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SYNOPSIS; 

The aim of the combined Reservoir operation to 

allocate available water resource to different project in Orissa 

namely, itamahal Irrigation Project, Kansbahal Irrigation Pro-

ject, I"Iandira Dam Project, Barsuat Irrigation Project and Lodani 

Ira°igacion Project in upper Brahmani Basin keeping inview the 

upper and lower riparian rights of Bihar state and Rengali multi-

purpose pLoject and to evolve optimal cropping pattern for Lodani 

Project. In the present study, the operation is eaaried out by 

using, simulation technique to find out allocation of water to 

differ,-_-nt reservoirs in upper Brahamani Basin in conjunction with 

linear pro~ra_ ruing model, which determines the dif .erent optimal 

cropping; pati- ern 

or achieving above objectives Reservoir operation model 

was used in conjunction with linear prod ram:ping model. he reser-

voir opera'Gion was run in six steps with dif .erent crop water 

requiremen± s i.e0 as per state government suggested cropping 

pattern and cropping pattern evolved from the linear programming 

model. 

i_'rom the above study the cropi ing pattern evolved by 

step..IT-i.e. with Iihariff crops areas, vegetables 726.7 hectares, 

:Medium paddy 155918.3 hectares and with Rabi crops areas, Pulses 

4'•7o hec-ca~es, vegetables 2423 hectares appears to the best among 

six alternatives. 
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CI.PTER I 

INTRODUOTI ON 

1.1G LNERlL: 

Comprehensive river basis planning is commonly known as 

watershed management. The modern concepts of considering water-

shed as a unit of development has been recognised by the scientist, 

engineers, ecologist, social scientist, and politican. The main 

objectives of the watershed planning are as follows. 

1. To assess the quantity of water available and judicious 

distribution of water resources for various purposes such 

as irrigation, power,industrial water supply, urban (do-

mostie)water supply' , 

2. To increase the water yield during the lean period. 

3. To provide dependable watersupply downdown stream, 

'r• 
	To improve forest,ronge land and small cultivation on 

the upstream side of watershed where slope is not per-- 

riissible for cultivation. 

5. To maintain the water quality 

6. To reduce the flood and erosion hazard. 

7. To ehhanco the recreational facilitie, pisciculture and 

preservation of wild life which in turn will provide 

return to large number of people of the watershed, 



z 
8. 	To maintain the ecological balance inside the watorhsed 

and to control/prevent the pollution inside the waterhhed 

due to C_evelopment activities. 

The watorr resources development planning of any river 

basin system consists of the above mentioned four objectives i.e. 

points 1,2,3 and 6. 

In this study the water resources planning of upper Brah-

mani basin has been conisored and the other points of watershed 

management have not boca discussed 	due to each data 

The use of systems analysis has generally now been acce-

pted to provide an efficient way of answering various gquestions. 

The approach and appropirate technique will vary from problem to 

problem$  and stage of decision making is likely to vary over a 

vast range. The system analysis is such a tool which can be app-

lied suitably depending on the nature of problem, such as, there 

may be the case where the system has already been developed and 

i ue is primarily of management of the system. On the other 

hand there may be the case where no developments have taken place 

and the first  stage of decision in . the norpohology of develop- 

mental planning has to be on screaning the 	system con- 

figuration. There may be mixed stage of development. 

The upper Brahmani Basin consists of reserve forest, area 

of Orissa and Bihar,mining area of Orissa and Bihar and cultivable 

land below Mandira Dam site in Orissa state plus .major industrial 

belt of Orissa consisting of Rourkella steel plant, Rourkella 

fertiliser plant and its ancillary industries such as KansbahaL 

Kalunga, 2,irmitrapur and Rajgangpur cement factory. 
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1, 2 	DII'ERBNT fLLT.RNAT IVE SYSTEM ,1~PPRpy;CHES AND REVIEW OF 

EI,,ICIER WORT S: 

Several studies have been carried out for the operation 

of reservoir(s) system and optimisation of net returns. Linear 

programming, Non-linear programming, Dynamic prograr :ling, Simu-

lation .pec lniques have been successfully applied. 

(a) Linear programming- If the objective function and 

all of the constraint equations can be expressed in linear, alge- 

brie form (equalities and inequalities) with known co-efficients, 

constant coefficients then the problem is of linear programming 

type, the linear programming model for water resources system 

planning have been successfully applied Maass et al,,( (14) 

(b) Non linear programming- Non linear programming proble 

differ from the linear programming problem in that the objective 

function and/or, one or more constraints equations involve non-

linear terms. General solution procedufes for this category of 

problems do not exists, howerver special purpose solution tech-

niques are available that are applicable to limited subsets of 

the general problem. These include procedures such as quadratic 

programing, geometric programming and a variety of controlled 

search techniques, 1i description of many of the available special 

purpose solution algorithms can be found in the work Himmelblau 
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(c) Dynamic programming-- This is a solution procedure that 

can be used in linear or nonlinear problems in which the decision 

variabDe possess an appropiate sequential character. Situation of 
thistlgpo arises when the problem can be represented as a se-

quence of stages where one or more decisions is required at each 

stage and where the decision at one stage directly affects only 
the next ajaicunt stage. There is no standard dynamic programm- 

ing algorithm as in linear programming, the algorithm must be 

tailored to the individual problem. Where the sequential natufe 

of the system can be established and where the number of state 

and decision variables is not too large, the computational 

procedure the simple and practical. Dynamic programming was 

first develped bg Bell:an .. 18 . For reservoir operation dy-

na:nic programming models have been used by Buras and Hall and 

Dracup. 

(d) Simulation Technique: In general terms simultation is a 

process which ' ' duplicates the essence of a system or activity 

without actually attaining reality itselt '' . Planners turn to 

simulation because it is ofternthe only method for dealing eff-

ectively with large and complex problms that defy analytical 

solution or that cannot be reproduced by experiment on actual 

systeels. 

~any planners adopt simulation procedure for reservoir 

planning for its freedom to work and also of its groat flexibil-

ity in design, construction and manipulation into a digital 

simulation model. In a well designed simulation programme the 



designer can considered non-linearity of system response, un,i-

cjue characteristics of economic decisions and stochastic nature 

of hydrological input. There have been several notable successes i 

in applying simulation models in reservoir planning and its oper-

ation. 'Though the simulation is not directly an optimising tech- 

nicluo . In the well known Harar d water programme me (i ). Si:.lulation 

tochnicucs wore applied to economic analysis of water resources 

system design. Four multi-purpose reservoir in Narreada River, 

system wore simulated using random samplings (t5). 

1.3 	THE STUDY: 

In the present context as the upper Brah__lani Basin syst,_. 

is in the ::mixed stage of development that is three up strea^, 

reservoirs in Orissa state are either in thy= existing stage/or 

under execution stages.. 'The simulation technique has been 

aPplied for combined opero;tions of four reservoirs up stream of 

Lodani proposed rservoir. The system is in the -,iix,, d stage 

of development and the reservoir capacity of the Lodani reservoir 

has been fixed to avoid sub 1erganee of sub-urban area of Rour- 

kolla steel plant. For the opti.iisation of the cropping pattern 

at Lodani reservoir the linear prograae 'Mg model has been used. 

:Different monthly water requirements are calculated by linear 

proVra. ling model by imposing different constraints on crop areas. 

The diflorent water requirremont as calculated, from the linear 

programming model have been used in the reservoir operation :ode 

for predicting the behaviour of Lodani reservoir. 

5 
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1.4 	Organisation of the Study 

The study is presented in following sequences:- 

Cha ter 2, t ' The Basin system and Pi:oblem" gives brief descri-

:,cion about the system i.e. ' ' Upper Brahmani Basin 
System' ' and different input data excepting infldw data 

to operational model in tabular form and the problem 

being inve st i at ed , 

Chapter, t I xtension of 1un off data. t ' Here the detail meth-- 
cds of generation of stream flow data for different res-

ererir has been explained and statistical parameter of 

observed and generated data have been compared and given 

in tabular form. 

Chapter 4. t The theory of reservoir operation'' Here the esta-

bli_sh:,ient of the operating procedure.. The operating pro-- 

cedure and theory based on which tie operating polices 

are formulated has been discussed. 

Clea 

 

ter. '' The linear pprogramling model'' The details for 

formulation of objective function, selection of decision 

variabls and calculation of different constraints has 

been discussed, 

Chapter 6. t ► Jomputation' ' Reservoir capacity, monthly irriga-
tion requarement, 40 years generated monthly inflows, 

mon~hly evaporation losses for six reservoirs are speci-

fied. 



Computation of oper--. ion are being carried out by DEC 2050 

co=iiputer of the Roorkee University, Regional computer Centre, 

Computer programme were developed for the study of the computions 

of monthly o)erational rule for five nos reservoirs combinely. 

7 

Chapter 7, deals with the analysis of result and conclusion etc. 



OHAP'T ,R 2 

THE BASIN  SYST 113 AND P1HOBLEM 

2.1  

It drains (6) a total area of 2144-5.2 sq.Km (8280 sq. 

miles) at Lodani site, see 1`ig.2,1. It consists of two main tri-

butories i.e. SemlLh. and Keel. Sankh river is an arm of the 

Brahmani river. It rises in the Hills of Chotangpur in Palamau 

District of Bihar. After flowing 160 miles it joins Koel near 

Panposh and then it is known as Brahmani. The most of the catch-

ment al°cas of both the above mentioned tributaries are hilly 

and thickly covered with jungle. There is some marginal culti-

vation in the above mentioned two sub-catchments, But the area 

beyond the .,onfluence of the two rivers Sankh and Keel upto the 

Lodani dam site is relatively flat and good for cultivation. 

Presently there are five projects in the Orissa and two major 

projects in Bihar vortion of the watershed, in the following 

stages, Table 2.1. 

the two main tributaries Sankh and Keel are perenial 

and all other small tributaries mentioned in Table 2.1 are 

intermittent in nature, 

•Cl 
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2.2 	L.P.1C~ILR P1L01?OSALS 

The master plan for river Brahmani was prepared by 

Dr.A.N..Jaosla in the year 1963 for integrated development of 

river basins of Orissa. In its plan it has been envisaged for 

construction of a dam near Barkot for utilisation of 8843 sq. 

-miles of catchment. ;ihich will give mean regulated discharge 

of (13,400 cusecs) 381.22 cumecs of which (3775 cusecs) 107.40 

cumecs will be used for providing irrigation for 4,28 laksh 

hectare and balance will be diverted to ikarpara reservoir of 

Zahandi basin. But this proposal was dropped due to construction 

of i, engali:1lultipuspose project and uncertainity in construction 
of Takarpara darn. 

Mean while another proposal came up for construction of 

a Dam at lodani on river Brahmani, Keeping in view the supply•-

ing water to the proposed 13onaigarh steel plant, in addition 

to supplying irrit ion water in Bonaigarh sub—division plus 

power generation. The . h.L, of the Dam was fixed at (623.20ft. ) 

190.00 meter, i~ut from the reservoir survey it is sound that 
the Panposii sub—divisional head quarter and sub—urban area of 

of Rourkclla steel plant will be submerged at full reservoir 

level 190.00 meter.ience the proposal was dropped. 

2.3'i~U1,IT~  

he upper prha rani basin lies in the Sundargarh District 

of Orissa, which is mainly inhabited by tribels. Out of total 

area sown in they district only 7.17 percentage is irrigated 



area. Where as the irrigated area in Orissa is 19.78 poreentage 

out of net area sown ( as per 1979-80 statistics) . The Sundar-

garh Districts is one of the main source of minerals and an 

industraial district of Orissa. Due to the non-availability of 

irrigation the crop production is very less. More over no major 

irrigation DI'Ojects exists in the districts. Bonigarh sub-divi-

sion of Sunclargarh District is a relatively plain area and 

there is no irrigation source for this area other than the Brah-- 

._Zane river, 

In the present proposal a low hieght dam (F,R.L.172.5 

motor) has been proDosed on main river Br^hmani and following 

alternate proposals have boon studied through combined operation-

al computer model of all reservoirs in Orissa, keeping inview 

the upper riparian rights of Bihar state and lower riparian 

rights of Rcngali multipurpose project in Orissa state. 

The objective is to provide Kharif and Rabi irrigation 

in Lodani ayacut and to generate power from regulated discharge 

of Koel-Karo project. The requirement of Lodani irrigation 

project has been taken from the feasibility report of state 

govrnmcnt and from the linear programming model for different 

alternative trials. 

The above integrated planning of upper Brahmani Basin 

has been done keeping inview of the Rs.50,000 crores scheme 

formulated by the Ministry of irrigation, Govurnrilcnt of India 

for transfer of surplus river water for deficit regions through 

inter connected link in the country, So that in future when the 

10 



above scheme is implemented,upper Brahmani Basin projects may 

be ready to recievo additional allocation of water for increa-

sing intensity of irrigation during IC.Zarif and Rabi seasons, 

2.4 	BACKGROUIJD Oi P1thSEN'T PLjU'Ti\ING 

Duo to construction of Rengali multipurpose project 

and Samal barrage accross river Brahmani down stream and const-

ruction of four nos of medium and water supply projects in 

Orissa portion of upper Brahmani basin and construction pf two 
hydroelectric projects in Bihar portion compelled integrated 

planning of the watershed to increase crop output and power 

gei ration to match with industrial and agricultural growth 

needed for the country. 

2.5 	INPUT PAPL :T:QRS 

2.5.'1 	 S Ul DIl'YD-,RhN' ~P tpJLCTS 

i'ho gross storage capacity and Bead storage capacity 

of six nos of reservoirs in upper Brahmani Basin have been 

given in Table 2.2. 

2.5.2 C LOPPING PiJ UT :1ND W2^  R RE UI REM NTS: 

the selection of cropping pattern and water require-

n~ nts for different reservoirs are discus sed below: 

1: 	I RRIG:UION PROJECT 

Lhis project (1) is under execution now, and the 

cropping pattern for this irrigation project has been supplied 

11 



by state agriculture department after detailed soil survey. The 

proposed cropping pa -corn is given below in Table 2.3 
'.'rater requirement of different crops have been calculated 

based on the climatological data of Jharsugada station and mon-

thly water requirem-:nt calculated are given in Table 2.4 

iJ . LIRli Dial 

This is an existing industrial water supply project (2) 

to Rourkella steel plant. It t s present water requirement is 

300 cusecs ( 8.4949738 cumec) and future requirement after ex-

pansion of steel plant upto 3.5 million ton capacity is 600 

cusecs ( 16.989948 cumec). 

PI'TLNiH: L II IG ?JI ON PX (J CT 

This is an existing project (3), The cropping pattern 

adopted in this report is actual cropping pattern being followed 

now and is given in Table 2.3. The water requirements are given 

in Tablo 2.4. 

I.u1DRII\T.~LIu.,. IRIJG.'.TION PJCOJLCT 

s this is a proposed project (4) and' is in the early 

stage of investigation. The cropping pattern and monthly water 

requirement for this project have been taken from the feasibi-

lity report of Chandrinalla irrigation project. The proposed 

cropping pattern is given in the Table 2.3 and the water 

requirements in Table 2.4. 

1;RU Biu It'-1G.,,2I0N PRQLC_' 

Thais project is under execution now. The cropping 

pattern for this ir:._,igation project has been supplied by State 

12 



~.griculture Department (5) after detailed soil survey. The 

proposed cropping -pattern is given in Table 2.3. Water require-

ment of different crops have been calculated based on the clima-

tological data of Jharsugada station and monthly water require-

ment calculated are given in Table 2.4. 

LODL I •IUIIJ IPUR DOSE PROJECT 

• !'his project is under investigation (6). The primary 

purpose of this project is to generate power from the available 

tail race discharge (average 72.75 cumec) from the ;noel-Karo 

hydro-electricity project of Bihar and to irrigate Bonaigarh 

sub--division of Sundargarh district of Orissa which is a chro-

nically draught affected area. 

Lha: crop pay -tern and water requirements given in the 

feasibility report have been taken into consideration along with 

different optimal cropping pattern evolved by the linear 

programming model in Table 2.3 and the water requirements in 

Table 2.4. 

2.5.3 	 10ITF LOSS-1h5 

The reservoir evaporation losses of reservoir is given 

in Table 2.5. 

2. ~. 	SCOPE 0i` PPwS]JNT STUDY: 

Objective of the present problem is to study the 

available water resources of the upper Brahmani basin and 

its allocation to different reservoirs so that maximum irrigation 

13 



potential can be achieved in the Lodani ayacut with power 

generation from the tailrace discharge of Koel-Karo hydro-elect-

ric project only. In the present planning care has been taken 

not to interfere with the upper riparian rights of Bihar state 

and the lower riparian rights of Rengali-Multipurpose and Irr-

igation projects down stream of Lodani dam site. 

The first step is to assess the water resources of the 

basin from the available stream flows at different sites. Sto--

chastical approach has been applied to obtain 40 years synthe-

tic secuences of stream flows at different sites. 

~i fc:rent permutation and computation of demands at 

Lodani sites has been tried in the combined operational model 

study the different alternates. The details of the above aspects 

has been dealt in Chapter 3. 

lis regards other objective of watershed planning has 

been disscussed in general in the conclusion part of the report 

clue to non-availability data of other different resources of 

watersheds. 

In the study, of f ort s have been made to assess the 

quantity of water available at different site of reservoirs 

and its allocation to different reservoirs so that balance 

water from free catchment of Orissa portion and contributed 

flows from up streams reservoirs can be utilised at Lodani 

site for irrigation and power genration while allocating water 

for different reservoir care have been taken to consider the 

14 



riperian rights of up streams and down streams areas, 

i'or calculation of irrigation water requirements of 

Lodani irrigation project linear programming model has been used 

to docic:e different 	cropping pattern by changing 

different constraints . 

15 
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CHAPI:;_'R 3 

'F,N SI ON O ' RUNOFF DATA 

3.1 

1`or deciding the suture operation policy and planning 

of different water xesouLces projects Li a watershed the stream 

flow data at different points of interst are very much essent-

ial. Generally the available historical stream flow data is 

not su. ficinet for operation study of the system. Therefore, 

certain generated data series for a common period is required. 

Many stocliastical method, such as 3ivirate, Multivariate and 

Thomas 1'ierin-; ::yodels are used for generation of synthetic 

sequence of stream flows. In this problem 'Thomas JI'iering and 

Modified 'Thomas Fiering models are used for generation of 

strea--~i ilov: sequences for Perinial and Intermittant streams 

respectively. In this case, Bivariate and Multivariate models 

could not be used due to the non-availability of historical 

stream .flow data for common period to be used for these 

models. 

3.2 	C c,1 1LI r: 
The total catchment intercepted by river Brahmani at 

Lodani site is (8280 sq.Miles) 21450 so.km. It is a interstate 

river,-che catchments limos in the state of Orissa, Bihar and 

H.P. There is only one existing major project in the. catchment 

that is Mondira Dam project. Hence the free catchment at Lodani 
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site at present is (5914 sq.mile) 15321.244 sq.km. 

The catchment aa of existing, under execution and 

proposed medium and major Irrigation an. Water supply of up 

stream projects are given in Table 3.1 

3 .3 	POLICE :1~1_r~F T-1L_'HOD 0'. GEM. t~.:LTION 011 SYIZ211IC S'TRU ~I FLOW 

The generation of stream flow data at different rL. ser-

voir sites and at Lodani site are discussed below. 

3.3.1 	GLi FILL I 01'1 O ' PLOWS IT CI; BY `r ION,S FILRING MODi i 
~'1PPROy~C_~ o 

The most appropiate practical model is proposed by 

Thomas and ILiering Model particularly with respect to ger rating 
soquental stare m -"lows. The Markovian concept is involved in the 

approach. 

The a.1-,- )oritb . for the Thomas and Fiering seasonal 

(monthly) model is as follows 

1+1 	j+
1 + Bj(@i-Q.)+Zi j+1(1- rj)1/2 . . . (3.4b) 

where 

Q 1 , Qi arc gei ated flows during the ith month 

reckoned from the start of the synthesized 

series. 

are observed mea flows during (j+1)th and 

jth months with in a repetative annual cycle 

of seasons. 

1 < j 4 12 

22 



B is the least square regression coefficient for 

estimating (j+1)th flow from the jth flow given 

	

by 3. = 	r. 51+1 

Z. is the normal random variate with zero mean and 
r 
unit variance. 

5j+1,3
j 
are standard deviations of flow during the 

(j1)th and jth months, 

It shows that 36 parameters such as monthly .means. 
Standard deviation, and lag one serial co-relations are required 

to be used in the model to generate monthly flow at a site. 

These are o`btaincd from analysis of monthly istorical flows. 

The model is run .in the following way- 

let value i,e, (for January is calculated as follows) 

 1/2 
Q 1 	QJ1=TT 

 
+ Z I SJ1J~T (1 	rJs.N/DLC ) 

and successively Q2, Q3, Q4 ...... are computed where 

Zg is the only unknown and in each step it is calcu-

lated as a pseudo-random normal variate. 

1/2 

Q2 	 FB  B +BFB/JLN(Q1 -JAN) + Z2 SfeB(1_ r2
) 

1/2 
/ 

3 ZIR 11/F LB 2 	~.B 	Z3 MAR 	M,1xR/FEB 

• 1/2 
c~12r c~..... -~ B :1:; 	 + 	2 DC/J~~i~ (Q r11 ~~T~TOV) Z 12S D 	1-r LC ( 	DFC/J1,N) 
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The above model is restricted to normally distributed 

flows. More the number of years historical flow data more rea-

listic will bo' genrated sequental stl'cam flows data. The values 

of means and standard deviations of observed and generated series 

should not differ appreaciably 

3.3.2 	G. 	0[1 OT' FLOti1 S C UDi\TC ; OF T11'r Lj1:d,1IT _LL1PS ST LZI BY 

1IODfl'.I ~D T I0M.' S FIJ:RIiTC. MODEL 'IPPRO.LCH: 

The most appropiate practical model in this case for 
generation of sequental stream flows is modified Thomas Fioring 

.:lodel, 

The algorithm for the modified Thomas a -iering model is 

as follows: 

In thi?case the flows are available only in the month 

of June,July,.Lugust, September and October. 

q j+1!; q j+1+ B . 1(q j ' 	S j+1-T(1—r.  . ) .. (3.4a) 

q. 1 .and qj are generated flows during (j+1)th and jth 
J 

month, 

j+1 and qj means for the month of (j+1)th and jth 

months of observed series. 

Dj+1 

	

	is the least squares regr,cssion co—efficient 

for estimating (j+1)th flow from jth flow 

and given by B 	= r 	x 	1 

In this case as there is no flow during month of 

Ilay. 'Therefore, B1 ( i.e. regression coefficient of June on May) 

is taken as zero. 

24 
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is the normal random variate with zero mean and 

unit variance. 

S 	and S. arc the standard deviations of flow during 
1 ~ th 

the (j+1) and jth month, 

r j r~ is the correlation coefficient between flows in 
th 

the jth and (j+1) ::Months. 

In this case as there is no flow during month of May. 

Therefore, r1( i.e. correlation coefficient between June and May) 

is taken as zero. 

It shows that 18 parameters such as monthly mean, stan-

dard deviations, regression coefficients and corelation coeffic-

ients are required to be used in this model to generate monthly 

flow at site. 

The model is run in the following way: 

s the value of B1 and r1 are zero. 

+ B2 (t' -- 	 ) 	+ Z2 s2 if (1-r2) 

'11IV-  
.L. a•J 

	 . er 	„1  w~ ~, 	 . 	
.w 

I 

5 == q.5 + B5(r,4 — ca4 ) + Z5 S5 -! (1—r 5) 

Subscripts 1,2,3,4 and 5 stands for the months from 

June to October. 

Then P. value that is the fraction of years there is 

monthly inflow available. or example suppose out of 10 years 

data there is monthly flow available for September only for 

9 years. then P4 = 0.9 then the P. values are compared with 
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the 	( i.e. Rectangularly distributed random numbers). If 

P. < p than t1ae. flow for that month will be taken as zero, 

	

3.3.3 	1 OT'- mlUd~ TDOM I11Ui•3: x;,S; 

In gonrating the sequence of a given stream flows it 

is generally considered that the flows are the out come of 

random process. The results of the process change with time in-

volving probability. the probability is that high flows tend to 

follow high flows similarly low flows tend, to follow Low flows. 

The sequenc; of past flows provides a clue to the probable fut-

ure flows. Hence any model for genration of str,=a 1 flows must 

include a random component  in addition to a deterministic com-

ponents, so as to reflect the sequence of future flows in the 

most possible way. 

	

3.3.4 	OP RLM',NGUL;RLY DIS'T IBUTED R,NDOM NUMB RS 

It is only possible to generate through computer the 

sequence of poeudo random numbers, carefully constructed to 

maintain the important properties of truely random numbers. 

The sequential algorithm for genrating Rectangularly 

(0.1) distributed random number 

4+
1 = < 1OPC ri > 	. . . (3.4 c.) 

where < 	> denotes fraction part of l a t ,rt. 	being 

the number at ( i-r 1)th instant and ri at the ith instant. 
tpt is the number of digits in the pseudo—random number, 



'CI is constant r.1ultiplior, such that 0 < C <1. The choice of 
C is as follows. 

C 	10—P (200;: +B) 10—p/2 	. . (3.4d) 

~hlore L. is non—negative integer and T3 is one of the 

numbers from the sequence 3,11,13,19,21,27,37,53,59, 61,67,69, 
t  

71, 83 or 91. The starting value r = r
t
o should be 1O—PR, 

Where R is any integer not divided by 2 or 5 and such that 0<R< 

'i0p. or example, supe se we choose p 	5, then 
10—p/2 	10-5/2 = 0.00316 

li possible choice for C is acquired by selecting 1i=2, 

B = 69 so that 

C = 10~5(400-69) 	10-5x 311 = 0.00316 
r Si rzilarly for selection of ro 

x R = 10^5 x 7 = 0.00007 

Thus further values of rt can be calculated sequentially 

using 	rt 	= < 105 x 10-5x 331 xri> 	. . 	.(3.4e) 
i+1 

.3.5 	i1„ R• `IO OF NOR -ViLLY DIS"1RIEUT ,D;RLNDON NUifl3ER „ 

It is simple to generate normally distributed random 
number from a sequer~c e of rectangular distributed random numbers 

(o,1). One method for transfering rectangularly distributed random 

numbers into normally distributed random number is based on the 
use of the rectangularly distributed values (4, x).. For 

such tronsforrae.tion the following relations are based. 

Zl 
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+ 	 1/2 	 + 

	

( -- 2 Log0X) 	Cos (2n Xt ) 	. . 

1/2 

	

Y = (- 2 Loge X t ) 	in (tit 4) 	. . (3.4g) 

Where Y1 and Y2 are normally distributed random numbers 

se quonces. 

By taking two sequences four sequences can be generated 
r 	t by reversing l and 

3.3.6 	DIi?iEBN2_SERIES GENEiION ON T,F,PLO1 L: 

For avoding generation of negative stream flows value, 

scivare root transformation or Log transformation series have 

been used. In the square-root transformed series all the obser- 

vod data are converted to square rcot and for the new series the 

statistical relations like mean, S.D. ,coefficinet of correlation 

established. Finally after generation of the series, the various 

values arc s cjuare d and thus avoiding negative flow in final value.  

In log transformed series all the observed data are convertd to 

Log values anft the statistical parameters arc established for 
The generation of series new series/is completed with these statistical parameters. 

Finally antilogs are taken of the generated figures to give the 

series with all positive figure. 

3.4 	DETLIL PR OC:UDl71E: 

3.4 .1PIT., ij, ~lH ~i, I RRIG~s'i I CT1 PROJECT: 

.~~s the stream is of inter!ittant in nature i.e., there 

is flow in the river in the months from June to October and the 

rest of the year flow is nill. Modified Thomas Fiering model is 



used for generation of data with the help of available histori-

cal stream flow records from 1975 to 1979 given in Tablo 3.2(a) . 
The genracion of data by modified Thomas Tiering model is dis-

cussed in suction 3.3.2. 

	

3.4,2 	IuLISBHHi: L III.PdGHiI ON PROJECT :  

This is also an intermittant stream Modified Thomas 

1'ioring model has been used for generation of stream flow data 

by using available flow data from year 1965-1Q, refer Table 

3.3 (a) , 

	

3.4.3 	B.f~.i' UjdT IR:~IG~::l'I011 PROJ i'CT: 

s this is also an intermittant stream modified Thomas 
]'iering model has been used for generation of stream flow data 

by using available stream flow data from 1961 to 1979, refer 

Table 3.4(a) . 
3 , ; .4CH, 1ZDRI NALL ~ IRRIG.,,.TI01 PROJECT:_ 

No stream flow data at Chandrinall project site is 

available. Hence inflow data of chandrinalla project has been 

calculated on catchment proportion basis using Pit: mahal Irri-

gation project generated data, as both the catchments are 

adjacent catchments. 

3 . 

	

A. 5 	Pli'% TD [ T41 D~iI'I Pf OJ ECT : 
This is a perinial stream, Therefore, for stream flow 

generation by Thomas l'iering Model, using square roots and Log 

series have been used. Stream flow data from 1965 to 19i- given 

29 



in Table 3.5(a), were used, The mean and the standard deviations 

of the observed and the generated series have been compared from 

which Log series results appears to be more near to the obser-

ved series. The genra_ data has been multiplied by 0.9707971 

to give generated flow at Nandira site due to free catchment 

excluding K=sbahal Irrigation project catchment)to be 

used in reservoir operation model. The method of generation of 

data by Thomas Tiering model has been discussed in section 3.3.1 

3 4-.6 	 OJ: CT: 

the present inflow data available at Lodani site is 

due to the contribution of free catchment of (5914 sq.mile) 

151321.2 sq.ka plus the regulated discharge from Mandira dam 

( i.e. relese for Rourkel'la steel plant + spill). Therefore, 

for generation of stream £3.OW for free catchment of 151321.2sq.km 

the outflow from Mandira dam has been deducted and the balance-

has been used for genration of stream flow at Lodani site by 

Thomas tiering Model, using natural, square root and Log series 

The moan and standard deviation of observed and generated data 

has boon co;,iyjared from which the data generate by square root 

series appears to be more realistic. The above generate data has 

been multiplied by 0.6248625 to give inflow at Lodani site due 

to free catchment excluding all u•. stream catchment of Orissa 

project and entire catchment of Bihar state to avoid up stream 

riparian rights, 

The compariskon of means and standard deviations of 

observed and generated series at different sitby different 

methods have been enclosed in table 3.2(b),3.3(b),3.4(b) and 
3.5(b). 
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T able 3.1 

Statement showing catchnurt :area of different 

fro_lccts and its —stages 

tt a. iTome of Project 	Catchment area 	Remarks 
To. 	 in sq. kn 

1. Pitamahal Irrigattion 	103.60 	:lixisting 
Projoct 

2. Lansbahal Ir..igation 	179.00 	Under ex-- 
Project 	 ecution 

3. Mandira Dam 	 6129.53 	Existing 
Project 

4. Barsuan Irrigation 	78.00 	Under ex- 
Proj3ct 	 ecution 

5. Chandrinall Irrigation 	153.00 	Proposed 
Project 

6. Kool—Kara Project 	5413.00 	Under ex— 
(Bihar State) 	 cution 
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Table 3.2L 1  

af1LLM FLOW DLT1i 	PIT:,M.HzL SITE IN 

1LQCT. METERS 

~ •=i~ 	J UI 	JULY 	,LUG 	$EPB 	OCT 

1975 0.0 610.00 1579.17 932.32 147,13 

1976 0.0 466.65 1343.83 1137.04 53.68 

1977 246.63 1060.91 1461.56 855.22  149.816 

1978 130.54 427.00 1705.56 669.78 145.18 

1979 116.88 241.56 603.90 121.02 0.0 

Tabl_ 3 ..2 ibl 

PI'J'i~'1l~Ii1.L I1~_.IG 	ION P1tOJ QCT 
TIELN1 .f ND ST.L 1\M,,RD DIVIITIOI OF ORIGINIL SERIES 

JUNE 	JULY 	l,t3G 	SL PT 	OCT 

1iLi 	1 164.7 	561.224 1338.80 743.076 123.95 

S'-~;il ►~- 
 

	

71.32 	308.71 432.28 385.98 46.88 

'v Ii.T I ON 

32 
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Table 3.2 (b) contd,,, 

Mi.N .ND STLNDIRD DVLTION 

01" 

MONTH 	JUNE 	JULY 	AUG 	SEPT 	OCT 

iiEiN 159.86 561,24 1345.07 783.02 121.85 

• 88.73 	312.82 	478.69 	398.41 	51.61 
DLRD 
DEVE.L.-
TION 

PRCENTJGE OP ERL0RS 

MONTH JUKE JULY UJG &JPll OCT 

2.9 (—)0.003 (—)0.468 (—)5.37 1.69 

(—)24,41 (..-)1,331 (—)10.736 (—)3.22 (—)10.26 
LRD 
DVIT - 
ION 
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T ble 3 , a 

STREAM FLOW :D:l'I''~ 1~T T~11NS.B:?.Hii.L SITE IN HECTARL; TETER$ 

YELL 	J UU 	I TUZY 	AUG 	SEPT 	OCT 

1965 191.18 818.81 295.02 1040.05 138.05 

1966 1243.46 3111.09 4095.58 518.09 1191.94 

1967 686.84 2273,44 3432.20 2612.48 0.0 

1968 688.60 1436.40 3272.24 392.65 554.65 

1969 266.35 1315.07 1578.65 1190.94 135.48 

1970 1359.85 2938.99 3206,54 1807.76 655.50 

1971 934.25 3080.14 4935.45 1307.98 530,85 

1972 417.46 1664.41 3848.47 1142.74 593.50 

1973 0.0 0.0 4875.25 3401.12 1349.79 

1974 0.0 521.19 5031.19 786.60 359.48 

1975 0.0 247.50 4110.48 1595.32 227.15' 

1976 0.0 225.60 3589.53 3651.22 4.92 

1977 649.69 2728.95 3854.81 1671.88 409,05 

1978 64.01 787.59 2250.67 96.74 606.76 

1979 19.87 93.66 600.04 27.48 76.90 

1980 1112.95 1954.96 609.30 606.97 51.68 
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T abl c 3 ,,3 I 

~aT y:~i~Ta~,3T.'.ivDilhD DL~rI~-'1'ION 0 ' .~RIGIi~t1~Z-SE1~I: 

IIOUT.II 	JUNE 	JULY 	L.UG 	SEPT 	OCT 

MEAN  636.25 1546.52  3099.08 1365.62 459.04 

7TLiID2 RD 	457.62 1089.29 	1573.53 1077.95 397.80 
DLVIL1 I ON 

P7E1iN 1ND SEC L . D._.RD DEVIT I ON OF G:uNE1 XTLD SERIES 

1'1ONTH 	JUN,' 	JULY 	AUG 	SEPT 	OCT 

UELN 	765, 19 	1518.79 	3167.63 	1661.61 545.68 

SILL DARD 	468.33 	842.67 	1702.61 	969,10 311.06 
iL V I AT I ON 

PERCEN'L' ,GI 01` ERRORS 

T,'i ON TN 	J UlTE 	J ITLY 	LUG 	SEPT 	OC T 

I1EAN 	(-) 20.26 	1.793 	(-) 2.21 	(-)21,67 (-)18.87 

ST. J DABD (-) 2.34 	22.640 	(-)8.20 	10.09 	21.80 
DEVI1 TION 
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Table 3.~ aa) 

ST P0~ I FLOW LT B11RSUi;.N SI' T3 IN P,'IET 7R S 

19.61 _to 179 

YR JUNE JULY A.UG SLPT OCT 

1961 622.60 1489.43 1263.82 2030.84 959.785 

1962 177.76- 723.987 992.073 767.64 250.916 

1963 160.607 712.703 2112.385 698.361 522.849 

1964 536.106 1529.208 1739.523 991.645 95.204 

1965 90.598 412.020 261.732 545.675 122.572 

1966 833.028 1842.158 1203.492 292.433 430.419 

1967 178.529 829.717 1352.295 1319.745 23.494 

1968 314.627 714.061 1987.140 194.536 389.311 

1969 260.817 1138.782 2074.446 802.169 31.169 

1970 384.992 1265.129 1345.269 1568.517 235.146 

1971 602.912 1642.032 3859.179 1048.638 472.767 

1972 72.692 550,307 1830.920 215.435 148,327 

1973 0.00 409.858 2236.796 1568.517 736.133 

1974 0.00 451.189 2434.135 396.045 375.576 

1975 47.236 343.037 1408.250 527.346 206.359 

1976 0.00 259.555 660.319 850.060 16,326 

1977 179.855 831.916 1869.548 654.488 105.442 

1978 167.438 644.072 1058.917 582.643 128.731 

1979 0.00 0.00 120.644 319.211 0.00 
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T34j 

131IRSU.'  

MONTH J UNE JULY LUG SEPI1  OCT 

308.659 877.178 1568.994 809.155 291.691 

SD4RD 236.652 488.744 	847.47 7 507.985 	259.262 
DJWITI0N 

NEI1TD LiTD 3T.NDLRD DEVILT ION OF G'NERTED SERIES  

MONTH J UNL JULY AUG SEPT OCT 

381.596 864.095 163.004 664.742 358,696 

SWL1TDL.RD 236.334 432.411 	889,882 485.256 	192.701 
D-OVI.L2 I ON 

PERCENfGE OF ERROE 

MONTH JUi\IE JUIIY LJG SEPT OCT 

Md (-)23.488 1.491 (-)4,717 (-)6,869 (-)22,969 

SDiJD 	0.134 11.526 	(-)5.003 	4.474 	25.673 
DIX I LTl I ON 
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CHAPTE R 

THEORY OF RFSERVOIR OPERLIION 

4.1 	ES1.r113LISFITT&N1 0I' i H OPERATING PROCEDURE 

The operating procedure for upper Brahmani Basin is 

established based upon the following system characteristics 

(a) hydrologic properties of the basin shows the storage reser-

voir g.:nerally filled during June to October and 'starts depelating 
from 'November to the following May. (b) Regulation in the reser-

voir inflows depends upon the up stream reservoir contribution(s). 
In the case of INTandira dam, it is effected by Kansbahal Irriga--
tion Project and Lodani Multipurpose projectyhap eontx1bi tions 

from Mandira D~ m project, Pitamahal Irrigation project, chandri-

nalla Irrigation project, Barsuan Irrigation Project. 

With the above mentioned characteristics, the operating 

procedu'r e is based on the following reasonings, 
As for as practicable, the requirements of all the up 

stream projects above Lodani reservoir are met individually if 

water is available. 

0ut of the two main purposes of the Lodani Project i.e. 

power and irrigation, priority is given to power. That is the 

average regulated discharge coming from Bihar portion (i.e. 

Noel Karo Hydroelectric projects) has been fully used for power 
generation with a constant head of 30.48 M, The contribution 

of Bihar up stream projects has not been considered for assessing 
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yield at Lodani site. Therefore release from for power from 

Lodani reservoir has not been incorporated in the operation of 

the reservoir. 

4.2 	OP fAT I ON PROCEDURE: 

1. The operation starts from the month of November i.e. 

the 1st year of study. The initial reservoir is consi-

dered upto the full capacity at the starting. 

2. The release from the reservoir at any time is made 

from the total water available, i.e. the sum of initial 

reservoir content in the period plus the inflow during 

the period plus contribution from the up stream reser-

voirs if any (which consists regeneration from irriga-

tion release(s), release for industrial requirement 

plus the unutilised spill),, Minus the evaporation from 

the reservoir. 

3. The continuity equation given below holds good in 

each period. 

A. for reservoirs (kansbahal, Pitamahal, Chardrinalla, 

and Barsuan). 

3i,t+1 w  3i,t t  fi,t — ai,t 

Where 

Si, t lik,, reservoir content in the begining of time 

?tt for ith reservoir. 

i,t+l like reservoir content at the end of time ttt 

for ith reservoir 
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4.3 	SySTMI CONFIGU ION: 

The system configuration of different reservoir projects 

shown in the figure 4.1. The inflow to the Mandira reservoir is 

dependant on the release from Kansbahal reservoir i.e. both the 

reservoir are in series. The inflow to Pitamahal, Chandrinalla and 

Barsuan r.servoirs arc independent of all other reservoirs, in 

the Upper Brahamani Basin, i.e, the reservoirs Pitamahal, Mandira, 

Chandirnall, Barsuan are parallel to each other. The inflow to 

the Lodani reservoir is depandent on the release from the above 

mentioned four reservoirs of Orissa plus Koel Karo hydroelectric 

project in Bihar state. 

 

4.4  The reservoir capacity vrs. area and capacity vrs. 

elevation curves were calculated by using computer programme 

(i.e. fitting of polynomials). 

The reservoir area vrs, capacity and elevation vrs. 

capacity equation are given below. 

X — denotes reservoir capacity, in hectare meter 

Y~ «- denotes reservoir area, in hectares 

Y2 .~ denotes reservoir elevation, in meters 

KAN SBAII AL IR.. ZGA I ON PROTECT 

Y,~ = 1.8925385 + 0.2504289X — 0.00005048048 * X2 + 

0.00000000479681 * X3 

Degree- of Ploynomial = 3. 

Correlation indix = 0.99867735 



fit total unregulated inflow into the reservoir in 
s 

time 't' for ith reservoir, 

a t release from the reservoir in time ttt for ith 

reservoir. 	 r. 

B. For reservoirs (Mandira, Lodani) 	 ) 

i,t+1 = 3i,t + f itt + 	(~~~ K1't * Ri,t + 

SP1,b 4 Pi,t ) — 

Rt 	Irrigation or industrial releases from up stream 

project(s) in time 't t for ith reservoir 
K! 	Co—efficient for ith up stream reservoir for 

return flow ( or regeneration ) In time 'tt 

ap! 	spill from ith up stream reservoir in time 'tt 

Pit Release for power for ith up stream reservoir in 
time tt' reservoir content 

4. The live reservoir content of ith reservoir Sit at 
s 

any time cannot be more than reservoir capacity (Y) 

i,e,, Si 	< Y. 1 

5. The live reservoir content of ith reservoir Sit at 
s 

any time should be more than the dead storage capacity 

(Di) 

i.e' 3i ,t 	/D:s 
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4.3 	SyST L l G ONFIG UR B::C I ON.- 

The system configuration of different reservoir projects 

shown in the figure 4.1. The inflow to the Mandira reservoir is 

dependant on the release from Kansbahal reservoir i.e. both the 

reservoir are in series. The inflow to Pitamahal, Chandrinalla and 

Barsuan r~.servoirs are independent of all other reservoirs, in 

the Upper Brahamani Basin, i.e. the reservoirs Pitamahal, Mandira, 

Chandirnall, I3arsuan are parallel to each other. The inflow to 

the Lodani reservoir is depandent on the release from the above 

mentioned four reservoirs of Orissa plus Koel Karo hydroelectric 

project in Bihar state 

	

4.4 	The reservoir capacity vrs. area and capacity vrs. 

elevation curves were calculated by using computer programme 

(i.e. fitting of polynomials). 
The reservoir area vrs, capacity and elevation vrs. 

capacity equation are given below. 

X -- denotes reservoir capacity, in hectare meter 

denotes reservoir area, in hectares 

Y2 -. denotes reservoir elevation, in meters 

K.A. SBAII1 L IR..ZGATI ON PROJECT 

Y.~ = 1.89 25385 + 0.2504289X — 0.00005048048 * X2 + 

0.00000000479681 * X3 

Degree of Ploynomial = 3. 
Correlation indix = 0.99867735 



Y = 208.4803 + 0.01618397 * X - 0.000005630776*X2 + 

0.0000000007053274 * X 

Degree of Pllynomial = 3 

Correlation index = 0.97918765 

MARDI R;A DAM PROJECT 

11 T 92.4-8315 + 0.2467659 * X - 0.000005788723 * X2 

+ 0.00000000007108314* x3 

Degree of Polynomial = 3 

Correlation index = 0.99980571 

Y2 == 191 .3259 + 0.002699852 * X - 0.000000197724.1 *X2 

+.00000000000621192 * X3 - 0.00000000000000006536 

7 23 * X4 

:De ;rc c of Polynomial = 4 

Coreolation index = 0.99104903 

PT' 1ANJ UAL IR.~IG 1TI0N Pk0J -ECT 

Y1 = 8.582886 + 0.3444347* - 0.0003360733*X
2+ 

0.0000002126289*X3` 0.000000000044,82414 * X4 

Degree of polynomial = 4 

Correlation index = 0.99767618 

Y2 = 226.8461 + 0.03093433*X_ 0.00003276765*X2 + 

01000000016876 58 *13.-0 .0000000000030726  53**4 
Degree of Polynomial = 4 

Correlation index = 0.99537021 

CHANDl1UNALL IREIGATION PROTECT 

6.782104 + 0.3762341 'x-0.0001757862*X2 + 

0.00000004582489*X3 

Degree of Polynomial = 3 

Corgi:°elation index = 0.99965855 
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Y2 = 197,3731 + 0.02685928*1- 0.00002117502*X2+ 

0.000000006265964*X.3 

Dogroe of P.,lynomial = 3 

Cor..olation index = 0.98159695 

A 'RU.~=J'T I RIRIGA'? I0N PROJECT 

Y1 = 3.519531 + 0.2321491 *X _0.0001816377*X2 

+0.0000001107655*X3_0.00000000002448264*X4 

Degree of Polynomial = 4 

Corr lation index = 0.99973750 

Y2 = 231.158+0.01857424*1 -0.00001106714*X2 

+ 0.000000002622755*X3 

De roe of Polynomial = 3 

Correlation index = 0,99649668 

LO-O.L I IviU 2IPUiCPOSi ; P *IIOJ 1CT 

Y1 = 31.71973 + 0.5295906*X»0,00008834898*X2+ 

0.00000001140666*X3_0.0000000000004727191*X4 

Deg~oc of Polynomial = 4 

Cori'olation index = 0.99962422 

Y2 == 147.1501-+0.01477748*x-0.000004258527*X2+ 

0.0000000005171117*X. - 0.0000000000002245101*X4 

4' 0.0000000000000000001345724*X5 

4.5  A simple flow chart of reservoir operation model hap 

been given in Pig.4.2. The details of variables names 

are given in Appendix 

?77/5 
LTL ti;y 	 rTi ur 

~a yrcr~i~~•~ 
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HAPT 

IL2i ,RMI N AT I ON OF OPTIMAL CROPPING PAT .TERN 

	

5.1 	llTR oDUCT 

Crop planning has gained significance due to growing 

social needs and increasing demand for food grain while availabe 

resources have remained limited and scarce and land to man 

ratio/reduces due to increase in population. Moreover optimal 

cropping pattern and its water requirement in important for 

of icient reservoir operation. 

It is desirable that She objectives of optimal allocat-

ion of irrigated ar. a to different feasible altcrna~ferops 

utilising both the surface and ground waters conjuctively along 

with land resources are full filled and benifit from the system 
of 

are maximised. The ayacut map/Lodani Project is enclosed as 

Figure 5.1 

	

5.2 	FACTQRS AFFECTING CROP PLANNING: 

(a) Selection of crops:- The crops to be grown and 
the extent of area available are determined by considering cli-

matic conditions of the region, soil characteristics, marketabi-

lity, water rsayuirement, net return. Therefore.. the cropping 

pattern is to take all the above factors into consid-ration and 

is to be adjusted according to availability of utilisable water 
resources overtime, 
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(b) Cost of input and price of output of crop— 

Relative prices of various crops vary from time to 

circle. Hence any assessment of optimum cropping pattern based 

on current or projected price is bound to change over time. 

In this model by changing the co—efficient of decision varia-

bles in objective function the above fluctuation in price over 

time can be taken into consideration to determine the optimal 

cropping pattern at any time. Generally it is assumed that the 

relative price structure remain unchanged for a plan period 

therefore the results of the model holds good, for a plan period. 

(c) ,later requirement of crops— 

A number of methods are developed for computing water 

requirement on the basis of climatological parameters. Timing 

of irrigation is fixed as per the physological growth stage of 

plant, moisture dcpelation etc, Both the timing of irrigation 

differ from different crops.• Therefore irrigation scheduling 

should meet crop water requirement. The crop water requirement 
for different months have boon given in table 5.1(a) 

(d) Cropping intensity— 

Cropping intersity depends upon the area that is to 

be irrigated in a particular crop season and the peak water 

requirements that are to be met from the available water resoui 

(o) Availability of water— 

lei acceptable level of supply of irrigation based on 

probability study, should moot the water needs of various crops 

for each growing season. Accordingly cropping into_ ity is 

selected. 
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5.3 	DATA ITS SOUiiCES  IND METHOD ( COMPU 	ON: 

The study is based on the following data: 

5,;.1 , 	Net B nifit from different crops 

he not value of produce of different crops has been 

calculated on the basic of latest report of Kansbahal Irrigation 

Project and have been given in Table 5.1 

5.3.2 	Cro_ pning int  onsi_.ter: 

In this study the crops selected for Lodani project are 

same as that of Ka:m-,bahal Irrigation project since both ayacut 

lie in the same agro--climatic zone. 

In order to protect the x y .1ian rights of Rengali 

Multipurpose project only 40 percent of the Rabi area is proposed 

to be brought under irrigation and crops considered are vegetable 

and pulses. The pulses have been selected as its water requirement 

is corepar ativoly less than many of the Rabi crops and vegetable 

have boon selected to cater the growing demand of Rourkella steel 

city. Maximum and minimum area constrainsts for various crops 

were i posed to keep the area of various crops with in reasonable 

limit. Those limits are imposed with the help of past data on 

individual crops areas and future prospects of crop area develop-

ment due to irrigation development. The prosposod maximum and 

minimum crop area for differbnts crops is given in Table 5.2, 

and calculation of these limits for different crops have boon 

appended give in Table 5.3. 
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5.3 . > 	P 01 J.L' HiY U'T ILI S~~~3LE SURF~,C B VJ:~T P,R 

In this case monthly availability of surface water at 

Lodani site for irrigation has been considered based. in the upper 

and lower riparian rights of Bihar state and R:.ngali Multipurpose 

project respectively. For assessment of monthly utilisable sur-

face water to different alternatives were considered. 

The monthly 75 percent dependable yield (in-

flow) of 40 years generated flow from free catchment of Lodani 

project has been taken into consideration. H r:= free catdhmont 

has been considered excluding the catchmont areas of four upstream 

project 	 of Orissa namely Mandira Dam, Pitamahal 

Irrigation Project, Chandrinalla Irrigation Project, Barsuan Irr-

igaiion Project and the entire catchment of Bihar portion. Free 

catchment considered has an area of 9573.64 sq.km The calculation 

of 75 percent dependable years yield and 75 percent dependable 

hypothetical year monthly yield are given in Table 5.4 and 5.5. 

CASE II The 40 years yield at Lodani site has been 

computed by adding contributed flows from 4 nos of up stream 

reservoir to the yield due to free catchment. From the above 

yield monthly 75 porc.:,nt dependable yield has been computed. The 

monthly utilisable water in the Lodani ayacut has been on the I / Q " 7 V ✓  

following percentage basis. 

Jan nary to May 10 percent— Non--monsoon months 

June 20 percent -- 1st month of monsoon season 

July,Septombor and 0ntober--40 percent monsoon months 
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August 	- 50 percent monsoon month 

November and December - 10 percent Non-monsoon months. 

The above percentage distribution has been assumed on 

the following basis.. 10 percent withdrawl during non-monsoon per-

io/d less that least amount of flow during loan period will be 

tap ;ed. and 50 percent during month of August has been assumed 

because the flow during, August is maximum and during other mon- 

soon months flow. has boon distributed as per the percentage of 

cluant iiYof flow, The total quantity of utilisable water at Lodani 

site should not exceed 50 percent flood storage provided at 

t..n` ali 1 l'i_aurj,ose project. The above mentioned calculation has 

boon given in W1ablo 5.6 and 5.7. 

5,3,4 	LTi ; Utilisable Quantities of Ground Water: the total 

annual quantities of utilisable ground water the Bonaigar sub- 
norms of 

Division (area 254 sq.km) is 3936 H.M. as per/Agricultural 

Refinancing Development Corporation. The available ground water 

potential for Lodani ayacut (areas 172.5 sq.km) is 2673 hectero 

meters. 

Monthly average available ground water = 222.75 H.M. 

The entire year has been divided in three seasons (i)  

Rainy season from July to October.(ii) Winter season-from Novem-

ber to February (iii) Summer season- from March to June. 

During rainy season draw down permissible in the region 

is 6 meters. Hence ground water potential that can be exploited 

during rainy season is 334.125 hectare meter/month. 



During winter season draw down permissible is 4 meter. 

Ground water potential that can be exploited is 222.75 hectare- 

met er/month. 

During summer season draw down permissible is 2 meter. 

Ground water potential that can be exploited is 111.375 hectate 

meter/month. 

5,3.5 	Cost of Surface water: 

The cost of surface water was classified into two heads 

namely (i) op,-ration and maintainacc cost which is R, 50/- per 

hoctate of C.C,11. (as per the Central Water Commission Norms) and 

(ii) capital cost.of The calculation of annual capital cost of 

surface water has been calculated and appended as Table 5.8 

3.6  Cost of Ground Water: 

Cost of ground pumping in this region from dugwell with 

eloctr±e pump sot variQo. from Rs.1300/- to R'1500 per heet- 

met;:r, This also includes the operation and maintainam e cost. 

514 	NET HODS FOR OPT IFU' I CROP PLLNNING: 

5.4.1 General 

Modern technology and advance-ment in computer enable 

us to use powerful mathematical models for obtaining solutions 

in o.~~timal allocation of land and water resources. The linear 

programming; model adopted in this case over Non-linear programming 

model and dynamic programming model assuming linearity of the 

different equation and more over it is easy to frame the corn-

put or programming, 
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5.4.2 	PRGGI 1,1ME PL.i'Lll ING 

5. r .2.1 Oc:ivo Function: 

Thu objective function was to maximise the total returns 
of crops. _''ho o~j:ctive function includes four cateogries of 

devol opment variables namely (a) crop--process, (b) surface water/activities 

(c) Grounds water development activities (d) Input activity 

5.4.2.2 Constraints: Following constraints were included in 

the model 

(I) Rabi andKharif land constraint:Total area of Sabi crops 
in the command area of Lodani ayacut cannot exceed 40 percent 

of C.C.. at any time. Similarly total area Qf Kharif crops in 

the command area of Lodani ayacut cannot exceed 91.383 percent 
of C. .A. at any time. 

(II) Crooarea flexibilit constraint: Maximum and minimum 

areu constraints for various crop, wore impose keep the area of v a: 

various crops with in reasonable limits. These limits were in—

posed with help of past data on individual crop area and further 
prospects of crop area development due to irrigation development 

(III) Monthlj surface water utilization bounds: The monthly 

surface wabur bond for different months has been taken as 

monthly 75 percent dependable years yields as explained in 

chapter 5.3.3. 

(IV) Montylrr~und water utilisation_ bounds: Maximum ground 

water utilisation bounds wore also imposed for any particular 

month as explained in chapter 5.3.4 
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(V) 	Month l oz water requirement of different crops bounds: 

Thu water requirement of various crops in each month 

camiot exceed the total surface and ground water resources avai-

lable in that month. 

5 .4.3 	THE MODEL: 

Following linear programming models were used for the 

crop planning in lodani ayacut.  I 

Maximize Z = I 	I. C. -- E 
i-;1 

In the above expression, 

( C Xi + r~ Gi)-CMC1 

Xj = Irrigated area of jth crop in hectares 

C = Net return from jth crop in Rupee/hccatre 

C = tinnual cost of surface water development in Rup oes/ s 
Hectare Muter. 

C = Annual cost of ground water development Cost clu- g 

ding operation and maintaince cost in Rupees/Hect-- 

' 	meter. 

CMZ - L .nual maintainacu cost for surface water irrigat-

ion in Ru ous Hoct of C.C.., C; .i_ in 1iec ate 
Constraints: 

1. Crop area flexibility constraints 

X 1 < maximum area of Ragi 

12 < maximum area of vegetable (khariff) 

13 < maximum area of early paddy 

14 4 maximum area of Medium paddy 

15 < maximum area of Normal paddy 



X6 < maximum area of pulses 

X7 < maximum area of vegetable (Rabi) 

minimum area of Ragi 

X2 > minimum area of Vegetable (Kharif) 

163 > minimum area of early paddy 

X4 > minimum area of Medium paddy 

y5 > minimum area of Normal paddy 

;6 > minimum area of pulses 

1i7 > minimum area of vegetable (Rabi) 

2. Kharif crop area constraint 
5 

X. <k(aroa of available Kharif land) 

3. Rabi crop area constraint 

7 1- , < R (area of available Rabi land) 

	

-. 	Surface water (monthly) bounds utilisable 

St < available utilisable surface water at level of 

water resources, in tth month. 

5. Utilisable ground water (monthly) bounds 

Gt < permissible ground water resources, in tth month. 

6. Water requirement of crop (.monthly) bound. 
7 
E X.• Wit 1.vailable developed surface and ground ? 
~-1 

water, in tth month. 

Z denotes total crop net return (Rupees) 
t denotes ;peried(.month) 
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X. denotes the area of jth crop 



K total available Khariff area 

R total available Rabi area 

St denotes quantity of utilisable developed surface 

water in the tth time period. 

Gt denotes quantity of developed utilisable ground 

water in the tth time period. 

I t denoted water requirement of jth crop in the tth 

time period. 

5.4.4 	3OLUl I ON OF Z YP FOR OPTITI~: L C PPITdG P~2 2E'RN s 
The development of mathematical model in general and 

linear prod ramn ing model in particular enable us to arrive at 

optimal solution for the problem. In the present case the 

problem was eolved with the help of linear programming techni- 

Various alternatives were considered by changing di-

fferont constraints as discussed earlier in this chapter. The 

computations wore carried out in conjunction with thcop,.Q=;tion 

model as discussed in chapter 6. 
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Table 5 2 

STHOI ING THE PROPOSED I~1bIMUM ~ITD 
1vj,',NTITIIUN CROPPED L.RE1 (H . A 1) 

yl. Name of 	Maximu.:1 
No. crop 	 :sea 	 l ,iniLlunl area 

~~lz~.rif 

1.  Ragi 1525 835 

2.  Vegetable 726.7 133.3 

3.  Early paddy 1787 363 

r. Medius paddy 19268 3912 

5. Normal paddy 1630 1349.5 
(Improved) 

11,ibi 

6. Pulses  7710.75  2639.25 

7. Vegetable 	2423 	 1027 	 .•---- 

C.C.ii..- 17250 Meet. 

Total khrif area < 15765 hect. (91.39 percent OCA) 

Total Rabi area < 6900 hect. (40 percent CCA) ? ! 
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Calculation oi' 75 ?crccnt c1I.)ent1able oyears ~ranoff 

ci 

si.lT o. 	 Year 	Inflow in H.M.  

1 2001 704202.55 
2 1981 619007.22 
3 1932 60 50 26.44 
4 1989 4-97666.51 
5 1992 491115.51 
6 2012 453478.15 
7 1993 453048.79 
8 1987 428348.60 
9 2010 428217.83 
10 2005 424907,09 
11 1936 393158.87 
12 2011 370495.58 
13 2014 3 6407 5.73 
14 1997 363071.24 
15 2017 357315.56 
26 1983 3 54527.78 
17 2007 348136.39 
18 1994 344399.31 
19 1995 341115.o5 
20 1990 339295.31 
21 2004 33094 x.12 
22 2003 328037.57 
23 1985 318784.41 

24 1996 297788.39 
25 1983 289710.50 
26 1998 2831: x.09 

Contd.... 



-?ab 1e 5.4 0on'c ... 

S1.No. Year Inflow in H.M. 

27 2000 286110.87 
28 1991 284, ;-20.75 
29 2016 279977..--)a 
30 2002 273857.84 
31 2009 257289.09 75percent dependable 
32 2015 241584.67 years 

33 2006 234516.60 
34 2013 231172.39 
35 1999 228725.85 
36 2008 226304.63 

.37 1984 222643.92 
38 1980 211977.96 
39 	; 2019 203177.33 
40 2018 188694.94 

=1 
n+1  

:i= sl. no of 75 percent dependable year 

n= total nos of years considered 

rl ,~ y o± ~ _ 	23 = 4 	30.75 ~ 
• 4 

or say 31st years. 
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Table 5.8 

Calculation of iamual capital cost of surface water. 

Capital cost of Project R.s,67500000/-
(IrrigLtion share) 

Life of Reservoir project is 100 years 

annual capital cost at 10 percent interest rare 

(1*i)n_1 

A = 	1ual cost 

P = pr.:sont co-value 

i interst rate 

nzos of years 

L- 67 500000 1 0.
1._  

1 

sus . 67 0 r86/- 

Annual cost per _ 	 Rs 1033/- 53.:.76 
Hect actor of storage 

Rs.1035/— (say) 
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CH[1PT J R 6 

COT UI't TI ON 

6.1 	LTj 1121~.OL U C'1' I O T o 

The operational procedure as disscussed in section 4.2 

has be-n followed for the operation. 

Coiputer progr-:arae («ppendix —IV ) were dovoloped for 

the study and are used for computation. 
first the ILansbahal reservoir was operated individually 

to a scss its contribution (i.e, part of irrigation release and 

Soil ) to I:iandira Reservoir. Then the five reservoirs, i.e. Pita-

:iahal, Nanidira, Chandrinall, 3arsuan and Lodani operated simult-

enously. The different runs have been made by changing the 

requirements of Mandira and Lodani reservoirs, which have been 

disscussed in section 6.3. 

6.2  

The following data have boon used for operational com- 

putation. 

1. Ruservoir Gross storage capacity and dead storage 

capacity are given table 2.2 

2. 40 years generated monthly inflows for six reservoirs. 

'These have not been appended here. 
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so 

3, 	I'ionthly irrigation and industrial requirements for five 
reservoirs are given in table 2.3 

4. 	1-Tonthly evaporation losses from reservoir are given in 

table 2.5. 

6.3 	Dc `ail Coiaputation Procedure: 

The computational Drocedurc s of operational and linear 

programming models are interdependent on each other. The co:-:lput- 

tation of different steps was clone as given below, 

S'lIZ I:'The operational model runs with the data of four 

upstream reservoirs, i.e. Pitamahal, Chandrinall,i3arsuan and 

Mandira, The data consists of 

(1) forty years of inflow, and 

(2) Irrigation requirement for reservoirs Pitamahal,Chandri-

nall and Barsuan taken from table 2.4. Industrial water 

requirement for Rourkella steel plant, as 300 cubic feet/ 

second is also taken from table 2,4. The contributed 

flows from different reservoirs after the above operat-

ion to Lodani reservoir is taken on the following basis. 

(a) Spill from each reservoir 

(b) 20 percent of the irrigation releases made from 

reservoirs namely Pitamimahal, Chandrinalla and Barsuan 

ac return flow or regeneration. 

(c) 60 percent of the industrial releases from.. Mandira 

reservoir as return flow. 
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ccr lculating the contributed flow-as, the inflow duo 

to the free catchment of Lodani Project were added to it and 

were taken as total inflows to Lodani reservoir. The requirements 

for Lodani r.:servoir has been considered as per the feasibility 

report of state governn t and is taken from table 2+4. Then the 

Lodani xesorvoir has boon operated, The reservoir behaviour has 

ben given in table 6.1 

SPIIj. The procedure for computing flow contribution 

to Lodani reservoir from up stream reservoir is same here ao 

that of stela I t  except that the monthly industrial water require-

ments from Mandira dam has been changed from 300 cusecs to 600 

cusecs, 1.1hich is the future demand of kourkella steel plant. The 

Lodani reservoir behavour has been given in table 6.2 

In the following steps lower and upper bounds wore im-

posed on tiie cropping areas as discussed in section 5.5. 

STP III: The flow contribution to Lodazi reservoir 

from up stream reservoir is same as in step II. The water requi- 

rements at Lodani reservoir were ch ,nge:i using t'he Linear pro-

gra ing model.  The model was run with monthly inflows taken as 

75 percent dependable years yield values calculated from inflow 

due to free oatchrnent and by imposing upper and Lower bound on 

cropping areas along with all other constraints mentioned in 

chapter 5 remain unchanged. From this modal the monthly surface 

water requirements have boon calculated and given in table 6.3 

71i—th—the ne - values of crop water, requirements for different 



months the Lodani reservoir was again operated by taking total 

inflow data to Lodani reservoir as explained in stop II. The 

reservoir behaviour has been given in table 6.4. 

SIV: The flow con#ribution to Lodani reservoir from 

up stream reservoirs is same as in step II. The water require-

ments of Lodani were again changed using Linear programming model. 

The model was run with monthly inflows taken as 75 percent depen-

dable years yield values and by imposing only upper bounds on 

cropping areas along with all other constraints mentioned in 

chapter 5. remain unchanged, From this model the r.onthly surface 

water requirements have been calculated and are given in table 

6,3, With the now values of crop water requirements for different 

months the Lodani reservoir was again operated by taking total 

inflow data to Lodani reservoir as explained in step II. The 

reservoir behaviour has been given in table 6.5. 

STEP V: The flow contribution to Lodaii reservoir from 

up stream reservoirs is again sane as in step II. The water 

reciuirements at Lodani were changed using Linear programming model 

The model was rim with monthly inflows taken as different percen-

tage for different months from 75 percent dependable years yield 

value calculated from total inflow at Lodani site ( i.e. contri- 

but 	flows from up stream reservoir plus inflow duo to free 

catchment) as explained in section 5.>.3 of chapter 5 and by 

imposing upper and lower bounds on cropping areas along with all 

other constraints mentioned in chapter 5' remain unchanged. From 

this. model the monthly surface water requirements have been 



calculated and given in table 6.3. With the new values of crop 

water requirements for different months the Lodani reservoir 

was again operated by taking total inflow data to Lodani reser-

voir as explained in step II. The reservoir behaviour has boon 

given in table 6,6. 

STF2 VI: The flow contribution to Lodani reservoir from 

up stream reservoirs is same as in stop II. The water require-

aunts at Lodani were changed using Linear programming model. The 

model was run with monthly inflows taken as different percentage 

for different months of 75 percent dependable years value calcu-

lated, from total inflows Lodani site as explained in section 

5.3.3 of chapter 5. and by imposing upper bounds on cropping 

areas along with all other constraints mentioned in chapter 5 

remain unchanged. From the model the monthly surface water ro- 

c,uirerments have boon calculated and given in table 6.3. With the 

now values of crop water roauircmonts for different months the 

Lodani reservoir was again operated by taking total inflow - data 

to Lodani res.,rvoir as explained in step II. The reservoir be-

haviour has been given in table 6.7. 

No further computations were carried out due to the 

storage of time and also the above step nos from III to VI, 

where the bounds were changed on the cropping areas, seemed to 

be sufficient for analyzing different cropping pattern 	from 

the point of view that the system is almost under the investi-

gation stages. 
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CLLR 7 

DISCUSSION, CONCLUSION ND SUGGESTIONS: 

	

7.1 	BN r L : 

The system of upper Brhhmani basin was defined in 

Chapter 2. The synthetic flows at various sites were 

generated in chapter 3. Two models i.e. operational 

model and Iinowr programming model, were applied in 

conjunction with each other to the basin. The results 

of computations are given in table 6.1 to 6,7. 

	

7.2 	DISCUSSION: 

For the study of reservoir operational model and linear 

programming model, the accuracy and reliability of 

results depend upon the reliability of input data. 

7.2.1 Generation of Stream flow data— 

The generation of stream flow data by Thomas Fiering 

model and Modified Thomas Fiering model have the follo-

wing limitations, 

1, If assumes that the flow sequences are normally 

distributed. 

2. The accuracy of results of generated series depends 

upon the number of historical input flow sequence 

From the comparison of mean and standard deviation of 

observed and generated series given in table 3.2(b), 3.3(b), 

3,4(b), the variation of mean and standard devations is not 

much, except in the case of standard deviation for Pitamahal 
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Irrigation Project and Barsuan Irrigation Project for the month 

of June and October respectively. this may be due to lack of in-
flow data and the assumption that regression co—effic nt and 

co—relation co—efficient for the month of June are zero. 

From the cor_roarisio~. of mean and standard deviation of 
observed and generated series given table 3.5(b) and 3.6(b) the 

deviation in the case of mean is maximum in the month of March 

in case of Mandira Project and in Lpril in case of Lodani Project. 

The maximum standard deviation in case of both above mentioned 

projects in the month of December. This may be due to non—

availability of long series of observed inflow data (i.e.,in.flow 

data is for 9 years and 4 years only available in case of 

Mandira and Lodani Projects respectively) , More over other stati-

stical methods such as Bivariate and Multivariate method, couldtt 

be used due to non-availability of observed inflow data for 
common period to check the accuracy of results. 

The free ea- chment inflows at Mandira and Lodani sites 

have been calculated on catchment proportion basis assuming that 

topograplical, goohydrological, hydrometeorological, land cover 

characteristics of the basin are uniform through out. 

7.2.2 Behavaiour of Four up—stream Reservoirs— 

The reservoir behaviour of four nos of upstream reservoirs 

and its contribution to Lodani reservoir computed by reservoir 

operational model have boon given in table 7.1 to 7.5.f For this 

purpose the irrigation requirements for Pitamahal,chandrinalla 



and Barsuan are kept constant and taken from table 2.4, only 

in the case of Mandira two different requirements have been con-

sidered i.e. present and future industrial demand of Rourkella 

steel plant. Table 7.1 to 7.5 shows the average monthly inflow 

average monthly spill, Maxi izi monthly spill, Minimum monthly 

spill, average monthly release, maximum monthly release and 

minimum monthly release from the four numbers of upstream reser-

voirs. 

7.2.3 	Lodani Reservoir Behaviour: 

From the reservoir bbhaviour table 6.1, 6.2 and 6.4 to 

6.7 it is seen that through out the years the proposed Lodani 

reservoir spills. The spills from Lodani reservoir would have 

Chill more as the yield at Lodani site has been done on rather 

conservative side. The contribution of yield from the catchment 

of Bihar portion has been eliminated from the total yield at 

Lodani. But actually the yield from Bihar catchment is also avai-

lableat Lodani site. These spills will take care of the supplies 

of water from Lodani for Rengali Multipurpose project which 

is under construction down stream of Lodani. 

The water requirements at Rengali Multipurpose rcsor-

voir site has been calculated considering the yield from entire 

catchment of Brahmani basin at Rengali site. Due to non—availa-

bility of water requirement data of Rengali Multipurpose project 

the same could not be incorporated in the models. Inclusion of 

this would have justified the values of spills from the Lodani, 

obtained in the present study. 
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7.2.4 	Selection of cropping pattern: 

The utilisable surface water constraint in each month 

has been calculated from generated data from two alternate basis 

for the Lodani reservoir as discussed in sub-section 5.3.3 of 

chapter 5. This also has the same defficiencos as that of gener-

ation of data. 

The types of crops to be grown in the ayacut of Lodani 
Project have been selected on the basis of Kansbahal Irrigation 

Project which lies in 	the same agro-climatic zone since soil 

survey report of Lodani ayacut is not available. 

In the linear programming computations in step III and 

V section 6.3 both upper and lower bounds have been imposed.The 

lower bounds have been imposed with an aim to minimise transpor 

cation of food grains from other regions. In the linear progra-

mming computation in steps IV and VI sectio--. 6.3 upper bounds 
for crop area have been imposed but lower bounds have been re-

leased with an aim to maximiso the net benifitc. The crop area 

and l~enifits are given in table 76. 

7.3 	C01 CLUSION: 

7.3.1 	General: 

The study was done on the two following aspects, these 

arc, (i) allocation of water resources of Brahmani river among 

different reservoirs in upper Brahmani Basin and (ii) to evolve 

the optimal cropping pattern for Lodani Project. 

The Thomas Fiering and Modified Thomas Fiering models 



were used to generate sequential stream flow data at different 

sites for perennial and intermittent streams respectively. 

7.3.2 	Optimal Cropping Pattern 

For this two different cases have been studied as foil- 

o_ws case I- In this case it is considered that 75 percent depen-

dable years monthly inflow from free catchment of Orissa portion 

will be the available utilisable surface water bounds for differ-

ent months for linear programming motel. (i.e. step III and step 

IV of combined operational and linear programing model) with 

two different crop area bounds have been studies i.e. step III 

and IV. In step III both upper and lower bound of crop areas have 

been imposed but in the step IV. Only upper bounds have been 

imposed. The results are given in Table 7.6. In step III utilis^ 

tion of total surface water is 14057 hectare meters, Khariff 

intensity achived is 91.4 percent and Rabi intensity achieved 40 

percent and net benifit derived. is Rs.367.85 lakhs. 

In stop VI utilisation of total surface water 13412 

hectare-rooter which  is comparatively less than step III though 

the same Khariff and Rabi intensity of 91.4 percent and 40 per--

cent are achieved but following crops Ragi,early Paddy, Normal 

paddy have been eliminated due to relaxation of lower bond and 

increase in net benifit from Rs.367.85 lakhs to Rs.396.94 lakhs 

between steps .IIIand IV. was observed. 

From the reservoir Behaviour table 6.4 and 6.5 it is 

seen that there is marginal increase in civ. spill, maximum spill 

96 
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and minimum spill in the month of June, Sept and October and 

marginal decry ase in Av.spill, maximum spill and minimum spill 

in the month of July and appreciable decrease in Av.spill = 7063 

H.M, in the ;Month of august. But for all other months, Av.spills 

maximum spills and minimum spill remain unchanged. aslis the fluc-

tuation of spill happens to be in monsoon months and maximum 

different of Av.spill i.e. month of August is the peak flow 

month of monsoon period, hence the effect of both the steps III 

and IV will be almost same on Rengali Multipurpose Project. 

Case II— Monthly available 75 percent dependable years 

at Lodan.i i.e. inflow due to free catchment of Lodani (Orissa 

portion) plus contributed flows from four up stream projects WOi. 

first calculated. The up stream contribution of reservoirs was 

obtained from the combined op-ration of four reservoirs. The sur 

face wo..er utilisation for each month was taken as a certain pe.: 

centage of the above available monthly yield such that the total 

yearly utilisable sul•face water should not oxceud the 50 percent 

of flood storage provided in Regngali rlultipurpose project. That 

is with above utilisable surface water constraints for linear 

programming -,iodol (i. o . ,step V and VI of combined operational 

and Linear programming model) with two different crop areas 

bounds have been studied i.e step V and VI In step V upper and 

lower bounds of crop areas have been imposed but in case step VI 

only upper bounds have been imposed. 

In step V utilisation 	total surface water is 12497.0 

hect.meter along with 245.49 hect.meter of ground water, Kharif_f 



intensity achieved 91.4 percent and ilabi intensity achieved 

37 .7 percent and nct benifit derived ls.347.04 lakhs. 

In step VI utilisation of surface water 11917.64 hect. 

:peter and ground water is 222.75 hect.meter which less in com- 
intensity 

parission to step V. though the sane khariff/achioved but crops 
eliminate 

like Ragi , early paddy, and normal paddy were /and Rabi intensity 

remain almost 37.7 percent same but Rabi crops area changed 

from step V and incree:se in net benifit from Rs.347.04 lakhs to 

lis.387.71, lakhs was observed between. step V and VI. 

From the reservoir behaviour table 6.6 and 6.7 there 

is no appreacia ble change in monthly Av, spill for the month of 
in Nov, Jon,June,July,Au , Sept and Oct and no chnages~ave 'age' 

for the months of Dccember,l{ebruary,March,1~pril and May. Simi-

larty in the case of monthly Maximum and minimum spill I hence 

the effect on down stream Bengali Multipurpose project due to. 

step V and VI will be almost same, 

From the above study it may be concluded that optimal 

crop-ping pattern evolved by stop IV operation is best among all 

other steps. ' 

It is seen from table 6.5 that entire ground water 

potential remain unused, which indicates that Rabi area constr-

aints and typo of Rabi crops in Linear programming model can be 

further: relaxed from 40 percent and more Rabi crops suitable for 

region can be incorporated. 
The optimal cropping pattern evolved from this stuc~,- 

may not be accepted in total due to the following reasons. 



(1) 	Non-availability of historical stream flows data for 

longer period to be used in the Thomas Fiering and 

Modified Thomas Tiering Models. 

(2) Non—availability of soil survey report to decide types 

of crops suitable for Lodani ayacut, and 

(3) Non—availability of the water requirements of Rengali 

Multipurpose project. 

7.3 ,3 	Water Allocation 

The allocation of water t0 the four up stream reserve 

are 	$ivil2 ̀  in Table 7.7 

Table 7.8 and 7.9 shows the average monthly contri1 

ted flow to Lodani reservoir from four nos of up streams re sc 

voirs computed by reservoir operational model as per step I a~ 

Step II to VI respectively. The allocation of water to Lodani 

is such that it fulfills the water demand wi bhout any deficits, of 

is 100 percent successful. Hence the allocation of water to Lodar' 
is. sufficient with assumption that the contribution from Lodeni 

reservoir will meet the share of demand of down streams Rengali 

Multipurpose Project 
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7.4 	SUGGESTION 

its explained in conclusion section 7.3 the optimal 

cropping pattern evolved in this study may most be accepted 

in toto. For deciding optimal allocation of water resources 

in upper Brahmani Basin and deciding optimal eorpping pattern 

for Lodani ayacut [he following points are to be attended. 

(a) The longer observed inflow data at different sits to 

be acquired for gem-rating more realistic sequential 
stream flows data. For assessing yield at Lodani site 

at tho proposed and existing project in Bihar state 

have to be considered along with 5 numbers of up str 

projects in Bihar. 

(b) For deciding water requirements for Rengali-Multipur 

project, i.e. the water to be drawn from Lodani ayar 

for down stream project a policy has to be decided by 

the state government such that 

(I) Contribution from Lodani rese~voir to Rengali :multi-

purpose project may be on catchment proporation basis, 

and/or 

(II) Whee_ther to create an extra storage facilites at 

Mandira dani by increasing its full reservoir level 

from 	(690ft) to 	(698ft) by only replacing spill- 
way gates. The stored amount of water can be used in 

Lodani ayacut. 

(III) wheather to increase present 	power carr 

i.e. 20 M.W to higher -.values of Lodani Project, 
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(iv) 	Oonjuctivo use of ground and surface water potential 

should be planned. 
of 

(c) 	Objective function/linear program:ning .model can be modi- 

fied by incorporating following multiple objective bene-

fits. Benefits such as from unirrigated areas, and from 

development of oth.>r water-shed resources such as forest, 

wild life preservation and recreation etc. 

In the present study the multilevel aspect of irrigation 

was not considered due to leek of data. Ad"Litional constraints for 

different levels of irrigation may be imposed in order to estab-

lish the optimum number of irrigations for various crops. 
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lI;ti2R ALLOCi?IOi\T TO FOUP, UI' STIL1,13 RESERVOIR 

o__. - - - 	- 	-,-- --- -- - 	-,--- -* -- - - - -- 	--'- -.-- 	--- ,.- -. - - 
S1.No Name of 	mua1 ay. 	nual water Reservoir depen- 

reoervoir water yield 	requirement 	dability 
in H.M. 	in H.M. 

1. IIan.dira 	(504) 	Present- 26790 	100 percent 

Future -53580 

2. Pitahamahal 2353 	2813 

3, 	Cb.andrjnafla 	2992 	3394 	75 percent or 
more 

4. Earaut 	2787 	3240 

Mb 
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kF(2 1000) ANN(600) ANR[D(600) 
tlPE~d(U~VIi'=1,[~E;»ICk='~;', ',F1LP= -R1.DAT t ) 
OPEN(UN1T=2 7EV.ICK='~).~K' E'I1E='"C2,OAT') 	 112 CJPE;N(UNI`1'-3,1')EVICE 'i15K' FILE='TF-'3,OAT') 
fPEiv ([INIT=4, DEV ICH;='USK', E'ILE='TP'4.DAT' ) 
OPEN(0N1T=5V10E='0sK',ILE='Tb' 5.DAT') 
READ(1,*)R K1 ,P 
PAI=3.1415925 
C=10..O**(-P/2.0) 
PRINT 4 

4 	E(JR14AT(//10X,41HRi SULTS OF RECT. DIST, RANDOM NUS.306,510//) 
DU 112 1R=1,2 
RI(IR,1)=10„0 (_k') K 
DO 111 1=2,1000 
Al 10. **P* (C:*RI (IR, J,-1) ) 
IA=AI 
All=IA 

111 	RI(LR,I)Ai-AIJ. 
112  R=R1 

DO 115 I1,2 
PRINT65, (RI (I, J) , J=i0b, 510 ) 

65 	FURAT(1X, 5E216.7/) 
115 	CONTINUE 	- 

DO 55 J=306, 510 
WKITE(2,6U) CHIC 1,J)) 

C 	WRITE(3,60) (RI(2,J) ) 
60 	FURlAT(1X,E16.7) 
55 	ONTINUE 

PRINT 5 
5 	FURMAT(//20X, 41HRE;SUL 'S OF NOR . 1)1ST. RANDW4 NUS.306, 510// ) 

DO 70 130b,510 
ANR(I-.305)(-2,i)AIuG(RI(1 L))) 0.5 COS(2.0*PA1*RI(2,I)) 
AtafiU(I-305)=(-2.0 AI JG(HI( ,I)))**0.5*SIii(2,0*PAZ*RI(1,I)) 

70  CONTINUE 
PRINT 86, (AAR(J) J=1,?.U5) 

C 	PRINT Hb, (ANNRU(JS,J=1 205) 
WRITE(4,85)(ANR(J) J=1,205) 

C 	WRITE(5,85)(A1 R0(J$,►)= 1,205) 
Bh  FORMA'r(1X,5E20.7/) 

85 	F'ORMAT(1X,Et9,7) 
CLOSE(Ui IT 1.) 
CLOSE(UNIT=2) 
CL O5E([IN.IT=3) 
CLQSE([!NIT=4:) 
CLOSE(UNIT=5) 
STOP 
END 
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blow 	tING 110 -1 

1,l (24),Q aEN'(121 5b),RA(1`zAS0),R0(1:2,505,SUMAO(5b°x(600).caR
( 24) 

OPE (UNIT=1,>~)N:V16E:='LDSK',4'II1F.='I,U1)A.~)AT') 
OPEN(UPJIT=4,DE:VICL:='DSK',E Ii.,E=•fFM4.DAT') 
PRIT 6 

6 	FORAAT(/iX,'***LODA,lI CATCHMENT'/) 
L=4 
A1.,-L 
READ(i 	)((a( 1,IY),11,12), Y1,L) 
Da 33 .it=1,1., 
DO 33 J=1 12 

34 	O(J,T):i Cl 2T(O(J,T)) 
19 DU 200 J=1,12 

SUM =0.0 
DO 200 I=1,L 
SUFI=SUNT+(a (d, i ) 

200 Oi;EA,J(J)=511 I/AL 
PRIIAT 29, ((DEAL(]),]=1, 12) 

TYPEE. #, (o , FM`(.1),J=1 12) 
-29 FUPMAT(/1X,';1EA;"-',bE1~.7/) 

DU 300 J=1,12 
S U t 0.0 
DU 100 I=1,L 

100 CONTINUE 
SD(J)=SORT(SU1i/(Ah.,-1,0) ) 

300 CONTINUE 
PRINT 30,(SDCJ),J=1 12) 

30 	FORMAT(/1X,'SD=',Ql5.7/) 
• DC) 25 J1,12 

SUM=0.0 
SUM()X0,0 
SLIM DY=0.0 

H=J+1 
IE (J.EQ.12)',=1 	 • 

• DO 20 I=1,1, 
DX(J~=0(J,1)-0 ,11EA+!(J) 
DY(J)=Q(M I) MEAiu(!) 
,SUM=SUM+Dk(J)*DY (U) 
ANM=SUM 
SUMDX=SUMDX+DX(J)*DX(J) 
SUNDY=SUiM DY+DDY (J) #DY (J ) 

20 CONTINUE 
CUR(M)=AN I/(SORT(SU, DX#SUMDDY)) 

25 CONTINUE 
PRINT 31, (COR(J) J=1,12)  

31 	F0R,MAT(/1X 'CO( ',6:1,5.7/) 
DO 111 J=1,12 

=J +1 
IF(M,E0.13)CU Tn 222 

B(M)=COR(L)*SO(A)/SI)(J) 
222 13(1)=COR(1)#SD(1)/RSU(12) 
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11 t CUATIi-~UE 
Pt Ii T 32, (fi(J) J=1 12) 

32 	FOR'1 AT(/1X, 	 :C~= s ,6t-,15,7/) 
PRl:41 1 602 

1002 FUR,4AT(/1x  
lk (L.FQ,455GC) To 333 
L=45 
AU=45. 
DO 35 I=1 L 
Rk.All(4,855 (RA( ;3 T ),r1=1, 12) 

85 EUR1iAT(1X,E19.75 
35 C~J~JT1 JUC 

4FN(1 1) =) Fi(1)+FA(i,1)*p(1) SQWf(1.O—COR(1) *2) 
DO 40 f=1,L 
DO 45 I1,12 

K1 K=1 
J1e,+1 
It(J-12)202,202,203 

203 J=1 
K=I+1 

202 Q(~E.N(J,K)=Q4-,EAN(J)+6(J)*C 	
~ 

EN(M I)-QMFAN(M)) 

45 CUA TINUF 
40 CONTINUE 

DO 44 .1=1,L 
00 44 J=1,,12 

44 	OGEyi CJ -1) =QGEN (J, I) *UGEN (J, I) 
DO 50  
DO 50, I=1,L 
I (GGEN(Psi,I.).JaE.0.0)QG:iENGui,I)=0.0 

50 CUi'TINUE 
PRINT 1000 

1000 	FORMAT(/4HX,23I(7F,qErATFD INFLOW SERIES/) 
DO 3 1=1,L 
PRINT 5 (cuc;ENN(M~I),M=1,12) 

5 FOR.,, AT(jX,6F20.2/) 
3 CONTINUE 

PRINT 1003 
1003 FORMAT(/1X,' 	 * 	xz 	*a 	•a 

DO 60 IY=1 L, 
DO 60 4=1 12 
Q(M,IY)=Q(E+4CM,II) 

60 CONt?id1!E 
GO TO 19 

333  DO 70 1=1,L 
DU 70 J=1,12 
R()(J I)=0.62486254QGE:WUJ,1) 

70 	CCJNTtivUE 
DO 1 I=1,L 
PRINT 5 (R0(J,I),J=1►12) 

1 	CONTIMUk 
DO 80 T=1,IR 
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St.)'4A (I) =0.0 
Dt1 80 J=1,12 

80 	5114A(I)=5(l IA CI) +RJ(J,I) 
PRINT 5, (5U A(I),I=1,t) 
CL,QSE(t.J..I'r=1) 
CLOSE((JtdT`-4) 
STOP 

E~vD 

GRAMS CALLED 

S A;VU AKE~AYS ( "*" NO EXPLICIT DEFINITION - "%" NUT REFERENCED 

0 	1 SU 2 RU 32 .50037 1162 .50036 1163 
1164 .50035 2504 .50034 2505 .50033 2506 ,S0032 2507 
2510 .50031 2511 S0030 2512 13 2513 *SUMDY 2543 

2 2544 .50041 2545 .50040 2546 DY 2547 *SUMDX 	- 3677 
3700 COU 3701 *0 3731 OGE;N 3732 .S0007 5062 

o 	5063 .50005 5064 S[1.4A 5065 *3 1JM 5147 .50004 5150 
3 	5151 .50002 5152 .50001 5153 .50000 5154 DX 5155 
6305 .S0017 6335 .50016 6336 .50015 63.37 'DIY 6340 

4 6341 .S0013 6342 .50012 6343 #AL 6344 ,50011 6345 
0 6346 *L 6347 *1 6350 .50027 6351 .50026 6352 
6353 .50025 7503 .50024 7504 .50023 7505 *ANM 7506 

2 	7507 .50021 7510 

ARIES. 

0 7601 

(: NO ERRORS DETECTED a 
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APPEIWIX III 

MOA I ' ;A mctL IERI . MSL 

DIMENSION 	(~(5 	80) 	 ) tEAf (1U),SU(1Q) 	PJ(10) 
1,bO),RA(5 	60),D,k(40ó),UY(400),PK(5 	U6) 

OE'(tTh 'T1,DEVLC;=`'.SK',NILE='T 	Pt.DAT') 
OPEN(UN1T=2,D 	VLCr='i)SK',NILE=''tF',-12.DAT') 

C OPF(UNIT3,[)EV10E='DS','ILE'T':M13.DAT') 
OPEN(UNI'5=4,DEV10E='tuSK',NILE='TF M4.UAT') 

C OPK'N (UNI'T=5, UEV 1C=' USK' 	FILE='T'rMS. DAT' ) 
Rti)(1, 	)((U(M,1Y),,11,5),IY=1,) 

ALL, 
19 DC) 	200 	J=1,MM 

SUM=0.0 
AN=0.0 
DO  100  I=1,L 
SUM=SUM+A(J,I) 

9 
IF(0(J 	1))9,9,110 
Aea=AN+i.0 

110 OMEAN(J)=SUM/(AL-ACJ) 
100 CONTINUE 
200 CONTINUE 

PRINT 	29, (QMEAN(J),J=1,MM) 
DO 	11 	M=1,MM 
SUM=0.0 
AK=]. 	0 
DO  1  IY=1,L 
IE(U(M,TY).E0.0.0) 	G() 	TO 	91 
SUM=SUM+(Q(M,.IY)—Ui-IEAN(M))*lK2 
GO TO 12 

91 AK=AK+1.0 
12 CONTINUE 

SU(M)=SART (SUNT/ (ALa—AK) ) 
11 CONTINUE 

PRINT 	29,(SD(M),yk1=1,M11) 
CURt 1)=0.0 
JJ=t1M-1 
DO 25 	J=1,JJ sure=o,0 
SUMUX=Q, 0 
SUMD1=0.0 
UU 	20 	T_-1,(~ 
IF(W(J,I).Efl.0.0)  GU  TO  20 
fl'(Q(J+1,i).EQ.U.U) 	GOTO 	20 
DX(J)=Q(J,i)-QMEA4 (J) 
D Y (J) =0 (J+ 1, ;) -0ViKA.v (J+ ). ) 
SUM=SUM+Dx(J)*nY(J) 
ANM=,SUM 
SUUMUX= SUMDXtfX (J) # I)A (J) 
SUMUY=SUMDY+DY(J)4i:,Y (LJ) 

20 CONTINUE 
CUR(J+1)=ANM/(SQR`J'(SU:9DX'*SUMDY) ) 

,COR( 10) 	(10),QGEN(5 
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25 	CONTINUE 
PRINT 29, (COR(J),J=1 ,,) 

29 	FORMAT (// 1X, 5E2G. •/// 5 
1F(I,.£Q.3)GU 'r0 333 
DU 22 ,J=1 , Mi4 
ZERU=U,0 
DO 21 I=1,L 
IH(C►(J,I),FU.0.0)G1l '10 18 
GU TO 21 

18 	ZERO=ZERO+1.0 
21 	CONTINUE 

PJ (.J) (AL—ZERO) / AL 
22  CONTINUE 

PRINT 29, (PJ(J),J—'1r1) 

00 33 1=1 JU 
I3(I+1)=CU 2(I+1)#SO(1$1)/S0(1) 

33  CONTINUE 
PRINT 29, (8(I),1=1,r1?ui) 
L=3 
A1L=3 . C1 
DO 35 1=1 L 
READ (4,855 (RA (N,I),'4 1,riM) 

85  FUPMAT(1X,E19.7) 
35 	CONTINUE 

1)0 123 1=1,L 
00 124 M-1 MM 
IF(M.Fo.i,)(;o TO 99 
QGEN(M,zt15)=0MEANN(~4)+B(M)*(Q(.CEw(M-1,1815)—QMEA►N(M-I))+ 

IRACPt,1)*IS[ (14)'~S(,~RT(1.U-'CUK(A)*4,2) 
GO TO 124 

99 	QGFN(M,15*1)=QMEA#v (il)+RA(M,I) S0(M) 
124 	CONTINUE 
123  CONTINUE 

DO 44 IX=i,1 
REAL)(2,60) (PK(M 1i),P4=1,MM) 

60 	F(JRMAT(1X,F16.75 
44  CONTINUE 

00 102 M=1 R r,'4M 
DO 103 J=1PL 
Ik'(PK(M,J).GT.PJ(i4))GU TO 51 
GU TO 163 

51 	QGEN C M, J+15) =0.0 
103  CONTINUE 
102 	CONTTNUE 

DQ 400 M=1,MM 
D0 444 11,L 
IF(uGEN(M,1+15).G.O.0)GC7 TO 2 
GO TO 444 

2  QGEN(M,1+15)=0.0 
444  CONTINUE 
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400 	CONTINUE 
PRINT 1 

1  fURMAT(//16X 84HJUNE  JULY 
3 

	

	 SFP'~'~:MBEH 	 UCIOBER) 
DO 3 1=1,L 
PRINT 5,(QGEN(J,I+15),J=1,M) 

5  FURMAT(1X,5F20.3) 
3 	CONTINUE 

DO 16 IY=i,. 
DO 16 M=1 MMM 
Q(M IY)=Q6EN(,M,IY415) 

16 	CONTINUE 
DO 17 IY=i,L 
PRINT 5,(U(M,IX),r,=1,M1 ) 

17 	CONTINUE 
GO TO 19 
CLUSE(UN1T=1) 
CLOSE (U' iT=2 ) 

C 	CUOSE(U? 1T=3) , 
CLOSE(UNI'T=4) 

C 	CLGSE(UaJIT 5) 
333 	STOP 

END 

GRAMS CALL'Eb 

AUGUST 

S AND ARRAYS l "*° NO EXPLJCI'.1.' DEEB 1NITION — "%'I NUT REFERENCED 

0  1 Pi 2 SD 14 *JJ 26 .50037 27 
6  30 U 31 .S0035 651 .50034 652 .50033 653 
2 	(454 .50031 655 .Su030 &56 H 657 *ZERO 671 

672 *AN 673 DY 674 *SUMDX 1514 *M 1515 
1516 *1 1530 1531 UGEN 1532 .80007 220b 

6 	2207 .50005 2210 .S0004 2211 *SUM 2212 .50003 2213 
2 	2214 .80001 2215 .50000 2216 DX 2217 OMEAN 3037 
7 	3051 .80016 3052 ,80015 3053 *1Y 3054 .S0014 3055 
3 	3056 .500,12 3057 *14L 3060 .50011 3061 „S0010 3062 

3063 PK 3064 1: 3540 .50027 3541 •50026 3542 
3543 .80025 4217 ,30024 4220 .50023 4221 *ANM 4222 
4223 .50022 4224 .50021  4225 

ARIES 

0 4263 

L 	NO ERKORS DETECTED J 
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VAAIA3LE i~ WES USED IN COMPUTER PPddORA-VAAL4G 
FOR RESERVOIR(S) OPERA HQ'JAL MODEL 

AREA 	- Reservoir area corresponding to initial reservoir 

capacity at the beginning of the month. 

AICAPA - Intermediate reservoir capacity 

AIAREA - Intermediate reservoir area corresponding to 

intermediate capacity. 

AMS 	- Average monthly spill 

AMIR 	- Average monthly release 

CAPD MX _ iIxiium capacity of reservoir 

CAPAMIN - Minimum capacity of reservoir 

CAPA 	- Initial reservoir capacity at the beginning of 

the month. 

CFLO,i'J 	- Contributed flow from reservoir 

EVAP 	- Evaporation losses from reservoir. 

FCAPA 	-. Final capacity of reservoir at the end of the month. 

FLEVEL - Final elevation of reservoir at the end of the 

month 

Q 	- Monthly inflow to reservoir 

REL 	- Monthly release from reservoir. 

REQI 	- Monthly requirements 

SPILL 	- Monthly spill from reservoir 

SPMAXI - Maximum monthly spill 

SRAINI - Minimum monthly spill 

RELI 	X - Maximmm monthly release 

RELMIN - Minimum monthly release 
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APIS414DIX IV  
OPERATIONAL MODEL 

C  COMBINE RESERVOIR OPERATION'. OF 5RESERVOIRS 
C  COMMENT STATEMENT MAY BE REMOVED TU GET PRINT OUT REQIRED 
C  PARAMETERS 
C • 	TYPE STATEMENT TO CHECK INTERMEDIATE PARAMETERS 

DIMENSION RESLF(5),CAPA(5) CAPAMX(5),CAPAMN(5) 
1Q(5 40 12),ECAPA(5,40,32) VVAP(5 12),RECI(5 12S SHORT(5 4012), 
2SE Ib4(6,4Q,12),Ft,EVEi,(5 46,12) RkSOL(5) ZLEV(5),RECr (5,46,1k), 
3CFLOw(5 40,12),SU1(5,.1.25 ,AMS(li),AMk(125 

OPEN(ONIT,4 DEVICEz'DSK' FILE= SIMA.DAT
. 

) 
OPEN(UNI:T=5,DiV10E='DSK',Fjt,E='SIM.C)AT') 
READ(5 *)(((Q(IR,I,J),J=1,12),1=1,40),IR-1,4) 
PRINT 17 

17 	FORMAT(7X. NOV 7X'DEC',7X. JAN ,7X FEt3 ,5X 	M ARCH C SX APRIL., 
1 , 7X 	MAX , 6X ► JtiNk' , iX, Jti[ Y 	4X, 	 AUGi1~T , 6X, SkpT , 7X, QCf* // ) 

C  PfINT 2,(((Q(IR,I,J),J=1,125,I 1,40),IR=1,4) 
C2  F©RMAT(1X 12F10,21) 
2 	FORMAT(/1L 12F10,2) 

READC5 *)C(REQI(iR,J),J=1,12)IR-1,4) 
PRINT ~ ((RE0I(IR,J),J=1,12),IR=1,4) 

C  4 FORMAT(6F12.6) 
READ(5 *)CCEVAP(I:R,J),J=1,12) IR=1,4) 
PRINT i((EVAP(IR J),~1-1,1,2),fR-1,4) 

6 	FORMAT(.1X 12Ft} 7/) 
READ (5,*) (RESbF(IR),.  RR=1,4) 
READ(5,*) (REsDL(lR),.lK=.1..,4) 

C  7 FORMAT(6F12 6) 
READ(5,*) (CAPAM%X(IR) Int=1,4) 
READ(5,*)(CAPAMN(IR),TR=1,4) 

PRINT *, (CAPAMN(IR),1R=1,4) 
PRINT * (CAPAMX(IR),1R=1 4) 

9 	R FCRMA(IX-'EV(I------
i-4-

---wr~aR+-wMwr..ww wrr waw rr-wyrr.rrrwwwrrr- 

1 wwr--wr ------rr-w--------------ww--- --  

11  

DO 90 IR-1 4 
90  CAPA(IR)=CAPAMX(IR) 
10 	FORMAT(IX,'RES.No',1X'YEAR',1.X 'MONTH' 6X 'INFLOW',7X,'SPI1. ' 

1,7X'SHORT',5X, AELEASE ,2X, F,CA'ACITY ,6X, F,LEVEL //) 
C 	D6 100 IP-1.,4 

IR=1 
15  PRINT 10 

DO 101 I=1,40 
DO 102 J=1,12 
IF(I.EO.1.AND.J.EQ.1)AREA=SAREA(CAPAMX(IR),IR) 

AICAPA-CAPA (IR) +O (IR, i,.I) 
C 	TYPE * AICAPA 

AIAREA=SARFA(AICAPA,TR) 
IF(AICAPA.GE CAPAi".X(IR)) ATAREA-SAREA(CAPAMX(IR), IR) 

C  TYPE * AIAREA 
FC APA(IR;I,%J)=AICAPI+w((AREA+AIARE A)/2.0)*EVAPCIR,J) 



22 

24 

31 

32 

23 

26 

18 

21 
27 

25 

C 29 

102 
101 

0100 

12 

14 
C 

C 
C 
C105 
C 
C 
C104 

103 
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1-PEQI(IR,J) 	 121  
IF(FCAPA( IR, I J)•CAPA"tN(IR))22,23,23 IF(AIGAPA.GE.CAPAa1N(IR) )CO TO 24 

GO TO 31 
,SHORT(IR,I,J)=CAPAMj+i(1R)-'. C.APA(IR,I,J) 

REL(IR,I L1)=AICAPA—CAPAMN(IR) 
IF (REL(If I J).G'T'.REQ1(TR,J))REL(IR,T,J)= 

2REQI(IR J)—AH~JRT(IR I,J) 
IF(REI~I(IR,J).E0.6,0)fEL(IR,IrJ)=0.0 

FCAPA(IR I,J)=CAPAM,N(.FR) 
SP ILL (ttR,I,J)=0,0 

GO TO 29 
IF(AICAPA.LT.CApA1NCIR) )GO TO 32 
GO TO 29 
SHORT(IR,I,LJ)=((AREA+AI.AREA)/2.0)'EVAP(IR J)+REQI(IR,J) 
FCAPA(IR,I J)=AICAPA-((ARF:A+AIAREA)/2.0)*f.,VAP(IR,J) 
RFL(IR,I,J5=0.0 
SPILL(IR,I,J)=0.0 
GO TO 29 

SHORT(IR,I,J)=0.0 
RELCIR I,J)=RE'QI(XR,J) 
I (IR hC 1)FCAPA(1 I J)=FCAPA(1,I J)+REQI(1,J) 

IF(FCAPACIA,I,J)-CAPAM^MX(IR))25 26 26i 
SPILI(IR~rI J)=FCPP (TR,1,J)-CAPl\MX(IR) 

IF(SPII,L(1,T J)-R QIC1 J))18,21,21 
REI.(1,I,J)=Rt-QI(1 J)w=5'ILU(1,I,J) 
FCAPA(1. I,J)=CAPAMX(1)-REL (1,I,J) 
GO TO 24 
RELCI,I J)=0,0 
FCAPA(IR,I,J)=CAPAMXCIR) 

GO TO 29 
SPILL(IH,I, I)=0.0 

IF(IR,EQ,1)FCAPA(I,J.,J)=.FCAPA(1,I,J)-REQI(1,J) 
CAPA (IR)=FCAPA (IR, I, J ) 

TYPE * CAPA(IR) 
l' LEVEL (I~2 , I J) =SELEV (CAPA (I R) ,IR)  
AREA=SAREA(~APA(IR),IR) 
C(INT.INUE 
CONTINUE 
CONTINUE 
IF(IR.LT.4)GO TO 12 
IF(IR.EQ.5)C( TO 16 
GO TO 14 
IR=IR+l 
GO TO 15 
00 103 IR=.1,4 

PRINT 11 
DO 103 1=1,40 
PRINT 9 
PRINT 105, IR I 
FORMAT(IX, 21:~a) 
PRINT 104,(J OUR I,J),SPiLG(IR l,.I),SHORT(IR,I,J),REL(IR,I,J), 

1 FCAPA(IR,I,JS,FLEGF.G(JR,I J) r J= ,12) 
FORMAT(1IX,I5,2X,6F12.2//5 

CONTINUE 
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41600 
11700 
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14300 
14400 
14500 
14600 
14700 
14800 
14900 
15000 
15100 
15200 
15300 
15400 
15500 
15600 
15700 
15800 
15900 
16000 
16100 
16200 
16300 
16400 
x'6500 
16600 
16700 
16800 

106 

107 

109 

Cb 

C 
CC 
C 
C108 

C 

110 
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DO 106 J=1,12 
DO 106 1=1,40 
CFTUW(5,I,J):0,0 
DO 106 IR=1,4 
IF(IR.EQ.1) X=0.6*REL(•1R,I,J) 
IF(IR.GT,1) X=0.2#REL(IR I J) 
CFt,C)~!(5~I,a)-r,FLCr~(5►1:,JS+~PILL(:tK,I,a)+X 
CONTINUE 

DO 107 I=1 40 
PRINT 2 (C L0+~(5,I,J),J=1,12) 
CONTINUE 
IR=5 
READ(4 *)((0(5 I,J),J=1 12) I=1,40) 
PRINT  ((0(5 1 5) J=1,12) 1=1,40) 
READ(4,) (RE01(6,,J5,J=1, 125 
REAf)(4,f)(EVAP(5,J),J-1,12) 
DO 109 J=1,12 
DO 109 1=1 40 

0(5,I,1J):CFI
l0 (5,1,J)+«(5,I,J) 

PRINT 17 
PRINT 2 ((Q(5 I,J),d=1,12),I=1,40) 
RESLF(51-172, 0 
RESDL(5)=167.50 
CAPAMX(5)=12067.95 
CAPAMN(5)=5533.19 
CAPA(5)=CAPAMX(5) 
AREA=,SAREA (CAPA (IR) ,IR)  
GO TO 15 
PRINT 10 
00 108 1:140 
PRINT 105,JR,I 

122 

PRINT 104,(J 0(5 I,J) SPILL (5,I,t)),SRCRT(5,I,J),RE1(5,I,J), 
1FCAPA(5 I,J), 1 EV L(`i, ,J),J=1x 11) 
CONTINã 
CALCU1aATIION OF AVERAGE CONTRIBUTED FLOW 
FROM FOUR Nt]MF3ER U RESERVOIR 
DO 110 IR:1 4 
Da 110 J=1 12 
SUM(IR,a)=0.0 
DO 110 1=1 40 
IF(IR.F0.1,SX-0.6*REL(IR,Ira) 
IF(IR,GT.1)X=0.2*REu(IR I,J) 

C M L 	D O I ; 	 I ILV j A 	p:RAI,CU TIONN 	 RSFRVOREHAf(NPRAMFTS 
PRINT 11 
PRINT 2 ((S(JM(IR,J),J=1,12),IR=1,4) 
PRINT If 
AVSP=0„0 
DO 111 j=1+12 
AMS(J)=0.0 
AMR(J)=0,0 
DO 210 I=1,40 
AMS(J)=AMS(J)±SPILI,(5,I J)/40.0 
AMR(J)=AMR(J)+REL (5, 1,.JS /40.0 



MAIN, SIMA,FOR  FORTRAN V.5A(621)  /KI  27-APR-82 

16900 210 CONTINUE 
17000 AVSP=AVSP+AMS(1T)/12.0 
17100 111 CONTTNT)F 
i7200 SPMAX:SPILL(5,T,1) 
17300 SPMIN=SPILL(5,1,1) 
17400 DO  112  1=1.40 
17500 DO  113  J-1,12 
17600 IF(SPMAX-SPII,C(5,IgJ))3U,30,40 
17700 30 SPMAX=SPILL(5,1,J) 
17800 40 CONTINUE 
17900 IF(SPMIN-SPH,L(5,1,J))50,50,60 
18000 60 SPMIN=SPTLL(5,I,J) 
18100 50 CONTINUE 
18200 113 CONTINUE 
18300 112 CONTINUE 
18400 
18500 

00 212 J=1  12 
SPMAXI=SPIfL(5,1,J) 

18600 
18700 

SPMINI=SPIL[,(5,1  J), 
RE1,MAX=RC14(5, l.,Ji 

18800 RELMIN=RET.,(5 	1,J) 
00 213 r=1  46 18900 

19000 IF(SPMAX 	--SPILL, (5,t,,]) )70,70,80 
19100 70 SPMAXI --SPIL ,(5,I,J) 
19200 80 CONTINUE 
19300 IF(SPMIN1-SPILL(5,1,J))97,97,91 
19400 91 SPMINI=SPI1 L(5,I,.1) 
19500 97 CONTINUE 
19600 IF(RELMAX•REt1(5J,J))71,71,81! 
19700 71 RELMAX=REII(5,1,J) 
19800 81 CONTINUE 
19900 IF(RELMIN-RCL(5,i,J))92,93,93 
20000 93 RRLMIN=RRT,(5,I,J) 
20100 92 CONTINUE 
20200 213 CONTINUE 
20300 PRINT 	7,J 	SPMAXI,SF'.u..tN1,Rk,i,,MAX,REL,MIN 
20400 
20500 7 

TYPE 	7,J SPMAX1 	SPM1:iI1 
F'ORMAI'(1X,15, 	4E20.7 ) 

20600 212 CONTINUE 
20700 PRINT  11 
20800 PRINT 9 
20900 PRINT  2,(AMS(J),J=1,12). 
21000 PRINT 9 
21100 PRINT  2,(AMT~(J),i:1,12) 
21200 PRINT  11 
21300 
21400 

PRINT 2 AVSD SPMAX,SPMIN 
CLOSE(UNIT=45 

=5) 
S~CLOSE(1)NIT 21500 

21700 END 

§UBPROGRAMS CALLED 

SELEV 
SAREA 

9:55  PAGE 1-3 
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19 L 
FUNCTION SAREA(CAPA,IR) 	 • 

GO TO (1 2 3,4,5),IK 
1.171083 92.44315+0.2467659*CAPA-0.000005788723*CAPA**2+0.0000000000 

GO TO 6 
2 SAREA=8 582886+0.3444347*CAPPA-0.0003360733*CAPA**2+0, 

10000002126289*CAPA**3-0.00000000004482414* CAP A**4 
GO TO 6 

31S A RE A 6, C82 
6,7104+0.  

GO TO 6 
4 SAREA=3.519531+0 2321491*CAPA-0.0001816377*CAPA**240.000000110 
17655*CAPA**3-0.00000000002448264*CAPA**4 

GO TO 6 
5 SAREA=31,71973+0,5295906*CAPA-0.88348982-04*CAPA**2+0,1140666E-07 
1* CAP A**3-0,4727191;-12*CAPA**4 

6 RETURN 
END 

OGRAMS CALLED 

RS AND ARRAYS ( "#n NO EXPLICIT DEFINITION - "%" NOT REFERENCED I 

I 	*SAREA 2 	*IR 	3 

RARIES 

02 4 	.A0003 5 

L NO ERRORS DETECTED ) 
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23600  FUNCTION SELEV(CAPA IK) 

 

23700  GO TO (1,2 3,4,5),I 

 

23800  1 SELEV_191,i259+0  002699852*CAPA-0.0000001977241*CAPA**2+ 

 

3000  
1O,OT0000000000062i!92*CAPA* 3-0.00000000000000006536723*CAPA**4 

 

40
4100  2 SELCV-226,8461+0,03093433 CAPA-0 00003276765*CAPA**2+0.0000000 

	

24200 	11687650*CAPA**3-0.000000000003071653*CAPA**4 
 GO TO  

 

24400  3 SELEV--197,3731+0.02695920#CAPA-0.00002117502*CAPA**2+0.00000000 

	

4600 	1GO TO *CAPA* 3 8  

 

x.24700  4 SELEV=231.5832+0.016574244CAPA-0.00001106714*CAPA**2+ 

 

(24800  10.000000002622755*CAPA* 3 

	

25000 	5 SELEVr0147.1501+0.1477746E-01*CAPA-0.4258527E-05*CAPA**2+0.5171117 

 

25100  1E-09*CAPA**3-0.2245101E-13*CAPA*4+0.1345724E- 18*CAPA**5 

	

25200 	8 RETURN 

	

25300 	 END 

BPRCGRAMS CALLED 

f AR.S AND ARRAYS I "*" 1O EXP[,ICIT DEFINITION - °%" NOT REFERENCED ) 

	

EV 1 	*CATIA 2 	*I;R 	3 

PORARIES 

	

A0002 4 	.A0003 5 

	

,EV 	I NO ERRORS DETECTED 
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