particular stream t“loW being equaled or exceeded is
* based on the assundption that any future ﬁow has an equal pfobability of ‘fé]ling within any
interval defined by a secjuence_ df historical and/or synthetically geherated stream flows.
.Having anéstima.terf the n.l-eén.prQbability of a given unregdlated stream flow makes it
pdséible to deﬁhe the mean probabilify of ahy. particular r‘es-_ervoir. yie]d. _'

For a knoWd réservoir.calpacity, in a fnultiple yield system the mdximum possible
reliability, p, known as firm anﬁud? reservoilv”. yield is deﬁned, all dtldef yields with reliability
less‘than -p are incremental secdhddzy/ annual res,ervoz'r-‘ yields. Sﬁmfnation of firm and
idcrémentél secondary annilal_ yields is the io'tal annual rese('{zoir yield. Thede yiel_ds
heredﬁ‘er in this sﬁxdy shall be fefe;red tda_s Sirm qnnital yield, secbndary‘annual yield algd
‘ tofal annual y}e?d. Firm anhual yield with _bfobability:of gxceedcﬁce p will be denoted
_ as oy*. .Simil_arly, secondary dﬁﬁual yi_eld with probability of .'egcdeder;ce P2, which is less
: thdn plS denoted by Oy"’zj.

65 THﬁ APPROXIMATE YIELD MODEL

' As‘discuséed in Vvthe foregoing section, the model wﬁi‘c.:h reducés the size drastically by
'thsideri'hg_dvér-yéeir dontjnuity dbnstréint :forl' each year alor'lg: w1th ;n' additidnal set of
withid-ygar cohti:nuity' Cbhstraint for the gritical peridd_ only .an.d '_capa,ble Qf Aprdoducin g

" ‘reasonably aécuratc results is termed as approximaté yield model.
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Identiﬁcétion of the critical yeér and its within-year dis’tributidn.. of inflows is an
fmpox’tant as well as a sensitive aspect in particular reference. to the within-year continuity _
' cron.straints and formulation of the approximate yield model. The cfit’ical year depends in part
on the yalues of the annual and Within-year yields, and it is not possible to _identify the same
» béforehand at the tirﬁe of model application. In. view of the afqresaid 'difva'lculties, an approach
suggcstéd by Lbﬁcks et .al. (1981), i;e., by letting some appropriate fractién, B, , of the total |
_annual yield (outﬂow) to be the inflow in eacﬁ period t within the critical yéar génerally

gives better result. Hence,- Z B, =1. A good choice for f, is the ratio of inflow in period ¢ of

the driest year of ‘.rec'ord to the total inflow of that yeaf. Egc’h B, thus rgﬂects the relative
: prbpprtion of the critical year’s inflow that is likely to occur in period:t.
- The within-year continuity constraints for a single yield can be written as :.‘
SY +BOy?-OyP =5" | v, - : - (6.1)
‘where w= superscript to indicate wi.thin-year étorgge S“ = = storage at the beginning
of the within-year period 5 S)= storage -at the end of the within-year period # and
Oyf= ﬁrrﬁ within-year reservoir yield in period 7. .

Since summation of all f, equals to one, these constraints ensure that > OyF equals
. : - {

the annual reservoir yield Oy .
In the equation 4.7, the inflows and r'equ'ired re]eases arejhst in Ba]éricé, so that the
reservoir nelther ﬁIIs nor emptles durmg the modeled cr1t1cal year This is 51m11ar to what

'would be expected ina crmcal year that generally occurs at the end of a drawdown perlod

The within-year capacity ¥* is the maxim_um of all within-year storage ‘volumes, ie.,

Cqa



s srn B v, (6.‘2)»‘
.Th:é total active 'stor.age. g:abécity is simply the sum of thé' .ovver—year. stbrage andi
within-year s{orage Vcapaéities, ie.,

| Y, =Y +Y" o o 63)
Combinihg équation 4.8 and 4.9, o

Yo+SY <Y, = | v, ' v‘;~ 6.4)

_ The approxAim»ate yield_model hereafter in-this; st‘udy'shall be fefefréd to as theA“The
Yield ‘Mo_del”. This.cén be abplied eith‘e-r to dleterm'ine the optimal yield for a known réservoir-
éapacity by‘max‘in'iizing the suﬁ of firm and incremental secondary within-yéaf reservbir '
yields or to obtaiﬁ t‘ihe required qapacjty for dcsired yieids by-minir.niz_i'ng the active reservoir
capacity. | | | |

6.6~ THE YIELD MODEL |

6.6.1 Single Reservmr Single Yield Model |
- 6.6.1.1 F ormulatlon for ﬁrm reservoxr yleld with maxnmu‘m rellablllty »)
The single reservoir yleld model to deter_mme the safe or ﬁrm reservoir yieldﬁith
Hmaximurrlx reliability for a'known resérvoiﬂr' capaéity ca_ﬁ be w}irteﬁ és: '
Maédmize Oyf” | | o I (65)
Subject _;;0 th§ followiﬁg?onstrﬁaint:s - l
| 1. Qvér year 'storage co-ntimvli'ty v(eqﬁa'tion 5.2); Le.,
R 'S;;Iﬂujj-oyfﬂ-'—'spj =8 R - vj . | | 6.6)
| 2. Ovef-year active s‘;ofaée vol@njé 'éapacity_ _(eqqatibn_ 5.3), i;éf.,

ey Ty o e

J‘l'— g S ) )
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3. Within-year storage continuity (equationi5.7),_i.e.,

St +pOy* -OpF =8; Y, 68)
4. Active reservoir storage capacity (equation 5.10), i.e.,

| Yo +Sr, <Y, v, (6.9)

5. Preportioning of annual yield in within-year time periods ¢, i.e.,

of =gy v, (610)
where &, ‘defines a predefined fraction of annual reservoir yield for the withinjyear

yield in period ¢.

6.6.1.2 Formulation for firm reservoir yield with reliability (p) less than the

maximum reliability (p)

The .yicld model can be used to find out reservoir yields héving reliability less than
the maximum estimated probabilily of exceedence p. This also can be called as firm ennual
yield, althoqgli not -as ﬁmi as the yield corresponding to maximum vestimated probability of
~ exceedence p. Theee are tieeted as firm so far as the reliability of the purpose for vlihich itis
to be used. In these cases a reseivoir yield failure is p'e:mitted. Reliability of these firm yields _

are denoted by pl.The numlaer of years of reserveir yieldlfailu:re determines the estimated

reliabilify of each re_serveir yield. An annual reservoir yield- that _fails in n, years has an
estimated probability [(# - n;)/(m+1)] of being equaled or exceeded in any future year. .
* Once the desired reliability of a firm annual reservoir yield is known, the problem is to select

the appropriate number and the occurrence of fail_ure years (n f) .

O AT6-



The over-year storage continuity ccnstralnts can noyv be written in a form appropriate
for identifying a single firm annual r_eseryolr yield with an exceedence probability pI less

~ than the maxlmurn reliability p by incorporating a factor 67 L. e,

S 41670 -, =5 vy, e
where 9}" = factor to identify a sdcce’ssful or a failure year.in case of a
single ﬁrm yield model vyith‘cornnlete failure year and ts value
| yyill be as follows: |

9 pl _ § 1 if the annual firm reservoir yield is to be provided in yedr -J (successfil year ) . ) ' ( 6 ] 2)
i = 0 if theannual firm reservoir yield is not to be provided in year j( failure year ) ¢

: While Awriting ‘eQuation 6.1 1, the failure year(s) should. be selected from among those

year(s) in which perrnitting_a failure decreases the required res‘ervoir' capacity for a desired

. reseryoir yield, or increases the reseryoir yield_ for a gly_en rese'rvcir:capacity., lf a failure is

'selecte_d in which .excess release (spill) would be made anyway, no reduction in the required

'active storage capacity will result, "and~ the reliability of the reservoir yield may be hi gher than
intended. | | | |

. The fallure years if any, must be selected from w1th1n the critical drcught perlods for

the des1red' reservoir yreld The cr1t1cal year(s) that determme the requ1red actlve storage

volume capa01ty.may_be dependent on the reservoir y1eld 1tself. When the m'agmtude of the

reservoir yield is unknown, so'm'é, trial and error procedures may be necessary to énsure that -

. any failnre years are within the critlcal periold cf years for the asscciated reservoir yield. 'fo

-ensure a w1der range of appllcable reservoir yleld magmtudes the years havmg the lowest

flvow Wlthm the cnt]cal perlod should be selected as the fallure year 1f only one fallure year is

selected.
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:‘6f6.'2 Single Reéervoir Multip_lé Yield Model

‘This yiéfd ‘model defines two reservbir yield, i.e;, firm or safe yield with given
o reliébilities p and an incremental secondary annual rese&oir yield having-a reliability p2 less
than th¢ ﬁrmlyield can also . be incorporated in the model. For‘.e>.(amp]e, let us assume that
two annual‘Aresgrvoir yields ére desired from 99 years’o-f ‘historica'l»_stream ﬂbw record, one
with 99% reliability [p = 99 /-‘(99 + 1)] and the other .with‘ 75% reliability i[pé =75 ’/ (99 + 1)]. |
I;et,,,Oyf” and Oy’ represent these annual yields hav‘ingAr»elyiabillities of 0.99 and 0.75,
respectively. The incremental secondary annual. yield O)f”z repr'es.er-lts | tf;e amount in =
addition to oy* épd is only 75% rel-iable. Aforesaid sfatement ifnpli_es_tha’;, no failure year is
~ alldwéd in firm annual yield where as 24 failure years are allowed in case Sf incremental
sec_oﬁdary annual yield. In case of the 75% reliable incremental secondary yield, the factor.

67 2 shall be 1 for seventy five successful years and zero for 24 selected failure years.

Thus the over-year storage continuity constraint (equation 6.11) can now be written

©oas:

J

S0, +1,-0y"—07°0y™ - Sp, =5" v,  (613)

p2 __ Y1 insuccessful years
where 6/ —{

0 in failure years
In mulfiple yield problems, thf_é factor 67 2 for secondary r.'eser\}bir-yields‘ are zero in ‘ |
' faivl-ure years; otherwise, the firm yield is vess'e-ntially increased by 6;’% Oy*’ .
' »6.6.2-1 In00§'p9rati0n -ofv evaporation_ losses |

. EVgpprétién is an impqrtént aépect in reservoir system. _Subeantia]-‘part'of the stored
water in the '_’x.‘esérvoir is lost through évapbratior_l..--Th.er'efovr'e',' it is es's;antial.fp account for -
_resérvoir evapofatipn 'ldss,cs info. the -mbdel to ach.ig:\‘/‘é sécuréd' plann’i_n_g; ‘Sinc'e_ tﬁe«
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_approximaté yiel‘d model dis.c'uss'ed in 'the ‘foregoihg‘secti(;.hs ‘does’ﬁot dire.cztly.-identify the
exact sto_r'ége 'Vol'umes at the'};eginning of each period .in each year, é?apératiori lbssés must
be based on an expec':ted sfofage_volume in. each period and year. The avpp.rqxim>ate. expected
;storage 'volume ir}. any be;iéd ¢ iﬁ year j ‘C_a.n ‘be defined as the initial over yeér §011;me 871
“plus the: estimated average withip-yeér yolurﬁe [(S”, jI-S,“')/ 2] . The annual -evaporation
volume. loss Ev j-"in each year j .c4an be b;seci on these estimated'ave.rage: storage volumes.
. The s'tOrage‘are‘é Arelati.onship émd apbrbximation of surface area per .l-mit active storage
volume is shown iq Fig‘ure'4.1_. .
Ei_z" =4, x Avérage annual depth'of evaporation
“and | Evo =4, x Averagé annual_dépth of ‘évapo-ration.
Whefe' Ev” = a\}ei*age annﬁal' evapo‘rétiop volume ]os_s rate perl unit of gctive stotége volurﬂe,
. Evo - average annual fixed evaporation volume loss f'ro.m the dead s-toragé, 4,= water
surface area per unit active storége volumg-beyond dead storage Ieyel‘and A,= water surface

area at dead storage level.
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. Surface area
>
o

Ay dece-

9 --f

4 = Dead storage volume

p———— Active storage volume i s

Storage volume

. Fig.-6.2 Storage Area Relationship and Approximation of Surface Area per Unit Active
Storage Volume

The evaporation loss will be approximately equal to the average annual fixed loss
Ev’ from the dead storage, plus the sum of each period’s volume loss per unit of active

storage volume times the expected storage volume in the period. Let y, be the fraction of the

annual evaporation loss that occurs in period #. The evaporation equatibns are already given

in previous section (Eq.4.14, Eq.4.15)

Ev,= Z[y,Evo + (S;_, +S'T+Sj y,Ev":| v, (614

Since the sum of all fractions y, equals 1, equation 5.21 can be simpliﬂed to
: N oo S +S" Y . N
Ev, = EY +[51—1 +Z[+2_) y,}Ev v, . (615)

The within-year evaporation loss in each period t of the critical year is approximately
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EV, = ?,Evo’%#(Sf, +¥)yEv o v ‘: (6.1'6)
o Where S:, o= initial dver—year storagé volume in ‘-the érlitiéalz);egr.
6.6.2.2 Méthematicél statement of single_resefvoir niulfiplé yield model
The single reservoir ‘muil't_iplé. }‘/iéld fnodel novx;' can-be.writtén to dérive two typés of
resewoir yields of the desirgd reliébilit,ies k%y incorﬁorating conétraiflts to take into account
. the eQai)oration lossés'. This can be applied eli't‘her to determirie_t_he éﬁtimal yield for a known
reser_vé_ir capacity by maximizing the_ su;n »of firm and.secondary-within—year reservoir yields»

or to obtain the required capacity‘fof desired yields By minimizing' the active reservoir -

N capacity.
_ Objective function: Maximize Z( F +®fp ? ) o N S (6.17)
or . Minimize Ya - ' : . - (6.18)

Subject to the following constraints:
1. Over-year storage continuity
7 +1,-OyP -02°0y" ~EV, ~Sp, =57 v, 0 (©19)

. 0 p2 _ [ 1 insuccessful years
j 0 in failure years.

2. . Over-year active storage volume capacity

se<ye .y . (620)

R L ’ ’ 7o

3. Within-year storage continuity

 ‘S,”_','+B,[(Oyf’"+0y‘f"f2)_+z'EV[]_f(Oy,f"+0}{f”2)-'_Eﬁ sy, 62

4. Estimated annual eVapdratiori losses _ -
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EV,=EV°+[S 1_1+2(S'1 Sy 1EVe v, (622
5. Estimated evaporation losses in each_Withih—year period ¢ of the critical year
Ev, =y,EV° +[S% + L;i] EVv: .V, - (6.23)

The initial over year storage volume in the critical year, i.e., :S7. is assumed to be zero."

6. © Total reservoir storzige cépacity
Y°+S,W,sra - ' v, (6.24)
7. Within-year yield |
»_ Sopt | | | (6.25)
o= 2" : | |
N . o L 626)
0. X0 -
8. Irrigation target
Oy” +Oy™ 2K, *Ir ' Y, 627)

6.6.2.3 Proporrion of total ‘z-m'nual yield in faill_lre years (J) .
The modei presented in._i_the' preceding section d1d rrot consider an allowable deficit
| criterion as the incrernerrtal secondary adrrdal -yieldA is made zero duri_r_rg the failure years by
setrirlg the value of factor 6 s : edual_to zero. Thus, while'maximi;irrg 'annual:y-ieid, the'model

in the above stated form may not produce desired proportion of -the total annual yield during

fallure years. To over come this other addltlonal constralnt is apphed So, in order to obtain

o the identical results as that of in the smgle y1eld model w1th allowable deﬁCIt in the failure

years a relatlon ie., ﬁrm annual reservorr yleld equals fallure fractlon trmes the total' e

annual reservoir y1e1d is represented in the followmg form 1 e.,



fp_i sp?
Oy —1_¢Oy (6.28)

where & =fraction of total annual yield desired to be released in the failure years from
reservoir.

6.7 APPLICATION OF YIELD MODEL TO HARBHANGI IRRIGATION
PROJECT '

6.7.1 Computation of B of the Project

From the annual flow-duration curve obtained from the 42 years flows, the B; values
for the 75% water year dependability (a normal year), 90% water year dependability (a low
flow water year) and 100% water year dependability are estimated and for these flows and
for the average flow year for the within-year inflow distribution coefficients B, for 12 within-
year periods of the reservoir are calculated and furnished in Table-2.2. Also the variation is

plotted in Fig.-6.3.

0.600 -
0.500 -
0.400 - —e— Bt (75%)

. —x— [t (Average)
0.300 -

& Bt (100%)
0.200 - —a— Bt (90%)

0.100 -

0.000 -

Fig.-6.3 Monthly Variation of B;
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The B; values are computed for the 75% and 90% water year dependabilities for two
within-year periods for the monsoon and non-monsoon are 0.8189 and 0.1811 and 0.9486
and 0.0514, respectively.

6.7.2 Evaporation Parameters of the Harbhangi Reservoir
With the available elevation-area-capacity data, above said curve of the reservoir'is

drawn and evaporation parameters are determined and given bellow.

= +
1400 - y 0.02666x 274.88
R = 0.9979
1200 - .
——Area- .
o 10001 Capacity
E 800 A Curve
8,800,
< 400 .——Linear
400 1 (Area- .
i Capacity
20 Curve)
0 : : _ .
0 5000 10000 15000
Capacitry in ham

Fig.-6.4 Evaporation Parameter Computation
Hence the evaporation parameters are

Ay =Area at dead stora'ge level as per linear assumption = 547.94 ha.
A, =Area per unit active storage volume = 0.0666 ha/ham
D= Depth of average annual evaporation =1.347m

El=Evaporation for unit active storage (A,XD) = 0.0897 ham

-84 - .



6.7.3 Computation of y;

Average annual and moﬁthly evaporation coefficients (y() are calculated from the
daily pan evaporation data available for the period 2001-2003 in Dhaugaon
hydrometeorological station. Pan coefficient for the reservoir is taken 0.9 for arid region.

Lake Evaporation=P *Pan Evaporation where P.=pan coefficient

Table-6.1 Average monthly pan evaporation data of Dhaugaon station

Monthly Pan Evaporation | Monthly Lake Evaporation | Monthly Evaporation

Month in mm in mm Coefficient (y)
January | 93.9 84 51 0.0627
February 123.6 111.24 0.0826

March 155.3 139.77 © 1 0.1038

April . 188.9 170.01 - 0.1262

May 227.8 205.02 0.1522

June 141.4 127.26 0.0945

July 118.3 | 106.47 0.0791
August 98 v 88.2 0.0855
September | 96.2 86.58 0.0643
October | 818 62.62 1 0.0613
November | 81.5 73.35 0.0545
December | 79.8 71.82 0.0533
Annual 14986.5 1346.85

For within year constraints, Case-I with two within-year periods and Case-II with
twelve within-year periods are considered. Within-year inflows to the reservoir are taken as
per the B; values. The Case-IA and Case-IB for the normal and low flow water years,

respectively, and Case-IIA and Case-IIB for the normal and low flow water years,
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respectively are considered. The K, values for-both the cases for scheduled irrigation target
and minimum irrigation target are same as the crop area required for the minimum food
requirement are taken in proportion to the scheduled cropping pattern. For the various values

of @, i.e., failure fraction annual firm, seéondary and total yields were calculated for the

existing live storage capacity of reservoir of 10.025Tham for 75% water year depeqdability. '
Single yield model is run for minimum nutritionai target and studied for the maximum
reliability which can be achieved for normal flow year and low flow yeaf. Multi yield model
is run for the scheduled irrigation target. Models are run using the LINbO package forAL;P :
model solutions. Main aim of the yield model is to increase the irrigation intensity and likely
switch over to the better cash ;:rops like sugarcane.
6.8 RESULTS AND ANALYSIS
6.8.‘1 Single Yield Model

About 80% of the annual irrigation target, i.e., 13.22Tham can be achieved as single -
yield for the scheduied irrigation intensity with twelve within-year period analysis. Thus,
single yield can be achieved for irrigation target for the minimum food produétion :
requirement i.e. 12.00Tham. This analysis is done for the normai flow ‘year. Total annual
irrigation target i.e. 16.37Tham can be achieved at 95% dependable flow. Similarly, for
critical flow coﬁdition, about 70% of the annual irrigation target i.e.10.5Tham can be
achieved as single yield for the same within-year period and total target cam be achieved

with 75% dependable flow.
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6.8.2 Multi Yield Model

For the various values of @ annual firm, secondary and total yields are calculated for

75% water year dependability and are plotted with their corresponding @ values for the cases
I(A) and II(A) in Figures-4.3 and 4.4,Table-4.7 and 4.8 respectively. The total annual yield
for cases I(B) and II(B) is also plotfed in these figures. It is observed that the total optimal

yield increases nonlinearly with the decrease of annual firm yield or @ and becomes constant
at the maximum value, i.e., maximum probable reservoir yield for @ equal to 0.44 and 0.36

for normal and low flow year, respectively for cases-I(A) and I(B). Similarly & equal to 0.44

and 0.48 for normal and low flow years, respectively for cases-II(A) and 1I(B). Total annual
yield for normal and low flow condition for cases-I(A) and I(B) is 21.93Tham and
20.84Tham, respectively, where as for cases-1I(A) and II(B) it is 21.93Tham and 15.24Tham, .
respectively. So, it.is found that due to 12 monthly within-year periods, the annual yield
variation is very high as compared with two within-year time periods, which is obvious. Firm
' yield and total yield decrease with the decrease of value of 5; for the non-monsoon season,
i.e., non uniform inflow pattern.

To satisfy the annual irrigation target of 16.63Tham for scheduled irrigation intensity
of the project the multi yield 1hodél results show that for both the cases-I(A) and 1I(A) the
annual release reliability of firm yield can be achieved at 95% dependabilfty for the given

irrigation target as total yield.
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Table-6.2 Yield chart for two time within-year period

Two Period Yield Scenario (Normal flow

Two Period Yield Scenario (Critical flow

i condition) condition)
Firm S d Total . Firm S d Total
Failure | Yield | “C9°MY 1 yield Failwre | Yield | “SS0MC4Y | vreld
S1.No. . . - Yield in . SL.No. . . Yield in .

Fraction in Tham in Fraction in Th in
Tham Tham | Tham an Tham
1 upto 10.46 11.8 22.26 1 upto 8.07 13.16 21.23
2 0.47 10.46 11.8 22.26 2 0.38 8.07 13.16 21.23
3 0.48 10.66 11.55 22.21 3 0.39 8.18 12.8 20.98
4 0.50 10.81 10.81 21.62 4 0.40 8.29 12.43 20.72
5 0.60 11.47 7.65 19.12 - 5 0.50 9.20 92 18.40
6 0.70 11.99 5.14 17.13 6 0.60 9.92 6.62 16.54
7 0.80 12.42 3.1 15.52 7 0.70 10.52 451 15.03
8 0.90 12.77 1.42 14.19 8 0.80 11.01 2.75 13.76
9 0.99 13.04 0.13 13.17 9 0.90 11.43 1.27 12.70
10 0.99 11.75 0.12 11.87

Total Yield in Tham

0.2

04

0.6

0.8

Failure Fraction (@)

—— (Case-A)
Firm Yield

— o- — Secondary
Yield

—x— Total Yﬁeld

—o— (Case-IB)
Total Yield

Fig.-6.5 Variation of Yields with Failure Fraction (two period)
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Table-6.3 Yield chart for twelve within-year time period

Twelve Period Yield Scenario (Normal flow condition) | Twelve Period Yield Scenario (Critical flow condition
SLNo. | Failure Firm Secondary | Total Yield | SLNo. | Failure |- Firm Secondary Total
Fraction | Yield Yield in in Tham Fraction | Yield Yield in Yield in
in Tham in Tham Tham
Tham Tham
1 upto 10.00 12.22 2222 1 upto 7.17 8.42 15.59
2 0.45 10.00 12.22 2222 2 0.46 7.17 842 - 15.59
3 0.46 10.15 11.92 22.07 3 0.51 7.32 7.13 14.45
4 0.50 10.48 10.48 20.96 4 0.54 7.57 6.33 13.9
> 0.60 11.16 7.44 18.6 5 0.60 8.31 5.54 13.85
6 0.70 11.71 5.02 16.73 6 0.65 8.94 4.75 13.69
7 0.80 12.15 3.04 15.19 7 0.72 9.48 3.69 13.17
8 0.90 12.52 1.39 13.91 8 0.77 9.94 2.9 12.84
o 0.99 12.80 0.11 12.91 9 0.99 10.80 0.11 10.91
25.00 o+ (Case-lA)
Firm yield
g 20.00 -
= — o-— Secondary
= 15.00 yield
K=/ g
£ 10.00 —%— Total yield
E <
S 5.00 e N
= ' e —— (Case-IB)
~ .
o Total yield
0.00 . . . = | oaye
0 0.2 0.4 0.6 08 1
Failure Fraction (®)

Fig.- 6.6 Variation of Yields with Failure Fraction (twelve period)
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- 6.9 . CONCLUSION

a) Total annual irrigation water requirement of the project comes out to be 16.37Tham

insteao of 18.67Tham (Dept. project report).

b) Value of annoal irrigation water requirement for the minimum crop produce required of

the project command area for the stabilized population, (i.e., no growth stage by 2041 A.D.)
is estimated to be 12.00 Tham.
- ©) It is obser;/ed that on increase of annual firm yield; the corresponding secondary annual
yield ‘decreases at a higher rate in comparison to the increase in firm yield, resulting decrease
in total annual yield. | |
d) For achieving a firm annual irrigation target of 12.00 Tham for the minimum crop
produce at 100% annual release reliability, can be achieved with the existing capacity of
- 10.025Tham.
6.10 FORMULATION OF YIELD MODEL FORVDSS
The yield model developed is to be solving using linear programming (LP) techoique. A
computer prograrln for solvipg linear programming was developed using FORTRAN
janguage.

| The most important and tedious job 1s to prepare input data VmatriXE for a LP problem.
" The input data can be easily prepared loy manually if the LP problem is small one. With some
difficulty, it can be prepared for medium size LP problem. But for the large size problems, it
is almost difficult tax to prepare an input data matrix w1thout commlttmg error. Hence it V\;as
necessary to dev1ce an algorlthm and code it in the form of a computer program for
0eneratmg the coefficient matrlces necessary for the yield model formula‘uon as per.the data

input requxrement for the LP- solutlon program. Here, the mput data for the prevnously
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_ avallable FORTRAN program to ‘prepare .the y1eld model input matrix are almost all
| parameters of the yield model |
- 6.10.1 The Coe_fficrent Matrix Generation.Allgorithm
| If the coefﬁcients of the over. year etorage conti}nuity equation contaihing the
subsoript j for the year are appearino by shifting diagonally inevery su"bseque'nt year. Similar
trend is observed in the other equatlons also. Other mformatlon requlred for generatlon of
. non- zero. coefﬁcnents in th1s equatlon is in- bu1lt in the equation 1tself The complete 1nput
data requirement for generatlorr of non-zero coefﬁelents in this model is separated out, the
requir’ed} input data shall be as follows: |
-. '-'Number of years of flow record (NMQC), Annual llow values, Values of Op,j, or the
allowahle-‘deﬁ‘cit, Number of within year periods ,'(l\/ll\lIWC), Bt values for within-year
periods, Kt values for withln-year periode and failure'fraction; 1
Note that the over-year and within year variables are separated out and_‘arr.anged ina
specific chronologieal order; e.g. the over—year storage variables; the annual excess release
variahles Le. over year spill, the annual firm )‘field, annual‘ee'conda_ry yields, the active
_ storaée, the within-year storage variables, the.within year ﬁrm an‘d'.within year secondary
- _yigld; It shoul(l l‘lo“r be easy to note down_ the .column index number (CTN) for st'art of the
differerrt variables. ‘Now, the program isvj modiﬁed'to' take the 'column index number
according to input value of MMOC and MMWC hy keeping.the seqaenoe of the variables
ﬁr(ed as mentioned above. | |
£ 6.10.2 The Basic Algorithm
a. Set the time mdex/ indices (annual and/or w1th1n year) to 1

b. Cle of all the varrables to the1r mltlal values are establlshed as per the data set.

-__91’_ L



' ¢. Set the CIN of the first variable appearing in the equation (time-dependant or otherwise)
d. Record the numericai coefficient of this variable (either in-built in the equation mainly in
the form of + 1 or to be extracted from the data set).
é. If the next variable is also time dependent, increment the CIN (for the year or within-year |
periodj, and record its numerical coefficient as in step 4. Alternatively, ii; the next variable is
timg-dependént, note its CIN, and record its numeriéal coefficient. -
f. If the list of all variables is exhausted go to step (g), otherwise go to step (e).
g. Increment the time index by one, and increment the ‘CIN of each time-dependent variable
if required in accordance with the form of the equation. If all the time periods (annual or
within-year) are not over then go to step ©, otherwise terminate.
The steps (a) to (g) constitute the basic algorithm for generating the non-zero coefficients for
- a given equation. The polumns that do not contain the non-zero coefﬁcientg were required to
be set equal to zero, and which automatically remain zero in this process as an array of a
given dimension declared by a computer program is _initial'ized to zero.
6.10.3 Final Reservoir Yield Solution Program

. LP solution FORTRAN program coupled with the matrix generation program to
make it easier for getting the LP solution in one stép. This improved FORTRAN program is
has the following advantage and suitability over the previous program.
1. Columﬁ Index Num_t)er (CIN) is automatically calculated and fixed as per I\»/IMOCVand

MMWC. | |

- 2. Itis used to get annual total yield, f"lrm yield and sécon_dary yi_eld.'
" 3.1t can be run in Visual Basic ‘(VB) envirohment to achieve the objectives with two

options i.e. a. maximize the yield and b. minimize the spill.
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4, v‘(jne failure fraétion_ pararhet'er is introduced to study the be_hav.ior of the isecondan;yvj./ield .
and ;otal-yield with iﬁcre;is'e in firm yield; A_lte,rnatively, this can be ﬁti’lized for the study ;Sf .
releaée reliability of the _re’sefvoik tbwards the man_détory deinaﬁd of thé command area. | |

' 5 This program can be héed for tﬁe_ number Qf r-eservoil_'é‘ but for the VB it is designed for
single r'gServoir. - | | |

) 6. Efro'r‘iritrodﬁéed in haridlirig thé huge inp‘u't matrix is cémpletély avoided.

7. One target ﬂow.vélue i.ntr.o'du_ce'd which will éssign 0j value for tﬁe secondary yield after

~ comparing annual ﬂbw value_iﬁ éach étep. - |
| This program is run fér ihis_ reéerybir yigld Study and results are compared with the
LINDO solution. Résults are pérféctly matching. Hence, for the ﬁm_ﬁi reservoir system or fér

" the siﬁglc reservoir it is better td use this p-ro‘gram'to get thel‘ solution immediately; Also, the

 data inpﬁt procedure is very simple. Hencé, error in preparing n:ﬁrhber pf equationé for small

'r’eser_v‘o_ir.'thé yield model so_lution' i_n'I‘JIND'O' can be avoided. Flow chart for the generation of

the coefficient matrix is given in fig.-6.7
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Fig-6.7 Flow Chart for Coefficient Mafrix Generation
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CHAPTER-7

IRRIGATION SCHEDULING

7.1 GENERAL |

[rrigation is essential for optimal agricultural production in»arid and semi-arid regions where
rainfall is inadequate and highly non-uniform temporal distribution to sustain ideal crop.
indeed, in more humid areas irrigation has now become the primary tool to increase and
stabilize agricultural production in view of uncertainties of rainfall and frequent droughts,
and to feed an ever incréasing world popﬁlation. Also, the exceésive use of water has led to a
range of environmental problems such as water logging, leaching of agro-chemicals leading
to salinization and consequent groundwater pollution. Thus, inappropriate water use is a new
threat to large areas of productive irrigated land. Irrigation scheduling is the technique to
- apply the water to the crop timely and accurately considering current spatial and temporal
distribution of cropping pattern and soil moisture condition. Hence, it is the primary tool to
improve water use efficiency and raise yields, and in turn will lead to higher incomes and
higher dependable water availability from iimited resources, and provoke a positive effect on
the quality of soils and groundwater.

Total crop watér use of all the crops of any basin is the summation of root water
uptake, soil evaporatioﬁ, interception and the spatial as well temporal pattern of soil water
use.

Though a large’ number of irrigation scheduling methods are available but most

common methods are being used as follows:-
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a, Feel the soil in hand and study the appearance of soil to provide the irrigation, is a very
'c'r'llj'de method and an expert knowledge required over the valuation of soil moisture at that
tinl1.e, to take the decision.

b. Gravimetric soil moisture sample, tensiometers and electrical resistance blocks involve
labour intensive field works in sampling and measuring the moisture content of the soil.

Also the standard sampling may not be well representative of the total area.

c. Water budget or \\)vétel‘ balance approach requires some climatic parameters like
temperature, radiation, wind speed, humidity and expected rainfall dépending on the models
used and does not require any field work.

Water balance approach is much flexible and user friendly with provision to modify each

input variable as per actual site and management requirements using MS Excel spread sheet.

7.2  WATER BALANCE APPROACH

The water balalice method of irrigation scheduling is simply same as reservoir storage
simulation. Daily outflow, evaporation and other losses are subtracted from reservoir storage
and inflow to the reser\.foir is added such that knowing of initial storage of reservoir on the
beginning of a given day and the sum of flows on that day, the Aﬁnal storage of the reservoir

can be calculated at the end of that day.

In field, for irrigation scheduling, soil mass is taken as a reservoir and its water
content s treated as reservoir storage which is balanced. The amount of water that is lost as
ET. is analogous to withdrawals. The water that enters the soil reservoir (as rain or irrigation)
is analogous to inflow into the reservoir. It is possible to know how much water is left in the

soil reservoir at anytime, thus indicating whether the irrigation is needed or not.
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The initial balance can be determined by direct observation or assessed after a
thorough wetting of the soil by irrigation or rains. Daily qﬁantities of ET, are depleted until
the soil water has been reduced to the desired level. At that point irrigation should be applied
with net amount equivglent to ‘the accumulated ET, losses since the »rlast irrigation. The soil .
profile is thus recharged to full capacity, and the cycle repeats. If full recharge is not desired
or not possible, the new, balance can be determined from the net irrigation amount or by field
observations. This method, however, may not work well at locations where contributions to
ET, from a water table, or other source, cannot be quantified. However here the water
balancing is taken up on ten'daily basis.

The equation for first day of any period (t) is calculated from the soil water on the |
previous beriod (t —1), plus the rain and irrigation and minus ET,, drainage and runoff that |
occurred since the previous day as:

Si=Suny+ R+ —ET - (D, +R)) (7.1)

th

where Si= Soil water content at the end of t™ period day (mm); S.1) = Soil water content at

the beginning of t™

periéd (mm); R¢ = rain during ¢t period (mm); I; = irrigation depth during
h period(mm); ET=actual crop-evapotranspiration during ¢ period (mm); D, +R/=
drainage and runoff that occurred t" period pesiead (mm). To carry out'wa;t—er baléncé, the soil
water content is de_terrr;ined using .gravimetric soil moisture sample, irrigation and rainfall

depth is measured or calculated. If rain exceeds the depth of water depleted from field

capacity, the difference is considered as deep percolation and/or surface runoff and is not
available for plants. The actual ET° which is the actual daily withdrawal in the water balance

equation (Eq.4.1), is not measured easily and is estimated from weather and crop type data.
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7.2.1 Definitions

The frequently used terms for the crop spheduling by water balance method is briefly
explained bellow:

(a) Available soil moisture

It is the difference betwegn the amount of water in the soil at ﬁéld capacity and the
~ amount at the permanent wilting point, referred to as the available water storage capacity.
(b) Saturation

Saturation occurs when all the voids in the soilA are completely filled with water.
Although there is plenty of water available to the crop at saturation, water uptake is seriously
curtailed by the lack of oxygen in the soil at soil Qvater contents greater than field capacity.
(c)  Field capacity

Field capacity is the water content of the soil where all free water has been drained
form the soil through gravity. Sandy soils may drain within a few hours but fine textured
soils such as clay may take a few days to draih. Proper irrigation brings ;oil moisture up to
filed capacity.

(d)  Management allowable depletion (MAD)

The MAD is-th'e perce‘nt of field capacity or m depth of available soil moisture 'upto
which it is allowed to be depleted before irrigation is applied. Ifrigation ié promptly applied
when the allowable amount of water is depleted from .the root zone. Depletion beyond the
allowable émount stresses plants and reduces crop yield. For setting allowable depletion
limits it is important té note that a dry soil layer below the soil will restrict root development
and result in a shallow rooting depth. June and July months generally produce more rainfall

than evaporation for most crops. During the period, if irrigation is needed then a lighter than
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normal application of water to partially refill the soil water deficit is recommended which
maximizes the use of rainfall while mininﬁizing the leaching potential éf agrichemicals within
the soil profile. As crop nears mid-season stage, typical period for most crops’ critical 4
gfowth stage and the peak crop water use, the allowable soil moisture dgpletion limit is
reduced to minimize the risk of blant moisture stress and subsequent economic yield losses.
AS crops near maturity, the soil water depletion may' bé increased to greater limits without
causing stress. This factor varies but is usually around 50% and also be termed as maximum

soil water deficit (MSWD).

7.3  CROP SCHEDULING

7.3.1 Soil Parameter Estimation

a. Different crop are grown in different soils, primarily according to their water
require;nent but sometimes farmers have changed the soil criteria as per irrigation
practice and availability of cultivable land with the ayacut area. The water holding
capacity (C) (Source: - http://www.ext.colostate.edu/pubs/crops) for the each crop is
takén with respect to type of soil émd normally expressed as mm/m depth.

b. Root depths (d):of the different stages for all the crops are taken tentatively. Root
dépth for the early stage and deveiOpment stage is taken around 300mm and for the
mid stage & late stage, different values are taken for the different crops (Source:-

Irrigation water management, FAO, http://www.fao.org/docrep-26/6/2008).

C. Maximum available soil moistures (Dy,) for the crop in different stages are depending
upon the root depth of the crop for respective stages and calculated as follows:-

D,=C*d (7.2)
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d. Management Allowable Depletion (MAb) for all the' crops are different during

diffefent stages with respect to the sensitivi\tiness of the créps in respective stages.

50% deplétion is allowed in earfy stage and development stage. Then in mid stage it

_is kept constant and subsequently increased to the 70% iln,late stage. (Source
http://www.cdfa.ca.gov)

Depletion depth (DL)=MAD*D,, - (1.3)

For each type crop a standard soil type, root depth and MAD for the different stages
of that crop is taken on‘basis of the practice of the broject, also studying different papers on
this aspect. The details are furnished in the Table-7.1.An average root depth Qa[ue for the
initial stage and developing stage, also a éingle root depth for mid stage and late stage is
considered for each crob type. Similarly the MAD for the each crop type is taken 50% for all
stages except late stage, When MAD is taken 70% (source:Parhi, P ,WRIS-2007). With the
above soil parameters, the field capacity of the early stage and mid stége calculated and field
capacitylfor the different periods of the developing stage is interpolated. The ﬁe'ld‘capacity
calculated for the late stage is assumed té be achieved at the end period of the late stage. So,
the field capacity of the other periods of the late period will be interpolated with similar

manner.
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Table-7.1 Soil parameters of all the crops

Water Root Depth
Crop type Soil Type Hold}ng Devellz s
Capacity in Initial ping Mid Late
mm/m
Stage Stage Stage Stage
Paddy-K Silty Clay 140 300 300 500 500
Silty :
Paddy-R 120 300 300 500 500
clay
Raggi Clayey Silty 130 300 300 800 800
. Silty Clay
Maize 150 300 300 900 900
loam
Groundnut Sandy Clay 120 300 300 700 700
Sugarcane Silty Clay 120 300 300 1200 1200
Pulses Clayey loam 120 300 300 900 900
Vegetable Sandy clay 120 300 300 700 700
Potato Clayey sand 120 300 300 700 700
Mustard Silty Clay 120 300 300 700 700

It is observed that the evapotranspiration of the crop will go on decreasing with

depletion in soil moisture beyond the field capacity. Hence soil coefficient (Ks) is

introduced along with crop coefficient and calculated as per the Table-7.2 (Source:

http://www.ext.colostate.edu/pubs/crops/04707.html).These values are generalize

with a linear correlation equation given in Fig. - 1.Derived equation:

K=-.0035*(Depletion in %) +1.013 (Limited to 1) (7.4)

where K = soil coefﬁcig:nt
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Table-7.2 Soil coefficient

Depletion _
- % 0 5 10 15 20 25 - 30
KS 1 0.98 0.97 0.96 0.95 0.94 0.92
Depletion : - . :
% 35 40 45 50 60 - 70
KS 0.9 0.89 0.87 0.85 “ 0.8 0.74
SOIL COEFFICIENT VS % MOISTURE DEPLETION
L y=-0.0035x+ 1013
0.95 ¢4 | R*=0.9653
0.9 1 |
0.85 4 i |
< 087 [ e ks
0.75 | ——Linear (KS)
07 4 | — Linear (KS)
0.65 1 |
06 1 : : : i
0 20 40 60 80
Depletion in %

7.3.2 Calculation of CWR of the crops (Ten daily).

Fig.-7:1 Soil Coefficient Variation Curve

Crop water requirement” of each crop is previously calculated with single crop

coefficient method. Considering the initial and final soil moisture condition of each time

period, the K; (soil coefficient) is estimated and average soil moisture depletion for each time

period is calculated. Then Ks is incorporated for estimating crop water requirement.

Detail steps are as follows:-

a. Calculation of ET; for required period from the available hydro- meteorological

data. The.detail procedure for calculation is discussed in preV,ib’us chapter.

-102 -




K. values, corrected K. values and crop water requirement for all the crops of the
project for different time period are calculated previously for study of the yield model

of the reservoir is taken same for the scheduling calculation.
Actual field crop evapotranspiration ( 7, ) required at field considering soil
coefficient and crop coefficient is

ETS =K3}K* ET (7.5)

7.3.3 Irrigation scheduling (for each crop)

The irrigation scheduling is prepared for the individual crop for one hectare basing on

the following principles.

a.

For each crops the initial soil moisture of the field will be assumed according to
the standard available moisture during month of plantation and initial irrigation will

be applied to the field to bring the soil moisture to field capacity.

Next irrigation will be provided when the final soil moisture of field will exceed the
management allowable depletion (MAD) and irrigation will be applied to bring the

soil moisture back to the field capacity.

Effective rainfall for the ten daily is taken one third of the previously' calculated
monthly effective rainfall. Also effective rainfall and field ET, are considered
simultaneously because the scheduling is prepared for ten daily.

The field capacity of the soil is taken maximum available soil moisture and MAD is

taken 0 during the land preparation period for the paddy crops.

- 103 -



) Considerihg the above criterion: the sch,eduling is prepared ‘for all the crops in excel
sheet for ten daily with water balance m.eth.od utiliziqg equation-7.1-7.5 and one sample
- calculation for léate paddy crop of khariff period is attached (Table-7.3)

7.3.4 Determipation of Crop Area (for each zone)

Canal network system having total ayacut area of 9650 Ha is divided into five zones
according to the ayacu% area éovered under'tlle major distriﬁutaries, ;awailability of control
system (Head regulatorior cross regulator) and its location with respect to the starting point
of the irrigation diversion. Number of canals, total ayacut area and design discharge of each
zone is furnished in Tabie no.7.4A. All4 the head regulator details are furnished in Table-7.4A
and 7.4B. It is assumed that the cropping pattern and irrigation inténsity of the each zone will
be same that of whole command area and cropping areas for different crops of each zone are
calculated and furnished in Table-7.5. Major canals included in different zone, their self

ayacut and total ayacut are previously furnished in the Table-2.3.
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Table-7.4A Details of Each Irrigation Zone (based on distributary)

4 Group | Design Zone
Name of ’ Self Ayacut | Dischar | Design
Name of the Parent Ayacut Ayacut Zone FSD | Areain | gein | Discharg
Sl.No. | the Canal Canal Areainha | areain ha No inm. ha m3/s | ein m3/s
Left
1 | Distributary | Main Canal - 2300 618.58 A 1.05 2300 3.05 { ~3.0500
Right RD 0.0Km-
2 | Distributary | 5.4Km 220.2 B 1.64 1720 | 10.193 2.51
Right RD 5.4Km-
3 | Distributary | 11.4Km 172.43 C 1990 2.76
Khariaguda .| Right ;
4 | Disrtibutary | Distributary 1718.53 356.05 C 1.00 2.3866
Kadaguda | Right ,
5 | Disrtibutary | Distributary 2580 359.87 D 1.1 2580 | 3.8066 4.23
Karadakan
a - | Kadaguda
6 | Distributary | Disrtibutary 924.9 302.97 D 0.75 1.2576
- RD11.58K '
m..
Right 21.47Km(T .
7 | Distributary | ail) 785 275 E 0.8 1060 | 1.5887 1.59
Table-7.4B Head regulator gates of Harbhangi irrigation project
Shutter
Design Bed Shutter | Opening | lrriga
Sl discharge | width | Full Supply No of Size in Height | tion
No. Name of Canal in cumec inm Depth in m Shutters - m inm Zone
Scouring Sluice of : i . 1.85X3 )
1| Barrage 6.3 NA NA
Head Regulator 1.80X2
2 | ( Main Canal) 13.34 | 10.25 1.850 5].35 1.850 | NA
HR of Left 1.50X1 :
3 | Distributary 3.049 4.9 1.050 2(.8 1.060| A
HR of Right 1.60X1
4 | Distributary 10.192 8 1.640 6.8 1.640 | NA
Takarda 2.20X2
5 | Distributary 1.0984 3 0.700 2(.0 0.700| B
1.00X1
8 | Raibondha Minor 0.734 2.8 0.700 .21.25 - 0700 B
Khariaguda 2.1X1.
7 | Distributary 2.3866 4 1.000 212 1.000 C
Kadaguda 1.5X1.
8 | Distributary 4.2301 5.6 1.100 3125 1.100| C
Karadakana 1.00X1
9 | Distributary 1.26 | 3.25 0.750 2|.25 07560 | D
Baharapur 1.45X1
10 | Distributary 15| 3.25 0.800 2 .15 0.800| D
Right Distributary 1.45X1
11 | (at RD11.5Km) 1.69 3.6 0.800 2].15 0.800| E
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Table 7.5 Cropping area distribution for all crops in each zone

Total area of Zone wise crop area distribution J
each zone A B c D E
% of Basin
Total CCA 2300 | 1720 1985 2580 1065
Croping | Conveyance
Name of Crop Area Losses 0.90 | 0.85 0.80 0.75 0.70
Early Paddy 2500 0.26 596 | 446 514 668 276
Mid Paddy 3100 0.32 739 | 583 638 829 342
Laté Paddy 1850 0.19 441 | 330 381 495 204
Raggi 440 0.05 105 78 91 118 49
Groundnut 750 0.08 179 | 134 154 201 83 |
Maize 150 0.02 36 27 31 40 17
Sugarcane 360 0.04 86 64 74 96 40
Dalua Paddy 1500 | 0.16 368 | 267 309 401 166
Pulses 1050 - 0.11 250 | 187 216 281 116
Groundnut ‘ :
(Rabi) 2050 0.21 489 | 365 422 548 226
Vegetable up 1400 0.15 334 [ 250 -288 374 155
Vegetable low 1400 0.15 334 250 288 374 155
Patato 400 0.04 05 71 82 107 44
Mustard 700 0.07 167 | 125 144 187 77
Total 17650 1.83 4209 | 3147 3632 4719 1950
7.3.5 Irrigation Water Requirement (Each zone)
a. Conveyance losses of the different zones are taken separately so that average

conveyance losses will be 0.8(used previously for the project CWR).Abstract of the

periodical (ten daily) irrigation water requirement of all the crops is furnished in

Table-7.6

b. Water requirement in each zone at field for irrigating all the crops are calculated for
each ten daily period and total year and water requirement at the diversion point is

calculated for all the zones separately after incorporating the respective zone’s

conveyance

=107 -




000 000 000 000 000 000 000 000 000 29’y p0o’o . 1e'82 1.°68 L1268 | 1e-le ve
000 000 000 000 000 000 000 000 000 000 000 CEPLL 000 000 "0zLL €C
. 000 000 . 000 000 00°0 000 000 000 000 000 . 000 000 0000} eriL oL-L bny [44
000 000 000 00°0 000 000 000 000 000 000 000 6cvilL 000 pLoLS. 350%4 1z
000 000 000 000 000 000 000 000 000 000 000 ezvil 15°82) 1982 0c-LL 14
000 000 000 000 000 000 000 000 000 000 000 6zyll | 98zl | ogzyl | ok-L inp "L
000 000 . 000 000 000 000 000 000 000 000 000 98'Cy 98Ty 982kl 0€-1¢ 81
000 000 000 000 000 000 000 000 000 00°0 000 98'zy 98¢y 98°ZYy 0c-LL L)
000 000 000 000 000 000 000 000 000 000 000 98°Cy 98ey 98°zy oL-L unp gl
000 000 000 000 000 000 000 000 000 000 000 evLL EFLL wr..nm “kele Sl
000 000 000 000 000 000 000 18822 000 000 000 000 000 00°001L 0z-L1L 143
000 000 000 000 000 000 000 S0'6l 000 000 . 000 000 000 000 olL-L Kew €l
000 000 000 000 000 000 19'821 olL'se 000 000 000 000 000 000 -0e-1e cl
000 000 000 000 000 .000 000 G061 000 000 ‘000 000 000 000 0C-L L
000 000 000 000 6CvLL 000 ecvie oL'8g 000 . 000 000 000 000 ..000 0l-L Jdy ol
000 000 000 000 000 000 000 000 000 000 000 000 .000 000 le-le 6
000 000 B8Z'vLL 000 eZ'vll 000 16822 000 000 000 000 . 000 00°0: -00°0 0z-t1 8
000 000 000 000 ) oL'se 000 000 00°0. 000 000 000 000 000 000 oL Jen L
000 000 000 000 - - G0'61 000 vLLSL [4°WA4 000 000 000 000 000 000 8¢-i¢ -9
000 000 8E'Csl 000 L4 WA 000 6C'vLE 000 000 000 000 000 000 000 0L G
000 000 0l'8€ 000 000 000 1268 000 000 00’0 000 000 00°0 000" oL-l 94 14
G0'6L1 000 ol'8e 6Ll 000 000 15821 000 . .000 000 000 000 000 000 25024 >
000 000 LG 000 00°0- 000 16°821L 000 000 000 000 000 000 000 0c-Li 4
98¢yl 8€°CSl - 000 000 000 eVLLL LL°G8L 000 000 000 000 000 000 000 ol uep l
. . aodad
pieysnin . oleled w_nm”wmg w_nMMww\/ Sh_un:mﬂﬂw._o sas|nd Mﬂﬂm aueolefng| azep Ecucqo._o 166ey Apped e >W_W_M_a >>JWM% m_m”c_w,_._.xxz n_MHHE mm_

(ey sod wiw) pjay je sd

0.9 ||e 10} Juswaiinbal 1a)em onebu |e

olpoliad 9°Z9[qeL



EEEBE (00082 8¥° 0Ly 9/°¥0¢ 98°Zve 29'lve - |9'8281 8Y°06€ 000 - |[i8°€2) 000 258211 00°006 vi'LG68 ww uf (oL’
9Ly oL'se oL'8e EEEEL " 000 S0'61 14681 000 000 000 000 000 000 000 LE-1T - 9¢
4 WA4 G0'6lL 000 S0'6L 000 0l'ge 00°00L 000 000 000 . 000 000 000 000 0Z-L1 o Ge
000 oL'se 8€ce oLge . 000 Go'6l 00°00L 000 000 000 000 000 000 000 S0bb 93d e
000 000 000 000 000 000 EV'LL 000 000 000 00°0 000 000 000 0e-1¢ . €€
61°9C 000 000 | 000 000 000 000 000 000 - 000 © 000 000 000 000 .02t [4%
000 8ece 000 00°0 000 000 000 000 000 61'9L 000 LG8 000 - 000 T 0L AON 3>
00°0 000 000 - 000 000 000 000 ) 000 . 000 00°0 . 000 er’'ie | 000 000 - le-1g oe
000 000 000 |. o000 | 000 000’ 000 000 000 000 000 A 000 000 oz-LL " 6T
000 000 000 000 . 000 000 " 000 00.0 000 .| o000 000 EvLL eVl 000 oL-l " 10 . 8¢
000 000 000 000 000 000 ‘oo.o 00°0 000 000 . 000 oo0'oolL 1L'S8 . 000 og-lec . yx4
000 : 000, 000 000 000 000 000 - 000 000 000 000 - 000 . 12°G8 LL'S8. 0z-L) . 9z
000 000 000 000 000 000 - 000 000 | “ooo 000 - 000 1168 000 - 000~ oL-L © des 14
: . aodad
pieysniy oyejed w_nmﬁmg mBMMWw\, u:hwcm_ww_o sas|nd Mﬂ_u mm.nn__ sueoiebng| oz [Inupunoin| 166ey Apped a)e >ﬂ“_u_M_& >M“umwma mw_w__.x‘z mn_““s_ m_u_w,_

(ey 1ad wuwi) pjaiy 3e sdoio |[e 1oy Juswaiinbal Jajem onebiul [esipolad 9'/9Iqel




loss for tan daily basis. Irrigation water requirement for each zone during each period

considering all crops is calculated.

Q,.= > .(IWR, X4, X0.001) (7:6)

Ycrops
where @, . : water requirement of any time period of a zone in ham,

" Ac;: area of a crop in a zone in ha,
[WR,: irrigation water requirement of any crop for a time period t in mm.
Water requirement of each zone is furnished in Table-7.7(a) to 7.7(e)
7.3.6 Gate Opening (Disributaries)
Canal discl}arge.required for running the canal continuously for five days to meet the
irrigation requirement of the ten days for each zone wlﬁch is estimated previously is

calculated for each ten day ( period of consideration) as follows:-

Q= (Q:*10%) / (24*5%3600) m*/s (7.7
where q;:canal discharge within any time period ‘t’ for a zone ‘z’
If required dischérge is more than the design discharge then canal will be supplied
with design discharge and time of irfigation will be increased to fulfill ten daily crop water

requirements at field.

ITy=~(q/(Qp*3600)) | (7.8)
where [Ty, canal running time in hours

Then gate will be opened for each discharge for each time period in proportionate to
the maximum height of opening assuming the design discharge can be released to the canal

with opening the gate to the full height. Incase, total ayacut area of a zone is not covered .
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under a distributary but a major part of the ayacut area is its command area then required

discharge for that canal will be determined on proportionate to the ayacut area of that zone.

However the running period of the canal will be same as that zone.

2
3
Boo=Hpg * (q’—] (7.9)

O

where Qp: Design discharge of the concern canal

h;: Height of opening of HR gate at any time t

Hpmax : Maximum height of opening of HR gate of that canal.

The details of time of opening, height of opening and discharge in the canal are

furnished in Table—7.8‘

7.4

RESULTS AND DISCUSSION

a.

Canal releases required- for running the canal for minimum five days
considering 50% time period (i.e. OFF/ON process) to meet the water
mquiremeﬁt of ten daily periods is being satisfied during the major periods in all
the distributaries.

It is obseryed that during month October, November and March, the required
water release is very less for some time periods. Hence, the canals may be
closed during these periods for the maintenance purpose. |
During period July 1-10, the water requirement is very high, thus the running
period is more than 240 hours which is impoésible, so crop (paddy crop)
plantation date has to be staggered so as to accommodate the required release

within the canal design discharge.

- 116 -



However, canal release quantity, duration and sequence can be optimized to
reduce the running period of the main canal and major distributaries by considering the

periodical water requirement of the minor canals.
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‘Table-7.8 Gate gpening of major canals for all Irrigation Zones (ten déily) '

Name of Canal - Left Distributary Takarda Distributary
' oo -1.50X1.8 2.20X2.0
' Gate Size (No of Gates) -
sl. — 2 2
‘No | Governing Irrigation Zone A B-
M;Jnth Perio dl. -Discharge in No of hours Hei.ght_of Discharge in No of hours . Hei'ght'of ‘
. i - cumec inten days jopeninginm| - cumec in ten days | opening in m
1 Jan 1-10 -3.05 149 1.05 1.10 144 . 0.70
2 1120 1.67 ' 66 0.70 0.58 63 0.46
3 21-31 3.00 118 1.04 1.04 114 0.68
4| Feb 1-10 112 44 0.54 0.39 a2 035
.5 ‘ 11-20 3.05 121 1.05 1.07 17 0.69
6 A 2128 179 70 0.74 062 68 | . 048
71 Mar 1-10 0.48 19 0.31 0.17° 18 0.20
8 o ‘11'-'20' _ 3.05 178 1.05 1.10 171 0.70
9 - 2131 - 0.00 0 0.00 - 0.00 0. 0.00
10| Apr 1410 3.05 137 . 1.0 1.10 132 - 0.70
1 S 1120 0.04 2 0.06 001 2 0.03
12 : . 2130 1.27 50 059" 044 48 0.38
13| May 1-10'- 0.04 2 " 0.06 0.01 -2 0.03
14 ' 11-20 2.04 80 © 0.80 o7 | 7T 052
15 ) 21-31 '3.04 120 1.05 - 1.06 16 0.68
16 Jun | 110 . 1.96 77, 0.78 0.68 74 0.51
17 1120 |. 196 77 . 0.78 0.68 74 0.51
18 | ~2130 | 308 137 1.05 110 132 0.70
19 Jul 1-10 3.05 244 | 105 1.10 235 070
20 | 1120 305 164 " 1.05 1.10 159 - |- 070
21 2131 2.17 85 0.84 075 82 © 0.54
22 Aug T 3.00 118 1.04 . ~1.04 114 068,
23 1120 |- 081 32 0.43 028 31 0.28
24 “o3r .| Cacs 137 1.05 110 132 | 070
25 Sep,' 1410 0.97 38 049 0.34 37 | 032
28 1120 2.94 116 1.02 - 1.02 12 0.67
o7 | 2130, |. 27 109 098 | o098 105 -~ |- 064
28 Oct 1-10 217 85 084 | 075 82. j§ 054
29 v 1120 | o081 32 " 043 028 31 .| o028
] 30 ) " 2'1-3.1 0.81 32 0.43 028 31 0.28
31| Nov | & 110 140 55 0,62 0.49 53 - 0.41
32 1120 [ o011 2 011 - 0.04 4| oos:
33 21-30. | . 0.66. : 26 0.38 10.23 25 . 025
34 Dec* |. 110 1.74 69 . 072 -0.60 66 - 047 -
35 11-20 1.58 . 62 0.68 055 60 0.44 '
36 L2131 305 142 - 105 110 137. C 7070

i " N.B. := All gates of a canal w@ll be opened upto same height for each time périod_

s

T abléf7'.8 contd.



Name of Canal " Raibondha Minor " Khariaguda Distributary
, - 1.00X1.25 - 2.1X1.2
Gate Size (No of Gates) -
sl — 2 2
No. | Governing Irrigation Zone B Cc
I e e e e L e
1| Jan 1-10 0.74 - 144 0.70 2.39 161 | 100
2 ' 1120 039 63 0.45. 141, o 0.70
3 | 213 0.70 114 068 230 | 127 1.00
4 | Feb |- 10 026 | 42 0.35- 093 " 41 053"
5| 11-20 071 117 068 239 130 1.00
8 | 2128 0.41 68 0.47 150 |- 76 074
7 ‘Mar | 110 0.11 18 0.20 T0.41 20 0.31
8 1120 074 174 070 2.39 191 1.00
9 A 21-31 0.00 0 0.00 0.00 0 0.00
10|  Apr 110 - 0.74 132 0.70 2.39 148 1.00
11 ' 1120 001 2 0.04 0.03 2. 008
12 21-30 0.29 48 " 0.38 - 1.06 54 0.58
13- May | 110 0.01 2 0.04 003 2 0.06
N 11:20 0.47 77 0.52 171 86 0.80
15 © 21131 0.71 116 0.68 239 129 . 1.00
% | Jun | 110 0.45 74 0.51 1.65 83 0.78
17 1120 0.45 74 051 165 83 078
18 2130 0.74 132 | o 2.39 1.00
19 Jul 0 | 074 235 | 070 239 100
20 T 1120 0.74 159 0.70 2.39 1.00
21 2131 '0.50 82 0.54 183 92 | o084
2| Aug | 110 0.69 114 0.67 2.39 127 1.00
23| 1120 0.19 31 0.28 068 - | 34 043
24 , o 2131 | 074 132 0.70 239 . 148 1.00
25| sep | 10 .| ‘023 37 0.32. 0.82 41 - 0.49
2% | 11:20° 0.68 112 0.67 2.39 125 1.00
27 | 2130 | 064 105 064 | 233 | 117 098
.28 Oct ° 1-10 " 0.50- 82 0.54 1.82 92 084
29 1120 | . 0.9 31 0.28- 0.68 34 043
30 21-31 - 0.19 " 31 028 0,68 34 043 -
31 Nov - 1410 1033 53 0.41° 1.18 59 063
32 | 1120 | 003 4 008 | 010 5 0.12
33| , 21-30 0.15 . 25 0.24 055 |- 28 0.38
34| “Dec |. 110 0.40 66 0.47- 146 | . 74 072
35 : 1120 0.37 60 0.44 1:33 67 . 0.68
36 2131 - | 074 137 | 070 . | 230 - 152 1.00
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“Name of Canal . Kadaguda Distributary Karadakana Distributary
: 1.5X1.25 1.00X1.25
. . Gate Size (No of Gates)
sl. — 3 2
No | Governing Irrigation Zone D D
| pas],[etve| ot | vt oot octtoee | it
1 Jan 1-10 4.23 155 1.10- 1.26 155 075
2 11:20 241 - 68 0.76 L 072 68 0.52
3 21-31 423 123 1.10 126 123 0.75
4 Feb ' | 110 161 46 0.58 0.48 - 46 0.39
5 ) 120 | 423 126 1.10 1.26 126 0.75
6 - 21-28 258 73 0.79 0.77 73 054
7 Mar 1-10 0.69. 20 0.33 0.21 20 0.22
8 ‘ 11-20 423 185 1110 1.26 185 0.75 .
.9 " 21-31 0.00 0 0.00 0.00 0 .0.00
10| Apr 1-10 423 143 1.10 126 | 143 0.75
11 ‘ 11-20 006 2 0.06 0.02 2 0.04°
12 2130 1.83 52 0.63 0.54 52 0.43
13 May 1-10 0:06 2 0.06 0,02 2 0.04
14 | 1120 293 83 0.86 0.87 83 0.59
15 - 2131 423 125 1.10 126 125 0.75
16 Jun 1-10 282 80 0.84 . 0.84 80 0.57
17 ’ 1120 282 80 .0.84 0.84 80 - 0.57
18 - | 2130 423 143 1.10 126 143 0.75
19 Jua | 110 423 254 1.10 1.26 - 5. 0.75
20 ' 120 | 423 171 1.10 126 17 0.75
21 | 21 313 89 0.90 003 | 8s 0.61
22| Aug 1-10 4.23 123 1,10 1.26 123 0.75
23 1 1120 147 33 047 0.35 33 0.32
24 . 21-31 4.23 143 110 | 126 | 143 0.75
251 Sep | 10 1.40 40 053 042 - . 40 0.36
26 ol 120 424 120 1.10 1.26- 120 0.75
27 | - | 2130 3.99 13 106 | 119 113 0.72
28 . Oct 1-10 343 89 0.90 0.93 .89 0.61
29 ‘ " 1120 117 33 047 .| 035 33 1 0.32
30 o 2131 | 117 - 33 0.47 035 33 0.32
31 | Nov 1-10 2.02 57 067 060 57 0.46
32 11-20 016 5 0.12. 0.05 ° 5 0.08
33 . 21-30 095 - 27 0.41 0.28 27 | o028
34 | - (De'c : 1-10 2.51 71 0.78 075 i 0.53
35 : ~11:20 2.28 65 L 073 0.68 " 65 © 0.50
.36 21:31 4:23 147 1.10 126 147 0.75
_Table-7.8 contd.



Bharapur Distributary

Right Distributary(11.5Km to Tail)

Name of Canal
I 1.45X1.15 1.45X1.15
Gate Size (No of Gates)
s.| ~ —» 2 2
No | Goveming Irrigation Zong D E
o | o] [ rmoen| oot |t |osrmoein tocrro | vogtor
1 Jan [ 110 1.50 159 0.80 159 159 - 0.80
2 ‘ 11-20 0.85 70 0.55 093 70 0.56
3 R 150 125 0.80 159 125 0.80
4 Feb 110 0.57 47 0.42 0.62- 47 0.43
5 1120 1.50 129 0.80 159 129 0.80
6 - 2128 '0.91 75 0.58 0.99 75 0.58
7| Mar | 10 0.24 20 024 -| 026 20 0.24
8 ‘ 11-20 . 1.50 189 0.80 1.59 189 0.80
9 2131 . 0.00 0 0.00 0.00 0 0.00
10 Apr 110 | 1.50 146 0.80 - 159 146 - 0:80
1M 1120 ° 0.02 2 0.05 0.02 2 0.04
12 21-30 0.65 53 0.46 070 53 0.46
13 May- 110 0.02 2 - 0.05 0.02 2 0.04
14 " 1120 1.04 85 0.63 113 85 0.64
15 - 21-31 1.50 127 0.80 159 127 . 0.80
16 [ Jun 110 1.00 82 0.61 1.08 82 062
17 1 1120 100 0.61 1.08" 82 0.62
18 © 21-30 1.50 0.80 1.50 146 0.80
19 | - Jul . 1-10 1.50 0.80 159 0.80
20| 1120 | 150 0.80 158 0.80
21 21-31 1.11 91 0.65 1.20 91 0.66
.22 Aug [ 110 1.50 125 0.80 159", 125~ 0.80.
23 ' 11-20 0.41 34 0.34 0.45 .34 0.34
24 2131 150 146 0.80 . 159 146 0.80
25| sep | 0 050 a1 038 0.54 a1 039
26 ‘ 1120 150 S 123 0.80 . 159 123 0.80
27 21-30 1.41 115 0.7 153 115 078
28| Oct | 110 111 91 0.65 . 1.20 91° 0.66
29 - 11-20 " 0.41 34 0.34 045 34 . 034
30 21-31 " 0.41 - 34, .0.34 045 34 0.34
31 Nov 1-10 072 58 0.49 0.77 58 0.49
32 11-20 0.06 5. . 0.09 0.06 5 .7 0.09
.33 | 2130 034 - 27 0.30 0.36 27 0.30
34 Deé 110 10.89 73 0.56 " 096 . .73 0.57
35 ' 120 | 081 66 0.53 0.87° 66 0.54
36 2131 “1.50° 150 0.80 159 150 0.80
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CHAPTER-8

DEVELOPMENT OF DSS FOR WATER RESOURCES MANAGEMENT

8.1 GENERAL

Water resources management using decision support system is one of the emerging
approaches for the optimal use of the canal network system of an irrigation project to
maximize the crop prociuce. Maintaining the least possible gap between the demand and the
supply is a real challenge for- irrigation managers because there is a need to assess the
quantum of water available and demand at micro level in real-time. The distributaries of any
canal network are usually the last point of controlling irrigation release of the project because
after that point, the irrigation is either field-to-field or under the direct control of the farmers.

The distributary-level water demands are aggregated to assess irrigation supply
requirements at highelj ;levéls (branch canals and main canals) of the irrigation system after
accounting for transmission losses. The operational efficiencies depend on the extent to
which the irrigation supplies match the demands at each hierarchical level of the network.
Thus, estimation of water demand of individual distributary of the canal network is critical
for improving the overall operational efficiencies of large irrigation systems.

Tl;e domain of decision problems regarding water resources such as water use
allocation etc. is complex and difficult. This is due to the number of stakeholders pursuing
multiple and conflicting objectives, the influence of the spatial distribution of land uses,
socio-economic ac;tivities and the constraints regarding environmental quality. Decisibn
Support System (DSS), a computér based tool which provides modeling and simulation
facilities, may help in generating what-if séenarios to aid irrigation officers in implementing

the water management policies efficiently and to deal with the problem.
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facilitiés, may help in generating what-if scenarios to aid irrigation officers in implementing
the water manaéement polipies efficiently and to deal with the problem.
8.2 HISTORICAL BACKGROUND OF DSS

The DSSs, introduced in 70s, have also changed their concept and advanced with the
advancement in computer and information technology. Further, the introduction of Graphical
User Interface (GUI) and expert system, héve added much more in the popularity of modem
days advanced DSS. Therefore, the progress made in area ofiDSS is described és “not a
single, clean innovation that occurred overnight, but more like a tide moving in many
currents ahd eddies over a period of time” (Keen and Wanger, 1979).
8.2.1 Definition

| The DSS is defined as: “C’omputer based information system that are desig_ned with

the exp;‘essed purpose of improving the processes and outcome of human decision making”’
- (Osmoud et al., 1997). Sparge and Carlson described a DSS as “Interactive computer based
system to help decision makes to use data and models to solve a problem.” (1982)
8.2.2 Charac_teristics of DSS |

ADSSisa set_éf tools that helps in decision-making such as data, models, software
interface, and the uéer into an effective decision making system. Parker and Al Utabi
(Mizanur, 2002,'dissertation) reviewed- 350 research papers and articles related to DSS in
1986 and listed fol[owing characteristics of a typical DSS. A DSS,

assist lnanagél's in their decision making proceés;

support and enhance managerial Judgment;

improve the effectiveness of decision making rather than the efficiency;

combine the use of models or analytical technique with data access functions;
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focus on features, which make them easy to be used interactively by inexperienced
users.
8.2.3 Components of DSS

A decision Support system may be studied in four major modﬁles. The relationships
among these components are shown in Figure 8. 1. The components arc:
i) User: User interacts with the system through a computer directly or indirectly wherever
.it is located.
ii) Database: In a DSS, data is the most important part. The data, attribute as well as
geographical, is stored in a well organize manner. These days, either type of data is
managed using relational database management system (RDBMS) gnd file system objects
(FSO)
iii) Models base: 1t is a set of system analysis tools. These tools operate on a particular set
of data under the supervision of user and generate decisions.
i!v) User interface: In present day DSSs, the user interacts with,data and models through
graphics rather than text based instruction. Hence, it is known as Graphical User Interlace.
This interface links the user, the data and the models together. |
83 STRATEGIES TO DEVELOP ADSS
8;3.1 Approaches |

There are two basic approaches in developing a DSS: model centric approach and
data centric approach. In a model centric approach a DSS is build around a model or a set of
models. In such system the model is first selected and then other components are designed

with model requirement. Data centric DSS are those which basically stores all type of .
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with model requirement. Data centric DSS érc those which basically stores all type of
available data related to a particular problem. Other components are designed for a general

use. At a later stage the models are selected which may use the entire data or a part of it.

SOFTWARE SOFTWARE
INTERFACE INTERFACE

Fig.-8.1 Relationship among the DSS

8.3.2 DSS Tools

DSS tools can be thought of DSS building blocks. These are used to create a
Specific DSS, or are inéorporated into DSS generatdrs. These are prégramming languages,
statistical analysis packages, 6ptimizati0n packages, data base management systems,. and
Graphical user interface packages. | |
i) Programming languages: A variety of programming languages have been used in

creating DSS modules. One class of languages is procedure-boriented languaées, such

as BASIC, FORTRAN, PASCAL, widely accepted and available on most computer
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iii)

creation and then later use of the modular DSS. There are always new languages -
being developed like C++, Java, C# etc. These languages may sﬁll require
programmers to describe a procedure vfor the computer to. follow, but features have
been included in the languages that make them especially attractive in dealing with
real life problems. Problem-oriented languages can also be used with a DSS. A

problem-oriented language allows the programmer to describe the characteristics of

‘a problem to be solved rather than a procedure to be followed.

Statistical Analysis Packages: A DSS frequently requires statistical analysis .
cépabilities. For example, regression analysis may be needed to determine the
relationship between a dependent and an independent variable. A number of
statistical analysis packages have been developed and are available on many
computer systems.

Optimization Packages: A function of a DSS may be to suggest the best solutions
to certain problems, _and this procedure may require support from optimization
package. This particular problem can Ioften be analyzed through Ilinear
programming. The analyst develops an objective function and constrainf equations,
the mathematical formulation of the problem is then entered into an optimization
package. The package pérforms the laborious calculations required to analyze the
problem and gerierates the optional output.

Data Base Management System: A DSS requires efficient data handling capabilities.
The user must be able to enter new data, update existing data, extract data, analysis
data, display data, and present data in reports. If used RDBMS, al;oVe user-friendly

queries are above supported.
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data, display data; and present data in reports. If ﬁsed RDBMS, above user-friendly
queries are above supported.

V) The Software Interface: The user interacts with the DSS through the software
interface, which provides communication among various DSS tools. A DSS can be
directed in several different ways. One approach is to have a 777e;1u-c2ri1>en system. The
user simply selects the desired options from a seties of menus. This approach is very
effective with novice users who need considerable guidance. Another approach is to
have aA macro command language through which the user directs the system. Microsoft
Visual Basic software is simple and conventional one for using as Graphical User
Interface (GUI).

8.3.3 Microsoft Visual Basic
Visual Basic (VB) is an object oriented programming development system for

creating applications that run under any of Microsoft windows environmeni. It makes

developing and debugging objects relatively easy. As such, the user has very close focus to
step throﬁgh the lines of code as tﬁe application runs and to see where errors occur. Windows
works in an event driven environment, meanihg user in control, and programs lleéd to
respond to events (such as mouse-click, keyboard entry etc) ItA uses an  integrated
dévelopment environment (iDE) and the major components:

a. An extensive collection of prewritten tools, called controls. These controls are accessible as
icons within a graphical programming environment ‘for creating customized windows

components (e.g., menus, dialog boxes, text boxes, flexible grids, etc.)
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Creation of a user interface and adding basic instructions to carry out the actions associated
with each of the control are two basic steps in VB programming. The basic object related
concepts used in VB are discussed below:
Forms

In VB, a window is called a form. Each form includes a title bar at the top. It may
include a menu bar. All controls can.be dragged and dropped in the form.
Controls |

The icons with which the user interacts are called controls. Commonly used controls
are command buttons, check Boxes, list boxes and menus.
Objects

The forms and controls are collectively referred as objects. Most of _thé objects are
associated with the everits. They are also associated with their own properties and m‘éthods.

|

8.4 DEVELOPMENT OF HARABHANGI PROJECT DSS (HCSDSS)
HCSDSS is Microsoft Window based DSS system for irrigation management and canal
scheduling. HCDSS is developed to manage the irrigation water available within the project
area. It will help 'the DM to take decision regarding duration of opening and height of the
opgning for each distributary for a fixed duration (ten daily) crop water requirement. The
conceptual diagram of the DSS is given in Fig.-8.2. The front end functionality (like
graphical user interface) is developed in Visual Basic 6 and backend programs (i.e. models)
are written in FORTRAN and integrated as dynamic link libraries in visual basic. The
software has four basic modules viz: (i) ETo calculation, (ii) Crop water requirement (iii)

Canal scheduling, and (iv) Reservoir yield estimation.
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iii.

iv.

il.

iii.

software has four basic modules viz: (i) ETo calculation, (ii) Crop water requirement (iii)

Canal scheduling, and (iv) Reservoir yield estimation.

8.4.1 Software Development Using VB-6

At tlﬂe startup, a Visual Basic project template of type ‘standard EXE’ is chosen.
References allow selecting another application’s object libréry. A reference imas a file with an
.olb extension that provides docunnelltatic;xl information about available objects to do
Automation controllers. One can retrieve description about how to call methods, arguments,
set properties and so on. But 011iy required references.are to be selected since it adds
overhead to the application. Following is a list of the references added to the project: |
Visual Basic for application
Visual Basic Runtime objects and procedures

Visual Basic objects and procedures

- Microsoft Runtime Scripting

Here, first three references are necessary for any VB standard application to use basic

| functionality. Microsoft Runtime Scripting is required to use New File System Object (FSO)

for creating, copying, moving and deleting the files. In order to make the user interface
interactive, following compoﬁents (i.e. additional control libraries) are also added in the
project:

Microsoft Common Dialog Control 6.0

Microsoft FlexiGrid Control 6.0

Microsoft Rich Textbox Control

Organizing the Application:
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In order to make the application work in different machines fixed path failed.
Therefore relative path for all the ﬁ‘les referred in the code set were written. Two folders are
created which holds the necessary files created for the application during the run time. List of
the main folder are given bellow in Fig.-8.3 |
8.4.2 Application Layout
Forms:

There are nineteen standard Form in all modules with one splash form. The view of
the Project explorer is éhow11 below (Fig.-8.4). Form. module (.frm) contains procedures to
handle events, general procedure, and form level declaration of variables, constants, types
and éxternal procedures. Different controls are pasted on the body of the form. Each of the
control is associated with a list of events and properties which are set at design time and run
time.

The components and controls are placed over the form and the properties of all items
including the form are set. Then the form is saved in the requisite folder. The position of each
component is controlled at runtime to adjust with the ﬁmnitor size of a computer. Similarly,
the position of the different controls is also fixed with code control during run time. The
visibility and enable/disable of the different controls are set on different events with code

module.
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Folders X [Bhimages (] inflow

Jﬁ, 314 Floppy (A1) @l ES:ZEJECT PHOTO ré:]il l::::zy
“ LocalDisk (C:) S| dIETo.di é] projectcwr
® @E"iha"g'oss %dll'-ﬁeld.dll 1) schmpaddy -
fo Pr;;%esscr moro’ | |2 El staddy
i EI yield (=] sugarcane
3 ¥ieid ‘ : @]etoZ . frmClimataData
} ' @trialz B3, frmCraop
L Bl vieldz 3. frenCurRainfall
|| Bl harabhangi B, frmCWR
| [=| msscerra 5. frmETODLL
i fFronClimateDrata.frx B9, frmEwapPar ameter
1t 38 FfronCrop. frx £3, frmGateOpenShow
i| 38 FrnnCurRainFall, fry B3, frmGateOperation
| B fronCwiR Frx B, frmGopenchart

froEvapParameter frx B3, frmHDSS

7 FrmGateOpenShow.frx B, frmOutput

frmGateOperation.fre B, frmRainfallData
frinGopenchart .frx B3, frmScheduling
221 FrmHDSS frx B3, frmSchShow

: 25 FenOutput. Frx B3, frmSoiData

' &l frmScheduling Frx 5. frmSplash

| £ frmSoilData.frx B3, frmTest YieldDLL

| & Feravield. s B3, frmvield

| Bl rrmvieldcal. frx & frmYieldCal

| | etoz 3, frmvldoutput

'; B|trial2 ﬁfrmZoneWater
|| [Blyieldz $BHcspss
oo &l HesDss

Fig.-8.3 Folder and File details of HCSDSS

Integration of DLLs
FORTRAN programs are developed for estimation ETo and study the within year

reservoir yield for which the DLLs are prepared and integrated the respective form for

running the program at the back end.
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| El-E% HCSDSS (HCSDSS.vbp) ‘

=143 Forms

E. frmCurRalnFaII (FrmCurRamFaII Frm)
----- B3 frmCWR (FrmCWR.Frm) A
----- B3 frmETODLL (frmETODLL.frm)
----- B3 frmEvapParameter (FrmEvapParameter.frm)
----- B, frmGateOpenshow (frmGateOpenShow. frm)
""" B3 frmGateOperation {frmGateOperation.frm)
----- B39, frmGopenchart (frmGopenchatt.frm)
----- B3, frmHDSS (FrmHDSS. Frm)
----- B8, frmOutput (FrmOutput.frm) .
----- B3, frmRainfallData (frmRainfallData.Frm)
----- B39 frmScheduling (FrmScheduling. frm)
----- 3. frmSchshow (frmSchshow. Frm) '
----- 3 frmSoiData (FrmSoilData.frm)
----- B4 frmsplash ¢(frmsplash.frm).
----- B9, frmTestYieldDLL (FrmTest‘fleldDLL Frm]
B Frmield (Frmield. Frm)
----- B3 frmyieldCal {frmYieldCal.frm)
----- B3 frmyldOutput (Frm¥ldOutput.Frm)
----- 3 frmZonewater {FfrmZoneWater.frm)

Fig.-8.4 Total Form Modules of HCSDSS

85 APPLICATION OF HCSDSS
~ The splash form (Fig-8.5) appears on screen till the project is loaded for execution. Splash
form contains general information like project name, working platform and copyright

information etc.
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WE ICEMERTONHEIDS SIEGRIMANAGEMENTIGEIIRRIGATI GENIRREBYEET

HARBHANGIIRRIGA O NIBR O ECH]

\ersionkito

Platform Windows 95/98/2000/XP/NT4
re Al richts reserved with the HIS Lab. 11.T.. Roorkee.

Fig.-8.5 Splash Form Layout of HCSDSS
Then the main window of HCSDSS appears as seen in Fig-8.7. The main toolbar has
five icons for main functionality. The same may also be accessed using the menu bar that has

some additional features as well. The schematic of the menu structure is shown in figure-8.6.

MENU STRUCTURE

Calculator Climate data
Rainfall data

Exit .
Soil data Inflow data
Reservoir data

Input Data Evaporation

data

Climate data

Modules
Climate data

Help Climate data
Climate data

About

Fig.-8.6 Schematic Diagram of Menu Structure
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= Harbhangi Canal Irrigation DSS
Calculator Exit Input Data Modules Help

R B B

Rainfall CWR Schug

[N

e,

ETo

R-Yield

1

6/23/2008 HUM _ ] _ A _ tis . (G524

Fig.-8.7 Application of the Main Tool Bar

8.5.1 Calculation of ET, by Penmann-Monteith using ETo module

The user can estimate reference evapotranspiratibn fér_ any time period for the project
area by selecting the' time period option and entering required hydrometeqrologicalv dafa (i.e.
maximum teﬁpérame, mlmmum temperature, relative humidity, sunshine hour and wind
velocity) for thvatvtim.é period as per standard format @ig.—S.S).If tﬁe -user will select the
annual option, he has to enter the 365 days daily hydrometeorological data otherwise
program will not calcﬁlate the ET,. However, for the other periods the second option will be

selected. ET,, will be calculated by Penman-Monteith method as discussed briefly in chapter-
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5. However, daily ET, has to be calculated selecting ten daily option for the whole year for
further analysis i.e. estimation of CWR of the project and crop scheduling.

The calculation is completed with running the FORTRAN DLL in the background
and result will be displayed in a text box as shown in Fig-8.9. A printout of the output data

for the project based on average daily data is given in appendix — E.

%, ETo Calculation, (Penmann-Monteith Method)

~Select ETo [lpion : - Enter Hydrometeorological Data

¢ Annual Mintemp{0C) Mastemp{oC), Rhumidity(%), SS hour(hr], Wind velocity(mss)
: 16.0 290 86.4 5.8 308
] 285 915 7.0 31.8
28.3 91.4 6.4 3.3
281 87.4 75 K2
280 83.0 46 49,5
268 909 6.2 47.2
278 521 56 37
271 909 7.7 328
288 90.2 78 322
283 887 79 313
288 g1.9 7.7 50.8
293 786 76 34.1
28.6 842 8.0 36.8
28.8 88.2 77 386
28.5 90.4 6.8 40.8
291 868 6.9 3h.8
29.3 84.7 8.2 385
295 928 8.1 40.8
238 857 3.1 40.8
306. 871 85 41.6
31.3 5.4 8.2 43.4
31.8 g7.7 73 1.7
321 868 8.2 44.9

@ Daily

i@ Monthiy

1§ Fived Interval

10

" Fized Period

Number of Periods

Humber of Days
in a Penod

Cancel |}

Fig.-8.8 Data File Creation for Running the Et, Calculation
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e Results of ETo

Refference Evapotranspiration in mm
365 - ]l
1 10 12 28.274 =
11 20 2 T 27.283 I
21 30 .3 28.690
31 a0 4 33.084
41 50 § 34.639 g
51 60 ¢ 38.190
61 70 7 39.670 :
71 B0 8 . 4z.484 L
8L 90 9  44.265 —
91 100 10 47_166
101 110 11 47.119
"111 120 12 53_505
121 130 13 54863
131 140 14 50.187 .
141 150 15 50.745
151 160 16 - -46_335 .
161 170 17 . 40.828 3N
=z — - - = T — —»;“—.’—- — e T SN -l = —-:—g_'l
e —
’ Save File I ] Close

| Fig.-8.9 Resﬁlts of EX, Calcuiation |
8.5.2 [Estimation of Crop Water Requirement (CWR) using CWR Module
Effective rainfail of the command area can be calculated using any of the three
options (fixed percentage, FAO or USDA method), selected by the user.User has to enter the
monthly rainfall of weighted rainfall of the catchment and results are saved to a file as per
user option and also -displa):'ed on the séreen as shown in Fig.-8.10. The results are further
uéed to calculate CWR and irrigation scheduling for further use in subsequent analysis. The

output file of the effective rainfall is attached in appendix-E.

- 137 -



w Calculation of Effective Rainfall

 Seleet Hethod—
Effective O Fihed Pesniage BIH); |
] O BEssly
| 218 | |

@ UsDA

1B
] Bes | |
J} 1%2728_ | } ,Ean}Addql

| 478

| j 491 e
| [1381 j Save
| Jioas TR T
: . Cancel

1 s

l

1
‘ )
I
1

]

Fig.-8.10 Effective Rainfall Calculation

The details of Crop period and crop coefficient for the different crops (as proposed in
project report) are taken as static data for calculating CWR of the individual crop and for the
whole project on ten daily basis. However, the crop area and date of plantation Qf the each
crop is to be entered for the analysis season. The methodology is based on the defcails
presented in chapter-5. The crbp water requirement of the crop, its result and project crop
water requirement is shown in Fig-8.11 to Fig-8.13.The output file for the crop water
requirement of early paddy (as a sample crop) and output file for CWR of project for all the

crops are attached in appendix-F.
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&, Calculate Crop Water, Requirement

IFsrelecl Clﬂp Data——

! Name of Crop

I— Enter Crop Area——

Month of Plantation May Al

|
; N L @I !

Area of Crop Planted Ha) ]25[]0 :

k' Number of Ciops Entered ]1 i

Annual igation{Ham) ] 23} 5Ham :

f Date of Plantation &y 0-10

Early Paddy June ,date:21-month end I'“ "

Area- 2500 |

© &dd Crop A

Total CWR

—
Period Net crop Water Gross lirigation Head Release = ,
' Cinmm - in mm in ham : I
15 43.6 778 194.75 ot
16 27.4 48.9 122,25 -
17 27.4 489 122.25 ! !
18 100 178.6 446.5 i
18 99.2 177.1 442,75 Lo
20 43.3 77.3 193.26 I
121 40.8 729 182.25 .
L]22 39.3 70.2 175.5 L
| |23 403 72 180 b
1 |24 40.4 721 180.25 .
25 41.7 745 186.25 i !

26 46.4 82.8 207.25 |
27 40.7 727 181.75 ; :
T otal Irrigation Required for Early Paddy = 1126 mm ; |
Anhual itrigation water requirement for the ciop= 2815 ham o

Fig.-8.12 CWR of Individual Crop
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S Crop Water Requirement

S1. No. Crop Name Annual CWR i
in ham ;
________ —— _ R |
1 Early Paddy 2815 l
2 Mid Paddy - 3770 ,
3 Late Paddy 2846 i
4 Raggi 0 =|i
5 Groundnut 36.15 i
6 Maize 0 f
7 Sugarcane 186.05 i
8 Dalua Paddy 3394,2 j
g " Pulses 365.74 i
10 Groundnut-R 1039.76 =
11 Vegetable-Up  581.7 ‘
12 Vegetable-Low 854.24 ’
13 Potato 154.6 @'
| 3 m o] 2

e e,

. 4 SaveFile | ! Close I

Fig.-8.13 Annua-tl CWR for the Total Project

8.5.3 Preparation of crop scheduling

Scheduling is ca10111a‘£ed for the standard cropping pattern of the project or current
scheduling of any individual crop.
8.5.3.1 Standard Scheduling

Total scheduling procedure with calculation details in excel sheet is discussed in
chapter-7. The effective rainfall calculated previously will be taken smﬁe for the scheduling
purpose. Other time period option to be selected, crop area and soil data for individual crop
of the each zone has to be entered by the user to calculate total irrigation required on ten

daily bases for the respective crop and zone. Standard format for the selection of the crop is
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fumished in Fig.;8.14. Then total crop' water requirement of the each zone is calculated
accordingly and this §vill enable irrigation managers to decide on the ‘water indents’ for each
| distributary, by estimating in advance the irrigation releases required at the head of the
distributary fdr ten daily cyqle of its operation. The sample calculation for a crop of a zone is
given 1n fig-8.15 and zone water requirement of one zone is furnished in Fig-8.16. The

“results are also saved in an output file as given in appendix —G for a sample crop of zone-A.

s Estimation of Ten Daily Crop Scheduling

Select Option (¢} Standard Scheduling (") Current Scheduling l
rSelect Crop Plantation Detail =—————; 7 Select Cumrent Crop Period =——
|
Select Zone ]g 1,] ; Month J :;JJ .
. ( . H
| i
i _ e e . e e e ’
It Name of Crop Mid Paddy =40 e \
. Late Paddy S 0 0-10 ]
. A l
Maw T Date Coo1-20 }
Month of Plantati ‘ \
B 7 e [v] | 21-MonthEnd || |

B N BT
Date of Plantation "~ 11-20

' 21 - Month End o
e Annual ligation 2BZHam

Crop Area (Ha) 1400

 List of Selected Crops

Tl | Add Crop | Scheding
EallyPaddy June .date:11-20, Area- 1400 —}
' V ’ . ! { e e e At R
! ] Frainfall Data | ZoneWater
| Y B —
LJ { ; Gate Opering l Close

Fig-8.14 Crop Option Selection for Scheduling
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w [rrigatin Requiremert on ten, daily

Scheduling of theEaly Paddyof zoneA

All Values are in mm i@]
Period I.Soil Joisture Eff. Rainfall ETc ETs{with Ks) Final Soil _g
- O —————— - —p—— - ———— ——— -~ - — - . _-.' ‘
May 2l-end 73 26 70 70 26 |
June 0-10 7 43 70 70 43 |_
June 11-20 7) 43 70 70 43 |~
June 2l-end 134 42.6 143 134 43 |
July 0-10 119 49.3 149 149 49
July 11-20 43 49.3 93 93 6 |
July 2l-end 42 49.3 92 77 5=
Aug 0-10 5L 49.7 89 77 24
Aug 11-20 6l 49.7 Sl 81 30
Aug 21-end 7 49.7 9z 84 36 _
Sept 0-10 = 3 46 88 74 8 v
<) o ] 3
Save 1 Close
Fig.-8.15 Periodical Irrigation Scheduling for a Sample Crop
d ( 0 d 0
Select Zone ,\ -g.v '
May-21-end [Jun010 [Juni120 [Uun2i-end [0 JJu-1120 |[Jul2l-end [Aug010 [Aug11-20 |Aug-2i-ef @i
\Early Paddy | 42.57 41.25 25.92 86.27 100.19 0 34,02 3474 34.45 38 =
IMid Paddy | 0 52.79 3214 32.14 11343 109,76 0 41.81 40.04 45.22
ILate Paddy | O 315 19.18 1818 67.69 65.5 65.27 0 22.73 25.83
|iRagg___|0 0 0 0 0 0 i 0 0 0
/\|Groundnt 1 0 0 0 0 0 0 0 0 0 ]
Maize | O 0 0 0 0 0 0 0 0 0
[Sugarcane | 0 0 0 0 0 0 0 0 0 0
iDalua Padd| O 0 0 0 0 0 g g g 1]
Puises |0 0 0 0 0 0 0 0 0 0
| Groundnut-F| 0 0 [i] 0 il 0 0 0 0 i
*l|WegetableU| O 0 0 0 0 0 0 0 0 0
~|IWegetabls-L] 0 0 0 0 0 0 0 0 0 0 -
Patatn..— 1 N n “Th n o n n n n DR
< _ (i} ) i3
Back

Fig.-8.16 Periodical Irrigation Water Requirement of a Zone
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a.

b.

Taking OFF-ON, the standard irrigation operation practices of the project, the |
following guidelines are fixed for opgrating distributaries of the canal network:
The canals wili run at least for 50% time period éf the total cropping period.
If canal running time with the full discharge capacity is more than 50% time period then
the canal will run up to required running time périod with full carrying cépacity. |

On these principles, dischérge in distributaries are finalized and are furnished in Fig.-8.17

er Reg ame a anal D arge e

A B c D E Total " [LeftDistibutary  ~  |'Takarda Dishia}|

and Nos ' . . 1.5m%1.8m (2 2.2mX1.2m (¢
‘May 21 cnd | 42.57 33.73 0 0 0 76.3 0.97911]0.3380228

lidun0-10 | 12554 89.46 51.27 0 0 276.27 ' 2.88742/0,9967313
Jun11-20 | 77.24 61.21 31.22 0 0 169.67 1.77652{0.6134117
Jun-21-end | 137.59 109.02 31.22 0 0 277.83 3.05/1.692536 -
Jul-0-10 281.31 2229 11017 0 0 614.38 3.05/1.088
Jul11-20 | 175.26 138.87 1066 0 0 42073 3.05/1.098 .
Jul-21-end | 99.29° 7867 0 0 0 177.95 2.28367)0.7883858
‘Aug-0-10 76.55 60.64 40.6 0 0 177.79 1.76065|0.6076935
‘Aug11-20 | 97.22 772.03 38.89 0 0 21314 2.23608(0.7719507 =]
‘Aug-21-end | 109.05 86.4 43.92 0 1 239.37 2.50815| 0.8658515
Sep0-10 | 74.52 5305 - | 45.04 0 0 179,61 1.71386{0.5917654 °
Sep-11-20 | 87.24 6913 0 0 0 156,37 2.00852 0.6927813
Sep-2i-end | 104.36 8268 75.39 0 0 262.43 2.40028|0.8285718 °
0ct010 | 75.74 6002 47.48 0 0 183.24 1.74202| 0.6014862-
'Oct-11-20 | 8453 | 6698 - 47.9 0 0 199.41. 1.94419| 0.6712354
Nrt 91 red | 20 87 S n . n 1 RR1D A 94maal n or7aEmR Ml
Emi - . ’ 3
Chart Show Save Frint Back

Fig.-8.17 Periodicai Irrigation Water Re'quirement. of all Zone and Distributariés
Gate. Opening
'fhe height of the gate opening of the distributary is fixed w1th proportion to the total
gate opening height in accordance to the required discharge from time to time. However,
discharge in main canal is not checked becausel the design discharge of the main canal is
alﬁost equal to the discharges of all the distributaries. The results are furnished in a text box

as shown in Fig.8.18 and the output file is given in appendix-H
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&} Gate Operation,

Gate Opening Height of Distributaries (Ten Daily Basis)

Gate Operatiorn Details of Main Caral

Period Zone Discharge Canal Discharge Opening Time Opening Height
in cumec in cumec in nr in m

Jan-0-10
Fan-11-20
Jan-21-end
Feb—-0-10
Feb-11~20
Feb-21-end
Mar-0-10
Mar-11-20
Mar-21-end
Apr-0-10
Apr-11-20

240
240
240
240
240
240
240
240
240
240
240
240
240
240
. 87745 240
177105 240
. 951205 240
195045 240
. 06537 240
. 838395 240
. 04654 240
. 044585 240
.451112 240

O Q0000000 QOOOO
OO0 0000 DO0OO00TSO0O00O0

W

0.87745
Jun-0-10 3.177105
Jun-11-20 1.951205
Jun-21-end .195045
Jul-0-10 . 06537
Jul-131-20 . 838395
Jul-21l-enq . 04654
Auvg-0-10 . 044585
Aug-11-20 .45111

DO NN WOODODOODOOOO OO QO
e
~J
a

ol

Fig.-8.18 Periodical Discharge and Opening of Gate Height for all Distributaries

8.5.3.2 Current Scheduling

Scheduling of any crop for the running period can be prepared with the selection of
the date of plantation and present date. During this period the rainfall of the command area is
to be entered along with soil parameters to get the present soil moisture position and

irrigation requirement of that crop up to end of that crop period is calculated periodically.

- 144 -



8.5.4 Determination of Assured Yieid of the Reservoir

The data ﬁie will generated by selecﬁng the options and entering the other data such
as. monthly evaporation, monthly inflow to reservoir and reservoir parameter as per the
specified format given in Fig.-8.19 in HCDSS to formﬁlate the yield model as single
reservoir multi yield model for the Harbhangi irﬁgation project to get the firm yield and

secondary yield for normal flow condition.

| ™ Estimation, of Reservoir Yield

Sele-q’ie—l—d'Mude(Ananysis Options —

Within Year Perig

{ Objective Fuction

ER-E-nter Reservoir Parameters
Reservair Live Storage
Reservoir Dead Storage
Number of Years Annual Inflove
Depandable Inflow to Reservair
Failure Fraction (Firm Yield/total yield)
Depth of Annual Evaporation

Annual Evaporation et DSL

Monthly Inflow
‘ Calculate _

Fig.-8.19 Creation of Data File to Run Yield Model
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.The following steps are followed to forfnulate yield model_dafa file:

» Objevétive function is to Bg selegted out of maximize yield or minimize spill.
‘Within year period option i.e. two time period or twelve time period to be selected.

~ Number of yeé;r?s ihﬂow data to be used-fbr apalysis ie. fr;aximufn over year

‘ bon#raihﬁ@(MMOC). | |
By values for the critiéal flow year are calculated basing on the selection of thioﬁ of
dependability and monthly inflow value. |
Evaporation papaméters ie. honth_ly reservoir evaporation, average reservoir slopé -
are entered for»calculati_ng periodical evaporation ratio (yt)..
LiQe storage capacity, déad storage capacity and failure fraction (ratio between firm

.. yield and total‘yield) are also entered.

A FOR_TRAN >program was developed to create LP mafrix incor.por'ating; these |
parameters 'and solve the matrix to give Periodical total yie'ld_, annual firm yield and annual
éecondary yigld:. It was integrated in the DSS as a DLL. Result for a sample[calculatrion of
-~ twelve time period.(within ye'ar)'-and max’ifnize yield is .shown in F ‘ig.’-8.20.4 The input déta

file and output file, created with the DSS is attached in Append’ix;I ‘
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(PP S

‘a@ﬁ@amvmﬂ R ~[

SelectYleld Model Analysis Optmns —

MIINCEIRETLGER () Two Time Period (%) Monthly -

hjective Fudtion | ©) Maximize Yield () Minimize Spill

{ w Results from Yield Calculatlon

February 1.26
March 129
April 0.76
May n.22
june 1.21
ully 263
August 14

September 1.52
October 1.02
November 0.25
December 0.92

Annual Secondary Yleld— 1.4
Annual FirmYield= 12.57

i Sawe-Fila 1 Cancel - l

Calculate ‘

Fig.-8.20 Calculatlon of Periodical Ylelds with Yield Model
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f's.g_ RESULTS AND DISCUSSION

: normal flow distribution, is satrsfymg the mimmum water requlrement and 80% of the CWR

Wlth the application of DSS in Harbhangl [rri gation pI'O_]eCt itis found that pI‘O_] ect yield w1th

for scheduled cropping pattem as firm yield for the total period. -Follong are the addrtional

advantages that can. be achieved usmg the DSS approach of i 1rr1gation management

il

i,

iv.

vi.

Vil

Daily ET, of the pr0j ect can be rev1sed for each year w1th present updated o
hydrometeorological data
i | Crop water requirement (CWR) of the project can be modified for each year
| according to the annual cropping plan of the project. Also, the proposed cropping .
- plan can be reﬁned with the availability of the water in the reservoir after_ the
monsoon period. |
From the present cropping plan, periodicalwavter release in different distributaries can |
be ascertained. and it can be compared with design ’dis'charge, ie., .carrying capacity of .
the canal before ﬂnalization of the crop plan. - |
Canal operation schedule, i.¢. periodical gate opening canbe tentatlilely ﬁxed for o
each dlstrlbutary based on present cropping pattern
] | Annual ﬁrm _yield, secondary yleld and total y1eld of the-.reservoir can_be 'calculated'
“with different dependable 1nﬂows )
These yields can be compared w1th CWR of the prOJect for scheduled croppmg
- pattem and for. the cropping pattern fulﬁllmg mlmmum requlrements of the projected
- basin 'po_pulatlon to ascertai_n the viability of the prOJect.- ' _i o

‘The DSS is very user friendly for irrigation management ’purposes.t :

_- »_’ 1487—



CHAPTER-9

- CONCLUSION

- This study was undertaken for the Harbhangi irrigation project in which the major water
: r'equirement of the project isto m‘eet irri gation demand of the project command area and to

‘.drvert the surplus water to Rushlkulya river basm whrch is experlencmg frequent draught‘

' -condrtlon and water scarcrty The objectlve of 1mplement1ng a ta1lor made decrsron support

. system mtegratmg methodologres is for est1matron of inflow into the reservo1r calculatlon of

A' _. ET. from ET, usmg Penman Monterth Method to ﬁnd the reservoir yleld to do 1rr1gatron ‘.
scheduhng mcludmg gate operat1ons | o

| HCDSS the developed DSS for Harbhangr canal system is a step forward towards
i lntelhgent lmoatron plannmg and systematrc operatlon of the canal system over the_' ‘

L trad1t10nal 1rr1gat1on management ‘From the practlcal experlence of the pI'Q]eCt authorlty and o

B release record of the prOJect this reservorr is surplus in water.

Followmo are the results of the study carrred out for the proyect
.' B a. Dally ET was calculated w1th the program developed in. FORTRAN usmg Penmann-

-Montelth method It has been observed that the results are around 5% less over the | ) -

o monthly ETO calculated by CROPWAT for the avarlable present data . ’

| :-. b _..The estlmated crop water. requ1rement of the prOJect 1s 16 35 Tham for the scheduled '.

croppmg pattem as compared .to,th_e prolect.value,of 18.67 Tham_; .,

e Crop scheduling rnodel is-'.dev'elop'ed, for the project with' soil moistur”‘e' balancing’“ Lo

method mcorporatmg sorl coefﬁc1ent (Ks) whrch results less 1rrxgatlon water‘. .

o requrrement over the CWR wrth prevarlm0 croppmg pattern



9.1

. Running the yield module of the reservoir with 40 years inflow data, the maximum
“annual ‘ﬁrrn yield whicb can be achieved for the nonnallﬂdw :cc')ndi'tion at 100% .

: 'prOJect dependabr]rty is 12.8 Tham A maximum total annual y1e1d of the reservorr is

22 23 Tham on-an annual pI'O_]eCt dependabrlrty of 75% with a annual ﬁrm yreld of

- 10:0 Tham. L

.- Irrigation scheduling of the crop results around 5;2_% les's,'Water requirement over the .

water requirement-—df 16.37 Tham, calculated previously.‘Allso", periodical gate

: eneration for the whdle year for each distributary is tentatively nrdposed.‘ 3
f .Less water:reduirement‘periods,' i-.e.-?.during_ mo.nth. of Qctober, November‘_and,Marcn '
} can be auorded for 1rr1 gatien- to faciii_tate the eanal.:‘maintenance..; ‘

. | An overall-result shdws tbe suecessfut apptieation of the DSS will .have‘the.'”f‘o‘]lowing

advantages such as:

i h has more user friendly_visuai"i'nterface to'handle the different 'm'ddulesl -

L Itis more ﬂexible as the user will enter or select the almost all information as o

" per the present condltlon

iii.v Reservorr study can be updated using the. current data e

_.FUTURE SCOPE OF WORK S
. ',There is a strong need to use a- relatlonaI» database management system hke MS i
) "Access for better management retrreval and updatmg of the data |

Reservorr status and the 1rr1gat10n release requrrement relatlonshlp are not

. es_tabllshed.' .

,'- :15>'0 i



. c ‘The periédical cé;-jal discha_rée_ and canal .opening- h‘eight‘.at)'e caléulated_és per tl'le: ,
staﬁdard projecf practice with some qu-iﬁed principles but the obtimiéafion model
~ can be used for minimizing the n%ain canal and distributaries rqnning time.
~d. Detail Caléglatiqn of Wat.er require_'merit at the minor céﬁal-level to bptirﬁize the géte .
’ op_erétion of the;distr‘ibutaries. .Rgse;'voir_opération w1th mﬂow tov' the reservoir and
6utﬂ0\?. for the iﬁigation demaﬁd of the project corﬁmgnd ar'eé'i' can be .s‘imulate'd on

~ real time basis. | | .
e.. GIS app_licétion tb thé-DSS ca;x improve the feél tifpe. study of the total croppipg area, |
' tyi)_es of crop and fnéiétﬁfe ﬁondition- of the,soilL, whlch caﬁ _be'util_ized for irrigation

management.
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- Ten Daily ETo for the total year (
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34
31

41
48
47

47.
52.
55.
49.
.198
46.:
.824
.077
36.
31,
30.
.337
30.
.31,

27,
32.
31.
32.
31.
- 36.
29.
- 27.
© 23,
24.
22.
24.

56

40
31

28

176
071
742
217

671

645
179
918

328
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306
998

137
327
337
355

980

810
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434
229

096

762
031
972

723

3.7
7.3
11.
19.
26.
42.
49,
49.
46

34.

17.
2.9

~ W oYy > 0 U1

[s]

from Jan-0 to 10) in mm-

Raingauge Station
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APPENDIX-F .

-Period Net'crop Water

in mm

Gross Irrigation

in mm. .

9
9
9
6
1
77.3
76.6
70.5
73.8
76.1
75.4
84.5
74.6

Farly Paddy

~Annual irrigation water requirement for the crop=

Crop Name Annual CWR
in ham

Farly Paddy 2850.5
Mid Paddy .3806.49
~Late Paddy 2869.905
Raggi 0

. Groundnut 31.8
Maize 0
Sugarcane 186.516
" Dalua Paddy 3390.75
Pulses. 364.77"
Groundnut-R 1032.175
Vegetable-Up 567.7
Vegetable-Low 841.12

" Potato 154.36

- Mustard 272.51

16368.6 Ham

Annual CWR of the project =
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APPENDIX—H .

‘Gate Operation-Details of Left Distributary S Zone- A -

Period Zone Discharge Canal Discharge Opening Time - Opening Height

in cumec in cumec in hr inm

Jan-0-10 0 0 0 0
Jan-11-20 0 0 0 0
Jan-21l-end 0 0 0 0
Feb-0-10 0 0 0 0
Feb-11-20 - ) 0 0. 0
Feb-21-end 0 0 0 0
‘Mar-0-10 -0 0 0 0

. Mar-11-20 0 0 0 0
Mar-21-end 0 0 0 0
Apr-0-10 0 0 0. 0
Apr-11-20 0 0 0 0
‘Apr-21-end 0 0 0 0
May-0-10 0 .0 0 -0
May-11-20 0. 0 _ .0 : 0
May-21-end - 0.97911 0.97911 - ~120.78 . 0.49
Jun-0-10 2..88742 - 2.88742 120.78 .1.01-
Jun-11-20 -1.77652 . 1.77652 ©120.78 0.73
Jun-21-end 3.05 - 3.05 125.32 1.05
Jul-0-10 3.05 3.05 256.22 1.05
Jul-11-20 3.05 _ 3.05 . .. 159.63° 1.05
Jul-21-end 2.28367 2.28367 120.78 0.87
'_Aug—.o—lo 1.76065 1.76065 120.78 0.73

. Aug-11-20 - 2.23606 2.23606 .120.78 0.85-
Aug-21l-end 2.50815 2.50815 ) 120.78 - 0.92
Sep-0-10 . 1.7139%6 - 1.71396 . 120.78 0.71
Sep-11-20 2.00652 2.00652 120.78 0.79 .
Sep-21-end 2.40028 2.40028 120.78 0.89
Oct-0-10 ©1.74202 11.74202 - 120.78 0.72
Oct-11-20 1.94419 1.94419 120.78 0.78
Oct-21-end 0.74589 0.74589 120.78 0.41

. Nov-0-10 0.70518 0.70518 120.78 0.4
Nov-11-20 o - - 0 0 0
Nov-21-end- -0 0 o - 0
Dec-0-10 0 0 0 0
Dec-11-20. - 0 0 0. . 0
Dec-21-end - 0 0 0 0

169 (i)



Period ~ Zone Discharge. Canal Diécharge, Opening Time Opening Height

in ‘cumec in- cumec¢ in hr inm

© Jan-0-10 0 0 . 0- -0
Jan-11-20 0 0 0 0
Jan-21-end -0 [ON 0 0 -.

" Feb-0-10 - 0 0 0 -0
Feb-11-20 0 0 0 o -
Feb-21-end 0 0 "0 0 -
Mar-0-10 0 0 0 0
Mar-11-20 - -0 0 0 0
Mar-2l-end 0 0 0 0.
Apr-0-10 0 0 0 0
Apr-11-20. 0 - 0 0 -0
Apr-21-end 0 0 0 0 -
May-0-10 "0 .0 0 0
May-11-20 - 0 0 : 0 )

. May-2l-end 0.77579 0.3380228 120.78 0.32 .
Jun-0-10 . 2.28758 0.9967313 120.78 - " 0.66
Jun-11-20 1.40783 - 0.6134117  -120.78 0.47
Jun-21-end 2.50746 ~1.092536 . 120.78 0.7
Jul-0-10 2,52 1.098 - = 245.72 0.7
Jul-11-20 2.52 1.098 ’ 153.09 0.7

~Jul-21-end 1.80941 0.7883858 . .1:20.78 - 0.56
Aug-0-10 1.39472 0.6076995 120.78 - 0.47
Aug-11-20 1.77169 ©0.7719507 120.78 © 0.55
Aug-21-end 1.9872 © 0.8658515- 120.78 0.6°
Sep-0-10 1.35815 0.53817654- -120.78 0.46
Sep-11-20 1.58999 0.6927813 " 120.78 0.51

- Sep-21-end - 1.90164 - 0.8285718 120.78 0.58°
Oct-0-10 1.38046 - 0.6014862 120.78 . 0.47
Oct-11-20 . 1.54054 .-0.6712354. ~.120.78 0.5

" Oct-21-end 0.59087 0.2574505 120.78 0.27

- Nov-0-10 ~0.5589 - '0.2435207 120.78 0.26
Nov-11-20 0 T 0 0 O
Nov-21l-end 0 0 .0 0
Dec-0-10 0 0 0 0
Dec-11-20 0 0 0 0
Dec-21-end 0 0 0 0
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' APPENDIX-I
. *..CREATED INPUT.FILE -
740 . -MMOC (OVER YEAR CONSTRAINT)
. 12 - -MMWC (WITHIN YEAR CONSTRAINT)
' ..76446,10.025 (EVo, LIVE STORAGE)
- 27.37 -INFLOWS s
:35.227
©44.108 -
. 32.869
. 36.954
27.26
29.578
17.126
©30.762
32.474°
31.031
- 33.172
e 29,442
.. 29.789
. 31.501"
S L22.42
' "20.555
-18.589
8.432
29.291
- 18.956
126.197
22.48
17.093
16.091
o7 27.179
|- 23.761
© 14.164
25.146
26.224°
35.55
24.45
12.659
22.731 -
16.51 -
21.576 .
23.299 .
23.072
22.351
24.827 . o :
21.576,.9  -TARGET FLOW (DEPENDABILITY

6

§—  .0149 ~  -BETA (FLOW RATIO)
T 20144
.0332
.0446 .
.0512
.0754
.1642
..2335
L1124 -
tL..2333:
= ~0lle

[\.\ \_‘l. -"

170



'.0609 -GAMMA (EVAPORATION COEFFICIENT)
0796 o : , B
.1004
o .1219
L1792
.0932
.076
. 0631
.0624
..0595
.0523.
.0516" .
71.395 o S
~10.72 -AKT(IRRIGATION TARGET RATIO)
" 9.01 o :
.25

e e e ————————— e —————————

Period Total Reservoir yield-
* january 1.5
February . 1.26
March 1.29
April. 0.76
May . - . 0.22
june ' . 1.21
july : ’ 2.62
.- August 1.4
" September 1.52
‘October 1.02
. November 0.25.
December 0.92
-Annual Sondary Yield= 1.4 ~ Tham | .
Annual Firm Yield= .~ 12.58 Tham-

Annual Total Yield= ] 13.97 Tham -

2171



	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	References
	Appendix

